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DOMNHOLE ELECTRI CAL POAER SYSTEM 10 TECH11l 1 CAL FIELD 15 The present
invention relates generally to equipnent utilised in conjunction with
subterranean wells and, in an enbodi ment described herein, nore
particularly provides a downhole electrical power system BACKGROUND There
are many WOd8/0f@i3 a downhol e el ectrical power system TheetUsars28d0 i ncl ude
provi ding power to operate well tools) such as sensors, data storage
devices, flow control devices, transmitters, receivers, etc. Unfortunately,
t he downhvl e environnment is frequently inhospitable to sone types of power

systens. For exanple, batteries typically cannot vveI | bur e
tenperatur es for mmﬂm her types of powe ﬁ%ﬁ@%ﬂ erate el ectrical
power from fl ui d mw For exanpl e, ave been used to
drive generators in ofgdeesto pr oduce el ectri cal powe®downhol e. However,

t hese power systens cannot provide electrical power when the fluid flow
ceases. WO 031018413 PCTI CTS01123280 -2 Therefore, it my be seen that a
need exists for an inproved downhol e el ectrical power system Preferably,
the i nproved downhol e el ectrical power systemw ||l be able to withstand the
downhol e environnent and will not rely an fluid flow to generate its

el ectrical power. 5 SUMVARY In carrying out the principles of the present
invention, in accordance with an enbodi ment thereof, a dawnhole electrical

power systemis gy",‘m{il i i ) p(gg‘@llﬁ M" the art. The
power system uti I% es a vmg‘r‘g‘i‘gﬁe? O provide efec |?¥ power to a well

t ool downhol e.
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TECHNICAL FIELD

The present invention relatcs generally to equipment utilized in
conjunction with subtcrranean 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 lemperatures for long,

25 Other types of power systems generale electrical power from fluid flow in a
well. For example, turhines 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.



I n ohe aspect of the invention, a downhale electrical power systemincludes
an el ectrical power-consum ng well tool interconnected in a tubular string.
A power source provides the well tool with electrical power and includes i~
at |l east one voltaic cell. The voltaic cell has an electrolyte which may he
isolated fromwell fluid, or the electrolyte my be well fluid. A first
barrier, WodoHd1da fl oati ng piston) may be used to isol apeTh@/ntsmctrol yte
fromthe well fluid. An insulating fluid nay be di sposed bctwcecn the wel |
fluid and the electrolyte, and anoth€r2‘barr|er may be used to isolate the
20 insul ating fl ui fromth el ect One or, both of th rizers may
be perneabl e t@qﬁg%r%g’érfnﬁﬁ g‘@ﬁ’érté %r}eﬁdtq’l{é“t%é‘i’rt é‘i‘é”{FEPYedeé‘H\ﬂ.mE riers
{Tﬁy transahélrfchluladwef % SUHE, Riafei-my, tHeeimprREA Aloprthdls emctﬁmSﬁmrl ally

e sane essur

e well flujid., Th and ot her, fe vant ages,
benef i ts SHteTaRfile t@? To nathsiacbite dopmiie ARV BAITER, AL el BobERR BNt o
one of Ol’ﬂmaZﬂdWﬁj(géderaﬂ@lw'@e@flbaIWrCal’ eful cousxderation of the detail ed
description of a representative enbodi nent of the invention hereinbel aw and

t he aagonpanyi ng draw ngs. W O 031010413 -3 BRI EF DESCRI PTI ON OF THE
DRAW NGS PCTI US01123280 FIG i is a schematic view of a downhole electrical
power system enbodyi ng principl es SUMMARY esent invention; and FIG z i5 a
schenialic cross-sectional view of an electrical power souxce of the nr~wer
systemof FIG ~. DETAIi.EDi)r:.SCI~IP'f IfINto Representatively
illustrated in FIG 1 is a downhole el ectrical power system lo which

enbodi es pri ncimtassying ouhthepeseiptesiof vem presant inventien,fig|aceprdageelwitdy i pt i on

