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Izvod

U ovom radu je predstavijen deo rezultata RBIM imple-
mentacije zasnovane na RIMAP, na primeru 21000 kompo-
nente u rafineriji Pancevo. Dokazano je da se radi o
mocnom alatu za planiranje odrzavanja, poboljsanje
bezbednosti u industriji i smanjenje troskova inspekcije i
odrzavanja do 25%. Usvojene su izmene u srpskim standar-
dima za posude pod pritiskom.

UvOD

RIMAP je skracenica za Procedure inspekcije i odrzava-
nja zasnovane na riziku (Risk based Inspection and Mainte-
nance Procedures) za evropsku industriju. Kako bi se odgo-
vorilo na zahteve velikog broja industrijskih grana (petro-
hemijska, hemijska, ¢eli¢na i energetska), objedinjen pris-
tup planiranju odrzavanju i inspekciji zasnovan na riziku je
razvijen u okviru projekta podrzanog od strane EU, pod
imenom RIMAP (G1RD-CT-2001-03008). Ovaj projekat je
predstavljao zajednicki napor evropskih zemalja da se
razvije sistematska procedura za upravljanje rizikom putem
identifikacije i odredivanja prioriteta aktivnosti vezanih za
inspekciju i odrzavanje. Rezultati RIMAP su sintetizovani u
okviru dokumenta CEN CWA 15470:2008.

Problem koji je uocen se sastojao u tome da je danasnja
praksa planiranja inspekcije i odrZavanja, zasnovana na
tradicionalnim pravilima, veoma skupa. Glavni cilj projekta
je bio da se razvije optimizovan proces u okviru koga su
integrisane procene rizika za bezbednost i ekonomiju. Pret-
hodno je bazirano na pretpostavci da se nova tehnologija za
donosenje odluka zasnovanih na riziku pojavljuje u velikom
broju sektora, i da se pokazala kao veoma efikasan alat.

Ciljevi projekta su bili da se: a) razvije objedinjeni pris-
tup planiranju inspekcije i odrzavanja zasnovan na riziku,
b) definiSu zahtevi vezani za sadrzaj analize, kvalifikacije
osoblja 1 opremu, c) poboljsa isplativost resursa za inspek-
ciju i odrZzavanje, d) uzmu u razmatranje bezbednost, zdrav-
lje, zivotna sredina i poslovni rizik - trenutna praksa se
fokusira isklju¢ivo na bezbednosti, i ¢) iskustveni podaci
sistematski koriste.
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Abstract

Some results of RIMAP based RBIM implementation on
the example of 21 000 components in refinery Pancevo are
presented in this paper. It is proved to be a powerful tool
for maintenance planning, for increasing industrial safety
and decreasing inspection and maintenance costs by 25%.
Changes in Serbian regulations for pressure vessels were
adopted.

INTRODUCTION

RIMAP stands for Risk based Inspection and Mainte-
nance Procedures for European industry. To address a wide
range of industries (petrochemical, chemical, steel works
and power industries), a unified approach to risk based
maintenance and inspection planning is developed in an
EU-supported research project known as RIMAP project
(GIRD-CT-2001-03008). It was a joint European research
project for a systematic procedure to manage risk by identi-
fying and prioritizing inspection and maintenance activities.
RIMAP results are nowadays synthetized in the CEN CWA
15740:2008 document.

The recognised problem was such that current practice to
inspection and maintenance planning is for most industries
based on traditional and prescriptive rules and mostly very
expensive. The main project goal was to develop optimised
process where risk measures for safety and economy are
integrated. Previously it was based on the assumption that
the new technology for taking Risk Based decisions
emerges within a broad range of sectors, and has proven to
be a very efficient tool.

