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VEELLBORE EVALUATI ON SYSTEM AND METHOD Thi s application
clains priority fromUS application no. 11/430, 363 and
herein 5 incorporates contents of that application by
reference. FIELD OF THE | NVENTI ON The present
invention relates to equi pnent and techniques to
evaluate wellbore conditions. Mre particularly, the
invention relates to inproved techniques to 10
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V\fﬁﬂfngd% s%s%c‘?@éeu@oﬂl\ ¥re%%yosc%tuf1ga’l tlyHcrese v&hlchbarer;axlally stroked, and
- “rotating™ types, which rotate to power progressing cavity type pumps. The latter type

is increasingly used, particularly in wells producing heavy, sand-faden oil or producing
fluids with high water/oil ratios. The rod string can consist of a group of connected,
essentially rigid, steel or fiberglass sucker rod sections or "joints" in lengths of 25 or
30 feet. Joints are sequentially connected or disconnected as the string is inserted or
removed from the borehole, respectively. Alternatively a continuous sucker rod




sucker rods and the production tubing in which they
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¥he #?eratlon ofjr the earth. When using a tubing anchor to rigidly fix the lower part
of a tubing string in a wellbore relative to the casing, it is often necessary to apply a
tensile load to the tubing string to prevent sags or kinks in the tubing in certain zones




time, causing additional deviation fromvertical. As a
result, sucker rods and production tubing are often
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~ to an as-yet un-reached planned. trajectory or target of interest. Prior art

accelerometer and magnetometer deviation tools are also typically capable of
determining wellbore inclination and azimuth only outside of the presence of magnetic
interference, e.g., in open, uncased wellbores.
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pdisslesesea systemtienmeasurimgateviaivrs hadinclination, while a wellbore is being
. drilled, to achieve an ultimate bottom hole location that positions the wellbore fo

optimally drain the target hydrocarbon reservoir. Most Measurement-While-Drilling
applications that are intended for open hole, high temperature, high pressure
© 30 - environments, as disclosed in U.S. Patent 6,714,870 to Weston, et al. Such tools are




to handl e the extrenely demandi ng environnment of
drilling in extrene tenperature, vibration and
pressure, as disclosed in Patent 4,302,886. Systens
may utilize relatively ginbaled. gyroscopes or
expensi ve and conplex Coriolis-effect 5 strapped-down
gyroscopes, as disclosed in U 'S. Patent 6,453, 239.
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-actual cost fo repair the failure by work-over of the wellbore. Another reason well
-operators are reluctant to perform inspections at regular intervals is that the diagnostic
-capabilities of current inspection practices are somewhat limited. A more usefuli,

reliable, and economical method of wear and corrosion pattern analysis and
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dMesYTINg easingowalh KiigkRast, ¥sipgiancaxial ypaiA goil fpn gegteratingsa flux field

. . S¥Rleidfind theWasingR@neU. S Ff’été'ﬁft &\8141087 tdEddrisRiifibses a combination
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Surface defects result magnetic fl ux | eakage.

Haggreticdiall gitect %sp@aqwjg@g @ignal processing to evaluate defects and

~wear.. U.S.-Patent 5,914,596 to Weinbaum discloses a magnetic flux leakage and
sensor system to inspect for defects and measure the wall thickness and diameter of
continuous coiled tubing. All of these systems induce magnetic flux within the tubing.
Surface defects result in magnetic flux leakage. Sensors measure the leakage and




6 are thereby used to I ocate and quantify the surface
defect. Techni ques are also known for magnetically

i nspecting sucker rods. Conventional sucker, rod

segnents are comonly renoved froman oil well,

separated, and trucked to inspection plants to be
"reclainmed". U. S. Patent 2,855,564 5 to Irwn

di scl oses a magnetic testing apparatus used in

| N Bfrdi useh t§|b“c5%rarfc9&[§antnﬂ‘lﬂe st§:e Jatgnt 3, 958, 049

to Payne ‘di scl oses an exanpl'e a process for

recl ai fEeiquUeSe @res yalRer ke fph magnetigalie rinpracing , sydker rods.
S@dfﬁg%n‘ép(%ub@erd?cﬁf %@gﬁl@nts\"a%@o%odl@%@a%%@éj from an ofl well,

subjected to a shot ning operation,” and anal
f Gepatiatadc aogd tiuckedrt@we@ttqnmwts fochgnsedlainieddubks. dﬁatent 2,855,564

t I t
pﬁg L}?ﬁrpdrig%s%rs %{ﬁﬁ%e@% ?é;istlpg aBgérI%/u% us@l j olﬁ%ée\e/cgfjh gfchQer rods, and
c41.5eRatent R958,048 tetRayng, dissloses @m:xampl@gf at prosespdbr extlaiming
; i . od _

nggg% ?SSUW%d lialglanjlt. ﬁ@é q‘n_% M{eH %’ne R v%g%d %é 8{9 cfe%%ehsgg,r visually

corrélated W

- Epdnaplepbd sThjected stoem ghzcrtepa&rwm Upesﬂtlon,t iand" arayzed| &t egfructural

rﬂgéﬁécﬂgﬁé Ql'agr%tﬁ:ymg ctxon“ate?qﬂ%ﬁgs ge 3/39 ﬁ gggll inspection

as a

10 c@iarmeratlmdhars aofsitas Acaysmm/éy esnagmhhg af cadled su&kerarod string, or

- PLE r} I‘IS pifed’ E\%e[?% s, S ro(;%%d Eq lFﬁzﬁ%Q% 560,764, Defects

Aspect’s he"suc |ng

i mathiaahé GJG)R(HD hmymmrreﬁhted:wﬁls mélraim@il’enh dle spstemrgenkrates “real

Suc

v BRSPSy S s Poal SepBhar vhr cbERY ARY STosricely i area as a

- - hawrtien of ;tdsmoa Nnwipekas t@ksrrruolo@si cah b@ ikdd) euétegasotdoRdeidgmals from
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are. relatively limt tSI hted. The data
o BPEPGRESOR WItRS Hagy %SSQT%%? "Srrect or

Smti gaAﬂ)éb&abf tﬁ@rs@:&éﬂmb@ arldhgrcﬁ‘ﬂdt[drﬁfwﬂuﬁg Qﬁspectlon techniques

| _ c nvent i orgﬂé?%ucker rod insp

ctio and recl amati on

ispyigsef! éY‘?rﬁl‘i%‘?l'b'EV%Jé%?éPﬁh'ﬁ%ﬁt'eﬂf BichdfelhReiserq wireless

» r %oﬁh@lﬁgy Bid ARftal SHSR PEcSSHBO IR rMallR afdWeves -the anal ses derived

. A Iy, b th duct t ubi
PR e ot Bty e B e AN shorERAtEdn e Gata obtained is
20

Ph&WV bRy @@anthé@l‘i’edtrbroﬁﬂéété’\Webﬁ For fdx@MpR!Che end resuit of

reclalmed 25 supplies, pre-existing wear patterns on

t Gveglienad neuckee r@ﬁ’t nsPRFQNe AN gedametipn; He theotrather  simplistic

Ccaéeahindfior sMiIneMRE Fe-bR s e LSO br M@ﬂds@% @ach ][od

Further, even a detailed, positional analysis o

“def ect Ad @Bwlibfobefpweuta@ ‘paerustion duhieg i Rwstwradspyped producing

o thend |srt96’ihg W?\%S‘Hrewéﬂéh}' Bé?ér? 08:d MOBthEROR & frd . sgch reclaimed
928

genera operators Imply reposition rod gul
mmmﬂemgreﬂ\sémg/ WeRF patt@vaapndnbmg @Iqmoareroﬂeubms@admg as to the

- talébgi %ﬁ%ﬁé@fﬂg‘)m@%@r?ﬂﬂetcgﬁeﬁtwéllﬂgref %glrtﬁ\gr @l/érg%g 'iléf (ﬁ)osmonal

. i analysis ob@@fgets does not provide :an adequate wmdow as fo thelr root cause or

30

mitigation. - For-example, in general, well operators simply reposition rod guides,
which may merely shift wear on the rod or tubing to another position along the string.
An alternative technique to mitigate rod wear on tubing is disclosed in U.S. patent
36,362E to Jackson, wher_eby an abrasion resistant polymer, such as polyethylene, is




36, 362E to Jackson, whereby an abrasi on resistant

pol yner, such as polyethylene, is 7 inserted into the
tubi ng. This techni que, however, reduces the inside

di aneter of the tubing and does not assess the cause
of tubing wear. As a result, the polythene liner may
sinmply fail over time, rather than the tubing, whi ch

still necessitates work-over. Not even "real tine"
de}{u?er{eﬁ 919[5 i%e Rﬁ)ﬁ%'s q@éﬁgcﬁﬁ&ﬁ ‘%ﬁlﬁ‘?@ l’é{tj Q&tht%gnsl,i%ep <rjigwéeter of the

t Heblqg: ahd ﬂyesmotsa@sm thé calme qfrl-aibuygwsar ohs @ oasult] the golythene liner
f i ; PLi .
A B P AR A Vi 3 e vorcover
mﬁﬂdtlﬁvee “f@l ftiones dataardports wiodmintp en adedudtaidotutien its natigading wear,
wel l.bore devi

s abener® e Be Bt f Borabiti Wiy 8E bR AP ysis or corolate

t halbing. bemdatiorsmfmmﬁm witblred cdflitiareinkomafier.f An m’cugate analysis of
e e R IRIBO e B b i FuE sy Fakbnina profie o

anhewelttmne daviatkwol. ut i on specific to a well. Because
qui ckl

" par 'a'rm’éﬂ?tﬁt ﬁé@’k’[@h@gﬁ e%g{i'l?g* 'Ingﬂ rt'??g :éggtSf"Sdﬁﬁﬂ? thgre igyno available
w10 | mhezmswf perforaniigg thabe assjeSSmélhtelih alchstietlabtive arfd timedly manner so that

- B Eh cahcbo REfatL St g S Doyl SPIFh HpBSks oS a well
. 0\Baicausee qbigkly retupiing e Wem\t@lﬁrdadlmhon\lfs of [parsvamt Snpdeance, full

-~ opnRbar oy e sl eGatenl e AR sy rapossive. o

e .Stpérfﬁmb@fﬁré Bieh@diing radiinke & proanttoniel | bore. 8 SUMVARY

15
oy V@F\?roﬂéuis?@érh% lpﬂnndea foe&baAling fdnH' rﬁ@ibatﬁ@m@@%ﬁr@éf Wear and
we

O- TH
methogT

|| bore eval uati on

stem and , .
he gis I\g‘fﬁﬂt%&\ﬁﬁ}e RIPAAHAS RYETEpEe ;‘%BfeéeB‘f'“VG"“O“‘ An. -

stem stem I ncl udes a productl on

-t GBm ?fﬁ K34 fobSTtBB%*’fWi‘e'P%WéHMaF $irings,yhile beipg Bulleddram amsdbore.

5 string novable within the production tubing string.
In one enbodi ment, two or nore sensors are selected
fromthe group consisting of a deviation sensor

~novable within the well to determ ne a deviation

profile; a rod sensor for sensing and nmeasuring wear,
corrosion pitting, cross-sectional area and di aneter

of the sucker rod string as it is. renoved fromthe

well to determine a rod profile; and a tubing sensor

- for sensing and 10 neasuring wear, cross-sectional.

area, corrosion pitting, and/or holes or splits in the.
production tubing string as it is renoved fromthe
well to determ ne a tubing profile.




