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Vel | having inductively coupl ed power and signal
transm ssion Field of the invention The present
WO pwe0489n rel ates to signal and power transni BET/N02006/000247
operative wells for producti gn of hydrocarbons.
Background of the invention and prior art \Wen

produci ng hydrocarbons froma well it is preferable to
have know edge of physical paraneters of rel evance to
how the well is producing. Physical paraneters can be

WellE&AHE %’dﬁétﬂrélg ec‘lﬁblléelﬁ?gwep Whdisigral tPASGHE6N

preferable to a take neasurenents 1 nto the
wel |, preferably in production zones of the well.
Fiel®Poftlscin®entioparti cul arly interesting, but al so many

el T 0 S P P s
wellg for rededtionegfohydracarbens. t o have val ves, punps or

ot her nmeans that require power and signals fromthe

surface jnstalled into the well. In patent publication
Backgyomndof theingentionapdprionarty, devi ce are descri bed

f Or\gﬂmﬁ piedsdifiy hgdfcapbutsifedth apRElR ik %!’r@fefefbl@to have knowledge
0 | .an_annul u

of plgyrsbcra ﬁ%@{qmeé?mﬁbfﬁglegfhgcéaﬁe%&\? lg:le; \af:eﬁ dsprofycime. i’h?fgfc\gfpear}ameters

can bamiasured af therwellisadabubit gesiromgly pesfarabld tsbaabledo take

meadfiemehfe AR B IREIL, eReAD H BridhchOf PRGBS, P
configsiure it partisulamly inferesiinge but dse many othephysical perameters are

of intérest; subhGashdinpetdtars CompositiodHnde1dw eates FelteidrOR ckh B8 of major
uctiye cou r hal ftransf

., Is induct I led.to the qute r.mer
interg o ha¥E alYiescRYIBR® 05 Oer misats Uit g e Crighufrom the
surfdosringhldechigeo dlic weHlr gy, and el ectronic circuits,

arr i ngide -

o ARG PR oo U SIS dsried for
the mpasueing (o6 physicphpdremesiersn agrodustios wélb Iptwiheovelbrin an annulus
b 80 o 5o AL SEAR BT i n
annulys 15 §hglransiormserds aippge indhs PrOGRCTION pipe ol alf-grnsformer
in the @nimmie s etocaes d:ohﬁsdtthim B}hﬁ@@ﬁ@dﬂ@%ﬂlmﬁhe @ulfq@célﬁlf ’fhe well.

onpr ehensi ve operati.ons in
e bty 1t ROBCBIEAR, 28 Bl ¥R ok EigtBgponcer e
trangfofoherrandt haseadnodetiemth aldeist ene acrsodeat eletemit for sterage af energy,
nd RSP 8P R B S8y 0 st
the aayusds pemeansatlyeingialled. while tha epipogny dinatedsingidedhe gepduction
pipeicah ®edeplase by bight Seli0htetvEivne Sud ad be cablefopefations. Thus, the

e b S R AP oG e Bl Rlefor cqupmen
arrangesl ingide dinaiptdueictibe pipe tebe replaced without comprehensive operations in
the well being required.

In patent publication US 6,515,592 B1 different methods and devices are
described to send at least one electrical signal to or from at least one downhole device
in a well. The downhole installed devices are permanently installed. Current is directed
into a casing by use of a source at the surface connected to the casing. One or several
permanent downhole devices are electrically connected to the casing, and the electrical
connection to the casing is used to provide power to the downhole devices. The
downhole devices also send out a signal to the isolated casing that can be directed via
the casing to a surface-located receiving unit that receives and stores signals. The upper
part of the casing closest to the surface is electrically insulated from the underlying
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connection to the casing is used to provide power to
t he downhol e devi ces. The downhol e devi ces al so send
wooio7aosspgnal to the isolated casing that can BPEI/NO2006/000247
directed via the casing to g%surface-located recei vi ng
unit that receives and stor signals. The upper part
casi 0 . 3 ' 4] .
pact, Ad UHERCAT R B chPportellh Tl R g h Stode unit o
the undenlicng vertelretherdasiig inswlating igeps axs previskideand nowetlying casing

is co??}’éscfteﬁ‘glt?}i/ Hﬁ:iags Bgalg 'régecg‘ri‘@ag {cgbe!ieﬂgi;ﬁﬁrﬂrir]néé lé}({)j‘i‘l‘ﬁé&:ge;d'soﬁﬁgryi csoil with

connggig éewgg\glﬁf?%%sarsﬁmﬁwﬁé@&éwﬁﬁ 0o Ry EOal. 1 one

embaim@at sffectiand ngrﬁi aenpasyd d@?ﬂn ﬂl%rddghﬁamilﬂﬁ_et p@e@t&!’tlimkehrough

V].ce are 1.n Ve C e 0] e (1 nar Ol .

