METHOD AND APPARATUS FOR CHEM CAL DATA REPOSI TORY Cross- Reference to

Rel ated Applications None, Statenent Regarding Federally Sponsored Research
or Devel opoent2/deic1 Appl i cabl e. Background of the | nventiPam/us2011/055017 Thi s
invention relates generally to a systemand nethod for the collection

anal ysis and application of data in a chem cal plant. Chem cal and
industrial facilities utilize a variety of conplex equipnment, which are

of t en subj ectMESHRHP SHILABHNBAT BB RS HAC ASIMIT & ROHEISIAORYIch, aa nunber
of technol ogi es have been devel oped to nonitor the condition, efficiency,
and expoutedelkidnespdieigbd tipplisgisnpnent . Such technol ogi es i nclude historian
systens, which collect and archive data from various sources within the
chemi cal plant. Wbai.toring equi pnent typically involves a systemin which a
vari ety of process variables are neasured and recorded. One such systemis

descri BRleinBaliSgRHNhE FRRG RS ko rkd ARk 8084 BRRPARLO149981 Al . Such
systens however often produce nassive anounts of data of which only a smal

por tsi on of whi chihsapsiefud |y tracked to detect abnormal conditions and the
information gl eaned fromthose systens is of |limted practical use. Thus

there i lyangdqutility for systemand nethod for the collection,
ana|ys§§?Q‘ﬁgﬁﬁgﬁﬁ?§§?i§ﬁ of data in a chemcal plant. The art described in

this section is ﬂ% jnvention relates generally (0 a system and method for the collection analysis

and application of data in a chemical plant. Chemical and industrial facilities utilize s variety of
complex equipraent, which are often subject to harsh chemical and physical conditions. As such,
i6 anumber of technologies have been developed to monitor the condition, efficiency, and expected
tifespan of the equipment. Such technologies include historian systems, which collect and
archive data from varlous sources within the chemical plant.
Monitoring equipment typically involves a system in which a variety of process
variables are measured and recorded. One such system is described in US Published Patent
15 Application 2009/0149981 Al. Such systems however often produce massive amounts of data of
which only a small portion of which is usefully tracked to detect abnormal conditions and the
information gleaned from those aystems is of Hmited practical use.
Thus there is clear need and wiility for system and method for the collection,
analysis, and application of data in a chemical plant. The art described in this section is not
20 intended to constitute an admission that any patent, publication or other information referred to
herein is "prior art” with respect to this invention, unless specifically designated as such. In
addition, this section should not be construed to mean that a search has been made or that no

other pertinent information as defined in 37 CFR § 1.56{a) exists.



20i ntended to constitute an adm ssion that any patent, publication or other
information referred to hereinis "prior art" with respect to this

i nvent i onwouni2eesosspeci fi cally designated as such. |n a®dirttise,1/o053vs
section should not be construed to nmean that a search has been made or that
no other pertinent information as defined in 37 CFR 1.56(a) exists, Brief
Summary of the Invention At | east one enbodi nent of the

i nvent ibiefiSgmaiareeof ta Ihomawds a nmet hod fbr efficiently observing the
effectiveness of an industrial facility. The nmethod conprises: inputting
one or nore specat kidbnonehodimdmehdalanaly dested alvabdsnigndtiod e physi ca
attributes of two or 5nore assets into a conputer, organizing the assets

accor dighgtidn@y 3bdahef e Bifectiat@sdirsRalibing fdhigydabembModcdOi B saddiawi ng the
user to conpare the specs by asset type, spec type, or position within the

hi erar chiy or FB& spRS @'{\H&B(Xk ReneReR 1 Sule r‘é‘ﬁhﬁﬁ,dmftﬁ%h@ﬁ aﬁ:‘;ﬁha&ﬁ '&% sting of:

pH, tenperature, voltage, age, viscosity, density, weight, salinity,
t
hereor P ha8 o %‘#‘é‘%&*"‘%ﬁ"e"’%‘é R R L ORI L et

cat ego d¥1 azgg?%n% "g\/lﬂf"%ﬁ n%setot%’cmli!i z'aitc ﬂ?fsg b?.rags@rﬁ?fh n‘ﬁ%f?rg)g L t' on, C.OSt

of opera |on “hat 1 on  t her conpri se
the ste ?% scor ng at | east one spec by deternlnlng |f t hey faII Wi t hin
an accég b‘%‘?&ﬁﬁ% of values, aggregating at |east sone of the specs of at

| east one asset and deter n|ng if the aggregate ec falls within an
accept abl e range %%%?“Wél e“ﬁﬁﬁ@ﬁﬁrﬁﬁ“ WEBE%H§§F i SRR EEL ai 0 specs,

and/ or determ ning an overall rating ggregatlng t he specs of nultiple
asset s voltage, age, viscosity, density, weight, sahmt‘« com,en ration of a particular composition of

10 matter, or any combination thereof. The hierarchy may be selected from the list consisting of!
asset category, geographic location, unit of ownership, time of operation, cost of operation, and
any combination thercof. The method may further comprise the steps of! scoring at least one spec
by determining it they fall within an acceptable range of values, aggregating at least some of the
specs of at least one asset and determining if the aggregate spee falls within an acceptable range

15 of values, providing an unequal weight to certain specs, and/or determining an overall rating by

aggregating the specs of multiple assets.
The operation of at least one asset may involve at least two specs, altering the
value of each spec directly causes a specific change in the cost of operating or mainiaining the
asset, and altering one spec mitigates the costs associated with altering another spee, wherein the

¢ method firther comprises the step of displaying the associated costs of various possible

3
<

alterations of one or more of the specs. The asset may be operated in accordance with the
naintenance of the specs in conformance with the lowest possible cost combination. At least one
asset may be selected from the list consisting of boilers, hest exchangers, cooling towers, conduit

pipes, erude oil refinery units, reaction vessels, mills, storage tanks, mixing tanks, pumps, valves,

