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the m graleRNpaticRany at &hotdelds. Thus, a means to eliminate sand production
without greatly limiting prodﬁction rates is desirable. Sand production is controlled by
using gravel pack completions, slotted liner completions, or sand consolidation
treatments, with gravel pack completions being by fa:‘the mo‘st co.mmon approach.
In a gravel pack completion, sand that is larger than the average formation sand
grain size is placed between the fonnation and screen or slotted liner. The gra\-/el pack
sand (referred to as gravel, though it is actually sand in grain size), should hinder the
migration of formation sand. Figure 1 illustrates an inside-casing gravel pack 10. A
cased hole 8 penetrates through a production formation 6 that is enveloped by non-
- producing formations 2. The formation 6 has been perforated 4 to ‘increase the flow of
fluids into the production tubing 14. If formation 6 is poorly cons;:a'lidated? then sand
from the formation 6 will also flow into the production tubing 14 al(;ng with any
reservoir fluids. A gravel pack 12 can be used to minimize the migration of sand into the
tubing. A successful gravel pack 12 must retain the formation sand an& offer the least

possible resistance to flow through the gravel itself.
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washdown, et hod, .t h ravel 22 is placed oppoSite t

6 bef or %f tg%emgtgpg ésrfﬁciggqs&ulﬁy 26 8L, piptgdope, or other-debris being swept out of the
annulus and mixed with the gravel, damaging the pack permeability. Alternatively. a
crossover method is used, in which thg gravel-laden fluid is pumped down the tubing 18,
crosses over the screen-hole annulus, flows into a wash pipe 20 inside the screen, leaving
the gravel in the annulus, and then flows up the casing-tubing annulus to the surface, as
shown in Figure 2b.

For inside-casing grave] packing, washdown, reverse-circulation, and crossover
methods are used as shownin Figures 3a, 3b, and 3¢. In the washdown method, the
gravel 22 is placed opposite the production interval 6 before the screen 16 is placed, and
then the screen is washed down to its final position. The reverse-circulation and
crossover methods are analogous to those used in open holes. Gravel 22 is first ﬁlaced |
below the perforated interval 4 by circulation through a section of screen called the
telltale screen 24. When this has been covered, the-pressure increases, signaling the
beginning of the squeeze stage. During squeezing, the carrier fluid leaks off to the
formation, placing gravel in the perforation tunnels. After squeezing, the washpipe is ;

raised, and the carrier fluid circulates through the production screen, filling the casing-




then the screen is washed down to its final. position. The
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expected formation fluid flow through the production tubing 18. l

The pe.rfog_ated mandrel 38 preferably is fitted with a threaded 'pin connection 46
at its opposite ends for threaded coupling with the polished nipple 34 and the productic‘m
tubing 18. The outer wire screen 42 is attached onto the mandre] 38 at opposite end
portions thereof by annular end welds 48. The outer screen 42 is a fluid-porous,
particulate restricting member that is formed separately from the mandrel 38. The outer
screen 42 has an outer screen wire 50 that is wrapped in multiple turns onto
longitudinally extending outer ribs 52, preferably in a helical wrap. The turns of the outer
screen wire 50 are longitudinally spaced apart from each other, thereby defining
rectangular fluid flow apertures Z therebetween. The apertures Z are framed by the
longitudinal ribs 52 and wire turns for conducting formation fluid flow while excluding

sand and other unconsolidated formation material.
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Clearly, the design and installation of sand control technology is expensive. Yet,
there is a drawback to all of the prior art discussed, namely the lack of feedback from the
actual events at the formation face during completion and production. A need exists for
the ability to detect conditions at the sand screen and convey that information reliably to

. the surface. Nothing in the prior art discloses a convenient way to provide for the
passage of the conductors across a sand screen assembly. And yet were sensors to be
placed inside and around the sand screen numerous benefits would be realized.

