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10 TECHNI CAL FI ELD The present invention relates generally to equi pnent
utilized in conjunction with subterranean wells and, in an enbodi nent
described herein, 15 nore particularly provides a downhole electrical power
system BACKGROUND There are many uses for a downhol e el ectrical power
system Thgga:meas 20 include providing power to operatpgusehisd ool s, such
as sensors, data storage devices, flow control devices, transmtters,
receivers, etc. Unfortunately, the dowphole environnent is frequently

i nhospitable to sone types of power systens. For exanple, batteries
typically cannot withstand wellbore tenperatures for long. 25 O her types
of power systens generate electrical power fromfluid flowin a well. For
exanpl e, turbines have been used to drive generators in order to produce

el ectrical power downhol e. However, these power systens cannot provide

el ectrical power when the fluid flow ceases. 16 AUG 2006 WD 03/010413
PCT/ USO / 23280 -2- Therefore, it nay be seen that a need exists for an

i nproved downhol e electrical power system Preferably, the inproved
downhol e el ectrical power systemw || be able to withstand the downhol e
environgent and will not rely on fluid flowto generate its electrical
power. 5

DOWNHOLE ELECTRICAL POWER SYSTEM

10

TECHNICAL FIELD

The present invention relates generally to equipment utilized in
conjunction with subterranean wells and, in an embodiment described herein,

15 more particularly provides a downhole electrical power system.

BACKGROUND

There are many uses for a downhole electrical power system. These uses
20 include providing power to operate well tools, such as sensors, data storage

devices, flow control devices, transmitters, receivers, etc.

Unfortunately, the downhole environment is frequently inhospitable to
some types of power systems. For example, batteries typically cannot withstand
wellbore temperatures for long.

25 Other types of power systems generate electrical power from fluid flow in a
well. For example, turbines have been used to drive generators in order to
produce electrical power downhole. However, these power systems cannot
provide electrical power when the fluid flow ceases.



SUMMARY in carrying out the principles of the present invention, ingauc2o06
accordance with an enbodi nent thereof, a downhole electrical power system
is provided which io satisfies the above need in the art. The power system
utilizes a voltaic cell to provide electrical power to a well tool

downhol e. In one aspect of the invention, a downhole electrical power system
I ncl udes aw®@bxadati cal power-consum ng well tool interceamwearemoi n a tubul ar
string. A power source provides the well tool with electrical power and
includes 15 at |east one voltaic celF2-The voltaic cell has an electrolyte
which may be isolated fromwell fluid, or the electrolyt rrg%;ﬁ wel | fluid.
A first barri er Thergfore,dt mayfheospen thatn seeshexigth foman ugg@vgcgdp ‘g?e t he

el ectrol yt ?Fé:ff ak,g@efA@MTrﬁJ UprdierdNly, | tAS Ynptdved ddwihblenBl¥ctigal fiosresed bet ween

the well \Nd the electrolyte, and another barrier, ma?‘/ e used to
i sol at e t heystem;wilheablante withstand the dowrbols eavireranent and oyill ngk redpPh of t hese

barTiers : I 1 gas generated in the voltaic cell.
B PRow Ptﬁéﬂ%?ﬂ!; fis H@ﬁl?ﬁﬁﬁ Ger)

The barriers my ansm t ressure, so that the electrolyte is at
substantsi ally the same pressure as the well fluid. These and ot her
features, advantages, benefits and objects of the present 25 invention wll
becone apparent to one of ordinarsymMMARYN the art upon careful
consideration of the detailed description of a representative enbodi nent of
the invention hereinbel ow and the acconpanying drawi ngs. 16 AUG 2006 WD
03/010413 PCTf US01/ 23280 -3- BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a

schemati c view @f car@nyoticthe peiheiples of e pRessnt insyrtionin arbriditaithr i nci pl es
oF e present R 0 P1oS ELG e bR LS ShOR S 01 V1 oW
10  satisfies the above need in the art. The power system utilizes a voltaic cell to
provide electrical power to a well tool downthole.

In one aspect of the invention, a downhole electrical power system
includes an electrical power-consuming well tool interconnected in a tubular
string. A power source provides the well tool with electrical power and includes

15  at least one voltaic cell. The voltaic cell has an electrolyte which may be isolated
from well fluid, or the electrolyte may be well fluid.

A first barrier, such as a floating piston, may be used to isolate the
electrolyte from the well fluid. An insulating fluid may be disposed between the
well fluid and the electrolyte, and another barrier may be used to isolate the

20 insulating fluid from the electrolyte. One or both of these barriers may be
permeable to hydrogen gas generated in the voltaic cell. The barriers may
transmit fluid pressure, so that the electrolyte is at substantially the same

pressure as the well fluid.