Project goals where to: a) develop a unified approach to
risk based inspection and maintenance planning, b) set the
requirements to the contents of an analysis, personnel quali-
fications and tools, c) improve cost effectiveness of inspec-
tion and maintenance resources, d)consider both safety,
health, environment and business risk - current practice
tends to focus on safety, and e) systematically use the
experience data.
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CEN CWA 15740:2008 sadrzi vezu EU sa americkim
dokumentima kao §to su API 580 ili novi ASME. Ovaj
dokument formuliSe procedure za pristup zasnovan na rizi-
ku, i na taj nacin podrzava optimizaciju operacija i odrzava-
nja (O&M), kao i upravljanja sredstvima. Takode obezbe-
duje jasno definisane i prihvaéene nivoe rizika vezanih za:
bezbednost, zdravlje, zivotnu sredinu i posao/proizvodnju/
funkcionisanje efikasnim metodama koris¢enja resursa za
inspekciju i odrzavanje. Ova metodologija je posvecena
slede¢im aspektima: a) inspekciji i odrzavanju, b) svim
tipovima opreme, npr. posudama pod pritiskom, rotirajucoj
i elektri¢noj opremi, instrumentima i bezbednosnoj opremi,
¢) tehnickim 1 upravljackim aspektima planiranja odrzava-
nja 1 inspekcije, d)upravljanju sredstvima vezanim za
inspekciju, odrZavanje i1 procenu veka elektrana, sistema i
komponenata, i €) proizvodnji i radu.

Razvoj u poslednjih par godina je potvrdio viziju tadas-
njeg RIMAP, a sadasnjeg CEN CWA 15740:2008 pristupa
u smislu: a) uklju€ivanja Odrzavanja fokusiranog na pouz-
danost (Reliability Centered Maintenance - RCM) 1 deli-
micno, Bezbednog Zdravog i Sigurnog okruzenja (Health
Safety Security Environment - HSE/HSSE), b) zajednickom
pristupu razli¢itim granama industrije, i c) integraciji sa
pristupima Pogodnosti za rad (Fit for service - FFS). Euro
Norm (EN) dokumenti ¢e biti razvijeni na osnovu CEN
CWA 15740:2008. Ova aktivnost ¢e biti sprovedena od
strane glavnih partnera CEN CWA 15740:2008 (Bayer,
EnBW, TUV, BZF, Steinbeis Advanced Risk Technologies,
i drugih) i pojedinih novih ¢lanova.

OPSTA RIMAP PROCEDURA

Glavni princip razvoja RIMAP procedure (metodologije)
se sastojao iz planiranja primarnih rezultata RBIM procena
i pristupa upravljanju na nacin koji obezbeduje da se rizici-
ma na nivou sistema i/ili opreme upravlja tako §to se isti¢u
rizici iz HSE perspektive, kao i sa stanovista ekonomije,
/1/. Za svaki korak procedure postoji jasno definisani opsti
tok rada i potrebne veStine za sprovodenje projekta na
odgovarajuci nac¢in. RBIM procedura je smestena u okvir
koji se oslanja na zdrav razum (npr. dobra inZenjerska
praksa ili standardi za industrijske reference) pri susretu sa
opasnim materijalima i situacijama u industriji. Takode,
potrebno je definisati minimalne zahteve za izvodenje i
dokumentovanje RBIM procena kako bi se obezbedilo slaga-
nje sa legalnim ili normativnim propisima i uputstvima.

Procedura obuhvata sledece korake:

* Pocetnu analizu i planiranje (merodavni zakoni, ciljevi
kompanije, zahtevi u ugovoru, dobra praksa, itd.)

* Prikupljanje i verifikacija podataka (definisana ogranice-
nja opreme, kriterijum otkaza, itd.)

* Analiza rizika na viSe nivoa, koja uklju¢uje i RCM
(uglavnom za rotirajucu opremu) i RBI (uglavnom za
stati¢nu opremu)

* Donosenje odluka 1 planiranje aktivnosti (zamena,
inspekcija i odrzavanje zasnovano na trenutnim uslovima,
inspekcija i odrzavanje zasnovani na vremenu, Ispitivanje
regularnih performansi, modifikacija procedura i/ili pobolj-
Sanje discipline (ljudski faktor) vezane za procese, rad i/ili
odrzavanje, korektivno odrzavanje, tj. rad do otkaza, itd.)