an ouft S 8 D A EraErER Y Ped pif 18 5 sl i ol hly e

downhulodgricahyiusaef distipet feduenmies artd/ ouahiressingtldrerpismo

deso e o Pl o e p AR B PP LTRO Bbkcrption of

measRALSIeviee IRt Hg InpgepiPpe; andthereisciq desconptign of short-circuiting -

betweélthetduter &nliphenpipednahe upp&t endr G EILOE SRS, thE e surface
i$ no d spEipLion of nmeasuring devices inside the

locate{ agferbfOEia

d™'here is no description of
s hdntpateint applicaipnmiblsation S 3004/0 1 44780 Aher fepiopeagnetic
- - r
reactplfe ARG Uiy Bloptha Bevipe Shi fisd fiReJr I TRyl fre

described, ibaaﬂ%@h a)®las4iron 4sdeelapedoves thoraghace providing

eI a8 I ) ARl OB 991t ey e, i
effec i s{Egals e eREly bidn Quicisedde caie g cqapRigate wit devices
and senyels p tingweHy The redotamcarpraiding emdraigpi?fg rdeeide, aSo-called choke,
o 3580 bSRY S 3L Pl B Al magnerc
permga ifonesamplenindbeirarge elntl08@ ks 656,000, sush agel ferrommegnetic

metal sﬂﬁy 81§ FeRtO VI BIbIQITY @1&%&93@%1&% fséng'e ;iﬁdeh%&ﬂ pipe and acts

choke, do.not recelve power and 1S prepar om a
to prayide s, rgﬁcthw%eq%in@ﬁ ag%‘Pétt‘ih@éﬂtﬁ’ﬁ@H@SiCé‘“ﬁ@FsﬂﬁatBP pirg, The power
and Efigl:cialgbﬁﬂ‘ﬂ a thstidfisce 8 RYe iﬁucﬁv@@cﬁccm@le_lft@,tﬁg ﬁvells ECE as

a rr net.i c. me rrite e C eis

o) JERRIE BUBhEGTEL B o BrA®So 2 f i Hhid i ol ABnfaRlGr
desctibe poevidingcorsnumicationngfezlecitealgyeversindtsignals from downhole

ti ) . : : I

compodehfd1d dtﬁg%&é’\ﬁfﬁf?‘?‘lkéso'[ﬁb&n%ﬁtsﬁjbﬁ ga% tglf'%% ﬁfﬁ’l‘féﬁv@ ecailp%o H

s gurce at the surface iI's not | y .coup .
el fomcentris side-Bxtsigriprimasy pos segondapsinibspe psed, having
Connggﬁn%ﬁf’gﬂﬂliﬁ“&? @hﬂ)‘(i:ltkg’rﬁiagia%léjﬁ)séipﬁﬁﬁ? g@i‘l @K%sgit? ?:guipment for
meaiB ARG Tk en il Wi seearbo rERpuEb g giare andjectrical
signals ¢hrofiglan linedicasingeval] edthole dieasvahtdaythrGogleeistdescribed, by the
use g LB 1Y om tho sur f ace & hr ough & cabl & to

a phidemapdesists frdasthen devplppment: offthe ahewe-mentiomed prior art, for
impleRdh@kion QRLIWEN wWiioRt 8RE6T fdng@lables, ARPALAr ISRy for
repla%%r\,\rll%glt 54 gen%h?sca{nr gtﬁler sensitive equipment situated inside a production pipe.
A particular demand exists for technology useful in wells that are short-circuited
between the production pipe and the casing at the surface, with a hanger where said
pipes are hung up, and short-circuited down into the well with a packer between said
pipes, and particularly for connection to zones and equipment located further down into

the well than the short-circuiting packer.
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signals through a liner/casing-wall wthout electrical

| eadt hroughs is described, by the use of inductive
w@owplod4sgt A demand exists for further devel opPE€RNOQG06/000247

t he above-nentioned prior art, for inplenentation in a

wel | w thout use of |ong caBl es, and with possibility

S for rﬁgllhac%ﬁ@it of sensors and ot her sensitive
“m'gaerB Ny u.gped i nsi de a production pipe. A L
pailhe ebbee-nmtioned éﬁm_nés ﬂl_fﬁr mekby ths WMS@Y@H‘ZIQWTPVIdmg a
well fé!?bt&d&nch%h cﬁ*rf?d%t%ﬁcrfs', E6Mipk RS hYRaR A dW P 6 tahon

undergramel. 3AEING TBRENG 16 PTG DA B HLORATPE QT Eatcaganto the
casing fitopn tesurelde anididovén wag kpdroeatbupecorsainihgiqes a banger on the
st A RIS AL PR, 0, Ao cain e
hung spantl-adéctdoaliy slyprpairkeitedamder yacker amangadasalingly arde
electr?%\?l&ﬁsh@?ﬁ&i‘r&ﬂﬁﬂ%%f@%ﬁ%éﬁkﬁ?&é u@“t‘zdﬂf:ﬁ&? Bipe and the casing

