VELLBORE EVALUATI ON SYSTEM AND METHOD Field of the

I 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
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production tubing. Rod strings include both *reciprocating” types, which are axially
stroked, and “rotating” types, which rotate to power progressing cavity type pumps.
The latter type is increasingly used, particularly in wells preducing 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 (COROQD) string can be used to connect the drive mechanism
to the pump positioned within the borehole.



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 sucqu rod surface
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additional deviation 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 él, 5,821,414 to Noy, et al, 4,987,684 to Andreas, et al and 3,753,296 to Van
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Although wear can be mitigated, it cannot be eliminated, so inspection of
sucker rods and production tubing are common in the industry. Well operators
within the industry commonly follow a “run until failure” approach, only inspecting
components upon failure of some element of the wellhore, which may include a hole
or split in the tubing, pump failurs, 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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defects in continuous productnon tubmg strmgs durmg removal from the well. The
tools and methods include magnetic flux leakage sensor coils and Hall-effect devices
for 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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Certain aspects 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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Because quickly returning the well to production is of paramount importance, full
analysis of any limited information available is often difficult, if not impossibie, to
perform before the well is returned to preduction.

The disadvantages of the prior art are overcome. by the present invention. An
improved system is provided for evaluating and mitigating one or more of wear and

_ corrosion on rod strings and tubular strings.
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string, employing a sucker rod rotator to rotate the sucker rod string, changing pump
size, stroke or speed, changing the diameter of a section of the sucker red string, or
replacing one or more segments of the production tubing string or sucker rod string.
| 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
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conputer may al so conpare one or nore o} t he devi ati

pr broneembodinpens auearklmeth?& Gdnaeand fof maEAG pagment of

on B b LA B8 B e e ot
froni&ﬁ?ﬁ@!c l l:i ﬁﬁa&kinggﬁﬂrtldels r?q{)dﬂsi\@ mdgmadténg‘s omtie mgments as
theyiasa inaeriagknia e Well 1254 3 SOBRGISTES FLRmMNGROR it the tracking
dewg§ Vérctﬁadk% &%ﬂ@mg Z’é’% Hkﬁ’ SZRA RS Bngb'ﬂﬁs SPBERBESective

i nser o the well, a conputer is
" produsticn thing s&tngmnd/\smdker e Striagk iTypicaiigyiheenaddngs will comprise

trackl the relativ osi tion.of each of th
bar Gada me q@%e%ﬁ the igg Wil B 7 iORG S48 AP
readf%h%tﬁ eTrYa H&? , the markings will conprise bar
r ki ng th

e tracking device will conprise a
baThe dee:ameaa;ensmaprefersaufmnmsﬂbrea:aaés (RACK] ¢f @

vi at i,on ensor
acod SRrF S Gt SRSRENR, I BT ltof BRI colifegho or more
of a ﬁm‘gﬁﬂncﬂm&fﬁhab& WH4liosRsot sefsem an VD) snd aftasemmgrmneter The
| ux sensor, Hall-effect sensor, an_LVDT, d‘ﬁ\ d%qsl
tublrm SeANSICOMPIiERE oneAr Meresel & B1AaREHE iy SensAaRy A HAlbetect
%f a magnetic flux sensor and a Hill-effect

SENsor.

Some embodiments include a plurality of differently sized sensor inserts for
- accommodating a plurality of diameters of the sucker rod string and production
tubing. Each sensor insert may include the rod sensor and tubing sensor. A sensor
barrel selactively 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 couplihg, 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
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sensor. Sone enbodi nments include a plurality of
differently sized sensor inserts for accommobdating a
plurality of dianeters of the sucker rod string and
production tubing. Each sensor insert may include the
rod sensor and tubing sensor. A sensor barre
sel ectively receives each of the differently sized
sensor inserts. The rod sensor typically senses and
méli%gﬁég &te 8r ﬁf&t@ lof Relibdratddgied serayEnélinatioh angte, shakge in
rod string, dianmeter of the coupling, and then
inclinaion esglerancoazimutie of wear to a rod guide, rod
di aget ef b il ecificall
t ubiih gome ArBopArRRs, 1F edE 8uaBh i, spEly thidhed td bpectcally
ovAREE: Bhe b Fidte of@ir and Smesion torsegmentedrodetrings as they are

ulied Soen Heivell P AKRTaVer 5. cSeIPBISSHOTRG: ocls TR
seéﬁ-bq%is é%%plg@ h[]ﬁu‘def E:ﬁ%ﬁe nﬁ@@pﬁg r!:{!ésgnéttiﬁe@dn&ﬁfg davices and/or

lag® ahierirheters yes muidlly spacetrb froch the rogestiing.cuichythat they do not
eval uat e on r and corrosion to

inteefgrowith dhe Eﬂg%ﬁémﬁ'&?rﬁutpﬁ ‘are pulled fromthe
el brtofedtfdl RViRforidbd to SRANF BbRGka! Ribassfthe gsventiohpand is not
ple

nultl

nts coupl €d Mﬁth |_ar ger djane ﬁjg%
intended ito Gully d&f@aemrddrmﬁl | giimverdion; déw inventian willhesmore fully-
t | a
undleEH1o0d b Bedipr appirsieted by SREEFned fthe R ilo YotAtion and

dr i ger coupllngs. The foregoing is intended to give
a g eral idea of the invention, and is not i ntended
to fully define nor limt the invention. The invention
wll be nore fully understood and better appreciated
by reference to the foll ow ng description and
drawi ngs. 9 Description of the Drawings Figure 1
conceptually illustrates a preferred enbodi nent of the
wear eval uation system Including a renovabl e sensor
insert for sensing a segnented, coupled sucker rod
string being pulled fromthe well.




figure 2 conceptually illustrates sonme of the
conponents that nmay be included with the sensor
package, including a magnetic flux | eakage sensor

coil, a hall-effect device, an LVDIT, and a |aser
m crometer. Figure 3 conceptually illustrates a
portion of a well in which casing is cenented, wth

the production tubing string suspended within the
ca [ e i ati on sensor being noved through

ipﬁﬁhﬁﬂgﬁs&aﬁvﬂﬁﬁgthe tubing. Figure 4 conceptually
I ' 'Fighf@ﬂ 2en d;btbﬁﬂ}eﬂldmﬁﬂwwpwfeméd)emﬁ)dhmnmth@mr
al ong wear and/or tubing wear, data

evalmttmw)@éewnﬂludtmﬂt& m@@vmﬁﬁewmnﬁ?ﬂ ar SFHE"‘;@Q ??ﬂﬂ“@“‘eﬂ
d Fi 6
coltif Suphanipy Ying BihgFRACAtrob et o Phcl uth ng, o

barFigare2 concéptagliy Busirateseomaokthegcampinardsithat may be

incGPOSHI e a0y packeie, @iy 2 meaRets Rk F3keqt BBREST ool o
hall:BfectHVIES, 4! L\ﬁ?ﬁ{?ﬁﬁ B laddratichsmdret are f1ow

grams concept ua ustrating exanpl es of
pr elFlguresa coopeptually muetratersea pedionaf 4 well iroshishHasing is

oot RS i 0 8 it TR A5 gy, e

deJ.Bﬁ‘oﬁ aéﬁﬁ%é.@ éﬂdv@ﬁ thiRRhthe desiibate wﬁhlnahet@blbgt h

inclination and azinmuth, rod condition and tu

conBigtire#.copeepiually illbstretasn thype-simensiopalaiel Qféae%ﬂellbore

alop it e ARt R wRREBR O er e Ty "2 10 11

Fi Oigard 6 diincephiedy Miestratds amthor pintokingaudibore cilony with rod
a rod sensor and tubing sensor is detailed further in
WBHI‘ godior Jubing wegE #4883 package 12 may be positioned on

f
"o B §nodillSl B3PS AR e Aol
mal?kmg ddgﬁ:erfbo dwrfmg rhdlwuuagsagmhamg cif@h@yocgoamqu, @nd an optical
re@%gm?éfﬁm%ggwﬁqn&%%gu 3201 oc%?qu p@t UF%R%E%I / 'tﬁg c?mduaiesegments
o Oy @{?'1% m\fPaa@?&n%%h@%ﬂu@ll?ﬂlﬁ&ﬁéﬁn@éxampies of preferred

