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PROGRAN BACKGROLND CF THE | NVENTI ON [0001] *The present invent | or ey 2003
to determning the output performance of a process unit PATAR0OHR28
refinery. Such units include pipesti s, hydrocracking units, catalytic
cracking units, hydroprocessing units, and reformng units. In
particular, the present invention relates to a new and advanced process
unit nonitoring conmpug 0 are- { cal l.ed S unit | i ng tool set"”) for
specific process unit ﬁ ey .hb.'.l.'.u.L" U: i s an advanced
nonitoring conputer software capability devel oped for specific process
units that nmakes use of intelligent, automatic data collection, workup
cal cul at i BRsCKSHL X INDeOBXEYEIINVENTION ocess nodel s to nonitor and
predict p NncCe and provi de I npu 0 assessnents, reports, etc. The
Tool set enabl es cl ose nonitoring, problem diagnosis, nodel tuning and
assists in optinumoperation identifjcation, to the_ extent that the

nodel s th lves dhe nrayeapevestiongelates 1 dgiermindng tha OWHH PHARANG S |
By bringing this to the contact engidieer/uni. i.neer..d e

2bi e to° nBhrEpessai it g1 PG SRR ME bR PR lseheroshitti e o
daily evghie c&g : | ' d RifbASin@ IR0 or i ng
pl ant masur’eér?g%??k o%sﬁgwgﬁ#gg?mggﬁggﬁﬁ% %If?en conparing them
to target Parﬁcﬁm&,ﬁwﬁmmmmﬁmtdlmsw a' newahnd advamedprocessiurii n an

i ndividual process wunit" is nore conplex than that described by such
nmeasur ementonitofirg Geroputer sofimare (edied“voisnonitpting toaisett) fasspeeifict he
user, rather than just neasurenents. Information conmes fromdetail ed

cal cul at i BFREESaMBIyses, data work-up and the

[0002] © A Unit Monitoring Toolset is an advanced monitoring computer
software capability developed for specific process units that makes use of
intelligent, automatic data collection, workup calculations, selective execution of
process models to monitor and predict performance and provide input to
assessments, reports, etc. The Toolset enables close monitoring, problem
diagnosis, model tunixig and assists in optimum operation identification, to the
extent that the models themselves are capable of identifying these optimum
operations. By bringing this to the contact engineer/unit engineer level, we are

/ able to monitor the unit to the extent that best performance should be a daily

event.

[0003] Current Monitoring Technology relies on monitoring plant
measurements (flows, temperatures, etc.) and often comparing them to targets. -
The fundamental question of "what is happening within an individual process
unit” is more complex than that described by such measurements. The Toolset
provides process unit information for the user, rather than just measurements.
Information comes from detailed calculations, analyses, data workup and the

execution of simple or highly complex models which can simulate expected



execution of sinple or highly conplex nodels which can sinul atfﬂjﬁﬂ ﬁSEd
WO 02/ 093 80d33y J 200 PCT/ US02/ G 22 228 2 performance. | n}‘Uo

| i ke this provides an order of nagni tzude i mprovenent in PR e?B?’?ﬁZE%/ to
nonitor a process unit. [0004] The objectives of a Unit Monitoring

Tool set include the foll ow ng: Provide state of the art nonitoring
capability; Increase the frequency and sophistication at which

nodel - bas | [ | S Net: e, | : [ gn-only
Todel 5 1 oPHLeRge: Blorh S AP O U frqvidet sl h ks 6 ARk hpRSeeliC0
to autorraliﬁqq)éhuﬂﬁy@@m@ﬁf&r%ﬁue&gﬁm@ata regardi ng process unit
performance in a history database; Performcalcul ations and/or run
nodel s and store key results in a database to provide a history of
operating conparisons fromwhich to use as a know edge base for future
oper at i on§0004j agnokhe ebiselgvesein bimitiviondtosing Toolsetngludesthe follpwing:
numer ous standal one tools by consolidating them Provide better data

i nt erchange between anal ysis tools and conpgnents; and I nt eract

wi t h/ expl @it M@ﬁaméh@iaﬁ@pogﬂgrmaapggﬂt%ls, and vendor plant

i nformati on systens. WD 02/093327 10 JUN 2005 PCT/ US02/ 05228 3 SUMVARY

OF THE | NVENTI ON [ 0005] The present invention (hereinafter referred to as
"unit nonit oringtease the frequency and sophistication at which model-based monitoring

is performed;

~ Use detailed and often design-only models for routine unit monitoring and

improvement;

e Establish a means to automatically capture high quality data regarding

process unit performance in a history database;

e Perform calculations and/or run models and store key results in a database to
provide a history of operating comparisons from which to useas a

knowledge base for future operations;
¢ Diagnose emerging problems sooner;
e Replace or retire numerous standalone tools by consolidating them;
+ Provide better data interchange between analysis tools and components; and

e Interact with/exploit desktop computing, engineering tools, and vendor plant
information systems.



toolset”) is a nethod to nonitor and anal yze the performance of a
hydrocaqsﬁarhmggﬁfessi ng unit such as a pipestill or hydrocrackéﬂ JUN; 2005

[ 0006] € Tnvention includes the stgps of collecting hi sPETIUSAI 0 a
relating to the hydrocarbon processi'ng unit, froma process history

dat abase, validating the historical data, correcting the data,
performng a workup to determ ne the output nmeasurenents for the

hydr ocar b@URIMASEY OB THIE TN AR]TSOR i ng the results of the workup in
the process history datavase. +tm a preferred enbodi nent, the historical
data and the results of the workup are put into a process unit nodel for
the oil refinery unit to determ ne an expected perfornmance and

potenti al I[§08Fko  athepresent] inpentian (hencinaftpoodeired e as fimit monitaringg
whi ch 1 nc QRSS! Hea PORthENAq Bk op 300 haligethe pEHrmaRee P53 TERERGRboR-
ich inc He B =
Figure 1, 3 . s. hi [ [of0) ter system (Figure 1,
Step | a). p?%g%ﬁﬁg?%égﬁoﬁ Q%%@ g%ggﬁeqrgiyﬁ%gﬁ?é%%rs@%yl nst r ument
measurenents, |aboratory data, manually entered data, operational

swi tches and stored constants for the unit. The collection is an

intelligerfo0®&} chi Mheohvention imludey the atepsasfl coliectng hiteriegldidts rélafiny el
approach resulting in higher quality information. 2. Validating the data
(Fi gur e 1o thebydnocarban processing unitchpm a precess histonsdatabagepwalidatingi ng,

uch as. | R LA CBi, SPREGIRE HiF TaAPRIPTFS igcaz{v@fﬂﬁgﬁmﬁé‘%e}%iﬁé&& on”
| g . 05

V0 0! 00 SaP s BEEHRRHB IR 4R By arpkanion ifbesshll B0 fs Gringilnd il

Step 4), ofithediomkug irf tHe Socesy istory dafbasé.NB a peefefeadmbofintes) thet al  of

all the experience of the process and
historical data and the results of the workup are put into a process unit model for

the oil refinery unit to determine an expected performance and potentially also

an optimal performance.

[0007] The unit monitoring toolset has the following algorithm, shown in

the overview Figure 1, which includes the following steps:

1. Collecting data (as shown in Figure 1, Step 2a) from the process history
; computer system (Figure 1, Step 1a). In this regard, data refers to process
instrument measurements, laboratory data, manually entered data,
operational switches and stored constants for the unit. The collection is an
intelligent matching of information from various sources and is a novel

approach resuiting in higher quality information.

