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VELL CONTROL AND MONI TORI NG SYSTEM USI NG HI GH
TEMPERATURE ELECTRONI CS Technical Field of the

WO pwsosioon The present invention relates to noPCT/082004035035
and/ or control systens that are used in high
tenperature down hol e applications . Background of the
I nventi on C a ﬂnﬁg ' fagd nd gas
wel |'s haveagggbgghﬁﬁ%Fégging fhgg%%g§§§ g#mgxanple,
wel | s underudihes GIIGH AIEMHERABIRE) IRLEMIRIANTICAr e bei ng
drilled throughout the world. Therefore, the need for
central control and nonitoring of wells that are

TechWh 881 Yrdésgesgsedngeegranbisal |y i s becom ng
T increasingly rmportant. Such central control and
moni 06480, EEQUhLE €3nb DR EOATYEN GRLEORS OhofEBSAE n8Ndnd /or
| ogging information fromthe wells to the centra
controht spbtemns andat hereonrsudi tat hoghofervpatabdblire down hole
i.nformation fromthe central controller to the wells
applkﬁ?ﬁb@@?; the wel | s thensel ves have becone
i ncreasingly nore conplex. For exanple, well holes are
Backbebngddef!| ted whi-Bndubhi pl e branches and are being
divided into multiple production zones that discretely
producené! dbft: P61 98841 RoBiLEBLENGOBRDAI O aHESEEBt Rells have
production tubing. In order to effectively and
becompf L BFERRE NG bYIt FONPLABse HOrt EpPEPheoduelisnurdaesthe
i L~1scadv 0 osi.Lipn.elegtronj d
cont b Be P ka0 b AP R BRA RO TES, FRPbRRhof0 ene
worldoneSheanfbeeconhheohked And aentiral edonndoVi dddl hyndtoring

of wI rgﬁgg'aéé ane?gegigﬁéiggaléeégrgp gggf?§ ggmgecoming
Rot

increasingly important. Such central control and monitoring

requires the communication of sensor and logging information
from the wells to the central controller and the communication
of control information from the central controller to the
wells.

Moreover, the wells themselves have become
increasingly more complex. For example, well holes are being
drilled with multiple branches and are being divided into
multiple production zones that discretely produce fluid or gas
in either common or discrete production tubing. In order to
effectively and efficiently control these multiple production
zones, it is advantageous to position electronic control and
monitoring equipment within the wells so that the zones can be
controlled and monitored individually or in groups.

It has been difficult to implement down hole
electronic control and monitoring of wells because of the
difficult temperature environment within the wells. Unless
cooling is provided for the down hole electronic control and

monitoring equipment that has been used to control and monitor
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el ectronic control and nonitoring of wells because of
the difficult tenperature environnent within the
wowris®429inl ess cooling is provided for the downCToBm04/035035
el ectronic control and nonitoring equi pnment that has
been used to control and nonitorwell production wthin
the well, this equi pnent has required frequent
repl acenent because of the extreme tenperature
WelleFEJ WIRMEMNY - wfﬁﬁ?ﬂeﬂg e $8] fCepRnk géugﬁﬁeggmﬂas requlred
ectronic contro monitoring e neans
freqm@mﬂtnenﬂaQEmmmtcbe¢muﬂelbfpthduektnemeChemperatheé

e gl % e dova ol e clectiomie con (ol end.

cont gegt %gnd\bncﬁ{ﬁ%fﬁ% SQh &R t Achhess PESBI MRyl Seduction in
known t oday. The present invention addresses one or

well pprodictitase p%b%@rso@yenshmd wieal ing hef wehe, dhighhole
1 rat Adown, hol r and
e e e ek T TLrOELA EtoPhERt BBuurpngnopioher
operétegage o stepl ammaceieﬁmmalytmm be thyeatbedbléms is
K ac o%%%pce with one aspect of the present invention, a
HOWHeMCEat rol and nonitoring system for the control and
noni t orig e fertl WRAMdAYi Oh A8E1SsSO8PELSES améféméf these
control center, a plurality of surface control
probisist S M igyEst ene: hiandtlee pret bl |hygbft@ma1bdlee down hole

Each of
c10cEBBELe 06, SO0 LSS ceE O pebl o

requmm&tmmohmngrnnnﬂxﬁquanyﬁépﬂﬁnemémtIhe sur f ace
control and nonitoring systenms are in comunication
with the renote control center. Each of the wells is
al so provided with at |east one of the down hol e
nmonitoring and control systens, and each of the down
hol e noni toring and
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control systens is in comunication with at |east one
of the surface control and nonitoring systens.

woRrsove19 each of the down hol e nonitoring anPCT/UR1000035035
systens conprises a noncool ed, high tenperature
controller arranged to performnonitoring and contro
functions within a corresponding one of the wells. In
accordance with another aspect of the present

Summggéegkiggﬁ %1§§hh:&99tr0| and monitoring system for
oring of a well conprises a first
control._and nonjtori S cated t the wel | _and
o second Ao RRRG AR oOIET ot SEReT ool pr 0 ReaPwr i n

invehbeonel kb WBkifddﬁﬁrd&ﬂﬁmdﬂmdm&kémﬂméOéyﬁﬂeﬁyﬁéﬁnthe control
conprises a contraqller_ and a transcei ver. The second
and RRLESIIRG Ad 2 M+ S5 t ¥l €S hbT | SREPHEL FRA choT ROt e

contgbghcéﬁﬁpﬁJa%ygﬂ.Celver lé% §ﬁ¥%§b@gﬁdﬁ@@%fda @'H&nl oring

tenperature tr The first secon contro
systemd, menit er |mglwiemﬁaimmlm@1e mmhtcumengn@m(ﬂxmontrol
I.n accordance

thr oug el ve franscejye
systiEn. SRR Shotie b e A St et emsSading
one 86WahBOl@ R wdmw%m%@ﬁt@yﬁ§%£§t&h@VIm the
wthin a well and conprises a non-coo

surfaget gapératuce: ST OTPBINSA Y Bt HoR - 260 B, cwrglhmcatlon
with! Egﬁeiéh%rt% I ASES Vgeé @ypl @r% éf‘etﬂé’%&PP%eJ@% also

tenperature contr e non-cool ed
providapewattir ett rlasoei aer ¢faM$a1dswsl@@hésmmmitorrmg and

receives sign fro t he we Brief .
cont EL P REIBR o ihe T b ngD THAEE" Aol U HEF TeaHEY &2nd
cont28d Q?%%@h@QQ%\Mﬂ|c$ﬁﬁﬁﬁﬁbatlon with at least one of the
surface control and monitoring systems. Moreover, each of the
down hole monitoring and control systems comprises a non-
cooled, high temperature controller arranged to perform
monitoring and control functions within a corresgsponding one of
the wells.

In accordance with another aspect of the present
invention, a well control and monitoring system for the control
and monitoring of a well comprises a first control and
monitoring system located at the well and a second monitoring
and control system provided within the well. The first control
and monitoring system comprises a controller and a transceiver.
The second monitoring and control system comprises a non-
cooled, high temperature controller and a non-cooled, high
temperature transceiver. The first and second control and
monitoring systems communicate with one another through their
respective transceivers.

In accordance with still another aspect of the
present invention, a down hole monitoring and control system is

provided within a well and comprises a non-cooled, high
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nore apparent froma detail ed consideration of the
i nventi on when taken in conjunction with the draw ngs

WO poosfosdne Figure 1 illustrates a nonitoring aPdI/US2004/035035
control systemin accordance with one enbodi nent of
the present invention; Figure 2 illustrates a

representative one of the surface nonitoring and
control systenms shown in Figure 1; and, Figure 3
tempkLhHSEEAIR 1A JIEL S B | ¥6h OASo PES ! hﬁigﬁweﬁﬁiifature
nonitoring and control systens shown in Figure
tranPeeavée zd cOegrlddtio@ri-tshown i eodl gy ehdghat empétating
and. contr system 10 i ncludes a renpte control center
cont §51 27" ¢ e Mg G Sl obe SupS e Ras§E IV Er
trandhi BOugh enrll tiee et |we B exsdlobcd vEL IV Endlst from the
shoul d be understood that the nonitoring and contro
wellsystemlO may i nclude any nunber of wells. Because the
wel l's 14 may be geographically dispersed, the renote

BriefOPLEOL-1GRME] J2 WEmiely; fmuni cates with the wells

I4—using cettutar transnrssrons, satellite

tr ansg&%\;\gs]%g%flﬁ ﬁ%&g&?r@e&&éﬁ% ﬁ&“a&végi‘fﬁa égewifmgl hecome

of th rovi h™a corr éspondi ng
more phppdoemtl Edoc st etbtadi T Swridpderafidheof the invention

correspandi ng one of the, Ils 14. As shown, the wells
when ) Baks® end U st IWJp%/Ettfl'&ﬁ R AL BRI Ar WRCE ht o

the eaftiuddoweviarnuddrshodl 4 Ren undel st 0ods t Bkt rol system
_ while the wells 14 are shown over -4-land, one or nore -
in agfordrn@sl W-tivy qng smixmderkt@hd-doviprésent of fivdmr kon ;

pl at f f ated on_ot her planets.
| f deg?gég%%ééiﬁmgghﬁﬁéﬁ%%?ﬁ%q§%9€%®e%%a%}x? é%ei?écfgf

surfptarabntiy cafi rse pardateori B hess t ethd hetugin ee hr Ddutdier; and,
well's %‘igure 3 illustrates a representative one of the down

hole monitoring and control systems shown in Figure 1.

