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Reliability Dynamics LLC

B Registered engineering company, located in Indiana, USA
B Specialize in applying ISO 14224 solutions in corporate software
B Primary product is the Industry Standard Solution for Plant Maintenance (ISPM®)

B Queiroz Galvéo - Oleo e Gas (QGOG)
B Pembina Pipeline Corporation

B Nexen Energy

B Maersk Drilling

® Marathon Oil

M Fortis Alberta
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Tony Ciliberti PE

Principal Engineer | Reliability Dynamics

B BS in Chemical Engineering from Texas A&M University, 1987

B Twenty-nine years as a reliability engineer in petrochemical, oil and gas

M Licensed Professional Engineer

M Four years with SAP Americas’ National Practice (EAM Solution Architect)
M International/Industry standards involvement

aISO TC 67/WG4/PG1 (US expert): Collection and exchange of reliability and maintenance
data for equipment

QISO TC67/WG4/PT2 (US expert): ISO 20815 Production Assurance and Reliability
Management

O CCPS PERD ERP Subcommittee Chair
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Facilities Overview: Application in Upstream,

Midstream, and Downstream
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Industry Standard Solution for Plant Maintenance

(ISPM®)

m Application of ISO 14224 methods '
in enterprise software (ERP) ERP System

. ) o System of record for technical tags
m Native to enterprise software e Work management system

= Built-into work management ¢ Initial data collection point for equipment failure data

prOCGSSGS | Failure consequence
[ accounting
. . ili I i r E ment
m Equipment reliability metrics Equipment iome Failure metrics
failure events Malfunction -
— Reports ‘

+

m Technical hierarchy

m Malfunction reporting ,
_ Sk ERP DATABASE
m Consequence accounting Il SO |- Work execution
" . Taxonomy . |® Results recording
m PM condition reporting processes ¢ Labor snd matertal
bookings

m Data quality assurance

m Data aggregation !

Planned Maintenance
PM Condition and Inspections
Reports J
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Construction of Technical Structure

Compressor Technical Drawings

International ISO standardization seminar for the reliability technology and cost area
Statoil Business Centre, Stavanger, Norway,26 April 2016 - I -
© Reliability Dynamics LLC 2014 R I b I t D

Slide 6 elaplity bynamics



Construction of Technical Structure

Compressor Taxonomy Definition
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Technical Structure

m ERP is system of record for all technical
tags

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

m Equipment interrelationships defined in

system
International ISO standardization seminar for the reliability technology and cost area
Statoil Business Centre, Stavanger, Norway,26 April 2016 - I -
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Malfunction Reporting
Impart Data Quality on Inception

Step Details Responsibility

Work Initiation Problem Report (equipment-level Facility personnel
failure notations)

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) Technician

Failure data quality = QA, consequence assessment , and Reliability Engineer
assurance methods feedback

International ISO standardization seminar for the reliability technology and cost area
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Malfunction Problem Report (Work Initiation)

Equipment-Level Notations
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Malfunction Repair Report (Work Close-out)

Component-Level Notations

s i — System checks on
Malfunction end date is required. notification COI'I‘Ip|BtI0ﬁ
Failure mechanism is required.
Maintainakle Item i3 required.
Corrective maintenance activity is required.
Eoot cause is reguired.

International ISO standardization seminar for the reliability technology and cost area
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Failure Data Quality Assurance
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Data Aggregation

Functional Location Structure: Structure List
| B s = |P|‘imal“_f.-"Parem equipment (green high-light}