2. Validating the data (Figure 1, Step 3) by a set of logical rules (such as
min/max checking, non-null and confidence checks, and other logical data
validation rules such as increasing temperature boiling curves, etc.). This

validation assures that the performance analysis is done on good data.



operations experts in the organization for analyzing the oper t@ﬁﬁN%
t hat Udeg;E}z% cal cul ation set yields many results which arg p 05
indicators o per formance. The dat a_‘workup varies for ev'é?VU %%z%ﬁ
process unit. Each Tool set workup is envisioned to be a distinct entity
that can be installed, configured, upgraded or operated independently
for each type of process wunit. Tool set workups may share sone underlyi ng

utilitiesqor Al i : SERCEE ' .
Fundament 311 §egorif b SREKS TRt 105000 RchBRESE dftalgplations ;
these wor kup thfTepicseRbHe sult fothhef AR MR é&éﬁ&fbﬁ%e@f%@b&‘o&%ﬁﬁﬂﬂer system
(Figure 1, Step 2b) where the original operating data was collected. The
t ool set nay aperations! axperts liw theldrgantzaionsfoe paalyzingXid epdratign afidhat
inputting the data into a sophisticated process nodel that can be run to
predi ct the dpBectlig copationsetyields manynresuitsmduek are allandicatorsoép  3) .

%_CL% bl ¢ coRROEMRRES T delb opR R Saces FRENABHAIRE af BrseBONR, Fashont o
custom to 1 nd pr kiR Siilont o e SoREP LR LR RE St T T

and -custom gghfigfirdd dédi dr diRiringd TRaepedidesltly $ot E%@Wﬁﬁi@cé&éﬂi ng is
often included as a part of the Tool set "and nay requiré€ i ndependent

cal i brati on unitnToolset workopemayrshacklsdre nnterlyirg utlitied oroalctitationg
prediction runs. These nodels can also include anticipated or planned

fut ure oper amashies,du sinpgraachproerssis findaspentplly idifferemss cachabgolset

catal yst replacgnent, pl annjn requires anticipated future operations
esti mates). TV%‘eCS‘BN‘“é UnigB~02/ 093327 PCT/ US02/ 05228 6. Storing these
nodel results back into the same process history conputer system (Figure

1, Step 2b) where the original operating data was coll ected.
4. Storing these workup results back into the same process history computer

system (Figure 1, Step 2b) where the original operating data was collected.

The toolset may also include the additional steps:

5. Collecting and inputting the data into a sophisticated process model that can
be run to predict the expected operation of that unit (Figure 1, part of step
3). This model contains the best technology from the organization or
available commercially for that process. The models are often fundamental
kinetic or molecular models but can also be correlation-based and are
custom to the process unit. The models often require tuning, validation and
customization to the unit being monitored. Calibration and tuning is often
included as a part of the Toolset and may require independent calibration
runs of the model in addition to the normal monitoring prediction runs.
These models can also include anticipated or planned future operations as a
part of the model prediction (for example, catalyst replacement planning

requires anticipated future operations estimates).



7. Devel oping an effective set of reports and alerts (Figure 1, St ej) 41)
f or m)niw{'yg ﬁ_’or exanpl e, hourly, daily, and weekly reports ahd JUN 2003
exception ‘%8 s for various people_- plant operator, plP&T¥US0R8828s
engi neer, central engineering expert} etc.). [0008] The overall control
of the entire process is achieved through the global attribute mapping
(Figure 1, Step Ib) kept in the Data Reference Attribute Table. This

novel tableg h | [ 11 | ' t hat
dent 1 o5 Shon g ReqEIBRAAGANLS bAAKRRO TG il BRES: sl bRt ghou
the various magsiens (Bigutd e, Jepl2tgtwlidte ahe'ati gl openaflgasath wasQolRcted.
automated and applicable to a wde variety of unit désigns. BRI EF

DESCRI PTI ON OF THE DRAWNGS S [0009] Figure 1 shows an overview of the
present inyention. [0010] Figure 2 shows a schematic di agram of the

t ool set al dor iDeVRIGPING an Cg]é@é@t af eeparistand dleds (Figured, Stepabafos and t he

2;! Eﬂl o ihﬁﬂ o E0cing Ll harmplt 1pRel dATE %@ﬁ%&@%ﬁeﬁ% xR | o d
o1 o0oss 1 of or SHEC oT It FgpR SRgaC Sl SRR pitCY pikisBPrBOHRE” "
DESCRI PTI ON OengiffedriipredipeRDefeYBODI MENT [ 0013] A schematic of the

al gorithm of the present invention is shown in Figure 2. The basic steps
are data collection (Figure 2, Step 1), data validation (Figure 2, Step

6), and data rku Figure 2. Ste . Data Collection Ste
) iooﬁ“ﬁ «up 'l(he ogwerall control Aof t%)e entire process is achieved th?ough the

global attribute mapping (Figure 1, Step 1b) kept in the Data Reference Attribute
Table. This novel table holds the mapping and transposition master information
that identifies how information is collected, transposed and moved throughout
the varibus modules of the Toolset in a way that enables it to be automated and

applicable to a wide variety of unit designs.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Figure 1 shows an overview of the present invention.

[0010] Figure 2 shows a schematic diagram of the toolset algorithm with

the associated interfaces to the database and the calculation modules.

[0011] Figure 3 shows a schematic of the workup calculation module

creation

[0012] Figure 4 shows a detailed schematic of how the toolset interfaces

with the database, calculation modules and process reference models



[ 0014] Data collection nodules (Figure 2, Step 1) provide auto e @a
| oadi ng WwHpRpdsant information data, Lab anal yses, control 'gst’;gﬁlﬁjsiﬁ d
data and other manually entered datg into a Tool set. % | , the
nodules fully automate the | oading process thus mnimzing user effort
required to load data into the Tool setts database. The overall control

of the entire process is achieved through the global attribute mapping

(Fi gure 2, DESERBTICNIOF THE PRIEFBRRET EMBCGDAVENPUt e Table. This

novel tabl® hotds the THppIng and transposttiom master i nformation that
identifies how information is collected, transposed and noved throughout
the various nodules of the Toolset in a way that enables it to be

aut omat ed #8d3hppl | Astshematicofithe elgasithet ¢f dfe prosentdevention is] V) itEach
Tool set cantains | Qgic set for determnin W an en_to, collect data
and this i g&‘é‘?ﬁe basic steps pes cgﬂg Hg’é?gl,g“ﬁgp\ghﬁﬁp, 1} iata yalidation g

as deferri n Lt & | operati ng nodes which
require caﬁ#ﬁfﬁ%%@?%ﬁ%ﬁ%@ ﬁl‘@@t‘%%?i For exanple, certain
toolsets will make use of the hourly averages or the entire day averages
while other toolsets may prefer to apply a "tight" w ndow around the
avai |-abi | iDytadCoHecti@bStepnpl e. The fornmer woul d execute on a known
frequency, whiTe the Tatter would be driven by the availability of

t hor ough feed and product |ab sanples, as well as the length of tinme

021 093327 IP@HLS02 BeteRpliectinn sasdiss (Figtae PeSiepol) Biovide avigmiad daia hW’
Cype of _TagediE AplsEREh bfibrfidin B Fabl Rty £8 il oy Sored e
"bal ance pgyd fer Mintiallyentéredidaba Hi18 lal TooISAE 'WhieFd pB&ible, fH miodaldyr ocess

unit. This may inply different balance period logit for different
process urfnlly;autommsitée the loadmgprodess timy miaimizing user effort required to load

data into the Toolset's database. The overall control of the entire process is
achieved through the global attribute mapping (Figure 2, Step 2) kept in the Data
Reference Attribute Table. This novel table holds the mapping and transposition
master information that identifies how information is collected, transposed and
moved throughout the various modules of the Toolset in a way that enables it to

be automated and applicable to a wide variety of unit designs.