Detailed Description

As shown in Figure 1, a 'monitoring and control system
10 includes a remote control center 12 that communicates with a
plurality of wells 14. Although only three wells are shown in
Figure 1, it should be understood that the monitoring and
control system 10 may include any number of wells. Because the
wells 14 may be geographically dispersed, the remote control
center 12 remotely communicates with the wells 14 using
cellular transmissions, satellite transmissions, telephone
lines, and/or the like.

Each of the wells 14 is provided with a corresponding
well platform 16 located at the surface of the corresponding
one of the wells 14. As shown, the wells 14 extend from the
well platforms 16 downwardly into the earth. However, it

should be understood that, while the wells 14 are shown over
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may i nstead conprise a single dowmmwardly or laterally

directed bore. In addition, it is possible to divide
w@awh/oe19 he wells 14 into nultiple producti onP@DOER04/035035

that require separate and/or group nonitoring and

control for efficient production and managenent of the

well. A surface nonitoring and control system 20 is

provi ded at each of the well platfornms 16. Al so, a

do h jtori y ' Vi
1and\'/vi étélﬁlien%Ié:gc 0 ﬁe&\%eﬁ’f%]g%nia% ,aff%%%%éd,é%\n&{iﬁi%g‘% trom
offskark pflatfemproductimm zolest afmeatbcatfed henwethsr Iplanets.

The surfacg npnitoring an ontrol. system?20 is., . ,
arr angétéatdgesc]d?ﬁﬁj{mie@é‘ig% ‘?/ft’ﬁq? e ThdfRY i FoF iR into
a plapd1gent I Spsheife JA- MR, |4 BcKkigesPndi 8 Med lyells 14

For exanple, the surface nonitoring and control system
may Posiract KeMsEchd einhia ctewigramdly orr rbiteystnsd Prected

associ at i cor ' ne.of. t he [ 1s

bore fna\yE&e%é\i‘rar%L g\#gogg ?L & gLosrn‘?ﬁicﬁslo%a i;gvm@? hd%%%é%n%ﬁme%rOf the wells

14 itboowgh thild aigefucaciarstiansd grtediS. r&puerer sepdfefe and/or
es ,of signals, such as electrical or magnetic

t . .
group] RS T SR dritfurf ot &1 et PP amEon and

mana§®RELRr 039 dHYf Qfdmat i on bet ween the surface nonitoring
and control systens 20 and the down hol e nonitoring

and coAt rolrfaest e izdringraoleronthel ssydtaer 20 is
ni-t Qrin nd trol -syste 0. nmo ed one of th
prov.hng?fi %ltate%g% ofcg: e )yveblsl le%r%éc%rr%ﬂ; 'gedgf%o’ a oflown %ole

fns 16 ma e fRr

monitermel eaide cMritrdihesythmdn il e rofitdeidety AEhLONddE of the
systens 22 within one or, nore of the other wells 14 in

wellg Har apgh pridvidfs rsdun drith i riach i 9 HiRl REPRRtiQt zones
of e£868No%f the wellis 14.

The surface monitoring and control system 20 is
arranged to communicate with the down hole monitoring and
control systems 22 within its corresponding well. For example,
the surface monitoring and control system 20 and the down hole
monitoring and control systems 22 associated with a
corresponding one of the wells 14 may be arranged to
communicate with one another through the use of acoustic
signals. However, other types of signals, such as electrical
or magnetic signals, may be used to communicate control and
monitoring information between the surface monitoring and
control systems 20 and the down hole monitoring and control
systems 22.

Moreover, the surface monitoring and control system
20 mounted on one of the well platforms 16 may be further
arranged to communicate with the down hole monitoring and
control systems 22 within one or more of the other wells 14 in
order to provide redundant monitoring and control of each of

the wells 14 from the surface. For example, the surface
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the wells 14 fromthe surface. For exanple, the
surface -5-nonitoring and control system 20 and the
waelows/odlle nonitoring and control systens 22 aBEDUBZN€B5035

with different ones of the wells 14 may b e arranged

to communi cate with one another through the use of

acoustic signals or pul ses, although other types of

signal s nay be used. LiJcew se, the down hole

oYolcing t C . .

mon1€8?ﬁ£8 Hglsﬂgl arrgﬁée5¥§6ﬁg§ﬁ%%n¥%£tgoﬁﬁtﬁo?%e$%§h%orlng
and hoherobnstyetens &M acsucidtsysvens E2ffarame onesvse the

of the other wells 14 in order to r0Vlﬁ€ addi ti ona
wellBedfnBahicys For ¥l THE YW Hol B P or FRgt e
throGgAt ERE Sy & 2o c 1 fd By et s obesp@fsdde yethsudd other

may conmuni cate with one anot her through the use o
typegcolistignsilghalay, hﬂtuﬂﬁ@h ot her types of S|gnals may

be use 1Ryt her f an

controﬁ sysl‘,’vt eérjres' ngh%ét gr?lt %Ega% %r?r%n‘i%oj“
systeany be ﬁji_rcaiigecbatcol ctmrrmm Ovck 1 &M 141 miwyz b€ Nt 21669484 10

center 12 and with one another. In this case, the
commypifate Yﬁhﬂh(ﬁth?QWﬂiQR%ﬁr%@n%9%¥%W% @@dn%?ntr°1 systems

22 iROBRAUNLELALR M ¥ the, rammie (oM £ 0l 4 CENtSFgdR @Qd;tm%H‘de
one anot her using cellular transm ssions, satell
additianshi sgld@mdatreiyaphcﬁwlemsglandﬂm ddren | ke onitoring

repres ntatlveo of t urf em)nlt
ana EERERSFLONRSNS We (s "L B gty ey
comm@Atbabé dMers wiacamdanut om:ftg;g?&mdtls@nw@l oBYystENS: 20

i ncludes a controller 30, a nmenpry a transcei ver

signgds, paltiecyisdl Athat duRes 26. S%%aje%rﬁ“i‘iéll‘l)%ru%@i
and/ OrFﬁﬁ%Mﬂcﬁ%e MO LA AN SO F O g SYiSE 8880201

may i ncl ude si gnal
systems 20 mounted on the well platforms 16 may be arranged to

communicate with the remote control center 12 and with one
another. In thisg case, the surface monitoring and control
systems 20 may communicate with the remote control center 12
and with one another using cellular transmissions, satellite
transmission, telephone lines, and/or the like.

A representative one of the surface monitoring and
control systems 20 is shown in Figure 2. Accordingly, each of
the surface monitoring and control systemsg 20 includes a
controller 30, a memory 32, a transceiver 34, and signal
transducers 36. The controller 30 and/or the surface
monitoring and control systems 20 may include signal
conditioning and/or one or more sensor transducers.

The controller 30, for example, may be a
microprocessor programmed to acquire sensor and logging
information £xrom the down hole monitoring and control systems
22 within its corresponding well 14. As discussed above, the

controller 30 may also be arranged to acquire sensor and

-6-
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condi ti oning and/or one or nore sensor transducers .
The controller 30, for exanple, nay be a

worR@sogmoeressor programmed to acquire sensor apdI/uS2004/035035
| oggi ng i nformation fromthe down hole nonitoring and
control systens 22 within its corresponding well 14.
As di scussed above, the controller 30 nay al so be
arranged to acquire sensor and -6-1o0gging infornmation