INTEGRITET I VEK KONSTRUKCIJA
Vol. 15, br. 2 (2015), str. 79-84

CEN CWA 15740:2008 provides the EU — corre-
spondence to the US documents as API 580 or new ASME
documents. The document formulates the procedure for risk
-based approach, thereby supporting optimization of opera-
tions and maintenance (O&M) as well as asset manage-
ment, ensuring that clearly defined and accepted levels of
risk related to: safety, health, environment and business/
production/operation using resource-efficient methods of
inspection and maintenance. The methodology addresses
the following aspects: a) inspection and maintenance, b) all
types of equipment, e.g. pressure vessels, rotating, electri-
cal, instruments and safety devices, c) technical and control
aspects of maintenance and inspection planning, d) asset
management related to inspection, maintenance and life
assessment for plants, systems and components, and e)
manufacture and operation.

Developments in the last few years have confirmed the
vision of then RIMAP now CEN CWA 15740:2008
approach in terms: a)inclusion of Reliability Centered
Maintenance (RCM) and, partly, Health Safety Security
Environment (HSE/HSSE), b) common approach over
different industry branches, and c) integration with Fit for
Service (FFS) approaches. Euro Norm (EN) documents will
be developed on the basis of CEN CWA 15740:2008. The
action will be pursued by main CEN CWA 15740:2008
partners (Bayer, EnBW, TUV, BZF, Steinbeis Advanced
Risk Technologies ...) and some new members.

GENERAL RIMAP PROCEDURE

The main principle in developing RIMAP procedure
(methodology) was to plan the primary work products of
RBIM assessments and management approach in such a
way that risks at the system and/or equipment level are
managed by highlighting risks from both HSE perspective
and/or from the economic standpoint, /1/. For every step of
the procedure there is a clear address for a generic work
flow and competencies needed to handle projects in an
appropriate manner. RBIM procedure is placed within a
framework which meets common sense (such as good engi-
neering practices or industrial reference standards) in
handling hazardous materials and situations in industry.
Also there is a need to define the minimum requirements
for performing and documenting RBIM assessments in
order to comply with legal or normative regulations and
guidelines.

The procedure includes the following main steps:

* Initial analysis and planning (relevant legislation, com-
pany objectives, contractual requirements, good practices)

* Data collection and validation (defined equipment limita-
tions, failure criteria, etc.)

» Multilevel risk analysis, both RCM (basically for rotating
equipment) and RBI (basically for stationary equipment)

* Decision making and action planning (replacement,
condition-based inspection or maintenance, time-based
inspection or maintenance, regular performance testing,
modification of procedures and/or improvement of disci-
pline (human factor) for processes, operations and/or main-
tenance, Corrective maintenance, i.e. operation to failure,
etc.)
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* IzvrSavanje i prijavljivanje (dan-za-danom implementaci-
ja plana preventivnog odrzavanja, izvrSavanje plana odrza-
vanja, izvrSavanje korektivnog odrzavanja, upravljanje
izuzetnim radnim nalozima, modifikacije, raspodela resur-
sa, itd.)

* Ocena performansi/evergrin faza (priprema aktivnosti za
poboljsanje, izvrSavanje korektivnih mera, upravljanje
promenama, istraga o incidentima, obuka, itd.)

Za svaki od gore navedenih koraka se moraju definisati
slede¢i elementi: a) opsti opis i obim, b) zahtevi, c) ulaz, d)
procedura, e) izlaz i f) upozorenja i ogranicenja primene /1/.

Glavna svrha procedure je optimizacija vremena i upo-
trebe resursa za analize i koncentrisanje na prioritete zasno-
vano na odredivanju rizika (rizik = verovatnoca x posle-
dica). Za odredivanje prioriteta i nivoa (slozenosti) analize
koristi se matrica rizika, koja se pokazala kao uspesno sred-
stvo. Ovo je prikazano na sl. 1. Komponente niske verovat-
noce otkaza i zanemarljivih posledica (mali rizik) su pred-
odredene za korektivno odrzavanje i minimalno nadgleda-
nje, dok za visoko rizicne komponente vazi suprotno.

Po pravilu, broj komponenata niskog rizika je veéi od
broja komponenata visokog rizika, §to nudi moguénost
smanjenja vremena i napora potrebnog za razliCite vrste
ispitivanja, sakupljanja podataka, analiza, itd. Posto jo$ dve
grupe komponenata koje ne zahtevaju potpunu angazova-
nost resursa za potrebe analize.