[0015] Each Toolset contains logic set for determining how and when to
collect data and this is called a balance period (Figure 2, Step 3); this is needed
as deferring hydrocarbon process units have unique operating modes which
require careful consideration when collecting data. For example, certain
toolsets will make use of the hourly averages or the entire day averages while
other toolsets may prefer to apply a "tight" window around the availability of a
lab sample. The former would execute on a known frequency, while the latter
would be driven by the availability of thorough feed and product lab samples, as

well as the length of time from a unit "upset”, the residence time of the unit and



froma fixed tine to a variable tinme. The variable tinme w ndow qglu#mﬂm
defi ned Wozhﬁ?sz%a”pl e tinmes for feed and product or determ ned ot

busi ness " “practices. Once the time window is_deternined f SETR2BR2Ence
point, the Toolset retrieves Average Data. The sanple frequency used is
the tinme window PLUS 1-second. This, when conbined with a tag reduction
type of "Average", returns a single value over any tinme w ndow (the

average i s . ri [ Vi I - el e e)-
00171 shobP UL iRy dr syl 88 dithartors Thp iR R £ BYE ARG oo
restarted. cdd bt REFERNA RSB HPE of TogRefl: data is stored as "Tool set
Data" in the Process H storiah (Figure 2, Step 4). Mnitoring a unit at
any given tine requires neasuring a prescribed set of attributes or
properties of the unit at that tinme. Thus, this realistic tinme w ndow,
cal | ed t he[00348] anceTpelsebeaomputationg anhexecuterbfar this Hajange pemiodd which is
attributes ¢an be neasured or conputed, is chosep.. Data, Vali I on Step
100181 i + A DES BRI, RREHenS BRImG APEInE iOGEss RO bbkie ToAY IpILORESRe: Dot a
in the Pr | Si:QRi ' i S j s (,E 2,
S P OBERReE R BB 138 P IR s R 48 RN DR BRI ey 2,
checki ng, FHATRHI MBS B VRFRKIOheO PR dribl titdbind AW SoliRl BE befasd P
consistency (e.g., are distillation data points in ascending order,
etc.) and by AR sangde timdsrfor feed dal produghomdeteithinedadther business for uni t
moni toring and/or optimzation, Data 1 0 JUN 2005 WO 02/093327

PCTI US02/ Opagtices. (ace the time windewris detemniwgd for the balapee peinbibeusers to

ot occur LhoRE R RE el P, 1523 5mate bR R eat Shigbn |
occur: 1. gy pREpKeEEHAM. Fhidbieni conibihBi Wifllla M fRlRRbA tyFE8E" AGbrage”,

di fferent
returns a single value over any time window (the average is not an arithmetic

average but a time-weighted average).

[0017] Should a balance period be determined to be bad, the cycle is
restarted. If the balance period is good, data is stored as "Toolset Data" in the
Process Historian (Figure 2, Step 4). Monitoring a unit at any given time
requires measuring a prescribed set of attributes or properties of the unit at that
time. Thus, this realistic time window, called the "balance period", during which

) most or all of these attributes can be measured or computed, is chosen.

Data Validation Step

[0018] With the balance period data now stored back into the Toolset Data
in the Process Historian, a data validation step is required (Figure 2, Step 5).
Comprehensive data validation can include completeness, range, checking,
comparison with previous operating history, and relationship consistency (e.g.,
are distillation data points in ascending order, etc.) and is required to insure that

high quality data is used for unit monitoring and/or optimization. Data



measurenments. 2. A check that the value is consistent with othep Ud.ﬂfNa?ﬂl]ﬁ

| oaded. Oﬁwﬁ#i dation that the data for the current bal g&f@ i§ g
reasonabl e réefative to variation expect ed fromrecent pr G218,
[0019] If the data is incorrect, data correction nodules (Figure 2, Step
8 allowusers to override the stored input data values. Wth this data
correction, all changes are tracked and |inkages to other runs are
establis : B hresHcs LbA t q]%?ﬁ, | I

Tool set Pgﬂé&a\?ledrlgﬂ??rporta-rgpg%erﬁlalggde%ryuda??ﬁ?%gﬁr}g 0 gﬁﬂa&ﬁigggdidé&cgr% cal .
[0020] W tHat peddessingdsfithe Ghbseiuent stepls) vil) notebddue witth Bad @i dnieSinks Hator
process reference nodels, or both, are started (Figure 2, Step 9). The
Wor kup Plbrgedevelsrdforalislatiohgudyiocons for the bal ance period in question
(Figure 2, Step 11). These Data Wrk-ups for the bal ance periods are
used to analyze unit data for a tinme window of interest. The bal ance
data is tjne-stanpe Lth,the start daffe of the chos | W ndow.
Execut | ngt'a. AR, ek yaps S Vit an A eBughs iiercRR Aiftekeaty 1 200
requesting tpalachigndfe! set programperforma set of calculations for a
specific tinme w ndow and conpare the input measurenents against those of
the output. Each tinme a set of data is collected, a conplete nmass and
heat bal ance on the unit is conpleted, along with a yields workup and a
cat al yst Zhaachenki that thervalu¢ ispnsistent with atherdatadeadsd.kup i s conpl et ed,
the 10 JUN 2005 WO 02/093327 PCT/ US02/ 05228 9 Tool set program i ndi cates
which attributes are input and which are output from the workup.

he data T ofh PRISHG il QAR BLRE, (iR ballce RIARPEAMNERS | ' o

wel | . Each v%ﬁ%ﬂgﬁg@ﬁgﬁﬁq&mwoﬁﬁgﬁs entered as an attribute
an -

identifying it

[0019] If the data is incorrect, data correction modules (Figure 2, Step 8
allow users to override the stored input data values. With this data correction, all
changes are tracked and linkages to other runs are established as required. The
ability to correct data and re-run the Toolset is a very important and adequate

logging of changes is critical.

