EXAMPLES OF RECOGNIZED AND GENERALLY
ACCEPTED GOOD ENGINEERING PRACTICES

Reference: Guidelines for Mechanical Integrity Systems, Center
Jor Chemical Process Safety of the American Institute of Chemical
Engineers
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ACRONYMS AND ABBREVIATIONS

ACC
ACCP
ACGIH
AIChE
ALARP
ANSI
ALl
ASM
ASME
ASNT
ASTM
AWS

neve

C'CPS
)
'R
1

(|
CMMS
1

LY

B
A

1S

American Chemistry Council

ASNT Central Certification Program

American Conference of Govemnmental Industrial Hygienists
American Institute of Chemical Engineers

as low as reasonably practicable

American National Standards Institute

American Petroleum Institute

American Society for Metals (ASM International)

American Society of Mechanical Engineers

American Society of Non-destructive Testing

American Society of Testing and Materials (ASTM International)
American Welding Society

Boiler aqd Pressure Vessel Code

Center for Chernical Process Safety

causal factor

Code of Federal Regulations

Chlorine Institute

condition monitoring

computerized maintenance management system
chemical process industries

Department of Transportation
electrical and instrumentation

Environmental Protection Agency
emergency shutdown



FFS

M
FMEA
FMECA
FTA

HAZMAT

HAZOP
HI

TIEC
(AR
IPL
ISA
ISO
11PM

LOPA

MI
MOC

NB
NBBPVI
NBIC
NDE
NDT
NEC
NFPA

OEM
OSHA

P&ID
PFD
PHA
PM
Pt
PPE

fitness for service

factory mutual research

failure modes and effects analysis

failure modes, effects, and criticali ty analysis
faull tree analysis

hazardous material
hazard and operability
Hydraulic Institute

International Electrotechnical Commission
International Institute of Ammeonia Refrigeration
independent protection layer

Instrumentation, Systems, and Automation Society
[nternationat Organization for Standardization
inspection, testing, and preventive maintenance

layer of protection analysis

mechanical integrity
management of change

National Board (of Boiler and Pressure Vessel Inspectors)
National Board of Boiler and Pressure Vessel fnspectors
National Board Inspection Code

nondestructive examination

nondestructive testing

National Electric Codc

National Fire Protection Asseciation

original equipment manufacturer
Ocgupational Safety and Health Administration

piping and instrumentation diagram
probability of failure on demand
process hazard analysis
preventive mainlenance

positive material identification
personal protcctive equipment



ACRONYMS AND ABBREVIATIONS

PRV
PSM
PSSR
PSV
PWHT

QA
QC

RAGAGEP
RBI

RCA

RCM
RMP

ROI

kP

SCBA
SCE
SHE
SIF
NIl
SIS
SME

'ML

t,
HpPs
HSCG
N

pressure relief valve
process safety management

- prestartup safety review

pressure safety valve
postweld heat treatment

quality assurance
quality control

recognized and generally accepted good engineering practice
tisk-based inspection

root cause analysis

reliability-centered maintenance

risk management program

return on investment

recommended practice

self-contained brsathing apparatus
safety-critical equipment

safety, health, and environmental
safety instrumented function
safety integrity level

safety instrumented system
subject matter expert

thickness measurement location

Underwriters Laboralories Inc.,
uninterruptible power supply
United States Coast Guard
ultrasonic thickness



Examples of Industry RAGAGEP’s

O1l Refining and Chemical Processing

Accidental Release Prevention Requirements - Risk Management Programs Under the
Clean Air Act, U.S. Environmental Protection Agency's (EPA) standard, 40 CFR 68

APL 510 - Pressure Vessel Inspection Code: Maintenance Inspection, Rating, Repair and
Alteration; 8th ed., Addendum 1 - 12/98, Addendum 2 - 12/2000, Addendum 3 - 12/2001;
and Addendum 4 — 8/2003; American Petroleum Institute (API)

AP1 570 - Piping Inspection Code, American Petroleum Institute, 2nd ed., 10/98,
Addendum 1 - 2/2000, Addendum 2 - 12/01, Addendum 3 - 8/2003; API

API Recommended Practice (RP) 572 — Inspection of Pressure Vessels, 2nd Ed., 2001,
API

APIRP 574 — Inspection Practices for Piping System Components, 2nd Ed., 1998, API

APV(ANSI) Standard (STD) 521 — Pressure-Relieving and Depressuring Systems, Sth
Ed., 2007, API

APIRP 576 - Inspection of Pressure Relieving Devices, 2nd Ed., 2000, API

APIRP 578, Material Verification Program for New and Existing Alloy Piping Systems,
Ist Ed., 1998, API

APIRP 752, Management of Hazards Associated with Location of Process Plant
Buildings, 2nd Ed., 2003, API

APIRP 579, Fitness-for-Service, 2000, API

API Publication 770, A Manager's Guide to Reducing Human Errors, fmproving Human
Performance in the Process Industries, 2001, API

ASME Boiler and Pressure Vessel Code, ASME

ASME B31.3 - Process Piping; ASME

Guidelines for Writing Effective Operating and Maintenance Procedures, CCPS
Guidelines for Mechanical Integrity Systems, CCPS

Guidelines for Engincering Design for Process Safety, CCPS
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Guidelines for Process Safety Documentation, CCPS
Guidelines for Auditing Process Safety Management Systems, CCPS
Guidelines for Facility Siting and Layout, CCPS

Guidelines tor Evaluating Process Plant Buildings for External Fires and Explosions,
CCPS

Safe Design and Operation of Process Vents and Emission Control, CCPS
Plant Guidelines for Technical Management of Chemical Process Safety, CCPS
Guidelines for Investigating Chemical Process Incidents, 2nd Ed., CCPS

NFPA 25 - Standard for the Inspection, Testing, and Maintenance of Water-Based Fire
Protection Systems, NFPA

Dow's Fire & Explosion Index Hazard Classification Guide, 7th Ed., AIChE

Chemical Enomeers Condensed Encyclopedia of Process Equipment, 2nd Ed., 2004,
N.P. Chermisionoff.

Atmospheric Relief, PowerPoint presentation, Bill Banick, ExxonMobil, October 24-25,

2006, 9th Annual Symposium, Mary Kay O'Connor Process Safety Center Texas A&M

University, College Station, Texas

Suafety Bulletin - Positive Material Verification: Prevent Errors During Alloy Stel
Systems Maintenance, BP Texas City, TX Refinery Fire, October, 2006, U.S. Chemical
Safety and Hazard Information Board (CSB)

Accident Investigalions — A New Approach, 1983, National Safety Council

on



Ammonia Systems

B31.5-2001 Refrigeration Piping and Heat Transfer Components. (2001). Prescribes
requirements for the materials, design, fabrication, assembly, erection, test, and
inspection of refrigerant, heat transfer components, and secondary coolant piping.

ASME Boiler and Pressure Vessel Code. (2001). Provides requirements applicable to the
design, fabrication, inspection, testing, and certification of pressure vessels operating at
either internal or external pressures exceeding 15 psig. Contains mandatory and non-
mandatory appendices detailing supplementary design criteria, nondestructive
examination and inspection acceptance standards.

ANSI/ASHRAE Standard 15-2004. Safety Code For Mechanical Refrigeration.

ANSIK-61.1-1989 ~ American National Standard Safety Requirements for the Storage
and Handling of Anhydrous Ammonia.

'TTAR Process Safety Management Guidelines for Ammonia Refrigeration. (1998).
Provides and overview of OSHA's Process Safety Management (PSM) Standard.

[IAR Ammonia Refrigeration Piping Handbook. Provides is a tutorial and reference book
that represents the collective efforts of the most knowledgeable specialists in the
ammonia refrigeration industry.

IIAR Ammonia Data Book. Features resource data essential for the safe and efficient
operation of any ammonia refrigeration facility, Contains a revised chapter on US
regulatory requirements for ammonia and other valuable compliance information about
federal regulations, such as the Community Right to Know Act.

Oil Draining Guidelines. (1996). Describes procedures for safely draining oil from
equipment.

American National Standard for Equipment, Design & Installation of Ammonia
Mechanical Refrigerating Systems. (1999). Applies to closed circuit mechanical
refrigerating systems using ammonia as a refrigerant. Contains information to specity
equipment and machinery room design and installation for ammonia mechanical
refrigerating systems.

[TAR Bulletin #R1. A Guide to Good Practices for the Operation of an Ammonia
Refrigeration System. (1983). A raference document providing users of amimonia
refrigeration with suggested practices for the operation of an ammonia refrigeration
system.



IIAR Bulletin No. 107. Guidelines for: Suggested Safety and Operating Procedures When
Making Ammonia Refrigeration Plant Tie-Ins. (1997, F ebruary). Addresses the need to
approach ammonia refrigeration system tie-ins in a safe and methodical manner. Provides
owners and contractors with a general checklist of safety and logistical items that should
be reviewed when planning system shutdowns and tie-ins. Also provides engineers with
ideas on how and where to design for future connections and taps that can make future
tie-ins easier and safer.

[IAR Bulletin No. 108. Guidelines for Water Contamination in Ammonia Refrigeration
Systems. (1986). Offers insights on where the water can come from and how to minimize
continued infiltration. Provides an analytical approach to quantifying water
concentrations, and recommends apparatus to remove the water.

