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Three Basic MIMI Activities

1.   1.   Design and buildDesign and build reliability into processreliability into process
equipment and controlsequipment and controls

2.  2.  Inspect / test / maintainInspect / test / maintain the integrity of thethe integrity of the
equipment and controlsequipment and controls

3 Successfully3 Successfully correctcorrect failures and performancefailures and performance3.  Successfully 3.  Successfully correctcorrect failures and performancefailures and performance
degradations as they occurdegradations as they occur

Three Basic MIMI Activities -- By Whom?By Whom?

1.   1.   Design and buildDesign and build reliability into processreliability into process
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3 Successfully3 Successfully correctcorrect failures and performancefailures and performance3.  Successfully 3.  Successfully correctcorrect failures and performancefailures and performance
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3 Successfully3 Successfully correctcorrect failures andfailures and
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Equipment Inspections and Testing

1.  Understand the importance of plant equipment PM
2.  Determine what needs to be maintained
3.  Put in place a system of how it will be maintained
4.  Determine how often tasks need to be performed
5.  Equip with maintenance procedures and training
6.  Document ITMs
7 Correct identified deficiencies7.  Correct identified deficiencies

8.  Equipment-specific issues

Equipment Inspections and Testing

1.  Understand the importance of plant equipment PM1.  Understand the importance of plant equipment PM
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Maintain contain & control measures

Operational Mode:  Normal operationContainContain
& Control& Control

Objective:  Maintain normal operation;      Maintain normal operation;      
keep hazards contained and controlledkeep hazards contained and controlled

Examples of Contain & Control:
– Basic process control system
–– Inspections, tests, maintenanceInspections, tests, maintenance

O t t i i

& Control& Control

Hazards

– Operator training
• How to conduct a procedure or operate a 

process correctly and consistently
• How to keep process within established limits

– Guards, barriers against external forces
– Management of change

“Swiss cheese model”

Contain & 
control measure
failures result in a
higher frequency of
initiating causes and a
proportionally higher riskp p y g
of a major incident.

Image credit: CCPS, “Process Safety Leading and Lagging Indicators,” New York:
American Institute of Chemical Engineers, December 2007, www.aiche.org/ccps. 



Typical loss-of-containment incident

ImpactsImpactsLoss EventLoss Event

HazardsHazards

Typical loss-of-containment incident

ImpactsImpactsLoss EventLoss Event

HazardsHazards

E gE g H dH dE.g., E.g., 
pipepipe
rupturerupture

Hazardous Hazardous 
materialmaterial
releaserelease

Vitally important: Integrity of
primary containment system!

MitigativeMitigative
SafeguardsSafeguardsContainContain NONO

ImpactsImpacts

SafeguardsSafeguards

Loss EventLoss Event

MitigatedMitigatedHazardsHazards

& Control& Control
NONO

PreventivePreventive
SafeguardsSafeguards

UnmitigatedUnmitigated

Maintain preventive safeguards

PreventivePreventive Operational Mode:  Abnormal operation

Loss EventLoss Event

Regain control
or shut down

Objective:  Regain control or shut down; 
keep loss events from happening

Examples of Preventive Safeguards:
–– Operator response to alarmOperator response to alarm
–– Safety Instrumented SystemSafety Instrumented SystemLoss EventLoss Event Safety Instrumented SystemSafety Instrumented System
–– Hardwired interlockHardwired interlock
–– LastLast--resort dump, quench, blowdownresort dump, quench, blowdown
–– Emergency relief systemEmergency relief system



“Swiss cheese model” revisited

Preventive 
safeguard system
failures result in
more or larger holes
in protective barriers and
a proportionally higher riskp p y g
of a major incident.

Image credit: CCPS, “Process Safety Leading and Lagging Indicators,” New York:
American Institute of Chemical Engineers, December 2007, www.aiche.org/ccps. 

