VEELLBORE EVALUATI ON SYSTEM AND METHOD Field of the
| nvention The present invention relates to equi pnent
and techniques to evaluate wellbore conditions. Mre
particularly, the invention relates to inproved
techniques to evaluate wear and corrosion in a
wel | bore having a downhol e punp driven by a sucker
rod powered at the surface. Background of the
| nvent | oWELLBORIE GVALATION: SYBTEA ANG METHOBY wi t h
arotary drill bit, and the resulting borehole is
Field af¢teunvénSorel casing cenented in the borehole to
support pressure, fr t he surroundi formati on.
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casing. Although Tluids Can be produced fromthe well
to evalualg wearcandhtopesios in @ weltbare havingoal dowmboleopiernp driven by a

- ' |y used to lift fluid f
- suckB 5 Phredtd gf I o e el 1 “To the  surface of the

earth. This is often the case wth mature producing
fields where production has declined and operating
Backgyqying ofi the Inventiome nost comon punpi ng system used
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boreholerie Haked With\Eteol Cadiig ceriantéd Mt Sorhbleaiess ot Sressure
sucker rod_string positioned within the production

fromithg isroupdingsiormatian. hydmerarbens may:thies, b aradwuged through

_ smal[%f-gnggr:neﬁ @Ed?éf%@gbﬁé %%%éérl{égﬁe\githﬂrlﬂe"cragfrg?: @%qu}g&eﬂuids can

progressrng c
be produged frah ¢hé atdliarsingy interinal prexsass withiny a yseducing zone, pumping
articularly in malliﬁeﬁﬁﬂrcin heavy, . sand-| aden 0
SYSIERS BFo daBIMeNly useado Witdividingm fia BiodyCing zane, thereel! to the
surfac8brhé| tﬁ%isﬁgﬁeﬁtthﬁfca%e%m thtﬁfe ﬁWuSﬁ'{geﬁelgs where
er ro

essentially rigid, steel or fiberglass”suc
produeliin bas declingdand operating magiihs aof tiih. or 30 f eet .

Joi,nts are sequentially cqnnected. or di,sconngected as

L e §ioBt e Rung eVReRLURRLIN e PRESIG i Sicker rod
pum,sig%%g%wnv.e lypurhbtis baaﬁibﬁsg owvnHofd tay '8 v YEKRF tiaRSmits

( ) string can be used to connect the drive
powerde ag pump from the Jutacepwith aisticker rad alringtfositiomedhwithin the
proddction tubing. Rod strings include both “reciprocating” types, which are axially
stroked, and "rotati'ng" types, which rotate to power progressing cavity type pumps.
The latter type is increasingly used, particularly in wells producing heavy, sand-laden

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 (COROD) string can be used to connect the drive mechanism
to the pump positioned within the borehole.
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A nunber of factors conspire to wear down and

eventual |y cause failure in both sucker rods and the
production tubing in which they nove. Produced fluid

is often corrosive, attacking the sucketr rod surface

and causing pitting that may lead to |oss of
cross-sectional area or fatigue cracking and

subsequent rod failure. Produced fluid can also act

| i k& mber oflfiecers conspirs aveandown a6 ryenbieiysruae failure in
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' tecﬁﬁ:qm@)desiynemttb&each differghtnganteof a tigdicearsoh-broducirg formation.

vertical; angle or "dogleg" severity; downhole punp
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addt' tlon%tf deela‘?lon from vertical,
For many years it has been possible to determine the deviation of a borehole,

-or wellbore, from true vertical. Such techniques are used extensively in the drilling of

new wellbores, either as periodic “single shot” surveys, “multishot” surveys or even
continuously while drilling, known as “MWD". U.S, Patents 6,453,239 to Shirasaka,
et al, 5,821,414 to Naoy, et al, 4,987,684 to Andreas, et af and 3,753,296 to Van
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et al, 5,821,414 to Noy, et at, 4,987,684 to Andreas,

et al and 3,753,296 to Van 2 Steenwyk, disclose such

exanpl es of surveying weil bores. However, in the case

of nost existing rod-punped oil wells, jany such

surveys performed during the original drilling of the

wel |l largely conprised periodic surveys of well bore

direction and inclination performed only at one or :
Steemyk a¥istlose such sxaumpiasithsveyind welbdiesnbioweper,dr thencase of
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tubing dnat reodredsd iy mﬁtCer@rblly/\me\mtem@Wew iprformding a dedicated,

exi sting E{odum ng @\\/fye | bores to obtain an accurat
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the glbf)l/%?a egﬁs € g"eﬂgr nrg ﬂbﬁﬁé‘r drdlié Wifedlf fob 4Rt ?ﬁective

due ™t fve e ect of the wear
direstioha rsurvayo&abnam blel m@gmtédsmmohwtbwnﬂcom opertationshof existing

%@@ngsﬁgo oo atea naany captumus ShdFdarogle and
anomﬁ.iﬁggflb,qlgf hg wg%J cude installing rod guides to
ro

cent lze t suc er in the tubing with selected
t ulfiailyresof furo ped oiltvealls dust terthel amativeceffectrof the waedd of sucker

rod G nn 20¢ sl e wounBined it formpelon (R spiRdersf gh BE the single
larg éQ@céWeYdf‘Wélﬁdoﬁﬁ%mémmhbwlgféggéﬁfémihdﬁmrhﬁi?atmg such

| es of rod quides are |osed in U S ents
wesg irmzd@ mtalm'gmuggmsesm ceoBalize therauckser norbindbe tubing with

seleiod fping, &acenfilds aleiucap @ s 4 fud ieio o the sucker

rod BRinghtuting inkeftlfherd cdmposed of WaaeeasiBiint ﬁiatéﬁél%%uch as nylon

mti ﬁat | ONn technl ques are expenS| ve to app ,
and \pelythenss randimpravied strehqmalyra@@@s&xmpieéwm@mwe@fare
disciiS4dTHISPLIdHS BOf 998K ANES, 5 AL6NRON MEAT 5938 408 to

ate I M na SO I nspe

Olmgen laeud Pateatsafid 9@ 1Fduand 6874261 Oridair.o Ansxanmple lof a tubing
i,ndustr thin the industry commn

lneriigsels Y-S ftatenna 11619 tn JACKaGD, SHove MAAOHhepmBTHaRjon
techniques are expensive to apply, oil well operators must carefully assess the
economics of any such mitigation techniques.

Although wear ¢an be mitigated, it cannot be eliminated, so inspection of
sucker rods and production tubing are common in the industry. Vvell operators
within the industry commonly follow a “run until failure™ approach, only inspecting
components upon failure of some element of the wellbore, which rmay include a hole

or split in the tubing, pump failure, rod failure, or tubing separation. The nature of
the industry is that down-time is costly, both in terms of lost or deferred production - -
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conmponents upon failure of sone el ement of the
wel | bore, which may include a hole or split in the
tubi ng, punp failure, rod failure, or tubing
separation. The nature of the industry is that
down-tinme is costly, both in terns of |ost or deferred
production 3 and the actual cost to repair the failure
by work-over of the well bore. Another reason well
amptheaicrs cosetor ﬁp@‘h’ttaetfai!uve mwf.mmuem@pem ivehsomt Another reason
regular intervals is thg he dj.agnostic ca abi liti
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prb Fﬁﬁhép &ty e{aaaatt&% m@mﬁw Aty Sh tiffe a8 Buman
such as deviation, rod failure and tubin

reseurces & pemrmﬂm npaessaryeaalysisofydata sugh ﬁﬁuwgéewatlon rod
. bserving the wear patterns contained
faW?m%ﬁetpﬁfgrgqhgyr% dual |engths of oil well production .
t ubimig mb&t biP Weiad %’nhlysisrtéﬂﬁﬁhubﬂ mahgdé eimpigidbserving the wear
t hi ckness |1 oss due to nechani cal wear and corrosion

paiterns cardained ythin ghe insiividual dengths of gif wall Rrogugtion tubing, to -

erfBhge 1FAg ot wal Bicktes ess w8, Hedhanical wear and
cotrbgionufsudRer wasdirid whirf. Chipériragys MMar svailable to measure the
sophi sti cat ed |nsEect|on t echni ques enp

| oy magneti c .
msg%gmet%eham dugtien tybjng bul sanpglexasming the fopition of the outside

ng. Magnetic testing devices have been
Eﬁ@%ﬂQgg?Q%Ln 'vears, as disclosed in U S. Patent

2, SMor8saphisticatedninapectionteehajnaes femp!by ynégrret defniser d

tet}l}lf-\%ll“ ?ésgpoagg ¥ u g,rc@rn(%gim: cﬂ‘gprgg el 5 5%’ te}s?ing devices
ha®® f%é}ayaé BisciRediin ipsc Iblaﬂelsht@f 555 853 to frwin and
ol | eId tubulars Patents 4,492,115, 4,

m:xacﬁmpiﬁmsuwm ailbeid tbhlars andsiuckest roclsgnd).Bu Eiat@tt?r 8@5 564 to

i fsa 30T $Ffin AoraRub A el APurPhibis taabnolgoy to the

ms)pemyr@bféilfm tmm .5TRstertoal402015 rmsbedrﬂ?l:mi 4795,442 to
magnetic fl ux eaka:’fje sensor coils an fect

Kab et sk disdase wbingt m@oweaumtgmfcusdmlam the extent of
 defddt i Gitinubas P %iontublig &ringd dulii§ removal from the well. The
tools and methods include magnetic flux leakage sensor coils and Hall-effect devices
fbr detecting defects such as average wall thickness, corrosion, pitting, and wear.
One or more of the Kahil tools further include a velocity and position detector, for
correlating the location of individual defects to their locations along the tubing string.
A profile of the position of the defects in the continuous string can also be
established. |
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One or nore of the Kahil tools further include a

vel ocity and position detector, for correlating the

| ocation of individual defects to their |ocations

along the tuping string. A profile of the position of

the defects in the continuous string can al so be

established. 4 r U S. Patent 4,843,317 to Dew

di scl oses a nethod a,.’,, apparatus for field
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enBlogFiglE thaihE wall? O3 PAGRYRST6 337 (kB I ISR @ combination
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sen%?i‘ Efé{e{rﬁ@ iﬂgﬁee&' for BEfICRESRd PIEISERE e @R hisRuR 4 diameter of

ux-w thin the tubing. urface defects result in. .
contingows coiléd tubing AdhgEthese systesnsingdsioe enagneticduraithia e tubing.

