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(57) Abstract: In some embodiments, an apparatus
and a system, as well as a method and an article, may
operate to advance a sampling and guard probe (100)
with a surrounding sealing pad (108) against a bore-
hole wall, to adjust the size of the area associated with
a tluid tlow ilet of the probe, where the size of the n-
let area (104) is selectably and incrementally variable,
and to draw fluid into the fluid flow inlet by activating
at least one pump (344) coupled to at least one fluid
passage (128) m the probe. Additional apparatus, sys-
tems, and methods are disclosed.
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FORMATION ENVIRONMENT SAMPLING
APPARATUS, SYSTEMS, AND METHODS

Background
Sampling programs are ofien conducted (n the ol field to reduce risk.

For example, the more closely that 4 given sample of formation fluid represents
actual conditions 1 the formation being studied, the lower the xisk of inducing
error during further analysis of the sampls. This being the case, down hole
samples are usually preferred over surface samples, due to errors which
accumulate dunng separation at the well site, remixing in the lab, and the
differences in measuring instruments and techniques used 10 mix the fluids to a
composition that represents the original reservoir fluid. However, down hole
samphing can also be costly in terms of time and money, such as when sampling

time 1s mncreased because sampling efficiency is low.

Briet Description of the Drawines

FIG. 1A 15 a top plan view, and FIGs. 1B-1D are sectioned side views of
geological formation sampling and guard probes, accowding io various
embodiments of the mvention.

FIGs. 2A and 2B illustrate top plan views of additional embodiments of a
geological formation sampling and guard probe according to vanous

embodunents of the invention.

FIG. 3A 1s a block diagram of a daia acquisition system and a down hole

tool according to various embodiments of the mvention.

FIG. 3B idlustrates down hole tools according to various embodiments of
the invention.

FIG. 4 illusirates a wireline system embodiment of the invention.

IF1Gs. 5 dlustrates a while-dnlling system embodiment of the invention.

FIG. 615 a flow chart illustrating several methods according to various
embodiments of the invention.

FIGL 7 1s a block diagram of an article of manufacture, including a

spectfic machine, according to various embodiments of the invention.
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Detailed Descrintion

The o1l and gas industry uses formation pressure testing tools to measure
the pressure of fhuids (including gases) and their roobility in subterranean
geological formations. These include wireline or drill pipe-conveyed devices,
such as the Halliburton® RDT™ and HSFT-1I'M tools, and the Halliburton®
GeoTap® tool.

Geological formations can present a wide range of pressures, fluid
charactenistics (e.g., viscosity), and permeability. To facilitate rapid, accurate
measurements, down hole sampimg tools sometimes have the capability to vary
the drawdown volume and rate to achieve a selectable drawdown pressure and
pressure build-up profile. For example, drawdown volume and rate can be
controtied to reduce the chance of plugging flow hines, which sometimes occurs
when the pressure differential during the drawdown is large and the rock in front
of the sample probe fails, driving rock particles to enter the sample flow line.
The drawdown rate can be used during sampling o control pressures and avoid
phase changes in the fluid. Thus, when samphing, pressure adjustments can be
made by varying the drawdowr rate to keep the sample fluid above the bubble
poind,

In a conventional drawdown sampling sequence, a sampling probe is
retracted and the probe conveyance {e.g., a formation testing tool) 1s moved
down hole to a depth where the test point is located. An equalization valve is
opened 1o make 1t possible 10 measure the well bore hydrostatic pressure prior to
testing. When the formation tester is located at the testing depth, the sampling
probe is extended to make a sealmg engagement with the borehole rock face.
Before or while the sampling probe 1s deploved, the equalization valve is closed
to 1solate the tlow line (which is hydraulically connected to a pressure gauge,
probe, and pretest chamber) from the boreholc.

Durning scaling engagement of the sampling probe with the rock face,
there 15 trequently a pressure change (e.g., a slight increase) measured by the
pressure gauge, which can be cassed by the sealing action of the samphing probe
and/or the equalization valve closure. Then a pretest piston is moved at a
controlied rate to reduce pressure in the flow line and at the sampling probe,

starting the drawdown time. As the pision moves, the pressure decreases and

2
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1deally stabilizes at 2 desired drawdown pressure, which is primanly controlied
by the rate the pretest piston moves. This is also the case when sampling, where
a long pumping period is used to remove well bore fluid in the formation in the
vicimty of the probe so that a relatively uncontaminated sample can be obtained.

S In some cases the formation tester pump is used to perform a pressure test, mouch
like a pretest.

After the pretest piston stops moving, the pressure buildup begins, which
marks the end of the drawdown time. Other mechanisms can be usad to
termmnate the drawdown activity, such as closing a valve to isolate the pretest

10 piston, or pumping from the flowline - this may be known as a “shut-in”.
Usually, the pressure buildup rate mirrors the drawdown rate and the pressure
stabilizes fairly quickly 1o a pegueable fonnation (i.e., a formation having a
mobility of greater than 1 milhdarcy/centipoise). The pressure buildup normally
continues for several minutes until the final buildup pressure has stabilized.

15 In a formation with low permeability, such as a formation having a
mobility of less than 1 millidarcy/centipoise, the flaid does not flow as easily
mnto the sampling probe. Thus, when the pretest piston moves, most of the
pressure decrease during drawdown is governed by expansion of the fluids in the
flow line, so that the volume of fluid that actually flows into the formation

20 represenis only a fraction of the piston volume displaced.

When the piston stops moving or the flowline is shut-in, the pressure
mcreases more slowly than the drawdown pressure decreases. This is because
formation fluid i1s moving into the formation tester from the sampling probe sand

face and recompressing the flow line fluids. Once the piston displacement

N
v

volume has entered into the flow iine the pressure eventually stabilizes, but this
can take more than an hour, depending on several factors.

Equations have been developed to characterize the time it takes to change
drawdown pressure (Pdd) and buildup pressure (Pbu). These are summarized as

tallows:
o ht 24
30 Pdd(t) = Pp = f (3. - ) [1], and

wa I
Pbu(t) = Pr- — fea 12},
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where the system time constant @ = — ( - 4 ) (seconds), and the
.s p

- ..."t
. 14696 { T Titag ,
drawdown magnitude f = ——— (qo ;-’f-) (1 —€ a ) {psy).