A conputer system which may broadly include a central
server-conputer, a data acquisition conputer system
and circuitry connected to the individual two or nore
sensors, is in comunication with-the two or nore
sensors for conputing and 15 conparing two or nore of
the respective deviation profile, rod profile, and

t ubi n roflle as. a f Rﬁtion of depth in the well.

The/id t FTN%%T' onpares all three of the

devi at inoRelbord blfuatioGyBleff AhEmetitd drdird8dé Pf bb;ﬂuatlr@ one or
one enbhodi nent, the conputer Qutputs a wear m

'S ORI % WeARARE ForaTin rtertaCriFR AT RS Of @ wel system The well

r %‘}@t%h{ irefiidas arﬁlﬁd@é!ioﬁﬁtéblﬂgtsi}lﬁgeﬁcpﬁﬁnab@ iARewel bAd a sucker rod
dept h zones of the sucker rod string, linin

5.prs@fglgcmpyﬁplq wihipdhe pradygtian whing syingy nBone; qqlptmgl rg§nt two or more

- SRRAbEkGre d8BLDS froﬁmi’lle%%lﬂ:gccﬂlsiéﬂhg Bga idatiatich sdridof Rb@Me within
t he production tubing string | oyi ng a sucker rod

r dewel tordetergiing %dPYlé“OjLRfRfé? 3 6)@' S@WWHQF seRing A esgHYNg wear,

S'céﬁ'osmﬁtd‘ttﬁ:'fgﬁ c%sssﬁe%ﬁ&\al %P@a“ﬁh@ Elaﬁ'ﬁlﬁer &htﬁ@”%h&(er @bd 8tring as it is
section e sucker rod string repl aci ng one or

~ o oemoved)iemitae well orfietesmig e Facprofl 'Qbe'i"rba hingsgnger for sensing and
- 10 Stﬂﬁé‘éf‘shnﬁ?%eﬁ rdré&»se%ﬁoﬁg‘ @rézd ‘EBHBQBn 'ﬁﬁfingo léh@léfr héle¥ 'o? Yalits in the

represen atlon of conparlson of nor e
ot ieodustipn tybing $iriog aﬁ et is FesoyRddrem éhe a'ﬁl!l tq %ﬁeﬁglne a tubmg profile.

- PTOELIBY e;rgfsté‘r‘ns %tcprl’ﬁg\ﬁ % n\gfn'cﬁﬁ? d@é‘ntﬁd;%b%?-c&nputer a data

grap |ca two or re o viati on
- pragfistisidion mmpp&e@ﬁwt@m and cirewjsy sgnpratdd foetheTindividua fwp or more

T SBRESENIA BTGRP WiBChBIGR of Hhse SrBRSIcPNBnputng and

: viation profile, acconpanie
15y @@frm@ang dwel or umrﬁgofvtéarre@mcave Yeviptiors pradi |Gerfbfé)dlif¢ﬂé€ht6§1d tubing

:?) ?ﬁ€g95?%{§t18$§f@§ﬁﬁ 1rFtW% wll Wé%ofﬁfg]y %?Z)r @tdo%ares all three

tubin
msvf &qdiewat@n@mf lep sod profited apd t;fhlﬂ@@roﬁle9 The conput er
may_al f LAt of iy :
Fou pr B0 i€ BRBEGNTE (6 BRIFEICP outilis QU B icd i, which
wimdy ipeladie Ingtalling enrepoesitineing ved guldewlth easpeet ta spedifictapth zones

I 20 W%? bR s%&ep%egﬁ“gﬁﬂéﬂﬂﬁ the oHl?ét#éhr} bi tsﬂﬁ’%t@“ =B fnin

one
pispekifi¢ idopths ubmplpyingr & mg)im-dotatw ts Lroteée thieo grasiucfiangtubing strlng,

| I
r“éﬁf@é%i%@y%‘{e?ﬁ%d b b S5 e B hpo g e
-1 seke ed spaed) ¢Hanging! the. diardeter ccxbra)ad_ace:honl of the sucker rod string, or
¢ RPREG B 8l shebbnis ORE ARa R Ebingirnd S3PAfdoa stang.
.25 .respecThe eompméumay@utpm alvisugl fetpresegmod o{;tr@lmgnnaudon of two or
ar._cod

Lo weiBuERon ool Bblerauibina s R, TS cE¥Sentation
bataydadede £ gephichdispl@peli thg of Fdrdaf the deviation profile, rod profile, and
tubing profile. The visual representation may also include a three dimensional plot of

the deviation brofile, accompanied by other rod wear and tubing wear data.
30 In some embodiments, the computer compares two or more of the deviation

profile, rod profile, and tubing profile with two or more previously performed profiles.




 t ingeded o
SHIBRY fhe- r%iat.w%o&usﬂf%f eb&ifl of trid 8ymétaFRtRy rég,beéth@ production
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code markings. The deviation sensor preferably
conprises three pairs of gyroscopes and three pairs
of acceleroneters, with each pair positioned
orthogonally with respect to the two other pairs. The
rod sensor preferably conprises one or nore of a
magnetic flux 15 sensor, Hall effect sensor, an LVDT,
aser mcroneter and a |laser tri Iatlon ensqr .
Tﬂhe ERBPHIGT B8N S5 OTIRGFS SRS oLmaa! thefevigion.profley e profie, and
prIe 'froﬁﬂﬂe wvell pdtbmefitresrbfiles A8 AT anclivell, such as in a field of
enbo iments include a plurality of dlfferently si zed
s@ﬁ@%r inserts for accomodating a plurality of

di anmet|areneddmbsimsHS kehaf@id FletHoads a:ﬁtﬂhdhrdolﬁldﬁ{drﬂﬁg segments of
t ubi ng 20 Each sensor . insert n@{_' i ncl ude a EI ur a
g7

P19 Bball AEIP ProdRion bINg SFTd JbieEKs o SBMben gulled fom

S RS, Wﬁ&tng&@v%@ﬁé A8hININRCBINE Mafidids o the BBgments as they are
di fferentl‘¥| sized sensor inserts. The_rod _sensor
e

MesdsanshRIcqrRREEF 8dn somBYpIcAtiRN Wkhe;tEickig device for

coupling; and then nmeasures one or nore of 2
t BIbiNG- PEng, anféj éUC%d‘?Qj sliRgt ehypically the mrarkinge wWilloepanprise bar code

afRAdngy) dnd e thde@ing HaQick Wil &S]'ng @SPhar Rk ¢8ddeY FFTBS@Rg the bar
and. neasures one or nore of tubing wear

cElsmaEigsonal "area, wall thickness, and pitting.

- The d'enwieadévm?ﬁ SHROF pﬁéf&lasﬁldom@a@ﬁe@mswgwgé&es and three

15

one or nore oO bore do eg severit I ncl1nation
apgjrsof a@e@lﬁr@matwsi vwm eafatnaefrpoawgn@d opagoaahiitiresaertigthe two

- SBiker ?H&Od*rﬂ@%@s Ldw dP@I%Fa MBlidomy St fBtd S 2 magnretlc flux

tarlo t ecCl |ca al ua € one or nore o

aﬁ@wbrmﬁbeﬁﬁctts@n%prsﬁmm@hsa ase gnigrammedss andomiasges triangulation -
wgégisor A t%ﬁbhs%hsé é;gg 8% $hére Phrabndtic dri@fr and a -
egment tiple

%@strlng strlngs i nc
sHghefied sensnpl ed with | arger dianeter couplings. The

enso

 MRANetd e SARSLARACHcRES PRy bRaRerdfhF SRR Ehoor inserts for

er triangu on

: smumdaﬁng aipbuiraldylotdiamatgrs efifbé sudker rqdisér}'nmdrmoduction tubing.

20

- 30

BEBh S8 hidh 1% hifeh ool BTRLEaRQUELHASEIS of tubing |

[
foregoing is eral
|$arsnta 0A; seaaer barrel selectively melesivasoedahl dfythd efifferenthosized sensor
g&ltsthe invention. The invention will be nore fully
I'stood and better appreciated by reference to the
f ol | ovithegodestsar pypicatly aensescaralmegmires a coupling that joins segments

- of the sucker rod string, diameter of the coupling, and then measures one or more of .
25

‘wear o a rod guide, rod diameter, rod cross-sectional area, and pitting. The tubing

sensor typically senses and measures one or more of tubing wear cross-sectional

- area, wall thickness, and pitting. The deviation sensor typically senses and measures

one or more of wellbore dogleg severity, inclination angle, change in inclination angle
and azimuth.

in some embodiments, the wear evaluation system is tailored to specifically
evaluate one or more of wear and corrosion to a string as it is pulled from the 'well,

10




11 DESCRI PTI ON OF THE DRAW NGS Figure 1 conceptually
illustrates a preferred enbodi nent of the wear

eval uati on systemincluding a renovabl e sensor insert

for sensing a segnented, coupled sucker rod string

being pulled fromthe well. 5 Figure 2 conceptually
illustrates sonme of the conponents that may be

included with the sensor package,  including a .
‘mitsdher dhatihga redh rblge o ehBrRdugiin t tublga|$iiing. eg%‘@?“m rod strings

dendigeR: mafliple\ddgmehtd @§@leﬂnvﬁﬂhQH@eﬁﬁlaﬁhﬁkﬂe:ﬁcélﬁﬂiﬁés The magnetic
triangul ation sensor ure conceptual

i PPUYRY deviees andieyr @Fgﬁ“@forﬁe%ia?d phlags; t@ﬂng}ggtfqﬁlgsq@ors may be
: C@mﬁliyeébaced"'ﬂ‘bﬁ tHeerddr NG L dRR thhtBbPdo it fihtBBere with the larger
suspended within the casing, and the deviation 10
sdipseaters@upingsoved t hrough the wel | bore within the

tubi ngypd f&éﬁcﬁngfflsqmé?ﬁ% lt@k;lvlé d béﬁé‘?&lﬁ@éaﬁ& fhe invention, and is not
t hr ee- di nensi onal | bore, along wth

. rédengesy toafudly: &eﬂpgmqqdln%gp @gg@:onp, é’b«p dnvention will be more fully
. C@H&@r@fo%ﬁ' érrﬂ béﬂtér%d’r@&&%d%f*é?%n@é & 1Y 8ilRQing description and.
bor e, ong Wt wear and/or tubing wear
-déﬁ%M"Q%i Figure 6 conceptually, illustrates a
mar ki ng system including a bar-code marking device
for marking individual segnents of the rod or tubing,
and an optical reader for subsequently. reading the
bar codes, for tracking the individual segnents.
Figures 7-10 are flow di agrans conceptual |y
dllustrating exanples of preferred operation of the
wear eval uation system 20 Figure 11 conceptually
illustrates a. 3-dinensional inmge of a producing area
| ease or field, including the surface | ocation, depth,
deviation, as to both inclination and azinuth, rod
condition and tubing condition. Figure 12 illustrates
a side view of: sensors at a well site. Figure 13
conceptually illustrates . the surface sensors
connected to a 25 conputer. Figure 14 illustrates a
bl ock di agram of signal processing according to one
enbodi mrent of the invention. Figure 15 is a process

fl ow di agram or portion of the process according to
one  enbodi nent. of the present invention. 30 Figure 16
is a deviation profile tool process bl ock di agram

1




Figure 17 is a process flow bl ock di agram of the
devi ation tool process. 12 DETAILED DESCRI PTI ON OF

