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rd 1ISO 14224 Overview

ISO 14224 Petroleum, petrochemical and natural gas industries —
Collection and exchange of reliability and maintenance data for
equipment

Provides a comprehensive basis for the collection of equipment
reliability and maintenance (RM) data in a standard format

Developed by the Offshore Reliability Database (OREDA) JIP
B OREDA Established 1981, data collection 1983-present
B OREDA widely considered to be the most successful initiative of its type

B OREDA authored the first version of ISO 14224 in 1999 and remains
closely involved in development of successive versions
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rd Business Case for ISO 14224

Enables data-driven decision-making with high-quality
equipment reliability data

Enables corporate line-of-sight between equipment failure
events and the bottom line

Helps companies identify where to focus equipment reliability
efforts
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Ia Data Quality

We need “data collection principles and associated terms and
definitions that constitute a “reliability language” ...for communicating

operational experience.”

mStandard

HmComplete

BCoherent

W Structured

BAggregated at equipment unit
MAccessible
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r RM Data Quality Management

Quality Assurance

B Technical hierarchy incorporates ISO
14224 equipment taxonomy

B Malfunction reporting incorporates 1SO
14224 normative specifications and
notations

B CMMIS validations ensure ISO 14224
data compliance

Quality control
B Event record reviews

B Results-based feedback/training to field
personnel

Slide 5
May 4, 2018
© Reliability Dynamics LLC 2018

Quality Assurance

Quality Control

Reliability Dynamics



rd Corporate Metrics
A Bottom-Line Approach

BEquipment failure events with the greatest consequences
BMEquipment causing those events (bad-actor equipment)

BHigh-consequence failure events
MFailure patterns of bad-actor equipment causing them
BODbtain details necessary to take corrective action

MBad actor equipment reliability issues
BImplement and prioritize corrective measures
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IDENTIFY High-Consequence Failure Events

Corporate Metrics

SAP Business Graphics — - »
Graphic Edit Goto Options Extras Help

& Cae 2 O

Failure Consequences

Minor pollution, 1.37 %

Serious personnel injury, 1.37 %

Maintenance cost < USSTMM, 1.37 7%
Maintenance cost < US8250K, 1.37 %
otential loss of safety, 1.37 %

Signfficant pollution, 2.74 %

Major poliution, 2.74 %

roduction loss > USS1MM, 2.74 %
Some pollution, 2.74 %
Non+eportable envir incident, 411 %

Production loss < US$1MM, 27.39 %

roduction loss < US$50K, 6.85 7%

Maintenance cost < USS50K, 10.96 %

Production loss < USS250K, 21.92 %
Maintenance cost < USS5K, 10.96 %

‘ | | ‘ 702 R/3  REEPF
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ANALYZE Failure details

Equipment-Level Analysis
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ANALYZE Failure details

Component-Level Analysis

o = -1 7
g 8 coe a8 a

K-102 Primary Failure Components
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rd RESOLVE Bad-Actor Equipment Issues

Implement corrective measures for bad actor equipment, e.g.:
HPreventive maintenance

Hminspections

BProcedures

mFacilities changes

Prioritize corrective measures based on:
HMActual consequences
BFuture consequence potential
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rd 1ISO 14224 Solution Landscape

Engineering and Corporate ERP/CMMIS System Industrial loT
Construction Phases *  System of record for technical tags Platform and RM
e Work management system
¢ Initial data collection point for equipment failure data Data REpOSltorles
Capital facilities |_ Manage risk, improve production availability, reduce cost, optimize new capital facilities |«
specification and 1
equipment selection Early fault detection—l —l
. Equipment
IOJ/B'g reliability
Kﬁ ata o metrics Y
Analytics . v
w Equipment
malfunction
Plant information reports () e  OREDA )
Hexagon SPO | g failure events DATABASE
e Technical tag list % . RM data
e Equipment specifications, | & Standard Work execution —
attributes. and I --------- reliability data e Results recording ]
¢ >y ant ) | | Technical e Labor and material GE Predix Platform
interrelationships — ) processes
hierarchy bookings e APM, OPM
& SAP Leonardo Bridge —
"""""" e AIN, ASPM, PDMS
IBM Watson
Equipment Q PM results breventive Bentley Assetwise
taxonomy definitions recording o o T maintenance v
and inspections|

