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| NTEGRATED SENSORS Techni cal Field The present invention relates to sand
screens W odesd93 n the productio bons from webdEmUS@ENDOSS 3
specifically to an inproved sandﬂwm‘ﬂ@mwm&g i ntegrated sensors for

det erm ni ng downhol e condi ti ons for nodifying the sand

pl acement efficiency or controlling t4¥9%roduction profile during the life
of the reservoir. BSAM?S@R@ENWfﬁihNT@@R&TEWS‘ENSSﬁ%VOi rs conprised of
relatively young sedinments are so poorly consolidated that sand will be

pr oducedeghmingl ¥ieldh t he reservoir fluids. Sand production |eads to nunerous
production ptobl ens,. .i ncl.udi erosi on of downhol e tubul ars; _erosi on of
Val ves, fittillgeresgHdn qﬁlttlfaﬁéeg%ﬁ {Mapﬁ?ﬁc‘gge,ns PSGet ﬁﬁé}f%g%“f)l‘ Phg up with
sand; = CabiRpABONCREMNEIREGRAUPE:iREILNS ah Afifro0d SAHNBleLR HaﬁHgaﬁégrmeand

cl oggi ng” of surface processing equi pment. Even if sand production can be

t ol er at eehsowsifopdefermipingtdewnhele ¢anditonsand acwaters fopmuidifying thasandcul arl y at

ffsh fi " , | | m. sand. ducti ith I
it ng PSR R Y e B e bR elosh L OSHRAT N BUlRBP B P B rBH o by

usi ng gravel pack conpletions, slotted |iner conpletions, or sand
consolidation treatnents, with gravel pack conpletions being by far the
nost comeskerovndoddhe Inventomr avel pack conpletion, sand that is |arger than

Lhe avera0e MR AHABA & 3hAfell Sl BRI HEER bR, T Of Bl | on and

screen or slott I ner. grave err s gravel,
t hough icbnsolidated tiat sandsatlbeipfodiiced Slofg with thestasath 6ir fiuiddeSahd Frdaihgr.ﬁcai i on of
formation sand. Figure 1 illustrates an inside-casing gravel pack 10. A

cased hé&fidds i HEREPISRreduation prterss. prdering £IOpON 6F AAVNRRIE tubulws; sresigmvel oped

by non fQr At he. far, La b en _pe ed 4 to
increasgfg g&f’ g\llf/i("g’f |83ﬁ§§5 1?0nv¥ ign%héh%p\{gg h%ﬁﬂgﬂﬁﬁ Et\)"? ﬁ]g&fg’. &ﬁfufol {S?e’(i):lr mati on 6
i s poor kgsimpbatsedditiedliack bisformatinh suppont;tahe cloggimatdf sarfécevprbéessingo fl ow into

t he production bing 14 along with any reservoi | uids, A, gravel pack 12
can be GY¥RTER: ﬁvﬁf‘ ﬁ? SZ‘QgPFF@“Fr‘?‘Zﬂ %p!%gﬁ&g§at€g;ﬁ@p9%[ Sff e é’@@ﬁ%g’-‘.“%ﬂ\s Successf ul
gravel  pamferh Jatficllarlyed: 3FBhdB Gielde! Théd, @At AnsindEi8hd %&auétﬁﬁst possi bl e
resi stance to flow through the gravel itself. WO 0210693 PCT/ US01122088

For a swdtheukgreatlyimitial ppedktionratdsds fesirablgr Send productidies adptegdkedibyt 0 t he
formation without having.m xed with for ion sand, and.the annul ar space
bet ween"t'fie S F@%Egﬂwpgﬁgn%é@tﬁ%}%‘? QPBW%PP%W%PO%&E Petely filled
Wi th gr a¢aimenfp@gtharave@OpdcREBHip|cdaHs BEiRE BRI @f Mot okBRh Apysilcaped over the
years to acconplish good gravel placenent. Water or other | owviscosity -

fluids were f3#gravekpagk sempletipsand thabis fargerdban the greraet fqsmetion sand

grain size is placed between the formation and screen or slotted liner. The gravel 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 consélidated, then sand
from the formation 6 will also flow into the production tubing 14 alc;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 and offer the least

possible resistance to flow through the gravel itself.
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.- the sur fECESINGBLGRAI0R BYshPs eomRe

operations. Because these fluids could not suspend the sand, |ow sand
concentrations and high velocities were needed. Now, viscosified fluids,
nost compelbyessep! uti ons of hydroxyet hyl cel | ul ose (HEC), peeuds@osso that
hi gh concentrations of sand can be transported w thout settling. Referring
to Figures 2a and 2b, the gravel-laden fluid can be punped down the tubing
casi ng annul J i i : nd
screen and fll?!%)\’fvgzg %C?ESf%r%éb%%ﬁdﬁét%‘i’ %ﬁ%‘%%%g@&%‘é%%gh a%tlﬁ)gn met hod
depi ct edvithouFhgumgem2ed Witefqymatied sand, dldohk echulbyr space! betwesh the seear andi r e
wr apped screen 16 while the t’ranspoLYt fluid passes through and returns to
tely. fHedouity SgveladpasiebeBippentand et hod i s
t he possj&Hehi i b i out of the
A i e R T S e B R e S
Al t er natWetet gt otherdpwsdenpeity freidn edrd firstissed as transphortintg fidids gr@awedll phakden f 1 ui d
i's punped down the tubjn 8, cropsses over the reen- hol e annul us,  fl ows
into a Mgﬂaﬁ?s‘p efﬁuﬁerfb?sgﬁ”quecoé'@f%ﬁ?swgﬁmeﬁ@“‘iﬁ%wﬁ? NCEHIAIRES #ithul us,
and t hemidH Scitids Wét8 ne&ildD Kok RisR8si AEDEIIWS, thékt EBBnRMIY, 8GiGHofSorShown i n.
Figure 2b. For inside-casing gravel packing, washdown,” reverse-circul ation,
and cr odwdspsiethprcelbdescHEG)sad uas! witbairhighcdRiceniration8af sadd cambel 3c. I n the
vvashdovvrg nmet E}_t(r)eg E het?eét vel 22 is placed opposite the production interval 6
before tHESRXFEPEsRINBE, o and then the screen is washed down to its
final positi ®eferfing té Figdire£24AndCA, td BRvelDslieh TREEOMe aﬂlﬁﬁﬁk@%ﬁrtﬁe anal ogous
to those used in open holes. G avel .2c2 is first placed bel ow the perforated
i nt er valtubinggasng anpulisi dfertrhidulh cariceBvidaasses threughethe sand ssebeniandtel | tal e
screen ' vered, . nr re.lncreases. sijgnaling
the beg ﬁbﬁ‘u’ s\r%gg%lbt °§“§%§e§”§§“§ &%&%Yef%ﬁl.kﬁga“@aElieifé‘?ﬂﬁ%@@%@“?ﬁrsvfee#@ f1uid
| eaks offfthetgpavehis tlouked by arsjotel gk 0f wireateppedRcicBe 19 Mhileniad irgizpbd AIRR] S.
After squeezing, the washpipe is raised, and the carrier fluid circul ates
t hr ough PR#es Preghandgptuses te dhe surfarg theepahribe whinern$. A pimapy disstyantage
PCT/ USO t S apnul 1 l..; l so pl aced
in a setjg{tfiaﬁ%ﬁ%]t%[c)lﬁgﬁﬁ IJp())l9 %gﬁl%%&gﬂt ﬁlggggé%\glﬁgmte g&%\rﬁg\ﬁe H’g Sg‘@t%%ls";?%& gravel
as the gnavie aseiitedsvith thegeaviehidemhayimp kit pagk peeheapiieKki Aenatigigat | y
conplicated by the fact that the gravel tends to settle to the |ow side of
the hol «SFOSF%‘f%WE\‘%‘ 1§y ’?fhwt"ﬁg t'&%ﬂ‘?@'—l%f{?fl H! ivmpgd dowmithe (PG 18m i s
signifi (é?ékfses?évegﬁ’l‘é!s@lte'eﬁ’mgleﬁnﬁ@lﬁl?,rﬂévﬂaiﬂto%wﬂhﬁﬂg)é/% Hﬁﬁi@lthe Erddheleatihgcenent
is improved in deviated welI's by using a washpipe that is large refative to
t he scr demgiseeldn the annubiscandshen ows yhthe cosihgtibing onetusttb ¢hedhurfacs, as t he
annul us SF Lyeep. hpgzgcreen and the casing by increasing the resistance to
flow in e St &eh ®Bsh- pi pe annul us. Another form of sand control involves
a tightly w gopatio-caeingeavetpa kN dasidohay iehers@RREL 1M &S andBRE&IVEr t he
spaci ng between the waps is _di mensioned to gevent t he passage of sand.