Quantification of safeguard reliability

Probability of Failure on Demand (PFD)Probability of Failure on Demand (PFD)

PFDPFDTotalTotal == PFDPFDSensorSensor +  PFD+  PFDLogicSolverLogicSolver +  PFD+  PFDFinalElementFinalElement

PFDPFD == 1 1 -- exp (exp ( --PFDPFDSensorSensor == 1 1 -- exp (exp ( --
•• ))

wherewhere = = failure failure 
frequencyfrequency

   f il  d tif il  d ti

Quantification of safeguard reliability

For random failures of repairable components:

failure durationfailure duration = 1/2 (= 1/2 (inspection intervalinspection interval))

PFDPFD == 1 1 -- exp (exp ( --PFDPFDSensorSensor == 1 1 -- exp (exp ( --
•• ))

wherewhere = = failure failure 
frequencyfrequency

   f il  d tif il  d ti

Quantification of safeguard reliability

For a sensor with a failure frequency  = 0.1 / 
year:
Test interval Failure duration Sensor PFD 

Monthly 0.04 yr 0.004 
Annually 0.5 yr 0.05 

Every 5 years 2.5 yr 0.22 
Never ½ (plant lifetime) 0.9 to 1.0Never ½ (plant lifetime) 0.9 to 1.0

 

 



Maintain mitigative safeguards

MitigativeMitigative Operational Mode:  Emergency

Mitigated

Objective:  Minimize impacts

Examples of Mitigative Safeguards:
–– Sprinklers, monitors, delugeSprinklers, monitors, deluge
–– Emergency warning systemsEmergency warning systems
–– Emergency responseEmergency response

ImpactsImpacts
Unmitigated

Emergency responseEmergency response
–– Secondary containment; diking/curbingSecondary containment; diking/curbing
–– Discharge scrubbing, flaring, treatmentDischarge scrubbing, flaring, treatment
–– Shielding, building reinforcement, havenShielding, building reinforcement, haven
–– Escape respirator, PPEEscape respirator, PPE

Equipment Inspections and Testing

1.  Understand the importance of plant equipment PM
2.  Determine what needs to be maintained2.  Determine what needs to be maintained

What equipment needs to be maintained?

From a hazard perspective:
All i h i l MAJORAll equipment that contains or controls MAJOR 
HAZARDS, or safeguards against loss events if 
their loss of containment or control does occur.

• Toxic/corrosive/asphyxiating materials
• Flammable/combustible materials
• Reactive/thermally sensitive materials

All equipment that contains or controls MAJOR 
HAZARDS, or safeguards against loss events if 
their loss of containment or control does occur.

• Reactive/thermally sensitive materials
• Intentional chemical reactions
• Potential chemical incompatibilities
• Physical hazards (high pressure, liquefied gas…)

From a consequence perspective:
All i h if i f il d ld l i

What equipment needs to be maintained?

All equipment that, if it failed, would result in 
MAJOR LOSS OR INJURY, or would eliminate 
a safeguard against the major loss or injury 
consequence.

• Severe personnel injury or fatality
• Significant environmental damage

All equipment that, if it failed, would result in 
MAJOR LOSS OR INJURY, or would eliminate 
a safeguard against the major loss or injury 
consequence.

Significant environmental damage
• Significant community impact
• (Major property damage or product loss)
• (Major business interruption)



Typical examples:Typical examples:

What equipment needs to be maintained?

• Fixed equipment
– Process tanks / vessels
– Process piping + piping 

system components 
(valves, check valves…)

– Relief and vent systems

• Instruments & electrical
– Controls
– Shutdown systems
– Power systems

• Emergency equipmenty

• Rotating equipment
– Pumps
– Compressors

– Detection, suppression, 
fire protection systems

– Diking and drainage
– etc.

What about What about utilitiesutilities??

What equipment needs to be maintained?

(steam, cooling water, nitrogen, compressed air, etc.)(steam, cooling water, nitrogen, compressed air, etc.)

• Include all utilities that, if system components 
(including piping) fail, could cause a major incident 
or is used to protect against a major incident.