Sensors could be chosen that would provide real time data on the effectiveness of
the sand placement operation. Discovering voids during the placement of the sand would
allow the operator to correct this undesirable situation. Additionally, sensors could
provide information on the fluid velocity through the screen, which is useful in
determining the flow profile from the formation. Furthermore, sensors could provide
data on the constituent content of oil, water and gas. All of these streams of information

will enhance the operation.of the production from the well.
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t hr ougheffivéersy o srtarbesrdtand oil based fluids during circulation. A user can also record
alpha and beta wave displacement of sand. Sensors on the sand screen also allow

‘ measurement of after pack sand concentrations; as well as sand concentrations and sand

tlow rates during completion., Sensors aiso allow the determination of the open hole
caliper while running in hole with the sand screen, which would be very useful in
determining sand volumes prior to the placement of the sand. Sensors can allow the user
to record fluid density to determine gas/oil/water ratios during production and with the
provision for controlling/modifying the flow profiles additional economic benefits will
result, which will be discussed in more detail below. Temperature sensors can identify
areas of water entry during prodﬁction. The use. of sensors also allows the determination
of changes in pressure drops that is useful in determining permeability, porosity and
multi-skins during production. Sensor data can be used to actuate down hole motors for*
repositioning flow controls to modify the production profiles and enhance the economic

value of the completion in real time.
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multi-zone gravel pack assembly is run into the wellbore as a single trip assembly which

includes the improved sand screen with sensors and actuators.
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2b illustrate nethods of gravel placenment in open-hole or under- reaned
casi ng conpl Eiguses4 afid §ullesraBeprioBlbrt gaavdl Beks Wvhesin atviregiagingla pl acement

met hOdStr;.pOcrzoicfglﬂr%gs s?e%ﬁiorrll % R %{Jevlvra E%t(ljf:k,g%';ave1 pack;
Figure 6 is a block diagram of a sensor used in the present invention
Figures 7a, 7b, 7c and 7d illustrate a novel sensor and power wire placement in
accordance with the present invention;
Figures 82 and 8b illustrate another embodiment of the present invention wherein
the power wire is located in a holiow wire used to wrap the gravel pack assembly;
Figures 9a and 9b illustrate the sensor placement along the inside mesh of the

gravel pack assembly; and

Figure 10 shows an actuator and flow control system.




Figures 4 and S illustrate prior art gravel packs wherein a wire having a
trapezoidal cross section is used to wap the gravel pack; Figure 6 is a
bl ock di PAHEY3a sensor used in the present invention Firgwnssi/Tass 7b', 7c¢
and 7d illustrate a novel sensor and power wire placenent in accordance

with th ' Lon:. Figures 8a and 8b illustrate another enbodi ment
of the S‘P@ﬁ%b@ﬁm%m@w M HERRAFVENGSi re is located in a Hol HaM 2005
wire used to wap the gravel pack assenbly, Figures 9a and 9b illustrate
the sensor pl Beserrgient Wivertipntktdsris ol émpeshd edndtshecqtiay elcopReteAsaei®l y; and
Fi gure ctuat or and flow cogntrol system WO 02/06593 '
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sensors and nmeans for conveying the sensor data to the surface. In each
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| nf or matdo@ihiddi n : conveyed.to the surface by either a
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conditions. By placing the sensors on the san
dat a i s ovehgsAnddcman thewell eveditiometd isineisyreanhd raMEvaseRaeaied agt i on may

be perf .lntegrated actyators. Thus, dangerous well conditions
such as%gmégg%ﬁeth%g?%n ﬁlélgéféf’ rgg?fig}yéﬁ? HéegEr e aetyagmmeddesslangaees  equi pnent
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surface, often relaying information too late, or, the sensors are placed
too di stCARPMCRLMR IPNES BaprIIsk rEwically, pressuicipeasuyeneses ark ohlyftaitemat iten
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sand screen to provide any useful information regarding the sand placement operations..