Strategy development )
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Technical Hierarchy Overview

» @”“lsnau-nsom DC-SC
» &7 3 NBU-EMP-NP

Functional loc. NBU-A6010-K-102 Valid From 2017.05.01
Description CMP, EXPANDER / BRAKE K-102
v i@® 1¥BU NATURAL GAS BUSINESS UNIT T
» &’ 3 NBU-FSJ FORT ST JOHN
» &° 3 NBU-GRP GRANDE PRAIRIE
v &° 3 NBU-EMP EMPRESS FACILITY
v &° 3 NBU-EMP-PE PROCESS EQUIPMENT
» @ 4 NBU-A6010-C EMPRESS COMMON
» & 4 NBU-A6010-DB DEBUTANIZER
v &4 nau-nenm DC DEEP CUT
» &° S NBU-A6010-DC-EL ELECTRICAL EQUIPMENT
» @ﬁ’ 5 NBU-A6010-DC-ME MECHANICAL EQUIPMENT
@° S NBU-A6010-DC-RO ROTATING EQUIPMENT
v @5 NBU-A6010-DC-CO COMPRESSORS
v|&? 6 NBU-A6010-K-102 CMP, EXPANDER / BRAKE K-102
» &3 6000017 COMPRESSOR, EXPANDER BRAKE ROTOFLOW
» @""T}T ] NBU-A6010-K-102-03 CONTROL AND MONITORING
» &° 7 NBU-A6010-K-102-04 LUBRICATION SYSTEM
v &° 7 NBU-A6010-K-102-05 SHA
» &° 8 NBU-A6010-FI-102A
» &° & NBU-A6010-FI-102B
» &° 6 NBU-A6010-M-102 B
» & 5 NBU-A6010-K-102-SC RELATED SAFETY AND CONTROL
» &° 6 NBU-A6010-K-103 CMP, REGENERATION GAS K-103
» &° 6 NBU-A6010-K-104 CMP, RESIDUE GAS K-104
» &° S5 NBU-A6010-K-105 INSTRUMENT AIR COMPRESSORS K-105A/B
» @&’ 5 NBU-A6010-K-106/K-106B REFRIGERANT COMPRESSORS K106/K106B
» @&° 6 NBU-A6010-K-107 CMP, RESIDUE GAS BOOSTER K-107
» &° 6 NBU-A6010-K-110 CMP, AIR DRIVEN BOOSTER GAS K-110
@° S NBU-A6010-DC-EG ELECTRIC GENERATORS
» ”"1’ 5 NBU-A6010-DC-PU PUMPS

SAFETY AND CONTROL EQUIPMENT
NON-PROCESS EQUIPMENT
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Construction of Technical Structure
Compressor Technical Drawings
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rd 1ISO 14224 Boundary Definition

| |
| Recycle |
| valve | Interstage
N conditioning
Inlet-gas | | (scrubber,
conditioning | I cooler, etc.)
(scrubber, I [
cooler, etc.) Inlet valve | (0 I IS A
. | Compressor unlt
Startin Driver | Power
Systen? (dlesel, el. transmisslon 1st 2nd After coaler
motor, etc.) | (gearbox, etc.) stage stage Outlet valve
I L—
| Lubrlcation Control and Shaft seal Miscellaneous |
| system monltoring system (purge alr, etc.) |
| . |
\\
! AN
Coolant Power Remote Power Coolant boundary

instrumentation

Figure A.2 — Boundary definition — Compressors
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rd 1SO 14224 Equipment Subdivision

