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[0001]  This application claims the benefit of U.8. Provisional Application No.
60/760,737, filed 20 January 2006.

FIELD OF THE INVENTION

[0002]) This invention relates generally to a- method for evaluating performance
limits of a group of threaded connections having similar characteristics. More
particularly, this invention relates to a method for conducting this evaluation on a
group of threaded connections associated with a characteristic performance factor
with limited thsical testing of the threaded connections.

BACKGROUND

[0003] The production of hydrocarbons, such as oil and gas, has been
performed for numerous years. To produce these hydrocarbons, a production
system may utilize various devices, such as tubular members, within a well,
Typically, the tubular members ére placed within the wellbore to provide structural
support, zonal isolation, and allow for cofnmunication between subterranean
formations and surface facilities. That s, the tubular members may provide flow
paths for formation fluids, such as hydrocarbons, within the wellbore and to facilities
located at the surface. As these tubular members are individual sections of pipes,
two or more tubular members may be joined together by threaded connections or
welds to provide this functionaiity within a well.

[0004] For the threaded connections, two distinct classifications are utilized,
which are AP| (American Petroleum Institute) and premium connections. AP!
- connections typically rely on entrapment of thread compound in the helical thread
paths to provide sealability. See U.S. Patent Nos. 5,411,301 and 5,212,885.
Alternatively, premium connections typically rely on a metal-to-metal seal formed by
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t he(reflect the environment that the threaded connection is likely to experience.
Because of the complexity, physical testing is expensive and time consuming, often
taking several months to complete with costs of several hundred thousands of
dollars.

[0007] A second method for evaluating performance of a threaded connection
may include finite element analysis (FEA). FEA may assess the contact
characteristics of connection features (i.e. the metal-to-metal seals, threads, etc.) as
well as the stress-strain response of the threaded connection under varying load
conditions. While the FEA methed is generally inexpensive and not time consuming,
assessing threaded connection performance based solely on computational criteria
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SUMVARY [ 0013] I n one enbodi nent, a nethod associ ated
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Sr ol wellbete 268 PSR RRERII gL e W e Berne

first plurality of the threaded connections in the
eval uation group are physically tested; obtaining
tublmmfslneﬂbeassdcaaechltamatxm emnbativent,oa méthoHeadshcietedewith the

cong e%p!%t%rl)‘sﬂ c}h g%& lgbﬂr%c&&\es :E L&%Qérﬁ)]rafi i %é’th}% HJ&H&J& 8 conducting

vel B ormat1on
t ublphwcatrﬂaéitmgson [a\OME}Jlmaha; sk thentivedded raganedtions in an evaluation

enb%pdurﬁe Bgﬁo%iﬁBaHB%Iir?gsﬁﬁﬂls%t Gﬁ* tPM H%t Hﬂj?ality of threaded connections

' and a second plurality of threaded connections in the evaluation group, wherein the
second plurality of threaded connections are not physically tested; comparing resuits
from the physical testing and the modeling analysis io assess a performance factor
for the first plurality of threaded connections, wherein the performance factor is at
least one of structural integrity factor, galling resistance factor, environmental
resistance factor, fatigue resistance factor and any combination thereof; applying the
performance factor to the second plurality of threaded connections; and defining the
performance limits based on this characteristic performance factor.
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THE W NGS [ 0016] The foregoi ng and ot her advant ages
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Emhfhprge%f% }f&[&g?@{;@{&igﬁe gﬂt&m of ﬁé! 9n CRUBaSAcd QAR BELCts of the

present techniques;

[0020] FiG. 4 is an exemplary flow chart of the evaluation process utilized in the
flow chart of FIG. 3 in accordance with aspects of the present techniques; and

[0021] FIG. 5 is a graph of different threaded connections and an envelope
formed by the process of FIG. 4 in accordance with certain aspects of the present
techniques. '

DETAILED DESCRIPTION

[0022] In the following detailed description, the specific embodiments of the
present invention are described in connection with its preferred embodiments.
However, to the extent that the following description is specific to a particular
embodiment or a particular use of the present techniques, it is intended to be
illustrative only and merely provides a concise description of the exemplary
embodiments. Accordingly, the invention is not limited to the specific embodiments
described below, but rather; the invention includes all alternatives, modifications, and
equivalents falling within the true scope of the appended claims.
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[0019]FIG 3 is an exenplary flow chart of the

SPb86dTeeke@nd use of tubul ar nenbers for the
systemof FIG 1 in accordance w th aspects o?ﬁt Slobelesos

present techniques; [0020]FIG 4,is an exenplary fI ow
chart of the evaluation process” {filized in the flow
chart of FIG 3 in accordance with aspects of the
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appgRaedsfh abMBinatiHbAR0ddIRS GRS fkdd phyREOMHES Othus, the present
techniques provide an efficient mechanism for evaluating threaded connections.

‘ [0024] Turning now to the drawings, and referring initially to FIG. 1, an
exemplary production system 100 in accordance with certain aspects of the present
techniques is illustrated. In the exemplary production system 100, a surface facility
102 is coupied to a tree 104 located on the surface 106 of the Earth. Through this
tree 104, the surface facility 102 accesses one or more subsurface formations, such
as subsurface formation 108, which may include muitiple production intervals or

. zones having hydrocarbons, such as oil and gas. Beneficlally, tubular members,
such as a surface casing string 124, intermediate or production casing string 126
andfor production tubing string 128, may be utilized within the wellbore 114 to
enhance the production of hydrocarbons from the subsurface formation 108.
However, it should be noted that the production system 100 is illustrated for
exemplary purposes and the present techniques may be useful in the production or
injection of fluids from any subsea, platform or land location.