f th t
G recti ooy epBeEhbht B, O delm AL Yie) HiheSyARHP i BRARPERRET ¢ 1.
used ol ysdtisfies she @hpen deed in the art: aThe power wystam:uhbmya rvgltaicagallniys. y5
Addi ti Onahl-c}(mdé éleétﬁcﬁ g@e q%éj %gdggﬁﬁ lghe vari ous enbodi nents of the

pr esent vent 1 on des hereln may be utilized in various orientations,

such as inclingg ,Udem‘{ﬁ%é&dof QY i g A Rh) ?foWn?x%le eféc&lcala?éiwéxn sY#EinOUS

configurations, wtho depart| ng fromt e EJH nci pl es he present
i nvent i oninchilespywelecsieal cpawer-gansiuiRe well 10l dntereennastade in gotifsdan 2 and

an 2o el egﬁmgmal& B%%oﬁf?:@ Hbi'a@s\fﬁs' Jveﬁ 9&&1Iw1ﬁ1 emeﬁidmpgwefsﬂa (fﬁclﬁaesorov' des

el ectrica r per at ted In an

ext er Gl gtelteaeifonﬁmdt%@ el Tbe aeléalegelah%ae(ﬂmtr@!yfér»@%@h F!?é(lhep‘éOJéFEdf romthe
power SOUHB&%HE&& Qﬁtl’i@@fec&@@lt P,g@weutmﬁae conductors cold extend
cou

-internally, or t power sourc be connected directly to the well
tool, ctc. 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 electrolyle. 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.



2~ The well tool 14 could be any type of power-consum ng downhal e devi ce.
For exanple, the well tool i~ could be a flow control device (such as a

val ve), a sensor (such as a pressure, tenperature or fluid flow sensor), an
actuator [such as a solenoid3) a data storage device (such as a

programmabl e meraory)) a conmuni cation device (such as a transmtter or a
recei ver WO ay@d41¥he power WD 031010413 PCTI US01123280 RI/ES0028280 12 nay

al so be used to charge a battery or a capacitor, in which case the energy
storage device would be the well tool3r~. The well tool i4 and power source

i2 are interconnected_in, and form a tubular string i8
positioned in a wel |%&1§F2@ES&RI£%@1§3515¥%§ DRANINGS ot ween the tubul ar
string i8 and the well bore 20. The tubular string i8 may, for exanple, be a
conventional production tubing string having an internal flow passage for

producti on of drocarbons from the l1,y0r.it could be used f i njecting
PIdinto a St e narbanbrnrRg: on Bhro imbinle FoéiFe phiet oflen Rote
t hat t he quabwlyispprineptsd of shelprsentddventidel;, @adi as bei ng separate and io

spaced apart fromthe well tool tg.. However, it is to be clearly
under st ood t h&IGl kus ai shanhlioeressecijonial viewepl ay electifical peowpr smmicploés of t he

present i j source 12 and well tool i4 could be directly
SRS RR

connecte €y could be conbined into the sane tool) they
could be integrated into another overall tool assenbly, etc. i~ Referring
additionally nowto FrG ~, an enlarged cross-sectional view of the power

source 1.2 is representati vaprAtrpninesetiyribn power source ~a includes a
general ly tubul ar inner housing 2rl having a fl ow passage 2b forned

t her et hrough. The inner housing ~4 is threaded at each end for
interconnection in the tubular string i8, so that the fl~w passage 26
Commﬂjl fat fs bVllléﬂieééﬁ?atz&érl]y rm_agtm%gf inawmaglsma @éwﬁl‘iﬁd et eﬂﬁuﬂ@zﬂ q;tdwﬁag- A
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40 is a sodiumchloride and water sol ution. WO 031 010413 PCTI US01123280
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The anodes 86 and cathodes ~8 are secured in the chanber 30 by an insul ator
4fi, which al so prevents escape of the electrolyte 40 from between the
respective anodes and cat hodes at the |lower ends of the cells g2, 34. If
the inner and/or outer housings z4, z$ are nade of a nonconducting
material, the ~o insulator 46 may be unnecessary. However, electrical
comuni cawWDooivetdveen the el ectrolyte 40 in the cells 3zpCcBuUsaEiosed be
prevented. Escape of the electrolyte 40 fromthe upper ends of the cells
g2, gq. is prevented by annul ar shapecﬂ electrically insulativc floating

