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ABSTRACT 

API RP 580 Risk-Based Inspection was recently issued in the spring of 2002. This 
recommended practice provides the basic elements for developing and implementing a 
Risk-based Inspection (RBI) program. 

This paper will provide an introduction to the background and benefits of RBI as a tool 
for improving equipment reliability and managing asset integrity. The paper will cover 
the elements, data and resources necessary to implement a risk-based inspection program 
and how risk-based inspection fits into an overall plant mechanical integrity program. 



m 
IMPLEMENTING AP I  RP  5 8 0  

R I S K  B A S E D  I N S P E C T I O N  

JOHN A. ALDERMAN, P E , C S P  

R R S  E N G I N E E R I N G  

2525 So~Jh Shore Sl,~d, S,~te 2O6 • Leegue City • Te~s • 77573 • USA 
TEL2813344220 • FAX2813345809 • www.rrsengcom 

mt 

R I S K ,  R E L I A B I L I T Y  A N D  S A F E T Y  E N G I N E E R I N G  

C0~,O.T =~a=l by R~ E,~°.~g,U-¢ Page t 

IZ I N S P E C T I O N  O P T I O N S  

• Don't inspect, fix when equipment fais or breaks 

• Conduct a fullinspectionon all equipment at fixed 
Intervals (primarily vessels, piping Is often 
neglected) 

• Compliance based on codes/standards 

• Condition based approach(likelihood of failure) 

• Risk-based approach 

• Qualitatlv e 
• Sem i-quantitaUve 
• Quantltativ • 
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W H A T  IS RBI? 

• Risk Based Inspection (RBI) is a systematic 
tool that helps facilities make informed 
business decisions regarding inspection and 
maintenance spending 

• System atically evaluates both the probability of 
failure and the associated consequence of failure 

• The probability of failure assessment must be based 
on all forms of deterioration that could reasonably 
be expected to affect the piece of equipment in a 
particular service 
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W H Y  R B I ?  

Most inspectioncodes/standards are based on 
Likelihood of Failure (LOF), not Consequerce of 
Failure (COl=) 

Reduce risk of hbh consequences failures 

Improve the cost-efectiveness of inspection and 
maintenance resources 

Provide a basis for shifting resources from lower 
to higherrisk equipment 

Measure and understand the isks assoclatedwith 
current Inspection pr~rams 
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Measure risk reductionas a result of inspection ~ 
practices i i  [] 
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IZ B A S I C  C O N C E P T  ~l 

L ~ Risk with typical i ~ pection Programs 

iz Rnisk UnSingiRm~z' i .__ 
.a d a o p t "  e d  ~ R e s i d u a l  r i s k  lJl 
i n s p e c t i o n  I I n o t  a f f e c t e d  

t ' r o g r a m  V b y  R B I  

I Level of Inspection Activity ~ 
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IZl B E N E F I T S  O F  A N  RB! P R O G R A M  

• The basic benefits of an RBI program are: 

• The cap ability to define and measure risk, creating a 
powerful tool for managing many of the important 
elements of a process plant 

• A Ilows management to review safety in an 
Integrated, cost-effective manner 

• System atically reduces the likelihood of failures by 
making better use of the inspection resources 

And 
• lm proves the reliability of plant equipment 
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A P I  R P  DEVELOPMENT GROUP 

• Group Composit ion (1997-2002) 

• Ow ner/User representatives from 22 + refining, 
chemical and exploration companies 

• International representation 

.Consultants 
- Consequence modeling expertise 
- Materials/Corrosion engineers 
- NDE specialist 
- MI expertise 

RISK ,  REL IAB IL ITY  AND SAFETY  ENGINEERING 

Page 7 

A P i  5 8 1  PROJECT 

• Project initiated August 1993 with 16 
sponsors 

• 22 sponsor companies as of January 2002 

• Project value of $2,300,000 over 9 years 

• Currently functioning as a user group 
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W R E L A T I O N S H I P  O F  AP!  
D O C U M E N T S  