[0025] The surface facility 102 is configured to monitor and produce
hydrocarbons from the subsurface formation 108, The surface facility 102 may
include storage tanks and/or processing vessels that are utilized to handie the
production of formation fluids, such as hydrocarbons. To access the production
intervals of the subsurface formation 108,' the surface facility 102 Is coupled to the
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per 1 Shipcaaaont a8k Ahddn@ingles bt bR 15 EhoRf oy surtece casing

l'im steidg nlz;tstheaﬂ:roumlbn rgsing lsting 112heanptoe$mtmt:ﬁmiwingmg 128 to

provi de an eff me ni sm for. eval ua t rea
P onnBETIBAd 15 R, THG dediet Gvipie e Helide Y40 § ncluce o
r'ef esubsngfaéeisafety Iv,elvtamﬁ Ciaacll:er a84,exednar yr mo@dumbtsms The

oY e heh Bt A VIS8 it P Bl S5 ety gt Jlics rom e
pr od geldustibnStuBing Btrikd 01 28ain 3he émn‘e of apturé oy biddk dbdve the subsurface
o LRSS HFUTier dBS Ratker RS B SeolZedis Polalp spogito zones
acCe\fRia ths gggﬁ%f?fgﬁmﬁl%g&wéaaﬁ atrfeﬂr m&bn m@&ool@ usb rﬁé; include sand

subsurfa

pr od Gt T@ﬁe‘f'?ﬂse‘?’ et figy %B%@QEH% tﬁ@‘ Ry HP %a.twﬁg’%egawmaths for
as OtHe Hyaebcgdns Pete klissuataty/ forhationl1@8, menbers, such as

a surface casing string 124, internedi ate or production
casing string 126 and/or production tubing string 128,

may peoani | ize rdebhétﬂblﬁﬂ]‘Qan\dﬁérbM @eakégetvﬂthﬁﬂhﬁan%llﬁd?@ 114, the
productl on of hydrocarbons fromthe subsurface

f or mRIGAHFIONRYSteML AR, way alsp inghgs differrnt fyhulay Meimkers petubulars, such

pr odygtth@rsusied easihg Ostiirg 11124, Uther ﬁb&ﬁbtiﬁﬁfc&#@”ﬂn Y126 andfor the
pur poses and the present technlques may be usefu

t he progHetion;tabing string; 128 | The $Hface GagiRg fstﬂaw&ﬁyn%ta% e'ﬁta“ed from
pl at {ardiiake 1661 & REAfINtia spb AL AdpIMBedatd MeRufiasd 108t YWithin the

102 is configured to nonitor and produce hydrocarbons

f r onByfRSesIAsgr Steng: 124 the dntermediote ompredydtion rasing &tiing 126, which
102 FRY el HdGmSb Y héé}'ﬁﬁ%’slu%uﬁ cdfRRS 1188, wtilized to
that are utilized to han uctlon of fornation

f | ui g®vidg rempert feryallscdthe wellbore 1&'&0@%‘@ suece aadi peaduglipn casing
| nt eEtYl §'1ﬂ‘ arlich?z@l'\‘lg? Hé E@rﬁ@ntE@ fn'fﬂié QLY Pdiftion WRintHE hRfigdre 114 to

facill is cou

2007f@@89§8¥“@q WSZW'BP@MGQSMI“'B the surtase pod pgeduction casing strings
p' peliﬂ‘%ncﬂl@ﬁ 4 tb‘?ocmcf?cﬁ‘l {UBfhg gmf’% 3¢ lHddRis&eto ;‘[ﬁg&gé’fﬂow paths

t ubular menbers that are coup together via we
t hr ehaeughdba m@ﬁlp¢rgr1§4 for hydrocarbons and other fluids. Sections of each of the
surface casing string 124, the production casing string 126 and/or the production
tubing string 128 may be joined or coupled with threaded connections, as discussed

above.
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[ 0026] To access the subsurface formation 108, the

Wbl bPlifResba4 Penetrates the surface 106 to a d

i nt er‘?’r aces with the production interval of the Pefbslobessss
subsurface formation 108. The trge 104, which is

positioned over the well bore 114%at the surface 106,

provi des an interface between devices within the

wel [0028] 1146 and:xamplesolr & doreadeak corinegtion) FIGHc24:28i arglexemplary
t he e r ed
strrﬁggfgbg% ﬁﬁxmroducél%ﬁ#éégphﬁﬁg$#kgﬁﬁ%QQﬂ§hgg1 being  foin
pr otugetheonAcmdlnglvs!ﬂﬁsn@“- ZBsnay&qd?QszwfﬂPm by eonsyrrently viewing

pat The r

22 BT PGS By 2. Tl DA 408 38 i i n
mor exgladeds ardB 6ealdth @oeﬂg@wpﬂad@wewswm be TRtedh gt e tubular
ut i

or o, 200,355 2006 mey e, By, S ol BRI o the sppfage casing
-br eaking@¢ghe bmdsnuﬂmnafs@getrmgﬂaﬁynndiat the praiuctigntubing string 128.
the packer 134 may be utilized to isolate specific

zones wWthin the well bore annulus from each ot her.
AI sgoozg]e tindI6. 236 theafirsi tublilad mesthed 2@0mand>lsem twbglaromember

fl |
71 oo poK G334 Rty 560k 28la Ra¢lh! b BBk sdAoR 264 4 2030,
f or and hotrhéd Bectich @B8A and 208iyi Tes tibalar empeen200ar ande200b may be

| eaka n th IIb 114, .t he j O e
Toons delegl pretbel A wRLFa el RO SR ALt db Hhigured
t ubwd Bé & spRidinB Iersgtlﬁ Izez Ssuich ases0cwsANpes (ft)] hayir@ dpectiicdnternal and
producti on string.l2 nd/ he oduct.ion
P ubPHer damelels: 3 Heb SSkips 2 nd oty el hAME SuaALregee 204e
i nsaa&f he&a fwmgtg@ ﬁot&hk}.:cf Ssution 0684 mmdmeaxrtemhl ﬁreads 206a and
specific dep eneath t . t he .
D Bagh,alzor thg nae satyon Zh%a By 2 map Baye ngtahfb-moi seal sectons
pr gﬂdﬁ & zﬁﬁﬁlvﬂﬁlei’ché hﬁl?héuggecttm IZ?tha amy zmﬁ mag hees\metabto-metal
-a de near the subsurface ion -1
Gt | el aciane 2098 =0 21y ShecerortanaTTlal Seat RN 2053 2056, 207a
114 a0 d BE71S Hal 36rfh 2B6a1 RSrQ Wkl PpborEcboMtseling léﬁﬁth]ﬂﬁ Jnél external
126 may be cenented into a flxed££05|t|on W t

vvthF%QﬂSezofi!@ﬂdozoﬂbrmWe?e eqrfigyred %W*WJ@PWBW@“M%C’S 206a and
W t Elitfb i forPUhE dgRt S bBtwWREN GibuRiP nfenfend 2664 hAW 200k’ 4s shown in

