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O LFI ELD EQUI PMENT PROGNOSTI CS AND HEALTH MANAGEMENT BACKGROUND

[ 0001] O IWoebr/mpgsBi cations utilize a variety of types @eCTABIpDEAY4 On a

| ocation. The determ nation of appropti ate nmai nt enance schedul es and

predi ction of equipnment failures is an ongoing challenge. The failure of
equi pnent on a |l ocation can have trenendous costs, causing a failure of a
treatment or a well, and idling expensive equipnment and crews while

awai ti ng repl acement equi pnent. The cost of equipnment failures, and the
difficulty in delivering replacenent equi pment is even greater in offshore
applications. Current systens to nmanage nmi ntenance and prediction of

equi pent  fIY$TERS METHODUANDNFFARATUS POR OILHIBIDaRKEIPMIORE] One
currently avail able system i ncl udes providi ng redundancy and extra

equi pnent at a | oca F{(EG P@% { i e cost of a
treat nent, increasets1j e tota c‘g‘ﬁlﬁyﬁ‘?g@m@gﬁ{*?ﬁn@?n ain a given |evel

of operating capacity, and is not an optiml solution where space at the

| ocation is at a premum- for exanple offshore or in environnentally
sensitive areas. [0003] Another currently avail able system i ncl udes

det ernmining an abnornmal conditi OBACIK%Réé}NDcuI ar unit of equi pment, and/or
predi cti ng when an abnormal condition is about to occur in a given unit of
equi prenf0004]f ur t heilfiehbapplieationsfutaizua venttyyofayacs abé@upysnemnpr edi cts a

process eci fi ¢ maintenance schedule.. A limtation aof ch systens is that
a procesié)‘?ﬁ’@(‘i‘i fgj;}}? %ﬁ?ﬁ@%h@bo HHEQRT8 G BRtenance 8&}9‘?6@1%3% peci fic piece

of equi pPERA;ictibRbf EXGTRMEATITERS BN MR e BO8T e SRREFIRAECEE Varying duty
cycles due to utilization in disparate Job types.” Further, determning an

abnor mal eqoiptiné¢ntom a thoatmperinf haveurre meafloes ogpspmatusirey £faildetadram nes
whet her a]g%iéven unit %L ergﬁj ;I).ment is available or will be avail ahl e.
However , CEREMERECE AT HhtaBHEIRS SXRENSITE SAHHNBER PEOLY Y5 PS4 NS

replacement equipment. The cost of equipment failures, and the difficulty in
delivering replacement equipment 1s even greater in offshore applications.
Current systems to manage maintenance and prediction of equipment failures

exist but suffer from several drawbacks.

[0002] One currently available system includes providing redundancy
and extra equipment at a location. Redundant equipment increases the cost of
a treatment, increases the total capital required to maintain a given level of
operating capacity, and 1s not an optimal solution where space at the location

1s at a premium — for example offshore or in environmentally sensitive areas.

[0003] Another currently available system includes determining an
abnormal condition in a particular unit of equipment, and/or predicting when
an abnormal condition 1s about to occur i1n a given unit of equipment. A
further embodiment of a currently available system predicts a process specific
maintenance schedule. A limitation of such systems 1s that a process specific
maintenance schedule 1s not tailored to a specific piece of equipment, for
example as the equipment ages or experiences varying duty cycles due to
utilization in disparate job types. Further, determining an abnormal condition
1n a specific unit of equipment merely determines whether a given unit of

equipment 1s available or will be available. However, such determinations do



2 not allow for increased asset utilization by accounting for interactions
bet ween units of equi pnent, or through adaptation of maintenance responses
t o i nproweothe/1é5Bi zati on of the particular unit of eqeCprBI1/0BREr ef Or e,
further technol ogi cal devel opnents ar@ desirable in this area. SUMVARY

[ 0004] One enbodi ment is a unique apparatus for adjusting an equi pnent

mai nt enance schedul e. Anot her enbodinent is a uni que apparatus for

i nprovi ng asset utilization. Yet another enbodinent is a method for
perform ng a prognostic mai ntenance preparation step. Further enbodi nents,
forms, objects, features, advantages, aspects, and benefits shall becone
apparent fromthe foll ow ng description and drawi ngs. BRI EF DESCRI PTI ON OF

THE DRAWLNYGSIbRA0P]fdrascl dstefutitiR@ITeh b debaakist agraterabtions BXSehar y
controller for updating a maintenance schedule of a oilfield equipnent

unit. [O00®&JsFifgquibments o theovehi addytebkn of ayrntaremcanesnoasps bry control | er
for maxim zin i1fileld.equl pment  asset utilization, [Q007]Fig. is a
sohena | Supr O s SrifuEr oL TR RRER b bt AR RR B hapihel
mai Nt enane@ rdl R aleveRpsi s alkdEB) 418 in4hissar@aschemati ¢ di agram of a
systemincluding a plurality of

SUMMARY

[0004] One embodiment 1s a unique apparatus for adjusting an
equipment maintenance schedule. Another embodiment 1s a unique apparatus
for improving asset utilization. Yet another embodiment i1s a method for
performing a prognostic maintenance preparation step. Further embodiments,
forms, objects, features, advantages, aspects, and benefits shall become

apparent from the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Fig. 11s a schematic block diagram of an exemplary controller for

updating a maintenance schedule of a oilfield equipment unit.

[0006] Fig. 2 1s a schematic block diagram of an exemplary controller for

maximizing oilfield equipment asset utilization.

[0007] Fig. 3 1s a schematic block diagram of an exemplary controller for

performing a maintenance preparation step.

[0008] Fig. 4 1s a schematic diagram of a system including a plurality of

monitored variables.

[0009] Fig. 518 a schematic diagram of a prognostics and health

management system.

[00010] Fig. 6 1s a schematic diagram of an alternate embodiment of a

prognostics and health management system.

[00011] Fig. 7 depicts 1llustrative data of T2 statistic versus a sequence of

observation points.



nonitored variables. [0009]Fig. 5 is a schematic diagram of a prognostics
and heal th managenent system [00010]Fig. 6 is a schematic diagram of an

al t er nat eworzbedioneat of a prognostics and heal th manageremtiBaysbHE8Y4 WO
2012/ 001653PCT/ 1B2011/ 052894 3 [000123Fig. 8 depicts a T2 statistic

determ ned froma systemincluding a plurality of nonitored variabl es.
[00013]Fig. 9 depicts illustrative data of unit Euclidean distance froma
mean. [00014]Fig. 10 depicts illustrative data of Euclidean and Mahal anobi s

[00012] Fig. 8 depicts a T2 statistic determined from a system including a

plurality of monitored variables.

[00013] Fig. 9 depicts illustrative data of unit Euchidean distance from a

mean.

[00014] Fig. 10 depicts 1llustrative data of Euclidean and Mahalanobis

distance from a mean.

[00015] Fig. 11 depicts 1llustrative data showing average permeability

readings from a plurality of fluid analysis devices versus time.

[00016] Fig. 12 depicts 1llustrative data showing a T2 statistic for one of

the fluid analysis devices versus time.

[00017] Fig. 13 depicts the i1llustrative data showing the T2 statistic for

the one of the fluid analysis device versus time, with outlier data removed.

[00018] Fig. 14 depicts 1llustrative data showing the T2 statistic for a

second one of the fluid analysis devices versus time.

[00019] Fig. 15 depicts 1llustrative data showing the T2 statistic for a

third one of the fluid analysis devices versus time.

[00020] Fig. 16 depicts an illustrative system for providing real-time

equipment health and maintenance preparation for an oilfield equipment unit.
[00021] Fig. 17 depicts 1llustrative pressure data versus operating time.

[00022] Fig. 18 depicts T2 statistic values corresponding to the illustrative
data of Fig. 17.

[00023] Fig. 19 depicts an exemplary Pareto chart depicting the most
significant sensor readings based on a T2 decomposition of the i1llustrative data

of Fig. 17.



di stance froma nean. [00015]Fig. 11 depicts illustrative data show ng
average perneability readings froma plurality of fluid analysis devices
versus tiwe.20{2000668] Fi g. 12 depicts illustrative data sRORIBZY1H05BR94
statistic for one of the fluid anal ys#s devices versus tine. [00017]Fig. 13
depicts the illustrative data show ng the T2 statistic for the one of the
fluid anal ysis device versus tinme, with outlier data renoved. [00018] Fig.
14 depicts illustrative data showing the T2 statistic for a second one of
the fluid analysis devices versus time. [00019] Fig. 15 depicts illustrative
data showing the T2 statistic for a third one of the fluid analysis devices
versus tinme. [00020]Fig. 16 depicts an illustrative systemfor providing

real - ti ngoesrdprentidieal ddpi@sdnBichtSRANGRs@iARaN@Rke CRArtoRr @hé f i el d
equi pment _unit. [00021]Fig. 17 depicts illustrative pressure data versus
oper at i nglustnativg deoed] Itigg 17,1&:tdepinads{rim theanintipal coapaenésr r espondi ng t o

the ill u%ern%fjievdein Fig. 19.
DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

[00025] For the purposes of promoting an understanding of the principles
of described embodiments herein, reference will now be made to the
embodiments illustrated in the drawings and specific language will be used to
describe the same. It will nevertheless be understood that no limitation of the
scope of the contemplated embodiments 1s thereby intended, any alterations
and further modifications in the illustrated embodiments, and any further
applications of the principles of the described embodiments as i1llustrated
therein as would normally occur to one skilled in the art to which the described

embodiments relate are contemplated herein.

[00026] It should be noted that in the development of any such actual
embodiment, numerous implementation—specific decisions must be made to
achieve the developer's specific goals, such as compliance with system related
and business related constraints, which will vary from one implementation to
another. Moreover, 1t will be appreciated that such a development effort might
be complex and time consuming but would nevertheless be a routine
undertaking for those of ordinary skill in the art having the benefit of this
disclosure. In addition, the composition used/disclosed herein can also
comprise some components other than those cited. Wherever numerical
descriptions are provided, each numerical value should be read once as
modified by the term "about" (unless already expressly so modified), and then
read again as not so modified unless otherwise indicated in context. It should
also be understood that wherever a concentration range listed or described as
being useful, suitable, or the like, 1s intended that any and every concentration
within the range, including the end points, 1s to be considered as having been

stated. For example, “a range of from 1 to 10” 1s to be read as indicating each



data of Fig. 17. [00023]Fig. 19 depicts an exenplary Pareto chart depicting
the nost significant sensor readi ngs based on a T2 deconposition of the

i1l ustratwoeotkawassef Fig. 17. WO 2012/ 001653PCT/ 1B2011,052B94 1/d52894

[ 00024] Fig. 20 depicts an exenpl ary ufisquared variance chart for the
illustrative data of Fig. 17, determ ned fromthe principal conponents
identified in Fig. 19. DESCRI PTI ON OF THE | LLUSTRATI VE EMBODI MENTS

[ 00025] For the purposes of pronoting an understandi ng of the principles of
descri bed enbodi nents herein, reference will now be made to the enbodi nents
illustrated in the drawi ngs and specific |language wll be used to describe

the same. It wll neverthel ess be understood that no limtation of the
scope of ah'd%v%ﬁﬁ?@é%l@trﬁdnm@lhgﬁﬁé SontIntier 8w cbAt@nded ardborktt er ati ons
and further ications in the illustrated enbodi nents, and any further

appl i cat il@nEhos, aviea 1ﬁsvmf1<pﬂ@§1 pdintheitdes the b@@g@@b@am@md@twomtsust r at ed
therein as d naormal |y ski | th

descr bed RO FaRee el BolPEa aekd aahl AT fovebBr i€ hou'd be
not ed t hak drlleti8odeNS] IREBIYrs Afppadiiaeuadt aslsataibod ABNind AUNRIQUS

i npl enent ati on-speci fic deci sions nust be nade to achi eve the developer’s
speci fi cpguésgvlt@@cﬂhea@nggﬂpe t@h@90W1dwe§¢@tlmﬁer®BatS@dC@ﬁd, podithalss rel at ed
constraints ement at t.0, another, Moreover,
T DT AR T AR SRR SBhI O R SRE oot ox ane
time con&gﬁg@g but woul d neverthel ess be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure. In

addi ti ono§47COMPPRE Gt ARSI L RAUQERINISES 0GR iRfIth AAPFdISRSOTE
conponents other than those cited. Wherever nunerical descriptions are
provi dedto glae hreventdischisuvabhué nsdgonbtdedrstitetedpomcartas nodi fi ed by the term
"about" (unless already expressly so nodified), and then read again as not
so nodi f i[e028]l essEailveimeats didcosad Rerdin agoatextallylelabdub d lalasih be
under st ood that wherever a_concentration range Ilsted or descri bed as being

usef ul , SURIEAIRG swtermHee), iHragnostics ndnidedlth RMdansgrmemd FEM))foEoncent rat i on
ithin t | d h
been ot ab oo icRag fub dilhBfied BPCEID R B th bl 8@01?9%*3' B Tead as

i ndi cat i egpkastion and production.

[00029] Equipment used in well services/wireline operations often
includes sensors that are utilized to measure various parameters. These
parameters provide job related information or equipment performance
information. For example, on a stimulation fracturing pump unit, there are
pressure and temperature sensors on the engine and transmission that provide
power train performance information, and there are pressure sensors on the
fluid end that provide job related information. These sensors are strategically
located to evaluate flow rate, temperature, pressure, blending rate, density of

fluad, just to name a few.