[0020] With correct data (Figure 2, Step 6), either the data workup or
process reference models, or both, are started (Figure 2, Step 9). The Workup
Program performs calculations for the balance period in question (Figure 2, Step
11). These Data Workups for the balance periods are used to analyze unit data
for a time window of interest. The balance data is time-stamped with the start
date of the chosen time window. Executing a "Data workup for a Balance
Period" means that you are requesting that the Toolset program perform a set of
calculations for a specific time window and compare the input measurements
against those of the output. Each time a set of data is collected, a complete mass
and heat balance on the unit is completed, along with a yields workup and a

catalyst characterization (if applicable). After the workup is completed, the



aunit identifier. After execution, the user can view the data, 1o ¢éi @&
report, 8; 2%%3 .t as an input to another tool, such as a detailed
process UM . 100211 When these cal cul ations are fi MCIAER208RE
results are sent back as Toolset Dat@d in the process historian (Figure
2, Step 12). Fromthese results, and the bal ance period data,
charts/graphs and other representations are prepared (Figure 2, Step 13)

Srep [ 00223 ekich Prosrab ety Bhactt GPERNER A GRS AR Tohieh obe ouffi Bt
Step [0022 ' ; ! ' d , ically
cal cul at; omié WORRES Atikn o) R dati B e Bafufc Pfod il auiiRaReally load

per f or mancgj]peidafd frbth thEfrdcésscatalRistoriad, alatecarpbe batered aeantallg usavelbns
and summary cal cul ations yielding key performance indicators based on

neasur ed pBacksalunofithet Eimmegqanretdatpis esigrebas an hvibutesidendfying it and

| abor at ory data and equi prent desi gn paraneters. The, Worku may al so
either prepamit wnaﬁ&ndﬂﬁweﬁﬁaém,éhauﬁmqwa&&e&?&&%ﬁ; aarsgP or

nodel , or incorporate external el routi ARt DN LTS, | ation
modul es.  PEBYFP I t‘b%‘r&}gﬁﬁ@i’ st‘ﬁ’%’i Tl Bg‘%‘ﬁ%ﬁ)ﬁ#&#@“@bﬁ%m ng ki nds
of conputations: 1. Meter corrections to correct raw flow rates. The
cal cul ations are based on the nmeasured raw fl ow rates and stream

properti esgooz\;gg Wi tWhee tiedse dgRiudtiorisndre fivfished) tisd resalts are sdnt bdek abase.
10 JUN 100 02/ 093327 PCT/ US02/ 0s228 10 2. Distillations converted
to standar @dodss D4tain thewsmceschisigransfdguies?, Sepldy Frem theseregults, and

dat abase. 3. Product streans are bl ended and a total ield slate i
Cal ooTot od thebalangs peSod dath Ghamy SUE A S HeareREegRs e pebrtared
(Figure 2, Step 13) to understand the health of the hydrocarbon-processing unit.

Data Workup Step

[0022] Data Workup (Figure 2, Step 11) is a standard, technically sound,
and documented set of calculations for the unit. These calculations represent the
technology needed for effective unit performance monitoring. This includes
detailed performance calculations and summary calculations yielding key
performance indicators based on measured process data (temperatures, pressures,

: flowrates, etc.) laboratory data and equipment design parameters. The Workup
may also either prepare data and interface to a model, act completely as the

model, or incorporate external model routines within its calculation modules.

[0023] Workup procedures typically include the following kinds of

computations:

1. Meter corrections to correct raw flow rates. The calculations are based on
the measured raw flow rates and stream properties along with meter design

information stored in the database.



4. One or nore flashes are perfornmed to provide fluid properties @9]@%5
to m)d@ﬁl,% g&’fg{ther Wor kup. Data Workup Devel opnent [002%1\]'1_ Wor k- u

cal cul att QR¥*¥$ devel oped by one Skie,il ed in the art to r& @@P”Wé@
performance cal cul ations for individdal process units and Figure 3 and 4
represents how a typical workup program woul d be devel oped. In effect,

t hese cal cul ati ons represent the know edge base reflecting the

experience of_expert engineers in rynni.ng a ce uni er finme. These
can be f °np¥5ﬁ?§ﬂﬁpﬁ§gw e%wgﬁ%ﬁ%ﬁﬁwﬁ%ﬁﬁg%@i &hni cal
synposia for Stg%?‘bm%ﬁg dBAifeess unit. The devel opment of a workup
often requires e cooperation of a teamof individuals with skills

rangi ng from process unit domain expertise to instrunentation and

measur enent expertise, to |aboratory analysis experts, to conputer

progr am dévelRyodmot stréams hfecblendediand griotad yidld sbatpas calchiated based aki | | ed
in art. Process Unit Determ nation [0025] To enabl e the devel opnent of
the Data Vor kitgndasduandsiser defiaed cupppiafbesdss, cal cul ations and / or

prediction techniques need to be identified. The identification of these
key paraneters, calculations, and prediction techniques begins with the

sel ecti on ,of r | | A hi : WO
02/ 093327 4PC|¢€§6’2F8‘§‘%§”%£ Ta{ésﬁ %’%H{Iﬁn%éé?? %@%%?H‘%p %‘@’e&ges;g%\l%ﬁg o,
process unit pnaertsfikthes Workugper of things about the unit. For
exanpl e; does the unit have catal yst, does it have particul ar physical
characteristics, does it consune large quantities of utilities (heat,

does it have internedi ate drawoffs/feeds, where
is the i d23tR MOHCR LIS Pl what type of |ab sanples are taken, etc.

[0024]) Workup calculations are developed by one skilled in the art to reflect
key performance calculations for individual process units and Figure 3 and 4
represents how a typical workup program would be developed.

In effect, these calculations represent the knowledge base reflecting the
experience of expert engineers in running a process unit over time. These can be
found in engineering manuals, documents, journals and technical symposia for
each Toolset process unit. The development of a workup often requires the
cooperation of a team of individuals with skills ranging from process unit
domain expertise to instrumentation and measurement expertise, to laboratory
analysis experts, to computer program development. In effect, this group of
experts forms one skilled in art.

Process Unit Determination

[0025] To enable the development of the Data Workup modules, certain
parameters, calculations and / or prediction techniques need to be identified.
The identification of these key parameters, calculations, and prediction

techniques begins with the selection of the process unit (Figure 3, Step 1). This



[00261 Wth the particular process unit identified, the next stepldgUNQu5
I denti fy, Otpgg&g#ai | abl e neasurable inputs (Figure 3, Step 2) and

avai | abl ¥ able out puts (Figure 3, Step 3) for the BETAUSOZPRI®
measur abl e val ues are key since they!represent the key vol unes /
conpositions / pressures / tenps that enable the wunit to be nonitored in
the base. The neasurable inputs are typically plant neasurenents such as
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identify the controllable unit settings. These are often the setpoints
for the valhieatjsteam additves)ztc)cdoesdid have intermedidieudrawdffs/feeds,owhereds of
the unit. |t ,is inportant to kngw which variables on the wunit can be

directly a@@%ﬂ%ﬂléﬁ%bﬂlﬁHfl@r?@ébé?@ﬂ%ﬁ@féﬂﬂé@,(@-gure 3, Step
5) [0028] Next one skilled in the art would now define the unneasurabl e
but inportant internedi ate variables that are needed to be cal cul at ed.
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measurements such as temperatures, pressures and flowrates supplemented by

analyzer readings or analysis values from samples taken of the process and sent
to a Laboratory. The measurable outputs are the overall results that the experts

believe are indicative of the performance of the unit.

Process Unit Settings (Figure 3, Step 4)

[0027] One skilled in the art would now identify the controllable unit
settings. These are often the setpoints for the various controls that can be used to
adjust the performance of the unit. It is important to know which variables on the

unit can be directly adjusted or controlled.