, a production tubing string 128 may be utilized
to Fi®¥d®e flow paths through the well bore 114 for
hydr ocar bons and ot her fluids. Sections of each of the
.surface casing string 124, the Sroductlon casing str,i

126 [0030or InHAGp 2Btha nesK Bl 0% Pl g TSBIURHIEr feember 200a is
i oi REehied \Aﬂ s edichbd ?o&i’&h 86 bf G 8ROhHE ASUIard®ember 200b The
i s coapled whf the 1 086998PC T/ US2006/ 044893 -

- [ boeky Wb@fsemm@ 690Ihat%¢w&p@dt°sewﬁé@v|amagm&e external
2A- ﬁ# sezﬁi%emih P #n‘l.’érﬁmhﬁefa& Yieh W rrA a Wﬁr@ﬂ&é§ chrihebit®. The

production system o bei ng j oi ned toget her.

Acc §eal W@W IS Fprmeed bwifes metaHpmetab seal gagtiens 4078, b%95b 207a and
-Con'ifﬁtf ehd lrt%eé(dse%ﬂ%g 25&!9 208a ah@ zﬁéﬁna@ﬁeﬁt 148, Accordmgly, by
ers 200a oded

tubul ar ne 200b are shown in an explo

and utilizginige thec ngadgdr @nr:noatwnrwmt;@pfar inferalprys | 2P0gcarkh 2@Rp may be

t hate b &y { Biefto fﬂfﬂb.fé&\tﬁ&?ﬁ RN aA? ARniATENe Re!IsHY ﬁMhlch may
or nore se tlons 0 e surface casing string 124, th

pr odlso bieanilizeddp stpbiize thegvallbereddd/ or t he producti on

tubing string 128. [0029]In FIG 2A, the first tubular
menber 200a and second tubul ar nmenber 200b each have a

mai n body section 20l1a and 201b, a neck section 203a

‘and 203b, and notched section 208a and 208b. The

tubul ar nenbers 200a and 200b nay be nade of steel or

steel alloys with the main body sections 20la and 201b

configured to be a specific length 212, such as 30 to

40 feet (ft), having specific internal and outer

di aneters. The neck section 203a and 203b nay have

external threads 204a and 204b, while the notched

sectlon 208a and 208b have I nt ernal threads 206a and

P~~~ ~ N~ ~ o~ o~ 1



A —

coupled with the notched portion 208b of the second

tubul ar nmenber 200b. The tubul ar nenbers 200a and 200b

ar WOBRIIBEN8 t oget her by engagi ng the external tREEHSRH06/044893
204a with the internal threads 206b to forma threaded
connection. The seal, which is fdlred by the

netal -to-netal seal sections 205a, 205b, 207a and 207b

and gﬁ“ﬂgc > r'%@”tﬂ‘er%é?or Ig%eQH@u%Q% thf&ﬁedp 'E:@M'%@ﬁon may vary for

| eak utilrzin hr eaded

connédifferent aPP'Wét'Q'l?o as Aptedabpid sFardsiangqthreasigd figpnerdions in harsh

SeCUlgRtlrdnARitd) 8hct Qs @vﬁl‘itmt@e Mot ¢4y ndy! lﬁWM@é)hréMé PreBsures and
t he melfbore 114 may al so be utilized t

st abiteémpasaturas aﬁethﬁ U@}I@rg panetralgs greater depths and i as sub]ected to different
2007 /RGRna Rt VRg4R ohe $486@hancd Of thréded Ehahactibad afagbeeinfluenced

for | eakage through the threaded connection

for dyitheribids Bpditeaappied; tempsigiutey RIFSVES: ths}ﬁle and’ compressive
i nst a8, BentRgdesliraesnfash, Oﬂ'ﬁeacn d&&fp%h\d?n%aﬁ@nmaﬁhal properties,

such as within the well bore

o1 oo SRS B gSoBeAE FANer e, FREns e PeRipepagitons whie
gr eatingdent bﬁadﬂd?tlﬂml gndfor bnjectioncdoytiin Idadlﬁgaraedtother reasons. With the
envi r onmen

connd¥gh %ﬂ?& Ohggpgwgg tpﬁqleﬁéﬁ%@%e ngth? |w& I.g%r algl H'ne surface casing

tr anspmgied, thb%iﬁ@cﬁloﬂbml&&mgoﬁtﬁfgsmndttmsrddacmrdubmg string 128 are
gg%@%ﬁ%aﬁﬁg%sggq?att% %%29 lrb ?gtféqr?l sgéoehtyc% @Hbg?y f%r gle life of the well

geonas lpyevefBESvirdAmieatal prdbleas chdiritain pratuciiory andkeeintain safety. As
condi tions il.e,being,.run rod nd ection
cycl iSHeh gﬁﬁ%dﬁﬂ &O%QE%E @3‘2 e Wt%ﬁe e ﬁ‘ed'ﬁ nle ost of

repai ring tubular nmenbers withi n the wel | bore 114 t he

sur f asi strlng rodutlon a|n g

156 Jfsfing T oaetaso 6 uineilTubr o T 588 @R Bkl various
desi gﬁaﬁcteﬁsﬁmpérfdlmaneﬂ factdrs|rsaich S!sad)lsbalawtarfdctor structural integrity
:ﬁs : %ﬁ%t {ng? :S?St%f%%gagtﬁgfeﬁggcﬁ\r@% JI dé t&(&vﬁ%r fatigue resistance
mai ntfactor maérgtopmpkmtlem&hreqf Iyt ter uiizkekl It:drmﬁ;d:be ontedrt’ha) it may be
oper af.g Itc?gl ttohﬁftllkbf 8'32 dpnteh‘af b lchar[a%l?!&}c E@rf@rﬁ%‘ﬁﬁé hB@rs for an
perfor nce of connecti ons varl

