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DOWNHOLE LIGHT GENERATING SYSTEMS AND METHODS OF USE

BACKGROUND OF THEINVENT
Field of the Invention

[0001] The present invention relates generally to oilfield operations and more particularly
methods and apparatus-using fiber:optics incofled fubing vperdtions in.a wellbore.

Deseription of related art

[0002] Casing collar locator (CCL) tools, resistivity tools, and spinner tools are known in the
oilfield industry and are used commenly in wireline applications. The use of coiled tubing as a _
different type of wellbore conveyance in wellbore applications is increasing, resulting in a need
for downhole apparatus and methods adapted for use with coiled tubing. Difficulties inherent
with using dewnhole electromechanical apparatus with coiled tubing are the lack of power to the
of these functions. are performed by wireline in conventional wellbore applications. To address
these difficulties, it is known to install electrical wireline in coiled tubing. Although adding
wireline to coifled tubing operations increases the functionality of the coiled tubing, it also
increases the cost of the: coiled tubing stririg and complicates field operations. The addition of
wireling to a coiled tubing stiing significantly increases the w&ight of a coiled tubing string.
Installation of the wireline into the coiled tubing string is difficult and the wireline is prone to
bunch into a knotty mass or “bird nest” within the-coiled tubihg, This, and the relatively large
outer diameter of wireline compated to the internal diameter of coiled tubing, can undesirably
obstruct the flow of fluids through the coiled tubing, such flow through the coiled tubing
frequently being.an integral part of thé wellbore operation.
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[0003] It is also known to use fiber optics to make downholé measurements by providing optical
power at the surface to the fiber optics and using that optical power to generate motive power in
a wellbore. For example, U.8. Pat. 6,531,694, incorporated herein by reference, discloses a fiber
optic system comprises an optical power source at the surfacé and a fiber optic loop from the
surface down the wellbore and back up the wellbore. The optical power from the surface light
source is disclosed to power a downhole light cell, which in turn generates electricity to trickle
charge batteries in the wellbore.  Similar to. power being sent downhole, measurements and
borehole information may be conveyed to the surface via the fiber optic system. What is not
disclosed, however, is the using the measurement.of downholg elements to generate energy to

send measurements or information to the surface via fiber optics.

[0004] Others have attempted to genérate power downhole instead of relying on.a power source
at the surface, It is known to use batteries downhole for power; for example, one existing tool
uses six to twelve feet of batteries. Such configurations are accompanied by operational
constraints and difficulties. What is needed is a system and method for making downhole
measurements with coiled tubing, and communicating those messurements to recording devices
on the surface, but without an extensive external power source for the downhole measuring
equipment, and without the weight of electrical wireline. Furfhermore, what is needed is a
device that uses sufficiently small amounts of supplemental power, that such pewer can be
supplied by small batteries that would extend the Jength-of the:tool by as little as two inches.

BRIEF SUMMARY OF THE INVENTION.

[0005] A light generating system for use in a wellbore comprises (a) a light generating
transducer-in the wellbore, the light ‘generating transducer-adapted to transform a physical state
of a parameter in the wellbore to optical energy; (b) recording equipment sensitive to optical
energy to record a physical state; and (c) an optieal waveguide for conveying the optical energy
from the light generating transducer to the recording equipment,
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[0006] In another feature of the system of the present invention, the electrical pulse generated
when taking a downhole measifernent also powers a light sotirce that coimmunicates via optical
fiber to a detector at the surface. In another preferred featurs of the system of the present
invention, common to4ll embodiments of the invention, it is a passive system, in that it uses no
external power source. However, an alternate method of generiting the electrical power muy
further utilize a small downhele device, such as a bias battery or a circuit, to power the light
source, to generate a-downhiole electrical pulse, or to supplement the electrical pulse generated
by taking a downhele measurement. One method may use a bias battery in conjunction with the
electrical pulse generated by the measurement to power the light source. Another method may
use a small, minimum component cirouit in which the electrical pulse generated by the taking a
downhole measurerient is amplified to ‘power the light source. A third alternate embodiment
may use a small circait by which an electrical pulse: generated by the downhole measurement
triggers a stall downhole electrical pulse to power the light source.