" THE PREFERRED EMBODI MENTS A preferred enbodi nent of a

wear evaluation systemis indicated generally at 10
in Figure 1. An enbodi nent of sensor package 12
including a rod sensor and tubing sensor is detailed
further in Figure 2. The sensor package 12 nay be 5

p&HIGRINEPON PFaTHE PRAWIIGS A devi ation sensor 28 is
det ai llelgwfeuﬁt %S@cépﬁu giﬂﬁ@tr%esaﬁ brrefér%d mﬁﬁeﬁtogﬁ W& wear

bott om e production tubing string 2
gewsiiationosysteyndnddding wanedvahle gsoh inagghfor $en$igg a segmented

| -p?a{ugd?&d sdker %tﬁﬁb@ﬁ%ﬂﬂueﬁvﬁdm%ﬁ elfear, corrosion

I ng, Cross-se area an ertal n di aneters of

- conponegurs dongepigblly Bysitaéan sonteef thecomdesents thatmey be included

g%g Yed éé}%oﬁ gb%%c SﬂlEﬁJHQ\g?aorgggri?t%tfé;i f@%ﬁ?&l&g%%eﬂ@ér ﬁ%ﬁ,néaplgﬂ effect

segmnmen ker'ro e Wt

t devipe, @aiddtw’bra lesdyi migraswetemand2d laseSeigheuiatiah sansker : r od

P b S M AL A o

szth rthe rpagduadtio e rinkitg \séing . blasp@ndwwltmunﬂw casinp, :and the deviation
10

%gpbemg tdtﬁr%ﬁgﬁ'gﬂe ﬂ%ﬁopﬁlﬂ]ﬂﬂ%é‘&% f@?t h axial |y

reC|proca rroc

- bna-weaglrg @omeptaaﬁlmtj}mimm erﬂmbn—dlwmnslmnahﬂdtoétheomellbore along

~15..

o]e} [ o vity punp. System 10 may be a
B’Viﬁé%cf”ag%{%@?ﬁ ?ﬁ%w%ﬁﬁﬁ%t?ed field unit. Sensor
packagagdra S ponapiisdy illbstratee remothe? $ldiatfthe eveitborec albeg with rod

wi th data .acquisiti conmput er system 14, and thereby
ngﬁr%rgfl ng Q?Q‘System 16 to conpute and conpare

i nf or rEigurens. smhemaﬂy_)[lubhaew Insarkimgdeystath) onwludirig i bar-code
the conditio

f the tuhing 20 | £ hol ,
o B St B e B d iy gBmenly b Sad og S ug an optical

20

- arezdepfof sobdtRuerily reating i bimeeles, rfeduadkivgy the avdividdal segments.

bi 11 HgOUeR 210 Arg BT shareriyal ycfaibe faraples of profered

: ‘((]I bwéraﬁdreoﬂhémetarGmlﬁtlm@sﬁﬁﬁm i ngz 19 in fternrs of
I anet.er an wear the cqonditjion o ro ul de .
35 in t o‘FO’H?BW@FVe\“L('St%% feaimengiod 'Wﬂ?é’??g)’%‘?‘é’mg area

;or@mbeﬂesas.naluﬁmgqhe enrfeée eatich, \aebm deliagonels! tbaoth indlination

25

the farm Suc deviation profile, a
Coray s%wm éogﬁﬁ’ﬂﬂi'tﬁ’"t%tHB‘“ﬁPeﬁ‘? N and 25 the '
- exi st gngfeandiistelisi 4 Mid@lieWhsd sehidrefat @ vallieiteor r el at ed

profiles. Correl ati on of these

T by comparing, t he
oeri terilges %a%?ﬂcy‘??ﬂ*@"é Tstaigs. thersusacs jenseteRNnRGig! to a

t Bfimpitgdi vi dual profiles. For exanple, analysis of
wear det ected on the inside surface of tubing 20

- al one,Figifre hdullugieptes addeskediagem qk gionabpiosassing aecarding to one

30

C&%Bbdhﬁﬁnﬂ&thé‘im@nﬁ'&?t h ~where the deviation profile
shows the wellbore to be vertical and strai ght may
i ndic ;ﬁi@re 15 is a process flow diagram or portion of the process according to one
embodiment of the present invention.
- Figure 16 is a deviation profile tool process block diagram.

- Figure 17 is a process flow block diagram of the deviation tool process.
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e PEJAIL R DESGRIP N QRubiR PRIEERR

30 that the observed tubing wear is unrelated to this
particul ar well bore. Alternatively, detection of rod
wear on the tubing consistent with and related to
sucker rod couplings 13 dianeter |oss at the sane
depth, over several hundred feet, in an area where
there is a nmeasured material inclination from
vertical, would indicate that roqﬂgﬁldes woul d very

EMEQRIMENDS end

wel | pA OHiEib@Bmbb&RienBYCa waar @\%aﬁioﬁtsyaemg HdiStett déherally at

essential for the accurate identificatfion of the root

calde Figure e A egbadimanyaf serparppcikageytbinchdinbor msdsensor and
Fﬁiy S

\gf\t/l}g}rg;%%ﬁéogdrgr%eééemym% ﬁ?%g{ sens%?f pZ@EaﬁnsB&’BS&a@Eelz may be

Fpgsifienet, orns Fig §porp ot Hegetionsangel zﬁjweémled darther ulrigene 3, as it is

2
gt F RSk RoR 98 PR Bl PO by ety oweres
'--b an mtelipe 32 Ahroggh dswbmg akieg2026The sysiemvibevaluaiegewear corrosion

N Efttﬂ]gP%FJsg lseéfona fsfb%oénd &ﬁﬁﬁ ﬁ',etéé/rEio‘f %Hsréyohé}ﬁé %ﬂg%ell system

or nore of magnetl nsor cCol

othatindudes faegegraemed pduriiotetubingastiiag PO poditiphahie it wall 7 and a

akage

::'%Iéd;'rﬁ]%rﬁFWuékérLr\égTétnnd "’\%Tlf'i]'no%tﬁé %ﬁ'ﬁrﬁﬁe P@%gﬂl@é@fbgg string 20. .

atlion sensor sensor 1 nse

-+ poeymented suckantredkiring 4Bdas miiltiple sepimentsuokipied tegethdd vath larger

0o PR LSO s

- vendi ca't“yiQﬂOiBﬁdStmket l@Ulsﬂrg\gdlrmpaneIude bdthusciprohatirgdyysorods, which

15

PRI R T R PBREb e R ARl i s

weaity tpantph é:‘:ystmp 1D mopyliSe 4 pattahloiand/or &ngmftmu:atedfﬂetdmmt Sensor

PGy i . e TR G Tl sonston.

- deanpiter systed 14y asd ﬂm@by wiﬂalseareeaomamdr Symﬂerpl‘lﬁttbl’tgmpute and -

oSS SuralSighihof e RERSe B Sk loh (TR ptlloRr the tubing

| C2@btesecof ahed; sanga;oﬂaﬁonpttﬂingggod Wb@r go%s aéat@nam@@and other -

el TR dngE s i3 ahSiien v akeghol B 1 it pting

- theanetdss-saziionsl Rresaand @iih’:hﬁ@@r qfv) aizd ﬁurﬁdmonTBIetliaOébuplmgs 19in -

I.ne

- Befrs ploradelatand st andt ‘Stﬂﬁﬁa?‘f{li}“r P TG S (P of diameter
- paref weae T RS0 esitgi@rire. cbﬂhﬁul‘éﬂ\élsaé fupiatioh &ff ddpth | w&hln the we!lbore in

.25

si nul t aneousl t he tubi ng prof

| tﬁ | ned 2f5
theTeLPiRIoNIes, sUeh é%iatd%'ﬁi'gfh@f% R roEprogie, a%@tw&%@f"e and

rA6 ekiBtahad ahi RepadRY bﬂtﬁe'cﬁtd?tﬁ'dré‘ %frélﬁéﬂ%@%oﬁﬁialnn@the@groﬂes

vvork over rlg@gnot shown) he ri

30

't fongatio éhqsgtqﬂteglad? V@ﬁky m@r@ l@@?laﬂ@rs@ﬂ@ébd%tﬁmnmg the

SR fiﬁé‘ﬁi’d[lﬁl%roﬁlés debeerarmse ! Atalyspdoh@ir dedtBd 8n the inside surface of

acqui sition conputer system 14 receives signals

- tubing 20 alone, without depth-correlated wear to rod 18 or rod coupling 19, at a depth

where the deviation profile shows the wellbore to be vertical and straight may indicate

that the observed tubing wear is unrelated to this particular wellbore. Alternatively, .

~ detection of rod wear on the tubing consistent with and related to sucker rod couplings

13




5

10

fromthe sensor package 12 and transmts themto the
server conputer 16. Data 30 acqui sition conputer
system 14 nmay conpute the profiles prior to
transmtting to server conputer 16, where after the
server conputer 16 may act as a server. The 14
transmttal between data ach|S|t|on conputer system

14 and server conputer
aﬂt@?%%’?ﬁﬁe@tﬁ%%’ﬁ% derth, %VexféﬁY%rfiV“W"% f@@ﬁ é’b%n area where there is

CAEMSS] hidierial RRIMAIAGTRR VERRYN wolld Pl@lcﬁfet tha@ﬁ)d guides would
conceptual |y represented by antennas 13

seeryrrifectielianitigate tybjng wear a@d ﬁﬁrehygeﬂwdrm@l mfe@w:tlon time. Such a
r %Hi‘i’éﬁgﬁorf ér%ﬁ}sﬁé‘i@ e@@édtaa?for the &cﬂbﬁt@ﬁféﬁ%&ﬁon of the root cause of the

accel eronet er- based devi ati on sensor tool

d copgiéan ans may oplybedierfosned with wefficient data; de t he t ubi ng
20. A Aa%.nét% bvséb or {yP8s Qﬁé/é@maae f&q%%m?tﬁe %@a{sd?g)ackage 12. In
| oner e ottom of the wel on wireline 32.
Tﬁ@ua%iu sgrBerpackage 23 inghisles ﬁésouteatrb@rneb%% wdicht ards geap gnclosure
%t’?\%l ALER é@%%%éd?%u%{;@ﬁ&ﬁ%%& &ftgr%arFéPZZ A sensor
ate I NC |nat|on rate o hange o i nclination
meaiﬁnmtelmmbwasam@d lintg berrak22. h‘éertS@blns% 2p dypically includes one

| T of Ho?é’@fjmh éti&efll.gem eb&éng‘.&ec }%g%rﬁelﬁﬁgensgfﬁ linear variable

retrieved epen
névﬁfﬁrey\tﬂalstrar@fgmetm&é/@ )nltaaelt masrqimtama@qd lasiet frigmgulation sensors.

wre

: ?HB‘ééﬁéor%(s%hfeéq Fn%ytﬁé n%é‘é?tiHPx%Hf‘ceﬂ{}QuJ éﬁc&@%{t%%ﬁﬁ? %P,ﬁlféghﬁd 18 or

devi ati on arin

- anmduﬁthnjbblng ZOmnﬁf mayebe Felestet] foor argroup of dliEferandly sized inserts for

