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Process Safety Management 
of Highly Hazardous & 
Explosive Chemicals 

Mechanical Integrity  
What Does it Actually Mean? 

Remember… 
 

Maintain System Integrity 
Protect the People 
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The Mechanical Integrity Process 
Summary 

Hazard Assessment  

(If over TQ, Must 
Proceed) 

Develop Toxicity 
Information on 
Chemical & 
Technology in 
Covered Process 

Develop information 
the Equipment in the 
Process 

Block Diagram P&ID 

Obtain Mechanical 
Integrity Information 

Develop Inspection/
Testing/Maitenance 
Procedures 

Remember: Must be Able to 
Track Equipment Throughout 
the Entire Program 
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Why Mechanical Integrity?  
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Why Follow Mechanical Integrity 
Requirements: 

Current OSHA NEP Inspection Results - Citations Issues 

n 100 Citations - Operating Procedures 
n   94 Citations - Mechanical Integrity 
n   86 Citations - Process Safety Information 
n   40 Citations - Management of Change 
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Bhopal gas leak (India), 1984 
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The Bhopal disaster is considered the worst disaster in modern history.  
 
On the night of December 2, 1984, at the Union Carbide Pesticide Plant in Bhopal,  
water entered a tank containing 42 tons of methyl isocyanate (MIC) causing a 
 leak of gas and other chemicals.  
 
MIC is an hazardous chemical element, highly reactive, in particular with water.  
 
A gas cloud was formed, and since it was denser than the surrounding air. 
It stayed close to the ground, causing the injuries of hundreds of  
thousands of people. 
 

Bhopal gas leak (India), 1984 

Directive 82/501/EEC 
(Seveso I) 

Directive 96/82/EC 
(Seveso II) 

Seveso (I) 
Luglio 1976 

Beek (NL) 
Novembre 1975  

Bhopal (India) 
Dicembre 1984 

Mexico City (MEX) 
Novembre 1984 

Basel (CH) 
Novembre 1986 

Seveso (I) 
Luglio 1976 

Beek (NL) 
Novembre 1975  

Mexico City (MEX) 
Novembre 1984 

Chernobyl (UA) 
April 1986 

Flixborough (UK) 
Giugno 1974 

Bhopal (India) 
Dicembre 1984 

World Wide Accidents 

“Seveso II” Amendment 
(2003/105/EC) 

Enschede (NL) 
Maggio 2000 

Toulouse (F) 
Settembre 2001 

Buncefield (UK)  
Dicembre 2005 

Baia Mare (RO) 
Gennaio 2000 

Basel (CH) 
Novembre 1986 

BP oil spill (Mexico)  
2010 

World Wide Accidents 
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Mechanical Integrity 
1910.119(j) 

Application. Paragraphs (j)(2) through (j)(6) of this 
section apply to the following process equipment: 

Pressure vessels and storage tanks, Piping systems 
(including piping components such as valves), Relief 
and vent systems and devices, Emergency shutdown 
systems, Controls (including monitoring devices and 

sensors, alarms, and interlocks) and pumps 

Mechanical Integrity 
1910.119(j) 

 
 

Application. Paragraphs (j)(2) through (j)(6) of this section apply to the following 
process equipment: Pressure vessels and storage tanks, Piping systems (including 

piping components such as valves), Relief and vent systems and devices, 
Emergency shutdown systems, Controls (including monitoring devices and sensors, 

alarms, and interlocks) and pumps 

 

Written procedures. The employer shall establish and implement written 
procedures to maintain the on-going integrity of process equipment. 

 

"

12 

Mechanical Integrity 
1910.119(j) 

 

 

Inspections: Inspections and tests shall be performed on process equipment. 
Inspection and testing procedures shall follow recognized and generally accepted 

good engineering practices. 