These and other features, advantages, benefits and objects of the present

25 invention will become apparent to one of ordinary skill in the art upon careful

consideration of the detailed description of a representative embodiment of the
invention hereinbelow and the accompanying drawings.



the power systemof FIG 1. DETAILED DESCRI PTI ON 10 Representativel ¥ .yc 2006
illustrated in FIG 1 is a downhole electrical power systemio which

enbodi es principles of the present invention. In the following description
of the power system | o and ot her apparatus and net hods descri bed herein,
directional terms, such as "above", "below', "upper", "lower", etc., are
used only fwommoryeni ence in referring to the acconpanycmgseiras ngs. 15
Additionally, it is to be understood that the various enbodi nents of the
present invention described herein mdy be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and in various
configurations, wthBRIEFDESCREBTION OF FHEDRAWINES of the present

i nvention. The power systemio includes an electrical power source 12 and an
20 el ectrical power-consurning well tool 14. The power source 12 provides

el ectrical power to operate the well .toqgl 14. depi.cted in FIG 1, an
external set of FIGohd8ct cicemenc, view, o8 £ W%ﬂﬂﬁii?"t@&éci’?‘i’%‘aﬁysﬁ&\er fromthe
power sour Genhba Tngpr‘lhhiglég%ﬂhetﬁ@jenﬂﬂwerm&l;iﬂh‘ase conductors coul d extend
internally, or %nhe power source could be connected directly to the well
tool, etg. 25 TRE; WEkla schethatidcregededtitinl ooy df vigeleetriqabpewerGougdrofi ng

downhol e device. For e %@I , the well tool 14 could be a flow control

devi ce (suéheB%W%YsyﬁFWé;%,I '1-sensor (such as a pressure, tenperature or
fluid fl ow sensor), an actuator (such as a solenoid), a data storage device
(such as a programmabl e nmenory), a conmunication device (such as a
transmtter or a receiver), LS. yh 2006 WO 03/010413

PCT/ US01/ 23280 -4- source 127 W%ﬁmiﬁiharge a battery or a
capacitor, in which case the energy storage device would be the well tool
14. The well tool 14 and power source 12 are interconnected in, and forma

10 Representatively illustrated in FIG. 1 is a downhole electrical power

system 10 which embodies principles of the present invention. In the following
description of the power system 10 and other apparatus and methods described
herein, directional terms, such as “above”, “below”, “upper”, “lower”, etc., are
used only for convenience in referring to the accompanying drawings.
15 Additionally, it is to be understood that the various embodiments of the present
invention described herein may be utilized in various orientations, such as
inclined, inverted, horizontal, vertical, etc., and in various configurations,

without departing from the principles of the present invention.

The power system 10 includes an electrical power source 12 and an

20 electrical power-consuming well tocl 14. The power source 12 provides electrical

power to operate the well tool 14. As depicted in FIG. 1, an external set of

conductors 16 are used to conduct electrical power from the power source 12 to

the well tool 14, but these conductors could extend internally, or the power source
could be connected directly to the well tool, etc.

25 The well tool 14 could be any type of power-consuming downhole device.
For example, the well tool 14 could be a flow control device (such as a valve), a
sensor (such as a pressure, temperature or fluid flow sensor), an actuator (such as
a solenoid), a data storage device (such as a programmable memory), a
communication device (such as a transmitter or a receiver), etc. The power



part of, a tubular string 18 positioned in a wellbore 20. An a””“'“%s%%di&m
formed 5 between the tubular string 18 and the wel | bore 20. The tubular
string 18 may, for exanple, be a conventional production tubing string
having an internal flow passage for production of hydrocarbons fromthe
well, or it could be used for injecting fluid into a subterranean formation
t hrough t havddsow4passage, etc. Note that the power soupCwULA/2320 depicted in
FIG 1 as being separate and io0 spaced apart fromthe well tool 14.