Intermediate Variables (Figure 3, Step 5)

[0028] Next one skilled in the art would now define the unmeasurable but
important intermediate variables that are needed to be calculated. Ideally, one
would like to have plant measurements for each of these, but the physical reality

often does not permit direct measurement or it is too expensive. A good example



t he avail abl e neasures and the specific workup cal cul ations. [0029) JINg005
exanpl e; |4 may have bl ocked operations during which_ critical
interneg‘lzélpgog‘?ﬁeans are fed into the unit but no neasur eFER{USE0525%
flowate is available. This may nean Y hat the flowate woul d be assessed
to be a constant based upon interpretation of information where the flow
was coming from Process Unit Wrkup Calculations (Figure 3, Step 6)
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speci fi ¢ pthex cglowdatipnsc dentificationofdhe ynopeasnrable inputs and sutprds
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effectiveﬁl‘?ﬁfﬂé{ﬁ?We%@atﬁg&p?ﬁt‘ﬁgﬁa@%gﬁlﬁﬁoﬁme of process unit
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I ndicators (Figure 3, Step 7) [00311 As the |last step in the process, one

skilled i po019 art Fopekdmpdé;ahe unitamap hghe bioeitedoprationpéwnfing wiick
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(Figure 4

from.

Process Unit Workup Calculations (Figure 3, Step 6)

[0030] Next, one skilled in the art would develop equatiohs for critical
calculations that would predict the performance of the unit. These equations
would result from rules of thumb, publications, historical behavior, engmeering
relationships or statistics. These could specifically calculate End of Run for
Catalyst activity, hydrogen consumption, pressure drops, riser velocities, etc.
All would be specific to a given process unit. This development is an iterative
process where one selects the intermediate variables, develops workup
equations, tests the results, and then improves it by identifying more
intermediate variables, researching more computations, etc until an effective

data workup is created for that specific type of process unit.



Devel op Workup Program (Figure 3, Step 8) [00321 Finally, one skif }{gd?005
the art %L{h&gf}g%el op the workup program that can be a pl u_? I n cial | abl e
nodul e of 't | set for that specipc type of process bh ’t"].sm’@(é??pl e of
Dat a Wor kup [0033] Taking the above {0 a crude distillation unit as an

exanple, the follow ng shows the above process in nore detail Inputs -
Col um Configuration - O her physical equipnent - Feed type or fraction

of crude t |kl f f . | Sty [ ation / Assay - Rates
- Pressur P% : e hdficad ?Fl . Sieh? Tower Internals

(trays, packing, both) 1 0 JUN 2005 WD 02/093327 PCT/ US02/ 05228 14 -
Recycl e (nunber and | ocation) - Reflux (nunber and | ocation - Steam Rate

- Flash Zdwe31] Dr avAstiieslathstepén tlenprdcessytonemskillalinpthe art woukd skdeatftheach
stream - alities of each Stream ) o _
igh-level overall performance indicators for routine monitoring of the unit's
performance. These are often similar to the controllable unit settings and the
measurable outputs but may be more selective and may include some of the
intermediate results that clearly indicate performance but may often not be

something that can be measured or monitored in a real plant unit (Figure 4).

Develop Workup Program (Figure 3, Step 8)

[06032]) Finally, one skil]ed in the art would develop the workup program
that can be a plug in callable module of the Toolset for that specific type of

process unit.

Example of Data Workup

[0033] Taking the above to a crude distillation unit as an exémple, the

following shows the above process in more detail
Inputs

— Column Configuration

— Other physical equipment

— Feed type or fraction of crude type

— Qualities of the feed, Feed Distillation / Assay
— Rates

— Pressures./ temperatures

Settings on the Unit

— Tower Intemnals (trays, packing, both)



Performance Cal cul ations - Tower Hydraulics - Tower Velocitiesq qjg'lpms
Loadi nggy -oﬁ%g?i'Tct ed Qualities Plant Wde Data Storage and Tool se

Per f or mance abase [0034] The Tool set contains two pri ngfT/Uae04228
categories that require long term stor age: 1. Tool set data val ues
(either collected inputs or conputed results) to be stored (Figure 1,
Step 5 and Figure 2, Step 4). [0035] These data values include all the

i nput meas ter al idation), yields, operational data, yield
predicti onéﬁ%‘f‘%‘%i&‘%ﬁ@ﬂ%‘fﬁ%ﬁ‘éu on factors, unit geonmetry and
configurati el Lz dnformation. It also includes unit

noni tori ng ggg'lﬁ‘t%ggas vve%'fj?lllg‘lé&uﬁirngdi ction results, allow ng the WO
021093327~ 1§ted\NRZAOS PCT/ US02/ 05228 15 conparison of predicted and
actual results for nonitoring of intrinsic unit performance. These data
val ues ar-e Elagh @bren t he plant history database as plant Tags with a
designation that they are Tool set nonitoring Tags. This provides a
secur e | ecngPtaw nffs Gmbyereayddochtidn) and nakes the results easily
accessible by the suite of tools and applications that exist and are
used with the plant history database. 2. Tool set data mappi ng descri bing
t he data @utputputes to be collected or calculated (Figure 1, Step 1;
Figure 2, Step 2; Figure 4, Step 4). [00361 Reference data tables
descri be each itemof data to be stored. This allows each site to
proper | y co¥ialdsipbeachistreami t h its requi site nunber of streans,

. — Qualities of each Stream

Performance Calculations

— Tower Hydraulics
— Tower Velocities
— Tower Loadings

— Predicted Qualities

Plant Wide Data Storage and Toolset Performance Database

[0034] The Toolset contains two primary data categories that require long

term storage:

1. Toolset data values (either collected inputs or computed results) to be stored

(Figure 1, Step 5 and Figure 2, Step 4).

- [0035] These data values include all the input measurements (after
validation), yields, operational data, yield predictions, process model calibration
factors, unit geometry and configurations, and other unit information. It also
includes unit monitoring results as well as prediction results, allowing the

)



measurenents, etc. Reference data al so describe the inputs andL@Bmeﬁ of
nodel s. \J@Wﬁ} table in the Tool set reference database is th It
Attribute "Tabl'e, which is a list of all the properties FICTYRI285328" s
nonitored units. [0037] A plant historian (Figure 1, Step la and Figure
2, Step 1) provides the neans to acquire and validate a set of data, and
store all the data. AIl nonitoring data will be stored in the plant

Tag Dat o FOPRRAGE of pESig® ARt e dSh Brotifiying ShineBaR phi gui red
from theppierfssced. *Tfese dRANET EESrordt HRE ﬁigﬁg%[dgiaﬁ%; -aﬁépjlél?ence

aver aged Brocess tag data I1s referred to as rec

Dat a (TooTags with @ desighetiom thas theyt are oA rhdm®Srin §. PFORA and
flags used ?f)r this tlgrﬂie peri od%h.yl 0 JUN 2005 V\ggg?wgg‘éﬁ &sa
PCT/ US02/ s3:228 larez-te3m liksteryl capebiliba and nsakes tipe test s ehsidy abeesBitie byhé&up
Cal cul ations . 0., gui val ent jsothermal tenperature) or a process
nodel (e.§pte éf@g‘l%p@@apgh%qtmn; 4‘@0?3"83} and are psed Withotheplanehistsyany
comer ci al_d base such as the Honeywell Plant Hi story Database or the
al Systeﬂ% ht Information Database. This plant historian has the
ability to store a nassive anount of plant data and is highly effective
with Tinmeseries plant data. The commercial historian provides the
capabi | i t3. f Tooksepdogi mappiigalesasbing theldaet attributes &5 Be ablledted oresul ts.
Thi s approach of matching the Tool set to the plant history database have
a nunber of calgnlated (Iigneg 11 Stepble Fagrare 2, IStep 2pFimtre deStep 4).are stored in
the sane place as the plant nmeasures and can be used by users and nany
other plant applications just as easily as neasures. For exanple,

Tool set rﬁﬁﬁ'ﬁ] S CaReffef&Pdhta tables describe each item of data to be stored. This

allows each site to properly configure a unit with its requisite number of streams,

measurements, etc. Reference data also describe the imputs and outputs of
models. The main table in the Toolset reference database is the Unit Attribute

Table, which is a list of all the properties of the site's monitored units.