[00030] Referencing Fig. 4, an exemplary engine system 400 includes at
least one engine cylinder 402, a charge air cooler 404, a compressed air flow
406, a compressor 408, an ambient air inlet 410, a turbocharger outlet 412, a
turbine wheel 414, an exhaust gas discharge 416, a wastegate 418 for the
turbocharger, an o1l outlet 420 for the turbocharger lubrication system, and a
compressor wheel 422. The illustrated parts of the system are exemplary and

non-limiting. An exemplary oilfield sensor system 400 measures a series of



WO 2012/ 001653PCT/ 1B2011/ 052894 5 and every possi bl e nunber al ong the
conti nuum bet ween about 1 and about 10. Thus, even if specific data points
wi t hi n t worarg®1658r even no data points within the ran@el/1Broa1/e3epd4 citly
identified or refer to only a few speéific, it is to be understood that

i nventors appreciate and understand that any and all data points within the
range are to be considered to have been specified, and that inventors
possessed know edge of the entire range and all points within the range.

[ 00027] The statenments nade herein nerely provide information related to the
present disclosure and may not constitute prior art. [00028] Enbodi nents

di scl osed herein are generally related to a health nonitoring system (i.

Prognost ipgsa@eebrilealdhdnags s IN2) — bRfte RpREd (kb U3 T Wngige rel i abi | ty
of equipnent(s) in the field of oil and gas explorati on and producti on.

[ 00029] Egpé — e éxhamet Ferspesatoes /XA + erdmecaparasswres X61-t errbpncl udes
sensors tha are utili asur varl ous ar anet.er s These raneters
ot DRt PRFSHE e 87 et B SR e pr R e B o Ry
exanpl e, ofifieR Sdsb k@it dreaBidisdeddnRierasibted, Ul @herdf shiHcasisds e and

t enperature sensors on the engine and transm ssion that provide power train

per f or nareBal ndsorifailiZoh24 and 11802025 éhq‘aﬁ@ﬁ@@t@fs\éh§brf§eOhCQFIﬁeT?ftled| d end
t hat pro¥%de jOb related %nfor sensors are strategically

| ocated TS QAP S RPN %eﬁf‘%%%%%ﬁepu%%sme bl endi ng rat e,
density just t.o name a Referen0|n Fig. 4, an
exenplariégi%ﬁne S 8ﬁ¥ﬁ§é°§ﬂ%@ gﬁgé}ﬁﬂﬁwgﬁﬂi %PHdQF”ﬂOZ a
charge aigy, F&Q&&Ia@gé'benﬁf&%ﬂﬁﬁ%%Qh%'fﬁtthleor‘é’hﬁgﬁny%f%‘Hﬁ@fdesSor 408, an
anbient air inlet 410, a turbocharger outlet 412, a turbine wheel 414, an

exhaust gasiphsutifarigeastessing thasx‘eag)atoé dét@tivarortdeeradathachiar ger, an oil

outlet 420 for t turbo Qgr er g ication s sten1 nd a ressor wheel
422. The APRRRERY %efHOIBdF CXhE %‘{lg?réﬂ?‘]a?@r RBREPEMYIORR SY$'%H i ng. An

exenpl ar ¥, figleffofhtre3 @ Bi9RS nid¥sloeMANAnIBRI WK ndit$&Hd &Shefequipment(s)
to evaluate 1ts/their actual life-cycle conditions, to determine the initiation of
failure, determine the level of maintenance required of the equipment(s). The
system of the current application also helps to validate the operating

conditions of the equipment(s) and to mitigate system risks.

[00032] Real time prognostic health management of equipment can be
accomplished by a fully integrated PHM system. The data 1s fed into an
analyzer, such as a computer system, which in turn extrapolates the captured
data and compares it as a function of historical data. This extrapolation can
predict the total remaining life before next maintenance or failure. Correlated
data (parameter and vibration) can be used to reach more accurate prediction
and an increased confidence level about the utilization of an asset.
Incorporating this integrated PHM system into oilfield operations can optimize

preventive maintenance schedules and improve asset utilization.

[00033] Referencing Fig. 5, an exemplary system 500 to establish normal
(healthy) baseline data for a unit of equipment 1is illustrated. Field data 502
collected for normal (good, healthy, etc.) operating equipment 504 1s utilized to
establish the region of good operational data 506. In certain embodiments,

field data 502 from a failed (bad, unhealthy, intentionally improperly



WO 2012/ 001653PCT/ 1B2011/ 052894 6 paraneters, such as X1 - oil pressure, X2
- oil tenperature, X3 - engine speed, X4 - turbo exhaust tenperature, X5 -
crank caswopres®uwse, X6 - turbo inlet pressure, and X7 PCTOBDO1/0iz84et
pressure, and so on. Mre exanples of 7oilfield sensor systens are di scl osed
in co-assigned U S. patent applications serial nos. 11/312,124 and

11/ 550, 202, the contents of which are incorporated herein by reference in
their entireties for all purposes. [00031] According to sonme enbodi nents of
the current application, there is provided a systemfor predicting the
future reliability of oilfield equipnment(s) by assessing the extent of

devi ati on or degradation of equipnent(s) fromits/their expected normal

oper at i ngpe@ndid, iceFeqiibhfent ORI UGN tH AR Q41 EQMraté, ELIMNEdQr i ng of the
heal th conditions of the equipnent(s) to evaluate its/their actual

| i f e- cyclbesddordforitbasgood opelstwmal deta H@6.i hheiageumwnlased igapd uperataaér ni ne

the | evel, of i nt.enan regui red, of .the i pent .1 The sys of the
current - 45t PRAETBFPRFE Erond s 6 Syibhsel W TEDlEN A S MR BkS. of "the
equi prenty£) b@Bdré® aflat d@atifsteyRhBihid sdt510[ Q083 2biRe 3l 2 thkeh RloggRagt i ¢
heal t h managenent of equi pnent can be acconplished by a fully integrated

PHM syst évme Theradiena of sqfmanénitis campaned Yo the gandcinstorical debpeete?1yst em
which insturn extra ates the.captured data and c ares i s a function
IR LB RSRod PENGRRI P RCAAS Al AREEEplided

of histo i Oh B% emaining life

bef or e nexiofmy Méesancetion. Taklchmarldhrglthé adwddita iRarARRhEIZ08Md
vi bration) can be used to reach nore accurate prediction and an increased

conf i dendestpagel dafboet StAerovides adinadaneirpetatienarl4 df the epatistonmy t hi s
i ntegrat PHM syst into.qi hfield operati,ons can_optin ze. preventd ve
i e enanie AU el it bhEhSu AR S oy MG R bR A RETHFENL o

Fig. 5 @Re a¥eimlaghe Gotst @m0y histshadHoghton@ah fheakbbyhidasedli ne data
for a unit of equipnent is illustrated. Field data 502 collected for nornal

(good, héata st 51} avhicly peavaké ad wdndieprenears(4g.iadl damnénsienp etochegingld i sh t he
regi on of od ;oper at { onal : 1N rtain _enbodi mrents, field data 502
(roma fATE oL RoANRP EnRBR i BREF (G RpFERRH g gnatl

2012/ 001 62381 E0 1B2OHIN O B2 8R4 elation value — more predictive parameters are

given greater weight) or by other mean-distance parameter understood in the

art.

[00034] The final interpretation on the newly arrived data can be used by
the appropriate personnel, either on-site or off-site of an oilfield operation, as
guidance for proper actions. The newly arrived data can be further streamed
to the field data 502 so that the field data 502 represents a continuous
accumulation of new data from operations in the oilfield. Equipment that has
provided new data 512 may be deemed to be part of the good equipment 504 or
the bad equipment 508 to add to the data used for the good historical data set
510.

[00035] Referencing Fig. 6, an exemplary system 600 to utilize
established historical data 1s 1llustrated. Live equipment data 602 1s
determined in real-time from an operating unit of equipment. The live
equipment data 602 1s compared to a good historical data set 604, and a
severity 606 of any potential failure 1s determined according to the comparison

and a previous iteration of a final interpretation 514 for the equipment. If the



operating, etc.) equipnment 508 is used to validate, calibrate, and/or set a
basel ine for the good operational data 506. The accunul ated good

oper at i oD 20ef@1&86 cal i brated from the good equi prent PE@ABzZNU0I28S bad
equi pnent 508 nay be stored as a good8historical data set 510. New data 512
taken fromreal tinme operations of equipnent is conpared to the good

hi storical data set 510. The new data 512 nay be eval uated on | ocation, or
may be transmitted renotely for evaluation. The conparison of the new data
512 with the good historical data set 510 provides a final interpretation
514 of the condition of the equipnent that provided the new data 512. The
final interpretation 514 of the data may be determ ned by a distance from

t he mean se¥erityes@PRthiBh STHY dy&8dm $BDANE L in ke a¥hibed6 T®Yhdtecaukuc! i dean nean
(e.g. all dinensions or channels weighted equally) or a Mhal anobi s

di st ance agéomgatigiliebspavsnbe senenfaeluge welog krenpie e oraimmayosshedrdosimat i on

val ue - e predictiv aramet ers. are giyen qgreater weight) or by other
mean- di staRGE PRYSHREr HAder IR et RO Ciguaa PR al

i nterpreadepftoddid i #-RWhYy dkddrved data can be used by the appropriate
personnel, either on-site or off-site of an oilfield operation, as guidance
for propgho@sg)l Onsty I euhKodiidniedvligian FANURG AR HilgARd to the
field data 502 so that the field data 502 represents a conti nuous

accunul atpiresentf butethedaivarify 666 opaotasifbioenit fiort the aitbfiaglcchctioqué Idrent t hat

has provi ded. new data 512 be deened to.be part of the good equi pnent
504 or t HESHICBAGT BrRERti0n %%an#ﬁ@ﬁ&lmf CipesderiveRe gooo
hi stori cglhdatige ?f‘éseﬁéé&. TROORRL Red®S BRELNE Jtblng OnoBihCXRIRLAY theSySt em 600

to utilize established historical data is i1llustrated. "Live equl pnent data
602 i s déigpmcaledhtiahase@ll.t The histomcahdapbasd bhQ1upidviddd ®oui pnent. The
live equi pnment data 602 i.s.ca red to a od, hi stor.i cal ,data ,set 604, and
2 Sever | SYBHIGRe B oL N RS iPRL FRTGEl DI RGOt AL Lo the
conpar i seRstaRda Pl RLEY SO0 hicr Rirtian 1 uBlifdda] a HRieaRL131 98 Ad4ofor the
equi pnent. If the WD 2012/ 001653PCT/ 1B2011/ 052894 8 severity 606 is high,
t he syst emdéG0thmfimalnotemeemeionorist Elidetdymipmentir aut omatically to prevent
a sever failure - for exanple a punp may shut down, a fluid analysis unit
may si gnf00@37T]ai | ufie ahoidiee @kompl@rdepehéingopetlat sorritndecsifobed in the art

may occur. bgOOS(S In certain enbodinents, where a_failure or inmmnent
failure P8appEesaHber guvatias $89arquld beogepentpeondberVEfethe areratae

aut omat i i 6 i i g : n it j ui pnent
oy Do acP oS oR bt LA B0 M R B B P R P
ongoi ng datadédoipdsiteorhofstherdatalpoitaisalbaken tGk@etoThealhsistcan) calf Watabase 610
is provided to a mai ntenance system 616 with the current state of the

equi pren€RoRgly wondd Rpke bhe guiteRacd S mrotheeg Ve FOMBPNYRE Qi | i zed in a
field da ' . Lo URdat HRal i f the
equi pmn%&u%%%%%lﬁﬁﬁ%aﬁg%ﬁgi ﬁg%a(%@t%g? Olggg%nséllrér%ﬁ%ﬁ{fhgltagéej(\;/hg’?i]tfig%% of the
anal ysi s feelstoeh the wadintargrz0 8y weul ditiethpr @seattectaonof the dduipmenhe

operators show ng . onponent in question_and the. reasoning behind the
al arm (bé§§dﬁ€ﬂ1a}f ’é‘g@dﬁ%é eiq%ﬂs%?tqfﬁléaﬂteél}ﬁ@icﬁtt e 1tgERIEA YT et 0 anal ysi s
614) or if severe enough woul d have the system act 618 upon the given

componend0&93&qui phberelens: dhasydam §00 qhidedareenianndicbbosas eapade vb a
dat abase | hat (eads, BoLn Lhe. Ml Nl enance. SYsLem Wi thescugrant gtate of
the equi pn%_rlﬁ Yndd R LM K ¢ BPE BER Op R IHERy RO YF I HE tatinaRde t he
I nt er pretpldsditting the analyses to appropriate personnel automatically. The system
600 minimizes the need for subjective human interference to determine the

need for preventive maintenance and mitigate catastrophic failures.

[00039] Advanced statistical techniques such as Mahalanobis-Taguchi
System (MTS) and/or Multivariate Statistical Process Control (MVSPC) can be
used in embodiments of the current application. Mahalanobis-Taguchi System

(MTS) 1s a pattern information technology. It has been used in different



[ 00038] Therefore, the system 600 of the current application is capable of
capturing data fromone or nore units of equi pnent, analyzing the data, and
transm t twogottei@nal yses to appropri ate personnel automamriBzlilgs28¥he
system 600 m ni m zes the need for subpective human interference to

determ ne the need for preventive maintenance and mtigate catastrophic
failures. [00039] Advanced statistical techniques such as

Mahal anobi s- Taguchi System (MIS) and/or Miultivariate Statistical Process
Control (MSPC) can be used in enbodinents of the current application.

Mahal anobi s- Taguchi System (MIS) is a pattern information technology. It
has been used in different WD 2012/ 001653PCT/1B2011/ 052894 9 di agnostic

appl i cat idesostie AppHcaReh £ Al chid AERARIS diafgg\x@@{sypac@ﬁvoﬁ@%gdsgﬁin@ﬁ, i nspection
systems, etc. Quantitative decisions can be made by constructing a

mul ti var irsnechrensustemmetes cdbienusitie demsionnady be engds biodenstf@O0M3 I n a
typi cal ML mul t%va i ate neasure,

S1tana.l ¥si S, Vahal atnob' s. Distance é? N

her ei naf C&f Wﬁflai RO Ui o0 s R o H%lél§u(fagataﬁl X écg?lg Bt abnor nal i ty of
patterns, t he principl Taguchi hods ar.e i npl enented to eval uate
the accurl%@@f@f pr @a?éypwﬁfman%ﬁ%M@fi@g@a_ﬁ)ﬁ%ﬂ?& m"r;Fﬂé?aWBt? akes
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Eucl i dean distance treats all determnative paraneters in the system

equal | y, of hettvDgiandsthgeateplenef Fhtutlo medhidg acenmplatentedpar anet er s.