Sl BB 5305 S S AR RS Rakage ne

are tieRByUsed BUSERE diffGuantifpieslinfaiadersutker rod
se%ments are commonly renoved froman oil_ well
se
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separakal an® tecked to ihspocian pRIntStPb8 “fttaitnedPayng. Patent

di scl oses an exanple of a process for reclajmng used
2,85%6R4 to Iydn discleses 2 magnetisdesting apprratig wasshd inseegtion of

S i Va | t
suc SRS S X, PARRAL OB AU EAEE b9 gBaril of a process
for ielﬁ&lmﬁrﬁ%uh@?lgupwgw itn the tbttiaripmuente'ltﬂa%aium;ecﬁrm is degreased,

. enployed, albeit at an inspectjon nt, rather than :
VisUAY dPSRectad HIRHIER 46 SRl REBNIng oPaTBl o R ZeQ [ structural
P i, Magn RSl (b iay Ml bl gl o nspocton
plaribefathesthaht dri-gite hé SEROD fonpvalaating adlolled duokemrodraliing, or

.tion, The stem erates "real JiJe" I

cfbhttitis Piled Iy Bvairs cgasLifd)-S. Fient €580 %2 o
Wolodko. Defects within the COROD may be correlated with their position. The
system generates “real time" calculated dimensional display of the CORQD and

cross sectional area as a function of position. Wireless technology can be used,

- such as to convey signals from a processor unit as many as 200 feet to a laptop

server.
Certain aspscts of the sucker rod and production tubing inspection techniques

‘discussed have a certain level of sophistication, such as the use of wireless

technology and digital signal processing. ironically, however, the analyses derived

from the resulting data are relatively limited and shortsighted. The data obtained is

not optimally used to correct or mitigate wear. For example, the end result of
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cross sectional area as a function of position.

Wrel ess technol ogy can be used, such as to convey
signals froma processor unit as many as 200 feet to a
| aptop server. Certain aspects of the sucker rod and
production tubing inspection techniques discussed
have a certain | evel of sophistication, such as the
use of wireless technology and digital signa

con%*%‘cﬁﬁ# s06ked re@nhspadtipn draleckimatidreisathelrathes steplistied
fromthe resulting data are relatively limted and

determinatioryet whethen &0 rciassiy anddause or ASPospOr faFY {P%sed
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SUPPURE. PracRntng e, patisins A0JuBiE Phe Brs BARS rfibieRlind as to the
root%e%@twgg%é}ﬁﬁ% bﬁé‘eH?Wbﬂbdn% tRUrtH, &V a hma iled,

~ previously en used in other wells or from such
posrtlealahamysmsﬁmfe@s dops ed previde gnasaqusie winde 8 to their root

caut B B R o, SOEL i A5 postion o

gmd: W?fﬁ&h n%%ﬂeﬁelij Shit Wesk on BRStdd enribiret amweomSltnon along

fects doés not provi de an adequate w ndow a

the stmg; An alternsdive dechnigye tQ mﬂigﬁfe rpgrwe@(é}ppqugmg |ﬁ dlsclosed in

U SRR A PJRRER, SBHUBL o PRI Al ol ucn
ty@ﬂ%éﬁé 1B s dricthingd tHegtublirtye Fhisi teghmﬁneahmwevm‘t reduces the
technique to mitigate rod wear ontubl &43""0

inside diamaler phthatubii} g8d does Nt @ssess "Wh ing wear. As a
R R M S A, 0 B

necéssitites wdme-or\]/eﬂsNde edar?nmaﬁhnw’ ddta remmtmgroanthe 'amegeﬁuate

not assess the cause o t N I. a result
SOISON, B BREAIING Begea 59 they A0 DI 10, mProve Heuguallfir scope
of tﬁé‘snéwsaﬁr ?&‘?étéib ﬁ}ﬁ.ﬁ¢ coﬂ&i‘fiﬁﬁ%foﬁhﬁﬁo%%ﬁr RdedondiiRin

data Teports provide an adequate
informéAtion oAntaI:omrabagqnalms méﬂ‘re, camﬁmofswelim faituractus togubing or

Q i nmprove ft, of t | ysis, or

rod Flurarhelsoaiosh dBHblaie AT e Beiere sRdRR. Y oo

Co?ﬂﬁ’idth rob[grﬁwm é:@ﬁmg%sﬂ@@tﬂéﬁbﬁstéﬂﬁi i¥3hat therd ko available

cause wel i bore failure due to tubing or raod
medrs mtuwfomag dnese asspasments ip poiast-effectiveanddimehomanner so
_ thatq&gfn% WEAr can be mitigated through an economical solution specific to a well.
Because quickly retuming the well to production is of paramount importance, full
analysis of any limited information available is often difficult. if not impossible, to
perform before the well is returned to production.

The disadvantages of the prior art are overcome by the present invention. An

“imnproved system is provided for evaluating and mitigating one or more of wear and

. ¢corrosion on rod strings and tubular strings.



Anot her problemw th existing inspection systens is
that there is no avail able neans of perform ng these
assessments in a cost-effective and tinely manner so
that tubing wear can be mtigated through an

economi cal solution specific to a well. Because
wckleimreturnlngthe well to production is of
Summsy-eh @8nce, full analysis of any linmted
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g sensor
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- The computer may output a visual representation of the comparison of two or

more of the deviation profile, rod profile, and tubing profile. The visual

representation may include a graphical display of two or more of the deviation

- profile, rod profile, and tubing profile. The visual representation may also include a



string, enploying a sucker rod rotator to rotate the
sucker rod string, changing punp size, stroke or
speed, changing the dianeter of a section of the
sucker rod string, or replacing one or nore segnents
of the production tubing string or sucker rod string.
The conputer may output a visual representation of the
conmpari son of two or nore of the deviation profile,

thres dimenisidnal glotaidhe deiiatiop podfile esccbneparisdibly other rod wear and
.r%Breﬁgﬂtation may i nclude a graphical display of two
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) bar code markings, and the tracking
readiog\the bancode crarpirigse a bar code reader for reading

oo Rt sqliat PRt BoriisRy Ve S SRPH 4T
accelysmeRMd d Bfrosedpss Wmﬂr@hﬁbﬁﬂaefe%@éd)m@ﬁséﬁ @nefor more

nore of a magnetic flux sensor, || -effect sensor,
of a maguetsTiivasensorn Hebefiect semsarean LYRY . anghs iapes snicgameter. The

tubing YERELEEInBRE g B fndte o STBBRLECATK YSnSS B0 2 Hish. rrect
$Eensor. :

Some embadiments include a plurality of differently sized sensor inserts for
. accommadating a plurality of diameters of the sucker rod string and production
tubing. Each sensorinsert may include the rod sensor and tubing sensor. A sensor
‘barrel selectively receives each of the differently sized sensor inserts.

The rod sensor typically senses and measures a coupling that joins segments
of the sucker rod string, diameter of the coupling, and then measures one or more of
wear to 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

8



Sone enbodi nents include a plurality of differently
si zed sensor inserts for accommodating a plurality of
di aneters of the sucker rod string and production
tubi ng. Each sensor insert may include the rod sensor
and tubing sensor. A sensor barrel selectively
recei ves each of the differently sized sensor inserts.
measufeeonedr E&Jns of welipire abhlegsensedty, mothateasimgRs change in
- agoupl ilng atqnjgﬂw ns segnents of the sucker rod
inclinadipn iapgle gyid a4l of the coupling, and then neasures
ANsLIndBERCO b tHEFfeskAt MvEAflod Préides adnhaaaber . rod
cross-sectional area, and pittin The tubing sensor
evaluatipgi wean tp cosmrenents ot awellsystersn eowelhﬁyﬁemfmt:lusln@ga
produ&ﬁf?’! tuﬁfﬁsﬁiﬁiﬁﬁydsﬁﬁ %\8?@@%@‘@@ d %ég?écgrs]tsregqnc)\éatge
within rhinmpmths:tlon duling rsrirgy, diie w&altlhdmbcen‘qbugir@g sslectimg two or more
inclination angle,..ch i.n. inclinatio n
sensofs e RO Biheieut Ar Sevidion Spadne abig S i well
fo detgriive @Qﬁev&atiﬁﬁ prfild, @ rod@érktpidr RensRgwbar t@Qﬁ@ @0ekérsrod
of a well ste the well system i ncl uding

string gg @)tdﬁlé?mgﬁe e Eneswell Kgd@é‘rﬁmtﬂ%é@ﬂ’ er Qfﬂle eﬁﬂ&b@ tuking a
senso?ftfr‘%%rnsfrfb%vééﬂ erﬁﬁﬁéﬁétg)n t‘U‘bﬁ Btrih ea d\%’@i from the
bing string, conp Sin el’ecting two or

well tmdﬁtermm tubing pm:ﬁie hmsgnammg Mtngrsmomgsemfsoes glethieat i on

weline3 8038 MRS Ay 'BlibabS o4 of mord pf BleTeP g deviation

profite trod momheiindmrbm@;bmﬂeg as it is renoved fromthe well
a rod roflle and a tubiing sensor for

d
A tﬁgﬁ‘%&? ti,Preeh bipyention RVidgs .aﬁgdswqarr@/ ton i s
systerh $oRARIUATWERLO d‘@éémbﬁtéﬁeéﬁdk@} A& §trfn'§ﬁbrh8f3?] liﬁlr?

posi tioni ng two or e sensors at the

produ@tmﬂotubinggstang ihergrgmenjed wocker nedrsiring lnqhedmggip;dumh%eof
suokef il QAR Iods M RN b e i el Sl or
systemampersaig:at nodrserrsxz)s farmsdnsingewahutat ﬂtﬁgsumar rddstaing as it
s remB AR TR HhE ot RGISErTING 3 1o Pl Reiics Ptk feiear nglyding

one oﬁﬁfdré‘@)f 'anﬁia'gﬁleﬂg fRixRicmsal bbW 19411- %@k@éw&@dL?mﬁ@ )
coupl ed together w th coupl I'ngs, the rod wear

laser BirPUteneachyafitbmmagneticiiwgseaserand iasssimictmeter
radiallfEp2cBE H5AthE LouBinGs tX FEmbRSy SEhb8In8Svddr to the sucker

rod string; and a computer in communication with the rod sensor for
computing the rod profile.

Segmented rod strings may include multiple segments coupled with
farger diameter couplings. Magnetic sensing devices and/or laser micrometers
may be radially spaced from the rod string, such that they do not interfere with
the larger diameter couplings.

The foregoing is intended to give a general idea of the invention, and is not
intended to fully define nor limit the invention. The invention will be more fully
understood and better appreciated by reference to the following description and

drawings.



Is renoved fromthe well to determine a rod profile,
the rod sensor including one or nore of a magnetic
flux sensor coil, Hall-effect device, LVDT and a

| aser m cronmgter, each of the magnetic flux sensor and
| aser mcroneter radially spaced fromthe couplings
to renptely sense the wear to the sucker rod string;
and a conputer in comunication with the rod sensor

Deéefptioararthbrawiagsod profile. Segnented rod strings
' ments coupled with |

[ ud [ tipl
di ot 1 congrpaly TvglHis 2 sudebs smisvineet i orear
ovAFR SR po TRIEBE ot satsSc i § Geomedtc,
couphed sucksraod tstring-beipgipuljed fitine teoweloi ng i s intended
| ntalite? cHipapipny BSBlesctome Al & eafpadits a1y be
incﬁueéaf%iﬁttﬂhe\é&égiso? aBRAd, fivdilding WhaRGRERE fluR ldkBge sehsor coil, a

appreciate y Eference to t_lcﬁle fol'l om ng description
halkeifectdteviden @p. L\D Deand adasermisrom@terDr awi ngs Figure 1

i :
veatioo cotepily LSRR T il 45 ERPRLUER cating &°
cerh@Sted! withthé pRsdutgion tebBiBGENSS suspendddeditisintke casing, and the
string being pulled fromthe well. Fiqure 2
devidintegrisar bping moeyed hesiobdhe vtﬁﬂbpﬁ%wgﬁwab_ﬁé\awg_t hat
e PO s Gt S irbor,
aloA§ Witherodawear\dntd/optuthirgy weaedata. crometer. Figure 3
ety  obehmbabuirai’ 4iencHobet B Fers, 465y o
we ,ngp%i%& %J%Epdgﬁc,e_tcasi ng, and the deviation sensor

el ng nove roug he wel | bore within the tubing.
Fi dtigareds conceptially lipstritasst nmaridegsystene.dndudingsd baetode

S Ebice I oS it oot e 157 or fhdiape o optica
rea88Pidr $ubBbQliektly relfingPineirboddb Oftf tickingthE individual segments,
Figures 7-10 are flow diagrams conceptually illustrating examples of preferred
" operation of the wear evaluation system.
Figure 11 conceptually illustrates a 3-dimensional image of a producing area
lease or field, including the surface location, depth, deviation, as to both inclination
| and azimuth, rod condition and tubing condition.