27K,

The variables 1n these equations are known to those of ordinary skill in

> the art, and are defined as follows:

a = cc/sec, tlow rate
Qo = cc/sec, drawdown flow rate
t; = CcImn, probe radius
i0 I, = o, probe radius
M, = mithidarcy/centipoise, mobility
P = psi1, formation pressure
ts aq = start of drawdown time
t. a¢ = end of drawdown time
15 t" =T -t 4q = seconds of drawdown time
t =1 - {¢_qa = seconds of butldup time
1 == sec, actual test time
1, = probe shape factor
¢t = 1/psia, total compressibility
20 Va = ce, flowline volume

Algs = sec, drawdown time

These equations and vaniables demonstrate that tool design can change

the volumes and rates used to achieve a desired drawdown pressure. Because

25 the inlet area of conventional sample probes is fixed 1n size, the standard method
of controlling the drawdown pressure involves changes in the pretest volume and
rate of movement. However, in low permeahility, weak rock conditions,
achieving a desired drawdown pressure can be difficult when the pretest volume
and rate of movement are the only accessible vanabies.

30 The mnventors have discovered a mechanism that can be used to achieve
sciccted drawdown pressures even when low permeability conditions are

present. This is accomplished by surrounding the sample probe with an

4



CA 02872865 2014-11-06

WO 2013/169224 PCT/US2012/036791

adjustable guard probe {o vary the total inlet size. While the prior art permits the
guard probe 1nlet s1ze 1o be selected statically, by retrieving the down hole too!
to change out larger and smaller guard probes according to the anticipated
formation testing conditions, various embodiments of the invention permit
5 changing the size of the guard probe 1nlet size incrementally, and dynamically,
without refrieving the tool, to accommodate a much wider range of such
conditions.
Another advantage of the adjustable guard probe is improverments that
can be achieved in the sampling process itself. In the prior art, there has been
10 typically one guard probe used to focus the flow field near the probe to reduce
sampling fime. In some emboduments, having more than one guard probe, or
flow rings around the sample probe, can enhance sampling capabilities when
cornparad to a siagle goard ring. The focusing etfect can he further tuned to
improve sample quality or reduce sampling time. Furthermore, the shape of the
15 guard does not necessarily need to be a simple ring around the sample probe —a
vanable inlet size and shape may be implemented to optimize both sampling and
pressure testing based on the formation and fluid properties.
For example, i1 a low penmeability formation, lower flow rates are often
destrable. However there are limts to the rate control on most formation tesiers.
20 At these times, a larger ¢ross-sectional area on the guard probe can enhance the
abtlity to control the drawdown pressure. If the guard probe surface inlet area
size can also be made smaller, this has the same effect as flowing at a higher rate
for more permeable formations, further extending the range of useful operation

associated with the attached formation testing tool.

4
A

Thus, an enhancement to varying pretest volume and rate is to vary the
cross sectional flow area through which the fluid is drawn into the sampling
device, I addition to the size of the guard, the guard shape can be varied - from
a circular 1ing to an elliptical shape. Large packers that extend to seal the well
bore above and below the sampling probe are used in some embodiments. These
30 and other embodiments of the invention will now be described in more detail.

in some embodiments, a variable guard probe inlet area size can be
achieved by controlling the guard probe inlet area {e.g., adjusting the effective

radius of the guard probe inlet area, where the guard probe inlet area is

(W 13
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mathematically equivalent to that possessed by a guard probe having a
substantially circular miet area configuration). One method of varying the guard
probe inlet area size comprises controlling the size of one or more sealing areas

through which formation fluid 1s drawn mto the flow line. It i1s a combination of

S

the guard probe sealing arcas, which may have a vanety of shapes, that make up
the total guard probe inlet area size.

Thus, the guard probe miet arca size can be vanied by using more than
one s¢aling arca, cach having a fixed and/or variable size. Thus, in some
embodiments, sealing surfaces are emploved as circular sealing elements (e.g.,
10 arranged as a series of concentnc or non-concentric sealing areas) comprising

flexible seahng hips which are engaged, or disengaged with the borehole wall to
create an equivalent guard probe inlet radius that maiches the desired inlet area —
one that 1s useful with respect to the particular formation conditions that are
encountered, As a result, when down hole conditions change, the overall guard
15 probe nilet area can be changed 1o match the changing conditions, to achieve the
desired drawdown and buldup in a dynamic fashion, without moving the
formation testing tool to physically change out the probe.
In another embodiment separale pretest pistons or pumps can be
connected to cach guard probe 0 control flow rates and pressures mdividually.
20 By controlling the mdividual drawdown rates associated with each guard probe,
pressures can be varted between the rings to achieve improved testing resulis.
tor example, by observing the different rates and pressures from the sampling
probe and guard probes, 1t 1s possible to determine localized formation rock

properties, such as the penmeability, mobility, skin factor, and anisotropy. In

et
wh

this way, greater control of the flow field in the formation near the probes may
operate to further improve sampling.

FIG. 1A s a top plan view 100, and FiGs. 1B-1D are sectioned side
views 1047 1607, 100°"" of a geological formation sampling and guard probes,
according to varwous embodiments of the invention. EFach of the sectional views
30 of the sampling and guard probes 1007, 100", 100" illustrates a different
combination of engaging and disengaging a conceniric series of sealing elements
112, effectively forming an inlet area 104 of vanable size. This is a feature of

many embodiments: the ability to change the probe fow inlet area while the

6
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testing tool is positioned at a single depth. The result of such flexibility is an
expansion of formation testing and sampling capability, saving rig time,

Referring now to FI1Gs. 1A-1D, it can be seen that a central sampling

prove |14 18 surrounded by concentric sealing elements 112 which can be

N

sealingly engaged with the wall of the well bore. The sealing elements 112 may
comprise a metalhic base with an elastomeric lip 116, where the lip 116 may be
made of rubber. The flow through the mnlet area 104 15 adjustable using the
sealing elements 112, which can be activated by advancing them 1o engage the
sealing area against the well bore, or retracting them to expose an additional
10 amount of How inlet area using a control mechanism in the sampling and guard
probe 100, or a tool attached to the sampling and guard probe 100, One or more
sealing pads 108 may summound the 1nlet area 104, (o include one or more
selectable sealing elements 112,
Valves 132, internal or external to the formation sampling and guard
15 probe 100, can be used W control e flow of luid usome erobodiments (e.g., in
sampling and guard probe 100777}, Fluid flow 1s guided by the sealing elements
112, through the flow inlet area(s) 104. The valves 132 can be automatically
activated to achieve a desired drawdown pressure and flow area, pedhaps using
embedded sensors P, such as pressure sensors. The sealing elements 112 and/or
20 the valves 132 may be used to selectively couple one or more fluid passages 128
from the inlet area(s) 104 to a single fluid flow line 124. One or more pumps
(see pumps 344 in FIG. 3} may be coupled to one or more of the sealing
elements 112, via the valves 132 or directly, to adjust the pumping pressure for

each sealing element 112, if desired.