~ conpon system t hat includes segnent ed
opgratida of ithenwieab ewglustion systR0i.posi ti onable in well 7

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 generaily 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,asitis

10



and a segnented sucker rod string 18 novable within

the production tubing string 20. Segnented sucker rod

string 18 has nultiple segments coupled together with

| arger di amgter couplings 19, although a sucker rod

string may alternatively be a continuous rod or

"COROD. " Sucker rod strings may include both

reci procating type rods, which reciprocate axially in
drofhdbld the@otfonh af Wadl 7t inpkerppoductisini tahingattding 20 dymrartty of

(owarsdan wiblios SR dorial BEERSHG LD ToR IR Ao Ii4ER vear.

co ag aﬁd@?‘{"ﬁg k%s%%alzﬁregoérﬁj ESEHATH M drAbtary\bf @Qlflﬁbﬂents of a well

conputer system 14, and thereby wt .
syt Heit isclodes arsegysintad peodurtipndobipgsying 20 pesifianable in well 7

anckasogmentsd sankenrod sirna 13 fpVable ifin 1y b o tubhg string
: ' trinig d together with
20 SR 10 i s ey oot
* largehdiametgi cooplings 1healthaugher suaker 16 sRINGIPRY ajjernatively be a
itti i . o i . (i .
corbuolg dietf GAREIDT h306K¢r BB Rritap Hbidad BB FHocidrbtating type
rodgi WHRhGEcipPSEAE akiallg il a(well, loh eotating itypeoreds| whiahdrotatiede power
' 51 n terns of dianeter and wear. Thesg, crit.erja.are field-
a prgnessiesi cadtypumpn BYsiermotd m@uﬁw mﬁﬁﬁ'ﬁq{@’% gmounted fie
JNathe f i ] o _ !
i, Sl 18 by S .00 GOniarg ot
acqiiditiGieyepUleralystdm 14¢ antiaherebyvaticeenver curepiuley system 16 to
corrtgar idng the@p{Jofi ILaetl_s. Corr{g t] qeggé)l th(ﬁi%ﬁ.@%{__)h_tfﬁsitﬁe
computeaand gompaee inéeamAtiansle [quﬁ! i e
i v I > Lo ! )
corifdnt bEWE B2 FEteRlofHERE, SPyts? Bairadon phlingaed wear, cross
sectiohBPareadsit bthee wall-thickness aeducing ﬁawa;_aiig _rthe ggndmpn of the
suckpbred 1Rd T ING: MR PswspotgiR oee A RAhbleT: (v) the
co 'cﬁrl%rF&F el dtiptings 19{1@%%&6’ of HidkWter'BRd wediruirid2{v) tieel condition of

S particular~we ore. Alternatively, detection of
rodrguid@@8rin dermief diamistgr aod wesr e fhesp chtaliraretpRded s a

sucker .rod coupl.jngs di ameter b
funglfer obaoRTATHP QPR T i ol B ProfiEs, SRS Befiation
profldTRAS REMRALALIAIUbIRE bidfits, 0w thearistente and severitydf the

indicate tt that rod gui des woul d very effectively
critetia agacorrelated §y wemparing thedatiiesext end wel |

e ﬁﬁ%b%@pgfqﬁﬁ%esgﬂgﬁ%&% gﬁ&fﬁ} Aldr@ UseRAtNE merdly 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 theshserved 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 from vertical, would indicate
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identification of the root cause of the condition and
may only be perfornmed with sufficient data. A variety
of sensor types are available for use with the sensor
package 12. In Figure 1, sensor package 12 includes
an outer barrel 22, which acts as an enclosure for

i nternal assenblies such as magnetic coil 24 Xed to
the outer harrel 22, A sensor insert 26 is renovably

that it Gyt68 W BT B oty TRERE MHiRG ek Sk iRty oitend we
procgf?#jlf‘:ﬁ ti%e.,*alkdn a%ﬁf@tatiaa r:msz Di_?l ésseatéal?far {rebmecurate

| erential transforners , n ase .
identificatioreokthe rovheaksmatine camaiion ans” may B Be perfogmed with

entrally about either the sucker rod 18 or production
Suﬁclcfﬂﬂttrq%kazo. and may be sel ected froma group of

di faf @riity by sehgerdypes are avdilable for¢s therapneoy Rackage 12. In

Fioge 1 o Sacten ) B W ol SRR AREE SS9 enctosre

220 R R0 1O BbippA fidad do thichutas harat 22.0A
for A e e o] Lhe cucker. od
sengbr insgrt 26, iswémwgbiyﬁe;wmtbmt@baﬁ@t &. Senperingg( 48 wypically
19, wear to a r.o ui I t
incluaés 956 o5 A1 MAGHPYETHE pghedl RSt CBis of Ball-effect sensars,
tinebt Phridhls BfAEnTRt ik Sterd JLUDT) dndlastalricrgmeaters, The sensor
wa nickness, cross-sectional area aalg pi &M&_ ;ggcﬁon
insate26 maybe pesitionedentrally Bbauheither 4he SUEKe[JO il
dogl e everit L nchi ' ; Ll i
tobingAd. R ey erele AP 5% ol pr BificiaiRzed inserts or
accﬁﬂq?&?é’cfd'sd § viafiebyd¥ realdriutsih afiaradters.r Shust the sensonpackage 12
profile

econd, "and the  tubi na profile third. In a
mayp hetise both thebied sansor apddha g S8RSYr of il e i s

L Ak b
sagnféhta Bf sl stickersd stiirn 18 sminiinueureastrachdiamater of the coupling

19, ymantng oxigads o, o] ganter 8d aspsrattBliel . anfi T piing,

. u ' itk | 4t wear, wall thickness,
L e o A D B e e o o
crobbecstorsn argaahdgitting. ding deialion sensoh&® may OREIg éﬂagaeﬁuch as

weliqcz;}n{% %‘qgﬁgeﬁﬁpg&%ﬁﬁﬂg% SHATBEGS inctikEk& T ahgle Bdng the well,
and azimuth. -

The rod profile is typically obtained first, the deviation profite second, and the
tubing profile third. In 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 welt by a work-aver 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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to transmtting to server conputer 16, where after the
server conputer 16 nmay act as a server. The
transmttal between data acquisition conputer system
14 and server conputer 16 may be by wire, or
alternatively by one of a variety of wireless

comruni cati on technol ogies known in the art, as
conceptually represented by antennas 13 and 15.

to traPGAfingab seFver RonTpiréet6, iskretafierghd Seives compuoter 16 may act
renoved fromthe well 7, a gyroscope &

s moceke: Thettenspitalbetwerndath a§‘é‘|’1‘§6‘P“t°6’BTp”Z%’ $ystem 14 and
Serg o&&?&g&? g§ W@FB&%&%:’%WI aFI Yitive S}}O&%gﬁatvﬁﬁe&lﬁ?'\nﬁﬁless

conh@Ricatioh Qadﬂmidgiés wnowh in the art) 2s Fomoephialby nepsessmed by
The devi at.i on tool 28 neasures and records
antennas h %\ﬁ"gn -rate of change of inclination and azinuth

of $donte lftEP Skt 5 SR APhag biek rémivasd irom the well 7, a

tubung over rrg,. or retrieved
gyrosubees: meneﬂeyomegermasedldﬁma?.@n semsot sl 28d9drapned to the bottom

o 5 By 7 AL, b 45 54D o

lowBFégf {d e lfd%lﬂﬁ%f f!ﬂ: whll FidrhwirBine 324 Thiedviationtdolds measures

ng pr0| This information is also transntte
and mmeds/mcllnaimm m@rofmange of inclination ape szamuth fhe a,velibore as

o3, 28R 1 595y T i gty

by \Ivfiétht?Bt tThettbel mnbr?vﬁdOWhmded dntorthe date dcguisitibmcomputer
to the sucker rod string 18. the ri

systaD! Vifonmmp it aneHaNThe! Bracess d8e GVietie FIBIRCaPaing it with the
S@ﬁ@%ﬁﬁgP%ﬂ%@? oéalﬁ’é fﬁ'?érﬂgat n% élseo trafsmitieliio tsEﬁwer

ta acq UISI I on conputer system 1

corﬁﬁ@@r v efosfigthar prédessing Mtcsttmnptlmuwﬁ)om Weao nptlgzémn
ubing profile and transmts the information to