ISO 14224:2006

Functional loc. NBU-AG6010-K-102 vald Fro| Compressor unit boundary: taxonomy
Dascription CMP, EXPANDER / BRAKE K-102 93 technical tags in total
~ FEN‘BU—AEUIU—K—J.UZ 4————— (P, EXPRNDER / BRAKE K-102 D %
» 7 NEU-26010-K-102-03 CONTROL AND MONITORING & %
* o 7 NBU-L6010-K-102-04 LUBRICATION SYSTEM & Z
! . dj_i'SNBU—AGl’JlD—ll’JFS—ZGT ELEM, FLW ORIFICE, E-109/110 EXC COOLER
o EPSNBU—AEMU—IGPDG—ZTS GRUGE, PR3 DIFF, F-101A/B, K-102 EXF CMF
+ g B NBU-R6010-10PDE-279 GAUGE, PRS DIFF, F-101A/B, K-102 EXP CMP
v @ 8 NBU-R6010-E-109 KCHGR, COOLER E-109 2|
+ g & NBU-26010-E-110 KCHGR, COOLER E-110
e SN'BUfAG"Jl"JfFIfl"JlA V5L, FILTER FI-101A
+ g & NBU-R6010-FI-101B K-1 02 V5L, FILTER FI-101B
b dj_i'SN'BU—AGl’Jlﬂ—I—‘—ll’JG EMP, LUBE OIL DRAIN P-10& E'j_i'
¥ EPSNBU—AEleU—I—‘—lfJ? - FMF, LUBE OIL DRAIN P-107 d'_*'
V @ 8 NBU-R6010-P-108 teChnlcal EMP, LUBE OIL FILLER B-108
3 & NBU-A6010-5-111 THNK, O0IL RESERVOIR 3-111
+ g & NBU-26010-5-113 t t TNE, OIL STORAGE S-113
e SNBUfAG"Jl"Jfollﬂl S rUC ure THNK, OIL STORAGE 5-114
+ g & NBU-26010-5-115 TNE, OIL STORAGE S-115
+ 9 7 NBU-26010-K-102-05 SHAFT SEAL SYSTEM & %
] - EPSNBU—AEleU—FI—lfJZA V3L, FILIER FI-102A&
. ‘ 8 NBU-A6010-FI-102B VSL, FILTER FI-102B
L3 gq.' & NBT-A6010-M-102 TURBCEXFANDCER, BRAIKE COMFR M-102 5 %
» o 5 NBU-26010-K-102-5C RELATED SAFETY AND CONTROL & %

‘ Interrelated equipment (yellow high-light)

K-102
aggregated
failure data

International ISO standardization seminar for the reliability technology and cost area
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Consequence Accounting

Where is your pain?
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Equipment-Level Analysis

International ISO standardization seminar for the reliability technology and cost area
Statoil Business Centre, Stavanger, Norway,26 April 2016 - I -
© Reliability Dynamics LLC 2014 R I b I t D

Siide 15 elaplity bynamics



Component-Level Analysis
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Component-Level Analysis
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Queiroz Galvao - Oleo e Gas (QGOG)

Industry Sector
B Oil and gas drilling and FPSO services

Scope
B[SO 14224 Taxonomy and failure reporting
B Maximo for Oil and Gas

Facilities (offshore drilling)
M Brava Star

B Amaralina Star

M Laguna Star

M Lone Star

W Gold Star

M Alpha Star

M Olinda Star

B Atlantic Star

B Alaskan Star

International ISO standardization seminar for the reliability technology and cost area
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Thiago Amato

Corporate Asset Integrity Engineer | QGOG

B BS in Mechanical Engineering, State University of Rio de Janeiro, 2005
B MBA in Maintenance Management, Federal University of Rio de Janeiro, 2008
B MBA in Project Management, FGV, 2015

M Eleven years as maintenance and reliability engineer in the oil and gas sector, including
Sparrows BSM, National Oilwell Varco, and Archer the Well Company

B Role with QGOG
O Corporate maintenance expert and advisor
Q Best practice evaluation and implementation
0 Ops and Maintenance setup for new builds
O Maintenance process reviews
0 Represent QGOG in rig audits

International ISO standardization seminar for the reliability technology and cost area
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QGOG Taxonomy Construction
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Equipment Taxonomy Example: Subsea BOP