However, it is to be clearly understofd that this is not necessary in

keeping with the pringiples Qf the present invention. The  powey source 12
and wel | t@evrcwe@maisool@ ‘éﬁeaéEPF‘Vggéﬁ?ﬁB%‘B’éHat%P%%@H ipewiieh casgdbe coul d be

conbi ned i hergl IR rSRMvIcO RouldivRate GOl P i ntegrated into another overall
tool assenbly, etc.” 15 Referring additionally nowto FIG 2, an enlarged

cross-sectional Td @4l @bol m%m@& s6EE G€ adint&rchrBReRAN] Ald fb‘i‘fn}’a _
source 12 ing¢ludes. a generally tubul ner housi ng

Il lustrated. The wer q%r |

24 having $aF w@&y&aﬁg@%&nﬂsﬁ@ae irerethare e hAn sREUIMARR S IRBY ng 24 i

t hreaded atheBa®h tRORIbLRE siritiz@BGAH ARCHEDore 3d) TH&QubMEluétﬁhF $8 hia@Jod 8, SO t hat

the fl ow passage 26 comrunl.clgiles (ﬁn}éh the 20.interior flow qa sage of the
PYoRaY, b

tubul ar st rER#EPleabg &neoTyE igR tahing string, §aving an Bl r ounds t he

i nner  housjGed for %rbaﬁ&tm Sfoydraarisihs I kd wellantDRlcodld Behagealiet Ween. Two
voltaic cel]ls 32, 34 are positioned within the chanber 3o0. The cells 32, 34

are gener alippctingfhid into 3 sublerrancandarmation shrough the flovopassageddts: sur r oundi ng t he
i nner cell, and_the 25 inner cell outwardly surrounding the flow passage 26.

. 19
However, it is Netegbaiciheqomgr sQiserisis J8RiciedR Fiiel aslqidg separateand | d be

ot herwi ge sRaRa%hpandrdh TR Welb €0l ROS HoweR@dit ivMd hoslbarfleRalchitdst fiapm t he
principles of thé present invention. Each of the cell's 32, 34 includes an

annul ar - shabieds Betoweessaryndeeming wWith tepringipipsee! thapresent inentiap. Thectrol ytic
fluid 40 i s,.GRRLRIrEEH ?&fwgﬁgboq @fco@@bgaﬁgalﬁégg&g?&?%g%t@, @by €ach of the

cells 32, 34. Preferab % anodes 36 are nade gnesiummaterial,
t he cat hodesulisbeapembingd it teopseiool they eaid be integrated into another

overall tool assembly, etc.

15 Referring additionally now to FIG. 2, an enlarged cross-sectional view of
the power source 12 is representatively illustrated. The power source 12 includes
a generally tubular inner housing 24 having a flow passage 26 formed
therethrough. The inner housing 24 is threaded at each end for interconnection
in the tubular string 18, so that the flow passage 26 communicates with the
20 interior flow passage of the tubular string.

A generally tubular outer housing 28 outwardly surrounds the inner
housing 24, thereby forming an annular chamber 30 therebetween. Two voltaic
cells 32, 34 are positioned within the chamber 30. The cells 32, 34 are generally
annular-shaped, with the outer cell outwardly surrounding the inner cell, and the

25  inner cell outwardly surrounding the flow passage 26. However, it is to be clearly
understood that the cells 32, 34 could be otherwise shaped and otherwise
positioned, without departing from the principles of the present invention.

Each of the cells 32, 34 includes an annular-shaped anode 36 and an
annular-shaped cathode 38. An electrolytic fluid 40 is contained between the

30 anode 36 and cathode 38 of each of the cells 32, 34. Preferably, the anodes 36 are
made of a magnesium material, the cathodes 38 are made of a copper or steel

material, and the electrolyte 40 is a sodium chloride and water solution.



material, and the electrolyte 40 is a sodiumchloride and water SOI#%B%@QQ&?
AUG 2006 WD 03/010413 PCT[USO /23280 -5- However, other materials

used. For exanple, the anodes 36 may conprise an alloy of magnesi um and
zinc, the cathodes 38 may conprise a silver material or an alloy, and the
el ectrolyte 40 may be anot her aqueous solution or suspension, such as

anot her saMO®&#10dt3 on, fresh water, use of a clay baddPCT/USER¥S 5 Usi ng t he
preferred materials for the anodes 36, cathodes 38 and eIectronte 40, each
of the cells 32, 34 shoul d produce ap%rOX|nater 0.7 volt The ceIIs 32,

34 may be ectrically connected.in s to duce VO .e.,
connect i ng%@v%h rsfeat?rlag g be H’ée ef%rﬁpﬁ Lﬁ%f‘ﬁBé‘? t he ot her
cell). As dempEsesh allbylafﬁagﬁesxm%ndfmrfchﬁe@ﬂQd@é‘s :ﬁﬁ'nﬁﬁ@brﬁﬁl@se(ﬁ sﬂv&e cat hodes

