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provoking remedial responses by the operator, for instance,

[0005] Unfortunately, traditional annulus monitoring techniques generally require a
penetration (Z.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



casing string, by providing potential points of

| eakage and structural weakness. [0006] Therefore,
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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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[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;



accordance with an exenpl ary enbodi nent of the present
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Wever, prior to discussing in detail the foregoing
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intrusive manner. In accordance with one embodiment, 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 chan ge in



annul us nonitoring in dowhol e applications, the

present invention provides benefits to any nunber of
applications in which the comunication of information
through a physical barrier in a non-intrusive manner
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[0031] Focusing on the source device 12, it includes a shielding assembly 20 at least
partially susrrounding 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



region 30 prevents unwanted | ateral novenment of the

shi el ding assenbly 20, restricting it to axia
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[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



configured to align with these bores 44; however, when
the shielding assenbly 20 is in its neutral state,
due to the spring 42, the aperture 46 fails to align
with the bores 44, thus substantially preventlngzthe
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Pressure of the annular region 14 to the
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 anmular region 14, progressing through the casing string 16, and

detected by the detector 18. In fact, there is a proportional relationship between this



detector 18 outside the annular region 14 in a
non-intrusive manner. Utimately, this change in

radi ation |levels detected by the detector 18 can be
communi cated to one or nore processing devices, as

VP 209428% further below in relation to FI GS.PCEISA/008890
11, to calculate and quantify the change in condition
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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 bea
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



bul khead 52. The stem core 50 restricts novenent of

the bul khead 52 to an axial direction generally
parallel with the |ongitudinal axis of the stemcore

50. The stem core 50 al so supports an upper bul khead
WO 200 %&r , this upper bul khead 54 is fixedPCT/HSPPHWER0
W th respect to the stemcore 50. [0041] The exenpl ary
source device 12 also includes flexible bellow 55 and
56, the wupper bellows 56 extending fromthe upper

bul khead 54 to the noveabl e bul khead 52 and the | ower
bel | ow 55 extending fromthe noveabl e bul khead 52 to
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dn¥Bo@hint. For example, an increase in the pressure of the anmular region 14

causes the moveable bulkhead 52, when taken with respect to the orientation of FIG.
2, to move to the lefl, 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 beflows and causes the fluid within volumes 60 and 62 to

gravitate toward an equilibrium condition with the external pressure. Becanse these



[0044] The source device 12 takes advantage of the
pressure-reactive di splacenent of the noveable

bul khead 52 to non-intrusively conmuni cate the change
in pressure. As illustrated, the noveabl e bul khead 52
WarP78370583 shi el di ng assenbly 20 that surr ouPeBU$2¢E008890
stem core 50 and that has a tapered profile. As

di scussed in detail below, the tapered shielding
assenbly 20 interacts with a radi oactive source 22

di sposed in a cavity 65 wthin the stemcore 50 to
alter the | evel of radiation detected by t he detector
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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 tum, is proportionally related to the
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pressure in the annul ar region 14. The source device
12 of FIG 3 also includes a placenent pin 76 that
facilitates insertion and setting of the radi oactive
source 22. The source device 12 of FIG 3 has an
Wo28HdeWSporti on 78 that extends fromthe baBEeT/US307/008890
Simlar to the device 12 of FIG 2, the extended
portion includes inlet 70 that is in fluid
conmuni cation with the interior region 62 of |ower
bell ows 55. However, unlike the inlet of the FIG 2
device, the inlet 70 of the FIG 3 source devi ce
em.cone 50. i s _extended
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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 porticn 80

includes a cavity 81 within which the radioactive source 22 resides, This central
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di spl acenent of the shielding assenbly 20.

Advant ageousl y, the source device 12 nmay include a
housi ng 92 that secures to the central portion 80 and
that surrounds various conponents of the source
WORPEE2TY3 to protect such conponents from t HE/US2007/008890
envi ronnent of the annular region 14. [0049] Focusing
on FIGS. 5 and 6, these figures illustrate the

mechani smfor |inear displacenent of the shielding
assenbly 20. Wen the pressure of the annular region

14 increases, a conpressive force is exerted on the
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[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

12



source 22 and the detector 18. As discussed above, the

t hi ckness of the radioactively absorbent material in
such pathway is proportional to the radiation |levels
detected by the detector 18. Again, the greater the
WRi20W12W83 of the material in the path bet weeRCT/UHE07/008890
detector 18 and the source 22, the | esser the

radi ation |levels detected. Accordingly, the position

of the shielding assenbly 20-this position being at

|l east partially defined by the condition (e.g

pressure) in the annul ar reglon determ nes the |evel

i S b e AR 512 108 WS otk s et e
%!@Ql‘élrlmai?ﬁ@nbboﬁ(msamllfy t he change |n the condition of

the annular environnent. [0053] It is worth noting
{04531 Tiyt exepiplasi shielinecissandtly 3@ hesf a tapeyed prodile, inustahtering the