• Examples:
– Water used to cool an exothermic chemical reaction
– Nitrogen used to exclude oxygen from the head space 

of a tank containing a flammable liquid
– Compressed air used to close a safety shutdown valve
– Steam / process heat exchanger

Aids in determining what must be inspected / tested / Aids in determining what must be inspected / tested / 
maintained:maintained:

What equipment needs to be maintained?

maintained:maintained:

• Codes and standards
–– E.g., all pressure vessels, all emergency reliefsE.g., all pressure vessels, all emergency reliefs
–– E.g., combustion safeguardsE.g., combustion safeguards

•• Manufacturers’ recommendationsManufacturers’ recommendations

•• Process hazard analysesProcess hazard analyses
–– Look at all equipmentLook at all equipment--failure initiating causesfailure initiating causes
–– Look at all safeguards credited as being in place, Look at all safeguards credited as being in place, 

including e.g. check valves, sensors / alarmsincluding e.g. check valves, sensors / alarms

Outcome of this step:Outcome of this step:

What equipment needs to be maintained?

“Critical Equipment List”“Critical Equipment List”
•• Inventory of all equipment and controls to be Inventory of all equipment and controls to be 

included in the mechanical integrity programincluded in the mechanical integrity program

•• Grouped by equipment typeGrouped by equipment type

•• Listed using unique identifiers e g serial numbersListed using unique identifiers e g serial numbers•• Listed using unique identifiers e.g. serial numbers Listed using unique identifiers e.g. serial numbers 
and specific process / locationand specific process / location

•• Computerize in a database (or spreadsheet)Computerize in a database (or spreadsheet)



Centrality of critical equipment list to MI

DecideDecide
what to includewhat to include

STARTSTART Critical Critical 
EquipmentEquipment

Equipment
taxonomy Inspection,Inspection,

Testing andTesting andwhat to includewhat to include
in programin program

Document of 
exclusion
justifications

IncludeInclude

ExcludeExclude

Equipment
files

Spare parts
and materials
list

Equipment Equipment 
ListList

taxonomy

MaintenanceMaintenance
ManagementManagement
System (System (MMSMMS))

Testing andTesting and
PM ProgramPM Program

Image Credit: DHS Chemical Security Awareness Training

Maintenance
procedures,
SWPs

MI TrainingMI Training
& Certification& Certification

QualityQuality
AssuranceAssurance
ProgramProgramWritten

Mechanical Integrity
Program Development

Equipment Inspections and Testing

1.  Understand the importance of plant equipment PM
2.  Determine what needs to be maintained
3.  Put in place a system of how it will be maintained3.  Put in place a system of how it will be maintained

How will it be maintained?

NECESSARY INGREDIENTSNECESSARY INGREDIENTS

• True management commitment

• Documented program description
– What is to be maintained
– Who is to do it  (qualifications, responsibilities)
– How it is to be done  (requirements, procedures)
– How often it is to be done  (frequencies, changes)

• Maintenance management system
– Work order system
– Activity scheduling
– Spare parts inventory, quality control

MI program implementation overview

StoresSpare parts 

SWPs 

Orders &

Request
work

Scheduling
& Assignment

Work 
Order 

Stores

PM & W/O
Tracking
System

& materials

Maintenance
procedures

Receiving

Maintenanc
e

activity

Records

Data
assessment

Filing Equipment
files



Equipment Inspections and Testing

1.  Understand the importance of plant equipment PM
2.  Determine what needs to be maintained
3.  Put in place a system of how it will be maintained
4.  Determine how often tasks need to be performed4.  Determine how often tasks need to be performed

How often must ITMs be performed?

PRINCIPLES:
• ITM frequencies must be pre-established
• Some frequencies are experience-adjusted
• ITMs must be performed according to schedule

PRINCIPLES:

How often must ITMs be performed?

•• ITM frequencies must be preITM frequencies must be pre--establishedestablished
– Frequencies will vary by equipment type
– Initial frequencies come from various sources

• Authority having jurisdiction
• Codes and standards
• Manufacturers’ recommendations
• Calculated values to meet reliability requirements

PRINCIPLES:

How often must ITMs be performed?

