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DOWNHOLE SAMPLING APPARATUS AND METHOD FOR USING SAME

This invention relates generally to the evaluation of a

formation penetrated by a wellbore. More particularly, this

invention relates to downhole sampling tools capable of

collecting samples of fluid from a subterranean formation.

BACKGROUND OF THE INVENTION

-

The desirability of taking downhole formation fluid samples for

chemical and physical analysis has long been recognized by oil

companies, and such sampling has been performed by the assignee

collected as early as possible in the life of a reservoir for

of the present invention, Schlumberger, for many years. Samples

of formation fluid, also known as reservolr fluid, are typically

analysis at the surface and, more particularly, in specialized

laboratories. The information that such analysis provides is

vital 1in the planning and development of hydrocarbon reservoirs,

as well as i1n the assessment of a reservoir's capacity and

performance.

et -

The process of wellbore'sampling involves the lowering of a

downhole sampling tool, such as the MDT® wireline formation

testing tool, owned and provided by Schlumberger, into the

wellbore to collect a sample (or multiple samples) of formation

fluid by engagement between a probe member of the sampling tool

and the wall of the wellbore. The sampling tool creates a

pressure differential across such engagement to induce formation

fluid flow into one or more sample chambers within the sampling

tool. This and similar processes are described in U.S. Pat. Nos.

4,860,581; 4,936,139 (both assigned to Schlumberger); U.S. Pat.

Nos. 5, 303,775; 5,377,755 (both assigned to Western Atlas);
U.S. Pat. No. 5, 934,374 (assigned to Halliburton).

anad

Various challenges may arise in the process of obtaining samples

of fluid from subsurface formations. Again with reference to

1

the
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earth around the

borehole from which fluid samples are sought typically contains

contaminates, such as filtrate from the mud utilized in drilling

the borehole. This material often contaminates

the clean or

"virgin" fluid contained in the subterranean formation as 1t 1is

removed from the earth, resulting in fluid that is generally

unacceptable for hydrocarbon fluid sampling and/or evaluation.

-

cool, conte

minants from the

As fluid is drawn into the downhole

drilling process and/or surrounding wellbore sometimes enter the

tool with fluid from the surrounding formation.

r—

To conduct valid fluid analysis of the formation,

sampled preferably possesses sufficient purity

represent the fluid contained in the formation

fluid). In other words, the fluid preferably has a minimal

-

che fluid

L |

to adequately

(ie. "virgin"

amount of contamination to be sufficiently or acceptably

—

representative of a given formation for wvalid hydrocarbon

sampling and/or evaluation. Because fluid is sampled through the

borehole, mudcake, cement and/or other lavers,

1t 1s difficult

to avoid contamination of the fluid sample as it flows from the

Various methods and devices have been proposed

subsurface fluids for sampling and evaluation.

formation and into a downhole tool during sampling.

for obtaining

For example, U.S.

Pat. No. 6,230,557 to Ciglenec et al., U.S. Pat. No. 6,223,822

to Jones, U.S. Pat. No. 4,416,152 to Wilson, U.S. Pat. No.

3,611,799 to Davis and International Pat. App.

Pub. No. WO

96/30628 have developed certain probes and related techniques to

improve sampling. Other techniques have been developed to

separate virgin fluids during sampling. For example, U. S. Pat.

Nos. 6,301,959 to Hrametz et al. and discloses

a sampling probe

with two hydraulic lines to recover formation f£luids from two

zones in the borehole. Borehole fluids are drawn into a guard

zone separate from fluids drawn into a guard zone. In the

published international application WO 03/100219 Al there are
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disclosed sampling devices using inner and outer probes with a

varying ratio of flow area.

Despite such advances in sampling, there remains a need to

develop techniques for fluid sampling optimized for heavy oils

and bitumens. The high wviscosity of such hydrocarbon fluids

often presents significant challenges for sampling

representative fluids. Effective in-situ reduction of the

viscosity of heavy oils without inducing phase and/or

compositional changes 1s thus necessary to obtain a

representative sample.

The reduction in the viscosity of heavy oil and bitumen for the

purposes of 1ncreasing the recovery factor of a reservoir has

been a topic of interest in the o0il industry for many vears.