[0007] Tn one embodiment - fiber optic based casing collar locator is provided. The voltage
genrated when the casing collar locator passes a roetallic anomaly, such as a casing collar, in the
tubing or casing string, is used to power a downhole light source, which then sends a I ght signal
into an optical fiber that is connected to a measuring and recording device at the surface of the
ground. In apother embodiment; a fiber optic based resistivity tool is provided that distinguishes
between water and oil at the tool location. The downhole fluid is used as an electrolyte in a
galvanic cell. When the fluid is conductive, such-as water, then the circuit will be closed, snd a
known voltage created across the light source, Which will then send a light signal to the surface.
In yet another embodiment, a fiber optic. based spinner-is provided which uses fluid flow in the
wellbore. The spinner uses a downhicle light source to generate: light pulses at a frequency
related to:the velecity of the fluid flowing past the spinner. The rotation of'the spinner generates
the electricity required. to power the light source. In an alternate embodiment of this third
preferred embodiment, the intensity of the light pulses are modulated, instead of the frequency of
the light pulses. The light pulses:have the added benefit of enabling quadrature to discern the
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direction of rotation. In still another alternate embodiment of this third preferied embodiment,
both intensity and frequency are modilated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 is a.schematic diagram of a fiber optic casing collar locator,
[0009] Fig. 2 is 4 circuit diagram of a fiber optic casing collar locator,
[0010] Fig. 3 is & schematic didgiam of a fibér optic resistivity detector.
[0011] Fig. 4 is a circuit diagram of a fiber opti¢ resistivity detector,
[0012] Fig. 5 is a schematic diagram of a fiber optic spinner.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The present invention in its broad aspeets is a light generating system for use in a
wellbore and methods of use thereof. The dnvention comprises measurement equipment
sensitive to optical energy to measure record a physical state and a light generating transducer in
the wellbore, the light generafing transdncer adapted to transform a physical state of a parameter
in the wellbore to optical energy. Often the ‘invention comprises an optical waveguide for
coriveying the optical energy from the Tight generafing transduter to receiving equipment. The
optical waveguide may be, for example, one ‘or more optical fibers, the fibers being single or

multimode fibers. The waveguide may be fluid filled.

[0014] In some embodiments, the invention provides a method for measuring parameters in a
wellbore and communicating the measurements, the method including providing a light
generating transducer in the wellbore, the light generating transducer adapted. to transform a
physical state of a paramieter in the wellbore to optical energy; transforming the physical state of
a parameter in the wellbore to optical energfy; and conveying the optical energy from the light
generating transducer by means of an optical waveguide to receiving equipment.
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[0015] In some embodiments, the invention:provides a method for generating optical energy in a
wellbore, the method including conveying into a wellbore measutement cquipment sensitive to
optical energy for measuring a physical state; measuring a physical state of a patameter using the
conveyed equipment; and using a light generating transducer fo transforming the measurement of
the physical parameter to optical energy; wherein the step of transforming is powered by the
measurement of the physical parameter. In some émbodiments, coiled tubing is used to convey
the wellbore measurement equipment into the wellbore; and in some further embodiments, the
optical energy is conveyed to receiving equiptent using an optical wavegwide disposed within
the coiled tubing,

[0016] As way of example and not limitation, specific embodiments of the light generating
systetn of the present invention are deseribed. Bach of these embodiments include measurement
equipment sensitive to.optical energy to measure a physical state; a light generating transducer in
the wellbore, the light generating transducer adapted to transform the measurement of a physical
state of & parameter in the wellbere to optical encrgy; and an optical waveguide for conveying
the optical enerzy from the light generating transducer to receiving equiptent,

[0017] Referring now fo. Fig. 1, an embodiment is shown in which a change in the physical
properties of a parameter is. measured and transformed into eptical energy, and in particular a
casing caﬂar’fi;ngmr 10 is shown as a Iight generating transducer. The voltage generated when
casing collar locator 10 passes-a metallic anomaly; such zmeasmg collar; in the tubing or casing
string, is used to power a downhole light 'souree, which then sends a light signal into an optical
fiber that is connected to a measuring and tecording device at the surface of the ground. The
casing collar locator 10 of Fig. 1 comprises a housing 18 having an optional flow passage 20
extending therethrough. Such an optional flow passage particularly is useful when the casing
collar locator is deployed-on coiled tubing, Accoil 12, connected to alight souree 16:is disposed
in annular space 22 located between the housing 18 and the flow passage 20. An optical
waveguide 24 connects light source 16 to receiving equipment (recelving equipment). In
particular embodiments, the receiving equipmient may be disposed at the surface and may contain
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recording equipment. In some embodimerits, optical waveguide 16 may comprise an optical
fiber, and in some emhodiments, optical wavegnide 16 may be fiuid filled. Optical energy from
the light generating transducer (shown in Fig 1 as casing collar locator 10) is conveyed via
wavegnide 16 to receiving equipment (not shown),

[0018] Referring now to Fig. 2, a cireuit diagram is shown for casing collar locator illustrated in
Fig. 1. The casing collar locator: 10 comprises a coil 12, a resistor 14, and a light source 16, In
specific embodiments, the resistor may be & 40-ohtn resistor. The light source may be any
suitable source such small low-power lasér; a velecity cavity surface emitting laser (VCSEL), or
an available LED light source such as a GaAlA& LED commercially available from Optek
Technology.

