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the casing strings or the presence of unfavorable environmental conditions,

provoking remedial responses by the operator, for instance.

[0005] Unfortunately, traditional annulus monitoring techniques generally require a
penetration (i.e., an intrusion) through the wall of one or more of the casing strings
to, for example, communicate pressure by means of a hydraulic conduit to pressure
monitoring equipment located outside of the annular region or to communicate
information obtained by the monitoring equipment disposed in the annular region.
For example, conventional techniques often require a port in the casing through
which a communication cable from the monitoring equipment in the annular region

extends. Similarly, such monitoring equipment may require power from a cable that
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regiondied@edn ¥ Pair of casing strings, the displacement mechanism may displace

the radioactive source in response to a change in the pressure of the annular region.
In turn, this displacemenf is represented to a set of detectors—which are disposed on
an opposite side of the given casing string from the source—as an increase or
decrease in radiation levels. Through the use of numerical calculations or look-up
tables, for example, the detected radiation level can be correlated with a pressure
level, providing a mechanism to quantify the change in pressure in the annular

region, for instance. Advantageously, the relatively long half-life of the radioactive
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[0015] FIG. 4 is a section view of a non-intrusive monitoring device, in accordance

with yet another exemplary embodiment of the present invention;
[0016] FIG. 4a is a detail view of the device of FIG. 4 taken along arc 4a-4a of FIG.
4, '

[0017] FIG. 5 is a detail view of the non-intrusive monitoring device of FIG. 4, the

device being illustrated in a first operating position;

[0018] FIG. 6 is a detail view of the non-intrusive device of FIG. 4, the device being

illustrated in a second operating position;

[0019] FIG. 7 is an alternate section view of the device of FIG. 4 in the operating
position of FIG. 6;
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DETAILED DESCRIPTION

[0028] As discussed in detail below, the present invention provides methods and
apparatus for communicating information through a physical barrier in a non-
intrusive manner. In accordance with one einbodiment, the present invention
provides a non-intrusive monitoring system for an annular region between downhole
casing strings, for instance. By way of example, this monitoring can be effectuated
by changing the position of a radioactive source disposed on one side of the casing
string relative to detectors disposed on the other side, the change in position being
the result of a change in pressure of the annular region, for instance. By

extrapolating the differential measurements between the detectors, the change in



WD 2007/ 127053 PCT/ US2007/ 008890 pressure can be
guantified. As another exanple, the change in detected

w0 awi7a2iosh can be effectuated by positioni ng BCT/US2007/008890
radi oactive shield that has varying | evels of
radi oactive absorption at different portions, the
shield s changing position in response to the change
in pressure resultantly changing the detected
radi ation |l evels, for instance. [0029] However, prior
to discussing in detail the foregoing and additiona

pre3¥@gRaa by queihisd. R ifothértexiafpld) thdcit@at NP détBered radiation can
be“#_)éelhou H the follow ng.di scussi on focuses on_ annul us

F‘PB by Rosttipsuend radioasHy e eleldghat hasivarying deyigls of

radiGAteVE iaBELIPHSY hﬁﬁ?fe%@?&ﬁfo%s the sRRY’ S UIERne osition in,
applications in communi cati on oOf formation

respARssigHhe chasngg 4n pegssiygresudtenily, changing thﬁtdptﬁgtederaﬁ@hm fevels,
ﬁwlgggﬁﬁgred Such applications include but are not
'Tmted to measuring annul ar spaces in fluid tanks and

OGBS s ey L ORI bR, SOy
emppdimenss, iFis@orth idtingsthetaldwugh eheefoblopling iserssimi foewses on
1
am?{lr?rr%gﬂon{dg EI“{: {j:e Pél?cgl?‘éﬁ#l&c%&wﬁsg tRe éltegéplt ng)%Fn'tA%n tprov1des benefiis

ustrated; ncél'udes a ra
to gynwaberens apgliqaaioahissip&éédl u}msodmmncaamwfamfomgnmmhldugh a

s B ey S e A A
arechedt dimhicad tbaneasaﬂng’l amsular éﬁebgﬁh ﬂ\di& kz{r&@ 2 EdPpmetaireeitiap data
te sem conductors,

I I
bem@%g%c&%%%%%w%éwbgsm.oa Sgeeis %%@maog% ring 16

O R 5 el Gk o RO e o

lntﬁfsﬁveflgoﬁiwm@syst@ﬁ 201 AdSihtidted) EhedPRtcRE 10 IRIudBS alrB@S8ctive
skil], in the art in view of the present,

softie B0t 57 dispprrdipEidsahgRnc b EEGR 1 JEORSE D & psns Sring 16

(ilasiritb@th dn llrﬁg TRE! E‘}s@erﬁ%YéoCiﬁclﬁaeﬁsléasﬁ Bﬁ@fbgllihtfdﬁedetector 18,
casing strin 6. US erlng anount

sughyas ma@r-éﬁwaleé 66159 ciemstogow@tellai@m c@estalg, cmehdfstate
serg%ﬁgﬁﬁgrsbﬁlsf)&d%%taﬁl% sﬂ%gdc bR Y Jakl %g'u{%géfrgme source

t he annul ar reglon e conmmuni Ca n-
deyige 4 s (Vg grmupmsalpn Flédn%)r bey fonexample.ghe £47” e B @ni@lus of a

do%hbl@“cla q 3t rgsg' %h‘glaggvﬂ% }e\élaggdgygtﬂog@%g%rdl%rg skill in

part Sur a ra ctrve source
the rt uleleXtCGfdh%hteeﬂd|dn§;>uasglebrﬂhyop2@tlom radidacgve particles emitted

vy PR RSO BLEBATEALE B 10 o

ampunt Qﬁxnd@lion 'étmrtted b}q thepiostaeresiver I@uadidort detecsalils w the Atector
oneits.. top and des. ,As wi |l be preci at.e t hose
ta e rich B et Rl blon 1 o o TiSkledhon

intrusively.

[0031] Focusing on the source device 12, it includes a shielding assembly 20 at least
partially surrounding a radioactive source 22. The illustrated shielding assembly 20,
in this embodiment, is a hollow piston defined by a base portion 24 and a skirt 26
extending from the base portion 24. Thus, the piston surrounds the source 22 on its
top and sides. As will be appreciated by those of ordinary skill in the art, forming the

shielding assembly 20 of a radioactively absorbent material, such as boron or
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mount 34, preventing lateral movement of the source 22 as well. The source retainer
36 may be formed of a radioactively absorbent material, to prevent emission of

undesired levels of radiation.

