
FLUID FLOVVRATE DE I tRMINATION BACKGROUND OF THE
INVENTION 1. Field of the Invention       The present
invention relates to fluid fiowrate determination,
and more particularly to the determination of flo
rates for hydrocarbons flowing through One or more
portions of a producing welibore. The invention has
particular application in horizontal wellbores and
in:wellbores having multiple producing zones. 2..
Background of the Related Art       Flowrate
detemfination, 'particularly mass fiowrate
determination, is an important function in the
efficient management of hydrocarbon production from
producing subsurface formations (also known as
reservoirs). Real time Or near-real time flowrate
determination is particularly valuable in the
diagnosis and remediation of production problems_ The
overall mass flowrate through conventional, producing
wellbores can easily be determined at the wellhead
using known methods_ Obtaining a more detailed
understanding of the flow from various downhoie
portions ca wellbore, however, is more difficult and
requires making measurements within the welibore
itself. Prior methods for determining fluid flowrates
downhole, particuarly in multiple producing zones and
in h rizontal weilbore segments, have not been
entirely satisfactory.       U.S. Parent No.
5,610,331, to Western Atlas, describes a method for
determining a flow regime of fluids in a conduit The
method generates a  



temperature, map: of the condUit through he use of a
plurality cit disthbuted temperature sensors and a
means for determinfrig the pcisiton of each one of
the sensors within the cross-section of the conduit,
A flow regime is determined by comparing the
temperature map with a map generated from laboratery
experiMents in a flow loop: The system of the '331
patent is limited by its requirement for a
distributed temperature prefile, including a
plurality of temperature indications along a
wellbore,         .8. Patent No 6,618,677 to Sensor
Highway describes a fiber optic sertspr system for
determining the mass flowiateS of precluded fluid
within a conduit disposed in a weilbora According to
the specification, fluid produced through the
welltiore conduit .(production tubing) generally
exhibits a relatively high temperature. The
subsurface formation(s) that the wellbore extends
through are generally at a lower te ture than the
reservoir from which the produced fluid originated.
As the produced fluid passes upwardly through the
welibore condiiit past the cooler, surrounding
subsurfate formation(s), the fluid is said to cool. A
fiber optic sensor system is employed to monitor this
tooling over a length of the conduit and to generate
adistributed temperature profile. The generated
distributed temPerature profile is Compared with a
previously-determined temperature7flowiate
calibration to determine a mass flovirrate of fluids
within the wellbore conduit. The system of the '677
patent is therefore also limited by a need to acquire
measurements at a pluratity of locations along the
length of the wellbore conduit.       U.S. Patent No
6,769,805., also to Sensor Highway, describes a
method of using a heater cable equipped with a fiber
optic distributed  temperature sensor to determine
fluid tiowrate Within a Wellbbore The cable heated to
a temperature above the temperature of The wellhoie
in which it is positioned, and then de-energized se
as to cool Under the flow of produced fluid through
the wellbore. The fiber optic distributed temperature
sensor is erhpleyed to generate a distributed
temperature prOfile-along the heater cable, The '805
patent suggests that the: generated profile may be
correlated to the fluid flowrate, within explaining
how to achieve this. U.S. Patent No. 6,920,395', also
ensor Highway, is similar to the '805 patent except
it employs .a heat sink (rather than temporary,
active heating) to induce cooling of a fiber optic
distributed temperature sensor. The systems of the
'395, '805, '677 And '331 patents are therefore all
limited to flowrate correlations based n distributed
temperattire profiles. U.S. Patent No, 6,766,854 to
Schlumberger describes a system for obtaining
downhole data from a subsurface formation penetrated
by awellbore bore, And is characterized by the Use of
a sensor prug positioned in 