00041] A | MD i ided by: Zi C1 Zi: wh Zi | S ed
vector. of vaduay e deqppaceof éf%hﬁéle%ﬁ%ﬁé{ﬁ@ﬁ %?al?r?%steéﬁa%&- ’Fﬁ%i@ﬁg o Z.e
transpose,pfs e ¥8GH&atHn tﬂ@%o?@éﬁ%m%eﬁ%ﬁhmg va¥iabiel HK)Jhﬁ'ela C1l Z;

where k is the nunber of variables. Mre information about the
Mahal anobiwlidgan kistSust e tMlEetramibetife padamateThen Mah aysrobégralbguchi

Strategy:., A,RPattern Technol.o stem G . Taguchi, et al., Wley & Sons,
Tne (30655 M e T SOHEED IS LR TRV CRAPe HTEBIGoRat ed by 1 of o ence
into the current application for all purposes. [00042] One feature of MIS is
to identilf904Hose Serrserylpar N isprovidastby: Zi C Zi; where Zi is

standardized vector of X; (1=1...k), C 1s the correlation matrix, and 7’ 1s the
transpose of the vector Z. The scaled MD 1s obtained by: (1/k) Z; C-1 Z;; where
k is the number of variables. More information about the Mahalanobis-
Taguchi System (MTS) can be found in The Mahalanobis-Taguchi Strategy: A
Pattern Technology System, G. Taguchi, et al., Wiley & Sons, Inc. (2002), the
entire contents of which are incorporated by reference into the current

application for all purposes.

[00042] One feature of MTS 1s to identify those sensors/parameters that
are more useful in detecting abnormalities. Hence, sensors/parameters that do
not contribute significantly to the detection of equipment abnormalities can be
eliminated to reduce the total number of variables the prognostic health
system has to track. In some embodiments, a Taguchi Orthogonal Array L.12
(211) can be used to determine the signal to noise (S/N) ratio and S/N ratio
gain of each sensor/parameter. The larger the S/N ratio, the greater the
importance of the sensor/parameter. Moreover, a positive S/N ratio gain
indicates the sensor/parameter is important in determining abnormalities of
an equipment; a negative S/N ratio gain indicates a less useful

sensor/parameter in determining abnormalities of the equipment.



are nore useful in detecting abnormalities. Hence, sensors/paraneters that
do not contribute significantly to the detection of equi pnent abnornalities
can be elwoinet®dss8o reduce the total nunber of vari abl esTiB®1pPIgMOSt | C
health system has to track. In sone eWbodi nents, a Taguchi Othogonal Array
L12 (211) can be used to determne the signal to noise (S/N ratio and S/'N
rati o gain of each sensor/paraneter. The larger the S/INratio, the greater
the i mportance of the sensor/paranmeter. Mreover, a positive SINratio gain
i ndi cates the sensor/paraneter is inportant in determ ning abnormalities of
an equi pnent; a negative S/Nratio gain indicates a | ess useful

sensor/ paraneter in determ ning abnormalities of the equi pnment. WO

2012/ 001653PCNh1B204:16052884n 10 TABIEX3R)w 1S shown in Table 1 bel ow. Table

1:. MIS Optimzation Variable Level 1 Level 2 Gin X1
Table 1: MTS Optimization

Variable | Level 1 Level 2 Galn

X1 0.805 Level 1: On
X2 -0.270 Level 2: Off
X7 -1.440 -0.684 -0.756

X8 -0.137 -1.987 1.850

[00043] Multivariate Statistical Process Control (MVSPC) 1s a
probabilistic method and 1s based on the application of Hotelling's T2 statistic,
which also takes into consideration the correlations between multiple
variables. Typically, an MVSPC process consists of two phases: Phase 1;
Obtain a baseline control limit based on a reference sample. The reference
sample 1s the data collected from a known normal condition. Phase 2; Collect
data from the current production (i.e. the operational phase), compute the

appropriate T2 statistics, and then compare them with the control limit.

[00044] Referencing Fig. 7, an example of an MVSPC analysis 700 1s
provided with 1llustrative data 704. The upper control limit (UCL) 702 1s
shown as a solid line intersecting with the Y-axis at a T2 value of
approximately 7.8. The T2 statistic consolidates a multivariate observation,
1.e., an observation on many variables, X’=(x1,xs,...,Xp) Into a single number.
More information about the MVSPC can be found in Multivariate Statistical
Process Control with Industrial Application (ASA-SIAM Series on Statistics
and Applied Probability 9), R. Mason, et al., Society for Industrial
Mathematics (2001), the entire contents of which are incorporated by reference

into the current application for all purposes. In one example, referencing Fig.
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8, the measured parameters X1...X7 are consolidated into a single T2 value

802 for analysis.

[00045] The following examples are provided to further illustrate certain
embodiments of the current application. Examples are provided for
1lustrative purposes only, and should not be construed as limitations of the

current application.
[00046] Example 1: Relationship Analysis

[00047] Referencing Fig. 9, illustrative data 900 1s provided wherein four
(4) readings were taken from the temperature and pressure sensors of a unit of
oilfield equipment. The first data point reads 178 °F, 76 psi; the second data
point, 180 °F, 80 psi; the third data point, 170 °F, 70 ps1; and the 4th data
point, 172 °F, 74 psi. The mean values of the 4 data points are 175 °F, 75 psi.
Comparing these data points with each other and calculating the distance each
point 1s from the mean, we obtain the following numbers: first data point =
3.16, second data point = 7.07, third data point = 7.07, and the fourth data
point = 3.16. These values are plotted in Fig. 9 against a Euclidean distance
902. Relative to the Euclidean distance 902, data points 1 and 4 are closest to

the mean and data point 3 1s farthest from the mean.

[00048] However, the analysis presented in Fig. 9 has not taken into
consideration of the distributions of the temperature and pressure to present a
mean representative of the data set. Such information 1s contained in the data
presented above, and can be determined by a calculation of the covariance
matrix, which defines the interrelationships between variables. The result is
shown 1n the illustrative data 1000 of Fig. 10, which includes the MD 1002

overlaid on the Euclidean distance 902.
[00049] Example 2: Fluid Analysis Machine

[00050] An exemplary embodiment of the current application includes

utilizing MVSPC to check the accuracy of three fluid analysis machines. For
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the ease of reference, the three fluid analysis machines are referenced ALPHA,
BETA, and GAMMA. Seven parameters were collected for analysis: cell
temperature, flow rate, down stream, up stream, flow stream, permeability,

and conductivity. The results are illustrated in Figs. 11 through 15.

[00051] Referencing Fig. 11, the average permeability (Y-axis) of each
fluid analysis machine 1s plotted against the time frame (X-axis) of
measurement. ALPHA 1102 was proven to be the most stable machine,
because the permeability readings were consistently at a level between 205-
215. BETA 1104 and GAMMA 1106 show indications of potential
abnormalities. The permeability readings of BETA 1104 showed a steady
increase from around 210 to about 300. For GAMMA 1106, the permeability
readings fluctuated greatly around time frame 10-14 and again around time
frame 20-34. Certain abnormalities can be inferred for BETA 1104 and
GAMMA 1106.

[00052] Referencing Fig. 12, illustrative data 1200 shows the T2 values of
ALPHA (X-axis) against the time frame of measurement (Y-axis). The T2
values were calculated by taking into consideration of all seven parameters.
For ALPHA, the most stable machine according to the permeability data as
shown 1n the preceding figure, the T2 values varied between about 0 to about
18. At time unit 10, an outlier 1204 indicates a T2 value for ALPHA that 1s
above the UCL 1202 defined at about 17.5. The outher 1204 is likely
contributed by a measurement error, and in certain embodiments, the single
data point at time frame 10 may be eliminated from consideration. The
elimination of the outlier 1204 may be determine by an administrator
monitoring the system, and/or by an automatic process (e.g. filtering, de-
bouncing, providing for a moving average, etc.). Referencing Fig. 9, illustrative
data 1201 with the outher 1204 removed is shown. The manual or automatic
removal of measurement errors 1s an optional step in the operation of the

prognostic health management system. Because the T2 values of an abnormal
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unit of equipment are often tens or hundreds times bigger than the T2 values
of a baseline unit of equipment, it 1s often not necessary to remove reading
errors from the baseline promulgation of the prognostic health management

system.

[00053] In certain embodiments, once the baseline 1s constructed, which
may be formulated from many properly operating units of equipment, the T2
values of the abnormal machines can be calculated and compared with those of
the normal machine. In the current example, both BETA and GAMMA
showed significantly higher T2 values. Referencing Fig. 14, the illustrative
data 1400 showing the T2 values for BETA, the T2 values are in the range of
2600 to 4800. Referencing Fig. 15, the illustrative data 1500 showing the T2
values for GAMMA, the T2 values are around 24,000 with spikes reaching
58,000.

[00054] Example 3: Oilfield Pumps

[00055] Referencing Fig. 16, a system 1600 uses a knowledge-based
system to accelerate the process/equipment faults detection and classification,
and uses advanced statistical techniques to monitor the health condition of the
equipment and 1dentify abnormalities. Data 1604 from a plurality of sensor
channels (e.g. an accelerometer 1602) correlated to pump failures and normal
pump operation are determined. According to a multivariate analysis, an
exemplary data set 1610 1s provided to an operator, the data including a
current equipment health status 1612 (e.g. GOOD, FAILED, SUSPECT, etc.)
and a projected expected life 1616 (e.g. hours to failure, hours to required
maintenance, etc.). Another exemplary data set 1608 may further be provided
by a remote communication device 1606, for example conveyed to maintenance
personnel. The exemplary data set 1608 includes the current equipment
health status 1612 and a maintenance preparation step 1614. The
maintenance preparation step 1614 may include a need for

repair/maintenance, an indicator that repair/maintenance 1s upcoming, an



[00043] Mul tivariate Statistical Process Control (MVSPC) is a probabilistic
nmet hod and is based on the application of Hotelling's T2 statistic, which
al so t akewoi2nt2000e@asi deration the correl ati ons bet ween muruBpieos2as4 abl es.
Typi cal ly, an MVSPC process consists Bf two phases: Phase 1; Obtain a
baseline control limt based on a reference sanple. The reference sanple is
the data collected froma known normal condition. Phase 2; Collect data
fromthe current production (i.e. the operational phase), conpute the
appropriate T2 statistics, and then conpare themw th the control limt.

[ 00044] Ref erencing Fig. 7, an exanple of an MVSPC anal ysis 700 is provided
wth illustrative data 704. The upper control limt (UCL) 702 is shown as a
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46| Exanpl e 1: Rel ationshi’p Anal ysis
maintenance needs. Automated data analysis provides statistical real time
data evaluation to provide current equipment health status and projected

expected life.

[00057] Referencing Fig. 17, illustrative data 1700 shows readings from
two pressure sensors from an oilfield pump for a period of 200 hours of
pumping. Both readings oscillated between 280 ps1 and 190 psi, and the
manner of oscillation remained consistent throughout the period. By basing a
preventive system on the viewing of the single variables alone no conclusion
could be drawn and the component of the oilfield equipment in question would
be run until failure. The two sensors were chosen as examples for illustrative
purposes only. At the time of operation, multiple sensors (in some cases, as
many as 20-50 sensors) could be functioning simultaneously. Readings from
the sensors can be taken periodically, such as every second, or every five
seconds. In the current example, the readings were taken once every minute.
All readings so collected were fed into a storage device, such as a hard drive or
temporary memory, for storing. The analysis unit, such as a computer, then

performed statistical analyses on the data.

[00058] Referencing Fig. 18, illustrative data 1800 shows a T2 analysis of
historical data versus a good baseline from the same equipment based on a
number of sensors. The T2 analysis indicates that around time 1802 (about

10,500 minutes), a statistical shift in the data occurs. Referencing Fig. 19, a



[00047] Referencing Fig. 9, illustrative data 900 is provided wherein four
(4) readings were taken fromthe tenperature and pressure sensors of a unit
of oilfi ew0etuiopsdnt. The first data point reads 178 FPCTABpEi/ps28Me second
data point, 180 F, 80 psi; the third @ata point, 170 F, 70 psi; and the 4th
data point, 172 F, 74 psi. The mean values of the 4 data points are 175 F,
75 psi. Conparing these data points with each other and cal cul ating the

di stance each point is fromthe nean, we obtain the foll ow ng nunbers:

first data point = 3.16, second data point = 7.07, third data point = 7.07,
and the fourth data point = 3.16. These values are plotted in Fig. 9

agai nst a Euclidean distance 902. Relative to the Euclidean distance 902,

data poi Righal d@Ethgo@ﬁ@n al908@$thé BathEofERE. a8ds Bé@nPA Phredoiahalysid hest
fromthe nmean. [00048] However, the analysis presented in Fig. 9 has not

t aken i ntdicatesittiekayisonsafreademasi duyingdhe cheergbnecheAnenp nr e and
pressure,to .present..a nean,re ent.ative, o h ta set, Such information
e cont abheel i fas T EERPL R nghat 08 PR BR ARl by o
cal cul at iadRo&f all BetiEosmatisfBpged o, anthilehe dehidieSah b dtliRMal tdki onshi ps
bet ween variables. The result is shown in the illustrative data 1000 of

Fig. 10, TakinalysincThe dstarnanyonob theowmst aignifpenntirenons|dagdn di st ance 902.