[0034] To provide natural buoyancy to the shielding assembly 20, the source device
12 includes a compression spring 42 that is confined by the inner surface of the skirt
26 and that acts against the top of the source retainer 36 and the base 24 of the
shielding assembly 20. This compression spring 42 biases against axial movement of

the shielding assembly 20 toward the base ring 28. Advantageously, the
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aperture 46 with the bores 44 places more and more of the cross-sectional area of the
bores 44 in fluid communication with the cavity 40, with full alignment between the

bores 44 and the aperture 46 occurring at maximum compresston of the spring 42.

[0037] As a practical matter, increasing the cross-sectional area of the aperture 46 in
alignment with that of the bores 44 increases the quantity of radioactive particles
effusing into the annular region 14, progressing through the casing string 16, and

detected by the detector 18. In fact, there is a proportional relationship between this
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in \ghqch att is ggsired to communicate information through a physical barrier in a

non-intrusive manner. Moreover, the present device can be configured to detect
changes in condition other than pressure. For example, the spring 42 can be replaced
with a thermally reactive (e.g., good thermal expansion) material that defines the
position of the shielding assembly 20. Furthermore, the change in condition may be a
change indicated by an electronic input signal or a mechanical switch. Thus, the

change in condition may be a physical change in condition of an environment or a
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[0043] When placed into an annular region 14 of a casing string 16 assembly (see

FIG. 1), the movable bulkhead 52 reacts to changes in the condition of this
environment. For example, an increase in the pressure of the annular region 14
causes the moveable bulkhead 52, when taken with respect to the orientation of FIG.
2, to move to the left, as represented by directional arrow 63. As would be
appreciated by those of ordinary skill in the art, increased pressure in the annular
region 14 acts against the bellows and causes the fluid within volumes 60 and 62 to

gravitate toward an equilibrium condition with the external pressure. Because these
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radioactive particles that pass beyond the shielding assembly 20 is proportional to the

thickness of the shielding assembly surrounding the source 22 at a given distance in a
path between the source 22 and the detector 18. The thicker the shielding assembly
20 is with respect to this path, the fewer the radioactive particles that pass through,
and, in turn, the lesser the radiation levels detected by the detector 18. Thus, the
detected radiation levels are proportionally related to the displacement of the

shielding assembly 20, and this displacement, in turn, is proportionally related to the
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embodiment, the lower interior region 62 is filled with an incompressible fluid

through inlet 70, which is subsequently plugged to isolate the lower interior region
62 from the annular region 14.

[0048] The lower bellows 55 are secured to the base ring 28 and to a central portion
80 of the source device 12. Similar to the stem core 50, the central portion 80

includes a cavity 81 within which the radioactive source 22 resides. This central
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correspondi ng threads on the placement pin 76, to
secure and for adjustnent of the placenent pin 76.
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heligakhappel 98 that cooperates with captured ball bearmgs 100 to effectuate the

desired linear motion. Specifically, the ball bearings 100 are confined by the helical
channel 98, the extended arm 96, and arcuate notches 102 on the internal peripheral

surface of the shielding assembly 20. This confinement is best illustrated in FIG. 8.

[0051] During operation, as discussed above, an increase of pressure in the annular
region 14 (see FIG. 4) energizes the Bourdon tube 88 and rotates camming assembly
90. However, because ball bearings 100 are captured, they follow the linear

progression of the helical channel 98. Concurrently, because ball bearings 100 are
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8 poly tarming ndguanksy Qﬁu@?@gm@ g senditign of the
anrﬁﬂ)arreegsvtmnjnenthe pat h between the source 22 and the
detector 18. As discussed above, the thickness of the

[0053p Itda eidritedotingahst) 698611rsé’r@ﬁé9&1'ré’éuoh%f€tﬁ’& gqg@é(hlkﬁimg
tional to the radiation |evels dete

assHBPRAQ Fanie TeXgrapth, suph ghag pp dnaspaseled mmmms@IMs tohe

incrRbeid Ak defeclddga@dtibn RRENE Q\ﬁ%retobgr ttﬁéércﬂ;x t]éég stile ?m}ghe

source 22, the lesser the radiatlon el’s
asseiablyr 200 pRyidynot bp sopruquisors isfllusteatesih |’Elied)ras;namnbdnyls just as

effe')e@ivte W&nﬁﬁé kﬂlb?ﬂh%%s&glbgé A u?x%?énts t%ét sltxau!%hXP g hlceh %¥st

he condition
porflelg 3 fh%ﬁéwdmgmesemblnéambws mgremdtramsnmasndebeead@dmmﬁom

the Y564V softrceA0Y g?\n:%n(gg %nc':enfrérrﬁ 9 gct)uergé &%nraastglcgé portion of
the shield assembly at the given distance. And the changes in transmission of
radiation particles can be produced by altering thicknesses between the first and
second portions, by altering the material of composition between the first and second
portions, by providing apertures of varying size or shape between the first and
second portions, as well as many other construction techniques that will be

appreciated by those of ordinary skill in the art in view of the present discussion.
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| evel can be extrapolated to determ ne and quantify
the change in the condition of the annular

weewrniosent . [0053] It is worth noting that, BET/US2007/008890
course, the direction of the taper in the shielding
assembly 20 can be reversed, such that an increase of
pressure correlates to an increase in the detected
radi ati on |l evels. Mreover, the taper in the shielding
assembly 20 need not be continuous, as is illustrated.
The present invention is just as effective when the
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senbly facilitates
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by ambtsLERNELspHRIstth Q8§rm s Bfony h@hﬂ&?lﬁ‘i{ié&&? §ves achange in
varying size or shape between t

CO%WII #han elgeirenir inpud signaly Bter@ang@ n‘sttcmduiomdso canbe a

mebRA1EH IHRR Q{GF{thl\Mtﬂl%{ alaﬁ) %I Al l?%trg hoge of

ordi nary S e ar IeW sent
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rt er nor e, not I'n
em @@mnaeﬁmeupb@@nmuweommmhmh a&hmmhng hesenthly RQus fst t O

em%%ﬁ%& Rgﬂ{e?sagqpﬁ%fﬁs% cﬁﬂy der%aﬁﬁg o& 151§§ 188 %%gk& Hgtﬂé‘ﬁ égs’tem

I on- riot anges |

empbb'atalpomtmhablh esommaﬂmdaaspmmty o%e@atgrme \ﬂﬁi&ﬁﬁ' | ed
a I -neta |1 C

_ ! piRmalls

dis et YrtBiiel 20PN Bs fidindb b Apsesangitiprsts | n

deteresiped ﬁﬂoﬁgh afmﬂ@ecérﬁrmt ﬁff&ﬁ%gaﬁtla?iggtlgﬁeléa&%@& by the
[ e posi

her sti
Iﬂ“%ﬁﬁ%gg?ﬂﬁ”ﬁg%ﬁ%bly can be electrically controIIFF by
t t hat ds..ta connands froma controller
A T NI
1soﬁafqﬂlL&orﬁltEeElaiv1roT1|h€én@ Bﬁﬂﬁ%nhﬁla? eEHOA 1 2 By@llléﬂotgs%h Pp.a

t ther automatically mmanual | y
Hol B gt efoe%%fetﬁ‘éﬂpmm@mﬁewwﬂw ewgs fhrgugthousing
and thhiS s ALRBsHAnOhicAGR A LHEIRbA fihe ng o9 ﬂggﬁ Phud Benis

e ent |nvent|on in which a shle
sou VsgBowgpn égbe %%lsmscpq$eslc,tgglgea@tmuhardegnan| 14adow