s'="-‘|¥*tlfFé"server conputer 16. At least a portion of this

COMpitAlthe ﬁrﬂhﬁﬁ%ﬁl 9 lgrr?# 204 pu Elaﬂ’éﬂ frBth %%ﬁ;véiﬂbfithe work-over

acqut sl 't 0 er s Vi nhg acqul r ed
rig and respeeted simalarlgye the sm;karded string t&wﬁmtba righpile A tubing 20,

th { th
o.dBoratSSiastar8 St 20 AR BB 45y 1 (g SR A
wit B FRFsthRg 1BS BRI ¥8E AdHui) W tOMptdrisyateinfidwaceives 5|gnals from
programto calculate a mathematical nodel of wear

thetsensappackage tincothputas diee tuling peafile gnddransmyls the mfonnatlan to
thetcs%ﬁg” cﬁ)é“@q\%gq PFE%?%%HQ%’B{BZ rt]ﬂlg RSty 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 mode! applies correlative
techniques and other algorithms to determine a comprehensive wellbore condition

profile. The server-computer 16 may then determine an optimal solution for the
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profile. The server-conputer 16 may then determ ne an
optimal solution for the 13 mtigation of wear within
the well 7. The solution may be stored in the
conmputer, acting as a central server, and then
optionally transmtted back to the field unit, such
as to data acquisition conputer system 14, and nade
avai | abl e for access over the Internet to the

mitiRBh H 'y éﬂé‘%wﬂﬁr'i fRet 7. The s&ﬁft\sﬁrmapaalst&éd mthmaombumr

several hundred or sever al tho{gg h
acting 4®a centpl sevenlaad 1bgn |opt|enelty Wmﬁeﬁaagggo the field unit, suc

as t¢ gatopanaiey CHERHIS S¥RRNT 1in i hHdY AfiaBREF foodsy dver the
mt&rg\ék td ?Jgf‘a;ﬁﬁhhﬁate%s&ﬁfé’eﬁh@Wrﬂmrﬂ;&maﬁ siay thuseer located

ude of wells, providin

severstivamdre eclybr ooroLhonEang rilleB ey, onabled ydnteraptand

|
bbbl e, T Sl o
maHdgléﬁ\é?ﬂfo@ alfighdof fitiple welled 'e'rhefsemtrmommtem ® ma:,om wear
date e e Wols e e The Conveiganes Bt B2% LS dbcessing
Iocagﬁﬁ d#lic'l Qﬂar g@ﬁ@qétc}ﬁrﬂeﬁﬁé ‘iug? Emfy‘ thkGod HABINGY aﬁ@ ﬁév&h@h@éta from

nputer the data assenbled in
onetWdll, bubth mmélaieeuketdm fieprp thes rvdtitude of ather wellg in common

fil t ed, and
arod ks a s TA AR SEERS IRt iR B e than one
| ly b
wellyBlif A5ftaduciio icpotftedse 0P Meld.| 25 TRV o or i opl a ay
Su c-having biéerpslyedvon Itlme sefver compwien 16, alidhe data assembled in the

b he.d
S e e TR B B e andaneos
by rh@él‘?ﬁ bEh %?é@gcélr&ﬁba% B eviities® formats. lFémﬁndtance the individual

ySi s romthethree profile

promesﬁmemrrmhcbe dispiayed individually iny attwo-C%lmGﬁ?'@H@' djspley; Sucha

I
s Put Sl o o0 JOFRIIon Al nd g tha o e
profii8y nisy bé emrédqﬁdep@mmw withoobinterrelating thampl 'ﬁo mzde a more
the well bore's phyS|ca

usefih @nalysisy the datal fremitae eer%B?@i%P?%tﬁ@g‘Fm foIpleg. in that data
froni()\ghé qr@ﬂg i Y%&%ﬁ&b%&% flon? % RSthef protiie d AishBw iRIFigere 4, for

the earth's surface above at the well
exafiipie,. a (Bré¢icimbnsioralgdisplay 56 mey beodewsd on sBreqny 1pgomprising

o oG5 o e TR oy s Pt} BPSidigh bibgld et rfcat axis 52
repraa8hiidedth O 7 FER! dnd WhE hBlizormBFaxa $9Erdeing alplam parallel
with the earth's surface above at the well site. Critical areas of the wellbore plot 53
n;ay be grainhically identified or labeted with the rod data and/for tubing data. The
plot 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 59, identical to profile 57, is labeled with rod wear data. Many other types of
display are possible, wherein data from two or more of the rod profile, tubing profile,
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profile 57 is displayed and | abel ed with tubing data,
and anot her well bore deviation profile 59, identica
to profile 57, is labeled with rod wear data. Mny

ot her types, of display are possible, wherein data
fromtwo or nore of the rod profile, tubing profile,
14 and deviation profile is plotted, conpared and
interrelated. It is a benefit of the present invention

and g?%gnSﬁ’ﬁb%fﬁlé?ﬁ‘gto& dNethrhpiled 2 hiredstedwi t hin a conmon

'ease, or area may be correl ated
I n’ﬂ@ted bemefihof the [rgsenti |mm@ndhamnggu3@§mt: 3 gllﬂmres

withly & AP RGN DR ingt T, ToFek 8 i U boirtar aé‘;‘*gmz%ed such
as bﬁv' ﬁ’é@?@’gﬁbﬁﬁeﬂfg‘?m d?tgltﬁdfamd:dappibgfwhamﬂm@e applied to a
wsuabdillsplaymchﬂgeafmm indFigueutie Bhe aﬁ%&ﬁ ﬁc&fét@r@mpanwn

o okl it i 0% %?‘f’#’iﬁ‘gﬁ%"?%%ﬁ'ﬁ‘%? e

wellB8resl Olﬁgentgﬁaiomé of mfgnmﬁimt mibvantitogihedmiterg higtory. y. thot cause
t t

of etk Robing WIS GAeNIRS BIRE ans Kby dpYlefER HogRbRy, Shaiyzed,

compfia A SrapliBuiy pakern. el datire Ualtahdseaéart o tvsatigated by

Ic display of relevant wei | bor
any Guittbrizednssds eiith ihtemetproldaot 20RaASSHAF we l asdigpiayed at the field.

Thus%t&gﬁm ftwémrggﬂeg%éﬁj uﬁﬁspﬁggﬁ‘ ?%ﬁ{@irﬁﬁ?iﬁioré :c‘éhﬂrtrons both in
spe‘g‘ﬁ é?ﬁ)%%@é‘ﬁ’d léWéﬂbéﬂ!séW ﬁﬂn ﬂ@droﬁmiwm@aaeamw field.

1 on, as in the nobile field un

Ths:mﬂraum mgll:nmw weaacmtjgatiqri inuw@ge@ﬁrgty taém readily displayed
anciaee] arprbgpitian el oo FRESTEphi g R cohpaibhoda
acqll s@@ﬁédrﬁguteﬁg%tﬁg} I&é d?hﬁd?at?n mayrthos lmmdly iofplemepbihe
we"bepe wear mitigationcsoruian boare e Wal P bR ITRORFlY
I{Qg%ﬁé@é [&Zl% emﬁ@d%e?& SF‘Eé“zT%r%ckQQe 12 generic cylindrical

are general known
meﬁ%@ﬂ!ﬂ fepraRans éithdrithe rodstkiagd Bmtubngc?énmg 29 heing pramined.

o okt at v it b e B B For
exaﬁ%gégﬁs gﬂ?tlé’ﬂﬁi id&ag%bhs&%&!&%@%ﬂhm sensors are known in