Fi gur es methogds ase nyed a8 shewrinslighres 393k, andBeein the washdovpn methog, hand screen

10 is a . el forated tubul ar ndrel 38 of
2 pr odolir e B8 HaATYRBONK b Bhd o 98RF eREICL PR EReh 1M Hiesliis | o

per f or attesh thy scraeti &lwdshededdwow ipafmhgesitici) ThHeatverseicitalldton gdr al | el spiral
paths along the |l ength of the mandrel 3,8. The bore fl ow passages 40

provi de SFEFOYE tRehad AE13198RuS iodRegediseR i Qrsn hRles e Pravel 22 és st plaeedhy an

ext er nalpeRfit B8RP drat @8, j screen 44,
when utilized. ri)The béﬁgte?%%ﬁgggglggﬁ%&g 3;1 b(é ar r%ﬁééggtclglpléazthf/ desired

pat t er n tellialesesgey 3.y Whenribishes béen cavared, dbepressnie inctehses psigmalingélked t 0
accommodat e t he glieDeCt ed ft%rn%ti.on fl ui.dof bow t.hrﬁuiaﬁ ah(hef roducti on tubing
18. The JerTBIEH & SARRTRoST eS8 Liyriae anupsrie; e Farieetulileaks o Rt ded pi n
connect If@ﬂnef%@naﬁauhg geveDHI th@p& Rt Sotinhd). eAHEkqaosd ik WhskiBipkhe pol i shed
ni ppl e 34 and the production ?ubl ng 18. The outer wire screen 42 is

at t achedaisef, and He it fhid ggoulatesdppnugh the padichion s¢reers Tilkieg bofcatiyg-annul ar
end wel ds 48. The outer screen 42 is a fluid-porous, particulate
restricting nmenber that is fornmed separately fromthe mandrel 38. The outer
screen 42 has an outer screen wire 50 that is wapped in nmultiple turns
onto longitudinally extending outer ribs 52, preferably in a helical wap.
The turns of the outer screen wire 50 are longitudinally spaced apart from
each other, thereby defining rectangular fluid flow apertures Z

t her ebet ween. The apertures Z are franed by the | ongitudinal ribs 52 and
wire turns for conducting formation fluid flow while excluding sand and

ot her unconsolidated formation nmaterial. WO 02/ 06593 PCT/ USOL/ 22088 As
shown in Figure 5, the outer screen wire 50 is typically 90 ml|s w de by
140 mls tall in a generally trapezoidal cross-section. The maxi num
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there is a drawback to all of the prior art discussed, nanely the | ack of
feedback fromthe actual events at the formation face during conpletion and
product i ey oHoeRerd exists for the ability to detect condipdiposnizkodshe sand
screen and convey that information rediably to the surface. Nothing in the
prior art discloses a convenient way to provide for the passage of the
conduct @rsduetiowssesh Mmatlhs Samagivels Seael i alsdagedtin westioni $nk pie be pl aced
i nside and around the sand screen nunerous benefits woul d be realized.
Sensor s 4BBVA theﬁere@ht@ﬁwnt‘msuMnPH revqiwélegfe\éﬁl s¢tflele data on the -

ef fectivenes gr, ds ring the
pl acenment of %?ﬁé“?gﬁ&”%\ﬂg%fm& ow“t g’peglg ?‘ghc@égotrrgg{a Y?Ase%n LIIS| rabl e

si t uat i aendsAdlsbttle mat low s1slebsme31otboﬂirdmm’mdmr¢emth€ @fsn‘gtswden&nmtlbe fluid
[ h the screen, which is useful J.n determining the flow

velocity_throu

profil eylt tﬂ%e i siepificanat deviatiensarertd thahy dram verticy.- &rawlwéacaaeat on the
constit &l

i nfor matf |§onp rggﬁlﬂghﬁgﬁgyélﬁe opeFaa?‘?%Hgl? thzﬁ"isl Elt‘] ?%tr?stb% g(%tg(fﬁ}te wel | .

WO 02/ 0Gee8isedly ¢oteay AR vBlocBbMkRhe MineTihithd NvtENEIba\lve'Ehehepme&ermd

invention relates to an inproved sand screen, and, a, nethod of detecting
wel | corit@f $38\8: ydﬁ???fb“tﬁ%ﬁﬂ“bﬁ“é’@%l‘ﬁaﬂ?wé‘hﬂ‘eéﬁ‘ﬁ’ta?'é‘{aé PHgtangiugw modi fi cati on

of operati Onﬂnoﬁ?&%ﬁ@ﬁndl&ﬁr&mlﬁ%qrﬁ% 1%}%%‘%%5“” arb&:?c?&xrf&ﬂ@r pensor
directly coupled to e sand screen asse east one actuat or
capabl e tmt/mgfapevtrssagvtsmndttplsamcem@bﬁtwdﬂsum ivraps isdimgaciied ¢o pleemitency and
controlli ns% g.ld |n ‘é‘ié Each of the benefé’ sg{:lescrl bed can be

deri ved PAFBERY © Sémﬁs ighyres, ¥ and 2 ustiptg sueh 4,34ng SCieRp é) CIPHY 3 he sand
screen. sfre¥ild &typ ac%@d‘&@ér%bgﬁﬂattiﬁclu&@.ci ﬁeefoéa%@tumaenftﬁmh% gf gondi tions
during the pl acerre the sand and | ater cgro duced fluids nove

t hr ough Pﬂ‘mtmr@drieﬂ%ﬂ! cfomxerrtptleodatf@qtdfhettuwlmgrnem elrd$ is phiferatdd tyws real tine

vel oot yrgioFY BOlsfer 4 s metl Bl PHPuE Rl BT b Mool e "L e

conpl et lr@zrndra BBI Tig 58 PbR! ja8hgad ) grakide JoPlad tﬂ&buﬂﬂth%ﬁdhdtétesmé guct i on
seal assenbly in place. One particul arly benefi ci al r$[%pl ication for the use