pi stons g8, ~o0. The 0 m ressure transfer, between the

D) ectr ol JHAIES 12 HEASH he s th GhATER Aba e oF e GraGHAbAR WHCR Gl g t he
cel | s 32, efikgy Sloeagd d&ﬁcé&om&)behﬁemﬁtb&lﬂa of insulating fluid, such as
silicone, etc. In each of the voltaic cells g2, g4, hydrogen gas is
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Not e that the be_sape.. rrier., For
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fluid V\’Bogﬁ o%ﬁflvlfrothgg ddphrhg frdfPthe 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 stcel

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



proxi mate the power source 12. The chanber go could instead be conpletely
sealed fromthe well fluid pressure. For exanple, the chanber ~o coul d be
at a reduced pressure relative to the well fluid pressure. In an alternate
enbodi ment of the power source ia, the well fiuid in the 5 annulus 2a or
flraw passage ab couhi serve as the electrolyte 40. Far exanple, brine

wat er i s WOMMOHKIS used as a well fluid. Brine water is aPE®US01L3281ti on and
woul d function as the electrolyte 40. If well fluid in the annulus a2 is
used as the electrolyte 40, then the &ening ~5 woul d extend between the
annul us and the chanber gqo as showm in.~. o FIG 2  If well fluid in the
fllow pascHguevss, jather atgtals,may| be vissdy Bonxaminle, theo ABPAEH 3§ WY o

i nst ead exdpdsdat ¥BEPof MAghtHmRARSASE the dathbde£HB8 MRSY coplpridda sillédher case,

the floatin Lstons .54~ 48, . 50 u not be.used,.to isolate the well fluid
fromthe %’PH"\] o ﬁ‘ealib’. a tbﬁﬁ}egm%,‘)lge (8- TaY, be |gPother aquepys SAtioR Q| d) upon
a car ef ul suzpansicersuich@s anothef shlb solationfrestswitenhise of afldydpikRERbIat i ve

enbodi ments of the invention, readily appreciate that many nodifications,
addi timns, sub¥singutheonpreferiede materdals afod theh@nodésiryfs scathpddse 38adedt o t he

i fi ' h,.ch I dDb i.nci pl
of “The. praEaRoVTEger et TECEnER0RT Bk PRRLEERRENGimAe Fa SR i on
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proxi qRt e o he R ower " SRV LS eiples 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 electrieally 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 voltaie cells 32, 34, hydrogen gas is generated at the cathode

38 due to the chemical reaction which produces electricity in the cell. ‘[he 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 fromn the cells 32, 34, rather than accumulate therein.



4. The power system according to Claimi, wherein the electrolyte is a salt
solution. zo g. The power system according to Claim1l, wherein the cathode
conprises a material which is a selected one of steel) copper and silver.
b. The power system according to Caim1, wherein the anode conprises a
material which is a selected one of alum num, magnesiumand an a~ alloy of
zinc and WEfH@W4d The power system according to O ai m PCTAUSeWSREE t he
voltaic cell is at |east partlally encé osed by a gas-perneable barrier.

WO 031010413 PCTI LTS01123280 _g_ 8. The power system according to Claim~
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pressure proxi em acco ng to
Claire . &u\ﬂheatzarnC&°barth|n@rpm§g¢tmre@flmﬁeomnmro| yte from the wel | bore
fluid, Whl le transmitting pressure between the well fluid and the
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and the el ect rof The power system according to Calm ~2 V\/nerel n an
el ectri caPrepsygs eﬁ@ami& ﬁgdb&mﬁ e jalss mads of raeg@q-ﬁm@b}q matedah tohe

| nsul at | ngofrhifiefeapthifltRe hdOREH Ehd HORORIEREYS S IMRLENY %e'dﬁ%ﬁéﬂ ng

fluid and the el ect ro ower system according to Claimi3

wher ei n tﬁ@}’b?sl!ﬁeét‘f\’ﬁbolé%@ﬁlaéﬁmg goﬁé Breiples,ohig msgsemnt y&@n@@ﬁerat ed in