[0037] A plant historian (Figure 1, Step 1a and Figure 2, Step 1) provides
the means to acquire and validate a set of data, and store all the data. All
monitoring data will be stored in the plant historian database (Phd) as tag data.
There are three types of data:

1. Tag Data (averaged over a Toolset Balance Period) is directly acquired from
the process (e.g., temperatures, pressures, flow rates) - this averaged process

tag data is referred to as "direct data".

2. Reference Data (Toolset Balance Period start and end times, model

parameters and flags used for this time period).



by control programs and optimizers, results can be part of opendx JUNH05
noni t or | arget exception reporting, results can be sent_to_the
operatolr‘ggg%(@}g?ted in automated al erfing/ pagi ng systens. PELLS0 28
results are stored in the Phd, the dbor is. open for a new generation of
capabilities. A Typical Tool set Exanple - The Powerform ng Tool set [0039]
Figure 4 shows a schenmatic diagramof the relationship between the
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stored in theyipldnt historian (Figure 4, Step | a) (in this case,
Honeywel | Process Hi story Database 10 JUN 2005 WD 02/093327

PCT/ US02/ 05228 17 PHD is used). Al lab data (Figure 4, Step la) is
avai |l abl e and stored in the pl ant istorian as. Shoul d any data
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for a tinglapeandis h@ﬂ%&ﬁecﬁ% iwath Tiineseriss péahtidats HEhe comnidre i histdriast ep
2a). The Tool set can be scheduled to run at any frequency dependi ng on
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number of synergy benefits, because the Toolset results are stored in the same

place as the plant measures and can be used by users and many other plant
applications just as easily as measures. For example, Toolset results can be read
by control programs and optimizers, results can be part of operations monitoring
and target exception reporting, results can be sent to the operators and used in
automated alerting/paging systems. Once the results are stored in the Phd, the

door is open for a new generation of capabilities.

A Typical Toolset Example - The Powerforming Toolset .

[0039] Figure 4 shows a schematic diagram of the relationship between the
toolset, process historian, calculation modules and process reference model. This
example explains the data flow in the Powerforming, which is for catalytic

reforming to improve octane.

Collect Raw Plant Data: Figure 4, Step 1

[0040] Raw plant data is automaticaily collected and stored in the plant
historian (Figure 4, Step 1a) (in this case, Honeywell Process History Database



and all data falling out of range will be automatically flagged} AN 2005
substi t Uy8Q@20Msbh a default value. The engineer reviews L hat
falls out of range before the cal culations are run and %é?@géﬁt@g%es
t he engi neer accepts the default value. Validated data is stored back
into the process historian (Figure 4, Step 2c). [0043] Valid Low High
val ues for each Toolset input will be stored in a Reference Table. The
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feed | ab alatid,ythisswiouldealse comedfromithe TootesstHistoidn isthietfosml eftVirtiush t o
perform a %,al bal ance ?ng oi her_cal cul ati oas. In plant qgperations,

it is not IS Soriep AB)- basts allhheglset inpat datagwouldegome fior fre
schedul ed i - 1.0 J 200 2{ 093327 PCT/uS02/ 05228 18 sonetines
this del aflﬁ%ﬁé%nﬁgwgﬁ%?% aut omat ed Tool set running on a daily
basi s makes deci si ons when yesterday's |lab data is unavail able for

today's calculations. Thus, the Toolset will perform cal cul ati ons using

the |-ast mlmﬁhte])aaevamaﬁ@bftigm@4,rsteﬂs}g case of unavail able | ab data,
the plant "Thrstorian returns the previously stored value (i.e.,

yesterday's lab results) so that the calculations can proceed. For
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data is ampl Tablset &aIBE %hmtfo%mﬁ&n%@q]iéﬁwaepemiﬁ@drddm a: Figure
4, Step 3 [0045] Once bal ance period data is validated and stored back

into the pivaiikbility and need.

[0042] All data inputs to calculation programs will be extracted from Phd
and validated (Figure 4, Step 2b). The raw data will be low/high range checked
and all data falling out of range will be automatically flagged and substituted
with a defauit value. The engineer reviews all data that falls out of range before
the calculations are run and in most cases, the engineer accepts the default value.

Validated data is stored back into the process historian (Figure 4, Step 2c).

[0043] Valid Low/High values for each Toolset input will be stored in a
Reference Table. The Reference Table stores all site-specific information about
the Powerformer and is critical for providing a means to distinguish one type of

Powerformer form another (i.e., Cyclic versus Semi-Cyclic).

[0044] Powerformer feed samples are collected at a regularly scheduled
time and feed lab analysis is performed. The Toolset requires this lab data to
perform a material balance and other calculations. In plant operations, it is not

uncommon for the lab to analyze the feed later than the scheduled time -



hi storian Data Wbrkup cal cul ations are performed (Figure 4, Steg 3 2000 |
of the vggnspeds£al culations currently to currently nonitgr _a Powerforner
are included in the Powerformer toolset. These include cgf?a{‘iﬁg%"’ﬁ&ai vity
Monitoring cal cul ati ons). For each type of hydrocarbon processing unit,
there is a unique set of calculations that are used to perform
performance nonitoring. Each Toolset wutilizes that existing calculation
set as a RBHiEtEnEPHIE ' y,ﬂgllc)fy] pe
of process unit, one giﬁa?{egghlﬁnﬁl?ﬁg%gﬁ(ﬁggﬁ% g%ﬂve ogdt e()l%ge e %rbrIX

per f or mandailydasisomakes de¢isidnah#lm15yéswrda?ks 1y dutasis TeRvathble Foeltedagmn in
Figure 3 and discussed in this docunent. [0046] The Tool set perforns all

cal cul at i 6akculatiensgl Thus, the Toolset williperfomm caltulations usimg the last availableo
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bal ance cfisidioss not change sigdficaaty bala dml Rndsy badis.uladl subisticstedlorpped and
is noted on a daily execution |og. Therefore, the material calculation

fr equency asgune¢y argicleariynadicatedor pil sivputrreposac he @@adier Thay

mat eri al bal ance out puts, and the general calculation oufputs are stored
(Figure 4,"‘3@?315%‘5“@5%‘?%%49@@ 1pquestion &@Pi'ﬁﬁ ceﬁeﬁhiag’ ta g ep 3) as
Tool set o%ﬁﬁblzags. A copy of the validated Tool set inputs is also
stored inthe plant historian to facilitate changing incorrect data in
t he Tool set. Run a Powerfornmer Kinetic Mddel and Store Key Results Back
into Phd: Figure 4, Step 5

General Powerforming Data Workup on Valid Data: Figure 4, Step 3

[0045] Once balance period data is validated and stored back into the plant
historian Data Workup calculations are performed (Figure 4, Step 3a). All of the
general calculations currently to currently monitor a Powerformer are included
in the Powerformer toolset. These include Catalyst Activity Monitoring
calculations). For each type of hydrocarbon processing unit, there is a unique set
of calculations that are used to perform performance monitoring. Each Toolset
utilizes that existing calculation set as a module to perform the needed
computations. For any given type of process unit, one skilled in the art can
develop the needed performance monitoring calculations for use by the Toolset

and shown in Figure 3 and discussed in this document.