B Integrates Xantic SFl, ISO 14224-standards into Functional Location Structure: Structure List
one coherent taxonomy EE B E "% Levessboe Epandwhoe | & [
B All engineering tags are represented with functional Functonal be. Bvs-3pa1tt Yaid From pifzefz0e
= 3 Description BOP COMPLETE UNIT
and materlallzed maSter reCOrdS "EGB'«'S—333101 BOP COMPLETE UNIT Primary Equipmem
. e o ?BVS*32-31(-17C‘4 PRIMARY CONTROL SYSTEM (SURFACE)
|| Englneerlng tagS are StrUCtured tO matCh |SO » &P & BVS-3D32206 BOP HYD.POWER UNIT s FLUID MIX S5YS
. SHLAAN L3 QPSB?S—SDSEZG? TEST HPU FOR ADDITIONAL BOP
14424 equipment subdivision i 0 POD TEST STAND
3 dPSB’fS—3:-32'?15 BOP HIGH PRESSURE TEST UNIT
* ?B?S—S:-Sltll—ﬁa BACKUP CONTROL SY¥STEM
L3 dp&B'fS—S:-SlC-l—SC—C-C-l BACK UP SYSTEM - EHBS FOD - GROUP
-3D3101-5C-002 BACK UP SYSTEM - RCOUSTIC POD -GROUP
-3D3101-IP-001 PRESSURE SWITCHES - GROUP
—3D3101-ME-011 PRESSURE GRUGES - GROUP U .
—3D3101-VA-566 VALVES, SPM - GROUP nit
5 o boundary
CHECK VALVES - GROUP
L VALVES - GROUP
REGULATOR VALVE - &
ACUMULATORS — GROUP
D3101-BP-001 BOP STACK #1, INCL. ILMRP, CONNS, FLEX JT
- dp?B’fS—S:-SlEll—Dl PREVENTERS, VALVES RND LINES
» " —3D31100 BOF STACK #1, INCLUDING IMRF
o gF BE 3D31100-AP-000 LOWER MRARINE RISER PACERGE #1
» E’Ps 3D31100-IB-005 SENSCR, TEMPERARTURE/PRESSURE ASSY,IMRP#1
¢ ﬁrpﬁ 3D31100-IE-0 OR, INCLINOMETER (DUAL RXIS), IMRF#1
» 3 3D31100-VA-453 S5, IMRP #1 - GROUP
» 8 BV5-3D31100-ME-001 ADRAPTER, RISER TYPE FT-HB, BOP #1
b 8 3D31100-AP-001 INNULAR, UPPER, BLOWOUT PREVENIER #1
» S BV5-3D31100-AP-002 ANNULAR, LOWER, BLOWOUT PREVENIER #1
" dp% 3D31100-PI-001 PIPING, CHOKE FLEX LOOP PIPING, BOP #1
» 8 B 3D31100-PI-002 PIPING, KILL FLEX LOOP PIPING, BOP #1
» 8 3D31100-5H-001 RIGID CONDUIT "A™ FLEX HOSE,BOF
" 9 3D31100-5H-002 RIGID CONDUIT "B™ FLEX HOSE,BOP
b djTJB B 3D31100-RP-000 8 3/4™ 15K #1

» @ 7 BVS-3D3101-02
» g 7 BVS-3D3101-03 FLEXIELE JOINT
» g 7 BYS-3D3101-045 PRIMARY CONTROL SYSTEM (SUBSER)
~ &P G BVS-303101-BP-002 BOP STACK $2, INCL. LMRP, CONNS, FLEX JT
» g 7 BVS-3D3102-01 PREVENTERS, VALVES RND LINES
» g 7 BYS-3D3102-02 HYDRAULIC CONNECTORS
» g 7 BVS-3D3102-03 FLEXIBLE JOINT
» g 7 BVS-3D3102-04 ERIMARY CONTROL SYSIEM (SUBSER)

International ISO standardization seminar for the reliability technology and cost area
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Maximo Malfunction Report
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QGOG Challenges

Technical tags
M Tag lists provided by manufacturer were incomplete
B Many process items were not tagged

MAXIMO O&G
B Load extra failure class into MAXIMO
B Maintainable item is a free text

Translating to Portuguese
B All FL were translated to Portuguese
M All failure classes were translated to Portuguese

Quality Assurance on data reporting
B Old school technicians, need training
B Data recovery program

International ISO standardization seminar for the reliability technology and cost area
Statoil Business Centre, Stavanger, Norway,26 April 2016
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Results - Brava Star

Brava Star has over them 8,000 FL
already in place

B The Taxonomy structure process is on
going on the other rigs

m With extended content, over 80 equipment
class definitions

B Every technical tag (assets) has a class ID
assigned (5,331 tags)
m 200 failures class into MAXIMO O&G

The hierarchy gives flexibility in
evaluating failure rates at any point in
the structure

B E.g., component, equipment or process
level

To ensure data quality:

B QGOG started a training program and
developed MAXIMO workflows to ensure
information being fed into the system