.resdlfhn'ﬂ?' &iér%%eé &Iré:dt@ in }dspohtl & a?%’t%frng?h% §£§%uq' the annular

positionable source 22 and a p ectors
regipg, 1 4nfereasipledi Wihen caerginedothedinnrden ade 8ssefﬁaetuatmotahen of

a cdtfE8S 136 78 KRG ENIcR 9@9}&1&1 s shah 118 via a pin assembly 120, for
example. The shaft 118 is supported by roller bearings 122 that facilitate rotation of
the shaft 118. Thus, rotation of the Bourdon tube 88 results in rotation of the shaft

118. The carriage 116 may include appropriate gears that amplify the rotation of the
tube 88 to the shaft 118.

[0057] The upper portion of the shaft 118 is surrounded by a stationary tube 124 that
is supported by the housing 112. This tube 124 includes a helical channel 126 that,

in cooperation with captured ball bearings 100, effectuate axial displacement of a
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determ ned through differential conparison of the
radi ation |l evels detected by the plurality of
waletgaewss 18. [0056] In the source device 12 BET/BS1807/008890
9, the internal conponents are generally isolated
fromthe environment of the annular region 14 by the
housing 112. However, in the base of the housing 112,
an inlet 114 that extends through housing and that is
in fluid conmuni cation with a Bourdon tube 88 is
provided. Thus, in this source device 12, the Bourdon
carrigs asggbly 13% pSs@qjﬁcaily; hq:taradwaalrbemg'g@ nOOL¢esitedyithin axial
n n . response to a
recsh iR A2 M elanah LB Bpfinc Y piop ey vy af guate noteh
128 m thel cmmw:assemmﬂgﬂmd thé helidab i@l 126)€U88h rotation of the

116 that is
shifh | & LT b istottion wita Rafiie! eags U2 end i fums sptsvith
theli@flicaf ehanneXEHo@novk e $hRbearld 10D SHARP! rﬂ@\Qe@f beﬁ;ause the

Il er bearings 122 that facilitate rotati on
ba‘@ ??S‘angffée ¢ d vyigh Easpest t%fhet%mgcﬂﬁsmwﬁmemeaxxal

dispBfbinkat d)ﬂhé Bhﬂbbﬁﬁhg%flot)rh@sos%gés al &Eﬁ?&eﬁ{é’r{t ﬁg fhe carrier

may_i ncl ude appropriate gears that a
aﬁ?&&%x %ﬁ of the tube 88 to the shaft 118. [00571 The

portion of the shaft 118 is surrounded by a
Wﬁg‘i{fher?éfryertaéw@zzl 27 wegintajns thepsideactive squrch é2h fﬂhss ng

dlsﬁﬂa%emyi'ﬂ SF dabti& ajsgénﬁlgcllzl?'q Sulf iff g'd&%‘i‘%eﬁ%ﬂg&? ek sourci dé 2

at I N cooper ati o cap tu eari ngs
Wer fBe}thHH]Péﬂ%@ plurality pf detectorst atozfanauawcmﬁso aiid B2 d6@3ting

I i fi
T T
of ﬂ@@gg@eéﬁﬂ@@caﬁs tah:balglaﬁtthe amthameoﬂtmfamneﬁr baglon eg.,a

t ar cuat e_not,c
chdi R0 I R RS DAl S PtE afifereni copasiion igdrner
dlscmsacl 1mla:ufonttbé?1gslhaft 118, the ball bearing rotates
with the axial recess 125 and, in turn, reacts with

[0058: Fi@| 1 @ Hlustrhi@s ivebchbRfatit Gorib e eké}ﬁphﬁ} bysRaR i U8s 4 9hrce
bal | bearings are

deFE T bt A e e ofheidiecietmiltan Letoth rop the

shi¢ldirg Bxérably, ks Heanarievitles bhe1dS! 1- 8b%%§é78énéé§% aéﬂ’itate
ses gn axi al, di splacenent of the carrier assenb

detgipn FTgbe ghanggdn LA Yseof 2 singla defeptor d &ealthough a
plufity 68aéteMOrsSRLy 66 eﬁl%loy-ghusl‘ he &E&%rwtio a 61 El«lafég:tor

senbly 127 results in a displacenent of the source
thap stmeg%v?mergw@ﬁﬁwdﬁomgdmd@m fathods catapaenty $42tnd
144 agspettsvdl R Ché SRSde ﬁﬁqepéfivgseit@%érﬁ‘tgngo@é\g% RPRR d8% bR

change in radi ation | evel s detected ese sensors,
fromy, %IH oHags power source 146; and the cathode 144 is coupled to an

operational amplifier 148 that is, in turn, electrically coupled to a Schmitt trigger
150. A processing device 152, such as a microprocessor, a logic circuit, or a state
device, among other devices, receives input from the Schmitt trigger 150. The
processing device 152 is in communication with a controller 154, which may include

user input and output devices and may be located downhole or at the surface.

[0060] As discussed above, displacement of the shielding assembly due to a change
in condition of the annular region 14 changes the radiation levels detected by the GM

detector 140. With respect to the orientation of FIG. 10, a downward movement of
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of the source 22 indicates a change in the condition

of the annular region, e.g., a change in the pressure
w@boorhzrosnnul ar region. This differential conpRCT/E8007/608890

further discussed in relation to Fig. 11. [0059] FIG

10 illustrates in schematic forman exenplary system

that has a source device 12 that effectuates changes

in the detected radiation | evels through the

shi el ding assenbly, |ike the source devices of FIGS.