the VOl taic Ce’['{ue 1nqu\D tin; 3hu11d05421§s 1sc]ﬂated from well fluid in the annulus 22 by an
annular-shaped floating piston 54 positioned in the chamber 30. The piston 54
transmits pressure between the well fluid in the annulus 22 and the 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 belween 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



i ~. ‘A downhol e el ectrical power system conprising: PCTIUS01123280 an i nner
housi ng having a fl ow passage forned therethrough, the inner housing being
interconnected tv a tubular string in a well, so that the fl ow passage is
in conmunication with the interior of the tubular string; 5 an outer

housi ng at |east partially spaced apart fromthe inner housing, so that a
chanber 1WOMHPOMBa t her ebel ween; and at | east one vol t ai BCEHE128188posed i n
t he chanber, the voltaic cell supplyi_ :}g el ectrical power to operate a well
tn~l. io i6. The power system accordirfg to Caim1l~, wherein the voltaic
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pover SystAAR JaeQ ididdthrhfnt ?@bmalg% w81, "BliRe wREoRd, Zﬂt bam.bﬁranaerm ts
pressure transfer between the insulating fluid and the electrolyte. 2i. The

power sysW@ﬁldaf@éé‘ii@ﬁ‘ﬁ'gthQﬁ]@t&ﬂ)ﬁez@ wherein the second barrl er is perneable
t o hydrogen gener S iin the voltaic cell wo, 03] ol aal 3 -11

PCTI C1S01123286 well firig 1pother aryulpe R2atscBiedi As) the elgetrolyte 40, theartien t here
alr e {ml ti Qﬁbﬁ‘nﬁ 786 whuldh&tand Bawe?ﬁ ¢hd §mn1%lg]§ a¥ﬁlth@bﬁaﬁ9bf §oh@lsmagwn in
el ec r|ca co ot her e r syst ccording to
3 ai r 9 22FIGyer Bive iﬁ@% tﬁa%@)w:msggea?@lw%@evﬁ 49, then thene power
system acw&%gmdwd (Asiédd SdendBEfRen tBe hbwas%g% aﬁd mechaﬁlbeqlgtoal& cells
i's p05|t|o ed with fiisecond one of the voltaic 3

either case, the floating pistons 54, 48, 50 would not be use 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 rcpresentative 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.




2~. The power system according to Cl aim 24, wherein the second voltaic cel
i s annul ar-shaped and surrounds the first voltaic cell. 1~ 26. The power
system according to C.'laim~5, wherein the first voltaic cell is
annul ar - shaped and surrounds the fl ow passage, WO 031 414413

PCTI US01123280 12 AVMENDED CLAIMS [received by the International Bureau on 3
7 May 200200391088 02); original clains 2, 4-7, 1 | and 1PCTEMIRSMY by new
clainms 2, 4-7, 11 and 12; clains 1, 3 .and 10 cancel |l ed; renaining clains
unchanged] a. A downhole electrical power system conprising: an electrical
power - consum WI@@?HM ereonnected in a tubular string;, and a power
source providi e o] ‘th el cckrical power, the power source
including at | east one voltaic cell having an anode and a cat hode, each of
the anode and cathode being exposed to an electrolyte, and the electrolyte

being isol ated, from H %:tﬁ O%E'Eysttgﬁ &ﬁﬁﬁﬁsﬁl ur ce by at |east one
own

pressuretotransmttmg al e electrical por ——er

system conpri gl AgctrRal ﬁéﬁ@rtédrfs@hnﬂgwhs@mw%&mewéd 1ntepﬁlblﬂd}ts@‘iﬁﬁnnec'f ed
in a tubular string;, and a power source providing the well tool wth

el ectrd caiﬂmbower t he power i~ source incl ud| ng at | east one voltaic cell
havi ng an anode and a cat hode of .t de, a at hode ,bei ng exposed
Lo an el 6ctr ol § EOWES At iaNIfnR e st (58 AT Fledfifcal POUEEK e et