the sidewall of a wellbore, and separate downhole
tools for installing and communicating with the plug.
The s9ttem bt the '854 patent is limited by the
permanent nature of the sensdr plug and the
complexity of installing and establishing
communication with it, possibly across a casing wall.
U.S, Patent No. 6,817,257 to Sensor DynamicS
describes an apparatus and a 'method for remote
measurement of physical parameters involving an
optical fiber cable sensor and a cable installation
mechanism for installing the 'optical fiber cable
within a specially-configured conduit The
installation mechanism includes for propelling a
fluid along the conduit so as to  deploy the Optical
filier cable serisOr, and a seal assembly behveen the
optical fiber cable and the conduit. The '257 patent
mentions that its 'sensor" can be a flow sensor
"based on combining the outputs from more than one
sensor and apPlying an algorithm to estimate flow'
but does not explain how this may be achieved.
The flo ate-deterrnining solutions mentioned above
are therefore characterized by systems requiring the
develepment of a distributed temperature profile over
a length of the wellbore, and systems requiring
permanent installation and potentially difficult
communication with downhole sensors. A need therefore
exists for a flowrate-determining .solution that is
adaptable to being used in a multitude Of downhole
locations, not restricted by the need for a
distributed sensing length.       A need further
exists for a flowrate-determining solution that
facilitates easy installation - temporary or
perrhanent but is not encumbered by a need for
permanent installation. Adaptability in the
installation of a flowratedetermining solution will
facilitate its application in wellbores having
multiple producing Zones as well as horizontal
wellbore sections, including horizontal legs' of
so-called multilateral wellbores. Horizontal wellbore
bore sections are typically fluidly-connected to a
vertical wellbore section that extends to the
surface. By way of example, it ie of considerable
interest to a drilling engineer fin the case of
welbore drilling) ov.a production/reservoir engineer
(in the case of weilbore production) whether a
portion Of the horizontal wellbore section hear the
vertical section is produding at a much higher
Volumetric flow- te, at  about the sathratEi,t a much
lower rate, than a portion of the heti:7_6aq! 



WeilbOre section that is fat from the vertical
wellbore section, DEFINITIONS       Certain terms are
defined throughout this desc ption s they bsed,:while
Certain other terms used in this desbripfion are
defined beloitt       told sihr means an environment
or object capable of transferring heat to another
object viith which it is in thermal contact (either
physical contaCt or radiational "Oontact"),
'Conduit' means a natural or artificial hannel throu
h whictr something - particularly a fluid - is
conveyed-.       "Equilihriuth temperature" means a
balanced tempera ute condition, based upon present
operating conditions, that remains constant under no
:etefflal stimulus over a monitoring period of
interest:       "Heat Sink" means an environment or
object capable of absorbing heat from another object
with which it is in thermal contact(either physical
contact or radiational "contact"),       'Passage'
means a path, channel or course by 1, ph something
particularly a fluid - passes. 



SUMMARY OF THE INVENTION       hi a first aspect,
there is provided a method for determining the
flowrate of fluid flowing within a passage,
comprising the steps of: measuring the equilibrium
temperature of a location of interest within or
proximate to the passage within which fluid flows;
perturbing the temperature of the location of
interest to a second temperature; allowing the
temperature of the location of interest to return to
the equilibrium temperature; monitoring the
temperature of the location of interest as it
transitions between the second temperature and the
equilibrium temperature; and using the monitored
temperature transition to determine the flowrate of
the fluid flowing within the passage.       In a
second aspect, there is provided an apparatus for
determining the flowrate of hydrocarbon fluids
flowing within a portion of a wellbore penetrating a
subsurface stratum of interest, comprising: a means
comprising a temperature sink positionable at or near
a location of interest within the wellbore for
perturbing the temperature of the location of
interest; and a temperature sensor positionable at or
near the location of interest.       In one
embodiment, the present disclosure provides a method
for determining the flowrate of fluid flowing within
a passage. The method comprises the step of measuring
the equilibrium temperature of a location of interest
within or proximate to the passage within which fluid
flows. The temperature of the location of interest is
perturbed to a second temperature, and the
temperature  of the location of interest is then
allowed to return to its equilibrium temperature. The
temperature of the location of interest is monitored
as It traasitionstetWeen the second temperature and
the equilibrium temperature. The monitored
temperature transitibn is then used to determine the
flowrate of the fluid flowing within the pasSage,
In particular embodiments Of the inventive method, a
temperature sensor is positioned at the location of
intemst for performing the measuring and monitoring
steps. The temperature senSor may Comprise an uptical
Tibet. 



lb particular embodiments, the passage within which
fluid flows is defined by a wellbore penetrating one
or more subsurface earth. strata. The fluid in such a
passage may comprise at feast one of oil, gas, water,
and a combination thereof, The passage rnaY be
further defined by a conduit disposed in the
wellbore, for example, by a conduit disposed in a
portion of the wellbore that is substantially
horizontal. The perturbing step aceording to the
inventive method may be performed using a
temperature:sink, such as a heat sink or a cold sink.
The temperature sink may be substantially collocated
with the temperature sensor. In particular
embodiments of the inVentive method, the 'using step
comprises consisting The monitored temperature
transition to flowrate within the passage: The time
required for the temperature of the location of
interest to transition halfway between the second
temperature and the equilibrium 