@hikalsdiof hdi AR ARBRIYing %a@&fz.ll hes mf@;fﬁ&n R deBl,

%gcrque of E%essure corr ates to "an I NCrease 1 n he
dsseddfaf) chhyseybensin themapsnsreizednositiopof FIG % he

&tnnei Wma&saaﬁim&%m?wlsnﬁ%éﬁﬂp%bmy Sour523 #hd the

str e\?ﬂ TQ} resent invention is just as
eﬁ"r° Sr B Eea G A 1 OnyVRSE}e HER @s@%m@c%eﬁr@wwmn of
Eigh slx 4 t]ﬁctldeﬁpa:byft}hé IsElbldﬂlgfa{sﬁetiﬁbly RO kdsisGR t}ig%attﬁ‘ﬁehveen the
ljl.1ta a re er ransn ssi on
it o A BRI of A8 e 8 Sp e\ rte Sipimestot e pdianively
a:hssrbamtcmatémad im fivh ;&ﬂm{a@r&i pldportiansies ﬂ{&d-acﬂﬁﬂiéﬂ R éls 8dtected by
V St ance

hpBerBbPlSl RBAETRL trehlor hig S BeE o 8 LARES! e nd Bopwgen
the deferieni hyndahe souirer22, hheclhwels&esadwtmﬁreli degectddr st and
ﬁ&%ﬁﬁﬁ’g]? Ohé b@ﬁﬁon Wm@%}ﬁ@l?ir{é%sée% 20 C i dposntlor{ beuF%at l%-sg;t

OoS] L1 on st an

Ib'*rfw &Eﬁaedal@eﬂip gpeditien (aay yressyra} invde @nm!ihangbe{dnEanes
the RvEll gThdidish &Rt BStbPIS Péﬁ%!es A Bt Jjag’ hition

construction techm ues, that wl preci at

IEYRh &2 Bt sxivagplatedyio dterming And greangify the RhanZevR e condtion of the
foueleatvigdnmenssi on. 13 WO 2007/ 127053

PCT/ US2007/ 008890 [00541 Furthernore, it is worth

[AB%3] Ayistwrath ndtieg aleoef-cdese, thdigection bﬁﬂxcd@ét Gfthé th@lﬁﬁlg

B 20 B Gk LS B bt 3RO St e P
ifgrease i therdgtected @actlamqmemeﬂs t Meraoaarrthe dapes s:emb blyieﬁﬁxgc an
t I
aQ%mtﬁ'PQb 59(4& tﬁﬁi bQ ES)ME‘% g?ls IM driafh’ I'I?x% glgeglglﬁ n&re& a?]rbls Just as

- et t
e e sy S0 b e sy
pofeorddiikd SHielbRg 'a@é’émbijﬁfacﬁft'itéshfére ki i!rcjmsnﬂ'i%gfon%?‘ﬂ&lit %F{ efp m

t%he shi el di ng assenbl’y, can be el ectrica contro
radiopgfi v SOpfes L 7 gWISH Hisknee fremrthe srisce hhs scconhpotibh of

thdnﬂﬁelﬂ amiﬂ%@sat&hélﬁ&&g@lsiaﬂce COROnE b%g@ssmalfhn%ﬁgitoﬁ ‘BF ic
?ég I agtgqe Wﬂgl' condition al so can
RS E r"fé’ﬁ? UCGhRY pitsring thigkaseice Reiwren Fhen%rﬁwm y

skedng gedions, 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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[ 00551 Turning nowto FIG 9, this figure illustrates

an alternate, exenplary enbodinent of the present

i nvention in which a shielding assenbly 20 is not

enpl oyed. Rather, as is discussed in detail belowin
WOI288718W5 0 FIG 11, this system enploys a PCT/US2007/008890
posi ti onabl e source 22 and a plurality of detectors

18, whereby displacenment of source 22, as well as the
underlying change in condition, is determ ned through
differential conparison of the radiation |evels
detected by the plurality of detectors 18. [00561 In

[t{)h§4]s’ﬁﬂ£h%5n&%vk 15 wora'l oc{tm[,c:,r ltha§ 6}re’ atbtggee- I?sgﬁg?tﬂ%)urce device 20 can

conponents are genera
kerspnfigwned to readt 111 Eespense m ary megpeo of dibnpss ihltendinos ek just

hbRee f h

wafecs OURNES Pl Tnddlite R o8 br I Sa0RIY Madodiogdin be
qonfrpHedclanerthermeal roncting cbil ée. Bowbldmntaﬂmme:BBthus dlsplacmg the
d&!e@dﬁh% 8emblIR in rQspBHs!estﬂ a%ﬂéi{r% ei:a?m% %{ H—f %ﬂlﬁ

tuhe 88 is exp osed to the an
He Jiprthantilyy theeméﬁh@p sbtheghielding gﬁsqsmblv estpbmlecttlgalh' controlled

b;hﬁlﬂgtbr that PisP&RIE € cthmbh® RS H b8itrollef ﬂl'a?féc 31435 | Sange in
i zed, the Bourdon tube