S onal area change and fatigue cracks

the pIrowUdstecnandimeagureschangesin RAgNSHS JHX dereity %Eﬁ%@ by corrosion
pxmggeyagmg@peéésrg(g%?{ésﬁo gfoggrs%cﬂm@ Eﬂgnéﬁ gﬂgﬁéﬁﬁé Biacks on
production tubing, sucker rods and en COROD sucker rods. Magnetic sensors are
also known for detacting 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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change in dianeter of rod and tubing. LVDTs are also

generally known in the art for determ ning dianeter

and thi ckness of specinens. Magnetic coil 24 is radial

spaced fromtubing 20 or rod 18. to magnetically

energi ze thée tubing 20 or rod 18 w thout touching

them Magnetic sensor shoes 34 are radially novable

with respect to tubing 20 or rod 18 via floating,

lar

ﬂoatﬁgosimg ﬁé&éﬁg%sr?oﬁ% gsa?égn‘%l aI I TS rerg%g’ntwﬁg%é@a
surfageMsinea tutdag L0erod 1&ou Icauphm;ym pass tirough itt ubhegernrspr shoes 34

mayg%gélf?g‘l%rgn%glg%e ﬁggﬁw S0 «prhlgalr-gﬂ‘gcg% Tcg:% ensgsreof}ux leaking
fmm'ﬁé q@%%‘?tw%ﬁﬁ gehgraiﬁ gSfighdis T hesponBs. Sigmahwife3? passes

or tu gener atl ng Si gnal S I n respaonse.
signelis dromh the slm&?%&mﬂusda@ apeisitian eemputer system é& qf glsewhere

the data uisition conputer system 14 or el sewhere
in th?ﬁaf‘?@"%?&i‘gg 1g';{a\ckage 12. Above the magnetic coil 24

| NAROEMhE Rabfctic/8lil 24 in Pltprd 2ls LVDR4E. Anvtharcontact shoe 40
floats along the rod 18 or tubing 20, noving,r
floats mlangdperred 18contbing %mwnafad@méw aponss tofig dapeter of
r U
tho il 1, 0B} 3 T8 58 T P A8 bt 1B Sy o 421
the c@té aw@i&iﬁow domputbhsystenstt opelskadard Kithitbtheeseariser package 12.
Figure 2 is . a_laser mcroneter and receiver. a|r f@far

fo‘i\bO\f?ef&‘?dN@'ﬁ iR Figue Zisilaser migramates andireqaivend
S o o
and seﬂ&raﬂadﬂ gmdelselmthmm lasert momt&i'etafem:mmggmaﬂx dheir -

rod as it is ed . fro oveI
appiigation iqfaterminia &’J%{ﬁépé orhd LB Pulled B e el Vel
PowEPéﬁdl xefathapﬂme £FpSWErs thBIassT rﬁicﬁ!ﬂﬂb’érta’hd ﬂ%%eﬂéi' air 46 and
acqui si*tion con‘puter system 14 or el sewhere within the
passesrsignalp o thegdataacquisitonycompater systam 14 raisewenegwithin the
shown to Ezuse both the LVDT 44 and | aser m croneter
senspf PagkRO% dAsor insert 26 may be changed out to

aqfﬁq’lpma esafmbt Meert Z8 Retowstohousgibethcthie WV DT 44Fand laser
exa t'he i nsert 26 shown nay be suitable for

mlcrgr/ng’ter ttﬁ( 4The seesor insert 26/rpay beL ngeﬁ;guégp apﬁg@moqgég, various

cianors 3 g Shaf o P 280 o it or

. 5/8"34nqug”, or 1* rods, and a larger insert may be :nserted into barrel_zz for rods

greater than 1~ or for tubing. The rnagnetic 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 outwardly, to prevent this’

interference. Accordingly, suspension system 38, consisting of pneumatic bladder
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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'wth the proportions shown, the couplings
19 for coupling sucker rods 18 may interfere wth
floating shoes 34 and 40. Wen passing coupled rod
string 18 through the sensor package 12, it fmay
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advantage: pbusingdasergnicapastes ﬁowmwyt diamstergneasuresent
syst3 it B sl R R BBl e iRotiba sin

18, diupliageredr gifide Ber withomrtoachmguthm er rreasurerrent
systens js this ablé"b% ure the consi derabl e

v aFhe deuiatian Feasar 2 Ay fgMprise %ﬁlﬂﬂyﬁa thepepr mare
h
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e as nany as three or nore

a lowar aast cddccateromstenbasadedevice tmmmmau;pprovmasmnm inehination
t he The incli

angle dalt T BReETSoReUTRH SOPTionEN Broyite 2y HRitg: whigh could
deteff) fdr é%?@?h‘d&ﬂks@e&'&m thEt‘ﬁx@»ﬁ@ﬁﬁaaecm}e solely with the

addi t1ona provi de azinuth data, "which coul
" inclinteheter, Cooventicanab gwosaopm,wmmrdam tapically arfat mesg expensive

devidgh afifbdot o dtidestrnaien. @?8‘"2?@%5 FHowgsrgpe.isugetul

lowef@bSt §yrBSBSHe/ ﬁechﬁ@lﬁgf@ar&%ﬁ dghtaddi ti onal

i nformati on provi de rosco e IS use

ok PR AARAERARC PR F e@ﬁpta/oémm micr glectrical-

g R o e
accefe?bmétesde\ﬁlémknmglui the adtof ingrtiakuaypgationdand shock

acceleromat devi ces k vvnlnteatoflq d
meaﬁ%ﬁr@@it, UeRi-fire no ncwn to have been empioyed in surveying

existing, producing oil and gas welibores 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 deviation
sensor tool relative to an established frame of reference using conventional

Cartesian coordinates with a Global Positioning System, and using onboard
processing and memory, it is passible 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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measurenent. Such devices are not known to have been
enpl oyed i n surveying existing, producing oil and gas
wel i bores for obtaining a deviation profile. Each pair
of MEMS gyroscope and accel eroneter devices,
respectively, is triaxially positioned orthogonally
to each other in the planes X. Y and Z. By
initializing the deviation sensor tool relative to an

bbbk oRpraos GPReaur SRS PR erect ews
devicak FhiiSr (A e e five BROMatve REHRKSHy Tomlld- et gyrosdopic
I'S possible to Integrate rate of angul ar change over .
devicearan a8 tot bring iet cast etovs thatf 2 MWD dirmetional SUFYRILOLIW-shat
Ll d (NGl i. ' . ' . .
wictb LV St AL AT SRS of RGreBE B0 cryaison, anentr
wellbBEE 8vAlaatiorn abisdinglit thelpresent inventionp including computation of rod
tenperat ur e-capabl e mass pr oducegeﬁy |.o%§§- gf f eg,f N%l'\éscost n
profilgetuibing praflenand: druiatioaiedie, anay beoRIANGE IATIERM 1Y ©
corttBhafaffbric SHNEYL IS HRnEI bk AchBntEge dine
inveritiantthat; ytcomparisonnte aurent yeghmiquasyen excepdipgiymore

comohe bR v Shu T e P B BBy b o
pe,fd'tnqlbyéargti qé@gb%,&g&aeconput ation of rod profile,
u

ng protile, viation profile, may be obtained
f Ofhd ssrmsarb detdiled In dbe fighresareaxeamiagyrenly.Jor seaeqptually

st e sAmepabnB el e e b 185 VRRL 4R Bloh stem
10. ?igbr SHGERTE BPthe $BH s FPRBE FAPORANEthaRIthe eeRectinalaral use of the

wear, corrosion and devi ation can _be perforned at luded
sensars and thelintegration eed comslationsef theqiata frosy thersensors. As allude

fi.qures,are.exe I : . _
o ooV i RS Y b 8 SR ki compononts,
suchtd¥erodesfing vehhrintotusked fna rafotd fod mictamatiorefasility, HGOROD
sensors IS less inportant than theﬂg“il ectjon and

stringss as pulled fvavthe wal Whing sttings af Pulted fremBia wel anif firgited
we!lt{oﬂg dgefaﬁoﬁ rir‘i’f{&rhgﬁoﬁ %Bﬁﬂﬁﬁcil dﬁﬁnﬁ'ﬂ'\é‘ BAdinal @[{;ilﬁ{t%gf HesWell The

ri-or ar as generally sensed ar o .
presdzmdh\i:érgimi c@ﬁ&fﬂﬂﬁdhtﬂnfo-MTmae qbdsain?mqelrtgarse@mﬂsye
. trucked to,a renote.r recl anati on EN Y
inforiaip 4aan QU MER A VARG HEoh SPparate anageis,dr g BdHual
me&rﬁQ éﬂwﬁagﬁnm& op@hilion while sl theebdrposente\dfahé apstem

ormati o alned during the original drjlling of

— remdimat thed wellisite. Thus, according to the invention, data from twd or more