M Failure data QA being done by Asset
Integrity Engineer

International ISO standardization seminar for the reliability technology and cost area
Statoil Business Centre, Stavanger, Norway,26 April 2016
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+ mBVS-30:TORRE COM COMPONENTES / DERRICK WITH COMPONENTS

W EBVS-31:EQUIPAMENTOS E SISTEMAS DO PISO DE PERFURACAC / DRILL FLOOR EQ A
# W BVS-311:CONTROLE DE PERFURACAQ / DRILLING CONTROL
# 1 BVS-312:GUINCHO DE PERFURACAQ & MAQUINAS | DRAWWORKS & MACHINERY
mBV3-313:MESA ROTATIVA, TOP DRIVE E EQUIPAMENTOS ASSOCIADOS / ROTARY
# WEVS-3D13110AMESA ROTATIVA PRINCIPAL (RST-755) F ROTARY TABLE MAIN. (F
# mBVS-3D13110B:MESA ROTATIVA AUXILIAR (RST-605) / ROTARY TABLE AUX. (RSY

mBY3-3D135A.TOP DRIVE PRINCIPAL / TOF DRIVE MAIN
+ mBV5-3D135A-01:MOTORES f DRIVERS
mBV5-30135A-02:ENGRENAGEM / GEAR
+ W BY5-30135A-GB-001:ENGRENAGEM, TOP DRIVE PRINCIPAL / GEAR, TOP DRIVE M
# mBVS-3D135A-03:5WIVEL ROTATIVO / ROTARY SWIVEL
mBY35-30135A-04:CONJUNTO DE MANUSEIO DE TUBOS / PIPE-HANDLER ASSY
¥ W BY5-30135A-PH-001:CONJUNTO DO MANUSEADCR DE TUBOS DE PERFURACAD W
= mRVS-3N13RA-NA CONTROI F F MONITORAMENTO { CONTROI AND MONITORING

N
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Benefits

M Base for the root cause analysis process (process being improved)
M Base to KPls, like MTTR, Availability, WO compliance
B Mapping the unreliable assets (MTBF)

MTBF

DRAWWORKS AUX
CHOKE AND KILL MANIFOLD
SHALE SHAKER VSM300 #4

HP MUD PUMP #3

0.00 50.00 100.00 150.00 200.00 250.00 300.00

DAYS
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Thank you all for attending

Tony Ciliberti, PE
Principal Engineer
Reliability Dynamics LLC

Mobile: +1-574-274-3887

Office: +1-574-314-5099

Email: tony.ciliberti@rd-eam.com
Web: www.reliabilitydynamics.com

Thiago Amato
Asset Integrity Engineer
Queiroz Galvao Oleo e Gas S.A.

Mobile: 55 21 99146-9413
Office: 55 21 3231-2996

Email: tamato@qggog.com.br
Web: http://www.qgog.com.br/
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Gordon Sandercock

Senior Maintenance Management
Specialist

Pembina Pipeline Corporation
(Canada)

Email: GSandercock@pembina.com
Web: www.pembina.com

Ramesh Vora, P.Eng., MMP
Senior SAP PM Analyst
Nexen Energy (Canada)

Email: Ramesh.Vora@nexencnoocltd.com
Web: www.nexencnoocltd.com
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Equipment Downtime

INL1 Internal leakage 12/12/2015 01:00 HP MUD PUMP #3

INL1 Internal leakage 20/12/2015 03:00 HP MUD PUMP #3

PLU Vibration 21/12/2015 01:00 SHALE SHAKER VSM300 #4
PLU Plugged/choked 30/12/2015 01:00 SHALE SHAKER VSM300 #4
INL1 Internal leakage 22/09/2015 06:00 CHOKE AND KILL MANIFOLD
LOO Low output 27/12/2015 04:30 DRAWWORKS AUX

International ISO standardization seminar for the reliability technology and cost area
Statoil Business Centre, Stavanger, Norway,26 April 2016
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Nexen Long Lake Technical Structure

Functional loc.