353



The operation of at |east one asset may involve at |east two specs,
altering the value of each spec directly causes a specific change in the
cost of operatZoagoeer nai ntai ni ng the asset, and alteri ngCons2aipassoniti gat es
the costs associated with altering another spec, wherein the 20net hod
further conprises the step of displaying the associ ated costs of various
possi bl e alterations of one or nore of the specs. The asset may be operated
i n accovadamcarwiitthcitie, aeiang endnceionthetds€ specs in conformance with the

| owest possi ble cost conbination. At | east one asset nmay be selected from
the |ist consistimghedges haht 658,0f bepaltingxe hahgenisy theaoki mgy taaetisngccondui t

pi pes, crude oil refinery units, reaction vessels, mlls, storage tanks,

M Xi Ng i 8RKSs anPiAPRSicc¥AkY8She MBERItiEE SREMBAL rch@Cdth kii@Srial anghiany

conbi nati on thereof. The changes in the costs of operating or

mai nt ai;AiNgtHeHaS ek, JBY%sie nﬁtﬁh%tiﬁ%@ﬁ%@caisﬂwﬁé?@éon\ _.mi.ﬂ@ nixér@é&eﬁlﬁin@?ﬁﬁg from

the list consisting of energy, Teedwater, industrial chemcals, scale

f
contyr ol ghe %&%ﬂ'lcg%tﬁg&é@?ﬁaﬁﬁ%{&egcg@ 029,580 g%loﬁuni‘{\@c%%{?a pgum ng

t
m croorgani’'s _ repair cost's, "conmponent repl acement costs,
! ost S%laez ?nat?&%%gérga Dli‘ﬁag %i%p g‘}' ma g%u%@ %e?&@ﬁ&gtﬁ!& AL édlht%ﬁ? ggierémhé, ag 2P lay may
i ncl ude TRE*TeVERtE t'6° b &armed " f'rom oper atT ng At 9 eastVonerasSet
according to the di %pkgg.e!q sxge‘cls). The method may farther
conpr i OB FPIEEHENPR g S B8P0 specs in at | east one asset based on
rationally selecting a desired ratiqg of costs to revenue. The
i npl enent ati on neyf ‘%@h%@ﬁwéiftg@’ﬁ@ﬁmé?d@?%?ﬁ&m%‘”6iﬁ‘éﬁé"”’i) BRSHS Eet BEEEHE from t he
l'ist consisting of a manual human operation, an autonated response by
pr oc es $SEbHEPLIN IBHUIRBHENCtRS & BFSHEH HHP RECHHIATCVEHE ARy IeBTHEIR61Yt her eof

15 Brief Description of the Draw ngs , A detailed description of
t hetoi n\eptdcomiiphed hegoatifg Erongdet rélbdd Wit ledpeentibegradf erenedsiing made to
the draw ngs in which: FIG | is a flowhart illustrating at

| east oeneagwhediuventicdfesgdaes hinventid aetrniethipden2€dhGig Be ilga,andrggr am of
hi erarchy logic in at |east one enbodi rent of the inventive
combination thereof.

18
Brief Description of the Drawings
A detailed description of the invention is hereafter described with specific
reference being made to the drawings in which:
FIG. 1 is a flowchart illustrating at least one embodiment of the inventive method.
20 FIG. 2 1s a diagram of hierarchy logic in at least one embodiment of the inventive

method.

Detatled Description of the Invention

In at least one embodiment, a chemical managerent system is provided which



met hod. Detail ed Description of the Invention In at |east one enbodi nent, a
chem cal managenent systemis provided which conprises at |east one
conput er WOARIRA04B@ASt one source of data, which is inpuPCiratseotesesoecdnput er.
The data source conprises at |east one source of raw data related to the
item(s) under managenent selected from control systens output, wet

chem stry test results, nmanual observation data, data collected by handhel d
equi prERTpritea BopEt OFCOEREYRITeH ot pae enwce(of FNB)whis! ig Aipglsio hy gyVEt er s,
statistical process control, statistical quality control, inventory

manage nét dasobtina ranprandatdenyt wonbirpatiiron detheddof toThe eri(pfuoderat i on is stored
by the conputer and indexed by tinme. The data sources may al so incl ude

i nf or maddnegencat dcbctcd doby cantpt ocess ohipst eri dnmbtglesassliuimanetl limted to

t hat descri bed by US 2009/0149981. The collected data is various readings
of var icousy:Sipe gith| BatdIRSd(BMabRR LS PineAQ B aMang agahid P uStcasIENSS),

Col | ected specs include but are not limted to tenperature, pressure, pH,

vol tsageafenshidieMd] $8R844 Tﬁmcé&@gofﬁz%ﬂ%%mtfc@?(iu@ﬁty‘%ﬁn@ﬁ'ﬁ«‘m@h_‘Eo?@fn@na{g’é@;%&ﬁi al's of
interest. The specs are collected fromvarious "assets" including but not

i m t ed £ Qa$RRELE Grl@idieh ﬁﬁei'ﬁﬁafixi:‘??ﬁ%@;i% smﬁ:@@syt&%@ﬁ@ﬁﬁf Shd IEQRLYI T

pi pes, reaction vessels, mlls, storage tanks, m Xing tanks, punps, valves,

and t h%&'t%\"@? Th@@gm g(?%éceg { Id Id{lglﬂdscﬁﬁag g&%ﬂgn Eﬁfét‘te@ RES i)!’-()tté%é hgt%git}n arR %&t; s

ail 5
recorde a specific quant um cont at ni pec, an asset,
and a tipe. i.s.r Ee%re t._I? (?.ts ﬂi' w(?)a& | cul ati ons are then performed on
X3 e vt AR ;1] N3G

the r a\ﬁug‘gftgﬁi‘%g Q8 dlgfm "8t At ‘Ség 0 1%%%%%2 per f or nance parameters of the
particul ar asset,, 'I;hg_ pa (g{ne.t ers are acceptabl e measurenents. g o}lg’ gi ven
assets based on IHATSFFS, CHn dHIUS FAGEELYRIHEY PeLEcaprade; &% §
proprietary information, FIG 1 | Ilustrates at |east one exarrp_l‘e‘ of
col PectFRYEpEEianT Brety driliseisd ssersidobrtae tohlioHat | ePHEaRESdet 0 a
tenplate. For purposes of this application the definition of "tenplate" is
a conmuwl Yoher. deatty das@sist AUt UrPEIREM ¢ ogf VeRoRyiRerels cHUpTe fke PACWhI ch
the definition is such that it enconpasses all exanples of that equipnent
i rrespeetddleciof frguahriopa i isadib Bscladgng bgapi bnitcddoagcifisdrilon, heardcipastoner ,
wi t hout having to nodify the data structure.

cooling towers, conduii pipes, reaction vessels, mills, storage tanks, mixing tanks, pumps, valves,

and the like, and any combination thereof. Each spec for each asset is recorded at a specific time.