Detailed Description of the Preferred Embodiments

A preferred embodiment of a wear evaluation system is indicated generally at-
10 in Figure 1. An embodiment of sensor package 12 including a rod sensor and
tubing sensor is detailed further in Figure 2. The sensor package 12 may be
. positioned on a rig floor. A deviation sensor 28 is detailed further in Figure 3, as it is

10
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wear and/or tubing wear data. Figure 6 conceptually
illustrates a marking system including a bar-code
mar ki ng device for marking individual segments of the
rod or tubing, and an optical reader fdr subsequently
readi ng the bar codes, for tracking the individua
segnents. Figures 7-10 are flow diagrans conceptually

o e ST SRR o o
Iow{e}éd’éﬁ (v‘?rbﬁﬁe %g%%dgﬂ%?:ﬁ?%mhg%e e ésrd@éﬁdm bﬁ@u@f&ﬁwear

ease or he“surface 1ocati on,
con@bsmramttmg, ceosg-sedional ared amchcedain diameters %sﬁmm@@ﬂm of a well

sysigm fist ipHudes pLnsaenaen bl 0B8] s Z0TEREIENG n wel 7

and ﬁg@ﬂheﬁt@l é@éﬂd?%‘s&irﬁm& mdvatle within the mdhd:t;omblrig)stnng

ure 1. enbodi ment of sensor packag

20. .segmantagl wcrl@a radsiing 1Hbas musliplg segmants FQUB'@P:}PB%H‘Q" with

ol I AT IR SR el b

conflgtidis Al dRrCORODM Sugkerarod, stdrggs malysndl()del bofipsatiprocating type

the bottomof wel| 7.in the production tu
- rodg,ovinigh gecipracate axialiy i acuelb eriptaing M%@C@h Fglﬁjhmtal% to power

D R
unitd Iséfﬁoemchége d@rmaévatibn sensor 28 bethtcommiuticate with data

acqi;&i}q%déf{agp%??s&ms’(%ﬁ ﬁ4$ 588“ ot rg% #@ﬁ,gaé (tgﬁmgg}er rsgatem 16 to

1
B o g e
condit@n&rftthe ampg@o indganbef holas, splita; gerogloaupittiog, rod wear, cross
couplings 19, a

h
seclipidrarat A GhaE WA HigkipRT uciish s Gaf tondltop gf the
suc&\ﬁldr 18 RPRARY gﬁingdw&eté}ow—@eemmbréwawmaamecm(w) the

reci procate axial in awll, or rotati \3
conditids, ofithe «:bupbmgs 49t tmaf diamstevand wieas &l ( 9he Gondition of

rod Bl 5 it feracch ABinenl fnf Hobh ThgBH Softiel 48" SRyt <
funéi@nfmem e ﬂ'le’\WéﬂbdﬂI m thadaimh of braflles, Guehtay a deviation

stem 14, and thereby with server conputer system q
proﬁle. a cotprafile aaed adubingeniofites ndthe x eagn‘i |5)9V?Wéi of the
critel ARG IASH LY BBmplering thEprofiles.

Correlation of these criteria is vastly more useful than merely determining the
individual profiles. For example, analysis of wear detected on the inside surface of
tubing 20 alone, without depth-correlated wear to rod 18 or rod coupling 19, ata
depth where the deviation profile shows the wellbore to be vertical and straight may
indicate that thewbserved tubing wear is unrelated to this particular welibore.
Alternatively, detection of rod wear on the tubing consistent with and related to

“sucker rod couplings diameter loss at the same depth, over several hundred feet, in

an area where there is a measured material inclination frorn vertical, would indicate
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condition of the tubing 20 in ternms of holes, splits,
corrosion pitting, rod wear, cross sectional area and
ot her wall-thickness reducing flaws; (iii) the
condition of the sucker rod 18 in ternms of pitting,
wear, cross-sectional area and diameter, (iv) the
condition of the couplings 19 in terns of dianmeter and
wear, and (v) the condition of rod guide 35 in terms

thathd Guive WbuRNEryediectivilp setigatettabing wear auhiperahy axead well
function of depth within tqe wel | bor?_ HI tthe forr%r} of

progialion|tirme. Suelha£9riRfian AateHs HeHATE A PABYEHT | e,

idedg?i@?ﬁ%ﬁ Hﬁﬁlfro%"t QhLLE of chfugbtﬁ:écg%hﬁ& eRSPoRY heSMRIriTiad with

erra are corre by conparing the
suffiiaritidaes,. Correlation of these criteria is vastly nore

useful .than nerely determ nj he ingdiwl
o &1 Variaty OF sprsqiape o AupiAtie FlifusgAin Y Shsos package 12. In
- et ' bane 22, whichadts as an enclosure
Flg%&g‘fﬁ-&@ggfgﬁgéeg}c ﬁzeg‘];d"t'%é%rgmi?or rod coupl i n%mlr'_QF‘,l ,ﬁt A

for interdeixssamilies: suth auagnetia opil 3difeddadng ok

1J Db Q b j . ' i ndi .
soniFirSRh 208 BelSphF Rl peret2s, Tohyol IefeaTmcany
inclipddd bRs brmaval dftRagneticiieleaRrage ebnsometileariHall-effecteensors,

wear on the tubing cansistent w tgn(ﬂadsp%el-at ed to

lineauariable differsatial transformeredkVD1ds SCTOREREs, fhe sensor

... Qv sev I j | t j i

insft 78 £33 B4 PoaliAPATEankERy abblt el dhE SUERE b AFEEptuction

tubihgd0c ahd rﬁé%bbageléctéd drond aggroop lofl differgntly siezed iinseris for
mtigate tubing wear and thergby exte

I
accpmoaredatingna veriety alyed of teling alﬁnﬁtﬁ{saﬁ%ﬁ% sansor package 12

| ' whigat i f th t
mayf B35 bptn i ol pror uh e WBIRGIEENEEAT 00 O L th
s uffftiecioenseribair may'obtain data siichsaswear fy fesceupding 19 that joins
souras s o6 Sk Mo PRAO, RSP gbBrethfot e couping
19, %rﬁﬁ?ﬁ'@g%@% 35 AfY GRMASH 8d cFéZHAfSn?éﬁtI%Inaﬂhrea. and rod pitting.

asse as magnetic coll I xed to the muter
Likewdise cthe2abing sensos anay obtain date suchrasiubing weaRweslt bickness,

into parrel 22. Sepsor.inserk. .2 ' I [ ‘ :
crossTRACHOn AL R RIEd: 1P R 21 ool 25 Kpy Bl e such 2o
wellbBld as@%gecéev%ﬁ@é Wi@inatibh BRale, \thahghlis inblihbtore ahgil along the wel,

transtoriers (LVDT), and |l aser mcroneters. The sensor

andiawmuth.26 may .be positi oned centrally about either the
SUThHe rordogro%i% ﬁrty&EQWSBfa%d first, the deviation profile second, and the

tubing profile third. 1n a preferred embodiment, the deviation profile is obtained
simultaneously with the tubing profile as the tubing is pulled from the well. First, the
sucker rod 18 under inspection is pulled from the well by a work-over rig {not
shown). As the rig pulls the rod 18, the characteristics of the rod 18 are sensed and
measured to determine the rod profile. Data acquisition computer system 14
receives signals from the sensor package 12 and transmits them to the server
computer 16. Data acquisition computer system 14 may compute the profiles prior
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tubing 20. and may be selected froma group of
differently sized inserts for accomodating a variety
of rod or tubing dianmeters. Thus, the sensor package
12 may house both the rod sensor and tHe tubing
sensor. The rod sensor nay obtain data such as wear to
the coupling 19 that joins segments of the sucker rod
string 18, m ni num neasured di aneter of the cou

to temismiBiing tpcseavar&@wta'M@mhefﬁja@erathetwerﬁemmp 18 may act

as % sgﬁférs% t?éﬁ’émaﬁ?a dd;?g aQ:'thértW\ corm; ﬁerﬁ {¥and

I Ng" sensor nay such as tu
servel dorhpirtek nes'aay be rbgs&nre amtadlterastivaie by and of |at\tanega offhiseless

corABNIEg B IS M0iPn KTPHAIR She AHyPS CoRFERBTY reiresericd oy
antéﬁﬁéé qg?nl@msingl e along the well, and azinuth. The
pro

e Is typically obtai ned fi rst, the deviation
pr ddedand; eftenthe mni(ermd strintg 1§ hgs deengemoved fromthe well 7, a

avBisiana & aecslermelirtaset feqtior fuRuibol 8 8 shfpred, fo the botiom
of tﬁé evéuunb irrswe heltubirgRd." AReHtiva), the déviation sdmoramhay be

under inspection is pulled fromthe wel

lowmmmrbqttcgn chthe wehdvan wiraling 32. rlihg dryigtion l@@l %@ dneasures

an%&gﬁ?@%ﬁ@étﬁﬁ géljﬁlscﬁ é:‘f%ﬁ!gg Jggﬁ%h%?ioﬁ%nﬂgzﬁﬁﬂ?@ﬂh@%ﬂbore as

the 3661 B Sistrefrivvedin m@tu!ﬁug b hé dvork-ever rgsorsieyteded lﬁdemndently
t he sensor packa e 12 and transmts themto the s

by ‘Utﬁﬂ'ﬂlﬁ 3¢ Tbe tg@&raem isdowsloadssjntodhedpata aﬁqqiﬁmﬁafomwter

sys 9}:‘6 Cécfﬁrrgptﬁ %fnfi'(sﬁf’t V\Elé PFeHcae#% cﬁaﬂl fiak \}:fntf)f' Iggc&ﬂ{)annq it with the
rod wr:e@nd/@stuau@qnm’ﬁre THisinforanstior lalsdransmittadbaserver
confRop 46159 Birer Pcessig At 10 GisyumH e frord WeaY ratigation

solgtford r el ess  communi cation technol ogi es known in the
art, as conceptually represented by antennas 13 and
15 Tieet; ﬂml prefuction ttlhhﬂglwrhug 20asl pstied frgnihenas!! by de work-over

ved t.h SC

i ePstrst St Kthe. ctr sid STRED RS, Bsithegia uls the tubing 20,

the gham&&néﬂéstdi%@ ﬁjﬂnﬁgf;fno%frats%s\éaltb d-étérﬁﬁhé’ the hﬁbu‘igl piafie. As
Al'ternati vel devi ati on sensor may

with thegoddtring ﬂaetH@cﬂata racqbisitien mmpumrcayswm dHi rneeasgﬁ signals from
the Egﬁsgre;\)/a'\c ggnlzt %8|mpu ag&asyubmg profile and transmits the information to
the server computer 16. At least a portion of this computation may again be carried
out by the data acquisition computer system 14.