[ 00049] Exappl e 2: - Fl ui d al ysi chi.n 00050 .exempl ary ;enbodi nent of
e our r SRfeatpa piatsCieRe Sde bR 1B ik SR SRERiSE RERRS KaBIR08 hey of
three fl dbfsi@Babyed & sERetddEsniffc@hce YRR (PO 23RGEILBABELhOSE894 12 the

ease of reference, the three fluid analysis machines are referenced ALPHA
BETA, andudaiht a Besdeteparedeottlsigmifieane Isexplanedbydhalsygkicked cel |

tenmperature, flow rate ream. up.stream flow stream perneability,
and condtetiae (G2 SRR P bBOT Lt e T v Figs. 11 thrbugh 5.

00051] R [ FLg. 11, th . Lt Y- axi f h fluid
anal ys s IG0Ine. | Belsieneiah Fiiarhenugatey AaTs PaboHotakia b iredenr ement
ALPHA 110¢myBfeR SYAYsisQf RRe bQﬁaﬁQﬁtutﬁiz@Q% ShaRERE l@%éﬁﬁ?@(ﬁ?&’s%ﬁs&'%e

perneability readingS were consistently at a leve etween 205- 215. BETA
1104 and Daaywaci 886hghdivstratied an iFog2billpes Ent opdraddmtordegbimhinestheThe

perneabi lity readiings of BETA 1104 sh d.a steady increase.fromaround 210
o about “SOBNCEBRTGATAR SRBN 'L FEP e B B ey BF SHETHIGE f MUK SR GA° or oat |y
around t ipfiE\nfdiBRe bPeldti AR 080 A RUNR e b AR S FAAE ¢ Qi}ﬁt’l‘ent@%ﬁ @&en
abnormalities can be inferred for BETA 1104 and GA 106.

same time, an automatic system can be triggered for immediate actions if the

severity level calls upon it to act. Further, the data such as that i1llustrated in

Figs. 19 and 20 allows the operator to maintain the maintenance operations

with a most significant subset of the total number of sensors in the system.

[00060] The system of the current application can be applied to both land
operations and offshore operations. Land operations have an advantage, since
the availability of mechanics and electronic technicians is relatively high in

comparison to offshore unit establishments. In any event, wireless or satellite

transmission of the data can be utilized to ensure data capture and evaluation.

[00061] Certain exemplary embodiments are described following.
Referencing Fig. 1, a system 100 includes a controller 101 structured to
perform certain operations to adjust an equipment maintenance schedule. In
certain embodiments, the controller 101 forms a portion of a processing
subsystem including one or more computing devices having memory,

processing, and communication hardware. The controller 101 may be a single



[ 00052] Referencing Fig. 12, illustrative data 1200 shows the T2 val ues of
ALPHA ( X-axis) against the tine franme of neasurenent (Y-axis). The T2

val ues wewe 20efudsat ed by taking into consideration of &CII/IBENENS2894
paraneters. For ALPHA, the nost stabl® nachine according to the
perneability data as shown in the preceding figure, the T2 val ues varied
bet ween about O to about 18. At tinme unit 10, an outlier 1204 indicates a
T2 value for ALPHA that is above the UCL 1202 defined at about 17.5. The
outlier 1204 is likely contributed by a measurenent error, and in certain
enbodi nents, the single data point at time frame 10 may be elimnated from
consideration. The elimnation of the outlier 1204 may be determ ne by an
adm ni st gatRe ofRNit@ibadtdeeicy 8he The AsHtRInsiY tBO chkroNIBE 161 B8aess (e. g.
filtering, de-bouncing, providing for a noving average, etc.). Referencing
Fig. 9, perlosmedtbineardateae b2eeftwiarer t he outlier 1204 renoved i s shown. The
manual or automatic renoval of neasurenent errors is an optional step in

t he oper §00@62]of t heceatagnasbodineeekt tthenmanagdlee101sydudas oBeonuseet he T2
val ues of abnormal WD, 2012/ 0?1653PCT/ B2011/ 052894 13 unit1 of _equi pnent
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uni t of egubiBRboditedts, Ald QMPANerIRESASELN JiBil £ORYGni&RdI Ng errors from
t he basel i ne promul gation of the prognostic health management system
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significantly higher T2 values. Referencing Fig. 14, the illustrative data
1400 shomaotplehemPRaviabstlse stonctBEANndepend@noealftbs aapects of the range of 2600

to 4800. Referenc] Fig. 15, the illustrative data 1500 show ng. the T2
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operation are detérm ned. According to a nultivariate analysis, an
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mai nt enance, etc.). Another exenplary data set, 1608 may_ further be provided
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value from a memory location on a computer readable medium, receiving the

value as a run-time parameter by any means known 1in the art, and/or by

receiving a value by which the interpreted parameter can be calculated, and/or

by referencing a default value that 1s interpreted to be the parameter value.

[00064] The exemplary controller 101 includes an oilfield equipment
maintenance module 102 that interprets a maintenance schedule 112 for a
unit of oilfield equipment. The maintenance schedule 112 may be any type of
maintenance appropriate for the type of the equipment, including packing of

seals, replacement of valves, re-calibration of sensors or other analysis devices,
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statistical real tinme data evaluation to provide current equi pnent health
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sel ect ed cshdiniohik ddBcee tshleesdiblrdmlSad]labdn seiselre e hi Pghaemsansetsrcin theat a
predeterm ned total significance . is explained by the sel ected sensors (e.g.
typi cal | $Y96% ¢mdimay pPadespaenedriponsarerde drei flae tyre ofamalysis yst rati ve

data 200Q5Heusn the sé’&?&ylaerfggncing Figs. 17-20, and/or from sensors and

parameters that are known (or believed) to correlate to proper operation of the

unit of equipment.

[00067] The exemplary controller 101 further includes an equipment
status module 108 that determines a condition of the unit of oilfield equipment
1n response to the nominal performance description 114 and the number of
current operating conditions 116 using a multivariate analysis 120.
Exemplary and non-limiting multivariate analyses 120 include a Mahalanobis-
Taguchi System analysis 124 and/or a multivariate statistical process control
analysis 126. In certain embodiments, the oilfield equipment maintenance
module 102 adjusts the maintenance schedule 122 for the unit of oilfield

equipment 1n response to the condition of the unit of oilfield equipment. The



conmponent analysis of the variation utilizing the nost significant sensors.
Data such as that illustrated in Fig. 20 allows the operator to determ ne
t he vari avoeoieBeat e a severity matrix that all ows tRETARENHOZBIL O

mai ntai n the nmai ntenance operations u to date with the status of the

equi pnent. At the sanme tine, an automatic system can be triggered for

i medi ate actions if the severity level calls upon it to act. Further, the
data such as that illustrated in Figs. 19 and 20 allows the operator to

mai ntai n the nai nt enance operations with a nost significant subset of the
total nunber of sensors in the system [00060] The system of the current
application can be applied to both | and operations and of f shore operations.
Land opekajieas niakerihcadvidthiage 22 $hae Be khtedbal thakbhidonepfioMeghani cs and
el ectronic technicians is relatively high in conparison to offshore unit
est abl i sliwtawe gefaranceandyesemmaimedted 4o an apgrafor ior eutpeinderiiesi bh of t he

data can be utplized t nsure data capt ure.an val uation. [00061] Certain
exenpl ar §oaREbHHER RS RGP P i Gd 1 & syatem
100 i ncl ug@snenicbn ddeile 100 tBAT pidvid@dhe dpestbaniG@shAdd LRBd@el ONS t o
adj ust an equi pnent mai nt enance schedule. In certain enbodi nents, the

control | 822102 Heprats oatpordévace b?8.aThe semetd onfpstildsywed2Simay bdiany one or
nore computin evi.ces.havi ng me Y, processing., and _comxuni cati o
nar duar o QTG B of B S 5 TRy RGFEC bR e pERIR NSNS

2012/ 00165 3REalIAIB20W -0 B39 nlénidetibe @efice fa /st hishudlEek devi ce, and the
functions of the controller 101 may be perforned by hardware or software.

[ 00062] | Roweruricatiebodi ments, the control |l er 101 includes one or nore
nodul es structured to functionally execute the operations of the
control | §00068] cer Cartairnmbodimemgsexdrhples ofibrualit ef oil il ed@spraanoi | fi el d

a nonj.nal rformance nodul e 104, an

equi pnent i.nt enance nodul e 102, . .

oqui prentPSIBHT EQERG HOHET 8UEER(E Bk BEFUl Brdin SIS HiBRl & 1268, and/ or a
nal nt e”%&&sﬁ?éﬁ%ﬁh&,%tIhgfbrmcfﬁﬁﬁlp,l%%uﬂ@%a@ﬁs’ié?Héﬁké,oa[‘pﬂ%%ﬁfé‘séd’é%huﬁ' ng
nodul es enphasi zes the structural independence of the aspects of the
control | erlvkQ4 tubnbhiri hicoded aulmsgomet,gr elpisngetefringpdavatd, ans/aredwell

responsi bili.ties of the gntrolhﬁré&Of O .her grou ings t hat execute
simlar GAEDE ACESEr AWHECHHBI ARSI LEERMN HAHE &6 BFadhe present
appl i cat igafbctiVRAbE BSIUFRYaREm- R @R §61daRt PRFHINRF 0,203k D1 30Tl WRALS, ON

conput er readabl e medi um and nodul es may be distributed across various
har dwar e ootpwofaluanecadappheetherp@0 0B3jettnainmb ahereats,che odéshl i bed herein

i nclude operations tq interpret.one or nore rameters. .Interpreting, as
UET 1 T zed SHEPEPHY PALTGRERST BOdRlA Hy ot (e Bl R GrorREA Rl i n the art,
i ncl udi nge@hehBBAE alSIG8hYA AhikBeRe oM. @ datal i nk or network

comuni cation, receiving an electronic signal (e.g. a voltage, frequency,

current, é?yw Si i:ndircatd L Vi . . re

paraneteJ@?% |cati8gﬁ%%n?ﬁgIﬁ%ﬁ%ﬁﬁtgégggﬁé&? ?Q{%%géﬁﬁ%ggﬁﬁgﬁ%% | ocati on

on a conpohtepllec2dhb Alureditedny Theceistenng00 hecludédie nasnlserrafnatitsne par anet er
a val ue by which the

by any neans. known in the art, and/or_hy receivin
i nt er pr epﬁéébﬁ?%wm 207, the watte af i d e&ﬁwra?nbgoz Bemee & $pgnAo8ef aul t
val ue t h@huipﬁnéﬂt%y %?%XB.HII}?& thB® Ry Wﬁl%%f bveaﬂ&ﬁps, fluid analysis

devices, valves, tubular, pressure sensors, or any other type of oilfield

equipment wherein a number of the same type of unit may be utilized in a

single procedure. The system 200 further includes a controller 201 structured

to functionally execute operations for determining an improved asset

utilization.

[00070] The exemplary controller 201 includes an equipment confidence
module 204 that interprets conditions values 218 that include a condition

value corresponding to each of the units 202 of oilfield equipment. In certain



[ 00064] The exenplary controller 101 includes an oilfield equi pnent

mai nt enance nodul e 102 that interprets a nmaintenance schedule 112 for a
unit of oWbRneldiequi pnment. The mai ntenance schedul e 11PCRaB2(be0AY t ype of
mai nt enance appropriate for the type ¥f the equipnent, including packing of
seal s, replacenment of valves, re-calibration of sensors or other analysis
devi ces, WD 2012/ 001653PCT/ 1B2011/ 052894 17 or the |like. The mai nt enance
schedul e 112 may be provided, without limtation, by a manufacturer, a
schedul e according to a standards or best practices guide, a schedul e
determ ned according to previous experience, and/or a schedule stored from
a previous execution cycle of the controller 101. [00065] The exenpl ary

control | @mbbAimbits 0es coitEtivHeal@eDrs aal dderhaidenes dadutieakafe t hat
interprets a nom nal performance description 114 for the unit of oilfield

equi pnenenalysicd?Q,av rerertbo dhwkbivagiate haatysnt A20 ipdvder cpamearinie somilpali on 114

may be provided frqm pri.or od operati,onal data 6, fr a od

i ator i o&Praseanee Ao e S AR BRI Eh b 3RE et SRR ined 11 om a
previ ous nexfifdell @Pefteh Lcitditibhs 290 F510ddcBrof A3 Winh@mOoheTRd h B afReY at i ng
conditions 116 of a unit of qu;gnent that is known to be operating

proper | y anpbe06320 e ydxedgiieamynerbatooodingrto pay df she pemciples deesited equi pnent

noni toring nodul e..106 t hat det.erm n a_nunber of current oper.ating

Condi t1 ongaRRByF BBt =P T aFh et R oSt E s BB BhE 2 f ng
condi ti or34kbedaioe beehechafd for entlavaitl abrexaanfehadamdhoitiemipaioameters in
the system and nmay be determ ned in one exanple fromthe type of analysis

util i zed thenpmengleearfenmaneataspabphign Rilgdor 2 1200 kVE At crringammeensor s and
par anet er s t are kno or bel.ieved). to correl ate t roper ation of
e M R 9y S B Peb 2B 1B

t he unit“gw'eqU| nme ary con i ncl udes
an equi prsMrazt@tiig pimehll Hoh@8et, hath gahgighaiRsa powendatih@anafa the unit of
oilfield equi pment in response to the nom nal performance description 114
and the gomdgongfalee2lssemopangeblagodbaapntroter 405 using a nul tivariate
anal ysis 120. Exenplary and non-limting nultivariate analyses 120 incl ude
a Mahal afo®0EMaguchhe sxestmpharamanysiller 204 fartdveonnduded & jokardtieensemtt i st i cal

process coniro nal ysiis 126. In gcertain enbodi nen the pilfield
b prentoiHanCORARELTHERTFL 409 2amaBr e HES ST, CRAce SBHidule 122 for
the unit p@ﬁfo?ﬂnlahb@kéhrlﬁﬂé{hgﬁﬁ Tor bR of1BERPPRRed@rd NBxGRPBILY inRRfoPfnahle unit of
oil field equipnent. The

requirements 222 include a pump schedule, a pressure and time of operation,

and/or any other parameters appropriate to the units 202 wherein a

comparison can be made to determine according to the condition values 218

whether a particular one of the units 1s likely to be able to contribute to the

procedure for the duration and expected conditions of the procedure.