15 A data guantum containing a spec, an asset, and a time is referred to as raw data, Calculations

are then performed on the raw data to rate it relative to known performance parameters of the

particular asset. The parameters are acceptable measurements for given assets based on industry

standards, determined best practice, or proprietary information. FIG. 1 illustrates at least one

example of collecting specs for various assets.

20 The raw data is allocated o a template. For purposes of this application the
definition of “template™ is a commonly defined data structure for a given type of equipment in
which the definition is such that it encompasses all examples of that equipment ircespective of

such variables as location, consiruction, and cusiomer, without having to modify the data

siructure,



In at | east one enbodi nent the tenplate corresponds to a client specific
hi erarchy. For purposes of this application the definition of "hierarchy"

i s the segoentm@Bosnel ati onship froma smaller or nore | @ecaluSamilosei7

organi zation (such as a single asset) to increasingly larger units of
organi zation (such as all of a particular asset of a |arge corporation or
government, or all facilities 5of an industry in a continent). Tenplates
can be organi zedna kst Anceeipdinean te (rerats grrresarnda i aglisnt e lieicrardmk | st s,
obj ect-oriented programm ng structures, or any other formsuitable for of
dat a origmpiipatss ohthislagplatetibets defmigorerftbidtansint is thdhamabang plarighynsitip dpri s es
various units neasuring tine - specs wthin assets, assets within areas,
and ar easliaiot hiore bl ust 6f @ganizhtien Genph atgbandcgin ticabsih@aktgeondishifer ar chy
defining data item (such as a single asset or a category of assets) and at
| east oALnSREG: (hh at Mabrd f-eu(s uek As 1kt tRpdriah cagstigment QAP ak@iseand
assets can also be limted to only those pieces of equi pnent designated for

par tsi Cyk af inh@siSn QFordia¥aAl VRS JidleRRQ HY SN AT i C Al RHLADUGH S aFFRYs, €xanpl e,
a corporation having nultiple oil refineries in various |ocations could

have a l.ows A the d%*é%{ AL&0Y; dﬁﬂ Ih?&n@ s6Q4hES B‘PQ@‘ dakr K&m%ﬁat@é fo(‘ch%tas pecs for

a S|ngle 15d|st|IIa i on col n one particuldr refinery. 1t could al so

have v nter Y. e o or nore
? o%a%@ndn th?dﬁ’@dﬁ‘l %F.%{Hﬁ@m i ﬁe%ﬁ | gﬁr} %%%Prgﬁg%lﬁ&mlu,?{? @éisﬂ% %ﬁ’e

faC|I|t|es h te

ot er r PHGS PSP e Sl e abet T e B R P B even every

asset) .in al its.facilities. The tenpl ates can be or d. at |east

o cor Hifig b bicey gﬁ%%datf‘ 3‘63?1“8 sl B che et vy RAAEALBE, probl em

20t he asset(s) face, and t In at | east one enbodi nent a

scolfe 08¢ fep T dd itep iwhiédfo?ﬁ iohd asTett Remplaier srisssagiows abp b PERDICANE. The

score can be a determnation if one or nore specs of the tenplate are

wi t hi n e pigecs pf ebfimnamhiesignaled (nerticdadtase oppvolsyd oveduang eatipdaidevi at i on

is. In at |east one enbodi ment a user can obtain useful know edge by

"rol | i mgduetp or down the hierarchy. Wen rolling, a user selects one or

nore specs and then observes tenplates that are higher or lower in the

hi erarchy and cohparesyit,hecghanigebaiing spigoes)! rbatevieen veiesteapdat es. The

specs for higher-in-the-hierarchy tenplates are aggregate val ues of the

i ndi vi dudli hassabs invhk hidartihatmbiempbatgosiidabiond bd 0e sgdhl Srasished al |l ows a

user to determne if one particular

15 distillation column in one particular refinery. It could also have various intermediate in the

hierarchy templates referring one or more specs for some or all of the distillation columns in its
various facilities. It could have a highest-level in the hierarchy template referring to one or more
specs for every distillation column {or even every asset) in all of its facilities. The templates can
be organized at least according to: asset type, location, problem the asset{s) addresses, problem

20 the asset(s) face, and time.

<

In at feast one embodiment a score is provided {0 one or more of the various specs
of a template. The score can be a determination if one or more specs of the template are within
an acceptable raargin or not, and if not by how large the deviation is.

In at least one embodiment a yser can obtain useful knowledge by “rolling” up or



5 asset is exceptionally over or under performng relative to the user's
busi ness organi zation as a whole. This nethod is also useful in observing
and prediwOi2op/@s@ani zati on wi de trends and can be usedPC®/USR1I053087
pre-enptive or other counterneasures. FIG 2 illustrates a
possible hi erarchy for a user. The Custoner tenplate includes specs for al
the user's Sites. Each Site in turn contains specs for that Site's Process
Ar eas. 9THe tEOPEeias sWpeaEing ontsal 1710615 BB OFIBYTe SRRt FrUPET OtSRIT B EITRES Uni t s
contain specs for the various pieces of equipnment for that unit such as