Having acquired, processed, displayed, recorded and compiled the data, the

“server computer 16 may then act as a server. This server-computer 16 stores all the

raw data, then applies the received information with a software program to calculate
a mathematical model of wear to the well system. The model applies correlative
techniques and other algorithms to determine a comprehensive wellbore condition
profile. The server-computer 16 méy then determine an optimal solution for the
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and records inclination, rate of change of inclination
and azinmuth of the wellbore as the tool 28 is
retrieved in the tubing by the work-over rig, or
retrieved i ndependently by wireline 32! The too

menory i s downl oaded into the data acquisition

conmputer system 14 to conpute and further process the
deviation profile, conparing it with the raod profile

mitigatioh af vtawwntgurpttm‘ wek 7. Thesolutiosrmay berstereddn é*aﬁ computer,

actm&r&é?éphap SgIV er VP“"%B %ﬁgﬁ%@eﬁﬁ%ﬁg{e\%{; l:gé{ck%stﬁtlue f’eld un:t such

as toseét‘ét ahét{ﬂnsmd?ﬂbérﬂpuidﬂ% gtaval 14| hod niads ﬂ‘@BIleTB img a269$$over the
romthe well t he wor k-over

.nterﬁawemmmmatameysqwah dhegeper Wlﬁtﬁf F0%; @‘%eth"ﬂsbe located

sout bt PR il eppt o el nc

: mrell@&gfteémolesgies viuch dsheatelite intemnet ad@sst hTéhzsiaat esnecrally useful for

managamesoba TEILRERUITDIS Vel THEServar-acitp g op giey S8Hk yrear
data @F‘g%ﬂb:ﬁ&&d& Wélfs? bﬁ?ﬁd Ag thé cobénieRée 6f ok® Béﬁirﬂfpr&;@essmg

ast a portionh S conputation may again
locatnm Jraretithecatiilith o corekide aohoquutbe m@rtubmgpandldeyga&oerﬁata from

one 4. 6O e B L VRIS S f 9 fbmon

areab h?u”clﬁ&& tG8s@ gﬁéﬂ &?fdenﬁﬂ) ﬁaﬁtﬁh&@rtn@hﬂﬁ WoRiman t6 hesreshan one
raw data, then "applies the received

wall withor aproducing pmpﬁr@dﬁammﬁgld@gr amto calculate a
roHarng saretorst on g $62er biahifer f, e UL pds¥mbled in the
rod ﬁ\baw GBIAG ptréﬁlé eén‘ﬂ dkviation peciile ehenbé commlnibated and analyzed
condi tion rofile. The server-cgnputer 16
by meansrofiagraphicabdatabiassoingqustiess ﬁomﬂfomr!ﬁtém éﬂe grdividual
profi ﬁ%@yﬁyﬂb@rﬁé‘& g@@&%ﬁ? dJi%a rP.Ja W&cﬁmﬁngﬁnéﬁﬁiﬁﬁ@# 'Such a

as a c raI server, and t
displaptwaéuidlony inirdimally shew deckelatioh ibetween thaudata, :mllmam all three

as to data ac UISItIOﬂ (00) uter s
profi &sdma&eevwwg independgplly n\Bﬂ@Dut lﬁ%g,e%lngfig dTo provnde a more
o 1144 2 A8 A7l TS ONATT OO, o
fromroreeprodiigis, retated ke datayfromt mmtheapmf Iam Agisbawn in anure 4, for

exarbion 3 hesh e i ey S i} of 7R3 57 Somprising
a ot dthe wislfobfe's PRESISE! pth GIBWERIN @ fiREIwHEre everted! axis 52
‘represents depth of the well, and two horizontal axes 54, 56 define a plane parallel
with the earth's surface above at the well site. Critical areas of the wellbore plot 53
may be gra;mically identified or labeled with the rod data and/or tubing data. The
piot 58 of Figure 5 shows another plot example, wherein one wellbore deviation
profile 57 is displayed and labeled with tubing data, and another wellbore deviation
profile 69, identical to profile 57, is labeled with rod wear data. Many other types of
dispiay are possible, wherein data from two or more of the rod profile, tubing profile,
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data for a nultitude of wells, providing the
conveni ence of one central processing |ocation, and
the ability to correlate not only the rod, tubing, and
devi ation data from one well, but to correlate like
data fromthe nultitude of other wells in comon
areas, such as to establish or identify patterns or
trends common to nore than one well within a

and pleviation poofile ép ploted| cempamd andinterrelatadag been st ored

th t
BBl o R PRAER P B b SRR o
wathﬂé’f:bhﬁ\dfﬁid 1 dllléaé@%r&ndaaﬁmjtyczedrreta;ealmadsmged such
a graphi ca dat abase, in countless formats

as bynmingm(dpr-baeecﬂ aaMmaen data ISPGTRM BEPRINY. ¥ Swm gpalyebe appliedto a

wsug{@ﬁp@ p@ 31%' gjwo\%ﬁn i girxllf%yﬂmt Wenglf’f%%b%'v% aflowa ff@¥comparison
to ofer datatdses Haetmﬁﬁmcﬁ'lbal thratlonal fallme data farthesnuitiple

well &%&L Lﬁséa@nggrgbwme 0 e\g? s end }’g: W'l%@ﬂﬁfe history, root cause
of th%nfgp i a&lblﬁ@ ‘g)r&ﬁ% adé\ﬁé’tfﬁﬁ ﬁ\%ﬁld‘érﬁfrd@f @lofileetayde stored, analyzed,

ated, I1n that data fromone profile
oorrelate!cEéad grbnhcaibvt megemteﬁaﬁasumennrprdatab@se gan bndmstmated by

any Aureeduspewitinores Arofbcb a6 T WRIRAYisfla3h ) the fetd
This v\ﬁﬁtlﬁ@ lHBREFosa wﬁwal g@ghmubpnay of esleaanionelivaréidoditions both in

a vertical axi represents depth of the
specifit ellbowdstand moltinte wellbares ¥t th%arqgmngea@adﬁaﬁ% or field.

The BikErtaIbols waAE R i o T el faEe Pind @i dispiaved

and @naReaaltiany l6etidr, ae dveélr ad mithkenbhile ﬁalti hmnrmuma':aing data
and/’or tubing data. The plot 58 of Fi

acauisboneompuer syie . AneperalonTeY avt g iRaresh the

f |
wolEh b B el oy gacisr.
: t OFRjLPé 2 ethils ohé dnaimhmdnt/\nt serrsod package 42a A gengric cylindrical
mersbny it ez bl e Bind T3 Ruing 528 A9 graminec.
Many I8 F&ec;ff fHe‘ rpé\%ﬁd tfon afysﬁirﬁtﬁeéi'e RATTAERNGA. For

|s a benefiit of the present invention
exaraph, neagrebtici fhnsfeakagmsemqﬂr@oﬁe ehd dtalkelfagtisensors aghikapwn in

pr od field . _Or.area
tho 4y Balect abH maesurp enage i raerags 0 dERREF oAlifd B Corrosion
pntur\(ﬁ Q@#lﬂﬂdﬁh@@‘s RHanye! &Bs%&cﬁ&a@ﬁﬂéﬁ ERaiide and fatigid cracks on
play such as shown in Fi gur e 11. The database_ al so
procaictiondubing, suchesrodsand on COROD sucker rods. Magnetic sensors are
“also known for detecting area and changes in area of COROD, and diameter or
change in diameter of rod and tubing. LVDTs are also generally known in the art for
determining diameter and thickness of specimens. Magnetic coil 24 is radial spaced
from tubing 20 or rod 18, to magnetically energize the tubing 20 or rod 18 without
touching them. Magnetic sensor shoes 34 are radially movable with respect to

tubing 20 or rod 18 via floating, bi-directional sensor shoe mount assembly 36. The
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to ot her databases having historical operationa

failure data for the nultiple wellbores. The entire

vol une of information relevant to the failure history,

root cause iof the failure, tubing profile, deviation

profile and rod profile may be stored, anal yzed,—

correlated and graphically- presented. This entire

dat abase can be investigated by any authorized user
ﬂoatmtdhdenheunmﬁwmtblyeﬁ alkveckeed@n ofehbvaneni mtwwgatar

suﬂaﬁesqfftaé'nﬁwefé%;mt B iobicBwpling 43 inet BrauthuL nTHR 8RS shoes 34
may %Bﬁ%iufi Pﬁd es%nﬁaﬁsﬁyéé FPH%II%e JePabficewitd Béﬁ‘sé 48 leaking

pro ease or OptlﬁUﬁ]MEl ore
fromvtbalroaimﬂlcgaublug ablgmamﬁngssagaalenareapm rBigoal wire 37 passes -

sondh PR AT Bt B e e b Buner

in th@ggﬁgﬁ,qja %bem_m An operator may thus rapidly
| ement t wel | bore wear m'tigation sol ution

bove theanagnetic eoih24 imRigure 2:is LMD dé: iArmther epntactshoe 40

v e 58 AP0 SRR Ml Bbintr o

the réd ﬁBnﬂodﬁiIr?“m oPraigaidel 38) Phe Bitjrals ar@ommd via siggmal wire 43 to
el enent s t he wear eval uati OP system, ﬂ}@

the dgémemwonmputﬁbsystema PEE %9@9 withen the sengespackage 12.

8' L an ; f@eb f@f;&%ep ﬁﬁ&%‘?etaf Snd 'P&‘%Iﬁr{})aut 86 for

asure changes I n magnet
measlﬁhg ihp diamsest dr;chmgiaaaldmnetartdf mgkemajds shckdered souplings,

and GHekep FkUesn AURY et RETOTGITsAE ks sRsrebe s
apph&% to'ista irﬁni ARéteraf & r Péwgf Pomas iRt id Advel.

rea and c In area o di aneter or
Powex‘rmldgagnat wﬁraniﬂt powers thedasardnicobineter andyBceives pakrdé and

ener a n th art for, det n
passg qinpls 08 Hn ousiic comBlipr SRR I SaiSpaRTE St e
sens8PPackhgefl {2m tubing 20 or rod 18. to magnetically

energi ze the tubing 20 or rod 18 without touchin

t heiniguva dh sensosissedr2Giscdovautaheusebioti the Lidyhdrand laser

micrdhordy RES T R B0 €n e benshnba 6 sBBOfbapte yarious

diamélee@ bl Rl SR UBTRGNForexamply, tRe inddroRs d‘tm&ﬂmmycﬁe suntable for
novenent as the 1rregular surface of the tubing

. 5/8", B, 18" oer Totgsls, ﬂ@d@!qﬁa%@lnﬁﬁﬂm@mbeﬂnsw mgafre! 22 for rods

greateP B £r for tubing. The magnetic coil 24 in this. embodiment is not
included within the sensor insert 26. .