Several methods for the viscosity reduction are known and

employed in the field today. It has long been established that

heating of heavy oils and bitumens significantly reduce the

fluid viscosity and subsequently, increases the fluid mobility.

Small thermal changes can result in a relatively large drop in

the viscosity of the o0il. For example, it is known from AOSTRA

Technical Report #2, The Thermodynamic and Transport Properties

of Bitumens and Heavy Oils, Alberta Oi1"Sands Technology and

=

Research Authority, July 1984, that the wviscosity of typical

Athabasca bitumen from Canada can be reduced by two orders of

magnitude by increasing the temperature from 50°C to 100°C. The
plot of FIG 1 is based on the AOSTRA report. Such a lowering in

viscosity will allow for increased mobility of the viscous oil

or bitumen reqgquired for sampling.

There are many literature examples, both tried and tested along

with conceptual, of ways to heat in situ viscous oil in a

reservolr to aid recovery. As described below in greater details

gt

with reference to examples of known recovery-enhancing

techniques, these techniques are generally not immediately

sultable for sampling.
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Currently, the primary thermal method for heavy oil recovery 1s

steam assisted gravity drailnage

injection of super-heated steam

(SAG-D). This process uses the

to improve the mobility of the

01il. The process mainly relies on the conduction of heat from

the steam to the oil. Efficient transfer of the heat requires

intimate mixing of the oil and steam. During the exchange of

heat, portions of the steam will

be converted to liquid water,

often in the form of millimeter or micron sized water droplets

suspended in the oil. While it depends on the source of the oil,

this process normally results in

in-o0il emulsion. Samples of emul

the formation of stable water-

sion containing oils cannot be

characterized in a laboratory environmment without removal of the

emulsion and most demulsification protocols result in

irreversible and undesirable changes to the chemical composition

of the oil.

An alternative method of reducing the viscosity of the oil has

been to use solvents or gases to

dilute the o1l and thus, form a

mixture that has a lower viscosity. Depending on concentration,

the dilution of the 01l can cause the precipitation of the

higher order species from the mixture that can also aid

p—

viscoslity reduction. However, this method of viscosity reduction

for sampling results in an undesirable change in the composition

of the oil that prevents proper characterization of the oils

chemical and physical properties

Methods for in situ heating of oils that will not alter their

composition are limited. They can be divided into two

categories, Joule (or Ohmic) hea

heating. Ohmic heating relies on

ting and electromagnetic

the princ¢iple of applying an

electric current through a resis

cive element to generate heat. A

recent U.S. published patent application, US 2005/0006097 Al,

discloses a potential method using a downhole heater whereby

variable frequencies could be applied across the resistor in

order to modulate and control the heating. This method requires
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good placement of the heating element within the formation as

conduction has to be optimized.

Electromagnetic heatihg uses high frequency radiation to

penetrate the reservoir and heat the formation. Many examples of

it

this type of technology for the recovery of heavy oils have been

reported. Abernethy, in: Abernethy, E.R., ‘Production increase

of heavy oils by electromagnetic heating’, Journal of Canadian

Petroleum Technology, 1976, 91, has developed a steady state

model that indicates the depth of penetration of the radiation

and i1ts heating potential for the oil. This parameter is then

used to determine the viscosity reduction in the oil and the

subsequent improvement in the mobility. Although the model may

oy
—

be gquite crude, it does appear to indicate that many forms of

electromagnetic heating may be used to locally heat oil for the

purposes of sampling. Fanchi in: Fanchi, J.R., ‘Feasibility of

3
1

reservolr heating by electromagnetic radiation’, SPE 20438,

1990, 189, devised an algorithm for determining temperature

increase of an oil as a result of electromagnetic heating and

also describes attempted field implementation of some of these

devices.

The use of microwaves and radio frequencies for the heating of

in place o1l has been extensively studied. Most of the microwave

work has been carried out using standard microwave frequencies

of 2.45 GHz with wvariable power input. An evaluation of

microwave heating for the heavy 0il recovery published as

Brealy, N., ‘Evaluation of microwave methods for UKCS heavy oil

recoverY’, SHARP IOR newsletter, 2004, 7, indicates that field

wide application of this technology may not be economic.