Boi | er shaypre@aghki srdoWowe the hisRobiy ang caprarrdhdeunsds i ebiseieaireshyhaal | ows t he
user to nodul ate between useful gl obal views and technically specific |ocal
vi ews. wdmplats. | Baspecs fie higtboth-thehteraschy $erp iganro it eadgatevsief udf thmiodiveldgle by
observing one 150r nore conposite specs. A conposite spec is a weighted

val uat izentsafithihhd (phslagpekEnitiohi Tks Magiod kilovays et o betedtinefbhypaddudted (such
as for exanple scale deposit, |eakage, and pH). Conposite specs are useful
for sdet:emisRkBtiddail 2Bv @R} phBREALERANGR 1OfhehSdrisaliihist Yrophiohloanm exi sts or
if quality standards as a mho?e are being observed. Hi gh hierarchy

ConposidigS H@&ﬁn&ﬁé& #® EQ\Y Ldeu kNSl gtg A g%d&ﬁﬁ@%ﬁ%:)ﬁ@mg:@ witldalehiyangUgeess or
failures and can be used over tinme to 20gauge organlzatlon w de changes in

qual i . Ly 8k £25L A6, SOROM TRMCALAGRSS control equi prent s

ang to respond to a nmessage indicating a | ow scoring

Specs in one or dﬁ@’ ¢ zi?usg gth a ;?(Xsibfg hge&g %ﬂa@gr 2 %%9 “ﬂEee(“Lﬂ%%Fey{e ;)1313"% ﬁlge%ponse

can be autonate ponse,
chorm cahest Sual i 12%%& %ﬁa ﬁa@i&ﬁw Bt Es[fgéé %ﬁ%@éﬁfég'é’ae@ﬁe F Rt‘U's“SL?Sﬁf
7,550, 060 at st one_e odlnent the_invention utilizes
t he'be r?é‘i’fﬁﬁ’r‘k‘“%‘@“ﬁ@t“h%ﬁ% fﬁﬁ&“ﬁﬁ“ Hith njishe {4 PEERE SPIYE (S AN PR9833, 910
and/ or US published patent gpllcatlon )
of equipment for that unit such as Boilers or Cooling Towers. Rolling up and down this
hierarchy allows the user to modulate between useful global views and technically specific local
views.
In at least one emvbodiment a user can obtain useful knowledge by observing one
15 or more composite specs. A composite spee is a weighted valuation of multiple specs, which
may or may not be directly related (such as for example scale deposit, leakage, and pH).
Composite specs are useful for determining if an overall maintenance or reliability problem exists
or if quality standards as a whole are being observed. High hierarchy composite specs can
provide insights into company wide guality success or failures and can be used over time to
20 gauge organization wide changes in quality.
In at least one embodiment process conirol equipment is constructed and arranged
to respond to a message indicating a low scoring specs in one or more assets by initiating a

countermeasure. The response ¢an be antomated, a manually enacted human response, or any

combination thereof. In at least one embodiment the process control equipment includes



2008/ 0201181 Al. In at |east one enbodi nent target variables, first
principle characteristics, 5usable characteristics are all determ ned and
or gani zedwban1zdagoeasset | evel and at vari ous hi gher andPComsrothiossoar chi ca

| evel s. Furthernore anal ysis nodels, devel oped characteristics,
constraints, and equival ency factors are made to glean information at
various different hierarchical levels. In at |east one enbodi nent a data

di spl ayhowicsidedinoad arixing muesss sudhes st dseupd toPafreienati ¥ofo di splay the
various costs and benefits of alternative uses of assets and tenplates. For
exanpl e, the syskanicennecohbaiotenand idicsphrayilizbehe wnckntrkide grawdpdndcor r osi on
in one or nore assets. It can utilize information to extrapolate the rate
and ef apeotisinafdidiskdéchier ) eoramo3 2891 6 and pat/Sipotlisaed pdwe: pékdtioni enci es the
corrosion causes, the costs of corrosion mtigating chemcals, and the
reduct i2ogg/ianiggiah i t i DlcasieabbhbAGnpt dpe bariabhe, SYShethRansatisatiodt ai n

i nformati on regardi ng 15cost of repairs and repl acements at the present

time ofsdfe QRRERsIVLR fUbURSntd IRDr1058d B rel:Qsel RPAIRS at vENBusIYBleeM Can
conpare that information with data regarding the profit that can be

gener at,g h}fwspﬂ]eﬂfc@l%ﬁ' Oéls d‘%m’tﬂ@zﬁo&@éﬂaﬁ&s RI-Q6y Q’f\,vé%ﬁela QRS Qlsikore of the

assets. e display wou them show a user the real tine actual cost of
deferri a 4he. o i 0 n and al | ow
the usé?%%isﬁﬁa%‘ﬂ%&gﬁ%@ﬁ‘% A S e L A S S R PR
20the %sseth gg In at | east one enbodi nent a production
"sweet "SpBt L Si"Se deternined, in general nore profit can be obtai ned by
contlnually produci a valu bIe rod v if one
or nore of the pW&ﬂG%?OBﬁmﬁg 8P§“éﬁ@ﬂ ﬁﬁ%?rbqugﬁﬁge%gﬁﬁggeb ﬁ%@ﬁr05|on
i ssues), nore costs are also incurred because ever greater amounts of
r enddi ARPERALSE Faf BGIEEe FHIRUR cosHINE BICEE VAT RIS HER 1 Agoie AEhPRERST nust be
applied, the system nmust be taken offline | onger to effect nore
conpr efiensiarels Syariien camlien aphdisPry W PETEbHSETER FETEON MBS S%m may
becone irreparably damaged and nust ultimately be replaced. This can vary
by prodeets. fecausizedibfreatonto prioplet sheirap os@eiicfsfod father degriensni npai r ment
on their production facilities. 5The sweet spot is the degree of production
j ust behokelagthp dicfiiciobicdimmicairshinngusettur trsgxi strsssivh eriggative nhentigid, ynd
profitable products display shrinking profit margi ns due to conpounded
i mpai r MmN ast & gl B XAMEhepioBudll TR svbempaotikd sbhie itfomiaon padisgt i on for
a particular product until just before a key conponent fails because the

cosfs ofm%lsvr@%wﬂarrﬁjm%@&g AR ERhS o 8 oRULMEBIE ARG B)hct REs pragluct ' s
mar ket val ue but the market val ue does not

repairs. The system can compare that information with data regarding the profit that can be
generated from producing a particular product with one or more of the assets. The display would
them show a user the real time actual cost of deferving repairs versus the benefits of continuing
production and allow the user to make up to date actual business decisions using information at
20 the asset level