Table A.9 — Equipment subdivision — Compressors

Equipment class Compressors
Subunit Power Compressor | Control and Lubrication Shaft seal |Miscellaneous
transmission monitoring system system
Maintainable Gearbox/ Casing Actuating Oil tank with Oil tank with Base frame
item/Part variable drive . device heating system | heating o ;
Rotor with Piping. pipe
Bearings impellers Control unit Pump Reservoir support and
. . bellows
Coupling to the | Balance piston | Cables and Motor Pump
driver junction box ntrol val
i Interstage R Check valves | Motor EOnSol e
Coupling to the | seals Internal power Isolation valves
i e Coolers Gear
driven unit . . supply
Radial bearing Filt Filt Check valves
Lubrication : Monitoring s -
Thrust bearing Pioin X X Coolers
Seals Sensors 2 e ' .
Shaft seals - : Silencers
Valves vValves Seal oil
Internal pipin : Purge air
P Wiring Lube oil Dry gas seal E
Valves Misciianical Magnetic-
: Piping i bearing control
Antisurge seal
b system
system Seals Seniiber
Flange join
Piston .
Cylinder liner
Packing

a

b

Specify type of sensor, e.g. pressure, temperature, level, etc

Including recycle valve and controllers
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Construction of Technical Hierarchy

Equipment Properties for Compressors (subset)

Table A.10 — Equipment-specific data — Compressors

Name Description Unit or code list Priority
Compressed medium Gas or air compressor Gas, air High
Type of driver Driver unit (equipment class, type |Specify High
and identification code)
Gas handled Average molar mass Grams per mole Medium
(specific gravity x 28,96)
Suction pressure Design - first stage Pascal (bar) Medium
Suction pressure Operating - first stage Pascal (bar) Low
Discharge pressure Design - last stage Pascal (bar) High
Discharge pressure Operating - last stage Pascal (bar) Medium
Flow rate Design Metres cubed per hour High
Flow rate Operating Metres cubed per hour Low
Discharge temperature Design Degrees Celsius Medium
Discharge temperature Operating Degrees Celsius Low
Power Design power Kilowatt High
Utilization Percent utilization compared to Percent Medium
design
© ISO 2016 - All rights reserved 65
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rd Functional Location /| Equipment Relationship

ISO 15926-2, Section E.3.3

Functional equipment location Tag P101 is an intangible object that defines process requirements for a
particular pumping service, e.g. pressure, temperature, flow, fluid type (Tag P101 in the example below)

Equipment items (serial numbers 1234 and 2345) define specific materialized objects that execute process
requirements

Field equipment change-outs are captured in SAP via corresponding equipment dismantle/installation
transactions (on 5/8/2001 S/N 1234 was dismantled and S/N 2345 installed)

A
TAG P101 Pump 1234
functional _ materialised 3D 50 3 novied talled ey
physical_ _physical_ SPACE nstalled remove nstalle removed
object object A AN
. g TAG P101
FEL/FCL dmvT -vsta'ecT Equipment [Tac P10y A >
St
A 4 A 4
installation
Pump P1234 installed as TAG Pump 1234 Pump 2345
P101 from 3/1/2000 to 5/8/2001
37172000 5/812001 »TIME

The duty represented by TAG P101, and Pump 1234 are coincident forthe period of the installation, i.e. the state
S1 of Pump 1234 that is installed as TAG P101 is in fact also a state of TAG P101. TAG P101 consists of those
states of the pumps that are installed in this location.