‘ Early detection can allow mitigating actions to be taken quickly, such as activating an
actuator to enhance sand distribution or closure of a subsurface flow control to optimize
the production profile. '

For purposes of this disclosure, the sensor could be a pressure sensor, a
temperature sensor, a piezo-electric acoustic sensor, a flow meter for determining flow
rate, an accelerometer, a resistivity sensor for determinin g water content, a velocity
sensor, or any other sensor that measures a fluid property or physical parameter. The term
sensor means should be read to include any of these sensors as well as any others that are
used in downhole environments and the equivalents to these sensors. Figure 6 illustrates
a general block diagram of a sensor configuration as used by the present invention. The
sensor 102 can be powered by a battery 108, in one embodiment, or by a wired to a
power source in another embodiment. Of course, a battery has a limited useful life.
However, it might be adequate if the sensor data was only needed for a limited period of
time. Likewise, a transmitter 112 could be used to send data from the sensor o a surface

or subsurface receiver. The transmitter could also be battery powered. The sensor could

also be fitted with a transeeiver 112 that wanld allaw it fo reneive ingtrictions Ror



actuator to enhance sand distribution or closure of~a subsurface flow
control to optim ze the production profile. For purposes of this
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recei ver. P5he %QFp%%ﬂla&d legeBisVads e datd-piae FernectioretosBasor coul d
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deci si ogs tﬁgﬁ@gﬁﬂﬂ@t ; ther option for power and data
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" an outer screen 124 is used to minimize the flow of sand through apertures 122 and into
the production tubing. The outer screen 124 is spaced apart from the inner mandrels by a
plurality of rods 126 coupled to the inner mandrel 120. A sensor 102 is shown attached
to the inner surface of the outer screen 124. However, a éensor 102 could also be placed
on the inner mandrel 120 or coupled to a rod 126. Indeed, in one embodiment, a sensor
could even be placed on the outer surface of the outer screen or inside the mandrel. Each
of these placements may present its own engineering challenge with regards to
survivability, but in each case, the sensor is still relatively close to the interface with the
production interval. | '

. Figufe 7b illustrates a special coupling 130+that connects to sectiéns of gravel
pack assembly. The coupling has a threaded portion fo cénnect adjacent sections. Also,
an annular space 132 is formed within the coupling 130, Within this annular space, a first
connector 134a is a termination point for the conductor 136a that is found in the first
section. The conductor is typically an electrical wire, although it could also be a coaxial
cable or any other signal transmission medium. A conductor 136b is located between the

first connector 134a and second connector 134b. Another length of conductor 136¢ is



conpletion string is pieced together from i ndividual-I|engths of tubing.
Each is screwed together and then lowered into the well. A coupling is
formed b¥Y@eXH2] acent pieces of tubing the conpletion s¢fip§fimabisgure. 7c
depicts a clanshell device that sinpliofies the electrical continuity acros
these threaded joints, Figures 7a and 7b illustrate a first enbodi merfl Y48
of the peeisin téﬂr,ﬁsaé@nd FALONAO0Y. Ry, iraprdetick, the ectians e beoukhplogembi.t y of
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annul ar & IJ(%?OC'kSsOf(%r n'eg \A{&itcpi naﬁ hei coupling 130. Wthin this annul ar
space, & First’ CCSRhEREPOEAaish gradeelociicabeqnarctios herckym shedl essduct or
136a t hate dtiactieduiidr the thfigg {d thidade$REINGAN. The conductor is typically an

el ectrical wire, although it could also be a coaxial cable or any other

si gnal trans/&dEHPa Hustaate andibier embotidentios thedoadreidnvetevaden the first

connect ctor .134b. _Anot her. | engt h of conductor 136¢
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" coupled {o the inner mandrel 120. A sensor 102 is shown attached to the inner surface of
the outer screen 124. Again, the sensor can be placed in several different Jocations on the
gravel pack assembly. Indeed, if multiple sensors are used, several may be on the inner
surface of the outer screen, while others are attached to rods and so forth. A novel aspect
- of this emboc_iiment is the location of the conductor that is located within the wire wrap
that constitutes the outer screen. The outer screen can be a wrap of generally hollow wire.
A conductor 136 can be nested within that wire wrap. The conductor 136 can be used for
both power supply to the sensor(s) or data transmission to the surface.
. Figures 9a and 9b illustrate the use of multiple sensors along the length of a
. gravel pack assernbly. A single conductor 136 can connect each of these sensors. For this
embodiment, each sensor in the array can be given an address. And while a (1)x(6) array -
is shown, any (X)x(Y) array of sensors can be used.
An important advantage of placing sensors on the sand screen is the ability to
determine how well the gravel has been placed during completion. For instance, the