1oggﬁ9§‘¥ﬁ¥3rﬁﬁ%fé§utgktQgﬁeksaaﬁfgﬁgtgoﬁhgenﬁ hegggéo%or

nmoii toring so that higher performance I's ac
Contﬁpémaﬂd¥Qmepmmﬁanm@|$©rth@tahdghentpetfsy&hﬁﬂ& 28

t her the wells 1 The controller 3
aChlgEF?her]%% aﬁa%%nt%P%%nﬂ%ﬂ?ngén@oﬁPﬁoFo?FFBEnﬁVFEﬁmS 22
witht e Umlsiwmmo&we MREL1Oring anHeCoBhtLb1SYSt €M ?ﬁgg further

within jts corresponding well 14 and to the down hol

be appancsd g WW@%‘FGs%@%ﬁ@lzﬂ?nﬁptfmahl@ﬂh‘é@stbé dhen hole
mon1%@kh§@}§mdrbéﬁggéio sﬁgﬁ QQB%EBE#Srléglon spgﬂglng well

arranged to conmmuni cate contr or e
14 anéc@kveﬂsﬁnkmmndmﬂuéoggmh@orﬁmgraﬁﬁl@@nffonlsybeems 22

surf nitor contr ol ens 20 on ot her
withig) P 6F%§jT%q5%ﬂP?h%4ren5?e¥%éh?+%P'c%ﬂ?e?oﬁtrcller 30
may Eéea%ﬂﬁﬂgéd(ﬂb:%%ﬁﬁﬁﬁié%§et@@nﬁf@ﬂsﬁﬁfafﬁa§4oﬁoto and
transmt information to the down hole nonitoring and

recegyat FENSSs A 220wk ndi nferemskel o AvomTheheostrbhter
d h to a
mon1?§¥g?%%tlonQ¥x§9¥df $é§nQ92§C Engtherdy ?ﬁep%%%ﬁorms 16

to a spe i C one of "group
and hhéenamGUanadn;mwﬁidmmﬁémllxystens 22. The controller
30 may _al so |nch§_e its own address in the information

that it Sfhe’ Qi PRI+ ansrickTanseetvaved ¢ sto
tranbkhetelieForzal i st ol nd rasd heot & afﬁ@?fﬁc\ff:[ng“l (9 control

acoustic signals and directs the acoustic signals

systewp odgh wiffdin the wells 14. The controller 30 may employ
any addressing scheme to transmit this information to a
specific one or group of the down hole monitoring and control
systems 22. The controller 30 may also include its own address
in the information that it transmits. The signal transducers
36 converts the electrical signals from the transceiver 34 to
acoustic signals and directs the acoustic signals through. the
well and/or earth. These acoustic signals convey information
to the desired destination and/or origin of transmission. The
signal transducers 36, for example, may be a piezoelectric
transducer and may be provided with an anechoic coating. The
signal transducers 36 further converts the acoustic signals
transmitted by other devices to corresponding electrical
signals for processing by the transceiver 34 and the controller
30.

Additional transceivers may be provided to permit the

controller 30 to transmit and receive information to and from
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wel | and/or earth. These acoustic signals convey

information to the desired destination and/or origin
W@R005/0829391i Ssi on. The signal transducers 36, fBPECT/US2004/035035

exanpl e, may be a piezoelectric transducer and may be

provided wi th an anechoi c coating. The signa

transducers 36 further converts the acoustic signals

transmtted by other devices to correspondi ng

the gh@%&bca{oﬁ@f@i@ fDhd PESSESST NGy BY lhBesbr QESB@h&Efweu

34 and the contr er 30. Additional transcervers
platferpsolbdend ¢ peamd tfxdr tont rendee GGntDoiLraaﬁmaf: 12

and regceive | i 0 and m-7-the surfac
wonlto?ﬁng%hﬁgugégﬁéo PS%% Suré%C%th?ﬁ ?rﬁﬁglang control

systamaizbosﬁsbrk&, atk toemdsh f a0 15891 egOL AL 6LNLE DbnCLALE  ved
The nmenory 32 of the surface nonitoring and
fromcEH?r BPWEY R IRt LRy h%n@e?@%ﬁ?r%ﬁdsl’%égﬁﬂﬁgﬂ (which can

havel Hﬂghnﬁéh@éﬂa‘%{%é’e‘rﬁ’erﬁé thep o ﬁ%}g g&nﬁ%' QQO%QQ the

confrol systens 22 (mhl can enperatu
commneﬁmay;on ThegmEmiingd hetsssstpres d:dmemﬂnﬂmalm cmtlonthe

o T ot o 7 o by Y e o5 { b uF Phcce

monlﬂaﬁhhgraﬁ@.@@hﬂ%ﬁﬂrs§s@%ﬁéeﬂ§<§@ @@h@fhﬁélM@ﬁiatforms 16,
3 Eﬁatforns 16, and the renote control center The
arn

ﬁnF?mQE€¥GFFH@?D%tQﬁQ%ﬁﬁrk?coﬁ?h%lm©m@§Yah&1ﬁ@rther stores
the BSﬁE@é? %IIO%I%. 'rr% K;é@egso Jg ccgg?@rcgfr c? Mén hole

contro stens repre i ve one o
monihoréngnanﬁbmqn}nﬂmisyﬂuems zystens 22 is shomn in

Fi gur . _Thus, each of the do hol e nDn|tor|ng and
cogtro? 5@9?9%?%8? ENGEIGES (ﬁ%% PyRrhehe BomERFing and

contbdl Byt ansceiveals Showddi Sl ré ransopees s ofeh 1He the
controller 50 and/or the domn

down hole monitoring and control systems 22 includes a

controller 50, a memory 52, a transceiver 54, and signal

transducers 56. The controller 50 and/or the down hole

monitoring and control systems 22 may include signal

conditioning and/or one or more sensor transducers.

The controller 50 controls the transceiver 54 to
transmit information to other down hole monitoring and control
systems 22 and to the surface monitoring and control systems
20. The controller 50 may employ any addressing scheme, such
as those described above, to transmit information to a specific
one or group of destinations. The controller 50 may also
include its own address in the information that it transmits.

The signal transducers 56 converts the electrical
signals from the transceiver 54 to acoustic signals and directs
the acoustic signals through the well. These acoustic signals
convey information to the desired destination. The signal
transducers 56, for example, may be a piezoelectric transducer

and may be provided with an anechoic coating. The signal

-8-
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nonitoring and control systenms 22 may include signa

condi ti oni ng and/ or one or nore sensor transducers.
wab@soee ol | er 50 controls the transcei ver 54P€DUS2004/035035

transmt information to other down hole nonitoring and

control systens 22 and to the surface nonitoring and

control systens 20. The controller 50 may enpl oy any

addr essi ng schenme, such as those described above, to

tranctansfid 3afHSMIEONvEP-8 SRECLELGRRE QFigHROHPtRPEncmitted
destinations. The controller 50 may al so i'nclude its
bY obfiirateresies e eorreepradion ehartricelansgneds The

LOE t erts e, electrical.sigpals
oo IR, LT et 0s ALl Sl B oS 8l ghons
di rect Fhchecatoust ler signadg baraughngbe w6l hequihesgnd 1og

acoustic signals conve¥pinfornation to the desired

sensEot T RatToTt Fhet SPYrial P EHSHECePS 561SPEP exafpre, sensors

58 afBYesbelddtezpelectd cadnansdrger '@ﬁg %@Msgﬁspéé’v&qﬁdgo may
wi th an anechoic coating. The signal -8-transducers 5
be sglsgteener t3endre a0 tinégnatendiansnit vedhby the well,

ot he vi.ces t.o correspondi el ectrical si ls for
SuChp%%cégggﬁ%ﬁ%V the ?Eé%ﬁ%EVeﬁﬂgﬁ'a %n?ﬁEycoﬁSSZ?¥e?ther
cond50ioflhe camte Gldresod sMYak® &0 rangedotp188atb £ ARt iplexer
og sensor information froma plurality of sensors
62 tg%ghS%

ST e SERFRFBP§ ek | PRE het dewkinmel &or
coupiﬂﬁgS@&%ﬁgﬁ%ﬁi@e@p 4By %i:&%?‘? &P Qazgmﬁqjyfier 64 is

pertinent c tions wthin t suc

convereed uke, a etysertatlursigrfd oy Cmmsamzylo@%mlijé%ﬁt?ﬁl aconverter

nohi ti - .Lthe sensqrs 58 and 60 are
66 affthe ) BREIE P A et cenente BB B nethe
contedlieti B®.for coupling to an anplifier 64. The output
of the anmplifier 64 is converted t o a digital signa
by an &FaFdFUESRi%giaRaveoorhhg tagntroller 50 may also be

arranged to perform control operations within a down hole.
Therefore, the controller 50, which may be a smart controller,
may also be coupled to one or more electromechanical devices
such as an electromechanical device 68. These
electromechanical devices may include one or more valves and/or
one or more pumps, and/or one or more other devices as may be
necessary to implement the desired control functions within the
wells 14. The electromechanical device 68 may be a simple
on/off device, in which case a digital-to-analog converter is
unnecessary . On the other hand, if the electromechanical
device 68 is an analog device, a digital-to-analog converter
may be provided between the controller 50 and the
electromechanical device 68.