[0046] The Toolset performs all calculations in English units and with the
plant historian is able to display the results in units customary to that location.

[0047] The Toolset will perform a material balance. This uses an eight-

hour time window centered around when the lab samples are normally taken.



[ 0049] The Powerformer kinetic nodel (s) is specially designed thbs 2
process. wolfgespdel s are not part of the Tool set and are commed JUH Y
avai | able froma nunber of vendors. The Tool set, because FSTYI0340538pi ng
of attributes, has the ability to drive information into the nodel
(Figure 4, Step 5a) tell the nodel to execute (Figure 4. Step 5b), and
then extract the nodel results back into the Toolset (Figure 4, Step

The’ Tool solCLA At bt ke RIS SRR bR § b bk vaieiD wiib e
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agai nst a neasured yield. Further it Is possi to aut oma

schedul e tinetejal batiicecaladation, then the matkaial Yalhase &alcli%ﬁﬁlislsképeﬁbﬂ Afgove
exampl e, the Kinetic nodel was run in a forward prediction node;

however, dsmeded ona daibhexecutiondpgn Therefore; tire hmterial calcutation freghémyent
nodes with di ffergnt wﬂlﬁ%' ortant results. In this way, the
Tool set cHPIHRSPPRIR WM i YeHSYor optini zi ng nodes. The
forward 10 JUN 2005 WD 02/093327 PCT/ US02/ 05228 20 prediction node
sinply takes the inputs to the process unit and predicts the yields

based on t d i ' L o/
ased on_le48ped CHR®ARAbaIARE ity aFATAE LoRGA! BARulRoh/ ‘ﬁﬁ%@%f{@%ng,

status. The Tool set nonitoring can h assess“how t
how it ststored (Fegureet, Step Bbjbadck inod e plaht Wisewridrd(Righpy4, $tepadjaest ed for
optimal performance. Thus the nmonitoring could identify m ssed

oppor t uni tLoolsetautput Tegphd aspy afithe palidateddiandset finputs ds dlsoStanpdén HeH51]
Power f or mer, _dat.a i s _hest viewe raphically jn the formof XY plots.
These pl ot@%@ﬁ%@?@ﬁ@ ft@ﬁ‘:i’rt%tﬁtcg'éﬁg’tng ’B‘FO'FF!%/‘ %ﬁ?e\/ﬂg‘é‘ﬁs%e data was
collected. In Powerformer ternms, this neans that the plots need to

I ndi cate which reactors are on-oil or which reactor is regenerating

(of f-o0i ) Run a Powerformer Kinetic Model and Store Key Results Back into Phd: Figure
4, Step 5

[0649] The Powerformer kinetic model(s) is specially designed this process.
These models are not part of the Toolset and are commercially available from a
number of vendors. The Toolset, because of its mapping of attributes, has the
ability to drive information into the model (Figure 4, Step 5a) tell the model to
execute (Figure 4. Step 5b), and then extract the model results back into the
Toolset (Figure 4, Step 5c¢), for storage back into the process historian (Figure 4,
Step 5d). The Toolset also provides non-automated capability to run kinetic
model cases based on actual plant data to obtain a predicted yield to compare
agamst a measured yield. Further it is possible to automatically schedule these

model cases to run on a daily basis.

[0058] In the above example, the Kinetic model was run in a forward
prediction mode; however, a model written in an open form, can be run in many
different modes with different and uniquely important results. In this way, the

Toolset can utilize a model in prediction or optimizing modes. The forward



[0052] After the calculations have been run, the Tool set provideg g iIN 2005
pl ots \gﬁq,rmg:; 7essential for determning the health of '{]%gnw {0"22A core
set of theSe plots are used to det%m' ne the heal th of PP522p ¢
everything | ooks good with these plots, the unit is healthy. The plot
descriptions below provide a brief explanation of how to use the plots to
assess unit health. 1. Stabilizer Bottons Lab Research Octane Nunber

(RON) vs. - [ - 2 ; in
(RN v prBcfion Ahas SRR Al AMobEI e ol BRI P BAEA e 1
speci fi cafjblis HA4B8 dnubedeed Qémgﬁﬁ@i%n,bbﬁéﬁ-tiﬂ@conﬁh?o&%cﬂﬁﬁ”dcﬁﬂﬂfﬁis this
pl ot each day to ensure that the wunit®s final product neets spec. Sites
that use stather The dolset ershitordtrecircboth gssessthawmyhdanit inbehdving] howdt
specification. For these sites, a target chem cal specificationis

pl ot t ed. shoukdbhehaerargbhowtp pyteakigly wonldhehave ifladjusted foti oponaheasure of

unit health but usually the, nost inacturate since several flow neter
measur emgEEOTRRANCE; iﬁ‘ﬂ? Fﬁ%m@ﬁenésdmi@ﬁ%qfv IRISREFLPRPOTRNBEas ur ed i el d
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a pot ent iStep oniGrapbsof #nit Betfermances Bigarer4.cMep®asur ement . In eit her
case, action is required. 3. Catalyst Activity vs. Date - Is an overall
measure -of the ability of the unit to wupgrade the |ow octane feed into
hi gh- oct §08685p} oducRewerformerdatuiis bestodewed araphicaldy in gwofbrmeaf X¥e of
overall system health because it accounts for day to day variations in
feed qualplets, Dheseplotseanyey the gurrent state plethg sy steme whendhadata was Tot al

Correct edcom:i(:%ed-r I ﬁév%r oxe'mgrr Pe?m\é,s thig?r}eean_s tl-'xrzrt}i the Ii)nllc(:)t‘.ts nlega 3 il?&ict g sum

which reactors are on-oil or which reactor is regenerating (off-oil).

[0052] After the calculations have been rum, the Toolset provides the plots
that are essential for determining the health of the unit. A core set of these plots
are used to determine the health of the unit. If everything looks good with these
plots, the unit is healthy. The plot descriptions below provide a brief

explanation of how to use the plots to assess unit health.

1. | Stabilizer Bottoms Lab Research Octane Number (RON) vs. Date - An
important and well-known measured parameter in reforming is Research
Octane Number (RON). RON is reformate product specification (when used
for mogas blending). The engineer checks this plot each day to ensure that the
unit's final product meets spec. Sites that use reformate to feed a chemical '
plant may have another target specification. For these sites, a target chemical

specification is plotted.

2. Measured Cs+, H, Yields vs. Date - The most direct measure of unit health,

but usually the most inaccurate since several flow meter measurements are

required. The engineer will compare the measured yield to predicted yields
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catal yst bed ¢asepaetiomés tegpirefl. t he bed is affected by a feed upset /
contam nati on sooner than the rest of the bed). These plots also indicate
the swing reactor's 50% point when it is placed in service and one. of
the react d.s Cutalystastedy &. Dater-aklanVepdlY leaBBRCS ﬂﬁ%ta‘bﬂ‘i‘tyvcfﬁ(thp%lﬁ fo
Overal | catal yst deactivation correlates wth the average“coke |l evel on
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PCT/ US02/ 05228 22 . determine if the regen frequency is sufficient to
prevent a | ontPTEARPRAK gopdimensype offoverall syrenchealtly beeaysa iregdonpts/for
Date - The hy e ont.ent of the r cle S | S a significant
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vari ations i ng &%ﬁ(ﬁ activity or process severity. Step 7: Wite Daily
Qut put Report to the Engineer's Conputer: Figure 4, Step 6 [0053) The
Cyclic/ Sem -Cyclic Tool set provides three reports The key features of

t_ he reports ays 3 CeRsdEs Unlfr gnvzvperamre Drop vs. Date - This plot looks at the sum

of thie temperature differences between the reactor inlets and outlets. A
"corrected” temperature drop signifies that the observed temperature drop has
been recalculated based on a standard recycle gas ratio, recycie gas hydrogen
purity, and feed naphthenes content. This correction dampens variations in
the temperature drop caused by changes in such items as recycle gas ratio.
The thermocouples are the eyes of the unit and indicate changes in unit

performance quickly.