• ITM frequencies must be pre-established
•• Some frequencies are experienceSome frequencies are experience--adjustedadjusted

– Problems found:  Do ITMs more often
– Good experience:  Do ITMs less often if allowed



PRINCIPLES:

How often must ITMs be performed?

• ITM frequencies must be pre-established
• Some frequencies are experience-adjusted
•• ITMs must be performed according to scheduleITMs must be performed according to schedule

– System to schedule and execute ITMs is needed
– Adequate resources must be available
– Management commitment and priority is required!Management commitment and priority is required!

Getting Over the Hump

P ti  +

Frequent
breakdown
maintenance

Preventive +
breakdown
maintenance

Regular
preventive
maintenance

and less
breakdown
maintenance

DISCUSSION

What are some advantages in having less 
breakdown maintenance and more regular 
preventive maintenance?

Equipment Inspections and TestingEquipment Inspections and Testing

1.  Understand the importance of plant equipment PM
2.  Determine what needs to be maintained
3.  Put in place a system of how it will be maintained
4.  Determine how often tasks need to be performed
5.  Equip with maintenance procedures and training5.  Equip with maintenance procedures and training



Maintenance procedures and training

PRINCIPLES:

• Prepare written procedures to maintain equipment
– Basic craft skills are assumed
– Unique activities may require one-time procedures
– Make procedures consistent with RAGAGEPs
– Use standardized procedure format

Maintenance procedures and training

PRINCIPLES:

• Prepare written procedures to maintain equipment

• Train maintenance personnel to safely perform ITMs
– Ensure basic craft skills by hiring, testing and training
– Include safety procedures and safe work practices
– Include awareness of process hazards and potential 

consequencesconsequences
– Establish necessary qualifications to perform critical 

and specialized tasks
– Train and re-train in consistently performing tasks 

according to the written procedures 

Equipment Inspections and TestingEquipment Inspections and Testing

1.  Understand the importance of plant equipment PM
2.  Determine what needs to be maintained
3.  Put in place a system of how it will be maintained
4.  Determine how often tasks need to be performed
5.  Equip with maintenance procedures and training
6.  Document ITMs6.  Document ITMs

Document ITMs

ITM documentation will be equipment-specific.

Examples:

• Storage tank external visual inspection checklist

• Piping system thickness measurement locations 
(TMLs), test description and measurement results

• Compressor vibration monitoring charts, results



Document ITMs

ITM documentation will be equipment-specific.

COMMON ELEMENTSCOMMON ELEMENTS:
• Date of the ITM activity
• Person’s name who performed it
• Serial number or other unique equipment identifier
• Description of the ITM activity• Description of the ITM activity
• ITM results

– “As-found” condition
– “As-left” condition

Additionally:
• Document any 

incipient problems
• Provide sufficient 

detail to inform 
any decision on 
increasing or 
d i ITMdecreasing ITM 
frequency

Equipment Inspections and TestingEquipment Inspections and Testing

1.  Understand the importance of plant equipment PM
2.  Determine what needs to be maintained
3.  Put in place a system of how it will be maintained
4.  Determine how often tasks need to be performed
5.  Equip with maintenance procedures and training
6.  Document ITMs
7 Correct identified deficiencies7 Correct identified deficiencies7.  Correct identified deficiencies7.  Correct identified deficiencies

Working definitions

DeficiencyDeficiencyDeficiencyDeficiency
=  departure outside predetermined

acceptable limit

FailureFailure
= no longer performing intended function=  no longer performing intended function



Working definitions

DeficiencyDeficiencyDeficiencyDeficiency
=  departure outside predetermined

acceptable limit

Example:
• A restricting orifice is taken out and inspected 

once every 6 monthsonce every 6 months
• The predetermined acceptable limit for orifice 

enlargement due to erosion is that the orifice 
diameter must be no larger than 10 mm