The sensor package 12 of Figure 2 is conceptual and not to scale, for the
purpose of illustrating its features. If constructed with the proportions shown, the
couplings 19 for coupling sucker rods 18 may interfere with floating shoes 34 and
40. When passing coupled rod string 18 through the sensor package 12, it may
therefore be necessary to move the shoes 34, 40 outwardiy, to prevent this’
interference. Accordingly, suspension sysiem 38, consisting of pneumatic bladder
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may contain magnetic flux sensor shoes or Hall-effect
devices to sense flux leaking fromthe rod 18 or
t ubi ng 20, generatl ng signals in response. Signal wire
37 passes signals fromthe shoes 34 to the data
acqui sition conputer system 14 or el sewhere in"The
sensor package 12. Above the magnetic coil 24 |n
Fi qgure is LVDT 44. Alym her contact shoe 40 ds
or cyangﬁgekeﬁ@%er hertivel; RBINEs. PP L a%wam'ﬁwﬁaf radial
NBE, gqlaém £ I
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spacedrto rémdteiy deterct segar tatowired string th apdcouplings €9 sm:hcas from

0.257 35 e Btprtlibing Siaeen i PrharE FRErdanse Witie Sapigs 1o.
Furtfel! ol Ess IR0 R ARG FemStalEéing fhe rod,

sucker rods, sucker rod couplings, and sucker ro
use efithedasermicromgterdémaymbyiatadhe needrfer thedwDT 44. A major

e g Wi richet e ke el g0 o in
systeand issthi ability ead@retherichsiderablesesriance o dedrmetenind rod string
receiver pair 46 and passes signals to the data

18, coupling 1925 guidmPat withaytdouehing tBeme| sewhere within the

al
i oRasEdenddr 24 i Elgith 3 ay 88AHMse ds¥Rahy 38 thive or more
pairs4ff.anlinelisemeatar andsnegyro%ﬁopaybm latewrgiecthedrt.t $he inclinometer is
acconmodat e varjo net er s . of “r)af,i and f

a lowgs £A8 AoopIREoTRlSTHassd dvive thaleperaly fiaukigsiay incination
anglegégtlaﬁs'glﬂ?ggr cégebar ?‘@9“?’&?6 dd)e larﬁreat gra?? ﬁgﬁ:cq’?:}ﬂuld

deteaiy fcfrmxampje,r@ corkiseravadpeiationdbal may bemmdatec'enlmmlewm the

* g3 RS i SRR AR pbal o i

dewc‘é%a'ﬂthdi@h ﬁ@%ddﬁi&rﬁ@ﬁﬁoﬁﬁaubﬁ P&Sw}‘é’éd BY & dy“roé&i}iéfs%eful

constructed with proportions shown,

lowermqilgyﬂg@ow tﬁdﬂn@ioglplslafg aurendly sougbt.18 rmy | nterfere

oiTHS A Fer i Borith S cotain Y SE e inicra electrical-

" mechanial tspa@ﬁisnmEm)mﬁaéﬂeét@m ralegybeesps4and40

to prevent this interference. Accordingly,

out war dl
accelgt@'pemudyw@mwre@ theait pE inefpl stavigrtioneand shnakdder

measurement. Such devices are not known to have been employed in surveying -
existing, producing il and gas wellbores for obtaining a deviation profile. Each pair

~ of MEMS gyroscope and accelerometer devices, respectively, is triaxially positioned

orthogonally to each other in the planes X, Y and Z. By initializing the devistion
sensor tool relative o an established frame of reference using conventional
Cartesian coordinates with a Global Positioning System, and using onboard
processing and memory, it is possible to integrate rate of angular change over time

into position. The deviation sensor is thus able to record the inclination and the
" azimuth of an existing, producing wellbore. The present invention uses less robust,
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16 or cylinder elenents or alternatively, springs, is
used to allow this outward radial novenent. Magnetic
sensor coil and Hall-effect device shoes 34 may be
radially spaced to renptely detect wear to the rod
string 18 and couplings 19, such as from 0.25" Tfom
the rod or tubing surface, to prevent interference
with the couplings 19. Further, because the |aser

robust; loweTeiperating lemperpiirpecapabe mase| pyodieses Ggricles-effrit MEMS

oo 5518 ARl 0 B Ao

deviotis HooaRteehrirP iy Sdstiidiow taatiofd MV Dalirdtiasar SRy or multi-shot
systens is this ability nmeasure the considerable

wwe!marsuarﬁkperrfp@%ﬁueag &ne goling of anwelibpge. By ampgriaan.@n entire
welibggé QSaiﬁéne% %B@iﬂs@f&iﬂe‘"&a&@ﬁ%véﬁﬁorﬂ?ﬂ ;ﬁ&hg.fbo?ﬁﬁkﬁ%&on of rod

conpri se as man

proﬁleaiubhgaﬁme iand dendatidreprafite] raay peatained fbokelss thanvthe cost of
a | ower  cost

h t. Th |
a conyepbPaA PRI S eire i NGBS L AR Asbamtage of the
inver@iBhXhaf) ¢ 'Mﬁé}%on%%ém?ﬁchd@é@\%%rn%a& more

additionally 'provide azi mu whi ch cou
competebhensive MIbeoeaamlpsnszfocwehsmmm deviatianicandye be
rfundt cta IeI wWth the inclinoneter. )
pe Oﬁﬂﬁséi es, however, are typically a far

Miha H¥ theé t @ryQﬁﬂjrt hceptual
mfor%ufit%lggﬁ p;ﬁge‘?g’{ §gu'@§yé}gslég%$ﬂl S usefflgiaeg cep ualy

illustrating thy compopentsebahmaypre mncidedowith e weas euglmat!omystem

10. 1&3 SRR SEME YorsBA ﬁz'gsgﬁﬁﬂ‘aﬁg’&@?‘ggw %Eac?k)é’ggd use of the

sensdRrdr the-iafdgeaiornaad cafreldtion EHthesixed fofthe sensors, As alluded
accel eroneter devices known in the art of inertial

to pravaqus@atth@ Prghartdscgensrally seased weasgt thejadividual gamponents,

such 33 ot il SARaHG ATARRT it o vibkRani fkR): COROD

stringdms pullednfrgmche vesll; Batsing strings ad pluﬁ«zﬁfrgm tbmcweﬂz andilimited
ectlve "

| we"b%r@é?f'%\ﬁ%fmr i Mﬁwbey' C«Sﬁnarrgﬁqs dudng the,Siginal éﬁn{. Eh&%ﬂgﬂ The
nﬂﬁ%ﬁ I

preseﬁt 'n\oeﬁ\f/ign t%g "?nétgés] #ﬁa{gl S ﬁhg H?'& g& mg Bﬁ%ﬁl‘ ?‘{e(#rg ?:gn ce ug Pﬁg%o

tnforrmﬂwe&mancnthem& avaiable mmrshpaaramsawalyms af G adividual

 comphaghe, SR BB Bl FESteHSh BB st g Hetem
- remaiRRANEE waditel I TRus, according to the invention, data from two or more

- sensors are selected from the group consisting of a deviation sensar movable within
the well, either by the tubing as it is retrieved from the well or by wirefine, to
determine a deviation profile; a rod sensor for sensing wear, diameter, cross-
sectional area and pitting of the sucker rod string, including couplings and guides, as
(it is removed from the wall to determine a rod profile; and a tubing sensor for
sensing wear, corrosion pitting and cross-sectional area of the production tubing
string as it is removed from the well to determine a'tubing profile. Some of these
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into position. The deviation sensor is thus able to
record the inclination and the azinmuth of an

exi sting, producing wellbore. The present invention
uses | ess robust, 17 robust, |ower operating

t enper at ure- capabl e mass produced Cari ol es- ef f eCT"MEMS
devi ces rat her than expensive alternative technol ogy

concBB A o] S8 Y ATR LBl FERuRRAPAS 0 %ehtS ur
suchnad énsvhatsert'es e hitheugh bralsResflaveRttotl thBGrbfs is usefi, it is
[1ing of a wellbore. By conparison, an entire

preffables POa aPRINEHBRS 42 EOTUHIRARS coRBaps B dntae of the deviation
senst‘VrSBts ABar 'alﬂg[tHgfﬁg%c?gl\‘%BpHﬁaﬁﬁ% ol éé%Qrmﬂ{ écbﬁpgel%ergwe

bi'ng prof' ation Sauks
wel!brooe prefis. Tharsenrar-aoosputefr 16arﬁu’nwdma mqeisug;rr mmpntsr system

d
14 ol Rl Path ol e ol Mels TR SH bR enioF e el donsors
each&ﬁa?b@ﬁf@ﬂh e S5 Sart 6P é&ﬁ ﬁtaf@n%idbéarhg ysis

for wear, corrosion and deviation can ornmed at
adntﬁgfaimwdeamlv@e of the redfubing ahet deviation praﬂlm further allows

or o g0 B B el 83586 st aspec o

perfohhanwaf trRyVWEN 8y 4tem, SYRE waarmu?a %!Uﬂéh ¢ah s%ﬁnéthﬁes be
sensors i s | ess |nportant t han he sel ecti on and use

derived byiqa oparatasiupoarndewing and agalying Wlatmasuntr adisplayeddn

oo 95y 45 LR 4 BT oy o RO R an

expenside dadatibn Gonpyrand does AUCIcRleliftfégpatid drﬂgf Ot fod

' d to.,a repote rod reclamation facil
W"“'@PW négeraewﬁw 188 data aeawsitipsl gompuler ﬁzgstgm ¥ﬁ gadassrver

comsPM. BRI 86 Bl i . 8 Sl
computationedfitha ivesar pritgation salatiohi on correl ates this

iﬁhormatl O@ﬂ @oobt .N_nore, CEJ rehensj Vﬁ i nformati on
t haR WiaidpiRee P 198 1neaY,{nG tagica ¥ RO§EipgINng: rogigtiides
35 shbw@llm lFideai with 9@%&%%8&[‘?1 tH%rsfu‘&kEPrdJ‘ét?mﬁal . tﬁﬁ'\;])le cases,

whi | e t he conponentS of the system
.an opgeator maysimplyusovethe rel guides &&m loostionts wheraexee dsivernwear

in theiiBndier 55 pSENRNT AR Msesvabhiioe BhFHE magbe o

cons

resultwt Wear 'iﬂddmltl ina Whikid whithh@Stubuﬁg'vﬁad 6?&\)1&)’&‘?? ehl iy dd End

by wireline, to determne a deviation
thus '-W%‘ﬁtqdeto WealRAtArAS i this wellbars. wgtewmveinu.mchirélne present
inventid)XRé server computer 16 provides a more comprehensive solution,
indicating for example a large number of wear locations for repositioning rod guides
35, based on correfations with other data such as the deviation profile. The wear
. mitigation solution may include lining the production tubing string 20 with a polymer
- lining 33, indicated conceptually between dashed break lines in Fig. 3. The solution
- may include using a powered tubing rotator to rotate the production tubing string 20,

such as to better distribute wear within the circumference of the tubing string 20. A
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sectional area and pitting of the sucker rod string,

i ncl udi ng couplings and guides, as it is renoved from
the well to deternmine a rod profile; and a tubing
sensor for 'sensing wear, corrosion pitting and
cross-sectional area of the production tubing StTing
as it is renoved fromthe well to determ ne a tubing
profile. Sone of these 18 conceptually distinct