gravel pack has a density. This density could be determined using a piezo-electric
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Figures 7c and 7d depicts a clamshell device 130 that sinplifies the

el ectri cg‘; (;(f& ection across the threaded joints. The sand screen sections
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" Multiple sensors also allow the detection of flow rates and flow patterns. For
instance, gravel placement typically displays an alpha wave and a beta wave during
completion. The alpha wave refers to the initial gravel buildup from the bottom of the
hole up along the sides of the sand screen. The beta wave refers to the subsequent filling
from the top back down the side of the initial placement.

Figure 10 shows an embodiment of a control system 200. The control system
can includ(? multiple sensors 202, a microprocessor 204, a motor/pump aséembly 206 and
a hydraulically positionable sléeve 208. In one embodiment, a ﬁrst and second sensor '
202 are located on the internal surface of inner mandrel 120. These sensors 202 can be
used to determine internal tubing fluid conditions such as temperature, pressure, velocity -
and density. Signals from the sensor 202 are interpreted by the microprocessor 204, The
microprocessor 204 is typically housed within the motor/pump assembly 206.

The sleeve is moved to block the selectively the ports 214 in the base pipe 212,

The sleeve is moved by pumping fluid into either a first chamber 216 or a second



11 j DJAN material (PEM sensor. The sensor has a resonant frequency that
is danped in higher density fluids- Thus, a PEM sensor can be used to
det er m n@VORAAI ity of sand placenent. |f placenent isprnadecise, a
special tool such as a vibrator can B3 used to inprove gravel placepent..
JERaN
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allows the  detection_of the specific |ocations of positive skin indicating
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all ow t i L and flo atterns, For ipstance, gravel
pl aceme %tﬂ d?ﬁof%ﬁ%dgfoé){jg%&g%fé F°p°ﬁ’&“\%ﬁsgﬁ?& tge Bton Raves tE‘Ejf‘PWg :
conpl et icontrolidieeveakptha oppysttelerlr&ns ah@theMRW purtsiiahIbAY §iptt LiRefnom t he
bottom of, the _hole up along the sides of the sand scieen. The beta wave

refers CUOVHES WibLFGaemmenss. |4 sepsor 225heanthe useshiotletsemisihetposition dbthef t he

initial gRl.a6e0®Nt jkekisg W ' Loen a control system 200.
The contSroI _systelm'3 éga’n %ﬁ%ﬁlﬁg%ﬁﬁmﬁpﬁﬁggg%hgﬁpéV‘%@ﬁongﬁ}ﬂné%tﬁﬂ%@ ssor 204,
a not or Hpuipingssenbl y 206 and a hydraulically positionable sleeve 208.' In

one enbodi nent,, fir.st d second sensor , 202 are | ocated on the internal
surface of innff?grﬁ%ﬁlr?af’%Pg%@.msﬁte‘%e@‘gﬂg‘ﬁsrI%EBQG’ZBSE&Wd%TP‘HE@WSPE) det er ni ne
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_in the form disclosed. M‘any modifications and variations will be apparent to those of
ordinary skill in the art. For example, while data transmission has been described as
either by wireless or wireline, a combination of the two could be used. The embodiment
was chosen and described in order to best explain the principles. of the invention the
practical application to enable others of ordinary skill in the art to understand the
invention for various embodiments with various modifications as are suited to the

particular use contemplated.