..~ API RP ~. 
510 

570 Inspection 

I Fitness for ~ 
Service 

Working Joint Industry 
Documents Groups 

. . ~  API RP ~. 
580 (RBI) 

. _ ~  API RP ~. 
579 (FFS) 

Recommended 
Practices 
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IZl R E L A T I O N S H I P  T O  A P i  

C O D E S  & S T A N D A R D S  

• API RP 580 Risk Based hspection has been 
Integrated with 
• A P1510 Pressure Vessel Inspection Code 
• A P1570 In.Service Piping Inspection Code 
• A P1653 Storage Tank Inspection Standard 

• An RBI assessment may be used toincrease or 
decrease inspection intervals 

• RBI assessments shallbe reviewed and approved 
at intervals not to exceed 10 years (AP1510) 

• MOC- The assessment should berepeated each 
time equipment or process changes are made that 
could significantly affect degradation rates or 
cause premature failure (API 610) 

DJ 
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W R E G U L A T O R Y  I S S U E S  

• Some jurisdict ion accepts the following ! 
inspection codes: 
• A P1510 Pressure Vessel Code ~J~J 
oA P1570 Piping Code 
• A P1653 Aboveground Storage Tank 

• RBI is an acceptable practice of establishing 
inspection plans in the latest editions ~!~ 

B! 
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• How will jurisdict ions accept RBI? 

• ASME has RBI for fossil and nuclear power 
industry 

• European consort ium is developing an RBI i~ m 
process 
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• Foreword 

• S e c t i o n  1 - Introduction, Purpose and Scope 

• S e c t i o n  2 - References 

• S e c t i o n  3 - Definitions and Acronyms 

• S e c t i o n  4 - Basic Concepts 

• S e c t i o n  5 - Introduction to Risk Based 
Inspection 

• S e c t i o n  6 - Planning the RBI Assessment 
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m m  OVERVIEW OF AP i  RP 5 8 0  ~ 

• S e c t i o n  7 -  Data and Information Collection /1 

for RBI Assessment  i i  

• S e c t i o n  8 .  Identifying Deterioration 
Mechanisms and Failure Modes 

I • S e c t i o n  9 .  Assessing Probabi l i ty of  Failure ~,;~l! 

• S e c t i o n  1 0 -  Assessing Consequence of  
Failure 

• S e c t i o n  11 - Risk Determination, Assessment  
and Management ~ ~: 
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IS OVERVIEW OF AP!  RP 5 8 0  

• S e c t i o n  12 - Risk Management wi th 
Inspection Activit ies 

• Sec t i on  1 3 .  Other Risk Mitigation Activates 

• Sec t i on  1 4 .  Reassessment and Updating 
RBI Assessments 

• Sec t i on  1 5 .  Roles, Responsibi l i t ies, 
Training and Quali f icat ions 

• Sec t i on  1 6 .  RBI Documentat ion and 
Recordkeeping 

• A p p e n d i x  A - Deterioration Mechanisms 
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IZl PURPOSE 

• The purpose of  API RP 580 is to provide Z 
users wi th the basic elements for developing 
and implement ing a RBI program I 

• An int roduct ion to the concepts and 
principles of  r isk based inspect ion for risk 
management ~!~ 

• Expected outcomes include: 

• Ranking by r i s k  of equipment 

• Detailed inspection plans 

• List of other mitigation measures 
|! • Expected risk after inspection and other mitigation 

implemented 
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m S C O P E  ~ 

• Equipment covered: Z~ 

• Pres sure vessels: all pressure containing components 
• Proce ss piping: pipe and piping components l i  
• Storage tank s: atmospheric and pressurized ==m 

• Rotating equipment: pressure containing components /~ 
• Boilers and heaters: pressurized components 
• Heat ex changers (shells, heads, channels and bundles) ~!! 
• Pres sure relief devices 

• Not covered 

• Instrumentation systems 
• Electri cal 
.Structural 
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m INTRODUCTION TO RB! 