°é’f‘$f§§f' aiﬂmg‘e?tfﬁ"é Bt sigmal. ;The.ghangejia condjtion akso panbea
mehhaindloadveynent whetdr f1foRatsda@l or Ik8uallyarigeddl N assenbl y
120, for exanple. The shaft 118 is supported by

[PB%5] SFurbieg mpwde FIQ, thiafighmdilddtiares an aldraste caxeﬂlblaqt he

} J h dc
resanéﬁgﬁ&%E#%FF%%&%%bg th e r bt gpﬂ?ﬂﬁe
Yedy Raher.gg és dipgwsepdrin dttell Q@amntﬁaioramﬂlﬁf y1,tilkie system
e&r&h@‘}s‘ aoﬂbsﬁ'fonﬁﬂig soﬁﬂ:@ 92 gﬁ? L B]iu&%ft?r %P@ét&ctél%% Q%'St?}] The

portlon of S surrounged
%%Pé%q%lﬁ%frgf PSR 23@4 waiaas thq wndstlpips change mycqndaxm issi ng
dkie2minkl itroh P @ R4 NGB SorPo MY 1aG Bt fk@@l@ Qbiedied by e

n cooperation with captured ball bearings

Pi?ﬁ%’t‘ﬁ&?@“&ﬁ% di spl acerrent of a 14 WD 2007/ 197053

S2007/ 00 890 ssenbly 127. Specifi cal
captlg?ﬁhc? bles dgvide %aﬁﬁfgé Pgdpigal portoeafh pog genorally
iscdated Sem the Bnvirentrivet wftibé aqnuaan de@usxelammme medsily 112,

I
FRARRSE M IR R ARE BoRhe 13U B BIPLE ot Scds bl nqyging
apg that isdp fyid T%nu@h%tfop witea Bmh:dmb aibe 38 éspronged.oTatsein this
smrtca d&wﬁ@e wltﬁé BEBEGSDbd 881 @eﬁgoséd'} '&ﬂéral}lwlaﬁ?egfo% 1‘%51
0 ve t

F F i cal, channel 126 t rngs
tatfX; snqugizes directly drresrense frea chisaps ingwessiiegd th a;mular

ré@ﬂi U4, ol ﬂahﬁbler eWReCinek fzdd) %e@&ﬁ'ﬂ(ﬁ'f tuBS8E Qﬁé&uﬂ%@otatmn of
thls a nt of the ball bearings 100 al so

oL éiﬁ di spl ace
SAtEE Lhp ek s arechpuf ysonpist top shafiel 1843 # gin asm@mm for
et&niple] 006 ShafiThie ig atigpofed Bﬁﬁﬂlﬁbbé&rﬁh@? 1784na ALitSatd Reation of
tﬂeasglaﬂqgg )f‘ﬁus rol'%frit‘zzcen of the -Brourﬁon 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,

[0857] The upper portion of the shaft 118 is swrrounded 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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di spl acenent of carrier assenbly 127 results in a

di spl acenent of the source 22 as well. By enploying a

plurality of detectors at various |ocations, and by

detecting and conparing the change in radiation

wWOzAVKI2HSE ect ed by t hese sensors, di spl aceneRET/UB0FU4R80

source 22 indicates a change in the condition of the

annul ar region, e.g., a change in the pressure of the

annul ar region. This differential conparison is

further discussed in relation to Fig. 11. [0059] FI G

10 illustrates in schematic fornran exenpl ary system
t effe ate

R ARy 128 o et Somieaiil vefngG R0 A R B

wRpssel 23gn shpsshaBl apd arg dmﬁmhebs omp@atlde‘bewn arf alEufBSnotch

2Bin tﬁé‘@aﬁﬁerda%é'én% Ié'ﬁarfc?tﬁh h%l%c%l &anﬂ&tl‘i‘ét 'Ul%gn rqc;tatgorxlneof the

change |n pressure throug use of
¢ bpll begring sofgies avithgheirtipl rﬁgﬂssﬁﬁj@ldemtuns rewelg With

&%@M Ehanhbie1 286b Gihve the¥HanFefin g%q ob %ﬁﬁ]lﬁ%ﬂ%@%t tcause the

@ﬁ has a neasurenent w ndow 140 a
%ﬁﬁ%‘é‘ﬁfl yithyaspegtig thejcqurierpasspibi 137 Myis axtdle

ﬂ&ﬂd&nﬂeﬁ?oﬂﬁ@ Bh1Y Bsurin %§ 100REAL A8 RAUMBA dfsPlacd i £ ihe garsior
i gh-vol tage power source 14 mg

detq@ qﬁ froma
FREVEL ade 144 is coupled to an operationa

e 48 th in tur el ectrically coupled
(BB TheorddtSedenBly 17 e B @St i s by,
@adhcea@naoﬁnamaypsmm regultsdngy amsplaeemeﬂt ,of e sduwrst ap as

Eﬁ? oS ChEfof o LSRE T O and BS Tpigtiie
FORDMRERE thewhmaehn sedizgion opelsaietcbfed byvtmse lRemsays, displhetaeent
SSRE sduk2 381 a4 S Phthng ﬁzvfhg %?‘b‘g@%] Sﬁﬁe ullag‘}%(gﬁj 2202

%Hmnhole or at the sur ace. i SCuUsS

PEST Dhemistsugt ofthe anmas regieny Hais éﬁ@re;ntlau@mnanaomxh dwtfer

discveadh tdl@lbnab Fih1@1annul ar regi on .14 changes the
radi ation |l evels detected by the GM detector 140.