i
LA

Fl(ss. 2A and 2B illustrate top plan views of additional embodiments of a
geclogcal formation sampling and guard probe 200 according to various
embodiments of the invention. Here it can be seen that the probe inlet area 104
can also be vared by usmg multiple sealing elements 212 {surrcunding multiple
sampling probes 114, if desired) with different apertures, shapes, and relative
30 Jocations. Ta these sampling and guard probes 200°, 200° an elongated oval
shape (e.g., a stadium shape) is shown to include various sealing clement 212

configurations.
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In the example of sampling and guard probe 200°, an elongated oval
shaped aperture detfined by the sealing pad 108 15 used with multiple sampling
probes 114 and concentric seahng elements 212 to vary the guard probe inlet
area 104 and thus, the equivalent miet radius. In the example of sampling and
guard probe 20077, several non-concentric sealing elements 212 and probes 114
are located within the area defined by the sealing pad 108, In each cass, the
etfective inlet arca 104 of the geological formation sampling and guard probe
200 can be vaned by engaging one or more sealing elements 212 that cooperate
{o define the mlet area 104, This can be accomplished by advancing the sealing
clements 212 into sealing engagement with the well bore, by using mechanical
movement, valves, and/or pumps, as described previously. When individual
sampling probes 114 are surrounded by one or more larger probe sealing areas,
the respective mnlets 112, 212 can be engazed separatcly, or in combination with
the individual sampling probes 114, Apain, valves and/or pumps may be used to
etfectively vary the composite inlet area 104 for the gealogical formation
samphing and guard probe 100, 200.

In some cases, a plurality of non-concentric slots 236 are disposed as
sealing elements within the inlet area 104 (one or more sampling probes 114 can
be disposed within each of the slots 236). The longitudinal axis of each slot 236
may be substantially parallel to the longitudinal axis 220 of the sampling and
guard probe 200, as well as the longitudinal axis of the down hole tool.
Although not shown, the longitudinal axis of each slot 236 may also be
substantially perpendicular to the longitudinal axis220 of the sampling and guard
probe 200. Each slot 236 may be separately activated for sealing engagement
with the well bore, perhaps using an elastomeric material to line the outer edge
of the slot 236,

F1G. 3A s a block diagram of a data acquisition system 300 and a down
hole tool 304° according to various embodiments of the invention. FIG. 3B
illustrates down hole tools 3047, 304", 304™ according to various
embodiments of the mvention.

An apparatus that operates in conjunction with the system 300 may
comprise a down hole tool 304 (e.g., a pumped formation evaluation tool) that

mncludes one or more fonmation sampling and guard probes 100, 200, valves 132,
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straddle packers 340, and pumps 344. It should be noted that, while the down
hole tool 304 1s shown as such, some embodiments of the inveniion may be
implemented using a wieline logging tool body. However, for reasons of clanty
and econonty, and so as not to obscure the vartous embodiments iflustrated, this
latter implementation has noi been explicifly shown in this figure.

The system 300 may include logic 342, perhaps comprising a sampling
control systemn. The logic 342 can be used to acquire flow line drawdown and
buiidup pressure data, as well as formation fluid property data.

The data acquisilion systemn 300 may be coupled to the tool 304, o

ece1ve signals and data generated by the sampling and guard probes 100, 200, as
well as from other sensors that may be included n the probe seals {e.g., sensors
P FIG. 1). The data acquisition system 300, and/or any of its componcats,
may be located down hole, perhaps in a tool housing or tool body, or 4t the
surface 166, perhaps as part of a computer workstation 356 in a surface logging
facility.

{n some embodiments of the invention, the down hole apparatus can
operate to perform the funciions of the workstation 356, and these results can be
transmitted to the surface 306 and/or used to directly control the down hole
sampling system, perhaps using a telemetry transceiver (transmitter-receiver)
344, Processors 330 may operate on data that is acquired from the sampling and
guard probes 100, 200 and stored m the memory 350, perhaps in the form of a
database 334. The operations of the processors 330 may result in the
determination of various properties of the formation surrounding the tool 304,

In some embodimerts, the action of vanable 1niet arca sampling and
guard probes 100, 200 can be combined with the operation of straddle packers
340. In this case the sampling and guard probes 160, 200 can be any of the types
shown previcusly. Here the packers 340 can be individually activated to
perform multiple tests at the same location, if desired. In addition, several sets
of straddle packers 340 can be used with varied spacing, to vary the effective
volume of fiuid available to the sampling and guard probe(s) 100, 200,

Combining the action of multiple straddle packers 340 can greatly
increase testing flexibility. A variety of smaller intervals, or even one large

interval can all be tested, along with combinations of intervals. Examples of

Y

PCT/US2012/036791
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these types of variation can be seen with respect {o the embodiments flustrated
with respect to the down hole tools 3047, 30477, 304", and 304", Having this
vaniety avatlable can sometimes be used to better 1dentify the strata and
variations of permeability over a given formation testing mterval. These

configurations can also enhance sampling activity, since the iselated interval

A

surrounding the probe acts as a guard, drawing 1n the majority of invaded fluids,
50 the center sample probe can be used 1o collect the sample, as desired.

The use of multiple valves 132 and pumps 344, as shown, provides a
vaniety of difterent fluid tlow paths. For example, while 1t hias been shown

10 previously that the flow hines can be connecled (o a single pretest cvlinder or
pump (e.g., via the single flow hime 124 in FIG. 1), it 15 also possible to connect
each section and/or inlet of a samphing and guard probe 100, 200 or the packer
interval 1o a separate pump 344 or pretest chamber, perhaps using individual
fluid passages 128. Probes similar {o thoses in Fig. | can also be used to

15 imerease the lesGng and sampling {lexabibity, This ¢nables regulating the
drawdown/buildup flow and pressure at each exposed portion of the well bore.