[0019] When casing collar Tocator 10 is troved in a wellbore past-an anomaly in the-casing, such
as a casing collar, casing collar locator 10 seiises a change fn the magnetic field. When the
magnetic field through the coil 12 changes, a voltage drop is produced across the coil 12. The
change in voltage is used to power LED light source 16 that generates optical energy in the form
of light in the wellbore. In this way, the present invertion provides a passive downhole light
generating system tﬁtﬁggh the use of a self-contained fiber optic tasing collar locater 10,

[0020] A laboratory experiment was conducted to-demonstrate this embgdiment of the present
invention. To simulate a change in ‘physical properties of a parameter, a 2-1/8” OD metal
housing was waved past a casing collar locator 10 having a coil 12, The coil 12 sensed the
increase in the magnetic field and the fesulfing voltage drop was used to power the LED light
sotiee 16 from.which light was observed. Inthis wiy, the miasurement of 4 physical parameter,
the parameter being ragnetic field, was used to generate tﬁarépﬁcal energy.

[0021] An alternative embodiment may use a.small supplemental energy source, such as a bias
battery, to supplement the electrical pulse generated by the measurement is used in conjunction
with the bias battery to power the light source. This altérnate rhethod was also dernonstrated in



WO 2005/103449 PCT/IB2005/051317

the lab and in a test well. Likewise, to increase power to the light source; 2 small minimum
component: circuit similatly: may be used to. amplify the electrical pulse generated by the
measurement of a physical parameter. In a similar embodiment, the elmiriséi pulse generated by
the measurement may be used to trigger a small circuit to generate a downhole electrical source
that powers the light source. |

10022] Downhole wells often produce water in addition fo oil. Sometimes this water is a weak
electrolyte, and at other times. it is not. Referring now to Fig. 3, an embodiment is shown in
which a change in the chemical properties of a paramieter is measured and transformed into
optical energy, and in particular a resistivity detector 30 is shown as a light generating
transducer, Resistivity detector 30:comprises: o housing 18 having an optional flow passage 20
extending through the miiddle of the housing 18, Such an optional flow passage particularly is
useful when the casing eollar locatords deployed on coiled tubing. Galvanic cell 34 is connected
to the light sonrce 16, the galvanic ¢ell 34 and light source 16 being located in anmular space 22
between housing 18 and flow passage 20. The light source 16 connects via the optical
waveguide 24 in the annuldr space 22 to sirfice measuring and recording equipment, not shown.

[0023] As illustrated in Fig. 4; resistivity detector 30 may include a resistor 32, a galvanic cell
34, and light source 16 shown asa light emitting diede (LED). Galvanic cell 34 comprises two
dissimilar metals in an electrolyte, such as acid or saltwater. By choosing the metals
appropriately (i.e. one being anodic, the other cathodic), a known voltage differential can be
measureéd across the two sutfaces. I the preferred embodiment, zine (anode) and copper
(cathode) are placed in saltwater, thus producing a predictablé voltage and a weak curvent.

[0024] For the embodiment shown in Figs 3 and 4, the voltage produced from the galvanic cell
34 drives light source 16. Alternatively a small battery;, such as a bias battery, may be used to
supply the power to fire. the light source with the cirewit completed by the conductive reservoir
fluid completes the cireuit, Likewise, to increase power to the light source, a small minimum

component circuit similarly ‘may be used to amplify the electrical pulse generated by the
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measurement of a physical pataneter. In & similar embodiment, the electrical pulse generated by
the measvrement may be nsed to trigger a small citeuit to generate a downhole electrical source

that powers the light source.

[0025] In some embodiments, an electrolyte coating may be used on galvanic cell plates to
increase the sensitivity to watér; suchcoatings dre particularly seful if the water beinig produced
by the well is ict very conductive. Notitally, & galvanic cell produces zero signal for oil, and a
maximum signal for water. As with thewcasing collar locator 10, the resistivity detector 30 is a
passive and self-contained device that can differentiste between water and oil, and then send a
correspondinig signal to equipment at the surface of the ground.