of senséKiENbperMAiEcdRN axteradscicar HAdBe PeIRES Brsaack kady$8 aada@nistemebat i on of
the dis f h I during
ci rcul alt% !:%%Eﬁiq%ﬁhseé thcl:lg%&la cl))%gee@%& ggsasp%‘ﬁa arﬁ%ﬂ% %rléanﬁ/%\?}e E(lilysdtl:#Ig‘?:dernent of
sand. Segasenmsndmdyharsiaminter fedcaldaoceabitioie measicedsdrptacodmabdae tpack sand
concentration s. sand concentrations and sand flow rates during

conpl et |e€5ﬁe‘:t §8P%°“adl‘§6 M%WWH@%@P@F%OH&‘EI?IB& 8f the open hole caliper
whi e runni n@l‘h‘egaeﬁgta?ed"}‘fﬁﬁ?irél% ;ﬁ“é’f@ﬁlbgﬁﬁ ERRd Wil acﬂﬂré‘é@éﬁ ﬁimllz% ¥&k¥n4geful in
det er ni ni ng sand vol umes prior placenent of the sand. Sensors can
al | ow t reitg epposite endsdor dhrdaded coupding iwtith th@pdlahed nippée Hoaidohe Jpwaluetﬁorr ati os

duri d d th th [ modi f yi the fl
plrJ{):‘ in?egrlgtﬂgﬁ%|1312a%rt]eeczw\c,}mﬁosﬁ‘fec?n%«gﬁef‘ﬁ¥3t°§ tf’?l? lslﬁ‘i“%rﬂ 5:“20% aiq'i: Iengi scﬁssegW

i n mor e pdeficiislthedfOW.antGIBP&IdEK s1HE 48 CNBOS ReCRFech d2ns h fiviRp&BEs, 0f water entry
during production. The use of sensors also allows the determ nation of

changes PafigylassEesinsting membenthet is ommedrsaparptalyfeera the mandyelpd: idhetsiutgrt vy,
poroslty [ d an n be used to
actuate %%4%\61%)%% &Fé&%r le&e&j&g@%l?g{%@gdf%&%ﬁ &F‘Eﬁ %n(iﬁo nodi fy the

pr oduct |lomg1tmtlmfally estendiflg 60tBAHBES2, tpeefa@bllycimameuedl wea®THeheme onfHefutepn i N
real tine. %/06893 PCT/USU 1 /22088 Sensor data may be fed into

mi cr opr SEEER Bi€ Ve tongitedinglyr spagedaapant &igm 458 othsistbreby d%fl“tleg natively at
the surfaGeng uﬂmumﬁwraB f@tm@@&gaté@nn@ﬁe @ﬂért%pés'mxfahféWHiQh@rOf' le based
on pre-determned flow profiles and provides a control sign to an

act uat orlongitudtrahgbs $hand wetyrnofor cenduotingifqramation (hirfiwevhile axdédisgnd
screen | e enbodi ment .of this is shown in Figure 10. An electric

not or cc?ﬁ?% ﬁoﬁﬂel}n@?'}s@ggmﬁﬁgcg@aﬁﬂn f‘ﬁ&’n@gntrol signal, and the nmotor could
operate a conpact downhole punp. As the punp displaces fluid into a piston
chanber, the piston would be urged to a new position and the attached fl ow
control would then nodify the production profile of that portion of sand
screen. Many alternative flow controls could also be operated in a simlar
fashion. Furthernore, in general, nost gravel pack assenblies, which

i ncl udes the sand screen assenbly, are run into the well bore and spaced
across a single zone to be gravel packed. If several zones are to be gravel
packed within the sanme wel | bore, then a separate gravel pack assenbly nust
be run into the well bore for each zone. Each trip into the wellbore
requires nore rig tine with the attendant high operating cost related to
t| ne. Recent technol ogy offers a gravel pack system V\:hl ch aI I ows. the

o o . N L o o



WO 02/ 0693 PCT/ USO /22088 7 BRI EF DESCRI PTI ON OF THE DRAW NGS The novel
features believed characteristic of the invention are set forth in the
appended wd ad/e6393 The i nvention itself, however, as well apcpupiiehedst ed node
of use, further objects and advantages thereof, will best be understood by
reference to the follow ng detail ed descri ptlon of an illustrative

ermbodi ment  Wheyshb®adn i3] tRGuk@Reekt Birk %0 i tﬁ&%ﬁwémsﬂgxdé KWi409S
wher ei n: Flgure 1 is a sectional view across a wel sh oW ng a prior art

gravel p@!&s&tﬂﬂmgmqrdw trafiegeiddsroms-saetibre Bhe mausnmratl@lgmdhmdspaofn sk avel ;

I d r.eamed.c C | etions; ures 3a, 3b,
e ac. eitp RRRE Tube B 1 BOBr iR Wap i ARl BEing s eBimgl Graert packs:
Fi gur es tHe Bifidh tiatiard t68el ScR1dBA. IWPIG%HS’ 1HE ayRurd@ sk g 8L 9)eBn ad F]‘M:én@ wiving a

trapezoi dal cross section is used to wap the gravel pack; Figure 6 is a
bl ock diteigs #3bmila sensor used in the present invention Figures 7a, 7b, 7c

and 7d illus qvel sar, .. and power.,w r ccor dance
with the pretélrent()%lterrl gﬁ?’? 8}{6%@ Bﬁtﬂg‘ 0%%%%52%3 ﬁq@ﬁgf)f e&ﬁé‘Fa]e enbodi ment
of the pitesevrlddbioantiiginnahes j%iﬂbdttb&tmwrreél‘dtﬁrﬁ:e|v$elcksowaét%ﬂcH &ogsimo! | ow wire
used to wap _the gravel pack assean gures 9a and 9b illustrate the

sensor PRHE ShEetouiar sagen War elﬁ%ﬁ“&iéthﬁr@s‘??f é‘\bs PR o ghasithslovpraskreas 43ia y; and
Figure %191@&%‘9@6@&}' Aricnak Qélf—?lﬂﬂmt’(k r&‘%rﬁ)‘? ! B&hg ﬁ%%lhﬁ“a@onto the mandrel 38.

The outer ribs 52 are circumferentially spaced with respect to each other and have a
predetermined diameter for establishing a prepack annulus 54 of an appropriate size for
receiving the annular prepack body 58, described hereafter. The longitudinal ribs 52 serve -
as spacers between the inner prepack screen 44 and the outer screen 42. The fines which
are initially produced following a gravel pack operation have a fairly small grain
diameter, for example, 20-40 mesh sand. Accordingly, the spacing dimension A between

~ adjacent turns of the outer screen wire 50 is selected to exclude sand fines that exceed 20

- mesh.

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 undesirabie 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.