ISO 15926-2 (Data Model) Industrial automation systems and integration—Integration of life-cycle data for process plants including oil and
gas production facilities, Figures E.9 and E.10.
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I1ISO 14224 Technical Structure

m ERP is system of record for all technical tags —

Valoe Mararchy for Our, Instaliton Citegory  Descrotion
O, DPANDER / BRAKE K-102 = 3 stalition category

m One unique ID for each tag throughout all e
systems, records, and in the field

m Equipment interrelationships defined in system

% Givie B0 BES Entry

Vakows for Cass PE_RO_CO_CE - Object NBU-AGO10-K-102
UBILoc | Conade: | Reference

‘ Oanactenstc Descrpton Vabe
. o
(1) Use/Location Data
Industry
5 (2)
= Business category
S Functional Location Structure: Structure List
=} B 3] ™| Pimary/Parent equipment (green high-light
3 (3) _ SARRE ]
5" Inslallallon Functional loc. NBU-A6010-K-102 ( m§
Descrptio CMP, EXPANDER / BRAKE K-102
(4) € XBO-XE010-%-102 o
Plant/Unit
(3)
v Sectlon/System
A

(6)

Equipment unit

/

(7)
Subunit

quipment Subdivison |

(8)
Component/Malntalnable Item

Equipment subdivision

 /

(9)
Part
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d K-102 Boundary Definition

Functional loc. NBU-AG010-K-102 Valid From 2016.06.07
Description CMP, EXPANDER / BRAKE K-102
- g7 s mBU-Re0io-DC-CO COMPRESSCRS R
b Eﬁ & NBU-R&010-K-102 CMP, EXPRNDER / EBEREE E-102
v [E] 6000017 COMPRESSOR, EXPLNDER BRRKE ATLAS COPCO
» ET',F 7 NBU-A6010-K-102-03 CONTROL LMD MONITORING
~ &P 7 NBU-A6010-K-102-04 LUBRICATION SYSTEM
3 ET',T'J & NBU-R6010-10F0-267 ELEM, FLW ORIFICE, E-108/110 EXC COOLER
L @'[_T-""NBT.T—Aﬁﬂlﬂ—lﬂPDE 278 GAUGE, PFRS LDIFF, F-101A/B, K-102 EXF CMF
b @® 8 NEU-A6010-10BD5-279 GRUGE, PRS DIFF, F-101a/B, K-102 EXP CMP
3 @'l'_T-‘"’NBU—AEle"J—E—lDQ ¥CHGR, COOLER E-109
b Dn:" 8 NBU-R&010-E-110 EXIC“HGR, COOLER E-110 K-102 Boundal“_v'
b & 8 NBU-R26010-FI-101A V5L, FILTER FI-101X
3 o yBU- o . _ Envelope
* &Y &8 NBU-L&010-FI-101B V5L, FILTER FI-101B
b @','_TJ'SNBU—AGlefJ—P—lDG EMPE, LUBE OIL DRAIN P-106
3 @'F-"EHBU—AEGIG—F—MT EME, LUBE OIL DRAIN E-107
3 @'l'_T-‘"’NBU—AE"JlfJ—P—lDS EME, LUBE OIL FILLER P-108
b @® 8 NBU-A6010-5-111 TNE, 0IL RESERVOIR 5-111
3 @.ﬁ' NBU-A6010-5-113 TNE, 0IL STORAGE 5-113
k ETF' NBU-RE010-5-114 TNE, OIL STORARGE 3-114
b @® & NBU-A6010-5-115 TNE, 0IL STORAGE 5-115
» '?N'BU AG010-K-102-05 SHAFT SEMAL SYSTEM
-M-102 TUEECEXERENDER, ERRFE COMER M-102 -
- @'ﬁ’ 5 NBU-26010-K-102-5C RELATED SAFETY AND CONTROL K'”.]? Dedicated
3 @'@ﬁNBU—Aﬁﬂlﬂ—lﬂEV—als VLV, ESD, BYP, E-102 BRREE CMP Equipmert I
P @® 6 HEU-A6010-10XV-341 VLV, MOV, SWI ON/OFF, K-102 BRAKE CMP
3 @'ﬁ'ﬁNBU—Aﬁﬂlﬂ—lﬂXV—aciz VLV, MOV, SWI CN/OFF, K-102 BRAKE CMP
3 @'@5 NBU-R6010-K-102-F& FIRE AND GRS DETECTION
» @ & NBU-R6010-K-103 CMP, REGENERATION GAS K-103
» @'ﬁ‘GNBU—AGleD—K—lfJ‘l CMP, RESIDUE GAS E-104
» ETFT' S NBU-R&010-E-105 INSTREUMENT AIR COMPERESSORS K-105AR/B
b @ﬁ‘SNBU—Asﬂlﬂ—K—lﬂafK—lrJGB REFRIGERANT COMPRESSORS K106/K106B
» @,’-‘T‘GNBU—AGG:LD—K—MT CMP, RESIDUE GAS BOOSTER K-107
b @FT‘ & NBU-R&010-K-110 CMP, AIR DRIVEN BOOSTER GAS KE-110
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d Use/Location Data