38 are 10 conn cted tor, 42 for condu el ec rlcal power to
the wel | tGAterdopiaga 'Plﬁémgc}ﬁ @F%?lgel@ Ba¥ OF AB B‘g{f@us RO} fer anode 36

and cat hodguspenéé€ suctoieetias silosdaidn, fredlewates ubdofa dBBhdRfilDetcd4, so that
the cells 32, 34 are wired in series. O course, the cells 32, 34 could be

wired i g paral | Ghing bl prefeeredonnesiabd fort thes apadeat §6WeithoﬂesOb8 amt coul d be
connected i ot her

i t hout t th | f
Che o ecanelee Rk o L S 3 a0 Shout oAb bttt odtrdly 1 The” ©
chanber 3oThY cals 34, @alﬂ:ﬁ@tﬁb@lé@mcdﬂ?'cﬁﬁe@teﬂﬁnBél@éé&ﬂt;ﬁo@ﬁ:@aﬂﬁv&fs (&g

electrolyte 40 frq r de nd cat ode at the | ower
ends of th yé@}f}%t“@&eﬁﬁo‘?ﬁ 3é Qfer?é‘e Oﬁﬁeﬁe %Eﬁﬁﬁ’@% qggﬂfs‘?tﬂﬂ"sce 28 are
made of a nonco ctin rial e ul tor nnecessary
However, el ect r‘E%écjﬂ lﬁ%m#caﬁfwf@& g tt]?%‘%]%/%gﬁég @ t he cells
3f2 ﬁ4 1%h|0|@b1ﬁh?)egfédgg ﬁ\t@ﬂﬁie@d)r 4E$&&1§ﬁg@cftmfgféﬁcﬁ‘lc§n?]dv€bﬂé ﬂxle%nftb@lrmtvlme uppler ends
of the cells is ent y ap c i nsul ative
floating piid epfidugigrs %de %QY‘{)n H‘%@“B@‘F ﬁgta“gr é‘ﬁi"' aé lagensf er
bet ween t h@oﬁie@féﬁrt@leé{&l%tﬂé} u%ﬂié aadamductor 44, so that the cells 32, 34 are wired in

series. Of course, the cells 32, 34 could be wired in parallel, could be connected

to separate well tools, or could be connected in any other manner, without
15  departing from the principles of the present invention.

The anodes 36 and cathodes 38 are secured in the chamber 30 by an
insulator 46, which also prevents escape of the electrolyte 40 from between the
respective anodes and cathodes at the lower ends of the cells 32, 34. If the inner
and/or outer housings 24, 28 are made of a nonconducting material, the

20 insulator 46 may be unnecessary. However, electrical communication between
the electrolyte 40 in the cells 32, 34 should be prevented.

Escape of the electrolyte 40 from the upper ends of the cells 32, 34 is
prevented by annular-shaped electrically insulative floating pistons 48, 50. The
pistons 48, 50 permit pressure transfer between the electrolyte 40 and an

25 insulating fluid 52 in the chamber 30 surrounding the cells 32, 34. The fluid 52
may be any type of insulating fluid, such as silicone, etc.

In each of the voltaic cells 32, 34, hydrogen gas is generated at the cathode

38 due to the chemical reaction which produces electricity in the cell. The pistons

48, 50 are made of a material, such as Teflon® or an elastomer, which is gas-

30 permeable, or at least permeable to hydrogen gas. In this way, the hydrogen gas
is permitted to escape from the cells 32, 34, rather than accumulate therein.



25 insulating fluid 52 in the chanber 30 surrounding the cells 32, 34., %,
flurd 52 maybe any type of insulating fluid, such as silicone, etc. ﬁh eac
of the voltaic cells 32, 34, hydrogen gas is generated at the cathode 38
due to the chem cal reaction which produces electricity in the cell. The
pistons 48, 50 are made of a material, such as Teflon@or an el astoner,

whi ch i s ga® B01@BY neabl e, or at | east perneable to hy®Coy8n/2888s. In this
way, the hydrogen gas is permtted gg@sscape fromthe cells 32, 34, rather
t han accumnul ate therein 16 AUG 2006 03/010413 PCTf US01/ 23280 -6-

However, it is {0 be upderstood that it .i.s not necessary .in ing wth the
br e pi es of "t HEweEdEiRtopro SRR GRE At 15 aPineR aaa R ol yliPe 0 "t 't he
cat hode 38.principlesxafmhlecprebdnt ineditichiSod hydrdgen lyes te diecgeheadted e that hode 38