[0026] Refetring now to Fig, 5, an embodiment. is shown in which mechanical motion of a
component in a wellbore is used to generate optical energy. In this embodiment, a fiber optic
spinner tool 40 is 4 light generating transducer, The fiber optic spinnet tool 40 comprises a
housing 42 containing a shaft 44, which passes through bearings and seals 46 mounted in the
housing 42. Connected to an erid of the shaft 44 is 2 spinner48 that turns in responseé to flowing
fluid. Inside housing 42, & mounting disc 50 is connected to the shaft 44. A magnet 52 is
connected on an edge of the mounting disc and a wire coil 54 is mounted in the housing 42 just
aﬁémﬁw the magnet 52. Light source: 16 connecis to-the coil 54, and is energized at a frequency
that corresponds to a rotational speed (and -direction if quadrature is used) of the spinner 48.
That is, as the magnet 52 moves past the coil 54, the magnet 52 induces enough voltage and
currént to energize the LED light source 16, which connects via the optical waveguide 24 to
receiving equipment, not shown. In some embodiments, the receiving equipment may be
recording equipment disposed at the sutface. In certiin embodimients, optical waveguide 24 may
be disposed. within :cofled tubing :and the spinner tool deployed into, the wellbore on coiled
tubing,

[0027] In this manner, fiber optic' spinner tool 40 converts the rotary power of spinner 48,
moving in response to-fluid flow, to optical encrgy: Such fluid flow in a wellbore environment



WO 2005/103449 PCT/IB2005/051317

may be from a variety of sour¢es. For example, pressured fluid from the surface may be
provided in the annulus of the wellbore or through coiled tubing. In seme embodiments, fluid
flow may be provided via the same coiled tubing string in which optical waveguide 24 is
disposed. Alternatively, fluid flow within the well may suffice to rotate spinner 48, For
example, fluid flow resulting from the reservoir fluid being at & igher pressure than the wellbore
fluid or cross fluiid.flow within. the wellbore between zones may suffice to rotate spinner 48, In
other embodiments, fiber optic spinner tool 40 may be moved on a conveyance such as coiled

tubing through wellbore fluid, thereby generating the fluid flow to rotate:spinner 48.

[0028] The present invention comprises methods for generating optical energy in a wellbore by
converting a measurement of a physical pararheter in 4 wellbore to optical energy, In some
methods, coiled tubing is used to convey the medsurement equipmernit into the wellbore and in
some embodiments, a small power source-may be Used to supplement the power generated by the
measurement of the physical parameter. Tn addition, the present invention comprises a method
for measuring parameters in a wellbore and communicating the results using optical energy
generated from the transformation of a physical state of 4 wellbore parameter to optical energy.

[0029] Although only & few exemplary embodiments of this: invention have been described in
detail above, those,-ski}léd in the art-will readily appreciate that many modifications are possible
in the exemplary embodiments without materially departing from the novel teachings and
advantages of this invention. '.ﬁe@ordingig, all such modifications are intended to be included
within the seope of this inverition as defined.in the following claimis. Tn the.claims, means-phs-
function clauses. are intended to cover the structures described herein a8 performing the recited
function and riot only structurdl equivalents, but also equivalent struetires. Thus, although a nail
and a screw may not be striuctiral equivdlénts in. that a nail employs a ¢ylindrical surface to
secure wooden parts together, whereas a screw .employs a helical surface, in the environment of
fastening wooden parts, a nail and a screw way be equivalent’ structures. It is the express

intention of the applicant not o invoke 35 U.S.C, § 112, paragraph 6 for any limitations of any of
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the claims herein, except for those in which the claim expressly uses the words ‘means for

together with an associated function.



WO 2005/103449 PCT/IB2005/051317

11

CLAIMS
What is claimed is;

L. Alight generatingsystem for use’in a wellbore, comprising:
measuting equipient sensitive to:optical energy to measure a physical state;
a light generating transducer in the wellbore, the light generating transducer
adapted to transform a physical state of a patameter in the wellbore to optical energy;
an optical waveguide for conveying the optical energy from the light gererating
transducer to receiving eguiprﬁant for receiving the measurement,

2. The light generating system of claim 1, wherein the physical state is selected from the set
consisting of

() mechanical motion of a component.of the wellbore;

(ii).  achange in the physieal properties of the parameter; and.