rod Wsomvﬂmm@ bbwsed ab rytate ths seckor Pb O smr@' T&' vhe ‘solution
as sensor insert 26. Ath

mey 3EARSintilge: cé\r@awsuap i SHOBP 1O S5 6RY: GERTEAG the digreter of
a seftcH 6f wa! éhdk@r Rt ¥ bf ?é\}bla% t&ecemwsg%&gems of the

conpare all three of the 2t 9N sensor
prodg@mmbmatmtamgr suckeorod ﬁtrmgﬂaﬁl on to determne a

o708, ARP SedBand \PBT 1y iftnes S diackind st o0

detaleiconaiptosliyt in Fiate GEA .harm.@@uawaacbm%ﬁamnw&r pﬁﬁ]g 21

I ndi vi dual . sensors each perform somé subpart o

with @as cedeid: JnisActicr) tee 1?966066 63 qould eanasedarndan adhesive

_labell?dl}atlth er QQ:E fl‘gyhl?é?ﬁca[l tﬁgﬁjgg%pg?gﬁ 8@%}1 2‘%‘1@{1@@? fdr' dierwise

mcapral:ﬂe gﬁdlrectlysxﬂcammgl the bapesae 63atA ttisRing eV 8P Ritudtls
stem The wear mitigation

f the well
09“05'5‘-? §F1S0B BOJSH Subsaauandy reedingdhe bad cage £3. ofbe anankingdevice 62

is préfé rfggﬁﬂ?g‘?‘?ng,bég% "?aéﬁ‘il ﬁ*ﬁg @“ﬂhé%@ﬁ&tﬁ&&é@%r

prodmmn tpbingrsteng 20exnd th&estmker mm?vm d¢ eyt arRmylidMedm the

t | t t ubi d
well 706 FREHER gics Hg?héfﬂr%gc{stq%@ ‘markngsgntie seaments as they are
GREP IHIS th fem rﬁ%}'ﬂ
remst he pres eﬁ%@? nveﬁt I on gé‘gv as(?hgér%d&édoﬁ'gﬁtﬁa’eeﬁy ve
acquistiop nanapyiar systeme14dain mmwlcahnrsndithtthe bracKing dwéde 64

otne A LRSI LT A Bl of s of e
segmenmhetr@sdﬁﬁl\)é produbforP HBiey sfrfP@ 20 &h8 Quéﬁ% r ol sénng 18,

| e cases an operator may s rrp nove

The f@? Y§GB'Pc5Q besialions thaavearavalisationesystem 10, ramrm:ec:fcally

the sqr3 AfmBli165 0 Ro8RRSLH Of wrdh iyl odindis #7p pogiioned

wuthlnvbhéltublng\dtnm 20tsme1 $udkenend\Being’ €9/ aéééus@m@ é’é@?ﬂeﬁf‘d
relgted to wear, patterns in this well bore.

P“““N'PS 3 inianme Py gethelered indhesiasvemrompuies 6 dn\s of e
conseglglﬁtitéié (t)tﬁé’t'mlétt%rr cb8eR63%he§ heloly 'ﬁe_ﬁ_’B@ﬂ&?ﬁ Ash¥Sition into the

well 7.

The tracking system 60 is useful when repositioning the individual joints of
tubing, or rods and especially for future analysis of the elements of the same
welthore. For example, tubing joints having the greatest wear may be repositioned
at the top of the string, and it is useful to keep track of this repositioning. Upbn
subsequent re-evaluation of the wellbore components at a later date, rod and tubing
conditions may be compared and thus incremental wear and corrosion determined.
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i ndi cating for exanple a | arge nunber of wear

| ocations for repositioning rod guides 35, based on
correlations with other data such as the deviation
profile. Thd wear nitigation soluti-on may include
lining the production tubing string 20 with a poflymner
lining 33, indicated conceptually between dashed break
lines in Fig. 3. The solution nay include using a
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to better distribute wear wt
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i ncapabl e of directly receiving

di or ot her
h‘{é‘%ﬁ E%%Ct@i WftVﬁaBRn PE\ides the signifi Qamtra:tbmmage of
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codé 63

been;imtad ndidasbemblingbegrented galr dthing sﬂéhd bﬂib‘l@btrﬁ@%’i@rﬂto?f-srte
he sucker rod

due t§grp ﬁ%’ "i'ic SY fl}ﬂg(jz'fﬂ‘%’ru Iﬁﬁ'l%lt%toé&lr%ﬁgﬁ He. M‘@Drdrmg tahee specific
embddiraelst agtrﬁemweﬁm% 4 m&&@%m%&@&%ﬁ%ﬁ%pg&aa rod

segnents as th ey are reinserte

sensqrdﬂglyg@ﬂ withhBensarepackage 1@l fod sdnying Wear datiee sucker rod string 18
conmuni_cati on-

as it FopRl f@ﬂgﬁ%ﬁ'?&ﬂs@tﬁ%ﬁ%@ wdpralie eRetTing toFigura 2 for
lllustra‘llrmes:hé Fod GénsbP12 M&'}C&brﬂenﬁé‘ & rﬁﬁg icvfﬁr%ﬁ (%Hclﬂhmg

the segnents of the respéctive pro
magﬂ?ﬁ% Fﬁ@ %andwgrameaﬂ gepsenahoasot.sThe qu $8nsdint2 may also
th ti
compQ B UELEREY Heliiog 14 b us GEond Sariivet e

Accordmg@dprst spaamﬁcoérrmhdrrﬁemtrfdr evgiuating gsgiﬁ@hrecﬂfo% ?(tnng 18, LVDT
44 is srtragd_rwrthrnthetubrn strin 0 and suc
thelyded. The magnetic, fux leakage sepser c¢lbmdrgiall-effect devrce 34

and Ialksgf' Rii6R &%Hrét&r 46'ate FARERY shBodd froRrtthsHod ST 48 and couptlmgs 19
to remotely sense the diameter, wear, cross-gsectional area and pitting of the sucker
rod string 18. The data acquisition computer system 14 is in communication with the
rod sensor 12 'fo_r‘_computing the rod profile. Again, a plurality of differently sized

. sensor inserts 26 may be included for accommodating a plurality of diameters of the
segmented sucker rod string 18, each sensor insert 16 including the rod sensor.
Sensor barrel 22 optionally receives sensor insert 26. This embodiment senses and

Mmeastures one or more of the presence of the couplings 19, wear to the cauplings
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consequence that the bar codes 63 may becone illegible
upon reinsertion into the well 7. The tracking system
60 is useful when repositioning the individual joints
of tubing, or rods and especially for future analysis
of the elenents of the sane wellbore. For exanpf,
tubing joints having the greatest wear may be
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tr s and evaluating themoff-s
solutioh er'?é’%?'?ﬁ&&%‘}’u@?re‘ﬁ lransmite the lrrfmmmtnomglsadleto the field,

such aéQ@@aia ﬁ&qh@utfbﬂeco?ﬂmgﬁt'ef' s@gﬁeﬁgﬁ ﬁrﬁ 3(2 @8 rﬂrql@vg Satabases The

i nvention
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he sucker rod strln
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reno
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acquisition computer system 14, to server computer 16 back to the data acquisition
computer system 14 and any other location worldwide, via internet protocol, results

. in an internet published apphcatron of a real-time or nearly real-time wellbore wear
" mitigation solution.

Figure ¢ illustrates how the wear evaluation system 10 may more broadly
integrate raw and processed data to more comprehensively apply a wear mitigation

‘solution. A variety of sources may feed the computer/server 26, such as the server

database archave and simultaneous data from additional wellbores in the field and
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during normal wel

ect e ensors,
unit a&gé{) " oeRlORat a i s optl onal |y di spl ayed
Cm@hé Qsplléﬂﬂfdhewé 88vi q%ﬁ%%q%%ﬁ@ltﬁg tga'g \f(grkt)ver process

such as wth data acqw 2

condycied to reroae tie Mha&estshgrfmrmiue wilil TiR @R ﬁfﬁgnﬁ‘éj Id¢atdd in a

. 16 which th
Iandu&?ﬁ ﬁgfee t%’@ %F?ré' s%trtﬁﬁ utﬁ‘%{!@ of “t‘!ﬁ‘gtlkmligcsf@:ﬁgr ar haéwgrc:p?}mg
speediaf the ool hhg beets828 Hy \Ril ne gle re @Exgﬂgg It%rcontact

vwel | bore wear mtigation so |ona
the mgge sirisea of de prhing.cardlsing Sepee clps wmm al&bﬁforﬁélﬁtthe inside

surtacl e Rty 1A Bold e BRalaliterny <t or i cal rai 1 ure

|'Fﬁ&)tammayrbe retiiebid freh el BoftdiR of SREWNBEASES YRS whihg is

whi.ch carrelates the data and conp
- pulled Jo tth‘fgﬁw?%?f’-' Lg@l‘%ﬂ%’ﬁﬁ‘"ﬂ' . sEubing stl‘o@%gths]@eridre comprise

two 3¢* s3aRs B06° This pes Faygation.
to data lg%%?m I on g!ﬁ%ﬂ{r@rs 804+ 31'2?5“ d“ fslayiation or
inclination kool statading ststionahefor a short period while the threaded connections
are broken out. The tool may measure deviation of the wellbore both while in motion
and while static.

Figure 11 conceptually iflustrates a 3-dimensional image of a producing area
- lease or field, including the surface location, depth, deviation. as to bath inglination
and azimuth, rod condition and tubing condition. Figure 11 also shows a conceptual

representation of a single wellbore image that has been “zoomed” into in order to

analyze the specific deviation profile, rod proﬁle and tubing profile at a specific
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data nmay be nmade avail able to, displayed and
i nterrogated by any authorized user of a conputer
with internet protocol access such as an operator
field office, a third party engineer, a field server
unit, another optional |ocation to be specified, "and
an operator engineer, all at any |ocation worldw de
‘éh aut hori zation and intenet access. This
depth. QiherwellRores in the aras avith similaneonditionsimayarescoselated by color

tsogrgﬁ{s%g iﬂ a acquisition conmputer system 14, to
server coﬁputer 16, back to the data ach|S|t|on

cawmgh spesifiersriodintbrAs vf e RvehtRsPhavd bueh ddetMed herein
in so ¢ igb §ﬁ§$$0t000| results in an internet

'Ei'@bqef g 23 dgRe splely fardhe pumoses ofexplaining the various
aspegiBfihe IMeiibh hé iy ReY intdAde iR Sle Yk G ifidifion as

| ustrates 1hOW wear eva 1on s
definegh incther elaians whiah fofowt eThose sioﬂtédpn dhe ssegilldfiderstand & the

AR A ol e

 altorations, arsd oRlifEAIORS, i 56t Rt
ata from additi onal wel I'bores ?ﬁht w&lﬂﬁatxves