1-8. These devices 12 facilitate detection of the
thq:sﬂpaq:igmgl alssqmlﬁyslemasdsrtm géteéﬂae rzuﬁsncﬂf leRels] WBil€upward

moqgfq 1(1)1r Ie t%ai ggg}e s&ypc,gl aI I ngfgéga%%fexgr&? reézq\glg%/ageously,
thet Ihat:esbmg cavrmassar@mttha\tme; 484 and iabade n%%r¥ he

142 and 144, ectivel
coxgﬁg H’%{) {1@%&9 the change, g‘g?%diltllﬂjl *bfgt\%glgnﬁ War {qgton 14 via stored

codelaticd Qita B forhi0ic RelBliSMkhY R FRGRstRQWer source 146; and
the cathode 144 is coupled fo an operationa

[0661PRIGL &1 ilhdGatedaldiffrentifl deHEdh sySeRCthbt GRbI0Ys 9\9% glf 8&ectors.
toa S En1tt rig 150. A proceSS|ng devi Ce
The Soyfog &2 a8 fg@é?@aace ig TPepgge 19 # ehAnge incorditiomptthe

ani¥ 1Bionalm nﬂo @étgﬁfung @P{é ﬁ@%ﬂtﬁ&cﬁdvcﬁl%ghgﬁ’ Uk t}%ggmceth%Z

Schmitt trigger . rocessi ng devi ce
displagrmpnte e fa%ﬁmmlar bi sast@mnlt()r oplugglity 54 detsbtior 8 nheidektode 18

| ocat

ere AR il BNE R ctEOtbP P O TR Tpwe bdfisnove,
embpélmméh%mocwsmg]ée\sm bizjhasgmspmbj onelfiemteack o€ tiRnge
detoltafO i BroSie i AL s Piind (oS Retio tha dgected levels
of ipdidtiondame the individhen] deicetdiatd dHﬁerﬁmeﬂ@ pokRionfo fAAYENEES and,

& 5 WO 2007/ 1 7053 PCT/ US2007/ 008890 the
mtﬁﬁﬂ’ E‘él ant%fx NS RANGS FLeonditon 1 the apmylaE Fegiet adi at | Ion

d reases the |evels,

Wdﬁ%@‘é%*afeégeﬁ e Gl tﬂ?ﬂlff?ﬁ”%ﬁif@themm 2 isslisnigeed

dowhweapily)demsiegcldssrite ehellodenaeteeror | B ans BHHSR Fd tHtper
conponents that quantify the

et L THS CRAPEaS ncarasbh bedvads f roFigopideiopia by the lower

detsdtﬁf eglwhile ﬁeeﬂeaémg ehedatéls OF rdatB &‘té‘ctécﬁ;?meq{f)%gf 8tector.
tance. [0061] FIG 11 illustrates

Mo&? ofvfeé’rtg‘ﬁ gfeater dasinsreass of wiiatioatdetasiddpwer qlgegtpr (and the
grefiRl et Rcfoase Ehﬁld%?iéh%te%?ed' {hg 'ﬁ%b%&ﬁct&ﬁ %%a%grethe

response to a change in con |t|o of t
displaggraent pf therspuges: 23 B eraustdisplagerentad the sbutcas fsqirommoﬁal to

: thefcﬁﬁn@qwc%ﬁdﬁlogza oGy leﬁﬂecgﬁﬂérﬁhatngg eqpcl:tgcigads %‘roél eve s

lurality of dete tor ors
prog; & aquaefifiable repaengatation lof thehehadge m:ﬂmrcoﬂl&tmﬁ. RAd if i

soub VBV §kre th Ind vl upwardly, the upper detector 18 would see an increase in
radiation levels whilst the lower detector would see a decrease, the increase and
decrease being proportional to the amount of displacement of the source.
Advantageously, because the embodiment of FIG. 11 relies on a differential
comparison of detected radiation levels, the system 10 is not a susceptible to
background radiation or changes in such background radiation. For instance, if the
production fluid produced by the downhole well bore were to have radioactive

particle, these particles would increase the background radiation in the annular
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enbodi nent, the processing device 152 has two inputs,

one fromeach of the detectors 18. The processing
walea7az70352 i s configured to conmpare the det ece@dUS2007/008890

| evel s of radiation fromthe individual detectors to

determi ne the position of the source and, in turn, to

guantify the change in condition in the annul ar

region. [0062] Wth respect to the orientation of FIG

11, if the source 22 is displaced downwardly, it

noves closer to the |ower detector 18 and further from
envirenppdd. Hevect ghisifcredds wouldyi iebdlidved, LaSE6q NS the

aleFF Salid B}l P S LTE0 & wilarionTayton T displasemgnt of
thet dwmq:mﬂr pld&ﬁwstaa'élatlvé/hicﬁéaée in ohd18etgét8A Y 8hnd Beelative decrease
radi at.i on detected | ower detector (and the

as
in B’F ?‘E&’fd%ior" g2 Hrechapisa o Aciganivingdeigjretien and

magﬂneaeéﬁmg@b@;rcbszmS;%@éﬁ&{t the displacenment of the
source 22. Because di'splacenent of the source is

[00B3p Mairhing NG FIG 012, thig AR IRsirktes Méﬁéﬂﬂqﬁﬁ&ﬁp% g&g&ea

of, the changes in detected radiation |ev provi

in 2 dayyghelercRsiBg stringrseaablyafhgsictsctarHa is ispgeed in theBA”
ant@él1 62 8NtheARShd Issérﬁﬁly PG G %&\\7\%%?% EO1IRY disposed in the “B”

upwar dl y, the upper défector see an i'ncreas
LHUS }olyi Bhe wrp@d@me Mamdsthetdq:eecmmeszdmlg,(}ire anppbsite sides

of ﬁfé%a@mgl On P& Tqu %tl‘il‘%f&l@lag fsa%g as?a SGhEST ftr% ﬁr%%gr the source

propor to t unt I Sp ac
dewee | 3 end/optheatetenteroifs | T sm(t)aup@‘aﬁﬂn@pmbml the ﬂéte&fbr 18, the

ex%ﬁ?ﬁ?lég{e?n]égs c?gc}]e%l gi}-{elw/[% EPEI% %ﬁ)ci# fcﬁ pﬁ&/ter source. This

EMliipeept sduree ¢oomprias hgvmuﬂctolizlaltﬂmatwirc@hqseﬁ?é&% ptduction
a roun or | nstance,_ | t he
k5 GBI VPt b et roummantio il oitan e forp gpestormer.
Thewysterh alsodvieludasi @ét@hdiéli@ conqgaﬂ @g ghfs%‘éﬁedoif\rhtﬁé 55@& source
cKgroun radlrati on I n e annul ar
144%{}{6 df??‘@ %%S%ERE%% 19spdo) o dbBs By rapdilatdrgietrent 4n the
priff@yess!, antihdc el gL A81ea 08 nt, ishficer? 8 bﬁéﬂ‘ﬁgﬁ th&fERErs, can

equal ly the detectors, causing in equal rise in
be %’t é‘iﬁdééf%ﬂ‘a? pesANfary P, Moriggyergfhemrimanmail ceh reqeine

