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, The flange on the lefi is badly corroded and the bolis

are in very poor condition - a leak waiting to happen.
Fortunately, the poor condition was noted durning a
plant inspection and the flange was replaced (as shown
on the right).

The picture on the left shows a corroded control valve.
Could you count on this valve to operate when you
need it? The picture on the right shows the
replacement valve, which, if properly maintained and
tested, is much more likely to function correctly when

needed, AFTER




This picture shows an inprovised pipe suppont

miade from scaffolding. springs and clamps.

Did vou know?

~ In 2004, process safety incidents reported to
the Canadian Chenmical Producers Association
indicate that 25% were caused by problens
with process equipment mechanical imtegrity.

~ Further analysis of the same data shows that
mechanical integrity failure is a cause of up to
50% of the incidents in several years between
1998 and 2003.

# ALL OF US are the first line of defense for
plant integrity issues like the ones shown here.
We are in the plant every day and have the
opportunity to see and report these problens.

#Plan regular plant tours to look for mechanical
integrity problens — such as corroded equipient,
piping and valves, inadequate piping support, small
drips or wet spots around flanges.

~Listen as well as look! For example, does that
punip sound different? If so, perhaps nmintenance

What You Can Do

#But, don’t wait for “official” plamt safety
tours and inspections. Be constantly aware of
visual and other signs of equipment mechanical
integrity problems.

~If you see or hear something that concerns
you, report it promptly and follow-up 1o nuke

should check it in case there is something WIOng.  sure steps are taken to correct the situation.

“You can see a lot just by looking!” (Yogi Berra, New York Yankees)

1 parposes However.
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Three Basic M1 Activities - By Whom?

1. Design and build reliability into process
equipment, controls [ENGINEERING/CONSTRUCTION]

2. Inspect /test / maintain the integrity of the
equipment and controls [PLANT MAINTENANCE]

3. Successfully correct failures and performance
degradations as they occur [PLANT MAINTENANCE]

Three Basic M Activities

Design and build reliability into process
equipment and controls

Inspect / test / maintain the integrity of the

equipment and controls

Successfully correct failures and performance
degradations as they occur
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Three Basic M1 Activities

CSP

. Inspect / test / maintain the integrity of

. Successfully correct failures and

the equipment and controls Focus
of this
module

performance degradations as they occur
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Equipment Inspections and Testing

Understand the importance of plant equipment PM

Determine what needs to be maintained

Put in place a system of how it will be maintained

Determine how often tasks need to be performed

Equip with maintenance procedures and training
—

Document ITMs =
Correct identified deficiencies

No ook whpRE

8. Equipment-specific issues
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Equipment Inspections and Testing

1. Understand the importance of plant equipment PM
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“Layers of
Protection”
between
hazards and
receptors

“ Def:ense
In Depth”

CSP

“Layers of
Protection”
between
hazards and
receptors
MUST BE
MAINTAINED
TO BE
EFFECTIVE

HAZARD

CSP
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A compressed air tank failed, blowing the bottom off of the
tank (1) and sending fragments flying into a concrete wall.
puncturing the wall (2). Investigation following the incident
revealed several serious problems with the condition of the
tank, including severe corrosion and rust at the bottom of the
tank (3), where it failed, and an improper weld repair (4)
which had been made to the tank at some time in the past
Although the weld repair did not contribute to this incident. it
is & symy of I e and inspection, and

1 cuuld have cmm_d atank failure. Fortunately, nobody was in
the area when the tnk faled, and there were no myurnes