sensors are selected from the group consisting of a deviation senser movable within
the well, either by the tubing .as it is retrieved from the well or by wireline, 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 well 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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present invention correlates this information to
obtai n nore conprehensive information than otherw se
avai | abl e upon separate anal ysis of the individua
conmponents,: and perforns this operation while all the
conmponents of the system remain at the well site.
Thus, according to the invention, data fromtwo or
nore sensors are selected fromthe group consisting

cc:m:e;‘atu%nyI gutinkl Sdhsoed iy hpRplicaW ddmisined hﬂo@#nhgle@!ddser unit,
by the tubing as it is retrieved fromthe wel IF or dJ,y .
such\is eirspe insed. 25. d%'l”é‘?'—rﬁ"h@-"%[?%e\ﬁ' grenivprbihe grot eg gyiselul, itis

prof 5 ey NSRS o PRI CEomE P f Bbiain
sensonupd isegsornadd qubidg senasr infdrmationdodietetmiine a edrepiablehsive
weub;g@,s‘quge EhE sBnisP bbb 6 aMfpr3els BrAdsiBR Bl hr svstem
14 a:?:?lﬁ?lo%h &IF&II@&H&%&Y% doHeaingd vﬁ!hid B8y abthd mt!ﬁndﬁf@éﬁsbrs

to determne a tubing profile. Sone of
eachtay petirmo soowpsubpdry ofthia computading and saaparison.

O i s IO VSH 1308 8 BBt o

for tﬁékﬁ)rﬁﬁ&hhbﬁ%fbfwéﬁﬁ'ﬁmbatmﬁ sbiitioR 16 terrat & leastsuive aspect of
applications to corrpute and conpare all three of the

perfagmanae iof the weh spstem. ofihe wesasmitigation solutien sansemetimes be

derwsa &?rr:ﬂﬁab%é&r%g%@éﬁé@g@p%@egﬁﬁgﬁﬁg ?%gér v p"f‘:'» diBPaed in

graphiegfosmtin tiie displaytS0 ofFigumml. Hoveavat osudhogricr a:d reqmms an
that may be cont ai nengIthl n any of the in

expessivesieyiatiopaurvayapt dpes Aekingk BW?UQ!T 0? W 9 55 rod
condft3F8 thhﬂé.lngﬂv@ggm%m 5‘;@91@.0':{%&9 bt SPstBRf!1 & ARLSRIver

ero evli ati on
com[ajtém\s eniployadia tbe rnmsmtnmerﬂibna)rwade aﬂasit gadicomprehensive
at | t sone aspect of

t t ct
comm@p x: W@g %grr%lﬁlga%gpﬁ ®Fem The wear nitigation
S i FA288TSol TR Ay fifide Stetegically aSNenbig reagides

Vi ew n ana data, such as

35 shpvapin %igl 1wmmespecm daptipimthessuaker mcgair@gzn 3 I—lﬁ\/\%mple cases,

- ano q{%Podr é\? ﬁlﬁpiy H'Lcﬁ%&beerﬁg% e[%xgi&sllp\f%h%%’ Jg’% éjgxéégs\%ywear

in the?ﬁmhd peifite isAiiservead. | Molevet, tiee dbservad qubisygtprofie may be a

onputer system 14 and server conputer 16 enplo
result ptweaciedueed invawalldn Wirney thetuingwas previedsly ﬁar%ﬂwl/e"

thus GRAPAEEtO WathattBsithis Wdilk! RRieraBliviiy der the present
invention, the server computer 16 provides a more comprehensive solution,
indicating for example a large number of wear locations for repositioning rod guides
35, based on corretations 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 fines in Fig. 3. The solution
may include using a powered tubing rotatar 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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The wear mitigation solution may include strategically
positioning rod guides 35 shown in Fig. 1 with
respect to depth in the sucker rod string 18. In
sinpl e cases, an operator may sinply move the rod

gui des 35 to | ocations where excessive wear in-the
tubing profile is observed. However, the. observed
tublng profile nay be a result of wear induced in a

rod fater iy IRGT8g v ble i Bang STRPRe 9Ty G Wiution

may Mtidrsdibye |cMan@liﬁd€Hm§:h §iz8! SBEHY o7 $EReRNIchaRginghRe diameter of
f Server conmput er- 18 provi des a nore conpr ehensive

a segiinaftha SUCKCRELATTIRG 1Eopr GPIARIGORS 04 MeeRegmaNts pf the
d d 3 b d
proalfitin WRffd 4RRG 2o0r SERBP A GBhGag] OF Iu1 The (o0 Dree
Ior'nfe We?rr'] ahsiuation tsystﬁm ﬁgtnr?wuﬂ?bﬁmmgm%rﬁmng wystem 60
detalied cartFeptuailin IGHTB- O RRRHRGATY %@5@&%@ 58 o abino 21
with 'a'ti?a?%o 63, 9n dﬁacﬂ—&e t@bé‘ﬁé&‘b 6@% &F bA %rf"%dheswe
powere r uction t

tubln Ot atore to Yotate th € pro I ng
labelsds theguetace of wylindrical merntberc?t @i aftani tough, disty, onotherwise

incarpabia AT fecemne e bor cote B3 Ackralig Hevieadunias

optical §éd§br%§fo?§§b%§id(ﬁn’u PeadiRY the!bhPehdéd BS! UiKe Al ru?ewce 62

punp size, str peed chang| ng the dianeter
is prefeeahly positiohed Bbove well |7 anmxﬂ metrks mgividyalaegmgntaof H‘q:

proa Qe pliRl SrinG Al ko ek®r L A L0a I 48 UGt Ty the

well 20 TRB)rdckidd\@évité 64 4Bén ?eddsﬁﬁb':ﬁﬁrl@i@fd Gtfdsedibals ftthey are
conceptual I'y in Figure 6. A marking device 62 may mark

reinspggd dntotheivall 21A coreputar. iwhich may BBIndydask withiniatat he

acqu?ﬁfon é’éjrﬁg@t%r 9 ﬂ? agﬁééﬁ%nr@%gé\ @ﬁ@ﬂﬁ'tl‘( {rg%ﬁih@ dﬁ?ﬁ:esdf

eithedi wlrelesslyc oowaames 66, Gncfap&hblangfthci ralative positioniof eac,h of the
r code 63. A tracgki dev cl udes

399"%5-’2&? EEF hestssesrtivspraguction 36%86 ﬁﬁdﬁf@ﬂaﬁmﬂg 18.
The E%fé%stgﬁ'?%@ﬁ{dﬂ Qﬁu@%b%%vd!@atmrﬁé\)&géwm and s rgm\clf cally

oslIt ove we 7 and mar ks | ndi segne
the sefver emputatii tto mgpumckg:fswham g\tﬁﬂdaaﬂsegmesﬁscare rpasmned

o o SLLI 18 as e re t
withi e Bk st 0 Fod e o St 1B 1 BBeeiiSe the segiient
posut@ﬁﬂﬁiﬂfcﬁw%oh'@(s afdted ir?tﬂbsﬁérbéﬂcérﬂﬁﬁtérhﬁ Was bf ifttleA
ut er i C be included wt daf a
consequence that the bar codes 63 may become ilegible 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 elements of the same
wellbore. 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. Upon
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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acqui sition conputer system 14, is in conmunication
wWith the tracking device 64 either wirelessly, or via
wires 66, 67, for tracking the relative position of
each of the; segnents of the respective production
tubing string 20 and sucker rod string 18. The- =
tracking system 60 thus all ows the wear eval uation
system 10, and specifically the server conputer 16,

Posia FTpERatieH frabihe Bkt g S oRiet s riatay Ersinstanse.
eactlubinipsddmeBeand sed Eé’@néﬁ%g‘be e ectively by one of
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thicknegmget & gnéerydolyamd segmants withtmors iraal 5086 ithkokdsst reduction
rod and tubin

wei l bqre co nent t a later fe .
get AT, S EVIREY of ot teriarand disiey schefiemarb cpgeivadte.
anshgther 85HéRt A& IrivenRfien prdVidissite! éggﬂﬁ&frgrdmhh ety
be di splayed along with other wear ta. For 1 nstance,

evalyading rodwenay tospasmnted sucker rod gitning 18rinythedialdp Pese attduhs
s 45 and 55.in_Fi