EMiUiHeQankt frdth tRE @&Bﬁ&ﬁy%ne!oaédn%ﬁuﬁl@% ‘%@ﬁﬁ]éd?l @E Qetected

detector 18 and a rel ative decrease
levglsiof sadiptions for/inganeg- a mechani sm for det er ni ni ng the
directjon and magnitude of the source's 22
(0064 Ays feeherfxenpimg smbpdiments, theprisent 1nsz¢ntxon|csnfp|rcg~ude

bede'ﬁltéiﬁﬁ' 'a@le?rﬁlrﬁﬁg R fh¥L @%@{neﬂ eddﬂgﬁ'?agﬁ% 5 rFOI §xample the

downhol e casing str ng asse
soug¢esdrydeadld of Flige 134Ancludema ﬂgstaﬁ@z agsenmiblye 130 than garnes source

22 Qﬁ@ﬁg@!lé{ns MUhih BREaSHAA %5 HE Yot AuiltS 725 RS 14" container

174 In operatlon, as the level of fluid in the container 174 rises or-falls, the flotation
assembly 170, which is coupled in a sliding manner to channel 176, correspondingly
displaces. As discussed above, this displacement is communicated to the plurality of
detectors 18 (a single detector can be employed as well) disposed outside the
container 172 in the form of changed radiation levels. Again, these changes in
radiation levels provide a mechanism through which the displacement and

corresponding change in fluid level can be quantified.
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annul us 160. The source device 12 and the detector,

obvi ously, are on opposite sides of the casing string
wQag07/1emos3 string 16 may serve as a support st rRCI/US®07/008890

for the source device 12 and/or the detector 18. To

supply operating power to the detector 18, the

exenpl ary system 10 i ncludes an EMF (El ectric Magnetic

Fi el d) power source. This EM- power source conprises

a wound coil 164 that circunscribes the production

tubul ar 166. This wound coil 164 acts as the .primary
loQﬁﬁl IFI6E 14nllesitratesoree anothasdenmyiary erﬂHmﬂxmyﬂtcﬁTmabfe@ent

d | hown d t
iy BOLHOES s SRR, FkroidtBle 308 2p ElstPmicase 9epicifon the
ram&)l 80 $ﬁa|$a;lovb-put'rpzcéué1aét g2 (BOPEMs ish fp?)l’&:lat@dl by Widke ©Plokdinary

Iclent to operate

, gh-vol current,
skfip e S oD OP e e AP BEP Ser PR FeC hhes Do abegpess
wetlbbte privByuR€ f6F instafi€e. PThiZREMirp0k bffeSflate8 S/ dfﬁ/m%EMé rams 180
feedback fromthe secondary coil, to confrunicate to

intp eRgpgsRen! fathenemother. FHoyever die sealingabibity of the rams 180 can
deiefivt A8 CH fach) A evérsosf d&éﬂb@&u&%ﬁﬁp 'ttﬁfsyse%“Pg ‘%ﬁf‘w fspelkbEto

present i nventj on can provi d bénef
COHE]laEer‘Pﬁth theyreanized ragy sk, dwpiﬂﬂemeat aethk eaims 180) to achieve

we@l‘BBFeadlé‘ﬁfre TREs, 8% 3 PlGte hB& raﬁ;o#]t (i(%fgc?a;éhpe e i elfev S to

13 includes a floatatlon asse carrl es
praydde indorpmtiontreggrdisigtthe n@nanmgm@h life enditifel coadidbycetihahe

BOPY ¢kt 172 in the sealed container 174. In
oper%#%rﬁér%}tg&tshe l evel of fluid |n t he cont ai ner 174

[0666?% rﬁ[aasfu?é {Iﬁﬁ a%bgtrélir?g%}%tegrogpco 212 IJ? cFX f‘fé’r Qindhd Shpl ot the

cou inas
rarpg} EQ; s Poredigh @Ileyusecbfmb ac esore Astedioss LG IRel cladi@eaf pbkitidn of the

rofh P CE PR Qoo o, KPRV SRR b LB peedastiongetsi-o-

memllcb)ltadt tsiims edns WS@lsiﬁeliehed oiRtiRAREBOR TAtekAty, WatH DEPater

f chan ed radi |on | ev ai.n, these changes In
ror] SRR T MR b SRR BORJRRGHIs A gl i
ch spalbﬂﬁeﬁﬁé}ttnﬁﬁd OICRRERE REARARGSvINo ds 8;?

C eO]%?‘@tlfl ed. 17 WO 2007/127053 "PCT/ 82007/ 008890
repf’i‘)‘@%%

clign testingsthe Zeraining Pagket Hiss itds belivedycan be

estitigrodli 'M'Bﬁtapgfoabﬁ@s AIREB o ol HEMiLR ﬂzstlhg oh ov1des evidence
g’% odi nent, the radioactive source re
thaf tiierg was adequate packewlitedo ciectuatsiasieabihe lant @mﬂle IBQ.}B sz«as

opdrBeR)or tifed. SInNrSHAL Gfle Pﬁ‘ gﬁ o@i&%@r Hrv? ookmg

inthe art, BOP's are enplo bore
estistame,ef BB intesritys xethewsthangid mgsre@t pastsswlhick ontyodetermine that

mtéggﬁ& dffite Baib'@assa%%gheﬂg ak %%18 fot'ngﬁttu@lte%me %‘%&ﬁ Itvsll—lg\?vef/ gre