char avaigaiian gouper Asramagxsmpien of &eschajmﬁlsé@ performance factors, the
seal as@a'ab’i% el ¥ a chhfabehisticAds the tiG8adddYcdrmetin that describes how
gallin istance factor, environnental resistanc

fact ovell prassugzed rassrelr 05 deiestiont vids Are £AgtaingApyiHYR m?ntubular The
ther eQbiBRY RG&otdf the %ﬁé’adel:itcoﬁﬁéﬁﬂbr% IQ%ﬁE&éﬂf@y adnd éthERYAings, the

be bene icral to utilize onl %/J one of the characteristic
per f divigenbeing dranspertedy teraperaties. (RIESYFE: (PRSIl and compressive loads,

ex aWHJeﬁdiﬁ@ EeaceN ARG t BFdasit EempuRihd O baEN ereatérm t;ﬁd&;ﬁerﬂésh &onnection
seal abi fi factor is a chara

rs hre
conn eﬂﬁ"i"@ﬁy-t Tate-¢R RN °r‘i'2ﬁ)§/ I éisg'slgﬁ PP gla[‘ty FS51 8 infuenced

I esergyotifefdht l&hﬁﬂ&ﬂ@ﬁxﬁdnuhm aﬂr&'ngcﬁfaka-lupedlumg hilaceteat into the
t ubul ar The al abi | i fac {HIOf t he

conne¥&Peigs 2p "F‘é‘gtpé
tensig .sgogga&gfgg%ggggxs ah@AMErrerBEO! Dot ttis bBclbns during

t hredt] erla properties, connec
geonetssgmblykg insfaliatiorgefdhethieasied gonriegliaringludeaiieastione of make-up
seal t 0 | I e ffege

condﬁ?'lqg%sﬁ%%g‘fp E‘H%‘*Z"d E t'ﬂ?é%‘a g&@%&? ﬁél %NIB? a%ogd:tlons of the
into thlteadedalctduoe@mnan‘@hlde au $a$g qneodiictemperaiurg, pressure, tensile,
i njection cyclic |oading. For these conditions, |,

manuf acturing conditions include at | east one of base

mat eri'al properties, surface finish, feature dinensions

and interferences between features, conditions during
assenbly and installation of the threaded connection

i nclude at |east one of nake-up torque, nmake-up speed

and thread conmpound, and service conditions of the

t hreaded connection include at | east one of

tenperature, pressure, tensile, WO

NN ] PN NN PN PN 1 NS P s N A AN PN PN

Sct&n'%?l{c% |bg$dF?r tgese conditions,
fl ui dﬁarhﬁadugmrmnﬂmons exdtudéeaimﬁsabue ef bpseepwmtarial properties, surface '

()
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connection that describes how well applied | oads are
divolheskRg anong features of the threaded conpggikfibsssses
The structural integrity factor is affected by, anong

ot her things, tenperature, pressure, tensile and
conpressive | oads, bending, surfhte finish, thread
conpound, base material properties, connection

QGOTEEH bYessiVBK ®aHiling O4ridu fordibiehl QbR fﬁéitsﬂt‘:h? s&ldBilltfadtor is one
I Scussi on above, the nanufact con i t]ons
e ge

i ncmdemaancpe@g?s%ﬁéhef ek AR, 308 of the threaded
sur fafRedtibhd foimed ﬁ?ﬁiﬁé&nﬂiub’ﬁlﬁmemberand i nterferences

bet ween features, conditions during assenbly and
install ati on of the t hreaded connection include at

| eagd osréje ofheredtRrctifalt itaie, fagtkeup &peedacadstithobade threaded
conpound, and service conditi og E’f t he thﬁ_ﬁa@g teat f
coneBRecYAN ithat degerbes howwgl appliedoads A digirigpted among features o
pr esRslfteadeRNéonhectiof o mm'ees&eetuml inteynitli fagtoa idaffenterd by among other

| oad Al so, e structur integrity factor | .
| 1020 CTIRPraler PRI, SR | Se PR dede®y gondipg. surface
mekeinish, tHicdd a@npblmdermam miatdrial plopenties,| dumnectioargiometry, make-up

durin r od c nd irg.ection | a

o SRR 1aR0, LB BBk, e e
of tdaadititisemdide cab et bhenf bhse nidesial ptopertieswsurktck fi I'IlSh feature
P PR S s B kb Al M dodbhoy e
r esiisdtallation bhibe dnreadedadohoedtion inslude abieagt tmemf rmatmrlmgerque make-
t en”p%r%e% @n qﬁr%gﬁ Lok ﬁr?dqah& Sedied CSH&H%[%S |{M& tHr@RHR) connection
bendt ., sur ace gﬂ rea compoun ase materi al

pr opedideest, Ieaehneetof mmmain@n PyEsSHigk éensile t eamapressiveg bending and
ot herars oAGH Mads, Fisd, hlﬁﬁe stiRRAI ¢ Fn%ﬁty FREMT RCINALARYEd by different

I'tions 1 nclude ast one base materi al
pr openditiens experieaces durinp Jrakefupa dUINg BIRFRMNt dRfS thg, wellbore, and/or

| Nt &4 fiRG BRIcRSHREANBRB Ry ISadigondi ti ons during
assen‘gﬁ“gsand I nstall Jat| oﬁ#of therfg?hreaded connection
i nclude at |east one of nake-up torque, nmake-up speed

and e[bg d ¢REBAYresRBHACS LM fa Wéﬁéﬁﬁ %f 9k thre8ded connection

t hr. connect| on include at | east one

t enpbatatiepcabey hewswelk Swif@ﬁsﬁreagecs%rtgsfgpt{p@ai Bliing isgendured by

and fEQt[u%soﬁathe'tﬁégaed ebrﬁféchweTg@bhllllﬁw résfthridedfacor is affected by,
factor is iInfluence ‘erent . con

expeﬁm%'ﬁc‘éberdﬂﬁngﬁgte??ﬁﬁpét% PregsH ey genaalea%@@qurpf»ﬁv@ lpags, bending,
vel | fhpaee finizA] Hreat cbMBPoHdO Busd intilerii Groptirifs)] iconnetlion igeometry,

| oadi n - 12 - The e VI nment esj st
| 020Nk o o OB s ot BB B s Bhsf R, conditons
t hatinglegec st least dranoinedsk ragpiial Gpcbplectbds swfaterfindshl femtire dimensions