WO 02/ 0693 PCT/ USOL/ 22088 DETAI LED DESCRI PTI ON OF THE DRAW NGS The present
invention relates to an inproved sand screen that incorporates sensors and
a nmeans b ofeayLyi ng the sensor data to the surface. |In pagisamoessi nent,
at | east one sensor is attached to a sand-screen elenent. Information from
the sensor may be conveyed to the surface by either a direct wireline
connect i IMVIVMIARY O TEESINVENTION a conbi nation of the two. Wen a

m croprocessor is included in the downhol e system sending information to
the surface iBhermegntiamentipndelatoy tpan impwied gindsemgen. andya mgH9dofof sensor

Sencor  cetipE el @R Aheyne Bubh R BRRARI-EARE MO RIRERARELS oy

pl aci ng dfpatDARSAkEnaErs! The Satkceehetluddshelewstlone eardi diranlydatpleid o measur ed
and retrieved i medi ately and any associ ated action may be perforned by the

i nt egr attbe sansksgesen pgsempiiand ai deageonsastuaiaricapablipk affsatng sand piacemest owout are

det ect ed;.bef or e . ! f I t LR sonnel .
Typt cal 19500 b FL R e L ATE G B AR, pRen oF b n R v
rel ayi noddsevispdrsah bedefivl frérh he @ of hRensveBrDIGuBSEnREACETintome damd ant  from
t he sand screen to provide any useful information regarding the sand

pl acementcré§perati ons.. Early detection can allow mtigating actions to be

t aken qui ckly i i F%Hﬁk : p.stribution
or closure Oan%§% §ﬁ§?§§%‘¥ﬁ§ﬁﬁgﬁﬂ?f% to 8%F?§?§§Bt gngggﬁgﬂ?gn profile.
For pur pslaesnent of thi sardti sl lastiviien ploduseinidds mowd thrdeghahpsarsguint thensor, a
tenperature sensor, a piezo-electri¢ acqustic sensor, a f neter for

det er mi nPTAEUGHOBHHIAE &iringn Zfﬁ@@élpéfﬁaﬁiﬁl beltomphgle qul%ﬂefﬁs;u@éhi%’ fgfom

det er M MAlgpiRhRE (919P) Bl arfai¥R, 9oLy HRARING fRiid ARG re86iafs ¢4 ha
measures a i ul groperty or physical” parameter. The term sensor neans
shoul d bise medabdforeithetampetony dofing barspletiemsmd durtng preductian vatiythet her s t hat
are used ia dpmmhqle e iroqnent and.age e Uiﬁalfntﬁ to tpe e sensors.

Fi gure 6PIOPRHONSSRIASS B HER AFC- By BeRATd huprngHC1a! PRREGOTIORIEYEF 8T i on as
used by {eorRbR A ank SME& inludesTihe nfRBEOMed A d tédbrdfioR Oeticdlsplicemdaat t ery
108, in one enbodinent, or by a wwred to a power source in another

enbodi meefficieaty efourtsebased prd eibbysed dluids during cisenlefsest (A upqrican alspwRapesd | it

m ght be_ .adequate if the senso r i iy ted period
of tine. alﬁﬁ?&maabsega, M ‘?%ﬂé‘%ﬁ"ﬁ"&?f%g %ﬁﬁogp%%thgggﬂfgg&gél Ill% A&%)tw a fromthe
sensor t medsuddtdd oLaftdr paulbsandicdacentatensy as well Besdndaofcantiadonscandlsdndil so be

battery powered. The sensor could also be fitted with a trans%Fiver 112
that woutlewaptebdring qospletian; ensers plsaelpwiie ¢ebyrminafones £ ole

PCT USOLL 208 RAEATRYE in'hR1C0R? el En PALLAL YnRAYRSuld bl GeSaREAT ™ ght only be
activate pon recel pt° a urn on" conmand. e sensor ght al so have a

m cr opr od&@sstningRendvdlambepridratoithe placemhdnowf the samhrSepsdrattamallan the user
interpretation of the sensor data. Ljkew se, the sensor. mght .pe,coupled to
a menor ytolrﬁﬁ‘_’ralfquﬂj“}' fo ¢etermyips %as{cﬁ#/gf“_r‘?’éﬁ%f?ﬁd‘f%‘?g Wrﬁa'é‘?“%ﬁ%gﬁ”lﬁtggessi ng or
bat ch 1 r 8RS &SP Bontfilid PRLHRYiR 1 GBS 8itRhal d8ASmEBEASARFiA coul d
provide Tor localized control” decisions and automatic actuation. Another
opti on f suipovieich wild beldiseussed ini raorgldetad] belovarkemperasiere sorpoeceandaenidy t he

surface. This.requires, t.he use of el ectrical con - coupl e
the sensBFai Y ‘ﬁﬁ S dusng @éocglﬁﬂ?%?f%eeusﬁso 3er{5§rstﬂi(is§nas r?lg‘{sqﬁ%é&%g?@&%r ing
conpl et i gNcHAREEsTh ipBsSure dRsHs GRATT Bdehid in BéteiThigingpePhedbaiity! peedityetndf rom

i ndi vidual lengths of tubing. Each is screwed together and then | owered

i nto t hemmdi-skinpdeingoprodertios. Sensesdaeande Hseddp agupae dorvadivde BPIIHKTNg t he
conpl et AR (o PO 7 } 1 i i :Lfies the
ol oot ri oo HBhR 1o B G Rty he pdb R Ghlcs SR pEnL b b T

i |l ustravaluaof thesbmpidiiodiimesat tih80 of the present invention. An inner
mandrel 120 can have a plurality of flow apertures 122. As with prior art
designs, an outer screen 124 is used to mnimze the flow of sand through
apertures 122 and into the production tubing. The outer screen 124 is
spaced apart fromthe 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 sensor 102 could al so be placed on the
i nner mandrel 120 or coupled to a rod 126. |Indeed, in one enbodi nent, a
sensor coul d even be placed on the outer surface of the outer screen or
inside the mandrel. Each of these placenents may present its own

engi neering challenge with regards to survivability, but in each case, the
sensor is still relatively close to the interface with the production
interval. . Figure 7b illustrates a special coupling 130 that connects to
sections of gravel pack assenbly. The coupling has a threaded portion to

o e o o e . A o 1 - - o



| ocated in the second section 100b. Thus, in practice, the sections are
brought together. Conductor 136a is connected to connector 134a, while
conduct okyd.8H663¢35 connected to connector 134b, wherei n bogdir/gsyineedsors are
| ocated in the coupling | 30. The sectd ons are then coupl ed together by the
coupling 130. Figures 7c and 7d depicts a clam shell device 130 that
sinplifies tlSnsdrelatamaypbe fedimechicapraessosslothed ¢ittee adathepoihakensodbe sand
screen sectigns are threaded together usjng couplings as_shown. The

el ect r i CHFMABKIY 8L OF SuIcsi R MEFOMPERsRYY detEmiIes aRsnhmEem Hoyviag Brofiik portion

of the SGLaRth benElerRRATRL J3fics TNE plucRl 86ROl AIMPRRI ocBOALE T Ty device

130 has matc g spring | oad contihuity connectors that engage the
conduct whatgerthe flatvipyofile|fockpartioulpr ssotdreofsahd ghean: ademelestntfddomtnt@dbnnect i on.
The cl am shel | pi.eces ar ttached after the tuhing is threaded together.