[@m .| Display Functional Location: Classification
&3
Object [& Installation category
Functional loc. NBU-AG010-K-102
Description CMP, EXPANDER [ BRAKE K-102
Class Type o003 | ﬂ| Functional Location £ val,_L‘IEHIEGFCthDrCharInmlbtanGtengDescnptmn ________________________________________
— 7 & Instaletion category |
- . Mo Entry
dsienis ~ ot Upstream (E&P)
Class Description u 01.01 Driling rig
PE_RO CO CE Compressors, centrifugal . v] 01.02 Gas processing |
- 01.03 Intervention vesse
* 01.04 Dilfgas prod facility (on/off
i ] 01.05 Upstream pipeline
L E d pstream termina
o o 01.06 Upstream terminal
B @ BEE entry "B Midsireom
- 2.0 Combined heating + power (CHP)
Values for Class PE_RO_CO_CE - Object NBU-A6010-K-102 ) 02.02 Gas to liquids (GTL) plant
g 02.03 LNG plant
UsefLoc Coincident Reference | . 02.04 LPG plant
o 02.05 Midstream pipeline
Characteristic Description | Value . 02.06 Midstream terminal
— — . 02.07 Shipping (LNG, Of)
Industry Natural Gas A
: —— — . 02.08 Storage
Business category Upstream - =03 T e
ﬂlnsﬁllatlun category Gas processing - W 03.01 Downstream gas processing
Plant/Unit category Onshore production plant . 03.02 Downstream pipeline
Section/System EP Gas process/treatment - 03.03 Downstream shipping
Dperation category Manned . 03.04 Downstream terminal
Mumber of redundant un. LeelE S e -
I . i ~ =04 Petrachemical
Normal operating mode - 04.01 Petrachemical complex
Ambient conditions . 04.02 Petrachemical shipping
Utilization of rated capaci... " 04.03 Petrochemical terminal
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r Malfunction Reporting

Impart Data Quality on Inception

Responsibility

Work Initiation Problem Report (equipment-level Facility personnel
failure notations), system QA checks

Approvals and Work approval, planning and Operations
processing scheduling, create statistical records  Superintendent
Execution, repair Repair Report (item-level failure Maintenance Lead
notes, and close-out notations), system QA checks Technician

Failure data quality QA/QC, consegquence assessment, Reliability Engineer
control and methods feedback
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Malfunction Problem Report (Work Initiation)

Equipment-Level Notations

ISO 14224:2006(E)

[& wmaintenance notification  Edit  Goto  Extras  Environment  System  Help

1] MR Cee DM
. Create PM Notification: Malfunction Report
9.5 Failure data

G RN R Gt TS

A uniform definition of failure and a method of classifying failures are essential when it is necessary to
combine data from different sources (plants and operators) in a common RM database.