* hr TdTteRBiPRERT Petieeh oo, e Sigts Y, SRz AR ipblifaton of

envithe threaded cdnnedign éxhideat east mmfrmﬂe—updprqgganpikeeqp speed and
f t

nyarBeh SppliRl, apSecd B A il Bkddbl ondatho ndlae ot less

f actane ofstemneeatued phgssurgmtengile t ¢taatpressiveg Yending @nd dersipnal loads.

i n- SAI g tfnje ﬁgé@?&éh&' f2Btor Efelﬁﬂ@é'n@é&‘ b dlﬂr&ﬁ%ﬁmons experienced

t ensi e an ressive bendi ng, surface finish,
t hr ecé\mmeomj@wm dupag @!aﬁ%amerﬂtu igfo ‘;BFd‘t?é'P?ﬁeeéf‘dfebHWéwt prefluction and
geoqﬁgaﬁmégahgo&ﬂndorque and other factors. Again, for
these condr'tions, manufacturing conditions include at

| east one of base material properties, surface finish,
feature dinensions and interferences between features,
condi tions during assenbly and installation of the

t hreaded connection include at |east one of make-up
torque, nmakeup speed and thread conmpound, and service
conditions of the threaded connection include at |east
one of tenperature, pressure, tensile, conpressive,
bendi ng and torsional |oads. Al so, the environnental
resi stance factor is influenced by different conditions
experienced during make-up, during placenent into the
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- 13 - [0037] FIG 3 is an exenplary flow chart of the

S ' nd use of tubular nenbers for the

p%‘g%‘}"{’ éaﬂsystem of FIG 1 in accordance vv.th"a?&"é”esé?%’"‘*“s”
of the present techniques. This flow chart, which is
referred to by reference nuneral-$96, my be best

under st ood by concurrently viewing FIG. 1 and 2. In

this [bbggg Chipd eagqu ﬂéﬂfﬁﬁéﬁﬁaﬁé&nﬁ?ﬁ ':sOQScHEPééFé?Etlc of the threaded

eval uated prior t el n I zed
appl |Q,°&ﬂ?‘é§ﬁ" thaﬁzﬂeswsbesmé' Wﬂ'r@&ﬂ%b@‘éﬁwmrﬁs@lﬁ@t IstresResand strains

tubul@e KEREIRAISy WY fdfury 3 URd tehdead %Iﬁfe%éhe |r?' B?é: bfdsBnee of an

performance characteristics of groups of threaded
conneMOTESHYe eniEPnaents <Y1 389'PSINE envirppments £ §xampls iig @, formation

gal | itRst ﬁ&%ﬁmtnmmghqua{ydfogéh 8LHBE 1AV The environmental
fatigue resistance % The fl ow chart begi ns at

bl ocKe¥#anceyfaqlpr, i ed ttﬁr EN90d UBeM Bingsryodupedapr in-situ fluid
eval uhiposition, owmpéretu@/abr@asm@l tehidie 3l WohipRiRsNEORASS . bending,

el e BEhy Brend Pafladie; hade nbterieh Aranerios coltegtion geometry,

| dentméi?e-urg t?qustaﬁdugthé:_s fan‘toraﬂ Aga;:h Eﬂﬁ'ltﬁésamﬁgmtrdmwhﬁhnufacturing
. t .

conn s iR AR} 989 of RREF irsleahbrpERESpputaoa dinip, featurs

physidirabndiast aml) irderferéiicks Détwegrhieatiured, doaditionsg doriyy laesembly and

per f %é@gtlgﬂ‘oﬁ]hé ‘M’ég edo«{?nhgkgloé '%E.%Q%E’ eg&n&%cg' k% ugqgr e, make-

defi ne an enve connec I ons
of erpe$pepdand dinreed \cempgmdmnm service conditionsi ofghe threaxdibe cbonnection

CONNGELL QNS Ie§§t°5?\é e tJnEp%’étEl% ?:Fes%trz}gy Pég%ﬁé C&:{mep%]:%jsn}é%endmg and

testi ng, Specitic characteristics

ot hertorsionaldgads. cSisncibeiapnisonmantdl nesistenceiattonis influencedpy different
W th [ t kLN

thosg:lémlr ead%gﬁgﬁ%gcﬁgﬁ) nﬁ}ﬂ(ﬁ-% Pg‘ﬁ? @%&‘?ﬂ?ﬁgﬁg ttﬁ?@el‘fﬁbre, and/or
menbetusing prodgctigs| andiirigctise cyedisiopdisg. The design of the '

tubul ar nenbers may be based on the well | ocation,
geoph S|cal eval uations, or other processes, mhlch are
di scU893¢] abBhe: fatigue rewistrease fesiolers 4 sharamterialic| ofrdhe threaded

be d%hﬂéhﬁgn hAgedeRibds Row ARl &yc ading! |Qeer\ﬁ%h—;ld Fy features of the
| ocatj on and expected service requirenents.

membdpreagest C?wcm| Thgyfatigns, resistagge fagtaq !%aﬁw%ﬁy,t gmong other

desi gﬁnwdteﬁfp@wt@ﬂés Fd%é@%d%hsﬂ@%ﬂcéd o863 3ids OBenddy, surface

shova_ F' R]I ock 308. It shoul d be noted that the

eval (850 SR AL BRsS MRtstalepropRIfies, (o8 Reqtign greometrg, make-up

a spaeriqhé andppkr faetdreNAIBS, the ratugu@}eausgﬁmce d@gérl i infidenced by different
rs are, obtai ne

| ubul P e SRR Slrin, SP LB OB U SLTtS g wellbore, andior

showriuring bfcmlukho&l@ad ihjeetidrubyelialoadingb &os theag dofditions, manufacturing

0t RSB o g Sof b 4P B8 Llaod i, rear

tubuldanenmmbeand mégrfcpences i Hetweed  feetupesp doaditibrer datingoassembly and

f1 Ui dansbisiofife tHRRALEHASEI RELS %@9&%@%4%%%«.0 torque, make-
up speed and thread compound, and service conditions of the threaded connection
include at least one of temperature, pressure, tensile, compressive, bending and
torsional loads. The life cycle of tubular members within a production system are
discussed further in FIG. 3.