downhol e ghf6é inctading @t@¢ass hae Qﬁltaﬁ:ﬁjﬂ_‘ﬂfhasrlmn anodd &ad hicathodepwsdh ¢fonsum ng
wel | tool .interconnected i.n.a tubul r stri EPI 20 and a power source

provi di ngtheANAgEan CSHFO%‘?W%?WP L2gn Y& he power source including

at | east one voltaic cell having an anode and a cat hode, each of the anode
and cat hode being exposed to an el ectrolyte, and wher ei n the cat hode

compriges a raLer | oy dbehy LB RLEARE 1000l CARRIn MURRENERe 189 D A

downhof e el ectTi cal em —conpr
wel |t ool isoleted (fmmewd:lladlmd: moximmlbathe siqwemgﬁouamjbm qtdmt emrIpraEsprovi di ng

t he wel | A@L power, the power source including at Least
one voltaj%gggﬁh%ﬁ %éﬁé% anode and a cat hode, each of ~o the anode and
cat hode bei ng exposed to an el ectrolyte, and wherein the anode conprises a
material which i~ a selected one of alum numand an all oy of zinc and

magnesi um 3. The power system according to Claim 1, wherein the electrolyte is a
15  fluid in the well proximate the power source.

4. The power system according to Claim 1, wherein the electrolyte is a

salt solution.

20 5. The power system according to Claim 1, wherein the cathode
comprises a material which is a selected one of steel, copper and silver.

6. The power system according to Claim 1, wherein the anode
comprises a material which is a selected one of aluminum, magnesium and an

a5  alloy of zinc and magnesium.

7. The power system according to Claim 1, wherein the voltaic cell is at
least partially enclosed by a gas-permeable barrier.



7. A downhol e electrical power system conprising: AVENDED SHEET (ARTI CLE
19) WO 031 U10. L13 PCTI US01123~80 | 3 an el ectrical power-consum ng wel |
tool interconnected in a tubular string; and a porn~er 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 exP¥Odyot0di3an el ectrol yte, and wherein the voltai cPCEUB0112328at | east
partially encl osed by a gas-perneable barrier. 8 The power system
according to Caim?7, wherein the ga§55brneable barrier is perneable to
hydrogen gus. g. The power system according to Caim~, wherein the
gas-perneable ~o barrier is a floating piston. 11. A downhoie electrical

power system &oOnNprivwsi ng: i - i I

i nt er connect eag in aﬁ%ﬁ?’?ﬁé}gﬁw %Lg‘{&(gﬁg tg%&k?’%ﬁg@ﬁﬁ%ﬂﬁﬁghpﬁe wel |

t ool wi t hbadiriee iy perateabteierhydrbgenpgaser y source including at | east one

vol taic cell having an anode and a cathode, each of the anode and cat hode
bei ng exposed to an electrolyte, wherein the electrolyte is naintained at a
pressure substantially equal to well fluid pressure proxi mate the power
systenj and wher ei niRE Pewe Betam aeeprdingta Claimy 2t woassginthe gasrpaveenglel bor e
fluid) whihQidri@RaBhiihg pltd.essure between the well fluid and the
electrolyte. ao 1$. A dow nhole electrical power system conprising: an

el ectrical power-consum ng well tool interconnected in a tubular string;
and a power source providing the well tool with electrical power, the power
source including atThepsiveosyststal dcebelinghd Chaiti nowherehn tate elandolyte bt hode,
each of as the. anode and cat h%de Ee' ng @Qose a.an el ectrol.é{? wher ei n
Lhe el ect FAARHIRCoRt AaprrsSTa ubstantially Baus) 16 well fhild ressurs PEOHIATS (ke |
flui dipr epaweesyetentj mate the power system and an electrically insulating
fluid being disposed between the well fluid and the electrolyte. 13. The
power system according to Claimaz, wherein an electrically 30 insulating
barrier isolates the electrolyte fromthe insulating fluid, while
transmtting pressufke peveesystirhaccordingioi Clginhl10j wharuin aierdkesbladtsyt e.

fa.. The powal G¥SAEHoRF AR etfort Muith AvAlIE Yantiitiite plelSire el B

well fluid and the electrolyte.