In US patent no 5,082,054 to Kiamanesh there i1s disclosed a

system for reservoir heating that uses tunable microwaves for

od

0il recovery. The data indicates that this process can lead to

cracking of the oil and several of the claims made support this

observation. This type of heating technology has been used in a
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field environment for differing viscoslties of oil as reported

in: Ovalles, C., Fonseca, A., Lara, A., Alvarado, V., Urrechega,

-

K., Ranson, A., and Mendoza, H., ‘Opportunities of downhole

dielectric heating in Venezuela: Three case studies involving

medium, heavy and extra heavy crude olil reservoirs’, SPE 78980,

2002. The o1l types were medium, heavy and extra heavy and all

types responded with increased mobility after irradiation. No

mention was made to the composition of these oils and changes

induced by the heating process.

Radio frequency heating has been applied to reservoirs

containing heavy oils as described in: Kasevich, R.S., Price,

S.L., Faust, D.L. and Fontaine, M.F., ‘Pilot testing of a radio

frequency heating system for enhanced oil recovery from

28619, 1994, and also to aid bitumen

recovery from the tar sands. These reports indicate that a.

L]

diatomaceous earth’, 8P

e

positive response, regarding the mobility of the oil, was

observed due to irradiation at around 13 MHz. In the first case,

250 Kwatts of power was delivered efficiently in this manner.

In all the above cases, no mention was made regarding the

changes in composition of the oil except when upgrading had

occurred. High temperatures and irradiation can cause

fragmentation and isomerisation of components of the oil.

Studies on plant oils have shown unsaturation and heteroatoms

are affected by prolonged exposure to microwave sources. This is

possibly due to local heating or hot spots within the oil.

The use of heat as a way to improve the characterization of the

formation has been proposed in the published US patent
application no. 2004/0188140 to S. Chen and D.T. Georgi. The

described method proposes the heating the oil to increase the T2

relaxation time of the system. This results in more accurate NMR

measurements. No information on the monitoring and control of

this process are given.
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In the light of the described prior art, which to the extend as
1t refers to heating methods for and properties of heavy 01l is
incorporated herein, it remains the need to develop apparatus

and methods for the reservolir sampling of reservoir with heavy

01l or bitumen content.
SUMMARY OF THE INVENTION

Some embodiments of the invention may provide a reservoir
sampling. apparatus having at least one probe adapted to provide
a fluid flow path between a formation and the innexr of the
apparatus with the flow path being sealed from direct flow of
fluids from the borehole annulus, wherein the abparatus includes
a heating projectdr adapted to project héat into the formation
surrounding the probe and a controller to limit the temperature

rise in the formation below a threshold value.

The apparatus is preferably conveyed into the borehole on either

a wireline cable, coiled tubing or production tubing.

The probe includes preferably at least one inner and one outer

probe.

Preferably the heating projector includes a heat source based

Joule (or Ohmic) heating and/or electromagnetic heating.

In another preferred embodiment, at least one probe is heated.
In an even more preferred variant of the invention at least one
probe i1igs used to conduct heat from the heat source into the

formation.

In yet another preferred embodiment, the apparatus includes a
temperature sensor such as thermo couple to monitor the '
temperature of the sampled fluid and/or an in situ viscometer.
In a p:eferred'variant of the invention, signals representative

of the temperature of the sampled fluid are fed back into the

7
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controller. In another variant of this embodiment the

thermometer 1s located along the flow path outside the inner or

body of the sampling apparatus.

In a preferred embodiment of the i1nvention the controller
maintains an upper limit for the temperature increase 1n the

formation with the limit being determined using prior knowledge

of the properties and or composition of the fluid 1n the

formation. In a preferred embodiment of thilis wvariant of the

inventlion the temperature limit is set to avoid a phase

/"

separation or "flashing out" of the formation fluid.

In another embodiment of the invention, there 1s provided a
reservolr sampling apparatus having at least one probe adapted
to provide a fluid flow path between a formation and the 1inner
of the apparatus with the flow path being sealed from direct
flow of fluids from the borehole annulus, whereln the apparatus

includes a heating projector adapted to project heat into the

formation surrounding the probe and a controller to maintain

the temperature of the fluid in the formation below a threshold

value, and wherein the heat source heats at least parts of the

probpe.