5. Individual Reactor 50% point vs. Date - These plots look at the fraction of the
temperature drop that occurs in the top 50% of the catalyst bed of each
reactor. These plots indicate the condition of the catalyst at the top of each
catalyst bed (since the top of the bed is affected by a feed upset /
contamination sooner than the rest of the bed). These plots also indicate the
swing reactor's 50% point when it is placed in service and one.of the reactors

1s removed.

6. Overall Catalyst Deactivation vs. Date - Overall catalyst deactivation

correlates with the average coke level on the catalyst. This plot is useful to
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stop date 0
I n said process hi story dat abase 2. The nmethod of claim11 further
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features of the reports are summarized below:

1. The Toolset will provide the engineer with an enhanced version of the reports
on a more frequent basis (daily versus every 7-10 days) and with less required
effort.

2. Plots - The Toolset will provide plots of key performance on a regular basis.
These are likely the first thing that the contact would look at in the morning to
ensure that the unit is healthy. Additional plots are also available, if the
engineer notices a potential problem with the unit. The engineer will also

have the capability to generate additional ad-hoc plots quickly and easily.

3. 2-3 Page Summary Report - The Toolset will provide a simplified 2-3 page
tables report containing the most critical information about the unit. The
simplified 2-3 page report contains a section on all substitutions made for data
that fell outside pre-determined valid ranges. The report also contains a

section containing predicted kinetic model yields.



danpi ng, averaging, statistical, principle conponent analysis or @rﬁﬁiﬁﬁ
runs rules as a way to automatically set the bounds for vali dat1 I‘J "
The nethod of claim1 further conprisiyg the step of correcting said
data. 5. The nmethod of claim 1l wherein said historical data includes
stored data or <calculated data fromsaid process history database. 6.
The neth of, claim1 further conprising the step of putting the results
of said 3t plat $a process nodel for said petrol eum processing unit
to compute the performance of the unit. 7. The nethod of claim6 wherein
said nethod conpares workup results to a process nodel results to

conpar e dct ualg methedite revhjtonant] aplyizathe mpratnerf abetrdlranmobadingfunit! ai m
6 wherein sai.d nodel can be executed nore than once at 1 0 JUN 2005 24
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step of using the data in said process history database assessnent
of the asle@basgy of the nodel and nore exact tuning of the nodel. 10. The

met hod of cl ai rein i d r.f or.m step is carried put. by, using
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master control information to identify how every variable is collected,

t r ans pos édfalyglgadings stattandstap degasiod thedast warkwp@nd12. The method of clai m
11 further conpprksi nfigurikng the.meth for different
petrol eum pr o@s%@r%q}}%%gﬁé %a?c[mé&rl%&nggadd B&CHS}P%}ET % n sai d method

i ncludes the determination of a special balance wi ndow to define the
appropriﬁte st_[%rti ng and endjng tine wndowto be
. e method of claim 1 further comprising the step of validating said historical

data.

3. The method of claim 2 wherein said data validation step includes filtering,
damping, averaging, statistical, principle component analysis or process runs rules as a
way to automatically set the bounds for validation.

4, The method of claim 1 further comprising the step of correcting said data.

5. The method of claim 1 wherein said historical data includes stored data or
calculated data from said process history database.

6. The method of claim 1 further comprising the step of putting the results of said
workup into a process model for said petroleum processing unit to compute the

performance of the unit.

7. The method of claim 6 wherein said method compares workup results to a process

model results to compare actual, predicted, and optimal operation.

8. The method of claim 6 wherein said model can be executed more than once at



used for the workup and the process nodel for each execution of the

met hod. 14. The nethod of claim 13 further conprising the step b8 JUN 2005
conparing | aboratory and analytic datgy to the process data. 15. The

met hod of claim 13 wherein said bal ance wi ndow can be defined by an

anal ysis of unit operations to identify a period of tine of operation of
the process at steady state. 16. The nmethod of claimaccording to any
one of cldififersnticonditipherdifferanbmodelrhedes di whizhitd detertineansiptineah i n sai d
process hi [ abase may be accessed by other methods wused in said
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i ncl udi nqudihgofihegnoadkl.f eeds of different crude types, cal cul ations of
flash zone performance, hydraulic perfornmance of tower sections, and
hydrotreating. 19. The nethod of claim 1l wherein said petrol eum
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claiml1l wherein said petroleumprocessing unit is a catalytic cracking
unit and said workup is performed by using equations that relate to a
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12. The method of claim 11 further comprising the step of configuring the method for

different petroleum processing units.

13.  The method of claim 1 wherein said method includes the determination of a
special balance window to define the appropriate starting and ending time window to be

used for the workup and the process model for each execution of the method.

14, The method of claim 13 further comprising the step of comparing laboratory and
analytic data to the process data.

15.  The method of claim 13 wherein said balance window can be defined by an
analysis of unit operations to identify a period of time of operation of the process at
steady state.

16.  The method of claim according to any one of claims 1-14 wherein the results of
said work up stored in said process history database may be accessed by other methods

used in said petroleum processing unit.



extract and raffinate efficiency, conposition inpacts of qualltlﬁ ﬁéﬁg
as wax, additive wuse, and performance limts that inpact quall ol

ot hers. 22. The nethod of claim 1l whersin said petrol eum processing unit
is areformng unit and said workup is perfornmed by using equations that
relate to a reforning unit, including catal yst performance, recycle gas
quantlty | veness, others 23. The

| ff
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processi ng unit
modules of many different process units.

18.  The method of claim 1 wherein said petroleum processing unit is a distillation
unit and said workup is performed by using equations that relate to a distillation unit,
including blending of feeds of different crude types, calculations of flash zone

performance, hydraulic performance of tower sections, and hydrotreating.

19.  The method of claim 1 wherein said petroleum processing unit is a hydrotreating
unit and said workup is performed by using equations that relate to a hydrotreating unit,

including catalyst performance and activation, hydrogen purity and others.

20.  The method of claim 1 wherein said petroleum processing unit is a catalytic
cracking unit and said workup is performed by using equations that relate to a catalytic
cracking unit, including bed fluidization, catalyst circulation, catalyst additions, cracking

estimations, catalytic cracking emissions and regeneration and others.

21.  The method of claim 1 wherein said petroleum processing unit is a lubes unit and
said workup is performed by using equations that relate to lubricating oil units, including
extract and raffinate efficiency, composition impacts of qualities such as wax, additive

use, and performance limits that impact qualities and others.

22.  The method of claim 1 wherein said petroleum processing unit is a reforming unit
and said workup is performed by using equations that relate to a reforming unit, including
catalyst performance, recycle gas quantity and quality, regeneration effectiveness, and

others.

23. The method of claim 1 wherein said performing step is carried out by including

equations in the data workup that relate to the petroleum processing unit.