This combined mechanism sometimes permits fluid sensors to detect
contamination and fud types withun each section, further enhancing the
sampling capabiiity of the mterval of the tool 304, In essence, this configuration

20 provides independently selectable sample chambers 348. For example, various
analysis methods can be emploved using separate flow paths, such as
interference teshing between exposed flow areas to determine permeability
anisotropy. Thus, referring now 10 FIGs. 1-3, it can be seen that many
embodiments may be realized.

25 For example, an apparatus mav comprise a geological formation
sampling and guard probe 100, 200 having at least one sealing element 112, 212
to provide an inlet area 104 of selectable, incrementally vaniable size. For the
purposes of this document, an iniet area that is “incrementally variable” in siz
means that the guard probe inlet area size 1s designed to be adjusted upward or

30 downward 1n a finite number of fixed merements, as occurs with the use of
muliiple sealing elements defining scaling arcas that can be selectively applied to
the borehole wall 1 seahng enpagement — per several embodiments described

herewn. It is not meant to include guard probes, 1f such exist, with a conttounsly

10
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variable inlet size, providing a sabstantially unhmited nomber of possible arca
combinations.

The selection of inlel area size may be controlled by a processor. Thus,
the apparatus may compnse a processor 330 fo adjust the size, based on a
drawdown pressure sensor response {€.g., from the sensor P).

The sampling and guard probes 100, 200 may have more than one sealing
pad, or only one sealing pad. Thus, the apparatus may comprise a smgle sealing
pad 108 surrounding the inlet area 104 containing at least one selectable mternal
sealing element. These elements may compnise the sealing e¢lements 112, 212.
Thus, the miei area 104 of the apparatus may comprnse a pluralify of
independently movable, concentric sealing elements 112, 212 (see FIGs. 1A and
2A) or non-concentric sealing clements 242 (see FIG. 28).

The inlet arca 104 may have multiple movable or stationary seahng
elements (e.g., when the sealing elements 112, 212, 242 are not extendable or
refractable), of (he sarne or diffening size. Each of the sealing elements, whetber
movable or stationary, can be activated independently by couphing one or more
of them to a flow hine 124, Thus, in some embodiments, the inlet area {04
comprises a placality of non-concentric, movable or non-movable, sealing
clements {e.g., sealing elements 242, fabricated as stationary inlets in FIG. 2B},
disposed within the inlet arca 104,

Separate inlets may be disposed along a line within the inlet area (e.g.,

along the longifudinal axis of the probe 220, which may be substantially paraliel

to the longitudinal axis of the down hole tool). Thus, in some embodiments, the

plurality of non-concentric mlets 242 s substantally lincarty disposed withio the
iniet area 104,

The mlet area 104 may be constructed 1 a vartety of shapes, perhaps
comprising a4 combination of smaller areas. For example, an inlet area 104
having a substantially ctrcular shape (see FIG. 1 A) may be relatively easy o
fabricate, whereas an inlet area 104 formed as a stadivm {see FIG. 2A) may be
mare difficult to make, but also more effective 1o sealing the probe (e.g., using
less suction over & given area) from its surrounding environment within the bore

hole. An oblong or elliptical design {e.g., the stadmum shape) may also provide

11
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stratification mformation that is otherwise unavailable when a non-oblong {(e.g.,
round or square) miet arca 104 15 used.

Multiple fluid passages from the guard probe to the {low line in the (0ol
may be deterrmued by the physical construction of the inlet area 104, and the
relative location of inlet area parts (e.g., concentric sealing clements), to direc
fluid samples from the probe face 134 to the intemal flow line 124, Thus, in
some embodiments, a pluraiity of fluid passages 128 can be selectively coupled
from the mlet area 104 to a single fhud flow hne 124 via moving conceniric
sealing elements |12 toward, or away from, a sealing contact point on the face
134 of the sampling and guard probe 100, 200.

Mulfiple fluid passages 1258 from the sampling and guard probe 100, 200
lo the flow hine 124 may be opened/closed by valves 132, and are generally used
to direct fluid samples {rom the probe face 134 to the internal flow line 124,
either sequentially, or substantially cimultaneously. Thus, an apparatus may
comprise a plurality of valves 132 to selectively couple a corresponding plurality
of thuid passages 128 from the mlet area 104 to a single fluid flow line 124,

One o1 more sensofs P can be embedded in the seal 108, the passage 128,
and/or the flow Ime 124, Thus, the apparatus may COmprise one Or MOLE Selsers
P, such as a drawdown/bulidup pressure sensor. Still further embodiments may
be realized.

For example, FIG. 4 1llustrates a wixehoe sysicm 464 embodiment of the
ivention, and FI1G. 5 illustrates a while-drilling system 564 embodiment of the
invention. Thus, the systems 464, 564 may comprise portions of a tool body 479
as part of 2 wireline logging operation, or of a down hele too] 524 as part of a
down hole drilling operation,

F1G. 4 shows a well during wireline logging operations. A drilling
platform 486 1s equipped with a derrick 488 that supports a hoist 490.

The drilthng of o1l and gas wells is commeonly carried out using a string of
drill pipes connected together so as to form a drilling string that is lowered
through a rotary table 410 mto a wellbore or borehole 412, Here it is assumed
that the dmil string has been temporarily removed from the borehole 412 to allow
a wirehine logging tool body 470, such as a probe or sonde, to be lowered by

wireline or logging cable 474 inlo the borehole 412, Typically, the tool body

12
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470 1s lowered to the bottom of the region of mierest and subsequently pulled
upward at a substantially constant speed.