Fi gur es T3 SR HHE4E Lok CRFSEALoRSAA GRS EIZh biE ORORERTh wher of

mul ti pl g SaN3AK LA Spdate i Briballl E¥Rtho R A A ) Ymp AkplaBder Mandr el
120 can%ﬁgéé a gFgﬁaO?ty o?p%?%M/aBg?tures 823& ig mﬁ?%ﬁﬁPPorpgrt desi gns,
an out erfled irde n pisih ¢hmmbsg dhe piston wouldz ke triged fd 2onevoposdordartdthe egdehegher t ur es

122 and jnto th r ction.tubing., The outer_.screen 124 i spaced apart
o2 o s ool AR RERER Bpdisy S adyction rolE AL PEbeThen o1 a0 sToehe | anar
mandr el Migh) alfreRive PloplQabl SiRMIsAd Grehedh inG dikfad fagifbn Sur f ace of the

outer screen 124. Again, the sensor can be placed in several different
| ocat i ons on Husdegneredhn gonerkl, awsegrbyst packhasserdbliast whightinghides shenssinds are

used, several may,be on the. nn surface of the outer screen ile others
v e att deiEen pTPbaedin 8 Pl ek o e 4 E ERD LNt 1o e
| ocat i orpagked. MEse3 oY W6keRard dHe drivel packee dithir the Barhd &elbdre, the@p t hat
constitutes the outer screen. e outer screen can be a wap of generally
hol | ow \fep&ate gravshpaskassembdp myghbeyan e tteewollhaie forepeft zagier Badjtep intghe

{ransm Sgf SATp§EmRRel FESk 2 gt A8 dREnRHPRRH obiah e ERTRES Rt °' °

mul ti pl eR&eSOtiholgyfifetdegraeslPatk Sfstetn, grtaatedllonaake asaaabiyun A gaveyl e
conductor 136 can connect each of these sensors. For this enbaodinent, each
sensor i BRCK pEemPAPaldis spased geroasmplipieRIP@icing 2qn8s trhe sravel paskedelaclr ray i s
shown, 4 i nt age of
e S e B S R S f
gravel hmasltibzan grvabpatkdssembdy sanp i thenvellbore dsresdivgie &jp askemblyamhe¢h pack has
.a densLté. Thgg.dens%%g ﬁould be deterniged using a piezo-electric WO
021 06593NPEFSIBR INBrOYeLsang SHEEEL Mt SensBERANIASHArS: " The sensor has a resonant
frequency that is danped in higher density fluids. Thus, a PEM sensor can
be used to determne the quality of sand placenent. If placenent is

i nadequate, a special tool such as a vibrator can be used to inprove grave
pl acement. The placenment of nultiple sensors on a sand screen also all ows
nore precise neasurenent of "skin effect.” The well skin effect is a
conposite variable. In general) any phenonenon that causes a distortion of
the flowlines fromthe perfectly normal to the well direction or a
restriction to flow would result in a positive skin effect. Positive skin
effects can be created by nechani cal causes such as partial conpletion and
an i nadequate nunber of perforations. A negative skin effect denotes that
the pressure drop in the near well-bore zone is | ess than woul.d have been
fromthe normal, undisturbed, reservoir flow nmechanisnms. Such a negative
skin effect, or a negative contribution to the total skin effect, may be
the result of matrix stinmulation, hydraulic fracturing, or a highly
inclined wellbore. It is inportant to realize that there may be high
contrasts in skin along the length of the production interval. Thus, the
use of nultiple sensors allows the



detection of the specific |ocations of positive skin indicating danmage.
This allows corrective action to be taken. Miultiple sensors also allowthe
det ecti oRy@b2/édsev rates and flow patterns. For instance, peayeby/Rhscenent
typically displays an al pha wave and A beta wave during conpletion. The
al pha wave refers to the initial gravel buildup fromthe bottom of the hole

up al onBRIEF PESERIFTION OFTHEDRAMINGSe beta wave refers to the
subsequent filling fromthe top back down the side of the initjal

pl acement . Filjereoveb fegisos bg}wvgﬁtféaﬁaﬁ*émhwf thec Brventin gipssedfopibon tpe
control t l I sqr r 4, a
ot or / pp ETEARR, icHUGB ol BRI Jeifi pRul R SRS Hngh 7
embodi ectsaarfd a@\xanaz@els sReNdwiE bR rbe2 Gdeasteod bgatfecbnod tb e ifoilering!
surface of inner mandrel 120. These sensors 202 can, be used to determ ne

i nter na|detml§ql igsauiptipe owuiliustatives erahodimente e 4eask & cprisadinewithdhedi ty
and den sensor 202 are interpreted by the

m croprz‘{céess%a%&%gzﬂaﬁ?h‘ésoﬂh%}rggbrocessor 204 is typically housed within the
not or/ punp addigmts lyis206ctichabvisiveer®ds h svelihewirtgm fricrak: graeclpatlectivel y the
ports 214 in the base pipe 212. The sleeve is aned by pumping fluid into
ei t her &OMPIiONehanber 216 or a second WD 02/06S93 PCT/ US01/ 22088 12
chanber 218, Fp&Rs 260AH1IIfustaft koAt divet Brakemdd Gy ofdPholbof Bild:!
signal, such a8 an AC voltage, is sent to thé notor and the punp

del i ver sre:hmdteasmgc;ofﬂpﬂntnbnso the chamber to nove the sleeve 208. As shown, a
sl eeve 208 i rmve%fat B(r)? §| on wher he fl ow lg%%ts arlgl covered ther eby
restricting f ‘SW*’B ’taé & {liuplrate ggdyeh Blacemet Ieshads FosIngids GANg n practice
and thi s;;pRepg@npl e should not Iinmit the scope of the present system In
use, the not or/purrp assenbly 206 is given a control signal fromthe

m cr opr ocessdfiguxes dpada idustymtd pm@tarchrﬂvelmekswghqrmalvnreeha\mﬁa and port 226
is the otutlet ‘,gort |SQC confi ratlont co ﬂacklls chanmber 218 in this case
and the HPSW% 70! §’I°8é§/ §°W6§‘P G The* ¢t osed posi tion as shown. Wen

flow is desi rigurd B a8k dx&gx@maffatseﬂbdrnsédla tePpresdnt thvehtieet i on and fluid
is nmoved from chanmber 216 to _chanber 218 and the piston noves the flow

control sl eeVigursst/Re7Bpisdad {7d idyatiatamnayslsanser andapvse iz nlacersat Base pi pe
are uncoy. ) commence. A sensor 228 can be used to
determ nea?agn&dglﬁ} g’résfﬁwﬂ‘;e%uf)geve 208. Likew se, a sensor 230 can be
used to det er]i‘igﬂﬁ:s\mlalndtstbrmumamOmﬁsmdedmfent oftht phesag. invdntionedereipt i on of
the present inventjaon has been presented for ﬁ_\?r poses of |IIListrati on and
descr i pteROWEYITS & Iacteq in hodlaw wirprsadin 4(ier Ingerdrel PAgK 258R1S t he

i nvention in #86rds®aMndiopGliosae thy@é’ﬁé P?Qbé‘dl&ﬁhlo%%é‘i%ﬁd!%ésﬁhf @es will be
apparent to those of ordinary skil he art. For exanple, while data
transm sgamiphd@asmbiydgsiul bed as e| t her by wireless or wireline, a

combi nati on l(i%/]o f?ﬁ rrbodl ment was chosen and
described in gﬂ'éer QBVéSaP a&%ic’é?‘?\ ﬂgcﬁpfr csiyﬁtleg% of the invention the
practical application to enable others of ordinary skill in the art to
understand the invention for various enbodinents with various nodifications
as are suited to the particular use contenpl at ed. WO 02/ 0693

PCT/ USCL1/ 22088 13 CLAIMS: W claim 1. A gravel pack conprising: (a) an

i nner mandrel having at |east one aperture therethrough; (b) an outer nesh
separated fromsaid mandrel by a spacer; (c) a sensor coupled to said
gravel pack. 2. The gravel pack of Caim1l wherein said sensor is coupled
to the outer nesh.