temperature defines a temperature relaxation
half-life that may be correlated to flowrate Within
the passage. The correlation between temperature
relaxation half-life and flowrate within the passage
may be substantially linear.        In another
embodiment, the present disclosure provides an
apparatus for determining the flowrate of hydrocarbon
fluids flowing within a portion of a wellbore
penetrating a subsurface stratum of interest. The
inventive apparatus comprises a means including at
least a temperature sink positionable at or near a
location of interest within the wellbore for
perturbing the temperature of the location of
interest, and a temperature sensor positionable at or
near the location of interest.       In particular
embodiments of the inventive method, the
temperature-perturbing means is controllable from a
surface location to perturb the temperature of the
location of interest to a temperature other than the
equilibrium temperature at the location of interest.
The temperature sink according to the inventive
apparatus may comprise a heat sink or a cold sink.
Accordingly, the temperature-perturbing means may
comprise a conduit through which a cooling medium or
a heating medium is transmitted, respectively. The
temperature sink and the temperature sensor may be
integrated within a single unit, or may be installed
separately within the wellbore bore. BRIEF
DESCRIPTION OF THE DRAWINGS 



So that the above recited features and advantages of
the present invention can be understood in detail, a
more particular description of the invention, briefly
summarized above, may be had by reference to the
embodiments thereof that are illustrated in the
appended drawings. It is to be noted, however, that
the appended drawings illustrate only typical
embodiments of this invention and are therefore not
to be considered limiting  of its scope., for the
invention may admit to other equally effeeiive
embodiments,           re 1 is a seCtional schei atic
representation of wellbore having a horizontal
section that penetrates a prod 'icing formation, with
the wellbore having a production tubing string
therein that employs a teinperatureperturbing &leans
and a temperature sensor according to the present
invention..       Figure 2 Is a sectional 'schematic
representation of a weUbore haVing a vertical section
that penetrates two producing formations or zones,
with the wellbore having a production tubing string
therein that employs a temperature-perturbing means
and a temperature sensor acCording to the present
inventiona. Figureis a detailed representation of one
embodiment of a temperature-perturbing means and a
temperature sensor according to the present
invention.       Figures 4A-48 are detailed sectional
and isometric representations of a further embodiment
of a temperature-perturbing means and a temperature
sensor according to the present inVention. 



Figures 5A-58 are detailed sectional and isometric
representations of a still further embodiment of a
temperature-perturbing means and a temperature sensor
according to the present invention Figure 6 is a
graphical correlation between temperature fife and
fiowrate within a passage ac ding to the present
invention,  DETAILED DESCRIP tON OF THE INVENTION
Figure 1 is a sectional schematic representation of
one embothnent of the :present invention fdr
determining the mass flowrate of a fluid produced
from a .subsurface formation P and flowing upwardly
through a production tubing string IS disposed in a
wellbere W and terMinating at,a Wellhead %NH, The
weilbore W is characterized by a substantially
vertical. section VVv and at least one substantially
horizontal section VVH that penetrates a producing
formation FE with the horizontal section \NH being
isolated em the vertical seetion Wv by a packer
assembly. R,      As .embodied in Figure 1, an
apparatus according to the present inveritien
comprises a means (collettiVely referenced as 110,
111, 114) for perturbing the temperature of one
Qrmore JocetioOS Li, L7 of interest within the
horizontal section WH of the vvellbore W. The
temperature perturbing means includes One or more
temperature sinks 110 carried on the tubing String IS
so as to be positionable. at or near the respective
locations of interest Li, L2. The temperature sink(s)
(described in greater detail below in reference to
Figure 3) may comprise, various applications of .a
heat sink or a cold sink (6,g,., an adaptive heat
exchanger), so as tp induce a temperature
perturbation at the respective locations:of interest
Li, L2. in the embodiment of Figurethe
temperature-perturbing means is 