• If the orifice diameter is > 10 mm, a deficiency 
exists

Working definitions

DeficiencyDeficiencyDeficiencyDeficiency
FailureFailure

Example:
• A spring-operated relief valve can fail to open 

due to corrosion or inlet blockagedue to corrosion or inlet blockage

• The same relief valve can fail to hold pressure 
and open prematurely due to a broken spring

(One component, two different failure modes)

Working definitions

DeficiencyDeficiencyDeficiencyDeficiency
=  departure outside predetermined

acceptable limit

FailureFailure
= no longer performing intended function=  no longer performing intended function

((NoteNote: All failures are deficiencies, but not all : All failures are deficiencies, but not all 
deficiencies are failures)deficiencies are failures)

Deficiency corrections

OPTIONS:OPTIONS:

• BEST:  Correct deficiency before re-starting while 
system is shut down (e.g., replace corroded pipe)

• OK:  Correct deficiency right away while system is in 
operation, if it can be done safely (e.g., switch over to 
on-line spare pump, fix bad pump, switch back)

• OK:  Wait to correct deficiency until next scheduled 
shutdown AND put extra control measures in place
(e.g., exclude personnel from area; do extra level checks)

• NOT OK:  Operate with deficient equipment



Deficiency corrections

ALL TOO COMMON:ALL TOO COMMON:

• Hire an inspector

• Receive the inspection report

• The report documents equipment deficiencies 
and the inspector’s recommended actions

• The report gets filed without any action takenThe report gets filed without any action taken

Make sure your MI program ‘closes the loop’ Make sure your MI program ‘closes the loop’ 
on on correcting identified deficienciescorrecting identified deficiencies!!

Equipment Inspections and TestingEquipment Inspections and Testing

1.  Understand the importance of plant equipment PM
2.  Determine what needs to be maintained
3.  Put in place a system of how it will be maintained
4.  Determine how often tasks need to be performed
5.  Equip with maintenance procedures and training
6.  Document ITMs
7 Correct identified deficiencies7.  Correct identified deficiencies

8.  Equipment8.  Equipment--specific issuesspecific issues



Equipment-specific issues

•Fixed equipment
•Relief and vent systems
•Rotating equipment
• Instruments & electrical
•Emergency systems

See CCPS 2006 for more details

Fixed equipment

Primary objective:

Detect weaknesses in, or deterioration of, Detect weaknesses in, or deterioration of, 
primary containment system integrityprimary containment system integrity
(tanks, vessels, piping, heat exchangers, etc.)
– Internal / external corrosion
– Erosion

Pitting– Pitting
– Embrittlement
– Fatigue
– Etc.

Fixed equipment

• Mechanisms often chemical-dependent
H d b ittl t– Hydrogen embrittlement

– Stress-corrosion cracking
– Etc.

• Mechanisms also may be process-specific
– Pressure-dependent
– Temperature-dependentp p

Fixed equipment

• Inspections and tests generally require 
specialized equipment and techniquesspecialized equipment and techniques
– Thickness measurements
– Weld inspections
– etc.

• Trained and certified inspectors
C d t d d ll l• Codes, standards usually apply



Fixed equipment

• Important considerations:
– Corrosion under insulation
– Internal inspections
– Connected utilities
– Deficiency corrections

Fixed equipment

Some types of equipment imperfections to detect:
•• Imperfections arising prior to commissioning and not Imperfections arising prior to commissioning and not 

detected before startupdetected before startup
–– Equipment inadequately designed for proposed dutyEquipment inadequately designed for proposed duty

• Wrong materials specified,
• Pressure ratings of vessel or pipework inadequate,
• Temperature ratings inadequate, etc.

D f i i d i fD f i i d i f–– Defects arising during manufactureDefects arising during manufacture
–– Equipment damage or deterioration in transit or during storageEquipment damage or deterioration in transit or during storage
–– Defects arising during constructionDefects arising during construction

• Welding defects,
• Misalignment,
• Wrong gaskets fitted, etc.

Fixed equipment

(continued)
•• Imperfections due to equipment deterioration in serviceImperfections due to equipment deterioration in service

–– Normal wear and tear on pump or agitator seals, valve packing, Normal wear and tear on pump or agitator seals, valve packing, 
flange gaskets, etc.flange gaskets, etc.