A i el f dot 5. .
veorl RS L 8t slHioREF s e S Bk S i ot
due thdnterfeeaticd bﬁ the [egéSaieteRupliigs 19X bﬁii?é wPbR8 specific

segnents with 0-15%wall reduction (i.e. a nininmm 8?
me%g%mﬁ pEthesisyention, s adhyeargvaleationsystamnt icampases a rod
i i te . { | .
sensdh ERPKEE bin oSl d'r0r 00 B4 ARRF kR stng 10
as it isseomvedrirgratthe vialiuktaldéterrairgne radsprfild) Réferflg WwaFigure 2 for
and segnents with nore than

\ tgic ess ,get a een dot; . ) I
ustrghort, e TR RESPE da AN ROmAEse & el TussamAor: Ippgingy
oo SAGVISEAE SsB Sioce I0.TR 358 5EREGPIL o

compsisg @ lpseamicradvetar, aneluding lasealroigtameter add neagivépair 46.
d

AoooTRL s SHEE B ibbL 08 obblod Begherlard o 78 LvoT
44 is nOY inelrlean ATIRY Alagwetio Suk IeRagblsehsbPeoil and Hall-effect device, 34
and laser micrometer 46 are radially spaced from the rod string 18 and couplings 19
to remotely sense the diameter, wear, cross-sectional area and pitting of the sucker
rod string 18. The data acquisition computer system 14 is in communication with the
fod sensor 12 fo_{‘computing the rod profile. Again, a plurality of differently sized
sensor inserts 26 'may be inciuded for éccommodating 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 embadiment senses and
measures one or more of the presence of the couplings 19, wear to the coupli'rigs
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due to interference by the | arger dianeter couplings
19. According to one specific enbodi nent of the

i nvention, a rod wear eval uation system 10 conprises a
rod sensor:included with sensor package 12 for
sensing wear to the sucker rod string 18 as it-s
renmoved fromthe well 7 to. determne a rod profile.
Referring to Figure 2 for illustration, the rod
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operation of the wear evaluation system Figure
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LI ' [ . ective.sensor durin or mal
data rEf e IR LIS, FIREY SN GERRT tpeng Bulharied user of
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' . . r uter 16,. 10
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acquisiBlédibulel SvSBim 17, tolServer computer 16, back to the data acquisition
computer system 14 and any other location worldwide, via internet protocol, results
_in an intemnet published application of a real-time ar nearly real-time wellbore wear
mitigation solution. ‘

Figure 9 iflustrates how the wear evaluation system 10 may more braadiy
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,arch‘ive and simultaneous data from additional wellbores in the field and
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di scussed previously. Figure 8 illustrates that prior
archived data fromthe sane well, along with wellbore
operating paraneters and historical failure
information, nmay be fed into the conputer/server 26,
whi ch correl ates the data and conputes a wear .
mtigation solution. The server conputer 16 then
transmts the information back to the field, such as
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the mQIEl@ é(ﬁfa%a‘ﬁf tﬁ@ ﬁttﬁﬁéﬁcfﬁbdgrﬁ@ QHL‘H ﬁhﬁ?gﬁ@ %I;b f%oﬂfag:t the inside

i ncl udi ng single
surfawoleﬁlelrtabmueosumgmmduﬁépeanalimd by multiple

PR 258 S8 B8 - ReRed Yol 152 Bohaim RS el e 8 Eing i
e o TG e o o
two 3Q/eﬂqcﬂeﬁ%bemen # outh of theesisiagmihis ecseita lini atdabiation or
inclination tool standing stationary for 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 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. 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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by the system and al so imaged within the isogram
mappi ng capability of the system using internet
protocol published application. Figure 10 is a diagram
of a suitable system connected between-a nobile field
unit and a command | ocation. In one application—the
deviation is retrieved with the normal workover
process conducted to renove the tubing string from

o 048 ol 5 B4 WA S s AR oo

isograms appipgng  speed of the tool may be retarded by

ut .. zi one or e Wwre prushes. that contact the

- atrsDioB heR2itc Srnbodiments o e rention e hen dessred herein
) . | bl ! _
in ol ddtai! this KA bEER dbRE sbiddy ff the Billﬁgfst%gg{f e&ﬁ@ir‘gg& 'tﬁ@vanoug;_ |

or using parachute centrali zers.
aspegisiafithe dnventiom andisoattiotendeditt Emikthelssope af théinvention as

i 1S ' f No) h k i g.
dotinbh e &3y iy’ ThoBbL K68 B ind B L3RR d it e
embelimiendsitows andefeseribed dkaxdmplany, ihdSidrions otléY Substitutions,

results. in P deviatjon or inclination tool standing

alteraliogs; and moditisationsiseluding betnatiinited indhese design altematives

¥ : - T8 [ )

- spechE it i HREE: Bida 1 Vi PRECICTRY4ER Bventing without.

departing feormtitstdonpeli gure 11 conceptually illustrates a
3-di nensi onal imge 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 11 also shows a
conceptual representation of a single welibore inmge
that has been "zooned" into in order to analyze the
specific deviation profile, rod profile and tubing
profile at a specific 23 depth. O her weilbores in the
area with simlar conditions nay be correl ated by _
color isogranms mappi ng. Although specific enbodi ments
of the invention have been described herein in sone
detail, this has been done solely for the purposes of
expl ai ning the various aspects of the invention, and
is not intended to limt the scope of the invention as
defined in the clainms which follow. Those skilled in
the art will understand that the
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enbodi nent shown and described is exenplary, and

vari ous other substitutions, alterations, and

nodi fications, including but not limted to those

design alternatives specifically discussed herein,

may be made in the practice of the inventionw thout..

departing fromits scope. 24 Clains 1. A wellbore

eval uati on system for evaluating the condition of
Claims copponents of a well system the well systemincluding

ap ' | ' ithonable in.a well and
3 ShoRebdBRvalih Sfofite BRlouRlRY GriflidiEn °
componeatshofraywell systemn, thbavely systemcnomding & giodubtio tubiiRg &tring
- ensors _selected fromthe group consisting of a .
positionatig 1§ 2 wieffoed Rsicker ik STDG MK be vrilim g pradustior iting
string, théwﬁq,d gm@_{i on of the wellbore to determne a
deviation profile, a rod sensor for sensing and
twopeaare sgneeErsalecteddrarudhe gradp cinsistingkefra dedation segsor

S o Le f h Il .tq.d ' d
rovabe g S U B L BCEA B o
determineve doviation profils| arodisehBar fapisedsili 41 hehbieh {gbbF‘Sr as
in

. iﬁ_isr noved fromthe well to determne at g
carrosion gf e sucker god) sting,ag il de remaved fmmiheawvelblo detshminies rob

r r . ' ' Jwo.ar
profle, and s fRffo SHASR (Br s3heiid i inas it AT BELO Befla .,
productionatubingubiring aspit & removext frofruthel wellitoodetdaning 4 bl profile;

d well. 2. A systemas defined in Caim1l, wherein ?he
an conputer conpares all three of the deviation profile,

I oo all oL protite.
- A cEOPuRIrh commatiicalisn With Bt dr e derbbiY I aguting and
comparingsfwp obmopy ok the mspective deviation psofile] fodrprbfileqandeulsing

. ‘ 7 copsi sting of repositioning, or
profile as ?ﬁ%’?‘é@h‘ﬁg@%ﬁ’%ﬂgm%‘g&ﬁw th respect to specific depth
zones of the sucker rod string, lining the production
tubigé%string Wi th a polymer lining at specific
2. dept REStepAsdefiged nbcﬁmwwm thisi eagnputer ngmpares all
three of thé Aedldtidd drifles ofi@ %t by pRlR019i N9 punp si ze,
st roke ofképge§?¥§ﬁg&%%ﬁgi@ﬁ@%hpgﬁgger of a section of
t he sucker rod :

3. A system as defined in Claim 2, wherein the computer determines and
outputs a wear mitigation solution from one ar more of the group, consisting of
repositioning 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, rotating 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 computer cutputs a visual
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string, and replacing one or nore segnents of the
production tubing string or sucker rod string. 4. A
system as defined in any one. of clains 1 to 3,
wherein the conputer outputs a visual 25
representation of the conparison of two or nore of the
deviation profile, rod profile, and tubing profile.