3. The gravel pack of Claim1l wherein said sensor is coupled to said inner
mandrel. 4. The gravel pack of Claim1 further conprises power neans for
power i ngwohe/s&a3sor. 5. The gravel pack of C aim4 whereigrsesod2pger neans
conprises a battery coupled to the sénsor- 6. The gravel pack of Claim4

wherein said power neans conprises a conductor fromthe sensor to a surface
power S(QE'EMEEDDE%CBJHVHDN@EHHEMWNG%Hei n said sensor conprises a
pressure sensor. 8. The gravel pack of Claim1l wherein said sensor

conprises a Tepesaituneension seites & anfiipravedsehd Riagdn @it ifdboracks WRERI N the
sensor conprises_a sensor made of a . piezo-electric material. 10. The gravel

pack of 204 aimpans ok spryeyingdhe)sensercdita lodherpifases Imeaghegibodimmat. et leagtl. The

I - ' ' Lok g ri.ses, an _accel eroneter. WO
051 0603 PRETT BT PRATS 1 A S48 Rl REr SRR bR R RaREr B ERR e
spacer compyed@sthasyfaceadlyieitiieraf difeetiwirelld cohbect@hat®ly anAskmealer 6F &i M 12

wherei n _at | east e rod_is substantially hollow and contains a conductor
coupl edC?‘Qb?‘ﬁgo%%ﬁ‘gﬁWo-lwhe’FﬁémﬁF%essf%@«m@Pd@ i the Qommleﬁﬁtefai FI out er ;
mesh co i SR i . | o renti.al |y aroun
t he spaga(;{rcfnﬁ’ev\%érei g%@@%é@ﬁ%f@gg bﬁogg%écgm%? ﬁtﬁﬁegggdf éccﬁfil‘f’yvg%breé. 15. The
gravel phsdosorfty@saiambg ufad: tHoe exanplipy i pressuge SERERTNA0D thRelath@ sehdrsensor .

16. The gravel, pa Claim 1,§%€%[2£¢B<fer conpri ses a_m croprocessor coupled

k of ¢ .
to the SEHESYICeP3CHRgygrRodsnt orcyigil Rorifalet IR PIRBRpIE Sewots
{ransi bh el 8BLedh, U WLcHRNRA datd§ mckBSrelAY R RS wep%eg: Md furtner

conprises a receiver coupled to the sensor. 1 e grave of Caiml
f ur t her a@o#RsPqiated agtionrmaskeperfarmed by khedntegratéteachennsor Thy) dandegougr avel pack

of dai Weill cBH(ﬁiEiQI?sr such3P4h ibiso%s.rsou Qrca eEe%?eEi%refoCrg H‘E&l e?gc%s%aﬁngge s?uerPa%g -
equipment or injure ﬁersonne]. Typically, pressure measurements are only taken at the
surface, often relaying information too late, or, the sensors are placed too distant from the
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 determining 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 to a surface
or subsurface receiver. The transmitter could also be battery powered. The sensor could

also be fitted with a transceiver 112 that wonld allaw it to receive instrictione Far



21. The gravel pack of Caim?20 wherein said actuator is a vibrator. 22.
The gravel pack of Caim20 wherein said actuator is a hydraulically

posi ti onafah gy/4s63 on. 23. The gravel pack of C aim20 whergipnusaidosgr avel
pack systemis a single trip nulti-zane gravel pack assenbly. WO 02/ 06s93
PCT/ US01/ 22088 24. A nmethod of collecting data froma downhol e envi ronnent

conpri sieR8mplRetodoBRGEvObittel PpowE\BieisBilsod nigha \daly Basdsivass apbh weckipt & t he
downhol e environnent; wherein a sensor is coupled to the gravel pack
assenbl yturas” command. Eoe sengordaisht alpe htweremicsppyesessasl 06 pHacheditpadidoof O ai m

24 wh ' . ‘ | | t
scr on alSyieP habBlialith bEln RRIORRT o TRIE e SR TR 1 1 e
conpr i ség coaplpd tgmiehory eibloviag &no storeinforandoe fordmet baclap®eeding.or27. The

met hod of Claim 24 wherein step (b) conprjses coupling the sensor to a data
col | ect datchitfansmissign dinsthsrmesc a e @rbinaAtien ofghess\soampeaents prtldprryidafoput er nesh

and an 16085 B9Pledboh R ARSI enAlon TE et hod of Olaim 24 uherein

step {b) comnprises coupli € sensor to a data collector with a conductor
| ocated i n a Awdtherwption torwoappeart dtoratdevahisi atned-wirddoahectibn tdhiheassenbl y.
29. The nmethod_of Caim 24 further conprises: (a) actuating a downhol e

devi ce iSHIASs pinsEapisesthe yseofangieqiriqal spRdugtor Shak sap couplaipy gensopiogs

PCT/ US o%%P?ﬁaél n%rﬁl?chr i B QQ?aansﬂlEt at?é asth "Bupial GOI%E)QHBQ o?%rg{i@ﬁé,e{hepac K

assenbly inc e steps o gathering data In time froma
sensor couplawntstring igpieced togeaibkr emaendividuhidengths af whing. Fackessrrefted f | owi ng
a sand %us ende

SRR N RUTE U R R
redi st riyuthe theSRRhIARIVEAY. tIBufeNAepicteLMaRRRe]l B&/ideAh B pRFies the
electrical continuity across these threaded joints.
Figures 7a and 7b illustrate a first embodiment 100 of the present invention. An
inner mandrel 120 can have a plurality of flow apertures 122. As with prior art designs,
" 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 sensor 102 could also be placed
on the inner mandrel 120 or coupled to a rod 126. Indeed, in one émbbdimcnt, 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. '

"Figure 7b illustrates a special coupling 130*that connects to sections of gravel
pack assembly. The coupling has a threaded portion to connect 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 1s located between the

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



31. A nethod for nodifying a production profile in a producing well
I ncl uding the steps of: (a) sensing a flow characteristic or a fluid

par amet ekgp hagy@vsensors located on a sand screen in the wett/usor@issi n said
sand screen is |located adjacent to aihpl ow ng; and (b) notivating an
actuation systemto reconfigure the flow area through the screen.32. The

met hod Qbcatddainnhe3skcufeseetion $06H THs, fnpridiiee, thesptibsese byslightiogswks. y
actuati n(gwa posi t'i onabl e sl eeve; wherein said s|leeve_ is slidable over a
port i n Gomdnetael36adn gpriiectsd te gormestan 434a; Wbl condupior d36e5m9gngster \9s01/ 22088