t1on ro ng a . A ) t no .
in or plpge &'aawgrs#i@'mbngei\wlhgil%tlw@e@rln|th%téﬁamkl fusthsr gpmprises: a -
primdf?@?[l%{rﬁﬁﬂ@@d_c@n@?ﬁﬁ?ﬂl}f taﬁétgﬂﬁél pfcﬁh{cﬁi@n e am?bnda&ty ﬁOil
r Ucti on ext.ends I nto e, casl n I e

arraneq” e onsentriety Ao Bre-Pig it PHRsh @ L0 StRichty e piHie seondary
coil; mhaealtemating carrehbgeneratoakignapenit envnested toethagrimaryrcoil.

whi I, i i i . .

R PSP SEERE RPN R, BB SHA AN o
produgtioanjpe ané shsing bgingrepupledtogeter |a§/t@melém£ the pasker, said

pipes! BEih 8136&[5&'119%{@95&@%&5&1 34t bt o eRficRed WHE the term
in or close

«  .Cagl to.a lo en f. the well. .
casig 13 g MeABLSqcHiop o 1ot el ot BCuF ptaiited, so that the
electd¢dl drmfc)a_itdg imaintairedg & tie ebartiged] rdilgzlaitlcym&bem fort dnbong well have a
I O 11 . : o . GOl .
ow BB KPAEP 3 55 TN Rboh AR ccpmic et of

inventionn Bredsibtion fiipes asbensingsyinstiintesspigelaforaxeamatldig Cr-steel,
will tgéﬁ:iﬁh?@%eg&%g AR/ r8doto 193% thaaqeaicthlidk §tB8l. Prdd®iln pipes

acco d@gg the invention forns a

oIl {
are tml%ﬁslb’dp@l)é@dr&r%@l 134 §t[alra9sstsﬁ%elpr oduct i on pi pe and
casitechdeRbNG pireft@zitlﬂé areggtd eealitigly hed brogwallgnshotteircuiting in

the oSSBT S A B ERRE 4T HhS g vcocarbon.
contdiniagizoge, fosavalid deakegavf skectricatly asndu¢tives Buidsantosihe annulus

abov@kﬁ&é&% gl ly short-circuited, so that the electrical
citrcurt 1's maintained.  The el ectri

al _circuit cap eve

f orlhe loas greferabin so@paiseHan Sihickive decdthropgh dn mfyporml a
divided Randftirfifer] withmRU k@ part Sfrah el duasideitkaprodutton pdfe and an
. _the invention. Product.io Ié‘p‘jis and casings 10, o po oid
innersgag} palerseally disranged i e wrodieuhptog, Wil copdeetion,
innerinretqosalfsefsairl meanstthatr &spelensdably axsngddansisle-thaprabiction pipe.

cky St . ti.0R : i r j

i 3608 G5t BP0 PUBRRN IR0 BESF Epocd
with glectuiepd ¢ablealfedgirgughn thespasker from the londta thejseepndarygoil.
Therkby, only the load or selected components of the load are exposed to fluids from
the hydrocarbon-containing zone.

The well according to the invention may comprise at least one zone further
down into the well than the electrically short-circuiting packer, connected with cables
from the secondary coil through the packer to a further primary coil arranged about the
production pipe in said zone, and with a further secondary coil arranged about the
production pipe in said zone, with a load connected to said further secondary coil. In or
close to the end of said zone, it is assumed to be a short-circuiting packer or another
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t he annul us between the production pipe and casi ng at
a | evel above the hydrocarboncontai ning zone, to avoid
wo e@Ragsnf el ectrically conductive fluids i ntBCT/NO2006/000247
annul us above the packer. The | oad preferably
conpri ses an inductive feedthrough in the formof a
ha : . Lo a
short SHELRRE er05) Bidbanthor p Rl @RingS Thefh FRSRRcton or aones
that ofhetreassoubihd e isalatpskblints zenesrRlatye do1 s 168 Sl thavelhiis Achieved.
comhe gbwee sil‘ghamsﬁﬁléféramp Qfanﬁgﬁﬁted @tdmt hg(mpandrts_emsso V from
at are release . arfran i.nsi de the. pr.oducti
the acpepor 5 gnal Wb ER LY AN BLCTLY SR USRSt APpULs0 kHz
and abewd®EVdromh tho gepaator/sigmabmnicThe cuils prefbmbly haed ferromagnetic

bl . ot
cores S5 A AU BB RSBACnd BRRAAG B s e
magnetiofishband thetehyhiprosd the ndegive eoupling tohasvelk.om t he

hy 4@ %@élpﬁ%f&famgaéd?ﬁmse%@n&trimay WoldtinpCentieiing stadranbed in the

i nventi1 on, ma rise at | east . on one ther d
annulh ey 4R ETFORHAIANGE PSS FAg GoSRER 0 hiiHr @ ne packer,
to avﬁﬁ%@ﬁﬁciﬁdﬁﬁﬁﬁgbﬁWMtshicb%pipbeﬁ fromthe sec_olndar y coil

t u e_packer t : r .