 

Quality Assurance: In the construction of new plants and equipment, the employer 
shall assure that equipment as it is fabricated is suitable for the process application 
for which they will be used.  Appropriate checks and inspections shall be performed 

to assure that equipment is installed properly and consistent with design 
specifications and the manufacturer's instructions. 
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Mechanical Integrity 
Equipment information should be obtained including the following: 
 
n  Piping system components include any mechanical device that is 

installed in-line in the piping system and is exposed to PSM-covered 
materials inside the piping e.g., filters, strainers, flanges, gasket 
materials, valves of all kinds and mechanical portions of 
instrumentation.  

n  Pressure vessels that are not registered vessels and are operated at 
less than 15 psig should also be included in the MI program if they 
contain PSM-covered materials.  

n  Heat exchangers are either pressure vessels or components in a 
piping system and therefore should be part of the MI program if they 
cool or heat PSM-covered materials.  

n  Relief and vents systems and devices include all components that are 
used to control pressure e.g., relief valves, rupture disks, conservation 
vents, vent systems, vacuum breakers and flares.  

Mechanical Integrity 

n  Controls also include mechanical systems or devices that are intended 
to terminate or regulate exothermic reactions, pressure transients or 
other types of process safety scenarios, or to mitigate the results of 
such a scenario , e.g., a water curtain or quench system. Controls 
might also include local instrumentation to help operators handle 
abnormal conditions. The 2004 version of ISA Standard S84.01 
recognizes manual actions as valid components of safety instrumented 
functions (SIFs).  

n  Pumps include all rotating machinery containing or exposed to PSM-
covered materials, e.g., pumps, compressors, fans, blowers and 
agitators. It would also include any non-rotating machinery, such as an 
eductor, that is used to move PSM-covered fluids.  

Mechanical Integrity 
n  However, you also should seriously consider adding to the MI program 

other equipment types that impact process safety. Examples include:  
 

n  employee alarm systems;  
 

n  structural and civil systems (including foundations,  
n  anchor bolts, supports, pipe hangers, pipe bridges, etc.) that support the 

weight or movement of equipment otherwise included in the MI program;  
 

n  key utility or service systems or components for equipment included in the 
PSM program, including electrical power, air, steam, nitrogen/inerting, 
cooling water, refrigeration/chilling, explosion suppression, quenching, 
etc., where the utility failure could contribute to a process safety scenario 
or prevent properly a covered process release scenario. 
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Mechanical Integrity 
•  It’s not just the OSHA Standard -There’s More 
•  OSHA Compliance Directive on PSM - Clarifies how OSHA will apply the law 

•  Over 275 OSHA Letters of Interpretation - These are letters that OSHA 
issues to clarify how the standard will apply based on questions they 
receive 

•  Incorporated by reference standards in 1910.6 including ANSI, ASTM, 
CGA, NFPA and other codes specifically stated in the standard 

•  Governing Codes - More up to date codes with more requirements thatn 
just the incorporated be reference standards above including: ANSI, 
ASTM, CGA, NFPA, AISC and many others!

•  Recognized And Generally Accepted Good Engineering 
Practice" (RAGAGEP) 

•  Best practices such as Center for Chemical Process Safety (CCPS) 

•  The Employer has developed the MI program to comply with all of 
these. 

 

"

Mechanical Integrity & The 
Center for Chemical Process 

Safety (CCPS) 
http://www.aiche.org/ccps 

 Center for Chemical Process 
Safety (CCPS) 

n  AIChE established the 
Center for Chemical 
Process Safety in 1985 
to Focus on 
Engineering and 
Management Practices 
That Help Prevent and 
Mitigate Catastrophic 
Process Safety 
Accidents.  

Video: Oklahoma Refinery Fire 
2012 
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Mechanical Integrity & CCPS 
The Primary Process Steps 

 n  Selecting Equipment Covered"
n  Inspection & Testing"
n  MI Specific Training"
n  MI Procedure Development"
n  Quality Assurance 
n  Equipment Deficiency Management 
n  Equipment Specific Integrity Programs 
n  MI Program Development 
n  Risk Management Tools 
n  Continuous Improvement of MI Program 
"

Mechanical Integrity & CCPS 
CCPS contains provisions for enhanced MI control systems 