- 15

| : _t m&&eﬁﬂgs \{a?fep/&l{ ro&%mﬁﬁlﬁé\gfal%éh?fs fhlﬁ"st {I)l%rsens?r package 12 -

processi ng wear’ m t
s olaythouse bdth tfrmrmerlsmearm hetdabingmensgni ng. - string 20

s, p“'tr%d o ﬁ?\/}fdglt? ﬁ%a@ &P&é(v\%\é?go {Hegco@ﬂrq%gg that joins

|nspec ed SI SUC er ro

-t begmernds plthe sud;Hee racLigirimgy 1&,0nintnmen ntdwauwdtcﬂmeter ofthetoupling 19,

{ gl HPR a2, 355 TP b Bor, 84 LB A5 4B Mg roo- piting.

pro rod strin

- . atigewiset thertubiograeneor - m;agtc&:r{mﬂzdaltaesech/es tmum}wearfwaihthickness

c 20"

o &g BREASSE AN i o SRR Bl may o

i+ cdatptsuieh adGvellborel doaidy sevedtyt inafinationt drighe, chamgé it indimation angle -

w25

.30

COtpaE el FERI 470 ohag Stailivea. "ot ocessed,

. displ fﬁt@d'od [pexfibe {iﬁtglplaaﬂtj( ciaained @ikt tthe ddeittion prlofile seeouerand the
C en S
- P ShnRonEy bt rdPued rbaiibt, e davistion Ryl i obtained

aﬁﬁiultasedubl? wmcmle\t@l@lng pEsiteras Hcmtu\wighs @umegf tlromrtﬁe well. First, the
ram.t cul ate 25 a mat hemati c node

P RREr S o MsfoclioRds RulRSITpAIe Wl toh Merstvey 58 thot shown)

‘t wshm Aypdlis ta@tdetfh cﬁe EHABAEANGS of hedl6d €8 HidWended and measured

rehensiv [gj;i condition . profile. The .
n‘?ﬁ‘é fé’\lge g PR 8RAHRItD ﬁ‘?’HBUt&h Sﬁ%mrﬂé receives signals

Sﬁérﬁtth@ﬁeﬁﬁr ﬁalﬂﬁage 12 and transmits them to the server computer 16. Data

acquisition computer system 14 may compute the profiles prior to transmitting to

server c_omputer 16, where after the server computer 16 may act as a server. The

14




mtigation of wear within the well 7. The sol ution may
be stored in the conputer, acting as a central

server, and then optionally transmtted back to the
field unit, such as to 30 data acqui sition conputer
system 14, and made avail able for access over the

~internet to the appropriate personnel. The server

- 10

thus be | ocated several 15 hundred

conputer, 16 ma
ngsmtﬁtr’ﬂ“ Q@V@Péld#‘h SEQUFteHhPPrERUEhAYSterB it PR Sgyer computer 16

' 'Ma@f pE thyaRfle WoF @lt@‘ﬁéttvé!ye%?rlmeow BSvareHC bf Qﬁreﬁa@& Qlohinhhication
i nternet access his is especi aI |y usef ul

f
mifrhgelgies keewn i thelait. 35 chapfsls repapsentedrpyantennas 13 and 15.

ser VerS@(Qzﬁ’BUEﬁér tia@ eNerSbe rs@ririgeﬁT h&2bden fehovdd from the well 7, a

mul titude of we provi di ng_ t he conveni ence of

c@noparresk 6@%93%'10%“?? teged gRviatipngansergolAs isidrgpred "o the botiom

Cof i ke 7”iﬁ§|d8 fihé! t&mﬁg pd, Aﬁémétn@sy ?r@dékﬁé{ﬁoi‘ut éé}féoﬁj aBanay be
from one wel but to correl ate [( data fromt

nifwareq, &ethsfboétpme@f themedl 7 on E’Eﬁ'ﬂﬂ?fﬁ?ar &l deiatian f@?' 2& gieasures

- e%ﬁ@?édo?dk e oh%ﬂfrbﬁ%h@ @E&Eﬁélﬁﬁ\e%rs bhé Bﬁ%smoﬁo@r to calculate:’

nore than one hin a pro ucl ng property | ease

orn0fmeé|oa, refgof ﬂganseé»ﬁ'@il@at@a anel azineuth &f w@m@we tool 28 is
1§etné\}éd ity ﬂ‘% lﬁﬁfn@ tf?stﬁé’ B Hesydr fig! &eretrul.ped ﬂqegérﬁi‘ehhfby wireline 32.

tumg EYOI , devi ati on pr0|
OTMWP ﬁleef@rmﬁddg\ﬁ@ipw%mtcbmwé%tﬁ@cgwsmogrcamﬂutemsystem 14 to

Jﬂﬁﬁg r]d' fﬁnﬁ@#&%’a@@thfeo&émtt ?n p'r:&f! d&ﬁfp%ﬁﬁg it Wiltthe rod profile |

es may Sl

‘| ﬁacrlfw tubing: @rof g Eh@mowmﬂsns&/@l trmsgpﬂt%cyto Kuwer computer 16 for-

---‘dfmlegﬁro\ﬁﬁég rg; é’é‘{d/thg‘o Lat A ?lfﬁgf?’\‘é@ar_mf%ﬂoﬂtéoﬂﬁlon

15,

bet we I'es maybe
w edehlrﬁd&p@mmlmtumﬁgaimgzo lﬁpuﬂade‘rcan thegvelthyrine Work-overrig -

Hd' Ingg |'hﬁla|]lg tdjﬂ\’l@fsﬁl:k N84 ¥ﬁlh§ 18- ?\g éﬁ@lh pPLsg@E?fg\?rég 20, the

ree prefera Iy cor

v =f ﬁlwa@ﬁestgss of iheduling 2@ brat sshsed todieternfinetine dukingprofile. As with the

: p oQif ét"x@ﬁ; 185 H%jgé\ﬁ% %ﬁhsugitg)yw W%é‘o%yesw\?ﬁ:]%{f%gw&a siggraiesefﬁom the -

ree- di nehsi on

| 5&en990 ppekage ﬁ@ -camplites tiStubingtprefileahd rangmits titeyisfooabtion to the: -

o200

PRI 08 B0 PR Al B g ot

~5hyt!”@81ma¢qmslmrp¢mtﬁasmtdnen4 20 with the-earth's

' \?\glr If gg‘?aéﬂ'&oo‘iequﬁ’gd’I-@§X§5§hg§i§%'ﬁ¥%0§{r% fﬁ?%!eﬁﬁ f%?rga?eodr i< data, the - ..

- | sdredredbmputdr 1i6imeay theénchat as asdiver. Thid sergeldairaputﬁmﬁ stbrds all the

25

ereln one

 Brfiste e o R Te B0 bRt IR RafuaibGrom 8 ¥icuae

| almedtbemafidah niadal g vibar do tha dvellnytlaar. T hlodekapplies correlative

G B it Soirod 5B i o S olor conin
-dmﬂlbaﬁ herszer% q@mﬁéﬂ % nmemndé{aﬁr@né rMbptivaiosolmidhefor the

devi ati on

- p’F‘B‘FF‘F‘E‘ ‘%SV tt"@ghe g&@d:‘»r llaln?qﬂyg)fer%?rgg dnythe computer, acting

30

as a central server, and then optionally transmitted back to the field unit, such as to
data acquisition computer system 14, and made available for access over the internet
to the appropriate personnel. The server computer 16 may thus be located several

15




“In one enbodiment, an inmage is created for real-tine
di splay of the individual |engths of production
tubi ng, and the. sucker rod in the well, by sub depth
and circunferential position, thereby displaying
flaws on both the rod and tubing while 30 being pulled
froma mellbore at the well site. The image is created

from si gnal nplitude, precise |location as to depth
wilwAsiigd feet, \ﬂél-?red@faé tlaﬁwap@mqsmww RNedladhly infgrmet and wireless

C'té&%ﬁfo@fe%”%%cl‘i’faé @%téillﬂ@%t%ﬂ%tsé'&é%& rem!s A %‘sﬂé@éllywﬁi’eful for

be obtained at any desired depth interval

eveEaNagement ofja fisldofynyiinie wells hehesspyasraopinstar d §§"3¥rﬁt0re wear data -
ags Abfitude™? gféﬁ§ E)ﬁ’é\%](ihﬁ@tr%fcohb@m@ﬁﬁé 6f%n‘é‘b€h1’l’? pPocds8iflg lacation,

string as to aw si| ze eonetr

5t ilend mgtyllt(/é@c@rp@af@m ablythe ragel fus ingy @Qd evatiemdatg dionnone well,
vwbhmorﬁoh%%téﬂﬁké &sh %gﬁh@mmys dPbther FANSRIRH N afdHs hsuch as

rea I mage S a cross-section o
- t ihepigblish omigenty naaarr@tcm tr@cﬁscqmmoe i anaig than peel wei! within a

ER{BU gp@grﬁh add@hefy. t €chnician trained in the
anal ys

I'mages is able to apply human
“inter p!da\anﬁl beers foredson thecaenvear camputer Tionaltheofats pssambled in the

: 10‘- _?_E(?bgﬁ af dtl}EYr}gt &%f Ifgg'%’ |§t§8‘nt H\%ﬁig lﬁ%{ B%' %?ﬁg%m}bgﬁefdl and analyzed

assificatio
“+-bngrdass of atorphical databa&ken courdless fasmpts. | Feyl irfstanoet the individual -

 Patten el dRl PROMIBEH 1AMl 1 o OERAE E0oBRY Jiey. Suon 2
--adtsplaerwqu!d enlmemnttm‘rlpaihpm zecomalptmebetwecn rteerdatd, yn that all three -

| V\gﬁ? le@yméfge vu‘é{v@h‘ n%gﬁé&%ﬁg{\/{ﬂ%d.ruggﬂel’aélg %@H%ﬁr ltpé'{)\r/ﬁe a more

' ce a
15 t-abdfel amalyein, dizadataione thenthieet prefilebds axewabled:otrblatﬂmgm that data

LE@%I‘I {H e{)t‘?ﬁ’fe Eyrela ttohc%ta FP %&59{ ’Sm?%t. aRQ%ﬁov”vﬁXn %?gure 4, for

tely di'splay the visua
- r examgend: ﬁtremilmemnmgl dnsgaaﬁnlmay bevviewed capescaterngl,@omprising

the, r. so tvvare st em. may, di spl .
BT SRS ey PR PP TR it BePical axis 52
s wpteseatd dmﬂh iobtheolvelb adl twelHorigdbistpl Myesdh4, 6ldafiny @ fglane paraliel
SO .as ar e the a from

_ other vel
20 Dl nelCarePe Bl dtiye BN EL Sk, fiR Ll e Weligage plot 53
- amBgbeigrdphidally RRnHiBEMAbAIEY ®ith tH ol ldata mltmbnﬁ@aat@t The plot

- Bt PiofeEsnongyaniinek it bl BRI e ol hoHR gtation profle 57

Sisc‘ch;pléyiadlahduﬁbéwd w:th%b{h?xag& aﬁmeth@awm&@%am.on profile 59,
be app to a visual disp

. RBRIA oupiatia 7 Minboied Weh rod weordhtay Mbyiatiss tResatisplay are

25 T BdssSTRACkSR BatalfRonPbitfdr riste AP Ra8d brofild) M\hqﬁé@mwﬂd deviation
operational failure data for the nultiple wellbores

Threfileds plolied.tampared andhinderralatedn rel evant to the
fai.l- ung oRb ShfodiméMOhn MRS %Feét&?fo%eél@i‘rﬂé%@pla%Hﬂh@gndlwduai

profile, deviation profile and rod profi
o Slpagtgg ofd?fgplﬁt@g tubing, and the sucker rod in the well, by sub depth and
- circumferential position, thereby displaying flaws on both the rod and tubing while
30 being pulled from a wellbore at the well site. The image is created from signal

amplitude, precise location as to depth within the wellbore and position around the