TN
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- 14 - hydrocarbons, through the tubular nenbers. The
production of hydrocarbons may include coupling tubul ar
nmevhmosogeeepet her, coupl i ng tubul ar nenbers to tPOE/UIS2@6/044893
104, and tools 136 to formfluid flow paths through the
wel | bore 114. These fluid flow pajhs may all ow

hydr ocarbons to be provided to the surface facilities

102. rdi n%oy the rocess ends at bl ock 314.
[ 004d auskh | eRpigryafiowy ghart Qf) e, selectionnand use of tubular

pr oduSenitgers ek mapsrbemon Sspﬁéfnf bCFICN A RCA&ordEnkE with aspects of the
bility, structural

f t I
Pt oIt iR, TS HY aft WHHR PR IpY efaPEie:meeeral 300

or f aidydhee bestairtieRioa, bwéonbb:eertﬂP r%rgsry; ﬁ?eg{d er:n IAT8s flow chart
|

be e uat ed, for different tub
ri sk\égb Preases %5’"88?1{98%6“%% graluateds PIPY i9 he'f'%é't'l%@filfc’f a specific
Howewpplicatidre awat Isatieothrés@bd Qdnndtiony Batabln AaRfdrl rpéi'ﬂbers may be

are ej tlh% gx%lepy ve and_ ti mﬁ’ consun}1 g or. lack th

pr op&YALTRH 1B BTN APectie PeARMANGS £Nar: Btﬁf'f’t@étqfcqﬁ%”psa@‘ threaded
not ledomtemims éscmwmaiﬂlej aﬁﬁ?mwhﬁgﬁt{fgﬁlhn@ rgtﬁﬁthféé ERvironmental
eva readed connections w he
spec?%ééé}?:)?aa&? f%@?%% ta? st i ng and sinplicity of FEA
testing, and enables definition of performance limts

that account for the various factors governing
connf®383n pﬁef@wﬁmd@egm atbiotks302 sﬁa bRek 304, thiekfed donnections in

004 rt of t
Lo Shevaadon SroBR <7 EPRute JhS Bnalalon ibpdsdr weigt is fgscribed in
- of Fg@atet detailbioddd4n cayvindlideaspdaling differéditethfadae Bbnnections and

tech ' referred .

r ef e@eﬂﬁ@ﬁﬂuc}@%%r&ﬁggf %Iﬂaé\fabua%g{buh tho(g'offsld mbM‘e modeling.
conclbere the ereﬂdedncmmaétlw in the3svaluatisrhgreup hmwbelmbjéctéﬂ@o physical
a pr reg e of, gf

o B0 RS SRl XA S AP, ot o v
has eraded senuratiens thet defing rantmlelomhef tbraaded somnectlormea plurality of
Pr evildfipks P& érﬁr&ﬁﬁg vﬁ’thyo'il‘lé?%utlgtf ﬁ%&‘r&%eﬂfc&ang ? Fram the results

esul'ts Trom

connectlons as a basis uat 1 on
t hes®f PRyRhvEice! ?B%tF%F?étlmﬁaoﬁwP!ﬂ@ charaftpdstics gy tbe scaled to other

assofhraided chh éc‘ﬂbﬁgﬁ 1 Haleval ol .
i nst ance, ’he resuyl 1 ré M;ﬁ‘f@@gﬁgﬁ@ﬂ?ﬁ%hﬁm tggg{g having

connf9cs RFter ey oBdnssHP '@P "tnﬁc@éﬁl Abplock $06, tubular members for

per f 9 WeR ARG bES HésigriddC OFH@LHe%fganfﬂ@ﬂé wbﬁﬁﬁlt ﬁ]%Pﬂb@f%dma}r1 be based on the
sealallltﬁ?callbratl n factor ' th this ne

speclel] location graphys) e%’?'i”ﬁﬁ'&"srrﬁy OH@fFﬂWgérsggm \yhlt:léﬁr%d:llscussed

and abiove. Zid tilsulsrahémpers fériRé ael Riay ZRtdeSiynb R 6hd drPthe conditions
ot herr{hhre ged connecti o The t hreaded connecti ons

Wit h'?t ﬂ%lpapaél oqxpaggcﬂ ﬁsﬁlcarrswremt%eTutpqlqar pambers for the
Wi t heelt map ¢herxpe oblained Has@ogelﬁﬁédﬁldryamﬁ blevib@S threkded connection

ob PRI AT e bE Een i orng hestrapabetiomarous mey

conste fornexd sither ptidrte adeﬁierecsmam bisplisativh oidil GgidlislidbhidRd,

group are determ ned. Constituents of the eval uation

group may i nclude threaded connecti ons havi ng

consi stent features, such as seal design (spherical or
coni[0889] t Bneaithaltubiulgn nentbrecndee peteinediclhe tgedactmeybers may be

h : , t d
conariified e BB B enBi nniBhro, e A FanfERay beirstated
an @snnatefherdiing aperations frat brerperformédotordl |tlmwelrbma e At block

e 204 BEUR dhlfBors SRe e, AFPRE S sty oR R s, such as

identified fromnodeling anal ysis of manufacturer

i nformati on about the tubular nmenbers. The nodel i ng
anal ysis may include finite elenent analysis (FEA) to
assess simlarities or differences anong threaded
connections of different sizes, different thread

desi gns, or seal designs. [0043] Once the constituents
of the evaluation group are identified, physica



s —

testing may be performed on certain representative
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[0052] In addition to the discussion above, it should be

tubul ar nenbers may have different pcrrs2006044893
gg%ggor@g%g% than presented in FIGs. 2A-2B. These

di fferences may included, but ar 7not limted to,

| ocation and geonetry of connection features, such as

seal, shoul der, threads, etc. In addition, the j oi ni ng

me.c HEARIET ede! JeEnense iand casinst dhe Brevigushs ridentified petformance trends.
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faII it t he. i pventj.o S .
o i1sibcd HotphSssifit ey BN faltind & Smb BBk S appiea
1. Aoeeclhofdhasenntlttwnmof\ma évaluatioregralipiat i on of