B A e
drivef ehokepr sentosidealye bioke yalvagisstramentationdopmeasiwemsnt of

. . . ¥ ,
pesf oA, At 45, TRAVRAL SR apunpa
motop apda SEISITIE SERSOCAMPON SRS SUKIEHIPLE for WeAT AT, grfgrably agpnged
repla@éﬂgﬂﬁ B Pélé&s]@ﬁbrycigisiﬁb nBe bﬁtc}wﬁﬁntﬂmﬁe. Atedoad btomvemi@ﬁly also

and ‘casi ng. re onngctd on v N
compgiies f AORET gt Toremtt I B o of & BREE phfiGiciteyits for
codinigfdedodite, afldtessingetdmmunicationened:ontiod, qppvepriaielyneioses

amor%:sgérﬁ %«gi%e& ﬁ%ﬂf M&g%g?cn%ﬁ%uiﬁ? . e lor’a[Qi'Ss?c%Q pYeferably

] “génerator/sig uni't e sign
commveicaieawith the sizpalaniiand optigpally ith othestvadiy and

ab@I;He \3%1 Xcédr@ﬁ%ﬁ&h@ Wrﬁitbﬁrﬂréfegm& ceftiprised. Elfve@ﬂi Hy&lrocarbon
pr.ef erabl y .have .f erromagneti ¢ cores” arranged be n
prodGiBe Gpagh YOOI Ap COBIREIR & HS B ABEEY Faug I ke valve
arranigdd i asch zdre. Mhgreblyi cortrellal produttien edrybé aphioved fioe each

hydr(i&(%ﬁ%ﬁ%% igl\éogduéfxg%érr%g g%%gt é}gg%f%Heﬁ%rI%‘?ea‘éﬁ%e{d BB LR F}E&rﬁmegtation.

! . ce_ntra I zers arrange
The zames lven brauparsobdewegwnlar Rlechicsd aevis af rpwelner bheonnected

accoﬁ?ﬁéf&th%%%@;ﬁ{bﬂ,he hanger and the packer, to avoid
short-circuiting between said pipes. The | oad may

conprise one or nore of a further primary coil, an
Drawhggtrically driven choke or control valve (choke
valne). instrunentatiaon .f,0 ur .of pressure,
tenj\é?)r@tvﬁ?té?n W%Ftﬁ?\tggg‘,’ M&%l@?&f ng&mﬂ&}'ow rate, flow,
velltigitey] isea grhepatia sketabrofamdel aseordmgtosthaoesent invention,
Co i i f iR that i
@g@%m&gﬁ%@% é?ﬁﬁodlg}e‘l’@.@f Y reBR iV Rlon, ¥4 at is

rep [ easeabl y_ 1 nside the production
replageglde byrighit seal! memyenanes: #3d al so

Figure 3 illustrates an embodiment of the present invention, with feedthroughs
to several zones, which zones are separated by electrically isolating packers.

Detailed description

Reference is first made to Figure 1, that illustrates a well comprising a
production pipe 1 and a casing 2, the pipes at the well head being hung up in a so-
called hanger 3 that provides electrical short-circuiting between the production pipe
and the casing. A bit further down into the well a packer 4 is illustrated, arranged
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conprises a power unit, for exanple in the formof a
battery pack, circuits for codi ng/decodi ng,

w@darrmesspng, conmuni cation and control, appr opPCENORG6/000247
chosen anongst and adapted from previously known
equi pnent. The | oads can préferabl y conmuni cate with

s LB TSI e Lo v
and theecesing. I yldr epperipart qfitbd wesillh groumdesy, abgiut thq pmductlon pipe, a
prlma?g@efl VS isnag:ré I é’é’fﬁ{yc \Qﬁh%ﬁgle"ﬂi st g’éﬂ'eﬁat@f?ﬁlgﬁal unit 5 at

ve arran in eac %Nzﬁone ere controll ed

the s%fa@amweﬂamsw envell ot WtigrppEad Berendary coil B is
arrangécp dofhé@ed Qﬂ@ 103!@1863 BetaReR allieﬁhﬁtgﬁ $ amelatha lpadkem 4 fhet];i‘reductlon

pive § 3547524 B P B0 521 688, REcRafhy Lol conttiers 7
arrangahaercaited ¢e hrmﬂien ghart-citesiting/estricon fheDpiges. i amailus between
the pﬂ,g'&\i@%ﬁ gﬂae' ahd thle E§§1ﬁ t’o‘%ﬂv fc‘nh%aﬁlggyérﬁf he?‘ac}e&‘ S'preferably