16




correlated and graphically presented.. This entire

dat abase can be investigated by any authorized user

with internet protocol access, as well as displayed at

the field. This feature allows for a rapid, graphic

di splay of relevant wellbore conditions both in

specific well bores and nultiple wellbores within the
produci ng area | ease or field. The 30 optinum wel | bore
m@aﬁurﬁfetrerg?@tqfélﬁe e @nd snicker rgén éy signall mayde @dained at any desired

n at
¢ EPURG6 g, SBNY RS ooy e e TR byein BRdct Syl Bocurate
c deyasentatinisefdie eatire fubinger wdatringss iiepth, Apweize, geometry, wall

' bg@%@é@te&aé %@r{ﬁia&éﬁ%@aﬁﬁ@iﬂoﬁry &?J‘ll?j\g@%[ﬁ g{r?l'wiél_f%re A ilgnlf' icant

-5

d@daamtsgm’ésmdeaiﬁme dhage dwhypﬁ@l«a@@ w&tlomogf@néuhlog string

03& .r&ﬁj kg@ ﬁ%ﬁ@ﬁgﬁ}urﬂéﬁ Qfo%% &ﬁu (?é Mé‘?r kgﬁnl&gﬁ l\t)g;\ﬁriled in the

string exani n

'elaea’efﬁrssafaimh hmamts m}amapptymm interpolativee skills to confirm the

' ‘gﬁ'ﬂg @H Haﬁ] =tle datEg bﬁﬁ??@%@ng wﬁjeiiﬁ tﬂé %Eé\tﬁﬁ]&r ﬁﬁtﬂﬁ é‘ElHOWS for

sens r Ccol ensors are

- afasttlessifietioo of indididueldengts oftabige sr sutkemrgds s pufiédiirom the well.

densi, t¥h§ dprQ c‘é&f C{ﬁé%m‘ah eﬁ'i e (R |&éH &Hﬁ%sﬁ ernet and
ange an al died

change Cro sec area C Igue crac

© . omayr lorlactdassed by Laaboﬁhlg( mtembtecommiﬂ)!eam:fnmtelcm@mcmm kiesplay the

9831 Rt RS Sy el T e ) o

¢ -..chatagiile] ntabbh, anga@basd whintl raay tHenthengeceks@ilthraurgh thkSaternet by

15

B L A T I T

S pa:!resérﬂaitmm usjhg agrapbitabviewedopdd atirigoornthg netoizadomputer.
ener gi

 Chom Tiompibtae Bt PR sy 2t SR rttele wets

Lo vvwith thesqmefat:e tl@‘natiubioﬁgpa%ﬁ well displal8d eiativd tcf btk ivgls so as to

sensor hoe noun

di bl . Th .
P habhEdhe fBR i Ao wel BLRwRT walls A30e SHme prdiughiireservor

20

rmverlrgnﬁs asbemblﬁt off lh?gﬁrbﬁéntsi?f]érmﬁﬁ gﬁéttédﬁﬂﬁbublong;@me wellbores
r or cou I.N S rou | e S
CRinE B Proioh Bronhana iR 8es o oreamay ba Lore RIS A0 maged, such

- Has by elfsfngmblodwsétesommoﬁ eﬁ&aeusﬁgﬂam in@@bih@ GwthicMay e dppfled to a

25

0, pdener ating, si s inres |
o Y'@H%lldtsﬁ?aryeg%g aaggg\gg USE Hrﬁgy f qtﬂ%agggggalgwstfgr gynparison -
oot ReotHat dataeses ﬁa\hhg?ﬁstbﬁﬁﬂlﬂpéfatﬁﬁﬁltfﬁ’mréGat@rfoﬁhé fitIwellbores.

| H_the sensor ackage 12. " Above the nmagnetic coil

24
hej gnfire volume eiipfprmationrrleyrstt te dhe E?éltlreshlé*@nmoot cause of the

ffa‘ﬂ@rfes t@thﬁgﬁlg)réﬁl@ ﬂé%ﬁlatﬂ-)% oﬂFeUthi‘%@Q)rofﬂ@\fhé%Q bé %r@ﬁ' ¥nalyzed,

in response to di anet er of coup

| GTOIRB8 Hd el Fresehallbis miren deighaseyvan B gveptated by

© VaheadBofifd R wiBlifte AR PrStbidl %CQ%TEH%%H G5 edL4 the field.

or. el sewhere within the sensor pac

.+ This feature allows for a rapid, graphic display of rei%vant wellbore conditions both in

. specific wellbores and muitiple wellbores within the producing area lease or field. The

.30

optimum welibore wear mitigation solution is generated and readily displayed and
. analyzed at any location, as well as in the mobile field unit containing data acquisition

17




25 Above the LVDT in Figure 2 is a |aser mcroneter

and/ or |aser triangulation sensor and receiver, pair

46 for measuring the dianmeter or change in dianmeter of
sucker rods, sucker rod couplings, and sucker rod

gui des. Al though laser m cronmeter and/or | aser
triangul ati on sensors are known generally, their
application to determning dianmeter of arod as it is
pEPMpHter sysieE | IAN eperatesinoryt BysTanidly. impleragnd the wellbore wear
ETHIAGHIBR Rbiutibi BefoRS fHe WRIGE Blﬂft}aﬁflk ihtd pratiiRBom | aser

triangul ation sensor, or m e laser triangulation
- 'sensor Eigute? delgis pre embodiment pesenspr pagkage g o Megrnerigfcylindrical
t i al 3 - Y : .

- eac rﬁﬁrféég; grregr%%gédaiqﬂé gﬁ{cé e'to})ﬁrsq'grtlg;ﬁ% %{)W %trﬁnng%)g B examined.
5 sélurelengents of bameat evaatianesysieok 9 aregpnerallydnewnefor example,
Cinhdgtiti€ Eﬁméaﬂé%é Q6o @B 3R V%gté?@zct §éf%5ﬁsr aleQhown in the art fo
string. Power and signal wre powers the laser
- mideteshandemeasidig changes ér magnetiafiyyidansityrcag serbloy catragion pitting, wall

- T HGBEnGES .oﬂﬁhées.ﬁtgoééjgedﬂeﬁﬁe%eﬁ' abé anf f%ﬁ%éj@?a%ks on. %roduction‘- '

) acC q|S|t|on conputer systen1 or el sewhere w thi
- t hedirg: sedier pedskanseon LORGD pugkaraods. Megralic sensenstarg @lso known

| 101 ForSHQNEn O%rléguasrﬁiwplgérgdregﬁﬁ;érggrq ORBH lﬁ'ﬁieaiam)e.ter_l.%rechange in

m cromet e and/ or SEr triangu l:a ron sensor
* s disgnater of st andAebingy LYB Ts areasige denarallyt knowndio thecaitfoedetermining
Vald i a f d i JEor - : .
- Ut AL ES, O b el MedRL P i 153 g 1B tubing
-2 .020 Dt rawoths to magdnatidally geergizasis tubingy2014r rhd 18vdthotieduching them. . -
TRt Eeof Snod¥ od AL TR RMSIaR A oS0 il 2 dHod 18 va
- 15| Aodtinge di-diredtional tdenseresism monskeasseptly Foe BenBoating shoe mount .
' [ . .t .
PSSy 38 oot 9 i or [RvBRRARES HRmBATe PR, AR fbing 20,
- comktd arcpapling 19paskthrpagipibr Theosehseihshwes 38 Ineay aootgih magsetic flux
19 _far | ker . 18 interfer Al .
PPl AR oS iR sl T et Braffotid e ag ebing 20,
T sgemm?ti@sigﬂgms)m’espdnsese&gmi ‘m%msﬁgsighgfrfaz% the shoes 34 to
therefore .be necessar o nove t he, shoe :
20 o R G Sautforl EGRRR Snledn PR pErkBFasEd hesnspipaipge 12
- s - SUS pesisivethe yiigastic &8l:24LprEigeeing LVD T uABdther contact shoe 40

blL,adder or, cyl,inder ,.el nts or ternati vel ,
- ot BlonSing thu s bty 20 ing Bl RS heneg 1 the diameter of the
ndetse g‘é‘olupnnymgrr&trb%gaiﬂl@sm W-:ﬂgrﬂlﬁglaf%dtplﬂz\ﬁfﬁggdtqwétiﬁ to the
. sSnNoes L TR e radi all Spac (0] . re e e C
R sl pOPURS SR atulrard Wi U sertbohpadkage 12
~25 from (abdve the VDT REFi§@E.: Dis. 4 WveP thisrdfesindidt 18$ MBAgulation
~interference with .the couplings 19. Further, because
o t-ﬁ“é“sloééaﬁ? IRV A0 Lo e asyr ﬁ’@ethe tdiaraptsl O Changes By digmeter of

- 48udker AR AICRerabd cH@IIRESE! ahdSRIBRAr8d biiBes ORhdIR® I8er micrometer
t he, | asier m croneter and/or |aser triangulation o
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determining diameter of a rod as it is pulled from a well is considered novel. In one
30 embodiment, the laser micrometer includes a laser triangulation sensor, or multiple
- laser triangulation sensors, to measure the diameter of the components of the string.
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sensor 46 may obviate the need for the LVDT 44. A

maj or advantage of using |laser 25 . mcroneter;and/or

| aser triangulation sensor 46 over prior art dianeter
nmeasurenent systens is this ability measure the

consi derabl e variance in diameter of rod string 18,
coupling 19 or guide 35 w thout touching them
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. ggrosc i c devices so as, to b“[?ﬁflt he cost bel ow t hat
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Yo ﬁdhﬁébe'%msa@g@me ¢anpislerabimvariange inydiageter of rod string 18, -
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cost  ofhedeviationRensera28 in Figure 3 may comprise as many as three or more
pairs of inclinometers (accelerometers) and gyroscopes, both known in the arf. The

30 inclinometer:is a lower cost, accelerometer-based device that generaily provides only
inclination angle data. The gyroscopes provide azimuth data, which could detect, for
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gyroscopi ¢ survey. This highlights an inportant
advantage of the invention that, by conparison to
current techni ques, an exceedi ngly nore conprehensive
wel | bore 25 analysis for wear, corrosion and devi ation

can be perforned at an affordable price. 1n one
enbodi nent, the devi atl on tool or package utilizes
three pal rs of MEMS gyroscopes an
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b dto th tral
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i artatystnfdr wean cododiorwand Heviawin &3orire gerformaalat dn @ffordable price.
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d {0 .negative Y
: afgrm ¥he basis of a proc?ucmgp wécﬁbore dGewatlon tool. Each pair of a MEMS gyroscope

and MEMS accelerometer are positioned. in a common plane. The package includes
a pressure housing which contains a power supply, e.g., batteries; a
microprocessor-controller containing an integrated analog fo digital converter and
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respectively. These voltage outputs are then digitized
using the integrated analog to digital. converter

- contained in the mcroprocessor-controller. The

onboard nenory then records the output of the MEMS
devices. Once the tool is removed fromthe 25 tubing
string, the onboard mermory . may be downl oaded to a
surface conputer. This data is integrated over tine
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p I f manner well known in the
g?kkkﬂgﬁe?¢?g@hﬂ?@?g&%ﬁ%ﬁ and wel | bore surveying. A
devi at incmdwrtgﬂcmate e surecewpsitionsoft the toaled BES madule may receive -