What can vou do?
* Look at vessels, piping, and other equipment as you walk through your plant. and report anything which appears to be
corroded or improperly maintained. Include visual inspection of piping, vessels, compressed gas eylinders, and other
equipment in routine safety inspections. Follow up and make sure that problems are corrected,
= Understand the equipment mspection and maintenance program in your plant, and understand yvour role in ensuring that
all activities are completed as required.
* When you do mechanical work that requires removal of insulation from equiy take the opy ity 1o look at the
condition of the equipment and report any cormosion or other pnshlum that you observe. Corrosion under insulation may
be hidden, but mechanical work which requires removal of the insulation provides an opy ity to observe
* Make sure that all welds and other repairs follow all required standards. and meet the urmnml design \pu:uﬂmunm Iur
the equipme
* Assure 1J1.|1 <I|| pressure vessels in \uur p!alll including portable Ian[ru and tanks which are a part of “packaged
[ ion wnits, compressed air systems, ete.), are included in the plam
Y inspection me'r.lm and are being inspected by qualified pressure vessel inspectors. This may
include inspection for internal corrosion at an appropriate frequency.
= Make sure that compressed air tanks and other portable compressed gas evlinders are stored in dry locations to prevent
extemnal rust and comosion.
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Maintain contain & control measures

Contain Operational Mode: Normal operation
& Control

Objective: Maintain normal operation;
keep hazards contained and controlled

Examples of Contain & Control:
! — Basic process control system
— Inspections, tests, maintenance

- — 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
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“Swiss cheese model”

Protective
s iBairiars’
Contain & -
control measure " pE—== Weaknesses
failures result in a (N. o Or Holes
higher frequency of ‘
initiating causes and a ® . My
proportionally higher risk
. . . b Al:t:ldent)
of a major incident. b

D
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C S P American Institute of Chemical Engineers, December 2007, www.aiche.org/ccps. "m Chemical @




Typical loss-of-containment incident

Hazards
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Vitally important: Integrity of
primary containment system!

Contai Mitigative
ontain NO Safeguards
& Control Preventive
Safeguards
Hazards Miigated
o
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Typical loss-of-containment incident
Hazards
¥
& il Loss Event
Elge Hazardous
o material
rupture release
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- Maintain preventive safeguards
Preventive Operational Mode: Abnormal operation
‘ Objective: Regain control or shut down;
Regain control keep loss events from happening
or shut down

Examples of Preventive Safeguards:
— Operator response to alarm
Loss Event — Safety Instrumented System
— Hardwired interlock
— Last-resort dump, quench, blowdown
— Emergency relief system
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“Swiss cheese model” revisited

Protective
\ -~ ‘Barriers’
Preventive 1)

I
safeguard system i‘l Weaknesses
1
|
|
|

failures result in o Or ‘Holes’

more or larger holes ; o
in protective barriers and ,.
a proportionally higher risk 3

_“Accident >

- 2

of a major incident.

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

Quantification of safeguard reliability

Probability of Failure on Demand (PFD)

I:)FDTotaI = PI:DSensor + IDFDLogicSoIver + I:)FDFinaIEIement

— ~
PFDgy oy = 1-exp (-8
.©)

where ‘@z failure

I:::_‘—;F' frequency '&m e @)

N

Quantification of safeguard reliability

For random failures of repairable components:

failure duration = 1/2 (inspection interval)

I:)FDSensor =1- exp (' ‘@
-©)

Where “B=failure

C l5 P frequency S" Chemical @
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Quantification of safeguard reliability

For a sensor with a failure frequency “B=0.1/

year:
Test interval Failure duration Sensor PFD
Monthly 0.04 yr 0.004
Annually 0.5yr 0.05
Every 5 years 2.5yr 0.22
Never % (plant lifetime) 09to 1.0

C 5 P S" Chemical @




Maintain mitigative safeguards

CSP

Mitigative

Operational Mode: Emergency
Objective: Minimize impacts

Examples of Mitigative Safeguards:
— Sprinklers, monitors, deluge
— Emergency warning systems
— Emergency response
— Secondary containment; diking/curbing
— Discharge scrubbing, flaring, treatment

Mitigated .

Impacts

Unmitigated — Shielding, building reinforcement, haven

— Escape respirator, PPE
3.'_ Chemical @

Equipment Inspections and Testing

CSP

2. Determine what needs to be maintained

€ Chemical
P

What equipment needs to be maintained?

CSP

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

e Toxic/corrosive/asphyxiating materials

e Flammable/combustible materials

« Reactive/thermally sensitive materials

e Intentional chemical reactions

« Potential chemical incompatibilities

« Physical hazards (high pressure, liquefied gas...)