VD591 FISs pe lustraxed hﬁscﬁérhﬂfbtfahh@ﬁ eRémpl ln? 30 tRat QYR VRH-EL
US 0077008890 - t he

2007/ 5 3 PCT
QERYBITE Mot Atectiiches \Paf s e detebtnd rocition Jatel gt
sh@ltéhg assednblye likothe mdurcemm ot F[Gi&rleasmsb Revit@viel fBeilitate

|
3006 o LI IR00y Bc ARVRFE nn
Riveplinrildgtsatorsemary be emdnfp@h ePhesdetdettr of HEBL 1i0fiy 2 1M detector
6414128 8 Ak ORE BB 40 DG ﬁ?.uor af cartl?o%e%p g’néﬂtﬁi 142 and

stored correlative data or alcre rons
gy rePprctideive The pragle|1 4% Fageivies jis pparafitermemes fog the detector 18

febirh hengvdiake ﬁ@sﬂ&%bu&}é 16 B 2Rk A4S id MR RHE to an
rce 22 is confi gured to dlsplace in

det ect
PR S pysgr rRES T oY GPum o RPN e

156gifoprodeksing devied ESZIlsﬁkfh dshemITRGRbIebide, aﬂBFllc QirkSiE to%' g%a%
ary sys

e o Beriar Bt s Bp e i GhroR s 150 The

processing clev1ce 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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are electrically arranged |ike the detector 18 of FIG
10. However, in this enbodi nent, the processing

devi ce 152 has two inputs, one fromeach of the
detectors 18. The processing device 152 is configured
VO 28UgWPe the detected |levels of radiati onP¢VBWP{HEs890
i ndi vi dual detectors to determ ne the position of the
source and, in tam to quantify the change in
condition in the annul ar region. [0062] Wth respect

to the orientation of FIG 11, if the source 22 is

di spl aced downwardly, it nnves cl oser to the | ower

ﬂiﬁ Eﬁgfdﬁf\g a1s§en‘ﬂﬁ? dg&éésgseﬁ'ne fiétgcr:ﬁ gll gl‘%gﬁevegd éﬁc {.}ﬁv{far
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ector Mor eover, greate |ncrease 0]
?ogtﬂoaﬁma Hatiatastificte |cbaw@p i eqr@m@rof(damumhe regiprelt @a stored

o196 88 9L rfnul ARl A S kR GLSth DY the upper

detector), the greater the "displacement of the source
mﬂsu%camzahﬁtrﬁﬁk ﬁﬁﬁ’f&é’iﬁm&fen&d’t%yﬁékﬂ&ﬁe& eh@ld?,zf% Wﬂ bt dR&Rdrs.
a in.co ion, a C arison
8 22 o G Rnleae FsrehoBtiba chphien qedtion of he
Eqmaht ra‘glca:blMe Tefuanin thé magnididetzne dirbage itk doife’s 22

N YT TN TR S

grp clectudallt drmgbdlild the dhiettot 18 bEFIGO WO Hieiceat fvthisoul d
I e ,and ecre se bej
éﬁ?od?mgﬁctﬁgﬁﬁ)%ess el fE lg?ﬁasftw& s% O €25 ngle

roportlona e anoun
fg%qu;é 18. Fep/precesgicgdsyige lﬂesausb‘gmhbto@nhmdwmmﬂetaﬁed levels

&Hrktiatich &&h uﬁesm@lm&aﬁaeft%c@&s ae@éms;eotﬂg %Alé&i*oﬂpe source and,

detected radi ation | eve st em

i8 (P el quantisy thy chanaxigeondidon Huﬁhamﬂarcrpgleﬂanges in
if the

d radj at t
RUEH] WRF SRt IS e SRt eno i ab Ribtimnics 2adl domisee
dmrwvar@iyhameveaa?d;]saﬂgi thi ®wepdeteticl €8 aﬁ&ﬁﬁﬁexpf?(?]ﬁ ired 1@@
n ease e acC ra 1Qn ILn e ann
e B R Sdoa S R S P S Sy ay, et it the Jovoer
detastor d B whillidscrieagineths devalbuwif dadiationi detcorkd |bg\tmluppaf f@edtor.
Iﬁgf'é@l/ér}/ﬂﬁa :%?eaieq A AGLRLR (ﬁf gﬁﬂ%?qgie{eates%’l fer < mtsecgar {and the,