IIAR Bulletin No. 109. Guidelines for IIAR Minimum Safety Criteria for a Safe
Ammonia Refrigeration System. (1997, October). Embraces an IIAR goal of ensuring
that ammonia refrigeration systems are engineered, constructed and operated in a safe
manner. Provides detailed lists of items to consider when designing, inspecting, or
operating a system. Housekeeping, recordkeeping, code considerations and personnel
safety equipment are some of the safety issues addressed. Also provides inspection
checklist forms for compressors, condensers, evaporators, vessels and heat exchangers to
check system installation against recognized industry safety requirements.

IIAR Bulletin No. 110. Guidelines for Start-Up, Inspection, and Maintenance of
Ammonia Mechanical Refrigerating Systems. (1993, March). Covers ammonia
characteristics and hazards, inspection and maintenance of equipment, start-up issues,
reference standards, safety equipment, and log book record-keeping.

ITAR Bulletin No. 111. Guidelines for Ammonia Machinery Room Ventilation. (1991,
October). Major differences can be found between codes when determining ventilation
requirements for ammonia machinery rooms. This bulletin cuts through the jargon and
provides a practical ventilation design criteria that will satisfy existing code requirements
and improve machinery room safety.

HAR Bulletin No. 112. Guidelines for Ammonia Machinery Room Design. (1998, June).
Summarizes generally accepted industry practice for ammonia machinery rooms, and
references relevant codes and standards where instructive. The recommendations in this
guideline are most applicable to completely new ammonia machinery rooms.

ITAR Bulletin No. 114. Guidelines for Identification of Ammonia Refrigeration Piping
and System Components. (1991, Septernber). Provides a comprehensive ammonia
labeling scheme for companies in need of an identification system that "covers it all."
Offers recommendations on label sizes, colors, installation locations and label material
requirements.

HAR Bulletin No. 116. Guidelines for Avoiding Component Failure in Industrial
Refrigeration Systems Caused by Abnormal Pressure or Shock. (1992, October).

=l



[dentifies three significant factors that can lead to ammonia refrigeration system damage
and personnel injury: trapped liquid, sudden liquid deceleration and vapor propelled
liquid. Also explains the most likely causes for each of these problems and provides
design, operation and servicing tips that can minimize the chances of them occurring.
Offers numerous suggestions on making hot gas defrost operations safer and more
effective.

EPA/CEPPO 550-F-98-017 (1998) - Hazards of Ammonia Releases at Ammonia
Refrigeration Facilities.

EPA/CEPPO 550-F-01-009 (2001) — Hazards of Ammonia Releases al Ammonia
Refrigeration Facilities (Update).



Chlorine

Chlorine Institute Pamphlets — The Chlorine Institute publishes a wide variety of
publications geared for the chlorine industry. The Chlorine Manual is an American
National Standard. Below is an example of some of the manuals or pamphlets available.

The Chlorine Manual 6™ Edition

Pamphlet 63-First aid, medical, management/surveillance and occupational hygiene
monitoring practices.

Pamphlet 65- Personal protective equipment for chlor-alkali chemicals.
Pamphlet 73- Atmospheric monitoring equipment for chlorine.

Pamphlet 82- Recommendations for using 100 and 150 pound chlorine cylinders at
swimming pools,

Pamphlet 85- Recommendations for prevention of personnel injuries tor chlorine
production and use facilities.

Pamphlet 96- Sodium hypochlorite manual.
Pamphlet 151- Training guide for distribution and end-users of packaged chlorine.
Pamphlet 155- Water and wastewater operators’ chlorine handbook.

Pamphlet 164- Reactivity and compatibility of chlorine and sodium hydroxide with
various materials.



Pressure Vessels - RAGAGEP
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TABLE 9-1

RAGAGEPs for Pressure Vessels

. Document
Issuing
Organization Number Title Application
API AP 510 Pressure Vessel Inspection Cade: Covers the maintenance, inspection, repar, alteration, and rerating procedures
Maintenance Inspection, Rating, Repair, for pressure vessels.
and Alteration
API Recommended Inspecticn of Pressure Vessels Covers the inspection of prassure vessels.
Practice (RP) 572
APl ANSV/API 860 Shell-and-Tube Heat Exchangers for Defines the minimum requirements for the mechanical design, material selection,
or Internaticnal General Refinery Services fabrication, inspection, testing, and preparalicn for shipment of shefl-and-tube
Organizalicn for heat exchangers.
Standardization
(ISO) 16812
ASME ASME Cede, ASME Bciler and Pressure Vessel Cede Provides requirements applicable to the design, fabrication, inspecticn, testing,
Section VIl (BPVC), Unfired Pressure Vessals and certificalion of pressure vessels operating at either intemal or external
pressures exceeding 15 psig.
NBBPYI Naticnal Board National Board Inspection Code

(NB)-23

Provides rules and guidelines for in-service inspection of bailers, pressure
vessels, piping, and pressure relief valves (PRVs). Also provides rules for the
repair, alteration, and reraling of pressure-retaining items and for the repair of
PRVs.




Pressure Vessels — Mechanical Integrity Activities
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TABLE 9-13

Mechanical Integrity Activities for Pressure Vessels

New Equipment Design,
Fabrication, and Installation Inspection and Testing Preventive Maintenance Repair
Activity Frequency Activity Frequency Activity Frequency Activity Frequency
Example Activities and Typical Frequencies
*+ Equipment As required for Extemal visual J-year maximum * Aclivities identified | As required to mest + Equipment As required by the
specification, {abrication and inspeclicn from RCM or prevenlive replacement-in-kind condilion of the
Vessel data sheel | installation Thickness % corrosion fife or 10- similar work maintenance schedule | + Unique vessel repair equipment ba§ed on
* Process design measurement yaar maximum planning initialives, | or process monitoring activities such as weld recommendahpq;
requirsments Intemal inspection or | % corrosion fa or 10 such as: needs overlay, alterations, hot lrgm ITPﬁM ac;wlues or
. ’ amal i fon corrosicn life or 10- L i observations from
* M tion : laps, or welding L
geloiagsesclia allzrnatively on- year maximum, ) H°”“f‘e visual attachments 1o the normal operations
+ Vendor/Shop stream inspection (as | thickness surveillance i
Qualfication applicaile) measurement suffices | * Process conditons BESSHIE ROUCEy
* Equipment cesign il corrosion rate s less | monitoring/ Iracking WiPainting )
by manufacturer thar: 5 mils per year + Procass v Insul'atlonIF[reproofmg
¢ Design approval by T = == performance repalr. .
' Welding/Quality degracation modes equipment and rate of ' Slm: fural sggg:;lsand
centrol {GC) plaa {e.g. carresion under | degradation anchoring Systef
approval insulation) repair or renewal
+ Equipment
fabrication
+ Inspecticn
¢ Cocumenlation
preparation
+ Installation/
Cemmissicrifig

Acceptance and

lumcver




TABLE 9-13 (Continued)

New Equipment Design,
Fabrication, and Instalfation

Inspection and Testing

Preventive Maintenance

Repair

Technical Basis for Activity and Frequency

QA practices for pressure vessels

Scheduled with intervals set by the results of
previous activity or at fixed intervals based on
inspection cede (API 510 or Nalicnal Board
Inspection Cade {NBIC]) or jurisdictional
requirements

Company or jurisdictional requirements

Performed when indicated by failure during normal
operations or by the results of ITPM activities

Sources of Acceptance Criteria

ASME PV ccdes for design and fabricalicn, in
conjuriction wilh mcre stringent requirements in
company ergineering standards and in facility-
specific or jurisdictional requirements fer the
pressure beundary

Acceplance criteria frem inspection codes
AP1510, NBIC, andlor jurisdicticnal
requirements. Acceptance criteria for damage
from sgecific degradaticn mades per API AP
579

Company requirements and gocd engineering
practices, couplad with upper and lower safe
limits for process corditions as defined in lhe
prceess salety informaticn (such as pressure,
temperalure, fluid compasition, and velccity
limits)

Design and fabrication codes: ASME PV codes, in
conjunction with mcre stringent requirements in
company engineering standards, or lacility or
jurisdiclicnal requirements. In general, repairs and
alterations arz performed in accordance with ASME
°R” slamp requirements

Typical Failures of Interest

Incarract malerial cr weld metal, incarrect heal
lrealment, incorsecl dimensions, misalignment
or out-ol-square flanges, leak during testing,
weld defects, high hardness readings, use of
unqualified welder or welding procedures

+ Distertion of pressura beundary, leakage
frem cracks {e.q., fatigue, snvironmanially
incuced, stress corrssion cracking, caustic
cracking), or holes in prassure boundary.
Cerrosion of prsssura toundary, inclucing
corrosicn under insulation

Lack of grounding, and excessive corrasicn
of strictural support and anchorirg systems

-

-

Disloriion of pressure boundary, leakage
from cracks (faligue or envircnmentally
induced), or heles in pressure boundary
Corrosicn of pressure boundary, including
carrosion under insulaticn. Lack of
grounding, and excessive corrosicn of
structural support and anchoring systems

incorrecl material or heal trealment, incorrect
dimensicns, misalignmen! or out-of-square flanges,
leak during lesting, weld defects, high hardness
readings, use of unqualified welder or welding
precedures

Perscnrel Qualifications

Cempany reguiremenis and dccumented skills,
NCE qualifications, inspeclicn certificalicrs r
lechrical irairirg for inspeclion and accaptance
aclivities

Decumented qualificaticns, industry inspecticn
certifications {AP| 510 or NBIC), or specific
lechnical training to analyze results

Tasks usually require craft-specilic skiils or
operalor-sgecific skills that are addressed within
their respective iraining pregrams