New equipment design, fabrication and installation - During this phase, 
activities focus on ensuring that new equipment is suitable for its intended 
service; therefore, many of the activities in this phase are directly related to the 
QA activities for the early part of the equipment life cycle 

Inspection and testing - During this phase, activities focus on ensuring the 
ongoing integrity of equipment or functionality of equipment safeguards for a 
specified inspection and testing interval 

Preventative Maintenance -  During this phase, activities focus on preventing 
premature failure of the equipment and its components, and can include 
performing servicing tasks (e.g.,lubrication) and/or inspecting and replacing 
components that are subject to wear 

Repair - During this phase, activities focus on responding to equipment 
failures, and repairing and returning equipment to service in a condition 
suitable for its intended use 

 

MI – The Process You Should 
Expect to See 

21 
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The Mechanical Integrity 
Process 

n In Order to Maintain System Integrity, We 
Must Assemble: 

n Block Flow Diagrams 
n P&ID’s 
n Mechanical Integrity Information 
n Quality Assurance Information 

Let’s Review The Process... 

22 

Remember - Block Diagram 

Piping & Instrumentation Diagram - P&ID 
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Piping & Instrumentation Diagram - P&ID 

Identify Each Component on the P&ID… Then… 

n  Mechanical Integrity 
information 
n  Must be Obtained for Each 

Component of the Process 
n  Must be Marked with Location 

Numbering System that 
Follows Form 

n  Tracked Throughout the PSM 
Program 

n  Compliance with Good 
Engineering Practices is 
Acceptable 

 

Mechanical Integrity 

n  Mechanical Integrity 
information  Can Be: 
n  ASME information for 

Vessels & Pipes 
n  ASTM Specification Sheets 
n  ANSI Specification Sheets 
n  NFPA 70E Classified Wiring 

Specification Sheets 

Mechanical Integrity 
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 Design Codes & Mechanical 
Integrity 

n Design Codes Drive 
Many Times Drive 
Mechanical Integrity / 
Inspection & Testing & 
Quality Assurance 

Advanced MI You Might 
Expect to See 

29 

Mechanical Integrity 
Mechanical Integrity Information should 

be obtained on assets including the 
following: 

n  Piping system components including 
n Filters, 
n Strainers 
n Flanges 
n Gasket materials 
n Valves  
n Mechanical portions of 

instrumentation 
n  Pressure vessels  
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Mechanical Integrity 
Mechanical Integrity Information should be 

obtained on assets including the following: 
n  Heat exchangers 
n  Relief and vents systems such as  

n Relief valves 
n Rupture disks 
n Conservation vents 
n Vent systems 
n Vacuum breakers  
n Flares.  
n Reference: ASME, API, NFPA,NBBPVI, 

ANSI K61,1, FM, UL and ASTM 

Mechanical Integrity 
n  Controls also include mechanical systems or devices 

that are intended to terminate or regulate the covered 
process 

n  The 2004 version of ISA Standard S84.01 recognizes 
manual actions as valid components of safety 
instrumented functions (SIFs).  

n  Pumps Include: 
n  Pumps of All Types 
n  Compressors, 
n  Fans 
n  Blowers  
n  Agitators 
n  Eductors 

Mechanical Integrity 
n  However, you also should consider 

adding to the MI program other 
equipment types that impact process 
safety. Examples include:  
 
n Employee alarm systems 

 
n Structural and civil systems 

including  
n Foundations 
n Anchor bolts 
n Pipe hangers & bridges 
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Mechanical Integrity 
Continuing Examples Include 
n Key utility or service systems 
including 

n In House Electrical Power 
n Air & Steam Systems  
n Nitrogen/inerting 
Systems,  

n Cooling Water 
n Refrigeration/Chilling 
n explosion suppression 
n Electrical Systems - 
NFPA, IEEE 446, NFPA 
111, NFPA 70 