5. A systemas defined in Caim4, wherein the visua

repr ntation. copprises. a_graphical .di splay of
representaiSh i 60 SO IHAISGE T VP SR T anae Opatap IhoRE. Rttt
and tubingtﬁ*ﬁﬁ!@g profile. 6. A systemas defined in C aim4,
' wherein the visual -representation conprises a three

di mensi onal plot of the deviation profile. 7. A system
as def ] . i . . <
5. FadtSyStBFad Dokl I Craih e Wiliein R AR T g SOBRORS
comprisesangraphiteh displaf of tworert inotenof thie deviationf prafit, eod profile, and
¥ ’g{evi ation, rod wear, and tubing wear data. 8. A system
tubing profle. jefined in Caim 1, wherein the conputer conpares
one or_nore of the deviation profile, rod profile,
and tubing profile fromthe well system with data

6. f ][ e‘nsl yatemhas defined i@laﬁnéyﬂlmeiaghgerisuaéaeprssgm@g@he
. i.ns 1. PP : . .
comprisesh @ ifedeiblatiiot & bR UevBRBR ABHR L e pr oductt on

tubing string and the sucker rod string when pulled
fromthe well; a tracking device responsive to the

7. madksysiemors danedbindelains lawherngip the commuer erppasesdwo
or more ofitfié dffiaton0nd. (AP, Anf GBRE HHLARIVA b bP okt

. prior deviation/vodfwoine anddubingswedr ddia. r espective production.
tubing string and sucker rod string. 26 10. A system
as defined in daim9. wherein the markings conprise

- 8. Dba system as defined in Claim 1, wherein the computer comipares one
.or more of the deviation profile, rod profile, and tubing profile from the well system
with data from another well.

9. A sysfem és defined in any ohe of claims 1-t6 8 fgftﬁér-bbmp'ﬁsing:

a marking device for niérking segrnents of ane or bath of the pr@.dudtion

tubing 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 refative
position of each of the segments of the respective -produc{ion tubing string and
" suckerrod string, '
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code markings, and the tracking device conprises a bar
code reader for reading the bar code markings. 11. A
system as defined in any one of. the preceding clains,
further tonprising: a wireless interface for
interfacing the conputer with the two or nore“sensors.
12. A systemas defined in Claim1ll, wherein the
conputer is at a location spaced fromthe well and
0 ' Ik lg | -k [ Wy
O o pbr s Jeliid RECHEN, o, RHE Pl it Biin S BRs bay
code madyreyse mnddhd dfackendg; deviempompdses attvar qudecreddeg farlreadng the
b - cod whqgein the deviation sensor conprises:, three pairs
ar code (Rargngs.cel er omet er and a gyroscope, each pair being
positioned orthogonally to each other. 14, A system
as defined in any one of the precedi ng-clains, wherein
T he Asmsterasdriinedinmny sesof thepfecedingsisines. Briher SPRGHNY ¢
il -efife [ '

a s Fteftact fon inteBictig e SRmpRHE 5t B3 kP mBRfsdneors.
of the preceding clains, wherein the tubing sensor :
conprises: one_or nore of, a netic flux sensor coil.

12504 Agyiem asdenined nGlaime 17 whefein e comauter it adagation
. | r a I- i -
spaced HRREUR] wol Sl SAFRUAGAR U the WENT6CafTBES B protacol
by wircless, cateibidandwigedinsansal ity of dianeters of the sucker
rod string and production tubing,. each sensor insert
- including the rod sensor or tubing sensor. 17. A
- 13systenstan ad @binee th arydnébithé Sreddinglciblihs) WheeM RS 1S4, sensor
.. 77 27 a Sensor barrel for selectively receiving each of '
-compnseghe differently sized sensor inserts. 18. A system
. ) | C ; . p .
theBE 5o 1 aleArfiir Sha W rBREARC B N Bing iR
orthogonaibeto eactecthenpl i ng that joins segnents, of the sucker
' rod string, dianmeter of the coupling, wear to a rod
gui de, dianeter of a rod guide, rod dianeter, rod

- 14CT 0§§§y§§&t oTsF: IPICYs g@oﬁg@ﬂthe otdcb @y claims, wherein the rod sensor comprises:
ane or more of a magnetic flux sensor coil, Hall-effect device, an LVOT, and a

faser micrometer.

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

one or more of a magnetic flux sensor coil and Hail-effect device.

1B, | A systém'a_s deﬁped in an,\:r one of the Qreééding claims, further ggmpyisingzm
a plurality of differently sized sensor inserts for accommodating a plurality of
diameters 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 18§, further comprising:
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19. A systemas defined in any one of the preceding
clains, wherein the tubing sensor senses end neasures
one or nore of tubing wear, wall thickness,
cross-sectional area and pitting. 20. A system as
defined in any one of the preceding clains, wherein
the deviation sensor senses and neasures one Or nore
~of wellbare dogleg severity, inclination angle; change
. : y . L. P
a sdyfbor il 15 BRI oRlifl] bR or ¥R uirBBMPSL S b Ssr
inserts. well system the well systemincluding a production
tubing string positionable in a well and a sucker rod
string novabl e within the production tubing string,
t he %L}Q (AS i tnselnp 9ne g‘fqlllee@gééag)g o4 O WhBRIN8he bl S s r senses and
: n1 € group consistin vl ation sensor
measures noeain o ofwear fnea muplmg)thmti@nmaagﬂwrdeof the sm:ker rod

sting, diacfgrei e BolsBling e o bl GRen SianbERE of 8 b Gty

diameter, ®J Gosseelibhal, aredfand pithihgy Sensor for sensi ng vvear
to the production tubing string as it is renoved from

the well to determ ne a tubing proflle posi tioning
~two or nore _sensors at. the and co

9 G APV e die Yne b the. PEeE m@ﬂ%g? 5’§p‘%f&“f"\‘/§’ 2 e ﬁ"ﬁ sensesiand.
measures pnefdrirorer oitubiigpiviear walhithickneiss gcrosefdectionditiré2 and

nmet hod as defined in Caim?2l1, further.conprising:
pitting.  conputing and conparing all three of the deviation -

sensor, rod sensor, and tubing sensor. 23. A- net hod

‘as_defined in Cla|n121 further conprisi rig:

- 20, gt BFIMAS R AR 8pY qretef s rresadiag Faimsophersip fegipgatipn sensor senses

sca moss il o8P S Siaho FvRlit FRIRLHOERNDE. Bhange o

inclination éﬁg@al@ﬁg&ﬁ@uﬁéﬂ?bﬂﬂ dzitflutif.ring, |ining the production
ing string with a polynmer 1lining at specific

depths, rotating the production tubing string,

Cri
21. 7 Policthod 1 SUgilfingfichr 8} CoonEhS S ek Sl Ho woll
system inchiding aqiceductash mbmgwgmngmbmbimlaﬂe irga wvadl and asueker rod

' string mmgﬁgm&t:ﬁ tf?efe ptrgc?u ioh ugllr{gos%ltwg.t) the method comprising:
selecting two or more sensors from the group consnstmg 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 arod-
'proﬁlé. and a tubing sensor far sensing wear to the production tubing string as itis
removed from the well to determine a tubing profile;
| positioning two or more sensors at the wellhead: and
oomputmg and comparing two or more of the respective deviation profi ile,rod
profile, and tubmg profila.
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string or sucker rod string. 24. A nethod as defined
in Caim2l, wherein conparing two or nore of

the. deviation profile, rod profile, and tubing profile
conprises: ‘outputting a visual representation of the
correlation of two or nore of the deviation profile,
rod profile, and tubing profile. 25. A nethod as
defined in daim24, wherein. outputting t he vi sual

r-epre ' [ ift] hi. cal | ing two
B oS sthbR 3 SRRELNT Tiaff 21 e foleBIrEY "2
computing avgd pomibiakieg afl Ghreg mfﬁhbaiiavmm;eefanm rod gengbmaidl tubing
wherein outputting the visual representation
SenSOtonpri ses: plotting a three dimensional plot of the
deviation. 27. A nethod as defined in Caim?21,
further conprising: conparing two or nore of the

@i atA metb@@ﬂ'sld@ﬂneddh mlaim P4, fusihér cobipriging: of i | e 29

HettmiPioth whBr fifbatn Soifisit bR 8 of A R ine St
consusaﬂg of spdEtioMagoF | Irﬁs'télﬁhg WB@H@%QA{IW%@@GW ébélﬁt"é aépth

viatiagn profile, e, ;and tubing profil

zones 10? B syrekerdod sting. @nm tﬁa nf@tiucmrbmmsmg with & polymer

iing 3BT AP BRIl STy Bt o

string, changlagmmﬂp slzegstrokdongpeed| clgargieg tHediamsatéest 4 edetion of
a uni gue identification when pulled from

the SUQH% rwgﬁtﬂng RS ERIFNGEORR OK MRy sﬁwwsgémﬁwmon tubing

stnngé kaF fod Bkt €d into the well; and tracking the
relative position of each of t he segnents of the

respective production tubing strlng and sucker rod
rin das efl n Claim?29, where
i AgrEtiprtat CeRRes R Fldm2Favhetein SnBvadamine or more of
the deviatidn pAsfile 0. prafid, aﬁa%ﬂagt&aﬂmdfﬁﬁnééw”em S
outputting a visual representation of the correlation of two or more of the
deviation profile, rod profile, and tubing profile.