Welders qualified per Secticn IX of the ASME
Ccde. NDE techricians qualified in appropriate
lechniques. Industry inspeclion cerlificaticns
{AP1510 cr NBIC) or specific technical trairing for
prassure vessel engineering




TABLE 9-13 (Continued)

New Equipment Design,
Fabricalion, and Installation

Inspection and Testing

Preventive Maintenance

Repair

Procedure Requirements

Written precedures describing:
Engineering standards for specification of
equipment

Project management (including hazard and
design review schedules)

Vendcr qualificaticn

Occumentation requirements

Project acceptance and tumover
requirementls

-

-

-

-

-

-

Written procedures describing the inspecticn
or lest activity, including:

The manner, the extent, Ihe Iccation, and
date the inspection or test is performed and
by whom

The decumentation and analysis of results
The resolution of funclicns or condition not
meeting acceptance criteria

These activities generally do nol require task-

specific procedures

Craft skilt precedures for typical lasks
encountered in repairs (e.g., welding, gasket
installation, bolt ightening, pressure tesling)
Job-specific prccedures develcped lor repairs or
alterations to the pressure bcundary
Jeh-specific precedures for unique or complex
repairs or jobs with specialized lechnical conlent
(e.g., relraying, medifications fo intemals,
calalyst hancling)

Job-specific procedures with precess
engineering input for chemical cleaning

-

Cecumentation Requirements

Cempany dccumentation requirements typically
include U1 form, welcing qualifications, design
calculations, material certifications, QC results,
heat treating records, as-buill fabrication
drawings, and nameplale rubbirg

-

-

Results and analysis of aach inspaclion are
decumented for the life of the equipment
Inspecticn dates are trackad and technical
deferral is required for lale tesls with
alternate means of protection lo be
censidered; deficient cenditions are identilied
and resclved by the date reccmmended

Results are usually recorded by excepticn in
squipment history files

Repair history is typically maintained with
aquipment inspection history




Atmospheric and Low-pressure Storage Tanks — RAGAGEP




TABLE 9-2

RAGAGEPs for Atmospheric and Low-pressure Storage Tanks

Issuing Document
Organization Number Title Application
API RP 575 Inspection of Atmospheric and Low Covers the inspaction of atmospheric and low-pressure storage tanks designed to
Pressure Storage Tanks operata at pressuras from atmospheric to 15 psig.
AP 620 Design and Construction of Large, Covers the design and construction of large, walded, low-pressure carbon steel
Welded, Low-pressure Storage Tanks aboveground storage tanks, including ffat-bottom tanks that have a single vertical
axis of revolution. Applies to tanks with prassura in their vapor spaces at not
more than 15 psig.

AP 530 ‘Walded Steel Tanks for Gil Storage Covers the material, fabrication, eraclion, and testing requirements for
aboveground, vertical, cylindrical, closad- and open-top, welded steel storage
tanks. Applies to tanks with internal pressuras approximating atmospheric
pressure.

API 853 Tank Inspection, Repair, Alteration, and

Reconstruction

Covers the inspection, repair, alteration, and reconstruction of stee! aboveground
storage tanks.




Process Piping Systems — RAGAGEP
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TABLE 9-3

RAGAGERPs for Process Piping

. Document
Issuing
Organization Number Title Application
ANSI ANSKASME B31.3 - Process Piping Provides requirements for malerials and components, design, fabrication,
B31.3 assembly, erection, examinalicn, inspection, and testing of piping.
API API570 Piping Inspection Code: Inspection, Provides procedures for the inspecticn, repair, alteration, and rerating of metallic
Repair, Alteraticn, and Rerating of In- piping that have been in-service.
Service Piping Systems
APl APIRP 574 Inspection Practices for Piping System Covers inspection practices for piping, tubing, valves {not including control
Companents valves), and fittings. This document is a supplement to ANSI/API 570.
NBBPVI NB-23 National Board Inspection Cede

Provides rules and guidelines for in-service inspection of boilers, pressure
vessels, piping, and PRVs. Also provides rules for the repair, alteration, and
rerating of pressure-retaining items and for the repair of PRYs,
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TABLE 9-14

Mechanical Integrity Activities for Piping Systems

New Equipment Design, )
Fabrication, and Installation Inspection and Tesling Preventive Maintenance fepair
Activity Frequency Activity Frequency Activity Frequency Activity Frequency
Example Activities and Typical Frequencies
* Design/liuid service | As required for Extanal visual Defaultinterval values | + Activities identified | As required to meet | + Piping/compcnent | As required by the
requirements fabrication and inspecticn in API 570 from failure modes | prevenlive replacement-in- condition otb the ;
* Pressure rating installation Thickness Lesser of defaull and effects mainienance schedule | kind equipment based an
* Materials selection measurement interval values in P o  Commissioning | ecommendalons
+ Fabricalion inspection API 570 or hall-fife °'“ef.a"a'Y5['5 ctivilies andtesting i
centractor based on measured lechnlq}:es of ’ + Temporary clamps -
qualification wall thickness and AGM, risk-base + Hot laps/stopples, h o
i ; inspection (RBI), or e maintenance activities
+ Design approval by calculated corrosion similar work 3 .
ol fules planning iniliatives * Painling h
+ Welding/QC plan Bl assessmeni Adjustment of + Process condilions ¥ Insula}'on repair
apprcval intervals and extent meniloring/ racking + Cleaning
+ Fabrication/sicrage/ with RBI assessment, + Supart, hanger
shipping plan 16 be reviewed al and anchering
+ Installation default inspection

Accaptance

intervals

inspecticn and
lesting
Cecumenlation
pregaration
Acceplance and
lumnever
Commissicning

-

* Special emphasis
inspeclicn

* Injecticn peint and
scil-te-ai interfaca

* Injecticn peint
inspection: Lesser
ol Jyears max or
hall-fife basad on
measured wall
thickness and
calculated
carrcsion rales
Scil-to-air interface
inspaclicn: deflault
interval values in
API 570

systems repair or
renewal




TABLE 9-14 (Continued)

New Equipment Design,
Fabrication, and Installation

Inspection and Testing

Pravenlive Maintenance

Repair

Technical Basis for Activity and Frequency

Quality assurance practices for piping
labricalion and instaflaticn

Scheduled with intervals set by the results of
previous inspection or defaull maximum
intervals listed in the inspeclion code (AP1 570)

Company or jurisdiclional requirements

Performed when indicated by failure, by the
results of ‘preventive’ maintenance activilies, by
Lhe results of inspection and lesling activities

Sources of Acceptance Criteria

ANSUVASME B31 codes lor piping design ard
fabricalion and in conjunclicn with more
slringent requirements in Company Engineering
Slandards or {acility-specific standards

Acceplance criteria from inspection code
AP1570 or jurisdictional requiremenls.
Acceplance crileria for damage from specific
degradalion modes per API RP 579.

Upper and lower safe limils for process
conditions, such as pressure, temperalure, fluid
composition, and velocity, as defined in lhe
process safety informalion

ANSI/ASME B31 Design and Fabricaticn Code;
in conjunction with more stingenl requirements
in Company Engineering Standards, facility, or
jurisdicticnal requirements.

Typical Failures of Inlerest

Dimensional errers, incorrecl material or weld
melal, incorrect dimensicns, misaligned or oul-
ol-square llanges, incorrect prassure rating for
a compenenl, leak during testing, weld delects
outside of acceptance criteria, high hardness
reacings, use ol unqualilied welder or welding
prceedures

Leakage from cracks {e.g., laligue,
envirormentally induced, stress corrosion
cracking, causlic cracking), internal or extarnal
corrosion, corresion under insulaticn, excessive
vibration, unsupported or bound piping,
permanent dislorticn, piping componanl nol
meeling pressure rating.

Prceess conditions exceed sale upper or lower
{imil

Dimersional errors, incorrect material or weld
metal, incorrect dimensions, misaligned or out-
ol-squara flanges, incorrect pressure rating for
a compenent, leak during testing, weld defects
outside accaplance criteria, high hardness
readings, use of unqualified welder or welding
precedure, leakage during hot tap/sicpple
operalicns, inakility to remove hel tap/stopple
machines

Perscnnel Qualificaticns

Company requirements, and decumenled craft
skills for installalicn, NDE qualifications, and
ASME Secticn IX weiding requirements ior
welders

Decumented NOE quatificaticns, industry
inspeclicn ceriifications (API 570), or specific
technical training for piping angineering for
analysis of resuits.

Wzlders qualified per ASME Section 1X Code,
NCE techricians qualified lo aporopriale
techniques, indusiry inspection certifications
(AP1570), or specific technical training for
sterage tank angineering.




TABLE 9-14 (Continued)

New Equipment Design,
Fabrication, and Installation

Inspsction and Testing

FPrevenlive Maintenance

Repair

Procedure Requirements

13

-

-

Written procedures descriting:
Engineering standards for specificalion o
equipment

Preject management (inclucing hazard and
design review schedules)

Vendor qualificaticn

Documentaticn requirements

Preject acceptance and lurncver
requirements

-

-

Written procedures describing the inspection
or test activity that includes:

The extent and Iccation of the aclivity, how
and when the inspection or test is performed,
and by whom

How the results are documented and when
the resulls are analyzed

How a function or condition not meeting the
acceptance criteria is resolved

-

Craft skill procedures for typical tasks
encountered in repairs, such as welding,
gasket installaticn, bolt tightening, ele.
Jeb-specific precedures developed for
repairs or alleraliens tc the pressure
beundary

Jeb-specific precedures lor unique or
complex repalrs, or jebs with specialized
techrical content, such as line lifting, hot
laps, stepples, and clamp installaticns
Jeb-specific prececures with precess
enginearing input fer chemical cleaning

-

Documentation Requirsments

Comgany decumentaiion raguiraments tygically
includa welding qualifications, weld map, design
calculations, matenal cerificaticns, GC resulls,
3s-bult drawings, ard prassure test raports

.