ns 1 80 iInto engageng bne ano

[006REFEE 2] 3 fifhs@liel bhid c%tnrﬁmcétmm]o%%h%a&eel barrier utilizing

modulated nuclear flux. For instance, in the process of pipeline inspection, a
pipeline pig 190 could be equipped with a radiation 22 source held in a source 12,
which are discussed above. By way of operating the controlled aperture 46 of the
source device 12 of FIG. 1, radiation escapes the shielded container or, alternatively,
be blocked from escaping. At one or more points along the length of the pipeline
192 and in the flow fluid flow (arrow 194), the pig 190 is briefly captured and held
stationary in the proximity of a detector 18 that may be in the pipeline 192 or
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deteriorate. In fact, the level of deterioration and,
thus, sealing ability is believe to correlate with
wo b@7nzmesd red ram stroke (i.e., displacenent OPCT/H82007/008890
rans 180) to achieve wellbore closure. Thus, an
accurate shear ram stroke neasurenment is believed to
provide information regarding the renmaining BOP life
and the confidence in the BOP' s future operations.
[0066] To neasure this ramstroke, the source 22 is
pl aced on or inside each of the rans 180. Through the
extgsml ¢ tlmmfadmerme THebaL1 Mmad gwnt rbﬁyﬁhﬁﬂwgs ef oth\cle\i' ;
. Ition t.he. rans.180 can et erm ned. Know edge
inBRRe el 08 e FPSHBE BB Pb o e Calerios bV et Mg rtore
ondhie sdvece devicel BDin & chidkdisey@shck endniel. Coh&afdeiird A6 GRELIHIY: 1)
¥#é§ a r%fter ram stroke correlating with decreased |
COBERS "rﬂﬁgaé? i an afferuating (i g, SREYCIRgE BHIAR) 19f in pRsengBCPanssnit
bitelbf BdeEnatRKl rAKIEskn Mer@tdIfs Wi ' i
oper%tion or byag?eﬁéated BCP??U%%?%%&$?%§#%%g%t%ﬁ%ﬁcon@
whils alpged Fpseutcayoldrepresant pdogie zerey dchuscamartbitrary length
digd@l hEBdaed collli vt RPRERRCH] S(HQWaLl(Hf tﬁﬁ @Qﬁné Do YR #iBut need
testing only provides evidence that t RFeas
to prisate the pirckiae Walke to effectuate a seal the |ast
time the BOP was operated or tested. In other words,

[0G68E Agsirydhe ahaysidgserigsianis dlustrativo pfiesatnplaykémigodiments, and
h Sdi . ' ' rather n t resent
e SR s PSPy Wse RRAS i IS IRoR! (R lagtrom
theyigeeniivagubess saope isrtd bodeterminedtfttem therktend! ahlieqti@alent scope
A 15 illustrates data conmuni cation through
Ofgggﬁ%%FE%§%¥ier utilizing nodulated nuclear flux. For
i nstance, in the process of pipeline inspection, a
pi peline pig 190 could be equi pped with a radiation 22
source held in a source 12, which are discussed
above. By way of operating the controlled aperture 46
of the source device 12 of FIG 1, radiation escapes
the shielded container or, alternatively, be blocked
fromescaping. At one or nore points along the length
of the pipeline 192 and in the flow fluid flow (arrow
194), the pig 190 is briefly captured and held
stationary in the proximty of a detector 18 that nay
be in the pipeline 192 or 18 WD 2007/ 127053
PCT/ US2007/ 008890 external to the pipeline 192. The
pig 190 may then relay its status or other
information pertinent to its specific purpose to the
detector by operating the aperture on the source
device 12 in a coded sequence manner. The aperture 46
(see FIG 1) could be operated in an alternating
(i.e., open/close pattern) to, in essence, transmt
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bits of information. An open aperture 46 mght, for
exanple, represent a logic one, while a closed
w@p@rtznoss woul d represent a | ogic zero. Thus, BEI/US2007/008890
arbitrary length digital message could be conveyed
t hrough the wall of the pipeline 192 wthout need to
penetrate the pipeline wall. [00681 Again, the above
description is illustrative of exenplary enbodi nents,
and nmany nodifications may be nade by those skilled
in the art without departing from the invention whose
scope is to be determned fromthe literal and
CLaMSval ent scope of the clainms below. 19 WO
1. 2007/ ALNS,.:.. 1. A sensor
yst emerar atae ohg e BhER shonek 1y kT lip pomeriihg
conpr & sHdigactive spadepact i ve source; at | east one
radi af, ctar confiqured to detect radiation from
 the IGRERL RGBSR I8 S e Do e
radipectiveguonest; tnd physi cal |y di splace in response to the
changedinlcondigion @&d cgnf%gured t.o_change the
r adi at f"OR A eVerPsyanRiycentgyre e physieally displacringesnonse to

the Clmarge ipoosditibn afid 6onfilred REEHIBBE thedradihfibn $RRROIct&YS BiMthe
cited.in claim1, wherein the displacenent

as I
radlﬁéglé {EGor ptRspeRsedo sueh-displaeamsndi y absor bent shi el d

di sposed between the radiation source and the

radi ation detector, the shield having a first portion
2. that FRRITSeLDEEmagtesiedn ¢lpiansmvhereimthe dispiatiesientassembly
comipkiRR 4 RRYi6REVERHY : ' hat apce from

P P I8 PP BB 1 BB on g
the igiation ieigciore the sbield having st moytior thah Sacilitetes edrédter

' e ] nt _assembly.. .is

o s e on Bt AR B e B S MR il fom the
sourge AN s$aegnd ppitionadfithy sliéldse tisogisen détanthe sensor

systemas recited in claim1, conprising electronic

circuitry configured to produce the change in

condiTheosensor systepomsecital iarclaifpUtwhdrginahe displabbfent assembly

3

. tem recited in claim-1, wherein the

oo HLTPl BB B A s S e g s pfsensor.
response to a change in tenperature. 6. The sensor

4. Syst as recited in clajm1l, wherein the displacenent

* assenblyIY Sl FUreeited 1n il romnrisingelpesranic ciscuitry

confifasd € prodRESERWhange in condition in response to an input signal.

5. The sensor system as recited in claim 1, wherein the displacement assembly

is configured to displace in response to a change in temperature.

6. The sensor system as recited in claim 1, wherein the displacement assembly

is configured to displace in response to a change in pressure.

7. A sensor system for detecting a change in condition, comprising:
a radioactive source;
a plurality of detectors configured to detect radiation emitted from the

radioactive source; and

20



7. A sensor systemfor detecting a change in

condition, conprising: a radioactive source; a
w@bamratiosy of detectors configured to detect rBCi/E$100T1008890

emtted fromthe radioactive source; and 20 WO

2007/ 127053 PCT/ US2007/ 008890 a di spl acenent assenbly

configured to alter the position of the radioactive

source in response to the change in condition. 8. The

sensor systemof claim?7, wherein the displacenent

assembly is configured to linearly displace the

r adi oadtsplagement aseemblytconéigpedtio tatieit the ppkitioaldftiye ﬂﬂloactlve

soul Hﬁ?& og&;Q”5 %803%38%§Pa$e change in condition. 9.