and density. Signals fromthe sensor 202 are interpreted by the

m cr.oprocessor 204. The m croprocessor 204 is typically housed within the
- nmotor/ punp assenbly 206. The sleeve is noved to block the selectively the
ports 214 in the base pipe 212. The sleeve is noved by punping fluid into
either a fids anber 216 or a second 02/ 06593 PCT/ US01/ 2208 N 19005
JAN chanbe(FL%Q' These chanbers are di wﬁed by seals 220, 222. @%%ﬁw% -
signal, sudfedsiran AC voltage, is sent to the notor 206 and the punp
delivers hydraul,ic f uig to the chanber to nove the sleeve 208. As shown,
a sl eeve 208 i s’ MOVEUPID 4MBB¥RE i on where the flow ports are covered

t her eby restri cuikag sbleembavifput al ternative fl ow port arrangenments abound

in practice and this one exanple, should not |imt the scope of the present
system In use, themhﬂP%?yﬁﬁg%ngégﬁﬁFV“?@@“P%ﬂ&ﬁﬂ@ﬁ“éhé@htroI si gnal from
the microprocessor t oufehish Sopafiddiffoh salPihnd@ddylaSphdd® bl €t port and port
226 is the outlet port in configuration.: Fluid iIFs chanber 218 in this
case and the flow cohiF¥r dgpebv@upled tapedsandscrasa. cl osed position as shown.
When flow is desired, the punp is operated in the opposite direction and
fluid is myved from chanber 216 to chanmber 218 and the piston noves the
flow contPol slTBegevelaghnf Gpposivherciagaid sensordndoupkrd th Hwwufsoricsh.i n t he base
pi pe are uncovered allowing flowto recommence. A sensor 228 can be used
to determine the position of the sleeve 208. Likew se, a sensor 230 can be
used to defer mi hbe gerdl peckmfiGlaimniswhareis salé safor is hepladlio sgd idfile descri ption

of the presgenfnvention has been presented for purposes of illustration
and description, but is not limted to be exhaustive or limted to the
invention in the formdisclosed. Many nodifications and variations will be

apparent tg tho Whary..skill.in the art. For exanple ile data
transni ssi g'n hazﬁ%%%ﬁe?hgéﬂﬁi%aéﬁllﬁa%meeric? HEPSBHOW B8 gorg’BWWI}gevﬁ}? ne, a
conbi nat i opersfr.t he two coul d be used. The enbodi rent was chosen and
described in order to best explain the principles. of the invention the
practical application to enable others of ordinary skill in the art to

under st and 5. t heThé greeth padkrof Tdimviawheaeis sRdbOMirimahscothpriveyabdiess

modi fi cati gcr)]uspleac'isto ?l{eeser?s%lr.t ed to the

6. The gravel pack of Claim 4 wherein said power means comprises a conductor

from the sensor to a surface power source.

7. The gravel pack of Claim 1 wherein said sensor comprises a pressure sensor.
8. The gravel pack of Claim 1 wherein said sensor comprises a temperature
Sensofy.

9. The gravel pack of Claim ! wherein the sensor comprises a sensor made of a

piezo-electric material,

10.  The gravel pack of Claim 1 wherein said sensor comprises a density meter.

I1.  The gravel pack of Claim 1 wherein said sensor comprises an accelerometer.



particul ar use contenplated. 2005 CLAIM5: 13 W claim 1. A gravel pack

conprising: a sand screen having an inner mandrel wth at |east one

aperture therethrough, and an outer nesh separated from said mandrel by a

spacer; and a sensor directly coupledijo said sand screen. 2. Thej grjawebus
e

pack of Caj4n 1l erein_sal ensaor, is coupled to the outer sh. 3. Th

gr avel packh%nf %%&fi]%gf’ glcr?]a“gai g egeé'htéabcrg}a%er@%'ﬂwsgﬁaPE‘“’S‘&(?r;ﬁi’%ner
mandrel. 4. The gravel pack of Caim1l further conprises power neans for
powering the,sensor. 5 The av ack of Caim4 wherein sajd power neans
conpri ses a?%att efmv@%ﬁaﬁpgag[a&f"ﬁhé‘R"S‘é’H’s"’éﬁ"faﬁf@eH‘NNS 5oy PRloyr avel pack
of O aim 4 whisioatainsaabaiuoRvwesupliias $heGomPps.i ses a conductor fromthe sensor
to a surface power source. 7. The gravel pack of Claim1 wherein said
sensor conprises a pressure sensor. 8. The gravel pack of Claim1l wherein

sai d Sensor 14:0NPrhes@sveBpdcR BPETadth UrveheS@NRMd oer nTRR cEHAEE 2 ARG @A, C ai m |
wherei n the sensor conprjses a sensor nmade of a iezo-electric mteri al.