Results and analysis of zach inspection are
decumented for the life of the equipment
Inspection dates are Iracked and lechnical
deferral required for late tests with altemate
mears of protecticn ta be considered:
delicient cenditicns are idenlified and
rescived by the date recommended

Resulls are usuaily recarded by excepiion in the
equipment history file

Regair history is mainlained wilh equipment
inspection histery
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TABLE 9-4

RAGAGEPs for Pressure Relieving Devices

; m
Issuing Document
Organization Number Title Application
ANSI/ASME | ANSYASME B31.3 | B31.3 - Process Piping Provides requirements for materials and components, design, fabrication, assembly,
erection, examination, inspaction, and testing of piping.
AP API510 Pressure Vessel Inspection Code: Covers the maintenance, inspection, repar, alteration, and rerating procadures for
Maintenance, Inspection, Rating, Repair, and | pressure vessels used by the petroleum and chemical process industries. Also covers
Alteration inspection and testing of pressure relief devices.
API RP 520 Sizing, Selection, and Installation of Covers the sizing, selection, and installation of pressure relief devices for equipment
Fressure-relieving Devices in Refineries, Part | that has a maximum allowable working pressure of 15 psig or greater.
I - Sizing and Selection, Part |l - Installation
API RP 576 Inspection of Pressure Relieving Devicas Describes the inspection and repair practices for automatic pressure-reliaving devices,
including pressure safety valves (PSVs), pilot-operated PRV, rupture disks, and
weight-lcaded prassure vacuum vents.
ASME ASMEB&PY [ ASME BPVC - Power Bailars Provides requirements for all methods of construction and relief protection of power,
Cede, Seclicn electric, and miniature boilers, as well as high-temperature water boilers used in
stationary service.
ASME ASME BaPY ASME BPYC - Heating Boilers Provides raquirements for design, fabrication, instatlation, and inspeclion of steam
Code, Secticn IV generating boilers, and hot water boilers intended for low-pressure service that are
directly fired by oil, gas, electricity, or coal. It also covers methods of checking safety
. valve and safely relief valve capacity.
ASME ASMEBA&PY | ASME BPVC - Pressure Vassals Provides requirements applicable to the design, fabrication, inspection, testing, and
Code, Sectien VIl certification of pressure vessels operating at either interal or external prassures
axceeding 15 psig. Also provides requiraments for pressura vessel relief devices.
MNB3PYI NB-23 Nalional Board Inspecticn Code Provides rules and guidelines for in-service inspection of boilers, pressure vessels,
piping, and PSYs. Also provides rules for the repair, alteration, and rerating of
pressure-rataining items and for the repair of PSVs.
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TABLE 9-15

Mechanical Integrity Activities for Pressure Relief Valves

New Equipment Design,
Fabrication, and Installation Inspection and Testing Preventive Maintenance Repair
Activity Frequency Activity Frequency Activity l Frequency Activity Frequency
Example Activities and Typical Frequencies
* Design As required lor External visual Annual + Activilies identilied | As requiredtomeet | * Equipment * 5years, or to date
requirements and | fabrication and inspecticn from RCM or prevenlive replacemant-in- stamped on the
process installation Process conditions, Weekly simila'r W?”_‘, ) mainlenance sqhec}ule kind ! ] namepléle
specifications incliding positions of planning initiatives, | or prccess monitoring | Mcunting locations | * As required by the
» Componenl upstream and such as: needs - repair or rengwal condition of the
:ateri:;ls b downslream valves + Routine visual * Pipirg ‘conditicps - ggwpmenl based
* Sizing design basis . y surveillance internal restrictions ]
and sizing Pop testing pf As required l_:y the v Process condilions v Visual inspection recommendalions
calculations pressure relief valve | service conditions moritornglracking after the PSY from {TEM
+ Vendorfshop Inspection of inlet and | Whenever the device cperales aclivilies or
qualificaticn outlet piping for is replaced or observalicns l!cm
+ Equipment design fouling and plugging | removed for testing normal operalions
by manufacturer Additional inspections | As required by service g R T
+ Equipment for specilic cenditions, condition
fabrication degradation medes of equipment, and rate
¢ Inspeclion and of degradalicn
lesting
¢ Documentation
preparalion
* Installation and
ccmmissicning
+ Acceplance and
tumover




TABLE 9-15 (Continued)

New Equipment Design,
Fabricalion, and Installation

Inspection and Testing

Preventive Maintenance

Repair

Technical Basis for Activity and Frequency

QA practices for pressure relief valve
fabrication, testing, and instailation

Scheduled with intervals determined by the
results of previous activities or at fixed intervals
based on Inspection codes (ASME, NBIC, or
API AP 576) or jurisdictional requirements

Cempany or jurisdictional requirements

Performed when required by the qualification
period for the device or as indicated by failure
during nommal aperations or the results or ITPM
activities

Sources of Acceplance Criteria

Cedes and standards for design and
fabrication of pressure relief devices (ASME
BPVYC- Section VIIi, NB-23, NFPA 30,

API RP 520, or other standards applicable
fer the specific applicalion [e.g., ammonia,
LPG]), in canjuncticn with requirements for
pressure vessels

Company engineering standards, facility-
specific and/or jurisdictional requiremenis

-

Acceptance criteria from inspection codes
(ASME, NBIC, or API) ar jurisdicticnal
requirements

Company standards for evaluating the
condition of the device and process
conditions

-

Upper sale limits for precess conditions
(pressure), company requirements, and goed
engineering practice for precess cendilions
cefined in the precess safely information

+ Design ccdes (ASME, NBIC, or API)
Cempany engineering standards, facility or
jurisdiclicnal requirements

Some jurisdicticns require an ASME “VR"
stamp for regairs

-

-

Typlcal Fallures of Interest

Incorract malerials or intemal comperents,
incorrect pressure raling for a ccmpenent, weld
defects outside of acceplanca criteria,
dimensicnal errors, misalignment or cut-of-
square flanges, leak during testing

Leakage frem the valve resulting from
internal compenent fatigue, corrcsicn,
leaking gaskets

Failing lo open at sel pressure
Plugging in the discharge piping by animals
or walerfice resulting frem loss of
covers/ilappers

Precess valves closed that prevent the
device frem functicning

Feuling or pluggage of the vent header
Failute of the inent gas purge system

-

-

¢ Laakage frem the valve caused by failurs to
reset after funclicning

+ Prccess cenditions in excess of the design
criteria for the device

+ Feuling or pluggage of the vent header

+ Failure of the irerl gas purge system

* Irccrrect materials or intemal ccmponents,
incorrect pressurs rating lor a component,
weld defects cutside of acceptance critera,
cimensional errors, misalignment or out-ol-
square flanges, leak durirg lesting
Leakage frem the valve caused by internal
cemparenl fatigue or leaking gaskats




TABLE 9-15 (Continued)

New Equipment Design,
Fabrication, and Instaliation

Inspection and Testing

Preventive Maintenance

Repair

Personnel Qualifications

+ Manufacturer requirements, documented
skills, inspaction certifications, or technical
Iraining for inspection and acceptance
activities during manufacture and installation

¢ Training on the sizing, selection, and
specificaticn of relief devices in accordance
with appiicatle ccdes and standards

Specific technical Iraining-on pressura reliel
valve inspeclion, testing, handling, and
installation procedures

Specific technical training on pressure relief
valve inspeclion, testing, handling, and
installation procedures

Specific technical training on pressurs religf
valva inspection, lesting, handling, and
installation procedures

Procedure Requirements

¢ Wiitten procedures describing:

¢ Engineering standards for specificaticn of
equipment

Prcject management (including hazard and
design review schedules)

Vender qualificaticn

Cecumentalion requiraments

Project acceptance and turnover
requirements
* Preper installation reguirements

-

-

Wiritten prccedures describing the inspection
or test activity ircluding:

The manner, the extent, the lecalicn, and the
date the inspection or test is performed and
by whom

The dccumentalion ard analysis of results
The resclution of funclions or cenditions not
meeling accaptance criteria

These activities generally da not require task-
specific precedures

+ Crafl skill precedurss for typical tasks
encounterad in repairs and replacements
{e.g., gasket installation, balt tigntenirg,
pressure lesting)

¢ Job-specific procedures develcped for
repairs ar replacements

Documentation Requirements

Gompany decumentation requirements fypically
irclude manufaclurer’s data forms, design and
sizing calculations, material certifications, initial
pop lest results, QC results, and device
drawings

* Results and analysis of sach inspection are
decumented for the life of the aquipment

+ Inspecticn datss are iracked and technical
deferral is requirad for lale tasls with
alternate means of prolection lo be
censidered; deficient cenditicns are identified
and resclved ty the date reccmmended

Results are usually recorded by sxcepticn in the
equipment histery file

Repair his'cry is mainlained with equipment
inspecticn history




Instrumentation and Controls (Safety Instrumented Systems SIS
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TABLE 9-5