[00072] The exemplary controller 201 further includes an equipment
planning module 208 that selects a set of units (e.g. a first set 228 of the units)
from the units 202 of oilfield equipment in response to the performance
requirement 222 for the oilfield procedure and the condition values 218
corresponding to each of the units of oilfield equipment, such that a procedure
success confidence value 224 exceeds a completion assurance threshold 226. In
one example, the completion assurance threshold 226 1s a statistical
description of the acceptable likelihood that the procedure will be successfully
completed. For example, if the performance requirement 222 1s for 30 bpm of

fluid delivery at 5,000 psi for 30 minutes, the units 202 are pumps, and the



WD 2012/ 001653PCT/ 1B2011/ 052894 18 adj usted mai nt enance schedul e 122 may be
stored on the controller 101 for future reference and/or comunicated to an
oper at or WO 201qués3devi ce. In certain further enbodi menPsT/IBIa1/0528%4 ol | er
101 includes a nmai ntenance comruni cat3oon nodul e 110 that provides the

adj ust ed nmai ntenance schedule 122 to a renote output device 128. The renpte
out put device 128 may be any device understood in the art, including at

| east a nmonitor, a printer, a network or datalink, a wreless conmmunication
device, and/or a satellite comrunication. [00068]Certain non-limting
exanples of a unit of oilfield equipnent include a high pressure punp (e.g.
a positive displacenent punp), a |low pressure punp, a netering punp, a

fluid anabyplaideyie@ane HreSs1a228889097% dhiAe/6f prdcédiel e a coil ed
tubing unit, a solids netering device, and/or a well |ogging device. Any

ot her unieguwment] plaghtheoodphe?s sdottag suflieignt nuseye of denast haonngor
failure paraneter that is, at | .east rti,ally correl atabl e t.g a sensor

but put - vaRHETRL opri Sin F b B R AR, M s e B AR Re oS 00 T e
equi prenta Rl 78£8a068s TRIOT® dislstis tE@@xﬁﬁlg)I@ti@@aﬂG@f Sheshvs Belyers 6
reschedul i ng a pl anned mai nt enance event. [00069] Referencing Fig. 2, yet

anot her &panfsirdhy rxgsuemandoiurationditrigd@oconfidendeclevelp the 7ipunsy auet ed. The

system 200 i.ncl udes nunber of units of.0ilfield ui 2, the units
oY Sor T - ptiBe R h OB RR R s BBl Bht Lk BRHL BTN, 288 D HE!
the unit go2@ltifyaderRidPthrefhdlil @28NakY b andePtre &3, defidled8&lud, Wovd1ak,
pressure sensors, or any other type of oilfield equi pnment wherein a nunber

of the saped frppeafatalmik omagtwerkyginrede@rimned salwgl sdoppdovethr e. The system
200 furtheﬁljﬂggg %n%U&P”hTPHﬁF@ @8% %hrucH%reg $o functionally execute
operatioﬁ% %8r de érnlnlﬂa Sﬁ'inp?ovea as$et H%l?rzation. [ 00070] The

ot or pr ed000BHG7 i Bhetain B b ea: LR 3 SEoRR N e gt ent
corres DO%@( U &REANFrTHRE eWHddEmeREs, @he BbtbiRhHc S RAERENt 39 Certain
WD 2012/ 001653PCT/ 182011/ 052894 19

includes a pumping rate, a pumping rate at a predetermined pressure, and/or
a pumping power requirement. An exemplary system includes the job
requirement module 206 interpreting a first performance requirement 222 and
a second performance requirement 230, and the equipment planning module
208 further selecting a first set of units 228 and a second set of units 236 from
the total number of units 202 such that the first procedure success confidence
value 224 exceeds the first completion assurance threshold 226 for the first
performance requirement 222, and a second procedure success confidence
value 232 exceeds a second procedure assurance threshold 234 for a second
performance requirement 230. Accordingly, the equipment planning module
208 can select enough of the units 202 having sufficient confidence based on
the condition values 218 such that multiple performance requirements 222,

230 may be met.

[00074] In one example, the units 202 are pumps, the first performance
requirement 222 1s 30 bpm at 5,000 ps1 for 30 minutes and the first completion
assurance threshold 226 1s a 97% assurance value. Further in the example,
the second performance requirement 230 1s 18 bpm at 12,000 ps1 for 30

minutes, and the second completion assurance threshold 234 1s 90%. The



enbodi nents, the condition values 218 are determned froma nultivariate
anal ysis 220, where the nultivariate analysis 220 i ncl udes conpari ng

nom nal pwoforxmanese descriptions 214 correspondi ng to e&ch/iBioit/besunits
202, and nonitored operating conditi os 216 for each of the units 202. The
mul tivariate analysis 220 may be determ ned according to any of the
principles described throughout the present application. The nom nal

per formance descriptions 214 need not be the sane for each unit - for
exanple and without limtation the nom nal perfornmance description 214 for
a 1200 kWfracturing punp would |ikely have a distinct nom nal performance
description 214 froma 1500 kW fracturing punp. However, both punps have a
pover 1 abkd@pdd ueSndht pRMmAL weddS 209 REMBICRPe Hetivallabkorhitel | er 201,
[00071] The exenpl ary controller 201 further includes a job requirenent
modul e 2@62ttharovide erfprséset of wait$ 8RPrande sasqud sefrelunipp236 sueh thatf i r st

performance.requi repent) for an.qilfield cedur e, enpl.ary performnce
P T onbfiE SRR ok s RBaQkned Fifie PRASSENIE oL RIR dikkeRRI{ 0L TRIEE |
and/ or apyo®du8s sRAAFBS i FrRPRADRY 238 Bxde@dt 869 NMin the2OAnvhier g a

conparison can be made to determ ne according to the condition val ues 218
whet her anpr302cmchrdecHepeimpsitachbiaving & I0Vkennfidenchd tevabtecqapletnthd bute to

the procedure for th ration and expecte di ti-ons of t procedure.
{00072 TR i T ORb LA R B BE el PRE G leytl Frent ol anni ng
nodul e 2@8mphat tEekesn®l Prosedurefatunbhs, GAd Ghe Anfits'Z2 FRthad38cRideténe units)
fromthe units 202 of oilfield equipnent in response to the performnce
requi r emprmMEEAchdraving adl% cenfadgncedehlte camalathdhe bwal prosadwed afes 218
cor T eSPORA DB B26Th PholEe VI BrSiasBLL Kb B AT g B e

pr ocedur e*succes val ue xce a co SUrance
threshol dt 2326bphn R exexpEY&quihaefOPRIIh® hoatdeRas eeletiyreshted 226 is a
statistical description of the acceptable Iikelihood that the procedure
will be suewessiwnbyiaois|leseiroedire Gnploconfiflentrd apdrthermemaringequi r ement

222 is faor. 30 of | ui Livery at. 5, psi f 3 ] gs, the units
202 are Bumie CHRRmoub b ST by B eBipe Res0E b2l e R o Th Vb ot i on
assur anceohfid@sdapl d 226 is a 97% chance of procedure, the equi pnent

pl anni ng nodul e 208 sel ects a sufficient nunber of punps having sufficient
condi ti 0’?00’@?5435 218 sH6edu LAt it heyprcarasde SHEREISwReN hlenes Malhue 224
exceeds the 97% value. In the exanple if each of the units delivers 6 bpm
for the poeldence mmipsiarasdlectedfoiatlB0fisst pmbéedeme ¢e.kethes is thedirs? jgunps are

ired t t. th fid | ue. about, 97. 5% Th
Conpl et 1 6P Ll HHCG B FioEHol B2 95 o BE 5T I ara 6THPIRdE Ui ue, o
val ue reﬁ@sﬁ%%%}?t@qhﬂkngn ARENOR X, crBuBreHRERY 18 Nefenalnden gt ored on the

control ler 201, or a default value in the system 200. [00073]In certain
enbodi nemrsceduhe (et PR cenfedqws).t The reingpiiag &naouppuppsipsiwowdr t ai n
further odi nents,. th erformance.requi rement 222 incl.udes a punpi ng
are o pORGPRATTRRE T e R e e HhLSTRRL PR EF. SR BRRY hover
requi remgBbut AR SOXMRE@INA $3ebAN REbadedntifend O B! RptdiABYUl e 206
interpreting a first performance requirenent 222 and a second pérformance

r equi r emthe op3Gitioandf the cenfudibere?(] gdraachinge goetbeades utlzahien 1sel ecting a
first set of unit%@zzs(fﬁq a ?ecqgﬁgset of units 236 fromthe total nunber
of unitsr%ﬁ?n§8$% HEPTHEN ST priocedure success confidence val ue 224

per  or mad080 14lqu - GhERtAB2omb GRa e Sad B e 4l dUSUgE 4adugeht dence

val ue 23%159%&9&%91%%5&99&'2&%%%{{?96&{ e@%%ﬁﬂgﬁoxﬁ@éseé ﬂ?ﬁtdm]%ﬁﬂeh%céa second
performance requi renment 230. Accordingly, t equi pnent planning nodul e 208
can sel ecomenmiyP4Din tdeponme tedB2miamigrndas ubfset bbahite @28ifckandke based on

the condition values 218 such that. nultiple performance requirenments 222,
230 may 6%ta$r§‘ maf[e@@gﬁl]l‘isr?@dé S&Eﬁ%’iﬁe‘io I?Wéfl‘iﬁwﬂ%"@ggr%?‘éccﬁﬁ%ms, the first
per f or ma : i i : ] I i s and the
et Conprat pan SREDa TR, el P PO A e P ES. R e

i n the eXampkempldef seeondcaqpeof tierante hae guionditent v23e 218 1@ viohny ditr 12, 000

si for 3Q m nutes, and t second conpl et | sur.ance threshold 234 is
80% The 2 low con%l ence value (but not necesse{?l)ly a FR?LEZ% value), where the one or




WO 2012/ 001653PCT/ 1B2011/ 052894 21 exenpl ary equi pnent pl anni ng nodul e 208
selects fromthe available units 202 to provide a first set of units 228
and a secwOIRAN1EGB units 236 such that the first proce@traBaIC0R8%!
confidence val ue 224 exceeds 97% and 22he second procedure success
confidence val ue 232 exceeds 90% In the exanple, the units 202 include 10
punps each having a 90% confi dence |level to conplete the first procedure at
6 bpm (punp group A), and a 65% confi dence |level to conplete the second
procedure at 4 bpm and the units 202 further include 6 punps each having a
99% confidence |l evel to conplete the first procedure at 5 bpm (punp group
B), and a 90% confidence to conplete the second procedure at 3.5 bpm An
exenpl ar yn&qunﬁmemviag%%bmnaﬁﬁw & R0% 58lisEl Sorffid®indeRAles @Rl punps for
the first procedure (97.5% confidence) and the remnaining punps (6 from
group B amnevithe sudfreient nypc@dfirosnegesuprnlidengp yatued2l 5 dhe ordintarcey .

[00075]1t is noted.that ,in typi gal ,default situatjon.where. all of the

hi gh contPREERTpE tgdutd 2Ra By ARG BT RBY b plirt SRBLCRIFETEEG. i is
the firstmdiaberedice@dnminand he. 6n 96aHh BnboaRseRUtHE BEit 9@4i@esthcde94. 5%
confidence for the first procedure), requiring 1 additional group A punp to

achi eve chanfand24dmovdgutier(ndwatathggiieqoneédeacenld heompled¢dhifng 9 gr oup

A punps uld.then be Lnsufficient to acceptabl erformth econd

or beequr SR¢ R bR of BRb b GhE Mo ndo BCaBR 04200 PEHELRES 120Nt | dence
val ue 232ertAGtemBodizhdnts! 1R @RPEmMindasak dhtnepabagihaudd9d can achieve
greater asset utilization in response to the condition values 218.

[ 00076] | maateringe endodr hemeerestnadiante ot least ond of Ure weits 22 ldes a

Tai Nt enanes  LeCMIEACALLON DL 240, Lhat BI.9vh §655 &niiNihl, MBI nt enance
command 242%h°Fe ponse~to de?ern?ninglgﬁat Ho-set of "Units%228 fromthe

total numbgihtefanediihstrdbion sowbifindiefto bRe BF Mbrd 8f BhdARE tdkthSHCCESS
confidence val ue 224 that exceeds the conpletion assurance threshold 226.