performance limts of threaded connections (200a, 200b)

conprising: 5determning constituents (402)of an
eval[0646bn Bi®upisod grépreefiditferenhiheszded toniefions aRd @y evaluation

v RGBS 308 8y 4 O PXBLA 1 B g o e

and paessst teshiniguer lalﬁl6y5,dhreaﬁ@d tdnnectidos froorinkdlar mempers having an
outer diameter (OD) 504 from 2-3/8 inch (in) to 7 in is shown against the
thickness/QD 502 in the form of a graph 500. In this graph 500, an evaluation group
of threaded connections includes fifty-two threaded connections, which each have
similar features and are composed of similar carbon steel (i.e., from C75 to C85,
which encompasses four grades), Each of these individual threaded connections is
shown by various points. These points include boundary points 508 (represented by
triangular shaped marks), outlying points 512 (repreéented by circular shaped
marks), and intemal points 510 (represented by diamond shaped marks). The
boundary points 508 form anAenveIope 506 that defines the threaded connections,
which satisfy the thresholds for the respective application.

[0047] Under the present techniques, physical testing is performed on
representative constituents of the threaded connection family to capture the range of
sealability performance of the threaded connection design within the given material
property range. For this exampie, an evaluati;)n group is determined and physical
tests are performed on the threaded connections represented by the boundary points
508. Then, FEAs are performed on each of the threaded connections to evaluate
the seal and shoulder contact trends associated with the evaluation group. From the
FEA analysis, eight threaded connections, which are the outlying points 512, are
determined to have performance that is not fully described by the eighi threaded



conducting physical testing (406) on the first
plurality of the threaded connections 10(200a, 200b) in
t he eval uation group; perform ng nodel i ng analysi
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(200a, 200b) and the second plurglity of threaded
connections, wherein the second Biur al | ty of threaded
connections are not physically tested;

CONBafiricdtbrisasst! fs(sadt thdse threaded qohpertions asspsiatedgvitaipe outlying

t he npdel | anal ysi 15 a I &dsliffs |
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congeeidedrdhnegtiohy beigg utilizet har act eri stic performance

factor (416) to the second plurality of threaded
connections, and defining the performance linits based

on [0048]c haruet theiFEA is cpmplbtedrasinglefseelability fagopispigtermined from

22 8 o o BBl LA6E SO, Troe troade
congbAtetibns amet suhjssted3toT haditionahDEA 60 captirariniqueiesults of the test
desFOREIT R oaBliy S RTRHoRRAk) FENad ganGIed kg physical
conléstiap iobthet threaded covertions aog imey Peragiupted based u¥oon the actual test

conditions, interference match-ups, make-up torque or other test specific variables.
For example, ‘strain measurements may be used to verify that the shoulder
interference estimates are properly combined with the FEA models, resulting ina

modification to the sealability factor.

[0049] Once the adjustments have been made to the sealability factor, it is
applied to the remaining thirty-six threaded connections in the evaluation group.
That is, the sealability factor of the physically tested threaded connections is utilized
with the standardized FEA to assign sealability performance limits for the remaining
untested threaded connections in the evaluation group. The result of this analysis is
one hundred seventy-six threaded connections with sealability performance. In
determining this result, only eight threaded connections were subjected to physical
tests, while the performance of the remaihing one hundred sixty-eight threaded
connections was determined computationally with the sealability factor.

[0050] In addition to a single envelope 506, the evaluation group may include
threaded connections in multiple envelopes or with individual threaded connections.
For example, an evaluation group may include a first plurality (i.e., group) of
threaded connections and a second plurality of threaded connections. The first and
second groups may be formed into an envelope based on connection geometry to
define the evaluation group. Alternatively, the first and second groups may be
formed into a plurality of envelopes based on connection geometry to define the

evaluation group. In another embodiment, the first and second groups are formed-

from an envelope with a portion of the second group of threaded connections falling
outside the geometric bounds defined by the first group of threaded connections. As
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4. The method of claim1, wherein the eval uation group
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{ gs%3&1?38§amwgﬁf@eﬁ5ﬂiae§|swmr§@s AR lPrmedjaipfepibrality of envelopes

gontwhimt amc&ﬁ@ud b]fi th® s}éwﬁdoyﬁ:uﬁvdf%mdét?%hhé&iﬁtﬁ% fal%ir?glb%:tside the
. The t ho cl alm oNnpri si rmn he firs
o urBPmEtedolnds adtieg By s SR PoS Hoated wibestemma. « ne
second plurality of threaded connections int oda]tC_ I eas:]
: I ased on. connpecti eonetry to define the
ovaliSTlon GHEBE. 28 mpisthabn erst compiptonsceihe shargcterstic
for rljerfngérgeffhtrt(sjﬂs rph;ubabiiltzgd.oli:ot inlét_eﬁébﬁd?@ t@ﬁél@lﬂliﬂr @atbor and galling
200a.. 0] n Seco grality. o reage ]
Connest e ana B IR dn@died oo ios aarts &vaheaton groue. T
of thyye cfeeahchtiph miayl bet pertdrmid mead'ﬁ@hneﬁ sm?m it@ﬂﬁl tﬁiﬁddls@siﬁﬁl above.
t s ' .def.i ne y.the first uralt
o TP DS IEEAS hiy PR RAbirR e Skt Sl rdngctond that o
whemet satishe bethaflactats. o Acgprdingly olfaset rapaitisdappmoaah twa rtaree, four or

! _ ot tial
COMBidS R RAIRLANGHADS, ARLIRGH LR o reher s

utilize bons. e met hod of
claim1, wherein the physical testing conprises at

! eaiboﬁ]e qf'l M%n“Po the discussion above, it should be noted that tubular
members may have different appearances than presented in FIGs. 2A-2B. These
differences may included, but are not limited to, location and geometry of connection
features, such as seal, shoulder, threads, etc. In addition, the joining mechanism
may occur via coupler or other threaded connections. As such, these different
features may be within the scope of the present techniques.