RAGAGEPs for Instrumeritation and Controls

; Document
lssuing
Organization Number Title Application
API RP 551 Process Measurement Instrumentation Provides procedures for installation of the more generally used measuring and control
instruments and related accessaries.
API RP 554 Process Instrumentaticn and Control Covers performance requirements and considerations for lhe selection, specification,
installation, and testing of process instrumentation and control systems.
AP API 555 Process Analyzers Addresses the assaciated systems, installation, and maintenance of analyzers.
ASME C8D-1 Controls and Safely Devices for Covers requirements for the assembly, maintenance, and operatian_ of controls apd
Automatically Fired Boilers safety devices installed on automalically operated boilers that are directly fired with
gas, oil, gas-cil, or electricity, subject to cartain servic limitaticns and exclusions,
International IEC 61508-SER | Functional safety of electrical/electronic/ Sels out a generic approach for all safety life-cycle activities for systems comprising
Electrotechnical pregrammable electronic safety-related electrical, efectrenic, and/or programmable electronic companents that are used to
Cemmission systems perform safely functions.
{IEC)
ISA 1SA 58401 Application of SISs for the Process Industries | Provides a safety life cycle and requirsments for design, installation, and maintenance
of 8ISs.
ISA ISA-TR-84.00.02 | Safety instrumented Functicns (SIFs) - This series covers the different evaluation techniques that can be used to determine if
Paits 1through 5 | Saiaty Integrity Level {SIL) Evaluation a specific SIS design satisfies the SIL requiraments defined in the SIF.
Techniques
15A ISA-91.C0.01 Identification of Emergency Shutdown (ESD) | Provides general raquirements for determinirg safety-critical ESDs and centrols, and
Systems and Controls that Are Critical to for maintaining the identified instrumentation.
Maintaining Safety in the Process Industries )
NFPA NFPA 83 Boiler and Combustion Syslems Hazards Discusses the fundamentals, maintenance,'inspecticn, Iraining, and safety for the

Crde

reduction of combustion system hazards.




Instrumentation and Controls (Safety Instrumented Systems SIS
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TABLE 9-16

Mechanical Integrity Activities for SISs and ESDs

New Equipment Design,
Fabrication, and Instaliation Inspection and Testing Preventive Maintenance Repair
Activity l Frequency Activity I Frequancy Activity Frequency Activity I Frequency
Example Activities and Typical Frequencies
Identification of When received * Caiibration of field | As specifiedtomeet | + Replacement of legic | Manufacturars' + Troubleshoating As required
materials of devices the safety solver battery recommendations * Replacement of field
conslruction (e.g., transmitters, | performance * Replacement/cleaning devices (e.g.,
swilches) requirements of logic sciver, transmitters, switches)
¢ Loop check operator interface, and + Replacement of legic
+ Functicnal test engineering interface solver, operater
+ Checking/running cabinet air fitters interface, and
of logic sclver engineering interface
diagnestics cabinet compenents

Calibraticn of field
devices (e.g.,
transmitters, swilches)

Belcre installation

Visual inspecticn of Initial installation
field devices and

instaflation

SIS lcop check Initial installaricn
SIS lurctional test Initial instaifaticn

Manufacturer testing
of lagic solver,
cperalor interface,
and engineering
interface

During faoricaticn

Factory acceptance
testing of Icgic solver,
cperator interface,
and engineering
interface

Before delivery and
again after delivery

(e.g.. integrated circuit

boards
Identification of materials | When new devices
of construction are installed




TABLE 9-16 (Continued)

New Equipment Design,

Fabrication, and Instailation Inspection and Testing Preventive Maintenance Repair
Technical Basis for Activity and Frequency
v APIRP 554 + APIRP 554 Manufacturers' recommendations Common repair activity
¢+ APIRP 551 ¢+ API AP 551
* ISA 584.01 and/or IEC 61508 + ISA 584.01 and/or [EC 61508
¢ Manufaclurers’ recommendalicns * Manufacturers' recommendations
+ Induslrial insurers' recommendations ¢ Industrial insurers' recommendations
+ Common industry practices + Common industry practices
Sources of Acceptance Criteria
+ Device specificaticns + Cevica specifications Manufacturers’ recommendations + Device specifications

¢ SIS specifications

¢ Manufacturers' reccmmendalicns

¢ Industrial insurers' reaccmmendations

» Cempany engineering and/or maintenancs
standards

-

-

SIS specificaticns
Manufacturers' reccmmendaticns
Industrial insurars' recommendations

Cempany engineering anc/cr maintenance
slandards

SIS specifications

Typical Failures of Interest

+ Leakage, resulting frem impreger instailaticn
or malerials of constructicn (e.g., incorrect
gaskel, incorrect metallurgy of wetiad parts)

* Failure o operate on demand caused by
impreper inslallaticn (z.q., incorrectly wirec),
incorrect configuration of centrel system,
and/or inccrrect caiibralicn of the devica

* Potential ignition source or slectrical shock to
perscnnel as a result of improper installaticn

* Improper electrical classificaticn rating for the
electrical classification of the araa whera the
device is installed

)

Failure to operate cn demand or spurious Irip
of system as a result of wiring failure

(8., locse cennection, short), failure of input
device (e.g., serser slectronic failure), o
failure of centrcllenlocal solvar (e.g., YO card
lailure)

Failure lo operate on demand or spuricus trip
as 3 result of an unauthorized change to
contrcllenlegic sclver configuration andiar
bypassing/fercing of the interlcek/alam

Failure to operats on demand or spuricus trip of
system as a resull of wiring lailure (2.g., locse
cennecticn, short), failure of input device

{e.g., sensor electronic failure), or failure ot
controlierficeal selver (e.g., /O card failure)
Failure ta cperate on demand or spuricus !rip as
aresult of an unautherized change to
cenlrclterlegic solver conliguraticn and/cr
bypassing/fercing of the interleck/alarm

+ Leakage al preeess connection, resulting
frem improper installation or materials of
construction (e.g., incorrect gaskel, incorrect
metallurgy of wetted parts)

* Failure to operale on demand as a result of

improper installation (e.g., incorrectly wired),

incerrect configuration of contrcl system,
and/or incerrect calibration of the device

Patenlial igriticn scurce or electrical shock to

perscnnel as a result of improger installalion

improper elactrical classification rating lor the
electrical classification of the area whare the
device is installed )




TABLE 9-16 (Continued)

New Equipment Design,
Fabrication, and Installation

Inspection and Testing

Praventive Maintenance

Repair

Typical Failures of Interest (Continued)

L]

-

Failure to operate on demand caused by
isofationvplugging of input device connection
or other process condilions (e.g., buildup on
a lemperalure probe) that rendar input
device Inoperabls or incapable of accurately
measuring process cordilions

(6.9, pressure, temperature)

Polential ignition source if the device or
cennecticn shorts

Leakage at prccess connecticn as a result of
overprassurizaticn of the jeint

-

Failure o operate on demand caused by
isolalion/plugging of input device connection or
other process conditions (e.g., buildup on a
lemperature probe) that render input device

incparable or incapatle of accurately measuring
precess condilions {e.g., pressure, temperature)

Potential ignition scurce if the device or
connectien shorts

Leakage at precess connection as a result of
overpressurization of the joint

Persennel Qualifications

+ Cralt skills and knowlecge required by the .
individual prccedures

+ Training on the use and operaticn of special
teols (e.g., signal simulators) raquired by
precedures

-

Craft skills and knowledge required by the
individual precedures

Training cn the specific prececures for the
inspection and tesling activities

Training on the use and operation of special
tecls {e.g., signal simulalors) required by
prececures

Craft skills and knowledge required by the
individual precedures

-

Crait skills and knowledge required by the
individual procedures

Training on lhe specilic precedures for the
repair aclivilies

Trairing on the use and cperation of special
lecls (2.9., signal simulalors) required by
precadures

Precedure Requiraments

* Procurement and receiving prececurss o
ensure proper materals of censtruction

+ Device-specific testing, calibration, and
installation prccedures

¢ Manufacturers’ manuals

+ Special locl (e.9., signal simulator) use and
operation prccedures

-

-

Writlen procedures describing the inspeclicn
or test activity, including:

The manner, the extent, the Iccaticn, and the
date lhe inscecticn or test is performed and
by whem

The dccumentation and aralysis of resuils
The resclulicn of functions or conditions not
mesting acceptance criteria

-

Wiitten prccedures describing the inspecticn or
test activity, ircluding:

The manner, the extenl, the lccation, and the
date the inspection or test is performed and by
whem

The decumentation and aralysis of results

The rescluticn of funclicns or conditions nol
meeling acceptance criteria

-

-

-

Generic written repair prccedures for
treubieshooting cf SiSs and replacemenl of
integrated circuit boards that include
references to the manulacturers’ manuals
Device-specific installation prececuras
Manufaclurers' manuals

Special tecl {e.g., signal simulator) use and
cperalicn precedures

Prccurement and receiving precedures to
ersure precer materials of canstructicn




TABLE 9-16 (Continued)

New Equipment Design,
Fabrication, and Instaliation

Inspecticn and Testing

Preventive Maintenance

Repair

Documentalion Requirements

* Vendor material of constructicn reparts

+ Calibration record, including as-fcund and
as-left condilions

Loop check sheet, including as-found and
as-left conditions

Functional test record

Manutfacturers' test report

Factory acceptance lesl report

Facility acceptance test raport
Installation decumentation to supgort pre-
startup safety review (PSSR) requirements

-

* = e e -

+ Calibration record

* Locp check sheet, including as-found and
as-left conditions

¢ Funclional tesl record

¢ Diagnostic check sheet

+ Comgleted/clesed work order
+ Equipment PM racord

Ccempleted/clesed work order

Work order or storeroom records of
parts/materials used

Return to service check sheet

Vendor material of constructicn reports
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TABLE 9-6

RAGAGEPs for Pumps
Issuing Document
Organization Number Title Application

ANSI ANSI/ASME B73.1 Speci.ﬁcation for Horizonlal Epd Suction Covers centrifugal pumps of horizontal, end suction single stage, centerline discharge

Centrifugal Pumps for Chemical Process dasign. Includes dimensicnal interchangeability requirements and certain design
features 1o facilitate installation and maintenance.