In a further embodiment of the invention, there is provided a
method of sampling formation fluid from a downhole location,
including the steps of: lowering a sampling tool with a probe

into a wellbore; using a heat projector to 1ncrease the

formation temperature 1n the vicinity of the probe to reduce

the viscosity of the formation fluid; heating at least a part

b

of the prbbe; controlling the temperature to avoid or reduce
changes 1n the composition of the formation fluid; and sampling

the fluid into the sampling tool by providing a fluid flow path
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petween a formation and the inner of the apparatus with the

flow path being sealed from direct flow of fluids from the

borehole annulus.

ﬁ

These and other features of the invention, preferred

embodiments and variants thereof, possible applications and
advantages will become appreciated and understood by those

skilled in the art from the following detailed description and

drawings.

BRIEEF DESCRIPTION OF DRAWINGS

—

FIG. 1 shows the viscosity (logarithmic scale) of typical

Athabasca bitumen from Canada with temperature (linear scale);

FIGs. 2A and 2B show outline and further details of a formation

sampling tool as used 1n an example of the present invention;

b

FIGs. 3A and 3B 1llustrate the effect of heavy o0il on

conventional sampling devices;

FIG. 4 shows details of a fluid sampling device 1in accordance

wilth an example of the present 1nvention;

FIG. 5 1llustrates the limits of effective temperature control;

8a
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FIG. 6 shows a schematic pressure-temperature diagram showing
the typical saturation curves for different types of
hyvdrocarbon fluids with C denotes critical point of
the respective fluid;

FIG. 7 shows steps in accordance with an example of the
invention; and

FIG. 8 illustrates a phase change effect exploited in a

variant of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 2A, an example environment within which the
present invention may be used is shown. In the illustrated
example, the.present invention is carried by a downhole tool 10.°
An example commercially available tool 10 is the Modular
Formation Dynamics Tester (MDT®) by Schlumberger Corporation,
the assignee of the present application and further depicted,
for ex&mple, in U.S. Pat. Nos. 4,936, 139 and 4,860,581.

The downhole tool 10 is deployable into bore hole 14 and
suspended therein with a conventional wire line 18, or conductor
or conventional tubing or coiled tubing, below a suitable rig 5

or cable feeder as will be appreciated by one of skill in the

art. The illustrated tool 10 is provided with various modules

and/or components 12, including, but not limited to, a fluid

sampling system 20. The fluid sampling system 20 is depicted as
having a probe used to establish fluid communication between the
downhole tool and the subsurface formation 16. The probe 26 is

extendable through the mudcake 15 and to sidewall 17 of the

borehole 14 for collecting samples. The samples are drawn into

the downhole tool 10 through the probe 26.
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While FIG. 2A depicts a modular wireline sampling tool for
collecting sémples according to the present invention, it will
be appreciated by one of skill in the art that such system may
be used in any downhole tool. For example, the downhole tool may
be a drilling tool including a drill string and a drill bit. The
downhole tool may be of a variety of tools, such as a
Measurement-While~Drilling (MWD), Logging- While Drilling (LWD),
coiled tubing or other downhole system. Additionally, the
downhole tool may have alternate configuratiohs,‘such as
modulaxr, unitary, wireline, coiled tubing, autonomous, drilling

and other variations of downhole tools.

Referring now to FIG. 2B, the fluid sampling system.zo of FIG.
2A is shown in greater detail. The sampling system 20 includes
the probe 26, flowline 27, sample chambers 28A and 28B, pump 30
and fluid analyzer 32. The probe 26 as shown include an outer
probe 261 and an 1nner probe 262 connected to an intake 25 in
fluid communication with a first portion 27A of flowline 27 for

selectively drawing fluid into the downhole tool. The

combination of inner and outer guard probes may be based on the

adaptable configuration of probes described in WO 03/100219 Al.
Alternatively, a single probe or | |

a pair of packers (not shown) may be used in place of the dual
probe 26. Examples of a fluid sampling system using probes and
packers are depicted in U.S. Pat. Nos. 4, 936,139 and 4, 860,581,

The prébéﬂfﬁrther includes a heat projector 251 and a
temperature sensor 252. Within the body of the tool there is a
temperature controller 253 which is connected to thé heat
projector 251 and the temperature sensor 252. Under operating
conditions, the controller 253 provide a controlled amount of

power to the heater 251. The controller 253 and the temperature

sensor 252 are connected such that temperature measurements can

be used for the accurate control of the heater 251.