det ect ed diation lev
grenierctbe deargase pfradistien detegted by wgppﬂdemsne) ithe gyeeger the

dghfchRht dﬁhé‘%@r& ize AT d ? @r? es'r-ol}Se?st rg]?(hruonal to

) detector rOVI a nec e
the Phaper Woaﬂulonnea@qwnaala@l of the Fhangen ingistesteg zadiation lovels

prodpacamRiiabié RPER I M H2nEL & thd gondt)tlanS AdOvaR

|IIUﬁgrates and exenpl ary system 10 di sposed in a

SGBRR EIMETE RPN Ay th B@?FB dgtecter k8 wekldseaan ingrepsp in
redisipasiedels whilstahe Wiver 86184b1USONIB e ddchRiss lihd Mbrease and

th ource devjce 12 is sposed in
FRRE g YO R BOULS AU SR A2 1Sl sposed |
Abraaegonslyobacanseshy embodimen: «fHIGS] T e1is¢ 6es 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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of the casing string 16. This string 16 may serve as a
support structure for the source device 12 and/or the
detector 18. To supply operating power to the detector
18, the exenplary system 10 i ncludes an EMF (El ectric
WOPAE12W5Fi el d) power source. This EM- powePCHBAIRE08890
conprises a wound coil 164 that circunscribes the
production tubular 166. This wound coil 164 acts as
the primary coil of an air-core transfornmer. The
system al so i ncludes a secondary coil (not shown)

di sposed in the power source 146 of the detector 18

‘ .
PRESmBRTLS, R B olltuntl TR PPt dretadlly o
deleciors, capsing in esueldsedn titeciddtadiztion gvelsa rThut;ehqplawmda@f

ﬁlg %&H‘Q@ St}.‘.[\}& &Igl'\;ygg?agﬁl %(IJG?SG IYI? 0? Xe%c’tor Irée l'gP fly 8?066&56
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sea d c nt ai ner, For sour ce devi ce

t he
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efiBhe easirgy sl 6.1 Besstdng ﬂa Iay setvhes & bgipattisetctuasBEmBlsyurce
i.din nanner
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Wlanf sxﬁtm éﬁmﬁiudes a BMA(H et e agaeticfieldl poveds istyre®f This

ul'ge 59941 &rogxﬁé &ﬁ]t Qa tﬁ&%uj&in?gémle? %f'l% é)r?%chon

mell dIS ose ut si de the cont al ner
ulehh% iy Wenned il Heapisias themyimary coihefen dheergemnifprmer.

TR y8lehOdlsd RYRLSs PéOMASy a)msm%mfsmsg& %@’gbﬁ@r dolifee

ggﬁﬁjgg and correspondln% chang evel
i %qmnlﬁ@@ FIGS. {radbhy The ﬂwmmmszew%@rsglgo

pridfycoff) 4n indubelt highsdotBiesuritat, seRidRelo SERAPIA W¥tectors, can
invention. In this

enbodi t sent
benPJS&dg@ﬁ’f Eﬁ’ﬁé eaPRdEE £9il, MY e the PriBIReN el cangpesive
Ewateﬂbadnfroﬂnehe seaomdatBbiDio conhomecattito ME @V tHetdetebid

ated by those of ordinary skill
ERAE Y cafiyibs, APRLELL

s are enployed to seal a downhol e bore

f0B6418s ﬁﬁ‘t@n@zt eﬁfn gﬁﬁodﬁ‘ﬁ%ll regérﬁiﬁ%ﬁﬁ%r} I:a?mrprovnfl?] o

i nstance. Thi s 1S e Tec uat e
*rf&ﬁﬁtsfwetq%n&ﬂed@ewelﬁvelwzm %)?f@leérﬁ:@tlhmer meetw@pie the

dobﬁse&ﬁﬁh'cb ng oﬁpldi | IBMnd?ﬁdefs RG10288Bn 2&8mBRAM 703811 QhLLRL 8ce
%% ” the_ | ev ﬁdeterloratlon and, thus, sealling
e H‘\ﬁ‘ jous gy hich éfetd& nedipy e dgve! of Bwd k2 i g sealeskeontamer

KMt dk epératieh, as diesweasfeﬂma tin Bk cbﬁtemeam AR9 br-taBls A6H FISMBon

%géﬁ r CH% ure. ] @ % accurate shear ram stroke
Lo asu AYHIChLis cotple gloa§ ing 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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provide information regarding the remaining BOP life

and the confidence in the GOP's future operations.
[0066] To nmeasure this ram stroke, the source 22 is

pl aced on or inside each of the rans 180. Through the
WOSOH12WEE or nore detectors 18, the change BET/US2007/008890
position of the rans 180 can be determ ned. Know edge
of the displacenment needed for netal -to- nmetal contact
of the ranms 180 is believed to indicate BOP integrity,
with a greater ramstroke correlating with decreased
BOP integrity. Thus, as packer material of the BOP is