17 2 1.01

or i gi nal LGSR B hEL R Lo Bk R e e LTRINR0 I shtbndo
remai ni nge teAicomplethwigatheesy msc@qgﬁlg)lBOV\E CLAIM 1. A gravel pack conprising:
a sand screen .having an_i nner mandre eas! qQne aperture

t her et hr.ough Figiess 4R 2p¢,7d depigis 3 %béheé]t‘gdwprltéﬂﬁ@aéﬁ’dnﬂlfﬁﬁa thg elegfriealspacer ;
and a SeRSOl.6R H&Joﬁﬁdthg ‘Pnréz?deg l]%ﬁ{seef'he E&@eégsr Sils HEGHeREd qgélr@- 1 wherein
ple

said sensor I's cou outer e gravel pac Caiml
wher ei n wmgctosplngsras sbowmuﬁlheezdedtﬁczdaomﬂucmneermmmmnéallockdli’,ﬂ‘ e mownted pack of

Clalmlfur r co ower wering the s or..5. The

o ol LR rer g ans st e arataer D REERES Beent fmaBOR Sty ) coup! ed
to the s£O3EM30fas lﬁaeh&%%ﬁ]ﬁh%%&éﬂ Sntithi®y BrheBR 184t BnSedhONRIUCIEANS
conprises a conduct or e sensor to a surface power source. 7. The

gravel pamhnmfonmlmhmtapmmteahlghagrmﬁmwmal camecticeslte qameshell piesssnsor. 8.
The gravel sensor conprises a tenperature

er ej
sensor . ‘%?ﬁe‘b?fféﬁfg] ‘!;B‘E]H‘kfl% r@dﬁgfﬂgfh\f/ﬁerel n the sensor conprises a 'sensor
made of a Pi gk 8tk Sb i BaicAnothbPemBRBrBREYthe RAEK IR whirdiam 1 wher ei n

said sensor conprises a density neter.
multiple sensors are placed within a gravel pack assembly. An inner mandrel 120 can
have a plurality of flow apertures 122. As with prior art designs, 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. Again, the sensor can be placed in several different locations on the
gravel pack assembly. Indeed, if multiple sensors are used, seve.ral may be on the inner
surface of the outer screen, while others are attached to rods and so forth. A novel aspect

- of this embodiment 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 assembly. 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



11. The gravel pack of Claim1l wherein said sensor conprises an
accel eroneter. WO 02/ 06S93 PCT/ USOL/ 22 _0_88,, 19 24. A nethod of

col | ecti Rgp gba@es r om a downhol e envi ronment conpri si ng t hecpusfg20ds: ()

| owering a gravel pack assenbly intoiihe downhol e environment; wherein a
sensor is coupled to a sand screen which forns a portion of said gravel
pack as seidrlay (PEVIY s¢rispr. CTHe seagorhgs d adsendnt Geyddney shein ssodampitil in higher met hod  of
Claim 24 wherein step ( urther conprises coupljng the or to an outer
screen @ensityifhids fluscs Se%"c?‘ﬁg e‘SF“’@F’ée“fﬁ? ‘%ﬁéﬁ’“@ n step {a)

further p%@%%ﬁ%ﬁgﬁﬁyﬂk t}[lg &taﬁé‘cinlﬁx?é‘ﬁ edid] té’cﬂ shd& 2 BRI Ean ¥k 88d @ sand

screen. ereln step (b) conprises coupling the
sensor hmpmvd@ta{ebpihd:mmr with a conductor |ocated in a hollow spacer
i nner _mandrel, of the a 28. The net hod

bet ween an o mesh a Lan ﬁserrbl
of C aim24 P&Cﬁmg?te%% JPlESRpIOTS ALY g sFicRy 2SR a %ﬁg}ﬁvre PI5CISe dat a
col’l ect QfoaVirbfhedt &@‘QQH%@& A Qﬁé%ﬂ skn. éffeepﬂ laQOmMosite WABREAn3ERYAC an i nner

mandrel of the assenbly. 29. The nethod of Oaim?24 further Conprises:
act uat i ngy phetomenon ehat eaisesea dmtqmcspmﬁtheﬂbw lmed &‘pm thie garfecthyy mmmahe sensor .

Y0, 02 o5 EETLUSDY 22000, 2,0 20, &, LI, Cor plec na aarc arund o
time frQRindfReRTak b eiitcaBynRchafiodldaset SN RipaniftanpletiBAakd assembl y;
inadequate number of perforations. A negative skin effect denotes that the pressure drop |
in the near well-bore zone is less than would have been from the normal, undisturbed,
reservoir flow mechanisms. Such a negative skin effect, or a negative contribution to the _
total skin effect, may be the result of matrix stimulation, hydraulic fracturing, or a highly
inclined wellbore. It is important to realize that there may be high contrasts in skin along
the length of the production interval. Thus, the use of multiple sensors allows the
" detection of the specific locations of positive skin indicating damage. This allows
corrective action to be taken.

* 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 include multiple sensors 202, a microprocessor 204, a motor/pump assembly 206 and
a hydraulically positionable sleeve 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



(b) flowng a sand suspended in a fluid into said assenbly wherein sand is
deposi ted between said sand screen and a formation; (c) actuating a

vi br at or vitnaingsesli stri butes sand between said sand screenpengséinoss
formation. 31. A nethod for nodifying2a production profile in a producing
wel | including the steps of (a) sensing a flow characteristic or a fluid
par anet mnlbenm&é‘hmrcmambenatamjdimdeabymmeml Arcohtiel signadl,;suvihey &1 n sai d

d I t ed i on ion;. and (b) notivating
i act U GRS FORtS Reldiar AaRad heorTEel P AV SR 66 DR R egeT 32,
The net hgdngk thd ﬁbéﬂe%s"‘@%rs‘ﬁbﬂmsi QPe\/e%Sfléj&Bb&ftoca mo%e»@ agﬁw cal | y

actuating a positionable sleeve;, wherein said e 'S s dabl e over
port in Eontsiansneveredrtbereby m{strsangiﬂewnwtadiﬁmetnve ﬂe@@on&m&gﬂnwmmor use

th duct f hyd b f d h
Consor OhPAdch R s aRglesppedmor [nihe Siop8 OF fhy TerFBEA &I a4t 33
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wherein sai d sensor conprises one of a rou§)

and fluid is moved from chamber 216 to chamber 218 and the piston moves the flow

control sleeve to the opposite extreme and the flow ports in the base pipe are uncovered

allowing flow to recommence. A sensor 228 can be used to determine the position of the '

sleeve 208. Likewise, a sensor 230 can be used to determine well conditions outside of

the tubing.