SOr sys B9 wherein t he di spl acenent
nechanlsn1 conpri ses a Bourdon tube. 10. The sensor
systemof_cla rein the.di spl.acenent assenbly

8. conpr Jlﬁs‘es %OEW%%P}AEWHHJ ™ Tq“hH‘eéi %Fﬁ%‘}ﬁ“ed‘lt a555udly isn
configareditaninearly dizplaee shd ta@idabfivd tRircd With 'ré’%e&l 18 ﬁﬁé‘f)luﬂﬁtp of
dtnﬁ%pect to the channel defining the displacenent of
el s dp fspanse ik aideeiimcemMbtiohannel facilitates
transl ation of rotational notion of the Bourdan tube
into |jnear notion of the source. 11. The sensor
9. syst ehgsenspnsysiem ofiplaina 7n whersinyiheslisrdeqenrent awchartisy

consif¥RE h erddh @dk ust abl e vol ume configured to change in
Size in response to the change in condition. 12. A

sensor systemfor detecting a change in condition of

10.an an’f‘h‘é ?crns&e%} gﬁ’?of & g{fﬁﬁ %@1% {hl rd%d)l?crégne% gsosg%bY\al I's

cooper ative t e annu
compuipedachinpel sodia c@hdg shrosad d1spo$ddan ahachamnel, € poditicat of the

tside t
ro S B0 R s B bl P £ source
andemharmadh@ghadmel faaﬂnmtas travgationsfoetational motds of @R EBRMan

ed to physically displace in response
‘“b?“§°rb%¥é% &ﬁﬁeégﬁﬂFtlon and configured to change

t he radlatlon | evel s detected by the at |east one

radlaflon detector in response_to such displacenent.
11. 21 he sensor system of claim 7, wherein the displacement assembly

comprises an adjustable volume configured to change in size in response to the

change in condition.

12. A sensor system for detecting a change in condition of an annular region,
comprising:

first and second walls cooperative to define the annular region;

a radioactive source disposed in the annular region;

at least one radiation detector disposed outside the annular region and
configured to detect radiation emitted by the radioactive source; and

a displacement assembly configured to physically displace in response to
the change in condition and configured to change the radiation levels detected by the

at least one radiation detector in response to such displacement.
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WO 2007/ 127053 PCT/ US2007/ 008890 13. The sensor
systemas recited in claim112, wherein the first and
waeemonziodml | s respectively conprise first andPGEUSV07/008890
casing strings. 14. The sensor systemas recited in
claim 12, conprising a shielding assenbly, wherein
t he di splacenent assenbly is configured to physically
di spl ace the shielding assenbly in response to the
change in condition. 15. The sensor systemas recited
in claim14, wherein the shielding assenbly has a
13.1 i r st Thosdnisonsyshemt af sezited gatlefin a20WRereR! the FROSAISEESH walls
d ation radi oactive source at a given
reSpc?cuf/ 8@%#&@“@58‘?% GARRE SHIEScond portion of the
shleldlng assenbly at the given distance. 16. The

senswg stemas recited in claim15, wherein the -
“shi el 4 é‘mée’é@ﬁfﬁn}/ ag recitgd yphelawy lz,rpqrwsamm shieldingjasspmbly,

whekdin thé dis ?f&&%&%nﬁéé‘é&rﬁmngr coREEd d - ]:Shgy% Spd}s%l kL 2{‘ Pldmg

the di splacenment assénbly IS conf yS|c
asseplly|in EeSPPRTE tofhe ehangeve cawditiem. 18. The sensor system
as recited in claim12, including a processing device
coupled to the at | east one radiation sensor. 19. The
>+ sensoFhasesensystem avieced imcleinail fg Whcreinthe elnmlddﬂ@assembly
I 9ﬂ§§{ es,_a enn Vi ng
has Eaﬁ} a corl{ﬁg Fg‘t??ﬁn&ﬁaﬁ g%gglerntrarngausastl?%ﬂfﬁaggg‘ ct ed
radipgetiviesodnteat tacglvduhsﬂancejfrsmﬂ the evmdé tiah 4 de€ond portxon of the

Shle%ﬁga&%ﬁr[@fgtﬁssgg% &éﬁtw éﬁﬁheagenl ncrease in pressure of

e~ann regi sor systemas recited
in clai m 18, wherein the processing device includes a
menor ngonent havi n gfgat correl ating displ acenent
6. of thel e Gl reﬁ’g Hotigin &5 .awherpiarthasiclding assembly is
dlspbeemmtaéuﬁmlefretgm_ annul ar region. 21. A sensor system
for detecting a change in condition of an annul ar
regi on, conprising: 22 WO 2007/127053

17. PCT/ Lﬁ?@&ﬁé&%@% asf febittd ﬁf}qalﬁf £ Whé}@iﬂ' tﬂ@ dﬁbfachqént

cqQQperative to define the annu reglo

assemply buranfigarediiorniysigply displice thet Ilaéloaﬂtmvﬁ s:xurcreegl on; a

plurality of detectors disposed outside the annul ar

region and configured to detect radiation emtted by
18. t he rhtissasern systegoasrreeitedhimcelaim 12, including a processing device

coupled to the at least one radiation sensor.

19. The sensor system as recited in claim 18, wherein the processing device
includes a memory component having data correlating changes in radiation levels
detected by the detector due to displacement of the displacement assembly with an

increase in pressure of the annular region.
20. The sensor system as recited in claim 18, wherein the processing device
includes a memory component having data correlating displacement of the

displacement assembly to an increase in temperature of the annular region.

21, A sensor system for detecting a change in condition of an annular region,

comprising:
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a di spl acenent assenbly configured to physically

di spl ace the radi oactive in response to the change in
w@onnditziosh and configured to change the radi at PONUS2007/008890

| evel s detected by the radiation detector in response

to such displacenent. 22. The sensor systemas recited

in claim?2l, including a processing device coupled to

the plurality of radiation sensors. 23. The sensor

systemas recited in claim22, wherein the processing

device includes a nmenory conponent having data

cor r efiggt ieng smdgegng istrohags ecoptati Griioateifing the ausils region;

to di EPACES%?’?’E%OQ;CG oggcfjlg%ﬁ%%nn an icrease in

pressure o # R sensor syst em
as r eeptwadlityrofcletdictor? ﬁxspmrcﬁits‘idé he aﬂhﬁﬁe $li i aﬂﬁ&dn‘f@ured

a Nnenor. onent. havin ta correl ating
to defih BN ch EPRA by AT Bt ourBaend. due t o
dl S pI adiapbittmeht ds8emBBoRE giddhto PRYEBATE@ZFlabd the radioactive
regi on. 25.” The sensor

ture, of the annul ar
in rESPOPER 00 BRI ORI 29nHgHTEH & shangs tes woiion jevels

det@he BBy HRI18diafiORNBEIEBr ﬁ?i‘&ﬁ&ﬂs@l{b k&&h &gﬁl@@&ﬂ&ﬁ 26. The
sensor systens as recited in claim?2 wherein the

processing device is configured to conpare radlatlon

22,1 evel shéelediR6t Sty a@f’é&ﬂe@ﬁn E]Qﬁn @ll ul'h@ ul'c]ﬁr}r/%gé)fyroggés? Aoice