During the upward trip, at a serics of depths the tool movement can be
paused and the tool set to pump fluids 1nto the samphng and guard probes 1040,
200 included 1n the tool body 470, Various mstruments {e.g., sensors) may be
used to perform measurements on the subsurface geological formations 414
adjacent the borehole 412 (and the tool body 470). The measurement data may
be stored and/or processed down hole (e.g., via subsurface processor(s) 330,
logic 342, and memory 350) or communicated to a surface logging facility 492
for storage, processing, and analvsis. The logging facility 492 may be provided
with electronic equipment for varicus types of signal processing, which may be
implemented by any one or more of the componerits of the svstem 300 o FIG. 3.
Similar formation evaluation data may be gathered and analyzed duning dnlhing
operations (e.g., dunng logging wiile drilling (LWD) operations, and by
exiension, samplhng while dnlling),

In some cmbodiments, the tool body 470 comprises a formation testing
tool for obtamming and analyzing a {luid sample from a subierranean formation
through a wellbore, The tormation testing tool s suspended 1 the wellbore by a
wireline cable 474 that connects the tool to a surface control unit (e.g.,
comprsing a workstation 356 as depicted in FIG. 3 or the like). The formation
testing tool may be deployed in the wellbore on ceiled tubing, jointed drill pipe,
hard-wired dnll pipe, or via arty other suitable deployment technique.

Tuming now to FIG. 3, it can be seen how a system 564 may also form a
portion of a duiling nig 5072 localed at the surface 5304 of a well 506. The dniling
rig 502 may provide suppoit for a drill string 308, The drill string 308 may
operate to penetrate a rotary table 410 for dnlling a borehole 412 through
subsurface formations 414, The drill siring 508 may mclude a kelly 316, dnil
pipe 518, and a bottom hole assembly 520, perhaps located at the lower portion
of the dnill pipe S18.

The bottorn hole assembly 520 may mclude drill collars 522, a down hole
tool 524, and a dnill bit 526, The dnll bit 526 may operate 1o create a borehole

412 by penetrating the surface 504 and subsurface formations 414. The down
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hole tool 524 mav comprise any of a number of different types of tools inciuding
MWD (measurement while drilling) tools, LWD tools, and others.

During drilling operations, the drill string SO08 (perhaps mcluding the
kelty 516, the drifl pipe S18, and the boitom hole assembly 520} may be rotated
by the rotary table 410. In addition to, or alternatively, the bottom hole assembly
520 may also be rotated by a motor {e.g., a mud motor) that 1s located down
hole. The dnil collars 522 may be used to add weight to the dnll bit 526, The
drill collars 522 may also operate to stiffen the bottom hole assembly 520,
allowing the bottom hole assembly 5320 to transfer the added weight to the dnll
bit 526, and m tum, to assist the drill bit 326 m penetrating the surface 304 and
subsurface formations 414.

During drilling operations, a mud pamp 532 may purap drilling flud
(sometimes known by those of skill in the art as “dnliing mud™) from a mud pit
534 through a hose 536 into the drill pipe 518 and down to the dnll bit 326, The
drilling fluid can flow out from the doill bit 526 and be returoed to the surface
504 through an annular area 540 between the dnil pipe 51¥ and the sides of the
borehole 412. The dnlling fluid may then be returned to the mud pit 334, where
such fluid is filtered. In some embodiments, the drithing fluid can be used to
cool the drill bit 326, as well as 10 provide lubrication for the dnil bit 526 during
drilling operations. Additionally, the dnliing fluid may be used to remove
subsurface formation cuttings created by operating the drili bit 526,

Thus, referring now to FIGs. 1-35, it may be seen that in some
ernbodiments, a system 464, 564 may mclade a down hole tool 304, 524, and/or
a wirchne logging tool body 470 to house onc or more apparatus and/or systems,
simtiar to or identical to the apparatus and systems described above and
iustrated in FIGs. 1-3. Wirehne tools are frequently adapied for use 10 a drill
strmg when wireline conveyance is not possibie. For example, this may be the
case 1o accommodate highly devigted boreholes or honzontal wells. Thus, for the
purposes of this document, the term “housing” may include any one or more of 2
down hole toof 304, 524 or a wireline logging too! body 470 {each having an
outer wall that can be used to enclose or attach to instrumeniation, sensorgs, fluid
sampling devices, such as probes, pressure measurement devices, such as

sensors, seals, processors, and data acquisition systems). The down hole tool

14
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304, 524 may compnse an LWD tool or MWD {ool. The tool body 470 may
comprise a wireline logging tool, including a probe or sonde, for example,
coupled to a logging cable 474, Many embodiments may thus be realized.

For example, it some embodiments a system 464, 564 may comprise a

h

housing and one or more geological formation sampling and guard probes 100,
200 mechamcally coupled to the housing. The geological formation probes 100,
200 may have one or more fluid mlets with an inlet area of selectable,
imcrementally vanable size.
The probes 100, 200 described herein can thus be attached (o a varnety of
10 housings. For example, the housing may comprise a wircline tool body 470 or &
down hole tool 304, 5§24, such as an MWD tool.
In some embodiments, the system 464, 564 may imclude straddle packers
to capture fluid between the housing and the borchole wall. Thus, the system
464, 564 may comprise independently activated straddle packers 340
E5 mechanically coupled to the housing, the packers 340 configuiable o 1solate
tluid along 1 selected length of the housing and/or to bound the thid volume
available for intake by the probes 100, 200 when the probes 100, 260 are not in
contact with the borehole wall {¢.g., sec FI(3. 3).
In some embodiments, a sysiem 464, 564 may mclude a display 496 {o
20 present the pumping volumetnic flow rate, measured saturation pressure, seal
pressure, probe pressure, and other information, perhaps in graphic form. A
system 404, 364 may also mclude compuiation logic, perhaps as part of a surface
iogging facihity 492, or a computer workstation 454, to receive signals from fluid
samphng devices (e.g., probes 100, 200), multi-phase flow detectors, pressure
25 measurement devices {¢.g.,sensors P), probe displacement measurement devices,
and other mstramentation to determine adjustments to be made to the seal
placement and pump in a fluid sampling device, 1o delermine the quality of the
borehole seal contact, as well as various formation characteristics.
The geological formation sampling and guard probes 100, 200; sealing
30 pads 10¥; sealing elements 112, 212; sampling probes 114; fluid line 124; fhuid
passages 128; valves 132; slots 236; systems 300, 464, 364; down hole too] 304,
524, processors 330; database 334, straddle packers 340; logic 342; pumps 344;

memory 350; workstation 356; rotary table 410; 1ool body 470; drilling plaiform
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486; dermick 488; hoist 490; logging facility 492; display 496; dnlling rig 502;
drill string 50%; kelly 516; dall pipe 518; bottom hole assembly $20; drill collars
522; down hole ol 524, drill bit 326; mud pump 532; hose 336; and sensors P
may all be characterized as “modules” heremn.