Description

LLAK-8400
STEAM GENERATION

* o 3 LIak-s101

» 4 LLAK-8100 INLET TREATING
s — T ~|&? 6 LLaR B100-P-002-E HE BFW FUME E W
» @ 4 LLAK-8300 WATER TREATMENT SYSTEM » @ 7 LLAK-8400-P-002-E- RO g :
o &5 A TEETe N el — - g 7 LLAK-8400-P-002-E-03 CONTROL AND MONITORING
» P s Lar-2400-2G TS » :5 LLAK-8400-CM-201 8400-P-002-E HP BFW SUCTION HEADER
v & 5 LIaK-2400-CL B ——_— v @ 5 LLAK-2425-CM-200 £400-F-002-E HF BFW PUMF SUCTION
; 5 LIAK-2400-CR CRANES, HOISTS, AND MONORATLS b @ B LLAK-8425-FE-200 METER, FLOW
* @ 5 LLAK-2400-FG FIRE AND GAS DETECTORS » g & LLAK-8425-F1T-20 WA I, (ML)
. 5 LLAK-8400-HE OTSE STEEM GENERATORS > 8 LLAK-2425-FV-200 VALVE, FLOW, MODULATING
b g 5 LIAK-8400-HE EXCHANGERS » @P 8 LLAK-8425-FPIT-20 TRANSMITTER, FRESSURE INDICATING
v g 5 L1AK-2400-HT HEAT TRACING » 5 LLAK-8425-CM-201 £400-P-002-E HP BFW PUMP SUCTION
, 5 L1AK-2400-LT LIGHTING » g 5 LLAK-2425-CM-202 £400-P-002-E HF BFW PUMP DISCHARGE
v &P 5 LIAK-2400-FD POWER. DISTRIBUTION » 5 LLAK-8425-CM-203 £400-P-002-E HP BFW PUMP WARM-UP
b ' 5 LIAK-2400-PT 2400 PIPING BY COMMODITY b 5 LLAK-8425-CH-210 8400-P-002-E HP BFWMOTOR BEARING MACHINE
+ &P 5 L1AK-2400-FU PUMES » 5 LLAK-8425-CM-211 £400-E-002E HF BFW PHASE W MOTOR MONITOR
» @ 5 LLAK-8400-P-001 LP BFW BOOSTER PUMES » 5 LLAK-3425-CH-212 £400-P-002-E HP BEW MOTOR FILTER DIFFERE
> P 5 LLAK-8400-P-002 HP BFW DUMES » 5 LLAK-3425-CM-213 £400-P-002-E HF BFW PUMP
» o 6 LLAK-2400-P-002-2 HP BFW PUMF 2 » 5 LLAK-8425-CM-214 £400-P-002-E HP BFW MOTOR BEARING OIL TO
» @ 6 LLAK-8400-P-002-B HP BFW PUMP B » 5 LLAK-3425-CM-215 £400-P-002-E HF BFW PUMP QUENCH WATER
» @ 6 LLAK-2400-P-002-C HP BFW PUMF C » gP 5 LLAK-8425-CM-216 £400-P-002-E HP BFW PUMP QUENCH WATER
» @ 6 LLAK-8400-P-002-D HP BFW PUMP D » @ 5 LLAK-8425-CM-217 £400-P-002-E HP BFW PUMP BEARING OIL TO
¥ @ 6 LLAK-2400-P-002-E HP BFW PUMP E » gP 5 LLAK-8425-CM-218 £400-E-002-E HF BFW PUMP BEARING OIL TO
» P 5 LLAK-£400-P-008 STEAM CONDENSATE PUMES ’ 5 LLAK-2425-CM-219 £400-P-002-E HP BEW PUMP MOTOR BEARINGS
» g 5 LLAK-8400-P-015 STEAM CONDENSATE PUMES » 5 LLAK-3425-CM-221 £400-P-002-E COOLING MEDITM RETURN
» @ 5 LLAK-8400-PU-BG-001 BG-001 FUMPS » 5 LLAK-8425-CM-222 £400-P-002-E COOLING MEDIUM RETURN
b @P 5 LLAK-2400-PU-BG-006 G-00& FUMPS - 7 LLAK-5400-P-002-E-04 LUBRICATION SYSTEM
» @P 5 LLAK-8400-PU-CH CHEMICAL TREATMENT PUMP3 » gP & LLAK-8400-E-010-E COOLER, OIL (HF BFW PUME LUBE)
- 5 LLRK-23400-5Y STERM TRRES » 8 LLAK-8400-F-001-E FILTER, HP BFW PUMP OIL
b @ 5 LLAK-2400-TK TRNES » @ & LLAK-8400-P-004-E PUMP, MAIN HPF BFW FUMP LUBE OIL
b @ 5 LLAK-28400-TL TELECOMM » gP & LLAK-28400-P-005-E PUMP, AUXILIARY HP BFW PUMP LUEE OIL
» @ 5 LLAK-8400-UF UES » gP & LLAK-8400-R5-001-E RESERVOIR-LUBE OIL-BFW EUME E
b @ 5 LLAK-8400-VE PRESSURE VESSELS » 5 11AK-8425-CM-207 £400-P-005-E HP BFW LUEE OIL