10
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Within the tool 10, the flowline 27 connects the intake 2b to
the sample chambers, pump and fluid analyzer. Fluid is

selectively drawn into the tool through the intake 25 by

activating pump 30 to create a pressure differential and draw
fluid into the downhole tool. As fluid flows into the tool,
fluid is preferably passed from flowline 27, past fluid analyzer

32 and into sample chamber 28B. The flowline 27 has a first

portion 27A and a second portions 27B. The first portion extends
from the probe through the downhole tool. The second portions
27B connect the first portion to the sample chambers 27B, 28B.
Valves, such as valves 29A and 29B are ﬁrovided to selectively
permit fluid to flow into the sample chambers 27B, 28B.

Additional valves, restrictors or other flow control devices may

be. used as desired.

As the fluid passes by fluid analyzer 32, the fluid analyzexr 1is
capable of detecting fluid content, contamination, 6ptica1

density, gas oil ratio and other parameters. The fluid analyzer
may be{ for example, a fluid monitor such as the one described

in U.S. Pat. No. 6, 178,815 to Felling et al. and/or U.S. Pat.
No. 4,994,671 to Safinya et al.

The fluid is collected in one or more sample chambers 28B for
separation therein. Once separation is achieved, portiong of the
separated fluid may either be pumped out of the sample chamber
via a dump flowline 34, or transferred into a sample chamber 28A
for retrieval at the surface as will be described more fully
herein. Collected fluid may also remain in sample chamber 28B if

desired.

The process of the known MDT is optimized for obtaining samples

of light and conventional oils. 0ils with a viscosity higher

11
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than 30 cP present problems as these oils have low mobility. The

most mobile f£luids in the reservolr will be water and the

drilling fluid. In case of a probe 26 having an inner or sample

probe 261 and an outer or guard probe 262, the outer probe is

designed to aid sampling in the MDT with reduced oil based mud

(OBM) contamination. The mobility contrast between the oil and

the drilling fluid has to be low for the outer probe 261 to

divert the flow of drilling fluids from the intake 25. When the

ey

ume from which

drilling fluid is highly mobile it narrows the vo

clean formation fluid can be sampled} This narrowing of the

sampled volume at increase viscosity contrast is schematically

shown in FIG. 3.

In FIG. 3A, the mobility contrast between the drilling mud 35

and the formation fluid 36 is assumed low resulting in broad

flow of formation fluid 36 entering the inner probe 262. At a

high mobility contrast (FIG. 3B) with the drilling mud assumed

to be more mobile that the formation fluid (heavy oil) the flow

of uncontaminated fluid narrows and drilling fluid is drawn into

both the annulus of the guard probe 261 and sample probe 262. As

a consequence, the sampling time for obtaining uncontaminated

sample increases with an increased risk that the tool gets stuck

or no satisfactory sample is obtained.

e

According to the invention the sampling of the low mobility

formation fluid is enabled or enhanced through the heating

system 251 - 253 that i1s designed to least partially heat the

formation surrounding the probe 26 of the downhole tool 10. The

heating i1s monitored to ensure the mobility of the oil is

increased sufficiently so that it can be sampled but not such

i1

that the chemical composition or physical state of the oil

altered.

A preferred variant of the tool shown in FIG. 2 is schematically

shown 1in FIG. 4.
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In FIG. 4, the heat source or projector 451 is installed as part

of the wall of the sample or inner probe 462 such that a high

amount of heat 1s transferred in:

-0 the

formation. Also

integrated into the wall is a thermocouple 452 to monitor the

temperature of the formation fluid. More relevant parameters

such as viscoslity may be used to cha

formation fluid. If it is desired to determine the viscosity of

rc

cterize the heated

)

the fluid the thermocouple may be replaced by combined with a

viscometer (not shown) providing data to the control unit 453

which controls the operation o:

= the heater 451.