–– Internal and/or external corrosion, including stress corrosion Internal and/or external corrosion, including stress corrosion 
crackingcracking

–– Erosion or thinningErosion or thinningErosion or thinningErosion or thinning
–– Metal fatigue or vibration effectsMetal fatigue or vibration effects
–– Previous periods of gross maloperation; e.g., furnace operation at Previous periods of gross maloperation; e.g., furnace operation at 

above the design tube skin temperature (“creep”)above the design tube skin temperature (“creep”)
– Hydrogen embrittlement

Fixed equipment

(continued)
•• Imperfections arising from routine maintenance or minor Imperfections arising from routine maintenance or minor 

modifications not carried out correctlymodifications not carried out correctly
–– Poor workmanshipPoor workmanship
– Wrong materials
–– Etc.Etc.

Reference: Guidelines for Vapor Release Mitigation
(New York: American Institute of Chemical Engineers, 1988)



Relief and vent systems

Primary objectives:

Ensure relief and vent system will work when Ensure relief and vent system will work when 
called upon to relieve excess internal pressure called upon to relieve excess internal pressure 
or vacuum; treat relief effluentor vacuum; treat relief effluent
(relief valve, rupture disk, vent valve, header, 
cyclone separator, knockout pot, scrubber, flare, 
thermal oxidizer, etc.), )

• Important considerations:
Al i t i li f bilit hil ti

Relief and vent systems

– Always maintain relief capability while operating
– Detect plugging
– Maintain scrubber/quench fluid levels, potency
– Verify correct reinstallation

Rotating equipment

Primary objectives:

Maintain continuous operation of rotating Maintain continuous operation of rotating 
equipment; ensure availability of standby equipment; ensure availability of standby 
rotating equipmentrotating equipment
(pumps, compressors, etc.)

Rotating equipment

• Primary ITM activities:
f ( )– Vendor-specified PMs (lube, oil level checks, etc.)

– Routine visual inspections
– Incipient failure detection (vibration analysis, oil 

analysis, etc.)
– Periodic switchover to standby systems



Instruments & electrical

Primary objectives:

Maintain continuous operation of controls and Maintain continuous operation of controls and 
power systems; ensure availability of standby power systems; ensure availability of standby 
and emergency shutdown systemsand emergency shutdown systems
(valves, sensors, controllers, power supplies, etc.)

• Primary ITM activities:
f ( )

Instruments & electrical

– Vendor-specified PMs (valve stroking, etc.)
– Routine inspections and readings (voltages, etc.)
– Scheduled functional tests

• Safety shutdown systems: Ensure full functional 
tests, from sensor to final control element

• May require testing part of the system at a time

Emergency equipment

Primary objectives:

Ensure availability of emergency systems and Ensure availability of emergency systems and 
integrity of passive mitigation systemsintegrity of passive mitigation systems
(detection, suppression, fire protection systems; 
diking and drainage; etc.)

• Primary ITM activities:
(

Emergency equipment

– Routine inspections (diking integrity, drain valve 
closed and locked, fire extinguisher checks, etc.)

– Scheduled functional tests
• Firewater system flow tests
• Deluge system tests
• Detectors and suppression system tests
• Etc.



DISCUSSION

•What are some major challenges to having 
a proper inspection and testing program?

•How can these be overcome?How can these be overcome?

Getting Over the Hump

P ti  +

Frequent
breakdown
maintenance

Preventive +
breakdown
maintenance

Regular
preventive
maintenance

and less
breakdown
maintenance

Equipment Inspections and Testing

1.  Understand the importance of plant equipment PM
2.  Determine what needs to be maintained
3.  Put in place a system of how it will be maintained
4.  Determine how often tasks need to be performed
5.  Equip with maintenance procedures and training
6.  Document ITMs
7 Correct identified deficiencies7.  Correct identified deficiencies

8.  Equipment-specific issues