(CU+2 + 2e- - oé th no producti f h oge S, . D e, that the

pi st ons 48,‘:3%‘8%:13 .#é)rse&ﬁ@p ﬁléer Sﬁﬁ“yg@@r cob’gcﬁ’? g?d_]ucg@'at tlég(g%i%?%g3 he pi stons
48, 50 coul(duiznsieeadCipg withmorprodsctiohiof hydrbgen gag. transmt  pressure

t hereacross, and which are al so nade of a gas-perneable nmaterial to permt

escage af fj he h?(ﬁfeo?ﬁgtmpisfdrﬁr%&fyb ?ﬁylba sddie (&lﬁer Elj;}esafhbal-yiei.ywer of bar{! er
may be used, w ut .departin m ri ngi pl es .q e, present invention.
10yThe i ns ERAMPISt IHﬁtﬂg%Qé’i@g?@ﬁ%@agpgm%’esﬁlﬁ%h%tcfﬁénsé‘ﬂ ulus 22 by
an annul arrefaRedefeh@dkd, Heid RilEED Aréddsd aridt iop Aglsiparhéuble el t30. The
piston 54 transnits pressyre between the well fluid in the gnn_ul us 22 and
t he i nsul atRergt efqaﬂ?ﬂp g%y&rog%g a7 the cels 33, 34+ Ahus, aay typeiREbaTREr| at i ng
fluid 52 anghyleasbd QlitHobs dephPtifg/framtheprin @bl sfdhdprebaiisnvdBtiopo) are at

substantially the same pressure as the 15 well fluid in the annulus 22, so
that thg outer RuFkHEiaSNuR 4 B9solted Bomardetuid & tsoaidus ASbyvan h t he

Phe. bl st on a0alapapaned AIRRHEE PIRn ShcHa LOTR S 1 ROAGyT B8 THSBIFEb5 sol at o ¢ he.
vel | fluid fmemt heedsidebedtivbdiOthe| willdhid iMvithd SnriMisd3 hhdhe insulating
fluid 52 in the chamber 30. In this way, the insulating fluid 52 and electrolytes
40 (via the floating pistons 48, 50) are at substantially the same pressure as the
15  well fluid in the annulus 22, so that the outer housing 28 is pressure balanced.

Of course, as with the pistons 48, 50 described above, any type of barrier
may be used in place of the piston 54. For example, a flexible membrane may be
used to isolate the well fluid from the insulating fluid 52 while permitting
pressure transmission therebetween. The piston 54 may also be hydrogen gas-

20 permeable.

Pressure in the well fluid in the annulus 22 is communicated to the
chamber 30 via an opening 56 formed through the outer housing 28. However, it
is to be understood that the chamber 30 could be pressurized from the flow
passage 26. That is, the opening 56 could provide fluid communication between

25 the chamber 30 and the flow passage 26, instead of between the chamber and the
annulus 22, in which case the insulating fluid 52 and electrolytes 40 would be at
substantially the same pressure as the well fluid in the flow passage 26. In that
case, the inner housing 24 would be pressure balanced opposite the chamber 30.

It should be clearly understood that it is not necessary for either of the
30 inner and outer housings 24, 28 to be pressure balanced, or for the insulating
fluid 52 and electrolytes 40 to be at substantially the same pressure as well fluid



pressure transm ssion therebetween. The piston 54 may al so be hydr oqggvgazgﬁﬁ
20 perneable. Pressure in the well fluid in the annU US 22 is conmuni cate

to the chanber 30 via an opening 56 formed through the outer housing 28.
However, it is to be understood that the chanber 30 could be pressurized
fromthe flow passage 26. That is, the opening 56 could provide fluid
comuni cat mwoshewseen 25 the chanber 30 and the fl ow paswugm228) i nstead of
bet ween the chanber and the annulus 22, in which case the insulating fluid
52 and el ectrol ytes 40 would be at 3§dbstantially the sane pressure as the
well fluid in the fl ow passage 26. _In_that case, the %gner h uii ng 24 woul d
be pressur ETHAMAKRCEE ROWSH SPWEE dRe THR er330 cpylddRgfgad bp complelgly y

under st 0od st fron the VABLUIE pESE@EY FoP bxahplélahe Charhh@ 303EnldBeht and out er
housi ngs 24, 28_to be pressure bal anced, or for the insulating fluid 52 and
el ectrol yt é%du%dP@S%eﬁ@la@{%gﬁ%‘ﬂlﬁﬁmgPf‘ﬁé“@arre pressure as well fluid 16
AUG 2006 WO 03/010413 PCTI Ys01/ 23280, - 7- proxi mate .t he r. source 12. The
chanber 30 coul 8 ahalernatesm prdr o the pew sé’équerltgn{}leh‘éelﬁﬁ;ﬁlfll $d pressure.