Whilst the optimum location of the heat source in the probe i1is a

matter of design depending on the nature of the source, 1i.e.

whether i1t i1s electric or s

diation based,

probe and other considerations.

the length of the

It may also be located within

the body of the tool i1f it i1s desired to heat a larger portion

of the surrounding formation. The reservoir fluids can be heated

using either electromagnetic radiation

combination of both. In the example the heat source 441 i1s a

TR, microwaves and radio freguencies)

(Gamma-rays, X-rays, UV,

or joule heating or a

microwave source ilncorporated into the outer probe.

It 1s advantageous to also moni

the operation for example through an solid s

pressure sensor (not shown)

cor the pressure profile during

cate or MEMS type

co-located with the temperature

sensor 452 to record a complete profile of the sampling

procedure. After being heated and guided into the sampling tool,

the sampled fluid is analyzed and either rejec

ced or pumped into

a éampling chamber following the procedures described referring

to FIG. 2. above.

During the sampling process,

the controlled hea

ting 1s continued

until the sample has mobility such that it can be collected.

13
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e

The rise in temperature of the fluids in the formation 1is

monitored using the temperature sensor 452. When the sensor

indicates that the desired temperature has been reach the sample
is removed using the guarded probe 461, 462. The inner probe 462

is heated to ensure continual flow of fluids during the

extraction procedure. This aspect of flow assurance is important

to ensure the sample is taken in good time and is representative

of the fluids 1n the reservoir.

The desired temperature is set using formation evaluation

b -

performed prior to the sampling. Typically the formation

evaluation used is the result of a wireline logging operation.

The viscosity of the in situ oil can be for example determined

by

via corre.

ation to the T2 relaxation time gained through NMR

logging. With such prior knowledge the required temperature or

e
—

1ts maximum can be determined using for example a database of

experimental data such as illustrated in FIGs 1, 5 and 6.

As mentioned earlier, a key reguirement of any sampling

operation is to obtain a “representative” sample of the

hydrocarbon fluid from reservoir. A “representative” sample 1is

an sample whose chemical composition and physical state has not

been altered by changes in composition, temperature, and

pressure. Ideally, the reservoir fluid to be sampled exists as a

single phase fluid within the reservoir, when the pressure of
the reservoir 1s above the saturation pressure of the fluid

(1.e. bubble point or dew point). FIG. 5 1s a schematic

pressure-temperature plot showing the saturation curves for

various types of hydrocarbon fluids, including dry gas, wet gas,

condensate, volatile oil, black oil, and heavy oil.

During the sampling process, the fluid must be withdrawn from

the reservoir, through the sampling probe (guard probe or
otherwise), and into the sample storage chamber within the
sampling tool (e.g., MDT). As such, a decreasing pressure
gradient must be created from the reservoir to the storage
chamber that will induce the o0il to flow into the chamber. Key

to this process is preventing the pressure from dropping below

14
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the saturation curve and thus, causing the fluid to flash into a

mixture of gas and liguid. The presence of the two phases

however makes it difficult to obtain a representative sample.

Preventing a flash requires the isothermal pressure drop due to

sampling to be less than the difference between the reservoir

g
p—

pressure and saturation pressure. With the exception of heavy

0il, the viscosity of the hydrocarbons fluids is relatively low

el
.

the pressure drop can be easily

and thus, the magnitude o!

controlled through the flow rate. However, the high viscosity otf

the heavy o0il and bitumen leads to large pressure drops during
Sampling using existing technology and, in turn, greatly
increases the risk of flashing the oil. The slow sampling flow
rates required to reduce this risk increases the chance of

having the tool stuck in the well. Also, the slow sampling flow

rates do not prevent significant contamination of the sample due
to the low mobility of the heavy oil relative to the drilling

mud and formation water.