In at least one embodiment a production “sweet spot” can be determined. In
general more profit can be obtained by continually producing a valuable product. At the same
time however, if one or more of the production assets are impaired {for example by corrosion

issues), more costs are also Incurred because ever greater amounts of remediation strategies (such

3



i oout wei gh the cost of replacing that conponent. In at |east one enbodi nent
the data is used to assure that production is run up until a particular
reduct i orworeoprasist i s about to mani fest and no further PCT/US2011/055017 Thi s
ability to correlate the factors needed to nmake rational business decisions
allows the user to recognize the opportunity costs of various deci sions.

For exanple if doubling 15o0r tripling production would double or triple

r evenu@s chusiofsaingersniing chereicdaisaust by @n@g% ihecyges ahyt by pesoéiling ppeaito

i ncreasing producti on nmakes sense. if however corrosion nediation costs

i ncr easéeatnae catpcignaat wpaitshaw/ o kee ¢nogre agepdmnts elda segrohay speased
production, but corrosion costs decrease by an even greater anount by

decr eastraigrapratinagddond roanilivnakiydpepepdaud t Tioncatvasy edubedcatedifiaices sense.
By allowing the user to see in real time the true costs of various

20pr odyeddues roRisk angrangetdeidinanei @l haopsequencesiied. those opti ons,
useful decisions can be made. in at | east one enbodi nent the costs of

corrosi on renedi atd QRed 6 N IR Se@be J\ﬁﬁ‘&iuch&l Qr%f&"@ﬁp&&%t%nﬂhzshﬁﬁng t he
met hods and conp05|t|ons disclosed in US patents 5,326,482 and 252, 524.

inat | ?{Qﬁﬁxgg‘%ﬂ% g%;ﬂ{y p@&ﬁglﬁgﬁgdﬁsdﬁ?ﬁﬁ MHLNG, &5@9&!&% 1:98ud AC] udes but

is not Timted to t g chemcal s uSed, the cost of

scal e rcgrrﬁ?&?\tdﬁd %@q }nggt SAET8Y. o & g%[% 1t%gl%ttb8 qﬁ&%@%ﬁ rﬁ’\g }Ezjo Lliu%qg ot 'an the asset.

These co ves can vary ass |ty wat er
electricity, N aw g transportatlon and
clinatém%ﬁé%ﬁgg%gfgﬂ d@igé%fﬁ e% %ﬁﬁ¥1§i?§tggm8 %%fmgﬁﬁﬁggg'n These cost s

can also v asset base e of an et. o e r
technoﬁﬁa?gﬂéﬁﬁgﬁymfﬁﬁﬁmﬁ é?gg?ﬁ%gﬁﬁpgéng ﬁéd@h%ﬁﬂﬂﬁ@%%‘ﬁﬁ e dds not
5asset - by-asset anal ysis of cost versus benefit is_displayed or generated
in B darEvS@rHnEoshpidceates WRTORDADE D 25 Sat §“%€f?6§?ﬂdﬂ“% ‘Fldﬁt&é‘; BFouct i on,

whi ch shoul d i ncrease and whi ch shoul d decrease and/ or cease production. In
at | eastsugnidatantsdiioneintunt tpainght perliglarsebicie ia et i Aveutdp perEuhidyocost s of
various production options for crude oil refinery units. In at |east one
enbodi memitert he systemis constructed and arranged to determ ne

This ability to correlate the factors needed to make rational business decisions
allows the user to recognize the opportunity costs of various decisions. For example if doubling

or tripling production would double or triple revenues but would only increase corrosion costs by

b
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a lesser amownt, increasing production makes sense. If however corrosion mediation costs

increase at a rate greater than the increase in revenues of inereased production, but corrosion

costs decrease by an even greater amount by decreasing production, continuing production at a

reduced rate makes sense. By allowing the user to see in real time the true costs of various

20 production options and the financial consequences of those options, useful decisions can be

made. In at least one ernbodiment the costs of corrosion remediation inchudes at least in part the

costs of using the methods and compositions disclosed in US patents 5,326,482 and 5,232,524,
In at least one embodiment the cost of continuing production includes but is not

limited to the cost of scale reducing chemicals used, the cost of scale removal, and the energy



the opportunity costs of various options of operating industrial boilers.
Boi | ers operate under various constraints. At |low cycle levels |arge
anount s ovofeexwusicer are used and wear and tear on the ¢FtsaIesFoeduced
but feedwater costs increase. At high cycle levels, as the sane water is
cycled again and again through the system |ess feedwater is used but the
water in the system becones increasingly harsh and scale or corrosion is
mor e | ke kye bocduesintficiamy istelscori hearoos HomsdSohvenivaabs ameisive bethgsed.
Furthernore the tenperature that the water is nmaintained at determ nes
whi ch afiligiitvlxer, cearitios pon waste sicgdsel), Batiok,daw malesialiorepbiddeh)ent olimeeur . The
particul ar tenperature at which either scale or corrosion occurs however is
uni que shRH ceACH a8 §RpecFU TLRGLAD! & LeINPErRE Ue ahaBgesy B) sRctitawdlie
different energy costs. In at |east one enbodi nent the systemis

const r yct &d,and: &hé i1d- @88 s fEr R tasdeh En GO st Ofic fRRAWRLeHel S, the
cost of “scale contro and 20 theé cost” of corrosion renediation and to

di SE" Y sseld aés fggi <5iQS@<txEﬂllbaf;enl‘,ﬁé}s&mﬁ&eﬁd:%gg&gﬁ%@ﬁ o A8 S8l 1p@d] usts the

cycle I'eve er tenperature to util | owest possi bl e cost

conbi n%f.ﬁtggﬁn W hlg g\é\@é g !;Ed Sx%l’n%e g%ﬁ%&%{n \ﬁ%@i%}ﬁ)?{!d%mfrgﬂg ar?aoxgigx% h%ﬂ}dcont rol