For exampl @nnilde 26 hrrTheF p%@a%é%d Eoulde s@ive as tHecslb@RNP14®S SRrexhMipR, | ve to the
well fluid pressure. In an_a tgr nat e ﬁﬂﬁ diment of .the po‘ger, source 12, the
wel | 1 ui d brigetséer 18 commaniysusss agp wel <§a§§aaéva§6 igagrlysdutorand the

el ectrol yt gyl fubOiorPaAP biRetrolPleiqoe Water is commonly used as a well fluid.
Brine water is a salt solution"and would function as the electrolyte 40. If

vell fluid in tievaDAuldiem 2 adnuileeds 38 ubdieagkiee tle@roli® 46), theRQRe t he _
openi ng 56 woul d exte bel%a/\gen th anngjé]gs gnd t.he chanber 30 as shown in
e g8

io FIG 2. OPEniRgisp waulg gxte £11 B 458 ke chamhex §048 shawm i ect rol yt e

40, thep thgcopeftividl MR iftHeTRiepisaensuRaldeBA b eoll e, BRRsAge and the
chanber 30. In either case, the floating pistons 54, 48, 50 would not be
used to isopaniagmesldiapiead extend between the flow passage and the chamber 30. In

either case, the floating pistons 54, 48, 50 would not be used to isolate the well

fluid from the electrolyte 40.

Of course, a person skilled in the art would, upon a careful consideration

15 of the above description of representative embodiments of the invention, readily

appreciate that many modifications, additions, substitutions, deletions, and other

changes may be made to the specific embodiments, and such changes are

contemplated by the principles of the present invention. Accordingly, the

foregoing detailed description is to be clearly understood as being given by way of

20  illustration and example only, the spirit and scope of the present invention being
limited solely by the appended claims and their equivalents.



fluid fromthe electrolyte 40. O course, a person skilled in the art woul d,
upon a careful consideration 15 of the above description of representative
enbodi ments of the invention, readily -sappreciate that nmany wudid t00at i ons,
additions, substitutions, deletions, and other changes may be nmade to the
speci fic enbodi nents, and such changes are contenplated by the principles
of the prewgemTIwweaIMBD IAccordi ngly, the foregoing detail ed description
is to be dearly understood as being given by way of 20 illustration and
exanple only, the spirit and scope of the present invention being limted
solely by the abpendﬁaﬂowmhblnﬁlwtrébatp@wrsastamveommis'ng 8- 16 AUG 2006 WHAT

IS CLAIMED IS: J jelril 5\9&- fnlg Gl (BB ercHREABA 1&%”%3% Ningdn

el ectri cal povver-consum I nt erconnected I'n stTi ng;
and a poweandsour ce provi d| ng the well tool with electrical power, the power

source incl udld&ﬁo@ér sbel%étpr&n&ng%é@bﬂ:tdbwlth@e&ﬁm powanasep cﬂmsau&étt hode,
each of the ano and cat hode

?hgg exposg&i to, an ctrol , t he

el ect r ol ytigclyding gt ileast areyolfaie sl Raving ap gpade,aul “'tﬁ’@c 8 @6’ fce by at
| east one gpidegode Hei@ﬂéﬂﬂohéd ta?arf J:lutwbl?tar fndethe e?tectp%l)de\ldﬁhﬁg: 1|eoleﬂe6;ﬁo"m cal

power syste sing, an el ectri,cal ,power- consum ng well too

i nt erconne‘é"t[gﬂegl ‘%SP ‘Fli’ﬁ%lhﬁpog’ﬂ?%ce bya%{&é) YSur ce providing the well

t ool w th tedmaiitting Aluidlearser. t he power source | ncI uding at | east one voltaic
cell having an anode and a cat hode, each of the anode and cat hode bei ng

exposed to an electrolyte, and wherein the electrolyte is a salt solution.
3. A downhol e el.ect rAd&WnbokmﬂeCQWi BoRVercypipm;, somprisiagi el ectri cal

pover - consym g MEh | pb @G -cdnBhRIHEOMEL 1A TifeftohHU P inSl tililar string;
and

a power source providing the well tool with electrical power, the power

source including at least one voltaic cell having an anode and a cathode, each of

the anode and cathode being exposed to an electrolyte, and wherein the

electrolyte is a salt solution.