Notification $00000000001 22
Notific. Status 0SHO © prioTity 1s required. sys.t.em.ChECks on
5 2 0 ilure mode is required. notification save
N 0 fovificarion sho 5 =
A common report, as given in Table 6 (see also Table 3), for all equipment classes shall be used for reporting et = Wieifiostic shore [i;ul;iuu-u‘
’ h ! J ’ required.
failure data. For some equipment classes, e.g. subsea equipment, minor adaptations can be necessary. ProblemReport | Detection Method |” Planning |~ Documen Bl | runctionar Catssarsimiseine
: . Referance object

The minimum data needed to meet the objectives of this International Standard are identified by (*). However, — —

the addition of certain other data categories can significantly improve the potential usability of the RM data Functonelloc.  [wBU-aco1o-k-10z | [BE] P, EXPANDER / BRAKE K-102 @

see Annex D. Equipment 6000017 COMPRESSOR, EXPANDER BRAKE ‘BIE‘
Assembly

Table 6 — Failure data

~ {3 Failure Mode Faiure Mode
start/end Dates ~ 3 £0000100 Compressors - (25
— Required Start  [2016.04.04 133 © PAR Abnormal instrument reading
Category Data to be recorded Description Required End - b ERD Breakdown
. Failure record (*) Unique failure record identification ad Bxtemal leaage process medum
|dentification Subject * » ELU External leakage utiity medium
Equipment identification/Location (*) E.g. tag number (see Table 5) * b ERO Erratic output
- Failure Mode - M FIS Fail to start on demand
Failure date (*) Date of failure detection (year/month/day) Descrption 24 « b HIO High output
« b L Intemal leakage
! 2 a
Failure mode (*) Usually at equipment-unit level (level 6) (see B.2.6) . 100 Low output
Failure impact on plant safety (e.g - Noise
Usually zero, partial or total . 7
personnel, environment, assets) ° v P d Queiheatng
« b omH Other
Failure impact on plant operations (e.g. © b EDE Parameter devation .
: Usually zero, partial or total Equipment class-
production, drilling, intervention) ® v P = b PLU Plugged/choked q p .
« B SER  Miner inservice problems specifc failure modes
Failure impact on equipment function (*) | Effect on equipment-unit function (level 6): critical, degraded, + b 51D structural deficiency
or incipient failure ¢ - psIE Fail to stop on demand I
Failure data Fail hani The physical. chemical h hich have | © b oK Unknown
ailure mechanism e physical, chemical or other processes which have led to a . b usT Spurious stop
failure (see Table B.2) Key from the assigned catalog )
that is used to code the
Failure cause ¢ The circumstances during design, manufacture or use which notification.
have led to a failure (see Table B.3)
- Use
Subunit failed Name of subunit that failed (see examples in Annex A) FATLURE MODES: COMPRESSORS
— N - | 150 14224 Methodology | . =
Component/Maintainable item(s) failed | Name of the failed maintainable item(s) (see Annex A) Failure Mode (ISO 14224) AIR - ABNORMBL INSTRUMENT READING: false alarm, faulty
instrument indication
Detection method How the failure was detected (see Table B.4) Methodoloay- Corresponds to SAP coding codes
— N qy BRD - BREAKDOWN: breakdown, serious damage (seizure, breakage),
Operating condition at failure Running, start-up, testing, idle, standby specifc glossary Definition ST e ERTEmos (Es] 1o
Remarks Additional information Give more details, if available, on the circumstances leading to text (F1 kew ; _ EXTERNAL LERKEGE PROCESS MEDIDM: oil, gas, condensace
the failure: failure of redundant units, failure cause(s) etc Effect by which a failure is observed on the water
failed item.
2 For some equipment categories such as subsea equipment, it is recommended to also record failure modes on taxonomic levels ELU - EXTERNAL LEAKAGE UTILITY¥ MEDIUM: hydraulic oil, lubrication
lower than the equipment-unit level ————— Use
b see example of failure consequence classification in Table B.2.