5'_ Chemical @

What equipment needs to be maintained?

CSP

From a consequence perspective:
All equipment that, if it failed, would result in
MAJOR LOSS OR INJURY,, o woulld eliimiimaite
a safeguard against the major loss or injury
consequence.

» Severe personnel injury or fatality

« Significant environmental damage

« Significant community impact

* (Major property damage or product loss)

* (Major business interruption)

5'_ Chemical @
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What equipment needs to be maintained?

Typical examples:

« Fixed equipment *Instruments & electrical
— Process tanks/vessels
— Process piping + piping
system components
(valves, check valves...)
— Relief and vent systems * Emergency equipment
— Detection, suppression,
fire protection systems

— Diking and drainage
—etc.

cspP 3'_ Chemical @

— Controls
— Shutdown systems
— Power systems

< Rotating equipment
— Pumps
— Compressors

What equipment needs to be maintained?

CSP

What about utilities?
(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

7

What equipment needs to be maintained?

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

* Codes and standards

—E.g., all pressure vessels, all emergency reliefs
—E.g., combustion safeguards

« Manufacturers’ recommendations

*Process hazard analyses
—Look at all equipment-failure initiating causes

—Look at all safeguards credited as being in place,
including e.g. check valves, sensors / alarms

C 5 P S" Chemical @
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~~  What equipment needs to be maintained?
Outcome of this step:
“Critical Equipment List”
« Inventory of all equipment and controls to be
included in the mechanical integrity program
* Grouped by equipment type
e Listed using unique identifiers e.g. serial numbers
and specific process / location
* Computerize in a database (or spreadsheet)
C ‘5 P S" Chemical @




Centrality of critical equipment list to Ml

SRS Decide Critical Equipment Inspection,
(EEEIES I Equipment |~ “ftaxonomy Ul AERRENN
In program e | |MES PM Program
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' ) ance MI Training
Written = & Certification procedures,

i . Program SWPs
Mechanical Integrity
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Program Development !
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Equipment Inspections and Testing

. Putin place a system of how it will be maintained

5 Chemical
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How will it be maintained?

NECESSARY 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
LSV 4 : ;
cep —Spareparts inventory, quality control
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MI program implementation overview

—_ PM & W/O
q Tracking
work
System

o

Spare parts Orders &
& materials Receiving

Maintenanc
e
activity

Scheduling
& Assignment

Maintenance|
procedures

Records

Equipment
files

Data
assessment
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Equipment Inspections and Testing

CSP

4. Determine how often tasks need to be performed

€ Chemical
P
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How often must ITMs be performed?

CSP

PRINCIPLES:
«ITM frequencies must be pre-established
— 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

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

cs ;. 3.'_ Chemical @
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How often must ITMs be performed?

PRINCIPLES:

* Some frequencies are experience-adjusted
— Problems found: Do ITMs more often
— Good experience: Do ITMs |ess often if allowed

C 5 F' S'_ Chemical @
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How often must ITMs be performed?

PRINCIPLES:

«|ITMs 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!

cspP ﬁ_ Chemical @
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- DISCUSSION
What are some advantages in having less
breakdown maintenance and more regular
preventive maintenance?
E:IS P
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[ 2 .
Getting Over the Hump
Preventive +
Leee® % ee, breakdown
Frequent ,.** maintenance
breakdown .
maintenance Regular
preventive
*eu., maintenance
..'..'ootocooo)
and less
breakdown
maintenance
P '5 = ﬁ_ Chemical @
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Equipment Inspections and Testing

CSP
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Maintenance procedures and training

CSP

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

€ Chemical
P

7

Equipment Inspections and Testing

CSP

6. Document ITMs

Maintenance procedures and training

CSP

PRINCIPLES:

» 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
consequences

— Establish necessary qualifications to perform critical
and specialized tasks

—Train and re-train in consistently performing tasks

according to the written procedures
s.'_ Chemical @
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Document ITMs

CSP

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

5'_ Chemical @
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ITM documentation will be equipment-specific.