For exanpbredition siee 818 fbalelsgiotiameakpvirmal gan ddicoyrdie; low thaltue 218

her et neesRanEles YssoB bREg By Beetfe S Mo R B AlEs SRl Bl Qs g '

nor e nor gRm@e proc&lueps Bl b aeb e evial-ted waith dhpuawsdm2a suf fici ent
procedure success confidence val ue 224, the nai ntenance reconmendati on

nodul e 248emplany| Wyt pHanmanse copmeanth? 42 mgxn be Brayadad feaithe epepide command
242. | ' i .unij [t furth
n %%ﬁ%{ﬁh?%%ﬁi%%"a@% et &tlfra%'%bés {Eaé\f”al{%@gé‘fo]?r tﬁgg}%ﬁg r@agui@y further

i ndi cate e procedure co e conple ntenance of the

uni t nai ce command. 242 is. perfornmed. In certai nbodi nents, the unit
mai nt enant0 Clnmanth SRR BRDEST el @A PR POUE FOAnEORIEBEBd ng ¢ o
at | east jengiedty hiRIWIORLS tROZproviMGed 8l pRIERR derBRSy dbi&@iptdd 241 nt enance

command 242 i'ncl udes a nai nt enance instruction corresponding to one or nore
of the umitespvase hgdeateronding dratwal aee of 181ts 1228 fremribe tatal avmoberedf conditi on

val ue, but .t nevert.hel ess may be inproved through, a mainte e
oper at | R PG AL TUEN 0 P 167 BEAHINES Sy b EIEBG? 3814 Bor MoHtred wi t h
the unit $x¢Q4s the cERPIRAGH YssthhcdBiBERNANDS, Wﬁgy BBYiphgerf Ovi ded
for the second procedure where a first set of units 228 1s available for
the fir sdeﬁpmueyj maslule 244 may operate independently of the maintenance

recommendation module 240 — for example providing an equipment deficiency

description 246 even if an appropriate maintenance action can otherwise

enable the units 202 or a subset of the units 202 to acceptably perform the one

or more procedures. In certain embodiments, the equipment deficiency module

244 provides the equipment deficiency description 246 only in response to

there being no unit maintenance command 242 available to enable the units

202 or a subset of the units 202 to acceptably perform the one or more

procedures. The equipment deficiency description 246 includes, 1n certain

embodiments, the additional units or unit capability that would be required to



[00077]In certain enbodi ments, the controller 201 includes an equi pnent
deficiency nodul e 244 that provides an equi pnent deficiency description 246
in resporso 2b/@edser m ni ng that no set of units 228 fromcrhB20odERBIMNUNDEr
of units 202 is sufficient to provide3a procedure success confidence val ue
224 that exceeds the conpletion assurance threshold 226. The exenpl ary

equi pnent deficiency nodul e 244 may operate independently of the

mai nt enance recomrendati on nmodul e 240 - for exanple providing an equi pnent
deficiency description 246 even if an appropriate mai ntenance action can

ot herwi se enable the units 202 or a subset of the units 202 to acceptably
performthe one or nore procedures. In certain enbodi nents, the equi pnent
defi ci eng¥cdppabilyeetfAnPiivbsiesr hvee padicRIREY. AR TkEmPNEY éif%ﬁdﬁlﬁl'eﬁ’% ion 246
only in response to there being no unit nmaintenance conmand 242 avail abl e
t o enabl defipenanidescragPdrof4Gmmydseprayidadier ¢he secopgpnogedieephersiay per f or m

the one qQr _nore.proc es. The, equi nt, defi ci ency description 246

i ncl udes?lrf%se():ce()fft é’lltﬁ 18(1(’\\7%1%5]36, f%F ﬁggglﬁﬁbl Iﬁ%?fg “units or unit capability
e e R
descri pt 'F‘?%ﬁf’?hé@%m@% chﬁ%’dééeéj%irﬂ]foﬂ&%ﬁﬁl?&ﬂﬁg%rlﬂﬁﬁﬂféﬁ eWPhEnge i rst set

of units 2 aval l able for t Irst procedure. [00078] Yet another
exenpl ar ymshde 8 306t irtedwsty & bedchinal peffememce daclbgond.14Theasyst efn
traller 310, having a nom nal | e 104 t hat

i ncl udes .C perfo n
i nterpr epgﬁﬁﬁﬂ%qﬂlﬁﬁ’renﬁe?‘?%?%ﬁl:‘ IH%%*C‘F%"B%HOH%%H&‘E%H%% t??%%eberrn&?ﬂ??i el d

equi pment,, y@fde Ak ﬁf&'&ﬁﬂ%%n&@%&%ﬂf}%m%%ﬂﬂigﬁl dfigbnf@tempELnes a nunber
of operating conditions fTor the unit of oilfield equipnment. The controller

301 furt kentrpHet 8@k surdheregelyphesrean sqapuentstatue module NAS that perfosma
mul ti vari ate, analysis 120 eterm ne a condition. of t.h nit,118, and a
it eanBaBaHEa e Rl R 00 £ 5K EHAE SCeRRTT N Wi TAETEHLE need 132

for the wilihtddhdce SRR MRt bARLgon Qb thend&kr e h{aiﬁ‘é&an@ Sebxenpl ary
controller 301 further includes a mal ntenance communi cati on nodul e 110 t hat

comuni cdBgdot the wmit nh easprose e ébe t@Mitionaf theong 116k atheaxdBplarf00079] The

schematic f| ow d i piions ich foll]ow provides .illustrativ odi ment s
of o f oFRHGHEH SLEHHPBE RER HsdamiotateR Er R REREESthaudres THEBREVI ng
asset Ut ichingRihiOfes3RE nREhtHdHBGhRd ot eNARSNbeRMAIZLN Step.

Oper ations descri bed are understood to be exenplary only, and operations

may be c ped or i, Vi : L OF : = ered in
whol e or?gg(? ;- unl ggg%@%ﬁ%ﬁ%@ﬂ%ﬁ%&% %%gﬁgﬁ%ﬁgwlﬂ%ﬁ%%&%{e&t ain

oper at i oemddsaehted pwforbang mpd@deantefbriypdatoenpuienteraace telrglude,conmput er
program product on a conputer readabl e nmedium where the conputer program
pr oduct é‘@ﬂ%‘?‘f@é@sﬁ‘ﬁs‘ﬁﬂﬂiﬁq%§néélf§f%§npﬁé‘ BAHPERaRCcE BredRseiiee skie or nore

of the o i: . j i : one or
mor e of TS BHORS e hitk 4B IHACATIR B8 LRe ARy AY, AREobEAGIRSHS,
mai nt enabeeosbivelbedividdd)dasl ahledperrehiored] as welleispreairdardgdainniioknce

schedule for a unit of ailfield equi prent, an opergtion to interpret a
nom nal PEPRBY o8 haleeks liCH%’T’ aletcf?élt{ﬂ%’ﬁleéfmbi eitBIHORGESRENt , and an

oper at i 0getQqet B%Wb%‘%nﬁﬂé‘h&%ﬁ%d 19§f7 a computer executing a computer program

product on a computer readable medium, where the computer program product
comprises instructions causing the computer to execute one or more of the
operations, or to 1ssue commands to other devices to execute one or more of the

operations.

[00080] An exemplary procedure for updating a maintenance schedule
includes an operation to interpret a maintenance schedule for a unit of oilfield
equipment, an operation to interpret a nominal performance description for

the unit of oilfield equipment, and an operation to determine a number of



WD 2012/ 001653PCT/ 1B2011/ 052894 24 current operating conditions for the
unit of oilfield equipnent. The procedure further includes an operation to
det er m new@ 20riésBon of the unit of oilfield equi pnment PCH/IBEEp0ISSt t 0 t he
nom nal performance description and tHe current operating conditions using
a multivariate analysis. In certain enbodi nents, the procedure includes an
operation to adjust the maintenance schedule for the unit of oilfield

equi pnent in response ot the condition of the unit of oilfield equipnent.

[ 00081] Certain further enbodi nents of the procedure are described
foll owi ng. An exenplary procedure further includes the oilfield equipnent
being selected fromthe units consisting of a high pressure punp, a | ow
Pressur e cRERRL operBLGS Ml RUAPforaht lutitopiBialgicgudamése. TRe pFRSaUFE sensor,
a valve, a tubular, a coiled tubing unit, a solids netering device, and/or
a well | 61glghﬁ1gnwévdeﬁean Anerewmmoaieyelpnume@mrehmntoﬁehe bndldigel§ieldj ust i ng

t he mai nt enance ,schedul e Q; esgc eduL ﬁ? g anned lnt%gfﬂge event

Anot her  SXBHRTER OeitEBe et e FOrUB 8L PEROGPaPST foH 518 ¢ THETAYj ust ed
mai Nt enapgperateiechndetidbes asin@PhRlQviRkte SeMi6e. ThrefRid ainboaiegisient s, the
nmul tivariate anal ysis includes a Mahal anobi s- Taguchi Systen1ana|y5|s and/or
a mul tivahe arecedusg 1rg?ﬂ1|1d,es| arppRasHNIOrdwst t@ﬁanymtenarpwheqlwﬂet fomtlat her

exenpl ar i mr-ovin asse ut i at i i ncl.udes operation
Co 1 ht or SR AT bR R B B8RSR RO B AR B LB BF B U
of oilfiehdippgantprent, and an operatlon to interpret a perfornance

requi rement for one or nore oilfield procedures. The procedure includes

sel ecti ngoGoSAt 0fCHﬂbh§ﬁL&HB}ER$oHHH@ﬁH<ﬁEh&Bk&%dﬁ}eQféﬁ&§k$e@qu'pnent for
each of the oilfield procedures. Each set of units fromthe nunber of units

of oilfi éltbveqgi preeatemplasglpecteeltire lﬁtmﬂthehatclmdq:sr@weﬂlfreéd sgupaesentconf i dence
rocedure ex a conmpl etion sur ance

val ue co re ondi ng.to the
b oahol Gen Saleaes fidn s aﬁlt%ﬁeneﬁt}eseﬁﬁﬁﬂgh@e‘é%sy & BHPTIEOF val ue i s

determ ”%geés'ﬁré goay%%hﬁbﬁ GRRdLAAR MBll 2&%‘?@ defde tah%ré%@ﬁfé’é&%@?%
requirenents. 012/ 001653PCT/ 182011/ 052894 25 ['00083] Furt her ‘exenpl ary

operatlowahmia&ubuhaedwpéaiaﬂnngpnnuungﬂaeseeumnudd@@@mamd&m&iweﬁcr|bed
foll ow n An rocedure i cIu det ernj ni ach condition val ue
from a miEURAFEEE S TEROarhErAG COMM TG e ARr AN Bt f or mance
descri pt in®finf&{aRBGRhANIE HY rfeBc}?ed%%'i'{%edf pRIr@RSh &frt Bfa s @Nicht ORS 0P t or ed
for the unit. Another exenplary procedure includes the units of oilfield

eqU|pnenEX@@phgwpnsbmhnemmus@udeewenpepuanU)Wmm@ddﬂmﬂmbumedbod|nent t he
performance require I eac ure.includes .a j.ng rate,

i g P BV ge 5P BB S e LE 000N e At 3t o G B (he

requi r emgitl+ivAR a8 ﬁHEiy%{symBhRfe%f&%h‘a[‘éﬂo%ﬁ’seff‘agl\i\é}n%ysﬂ&hearﬁ?ﬁ@ LB e

requi renments, each perfornmance requirenment corresponding to a distinct

oi | fi el dapnobedurate st o084 Yeocesnoohier] exdypisary enbodi nent i ncl udes an
operation to
[00082] Yet another exemplary procedure for improving asset utilization

includes an operation to interpret a condition value corresponding to each of a
number of units of oilfield equipment, and an operation to interpret a
performance requirement for one or more oilfield procedures. The procedure
includes selecting a set of units from the number of units of oilfield equipment
for each of the oilfield procedures. Each set of units from the number of units
of oilfield equipment 1s selected such that a procedure success confidence value
corresponding to the procedure exceeds a completion assurance threshold for
the procedure. The procedure success confidence value 1s determined 1n

response to the condition values and the performance requirements.



provide a unit mai ntenance conmand in response to determ ning that no set
of units fromthe nunber of units is sufficient to provide a procedure
success wibue1diesane or nore of the oilfield proceduregCrharoleseeds t he
conpl eti on assurance threshold for th one or nore of the oilfield
procedures. A further enbodi ment includes providing the unit mnaintenance
comand as a nai ntenance instruction corresponding to one or nore of the
units. In certain enbodinents, the unit mai ntenance command i s a conmand
which, if perfornmed, makes a set of units available that is sufficient to
provi de the procedure success value for the one or nore of the oilfield
procedures that exceeds the conpletion assurance threshold for the one or
nore of fheo&d] fi eFdriHee coempEsey dpdra@bhabia busdefre BAHIrIRHgSassbhe unit
mai nt enance conmand is directed to a unit having a condition value that is
not an abdzationgeadies¢bed/fallowing.00085¢ mplaer pricadfcg tskudesnbodi nent's, t he

pr ocedur urt.her includes.an operation tq,.provjde an equi nt deficiency

Gescr i pt ASHTPHIP FETEE R By Rringt ek RBaletndPsBire B m (he number
of uni ts chmpaink LHOMIN1DRFRW R e VeBERGEEH FE SBCASS Wit HeuderasTe or nore
of the oilfield procedures WD 2012/ 001653PCT/ 1B2011/ 052894 26 t hat exceeds

t he conpbeeiadmaendhameemonttesedia therumheAopthayrexpprmdans prasedetd f i el d

dur es, : | - d \ f '
i nt enaiiduivopar &t Fonr S s RrTRAEE HBaRERH G bErRELERIE 3 om na

per f or meRGRrfRS Ghhidi @R nt, Ohed ditftirin fce @bl firémdn € @4 QB Hroc@idean operation
to determ ne a nunber of operating conditions for the unit of oilfield

equi pnentnclifies posrine datatMEnRPInETatd @8 aaredplear atiheth Presspes.fasydiera

mul ti var iaatuemapnal 0Si esr teoudregneernqj el’l axeconfjirt I Oonce%lfuré E]e lu(ri]és:[t Og Oinlofrie eld
equipnentl?n Pe§H%ﬁ§e]i8 te Nomi Haf = des r¥6¥|on and the oﬁ%r%ﬁlng

condi ti opsrfofM@nex esqlidéniesQ 6@EPEfoMN ANGS rdqelcusiaf RBre3PERAIngaR d O
determ ne a nai ntenance need for the unit in response to the condition of

t he uni t distret anliepbpeacedwra:o conmuni cate the mai nt enance need for the unit
to a renote | ocation. The procedure further includes, in response to the
communi c§0008¢] an Ypeantthen ekempdrrfyermbeadineinttiecladesapoppeatait tn st ep

[ 00087] I n certain .enbadi nents, the i nt enance, need i s co i cated, and
the mai nPERGAES HHE TARHTECE o R AR B TOPRBE: CUPGRTIRERAPET 3R 261 °F he uni t

i's not abReisTRbm themEXBeRmi RN riGelNtd plovi R HrHdcAiiBLhycegonf Or M ng,
and it is determ ned that a subsequent procedure has a high Iikelihood of

t he uni t vbbwofor nge womaenf dheaiodfiel dapiceduntsehat exiesddébé cabbketiomat a
confidence | evel of th nif be increas su hat a,subsequent procedure
success EoRaGH B TP HLlCE dhe B8 R araaLEant §1HEH BeSuTiEs ) BRI B acsur ance
threshol dmRdeABAOITAING: YL idTRY tREVEIH elR88aAdv&h e ndBisy enance need
comuni cat ed. Exenplary operation to performthe naintenance preparation

st ep i ncmalatoradeeiingrageai firdsyeandisg foone hemone of thy owitdi hg cepeni fi ed
parts for Hpgfuni gﬁ a ﬂytu%g glanned Iocation for the uq&t (e.g. the
[ ocat | on “BPS BB e (Rie HP pPELRARPRSS CRREH 13 arfariyad Pdpfadbnent unit to
the futuperil-aeAckhalkes atdedf fiffts bRl Flctthat WOEBERMOQd BPGREI 4AB2011/ 052894
procedure success value for the one or more of the oilfield procedures that
exceeds the completion assurance threshold for the one or more of the oilfield
procedures. In certain further embodiments, the unit maintenance command
1s directed to a unit having a condition value that 1s not an abnormal condition

value.