Such modules may include hardware circuitry, a processor, memory

AN

circuits, sofiware program modules and ob jects; finmware, and/or combinations
thereof, as desired by the architect of the apparatus and systerns 300, 464, 564,
and as appropriate for particular implementations of various embodiments. For
example, n some embodirnents, such modules may be included in an apparatus
13 and/or system operation simulation package, such as a software electrical signal
stmulation package, a power usage and distribution simulation package, a
power/heal dissipation simulation package, and/or a combination of software and
hardware used to simulate the operation of various potential embodiments.

It should also be understood that the apparatus and systems of various

'L---l
St

erobodunents can be used in applications other than for logging operations, and
thus, vanious embodiments are not to be so imited. The ilfustrations of
apparatus and systems 300, 464, 564 are intended to provids a general
understanding of the struciure of various embodiments, and they are not intended
to serve as a compicte descrption of all the elements and features of apparatus
20 and systems that might make use of the structures described herein.

Applications that may include the novel apparatus and svstems of various
embodiments may include electronic circuitry used in high-speed computers,
communication and signal processing circuitry, modems, processor modules,
crmbedded processors, data switches, application-specific modules, or

235 combinations thereof. Such apparatus and systems may further be included as
sub-components within a variety of electronic systems, such as televisions,
cellular telephones, personal computers, workstations, radios, video players,
vehicles, signal processing for geothermal tools and smart transducer interface
node {elemetry systems, among others. Some embodiments include a number of

30 methods.

For example, F1G. 6 1s a flow chart illustrating several methods 611 of
operating guard probes with selectable and incrementally variable inlet area size.

Thus, a processor-implemented method 611 to execute on one or more

16
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processors that perform the method may begin at block 621 with advancing (as
needed) a geological formation guard probe with a surrounding pad to seal the
pad agamst a borehole wall.

‘The method 611 may confinue on to block 625, to determine whether

feedback is being used to adjust the inlet area size. For example, pressure sensor

(¥ g

feedback can be used to adjust the size of the inlet area. If feedback is not used,
the method 611 may advance directly to block 633 with adjusting the size of at
least one mlet area of the guard probe, perhaps using a series of sealing
clements, where the size of the inlet area is seleclably and incrementally

10 variable.

It feedback 1s used to adjust the inlet area size, then the method 611 may
continue {rom block 625 on to block 629 with operating to determine the amount
of feedback, and then go on to block 633 with adjusting the size of the inlet area
based on the feedback. For example, the feedback can be provided by a sensor,

15 such as 2 drawdown pressure sensot.

In some embodiments, the guard probe sealing elements are concentric,
and the inlet area size is adjusted by advancing/retracting one or more of the
sealing elements. Thus, the activity of adjusting the inlet area size at black 633
may comprise advancing some of a set of concentric sealing elelements inchuded

20 in the mlet area toward the borehole wall and/or retracting some of the set of
concentric sealing elements included in the inlet area away from the borehole
wall.

The method 611 may continue on to block 637 to include drawing fluid
into the fluid inlet area by activating at least one pumnp coupled to at Ieast one

25 fluid passage in the guard probe.

Fluid can be drawn through one or maore selected sealing elements - one
at a trune, ot substantially stumultaniecusly. Thas, the activity at block 637 may
comprnise selectively drawing the fluid through an electronically selected number
of multiple non-concentric sealing element included in the inlet area.

20 The selectton of fluid drawn into the nlet area can be controtled via
separate pumps and/or valves. Thus, the activity at block 637 may comprise
operating more than one pump or more than one valve coupled to the non-

concentric sealing elements.
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Straddle packers cao be achivated to capture flurd between the housing
and the borehole wall; the captured tluid can then be taken into the probe
without having the probe contact the borehole wall. Thus, the activity at block
037 can inchide drawing fluid captured by straddle packers into the fluid inlet
arca of one or more guard probes.

At block 641, the methed 611 may minclude determming whether fiuid
sampling 1s complete. If so, the method 61 may continue on to block 649, or to
block 621 1n some embodiments.

I fluid sampling 1s not complete, in some embodiments, the method 611
may continue on o block 645 to mchide activating at least two siraddle packers
to capture the fluid as captured fluid between the straddle packers, a borechole
00l and the borchole wall.

{n some embodiments, thud can be drawn through the borehale wall, and
from an area 1solated by straddle packers, at different rates. The difference in
pressure between the two activities can be used to determing formation
permeability. Thus, the activity at block 637 may he accomplished with or
without straddle packers at a first flow rate and a first fluid pressure, and then go
o to activating (or re-acuivaiing) the straddle packers at block 645, and retuming
to block 637 to capture some of the fluid as captured fluid, drawing the captured
fluid through the fluid inlet at a second rate different from the first rate, to
determine a permeability of a formation associated with the borehole wall.

The method 611 may continue on 1o block 649 to inclhude retracting the
geologieal formation guard probe away from the borehole wall to break the seal
of the pad against the borehole wall. Fluid may then be drawn into the guard
prabe, if straddle packers are used to 1solate the probe, or the tool may be moved
to a different depil: 1n the bore hole, depending on the sampling process desired.

[t should be noted that the methods described herein do not have to be
executed 1 the order desenbed, or in any particular order. Moreover, various
activities described with respect to the methods identified herein can be executed
in lterative, serial, or parallel fashion. Information, including parameters,
commands, operands, and other data, can be sent and received 1n the form of one

OY MIOTE Carrier waves.
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The apparatus 100, 200 and systems 300, 464, 564 may be vuplemented
1n a machine-accessibie and readable medium that is operational over one or
more networks. The networks may be wired, wireless, or a combination of
wired and wireless. The apparatus 100, 200 and systems 300, 464, 564 can be

5 used to mplement, among other things, the processing associated with the
| &

(<

methods 611 of FIG. 6. Modules may comprise hardware, software, and
firmware, or any combination of these. Thus, additional embodunents may be
realized.

For exampie, ¥IG. 7 15 a block diagram of an article 700 of manufacture,

10 including a specific machine 702, according to vanous embodiments of the
invention. Upon reading and comprehending the content of this disclosure, one
of ordinary skill in the art will understand the manner in which a software
program can be launched {rom a computer-readable medmm 1o a computer-
bascd system to exccute the functions defined m the software program.