Primeri iz rafinerije Pancevo

Steinbeis Advanced Risk Technologies su, zajedno sa
timom Naftne Industrije Srbije, izvrsili pregled i analizu
vise od 21.000 komponenata (cela rafinerija) u periodu
2006-2014 uz prekide. RIMAP procedura je primenjena u
kombinaciji sa API 581 standardom koji sadrzi osnovnu
metodologiju i know-how alate. Steinbeis je dizajnirao
mrezni softverski alat koji je usvojen i upotrebljen za speci-
ficne potrebe rafinerije.

Prvi rezultat se ogledao u kreiranju baze podataka o
opremi i komponentama rafinerije. Primer (2) je pokazan na
levoj strani sl. 2. Prethodno je omogucena implementacija
Kompjuterizovanog sistema upravljanja odrzavanjem, kao i
kompletna automatizacija planiranja i izvrSenja kontrole
procesa. Sve komponente su prioritizovane kori§¢enjem
matrice rizika (desna strana sl. 2). Ovo predstavlja osnovu
za definisanje strategija odrzavanja i inspekcije, planiranja i
izvodenja proracuna i simulacija.

» Execution and reporting (day-to-day implementation of
the preventive maintenance plan, execute preventive main-
tenance plan, carry out corrective maintenance, manage
outstanding work orders, modifications, resource allocation,
etc.)

 Performance review/evergreen phase (to prepare improve-
ment tasks, perform corrective measures, management of
change, investigation of incidents, training, etc.).

For each of the above steps the following elements are
defined: a) general description and scope, b) requirements,
¢) input, d) procedure, ¢) output, f) warnings and applicabil-
ity limits, /1/.

Main purpose of the procedure is to optimize time and
resource usage for analyses and to concentrate on the priori-
ties based on risk determination (risk = probability x conse-
quences). For determination of priorities and a level (com-
plexity) of analyses, a risk matrix is used as a successful
tool, as illustrated in Fig. 1. Components with low probabil-
ity of failure and negligible consequence (low risk) are
predestined for corrective maintenance and minimum of
surveillance while the opposite is for high risk components.

It is a rule that low risk components outnumber high risk
components and this offers possibility to decrease time and
effort for different examinations, data gathering, analyses,
etc. There are two other groups of components which do
not require full resource engagement for the analyses.

Examples from refinery Pancevo

Steinbeis Advanced Risk Technologies together with the
Petroleum Industry of Serbia performed examination and
analysis of over 21 000 components (whole refinery) during
the period 2006-2014 with interruptions. RIMAP procedure
together with API 581 standard where the basic methodol-
ogy and know-how tools. Steinbeis designed the web based
software tool that was used and adopted for specific needs
of the refinery.

The first result was the creation of database of refinery
equipment and components. Example (2) is shown on the
left side in Fig. 2. Previously, the implementation of the
Computerized Maintenance Management System is enabled
and a complete automation of the planning and execution
control process. All components are prioritized by using
risk matrix (right side of Fig. 2). This is a basis for setting
maintenance and inspection strategies, plans and perform-
ing calculations and simulations.
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Slika 1. Matrica rizika je alat za odredivanje prioriteta i nivoa (sloZenosti) analize
Figure 1. Risk matrix as a tool for determining priorities and the level (complexity) of analysis.
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Slika 2. Komponente baze podataka i pozicije u matrici rizika / Figure 2. Database components and position in risk matrix.

U ranijim fazama projekta, otkriveno je da matrica rizika
predstavlja mocno sredstvo za uspostavljanje prioriteta
odrzavanja. Primer (2) primene matrice rizika u procesu
donoSenja odluka o zameni odredenog broja pumpi je
prikazan na sl. 3. Inicijalni zahtev je bio da se zameni cela
grupa pumpi, §to je trebalo da kosta preko 1,141 miliona
EUR sveukupno. Nakon analize rizika, zakljuéeno je da
nema potrebe za zamenom 3 pumpe (zeleno) u vrednosti
koja je predstavljala 32% ukupne cene, §to je rezultiralo u
direktnoj ustedi na troskovima. Za 6 pumpi je bilo neop-
hodno ponovno ispitivanje (zuto), a za 2 je odluceno da
budu zamenjene tokom sledeceg remonta. Trenutni rezultat
je bio pozitivan uticaj na protok novca, zahvaljujuci 44%
smanjenja zahtevane sume.