IC S ccoral to
filledtwigh pn elestrical lb{mm@rducnvgé}% or madimy farexagple fesel o,

and/ o? AROdirfRRlofGhe biiRs BRS A ré:‘ledtﬁ&’zﬁ[}l is@Iatm‘gl dotiag lappHed.hat

Gt ik o g e

mgnal&l thht dre elitebteduthroughaths @odr &) whuﬂnergsulmn olduztive sowlmg to the

produzc?lgﬁ ?}%ﬁe f m%%he&/hfdhcaﬂl !ﬂ%?frﬁ:%k Qﬁéx@@tl{?%gﬁﬁ'éﬁt is %&@%‘t&ﬁ The coil

erence 1 s ure
B is anl induetren eapplingdp Ithe prastuction gipge b,rmhéhatcﬁﬁl Yigppatingweftage is

generatS i dheoil BE c8h1ﬁ7&§e(ﬂ€o fiedoXe&blfoh Qﬁéfaﬂ@h fgrBoif) Q“Hépwell as

such g Sred, S EPRGap Grbbr o he PoRSO EGhe B ouBTitfortg casing

throug Ildi’eh@?aclqt%r gl ztndfthé hhﬂgerCB)VS’lgnsﬂS and Ipevx?me kd and ook e well are
ILlustrate rr

trans%%e}(fb% i c?ﬁ ‘ihl rpé)%{%% g(%ax &téﬂgk alatgxqii £ a%célt c{dﬁ&/@h e¥1c}af w1th the load

0, wlmkpmaamompmeassmm powier uhg, gygp@ompaqntcuds anﬂ SCRRILS,, motors or

other&oBHOGcE Eglgl ter n:]%g R%Qf&h%&‘l ﬂ@d Pﬂoﬁ?theqoﬁdi 6RE YrafiSfekred by the

1S arrang e to OMBT

coil Byémthearadnatiomaipe drand tkgn Uk BT e S the well.
| n%g’tﬂetﬁ’ﬁ@lu@ﬁﬁes hafolehd tthe 19 E'qﬂawabijDtht wall maintenance is

o SO T L DT o
half-i}namoﬂnca'n,dnbi‘ﬁespmdim@lﬁha halfetransforineer §ayinithe laanelys, ayanged
on, aﬁJu'ﬁ‘c‘itorr éag?étly ¥1ﬁ1b§gh@& () l’tfeegfcfdﬁlchéﬁ Pg» 4 7 afill h@ff&%s@@nner 8b

Ircult etween the
0pp0 yamang o inside ibe rprpmctmmmnéu dhefde aﬁw@rr%m%dg\é{ﬁﬁ

conn@&ldﬁﬂ%rthé R8I A Bes e B iﬂ@ld%atﬁls ?fodtﬁstl@ﬁ?f atlﬁkbit tad b@ﬁbplaoed
n electrica 5%1 non-

by gl A ESice i) ReSa SOE ol by B ations or
similpt, peishdud haningebguil dwtahé prodiatiahipige.coat i ng appl i ed.

Further reference is made to Figure 3, that illustrates how instrumentation can
be arranged in different zones in the well, which zones are further down into the well
than the (upper) electrically short-circuiting packer 4. More specifically, the zones are
coupled together by use of electrical feedthroughs 9 through the (lower) packers 4 to
further primary and secondary coils, A’, B’, A” and B”, respectively on Figure 3. The
zones can for example be hydrocarbon-producing zones in side branches of the well.

Tests in large scale have proved that an appropriate alternating current signal
for power transmission is about 50 Hz, and frequency for the alternating current signal
for signal transmission can appropriately be 20-30 kHz. Said frequencies can be
departed from. For example, the power signal can conveniently be alternating current
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The power generator/signal unit 5 generates electrical
alternating current signals that are directed through

wo b@700ish1 A, which result in inductive coupli nBCT/NORIE/000247
production pipe 1, through ich an electrical
alternating current is generated. The coil B is an

with ﬁ%ﬂﬂfx{ \ifi tﬁé’i”zﬁlé?ri[% -5 HA 0 n@&é‘ﬂ{u‘é%{é (}ﬁbfé?%l%lg c%‘x‘xﬁp %H%E nigner

rna I ng tage 1s ge
frequeBeiareistrhly 11 the Kidadangs, &¢ capue suffimentieselution forthe signal