• Types of  assessment  Z 

• Precision vs. accuracy 
I 

• Managing risks 

.Inspections 
• Operational risks 
• Relationship to other in itiatives 1!!!7! 

R I S K ,  R E L I A B I L I T Y  A N D  S A F E T Y  E N G I N E E R I N G  

COP'dl~J~ft" ~'2001 byP.P.S Enelnl-l~b~lk LLC 

•1 LEVELS OF APi  RB! ANALYSIS 

• Level 1 Quafi tat ive R i s k A n a l y s i s -  simple, 
brief pdoritization of eq,lpment 

• Level 2 Semi-Qual i tat ive R i s k A n a l y s i s -  
more accurate, more detailed 
priori6zation and planning 

• Level 3 Qual i tat ive R i s k A n a l y s i s -  most in 
depth analysisincluding reliability 
and flnanclalanalysis 

| |  

! 
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Detail ' 
of RBI 
Analysis ..I.. 

Low ou ittve  70uantta*ve 
RBI emi-Quantitative R RBI j:0 
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INTRODUCTION TO 
RISK BASED INSPECTION 

Data & t Information . -  
Collection 

, L 

~ Co:;~enco ~. 

~)~ P robab i l i t y  o f  
Fa i l u re  

R isk  A s s e s s m e n t  
P rocess  

. . ~  Risk Ranking I 

T 
J ,.spe~uon Pl.. I 

T 
Mitigation I 

(if any) 

I Re'ssm,--," I 
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W KEY QUESTIONS TO ASK 
BEFORE BEGINNING 

• Wi l l  r e g u l a t o r y  j u r i s d i c t i o n  a c c e p t  RBI?  

• Is m a n a g e m e n t  w i l l i n g  to  i nves t  r e s o u r c e s  
to  a c h i e v e  b e n e f i t s ?  

• A re  s u f f i c i e n t  r e s o u r c e s  and  e x p e r t i s e  
ava i l ab le  f o r  a s s e s s m e n t ?  
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RB! ASSESSMENT PLANNING 
• Why is the assessment being done? 

• How will the RBI assessment be carried out? 

• What knowledge and skills are required for the 
assessment? 

• Who is on the RBI team? 

• What are their roles in the RBI process? 

• Wh..._~o is responsible and accountable for what? 

• Which facilities, assets and components are in? 

• What data is to be used in the assessment? 

• When will the assessment be completed? 

• How long will the assessment remain in effect and be 
updated? 

• How will the results be used? 

/1 
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R B !  WORK PROCESS STEPS 

• Define the scope  

• Establ ish t he team 

• Create an equ ip rmnt  l ist  ~ 

• Co l lec t  general  eqdpmen t  data 

• Co l lec t  consequence  data 

• Co l lec t  i ke l ihood / inspec t ion  data 

• Pe r fo rm the  analys is  andval idaUon 

• Develop an inspec t ionp lan  and mi t igat ion opt ions  

• Determine r isk reduce benef i ts  ~ ~ 
r F 
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I DATA AND INFORMATION ~ ~  
COLLECTION FOR RB! 

Genera l  da ta  r equ i red :  

• Type of equ ipment  .Deterioration I 
• Material s of construction mechanisms, rates and Im IB 

severity 
• Inspection, repair and i I  

replacements records ,Personne I densities 

• Process  fluid • Coating, cladding and . . . .  
compositions insulation data 

• Inventory  of fluids .Busines s Interruption 
cost 

• Operating conditions .Equipm ant replacement 
• Safety systems costs • 

• Detection sys tems  .Environmental  
remedlation costs 

i R I S K ,  R E L I A B I L I T Y  A N D  S A F E T Y  E N G I N E E R I N G  
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D A T A  A N D  I N F O R M A T I O N  
C O L L E C T I O N  FOR R B !  