The description of the present invention has been presented for purposes of
" illustration and description, but is not limited to be exhaustive or limited to the invention

in the form disclosed. Mlany modifications and variations will be apparent to those of

brdina.ry 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.



consisting of a pressure sensor, a tenperature sensor, a density neter, and
an acceleroneter. --39. The sand screen of C aim 33, wherein said sensor is
coupl ed WO omssedf a group consisting of a menory, a nicroprROSERALE A
transmtter, a receiver, a transceives, and an actuator. --40. A sand
screen for use in the production of hydrocarbons fromwells, said sand
screen ChAIMS:i ng a conductor connected to carry a signal across at |east a
regi on gj ai d sand screen. --41. The sand screen of C aim40, wherein said
conduct ¢ %¢8lipl es a battery to a sensor. --42. The sand screen of d ai m 40,
whereinysaid SR a surface power source to a sensor. --43.
The santltl' scréﬁwgéﬁﬁ m 40,&%5}\,{1erei n said conductor is routed through a
subst anti al | (@)hol koinnspmardrel nvae at lepanehesypedare. therethdoughhe sand screen of
Cl ai m 40, wherein said conductor ,isS routed thrgygrg a substantially holl ow

wire that is(®ircEhPUPEREFLIPHARIMIR A APGRAE &Y AdREEEl to form said
screen. --45()A netdRd:r &u [@I@b@gdgrmnﬁ,&preen for use in a well that
produces hydrocarbons, said nmethod conprising the steps of ' formng a
substantially hollow, cylindrical nmandrel; WO 02/ 0G593 PCT/ USQL/ 22088 _
22 encigcling, sai d .mandr wi t.h |.tipl.e wappin f a trapezoidal screen
wire that is%%%‘éi‘?’%ltpé’ﬁgf)ﬂ&ml@&i ”&%H&&éﬁsewfé& %‘%fegﬁf’t”;‘f %?‘C@Wﬁ?‘ndri cally
arranged ribs, wherein said trapezoidal screen wire or one of said
plurality of said ribs is an essentially hollow el enent; welding said

t rapezofdal $he granehftack of Gladmi lowhrrein shidtspnask iy ¢anpleghie saiddnnes magdwl.r e
crosses one of said plurality of ribs;

4, The'gravel pack of Claim 1 further comprises power means for powering the
Sensor.
5. The gravel pack of Claim 4 wherein said pbwer means comprises a battery

" coupled to the sensor.

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 sensor.
9. = The gravel pack of Claim 1 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.

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




runni ng a conductor through said essentially hollow el ement; and connecti ng
a sensor to said conductor. --46. A nethod of conducting a signal across a
sand screamoidads i s part of a gravel pack, conprising thepst/gpsi/Qissr unni ng
a conductor through a hollow el enent 10f said sand screen; attaching said

gravel pack to a tool string; running said tool string dowm a borehole; and

sendi ng i@, si IRl grivel pakhofClhigh €M §did spacér/co ﬂmembh@@ln?%f (@l m 46,

wherein said hollow el ement of said sand screen is a wire that is

ci rcunf erentl aIIy wr apped around a nmandrel of said sand screen. --48. The
met hod i & n r is a
spacer t at ‘}gvelp@c?{:oﬁ %1?12%.“»\};\ '%y %Ayﬁlgdsgg‘?cfr% d% Sl?o&/{aqn?ﬁy?ﬁlgﬁvngnd;r el of

sai d sanﬂnmcrrsemmductéﬂcou]%a toeidweflscefl Cl ai m 46, wherein said conductor
carries power to a sensor. --50. The nethod of C aim 46, wherein said
conductor connects a sensor to a m croprocessor. .ASf.AfR As Af Ns. A" 2
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0 19 The gravel pack of Claim 1 further comprises a transceiver coupled to the sensor.

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.
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(a) lowering a gravel pack assembly-into the downhole environment; wherein a

sensor is coupled to the gravel pack assembly; and

(b) collecting data from the sensor.

25.  The method of Claim 24 wherein step (a) further comprises coupling the sensor to

an outer screen on the assembly.

26.  The method of Claim 24 wherein step (a) further comprises coupling the sensor to

an inner 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 hollow 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.
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P10%4& () - sS{ISRWMEAE ER Sbrator that redistributes sand between the sand screen and the

formation.

31. A method for modifying a production profile in a producing well including the
steps of:
(a) sensing a flow characteristic or a fluid parameters from sensors located on a
sand screen in the well; wherein said sand screen is located adjacent to a
ﬂowing.; and

(b) motivating an actuation system to reconfigure the flow area through the

screen

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.
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WE CLAIM
1. A gravel pack comprising:
a sand screen having
an inner mandrel with at least one aperture therethrough, and
an outer mesh separated from said mandrel by a spacer; and

a sensor coupled to said screen.

2, The gravel pack of Claim 1 wherein said sensor is coupled to said outer mesh.

3. The gravel pack of Claim 1 wherein said sensor is coupled to said inner mandrel.
4, The gravel pack of Claim 1 further comprises power means for powering the
Sensor.

5. The gravel pack of Cl.aim 4 wherein said power means comprises a battery

coupled to the sensor.

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 sensor.
9. The gravel pack of Claim 1 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.

11.  The gravel pack of Claim 1 wherein said sensor comprises an accelerometer.
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(b) collecting data from the sensor.

25.  (The method of Claim 24 wherein step (a) further comprises coupling the sensor

to an outer screen of said sand screen.

26.  The method of Claim 24 wherein step (a) further comprises coupling the sensor to

an inner mandrel of said sand screen.

27.  The method of Claim 24 wherein siep (b) comprises coupling the sensor to a data
collector with a conductor located in a hollow 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:

actuating a downhole device in response to a data signal from the sensor.
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pack assembly;
(b) flowing a sand suspended in a fluid into said assembly wherein sand is
deposited between said sand screen and a formation;
(c) actuating a vibrator that redistributes sand between said sand screen and the

formation.

31. A method for modifying a production profile in a producing well including the
steps of:

(a) sensing a flow characteristic or a fluid parameters from sensors located on a
sand screen in the well; wherein said sand screen is located adjacent to a production
region; and

(b) motivating an actuation system to reconfigure the flow area through the

screen.
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 sand screen for use in the production of hydrocarbons from wells, said sand

screen having a sensor attached to said sand screen.

--34. The sand screen of Claim 33 wherein said sensor is coupled to an outer mesh of

said sand screen.

--35. The sand screen of Claim 33 wherein said sensor is coupled to an inner mandrel

of said sand screen.

--36. The sand screen of Claim 33 further comprising a battery coupled to said sensor.
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--38. The sand screen of Claim 33 wherein said sensor comprises one of a group

consisting of a pressure sensor, a temperature sensor, a density meter, and an

accelerometer.,

--39.  The sand screen of Claim 33, wherein said sensor is coupled to one of a group
consisting of a memory, a microprocessor, a transmitter, a receiver, a transceiver, and an

actuator.

--40. A sand screen for use in the production of hydrocarbons from wells, said sand
screen comprising a conductor connected to carry a signal across at least a region of said

sand screen,

--41.  The sand screen of Claim 40, wherein said conductor couples a battery to a

sensor.

--42. The sand screen of Claim 40, wherein said conductor couples a surface power

source to a sensor.

--43.  The sand screen of Claim 40, wherein said conductor is routed through a

substantially hollow spacer in said sand screen.

--44. The sand screen of Claim 40, wherein said conductor is routed through a
substantially hollow wire that is circumferentially wrapped around a mandrel to form said

screen.

--45. A method of making a sand screen for use in a well that produces hydrocarbons,
said method comprising the steps of:

forming a substantially hollow, cylindrical mandrel,
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welding said trapezoidal screen wire to said plurality of ribs wherever said wire
crosses one of said plurality of ribs;
running a conductor through said essentially hollow element; and

connecting a sensor to said conductor.

--46. A method of conducting a signal across a sand screen that is part of a gravel pack,
comprising the steps of:

running a conductor through a hollow element of said sand screen;

attaching said gravel pack to a tool string;

running said tool string down a borehole; and

sending a signal through said conductor.

--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 sensor to a

Microprocessor.