transﬂﬁ‘éshorﬁsl‘ eStedtave Provedital 8 %dtpiit @thnhl 6850 RHZ% 'ﬂore&ﬁaﬁ Befficient
o o 20 PR 1 GRS  BARCR S B Y Mg ision of
the désicad mgtmlsmlbplwcbvcblt@asﬁmr tiansinisgionse effect etypioadly 50-250 volt,
Whlleﬁ%ggfegt\%r \At/%%b %&aﬂraﬁ’s%fssgn g%rﬁﬂ’ 1 Vﬁﬂic%v\gl?() \‘%lt hA}Bﬂ?ed current is
typicalleBtl-G:i/s PeT eeiki Tepisakowprbeliest MTbQHS 0t afithednput effect. The
prlm&?rﬁbﬂ% %Q%?f@elﬂrnr@gmg%teve@l nggi éoﬁ;ﬂ@d‘ grl‘}t)zh‘aﬁgl bt ot Itlgiﬁg beiacor
examplE1 (e ABEE i etk coAGvE hors Wipgiksaovier et Bulmission,
likewhgenfurthed ot haged coree Mastqa’efe&albly the phitmang Icbil i iamuventsorof
identg:%% %iﬁsa\?gcﬁda fel&@ chog? e\%%{(};l %tl 5355? ﬁl& Wl{gge% dide %9/ 0§ Lag cBSpled in

ranst or ner

paralkel] Whichds sowyensens, it rr@spgptem mmwapgur@,msembly and flexibility. The

smﬂgﬁ%lé})lfers QGPf}férs'E‘één&ﬁ IC@IIE se ffal %%gcﬁda &ﬁaller size than the
: nd or part |ntoi pr o uctlon,l

prlm%rafocqalm and WiH PB’PﬁE‘fm SRRS3NSCPSPace sﬂ%éeﬁaﬁ@n@ én@ kgcause

the sggopduast ¢aily ave pet o triﬁ@nit@@@e@ffe&tsaooﬂﬁm ané bbupled parallely are

phas§ REREE Q2 il hOF ol oet PkOC T arl fuli Bl Briphflasn o
polymrai tot ensarccmeckhanical statxhity. da@eesaddessaby torsg wells caunibe
comﬁéﬁ@ét@ﬁ b9%§gghhg ”érg@f eﬁb&' ’lgg A dif) F}g e fb&% &)rgé‘ i the coils,

er r rence.i s m
and with éﬁrge@c01ksrf&tlnpqua§@4 %mb@r %Wﬁb&%l%éﬁ@lﬁtqaéw @arﬁillsbf coupled
coilsarranged in different zones in the well, which zones

are further down into the well than the (upper)

el ectrically short-circuiting packer 4. More
Examsgleci fi cally, the zones are coupl ed together by use of

e! SR DOPUPRPHAYY AUNARS YR (R RERom, Toss

ndar
provgﬂtat Bﬂ efﬁ@@p@c pf ver %mwahis@@rﬂlese othe kBhewstbe applied on the

rlmﬁfsﬁémf A BEH RN GRIBAT - JYIPHUE b Qb@lﬁrfﬁ‘ﬁl l'oﬁgsa'n@%onsisg Sfe 80

ldentmiasugf‘nggﬁ%#%%%%&f‘é g ﬁ%ﬁ@?lm@uelﬂ%r fsagff i hgying about 250
wmdmgsarf (0,2 anahtsppearcabke. E@mﬂpliﬁl@glﬂm ‘araueﬁrmlg&nmenft at 50 Hz and
abouf 831 & kb Bty 4L, 33 A8, b e PR S AOSD St Whicn
consb@ltejﬁxcmmdr}f ¢culnw1|ﬂma oamnbbﬁo ltAvén pmbeof tiedihtoibseof the

pr1m (ﬁf‘ *I‘B%@ééfse*&%lééth%%ﬂéﬁdtﬂgo EW&H thﬁslfn?%% roldlction pipe

range signalling’is pre

and % A fBaleare Oﬁr‘éﬁ‘émeldr deie Ay botiorarafithe Well, gap kg considered as
one Windtii@ @ thé QoRASHIAR] SuifréhiGhahé clogs®klebirival tRtuit igen become
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However, there are losses because of ohmic loss in the production pipe and casing,
typically about 2 ohm for the actual well. If a secondary coil identical to the primary
coil is used, and losses are omitted, at the secondary coil 220 V and about 9,1 A can be
taken out. A loss of about 50 % must be expected in a 2,000 m long well, for which
reason only half the effect can be taken out at the secondary coil, for example 220 V
and 4,55 A. Optimization of the equipment, in particular the coils, can be assumed to




to transmt data at a rate of 10-15 kbit/second, which

is sufficient for transm ssion of the desired signals.
wa\pplioemovol t age for transm ssion of effect i SPCT/NO2006/000247

typically 50-250 volt, while applied voltage for

transm ssion of signal is typically 20 volt. Applied

resultclﬂ rré&[ged fl§ 35 %ﬂ’le%l Xaxf b% ngaﬂdée{f G5 t\‘ﬁf8 't}apsﬂ—(%{'ﬁ{e‘f‘? l wqfﬁe the

produstlpm@mz asl ¢asing Eynbheoigeongary éu@rtanh@ primary ¢ap) aed the

prlmaﬁj’\%ﬁ‘l'e'tS'the %co%ﬁﬁr}‘éﬂiﬂ coil, for exanple 7-10 mlong,
| ar ger. coi th nore mmndln vi des better