10. The gr abRO¥p%EkWEPPY diciniersitiet e piquadithe seaeers wherels spndietor i density

meter. | | jocdbewghiaégh npaskwaE C aim 1l wherein said sensor conprises an
accel eroneter. 14 1 0 JAN 2005 12. The gravel pack of Caim1 wherein said
spacer conprises a plurality of rods. 13. The gravel pack of Caim 12

wherein at |eastTiN@avePshck 8f &1ARRY %ﬁﬂe@t&rﬁfprﬂ@é 4 fM¥ory coupled to the sensor.,

16.  The gravel pack of Claim [ further comprises a microprocessor coupled to the

SEnsor.

17.  The gravel pack of Claim 1 further comprises a transmitter coupled to the

SEnsor.
18.  The gravel pack of Claim 1 further comprises a receiver coupled to the sensor.

19.  The gravel pack of Claim 1 further comprises a transceiver coupled to the

S€NSOer.

20.  The gravel pack of Claim 1 further comprises an actuator coupled to the

SEnsor.
21. . The gravel pack of Claim 20 wherein said actuator is a vibrator.

22.  The gravel pack of Claim 20 wherein said actuator is a hydraulically
positionable piston.
23.  The gravel pack of Claim 20 wherein said gravel pack system is a single trip

multi-zone gravel pack assembly.



and contains a conductor coupled to the sensor. 14. The gravel pack of
Claim1l wherein said outer nmesh conprises a substantially hollow wre
“wrapped circunferentially around the spacer, wherein a conductor is

| ocated within said hollow wre. 15. Tjg gravel pack of Claim1 further
Conpr i Ses apqTemOL yrcRHRk Sl thel s AEDSMwnrkf cnl RSB AYELoRASHnOf TDalAM HI3
further conprises a m croprocéssor couple fot he Sensort he gravel
pack of O astensloff urther conprises a transmitter coupled to the sensor. 18.
The gravel pack Lm | r C £i.ses .a receiver coupled.to the
sensor. 19. Thég)g}og\?ghg%ﬁ?ﬁk’g&% Qgsg?n?an% %rﬁ\eﬁg‘?m%og?r%}viﬂgre“?erg’ ‘f’geéﬂgcei ver
coupl ed to &#esgendectly &8ipleliliea gand vekerpalikh GfimEh aomioh of shid frevel paokpri ses an
act uat or co%gémenqy_tagdthe sensor. 21. _ The gravel pack of C aim 20 wherein
said actuator 1s’’a vibrator. 22. The gravel pack of Caim 20 wherein said
actuator is a hytr eellectiad daya frgpo shetsemsoabl e pi ston. 23. The gravel pack of
Claim 20 wherein said gravel pack systemis a single trip nmulti-zone
gravel pack assenbly. 15 24. A nethod of collecting data froma downhol e
envi r onnent 25 onprhesuetigdtdf €lAm PAN LR DSste;SlaR RSthe cofrplisds@vESlingghea gr avel pack
assenbly into the downhol e enyironnent; wherein a sensor Is directly
coupled to %?“ioéﬁ‘ﬂans%‘rteééﬂc%‘?rb%ef‘%?rﬁlélya portion of said gravel pack
assenbly; and (b) collecting data fromthe sensor. 25. The nmethod of C aim

24 wherein step (a) further .conprises coug)l ing the sensor to an outer .
screen on tHe asdemstipd offlaimpad whetenbyierof) frtherromprisgsspentimedhcep (a) furt her

conpri ses CRHP kdh ihh® mandrel on the assembly.