ANSI ANSI/ASME B73.2 | Specification for \_lertical In-Line Centrifugal | Covers motor-driven centrifugal pumps of vertical shaft, single stage design with

Pumps for Chemical Process suction and discharge nozzles in-line. Includes dimensional interchangeability
requirsments and certain design features to facilitate installation and maintenance.

ANSI ANSI/ASME B73.3 | Specification for Sealless Horizental End Covers sealless centrifugal pumps of horizontal, end suction single stage, centerline
Sucticn Centrifugal Pumps for Chemical discharge design. Includes dimensional interchangeability and features to facilitate
Process installation and maintenance.

APl 610 Centrifugal Pumps for Petraleum, Specifies requirements for centrifugal pumps, including running in reverse as hydraulic
Petrcchemical. and Natural Gas Industries | Power turbines.

API 674 Pcsitive Displacement Pumps - Covers the minimum requirements for reciprocating positive displacement purmips.
Reciprocating

API 875 Pasitiva Displacament Pumps - Centroiled Covers the mirimum requirements for cantrolled volume positive displacement pumps.
Valume

AP 876 Positiva Displacemant Pumos - Rotary Covers ihe minimum requiraments for rotary positive displacement pumps.

API 581 Liquid Ring Vacuum Pumps and Defines the minimum requiraments for the basic design, inspection, testing, and
Comprassers preparation for shipment of fiquid ring vacuum pumps and comprassars.

AP 682 Pumps - Shaft Sealing Systems for Specifies raquirements and provides suggestions for sealing systems for centrifugal
Centrifugal and Rotary Pumps and rotary pumps.
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TABLE 9-17

Mechanical Integrity Activities for Pumps

New Equipment Design,
Fabrication, and Installation Inspection and Testing Preventive Maintenance Repair
Activity Frequency Activity Frequency Activity Frequency Activity l Frequency
Example Activities and Typical Frequencies
+ Identification of Inifial fabricaticn Visual inspection cf Each shift to weekly * Bearing housing Each shift to weekly + Mechanical seal ¢ As required
malerials of sealing system (depending on and/or gearbox replacement
construction criicality) cillubricant level ¢+ Pump disassembly
+ Perormance test check and assembly
* Pressure test Vibraticn analysis ¢ Continuous for + Changing of bearing | Manufacturers'
pumps with large housirg and/cr reccmmendaticrs
motors {e.g., gearbox ailfubricant
10,000 hp}
* Weekly to quarterly
(depending on
criicality and
horsepower)
Alignment Iritial instailaticn ard Performance lesing Cepends on service Analysis of bearing Menthly o semi- Idendficaticn of Whenpartsare
' any fime ccmgpornents cenditicns and crificality | and/or gearbox annually (depending on | materials of received a_nc‘/or at time
are locsened, removed, cildubricant criticality and fustery) | construciion cf installaticn
or replaced \
Rotaticnal check Initial installaticn ard Swapping of redundant | Weekly to menthly Lubricaticn of metal Manufacturers'
any ime (he Criver i pumps ccuplings (e.g., Falk recommendaticns
cenrected Steelflex, Fast gear,
or similar types)
Vibration analysis Initial startup Crerationalfunctional | Weekly to menthly Internai inspecticn As required, depending
(baselire) check of starcty pump and rebuilding on hislery, service

corditicns, ard
criicality




TABLE 9-17 (Continued)

New Equipment Design,
Fabrication, and Insiallation

Inspection and Testing

Preventive Maintenance

Repair

Technical Bas's for Activity and Frequency

¢ Various codes, standards, or recommended

practices from various organizations
(e.9. API, Hydraulic Institute, ANSI, 1SO)

(application depends on industry and type of

pump}
¢ Manufacturers' recommendations
+ Common industry practices
¢ Industrial reccmmendations

Manufacturers’ recommendations *
Common industry practices
Industrial recommendations

-

-

Manufacturers’ recommendations
Common industry practices
Industrial recommendations

Common repair aclivity

Sources of Acceplance Criteria

+ Applicabls code, standard, or recommended

practice
¢+ Pump specificaiions
¢+ Manufacturars' recommendalicris

+ Company engineering and/or mainlenarce

standards
¢ Industrial insurers’ recommencdations

-

Pump specifications
Manufacturers’ recommendations

Company enginesring and/or maintenance
standards

-

Manufaclurers' and/or lubrican/oil vendor's
reccmmendalions

Cempany engineering and/cr maintenance
standards

» Pump specifications

Manufacturers' recommendalicn

+ Company engineering and/or maintanance
standards

Typical Failures of Interast

» Leakage from the seal/packing assemily as
a rasult of improper installation or inccrrect

malenals of construction
Inadequate flow/prassure as a result of

-

improger assembly or impreoer installaticn of

internal cempenerts (2.3 inadequate
impeller clearance)

-

-

-

Leakage from tha seal/packing assembly as
a resull of overpressurizaticn of the
assembly, inadequate lubrication, bearing
failure, or wear

Loss of, cr inadequate, flow/pressure,
resulting frem failure of a drive component
Less of, or inadequale, flow/pressurs,
resulling frem failure, corrasicn, ercsicn, or
wear ol an inlernal component

(e.q., impeller)

-

-

Leakage irom the sealipacking assembiy as
a result of ovarpressurization of the
assembly, inadequate !ubrication, bearing
failuire, or wear

Loss of, or inadequate, flow/pressure,
resulling from failure of a drive compenent
Loss of, or inadequale, llow/prassure,
restiting from failure, corrcsion, arcsion, or
wear of an intemal ccmponent

(e.g., impaller)

Leakage from the seal/packing assembly as
a result of improper installation or incorrect
materials of constructicn

inadequate llow/pressure resulting from
impreper assembly or improper installalicn of
internal compcnents

Leakage from pump casing as a result of
imprcper assembly, installation, or materials
of censtruction

-




TABLE 9-17 (Continued)

New Equipment Design,
Fabrication, and Installation

Inspection and Testing

Preventive Maintenance

Repair.

Typical Failures of Interest (Continued)

» Leakage from pump casing as a resull of
improper assembly, installation, or materials
of construction

+ Damage to seal/packing and/or associated
squipment caused by excessive vibraticn

-

-

Damage to pump casing from.loose ar
brcken intemal component (s.g., impeller)
Damage to seal/packing and/or associated
equipment caused by excessive vibration

-

-

Damage to pump casing from loose or
broken intemal companent {e.q., impelier)
Damage to seal/packing and/or associated
equipment caused by excessive vibration

Damage to seal/packing and/or asscciated
equipment caused by excessive vibration

Personnel Qualificaticns

+ Craft skills and knowledge required by Ihe
individual precedures

+ Training cn the specific procedures for the
inspecticn and testing activilies

+ Trairing on the use and cperaticn of special
lecls required by precedures (e.q., laser
aligrment equipment)

-

-

Craft skills and krowledge required by the
individual precedures

Training on the specific procedures for the
inspection and testing activities

Training an the use and operation of special
tools required by procedures (e.g., vibration
analysis equipment)

Cralt skills and knowledge required by the
individual prccecures

Training on the specific precadures for the
preventive maintenance activities

-

Cratt skills and knowledge required by lhe
individual prccedures

Training on 1he specific prccedures lor the
repair aclivities

Training on the specific precedures for the
inspection and testing activities

Trairing on the use ard cperalicn of speciat
tocls required by precedures {e.g., laser
alignment 2quipment)

Precedure Requirements

+ Prccurement and receiving prececures to
ensure proper materials of construction
Manufacturer testing procedures, including
these for alignment tools
Pre-ccmmissicning and/or cemmissicning
testing precedures

Manufacturers’ manuals

Pump alignment arccecure

Pump installation procsdure

Vibraticn analysis precedurs

Vibralicn analyzar cperalion precedure
and/er manufacturers' manual

-

-

-

Witten precedures describing the inspection
or test aclivity including:

The manner, the 2xtent, the fccalion, and the
date the inspeclicn or lest is performed and
by whom

The decumentalion and analysis of resuits

The resclution of furctions or conditions not
meeting acceptance criteria

-

’

+

4

Written precedures describing the inspecticn
or test activity including:

The manner, the exlent, the location, and the
date the inspection or test is performed and
by whom

The decumentation and analysis of resuits
The rescluticn of luncticrs or cenditicrs nct
meeting acceptance criteria

-

-

-

Generic written repair procedures for
centrifugal pumps that include references lo
the manufacturers’ maruals

Pumnp alignment precedure

Alignment tcel (e.g., laser alignment)
precedure and/cr manulacturers’ manuat
Pump installaticn prccedure
Procurement and receiving precedures to
ensure preper materials of construction
Tasling procedures covering operation of
testing equipment and/or pedormance ol
nerdestructive lesling




TABLE 9-17 (Continued)

New Equipment Design,
Fabrication, and Installation

Inspection and Testing

Preventive Mzintenance

Repair

Documentation Requirements

Vendor material of construction reports
Nondestructive lesting records
Performance and/or pressura test reports
Alignment repert