controllable from a. surface system iii that enerates
and controls the transmission of a cooling medium or
a heating medium to the temperature sinks 110 so as
to perturb the temperature of the respective
locations of interest LI, L2 to a temperature other
than the equilibrium temperature at the  locations of
interest. The temperature-perturbing means
illustrated in Figure 1 further comprises a conduit
114 through which the- cooling Medium or healing
medium from the t urface system 11f is transinitS to
ths temperatures sitilct 110. Such a transmission
conduit 114 may include two parallel branches in the
shape of a U-tube, beginning and ending at the
surface system lit Actordingly, the surface system.
111 is operable to transmit, as appropriate, either a
cooling of heating medium (ay., a 9as or other fluid,
or even electrical current in the case of healing)
through the tr smission conduit 114 to the
temperature sinks 110, causing perturbation of the
local temperatures at the respective locations of
interest LI, L2 for a temporary period of time. which
the temperature perturbation is removed (as described
further taelow).       The inventive apparatus
embodied in Figure 1 further comprises one or more
temperature sensors 112 positionable al or near the
locations of interest Li, L2, The temperature sensors
112 are connected for ommunication with surface
control and recording electronics 118 by way of a
communicahon link 116. The communication link 116 can
take various forms, including a wired fink and a
wireless link, with the latter possibly including one
or more of the following: a satellite connection, a
radio connection, a connection through a main central
router, a modern connection, a web-based or internet
connection, a temporary connection, andior a
connection to a remote location such as the offices
of an operator. The communication link 116 may enable
real tilt e o r-real time transmission of data o.r
may enable time-lapsed transmission of data, as is
required to permit a user to monitor the wellbore
conditions and take necessary remedial action based
on a diagnosis. The  temperature sensors 1:12 may
constituteb of vanous nser lypes that are known to
those having ordinary11 in the art such as resistance



temperature detectors (RIDS-) of thermocouple-based
sensors, as Well as fiber optic-based sensors, In the
case of fiber optic-basethe communi16 constitutes a
string of optical fibers and the surface
eleCtronics'118 con an epte-electronic unit
(including a light source and a light detector) and
an appropriate processor/recorder aS are known to
those skilled in the art Unlike the previously-known
fiber otic applications (mentioned above) that relied
on distributed temperature 'sensing, the sensors
according to the present invention are adapted for a
localized temperature determination at the locations
of interest Li, L2, As is also known to those skilled
in the art, in an optical fiber-based sensor solution
the optical fibers may be routed between the surface
electrOnics 118 and the sensor 112 via an appropriate
conduit that may be attached to the tubing string IS
via clamps or the like, and that constitutes part of
the communication link 116, Such a routing conduit
may include two parallel branches in the shape of a
U-tube, beginning and ending       surface
electronics 118. Accerdingiy, the surface electronics
118 are operable to transmit optical pulses through
the optical fibers in the communication fink 116 to
the fiber optic-based. sensors 112, causing
backscattereci light signals to be returned from the
sensors 112 that contains ation representing the
temperatures of both of the respective sensors 112.  



h the ernbodiment of Figure 1. the temperature sinKs.
110 arid the temperature sensors 112 are shown as
integrated wfthih a single unit. it will be
appreciated by those having ordinary skill in the
art, however, that the temperature sensor(s) may be
Installed separately from the temperature sink(s)
withit-the Wellbore.       Figure 2 is a sectional
schematic representation Of another embodiment of the
present invention for determining the mats flowrate
of a fluid prpduced through a productiop.tubirig
string 1ST disposed in a wellbore W. and terminating
at a wellhead W11. The wellbore W' is substantially
vertical and penetrates a pair of producing zones or
formations Ft, F2, isolated from one another by a
packer assenthty P'..       As embodied in Figure 2,
an apparatus according to the present invention
Comprises a means (collectively referenced as 210:
211, 214) for perturbing the temperature of one or
more locations L3 L4 of interest within the
respective formations Fl, F2 penetrated by the
vertical wellbore W". The temperature perturbing
means includes one or more emperature sinks: 210
carried on the tubing string TS so as to be
potitionable at or near the respective locations of
interest Li. L4, As with the temperature sink(s) 110
described above, the temperature sinks 210 may
comprise various applications of a heat sink or a
cold sink (e.g., an adaptive, heat exchanger), so as
to induce a temperature perturbation at the
respective locations of interest La, L. to the
embodiment of Figure 2, he temperatureperturbinq
means is contr011 ble from a surface system 211 that
generates Sand controis the  transmission of a
cooling 'medium Or -a healing medium to the tempemtu
'sinks- 210 so as to perturb the temperature of the
respective iocations of interest L3. L4 to a
temperature other:than the equilibrium temperature at
the locations of interest. The temperature-perturhing
means illustrated in Figure 2 further comprises a
conduit 214 through which the cooling medium or
heating medium from the system 211 is transmitted 16
the temperatures sinks 210. Such a transmission
conduit 214 may indlude two paratiel branches in the
shape of a U-tube, beginning and ending at the
surface system 211. Accordingly, the Surface system
2.11, is operable t. as appropriate, either a cooling
or heating Medium (e.g,, a gas: or other fluid, of
even electrical current in the case of heating)
through the transmission conduit 214 to the
temperature sinks 210, causing perturbation of the
local temperatures at the respective locations of
interest 1":3, L4 for a temporary period of time,
after which the temperature perturbation is removed
(as described further belaw),       The inventive
apparatus embodied in Figtire 2 further comprises one
or more temperature sensors 212 positionable at or
near the locations of interest L3:L4.. The
temperature sensors 212 are connected for
communication with surface control and rebercting
electronics 218 by way of a co on link 216. As with
communicatiOn link 116 described above, the
communication link 216 can Like various forms,
including a wired link and. a wireless link. The
temperature sensors 212 may constitute a number of
various sensor types' that are known to those having
ordinary skill in the art, such as RFD or
thermo.couplerbased sensors, as well as fiber pit
ased sensors, 