15 One of ordinary skill mn the art will further understand the various
programming lapgurages that may be employed to create one or more software
programs designed to implement and performn the methods disclosed herein. For
example, the programs may be structured in an object-orientated format using an
object-oniented language such as Java or C++. In another example, the programs

20 can be structured 1n & procedure-onented format using a procedural language,
such as assembly or C. The software components may communicate using any
of a nuinber of mechanisms well known to those of ordinary skill in the art, such
as application program interfaces or inferprocess communication techniques,

including remote procedure calls. The teachings of various embodiments are not

2
n

limited to any particular programming language or environment, Thus, other
embodiments may be realized.

For example, an article 700 of manufacture, such as a computer, a
memory system, a maguetic or optical disk, some other storage device, and/or
any type of electronic device or systemn may nclude one or more processors 704
30 coupled to a machine-readable medivm 708 such as memory {e.g., removable
storage media, as well as any memory including an electrical, optical, or
electromagnetic conductor} having instructions 712 stored thereon (e.g.,

computer program instructions), which when ¢xecuted by the one or more

19
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processors 7034 result in the machinge 702 performing any of the actions descnbed
with respect to the methods above,

The machine 702 may take the form of a specific computer system
having a processor 704 coupled to a number of components directly, and/or

5 using a bus 716, Thus, the machune 702 may be incorporated into the apparatus

100, 200 or system 300, 464, 564 shown in FIGs. 1-3, perhaps as part of the
processor 330, or the workstation 356.

Tuming now to FIG. 7, it can be seen that the components of the machine
702 may include main memory 720, static or non-volatile memory 724, and

10 mass storage 706. Other components coupled to the processor 704 may include
an input device 732, such as a keyboard, or a cursor control device 736, such as a
rouse. An oatput device 728, such as a video display, may be located apart
from the machine 702 (as shown), or made as an integral part of the machine
702,

15 A network intectace device 740 to couple the processor 704 and other
components to a network 744 may also be coupled to the bus 716. The
mstractions 712 may be transmitted or receivad over the network 744 via the
network interface device 740 utilizing any one of a number of well-known
fransfer protocols {e.g., HyperText Transfer Protocol). Any of these elements

20 coupied to the bus 716 may be absent, present singly, or present in plural
numbers, depending on the specific embodiment to be realized.

The processor 704, the memories 720, 724, and the storage device 706
may each inclode mnstructions 712 which, when executed, cause the machine 702

to perform any one or more of the methods described herein. In some

£
N

embodirnents, the machme 702 operates as a standalone device or may be
connected (e.g., networked) to other machines. Tn a networked environment, the
machine 702 may operate in the capacity of a server or a client machine in
server-client network environment, or as a peer machine in a peer-to-peer (or
distribated) network environment.

30 The machine 702 may comprise a personal computer {PC), a tablet PC, a
set-top box (5TB), a PDA, a cellular telephone, a web appliance, a network
router, switch or bridge, server, client, or any specific machine capable of

executing a set of instructions (sequential or otherwise) that direct actions to be

20
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taken by that machine to implement the methods and funchions described heremn.

Further, while only a single machine 702 is illustrated, the term “machine” shall

also be taken to include any collection of machines that individually or jointly

execute a set (or multiple sets) of instructions to perform any one or more of the
5 methodologies discussed herein.

While the machine-readable medium 708 is shown as a single mednm,
the term “machine-readable medium” should be taken to include a single
medium or muliiple media (e.g., a ceniralized or distributed databace, and/or
agsociated caches and servers, and or a vaniety of storage media, such as the

10 registers of the processor 704, memories 720, 724, and the storage device 700
that store the one or more sets of instructions 712, The tenm “machine-readable
medium” shall also be taken to include any medium that is capable of storng,
encoding or carrying a set of instructions for execution by the machine and that
cause the machine 702 to perform any one or more of the methodologies of the

{5 present invention, or that is capable of storng, encoding or cartylng data
struciures utilized by or associated with such a set of instructions. The terms
“machine-readable medium™ or “computer-readable medium” shall accordingly
be taken to include tangible media, such as solid-state memories and optical and
magnelic media.

20 Various embodiments may be implemented as a stand-alone application
(e.g., without any network capabilities), a client-server application or a peer-to-
peer {or distributed) application. Embodiments may also, for example, be
deployed by Software-as-a-Service {Saa8), an Application Service Provider

(ASP), or utility computing providers, in addition to being scld or licensed via

23 traditional channeis.

Using the apparatus, systems, and methods disclosed herein may afford
formation evaluation clients the opportunity to more otelhgently choosc
between repeating measurements and moving the tool. Additional data on rock
properties that can be collected using varinus embaodiments can inform the

30 selection of future testing locations within the same formation, and wellbore, as

well as determining how to adjust the guard probe inlet area {o enhance sealing

and/or prevent rock failure. Increased client satisfaction may result,
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The accompanying drawings that form a part hereof, show by way of
illustration, and not of limitation, specific embodiments in which the subject
matter may be practiced. The embodiments illustrated are described in sutficient
detail to enable those skilled in the art to practice the teachings disclosed herein.
Other embodiments may be utilized and derived therefrom, such that structural
and logical substitutions and changes may be made without departing from the
scope of this disclosure. This Detailed Description, therefore, is not to be taken
in a limiting sense, and the scope of various embodiments is defined only by the
appended claims, along with the full range of equivalents to which such claims
are entitled.

Such embodiments of the inventive subject matter may be referred to
herein, individually and/or collectively, by the term “invention” merely for
convenience and without intending to voluntarily limit the scope of this
application to any single invention or inventive concept if more than one 1s 1n
fact disclosed. Thus, although specific embodiments have been illustrated and
described herein, it should be appreciated that any arrangement calculated to
achieve the same purpose may be substituted for the specific embodiments
shown. This disclosure is intended to cover any and all adaptations or variations
of various embodiments. Combinations of the above embodiments, and other
embodiments not specifically described herein, will be apparent to those of skill
in the art upon reviewing the above description.

The Abstract of the Disclosure is provided to an abstract that will allow
the reader to quickly ascertain the nature of the technical disclosure. It is

submitted with the understanding that it will not be used to interpret or limit the

scope or meaning of the claims. In addition, in the foregoing Detailed
Description, it can be seen that various features are grouped together in a single
embodiment for the purpose of streamlining the disclosure. This method of
disclosure is not to be interpreted as reflecting an intention that the claimed
embodiments require more features than are expressly recited in each claim.