Pumnp installaticn record

Vibralion analysis data and report

* o ¢ o o =

-

Inspecticn check sheet
Vibration analysis dala and report
Performance test records

* e o o

Lube route check sheet
Completed/clcsed work orcer
Equipment PM record
Qildlubricanl analysis repori

-

> o ¢ o -

Cempleted/closed work order

Work order or storerocm records of
parts/materials used

Return to service check sheet
Aligrment report

Pump installation record

Vendor material of construction reports
Nendestructive lestirg records

-

Special nctes:
Records retained for the life of the aquipment

installation documentalicn to supper PSSR
requiremants

-

-

Special notes:

Records retained as required by the facility's
recerd retention pelicy

Cecumentation by exception may be
acceptable (for ceriain tasks and select
pumps)

-

-

-

Special notes:

Records retained as required by the facility's
record retenticn pelicy

Dccumentation by excepticn may be
acceptabls (lcr certain tasks and select
pumps)

-

-

Special notes:

Repair data (e.g., conditicn feund, parts
used, repairs made, condition left) are
usually recorded in the equipment hislory
filas

Repair history retained fcr the life of the
equipment
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TABLE 9-7

RAGAGEPs for Compressors

. Document
Issuing
Organization Number Title Application

ANSI ANSVASME B19.3 | Safety Standard for Compressars for Cavers lhe requirements for safety devices and protective facilities fo help prevenl

Process Industries compressor accidents as a result of excessive pressure, destructive mechantcal
failures, intemal firss or explosicns, and leakage of toxic or flammatle fluids.

API 617 Axial and Centrifugal Compressors and Covers the minimum requirements for centrifugal compressors that handle air or gas
Expander-comprassors for Petroleum,
Chemical, and Gas Industry Services

AP 618 Recipracating Comprassors for Petroleum, Covers the minimum requirements for recipracating comprassors anq their drivers
Chemical, and Gas Industry Services hancling process air or gas with either lubricated or nonlubricated cylinders.

APl 681 Liquid Ring Yacuum Pumps and

Comprassors

Defines the minimum requirements for the basic design, inspection, testing, and
preparation for shipment of liquid ring vacuum pumps and compressors.
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TABLE 9-8

RAGAGEPs for Turbines
. Document
Issuing
Organization Number Title Application
API 615 Gas Turbines for the Petroleum, Chemical, Covers the minimum requirements for open, simple, and rggeneraﬂve-cyclq
and Gas Industry Servicas combustion gas lurbine units for services of mechanical drive, generator drive, or
process gas generation,
API 611 General Purpose Steam Turbines for Covers the minimum requirements for the basic dasign, materials, related lubrication
Petrcleum, Chemical, and Gas Industry systems, controls, auxiliary equipment, and accassories for general-purpose sirsam
Service turbines.
AP 812 Petroleum, Petrochemical and Matural Gas Specifies requirements and gives racommendations for the design, materials,
Industries - Steam Turbires - Special- fabrication, inspection, testing, and preparation for shipment of special-service steam
purpose Applications turbines.
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TABLE 9-9

RAGAGEPs for Fans and Gearboxes

. Document
Issuing
Organization Number Title Application

API 673 Special Purpose Fans Covers the minimum requirements for centrifugal fans intenced for continuous duty.

API 613 Special Purpase Gear Units for Petroleurn, Covers the minimum requirements for special-purpose, enclosed, precision, single- and
Chemical, and Gas Industry Services deuble-helical, one- and two-stage speed increasers and reducers of parallel-shaft

design.
APl 677 General-purpose Gear Units for Petroleum,

Chemical, and Gas Industry Services

Covers the minimum requiraments for general-purpose, enclosed, single- and multi-
stage gear units incorperating parallel-shaft helical and right-angle bevel gears.
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TABLE 9-10

RAGAGEPSs for Fired Heaters and Furnaces

Issuing Document
Organization Number Title Application
AP 673 Special Purpose Fans Covers the minimum requirements for centrifugal fans intended for continuous duty.
API 613 Special Purpose Gear Units for Petroleum, Covers the minimum requirements for special-purpose, enclosed, precision, single- and
Chemical, and Gas Industry Services double-helical, one- and two-stage speed increasers and reducers of parallel-shaft
design.
ARl 677 General-purposa Gear Units for Petroleum, | Cavers the minimum requirements for general-purpose, enclosed, single- and multi-
Chemical, and Gas Industry Services stage gear units incorperating parallei-shaft helical and right-angle bevel gears.
APl 535 Bumers for Firsd Heaters in Gereral Provides guidelines for selection and/or evaluaticn of bumers installed in fired heaters.
Refinery Service
APl 380 Firad Heaters for Genral Refinery Service | Covers minimum requirsments for the design, materials, fabrication, inspecticn, tesling,
and preparation for shipment for fired heaters
AP AR 573 Inspecticn of Fired Soilers and Heaters Covers inspection practices for firad boilers and precess heaters (furnaces)




Fired Heaters
aters and Furnaces — Mechanical Integrity Activities
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TABLE 9-18
Mechanical Integrity Activities for Fired Heaters/Furnaces/Boilers

New Equipment Design,

Fabrication, and Instaflation Inspection and Testing Pravenlive Maintanance Repair
Activity Frequency Aclivity Frequency Activity Frequency Activity Frequency
Example Activities and Typical Frequencies
¢ Heat or steam rate As rgquired for [ Inspection of healer or | Scheduled by user, ¢ Aclivities identified | As required to meet + Tube reptacement As required by the
duty/fluid service _Iabncalion and fumace firebox and usually in conjunction from RCM or preventive * Bumer replacement | condition of the
requiremenls installaticn tubes with planred unit similar work maintenance schedule or repair equipment, based on
* Pressure rating shutdown or when an planning initiatives, | and beiler operating + Insulationvrefractery | fecommendations
* Materials selection imminent faiture such as: permit requirements repair Irom inspecticn and
* Fabricalion cantractor condition is visible * Process conditicns + Tube or piping lesting or preventive
qualification meniloring/ tracking support, hangerand | Maintenance activities
+ DCesign approval by » Metal temperature anchoring syslems
aind menilofing repair or renewal
¢ Welding/QC plan + Water quality + Commissioning
approval tesfing activities Icllowing
+ Fabrication/stcrage/ + Efiiciency repair
shipping performance
* Insiallaticn meniternng
+ Acceptarce * Inspecticn of inspecticn schedule is | Ceccking cperalicns | Performed wien

-

inspecticn and testing
Cccumentaticn
preparaticn
Acceptarce and
turnover
Cemmissicning

bailers, steam
drums, lubes, and
firsbox

Waste heat bailer
inspecticn
Hazardeus waste
incinerater
inspecticn

-

-

ncl code derived, but
is generally mandated
by jurisdictional
requirements

for heaters and
furnaces

needed, based on
performance and
metal temperature
data




TABLE 9-18 (Continued)

New Equipment Design,
Fabrication, and Installation

Inspection and Testing

Preventive Maintenance

Repair

Technical Basis for Activity and Frequency

QA practices for equipment fabrication and
installation

Jurisdictional requirements for boilers, and
reliability issues for heaters and fumaces

Company or jurisdictional requirements

Performed when indicated by failure, or based on
reccmmendations from preventive maintanance
orinspeclion and tésting activilies

Acceptance Criteria

¢ ASME and National Board codes for beiler
design and fabricaticn, and installation

* Company engineering standards, or facility-
specific standards for heaters and furnaces

* Acceptanca criteria from NBIC or
jurisdicticnal requirements

+ Cempany standards for evalualing tube life
and refractery damace

Upper and lower safe limits for precess
conditions defined in the process safety
information, such as prassure, temperature,
fluid compesiticn, and velccity

¢ ASME and Naticnal Board codes fcr beiler
repair

¢+ Company Engineering Standards, or facility-

scecilic standards for heaters and lumacas

Typical Failures of Interest

Incorrect material or weld metal, incorrect
pressure rating for a compenent, leak during
testing, weld defects outsice of acceplance
criteria, high hardness readings, use of unqualified
welder or welcing prccedures, dimensional arrors,
incorrect refractory material, incorrect refractory
installation cr curs, incarrect spring hanger setting,
damage to finned tube

Tube ruptures, tube buiging ana distorticns,
creep damage, steam leaks, precess fluid
leaks, refractory failure, structural suppert
failura

Prccess conditions, such as outlet
temperalures, stack temperatures, combustion
efficianicy, heat input, tlow balances, and tubular
meal temperalures, exceed safe operating limit

Incorrect material or weld metal, incorrect
pressure rating for a cempenent, leak during
tesling, weld defects outside of acceptancs
criteria, high nardness readings, use of
unqualified weider or welding precedures,
dimensicnal errors, incerrect refractery material,
incorrect refractory installation or cure, inccrrect
spring hanger setting, damage lo finned tube

Personnel Qualificalicns

+ Beilers: ASME and Maticnal oard fabricalion
requirements

* Healers and fumaces: Cempany requirements,
and dccumenled crait skills for installation,
NCE qualificaticrs, and ASME Section [X
welding requirsments for welders

* Nalicnal Beard inspecticn certificalicns for
bailers per juriscictional requirements

* Optional industry certificalicrs (AP) 570, 510)
or cempany-specilic training for heater and
furnace inspection

Cempany reguirements for tasks

+ Beilers: ASME and Naticnal Board fatricaticn
raquiraments

Heaters and furnaces: Cempany
requiremenits, and dccumented craft skills for
repairs, NDE qualificaticns, and ASME Secticn
1X welding requirements for welders, cpticnal
industry cedtifications (AP1570, 510, cr
cempany-specific training for insgecticn cf
firabox picing