• Data qua l i ty  

• Good quality dat a is critical to the relative accuracy 
of an RBI study 

• Valid ation step is required to review data for errors 

• Experienced personnel are needed for this step 

• The codes  and s tandards  spec i f y  data 
required to c o n d u c t  an RBI s tudy  

• Many o ther  sources  o f  in fo rmat ion  ex is t  in an 
operat ing fac i l i t y  

• Do not  was te  t ime on tr iv ia l  data 
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IDENTIFY ING D E T E R I O R A T I O N  
M E C H A N I S M S  A N D  F A I L U R E  
MODES 

• Leads to loss o f  con ta inmen t  

• Cr i t ical  to success  

• Role of corrosionlm aterials engineer review 

• Understanding NDE and damage mechanisms 

• Im pact of operating conditions 

• Norm el, upset, start-up, shutdown, etc. 

• Understanding operation s vs. chemical and 
mechanical deterioration mechanism identification 
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Z IDENTIFYING DETERIORATION ~.~ 
M E C H A N I S M S  A N D  F A I L U R E  
MODES l~ 

• Categor ized into fou r  (4) types of  damage ~ 
im • Thinning (includes internal and external) 

• Stress corrosion cracking 
• Metallurgical and environmental 
• Mechanic al 

• Refer to Append i x  A in RP 580 for  s u m m a r y  
o f  damage causes 

• AP1571 is being developed and w i l l  prov ide ~ 
more detai led gu idance on damage R 
mechan isms  
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I Damage 
Mechanisms 

i 

I 

High 
Thinn ing Temperature 
Module Hydrogen 

Attack 

Stress 
Corrosion 
Cracking 

Furnace 
Tubes 

I |t 
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M e t a l l u r g i c a l  

Damage 
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W ASSESSING PROBABILITY OF ~ 
FAILURE ( P O F )  

/ 
• Probab i l i t y  o f  spec i f i c  scenar io :  i 

• From a loss of containment due to a deterioration ~ 
mechanism 

• POF x Probability of scenario = Probability of 
specific consequence 

• Should address all possible failure mechanisms ~i !z~ 

• Should address multiple mechanisms considering 
conditions 

• Must be credible, repeatable, well-documented 

• Quantify the effectiveness of the past inspection ad ~i 
maintenance program and a proposed future 
inspection and maintenance program 
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M A S S E S S I N G  C O N S E Q U E N C E S  
OF F A I L U R E  

I |  
l 
/ 

• Loss o f  con ta inmen t  

• Safety and health impact 

• Env ironmental impact 

• Production loss es (business Interruption) 

• Maintenance and reconstruction costs ~ ~!~ 

• Other  func t iona l  fa i lures can be inc luded i 

• Units o f  measure 

• Safety, cost, affected area, environmental, volume of 
fluid release, etc. ~ i  
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CONSEQUENCE OF FAILURE 

• Pred ic t  c loud  size, shape,  concen t ra t i on  

• Uses f l ammab le  ef fect  mode l i ng  for :  

.Fires 

• Explosion s 

• Est imates the tox ic  impac t  

• Post  leak response:  

.Rate the detection, isolation system 

• Program will estimate duration of leak 

• Leak durat ion used in toxic calculation 
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m RISK MATRIX 

5 

~ 4 

1 

B H 
IMedium-High 

I Low Risk I 
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C D E 
CONSEQUENCE CATEGORY 
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RISK MANAGEMENT WITH 
INSPECTION ACTIVITIES 

• Identifying risk management opportunities from RBI 
and probability of failure results 

• Iden t i f y  the  r i sk  d r i ve r  

• I nspec t i on  oppo r t un l t i ee  t h rough  LOF 

• Establishing an inspection strategy based on risk 
assessment 

• Mode  o f  fa l l  ure o f  the  de te r i o ra t i on  mechan i sm  

• T ime  In te rva l  be tween  t he  onse t  o f  de te r i o ra t i on  end  fa i lu re ,  I.e. 
speed o f  de ter  io ra t ion  