Za samo 4 pumpe (crveno) je podnesen zahtev za hitnu
nabavku. Vrednost kupovine je bila samo 24% ukupne sume.

Dobijeni su ocekivani rezultati u oblasti definisanja stra-
tegija odrZzavanja komponenata. Softver je omogucéio razli-
Cite scenarije simulacija i dao odgovore na pitanja poput:
“kakav c¢e uticaj na troskove odrZavanja imati dodatne
inspekcije komponenata u period pre sledeceg remonta u
poredenju sa daljom eksploatacijom komponente bez dodat-
nih inspekcija. Razlog za dodatne inspekcije lezi u poveca-
noj bezbednosti i smanjenju rizika od otkaza komponenata
usled boljeg poznavanja uslova u kojima rade®. Na sl. 4 je
prikazana graficka ilustracija dobitaka i gubitaka prethod-
nog scenarija, na primeru ploca razmenjivaca toplote na
FCC jedinici, /2/.
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In the early stages of the project it has been found that
risk matrix can be a powerful tool for setup maintenance
priorities. Example (2) of risk matrix usage in the decision
making process about replacement of certain number of
pumps is given in Fig. 3. Initial request from the Operations
was to replace the whole group of pumps valued over 1.141
million EUR in total. After risk analysis, the decision was
not to buy 3 (green) valued 32% of total amount, what was
direct cost saving. Six pumps required re-examination (yel-
low) and 2 pumps (orange) the decision was to replace
them during the next overhaul. The immediate result was a
positive influence on company’s cash flow caused by a
44% reduction of the requested sum.

Only 4 pumps (red) where the subject of an immediate
purchase request. The purchase value was only 24% of the
total sum.

The results obtained are within the area as expected — in
setting up maintenance strategy for components. The soft-
ware allows different scenario simulations and answered
questions like: “how maintenance costs will be influenced
if we add additional inspection of the component in the
period before next overhaul, or if we continue running the
component without additional inspection. Reason for
adding additional inspection is to increase the safety and
decrease the risk of component failure by better knowledge
of its condition”. In Fig. 4, a graphical illustration of gains
and losses for a previous scenario is given on the example
of shells in heat exchangers of the FCC unit, /2/.
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R.Br/No.

Risk/Rizik Equipment/

Oprema

Recommendation/

Value/
Vrednost (€)

Total/Ukupno

Preporuka (€)

Orange/Narandzast GA-1701 Purchase before next overhaul/ 41.520 41.520
GA-2607* Nabavka pre slede¢eg remonta * *
GA-2223/A
GA-2606* 83.039
3 Yellow/Zut GA-305 Re-examination/ & 458.571
GA-501 Ponovni pregled 375.532 (40%)
GA-502
GA-505
GA-2601 h . 369.402
4 Green/Zelen GA-2602 Purchase nof required/ 369.402 (32%)
GA-2608 Nema potrebe za nabavkom

Slika 3. Primer primene matrice rizika u procesu donosenja odluka o zameni
Figure 3. Example of application of risk matrix in the replacement decision making process.

€300,000 -
Components with MAX gain
in NPV when inspected
Komponente sa MAX
dobitkom u NPV pri
pregledu

€200,000

NO gain in NPV when inspected
Komponente prakti¢no bez NPV

Components with practically m Difference  Razlika bez

WITHOUT  pregleda
inspection

dobitaka pri pregledu

= Difference WITH Razlika sa
inspection pregledom

~

€100,000

€0

(€100,000)

(€200,000) -

(€300,000)

Slika 4. Rezultati ispitivanja korisnosti dodatnih inspekcija za odredenu komponentu
Figure 4. Results on how beneficial could additional inspection be for a particular component.

Postoje tri vrste komponenata na sl. 4. Veéina predstav-
lja komponente niskog rizika, kod kojih dodatne inspekcije
ili rad bez istih ne bi napravili nikakvu razliku. Strategija
odrzavanja ovih komponenata je korektivna, sa preventiv-
nim aktivnostima samo tamo gde su obavezne. Drugu grupu
predstavljaju komponente veceg rizika, gde mozemo oceki-
vati dobitke ukoliko izvr§imo dodatne inspekcije. To su
komponente koje zahtevaju strategiju preventivnog odrza-
vanja. Trecu grupu predstavljaju komponente koje moraju
biti zamenjene. Bitno je uociti da takva analiza omogucava
koncentrisanje na komponente gde se mogu ocekivati
poboljsanja uz pomo¢ dodatnih inspekcija i odrzavanja.