Text 

Mechanical Integrity & CCPS 

36 

n Additional Examples of Mechanical Integrity 
Information 

36 

Mechanical Integrity 
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38 

39 
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44 

Mechanical Integrity 

n The Documentation 
can be voluminous 

n Digital Storage and 
Management is 
Recommended 

n Tracking Systems must 
be in Place  
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Mechanical Integrity 
n  Consider Using Technology.  Most MI Programs Can Perform 

the Following: 
n  Identification and list of all covered equipment, including piping circuits

n  Completed data sheets and a populated data base for each item

n  Criticality rating with probability and consequence of failure for each item

n  Documented visual inspections with inspection sketches or AutoCAD 

Drawings

n  Field verified and red-lined P&IDｴs

n  Corrosion study to establish failure mechanisms 

n  Process study to identify process systems and conditions for consequence 

analysis

n  Inspection and test plans based on equipment type, failure modes, and 

Criticality Rating

n  Inspection and testing according to the equipment plan

n  Deficiency reports identifying conditions that do not meet the acceptance 

criteria Recommendation Tracking  
n  Updated equipment plans identifying future inspection and testing 

requirements 

Inspection & Testing 
1910.119(j)(4) 

Inspections and tests shall be performed on process equipment. inspection 
and testing procedures shall follow recognized and generally accepted 
good engineering practices. The frequency of inspections and tests of 
process equipment shall be consistent with applicable manufacturers' 

recommendations and good engineering practices, and more frequently if 
determined to be necessary by prior operating experience. The employer 

shall document each inspection and test that has been performed on 
process equipment. The documentation shall identify the date of the 

inspection or test, the name of the person who performed the inspection or 
test, the serial number or other identifier of the equipment on which the 
inspection or test was performed, a description of the inspection or test 

performed, and the results of the inspection or test. 

Inspection & Testing 

n  Inspection & Testing Activities 
Must Conform to the 
Requirements of the Applicable 
Code such as: 
n ASME 
n ANSI 
n ASTM 
n NFPA 
n CGA 
n And Any Other Applicable 

Codes 
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Inspection & Testing & CCPS 

n The CCPS Book 
Contains Many 
Tables that are Useful 
in the Perfomance of 
Design, Inspection & 
Testing 

n Let’s Review Some of 
these Tables... 

Mechanical Integrity & CCPS 

Mechanical Integrity & CCPS 
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Mechanical Integrity & CCPS 

Mechanical Integrity & CCPS 

Mechanical Integrity & CCPS 
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Mechanical Integrity & CCPS 

Inspection & Testing 
n  Comply with all 

Manufacturer’s 
Requirements if 
Acceptable To the Process 

n  If Not, Support Your 
Selected Requirements by: 
n Engineering Analysis 
n Risk Based Inspection 

Process 
n RAGAGEP 
n FMEA 

n Must be Documented 
n CCPS Recommends 

Documentation of the 
Following: 
n  Equipment Identifier 
n  Date Inspection Performed 
n  Description of Task Performed 
n  Results of the Test or Inspection 
n  Fitness for Service Evaluation 
n  Any Parts or Materials Used 
n  Qualification or Certification 

Records for Performing Tasks 
n  Identified Deficiencies 
n  Remaining Life Calcuations 
n  Recommendations on Next Due 

Date of Inspection or Testing 

Inspection & Testing 
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Inspection & Testing & CCPS 
The Key to Effective Inspection & Testing 

n All Inspections & 
Testing Must Be: 
n Documented 
n Completed in the 

Required Time Frame 
in Order to Maintain 
Integrity 

n Tracked to Completion 

Quality Assurance 
1910.119(j)(6) 

In the construction of new plants and equipment, the employer shall 
assure that equipment as it is fabricated is suitable for the process 

application for which they will be used. Appropriate checks and 
inspections shall be performed to assure that equipment is installed 

properly and consistent with design specifications and the 
manufacturer's instructions. The employer shall assure that 

maintenance materials, spare parts and equipment are suitable for the 
process application for which they will be used. 