[0053] While the present techniques of the invention may be susceptible to
various modifications and alternative forms, the exemplary embodiments discussed
above have been shown by way of example. However, it should again be
understood that the invention is not intended to be limited to the particular
embodiments disclosed herein. indeed, the present techniques of the invention are
to cover all modifications, equivalents, and alternatives falling within the spirit and
scope of the invention as defined by the following appended claims.
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15 and break-out tests, tension or conpression to
failure tests, collapse or burst tests, liquid
sealability or gas sealability tests, fatigue tests,
bendi ng tests, thermal cycling and thermal quench
tests. 10. The nmethod of claim 1, wherein the
characteristic performance._ ?Qctor (416) conprises 20 at
| east one of a sealability factor, a structura
integrity factor, a galling resi stance factor, a
fatigue resistance factor, an environnmental resistance
iaiégr, and any conbi nati on thereof. 11. The met hod

c im10, wherein the characteristic perfornance
factor (416) is based at Ieast in part on nanufacturing
condltlons conpr.i S| ng, a eas one

.al 25
Lpr optr methed  asspeiae t‘h %‘F\ evaluation 0 pﬁiﬂg}agﬁaﬁ g of Ahreaded
@éﬁ%ﬁ?@@ﬁ&%o&% @Sing:cat ures. 12, The nethod of

wherein the characteristic performance factor
(41 8ktamining eanstiments FA2)afansarluatinn grevRipt fhamded gengions (2002,

assembl y ﬁﬂ@t b{&s&ﬂhélain'a% Otvh& & {hgr@@glggod:%m%cgdn%ses a first

conpri si Ag east one e-up torque,

speed anghiridityaf tho tipeadad coBBcti@s anf e monﬂonlumlltsc pﬁﬂm threaded
10, wherein the characteristic performance factor (416)

i s based BEYEYY in part on service conditions of the

t hr epdesttiag phesitdl desting ii@06) sinngye dfirstl merstityoofothofthreaded connections

tenperat ensile | oad, conpressive | oad,
bendi ng Ig(S\Qi‘ 9@92’3”’(%??% LPoglo® . 22 1 14. The net hod
of  GledfofthihQ meﬁthaﬂaZﬁe (368 cabitei m: phedtioy of shreaded ccoaections

least in part on the fluids b rted throu
t he t ubul(Z9022RPh) and efgc%ﬂ@?q.}glgﬁ E{Erpgcqua?oﬁpi%wns %herem the

wher ei Nt B& Aty bPihrdaBE@inhéctiohddrt ast physicfyl teaell; as

how :t\)?rlxpanng results (412) from the physwaL ting and the modeling analysis to assess a

characteristic performance factor for the first plurality of threaded connections;

applying the characteristic performance factor (416) to the second plurality of threaded
connections, and ‘

defining the performance limits based on this characteristic performance factor.

2. The method of claim 1, wherein the evalution group comprises threaded connections

(200a, 200b) having consistent features.

3. The method of claim 2, wherein the consistent features comprise at least one of seal

-design, thread design, shoulder location and any combination thereof over a defined range.

4, The method of claim 1, wherein the evaluation group comprises threaded connections

(200a, 200b) exhibiting consistent performance characteristics.

5. The method of claim 4, wherein the consistent performance characteristics comprises
at least one of mechanical response to applied loads, response of contact pressure to changes

in mechanical loading, and response of contact pressure to various make-up conditions.
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appl i ed | oads are distributed anong threaded connection

features. 16. The nethod of claim 10, wherein the

galling resistance factor is defined as how well

surface damage due to frictional sliding is endured by

t hreaded connection features. 10 17. The nethod of

claim 10, wherein the fatigge_resistance factor is

defined as how well cyclic [oading is endured by

features of the threaded connecti on. 18. The net hod

of claim 10, wherein the environnental resistance

factor is, defined as 15 .how.wel | lied lLoads,an .
61 os i Hemened o8 SampurphaiEne B8 Rish BReUREE ik copnections
(202 PEOK)NIrAAUE Yecond PRGREGTOS tRrebdbd OhREBDBAL M allkast one envelope

aggr essi've environnent.
based on connection geometry to define the evaluation group.

7. The method of claim 1, comprising forming the first plurality of threaded connections
(200a, 200b) and the second plurality of threaded connections into at least one envelope with
a portion of the second plurality of threaded connections falling outside geometric bounds

defined by the first plurality of threaded connections.

8. The method of claim 1, wherein the evaluation group of threaded conmections
comprises threaded connections between tubular members utilized in producing

hydrocarbons.

9. The method of claim 1, wherein the physical testing comprises at least one of make-up
and break-out tests, tension or compression to failure tests, collapse or burst tests, liquid
sealability or gas sealability tests, fatigue tests, bending tests, thermal cycling and thermal

quench tests,

10.  The method of claim 1, wherein the characteristic performance factor (416) comprises
at least one of a sealability factor, a structural integrity factor, a galling resistance factor, a

fatigue resistance factor, an environmental resistance factor, and any combination thereof.

11.  The method of claim 10, wherein the characteristic performance factor (416) is based
at least in part on manufacturing conditions comprising at least one of base material

properties, surface finish, feature dimensions and interferences between features.

12, The method of claim 10, wherein the characteristic performance factor (416) is based
at least in part on conditions during assembly and installation of the threaded connection,

comprising at least one of make-up torque, make-up speed and thread compound.

13.  The method of claim 10, wherein the characteristic performance factor (416) is based
at least in part on service conditions of the threaded connection comprising at least one of

temperature, pressure, tensile load, compressive load, bending load, and torsional load.
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14, The method of claim 10, wherein the sealability factor is based at least in part on the

fluids being transported through the tubular members.

15.  The method of claim 10, wherein the structural integrity factor is defined as how well

applied loads are distributed among threaded connection features.

16.  The method of claim 10, wherein the galling resistance factor is defined as how well

surface damage due to frictional sliding is endured by threaded connection features.

17.  The method of claim 10, wherein the fatigue resistance factor is defined as how well

cyclic loading is endured by features of the threaded connection.

18.  The method of claim 10, wherein the environmental resistance factor is defined as
how well applied loads and resultant stresses and strains are handled by features of the

threaded connection in the presence of an aggressive environment.