Document ITMs

COMMON ELEMENTS:
 Date of the ITM activity
«Person’s name who performed it
* Serial number or other unique equipment identifier
 Description of the ITM activity
*ITM results
—“As-found” condition
—“As-left” condition

cspP S‘_ Chemical @

RELIEF VALVE TEST REPORT

CSP

Additionally:

*Document any
incipient problems

¢ Provide sufficient
detail to inform
any decision on
increasing or
decreasing ITM
frequency

Equipment Inspections and Testing

7. Correct identified deficiencies

C 5 P S" Chemical @

2

Working definitions

CSP

Deficiency

= departure outside predetermined
acceptable limit

Failure

= no longer performing intended function

S" Chemical @
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Working definitions

Deficiency

= departure outside predetermined
acceptable limit

Example:

« A restricting orifice is taken out and inspected
once every 6 months

e 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

CSP

exists oy
3" Chemical @

Working definitions

CSP

Failure

Example:

« A spring-operated relief valve can fail to open
due 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)

3 Chemical @
P,

7

Working definitions

Deficiency

= departure outside predetermined
acceptable limit

Failure

= no longer performing intended function

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

C 5 P S" Chemical @

Deficiency corrections

CSP

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

S" Chemical @




Deficiency corrections

ALL TOO COMMON:
e 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 taken

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

s Chemical @

Beacon

essages for Manufacturing Personnel Year 2010.
Corrosion and Erosion
T
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Mechanical integrity is one of the biggest challenges for s
effective process safety management program. Think abou!
vour plant, there may be hundreds of vessels, thousands of feet of
pipe. and hundreds of pumps, compressors, instruments, and other
equipment. All of it must be kept in good operating condition to
ensure safe, reliable, and profitable operation. Management of
corrosion and erosion of process piping and equipment must be a
major component of any effective mechanical integrity program.
The pictures show some examples of corrosion and erosion
problems which were identified in plant inspections. (1) and (2) -
external corrosion of pipes in a plant; (3) - close up of crosion
damage to the face of a flange; (4) — close up of eroded body and
seat of a gate valve: (5) — erosion damage on the body of a valve,

Equipment Inspections and Testing

8. Equipment-specific issues

Do vou know?
*+ Corrasion is the deterioration of metal by ¢lectro-
chemical reaction with substances or microbes in its
environment. These substances can be process materials
[ a vessel. pipe, or other equipment, or mat
in the outside environment — for example, water, salt, or
contaminants in the atmosphere, The rusting of steel is an
example of corrosion.
= Erosion Corrosion 15 the degradation of matenial surface
due to mechanical action, often by impinging liquid,
abrasion by a shurry, or particles, bubbles, or droplets
suspended m fast lowing liquid or gas,
* Comrosion has been responsible for major losses in the
process industries. For example, in 2006, part of a major oil
field had to be shut down for several months because of
muliiple oil spills resulting from severe pipeline corrosion.

ials

hat can vou do?

* Understand mechanical integrity programs in your plant,
and your role in ensuring that these programs are effective.
* Observe pipes, vessels, and other equipment when you are
working in the plant. Look for st on the outside of
insulated lines and other signs of damaged or corroded
equipment. Follow up 1o make sure that repairs are made,
* If you are taking equipment or piping apart, look for
evidence of corrosion damage — for example, corrosion
under insulation. internal corrosion in pipes or other
equipment. damage to flanges or valves.

* When replacing pipes, valves, or other equipment, be
careful to use the same material of construction.

derstand the comosion and erosion corrosion properties
of the materials in vour plant. and what you must do o
minimize cormosion problems.

e T ™ 4 H. ik
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Equipment-specific issues

TP 4

CSP

*Fixed equipment
*Relief and vent systems
*Rotating equipment
sInstruments & electrical
*Emergency systems

See CCPS 2006 for more details

_Primary objective:

Fixed equipment

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

— Pitting

— Embrittlement

— Fatigue

— Etc.