011,
c

Failure modes are equipment class specific.
ERO - ERRATIC QUTPFUT:

only. SAP Functionality

9 The failure cause and sometimes the failure mechanism are not known when the data are collected, as they commonly require a

root cause analysis to be performed. Such analysis shall be performed for failures of high consequence, high repair/down time cost, or

failures occurring significantly more frequent than what is considered "normal” for this equipment unit class (“worst actors”).

(*) indicates the minimum data that shall be collected.

lubrication oil, barrier oil, coolant, water, etc.

For some equipment categories and applications it may be sufficient to record critical and non-critical (degraded + incipient) failures

oscillating, hunting, instability

FIS - FAIL TO SIART

ON DEMAND: doesn't start on demand
Failure mades are presented using SAP
catalog functionality. Individual codes relevant
to the equipment class are organized within
code groups that in tum are assigned to the
equipment via a catalog profile.

HIO - HIGH OUTPUI: output torque above specifications or

output above

| | [ contnue |5
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Malfunction Repair Report (Work Close-out)

Component-Level Notations

(%@ |.| Change PM Notification: Malfunction Report Typ|Hessage wext Sys_tem Fhe':ks on _
[ e = 0 Ha:!.:‘unctic:n En:-i daFe is r?quired. notification COI'I‘Ip|BtI0ﬁ
@ |Failure mechanism is required.
Motification 100000035 Z2 | AGA4 TT Suction temperature failled |@| o Maintainable Item is required.
Notific. Status ATCO NOPR NOPT ORAS ||APPR |@| 2 Corrective Jpainten._ance activity is required.
Order CTGEInE T |Z| — - @ |Root cause is reguired.
Problem Report Repair Report_ Tasks Activities Planning Documents

Maintainable Items | Root cause Tasks |~ Activities r_— Equipment subdivision | | Failure Mechanism

E =
Mo. Code gr... Ma...| Maint. Items Code gr... Fail... Failure Mech Text It... Assembly AssemblyDescriptn
1 CC000300 0700 Control and monitoring - Sensors FMO00300 3.0 Instrument failures Gene.replace RTD |@|
= Maint. It i i =
] Main ems Maintainable _Itgms [ = Display Long Text
» [] CO000100 Power transmission -
» [ conn0200 Compressor - = i Failure Mech Faiure Mechanism
~ 3 coo000300 Control and monitoring - » [ FM000100 Mechanical failure - (S
- b 0001 No detai » [ m000200 Material faiure - B INSTRUMENT FAILURE
- P 0100  Actuating device ~ ) FM000300 Instrument failure - (5 —
- » 0200 Control unit « b 3.0 General 3.0 GENERAL: failure related to instrumentation, but no d
2 .
4 known.
- » 0300 Cables and junction boxes LR ¢ Control failure -
. . 22 ) .
B 0400 Valves d N ol dication /s 3.1 CONTROL FAILURE: no, or faulty, regulation
« p 0500 Internal power supply = b35S Fautty signal/indication/alarm —
= P 0600 Monitoring © b o3.e Out of adjustment 3.2 NO SIGNAL/INDICATION/ALLARM: no signal/indication/alar]
- » 0700 e « P 3.5 Software failure expected.
« p 0200 Valves - P 3.6 Common cause/rmode failure -
- » os00 firing » ] FM000400 Electrical failure - By 3.3 FAULTY SIGNAL/INDICATION/ALERM: signal/indication/ala
- » 1000 Pipin » D FMO00500 External influence _I:% wrong in relation to actual process. could be spurious,
- » 1100 S:alsg ¥ Ij FMOO0E00 Miscellaneuus—@ intermittent, oscillating, arbitrary
) = 3 |
» [ con00400 Lubrication system - 3.4 OUT OF ADJUSTMENT: calibration error, parameter drift
» [ cooonosoo Shaft seal system - —
» [ co009900 Miscellaneous - 3.5 SOFIWARE FAILURE: faulty or no control/monitoring/ope
due to software failure.
3.6 COMMON CAUSE/MODE FAILURE: seweral instrument items £
simaltaneocusly, e.g. redundant fire and gas detectors. al
— |
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r Event Consequence e _
Assess ment 1SO 1422%:2006(E)