. specitigally diseussed dwing dina gnaycbe made indhe m:si&msmfrtbeamhnhon without.
culmnates in an ongoi ng well bore i mge
deParEH%pl ng %Lpbéa which nay feed the field service
unit, the operator engi neer, other engineers, and the
operator field office. The net result is a thorough
analysis of the entire producing | ease or field,
including single wellbores in the | ease or field,
whi ch may be sinul taneously analyzed by multiple
persons so as to provide a collaborative environnment
and thereafter continually analyzed and refined
during the life of the | ease and beyond. It is a
benefit of the present invention that additiona
wel | bores within the sanme | ease may be eval uated by
the system and al so i maged within the isogram mappi ng
capability of the system using intenet protoco
publ i shed application. 7 Figure 10 is a diagramof a
sui tabl e system connected between a nobile field wunit
and a command | ocation. In one application, the
deviation is retrieved with the normal workover
process conducted to renpve the tubing string from
the well. The tool may be |ocated in a
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| andi ng. nipple or seating sub at the | ower and of the
tubing string. The dropping speed of the tool nay be
retarded by utilizing one or nore wire brushes that
contact the inside surface of the tubing, or.using
scraper cups which also contact the inside surface of
the tubing, or using parachute centralizers. The tool
Clalms may be retrieved fromthe bottomof the well bore as
1thetub pulled to the surface by the workover
ri g Y6 & %\fqlv%on srrjensfogeveluating toe n:pndmen cfwo 30’
compo Nt t of . the stri
PoneRBLN IR, RREBUR Rtdifa A reddisiondibine g

positionaledn isomell anélar suckerood shing ﬁﬁ)v\abld Rithin@hb Pré&RAsEdn twbing
.are broken out. The tool nmay neasure

string, theo%&?%%tl Oné‘f‘ 8ifle wel | bore bot h while in motion and
tworbi irRr§ tsehb6rs Sh1861a meCtHB #%h&shé& Hf é gg&u%pn sensor

3-di nensi gnal i mage of are
movable within dhe well t@cﬁemetarw ewa‘sace irictioator of thdepéiibore to

determmeda?ﬁé@ita'neﬂ pr ﬂgﬁ geg'gﬂaﬁrrs%tplsﬁ]ng @5}? &e%?uggé EV@E?@%S a

condi t1on

corrosion obthecsuiaker rocﬂ emmfﬁ@ ita$ réMoRbd Froth T Relltd Bp%rn%d{%gggd

that . has been "zoonmed into in order to analyze
profile, and EZ‘UPM%SWFJW 8eNgingandomensdring wicar or eonosiohiofithe
roductionUBir t r, well bores in the
/P ar eadgmﬂby m férﬁ%‘r%é? ﬁogﬁ@ Qa?ﬁji%gewea@ Lpigg profile;
and col or isograns nmappi ng. Although specific enbodi nents
e_.i nventi on have _been descri bed herein in sone

a C‘”d‘é?'zﬁ1 ¥ in cammypication withdhe twel @ potesendoss frqoospsin and
comparingad Mool I eApepite <B7REEH D! 15 ARHRT A TR

is not intended to Iim ope’b
profile as gfinctieq of depteircthe wellwhi ch fol | ow. Those skilled in
the art will understand that the enbodi nent shown and

descri bed is exenplary, and various other

2. subsaystexhlamdeﬁneﬂi IECRIMCN Swhérdth ﬂﬁdéémg@tte'r ?{ﬂﬁvlp all
three of th ‘3 |n§ fijt not limted to those design a §¥ts
% %‘6? 22 Brefle groskprofiley anst taibing Wldne made in the
practice of the invention w thout. departing from
its scope. 24 Cains
3. A system as defined in Clalm 2, wherein the computer determines and

outputs a wear mttngatron solution from one or more of the group, consisting of

-, fepasitioning or installing rod guides with respect to specific depth zones of the

sucker rod string, lining the production tubing string with a polymer lining at specific
depths, mtatmg the production tubing string, rotating the sucker rod string. changing
_pump size, stroke or speed, changing the diameter of a section of the sucker rod
string, and replacing one or more segments of the production tubing string or sucker
rod string.

4. A system as defined in any one of claims 1 to 3, wherein the compﬁter outpuis a visual
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1. A wellbore evaluation systemfor evaluating the
condi tion of conponents of a well system the well
system i ncl uding a production tubing string
positionable In a well and a sucker rod string novabl e
wi thin the production tubing string, the system
conprising: two or nore sensors selected fromthe
group consisting of a deviation sensor novable within

representation afthk compaTioe afitdorarasarzeof thel devidtioonprefile, hed profie,
wei l.bore to determne a deviation profile, a rod

and tubingQofile. ¢ o sensing and measuring wear or corrosion of
t he. sucker rod string as it is renoved fromthe well
to deternmine a rod profile, and a tubing sensor for

5. serfsByglernas defised inmglaimat. wherebt thesviswal geprasentation

compris AL SO 00 BB i SBuBOSREHL B . o

tubing profienmuni cati on W|th the two or nore sensors for
conmputing and conparing two or nore of the respective
deviation profile, rod profile, and tubing profile as

6. a WapEtbRaOiefitd th CRIMNE %Em the VisuH ?é&@s@ﬁtatlon

defined in Caim1l, wherel nput er conpar es

comprises arthege dimemsional\ilettofdhe meviation, proﬁhb profile, and
tubing profile. 3. A systemas defined in Caim 2,

wherein the conputer deternines and outputs a wear

7. mp gﬁwmssaémeoqn dlapm1o %e%mrﬂ%b%oﬁﬁpdtafec&hg%s two

consi st i ng of rep03| tioni ng, or | nst al
or more of i devialipa iprefde pectprofiles paditebingdepfile \azlumago of midre of

he production tubing string
rP“°‘dewa@#ﬁﬁ8§‘%%ﬂyﬁeﬁ“ﬁ?ﬁ?hﬁgﬁggﬁ ecific depths, rotating
t he production tubing string, rotating the sucker rod

strin changi n punp. si ze, stroke or speed, changi ng
8. 8 %M%Mtaé‘r g%i“@é‘d?mﬂ whereia tg crAPUteRICOmparesgne

r t
o moro of WEEABLGH pASue1BaRig e Sn3 SAHEha 5, 56 BT
with data fraer anettier weflny one of cl a| m 1 to 3 wherein the
computer, outputs a visual 25 representation of the
conparison of two or nore of the deviation profile,

| 9. rod s@gt% 'ag Qefi ned in any one of claims 1 to 8, further. comprrsmg

a marking device for marking segiments of one or bath of the pr@duction

!ubing string and the sucker rod string when pulled from the well;
| a tracking device responsive to the markings on the segments as they are

inserted into the well; and |

a computer in Communication with the tracking device for tracking the relative
position of each of the segments of the respective production tubing string and
- ‘sucker rod string.
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and tubing profile. 5. A systemas defined in Caim4.
wherein the visual representation conprises a

graphi cal display of two or nore of the deviation
profile. rod profile, and tubing profile. 6. A system
as defined in daim4. wherein the visual '
representation conprises a three dinensional plot of
the deviation profile. 7. A systemas defined in daim

10 hévdem andetaesin Slaicodparetsin We markings eooipridectar
jaty 1.Of & fil nd tubin rofile .
code maf{is s BRRSHIT G PaRblstr o8 R BRI tefing e
bar code mudrkinggswear data. 8. A systemas defined in Claiml.

wherei n the conmputer conpares one or nore of the
deviation profile, rod profile, and tubing profile

11f r oM EREeBd defifYPih &Y oid thh@ﬁfta@edm’g%’&rﬁy RIRES co@riging:g-
A systiem as defined in-any one-ot clains 1 to -8, '
a wigglese intedage fariinterfagingathiel comnpieter odth thie twar & mgre sensars.
segnents of one or both of the production tubing
string and the sucker rod string when pulled fromthe
_ 12uel K systémarsdafh et Clairh 3D Wdrem the: ddipler gé l&fb&ion
. t he segnents: as they are "inserted into the well; an
- spaced frgmdhgwelband gopuneRisateswighthe well docationasing intéenstqeratocol
bv wi Ok ' E%%ﬂ% ative position of each of the -
: bymrelesfsség?refeﬂ?é‘é'ggﬁﬁ e Fég%)'ective production tubing string
and sucker rod string. 26 10. A-systemas defined in
Caim wherei n. the marki ngs conprise bar code ,
s é(isﬁgés"? asane&”?%g apy Aot iy riesAding clabip vhereis the daiaticmelmsor
' .compriseg-eader for reading the bar code markings. 11. A
' system as defined in any one of the preceding clains,
thrgq,paise of a8 meceidrometer and 2 lgysssdapec hsh @dirieing positioned

sethadanal Ci t he conputer with the two or nobre sensors.
Qrthogona!{g?(?kgeﬁopgqﬁ as defined in Caim1l, wherein. the

SyS
conputer is at a location spaced fromthe well and
conmuni cates with the well |ocation using internet

T 14 pr of s¥séim as defined in any one of the preceding claims, wherein the rod sensor comprises:
one or more of a magnetic flux sensor coil, Hall-effect device, an LVDT, and a

taser micromieter.

15. A system as defined in any one of thé_ preceding claims, wherein the tubing sensor comprises:

one or more of a magnetic flux sensor cail and Hall-effect device.

‘ - 1B. A system-as dgﬁned in any one of t[{e greééding claims, further q_:grhp{ising: i
a-plurality of differently sized sensor inserts for accommodating a plurality of
‘diamieters of the sucker rod string and production tubing, each sensor insert
including the rod sensor or tubing sensor. | | |

17. A system as defined in-Claim 16, further comprising:

27



by wireless, satellite or wired neans. 13. A system as
defined in any one of the preceding clains, wherein
the deviation sensor conprises:. three pairs of an
accel eroneter and a gyroscope, each pair being
positioned orthogonally to each other. 14. A system
as-defined in any one of the preceding clains, wherein
the rod sensor conprises: one or nore of a magnetic
a senspr basral o7 selettivalyreceivingataatieofitbe differelitipBizeargkgor
inseds‘- | aser mcroneter. 15. A systemas defined in.any one
" of the preceding clains, wherein the tubing sensor
conprises: one or nore of a magnetic flux sensor coi
and Hall -effect device. 16. A systemas defined in any
18.oneAs¥sterhes defined i any oot af the pretmﬂgrmmaaﬂprelrsiha qu S&nsor senses and
r r
measuros BhWd ehit ofved Kf &'l Hha i SaRle IR 8 o Bharape
string, diametersf ithe goapmgqmelarcb a) nod ghideg diamseteh of @vedrguids 6ol
:ﬁanuﬂerg rud n helr sen or tubing sensor. 17. A
. 99 GrenRT s el e, o @'ﬂa’f’% 16, further conprising:
27 a sensor barrel for selectively receiving each of -
the different|y sized sensor inserts. 18- A systemas

- dafsiysterd ak 0 le%)d DA dhe of he pRICEIRE EIMths Clvivdr &R thé’bﬂﬁﬁgﬁ‘ééﬁsor senses‘and

measures &R& or?rqo g %m%ne\.ggsﬁ g?eﬂfj %ﬁ'ﬂ@'@%ﬁ%ﬁg gs%cgpngﬁgeg ander

....:plttlng, and string, dianmeter of the coupling, wear to a rod
gui de, dianmeter of a rod guide, rod dianeter, rod"
cross-sectional area, and pitting: 19: A system as