chem ¢ temis constructed

and arr ed t deternlne th or t uni .cOSt f varl t.i ons of

oper at (A" @%m"?{g@%ﬁsw%@mén ﬁ% %2%%”8”68%%%%1“ Bodi Ryl iave the
constraints of controllin or feedwater cycle.costs and corrosion and

scal e 88§¥§mﬁiﬁ”&ddf??ﬁﬁpgddg“ﬁém?ﬁ P W%%%ﬁ?ﬁ?wspacklng to increase
the surface area of the water to better cool it. Fill packing however over
ti me becones dadﬁdédwéﬁdeP%%%%%ﬂ%ﬁEPEﬁ%%éymnﬁ%w@éﬁ%%ﬁ?ﬁ%%“?éﬁﬁmﬁﬁ%t bl ow

| onger to achieve equal anmounts of coollgg thereby greater energy costs are
5 i Wcuthewpobmigicotivaistrione rippod preping inastipbbaiers Soden spesie vedtand
arranged to keep track of the fill packing efficiency and to use that

i nf or maiion chwteiomput dow helenaigyree astentob! fatwais ete uiteand yetemditidren

di spl ays the various costs of changing feedwater cycles, corrosion

remedi ahitanyitahésedsedbe feeimade atdoncreat. ess highdycleainvadney By sisewdia idet er m ne
the opportunity costs of various settings for the cooling tower. The system
can al sQ:ieli Splnayd bisn eesigh diefdatentisatedhater BOREd MiHAGvat® OPe kAt t he
cooling tower as-is or to take the tower offline and repl ace damaged fil

packi NGecdntls "?ficré"ﬁﬁélg hARE 2RI LB LR S AYS LRAY kSreeANSH k4G 8doaBdyAr r anged
to determi ne the opportunity costs of various options of operating heat

eX Clhan quﬁn AN Reals. exahan ?cr ? Li% Ald ¥ aq SOk 0 ﬁﬂﬁxftingedda?géi%%ﬁ needs to

e conparing the cost o an exchanger offline to re-tube or
othermﬁ Ray i t f. t her eby
Cnour TR ?F%ﬁ%‘ff"*g‘ﬁ‘e"?‘g‘ya?“gﬁéﬁ‘g‘ *‘*w% likp g&i?&sﬁé e % bR R o
di spl a ; g aratlve op) ortunit Y G fon% ing 1o operate a heat
exchanévz‘lj‘” VEPE G 8" UBPHY o ‘“BcﬁOF‘?é?%“ém‘F“é 86 eraf hg Tt Pililn6rd In at
| east one enbod nment .t he §$ mis constru and arr.an, o determ ne
t he opﬁ%?a%vifﬁweﬂégetaéwdf“'% B GBTRO S o " SERRTIoAg e Wt EOar P

facility. Wastewater facilities 20 often utilize various m croorganjisns to
break dEWHUGES I PRSP dePm il BErasith &Y anechdRgyest of scale control, and

20 the cost of corrosion remediation and to display such information. In at least one embodiment the
user adjusts the cycle level and boiler temperature to utilize the lowest possible cost cornbination
of feedwater, scale control chermicals, and corrosion control chemieals,
In at least one embodiment the system is constructed and arranged to determine

the opportunity costs of various options of operating cooling towers. Similar to botlers, cooling



the water. Adding particularly hot liquids to the wastewater facility kills
at |l east sone of the mcroorganisns. As a result conflicting costs

const r ai sOi2n120l48i6mg how vital the m croorgani sns are (Rrowusariges®n7 heal t hy
is the popul ati on of m croorgani snms and how nuch added heat can that

popul ation handle before it is inpaired or even conpletely killed off), the
cost of replacing the mcroorganisnms, and the cost of storing_ and

di ver t iHEFrwRAVE Fhererdishg ¢ eatoHEmE OURETY I e e erand PR RBION RSB Pl seBitgh or
the mcroorganisns are vital enough to process the water, In at |east one
enbodi nerdditirecosyisg et gifkals padhesdosrgasithadmae 4rm>?\?%w@@r§0 apitsant s of
waster into a treatnents facility and/or a diversionary storage facility.

51 n at chdastFiibpekeghodiventerthe systemringgedond tosue tédicand Tarsapgediet 0

di splay the costs of operating one or nore assets according to the nethods
and pr gggehirEsok MoidS patietesqilal 448uaS6F @M BhHABMH; &biler ecnergy costsare I N at

| east one enbodi nent the systemis constructed and arranged to display the

OPPQrt Gihdryd. CASE RaRBE: QRRAULMD e ¥yhen el dbhsrebd kel i-RBzedapeEimptitngofiat one or
nore possible capacities iu produci ng one or nore products), rem edi ating,

and/ or gnepalifl N800 é(a& 1 RE SrePlo @bt A 1008 p QL IRL & KENHSr@fs @@5?1%55 Wi t hin
t he hlerarchy versus th e opportunlty costs For purposes of this

appl i cabd ong.f Qﬂ@g{f&&é NG DBRNS ¢ %ﬁb&g i&ﬁ@@?&?@gﬁx k,qn@&o@z%ﬁ@&iaﬁ&e&seil cal l'y

for thé& purpose |ng, mtigafi or ¢ unteractlng a phenomenon

occurri nagc l%g‘il:ﬁ‘&ig on ra Cs, apxaf( %tglngrg% ‘1’:‘@;‘ tg Qctf,rm ﬁpori%miy fl? {I]gi@gl %ti%i?i‘ﬂ;% or all

of one or nore asse rene |at

15corraq quneutr ( neut r.al i atlon robi al
oo oo BT eRERE Lier BE T aE P A0 e PRk kB hiR e el ot s
include hut _are not limted to che cals, fuel, oil pleun1 di esel