Table C.1 — Fallure-consequence classification
Consequences | Category
® .| Change PM Notification: Classification _ Commepte
302N Of System s
Safety |
Object Loss of Sves
Notfication Item number 1 Outer race bent y <rcal
Class Type Message tem PRt
o}: Environmental | [ | Vi X XN
~ Aor podution S » 00 Some " No, or e o x
Vakues for Class PE_ME_WI - Object 10000560 0001 i e . it PN e o ’ =
P : | o cihoerice | CCotatio Ralt® | wwoarorbon-drorig | g
Operational v Vil X X
ery bt lenanCe Mantenance o or '~ pANaNCe O
Characteristic Descrption Value wlow norm
Consequences of falure T e
Equipment/Area affected
Facity downtime
Value Herarchy for Char. Consequences of falure  Desc. Text
* (3 Consequences of falure
» OE Envronment
* (3o Operations
» Dot Operations catastrophic
» 302 Operations severe
» Qo3 Operations moderate
* 804 Operations mnimal
. V) 041 Maintenance cost < US$50,000
» 305 Operations neglgble
G RBRAY Xom * Op Production
» Op Production catastrophic
» Op2 Production severe
* Op3 Production moderate
« @ VIr31 Production loss < US$250K
» Or4 Production mnimal
» Ops Production negligble
» (s Safety
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rd Preventive Maintenance and Inspections

Program
m Administered as administrative or ST TS eETORRT: _—
teChnlcaI tag |eve| ® . Change PM Notification: PM Condition Report
) A A NOume TIBBDE
m Results reported at technical tag level B
Status NOPR ORAS i | % * g8 Notf
o3 [lion S 7 - Dol
PM Condition Report ————
= One condition report per technical tag e —
inspected
m Inspection verdict and condition details T T
m Generated from object list of PM inspection
order
Follow-on malfunction report e e e
m Generated for any equipment
malfunction verdict
1 141 M3 VIBRATION ISPECTION
" Llnked to PM Condltlon Report aS s @ 10000631 M2 FOLLOW-ON MALFUNCTION REPORT
subordinate object
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r Quality Control Processes

Review malfunction and condition reports to ensure completeness and a clear and
concise description of what happened

|dentify “non-malfunction” malfunction reports and set user status to exclude them
from the failure data dataset

Review other ERP data to identify missing failure events, e.g. review materials
booked against blanket orders of cost centers, review preventive maintenance and
inspection results to ensure follow-on malfunction reporting was done, etc.

|dentify and document follow-on requirements, e.g. preventive maintenance
additions, facilities change requirements, SJP requirements

Circle-back with personnel when issues are found with completion of malfunction
reports
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rd Relevant International Standards

1SO 14224:2006

Petroleum, petrochemical and natural gas industries -- Collection and exchange of
reliability and maintenance data for equipment

ISO 15926-2:2003

Industrial automation systems and integration -- Integration of life-cycle data for
process plants including oil and gas production facilities -- Part 2: Data model

OREDA

Offshore Reliability Database, Joint Industry Project that developed 1SO 14224
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http://www.iso.org/iso/rss.xml?csnumber=29557&rss=detail

Thank you

Reliability
Dynamics

Tony Ciliberti

Principal Engineer | Reliability Dynamics | Linkedin: tciliberti
tony.ciliberti@rd-eam.com
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rd Reliability Dynamics LLC

Company overview

BRegistered engineering company specializing in equipment reliability and
maintenance solutions for corporate software systems

EPrimary product is the Industry Standard Solution for Plant Maintenance
(ISPM®)

Current and recent customers
EBrunei Methanol Company

M Precision Drilling

BPembina Pipeline

BQGOG (Maximo)

BmMaersk Drilling

BNexen Inc

EMarathon Oill

mFortis Alberta
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