3. A downhole electrical power system, comprising:

an electrical power-consuming well tool interconnected in a tubular string;
and

a power source providing the well tool with electrical power, the power
source including at least one voltaic cell having an anode and a cathode, each of
the anode and cathode being exposed to an electrolyte, and wherein the cathode
comprises a material which is a selected one of copper and silver.

4. A downhole electrical power system, comprising:

an electrical power-consuming well tool interconnected in a tubular string;
and

a power source providing the well tool with electrical power, the power
source including at least one voltaic cell having an anode and a cathode, each of
the anode and cathode being exposed to an electrolyte, and wherein the anode
comprises a material which is a selected one of aluminum and an alloy of zinc and

magnesium,

5. A downhole electrical power system, comprising:



and a power source providing the well tool with electrical power, the power
source including at | east one voltaic cell having an anode and a cat hode,
each of the anode and cat hode bei ng exposed to an el ectrol yigav@pghsWwher ei n
the cathode conprises a material which is a selected one of copper and
silver. 4. A downhole electrical power system conprising: an electrical

power - consuni NGaygjektric@P bowsi-esrisMRRC el tbél Rtdrtdneated Shrd Adular Mg power
source prowddl ng the well tool with electrical power, the power source

i ncl udi ng #i¢ | east one voltaic cell having an anode and a cat hode, each of
t he anode and catpoede soaicegpexjdisedhd ovelintoel edth elegtrizal podenhthe gpawdrhe anode

conprises a materjal | s . a . e f_alun nu n | gy of
zinc and %ﬁegﬁc mg\é\'gt %ng(g%ehgﬁﬁgawe%&elﬁl ra%(gglfnp%r\%éllrérgsnlas gﬁq&gg%n%?#soﬁng: -9-
16 AUG 200fhe amwdelandt citbede pemgrexposesutn ag elgskhiclteoind miheredwthe volizici n a

tubul ar st ijnga; legggjaﬁiam%a]og%{%g%%[ Yindidigpier wel I tool with electrical

power, the power source’inc east one voltaic cell having an anode
and a cathode, each of the anode and cat hode bei ng exposed to an

el ectrolyte, ang whergé @o%ﬁ%@érﬁadcéordﬁ@ﬂo CRirdts, |“Q1_%§éinﬁﬁéghﬁbérﬁwﬁbl@| osed by
a gas-perneabl e barri I &‘ e power system according to alm5, wherein

t he gas- pePHESHS &¢ G @y EA%abl e to hydrogen gas. 7. The power system
according to Claimb5, wherein the gas-perneable barrier is a floating

. . 8. d hol | i cal . 5 i sing: | "9
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barrier is a floating piston.

8. A downbhole electrical power system, comprising:

an electrical power-consuming well tool interconnected in a tubular string;
and

a power source providing the well tool with electrical power, the power
source including at least one voltaic cell having an anode and a cathode, each of
the anode and cathode being exposed to an electrolyte, wherein the electrolyte is
maintained at a pressure substantially equal to well fluid pressure proximate the
power system, and wherein a barrier isolates the electrolyte from the wellbore
fluid, while transmitting pressure between the well fluid and the electrolyte.

9. A downhole electrical power system, comprising:

an electrical power-consuming well tool interconnected in a tubular string;
and

a power source providing the well tool with electrical power, the power
source including at least one voltaic cell having an anode and a cathode, each of
the anode and cathode being exposed to an electrolyte, wherein the electrolyte is
maintained at a pressure substantially equal to well fluid pressure proximate the
power system, and an electrically insulating fluid being disposed between the well
fluid and the electrolyte.

10.  The power system according to Claim 9, wherein an electrically
insulating barrier isolates the electrolyte from the insulating fluid, while
transmitting pressure between the insulating fluid and the electrolyte.

11.  The power system according to Claim 10, wherein the insulating
barrier is permeable to hydrogen gas generated in the voltaic cell.



a power source providing the well tool with electrical power, the power
source including at | east one voltaic cell having an anode and a cat hode,
each of the anode and cat hode bei ng exfposed to an el ectrol yleaAu@k@wei n t he
electrolyte is mmintained at a pressure substantially equal to well fluid
pressure proxi mate the power system and wherein a barrier isolates the
electrolyte fromthe wellbore fluid, while transmtting pressure between

the well fluid d the, el r -e. - ctrical power system
conprising: an ‘ect%%ogwﬁ%%ev\eglr"%{%%r]l g‘r”neﬁgdg{v%ewp%nggﬁhght erconnected in a
tubul ar string; an dnekrahgoine hevingce fhvonagiagy formedvgh¢rethoaighwithh ishesct ri cal
power , L NehARMRY befBUifirchiiidolid! B9 Rlubits A Cin/ Al WRUC &ellar Nyl ngwan anode