[00085] In certain further embodiments, the procedure further includes
an operation to provide an equipment deficiency description in response to
determining that no set of units from the number of units 1s sufficient to

provide a procedure success value for one or more of the oilfield procedures



27 [00089] An exenplary set of enbodinents is an apparatus including an
oilfield equi pnent nmai ntenance nodul e that interprets a maintenance
schedul e wonor/emés8 of oilfield equi pment, a nom nal perConeEnCes2svdul e
that interprets a nom nal perfornmanceédescription for the unit of oilfield
equi pnment, and an equi pnent nonitoring nodul e that determ nes a nunber of
current operating conditions of the unit of oilfield equipnent. The
apparatus includes an equi pnent status nodul e that determi nes a condition
of the unit of oilfield equipnment in response to the nom nal perfornmance
description and the nunber of current operating conditions using a

mul tivariate analysis, where the oilfield equi pnent mai ntenance nodul e

adj usts tRhgt é@:@@&@ﬂ@éﬁ&ﬁnﬁl@&@ﬂ%sgufﬁcetth@esmud fo¥ftheionkl i@l HoRfitpEENt 1N
response to the condition of the unit of oilfield equipnent. [00090] Certain
further exéejsl progedwissdi ments of the apparatus are described foll owing. An
exenpl ary apparatus includes the unit of oilfield equi pment being a high
pressur e [0p00g6] a | Yt pnedeuree mphyry momﬁh&eifogmqunmiagfalmhﬂltanaﬂlgesi S
device, a pressure sensor, a valve, .a tubular, a coile ](l;tb unit, a
solids mét ﬁrﬁ&%}e@\‘i%én‘ﬂé‘ﬁl&? 8P Peyiglien F%B&?W%é\ﬁ%@na REER %W%Péery

appar at ugieh (el sle o dNentich biIRLH EAHbRERR! aﬁaagﬁto%@%% AUk Emit § her

adj usting the mai ntenance schedul e by reschedultng a planned nai ntenance
event . Amum&mmf@pyramccmdmoﬁmfdrhée umt blioiéfseld eqanmheman’Ehe conmmuni cati on
nodul e provi t he adj usted mai nt nance schedule to a renote out put

v co. | PRGNS ot Bt Gl et Op e 0\ SI R & Mg o4 PREPEOE of a
Mahal anolykgs hage Ghionay$éLot t’ﬂ}{éathﬁﬁ% 08 o BRSO R A8kt | hY dRhse 84 aitd sti cal
process control analysis. [00091] Yet another exenplary set of enbodinents
I's a sysmeminacdesdiipgioa andtieromgirating teenditionis| fII‘}@I ekeerplapnprdcedwteer e t he

units of .oilfi eI nent are of a common e pnment t The stem
Forther s S D PE et ar S g iR e D e L D Bt ¢ e
i nterpret.gsRncORLthd Qéhd{ﬁbﬁ%f‘él% ﬁﬁ Qﬁé'a'i‘l R268% o edmhliGhiaetheof oilfield
equi pnent, a job requirenent 2 001653PCT/ 1B2011/ 052894 28 nodul e
t hat int emzpneetrmm:epeeﬂtfom’dmcemrtéqlamemmmwaomnaﬁ[‘}m pfoceddrepfuotiedur e, and an

equi pmrent nni.ng nodu at selects.a set of units fromthe total nunber
o P i e Tt P RS o R Bt ot o AL OB AR e IR bgun v cmont

for the %Alht&{éjlcgﬁ}dﬁg}%ﬁma&g the condition value corresponding to each of
the units of oilfield equi pmen? such that a procedure success confidence

val ue eX;@gﬁggl COWE&E?BP%%&%?&&S {HA" G Rb Hand O0ARAL AL Richtid her

exenpl ar ments o systema
and the maintenance preparation step 1s performed, when a condition of the

unit 18 not abnormal. For example, when the unit 1s near mimimally
conforming, and 1t 1s determined that a subsequent procedure has a high
likelihood of the unit becoming non-conforming, and/or when 1t 1s desirable
that a confidence level of the unit be increased such that a subsequent
procedure success confidence value can be increased to achieve a completion
assurance threshold, a conforming unit may nevertheless have the
maintenance need communicated. Exemplary operation to perform the
maintenance preparation step include ordering specified parts for the unit,
providing specified parts for the unit to a future planned location for the unit
(e.g. the location of a subsequent procedure), and/or sending a replacement

unit to the future planned location for the unit.

[00088] As 18 evident from the figures and text presented above, a variety

of embodiments of the presented concepts are contemplated.



described foll owi ng. An exenplary systemincludes each condition val ue
determned froma nultivariate analysis including, for each of the units of
equi pnentwocorpmiésdag a noni nal performance description ®eocrnBIpONE8Ng to t he
unit of equipnment to a nunber of operZdting conditions nonitored for the
unit of equipnent. In certain enbodinents, the units of equi pnent are
positive displacenent punps. In certain further enbodi nents, the

per formance requi renment includes a punping rate, a punping rate at a
predet erm ned pressure, and/or a punping power requirenment. [00093] An
exenpl ary system further includes the performance requirenent being a first
performance requirenent for a first oilfield procedure, the set of units
being a foosdglset Ah dkhiparyt 8 FraarRimentHeGasspsaathdantedivglae bei ng
first procedure confidence value, and the conpletion assurance val ue being
first conpfield eningwnt anvatersdnge mathde dhehpitargresy s meamtenanter i ncl udes t he
j ob requir.e ts nmodule further interpreting a second perfor e

L equi r emeHeRDr T R By ol bR Ao B B RO R R ki ng
nmodul e f gidegrets @l @EhINAY pbiBrihbhéd ds®iiRionUidl tBe anet ¢ sBRANd set of units
fromthe total nunber of units in response to the first perfornmance

requi r emeatipraét, 9ad cudepepenfranys tarerg modidnmthataledetrhimes snaimpbenot/al ue
corresponding,to each of the units of. okl fiel.d equi n The _equi prment

o1 i ng Citodd ol EndillFes PLimaBhic 8 bk SR BAE the 0 RS0 Ui ¢
such thaiindliged 4 shulpsadith uSHca 8RSt Rt denees wabuaiteceedhe dlieof i r st

WO 2012/ 001653PCT/ 1B2011/ 052894 29 conpl etion assurance threshold and a
second prdteklLeeupneaéss resoniseéntlee namiealpartedmngesiesonptipn eaddbee

assurance, ffy eshol . L 000041 L. Sertia) 0 bodi MRt 5. Lhe, systembol udes a
mai nt enance reconmendatron modal &t hat 5r§V|5%s 32U PRtenance command

i N responke oflfleldEd A PinRND thdiABdnatRe $8EAQE adfidts the armhh@aplssdhddue Of units
is sufficient to provide a procedure success val ue that exceeds the

conpl et i & Bwsumantellfitldesmapaeniieresponee thihe epadatiemahthe eorheind
conprisi%gjgkpghﬂégﬁagce instruction corresponding to at |east one of the
units. Anof xenplary systemincludes the nai ntenance instruction
correspongdi to at, | eas e of the units havi condition value that is
ot an abofdhl °coar@ns o By St Rorthar DERBS gL et 8 Rcl udes. an
equi preniyegdeiidd newimPduhexbhfflaRr Sy AasudhEutRMRNIni d6f bithaacy
description in response to determning that no set of units fromthe total
nunber ofquinnenti leisghfiighemessuge puavp,delosy prassecupempue cestsringl ue t hat
exceeds the cggﬁlgfioq aﬁzgrance t hreshol d. [ 00095 S%i I anothﬁr exenpl ary
set of eRbGdrdent’s FX I HECRYE # OFOPET 6P Mg ek Ater Ylte? 5PER%r ati on
step. Th;%u%grmh@,w saTRIshQdtdriied BElaSe, 1 MABS flliNggdnBRIBvial Aer f or mance
description for a unit of oilfield equi pnent, determning a nunber of

oper at i ngxewmptinyi appsirfiors inhkidenithe oflfield dquepheatmapntertancamdogdef or mi ng a
mul tivari.ate analysis to determne a,c iition of the unit of oilfield

caui prontitief BBHE T8 PRe UM R A aCeE PP S R BBt | ng

condi ti oRgainfditad¥ethes:.f NhtRempliGl Msiasated fIrohd Rel Al RAbandAgRcneed for
the unit in response to the condition of the unit, comunicating the

mai nt enancamewsdation ntddale previdmgstheardptstet ouamnitem ne@rghpduledsponse to t he

i ti f i nt ti t.ep. 0096] Ex I
operati ontmpt pRErs Heviche 1Rt Reah aheaanpent: dos b Brabhhedasior aer g
speci fi eghRaftsof PMIBaso¥ik-TaRGON HAgnspeailiketdrd 4 muflgvatihg unit to a

future planned location for the unit, and/or sending a replacenent
statistical process control analysis.

[00091] Yet another exemplary set of embodiments 1s a system including
a number of units of oilfield equipment, where the units of oilfield equipment
are of a common equipment type. The system further includes a controller
having an equipment confidence module that interprets a condition value

corresponding to each of the units of oilfield equipment, a job requirement



WO 2012/ 001653PCT/ 1B2011/ 052894 30 unit to a future planned | ocation for
the unit. In certain enbodinents, the condition of the unit is not

abnor nal .wpQOC@DI6BRe precedi ng descri ption has been pre®emiiBz1WNI2894
reference to sonme enbodi nents. Persom skilled in the art and technol ogy to
which this disclosure pertains will appreciate that alterations and changes
in the described structures and net hods of operation can be practiced

wi t hout meani ngfully departing fromthe principle, and scope of this
application. Accordingly, the foregoing description should not be read as
pertaining only to the precise structures described and shown in the
acconpanyi ng drawi ngs, but rather should be read as consistent wth and as

support  {dul8 ehdOinkOMIrees £ halfIBmaibd fdafand @ 0ava dilfRild phedeldass, and
fairest scope. [00098]In reading the clains, it is intended that when words

such as ‘aad'an eguipnieat plamzngoneduleghat seletteastetofienpisriromrthedp@lused t here
is nointention.o.limt, .t claimto only one item unless specifically
stated  Sopetas iyt aerp e fuPaa ot Rt dhE e FaPef bact a porti on'
and/ or " ge@@i-éieAt fdrthe il dprdce@ir€£and tRE barlBtion RALLd 8iradfbnaind e entire
itemunl ess specifically stated to the contrary. [00099] Furthernore, none

of the desel pbthiconrits af ehieeldreavemmenty sluck dhioa bebeediuge Becaeead as i npl yi ng
cul ar el ene uncti o essential el enent

t hat any -t t, step,,.or f i S, &
uht ch” muSPB R Pl SR Ae bl Pl aslabs? el G2 PATERTED SUBECT
MATTER | NED ONLY.BY THE ALL D CLAI NS. Mprepoyer, none of the
pr esent eiogfsgé]m; al-&riem glﬁﬁgﬁr PP RPOK E Pﬁﬁn‘)% S.éfﬁlfe?s%aﬂéc 112 unl ess
the exaciyeugiglsi f'bmfemgdf Ah'ex@RIAFy s/ @bhANBRIARY e8cRBidiGbRNGIud e cl ai ms as
filed are intended to be as conpréhensive as possible, and NO subj ect
mat t er i sletarhened dirvah laymnbivarqtie shedysisediledingdforaachbinbonads of WO
2012/ 001653PCT/ 1B2011/ 052894 31 o )
equipment, comparing a nominal performance description corresponding to the
unit of equipment to a number of operating conditions monitored for the unit
of equipment. In certain embodiments, the units of equipment are positive
displacement pumps. In certain further embodiments, the performance
requirement includes a pumping rate, a pumping rate at a predetermined

pressure, and/or a pumping power requirement.