'og?% e Jibsggﬁqlhﬁﬁggﬂ%tl% tP Mt & niid 'Ho%ﬁir?ﬂl ﬁltld "@r}énlﬂﬁlon, thereby

us of curvature o product
t eblahlishingotheoinitipl pesiton etitheotoak pndrdogmaegﬁorsm&hft we!lbore The

ﬁ@\g ﬁ%rﬁﬁdm&gg, @Ego dhﬁe&%‘jﬁuﬁfﬁ RichEd tmﬁy Sdetermmed in

ker r ng an

'\t 6541508, Y i, waingbtiet toreloquuis obehagonally positioned intograted,

[Qgﬂﬁ%r}ﬂ"ﬁ 35“5”1% 68%&“9&#%& 8¥98§ﬁ6pet%a%?cfn tg}%l ‘%ﬁf gﬁbﬁerg%tgﬁ,%ingle chip

sags I n pro

i cHtEM@*acoélewnmtmlasushgleonn du%@xprmﬁwspg, welas teageteamine the

10

gg\% vetfl:(:?lqui' gg{hhé'n %ﬁr{a? )% tan&’ an | Iiéﬁoz& %)@snl.'elqolive to its

équately pre- uring

- Therfaeo waeblien. porhet mcmfmapcboomuawblynmemhamd:atecmseahe tri-axial

- GBpupIEe i SRERTlore RLIE PV Rl affpd Thispapes and

- .aMEMSwe btcetarometels. gurTeheﬁs@ dpﬁces‘ |mwlmpl$th<smatsham an onboard -

SRIRIPA B AT, e P ey g orbor

15

- Dlybint St BBt dbplband et adtboing R Bty Sis s8mun and

serarg witBinf the tMarTheadei\rlétlomV\saﬂﬁbezs may baarsedenhmto productnon
sensons 64 f

Cinclinatibar afrthe alibing Sp asitadvith dndodefl, aitidbutremoriabi thattubing. This.
zglﬁir 8‘{3@ rgﬁzgy?q{aeggsé%{j g'? Ellac? %@%tqua% Hﬁi&@ﬁ?@fc{llegémﬁﬁssor ms the tool is

- ekaeratbidto il reimoved frmnlfln@wemolé on @aolhd of brhided evireetheahi®e pairs
© 20

Lot ERIE §5esBbed, B MEMS 26ddonins St iaioa Hfve oportiona

5. Fognegativ@, ardl pdisml)éctahglﬂaﬁ L Rghdstor hélghtios anddpaditiiengccdleration,

is beln

o RePa e Tt gs RUPHE- A e e H6ESH Lsitg the et analog to

g .Taiguté:L&mbe@éraéonfam&wnﬁmeSnMOﬁrb@egsubWﬂmﬂ@nmé cﬂﬂﬁbﬁgmemow S

in Fi ures 12 and 13, with vari.o

28 are s
B @‘ﬁ&dﬁ@f %g?et ?‘Sﬂ%‘oOf he MEVeresyices IQP%HBﬁttO%{ is removed from the
25

PRBMHACHIRY) 15 HhbRrd Mendiig nﬁiy%eSMWoe‘ﬁ:%QS‘é ﬁ)ﬁa@b'c}émputer This

along the string for illustration Poses
- - stataig dntegrateds O&‘?ft t'ragpar@cp@i\@ﬂaﬂtlﬁ@u\yﬂl bgre erhﬁ@t'%'eﬁ%raﬂmuth
P | Bforhratid®-it B%aﬁn’i&v\@ell Rndw i ﬁ!ela}t of iHepitdl MRRghdon and

the same sensors may be used in a different

- wellbore surveying. A deviation profile of the well is then mapped and imaged in the

30

computer, and a printed plot may be obtained.
The radius of curvature of the production tubing (commonly referred fo as
“dogleg” severity) can be estimated, and may be used to predict side loads between
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arrangenent to provide a suitable rod sensor package.
Referring now to Figure 13, the. sensor package 62 and

64 and the standoff sensor package. 66 are each shown

in atop view, with a rod or tubing 21 positioned

within the circunferentially arranged sensors. Each of

the sensors is interconnected 25 with an analog to

di gital converter 70, which feeds the information to a
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t e wel! with this information going to a pulse unit 75 which then transfers information

- to the memory.storage device 72. In this manner, signals from each of the sensors

may be correlated to the depth of the well as the rod or tubing is pulled from the well.
This information may be transmitted to a host computer 76 through a real-time control
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20 as expl ai ned above, and may al so cal cul ate the
effective dianeter of the string for that particular
depth. This effective dianeter determ nation provides
val uable information wth respect to both the nature
and quality of the defects, and the location of the
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Lo CAnEBpIbdoFtREcdrRicRiitiedt SighAY as WelihdtBh@f 8%tk EEatP6k these signals

strlnp and wel | bore tubing string
S0 be plotted as a function of a-particllar circumferential position of one or

more sensors within the array.
Signals from sensor packages 62 and 64 are processed through the blocks
shown in Figures 14 and 15 by comparison of adjacent sensors; adjacent 1/10” axial
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condition. are thereby known. for particular depth. In
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24




i ndi vi dual conponents, such as rod string segnents
trucked to a renote rod reclamation facility; COROD
strings as pulled fromthe well; tubing strings as
pulled 20 fromthe well; and limted well bore

devi ation information obtai ned during the origina
drilling of the well. The systemcorrelates this
information to obtain nore conprehensive inforpati

than of bF & anplfier Sevaliagsem Sepiodbe PERcasgag of g4ta figen the X,

- i ndhNd dusds %@Mﬁ@@teﬁﬂ FRAIPGHERII T alshitshio RRSredl |s@ﬁsor memory
whil e all caonponents of the system remai n at

 ndbaonag ol Thautadm st pifrieqd dit et Sraiit GpRhgpiomation to a

‘ .-S%.e.%bﬁféeééd?nbr?&atdr&k%y@té% [Pele: t&béd?&mﬁfe derflR VifalahABn with the
sensor novable wth evvel, ei ther by the tubi

-5 adnfpmationfiom 'ihemﬂwdﬁﬁqm Rl [Bogghals rogr ngjseraay %f'“%red along
- IGli@IdiBdAenR reRY BbirARciMaAbA hfd aﬁnn@ﬂnaf@@%éulétea by the computer,

_ sensi ng wear, dianmeter, cross-section area and

- pivithi ngahon based ooty and dheta epglag corpeted dinglesdermin pifects, and

- angk W Q&ﬁnhcﬂ’édi‘ptadgfe rﬁ’i@H@r@ecﬁéd’ﬂbﬁrﬁ%Wfﬁnﬁéﬁon may be output in°

det erm ne rod profile; and a tubing sensor for

- séhrsfong qK@aleg angrqapyeied 91 2 tabigyfonnee by Hsusasc Azimah information
10 af@ El{]cdrha% éaféédé‘g.ﬁw'cﬁéh B%fﬂ%te%%f Q%y:%saddtqrbﬁta’tﬁﬂ&\éﬁ@cts The
eterm ne fub I Ng rofi Sonme of
et Ipegected peiEpitiy gricylations trﬁzztthe;ehg @u@umab@zwa iQgalang similarly-
‘ nsor unit, such as sensor
' %ert 2@%&%@J&hﬁlggkﬁg%§ of even two of the
profl | €ke i-sengotsf lgletalled irs the edlegvebfiguies - aeenyexemplary only, and
a N t. t f
d@\%a Ioé#?s@%ég%}nﬁgnﬁﬁg gcélﬁggnerﬁé’m Srba%' besi@%ﬁﬁe@ wit'8he wear -
w15 | ieialuatiorn evstemoﬁdet‘awe:rstnectarecghﬂ]eehmrs/es Yesis| ipwodant than- the
: gfe_b{ arT : se%ﬂﬁ?f%Eer‘fé?}@?ﬁ@{hf}ﬁteg%?{oﬂ 8%59'6‘]%110[1 of the data from-
acquil st t1on conputer system OgIC Cl IrCul
Lt e serwprsh Ascaiudad e prexiousiynthampyior aft has eenwdllwsmad wear of the
) e P r
- SERARE QbR SLER MU ST D RAGNCAL ERY 19 o remote rod
o ofreQIMBahrondacathC@@?CEhatrmlga iaa tpiuted frpmdhe Iveed];- tubmtﬁnngs as puiled

20 S RO Bl b e ot

Lo =pelrilllog nefnéie- ofellt: heT e | dysteys taamelatdse thieainformiatigat oonbtain more - -

be,der.i ved a er at .

%8#}93"%3%28 gﬁ%r ﬂlongﬁ%ré{)g\engls% Rval ?‘%Jﬁ QB$€§%€NI3{$ &Pa?y%ls of the

=+ girepliduahcorhponsnts) ndepetiosib dlyis 9Pemtiormdile @ll 4he bhmpmm,ts of the
__.suc rior. ar re ve devi ation

o SRR et e Tndg el i Bre G 2o ol CoiSdled from

1:25:C ﬂmhrbu;@ﬁmsrsﬁhg of. @ﬂéwmeirysentshand\iﬁbﬂ?e WitlS| o thed wélh Blther by the tubing
st ver .15 ¢ uter 16 e

T RETHS PPt e Bl of B sy o epaline, A gieviaton Brotle; a rod

« - C oomor fienehying weanidraéien réds-ddefon® areaarid Bifling@f the sucker rod

sol .utl.onl. . . . . .

siring, including couplings and guides, as it is removed from the well fo determine a

-rod profile; and a tubing sensor for sensing wear, corrosion pitting and cross-sectional

30 area of the production tubing string as it is removed from the well to determine a

tubing profile.  Some of these conceptually distinct sensors may bhe physically
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The wear mitigation solution may include strategically
positioning rod guides 35 shown in Fig. 1 with
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tracki ng system 60 thus allows

rod stri ng p t he
.V%g?wered ing rotator to rotate thé production tubing string 20, such as to better

distribute wear within the circumference of the tubing string 20. A rod rotator may
likewise be used to rotate the sucker rod string 18. The solution may further include
changing pump size, stroke or speed; changing the diameter of a section of the
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eval uation system 10, and specifically the server
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- re-evaluation of the wellbore.components at a later date, rod and tubing conditions
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30 information may be displayed along with other wear data. For instance, each tubing
segment and rod segment may be represented respectively by one of dots 45 and 55
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Figures 7-10 are flow diagrams illustrating examples of preferred operation of
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data may be. made avail able to, displayed and
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ot BRd/or rod string as to depth, flaw size, geometry, wall thickness (as appropriate),

radial position and depth within the wellbore.

The system disclosed herein provides for reducing the dependence of tubing
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< P
550 000 O OB 369 e Pomotr
10-f mamhm@tarsenes/ ehstaclmﬁ mg& reprepetingrsugkerto @ﬁ@lblweign@nts from
_ Stac [ [ f for
Cgﬁepér% H%\h# r\{\{@lel '%gg%@é n'tiﬂm)él' 2['% & ré%r%’s{%? cféstshsectlonal area and
- eresnaieing wWall titigkness. & brigd b@ble:mprmtiﬂg thﬁ;ﬁmthmdfmﬂmsed to build the

; Dﬁﬁfgcet is %ﬂgwR bel%,eéé bl?tﬁﬁed?’m the process flow blocks of Figures 14 and 15.