r
and a cat hode, “eac e_anode and cat hode bel ng exposed to an

el ect r ol yt Bassagedp & ¢pmmBnisption Vih theantesior pfthe fubuE§rE: a pressure

substantial 'y egyaltel hovsihk dt1bdse pRFRES WpBeddl SpariTBbe HReinnPOWSIsify sbem and
an electrically i SuLs?—foI ng,fl uid bei 251 di sposed between the well fluid and
the el ect r B1aj¢ ghamgsr i émg‘l])@rbéfe@%ete@ d-cording to G aim9, wherein an

electrically i asithatonegvdiaid tel dispodedtiasthé Rharabec thicovyltadc fceld mupplging
i nsul ati ng transn%ktttpiogg pressure between the insulating fluid

fluid, whi ge
and t he el SEPFISThROYET o opers a3y ystem according to C aim 10, wherein the
insulating barrier is perneable to hydrogen gas generated in the voltaic

cell. -10- 16 AUG 20 ?&M"Q - el i rising:
an inner housi n:}]@hav?ﬁgépégﬂ% pasggdgrgm &?QW%T%@%@U%S@@& I n%r
housi ng beisaljtddnfremcwakh dbtid byt o figstthapugravhish riergits pregswie| transtep betvegent he | ow

passage i Sy %&qﬁfﬂ%&ﬂ{é‘% aMden the interior of the tubular string; an
out er housi r?g at least partially spaced apart fromthe inner housing, so

t_hat a ch_anber is forned therebet ween; and at Ie_ast one voltaic cell
di sposed in theighaniygs ,pdwe #8lehRiaccdi@ink ®UEMi NG, further comprising an

insulating fluid disposed between the well fluid and the voltaic cell.

15.  The power system according to Claim 14, wherein the first barrier
isolates the well fluid from the insulating fluid, and a second barrier isolates the
insulating fluid from an electrolyte of the voltaic cell.

16. The power system according to Claim 15, wherein the second

barrier is electrically insulative.

17. The power system according to Claim 15, wherein the second
barrier permits pressure transfer between the insulating fluid and the electrolyte.

18.  The power system according to Claim 17, wherein the second
barrier is permeable to hydrogen generated in the voltaic cell.

19.  The power system according to Claim 12, wherein there are multiple
ones of the voltaic cells, the voltaic cells being electrically connected to each other.

20.  The power system according to Claim 19, wherein the voltaic cells

are connected in series.

21.  The power system according to Claim 19, wherein a first one of the
voltaic cells is positioned within a second one of the voltaic cells.



el ectrical power to operate a well tool. 13. The power system according to

Claim12, wherein the voltaic cell is isolated fromwell fluid by a first
barrier which permts pressure transfefj.between the well fl y gdu@nghst he
voltaic cell. 14. The power system according to Claim 13, further conprising

an insulating fluid di sposed between the well fluid and the voltaic cell.

15. The power syst enTRE CRIwhrNGystn ARbMidd to WORIRI P1! RehdréihSthebaédon8r
isolates the well, fluid from the |nsulgt%n%_flu d, d a second barrier
i sol ates t Kdta1g ¢rdhis apnvier-shepediand gimoypdssine Lt §P4HIE B t he vol taic cel . 16.

The power system according to Caim 15, wherein the second barrier is

electrically ingulati . SYS cordi ng.,t akm 15. wherein
t he second bar?élj'er %Pe{efﬁ?‘%gr Sﬁ;rgé%glsﬁcr%leéﬁ@}%%s(?@{r&get\;/\vé"iérﬁl ee(ﬁrsgsvg:ltg]tcicﬁg fluid
and t he el sanndhyshaped 8nd Frwupdswhe floyspassagaccording to G aim 17, wherein the
second barrier is perneable to hydrogen generated in the voltaic cell. 19.
The power system according to Caim112, wherein there are nultiple ones of
the voltaic cells, the voltaic cells being electrically connected to each
other. 20. The power system according to Claim19, wherein the voltaic
cells are connected in series. 21. The power system according to Claim19,
wherein a first one of the voltaic cells is positioned wthin a second one
of the voltaic cells. 16 AUG 2006 22. The power system according to Claim
21, wherein the second voltaic cell is annular-shaped and surrounds the
first voltaic cell. 23. The power system according to Claim 22, wherein the
first voltaic cell is annular-shaped and surrounds the fl ow passage.