[00093] An exemplary system further includes the performance
requirement being a first performance requirement for a first oilfield
procedure, the set of units being a first set of units, the procedure success
confidence value being first procedure confidence value, and the completion
assurance value being first completion assurance value. The exemplary
system further includes the job requirements module further interpreting a
second performance requirement for a second oilfield procedure, and the
equipment planning module further selecting the first set of units and a
second set of units from the total number of units in response to the first
performance requirement, the second performance requirement, and the
condition value corresponding to each of the units of oilfield equipment. The
equipment planning module selects the first set of units and the second set of

units such that the first procedure success confidence value exceeds the first



VWHAT IS CLAI MED | S: 1. An apparatus, conprising: an oilfield
equi pnent nai nt enance nodul e structured to interpret a nai ntenance schedul e
for a uniwoabiaiohdssel d equi pnent ; a nom nal perfoPcRNBB1NVOEIEY4e
structured to interpret a nom nal per®ormance description for the unit of
oilfield equi pnent; an equi pnent nonitoring nodule structured to
determne a plurality of current operating conditions of the unit of
oilfield equi pnent; an equi pnent status nodule structured to
determne a condition of the unit of oilfield equipnment in response to the
nom nal performance description and the plurality of current operating
conditions using a nmultivariate anal ysis; and wherein the oilfield

equi prentopldiiaNAeea AR eshsl dfawd H8dcontptetdtad suibcadicustidéhe
mai nt enance schedule for the unit of oilfield equipnent in response to the

condi t i onabfe edveedmi seaidoptobeding asguirpmertthreshold. 2. The apparat us of
claim1, wherein the unit of oilfield equipnent conprises a unit of
equi pnrenf08e@dHct edld catmatrhenbodiserat, deguyptrentndodss stmagtaianca hi gh

pressure punp, a.low pressure punp,. a netering punp, a fluid. analysis
devi ce, agw?@@gaﬁ%ﬂg%ﬂwﬁﬁe shafaprpeideg %%mraw?{tgn%gqev@&lm%&ﬁ@ unit, a
sol | ds Mel&long (IR finAleI o) det o PAAKAG AR YHE Plurality of uiits Ihe appar at us

of any one of clains a 2, wherein the ol equi pnent nai nt enance
nmodul e i suffimérteto moretapededorasjusss tdlee thaneerads theschepletenby

reschedul ing a pl.anned i.nt enance. event . 4. The apparatus of any
one of cP&? nfgﬁﬁ%eéﬁa%heraFﬁ%&ﬁlwﬁmﬁegﬁﬂ& O RRIRC SR EHCE BB fmuni cat | on
modul e 5Eﬁéiﬁ%éﬁa%ﬁetiﬁsb%&\fér%@oﬁr@@p&i‘ﬂiﬂéE@Qt BN EOBNaR Seieduhetih a renote

out put devi ce. 5. e apparatus of any one of clainms 1 through 4,
wher ei n eRempidyisyatdnatecladed ils macorprisenstnetoh @rivehahdimgltiosstTaguchi

System apal ysis A 2 i LLYarL a0, 51A0) 5L FRL RI9ESR5 SR analvsi s
condition value. Yet another exemplary system includes an equipment
deficiency module that provides an equipment deficiency description in
response to determining that no set of units from the total number of units 1s
sufficient to provide a procedure success value that exceeds the completion

assurance threshold.

[00095] Still another exemplary set of embodiments 1s a method for
performing a maintenance preparation step. The exemplary method includes
interpreting a nominal performance description for a unit of oilfield
equipment, determining a number of operating conditions for the unit of
oilfield equipment, and performing a multivariate analysis to determine a
condition of the unit of oilfield equipment 1n response to the nominal
description and the operating conditions. The method further includes
determining a maintenance need for the unit in response to the condition of
the unit, communicating the maintenance need for the unit to a remote
location, and in response to the communicating, performing a maintenance

preparation step.

[00096] Exemplary operations to perform the maintenance preparation
step include ordering specified parts for the unit, providing specified parts for

the unit to a future planned location for the unit, and/or sending a replacement



32 6. A system conpri sing: a plurality of units of oilfield
equi pnent, the units of oilfield equi pnment conprising a conmon equi pnent
type; a cwotwoldoess3 conpri si ng: an equi pnent conf iPCENBE1VOFPE4e
structured to interpret a condition v#l ue corresponding to each of the
units of oilfield equipnent; a job requirenent nodule structured to
interpret a performance requirenent for an oilfield procedure; and an
equi pnent pl anning nodul e structured to select a set of units fromthe
plurality of units of oilfield equipnent in response to the performance
requi renent for the oilfield procedure and the condition val ue
corresponding to each of the units of oilfield equipnent, such that a

procedur @nsthece sistus pld ARMICIBcI N B raRe/HE Bn 6QTRINEPEIIARSME aThee o
t hreshol d. 7. A systemaccording to claim6, wherein each condition

val ue i s coedigroni aféHe fumpimsananabmiovaeal.at e anal ysi s conprising, for each of
the units of equipnent, conparing a nom nal perfornmance description

correspo@d097]t o t hbae poetedafig degdrprvent hdobeerpbreasahtedywdh refeeratd tig
conditions nonitored for_the u L{ gt equiFnen em
lod 1Hlas aftoan

. 8. A syst
accor di ng°%6 corRO PRt SRSy R &ty %?W%%Y&P V\é}&ﬁﬁﬁ nt conprise
positi Ved%cf&h@?%@%ﬁnsoﬁﬂpﬁppreciate tht aRe s RAAFORHA9ntRe Cl @i m 8,

wherein the performance requl renent conprises a requirenent selected from
t he requideserBreidssteoctsired ang nofthods pliogEragonabe begprponpedygithatie at a

pr edet er m ned sure, .and a i Ng. power . requi r nt. .. . 10. A
Syst em altOaPHY D SeRyiBRr G Br B HEIGor HhbOGRes his appligaliei n t he

per f or manggofaeasly! BBRkedding dbbdrSiti ALEAQITRE B e 18AY iaE GBin Y orfty i I St
oilfield procedure, wherein the set of units is a first set of uhits,

wher ei n the ppeasestunetus e dessibedfriddemyen watheadcompaiyiisg dprvaiced et

confidencetval e, d wherein the go. Ietéon assu% nc&lﬂghge.is a first
COI’Tp| eti 6ﬁ }gg a eir,% %S, C%&F ent wi anda as support ror e roliowing

claims, which are to have their fullest and fairest scope.

[00098] In reading the claims, it 1s intended that when words such as “a,”
“an,” “at least one,” or “at least one portion” are used there 1s no intention to
limit the claim to only one item unless specifically stated to the contrary in the
claim. When the language “at least a portion” and/or “a portion” is used the
1item can include a portion and/or the entire item unless specifically stated to

the contrary.

[00099] Furthermore, none of the descriptions in the present application
should be read as implying that any particular element, step, or function 1s an
essential element which must be included in the claim scope: THE SCOPE OF
PATENTED SUBJECT MATTER IS DEFINED ONLY BY THE ALLOWED
CLAIMS. Moreover, none of the presented claims are intended to invoke
paragraph six of 35 USC §112 unless the exact words “means for” appear,
followed by a participle. The claims as filed are intended to be as
comprehensive as possible, and NO subject matter 1s intentionally

relinquished, dedicated, or abandoned.
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nodul e is further structured to interpret a second perfornance requirenent
for a secwoadoridoiésel d procedure, and wherein the equi pmeat/Ipteanni2ag: nodul e
is further structured to select the filrst set of units and a second set of
units fromthe plurality of units in response to the first performance
requi rement, the second perfornmance requirenment, and the condition val ue
corresponding to each of the units of oilfield equiprment, such that the
first procedure success confidence value exceeds the first conpletion
assurance threshold and a second procedure success confidence val ue exceeds
a second procedure assurance threshold. 11. The system of any one of
cl ai ms 6 WHAQUEHWCOAIMIEDITSF conpri sing a mai nt enance recomendati on nodul e
structured to provide a unit nmai ntenance command in response to determ ning
that no set of units fromthe plurality of units is sufficient to provide a
procedure sucgezghvalue t hat exceeds the conpl etion assurance threshold,

e

the unit main %@p%%ﬁﬁﬁﬁﬁng%ﬁﬂpgéing a mai ntenance instruction

cor respondi NgahQikeld 8@SiHnRiR MhinthRantdi thddule structudedl tolit@esist m of claim
11, wherein the maintenance instruction corresponds to at |east one of the

uni ts hamagtenagsadchedte vert aanitheftollfieldheqummensnor mal condi ti on val ue.
13. The system. of .any. o of clai 6 .t hr.ou 9, further co i sing an
cqui pront” det FeanEg RederEeefs ot Ca -t BPE o ol LEERER Gef Tt ency
descri pt ipeffol-ahes BeRtstHtich BetRE lint Hhilhad efQipyedntdf units fromthe
plurality of units is sufficient to provide a(frocedure success val ue that

exceeds the cemplasippanaEwhitenes nhadeltsigctured to determine apfwsdity of

conpri si ng; interpretin nomi, nal ..perf or mance, description for a
ni tof O Perbener i tohsor the Gl QPRBRGAMIIERLTE) of oper ati ng

condi tions foantda@ipiabht Sat@d hddeldsequiregnd deteine a condition of the
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unit of oilfield equipment in response to the nominal performance description
and the plurality of current operating conditions using a multivariate analysis;
and

wherein the oilfield equipment maintenance module 1s further
structured to adjust the maintenance schedule for the unit of oilfield
equipment 1n response to the condition of the unit of oilfield equipment.

2. The apparatus of claim 1, wherein the unit of oilfield equaipment
comprises a unit of equipment selected from the units of equipment consisting
of: a high pressure pump, a low pressure pump, a metering pump, a fluid
analysis device, a pressure sensor, a valve, a tubular, a coiled tubing unit, a
solids metering device, and a well logging device.

3. The apparatus of any one of claims 1 and 2, wherein the oilfield
equipment maintenance module 1s further structured to adjust the
maintenance schedule by rescheduling a planned maintenance event.

4. The apparatus of any one of claims 1 through 3, further comprising a
maintenance communication module structured to provide the adjusted
maintenance schedule to a remote output device.

5. The apparatus of any one of claims 1 through 4, wherein the
multivariate analysis comprises one of a Mahalanobis-Taguchi System

analysis and a multivariate statistical process control analysis.



performng a multivariate analysis to determne a condition of the unit of
oilfield equi pnent in response to the nom nal description and the operating
condi ti orsP 2012/00165det er m ni ng a mai nt enance need for theCcuABL11/MS2BBISPONSE
to the condition of the unit; communi®ating the mai ntenance need for the
unit to a renote | ocation; and in response to the conmuni cati ng,
perform ng a mai ntenance preparation step. 15. The nmet hod accordi ng
to claim14, wherein perform ng the mai ntenance preparation step conprises
perform ng at | east one operation selected fromthe operations consisting
of : ordering specified parts for the unit, providing specified parts for
the unit to a future planned |ocation for the unit, and sending a

repl acement ugi tA f@tamfl U Mpeishiganned | ocation for the unit. 16. The

met hod of any one of clains 14 and 15, wherein the condition of the unit is
not abnor mal . a plurality of units of oilfield equipment, the units of oilfield equipment

comprising a common equipment type;

a controller, comprising:

an equipment confidence module structured to interpret a condition
value corresponding to each of the units of oilfield equipment;

a job requirement module structured to interpret a performance
requirement for an oilfield procedure; and

an equipment planning module structured to select a set of units from
the plurality of units of oilfield equipment in response to the performance
requirement for the oilfield procedure and the condition value corresponding to
each of the units of oilfield equipment, such that a procedure success
confidence value exceeds a completion assurance threshold.

7. A system according to claim 6, wherein each condition value 1s
determined from a multivariate analysis comprising, for each of the units of
equipment, comparing a nominal performance description corresponding to the
unit of equipment to a plurality of operating conditions monitored for the unit
of equipment.

8. A system according to one of claams 6 and 7, wherein the units of
equipment comprise positive displacement pumps.

9. A system according to claim 8, wherein the performance requirement
comprises a requirement selected from the requirements consisting of: a
pumping rate, a pumping rate at a predetermined pressure, and a pumping
power requirement.

10. A system according to any one of claims 6 through 9:

wherein the performance requirement 1s a first performance
requirement for a first oilfield procedure, wherein the set of units 1s a first set
of unmits, wherein the procedure success confidence value 1s a first procedure
confidence value, and wherein the completion assurance value 1s a first

completion assurance value; and
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wherein the job requirements module 1s further structured to interpret a
second performance requirement for a second oilfield procedure, and wherein
the equipment planning module 1s further structured to select the first set of
units and a second set of units from the plurality of units in response to the
first performance requirement, the second performance requirement, and the
condition value corresponding to each of the units of oilfield equipment, such
that the first procedure success confidence value exceeds the first completion
assurance threshold and a second procedure success confidence value exceeds
a second procedure assurance threshold.

11. The system of any one of claims 6 through 9, further comprising a
maintenance recommendation module structured to provide a unit
maintenance command 1n response to determining that no set of units from
the plurality of units 1s sufficient to provide a procedure success value that
exceeds the completion assurance threshold, the unmit maintenance command
comprising a maintenance instruction corresponding to at least one of the
units.

12. The system of claam 11, wherein the maintenance instruction
corresponds to at least one of the units having a condition value that is not an
abnormal condition value.

13. The system of any one of claims 6 through 9, further comprising an
equipment deficiency module structured to provide an equipment deficiency
description in response to determining that no set of units from the plurality of
units 1s sufficient to provide a procedure success value that exceeds the
completion assurance threshold.

14. A method, comprising:

interpreting a nominal performance description for a unit of oilfield
equipment;

determining a plurality of operating conditions for the unit of oilfield

equipment;
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performing a multivariate analysis to determine a condition of the unit
of oilfield equipment 1n response to the nominal description and the operating
conditions;

determining a maintenance need for the unit in response to the
condition of the unit;

communicating the maintenance need for the unit to a remote location;
and

1n response to the communicating, performing a maintenance
preparation step.

15. The method according to claim 14, wherein performing the
maintenance preparation step comprises performing at least one operation
selected from the operations consisting of: ordering specified parts for the
unit, providing specified parts for the unit to a future planned location for the
unit, and sending a replacement unit to a future planned location for the unit.

16. The method of any one of claims 14 and 15, wherein the condition of

the unit 1s not abnormal.