(iliy achangeinthe chemical propérties of the parameter.

3. The: light generating system of claim 1, wherein the optical waveguide comprises at least
one optical fiber.

4, The light generating system of claim 1, wherein the transformation of the physical state
includes.a-conversion selected from the set consisting of:

(i)  aconversion of relative motion-of an object to optical energy, the object having a

magnetic permeability. and eleetrical conductivity;

{ify  aconversion of retary power to optical energy;

{iiiy a conversion of a voltage differential between two dissimilar metals 4n an

electrolyte to-optical energy;

(iv)  aconversion of.an.sensed anomaly to optical epergy;
(v)  aconversion of a.change in radiation to.optical energy; and.
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(vi} aconversion of movement of a fluid to optical energy.

5. The light generating system of claim 1, wherein transformation of the physical state
includes converting movement-of a fluid fo optical energy, and the source of the fluid movement
isone of

(i)  apresstirized fluid flow supplied from a surface locationy

iy  pressurized fluid flow supplied fiom the surface vin a conduit carrying the optical

waveguide to the nght genaratmg system,

@iy reservoir fluid flow at a.prgssmai;:gher than hydrostatic pressure;

{iv). cross fluidflow in the -Wéi},horegand

(¥)  moving the measuring squipment through wellbore fluid at hydrostatic pressure.

6. The light generating system of claim 1, wherein the parameter is selected from.one of (a)
conductivity, (b) location of metallic anomalies, (¢) fluid flow, and (d) radiation.

7. The light generating system of claim 1, wherein the optical waveguide is disposed within
coiled tubing,

8.  Amethod for measuring parameters in 2. wellbore; comprising the steps of:
providing a light generating transdiier in the wellbore, the light generating transducer
adapted to transform a physical state of & parameter in the wellbore to optical energy;
transforming the physical state of the parameter in the wellbore to optical energy; and
conveying the optical eriergy from the light generating transducer by fmeans of an optical
waveguide to receiving equipment.

9. The method of claim 8 wherein the physical state is selected from the set consisting of:
@ relative mechanical motion of a:component of the wellbore;
(i)  achange in the physical properties of the parameter; and
(i)  achange in the chemical properties of the parameter.
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10.  The method of claim 8 wherein the opticdl waveguide comprises at least one optical

fiber;

11, The methiod of ¢laim 8 wherein the step of fransforming a physical state of a parameter
includes a conveision selected from the set consisting oft

(i)  converting relative motion of a éasing collar to optical energy;

(i)  converting rotary power to-optical energy; and

(iiy convesting a voltagedifferential between two dissimilar metals in an-electrolyte to

aptical gnergy.

12.  The method of claim 8, whetein the step of transforming includes moving the transducer
through fluid in the wellbore.

13.  The method of claim 8, whetein the step of transforming includes the movement of a
fluid into optical energy. and thessource of the fluid Is selected from the group-of:

) apressurized fluid supplied from a-surface Tocation;

(i)  presswrized fluid supplied froni the surface vin a conduit carrying the optical

waveguide to the light generating system;

(i)  wellborefiuid at hiydroestatic pressnre; |

(w) reservoir fluid at a pressure higher.than hydrostatic pressure; and

v)  erossflow fluid in the wellbore,

14.  'The method of claim 8 wherein the parameter is selected from one of {4) conductivity, (b)

location of metallic anomalies, and (¢) fluid flow,

15.  Themethod of claim:8 wherein the optical waveguide is disposed within coiled tubing.
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17,

18.

14

A method for generating optical energy in a wellbare; the method. comprising the steps

conveying measuring equipment sensitive to optieal energy for measuring a physical state
in g wellbore;

measuring.a physical'state of a parameter using the conveyed equipment; and

using a light generating transducer fo transforming the measurement of the physical
parameter 1o optical energy;

wherein the step of transforming is powered by the measwrement of the physical
parameter;

The method of claim 16 furthier comprising
conveying the optical energy from the light generating transducer by means of an optical

waveguide to'receiving equipment.

The method of claim 16 wherein the measurement equipment is-conveyed using coiled

tubing and the optical waveguide is disposed within the coiled tubing.

19.

The method of claim 16, further comprising conveying a power sonrce into a wellbore

and combining power from the power source with power from the measurement of the physical

parameter to transform thesmeasurement to optical energy.

20.

The method of claim. 16, furthier comprising conveying a circuit to amplify the power

from the measurement of the physical parameter.
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