¢ She rpRersion rlaPR gery thends. wegrvgit@gwtggen tygedance,
load amdeﬂmqwhby, dreefpignificynceovith rspacttordfticienty i Howevedlparameters

and oG BB RS540 4 T, B B8 LRI nd

signabisansanissinn can e acesmplishedsatsfasterilyuFer exarapley differant types of
load dddehk Rktent ¥f cgﬁ?eo‘fédﬁdaﬂrm%gﬁﬁweﬁ H’fcaﬁf‘@ff@&%&g &of increased
oi I's, however, these may of er size than

impedaficenri mary coils, and with fewer windings, because of
space consi derations and because the secondary coils
are not to transmt large effects. Coils that are
coupl ed parallely are phase |ocked, such that they act
together. The coils are typically enbedded in a
pol ymer to ensure nechanical stability. Increased | oss
by long wells can be conpensated by applying | arger
effect, by increasing the nunber of cores in the
coils, and with larger coils or increased nunber of
side-by-side, identically, parallely coupled coils.
Exanple A well of length 2 000 mshall have | kW
transmtted fromtop to bottom Tests prove that an
efficiency of 50 %is realistic. Therefore, 2 kW nust
be applied on the primary coil. A convenient prinary
coil will be about 8 mlong and consi st of 80
i dentical, side-by-side arranged and parallely coupled
coils, each coil having about 250 w ndings of 0,2 m®
copper cable. By applying 220 V alternating current at
50 Hz and about 9,1 A on the primary coil, 25 WM IIl be
appl i ed on each of the 80 coils which constitute the
primary coil, with a current of 0,1 Ain each of the
80 coils of the primary coil. The closed electrica
circuit of the well, consisting of the production pipe
and casing that are short-circuited at top and bottom
of the well, can be considered as one w nding, and the
vol tage and current in the closed electrical circuit
t hen becone respectively 80 x 220/250 = 70,4 V and 9,1
x 250/ 80 28,43 A, if losses are omtted. However,
there are | osses because of ohmc loss in the
production pipe and casing, typically about 2 ohm for
the actual well. If a secondary coil identical to the
primary
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coil is used, and | osses are omtted, at the secondary
coil 220 V and about 9,1 A can be taken out. A |oss of
W@bwao401 % must be expected in a 2,000 m | ongP@END2006/000247
for which reason only half the effect can be taken out
at the secondary coil, for anple 220 V and 4,55 A
Optim zation of the equipnent, in particular the
coils, can be assuned toresult in reduced |oss. The
wel | can be considered as two transforners, where the
production pipe and casi o} fepMthe secondary side to
the primary coil, and thée primry side to the
secondary coil. The conversion ratio between the
1. coiWsl] fapmbidactiow bf hgdrocathonsdompriviagarnede dtitiad dana into an

undetig?‘?&ﬁ‘c? %Céémr@'_%s@;le& & mef LS8 W W&)ﬁgd\g&ﬁgﬁuoﬁ g)ﬁ:tgat e&cﬁenéig into the

paramneters
casing ey ﬁhwurﬁaqe: axidddown m 8 bydmoarqu@omammg gondy athapgeeen the
surfad®th & Ghtr dnldeISHE SRR %‘i‘c er en#)fo%l*&%ﬁon g]}pei and casmg are

sati sfactari For . exa
hung 11 e%&l@eﬂlf s @ﬂﬁgﬁﬁggg ) ao%:kﬁayrrﬁa %@%WBM wht

electﬁédll@cihob@ﬂauglangfm rtlﬁb:?xﬁﬁﬂfgﬁbd:tﬂ%ﬁﬁ ane prdductidnipipe éndéthe casing,
r ydrocarbons, " conprising a
m OrV\fOSFIt%g 1%‘8’3}2 #‘ﬁ%’t der ground, a casing fastened to
ch atriae: theot ezwal 11,10 athat dmjwtll(furthﬂmmpmiesext ends into the
f
%r‘ﬁ ocar pon Jc%ﬁ % r(11 i cﬁ)%%g%giga \éﬁ%‘%ﬂg f@ P roducﬁuonsp P F ace
i n A cg &r@ﬂgﬁﬁ éov\seqrntrlca Iy @hﬂué haprasictipn pipe,
pr @dysd teihaRtdttonthe seesidagy 86, didng up and

ce st R 2 PaE {ﬁlg;m 0 BpRaREATo BiESRAEH ot
annul us between the production pipe and the casing, in

or Wéﬁg&&&%ﬂﬂo‘wm nd of the well, char acter

el | further conprises: a primary

c h ag@iqt et afded & 8wt dhe packer isarsanged seabngly sadcalegrically short-

mrcuﬁirngm the SRAONE Herved thedrbANARM ga 684 tcamﬁgldt ¥ 18R94bove the
roducti.on B’é‘? a l'oad con ted to the secondary
‘nat

hydr%q?,rlp(? -CoRfaung 7 ing current generator/signal unit
connected to the primary coil. 2. Well according to