The controller 50 may further be arranged to
communicate control information to other down hole monitoring
and control systems 22 within its corresponding well 14 and to

the down hole monitoring and control systems 22 within others
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66 and the resulting digital signal is then supplied

to the controller 50. A s discussed above, the
waeoomsnedier 50 nmay al so be arranged to perf or nfPCDOB2004/035035

operations within a down hole. Therefore, the

controller 50, which may be a smart controller, may

al so be coupled to one or nore el ectronechani ca

devi ces such as an el ectromechani cal device 68. These

of th e%ﬁ‘i'éeg@a”' Gl OpMIGESH ”acyhé rk% oM %o TRI

val véS and/’or one oOr nore or one or
arrangbdr tdeicoemird s atmy stmqsrmm&hrlyoggmg nplBremtide to, and
desired control_ funct.ions_w thi Ils 14.. The
recejeY%cFP&?E&ﬂaﬁ“@éﬂr%ﬁ% ‘?raytq“bee T Hpt dYpitgpFing and

cont HEY €§stichaMIiC R Case %&%Jﬂééﬁéﬁdﬂiﬂ?r\@épﬂ EPAWVESLRI1d Sand on
unnecessary. On the other hand

othee| welldopdeitdivivs 1devi ce 68 | s an anal og devi ce,

di gitalzto- analo onverter e rOVI

t he co#thr SolMEP Oséné)fhteheel ectt glrrec ant C?OP \/E?caen%ScontrOl

systemdhe2cetioreld emhb@armod WideYodipi g ranfethdiion. The
connunicate control information to other down hol e

memoﬁﬁnﬁ?oﬁiﬁ@ PTESH LS %ﬂﬂﬁ%ﬁ&?%ﬁ?%ﬁt9ﬁ99¥§@mln9 necessary

to c&rﬂﬁﬁﬁ%&%’%@ %t‘f@ldthje‘}f AWyl WS WL Dhof 6 Mo tQsdng 1

and control systens 22 within others -9-of " the wells
systdus PR addi tiidd, UhaaaunﬁaqﬂImwniibrmqgk&n@w¢anﬁmﬂtsystems

20 EEE DETEL Pt S ORTatt O 17 oI (6 SUT dveos ming

nece 8BAI0 N g T &0 ROl resyi 510486 Zbhibl tSuked 1&@spondi ng
well platform 16 and on other well platfornms 16. The
menor y 152 BAgthé U EMF Hole thshi i igeerrr dlomepIwithin

well%%gbgﬁ%}%%rﬁe% &2 il S ¥ A AN, 4 Q0N G- S8 BB O o

necessary for the controller 50, the memory 52, the transceiver
54, the multiplexer 62, the amplifier 64, and the analog-to-
digital converter 66 to be high temperature devices. For
example, the controller 50 may be a high temperature processor
such as a Honeywell HT83C51, the memory 52 may be a high
temperature memory such as a Honeywell HT6256, the transceiver
54 may be a high temperature protocol controller such as a
Honeywell HT1553P, the multiplexer 62 may be a high temperature
monolithic multiplexer such as a Honeywell HT506 or a Honeywell
HT507 depending on the number of inputs to be switched, the
amplifier 64 may be a monolithic operational amplifier such as
a Honeywell HT1104 or a Honeywell HT1104Z, and the analog-to-
digital converter 66 may be a high temperature successive
approximation A/D converter such as a Honeywell HT574. These
devices are -specified to operate over a nominal temperature
range of -55°C to +225°C. However, these devices can operate
up to 100 years at temperatures as high as 125°C, for 15 to 20

years at temperatures as high as 150°C, for 10 to 15 years at
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menory 52 al so stores the conmuni cati on progranmm ng
necessary to communi cate with other down hol e
wOomsHeIing and control systenms 22 and with theCHUSIla€E35035
nonitoring and control systenms 20. The nmenory 52
further stores the control programm ng necessary to
performthe required control functions. In order to
survive the high tenperatures within wells for
Yol M t t I
tempgg%ggggg ngr t ont r oI I’ erﬂHS%l(J) > ﬁ%%lrlrré;%otr ygeéépserahtures as
hight aangzé?&eraﬁd fbhre anyleirploex o2 att Hergptdfumsrs G4 high

as 395 the anal og-todigital converter 66 to be high

erature devices. For exanple, the controller 50
nay beThe hé%ﬂ@mﬁsa@@f@cws&mdﬁ@@hs@smé\% be
Honeywel| I HT83C51, the nenpry 52 may be a hi _

91629@%@F5%%r*ér@émhy:%rﬁrsé/ QL H@aﬁéy%mr%@@g,wmb an

anechaéase §ﬁ4 Ry 1bse émgh %ﬁ{@f{‘@ggpfgg?g{e&égcg're coatings

contro ch as eymel
thatnmbdiﬁi/‘eixlee G&Umyfatme dodtivgden eniper atat @nh@addbh tthédia and
[ ti Iexer ,.such s a ane mell 506 o a, Honeywel |
the [rapsdiehindtng Torked 1 BigRA1e and to

enhaﬁ@ét@H@%eéﬂ%%déﬂﬁlﬁ%i@i@@@ a ROt Mt Cess of the

operational anplifier such as a Honeywel | HT1104 or a
anec}l@h@y%ﬂlmmm@@eleﬁmt%etcam 0y- 3wt yrial franveen epr

C ve roxi mation
multgﬁﬁgg%ﬁver er sucegggﬁ{q%gneyﬁgl$egﬁg A G e gerf et ic

signakte sp&nmﬁi em‘,etdo tapenaite m/eerw@lhmmﬁért&mpﬁﬁ at urer
Fbmever, these devi ces can

Ct C.
exarf00oE S (i krgn s Gif LHR AR (AL S TF B apcted

to b€ 1/306f 1ntko m?a%a%a{g%@toﬁ %ﬁ@r@éw@&@%mm as 150
C, for 10 to 15 years at -10-tenperatures as hi gh as

Alteynstgvely or t@wm@measerm‘er‘m@r@se@som @p@@@ﬁmcﬁf be
sele@@gdf&r) Be ¥ 59" 4 oaf.t tthenpl%{\?éfernegc’t (o} It%qe acoustic

signal. The specific wavelength will depend upon the exact
nature of the substances through which the acoustic signal must
travel. These substances generally are petrochemicals, water,
and earth, but other substances such as various acids and
contaminants may also be present.

In any event, the thickness should be chosen so as
minimize the ef fect of acoustic signal impairments, such as
echoes, flow and machine noise, and reverberations, on the
transducers used to transmit and receive communication signals
as described above. Also, it is preferable that the specific
material of the anechoic coating provided for the transducers
should be selected to withstand the oils, acids, other
substances, and high temperatures in the particular well hole
that is encountered. Accordingly, the anechoic material may
change from hole to hole depending upon the particular mixture

of substances found in the specific well hole. Generally,
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as 300 C . The signal transducers 36 and/or 56 may be

pi ezoel ectric transducers and/or nmay be provided with
w@rooaiedhoi ¢ coating. As is known, anechoi ¢ cORCT/IEH04/035035

are coatings that nodify the interface between the

transm ssion nmedia and the transducer in order to

reduce reflected signals and to enhance the desired

acoustic signals. The thickness of the anechoic

thesEORhLUMIL: SRIEALLM { Qe ol EBPhCOL! BEHRAN B rubber-1ike
multiple of the wavelength that 1s selecte or the
mateadals isied esitgavhl Boit rorsiwead, t hooughhébeometd ahd/ bransducer

. earth. For. exanpl the thjckness of the anechojc
integ 85 g sy T CETATEY {5l LTV oP ERes gacel Rt AUBFtances
thatt Beeaqqusllive 15 Wl encAdeshadi vel y, the thickness of

t he anechoic coating may be selected to be a nultiple

of the FRaveleig e of thheanr@iei¢ cocepghad usgfewith the

. eci fi i n_th X nat ure

sin I LB AR kL et Lagnabl YEsh pRLIE
elastustriicayel Lynkes esstibsd anceki genef abbyyare€thane, and/or

etrqochem cal s, . water, and earth, but other substances

PolyBHERCES AT HARAS & STy domit P nBRt ShFe§<EPEBRbesurface of

the BE888Rlucddy aANYpaMeNtLed NRay NhEKPRSHiGBQULE PRCBOSER tances
so as mnimze the effect of acoustic signha

in opdpai tresrsiame Flas auhiorisic fsbsnahd awdhéneongaside or

. . rev rations, on th ransducers used to .
o B EPEEAT, FP B Ao LACTHTE BrcPEn? ehac avices
fromdescuished albieyenl Almesitrheniss preher abs eetheést helow and

ecifi,c materjal of the anechoic coating, provided for

S (
maChf-ﬁ% PP&TSuCES SHEF - sttt 3 t ook t hst el daet upon
the iei'ﬁéého% Ua tOLRL T SHDSE ANGE Sna @8 B by tenPes AL URES:

the particular well hole
coating in order to dissipate this acoustic energy.