Quality Assurance & Code 
Compliance 

n  The Design, Installation 
Procedures, Repairs, and 
Temporary Repairs Must Conform 
to the Requirements of the 
Applicable Code such as: 
n ASME 
n ANSI 
n ASTM 
n NFPA 
n CGA 
n Any Other Applicable Codes 
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Quality Assurance & CCPS 
n  CCPS Details that Quality 

Assurance Activities Exist for All 
of The Life Cycle Stages of 
Equipment 
n  Design/Engineering 
n  Procurement 
n  Fabrication 
n  Receiving 
n  Storage & Retrieval 
n  Construction & Installation 
n  In-Service Repairs, Alterations and Re-Rating 
n  Temporary Installations & Repairs 
n  Decommissioning and reuse 
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Quality Assurance 
n  Just Like Inspection & 

Testing 
n  Comply with all 

Manufacturer’s 
Requirements if Acceptable 
To the Process 

n  If Not, Support Your 
Selected Requirements by: 
n Engineering Analysis 
n Risk Based Inspection 

Process 
n RAGAGEP 
n FMEA 

Quality Assurance 

n  For Maintenance 
Operations, Quality 
Assurance Might Also 
Require: 
n  Certified Welders 

n  In the Process to be Welded 
n  AISC Trained Steel Erectors 
n  Other Recognized 

Certifications 
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MI Process & CCPS 
What We Must Consider 

MI Process & CCPS 
What We Must Consider 

Now…What About Risk Based 
Mechanical Integrity? 

 
What is It? 

What Should You Expect to See? 

69 
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RBMI  - Based on API 580/581 
n  Risk-based approaches for inspection and testing of fixed 

equipment for mechanical integrity (API 580/581) and for 
the integrity of Safety Instrumented Systems (ANSI/
ISA-84 -IEC 61511 Mod) are well established.  

n  RBI for pressured fixed equipment is defined by a 
minimum set of requirements in API RP 580 - Risk-Based 
Inspection. RP 580 presents the principals and minimum 
general guidelines for implementing and sustaining an RBI 
program. Much of the technology in its application is 
described in API RP 581 - Risk-Based Inspection 
Technology 

Thomas J. Folk P.E. Lloyd’s Register Capstone, Inc.  

 
 

RBMI – Effective PM 
An effective PM program should:  
n  improve plant reliability and plant safety – a shift away from reactive maintenance 

and the resulting operational issues  

n  provide a rational basis for the development of PM program activities and their 
intervals based on RAGAGEP (Recognized and Generally Accepted Good 
Engineering Practice) or sound engineering and reliability principles  

n  using a structured logical approach that will provide consistent results create and 
document appropriate PM strategies for plant equipment with their basis (including 
targeted damage mechanisms and affected components/parts)  

n  provide risk-based prioritization with resulting improved effectiveness integrate 
EHS and economic driven PM activities  

n  document results and respond to non-conformances found by PM activities via 
appropriate review, repairs, or as PM program revisions  

n  track compliance to the PM activities schedule evaluate program results and 
effectiveness  

n  collect failure data needed to support and update risk-based PM strategies and 
equipment selection for replacements and capital projects.  

RBMI Facts 

n Best-in-class distributions are <10%  
reactive, and ~50% predictive. 

n  Organizations without focus can exceed  
50% in reactive work.  

n The transition from Traditional MI to RBMI 
requires not just a strong PM program, but 
strong planning and scheduling discipline 
among other aspects of an asset-
management program.  

72 
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The Possible Results of RBMI 

n  Reliability of the Process Will Improve 
n  PM Will Move From Reactive to Predictive 
n  The best in class have 30 to 50% lower 

maintenance costs and huge differences in 
on-stream performance.  

78 
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Anatomy of a Disaster 
What Happens When 

Mechanical Integrity Is Not 
Followed 

BP Texas City 

n BP Was Not Following the Requirements of 
PSM 

n System Integrity Was Not Maintained 
n Mechanical Integrity Was Not Followed  

The Result… 

15 Killed        180 Injured       $50.6 Million Fine 
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Mechanical Integrity Primary 
Goal 

               “Maintain System Integrity” 
  

82 

Process Safety Management 
of Highly Hazardous & 
Explosive Chemicals 

Mechanical Integrity  
What Does it Actually Mean? 