fi18t, SaroEPpespr Bido & thelayente ngéﬁﬁ%pmﬁﬁﬁﬁ?&§¥HE’(‘ﬁéods processed

connDdltles and any other industrial product subject to fluctuating prices
in sone narket . K@sﬁ PR PSR herEtein (s ONHEEE 2P OMEEEF I SFEFUNY or ga. s
pol lution costs and danages, 20carbon taxes, raw materials costs, utility
cost s, thorapeonit abiton \wosESIptibes opfratighest dxowess. Wahkeat esthangers | abor
costs, safety costs, and any conbi nation thereof

typically a cost bent‘:ﬁt decision needs to be made comparing the cost of taking an exchanger

offline to re-tube or otherwise repair it or to operate it at a less efficient manner and thereby incur
15 additional energy costs. In at least one embodiment the system displays the comparative
opportunity costs of continaing to operate a heat exchanger versus re-tubing or otherwise
repairing it
in at least one embodiment the system is constructed and arranged to determine
the opportunity costs of various options of operating a wastewater facility. Wastewater facilities
20 often utilize various microorganisms o break down waste products in water and then discharge
the water. Adding particularly hot liguids to the wastewater facility kills at least some of the
microorganisms. As a result conflicting costs constrains involving how vital the microorganisms
are (how large or healthy is the population of microorganisms and how much added heat can that

population handle before it is impaired or even completely killed off), the cost of replacing the



Wil e this invention nmay be enbodied in many different fornms, there are
shown in the drawi ngs and described in detail herein specific preferred
enbodi merwe 20f2/aB@1i nventi on. The present di scl osure i sPam/uSz@npFioi7 cati on
of the principles of the invention and is not intended to limt the
invention to the particul ar enbodinents illustrated. Al patents, patent
applications, scientific papers, and any other referenced materials

ment | oHEEONERHEIRS ARkDE PRSbP WY HEeRd By eFiaR BpEnBwding TEHERR uHt i el
Furthernore, the invention enconpasses any possible conbination of sonme or
al | of eitiis cvcds ¢roush SehbodrssmsTyaECHizbegticioarFresibe Vi Mpar atseeicher ei n.
The above disclosure is intended to be illustrative and not exhaustive.

Thi s desmbrdiptitche whtkil Bulyett coany’ adating Vomss andéd dlersat ibives t o one of
ordinary skill in this art. Al these alternatives and variations are

i nt endedzth@nth Eciithchnided ddetdinantdeagdopiéyof the clainms where the term
"conprising" neans "including, but not limted to". Those famliar with the
art smay 10r ecogrinzel=gh bes ergiudivak ertksidndistchesuspeg kid araapdiaddixpiay siedescri bed
herei n which equivalents are also intended to be enconpassed by the clains.
Al T apges, ek RY AIRE 8loe HleLiasatchenebiRialindslateos tPpepeonpass any
and al | subranges subsuned therein, ‘and every nunber between the endpoints.
For exaqg? gg%yghqq srange of "1 to 10" should be considered to include
any and’ a rangés between (and inclusive 150f) the mini mum val ue of |
and t he maxi mum i h a

T ni mum val ue o f%ai{ e 81fie élhg}o(i n@é}tg t?ff%%st% Ea a%h@?&l%g g&i{é?ﬁ@gg na Gggi\% k2
\rllﬁlrrggr %fhpojf“réoznﬂ%cm%san% ’i}(}.@l’i%l?li}z%)ngéts ogirgiiﬁhgr 6}13 r&tﬁ:%,g,a(&t Q 8 01 n\%@ﬁ: poxﬂﬁ]ﬁe \Japam nys
Thi s cog%Petes t he descrlpélon the preferred and altern a%e enbodlnents
of Phe PEOPATERES GO TRESEIGIGFTR amiévna‘tdﬁ*é HRITREYC PERYGAT FeOIREF MO
equi val ents to the specific enbodi ment described herein which eguivalents
are i nkBHaetReds yishia H@dﬁ%‘s&‘e‘tﬁw e PR HEOSY tTRE RERCYE Pty application

to each

“remediating” means adding chemicals to an asset specifically for the purpose of limiting,
mitigating, or counteracting a phenomenon ocourring during its operation which is harmful or
damaging to some or all of one or more assets. Examples of remediation are scale control,

15 corrosion control, acid neutralization, base neutralization, microbial control, microbial
preservation, and any combination thereof. Products fuclude but are not limited {o chemicals,
fuel, oil, petroleum, diesel fuel, hydrocarbon products, refined goods, manufactured goods,
processed commodities, and any other industrial product subject to fluctuating prices in some
market. Costs include but are not limited to solid, liquid or gas pollution costs and damages,

20 carbon taxes, raw materials costs, utility costs, transportation costs, loss of time, loss of market
share, labor costs, safety costs, and any combination thereof,

While this imvention may be embodied in many different forms, there are
shown in the drawings and described in detail herein specific preferred embodiments of

the invention, The present disclosure is an exemplification of the principles of the

i



Claims 1. A method for efficiently observing the effectiveness of an
industrial facility, the nethod conpri sing: i nputting one or nore
specs fr owpane/@sosnor e data sources relating to the phyectals2@ansionbut es of
two or nore assets into a conputer, organi zing the assets according to a
hi er ar chy, di splaying the data in a format allow ng the user to
conpare the specs by asset ty spec type, position within the

hi er ar &gotionznd ot Ff‘é‘?“ﬁ?félwdmig‘lhéi”‘l’ﬁ‘l‘“%%ig@ipﬁml‘"ﬁlér RNl ect ed from he

| i st conS|st|ng of pH, Otenperature, voltage, age, viscosity, density,

wei ght ilustbtphi AY paten cettiraapiiasHont sienpe parsts and aop ppesicfroncdf matter, or
any conbi nation thereof The nmethod of claiml| wherein the hlerarchy
i s sel ecteedisfrapnvididetcirstre sonpisted iy rofrenass it catiregyoFysthegaogr aphi ¢

| ocation, unit of ownership, time of operation, cost of operation, and any
conbi natd inventikeseofipissd. afh eondtchoehbofticd af some of eif e vaeonpri sing the step
of scoring at |east one spec by determning if they fall within an