Certain modifications of the present invention have
been discussed above. Other modifications will occur to those
practicing in the art of the present invention. For example,
the surface monitoring and control systems 20 and the down hole
monitoring and control systems 22 are provided with
transceivers in order to transmit and receive signals.
However, the surface monitoring and control systems 20 and the
down hole monitoring and control systems 22 may be provided
with separate transmitters and receivers in order to transmit
and receive signals. Alternatively, any of the surface
monitoring and control systems 20 and the down hole monitoring
and control systems 22 may be provided with only a transmitter
or only a receiver if it is desired that the corresponding
system only transmit or receive signals. Additionally, the
surface monitoring and control systems 20 and the down hole
monitoring and control systems 22 may be powered by light,

through electrical wires, or by down hole energy sources.
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that is encountered. Accordingly, the anechoic
materi al may change from hole to hol e dependi ng upon

wo b@spa919 cul ar m xture of substances found i NnPETES2004/035035
specific well hole. Generally, -11-these anechoic
materials are sone form of rubber or rubber-Iike
materi al selected for long wear, for adhesion to the
transducer interface, and for substanti al

| per Vii8YSNRRS: | &t Neho UBelaNGES L Nto BLE ELEE Yol £ BPing
encount ered. For ‘exanpl e, the anechoi ¢ coating used
and wbhhrbthe ssiggrals tr@redliceis Gowanddébe dénieyrbeg and control

el astoneric or elastoneric polynmer, such as silicone,
Systﬁﬁﬁy%?eﬁﬁeﬁq&liovalﬁﬁ%rw ot VBB oot BARSRL poF fAera:
receloBEQd 50 JihRIextieF e disel ofotPe bLEERSENECE Bansmitter

Particles may be provided in these substances in order

and theephafdeathe facousisenghatcranmtant vagadiicevs may be

 RQrLgANL C .GOV ovi ded. Acoustie ener t hat
prov R S R G I P e ST oo S et
echoesFufdtow e aracdii tieouish Steradce {-eyes ber atépansate
and that is jncident upon the anechoic coating deform

tranphe thater ifAC GIe AT Hie il O JMThorh S Bensted above, it
shoullliS Bk PaLeI D RE QS G 1R Y s COI 118 JPAifL cat

of the present invention have been di scussed above. ©
tranemhskensdisficdc stdasisvan s Imapccer imcotpseapedcintd nghe n
the-art of .th resent invention. Fpr exanpl t he
Cont:sfarf% a‘ii%%‘rmnlit %rl’flr?g At 'coq%%er of “8ysY r%omn%ﬁgb? hcéo‘ﬁ%%d
direbole toNichey iviGiranthEnn r ar syisd efdnZ2oBI&rPryy ded coupled
with transceivers in qgrder to transmt and recelve

to tBPghAPRS HGREFe TR (R FRRTe IR €7 | FECands doMt r ol
conva¥ELeNE 20 R the doywnhole oo Fori ge apgecontrol

systens 22 may be provided with separate transmtters
and r e€wi welds timror desrch off rdmsmells 14 as described above

is provided with a corresponding one of the surface monitoring
and control systems 20. However, fewer surface monitoring and
control systems 20 may be used so that at least one of the
surface monitoring and control systems 20 covers more than one
of the wellgs 14.

Also, the signal transducers 36 and 56 emit and
receive acoustic signals in order to support communications
between the surface monitoring and control systems 20 and the
down hole monitoring and control systems 22 and between the
down hole monitoring and control systemsg 22. Instead, the
signal transducers 36 and 56 may be arranged to emit and
receive other types of signals if acoustic signals are not used
to support communications. Moreover, the sgignal transducers
may be turned on and off by signals from their corresponding
transceivers .

Accordingly, the description of the present invention

is to be construed as illustrative only and is for the purpose

-13-



and receive signals. Alternatively, any of the surface
nmoni toring and control systens 20 and the down hol e
wOoRsHeIIng and control systens 22 may be pr ovPdBEUS204/685035

only a transmtter or only a receiver if it is desired
that the corresponding systemonly transmt or receive
signals. Additionally, the surface nonitoring and
control systens 20 and the down hol e nonitoring and

of t%?@h&?l §¥§5§gmﬁﬁgif@% P@ @R@Eé g p%elbggE mggéogg carrying

ectiic W res e energy source
out £h2- Morveoieioni n The d@B&lMﬂem&ythe ﬁatﬂadesﬁblthﬁtnagly

...an ontrol S% ggeand t he d wn. hol. e noni toring
withhy fehardhing el BT b ot FRYERPAPAL calid the
exclhéiiﬂémdéeer&f ait NRSE FEESy1i8ns| HEk ent 5@@8@%3511”@% scope
serve both the transmtter and the receiver of

of thgsepmegideskpakaitnes tyanseseeryedmy be provi ded for t he
transmtter and receiver of a system Furthernore,
al t hough transceivers or separate transmtters and
receivers may be used as di scussed above, it should be
understood that the transceivers or the separate
transmtters and receivers may be incorporated into
the controllers. In this case, the controllers may be
coupled directly to the transducers, or the
controllers may be coupled to the transducers through
ot her devices such as D/ A converters, and/or
mul ti pl exers, and/or the like. | addition, each of the
wells 14 as described above is provided with a
correspondi ng one of the surface nonitoring and
control systens 20. However, fewer surface nonitoring
and control systens 20 may be used so that at | east
one of the surface nonitoring and control systens 20
covers nore than one

-14-
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of the wells 14. Also, the signal transducers 36 and
56 emt and receive acoustic signals in order to

WG a@so4291conTTuNni cat i ons between the surface noPCT/082004035035

and control systens 20 and the down hol e nonitoring
and control systens 22 and between the down hol e
nj ng and control systenms 2 . Instead, the signa
aﬁé%égers 36 and 56 may be arranged to emt and
recei ve other types of signals if acoustic signals are
not used to support communi cations. Moreover, the
#&F gnal trahsducérWeﬂﬁyC@@tﬁ@ﬂn@@domammtomhmgbwysm@namgr

A I
b B B R B S R B o 3
constigedgas illustrative only and is for the purpose

-13-of teaching those skilled i the art the best node
of carrying BETCFReCPRYERL 68CFHe details may be

varied SUb§t?ﬂ&kéhH¥ymbkh%ﬁEfg%gaEbhﬁgdﬁr%%g}F%niebEEhg

of the invention the exclusive use o
gwelf e at voasewni eachr efwichkei weflhie deopeocofidedewith a

ended lalns IS rved.
R TR aRa B EBFI RG=E7SEeRPPOE e Eo ROPSE oA
S&Kﬁé@éln@n@fwﬁeﬁéﬂﬁaEhEYSQEfW@b|&o%ﬁ&%ﬂ'%h@gmoﬁltorlng
renote control center; plurality of surface contro
SHRIE PRI R BB B §9@m@ﬁécaﬁ/ﬁ@ﬂemtéaéheofremﬁéew@pn@rpé
duoveded, Myt h a corresponding one of the surface
control and nonitoring systems, and wherein the
surface coatpbhrahiitponEt doiwnghole monitoring and control

systems, wherein each of the wells is provided with at
least one of the down hole monitoring and control
systems, wherein each of the down hole monitoring and
control systems is in communication with at least one of
the surface control and monitoring systems, and wherein
each of the down hole monitoring and control systems
comprigses a non-cooled, high temperature controller
arranged to perform monitoring and control functions

within a corresponding one of the wells.

2. The well control and monitoring system of
claim 1 further comprising at least one sensor coupled to
the controller of at least one of the down hole

monitoring and control systems.

3. The well control and monitoring system of
claim 2 further comprising a multiplexer coupling the
sensor to the controller of the at least one of the down

hole monitoring and control systems, wherein the

-15-
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systenms are in comrunication with the renote contro

center, and, a plurality of down hole nonitoring and
w@oemsie1syst ens, wherein each of the wells i sP@r/Usidee35035

with at |east one of the down hole nonitoring and

control systens, wherein each of the down hole

nonitoring and control systens is in_conmunication

Wit hial KBRS FOBRE 16F5t Re NOTr £RO SContiaih RAPerature

mmnLtgrLpg,systems, and wherein each of the down hole

nonitoring and control systens conprises a non-cool ed,

hi gh tenperature controller arranged to perform

itori d ntr func S
o bononaz a0t o HoR 1t UhekR1° ot Belifordge syetaRuos

HDQhﬁOQIBﬁrﬁhékeﬁb&brﬁbah@\énf@ﬁ@haﬁléQﬂﬁbbﬁnﬁﬁgakhe
| east one sensor coupled to the controller of at |east

8pesSef thetBBwWACRSIElABH Pér thg aid lesstr onespét &ie down
od. m%ﬁL£099H§rghd?%% Bitggg%%miysbﬁgkg ckaim 2

urther conprising a Tl |pIe er coupli e Sensor
dwopl héiepntomplreseef at henatobeast, hﬂghotemberdﬁwmehole
nnnit ring and control systens, wherein the
9B ﬁgF?Fplexer conpri ses a non-cool ed, high
tenperature multiplexer. . The well control and
nmonitoring systemof claim2 further conprising an
anplifier Boupl Thg whelsepssirofloandemepatpraliner sybteeof

L east wn _hole taoring.and contro
g%%%@né,f§ggpggng ﬁQQQSlF?f eragggpglsesdégﬁgﬁgcggpgﬁrter
boghliegpehat se@sor to the controller of the at least one
of the down hole monitoring and control systems, wherein
the analog-to-digital converter comprises a non-cooled,

high temperature analog-to-digital converter.