• Detec t ion  cspsbi l i  ty  o f  i nspec t io  n techn iqu  • 

• Scope o f  i nspec t io  n 

• F requency  o f  i n spec t i on  

• Use RBI to determine future risk based on various 
inspection options (What-If) 

RISK ,  REL IAB IL ITY  AND SAFETY  ENGINEERING 
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ROLES, RESPONSIBILITIES, 
TRAINING AND QUALIFICATIONS 

• Team leader  / fac i l i ta to r  

• Equ ipmen t  i nspec to r  or  i nspec t ion  spec ia l i s t  

• Data gathering 

• Inspection effectiveness translation 

• Im plemenUng the inspection plan 

• Mater ia ls  and co r ros ion  spec ia l i s t  

• Process spec ia l i s t  

• Opera t ions  and ma in tenance  pe rsonne l  

| |  
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T R A I N I N G  A N D  Q U A L I F I C A T I O N S  

L~ 

• T ra in ing  

.Leaders I t  
- Thorough understanding of risk analysis and of the 

methodology via training, experience or education 

• Support staff 
- Basic RBI methodology training ~i~ ~!! 
- Effective implementation 

• D o c u m e n t  qua l i f i ca t i ons  and t ra in ing  
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iW D O C U M E N T A T I O N  A N D  

R E C O R D K E E P I N G  

• Fu l ly  d o c u m e n t  the assessmen t  

• Type of assessment 

• Team members performing the assessment 

• Timeframe over which the assessment is applicable 

• The inputs and sources used to determine risk 

• Assumptions made during the assessment 

• Risk assessment results (including information on 
probability and consequence) 

• Follow-up mitigation strategy, if applicable, to manage risk 

• The mitigated risk levels (i.e. residual risk after mitigation 
is implemented) 

• Reference to codes or standards that have jurisdiction 
over extent or frequency of inspection 
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IZI I N S P E C T I O N  P L A N  

" A n  i n s p e c t i o n  p l a n  i n c l u d e s  c o n s i d e r a t i o n  

f o r :  

• Wh ich  equ ipm ent  needs i nspec t i on  

• Ident i f ica t ion o f  the m echan i sms  d r i v ing  the 
inspec t ion  

• In terv al for  i nspec t ion  

• Loca t ions  and coverage requ i red 

• Methods / techn iques  to be used for  i nspec t ion  

• In add i t ion  an in spec t ion  p lant  s h o u l d  inc lude:  

- The acceptable limits for the inspection findings 
- Follow-up with f'~ness for service analysis, if necessary 
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m RBi  SCHEDULE & MILESTONES 

• T h e  P r o j e c t  M a n a g e r  m u s t  d e v e l o p  a t i m e l i n e  a n d  

o u t l i n e  t h e  r e q u i r e m e n t s  f o r  t h e  s t u d y  

• Typically, a three (3) month timeline is the minimum 

. . . .  

Equipment Data Col lection ~- 

Risk Analysis and Prioritization 
= =====:=:=::=:¢- .................... ~ ..... 

Inspection Program Improvements 

I 2 I 4 I 6 I 8 
Weeks 
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S U M M A R Y  

• D e t e r m i n e  o b j e c t i v e s  o f  a s s e s s m e n t  

• R e s o u r c e s  f o r  a s s e s s n e n t  

• T y p e  o f  a s s e s s r m n t  - q u a l i t a t i v e  o r q u a n t i l a t i v e  

• W h a t  s o f t w a r e  t o  u s e  

• D a t a  v a l i d i t y  

• I n s p e c t i o n  p l a n s  

• D o c u m e n t ,  d o c u m e n t ,  d o c u m e n t  

• S h o u l d  b e  a n  e v e r g r e e n  p r o c e s s  o f c o n s t a n t  

r e a s s e s s r n e n t  
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