In the ass of fib opticbsecF sensors, the
communication hnk 216 constitutes a.string of optical
s and the surface electronics 218 constitutes an
OW-electronic unit (including a light souroe and
fight detector) and an aPPl'oPriate
OfoceSSor/recorder a arel known to those skilled in
th rt. Unlike the oreviousltkno.wn fiber
aptic.applications (described above) that focused on
distributed temperature senaing, the sensor 212
according to the present invention is. adnptSl Ma
bcalized temperature determination at the locations
of interest 1.1,14, As is also known to those skilled
in the art, the optical fibers may be routed between
the surface electronics 218 and the: sensor 212 via
an appropriate conduit that may be attached to the
tubing string IS via Clamps or the like, and that
constitutes 'part of the communication link. 216.
Such a routing conduit may include two parallel
branches in the shape of a U-tube, beginning and
ending at the surface electronics 218. Accordingly,
the surface electronics 218 are operable to transmit
optical pulses through the optical fibers in
communication link 218 to the fiber optiblaased
sensors 212, causing backscattered light signals to
be returned'from the sensors 212 that contains
information representing the temperatures of both oil
the respective sensors 212.       in the..
embodhyisot. of Figure 2, the temperature sinks 216
and the temperature sensors 212 are shown as
integrated within a single unit,. It will be
appreciated by those having ordinary skill in the
art, however, that the temperatuie sensor(s) may be
installed separately from the te.mpemture Sink(s)
within thewellbore.  Figuris a detailed
representation Of: portion ofing string Ti' like the
tubing strings TS and TS shoWn in Figores 1 a 2,
respectiVely, equipped with one embodiment of a
temperature-perturbing means and a temperature sensor
according to the present inventiot More particularly,
one or more joints of the tubing string IS is
equipped with a generally U-shaped transmission
conduit 314 that includes a coiled portion wrapped
around a redutedidiaMeter length of the tubing joint
(Preferably at a Mandrel portion of the joint).
Condijit:3141s1 characterized by a smaller diameter
branoh 314a for delivering a suitable cooling gas,
such as nitrogen or carbon dioxide, downhole along
the tubing string TS-, a larger diameter branch 314b
for returning the transmitted cooling gas back to the
Surface; and a transition region 314c that undergoes
an expansion from the smaller diameter of branch 314a
to the larger diameter of branch 314b to effect a
Cooling of the transmitted gas in situ. Thus, in the
embodiment depicted in Figure 3, the 



temperature sink 310 reu.tth3g from the coils in
larger diaineter conduit branch 314b constitutes a
heat sink for effeCting a drop in the temperature of
the location of interest Ls, thereby inducing a
temperature transient in accordance with the
presentlnyention, It will be appreciated by those
having ordinary skill in the art that the gas flow
could easily be reversed so as to transition from the
larger diameter conduit branch 314b to the smaller
diameter conduit branch 314a, thereby constituting a
cold sink for effecting a rise in the temperature of
the location of interest Ls, With reference again to
Figure 3, the illustrated joint of the ubing string
TS isher equipped withrally tbishaped, conduit far
routing optical  fibers therein between surface
electronics (like electronics 118, and 218 described
above with reference to Ffgures 1 and 2) and the
location of interest Lsi with the routing conduit
constituting - along With the optical fibers - part
of a communication link 316 that includes a coifed
portion wrapped around, the re:Limbed-diameter length
of the tubing joint. The optical fibers lay be
'equipped with a fiber optic-based temperature sensor
(not shoW that is deployed the communication link 316
at or near the location of interest for a purpose
that will be described below The temperature sensor
may be a conventional sensor or a customized
instrument having appropriate Measurement
performance, as will be apParent to those having
ordinary skill        art. The temperature sensor may
be used h appropriate data acquisition and signal
processing means, as a,re,aitt known to those skilled
in the ad.       in the embodiment of Figure 3 (as
Well as some others described herein), a temperature
sensing cOnduit 316 and a temperature-perturbing
conduit 14 are coiled together such that the two are
in full contact with each other at the
flowrate-determining location of interest 15, This
promotes an efficient use of the coaling or heating
medium that is transmitted via the
temperature-pertyrbing conduit to effect a Measurable
temperature transient via the temperature-sensing
conduit and its conveyed temperature sensor_ 