The heated sampling probe (guarded or otherwise) can provide a

—r

means of reducing viscosity, reducing the drawdown pressure, and

reducing contamination by improving the mobility of the heavy

0il relative to the drilling mud and formation water. As

illustrated in FIG. 6, heating the formation in a controlled

manney, the fluid can be heated from an initial reservoir

temperature T0 to a temperature Tl at which the viscosity at

pressure (solid curve) is greatly reduced and yet the difference

between the reservolr pressure and saturation pressure is

sufficient to allow enough drawdown pressure to sample the heavy

olil at a relatively fast flow rate. Temperature control 1s used

co maintain the temperature at around T1 thus avoiding

temperatures T2 too close to the bubble point curve (dashed

line).

The monitoring and control of the heating process is therefore

an important aspect of the present invention. Over heating of

the fluid can have two main detrimental effects: It may cause

thermal degradation or cracking to occur, which will alter the
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composition of the oil and thus produce a non-representative

sample or it may push the fluid to a pressure and temperature

condition that is too close to the saturation curve of the

fluid. Thus, the drawdown pressure required to sample the fluid

will cause an undesirable flash of the fluid resulting in

uncontrolled two phase flow into the sampling chamber.

Thus, the heated sampling probed being described will heat the

formation in a controlled fashion .that is monitored to ensure

overheating of the fluid does not occur. Heating of the fluid

will reduce the viscosity of the oil, allowing for lower

drawdown pressures during sampling and faster sampling flow

rates. The benefit is the ability to obtain a representative

—

sample of heavy oil bitumen that has not been altered in 1ts

chemical composition due to significant contamination, reaction,

or otherwise nor has its physical state been altered from single

phase fluid to two phase fluid or otherwise.

In general the present invention proposed a method having three

principal stages as illustrated in FIG. 7.

Stage 1 (71): In this preferred but not necessary step, the

F
p—

formation is first evaluated to determine the viscosity of the

in place o0il and determine its mobility. This is done using NMR

or other suitable technigues such as acoustic monitoring. When

the formation has been evaluated the required viscosity
reduction and/or raise 1in temperature needed to generate good

samples will be determined. This is done by comparison to prior

data and use of tables and logs. The effective amount of heating

needed will be determined by the use of data such as that in

figure three. Heating the oil in the case shown to 120 C will
give a highly mobile fluid. If the fluid were to be heated to

higher temperatures, no further significant drop in wviscosity

would be seen but the fluid would approach the phase change

boundary. This shows that further heating of the o0il 1s of

little wvalue and potentially detrimental -to the sampling

process; thereby wvalidating the importance of the initial

logging and evaluation process in this procedure.
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Stage 2 (72): A thermally heated guard probe will be used to

increase the formation temperature in the wvicinity of the probe,

~he mud

J—

hence reducing the viscosity of the o0il while diverting

flow to the outside of the sampling chamber, where reguired.

This can be used 1in conjunction with other forms of heating,

—

such as combinations of electromagnetic radiation, which will

heat the o0i1il deeper in the formation. The probe° will act as a

wave gulide to direct the electromagnetic waves to the desired

g—

part of the formation, hence maximizing the efficiency of the

process. This changes in temperature and/or viscosity of the oil

will be monitored by technigques such as acoustic or IR

monitoring, NMR logging (changes in t2 relaxation times) or a

thermocouple placed in the formation and/or a combination
thereof . |

Stage 3 (73): When the required temperature 1s reached, (or

desired viscosity drop obtained), the fluid i1is subsequently

removed from the formation by use of a pump. The fluid will flow

along the heated guard probe, the heat 1in the probe is now

essential to maintain the flow of the oil and ensure the entire

sample 1s delivered into the sampling chamber or vessel.

Within the guard probe, thermocouples, thermal switches and/or

similar mechanisms, are to be used to monitor the temperature of

the o1l to ensure good flow assurance. The viscosity of the

fluid entering the guard probe and that leaving it can also be

monitored to check the performance of the procedure.

When the entire fluilid sample required has been deposited in the

sampling vessel, the vessel is sealed and can be allowed to cool

as the sample has been obtained.

p—
ot

This technique can use many different ways of heating the

formation, and combinations thereof, which give a uniform

heating deep into the reservoir. The preferred combination of

thermal heating and tunable microwaves allows near, medium and
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deep heating into the reservoir and the energy used will control

the heat up rate and final temperature of the reservoir fluid.