6. The well control and monitoring system of
claim 2 further comprising a multiplexer and an amplifier
coupling the sensor to the controller of the at least one
of the down hole monitoring and control systems, wherein
the multiplexer comprises a non-cooled, high temperature
multiplexer, and wherein the amplifier comprises a non-

cooled, high temperature amplifier.

7. The well control and monitoring system of
claim 2 further comprising a multiplexer and an analog-
to-digital converter coupling the sensor to the
controller of the at least one of the down hole
monitoring and control systems, wherein the multiplexer
comprises a non-cooled, high temperature multiplexer, and
wherein the analog-to-digital converter comprises a non-

cooled, high temperature analog-to-digital converter.
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anplifier. . The well control and nonitoring system of
claim2 further conprising an anal og- o-digital

w@onsmsxer coupling the sensor to the control | PET/OB2004€35035

at | east one of the down hole nonitoring and contr ol
systens, wherein the anal og-to-digital converter
conpri ses a non-cool ed, high tenperature anal og
-to-digital converter. . The well control and

moni toring gyst f.glai Mt QLEH rdsin

mul tipl exeresandeﬁ%é)gvné':p]l]i fCT[Benr?tgcoup [ ngn?t e %Izlﬁs%rsa}fsotem ot

cheigoit ripittdreofednperistineast amel iofidhenrdbwh halsl og-to-
ni.t or.i ng _and control _syst , Wherein the

B BtTe oSSBT i I SRRSH i e @ittre Lo

Bl el exereand sl UMW HI 1L mEOMYL SRS $hd
noncool ed, high tenperature anplifier. 7 . The Wwell
contrell Sydbans t ofiansisy sthemasoldl fien Zdmptikeys a non-

risSi ' n-.anal ogt 0- .di gi.t al

%%%@S fif; erIillgi ouprﬁl%"&dgel}ial?éﬁ;eeﬁas rl%trkolaet e agiéi;twrhoeﬁ%érn 7S he
anhallegst: cond gift alhecdowr'teat exdmiiterd rY it CIUID] high
ystens, wherein the nmu)tiplexer conprises a
RERPESOIATE AT TS AT, and wher ei n
t he anal og-to-digital converter conprises a noncool ed,

hi gh tenperature anal og-to-digital converter. -16-.

The wel | céntrolThendredoniccotingg. syst emmrgftagligionsstem of

furthe Lisin n.amplifier .and.an « R
gﬁ% g‘g-&t %gll%hte}l cgjén%\}:elr ter @oﬁlﬁli%ﬁéﬂteﬁfrs’eﬁgbra“{p&ltfﬁ@r'
eart bal bewnlely-the dlgilteasicaretfed g el sensor to

[ [ I t , Wherein_the anplifier
gg%%%gé%g%&i%ghggghéé aiyae%@% one of the do&gahole

monitoring and control systems, wherein the multiplexer
comprises a non-cooled, high temperature multiplexer,
wherein the amplifier comprises a non-cooled, high
temperature amplifier, and wherein the analog-to-digital
converter comprises a non-cooled, high temperature

analog-to-digital converter.

10. The well control and monitoring system of
claim 1 wherein at least one of the down hole monitoring
and control systems comprises a transducer arranged to
perform a conversion between an electrical signal and an
acoustic signal, and wherein the acoustic signal conveys

information through at least one well.

11. The well control and monitoring system of
claim 1 wherein at least one of the down hole monitoring
and control systems comprises at least one

electromechanical device controlled by the controller of
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hi gh tenperature anplifier, and wherein the analog-to
-digital converter conprises a non-cool ed, high

WO eopsesatur e anal og-to-digital converter. 9 . HOEUSEINI/035035
control and nmonitoring systemof claim2 further
conprising a multiplexer, an anplifier, and an
anal og-to-digital converter coupling the sensor to the
€61t RbI L8RS ORREoRt CheadpBNBOGE NhBLtowATHORDA control
8ppiLoring and control systens, wherein the
nmul t1 pl exer conprises a non-cool ed, high tenperature
mul ti pl exer, wherein the anplifier conprises a

non-cool ed, _high te ature applifier, and wherein
t he analogl?o-d£ﬁ? ggfioﬁ9€?¥%£p%%ﬂpm?§%§°51n9 system of

aP81 600! RHer8iAhat enPLLat YR e @Pa%HQ'égwﬁdﬁgiéa&onitoring
converter. 10. The well control and nonitoring system

#Fd cranki 2l whEReeNS atompassesna obntheotiedn hioyle
@@ﬂ%&gg%ﬁgeaﬂgl?%$ié£érsystens conprises a transducer
arr 0 per

nge ma conversion between an el ectrica
signal and an acoustic signal, and wherein the

acoustic signal convefs i nformati on through at | east
one wel | . 43: THeS iEeT! corerbPl il it o F Had systiepm of

I athal Midenber el Blabeashe 00 ﬁﬂetﬁﬁwnggl$gg§?itoring

nmoni toring and control systens conprises at one
@ ceeoheehasy satme evoner tons ral heg- dyoldd, conghol | er

-17- I t_one of the down hole nonitoring
1%% %%%%?o q%?%?%n%e?'l . The well control and

monitoring systemof claim1l wherein at | east one of
t he down hol e monitoring

14. The well "control and monitoring system of
claim 1 wherein at least one of the down hole monitoring
and control systems comprises a non-cooled, high

temperature analog-to-digital converter.

15. The well control and monitoring system of
claim 1 wherein at least one of the down hole monitoring
and control systems comprises a non-cooled, high
temperature multiplexer and a non-cooled, high

temperature amplifier.

16. The well control and monitoring system of
claim 1 wherein at least one of the down hole monitoring
and control systems comprises a non-cooled, high
temperature multiplexer and a non-cooled, high

temperature analog-to-digital converter.
17. The well control and monitoring system of

claim 1 wherein at least one of the down hole monitoring

and control systems comprises a non-cooled, high
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and control systens conprises a non-cool ed, high

tenperature nultiplexer. 1 . The well control and
wOoRmsHeIINg system of claim 1l wherein at | eastPONESWN4/035035

the down hol e nonitoring and control systens conprises

a non-cool ed, high tenperature anplifier. 1 . The well

control and nonjtoring systemof claim1 wherein at

T BRI T Ve D f 2Pkl Ebo m{ €2 i tepdrd andiglont emperature

éﬁgﬁégﬁhggﬁﬁ%%ﬁéﬁ;5b£§g5§gp]ed, hi gh tenperature

anal 0g-to converter. 15. The well control and
moni toring systemof claim1l wherein at | east one of

t he down hol e nitorjng and control systens conprises
a non-cooF@%z Eﬁ@% Yemper Rl mnd i prekerrirg system of

dmodrg 00k rdM 9 e £ erpesat e c?f'ﬁ!ﬂ% | By 1O le-rhﬁoﬂ\ftlf&ring
control and nonitoring systemof c aim 1 W%ereln a
arch oo bfsyeengpvwrhpt ssqmrd trom ngpanet ¢ dntglol

i-Ses non- cool ed, high. t rature
T ae O TP PR toot e IH°GH S bt ak (hgreratuze
aamell i0fp-d10; dirgl tlneonyesias, hhigh Tﬁtﬁn;v@}a{t@wta(r%l@gfgw&o-
(0]

c{mn_it ring systemof claim1 wherein at |east one
%ﬁ%%é%wFQRﬁ%¥§ﬁﬁﬁtoring and control systens conprises

a non-cool ed, high -18-tenperature anplifier and a
non- cool ed, hi gh tenperature anal og-to-digital
converter.19.8. The weell coritmadl sand monitaring Sysia@mor

é#éil g;ﬁﬁ%3¥g¥%‘%ﬂg‘ﬁoﬂfﬁgglégﬁaﬁﬁéﬁ*E%é%éﬁggﬁﬁéa

g

controller comprises a non-cooled, high temperature

transceiver.

20. The well control and monitoring system of
claim 19 wherein at least one of the down hole monitoring
and control systems comprises a non-cooled, high

temperature multiplexer.

21. The well control and monitoring system of
claim 19 wherein at least one of the down hole monitoring
and control systems comprises a non-cooled, high

temperature amplifier.