15

12,  The power system according to Claim 10, further comprising an
electrically insulating fluid disposed between the well fluid and the electrolyte.

13.  The power system according to Claim 12, wherein an electrically
20 insulating barrier isolates the electrolyte from the insulating fluid, while
transinilting pressure between the insulating fluid and the electrolyte.

14. The power system according to Claim 13, wherein the insulating
barrier is permeable to hydrogen gas generated in the voltaic cell.



barriter is perneable to hydrogen gas generated in the voltaic cell. AVENDED
SHEET (ARTICLE 'I S) wo oai al aal a 14 STATEMENT UNDER ARTI CLE 19

PCTI LTS01123Z80 By the acconpanying Article | g Alllelldlllel 1t) and the
attached repl acenent sheets 8 and 9) the foll owi ng changes have heen nade
tn the Cainms in the above-identified international application: 1. Cains
i, g and WB0BM&ldheen canceled; 2. ainms 2, 4-7, 1i andPCRUSH2828Been
rewitten in independent form 3 . Claim5 has been further anended to
delete the material "steel” fromthe Claim and Caim6 has been further

anmended to delgte t [ " ' g Jaim . A3. A33
AL A2 Ae. A AR A A@ﬁ?‘?ﬁ?‘aﬁéﬂﬁtﬁ‘?@%@% Hygfﬁrh’ Ebfriéing!
Gz} xr nga\ W ca] Gaid R ] A a] ca] ca]
cal ca] calllca] cﬁﬁ] cal gﬁ%‘%ﬁﬁ%?@ﬁﬁg@Z%%ﬁg% %@%@é@l e ik
ousing being interconnected to a tubular string in a well, so that the flow
passage is in communication with the interior of the tubular string;

5 an outer housing at least partially spaced apart from the inner housing, so
that a chamber is formed therebelween; and

at least one voltaic cell disposed in the chamber, the voltaic cell supplying
electrical power to operate a well tool.

10 16.  The power system according to Claim 15, wherein the voltaic cell is
isolated from well fluid by a first barrier which permits pressure transfer between
the well fluid and the voltaic cell.

17.  The power system according to Claim 16, further comprising an
15 insulating fluid disposed between the well fluid and the voltaic cell.

18.  The power system according to Claim 17, 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.

20

19. The power system according to Claim 18, wherein the second
barrier is electrically insulative.

20. The power system according to Claim 18, wherein the second
25 barrier permits pressure transfer between the insulating fluid and the electrolyte.

21. The power system according to Claim 20, wherein the second
barrier is permeable to hydrogen generated in the voltaic cell.
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24.  The power system according to Claim 22, wherein a first one of the
10  voltaic cells is positioned within a second one of the voltaic cells.

25. The power system according to Claim 24, whercin the second
voltaic cell is annular-shaped and surrounds the first voltaic cell.

15 26. The power system according to Claim 25, wherein the first voltaic
cell is annular-shaped and surrounds the flow passage.
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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 the electrolyte being
isolated from well fluid proximate the power source by at least one pressure
10 transmitting fluid barrier.
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
15 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.
5. A downhole electrical power system, comprising:
an electrical power-consuming well tool interconnected in a tubular string;
20 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.
25 6. 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
30 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.

7. A downhole electrical power system, comprising:

AMENDED SHEET (ARTICLE 19)
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barrier is permeable to hydrogen gas.

9. The power system according to Claim 7, wherein the gas-permeable
10  barrier is a floating piston.
11. 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
15 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.
20 12. 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
25 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.
13.  The power system according to Claim 12, wherein an electrically
30 insulating barrier isolates the electrolyte from the insulating fluid, while
transmitting pressure between the insulating fluid and the electrolyte.
14.  The power system according to Claim 13, wherein the insulating
barrier is permeable to hydrogen gas generated in the voltaic cell,

AMENDED SHEET {(ARTICLE 19)
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1, Claims 1, 3 and 10 have been canceled;

2. Claims 2, 4-7, 11 and 12 have been rewritten in independent
form;

3. Claim 5 has been further amended to delete the material “steel”

from the claim; and

4. Claim 6 has been further amended to delete the material

“magnesium” from the claim.