3 cl "’W@lﬁcc&gngtqclgmﬁ 1t er i zedi nthat the packer

IS arrange ingly’and electrically shortcircuiting

chairg ather anmul uish Bt fleelvagdicomprisgs en iindnugtivedeaddhrongh g the form
of a (ﬁ@l&d't@aﬁ@forﬁﬁ?vﬁdﬂl% Jueelr ﬁ&@ﬁﬁ%é@éﬁtﬁd@'tﬁ@ Pf&ﬂﬁ:ﬂoﬁ pipe and an

Wl | accordi t m

innexparharangsd e eagvéyrm %éieamo Wi Fipe. Misbovplibed drom paid

innertpgiet foreny@s o miéansdBsk dre aElehabBr arramded iagidewhe prddittion pipe.
arranged outside the production pipe and an

4. Well according to claim 1,
characterized inthatthe load is arranged downward of the packer, connected
with electrical cables fed through the packer from the secondary coil to the load.

5. Well according to claim 1,

characterized inthatitcomprises at least one zone further down into the well
than the electrically short-circuiting packer, connected with cables fed from the
secondary coil through the packer to a further primary coil arranged about the
production pipe in said zone, and with a further secondary coil arranged about the
production pipe in said zone, with a load connected to said further secondary coil.
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i nner part arranged rel easeably inside the production

pi pe, wiwth coupling fromsaid inner part to sensors or
wOore@nso4shat are rel easeably arranged inside thECT/NO2006/000247

production pipe. 4. Well accgrding toclaiml, ¢c har

acterizedinthat the load is arranged

6. dowpsahecaliidd® @afkar., connected with el ectrical
cables ted hgr?"[ll%%t hé packer fromthe secondary coil
. I

chag@ ¢her | g& © ROWSF &iehyl is drappmitigdi at abowt 30Hzand 50-
250 V feorn the gererator/sipral ahitl while tid $i58811iak i5 GARmARY AQ030 kHz
and%bﬁéﬁ?%ﬂoﬁv}” |ento t he V\{ell thgn the electrically
= i 1 ?1 n%enp% R’gﬁ,gnﬂloWH cted with cables fed
fromthe secondary coil through the packer to a

7. funiBeLheSAdTRY % G9id 1@r ranged about the production
i pe 1 n,sai one, and with a further secondary coil

P : With a f . .
¢ h ag@r g ez gubut 1 that evcideally isplagingsentrakiegrd apomisangddiin the

fusl tebWleDMRESLEMCtiOn BRethntiWabRHYbSRE i
;?I?E?Vr‘g%gtgeccor ding 1o ¢l gf}j e h%a ; a&g&tﬁrﬁéaﬂr‘g@%r hrzlééhedpal,cker, to

CIFGHERG RETWESHSUS PIPESt r ansmitted at about 50 Hz

and 50- 250 V fromthe generator/signal unit, while

th ' [ [ nsmtted at 20-30 kHz and about
8. Zowéggg%%darggeﬁg%?m/si gnal unit. 7. Well according
chagr@ ¢taf v £,d ci mthattheceils havera ferromeagneticreortiatranged as a sleeve
betwetetHepré@hétion pipleainldiflc 6QPLEMd RIS are arranged in

t he annul us between the production pipe and casing

bet ween the hanger and the packer, to hinder
9. shdWtHaccading togclhhvieen sai d pi pes. 8. Well according

' .1 C: I c 4t dzedi nt he . .
o hagd FLELE b4, % 8 obginlcioohulisks Bpf of ghor ey KogihiEpeimary coil,
an elpefrivalindritien ghokkitahiola valvse, insitumbntationfor hicasurenidnt of
r C i a .
prese e, O R oot g pitcSEw yelatipy . o
moto angh3,SGISEYLISEDSY- e ectri cal |y driven choke (choke
val ve), instrunentation for neasurenent of pressure,

te | t,i phase, conposition, flow rate, flow
10. Ve{‘ggl%?&gh%ﬁp?lagn tor and a seismc sensor. 10.
chawaldtactoed nign thatet edmprisesseteral hydrocatbom-produzing abnes, with
it i . - i )
osd SRy SPRE SR N OSAORP Y5 RERLRA f cach sonc
adj ust abl e choke val ve arranged in each zone.