Figures 4A-4B are detailed sectional arid isometric
representations of a further embddimert of a
temPerature-perturbing means and a temperature sensor
according to the present invention, Unlike the
embodiments depicted in Figures 1-3, which were
adapted (Or use with a tubing string typically having
an opened end, the embodiment shown in these figures
is adapted for uSe with a tubular "stinger 420 having
a closed conical end Ore 422. When so-equipped,
thestinger 420 is adapted for ,placementhin a
wellbore (shown as op hole, but could be cased and/or
lined) so as to be immersed in he fluid flow Streadi.
In other words, the -fluid in the we bore W" will
flow around the nose portion 422 and the stinger 420,
rather than through the tubular joints that make up
the stinger 420. The stinger 420 is equipped with
onebbtliment o temperature perturbing means and a
temperature sensor according to the present
invention, More particularly, one or more joints of
the stinger 420 is equipped with a generally
(J-shaped transmisSiOn conduit 414 that includes a
coiled portion wrapped around a leading,
reduced-diameter portion of the stinger 420. The
conduit 414 (parallel branches thereof shown
partially pulled away from the slimier in Figure 4E3
for clarity) may be characterized by diarneter
changes like the conduit 314 of FIG. 3, but other
known solutions for effecting a cooling or heating of
a location of interest L.6 may also be employed so as
to induck a temperature transient in accordance with
the present invention. 



Theillustrated portion of the s.tin.ger 420 is
further equipped with a generally U-shaped, conduit
(parallel branches thereof shown labeled as 416 and
partially pulled away from the stinger in Figure 4B
for clarity) for routing optics, fibers' Cr other,
known temperature sensing means therein between
surface electronics (like electronics 118 and 218
described above with reference to Figures 1 and 2)
and the location of interest L6. with the routing
conduit constituting - with the optical fibers --
part of a communication link  416. The optinal fibers
are equiped with a fIber optic-based temperature
sensor that is deployed Ibte cornmunicatien link 416
at or neat the !beat-ion of interest Le for a purpose
that wiil be described below. Figure's' 5A-5B ate
detailed sectional and isometric representations Of
s.till further embodiment of a
temperature-perturbing: means and a temperature
sensor according to the present invention. This
embodiment is very similar to that shown in Figures
4A-48. Thus, one or more joints of the stinger 520 is
equipped with a generally U-shaped tran'smission
conduit 514 that includes a coiled portion wrapped
around a leading, grooved portion of the stinger 520.
The conduit 514 (parallel bi inches thereof shown
partially pulled away from the stinger in Figure 56
for clarity) may be characterized by diameter changes
ke the conduit 314 of FIG. 3, butother known
solutions for effecting a cooling or heating of a
location of interest L? may also be employed so es to
induce a temperature transient in accordance with the
present invention. The illustrated portion of the
stinger 520 is furl'quipped with :a generally
U-shaped, conduit (parallel branches thereof sh n
labeled16 and partially: pulled away from the stinger
in: Figure.58 for clarity) for routing optical fibers
or other; known temperature sensing means therein
between surface electronics (like electronics 118 and
218 destrited above With reference to Figures 1 an 2)
and the location of interest Li, with the routing
conduit constituting - along With the optical fibers
pad of a communication link 616. The 6001 fibers are
equipped with a fiber 00C-based temperature 