RRGSAR. 1@ tiisudRd ye%oﬁxtep%gﬁﬁ deabaad g gw,sv@ |

oper ation or repea ed
ARt A@ﬂp%'am dippptetheirpdipastivesdueges?, el@lamtb are located on the
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ﬁrbﬂﬁxr& B&sﬁ@ fU’ﬁﬁsta:Q;{ée rafsadaig it et Rckted lS’y @ﬁ\hﬁ% tHAQLS 180

t he above teg rovi des a forward-I| ook

0eq FrgpggmRent v “gdﬁ ARPtat |If‘3}”evP’étﬂ?Fe‘iea]ﬂ&'aﬁﬂ’ﬂEWé’fB}eé§!§ﬁt130 can

desdiaatehicfacy ﬂie)deﬁ&bﬁﬂéfbrﬁtﬁaﬁ&?dnd ok, Qe bﬁft yidwiBédo
the test.
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@Bove By way of operating the controlled aperture 46
68IhEe mespwretbisFaw teke, thagoume@2 iy plapeitimes insidesashpd the

#ahe 180] TheRgh 6RNfsabPEEe QmordldbeEBAl 1sY ﬁle)&han%%eof%g%ﬁﬂfthe
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thed) contdeeohg rah@D1 806is Belickbd Yo paRhierRse ﬂﬁ‘ékrﬁ%'\ﬂth a greater
%‘n ttro%? %\&){T}%‘%@t hﬁ% egfgc;gs%a ﬁéll)gof 2% de%ﬁgé% B%ckez' g%.%engflgf the
Wﬁ&m@ﬁm 608864 or ericavisalicgraict iRring %llloﬁ@raﬁ&g or g€
its.statu

S RukEOF MO Lol e debitpBAbiRerlie 3] fstiwe: gyt
Qfétnéteslo A his\aporeecisi sngeridneo apeintwirieh tesnngdiﬁy powidee evxdence
HQVh &8 whe aﬂéhuﬁiegwgggeq g?%%?fé&% rk@glrthe i AP RLIBES wa

(see FIG 1 erate nanaternalng
querated ordgsierk Jdp gther E’&'Fdseﬂﬁ)abt’w te¢hmigwaeeddes 4 foa\ma'mlookmg

&éﬁ&t&n@&dequ&gﬁ&yththeﬁﬂaaﬁﬁ@élp@&%{ Ithrs %v}&cﬁa 51-}.19 Eétamﬁaﬁé that
n{)Lﬂ(} ﬁr esent. a | ogi c one, ose
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Phe U ¥ UGB o P SR roveh biceHoum e ane o
pedditediei¢an @upi Pert instenatinl the hRHGER]of Apiife inkhtidh oy e
SR R 1ol dd dadedbithS RSP IR rRIPRY TRk,
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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many nodifications may be nmade by those skilled in the
art without departing from the invention whose scope

is to be determned fromthe literal and equival ent
scope of the clains below. 19 Clains 1. A sensor
WOSPWHRT06F det ecting a change in condition, PCT/US2007/0088%0
conprising: a radioactive source; at |east one

radi ati on detector configured to detect radiation
fromthe radi oactive source; a displacenent assenbly
confi.gured to physically displace in response to the
change in condition and configured to change the

[ At L di at d to
GALLR U b Lot RS oty Afom SBLIF b P apoiE
indoymatity periihant & its %Fhelﬁd iPoprioae trtbe tletegtsepbdperating the aperture
SO PSSP Rt e ARy
Gomed g eperated Winaltgmating€se Wbblycle%ﬁnme@é ¢0,dn essence, transmit
BietiroGhhiRnY ARGRANEGRS B Blight, £l SRR3R ec@%m?g idg€one,

radi oactive source anhd the ra atlo

while:? gogsdAprinae npuldrepresent aﬁesw £@A- {Thus ap gdtilcay denssh o
dERd nidssdge *BSIAIbS SbAVEyed tirélindhé a1l bE Opieink éldi QAGLhRed
tsourceta%lF I% ven distance fromthe source than a

L REBTHT D GF PIFSHD 2 he shield at the given distance.

tem s recited in.clai |S|n
oo Rl e g LGP 3t fitBlive B Bt erhetBifd
mmmndiﬁpams meybespoiedy thase akilled puthe sitgrithout &paﬁhlg from

RS e|

%?sﬂf*’%pl b Sh Bl ip e edhndrbafatish e RSl B Brepppoope
qf %@W@@h@ﬁ%&change in tenmperature. 4. The sensor
systemas recited in claim1l, wherein the displacenent
assenbly is configured to displace'in response to a
change in pressure. 5. A sensor systemfor detecting a
change in condition, conprising: a radioactive
source; a plurality of detectors configured to detect
radiation emtted fromthe radi oactive source; a
di spl acenent assenbly configured to alter the position
of the radioactive source in response to the change
in condition; and wherein the displacenent assenbly
conprises: a Bourdon tube; and a channel and a
rolling el enent disposed in the channel, the position
of the rolling elenment with respect
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to the channel defining the displacenent of the
source, and wherein the channel facilitates
transl ation of rotational notion of the Bourdon tube
into linear notion of the source. 6. The sensor system
of claimb5, wherein the displacenent assenbly is
configured to linearly displace the radioactive
source with respect to the plurality of detectors in
cidigsponse to the change in condition. 7. The sensor
systen1of claim5, wherein the displacenent assenbly

co rS ses an t abl e oI une. cgnfngc%qne Q. change
e Fé% b, g%g%&r?fﬁ g g} T 45 G0 fftin