‘| Function Desired Attribute/Algorithis basis ‘Suggested Image

1. C8A a.Color gradients of Y, B, G & R representlng .

Image average | wall thickness

.} wall thickness | b.Ring height fixed at 0.17 on Iongltudmal axis |

~at. a .singte | c. Radial componentis a variable of value
.| point on string | d. Ring has constant 1.D. & O.D.

as aring '

(2. 0.D. é. Frame ring built froni 12 points
A diameter: . & | b. Establishes O. D as fixed reference point for { - -

crushing image : _
.| Image  0.D. | ¢ Ring'remains colored according to 1 A
from 12 laser | d. [dentifies coupling: . @ .
| triangulation e. Sensitive to 0.D. scale bu:ld up : '

Sensors

J 3. Pitting a. Each of 32 bricks has color gradients of Y, B,
1 Image 32 | G & R overlaying 0.1" high C.S.A. ring

4 individuai- HE | b. Radial dimension is a variable of value, at
-{ sensors as | least for 4 major W.T. loss classes of 0-15%;
“bricks” in ring | 15-30%; 30-50 &; >50%

from 1
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-arc |5v§,|.anu S AEGPRABMS gadmi1 OM addi ti gnal
"+ evallireage on Ode n s-dorgiteding! exppprantis fuliktios otdeb¥ri| nat

S
a
. produgtﬁ%_LgaJe or flnld |nhlud|nn clnnln wel |l hores
. 1 ds dicelo
in 386G -"I"eaf £ md ﬂ"ﬁ' S;Fﬁ@f E&P&A I t aneous| y

. .anallyzed by m

. evaluated by {BGaeYS M@ RdtleSP roidibPRRIES W t h
. isogr am.rmppl 1@b|@a|aaabjh&dntryng@£f1tdje zﬁyﬁt em ysi ng

I nt ernet—protocotl 15 pum rsted—apptt+catton—3t—Frgure

imge O D. c. Longitudinal conponent is function of
depth split fromE. C. encoder sensors 6. Conplex a.
Bui l ds tube frommnultiple stacked colored rings &

‘bricks imaged in 1, 2 & 3 b. Further correlates 1 and

4 c. Repeated events of 3 exceeding threshol d,
W t hout significant deviation in 2, inplies |I.D.
pitting d. Process 2 & 3 into algorithmfor O D scale
with4 ‘{dt”lei‘f éa FF&&‘?@‘Z quthraﬁ@'enq pnojfudingleaxig |

ﬁ q
RSN

Systi @th ioh§) am) cJ’EHoBs BilgRinys frdnfﬁt&@)l‘rﬁﬁjﬁe WitV
pr ogess@ckent dat &ntdligengdther 4@dmbr ehensi vel y af
mti @gm'ti onfe®a@l ution. A-variety of sourceg may feed

t he |E8WPUt er/ server 26, such as the serverl 5 database

wel || lveeeas idadf heovktriedstB and their correspandin

ongoit?il MR Fb o PE°I¥age mappi ng, dat abase, |whi
feed®tR&°fiel d service unit, the operator engig
ot heér engi neer and the operator field offfice.
net {result is t horough anal ysis of thejlentire.

&brlck .
,ﬂumegac dsp as to provideg
col.l abor ative erRébéaﬁiﬂr@éHts &mekﬁf@@fdsﬁtﬁld,font
anall yzed -and [ eittiontesibnificamt. Idﬂ@iid:rhe 3, iinfipdiesOfD. 1 he
beypnd. It is|@lpenefit of the present invyent

addilti onal wel Flg B %m%?m‘?]a*?%%fafn%ﬂr ¥48e ma

10 is a diagramof a suitable system connected between

- a rmb'f*i?]f&'s?'ufﬂlstré{%tho@ﬂﬂwé‘m@@ﬂ’@%ﬁatﬁo‘?ﬁ%‘s’t@ﬁ 10l ﬁHa?r}ﬁore broadly

appllcalon the deviation is retrieve

- n@t%@temw@@qé}rogﬁsg@@ggta to more comprehensively apply a wear mitigation

~ - .solution. A-variety of sources may feed the computet/server 26, such as the server
: -database archive and simultaneous data-from additional wellbores in the field and

--their corresponding wear evaluation sensors and systems. This culminates in an

-+ ongoing wellbore image mapping database, which may feed the field service unit, the

. operator engineer, other engineers, and the operator field office. The net result is a

- thorough analysis of the entire producing lease or field, including sihgle wellbores in

thedease orfield, which may be simultaneocusly analyzed by multiple persons so as to
provide a collaborative environment and thereafter continually analyzed and refined
during the life of the lease and beyond. It is a benefit of the present invention that
additional wellbores-within the same lease may be evaluated by the system and also
imaged within the isogram mapping capability of the system using internet protocol

15 published application.
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conducted to renove the tubing string fromthe well.
The tool may be located in a 5 |anding nipple or
seating sub at the |ower end of the tubing string. The
dr oppi ng speed of the tool nay be retarded by
utilizing one or nore wre brushes that contact the

i nside surface of the tubing, or using scraper cups
whi ch al so contact the inside surface of the tubing,

or usi hguigatlisradiagraanefrasditablesysterecarvettedehgbeeen a mobile field

I §hit a8y & ohinRd Beatkpt t om of the wel | bore as the
tubing is 10 pulled to the surface by the workover

rig. THINgEPplieatiog, therslgviadog isrreirigved with ther iarmal worko @@ process

S@GhdRRs B%W%%B.tﬁe Mb%?d(%h? ﬁ%ﬂt e waif | 'ﬁgeofo-ggb%){ublenlacated in a

results In a deviationor nation
s landingnaipgle fasrseating ol @t ea lowgr whil lof thénduhithg etisigd The dropping

CoPOREIN o L RGBT JRERAA et cons

~wihel iaside guiface afdhgitghing of Lstngrecepen alipsywhich addor @inges:t the inside

P e e e BB e,

ace location, depth,

-~ devi at Thentoohmayobeb tattievedcromdheé bottorard the iwalibbre asthe tubing is

N T R T e —

et et 3biasectiens betwesmeal bréakbot ointhersiémg. t Thisarealifs & b hdeviation or

BT e T —

- aaredrokartouwi ithe dool cwmydidasins desigtionef tar wellbdtre Hotbywhile in motion

15

c o ans mappi ng. Al t hough specific enbodi nments
o@kcfﬁgll‘%%gge{%ti on have been described herein in sone

det ai IFiguraild: doaseptaalty. illekirate so Baliviefisiond! raage 6pa pesiveing area

. LNEDNG. yari f the i I d. .
U BB e BRELD, b B e on
s 28ndd etimudiy iod. ¢dTitiohaamd tubing lkeohditidrow.Figures# slsivk | 2 donceptual

TS AT TR SN R T

- sanabizetihe spavific dedldtion pidiity) Sod prafild diadibihg Bidfi\&:a specific depth.
inel udi but. not limted to those design alternatives
Qfber wellbores in; Beareauwila simiar. copsijiops MawDe goralaed by color

dsagrhme enaplpirigne i nvention w thout departing fromits

~_scope. ﬁz %LAI I\/E 1'13[09' wel | bore eval uation system.for o
 eval uAIHPRIReCTs sHiborRenSs obhRjnRBlRThaye hesrelascribed hereinin
- Spaicedbtal,BisWedd beyrs HERR isBlelydl Mtk Bgrp!o%’ssbf @Q;lﬁlaigﬁagQQe various

25-

tubi ng string positioned in a wel

"__prodcti n . ] . oned ‘
- GOREP o dip BVEDYR A90 dB N6t {itansled o HENinG Reeb of the invention as

defined in the claims: which follow. ‘Those skilled in the art will understand that the

- . embodiment- shown: and described is exemplary, and various other substitutions,

alterations,-and modifications, including but not limited to those design alternatives -

+ specifically discussed herein,.may be:made in the practice of the invention without

departing from its scope.
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5 tubing string, the system conprising: a deviation
sensor package novable within the production tubing
string while in the well to measure devi ati onand

inclination of the wellbore as a function of depth to

generate a deviation profile; a string sensor package

for sensing wear or corrosion of at |east one of the

10 tubing string and the rod string as it is renoved

fr e well to generate a string profile as a

function of depth; and a conmputer in comunication

wi th the deévi aelitmme sevalgatiopacyaigen afod etwuatingi Mige  condition  of

BRSSO O AR LOBREAD 15 procucion

wiiiting stén@positicaned irearwalb ankbh sudlar rodl SHirmg mn\lablemhmlethe productlon
the.. he deviation profile in
u é’fﬁ%ﬁﬁéﬁﬁ?g¥3§g+%¥%ﬁés'n%nd al so displays the string

-pr of i | &deviatisidestanpiackddeymowble withie thedBoductidn fubrigestrirgwhile in

 c BRIy el 806 @nerehoRaton Gt wifdeR o lcton of deptn to

dgenaratecand@uiatfonl profile; t hr ee d| rrenS| ons. 4. A system as
def i

 Cormput et AR iRl s 36 o ipap on PPl fijgast one of the

10

stuUlnggstpng)fand ¢hé codasitihg as Ollﬂ ifstremgeéd ¢ronp el \JOd;IBtfo Q’.Elerate a string
Hter A s m as defined in any one o ai s
1p'{gge4as?fﬂricﬂ%qoy%fpg'? ﬁn one or nore standof f

L. Sens orscatputhuanmhimmidaaom KitheRsddviation skasti phékdgetandane stnng

15

- B Bl W S BB ES B8 SPD h B a rton

aslydepieindthe@efli N8 1 to 5, further conprising: 33 a
bar code marking device for marking segnents of the
production tubing string or the rod string when

o pul lec.from §)M§erWEés| defihelian CIGME 17 OARRSIN RS chMpdiendisplays the

4208

ar code nar n segnents of th producti.on )
] %‘{*fﬁe" IPFP?F?g stitiall (el it richalspelipplén essting profile n

cgjﬂgtgrmgug.reap&hgg segnents of the production tubing
string and the rod string.

+- 3. ¢ . A systemias defined in any one of Claims 1 to 2, wherem the computer ‘-

-dlspiays the string profile and the deviation profile in three dimensions.

25

30

4. . Asystem as defined in any.one of Claims 1 to 3, wherein the computer
transmits the deviation profile and the string profile to another internet compatible
computer. '

5. Asystem as defined in'any one of Claims 1 to 4, further comprising: _
‘one or more standoff sensors at the well site to measure a standoff between

a sensor in the string sensor package. and an outer surface of the string.