In effect, the heated probe has dual functionality. It

participates in the heating of the reservoir fluids in the first

p—

part of the procedure, 1t simultaneously ensures sampling of the

reservolr fluid will be collected in a timely manner (whilst the

fluid 1is still warm) and with minimal (if not 7Y 0 )

contamination. It is also instrumented such that key parameters

such as wviscosity and temperature are monitored during the

operation.

In a variant, the probe itself may contain thermosetting ‘phase

change’ materials, such as waxes or thermoplastics, which will

maintain the temperature of the probe, particularly when the

heating facility is not operational. This will allow the probe

to be moved from location to location without large losses of

heat and hence, reduce sampling time and minimize the potential

for the tool to become stuck in the highly viscous formation.

FIG. 8A shows the cooling curve of a typical material with no

phase change. The exponential heat loss 1s significantly

different from the behavior shown by phase change materials
deplicted in FIG 8B.

Various embodiments and applications of the invention have been
described. The descriptions are intended to be illustrative of

the present invention. It will be apparent to those skilled in

the art that modifications may be made to the invention as

described without departing from the scope of the claims set out

below.

18
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CLAIMS:

1. A reservolir sampling apparatus having at least one
probe adapted to provide a fluid flow path between a formation
and the inner of the apparatus with the flow path being sealed

from direct flow of fluids from the borehole annulus, wherein

the apparatus includes a heating projector adapted to project

heat i1into the formation surrounding the probe and a controller

to maintain the temperature of the fluid i1n the formation below
a threshold value, and wherein the heat source heats at least

parts of the probe.

2. The apparatus of claim 1 conveyed into the borehole

on either a wireline cable, coiled tubing or production tubing.

3. The épparatus of claim 1 wherein the probe includes

at least one 1nner and one outer probe.

4. The apparatus of claim 1 wherein the heating
projector'includes a heat source using Joule (or Ohmic) heating

and/or electromagnetic heating.

. The apparatus of claim 3, wherein the heat source

heats at least a part of the 1nner probe.

6. The apparatus of claim 1 including a temperature

sensor to monitor the temperature of sampled fluid.

7. The apparatus of claim 6 i1ncluding a temperature

sensor to monitor the temperature of the sampled fluid close or

within the formation.

8 . The apparatus of claim 1 including a viscometer to

monitor the viscosity of sampled fluid.

19



CA 02626136 2013-10-03

12424-129

9. The apparatus of

between the controller and

10. - The apparatus of

between the controller and

5 11. The apparatus of

claim 6 1ncluding a signal path

the temperature sensor.

claim 8 including a signal path

the viscometer.

claim 1 wherein the controller 1s

adapted to maintain the temperature of the heated formation

fluid below an upper limit being determined using prior

knowledge of the properties and/or composition of the fluid in

the formation.

F

10 12. The apparatus of

claim 1 wherein the controller 1is

adapted to maintain the temperature of the heated formation

fluid below an upper limit

set to avold a phase separation or

“flashing out” of the formation fluid.

13. A method of sampling formation fluid from a downhole

15 location, including the steps of:

= loWering a sampling tool with a probe 1nto a

wellbore;

- using a heat projector to increase the formation

temperature in the vicinity of the probe to reduce the

#

20 viscosity of the formation

fluid;

= heéting at least a part of the probe;

- controlling the temperature to avoid or reduce

changes in the composition

of the formation fluid; and

- sampling the fluid 1nto the sampling tool by

25 providing a fluid flow path between a formation and the inner

20
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—

of the apparatus with the flow path being Sealed from direct

P |

fiow of fluids from the borehole annulus.

F

14. The method of claim 13 further comprising the step of

'

- using prior knowledge of the formation or formation

fluid to control the temperature.

F

15. " The method of claim 13 wherein the step of heating at

P

least a part of the probe comprises heating the fluid flow

prath.

V)

16. The method of claim 13 further comprising the step of

~ using the probe to conduct heat from the heat

projector into the formation.
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Formation is evaluated to determine the viscosity E
of the formation fluid and determine its mobility.

Use heated probe to increase the formation
temperature in the vicinity of the probe -
reducing the wviscosity of the oil

]2

When the required temperature 1s reached, (or
decgired viscosity drop obtained) remove fluid from

the formation

"3 FIG. 7
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