}s] ?ac % gt le éé"?

frogﬁ S FASA %’ %n, i Si ng firs nd second wal | s
cooﬁéksgﬂace@e@toasa@?b afecom oA g ysw@gﬁ jsplace, in response to the
changelj ip aeonpifiensygr cenftpuegdo ke ghanget the v mrarlew% Aegpctecy by the

radiasign deispler indgspensole sueh displaseinSposed out si de the

annakkieldmggissambdytid configured to detect radiation

em wheminbyhet Hisplaeainom cissanebly oisr eomfigaredi opblsematintdisplace the
shielslgwrasieynbdy inf regpon extiotthe ¢Hapge tadonyitidhsguidace i n response

t 0 WhereirC hilen gRiclding ansbindbily rcoanpliseso af reglivaetivedly absarbge shield
disbéed bagheat ileradiox@ive sdeteatiethebydibthm ditect@ptht shiellecomprising
a firddpatib® MhAleh@litads 4 Breafk PRASRAIsEON VIGRdigliGP regeiRNadiodctive

souttd &ladling AseREH oM 1RNEuE BRI ket i it BB at the given
disBpsgnbly is configured to physically displace the
shi el di ng assenbly in response to the change in

Conq‘hé IS% O S-E a§e §i?é §1¥ qs JO Ir]rSﬁ b T éégl 8 evice
colfifiet s s b A e Wb 630 Eg}’gﬁ% e

econ casin

sen ste as reci.t ere n
i‘ﬁ 5% Skt ey P i € hepd M550 80 Beetfiy pssemoly is

CO‘? é?é‘fr?di tP splacg Inpreanongs tord cliaugs I0deRerdPrG adi ati on from

the radioactive source at a given dlstance fromthe
4. soudbe S?%ahsbéﬁt%é%ﬁ%ﬁ?%@ .Clﬁwn%lf Whegein &hs displagrgnent assembly is
configysaripylisptace Heregiapshion deagrie PrassureThe sensor system

as recited in claim 10, wherein the shielding assenbly
5.is Adiespuspden fortdetectingi change agtapditionconThisingensor

systemas recited in claim@8, including a processing

devhcelicotipt sdrdep the at | east one radiation

det eplwility bBdetdtterssenfgured ysdeterx asliativaiehdtkd fom ltied rdioactive
sodkde; Wherein the processing device includes a nenory

co nﬁ@%@[ﬂcerﬁ&ﬁ'ﬁéﬂeﬁibﬂb@c&ﬂig@re@% aRbrathé PEsiGHRPHTRS rddibactive source
in F3RURE tPRe bRMBE $n SRURENEShDOY the detector due to

di‘s @RI tisplacthint AL S RIbRF QMBS Hse A3 TEHREOh t9bd; An@A channel and
a rblniﬁé CRuEfent Misposed in the channel, the position of the rolling element with respect
to the channel defining the displacement of the source, and wherein the channel facilitates
translation of rotational motion of the Bourdon tube into linear motion of the source.

6. The sensor system of claim 5, wherein the displacement assembly is configured to
linearly displace the radioactive source with respect to the plurality of detectors in
response to the change in condition.

7. The sensor system of claim 5, wherein the displacement assembly comprises an
adjustable volume configured to change in size in response to the change in condition.
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pressure of the annular region. 14. The sensor system
as recited in claim 12, wherein the processing device
i ncludes a nmenory conmponent conprising data
correlating displacenent of the displacement assenbly
to an increase in tenperature of the annul ar region.
15. A nethod of detecting a change in condition,
conprising: disposing a radioactive source on one

8. Si d% éns@r gg%féhcf& c*%?erc Ih%ure@dngpqg'&gldﬁlton @[agltl AB&ar region,

co I on ector con et ect ation fro

te S| .si cal
bar F r @Eﬂ sokat Al cogpeta tgﬂe sa@ﬂ@a‘%&% 80 ed by the
at PEHLYACHNRS &%? THOB 8 ee?f’t“B sﬂ;@ nse .to the
haAgEat gue sigtion sste sw ﬁgg%eegm &b% r’iﬁgl%“ and configured

to ﬂ?%‘l@ﬂ@%’“%@?ﬂo‘?ﬂy ¢ fadi &% o the change in

condi 4isrigremsnt a%imhua?ﬂmﬁgweﬁgwt Hesieplbngdisplage dbigipppssnto the
changs di conliticmeand zon Bguredh ta dinagsthe sadiationdes)s daiectedslyy the at least
on¢ estiopdetecer woesponselte sudthdispletehsat,as recited in claim