TABLE 9-18 (Continued)

New Equipment Design,
Fabrication, and Installation

Inspection and Testing

Preventive Maintenance

Repair

Procedura Requirements

* Written precedures describing:

* Engineering standards for specification of
equipment

* Preject management (including hazard and
design review schedules)

¢ Vender qualification

*« Decumentation requirements

* Preject acceptance and turrcver requirements

Wiitten procedures describing the inspection
or test activity, including:

The manner, the exient, the lecation, and the
dale the inspection o test is performed and
by whom

The decumentation and analysis of results
The resclution of functians or cenditions rot
meeling acceptance criteria

-

-

Written procedures describing the inspection
or test aclivity, including:

The manner, the extent, the lccaticn, and the
dale the inspection or test is performed and
by whem

The documentation and analysis of results
The rescluticn of functions or condilicns not
meeting acceptance criteria

-

-

+ Craft skill procedures for typical tasks
enceuntered in repairs (e.g., welding, gasket
installation, balt tightening)

¢ Jeb-specific procedures for unique or complex

repairs, or for jobs with specialized lechnical

content {e.g., ccil or lube replacement, new
spring hanger settings, refractery repairs or
bumer adjustmenis)

Job-specific pracedures wilh process

anaineering inout for chemical cleaning

Decumentation Requirsments

Company decumentation requiremens typically
include: Manufacturars' data forms (beilars),
weldirg qualificaticrs, weld map, design

calculaticns, material cetifications, CC rasults, as-

built drawings, and pressurs test regeris

Results and analysis of each inspection are
documented for the life of the equipment

Results are usually recorded by excepticn in the
equipment history file

Repair history is maintained with the equipment
inspection histery files
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TABLE 9-19

Mechanical Integrity Activities for Switch Gear

New Equipment Design, ;
Fabrication, and Instaliation Inspection and Testing Prevenlive Maintenance Repair
Activity l Frequency Activity | Frequency Activity l Frequency Activity | Frequency
Example Activities and Typical Frequencies
¢ Visual Inspection Initial instaltation Visual inspection ' Manlhlg lo Overhaul of switch 3to 6 years, Removaland As required
¢ Verification/testing quarterly (outdoor | gear, including depending on installation of circuit
of overcurrent Installations) cleaning, Inspecting, conditions breakers
protection + Quartedy lo tighler]ing, and
semiannuall adjusting of alt
(indoor installaticn) | components
Infrarad analysis Nmual‘? 1o 3 years,
depending on
criticality, history, and
starter size
Calibraticn and testing | 310 6 years,
ol protective relays; degending on
Iripping of breakers; conditions

and lesting insulation
resistance of contrels,
melers, and proleclive
devices

* Inspecticn and
maintenance of
circuit breaker

+ Electrical tesling of
circuit breaker

3 years maximum {air-

break and oil-
immersad circuit
braakars)

System lesting of
installed circud

After completion of
circuil breaker

oreaker electrical tesling
Manulacturers' Manufacturers'
reccmmended reccmmendalicns
inspection,

maintenance, and
testing of vacuum and
gas-filled circuit

breakers




TABLE 9-19 (Continued)

New Equipment Design, :
Fabrication, and Installation Inspection and Testing Preventive Maintenance Repair
Technical Basis for Activity and Frequency
¢ NFPA 70 + NFPA70B * NFPAT70B

¢ Manufacturers' recommendations
* Industrial insurers' reccmmendaticns
¢+ Common industry practices

.

Manufacturers' recommendations
Cemmon industry practices
Industrial insurers' recommendations

-

-

Manufacturers' recommendalions
Common industry praclices

Common repair activity

Sources of Acceptance Criteria

* NFPAT0

+ Eleclrc distribulicn system specificalions

¢ Manufacturers' recommerdaticns

* Industrial insurers' reccmmendalicns

» Company engineering and/or maintenance
stardards

-

Electric distribution system specifications
Manulaclurers’ recommendalions
Industrial insurers' recommendalions
Comgany engireering and/or maintenance
standards

-

-

Manufacturers'vendar's recemmendaticns
Industrial insurers' recommendations
Company engineering and/or maintenance
standards

+ Electric distribution system specifications

Manufacturers’ recommendation

+ Company engineering and/or maintenance
standards

Typical Failures of Interest

+ Failure to provide electrical power to salety-
critical devices (e g., contrels) as a result of
incorrect installation (e.g., incorrectly
connected or impreper sizing cf the unit)

+ Potential ignition scurce or electrical sheek to
perscnnei as a result of impreper inslalfation
orincarract avercurrent prolection device
(e.g., incorrect fuse)

-

Failure to provide electrical power to safety-
critical devices (e.g., contrcls) as a result of
failure of balteries, conrecticn, transfer
switch, and/cr charging systam

Potential igriticn source o electrical sheck lo
perscnnel as a result of a shert in device or
cennecticn, incorrect overcurrant prolecticn
device (e.g., incorrecl fuse), or operating
equipment with atreme load {e.g., the
cperating temperature is fcc high)

.

Failure to provide eleclrical power to salety-
critical devices (e.g., contrcls) as a result of
failure of batteries, connecticn, transfer
swilch, and/or charging system

Potential ignition source or slectrical sicck lo
perscnnel as a result of a short in device or
cennection, incorrect overcurrent protacticn
device {2.9., incorrect fuse), or operating
device with extreme load {e.g., the cperaling
lemperature is too high)

+ Failure lo provide electrical power to salely-
crtical devices {e.g., controls) as a result of
incorrect installation {e.g., incorrectly
cennected or improper sizing of he unit)

* Potential ignition source or electrical sheck to
perscnnel as a resuit of improper installation
or incarrect overcurrent protection device
(e.g., incorrect fuse)




TABLE 8-19 (Continued)

New Equipment Design,
Fabrication, and Installation

Inspection and Tesling

Preventive Maintenance

Repair

Personnel Qualifications

¢ Craft skills and knowledge required by the
individual procedures

* Training cn the use and operation of special
tocls requirad by procedures (e.g., electrical
lest equipment}

Cralt skills and knowledge required by the
individual procedures

Training on Ihe specific precedures for the
inspection and testing activities

Training on lhe use and cperatien of sgecial
tecls cequired by procedures (e.q., electrical
test equipment)

Craft skills and knowledge required by the
individual procedures

Training on the specific precedures for the
preventive maintenance activities

-

Cralt skills and knowledge required by the
individual prccedures .

Training on the specilic precedures for the
repair activities

Procedure Requirements

+ Manufacturers' manuals
s Electric distribution system instaliation
precedures

Witten prccedures describing the inspection
or lest activity including:

The marner, the extent, the lecalion, and the
date the inspeclicn or test is periormed and
by whom

The decumentaticn and analysis of results
The rescluticn of funclicns or conditions not
meeting acceptance criteria

-

+

+

Writlen prccedures describing the inspection
or test activity including:

The manner, the extent, the lccation, and the
date lhe inspeclicn or test is perfermed and
by whem

The decumentation and analysis of results
The resclulicn of functicns or cendilions not
meeling acceolance criteria

-

Generic wiitten repair procedures fer
remaval and installation of circuit breakers
that incluce reflerencas to the manufaclurers’
manuals

Procurement and receiving procedures to
ensure the use of proper equipment

Documentaticn Requirements

+ Record cf overcurrent proteclicn devices
{e.g., fuse ratings) and settings

+ As-built drawings

+ Installaticn decumentaticr: to suppert PSSA
requiraments

Inspection and lesting check sheet

Cempleted/cicsed work order
Equipment PM recerd

-

Completed/closed work order
Work order or storercom reccrds of
parts/materials used

» Return to service check sheet

-
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TABLE 9-11

Summary of Commonly Used NFPA Codes for Fire Protection Systems

NFPA Code
. . Design and Instaliation Inspection, Test, and
Fire Protection Systems Requirements Maintenance Requirements
Fire detection and alam systems NFPA 72 NFPA T2
Automatic sprinkler systems NFPA 13 NFPA 25
Water spray systems NFPA 15 NFPA 25
Foam-water sprinkler systems NFPA 16 =
Foam systems NFPA 11 NFPA 25
Standpipe and hose systems NFPA 14 NFPA 25 and 1962
Fire pumps NFPA 20 NFPA 25
Water supply systems NEPA 22 and 24 NFPA 25
Firs hydrants NFPA 24 NFPA 25
Portable fire extinguishers NFPA 10 NFPA 10
Fira deors and dampers MNFPA 80 and S0A =
Halen systems NFPA 12A NFPA 12A
Carbon dioxide systems NFPA 12 NFPA 12
Clean agent systams NFPA 2001 NFPA 2001
Dry chemical extinguishing systems NFPA 17 NFPA 17
Buildings and structures NFPA 101 NFPA 101
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TABLE 9-12
Summary of RAGAGEPs for Selected Safety Equipment

Applicable Standard, Regulation, or Code

Safely Equioment ANS! OSHA NFPA
Eyewashes AMSI Z358.1 29 CFR 1910.151 (¢) =
Salety showers ANSI Z358.1 29 CFR 1910.151 (c) -
Employee alamm systems 29 CFR 1910.165 NFPAT72
+ Firafighting equipment . }
: :g;f:"e et ANSI 788.2 P9CFR 1910155 | 1911, 1815, 197"

1981, and 1891
+ Fire apparatus

MNFPA 1981 and

Respiratory protection equipment ANSI| 788.2 29 CFR 1910134 1891