Rather, as the following claims reflect, inventive subject matter lies in less than

all features of a single disclosed embodiment.
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Claims

What is claimed is:

]. An apparatus, comprising:

a geological formation probe operable in a well bore, the geological formation probe
having at least one fluid flow inlet with an inlet area of selectable,
incrementally variable size, and having a plurality of sealing elements within
the at least one fluid flow inlet, each sealing element independently movable
downhole with respect to the other sealing elements of the plurality of sealing
elements and advanceable to engage a wall of the well bore in a sealing
engagement and retractable from the sealing engagement, wherein the inlet
area comprises a guard probe inlet area, the guard probe inlet area having an
incrementally adjustable size by selective activation of selected ones of the
plurality of sealing elements, and further wherein a first sealing element of the
plurality of sealing elements is at least partially spaced from the at least one
fluid flow inlet, the first sealing element being the nearest of the plurality of

sealing elements to the at least one fluid flow inlet.
2. The apparatus of claim 1, further comprising:
a processor to adjust the size, based on a drawdown pressure sensor response.
3. The apparatus of claim 1, further comprising:
a single sealing pad surrounding the inlet area.
4. The apparatus of claim 1, wherein the plurality of sealing elements comprises:
a plurality of independently movable, concentric sealing elements.
5. The apparatus of claim 1, wherein the plurality of sealing elements comprises:

a plurality of non-concentric, movable sealing elements, disposed within the inlet

arca.

6. The apparatus of claim 5, wherein the plurality of non-concentric sealing elements is

substantially linearly disposed.
7. The apparatus of claim 1, wherein the inlet area is formed as a stadium.

8. The apparatus of claim 1, wherein a plurality of fluid passages is selectively

coupleable from the inlet area to a single fluid flow line via moving at least one
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concentric sealing element toward, or away from, a sealing contact point on a face of

the probe.
The apparatus of claim 1, further comprising:

a plurality of valves to selectively couple a corresponding plurality of fluid passages

from the inlet area to a single fluid flow line.

The apparatus of claim 1, wherein the plurality of sealing elements are operable to

jointly engage the wall of the wellbore.
A system, comprising;
a housing; and

a geological formation probe mechanically coupled to the housing, the geological

formation probe operable in a well bore, the geological formation probe
having at least one fluid flow inlet with an inlet area of selectable,
incrementally variable size, and having a plurality of sealing elements within
the at least one fluid flow inlet, each sealing element independently movable
downhole with respect to the other sealing elements of the plurality of sealing
elements and advanceable to engage a wall of the well bore in a sealing
engagement and retractable from the sealing engagement, wherein the inlet
area comprises a guard probe inlet area, the guard probe inlet area having an
incrementally adjustable size by selective activation of selected ones of the
plurality of sealing elements and further wherein a first sealing element of the
plurality of sealing elements is at least partially spaced from the at least one
fluid flow 1nlet, the first sealing element being the nearest of the plurality of

sealing elements to the at least one fluid flow inlet.

The system of claim 11, wherein the housing comprises one of a wireline tool or a

measurement while drilling tool.

The system of claim 11, wherein the inlet area comprises:

a plurality of non-concentric slots disposed as sealing elements within the inlet area, a

longitudinal axis of each slot being substantially parallel to a longitudinal axis

of the housing.

The system of claim 11, further comprising:
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independently activatible straddle packers mechanically coupled to the housing, the
packers configurable to isolate fluid along a selected length of the housing, to
bound a fluid volume available for intake by the geological formation probe

when the geological formation probe is not in contact with the wall of the well

bore.

15. The system of claim 11, wherein the plurality of sealing elements are operable to

jointly engage the wall of the wellbore.

16. A processor-implemented method to execute on one or more processors that perform

the method, comprising:

advancing a geological formation probe with a surrounding pad to seal the pad against
a wall of a well bore, the geological formation probe having a plurality of
sealing elements within a fluid flow inlet of the geological formation probe,
each sealing element independently movable downhole with respect to the
other sealing elements of the plurality of sealing elements and advanceable to
engage the wall of the well bore in a sealing engagement and retractable from
the sealing engagement, and further wherein a first sealing element of the
plurality of sealing elements is at least partially spaced from the fluid flow
inlet, the first sealing element being the nearest of the plurality of sealing

elements to the fluid flow inlet;

adjusting a size of at least one inlet area of the fluid flow inlet of the probe, the size of
the inlet area being selectably and incrementally variable, wherein the inlet
area comprises a guard probe inlet area, the guard probe inlet area having an

incrementally adjustable size by selective activation of selected ones of the

plurality of sealing elements; and

drawing fluid into the fluid flow inlet by activating at least one pump coupled to at

least one fluid passage in the probe.
17. The method of claim 16, wherein the adjusting comprises:

adjusting the size based on feedback from a drawdown pressure sensor.
18.  The method of claim 16, wherein the adjusting comprises:

advancing some of a set of concentric sealing elements included in the plurality of

sealing elements toward the wall of the well bore, and/or
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retracting some of the set of concentric sealing elements included in the plurality of

sealing elements away from the wall of the well bore.
The method of claim 16, further comprising:

activating at least two straddle packers to capture the fluid as captured fluid between

the straddle packers, a borehole tool, and the wall of the well bore;
breaking the seal of the pad against the wall of the well bore; and
drawing the captured fluid into the fluid flow inlet.
The method of claim 16, wherein the drawing comprises:

selectively drawing the fluid through an electronically selected number of multiple

non-concentric sealing elements included in the plurality of sealing elements

in the inlet area.
The method of claim 20, wherein selectively drawing further comprises:

operating more than one pump or more than one valve coupled to the non-concentric

sealing elements.

The method of claim 16, wherein drawing the fluid is accomplished at a first flow rate

at a first tluid pressure, further comprising:
activating straddle packers to capture some of the fluid as captured fluid; and

drawing the captured fluid through the fluid flow inlet at a second rate different from
the first rate, to determine a permeability of a formation associated with the

wall of the well bore.

The method of claim 16, wherein the method includes operating the plurality of

sealing elements to jointly engage the wall of the wellbore.
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