27.  The method of Claim 24 wherein step (b) comprises coupling the sensor to a
data collector with a conductor located in a holow spacer between an outer mesh and

an inner mandrel of the assembly.

28.  The method of Claim 24 wherein step (b) comprises coupling the sensor to a
data collector with a conductor located in a hollow wire wrapped around an inner

mandrel of the assembly.

29.  The method of Claim 24 further comprises:
' (a) actuating a downhole device in response to a data signal from the sensor.



sensor to an inner mandrel on the assenbly. 27. The nethod of C aim 24
wherein step (b) conprises coupling the sensor to a data collector with a
conductor located in a hollow spacer between an outer nmesh and an inner
mandrel of the assenbly. 28. The nethodl®f O aim 24 wherein step (b) g .JAN 2008

conprises coypl i Rehkida fEENRMe LiRd Foulld age%%%%é%ﬁlgw i#ﬁugingglg%%ﬁgor | ocat ed

in a hollow w re wapped around an 1 nne e a y. 29. The
met hod of CP&im 24 further conprises: (a) actuating a downhol e device in

response to a d [ | dafalif sor. 16.  30. A nethod for placing
sand around a g?(tggg?%pa%k aas}sgéﬁ‘gﬁlgle?Ilrglg]lausgflsr?égltrff?éysc?lgﬂ)ésmogfsar(dasfma‘gt heri ng
data in real tine pfopgrzelpetisssentdily;ect|y coupled to a sand screen of a
gravel pack ass . flowi ng a sand, suspended.in a fluid.into said
assenbl y wher ei ﬁ(ﬂtgﬁglﬁ%‘) Salale%l(% elng eedmﬁg[]%lé’ﬁo s@@i aﬁse@hﬁwﬁ‘?{f’%éﬁ%dﬁd a

formati on; (c) act deposmgl tetwdehs@t eandisbatn 4reldi fsinidtbht es sand bet ween t he
sand screen and e. formation. 31. . A.nethod for nodifying a praoduction
profile in a pr o(tﬁﬂ%?nﬁagm\%é‘ |v|1briatﬁrctpﬁtchHanFﬁ%s sagd E‘Aﬁge‘?ﬁtﬁe fagy S%@‘??s"’i“ﬂ&‘ea flow
characteristic or &rivktitrd paranmeters from sensors |ocated on a sand screen
in the well, wherein said sand screen is located adjacent to a production
area; and (b) notivating an actuation systemto reconfigure the flow area

through t he31.scr&emthodZor nldtfyiiRtahReiveliofhafiRisd phesiss RelbinBRdfb)nef ur t her
conprises hydraylically actuating a p05|t|onabFe sl eeve, whereéin said

sl eeve is s{fRifhl e over a port in an inner mandrel of said sand screen.
33. A device for(aissing aflo® REAGHSEIH QP a Ahid ARG BaRSelsbRMMRl bs. said
device a sand screen in the well, wherein said sand screen is located adjacent to a
production area; and
(b) motivating an actuation system to reconfigure the flow area through the

SCIeei.

32.  The method of Claim 31 wherein step (b) further comprises hydraulically
actuating a positionable sleeve, wherein said sleeve is slidable over a port in an inner

mandrel of said sand screen.

33. A device for use in the production of hydrocarbons from wells, said device
comprising:

a sand screen having a connection at one end for attachment to a tool string for
a borehole; and '

. asensor directly attached to said sand screen.

34.  The device of Claim 33 wherein said sensor is coupled to an outer mesh of

said sand screen.

35, The device of Claim 33 wherein said sensor is coupled to an inner mandrel of

said sand screen.