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
representat:on 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, red profile, and tubing protite
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|

conprises reading the bar code with a bar code reader.
31. A nethod as defined in any one of clains 21 to 30,
further conprising: wrelessly transnmtting fromthe
two or nore sensors or fromthe conputer at the well
to a location spaced fromthe well. 32. A nethod as
defined in any one of clains 21 to 31, further -
conprising: providing a plurality of differently

) . | ' C | ;
with (o GEBRE B prion oty 1o S 4 ERARIAIRG harRdta ™ [ 1Y ©
tubi ng, each sensor insert including the rod sensor

or, tubin ensor and sel ecting one of the differently

si?Ped &%@?ﬁﬁ%éﬁﬂgeéw g‘i@ﬂhﬁﬁd@(@eamm@gam i ve. one

Ofcohﬁﬁrﬂ?%rﬂi bt ofd of tiBEGRECR bedtlie, rPEGBRiE, @Rd tubing profile

string. 30 ~ . ~. .. 33. A nethod as defined in any one
fmmﬂTGWBﬁiSbf%teElMtbdm?;ﬁmmmefmelkod sensor senses the

presence of a coupling that joins segnents of the

sucker rod string and neasures one or nore of wear to

t h@y COURlelBd aSlidiNBE RlanQlné Beiiasipd iormg, fuMﬁiMconhﬁriﬁngf od
| anet er,

gui de, ~dianeter of a rod guide, rod . ] .rod '
S arkingsagmanty %P@&é?fdi’?}htql#il% praguictign fubingsteag and the

" suckdiGhlithd QiR BufBEe HedlRalBa Whdidiba O ELWERS

tubing sensor serises and neasures one Of no )
reading tiengariags ondhb segimeots sis, they ass insedieddntal ther well;zavet!

.pitting..35. A.nmethod as defined in a one of  cl ai .
trackiBy the "fative pesitpR of pach it sBAmest Bf hedRsp8ed groduction
tubindg'S&ndl Sd §uf@<e%c<ﬂfﬁfrﬁwg?f wel i bore dogl eg severity,
' I nclination angle, change in inclination angle al ong

the well, and azinuth. 36: A nethod as defined in any

0 of | . i evi_at.] [ le
38, OB phfnetfin CUANELS. diGRCARbG BB isse
compeisels nfarking the sdgaiants witttbargcodsd, Bnd geading the TAaMdd gegments
t.he devjation profile_whi]e the production tubing
compases frRAGIAG the:han erdswith 4 har orfe trader37. A nethod . as
defined in Caim36, wherein the deviation sensor is
. passed through the tubi.ng string to-l'and in the | ower
end. of A Reney Robesikddin ahylbhe g claims 21 to 30, further comprising:
~ wirelessly transmitting from the-two or more sensors or from the computer at

the well to a location spaced from the well,

| 32, A meth(;d. as defined in any _d_he of claims 21 to 31, further com'pfisingz

. praviding a plurality of differently é’_ized sensor inserts for accommodating a

‘pl'uralit_y of diameters of the sucker rod string and production tubing, each sensor

insert including the rod sensor or tubing sensor; and .
selecting one of the differently sized sensor inserts to accommeodate a

' respactive.one of the plurality of diameters of the sucker rod string.
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string. and the speed of travel of the deviation
sensor through the production tubing string is
retarded by one or nore wire brushes, scraper cups and
parachute "centralizers. 38. A rod wear eval uation
system for. evaluating wear to a segnented sucker
rod. string novable within a. production tubing ==
string, the segnented sucker rod string. including a
plurality of sucker rod segnents coupl ed: toget her
5 CorrrEhe: SaMRun DEREEH ER 2EHS e R P i sonses e
preser&tecdffai co@plirsf thize §Dm§%egtndrﬁs bR §skiel 08Y ‘string afd nid¥Rures
well to determne a rod profile. the rod sensor .
one of; IRere,ef Wﬁab'i‘i’eth&‘:%ﬂ"é'goﬂ'aé“eﬁ%gﬁ the eoypling, wess & aged|guids,

dlametaldf a%ﬁ%.ﬁ q}SHCl:?PnieYQ‘T r&d g:rc?sé d@?ﬂon@ Sfé%{r%tn%rplttﬁgc h

neti c ux sénsor aser mcronete
radially spaced fromthe coupl ings to renotely sense

the wear o .the ker rod strin and a c uter in '

B R GO £ 06 SCHAE R o BOHBONU T Eonsorsenses
and méééhre@ Pl dremoRP of &m.@@wwrwsw ghitaidRn cﬁ:‘r&f-%ﬁt@ﬁal area and

defined in Claima38. further conprising: a plurality

pittingof differently sized sensor inserts for acconmodating
a plurdlity of dianeters of the segmented sucker rod
. ... string, each sensor insert including the rod . sensor.
35, Adfktholl d&;@dfﬁ&ﬁ&ﬂ argeile lmatla:ms 29 yssemhasinded deviation persbrdenses
38 or further, nprising: a sensor barrel for

- and megsues W@W me%?Wﬁ&b%rM\OQJﬁg sRuerly; fednatign angle; giange in
mclmaﬁ&?éRl él@ﬁ il weliland LAflutipar eval uation systemas -

alm 39, wherein'the rod sensor senses
t he presence of the couplings, and nmeasures one or

f e - cou I|n ilapeter of the. . =~ . . .
- BBl Pt gerodd g oSt s 4l FE el nd Hgon prone
obtame:uwl mcaung addevintien seho6r ﬁtf@ﬁ:&véreé‘dd 8fNe FroBactid tibing
string, gnd gengratmg the deviation profile while the production tubing string is
retriaved to the surface.

37. A method as defined in Claim 36, wherein the deviation sensor is
pass-ed through the tubing string to land in the lower end of the production fubing
string. and the_Speed__'cf travel of the deviation sensor through the production tubing
string is retarded by one or more wire brushes, scraper cups and parachute :
centralizers. - o

38. A rod wear evaluation system for evaluating wear to a segmented
éuékef rod string movable within a production tubing string, the segmented sucker
rad string including a plurality of sucker rod segments coupled together with

.couplings, the rod wear evaluation system comprising:
. a rod sensar for sensing wear to thee sucker rod string as it is removed from .
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the well to determine a rod profile. the rod sensor including one or more of a
magnetic flux sensor coil, Hall-effect device, LVOT and a laser micromaeter, each of
the magnetic flux sensor and iaser micrometer radially spaced from the couplings to
remotely sense the wear to the sucker rad string; and r |

a computer in cormmunication with the rod sensor for computing the rod

profile.

39. A rod wear evaluation system as defined in Claim 38, further
comprising: ‘ '

a plurality of differently sized sensor inserts for accommodating a plurality of
diameters of the segmented sucker rod string, each sensor insert including the rad

5ensor,

ST 400 A rod wear evaluation system as defined in claim 38 or 39, further
comprising: |
a sensoc barrel for selectively receiving each of the differently sized sensor

inserts.

41. A rod wear evaluation system as defined in Claim 39, wherein the rod

| sensor senses the presence of the couplings, and measures one of more of wear to '

. th_e couplings, diameter of the couplings, wear to a rod guide, digmeter of a red |
guiide, rod diameter, rad cross-sectional area, and pitting.
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