15, achiejdingsissemldyeaanti f yi ng t he change in condition

Vi awheteto kheu plisphbémenir asserpblg dist emfigmed foopimysicallprdisgriace the
shielliry s3sdnitdp i feepomed to thd chande edodiionf detecting a

change in condition, conprising: disposing a

radi oacti ve source on one side of a physical barrier;
9. di SgBgsiBkoRtsyitBASEs RBed @fichRihof) WRiERtBE HONhdd Hé’c%ﬁ'd walls

resEQctgf@fy% 1§éjﬁﬁ$ hjﬁf‘seﬁérﬂf'@aﬁﬁg str&%é” ce on an opposite
de of t e physical barrier angi ng the radiation

Ievels detected by the at | east one radi ation detector

§S§%8&§es§s er& rh 1%@&&9%1 r#gil &o%d'&ﬁe%in bt¥1ep ahiflﬁl h¥embly

co Rré\ a ﬁﬁ &Pnt ! reXt r trﬁ%s :P %I‘r 8? cﬁatlon from the
%@%ﬁ‘g %‘?é%“ fis %?p%%‘é‘if Fv@e%‘?ﬁ’o q @ortion of the
Sh@ EBE@“ ﬁﬁm?%e radi ati on detector, the

Shle|d conprising a first portion that facilitates a

llgr edfiersersonmysir@sisorreted imglaini On yhesin tthie shiglfingagtspbly is
dl@@@ﬁe@t@tanaulgﬁ igelen. di st ance fromthe source than a

second portion of the shield at the given distance.
1218. Thhecrsensystensysseeitaddn clagoid sxlidinged piopssBing device coupled to
thecay gt @ienvgdiatiqprdeteessi ng devi ce configured to produce

the change in condition in response to an input
13si giak senkBr sybleen seresiond iayckimni2asheedi the ¢rodessihgadavide, includes
a idIR6r§icombbrent LappRGRNEE casdamY dandes it Akdfatigh ledistdetected by
thefl 16BEBE Aué No I BGIIRRHNI Bf heC BRPIIE TNt 1ERSRAIAWATHE an Rcrease in
prebiige SEMEAbn AN SEtgRhas recited in claims5, wherein the

di spl acenment assenbly is configured to displace in

147 esﬁ‘ﬂ@§&sbpsﬁteﬁh9§1ﬁ@1téﬁn%£ﬁsllﬁf Wherein the processing device includes

a memory component comprising data correlating displacement of the displacement
assembly to an increase in temperature of the annular region.

15. A method of detecting a change in condition, comprising:

disposing a radioactive source on one side of a physical barrier;

disposing at least one radiation detector configured to detect radiation from the
source on an opposite side of the physical barrier;

changing the radiation levels detected by the at least one radiation detector in
response to the change in condition by physically displacing a shielding assembly in
response to the change in condition; and
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21. A sensor systemfor detecting a change in

condi tion of an annular region, conprising: first and
second casing strings cooperative to define the
annul ar region; a radioactive source disposed in the
annul ar region; a radiation detector disposed outside
the annul ar region and configured to detect radiation
emtted by the radioactive source; a shielding

ass ﬁﬂﬁtﬁ{;ﬁ Bel &Hﬁ%edmtc%ngxlﬁbﬁ hdschi ! i ké?lﬁhtﬁgilwe?sddé?éﬁtédﬁ% the

sour I'splacement asse
aik%gpggurgz to phyS|caIIy dlsplace the shleldlng

16assfr§b%4 o R 3o AR ERLinge el fhapge in

il%ff@ra diPata zﬂo%feas BF atea%w(%lg g;@%fmm BRI fogreot
an |nput signal fromthe radiation detector and to

17pr odusethethaf dtetips 2ichanes AlFANCIPnpeRBRIISHNE: t he i nput

si gdiposinpa radloactlve source on one side of a physical barrier;

disposing at least one radiation detector configured to detect radiation from the
source on an opposite side of the physical barrier;

changing the radiation levels detected by the at least one radiation detector in
response to the change in condition by physically displacing a shielding assembly in
response to the change in condition; and

wherein the shielding assembly comprises a shield disposed between the
radioactive source and the radiation detector, the shield comprising 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 at the given distance.

18.  The sensor system as recited in claim 5, comprising a processing device
configured to produce the change in condition in response to an input signal.

19.  The sensor system as recited in claim 5, wherein the displacement assembly is
configured to displace in response to a change in temperature.

20.  The sensor system as recited in claim 5, wherein the displacement assembly is
configured to displace in response to a change in pressure.

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

first and second casing strings cooperative to define the annular reg10n

a radioactive source disposed in the annular region;

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

a shielding assembly configured to shield radiation emitted by the radioactive
source;

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

a processing device capable of receiving an input signal from the radiation
detector and to produce the change in condition based on the input signal.
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