20. .'d afsystedl aks defiRy iDas Bk of e D%C@&I%j({‘.lé}g]s C\Lr["ﬂalrgﬁ themgiaf?dnrke sor senses
t he tubi ng sensor senses-end .neasures one-or

and maasur@mong ommre ablvélllbdmecrlagieg seOéﬂ@Srrﬁ;ﬁﬁétl@ﬁ&hgw eﬁaﬁg"@ in
ten1 defined in any one of the

|
inclination %‘? tl"@\ge ‘t he devi ati on sensor senses.
and nmeasur es one or nDre of wel | bore dogl eg severity.
inclination angle, change in inclination angle al ong
21. t hR mgthiod fan @valzf.ahngmear to components of a well system, the well

system including a production tubing string positionable in a well and a sucker rod
' string movable within the production tubing string, the method comprising:
selecting two or mare sensors from the group consisting of a deviation sensor
.‘ mavable within the well to determine a deviation profile; a rod sensor for sensing
-wear_to the sucker rod string as it is removed from the well to determine a rod.
profila, and a tubing sensor fer sensing wear to the production tubing string as it is
removed from the. WQII to determine a tubing profile;
| positioning two or moré sensors at the wellhead: and
computing and companng two or more of the respectuve deviation profile, rod .
profile, and tubing profile.
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d stri . 24. met hod as defined in Claim
' the;dev\li/ﬁigne‘?rﬁﬂ[%ﬁﬂéﬂ 8¢ fRd dubing psotle camprisesyi ati on

21. A nethod for evaluating wear to conponents of a
well system the well systemincluding a production
tubi ng stri-ng positionable in a well and a sucker rod
string novable within the production tubing string,
the nmet hod conprising: selecting two or nore sensors
fromthe group consisting of a deviation sensor
novable within the well to determ ne a deviation

pef i 14 methpd @ssdefinad indrlainardd, figrthevazomprisinge sucker
comp s 14 EBeRTct o rd BRI e @R Ao 3. s Sotpruai fibing

sensof.0 the production tubing string as it is renoved from

the well to determine a tubing profile; positioning
two or nore sensors at the well head; and. conputing

Fad CcRa I h tive deviation

profile, rﬂci) a%\r/&cﬁﬂlﬁlregfmad;gﬁ{' Ett‘)rﬁlg'{'gefrgﬁ%ﬁ‘%ﬂs'% 22. A

detergiining alefcan entigationl solutidd frdm onleeasr. MBMAPS] Bietstoup
t hyee of the deviation

. ti and ' |
cons B A SR Sl e s ot
zones 0btheUdIRS rbd sHARY, Tndk th%%rbﬁﬁftti@? tiihG Fg}g}% with a polymer

. . determ ning a wear mtigation solution one
lining a{specifie dqn%h@rrgtqjmgcmasjmduo@mtubia@ otring, eafiatiog te sucker rod
fo ] [ guj.des with respect to specific depth .
string. 6fdihg oifing 82l HrPRS ofisbeefrganaine fng Bietneteg atiatsestion of
the sudkebrod string. 2adweblacnd ehy 8 mork! $H nkdduct i
. dept hs, r(gt ati ngbt he ‘cf)roducti orﬁé{%@%ﬁ?ﬁﬁé’?ﬁmm tubing
string gr sugkefnpd $8ngucker rod string, changing punp si ze,
stroke or speed, changing the dianmeter of a section of
the sucker rod string, and replacing one or nore
ZbgreAtmsetiiod dedefivetd it Chiimt 210i wierewt bbl‘?@aﬁhgg\li@‘iﬁrmore of

GUtphiting a (iad ; d ' £l ri ses:
 Giipting:a tCabidplosenafd of 4 Blnkifbn B R oo
deviatiogr profite, sed peofilepand tabing evofitei on profile, rod profile,
and tubing profile. 25. A nmethod as defined in Caim

24, wherein. outputting the visual
25. A method as defined in Claim 24, wherein outputting the visual

representation comprises:
graphically displaying two or more of the deviation profile, rod profile, and
tubing profile. :

26. A method as defined in Claim 24, wherein outputting the visual
representation comprises:
plotting a three dimensional plot of the deviation.

27. A method as defined in Claim 21, further comprising:
comparing two or more of the deviation profile, rod profile, and tubing profile
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representation conprises: graphically displaying two
or nore of the deviation profile, rod profile, and
tubing profile. 26. A nethod as defined in C aim 24,
wherein outputting the visual representation
conprises: plotting a three dinensional plot of the
deviation. 27. A nethod as defined in Caim21, =~ ™
further conprjsing: conparing two or nore of the

with gy pamasa gbineer deviatio. fdbweke, amhtibingwegr datf.i | e 29
with two or nore of prior deviation, rod wear, and
tubi ng wear data. 28. A nethod as defined in Caim
2128.f urA hesthod mprd efined!. inCOIBRAZN Qudist ImpiiRgof t he
deviation profile, rod profile, and tubing profile
£ ARG, BAF OF Jicire, A A6 K iAtE v Bfiea e Renflacpnd tlding profile

ﬁnmﬁé%ﬂs%téiﬁ%ed’ath%ﬁﬂyﬁ?ﬁg&fws jaims 21 to 28, bot h

further conprising seghents of one or
of the production tubing string and the sucker rod

st g wWwth a unigue_ identification when pulled from
vveI f method 25 defiet! AR ichgaimsf 1 i hed: %@‘ﬁ%‘fﬂ‘?”ﬁ@g

thwkargesegmsmetcﬁ%ddtﬁﬂbéth%mﬂb' ek
relative gmbltl on of each of thepr{s)g’é%ntgﬁ@gp Qﬂ‘ nd the

suckerded sting, with 2, uigue ddentifigation when pylled trosutheeweitpd
t f wherein -

feacj'%‘“é“ﬁ‘a g On B8 R ndRs I8 hRF ki sarbLlolntng wel ehd
trackipg the celativa pdsitiea dif eachive tﬁarslégdl@ﬂﬂﬁiﬁméres%&% ducti
tub"]reeﬁ n he ,bar ?e with a bar code reader. . %ﬁﬁ uction

G 0515@5‘&3@5 'H‘Qany one of clainms 21 to 30,

further conprising: wrelessly transnmtting fromthe

two or nore sensors or fromthe conputer at the well

t¥0-a | anethed apdefned inoGlaime29ekhereB2matkingtduzinats.
f to 31, furth
compiSes RERang 8 e G Entwith Ypdts, e sPaging topaneried segments

- comprisesemaslig e barseideswitR'a BSCEOIPRAIderg a plurality of

di ameters of the sucker rod string and production
t ubi ng, each sensor

- 31 A method as deﬁned in any one of clalms 21 to 30, further compnsmg

' wrrelessly transmitting from the two or more sensors or from the computer at’
the well to a tocation spaced from the well,

82, A ;_nethdd as defined in any _e'ne of claims 21 to 31, further corh'pfis'ing:

_praviding a plurality of differently e’ized sensor inserts for accommadating a |

plurality of diameters of the sucker rod string and production tubing, each sensor

msert including the rod sensor or tubing sensor; and
selecting one of the differently sized sensor inserts to accorunodate a

-respective one of the Qlurahty of diameters of the sucker rod string.
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insert including the rod sensor or tubing sensor, and
sel ecting one of the differently sized sensor inserts
to accommbdate a respective.one of the plurality of

di aneters of the sucker rod string. 30 33. A nethod as
defined in any one of clainms 21 to 32, wherein the rod
sensor senses the presence of a coupling that joins
segnents of the sucker rod string and neasures one or
nore of wear to the coupling, dianeter of the -

33. coupiefigd aweefnet o ayooe ofdldiche 21 (iR RMERTR th ro8 sE@r senses the
area, _,and -

ST ) TN T
one ohok® oBReanheiii Boﬁﬂﬂﬁtg# \HrAABSTIIRE c&mgﬁr‘?g? t\ﬁggldto a rod guide,

measures one or nore t ubi ng wear ckness
diameterf & e quidpaioddiamelan rodicrossrgections arda pand pittias.

defined in any one of clainms 21 to 34, mhereln t he

devi ati on sensor senses and neasures one or nore of

wed | berneﬂmglasgemmef artyyonel of Elbin13at1it B3, M@l the hﬁ‘)ﬂ@%ehsﬂ)r senses |
the well and azi muth. 36.

and ml inclination anﬁ% fEhP
FBTHET A€ AMPHeE' MPIBd yvasHe wal thickness, HOf@%ssqf,ronal area and
pittingWherein the deviation profile is obtained by locating
a devi ation sensor -at a |l ower end of the production
tubing string, and generating the deviation profile

- 35. nhetljlo% asPJef rP rd 9%%193&3 %f {:I%mérbq to é ?%ree dj the E%ﬁgtfoﬁ\ég%sor senses

ace.

and madwires bnehe dend of Wenb&RN§S%le %evBﬁ@s gféllbﬁ lﬁH gl %hange in

strln to Iand in the ower
'"dmatﬂ?‘bﬂ‘i‘ﬂ%? wgll. afd jaginutind t he speed of . travel of
t he deV|at|on sensor through the production tubing
- string is retarded by one.or nore wire brushes, ,
. 8@r apﬁm&thquasainﬁhﬁai a@hﬂte&;f cepiiriab iy, %re:ﬁl&eﬂe%@lﬂ)n profi le is

. ar, eval uation SY stem for. eval uati ng mear to a
Ob‘a'"e?e‘i}}h@ﬁ?@ M Wﬁ%ﬂsgﬁah%@wmp pgidtiction tubing
tri D ]
string, ﬁﬁ Q@@é M%@U@Mdﬂdﬁﬂ%bﬁ a%%ﬂi&@jbgéghgmmgls

|nclud|ng a plura |ty o
“ﬁﬁeveédgﬁh%§0ﬂbg@¢her with couplings, the rod wear
eval uation: system conprising: a rod sensor for
sensing. wear to the sucker rod string as it is

| Ferovechdthodnas defined in Claim 36, wherein the deviation sensor is
passed through the tqbqng string to land in the lower end of the production tubing
string. and the speed of travél of the deviation sensor through the praduction tubing
string is retarded by one or more: wire brushes, scraper cups and parachute | ,
centralizers. |

| 138, Arod wear eva!uatlon system for evaluating wear to a segmented
sucker rod string movable within a production tubing string, the segmented sucker
rod string including a plurality of-sucke‘r rod segments coupled together with
_couplings, the rod wear evaluation system comprising: | '
. & rod sensar for sensing wear to the sucker rod string as it is removed 'f'ro'm; '
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31 the well to determine a rod profile, the rod sensor
i ncluding one or nore of a magnetic flux sensor coil
Hal | -effect device, LVDT and a |aser mcroneter, each
of the magnetic flux sensor and | aser m croneter
radially spaced fromthe couplings to renotely sense
the wear to the sucker rod string: and a conputer in
communi cation with the rod sensor for conputing the -
rod profile. 39. A rod wear eval uation system as

the wellabididmhiteG Abdpastie f et :B%rser&%?ﬂ{dhfdaﬁ@ ond &} ngF’é b ¥

of differently sized sensor inserts acconmodat I ng
magngficflux s@nsor csil, Hﬁ"aﬁﬁﬂ@rd@wﬁe. { NOE agderineer sumkeareteqaach of

*the ma RSB by B PR o SR o
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