4 LLAK-8000

Administrative levels

LONG LAKE CENTERL FROCESSING FACILITY
SAGD CENTEARAL FLANT

Functional loc. LLAK-8400-P-002-E

Description HP BFW PUMP E

Equipment unit

* @ 4 LLAK-8500 HHINEED (B HRIILLTE - &P 6 LLAK-8400-F-002-E-M MOTOR, HP BFW PUME E
* &P 4 LLAK-8600 TANK FARM

v &P 4 LLak-8700 UTILITIES

L3

4 LLAK-8900

CO-GENERATION

International ISO standardization seminar for the reliability technology and cost area
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Maersk Drilling

Offshore Drilling Equipment Taxonomy Content Development

Maersk Drilling Extended Taxonomy Y MAERSK
File Number EC000100 ORILLING
Taxonomy Index Page
DR Drilling equipment
DR_CE Cementing equipment No subdivision
DR_DH Drilling downhole equipment 13
DR_DH_DC Drill collars
DR_DH_DS Drill string and downhele equipment
DR_DH_DX  Drill pipe
DR_DH_SB Stabilizers
DR_DH_SU Drill string subs
DR_FI Fishing tools 30
DR_FI_AC
DR_FI_EF External cats
DR_FIIF Internal catch
DR_FI_IF Junk retrieval fishing
DR_FI_MI Milling and cutting
DR_FI_RE Repair and remedial
DR_MD Mud equipment 49
DR_MD_AS M ud additiv
DR_MD_DS Desanders/Desilters
DR_MD_Ms Shale shakes
DR_MD_MT  Mud tanks/pits
DR_ME  Drillingmechanical equipment 69

DR_ME_BC BOF/3ubses treecarriers
DR_ME_CB Crown and travelling blo
DR_ME_DK De

DR_MEDR  Drilling and completion risers

Diverters

DR_ME_GS funder-hull guidance systams
DR_ME_HC Hydraulic catheads
DR_ME_IR Iron roughnedks

DR_ME_MC Maotio peEnsstors
DR_ME_MF Drilling manifolds
DR_ME_MH  Drilling mouse holes [Fox holes)

DR_ME_PH Pipe handling machines

Saturday, April 16, 2016
Page 1of524
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Marathon Oil

ISPM 1SO 14224 Solution (SAP)

Marathon Alvheim FPSO
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Preventive Maintenance and Inspections

m Administered as administrative or
technical tag level

m Results reported at technical tag level

m One condition report per technical tag
inspected

m Inspection verdict and condition details

m Generated from object list of PM
inspection order

m Generated for any equipment
malfunction verdict

m Linked to PM Condition Report as
subordinate object
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ISPM Solution Details
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Malfunction Reporting Process
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Malfunction Report QA Process Flow
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Failure Data Quality Assurance

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

B Obtain and input failure consequences, area affected, etc.

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

B 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.

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

M Circle-back with personnel when issues are found with completion of malfunction reports
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ISPM Differentiators

B ERP can be system of record for all technical tags

B One unique ID for each tag throughout all systems, records, and in the field
B Technical tag interrelationships defined in a manner the system can interpret
B Standard characteristic sets give operating context for failure events

B ERP is the work management system
Q Data collected are first-hand
B System validations help ensure a quality dataset
Q Correct taxonomic level
O Minimum dataset
B Explicit data capture (versus inference on event reconstruction)

B Ensure each event tells a coherent story

B Eliminate the need for recurrent data mining

B Checks for improper and missing malfunction reports
B Serves as training/realignment to field personnel

B Client relationships allow for questions/improvements to dataset
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