36.  The device of Claim 33 further comprising a battery coupled to said sensor.



conprising: a sand screen having a connection at one_end for attachnent to
a tool string for a borehole; and . a sensor directly attached to said
'sand screen. 34. The device of Claim33 wherein said sensor is coupled to
an outer mesh of said sand screen. 35. The device of Caim33 wherein said
sensor is coupled to an inner mandrel of7 said sand screen. 0 JAN D Jas. 2005
The device of Caim33 further conprising a battery coupled to said sensor.
17 37. ThelTdevilde dpficpisiinns® fuherrempagng? Faidngoniienmidiewser ¥ pom sai d
sensor to ayrpdlfAeesdpwer source. 38. The device of Caim33 wherein said
sensor conprises one of a group consisting of a pressure sensor, a
tenperature sensor, a density neter, and an acceleronmeter. 39. The devi ce
of Claim 33, m%@'d&l%&lﬁmh%rgngﬁgg%rg rctor% A0S o(r)nTeo agrr Qup consisting
of a nmenory, a m croprocessor ransm Facervery & transcei ver,
and an actaeasiging of@ predsudescne®, § @mpusmrd s@nmn,en cp:mdunettmomd)a‘n hydr ocar bons
fromwells, F[q gm}g@u ce conprising: a sand screen having a connection at
one end for’& nt to a tool string for a borehole; a conductor that,
is routed through a hollow nmenber of said sand screen and .connected to
carry a si rass at.leas sa d screen. 41. The device
of daim4 vmgllrilelgew%ea{l’féi Iy %ug’lh%rlﬁ CSS@SF%%” CB'&??%F’)?H?B 288Whsor. 42. The
devi ce of caoammngwawtmfoey,mrmanoﬁroemdustra{snﬁmm 1R Seiver, S AndceBreQUWErN Sour ce
to a sensor. 43. The device of Caim40, wherein said conductor is routed
t hrough a actuator.

40. A device for use in the production of hydrocarbons from wells, said device
comprising:

a sand screen having a connection at one end for attachment to a tool string for
a borehole;

a conductor that is routed through a hollow member of said sand screen and

connected to carry a signal across at least a region of said sand screen.
41.  The device of Claim 40, wherein said conductor couples a battery to a sensor.

42 The device of Claim 40, wherein said conductor couples a surface power

source {0 a sensor.

43. The device of Claim 40, wherein said conductor is routed through a

 substantially hollow spacer in said sand screen.

44, The device of Claim 40, wherein said conductor is routed through a
substantially hollow wire that is cucumferentlally wrapped around a mandrel to form

said screen.



substantially hollow spacer in said sand screen. 44. The device of Claim
40, wherein said conductor is routed through a substantially hollow wre
‘that is circunferentially wapped around a mandrel to form said screen. ,|
fl JAN 2005 18 46. A method of conducting a signal across a sand screen
that is part of a gravel pack, conprii8ing the steps of: running fg JAN 2005
conductor through a hollow el enent of said sand screen; attaching said
gravel pack#®o aAmesghodof pendyeting ariignakacsqsh 8 sandsrreen thatig patbole giavsbr ehol e; and
sending a spgRalontphis g%g@ggﬁconduct or. 10 JAN 2005 47. The nethod of

C ai m 46, erein said holl'ow el enent of said sand screen is a wre that

i s circunferent i &pnipg aeensiveldr Groyeine hellovadldment offaid sand sseend screen. 48. The

met hod of d ai mda%chi}é?&qf%g‘ée?gg&tgﬁlt&?%g ement of said sand screen is a

spacer that holds a circu ntially wapped wire away froma nmandrel of
sai d sand screepnnidgsaidtee! stengbovnof bogtmiayedd, wherei n sai d conduct or

carries power toseﬁdiﬁ&%%ﬁal tl%?u h‘l;gle& cgg&uré%g_ of Claim46, wherein said
conduct or connects a Sefsor to a m Cr oprocessor.

47. The method of Claim 46, wherein said hollow element of said sand screen is a

wire that is circumferentially wrapped around a mandrel of said sand screen.

48, The method of Claim 46, wherein said hollow element of said sand screen is a
spacer that holds a circumferentially wrapped wire away from a mandrel of said sand
screen.

49.  The method of Claim 46, wherein said conductor carries power to a sensor.

50. The method of Claim 46, wherein said conductor connects a sensorto a

MICTOPTOCESSOT.