Jedno od veoma vaznih razmatranja je bilo vezano za
uspostavljanje optimalne strategije inspekcije definisane
ucestanoscu i obimom (tj. ispitivanje nivoa dubine, oprema
za kontrolu i ispitivanje, kvalifikacije i obim posla inspek-
tora, itd.).

Iskustvo je pokazalo da su inspekcije uglavnom preceste
i preobimne. Razlog za ovo ponekad lezi u zastarelim obave
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There are three types of components in Fig. 4. Majority
are low risk components where additional inspection or
running without them, makes no difference. Maintenance
strategy for those components is corrective with preventa-
tive actions only where they are mandatory. Second group
are higher risk components where we can expect gains if
performing additional inspections. Those are components
for preventative maintenance strategy. Third group are com-
ponents that need to be replaced. It is important to notice
that such analysis allows us to concentrate on components
where improvements can be expected by additional mainte-
nance and inspection efforts.

One of very important considerations was about estab-
lishing an optimal inspection strategy defined by frequency
and scope (e.g. level of depth examination, equipment for
control and examination, qualification and workload of
inspectors).

Experience has indicated that inspections are often over
frequent and over scoped. This is sometimes caused by out
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zama. Primer (2) poredenja cena razlicitih strategija za
jednu komponentu izmedu remonta je dat na sl. 5. Danasnja
praksa je i najskuplja. Skuplja je od strategije inspekcije
koja je u skladu sa sadasnjim propisima zato $to je obim
inspekcije prosiren iz nepoznatih razloga. Strategija inspek-
cije u skladu sa sada$njim propisima, ali sa mogucim izme-
nama, je jeftinija od ostalih. Najisplativija je “RBI optimi-
zovana” strategija. Optimizacija je izvrSena u pogledu i
ucestanosti i obima.

dated obligations. Example (2) for compared costs of differ-
ent inspection strategies for one component during time
between overhauls is given in Fig. 5. Current practice is the
most expensive. It is more expensive than the inspection
strategy according to current regulations because the
inspection scope is extended without a known reason. The
inspection strategy according to current regulations, but
with possible changes, is less expensive than previous. The
most cost effective is the “RBI optimized”. Optimization is
performed both in frequency and scope.

2011

6,000,000 Din.

5,000,000 Din. /
a /
%
S 4,000,000 Din. _—
3
|22]
17
o -
@)

3,000,000 Din.

=== Current practice/Trenutna praksa
2,000,000 Din. /
-— RBI optimized/RBI optimizovano
) According to the current regulation (no scope change)
1,000,000 Din. U skladu sa trenutnom regulativom (bez promene obima)
According to the current regulation (with scope change)
U skladu sa trenutnom regulativom (sa promenom obima)
0Din. T - — -
2009 2010 Inspection year/godina inspekcije
Slika 5. Poredenje troSkova po strategiji inspekcije za 1 komponentu
Figure 5. Comparison of costs per inspection strategy for 1 component.
ZAKLJUCAK CONCLUSION

Rezultati implementacije RBIM zasnovane na RIMAP
na rafineriju Pancevo su pokazali da se radi o mo¢nom
alatu za planiranje odrZavanja, poboljSanje industrijske
bezbednosti i smanjenje troskova odrzavanja do 25%. Na
osnovu ovih rezultata, Srbija planira da uvede metodologije
zasnovane na riziku u pravilnik za inspekcije posuda pod
pritiskom i da prosiri primenu ovih metodologija na oblasti
inspekcije i odrzavanja razli¢itih tehnickih sistema.
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Results of RIMAP based RBIM implementation in the
refinery Pancevo proved that this is a powerful tool for
maintenance planning, increasing industrial safety and
decreasing inspection and maintenance costs up to 25%.
According to these results Serbia is planning to incorporate
risk-based methodology in the rulebook for inspections of
pressure vessels and extend the use of risk-based method-
ologies in the area of inspection and maintenance for differ-
ent technical systems.
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