TP 4
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Fixed equipment

TP 4

CSP

«Mechanisms often chemical-dependent
— Hydrogen embrittlement
— Stress-corrosion cracking
— Etc.
«Mechanisms also may be process-specific
— Pressure-dependent
— Temperature-dependent

\g Chemical @

Fixed equipment

*Inspections and tests generally require
specialized equipment and techniques

— Thickness measurements
— Weld inspections
—etc.

*Trained and certified inspectors
* Codes, standards usually apply

TP 4
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Fixed equipment

CSP

eImportant considerations:
—Corrosion under insulation
—Internal inspections
—Connected utilities
— Deficiency corrections

€ Chemical
P

Fixed equipment

Some types of equipment imperfections to detect:

« Imperfections arising prior to commissioning and not
detected before startup

— Equipment inadequately designed for proposed duty
« Wrong materials specified,
« Pressure ratings of vessel or pipework inadequate,
« Temperature ratings inadequate, etc.

— Defects arising during manufacture
— Equipment damage or deterioration in transit or during storage

— Defects arising during construction
« Welding defects,
« Misalignment,
£ « Wrong gaskets fitted, etc.

cspP 3.'_ Chemical @

Fixed equipment

CSP

(continued)

« Imperfections due to equipment deterioration in service

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

— Internal and/or external corrosion, including stress corrosion
cracking

— Erosion or thinning
— Metal fatigue or vibration effects

— Previous periods of gross maloperation; e.g., furnace operation at
above the design tube skin temperature (“creep™)

— Hydrogen embrittlement

5'_ Chemical @

Fixed equipment

(continued)

« Imperfections arising from routine maintenance or minor
modifications not carried out correctly

— Poor workmanship
— Wrong materials
- Etc.

< Reference: Guidelines for Vapor Release Mitigation
C s P  (New York: American Institute of Chemical Engineers, 1988)
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Relief and vent systems

CSP

_Primary objectives:

Ensure relief and vent system will work when
called upon to relieve excess internal pressure
or vacuum; treat relief effluent

(relief valve, rupture disk, vent valve, header,
cyclone separator, knockout pot, scrubber, flare,
thermal oxidizer, etc.)

b Chemical
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Relief and vent systems

e Important considerations:
— Always maintain relief capability while operating
— Detect plugging
— Maintain scrubber/quench fluid levels, potency
— Verify correct reinstallation

ﬁ 5 p 3} Chemical @
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Rotating equipment

CSP

_Primary objectives:

Maintain continuous operation of rotating
equipment; ensure availability of standby
rotating equipment

(pumps, compressors, etc.)

.ﬁ_ Chemical @

Rotating equipment

e Primary ITM activities:
—Vendor-specified PMs (lube, oil level checks, etc.)
—Routine visual inspections

—Incipient failure detection (vibration analysis, oil
analysis, etc.)
— Periodic switchover to standby systems

:‘ é' F' .ﬁ_ Chemical @
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Instruments & electrical

_Primary objectives:

Maintain continuous operation of controls and
power systems; ensure availability of standby
and emergency shutdown systems

(valves, sensors, controllers, power supplies, etc.)

3 Chemical @
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Instruments & electrical

CSP

e Primary ITM activities:
—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

3 Chemical @
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Emergency equipment
_Primary objectives:

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

C ‘5 P S" Chemical @

Emergency equipment

CSP

e Primary ITM activities:
—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.

S" Chemical @




DISCUSSION

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

*How can these be overcome?

CSP

€ Chemical
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Getting Over the Hump

Frequent ,.**
breakdown
maintenance

CSP

Preventive +
Leee® % ee, breakdown
mqintenance

Regular
preventive
maintenance

MALETTRTTRS N

and less
breakdown
maintenance
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P

Equipment Inspections and Testing

Document ITMs
Correct identified deficiencies

Noook~whPR

8. Equipment-specific issues

CSP

Understand the importance of plant equipment PM
Determine what needs to be maintained

Put in place a system of how it will be maintained
Determine how often tasks need to be performed
Equip with maintenance procedures and training
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