22. The well control and monitoring system of
claim 19 wherein at least one of the down hole monitoring
and control systems comprises a non-cooled, high

temperature analog-to-digital converter.
23. The well control and monitoring system of

claim 19 wherein at least one of the down hole monitoring

and control systems comprises a non-cooled, high

-10-



AN L RN - wnm AW N wn A W N =

O 0 3 & Ut B W N~

[y
O

and control systems conprises a non-cool ed, high
tenperature nultipl exer, a non-cool ed, high

wo esoppsature anplifier, and a non-cool ed, hi ghPCT/US2004/035035

tenperature anal og-to - digital converter. 19. The
wel | control and nonitoring systemof claim1l wherein

t he non-cool e hte ature contro | er, conprises
RS e g S df G A e F B0, The.
g e @O lanpnd fAR t ori ng system of claim 19 wherein
| east one of the down hole nmonitoring and contro

systens conprises a non-cool ed, high tenperature

mul tiplexer. 2L Q&HWeHoﬁEE§f°' monl |tor|%%_ 0 of

SySt em of C “ai m ereln at eas one of
diad den ﬁﬂllmﬂmrlerlgl and leeRitr enes Yyt e QIR h88%® donitoring

non- cogl e h tenperature anplifier. 2 . The well
%ﬁd: % dsﬁﬁ ST (CRYPLY-SEEMPo B &oR- B9  WheiSd n - at

ﬂé%ﬁﬂid@@%eoﬂmﬂQgpQQW%rh%E%.%p%khggdaae@ndhﬁ trol

systens conprises a non-cool ed, high tenperature
tanglegg-tugediagipfl oo -tondeoticrl zonvEEemel | control and
moni toring systemof claim19 wherein at |east one of
the down hol e nonitoring and control systens conprises

a non- coobsd thghwelQ- tempenat uhe Mahtitphexel 3t of
n- coaql ed, gh tenperature anplifier. 24. The well
g & &ﬁ&rﬁ6H|PGrﬂﬁ§S§y§P§nP§ft@@aﬁ@WP9hWﬁ@r@p@léprln9

ah@ﬁ%bn@&%logy%E%mgoWBmBQE%egDQ'E%EL%%oled, high

temperature amplifier and a non-cooled, high temperature

analog-to-digital converter.

26. The well control and monitoring system of
claim 19 wherein at least one of the down hole monitoring
and control systems comprises a non-cooled, high
temperature multiplexer, a non-cooled, high temperature
amplifier, and a non-cooled, high temperature analog-to-

digital converter.

XX 27. A well control and monitoring system for
the control and monitoring of a well comprising:

a first control and monitoring system located
above the well, wherein the first control and monitoring
system comprises a controller and a transceiver; and,

a second monitoring and‘control system provided
within the well, wherein the second monitoring and
control system comprises a non-cooled, high temperature
controller and a non-cooled, high temperature

transceiver, and wherein the first and second control and

-20-
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and control systems conprises a non-cool ed, high
tenperature nultipl exer and a non-cool ed, high

w0 esopesatur e anal og -to-digital converter. 25.pPdneswedd3so3s

control and nonitoring systemof claim19 wherein at
| east one of the down hole nDnitorlng and contro
ens. conpri ses a non-cpol ed, gh tenperature

%gsrt?re?ga 5¢W%nc%%EW%&Fa§ﬁgﬁF?%ﬂ%@?a@ﬂ@Eher through
ﬁﬂﬂ@iﬁgréépé’éﬂiir@' t BNYEE{®Ers 26. The well control and
nmoni toring systemof claim19 wherein at |east one of
the down hol e nonitoring and control fystens conpri ses
a non- cool [ exer
non- cool e hlgﬁg$e%%g?a(%$%rg%p n# @#n15851%9 system of
Mmcﬁﬂ eme:hegin tleapes @b encritad Ot A9 b8t @bntrol
qyerter xx, 27. A well control and nonitoring system

BICTHe ORF TRt At lordiRy BN nerouRbedrfe| tﬂge a
éér&@ﬁom roF g mﬂ@%&gleqﬁaﬁ A@&ﬁ%g&ﬁgfv

well, wherein the first contro oring s
conpri ses a controller and a transcei ver; 3ng a o
second'nn or| g_control syst ovided within
the well, ere S SCBHd Horit Cgr“ilcg‘bl%‘?r‘al%rﬁﬁf%?em of

@]yasrtnema‘:mmfﬁl*sas @omwmg‘ ed mili Wi tSmer&Weing the
controller and a non-cool ed, high tenperature
& dhe Gt ah afhéle reacom rassdm tuntarel

@HE rA0-JRIH 0T 1A% -SViST &R %RHHH&!%%I%:Wéth:8ﬂ§§%faf$%;-

anot her through their respective transcel Vers
GestlleGodtigll tawb it g tsydtesmarof

30. The well control and monitoring system of
claim 28 further comprising an amplifier coupling the
sengor to the controller of the second monitoring and
control system, wherein the amplifier comprises a non-

cooled, high temperature amplifier.

31. The well control and monitoring system of
claim 28 further comprising an analog-to-digital
converter coupling the sensor to the controller of the
second monitoring and control system, wherein the analog-
to-digital converter comprises a non-cooled, high

temperature analog-to-digital converter.

32. The well control and monitoring system of
claim 28 further comprising a multiplexer and an
amplifier coupling the sensor to the controller of the
second monitoring and control system, wherein the

multiplexer comprises a non-cooled, high temperature

21-
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claim 27 wherein the second nonitoring and contro
systens conprises at |east one sensor coupled to the

wa@omsngdier of the second nonitoring and cont rBPCT/US2004/035035

system 29. The well control and nonitoring system of
claim 28 further conprising a multiplexer coupling tge
Qr- t he. _contral l.er of the second nonitoring an
n@%ﬁlrpo%e%eyés’t :arﬁ WhiSTS ttﬁ%e rﬁﬂl]@f]? e " TBHprisest on-
aearlead)| edighhitgingeanperad Wng Mg 4d.p] exer. 30. The wel |
control and nonitoring system of claim28 further

conprising an anplifier coupling the sensor to the

control | er30f _ e, %}%ﬁqn%%élorgr{&g.n%%qtgo%ﬁté{ggloqéﬁséfm of

system wherein the anpli r conpri ses

Hisghn Lémfercithere canplriifsiery Bhulthielwddr comt o] AR og-

noni.t aring system of claim 28 further conprising an

%ﬁé%ﬁﬁ%kﬁ ‘?@t%%ﬁﬂW¥éP%5ﬁﬁF%@%%bQ%ﬁﬁﬂ to the

ceittioQlllear o dﬁ§3§@%%%@dnﬁﬁﬁhkﬁﬁh@9a%@dc%%%&%ﬁlsystem,

system wherein the anal ogto- digital converter .

W ins ey A fipdeked, dempr itseper aour-eocoled, hllgh ;
-di_gi erter. ._The Il cqgntrol an

e R e R B RFT S g O

diglitiep| exereanerancappliskiser ¢RMplodd sthensemsor to

the controller_of the second nonitoring and contro

CSTOEEM- ke PEPH CBRE OB B S Rdx SPTYERbEESes a

non- cool ed, high tenperature -21-nultiplexer, and

wherein the anplifier conprises a non - cool ed, high

t enper at uBé -anphef well 8ontTd webl moontpslingndystem of

cﬁg@htgéi@grﬁﬁgkeQE%Lrising an amplifier and an analog-

to-digital converter coupling the sensor to the
controller of the second monitoring and control system,
wherein the amplifier comprises a non-cooled, high
temperature amplifier, and wherein the analog-to-digital
converter comprises a non-cooled, high temperature

analog-to-digital converter.

35. The well control and monitoring system of
claim 28 further comprising a multiplexer, an amplifier,
and an analog-to-digital converter coupling the sensor to
the controller of the second monitoring and control
system, wherein the multiplexer comprises a non-cooled,
high temperature multiplexer, wherein the amplifier
comprises a non-cooled, high temperature amplifier, and
wherein the analog-to-digital converter comprises a non-

cooled, high temperature analog-to-digital converter.

22
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claim 28 further conprising a nultiplexer and an
anal ogto- digital converter coupling the sensor to the

wa@omsngdier of the second nonitoring and cont rBPCT/US2004/035035

system wherein the multiplexer conprises a _
non-cool ed, high tenperature nultiplexer, and wherein
t he analogﬁ}odbg{tal onverter coqyrlses a hon-cool ed,

hi gh t enper®at urd anslog-SB iy AT mRidraieng stage of

ol contualreal URNideIdig SR Gy A BARIIN Uifen
conprising an anplifier and an analog - to-digita .
CHRFERSE S SISt ashe asEmdeed ¢a mnﬁmm o Icmnr*]xm‘rstmm
[ j d {10l stem rein the

R O oD s o ) B e e i ana
vanepldiifn ehe aubusttdreisidried atalvegsl Gl i FOHRIGRI

onpri.ses a non-cool ed, high tenperature
t%ﬁhléﬂ='o-digital converter. 35. The well control and

moni toring systemof claim28 further conprising a
mul tiplexer, an anplifier, and an anal og-to-digital
convert er 3doupMihwgweld semsorlt enthewcodtamlde syaftetrhe £

n itaring,and control system wherein th
e Se e arn  Be 3o fond e i g Girperaupysten
comptriipleex er:, lehetebhet ke caffRbivkcBbnG AN IRRS @

non-caool ed, high tenperature anplifier, and wherein
Cpﬁgrﬁggﬁggbyop FyFPRETEAPEr Pér thenpricoasl mondresdngdand

cbnghoteppatature anal og-to-digital converter. -22-36.
The wel | "control and nonitoring systemof claim 27

wherein the second nonitoring and control system

' t erform.a
Conprlses3§.tréﬂéd%%§5 %Ek%ggﬁdan %onltorlng system of
conversi on

claim 27 wherein the second monitoring and control system

comprises a non-cooled, high temperature multiplexer.