sensor that is deployed in the communication link 516
at or nearthe locaticn of interest Ly for a purpose
that will now be described.       The present
invention provides. through various embodiments as
described and suggested herein, a Method [tar
determining the flowrate of fluid flowing within a
passage. As mentioned above'.the prese vention has
particuiar aPpliCation in which .? fluid-flow passage
is defined by a, weilbore penetrating one or more
subsurface eadh strata. The fluid in such a passage
may comprise at leaSt one of oil, gas, water, and a
combination thereof. The passage. May be further
defined by a conduit disposed in the wellbore, for
example, by a conduit disposed in a portiOn of the
wellbore that is substantially horizontal. The
flat/grate-determining ethod comprises the step of me
suring the equilibrium temperature of a location of
interest within or proximate to the passage within
'Which fluid flows. This may be achieved by a
fiber-optic based Solution aa described above, but
other solutions known to these having ordinary skill
in the art may also be applied to advantage. Thus,
for example, solutions involving the use of
resistance temperature detectors (RIDs other
thermocouple devices may beptoyed to measure, the
equilibrium temperature. The present invention
'fUrther includes the'establishment of a 



temperature transient by perturbing theI temperature
at the flewrate- datemlining location of interest.
Accordinghe teinperature of the location of interest
is pulsed or perturbed to a second temperature (other
than its equilibriumemperature), and the eminemture
(3f the. location of interest IS  then Ubwedto return
to its equilibrium temperature Theiempecature Of the
location of intetest is monitored by the fiber-optic
based sensor, or other temperature-monitoring ean
empldyed, as the temperature transitions between the
sechdtChiperaiUre and the equilibrium temperature.
As mentioned above, the temperatoreperturbing step
may be Performed using temperature sink, such as a
heat sink (e.g., a cooled fluid) or1a cold sink
(e.g., a bathed fluid or an electrical heater). The
:tempeSiire sink may be either permanently installed
(e.g., on production tubing): or inserted on a
temporary carrier (e.g,, a stinger); and may be
substantially collobated with the temperatur sensor.
It will therefore be appredated by those skilled in
the' art that it is not necessary to change the
temperature of the fluid flowing through the passage
to practice the inventive method, even though the
loc:al temperature at the location of interest
experiences a transient       The monitored
temperature transition is then used to determine the
floWrate of the fluid flowing within the passage,
such as, for example, by correlating the monitored
temperature transition to flowrate within the
passage. One aspect of the present invention relates
to the discovery that the time required for the:
temperature of the location of interest to transition
halfway second temperature and the equilibrium
temperature defines a temperature relaxation
half-life that n ay be correlated to fiowrate within
the pasSage. ih p [fouler embodiments of the
inventive method, interpretive models such as
Computational Fluid Dynamics (CFD) models are 



employed to correlate the nionitored temperature
transitiQnto tIowrate within the passage. Figure 6 is
a graphical representationorrelation betWeen intture
relaxation hatf-life and floWrate within a wellbore
passage according to the present invention. The graph
represents data monitored over a 16 accord cooling
transition between a perturbed temperature and an
e<11-1 iiib flu M tetn.peraturt The monitored data
for linear regression (R2) is 0.9825, indicating that
98...25% of the variation of corresp.bnciing fluid
flowrate is accounted for by the natural log
temperature relaxation half-life (iE.; the monitored
temperature delta and it time).       In the case of
wellbore flow of a formationpr.oduced fluid, the
fluki's temperature is influenced by: (a) the
temperature of the subsurface formation Or zone from
which the fluid is recovered; (b) the temperature of
the subsurface formation mr zone(s) through which the
fluid passes before it encounters the temperature
sensor of the inVentipm and (c) the time required for
the fluid to reach the temperature sensor after it
enter the wellbcire bore. By using the temperature
relaxation half-life to determine fluid flowrate,
many of the local effects of the wellbore passage:
including type and size of the wellbore.
flowrate-determining rotation within the welibpre:
characteristics of the Specific produced fluid, among
others that may complicate Rewrote determination: are
minimized or eliminated. Further benefit of such a
correlation relate to its independence of how long
the ternperature perturbation (e.g.; coolii !tad) is
applied to what magnitude the perturbation  is
applied (e.g.., volume of cooling fluid), and e'iefl
the .eflectivensso perturbation te.g., cooling fluid
thermal properties).       Einpirical data have
indicated thala mass flowrate can be accurate4
derived solely from a temperature relaxation
correlation of the type that is shewn in Figti.re 6,
Additional information may be derived if the
ternperature relaxation profile is analyzed using a
more detailed, first-principles approach to the
relaxation dynamics. For exaMple, the hventive method
may further he useful for determining the composition
of two-phase and three-phase production fluids,
including the oil/wafer and oil/waterigas ratios. 