27.. A sensor system for detect
couplsddp theopluralisypf radiatipn svnsors f or pr odu0| ng detectabl e
radiation levels; nmeans for detecting the produced
radi ation | evels; and neans for varying the detected
23.r adi aThQ)WﬂSeK/%ISQ%m As resiipd m;daim) 22 hwherkiange pratessing devme

7/12 /USZ 07/008890 28.
inciG00K 4 by E5mPoneny P4 e SRecie euinacanen e Indithsecsraiation
levals dpoki digplacemetit @fchid 30RrGOMtE @n Q{br@d%e 18 pERs\@E of the annular
Iegghy5|cal barrier; disposing at |east one radiation

et ect or conflgured to detect radiation from the
source on an opposite side of the physical barrier;

4. and CJl’_] %e ‘groghe radi ati on | evels detected by the at
| east ISR YAISH AS TRstted iuflaim A2, whreindhe pepcepsing device

mclﬁhw’tgﬁnehﬁbrﬁ el bih &R havifg dgﬁecdi’i%ia{m% Clhtd%%c{éa radiation
? ({i\ conpri sing quantl yin nge In
- levels due to dlsplacernent of the source with an mcrease m temperature of the annular

region.

25. The sensor system as recited in claim 21, wherein the plurality of sensors

comprise Geiger-Muller detectors.

26. The sensor systems as recited in claim 22, wherein the processing device is

configured to compare radiation levels detected by each of the plurality of detectors.

27. A sensor system for detecting a change in condition, comprising:
means for producing detectable radiation levels;
means for detecting the produced radiation levels; and
means for varying the detected radiation levels in response to the change in

condition.
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condition based on the radiation | evels detected by
the at | east one sensor. 30. The nethod as recited in
w@b@7me®83 conprising quantifying the change iPCT/US2007/008890

condition via a | ook-up table or a predeterm ned

formul a or any conbination thereof. 31. The nethod as
recited in claim28, conprising displacing a shielding
assenbly having a first portion of the shielding

assenbly that facilitates a greater transm ssion of

radi ati on fromthe radioactive source at a given

di stance fromthe source than a.second portion of the

shi el as enbly at . the given distance, in. response to
the c gﬁf \éStﬁﬁ'i“?g %ﬁﬁar@f m COnEPHEPTHTISRF ect i ng a

chan g@lSQfBSll@g)Q didibive @o&'&e dNe dd FG pHYsREL MRFar; 2

pair of casing strings ri sing: disposin

r adi o%iSPosiRe aolgatene ﬁa4lﬁ@lh etar condigupd ék’?%éhadﬁﬁ@n from
the B&irte 8h an%ﬁ?bﬁgs §&é b9 ph béﬁ%&ﬂ& #d ' east one

detector outside the annular i oh to detect

radi athagsing the sadipor keyels d@tqctﬁd ¢ ekleasirmnechdingomdetector
in r%%gn.&@w @k gﬁ&héeq}{%'oﬁdﬂ%he“ ed by the at |east one

lat1on detector 1 n response to the change in
condition. 33. The nethod as recited in claim 32,

conpr di t|on ] evel s et e
29. t he Jtrﬁ']!: eas ongtjezr?igeéjt at |1%%1 i {8EPE) Smlgnquraggg'o‘?% © cha%é/e mn
congditamchased o dngediation hﬁ/elsaalmedtai by € aineasRdnd/Bnsor.
2007/ 127053 PCT/ US2007/ 008890 34. The nethod as
recited in claim32, conprising changing the radiation
30.1 evel The dettect &debiyed ineldin 2% &stnpeirsmgr cﬁﬁhﬁf}h@@the chﬁnge in
etect.or .in response to a te er ture change in
°°'1§Hm9| e a#%ﬂ?-tm 1ab3e or g REPASIATRtPIferpdaior 4aY ﬂméwatlon thercof.
conprising displacing a shielding assenbly having a
flrst ﬁortlon that facilitates a greater transm ssion

Lof radhamedipdssgreiteden dlaim theompaisigufisrlacips a shieldine

ass&hBhaRCtd d B8t bBﬁlo%CBiftﬁ@sﬁlgﬁi’h SERPRAROGLRReOS giddfer
shiel d assenbly at the given distancé, in response to

transpssiginpiFadiatiop dramm theomdioaative s,oalmat@q gigendistanse frgm the
cos B SE ARSRIRLY oL Rl LSyl B BERRGHANE, i sponse

to the changetimgonditi@®, conpri si ng di spl aci ng the
radi oacti ve source

28.

32. "A method of detecting a change of condition in an annular region between a
pair of casing strings, comprising:

disposing a radioactive source in the annular region between the pair of
casing strings;

disposing at least one detector outside the annular region to detect radiation
from the radioactive source; and

changing the radiation levels detected by the at least one radiation detector

in response to the change in condition.

33. The method as recited in claim 32, comprising changing the radiation levels
detected by the at least one radiation detector in response to a pressure change in the

annular region.
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in response to the change in condition. 37. The nethod
as recited in 36, conprising disposing a plurality of
WO 2@7a2iooh detectors outside the annul ar regi PCT/USBN7/008890

The nmethod as recited in 37, conprising determning a
change in differential radiation |evels detected by

the plurality of detectors. 39. The nethod as recited

in 38, conprising quantifying the change in condition
based on | evels of radiation detected by the plurality

of detectors. 25

34. The method as recited in claim 32, comprising changing the radiation levels
detected by the at least one radiation detector in response to a temperature change in

the annular region.

35. The method as recited in 32, comprising displacing a shielding assembly
having a first portion that facilitates a greater transmission of radiation from the
radioactive source at a given distance from the source than a second portion of the
shield assembly at the given distance, in response to the change in condition; and
comprising disposing the shielding assembly between the first radioactive source and

the at least one detector.

36. The method as recited in 32, comprising displacing the radioactive source

in response to the change in condition.

37. The method as recited in 36, comprising disposing a plurality of radiation

detectors outside the annular region.

38. The method as recited in 37, comprising determining a change in

differential radiation levels detected by the plurality of detectors.

39. ‘The method as recited in 38, comprising quantifying the change in

condition based on levels of radiation detected by the plurality of detectors.
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