39. The well control and monitoring system of
claim 27 wherein the second monitoring and control system

comprises a non-cooled, high temperature amplifier.

40. The well control and monitoring system of
claim 27 wherein the second monitoring and control system
comprises a non-cooled, high temperature analog-to-

digital converter.

41. The well control and monitoring system of
claim 27 wherein the second monitoring and control system
comprises a non-cooled, high temperature multiplexer and

a non-cooled, high temperature amplifier.
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bet ween an el ectrical signal and an acoustic signal,
and wherein the acoustic signal conveys information

wo boosagre1e he wel | . 37. The well control and noPCT/081004035035

system of claim 27 wherein the second nonitoring and
control system conprises at Ieaff ong . ol

el ectronechani cgl device controlle the controller

of the sec%%d Crr@?ﬁt%?j[ﬁg?%ﬁr%rﬁl? |m "t%lfﬁn%ssysrm of
vl im contwindrand TR §QEdmy m’t*@d&ﬂ{g{ i @&?tﬂ%?fsg}&em
the second nonitoring and control sys em conpri ses
IR R MIYICIeHRsbr dtigte tamne A e _mlt;ihg;lp'ﬂll'ﬁxemﬁdnd
Lo mpi pryd f.clalm27 wherein the
sgg%ﬁghﬁgﬁg%oriﬁ§9§% 5%%%%§%ggv%%%ﬁﬁg%%iﬁﬁ%£§9

Grvesdeied, high tenperature anplifier. 40. The wel |
control and nonitoring systemof claim27 wherein the

second nonitoring and control system conprises a
non- cool ed,3 hi ghhd ergaer Mt%oqn%ln%'ﬂo?@t%ﬁiﬂﬁ syshem of
onverter. 41. The well control and nonitoring sys
& T mYIEngHEY dihe tsesaret ot inoniitngy iamgl asthte@ilt rGistem

SN EBEOP RS R lré%p,;: g%%lé‘g f%’emrf)i réttgﬁfgg I%r a ﬁrg? er and a

mul'ti pl exer ‘and a non- _ _
nemplcodiled, 133 tenflrareide cOANLY- 311 HRRINOCLRG e rter .
system of claim27 wherein the second nonitoring and
control system conprises a non-cool ed, high

tenper at ume Muithicphexar aad A31nanacoaled, Bihghs cren of
tenperature anal og-to-digital converter

claim 27 wherein the second monitoring and control system
comprises a non-cooled, high temperature multiplexer, a
non-cooled, high temperature amplifier, and a non-cooled,

high temperature analog-to-digital converter.

45. The well control and monitoring system of
claim 27 wherein the first monitoring and control system

is located at a surface of the well.

blod 46. A down hole monitoring and control system
provided within a well, wherein the down hole monitoring
and control system comprises:

a non-cooled, high temperature controller; and,

a non-cooled, high temperature transceiver
coupled to the non-cooled, high temperature controller,
wherein the non-cooled, high temperature transceiver
transmits signals into the well and receives signals from

the well.

24-
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4 . The well control and nonitoring system of claim?27
wherein the second nonitoring and control system
W@ owps0i®es a non-cool ed, high tenperature anpl PET/@820841085035
a non-cool ed, high tenperature anal og-to-digital
converter. 4 . The well control and nonitoring system
of claim 27 wherein_the second nonitoring and control
syst em conpfi ses@ HIWE il @ CORT HRL t @ppareriifering
Lpl - j r at ifier,
L e ey drar e et o T o
Tonvege@rto 4% r T wel dowost s bdn alnelt wee t 2t | ¢l Styst e

é){ clfimc§7 V\,hereiqithefir rmn't‘ﬁ%in,an control
Sy em T 1Bt T A @ Stithce VY tHRETRT ths,aapistic
Stoyvia hodenvens tDif dimantbe Ot F Shgis yehemprovi ded

wthin a well, wherein the down hole nonitoring and

control system conprises: a non-cool ed, high

t enperat urg, co I , 1 -coo0l ed, hi.gh .

t enper at urlg8 tr g}%%e#%% coupl %ﬁ%ofhaen(ﬁo%q%loo i el

sy gtert enperlatim et T ontrihdercomber €imy the fNoseienial ed,
high tenperature transceiver transmts signals into
THETA T Gt TS 6 v AP R Rl ROTT G (o Wt | ranssluper .
The down hol e control and nonitoring systemof claim
46 further conprising a transducer arranged to perform
a conversi%h béfhedrwn lectedmatolsiaphinanidaning

Sgpso&gtﬁié:f Ianal ’4@% rein the acousti i.gnal

onveys |§#or mat1 on #gourbh ‘“:hen?/\r/lelcfooélelfg. down
teolee ieontweo lccarttraldnirt afdniirises a non-cooled, high
temperature controller that can be remotely turned on and

off.

50. The down hole control and monitoring
system of claim 46 wherein the non-cooled, high
temperature controller comprises a self-powered non-

cooled, high temperature controller.

51. The down hole control and monitoring
system of claim 46 wherein the non-cooled, high
temperature controller comprises a non-cooled, high
temperature controller that is powered remotely by

electrical wire.

52. The down hole control and monitoring
system of claim 46 wherein the non-cooled, high
temperature controller comprises a non-cooled, high
temperature controller that is powered remotely by

optical cable.
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system of claim47 further conprising an anechoic
material coating at |least a portion of the transducer.

wa@d 20050k9190wn hol e control and nonitoring systePoT/082004/035035

cl ai m 46 wherein the non-cool ed, high tenperature
controller conprises a non-cool ed, high tenperature
controller_that can_be renotely turned on and off. 50.

The down Mole CoOMft R b ity aRAs maRsroeiagm
AR et N1 DA GaARd, DL RO W GONLEQ) | er

conprises a self-powered nonc i gh tenperature
slemtirdnerharsica Thiewdiown drolteraddrtd &y ance nomit ool bgr .
system of claim 46 wherein the non-cool ed, high
tenperature controller conprises a non-cool ed, high

t enper at urs; COMHS|dfiimn e iHRAEN ethd B8l ¥r Pig
electrical wire. 5. The down hole control and

soHawrahg i dh Fuihammapenitiatision a memereebed edhigh
ﬂgﬁﬁ%géygﬁgq&ﬂﬁ%{ﬁgg&ﬁplIer conprises a non-cool ed
hi

tenperature controller that is powered renotely
by optical cable. -25-5 . The down hole control and

nonitoring system of claim46 further conprising at
| east oneg':’eﬁ 'ectﬁ%éi?r‘f’%i%@g]e FoREe e /S dlared By e
Sdwldelolbim e deMe hlgpeantihe) aa%rﬂ%&?é%,nghigh

systemof claim46 further conprising a non-cool ed,

TS tede el fgn.i pl exer .

56. The down hole control and monitoring
system of claim 46 further comprising a non-cooled, high

temperature analog-to-digital converter.

57. The down hole control and monitoring
system of claim 46 further comprising a non-cooled, high
temperature multiplexer and a non-cooled, high

temperature amplifier.

58. The down hole control and monitoring
system of claim 46 further comprising a non-cooled, high
temperature multiplexer and a non-cooled, high

temperature analog-to-digital converter.

59. The down hole control and monitoring
system of claim 46 further comprising a non-cooled, high
temperature amplifier and a non-cooled, high temperature

analog-to-digital converter.

60. The down hole control and monitoring

system of claim 46 wherein the signals comprises pulses.
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55. The down hol e control and nonitoring system of
claim46 further conprising a non-cool ed, high

wo esoppsature anplifier. 56. The down hol e contPOI/US2VA4/035035
nmoni toring systemof claim46 further conprising a
non- cool ed, high tenperature anal og-to-digital
converter. 57. The down hol e control and nonitoring
system of claim 46 further conprising a non-cool ed,
hi gh t enpegat urgndnddip! exes @&%:?oln%&%ﬁﬁtopmg
tenperature anplifier. 58. The down hole contro
U QT P o Kt el oFuTet B i B e a:cmpr—r son@;ed, high

NOREeir S ORI e R o il fmperacure

aglviefier, £ dheormawolel e iy dmpndh iRt 9hhN8g-to-
(ﬁgste of claim46 further conprising a non-cool ed,
e Rth anpl i fier and a non-cool ed, high
tenperature anal og-to-digital converter. 60. The down
hol e control and nonitoring system of claim46 wherein
the signals conprises pul ses. -26-61. The down hole
control and nonitoring systemof claim46 further
conprising a non-cool ed, high tenperature multiplexer,
a non-cool ed, high tenperature anplifier, and a
non- cool ed, high tenperatur-e anal og -todigital
converter. -27-

27~