It will be. further appreciated that the inventive
method is Useful for developing a production profile
for a horizontal weilbore, showing the specific
volume of oil production along the length of the
horizontal wellbore bore. The inventive method is
also similarly useful for determining the mass flow
volume of produced on). one or more specific
producing formations or zones which are penetrated by
a common wellbore.       It Will be understood frern
the foregoing desdriptin that varioUS inedifications
end changes may be made in the preferred and
alternative embodiments of the present invention
without departing from its true spirit       This
description is intended for purposes of illustration
only and should net be ainstMed in a liiWting sense
The aOltte Of this invention should be determined
only by the language of the claims that fqUow. The
term "comprising' within the claims is intended to
mean "including at last' such that the recited
listing Of elements in a claim are an open set or
grqup" Similarly, the terms ctcoatairataittreing,"
and "itaiu, e all intndcd tothean  WO
2008/016876PCT/US2007/074736 an open s rgfekant.atr
and other singular te ns. are int to include
theplural forms thereof talispecifically excluded.  



CLAIMS WhatIs claimed is: 1,A method for determining
the flcwrate of fluid flowing within a passage,
coMprising the steps Of;       measuring the
equilibrium temperature of a location, of interest
within or prc'imate to the passage within which fluid
flows-,       perturbing the ternperature of the
location of interest to a second temperature;
allowing the temperature Of t e locationof interest:
to return to ft-1'e equilibrium temperature;
monitoring the temperature of the location of
Interest as it transth 



hetWeen the second temperature and the eguilibriurn
teMperature; and using the monitored temperature
transition to determine:the flowrate of 'the fluid
flowing within the passage. 2.The Method of daim 1,
wherein:       a temperature sensbr is Positioned at
the ocation of nt&Ost for performing the measuring
and monitoring steps.       The method of claim 1,
wherein the passage is defined by wellbore
penetrating one or moia subsurfate earth strata.  4.
The method of claim 3, wherein the passage is defined
by a conduit disposed in the wellbore,  5. The method
di claim 3, wherein the flowing ffuid comprises at
least one of oil gas, water, and a combinatien
thereof. 



WO 2008/016876PCT/1JS2007/074736 6.The Method of
'claim 4, wherein, the cOndult is dispoCe.d in a
portion of the wellbore that is substantially
horizontals      The.method of claim 2, wherein the
temperature sensor comprises an optic fiber. 8.The
methid.cf claim 2, wherein the perturbing step s
performed using a heat.sink. 9:.The method of claire
Z. herein the'perturbiing step is erformed using 



a cold sink.  10. The, method of Cairn 8, wherein the
perturbing step i perfOrmed using a heat sink
stibstaritiallytellacated with the,tempetature
sensor.  11. The method of claim 9, wherein the
perturbing step is performed using a cold sink
positioned stibstantially collocated with the
temperature sensor.  12. The method of claim 1,
wherein the iJkiflg step comprises correlating the
Monitored temperature transition to flowrate within
the passage, 13:.The method of claim 12, wherein the
time required for the temperature of the location of
interest to transition halfway between the second
temperature and the equilibrium temperatioadefines a
temperature relaxation' half-life that may be
correlated tb flowrate within the passage. 



14.The method of claim 13, whetein the correfption
between temperature relaxation halflife and flbwrate
within the passage is substantially linear, 1.5,An
'apparatus for determining the fiowrate of
hydrocarbon fluids flow within a portion of a
wellbore 'penetrating a subsurface stratum of
interest, comprising:        a means cothpfising a
temperature sink positionable at or near location of
interest within the wellbore for peitrbing the
temperature at the location of interest; and a
temperature:sensor positionable at or near the
location of inter       The apparatus of claim 15,
Wherein the ternpemture-p rt0rbing means is
controllable from a surface location to perturb the
temperature of the location of interest to a
temperature other than the -equilibrium temperature
at the location of interest.  17. The apparatus of
claim 15, wherein thepere sink comprises a 



heat sink.  18. The apparatus of claim 15., wherein
the tefflperatute sink bbprises a cold Sink, 19,The
apparatus of claim 17, wherein the
temperature-perturbing means Comprises a conduit
through which a cooling inediuni is transthitted.
20. The apparatus of claim 18" wherein the
temperature-perturbing means comprises a conduit
through which a heating medium is transmitted.  21.
The apparatus of claim 15, wherein the temperature
sink and the temperature sensor are integrated within
a single unit.       The apparatus of claim 15,
wherein, the temperature sink and the temperature
sensor are installed separately within the wellbore
bore. 