6. A system as defined in any one of Claims 1 to 5, further comprising:
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7. A systemas defined in Caim6, wherein the

readi ngs are RFID tags attached to the production
tubi ng string and/or the sucker rod string. 10 8. A
system as defined in any one of Clains 1 to 7, wherein
the deviation sensor package conprises: three pairs
of gyroscopes and three pairs of accel eroneters, each
pair being positioned orthogonally to each other to

o azi RRCOG b BT B lsifhe ShaRo b Bl sting

eax theofodtsiringgyhensudipe froanttietwsll; accel eroneter are a

T’ Gy 20 g e of Rty bl e (o ARG ol SebREHs of the

10

‘ g gnpﬁt é?lsgwsieéﬂ gfg{ggﬁrged @igy%ng%m%g&%%iwﬂ?ein the deviation

15

s ensductipa tibagestriranpndrsieserteahiatoothe metlearaf 2 magneti c

flux sgnsor coil .Hall efftect.device. an LVDT, .a

| aser ecromte rakocesonents 6t ool Tt s 2 the rod
1%triy. system as defined in any one of Clainms 1 to 10,
wherein the string sensor package conprises: a tubing
sensor package for detecting wear. to the tubing _
string7as iA systerptds! dafinelirio r0lailet wehdreinahg eeadiage ase RFID tags

| SR A o g B P et 20°

30 fromthe well to generate a rod string - -profile. 34

pisehsdrackdte doatprisés:i ng profile, and the tubing string

profile. 13.. A nethod for al uating we to e
EonpontbFRESPHF of SXERSCORS 7o, Bal | accelpRetgrs, each pair being
i pesitehdttoriiogbRalyto &4vh dtherdo Picddut deviatibhi b mveplidal & deviation
positiogned in a well and a sucker rod string novable
weB e AZWEY pr oduct i on tubing string, the method _

conpri sing: moving a deviation sensor package within

the productjon tubin while in the_ well

‘ string. [ to
“gener afe a RFIem ?%ﬁgfﬁ}egf'fl‘ p%‘"ﬁ& whergieachof Bie qyspiogpes and the

.20

.25
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© S@BEAIE@MERRard A4inglcedid MEMS @bvitdie tubing string and

the sucker rod string as a 10 function of depth as
the string is renoved fromthe well to determ ne a

string@r ofd k@tem 3R efined in any one of Claims 1 to 9, wherein the string

sensor package comprises:
. ~one or-more of a magnetic flux sensor coil, a Hall effect device, an LVDT, a

laser micrometer and a laser triangulation sensor.

11. ~ A system as defined in any one of Claims 1 to 10, wherein the string
sensor package comprises: '
- a tubing sensor package for detecting wear to the tubing string as it is pulled
from the well to generate a tubing string profile; and -
a rod string sensor package for detecting wear to the rod string as it is pulled

from the well to generate a rod string profile.
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conparing of the deviation profile and string profile

as a function of depth in the well. 15 14. A nethod

as defined in Caim13, wherein the conputer displays

the deviation profile in substantially real tinme and

the string profile in substantially real tine. 15. A

net hod as defined in any one of Clains 13 to 14,

wherein the 20 conputer displays the string. profile

and thg, devj at.i rofile i ' i :

ot hod s depeiedhoF §8as i by RuRHEF S @ifgdsmbitancousy

Wdispiaiys thehdeviatiompadfie, the exdsstiingsprofie, aiel/ihattiuling piriof iprdile.

and the string profile to another internet conpatible

conmputer. 25 I T A nethod as defined in any one of

d ai ms133 tAomithodffor évabrating wear ©i cegnponents afra wall gystem, the well
dof.f t.o neasur

<pltGeo B0 ALRa8lore ¥ alfipgycth utifo S0 HhSfheg in 2 well and a

- sgudlee eodadtrindmosabie nghin3ke fddudtionttubing stimgdibkimetbod comprising:

any one

YO0 o Sk Mo PR Rk g e

- pthedaelt oqrentralte B gleviation pgfilerastafencith aftdeptig -when

10

pul l ed fromthe
a

- Il: ab d der f di .
" The barensBaaaRE % atsest gre ok tedubina RS and dhe PGSt [ pting as a
1 furetibrnef aeplth as drdsthing RaregRupdifrom the aciito deteine a string profile;

seanents of the production tubing string and the rod
st ‘ijng. 19. A nethod as defined in any one of Cains

7 13-t 0 dotnparifig beihe debiation patliepd siirg grbfil®at adsndtibh atdeih in the

15

to the production tubing string and/or the sucker rod
1¥®8tring. 20. A nethod as defined in any one of
Clainms 13 to 19, wherein the sensor package

conpri ses: .one or, nore of a netic flux sensor, cojl _
2 Fal 1 T 1 Aot A deng igIa, 3, 18haralaae ORRUHE iaPiays the

- apgviatidrasefiletin isaBShflly ABaISERNS Bhd tRd. strifg F6MEh abstantially real

20

defined in any one of Clains 13 to 20, wherein the
cB’ﬁ‘ﬁut er displays a three dinmensional downhole profile
frommultiple wells.

. - 15, A method as defined in any one of Claims 13. to 14, wherein the
.computer displays the string:p_rofiie and the deviation profile in three dimensions.

--16. - A method as defined in any one of Claims 13 to 15, wherein the '

<. computer transmits-the .deviation profile and the string profile to another internet

25
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compatible computer.
17. - A method as defined in any one of Claims 13 to 16, further comprising:
one or more standoff sensors at the well site to measure a standoff between

. a standoff sensor and an outer surface of the string.

18. A method as defined in any one of Claims 13 to 17, further comprising:
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20 22. A method as defined in any one of Clains 13 to
21, further conprising: sensing wear to the
production tubing string as it is renoved fromthe
well to determne a tubing wear profile; and sensing
wear to the sucker rod string as it is renoved from
the well to determ ne a sucker rod wear profile. 25
23. A system for nmeasuring the deviation of a well

- 2?[ ﬁoiggn ?‘ir gg%géﬁ%ﬁﬁi%égvl | kgg r@%ﬁntgrs{e%e slééf th%f production tubing

0 %iringee tiesrodEtidig witsreslilled frani thelwellp det erm ne a

direction: 30 th i f NEMS | t
posi t1 BUBHERP THES BB FeAeCbe oGS TRAGREN e prespgnts when

Vv @fskerted irito 8 welsandii ng the tool in a production tubing

string; and a, c uter in co icatiqn wth.the .

oy 05 BB ESMpteT THBN g el B DREIEAT tTrodichipting Siipg and the rod
Wetrngdevi ation. 5 24. A nethod as defined in O aim 23,
wherein the tool passes through a tubing string in

the well while the gyroscopes and accel eroneters take

. Measur eents method AsiRifified inangebnd of Clainny3 ase1ffwherein the

10

Clainmgs 23 4. wher ei GPS 10 device js used . to
s ape RIS gs Alaptas to dhs PoGUGIRNJHbINg Gt AgiRR i sycker rod

defringed in any one of Clains 23 to 25, wherein the
neasured. well deviation is used to estimate side
| oads and predict tubing string wear by engagenent

- W th-the  syckBihotd e defifedif-anf onBldf BMimsagab 4a! whérein the sensor

15

system for evaluating the condition of conponents of
aPARAgeSPBIPERPS:t he wel | systemincluding at |east one

o of a pERISCHbRNof 4 HAlgASSAUK hsBPSil, I:0MAIF effét eVRL | an LVDT, a

and a sucker rod string novable within the production
t [Asehgpicserpetesand adase) Hiagaulatioh$e$Phg: 20 a string

sensor package conprising 24 or nore circunferentially
oriented sensors; for sensing wear or_corrosion of at

Teast he df masod apidsgned i gy-ene ohSlaige 13 to 20, wherein the

[ 20 .

25
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‘computer displays a three dimensional downhole profile from multiple wells.

22, ~Armethod as defined in any-one of Claims 13 to 21, further comprising:

© - sensing wear-to‘thé production tubing string as it is removed from the well to
determine a tubing wear profile; and

sensing wear fo the sucker rod string as it is removed from the well to

determine a sucker rod wear profile.

- 23. A system for measuring the deviation of a well bore in three axes,
comprising:
three ~'pairs of orthogonally positioned MEMS Coriolis-effect gyroscopes
‘positioned on a tool to determine a direction;
three pairs of MEMS accelerometers positioned on the tool to determine
indication from vertical; '
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string as it is renoved fromthe well to generate a
string profile as a function of depth; and a conputer
in communi cation with the string sensor package for
generating the 25 string profile as a function of
depth in the well and circunferential position of a
sensor. 28. A systemas defined in Caim27, wherein
the conputer displays the string profile in

subst it 58 FoudbeRhode ML 15 21150

~ one or amongputdrdn dofmmunization withtthd fgrosedples sintiehé accelerometer for

" a lasefS trlé'llmed

neasure a sta ff betvveen a sensor in string sensor
pacé’ g%ﬂb‘*‘ﬁﬂ‘g faélP surface of the string. 30. A
system as defined in any one of Cainms 27 to 29,

Shore of*a rAgbREap RoRREERLGRR o2 SRl Bt pdgtes trougn =

daubing, stingl WDTthea wdllastilenitios Ogﬁh@dﬁo;ﬁﬁd aad| agedlerometers take
triangul ati.on sensor. 31. A systemas defined in Caim
2dNCQFHILBENS- 10 the string sensor package includes one
or nore of a magnetic flux coil sensor, a Hall effect

sensor VDTﬁcggggrﬁflg%glggnJ apey Ofg; ¢ g:?&ﬁtsgfzt wheldlf a GPs

© 10 prdecies seasaitb linitdllg detagmilesthé tauNaeapbmir al ity of said

sensors as a function of both depth of the string in
the well and ci-rcunferential position of a sensor 15

. about. .pge SA rmhétBiod aRdddfimedci ﬁr@d&l @he d:lfS(DIbﬁ‘ﬁ@ 23 tB 25 wherem the

. Subst ant Lg real tine as the str g (gul | .ed

© tReeasiigd wel %%Pﬁé%ﬁ‘ﬁe&tt%ﬁt"a?teﬁ'@'e 6%%’-‘ B@E’I%W%\g string wear
tiweﬁgggérge.ﬁmithahég@ﬂ@sm ation of an outer dianeter

of the string, and a representation of wall thickness

Sof the stri ng, based on axial depth of the string

.. being pested @Bfbore CelAluaionr efbictd RPSLAIOMMRS the condltlon of

_ speC|f|c 20 _sensors; such that individual |engths

< CPMRENBALS of @ allaystem, die Well Pystemuding gt leapiugcien production

3.?11b!ng string positioned in a well and a sucker rod string movable within the production
tubmg string, the system comprising:
- a string sensor package comprising 24 or more cwcumferentlally oriented

.~ sensors for sensing wear or corrosion-of at least one of the tubing string and the rod

25
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w0 string as it issremoved from the:well to'generate a string profile-as a function of depth;-
- and |

= a computer in communication with the string sensor package for generating the

- .string-profile as a function of depth in the well and circumferential position of a sensor.

28. A system as defined in Claim 27, wherein the computer displays the:
string profile in substantially real time.

28. A system as defined in any one of Claims 27 to 28, further comprising:
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one or more standoff sensors at the well site to measure a standoff between

a sensor in string sensor package and an outer surface of the string.

30. - A system as defined in any one of Claims 27 to 29, wherein the string

“ sensor package comprises:

one or more of a magnetic flux sensor coil, a Hall effect device, an LVDT, a

laser micrometer and a laser triangulation sensor.

31. A system as defined in Claim 28, wherein:
the string sensor package includes one or more of a magnetic flux coil sensor,

-.i..a Hall effect-sensor, an.LVDT sensor, a laser micrometer sensor, and a laser

15

triangulation sensor; and

.. the computer processes multiple signals from a plurality of said sensors as a

... function of both-depth of the string in the well and circumferential position of a sensor

about the string; and
~..the computer displays, in substantially real time as the string is pulled from the

- well, a representation of the cross-section of the string and a representation of an - -
- outer diameter of the string, and a representation of wall thickness of the string, based

-+ on- axial depth-of the.string being tested and a circumferential position of specific

-t 200

sensors; such that individual lengths of a:string may be classified as to fitness for

purpose.
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