accept abbediiang Gesdfivdialet@sandinctive-a®1 hodsof claim 4 further conprising the
step of aggregating at |east some of the specs of at |east one asset and

determning if the a%g@er&gﬁ&@mspﬁ@enw th$e Wikihii-ars Agceplablermange of
val ues 20 6. The nmethod of claim5 further conprising the step of providing
an u ne(&.gﬁ!‘xpﬂ@ \,gntsuég%st roany variations and alternatives to one of ordinary skill in this art. All
these alternatives and variations are intended to be included within the scope of the claims where
the term "comprising” means "including, but not Himited to". Those familiar with the art may
10 recognize other equivalents to the specific embodiments described herein which equivalents are
also intended fo be encompassed by the claims.
All ranges and parameters disclosed herein are understood to encompass any and
all subranges subsumed therein, and every number between the endpoints. For example, a stated
range of “1 to 10" should be considered to include any and ali subranges between {and inclusive
15 of) the minimom value of T and the maximum value of 10; that is, all subranges beginning with a
minimum value of 1 or more, (e.2. 1 t0 6.1), and ending with a maximum value of 10 or less,
(e.8.2.3109.4, 310 8,410 7), and finally to cach number 1, 2,3, 4, 5,6, 7, 8, 9, and 10 contained
within the range.
This completes the description of the preferred and alfernate erpbodiments of the
20 invention. Those skilled in the art may recognize other equivalents {o the specific embodiment

described herein which equivalents are intended to be encompassed by the claims attached hereto.
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certain specs. 7. The method of claim5 further conprising the step of
determ ning an overall rating by aggregating the specs of multiple assets.
8. The mawbadizfs@hai m| in which the operation of at | eastusena/0s3et
involves at |east two specs, altering the value of each spec directly
causes a specific change in the cost of operating or maintaining the asset,
and altering one spec mtigates the costs associated with altering another
spec, Wdrein the nethod further conprises the step of displaying the
associ ated costs of various possible alterations of one or nore of the
specs. 19. Themnpbbohid cfkicolindme@ifeund dibrircoaprl st mdubtd dacgitg pheofietbpker at i ng
the asset in accordance with the mai ntenance of the specs in conformance
W th t bemkowest possible cost conbination. 10. The nethod of claim8 in
whi ch at | east one asset is selected fromthe |ist consisting of boilers,
heat exchang@fising 6Q@Qrii@e LRYEESY 08ORNTLbE dRth PRSsces GAAHG ©itk phgfdanery units,
reaction vessels, mlls, storage tanks, m xing tanks, punps, valves, water

tr eat meptindi@Girkdd b8 fore 3806 30Y s c@RRAAt i on tothereof. 11. The nethod of
claim8 in which one changes in the costs of operating or naintaining the

asset is th&g&ﬂ%ﬁ%@m%&m&%é&w@ﬁvQﬂnﬁ%@ﬁhﬁelECtEd fromthe list consisting
of : energy, fee ter, industrial chem<als, scale control chenicals,

corrosion mgtigating.chencal s, wast umi Mool S8y 1
o1 ine. robo AR g8 e BT B P, P RO PR LS SR PP e 8"y
15conbi nati on .t.her e method of claim@8 further conprising

displaﬁﬁﬁdﬁﬁﬁgﬁWEWgﬁ%gxﬁﬁkﬁgg%arned fromoperating at |east one asset
ompr 41 ng. i PEHEHE HaTal “PESets We: S3Beae] FoRfa BherooHE dodbt based on
rationally selecting a desired ratio of costs to revenue. 2014. The net hod
of ¢l alftrESR WHEEShEEhESIORE ERBHY. a5 O SPEUHCRERPIPEHEY sdeEEFdE ng to one
compaosition of matter, or any combination thereof.
3. The method of claim 1 wherein the hierarchy is selected from the list consisting of? asset
category, geoagraphic location, unit of ownership, time of operation, cost of operation, and any
conibination thereofl
15 4. The method of claim 1 further comprising the step of scoring at least oneg spec by
determining if they fall within an acceptable range of values.
5. The method of claim 4 further comprising the step of aggregating at least some of the
specs of at least one asset and determining if the aggregate spec falls within an acceptable range
of values
2% & The method of claim § further comprising the step of providing an unequal weight fo
certain specs.
7. The method of claim 5 further comprising the step of determining an overall rating by

aggregating the specs of multiple assets.

8. The method of claim  in which the operation of at least one asset involves at least two

13



selected fromthe list consisting of a manual hunman operation, an autonated
response by process control equi pnent receiving the data, and any
conbi nat i WO 20rAew PCT/US2011/055017

specs, altering the value of each spec directly causes a specific change in the cost of operating or
maintaining the asset, and aliering one spec mitigates the costs associated with altering another
spec, wherein the method firther comprises the step of displaying the associated costs of various

possible alierations of one or more of the specs. 8. The method of claim 8 further comprising

(%

the step of operating the asset in accordance with the maintenance of the specs in conformance
with the lowest possible cost combination.

19, The method of claim § in which at least one asset is selected from the list consisting of)
boilers, heat exchangers, cooling towers, conduit pipes, crude oil refinery units, reaction vessels,
mills, storage tanks, mixing tanks, pumps, valves, water treatment facilities, and any combination
10 thereof

il The method of claim 8 in which one changes in the costs of operating or maintaining the
asset is the change in cost of an item selected from the list consisting oft energy, feedwater,
industrial chemicals, scale control chemicals, corrosion mitigating chemicals, waste consuming
microorganisms, time offline, repair costs, component replacement costs, lost sales, and any

combination thereof.

ot
L4

i3 The method of claim 8§ further comprising displaying the revenus to be earned from
operating at least one asset according to the displayed specs.
i3, The method of claim 12 further comprising implementing at least two specs in at least
one asset based on rationally selecting a desived ratio of costs 1o revenue.

0 14, The method of claim 13 in which the tuplementation is accomplished according to one
selected from the list consisting oft a manual human operation, an automated response by process

control equipment receiving the data, and any combination thereof,

N
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