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Duangtawan Nanakorn 2008: Accident Investigation by Root Cause Analysis
and Human Factor Analysis and Classification System Case Study: Wire & Cable
Manufacturer. Master of Engineering (Safety Engineering), Major Field:

Safety Engineering, Interdisciplinary Graduate Program. Thesis Advisor:

Associate Professor Saeree Svetasreni, D.Eng. 96 pages.

The objective of this thesis is to investigate the accidents of wire & cable manufacturer
occurred during 2003 — 2008 by using Root Cause Analysis (RCA) and Human Factor Analysis
and Classification System (HFACS). The computerized program was developed to record the
accident investigation data from RCA and HFACS technics. The program was developed under
the requirements of user and Microsoft Visual Basic 6.0 is used to develop this program. The
program can be used to store the accident investigation data. The users can also recall the

accident investigation data and relevant information.

The results of accident investigation by using RCA and HFACS are as following;
1) Direct Cause: At risk behaviors 66.67%, At risk conditions 33.33% 2) Root Cause: Personal
factors 51.43%, Job factors 48.57% 3) Safety & Health Management System Failures:
Engineering design 16%, Hazard evaluation and Risk analysis 13% and Knowledge and skill
training 13% 4) Individual Acts: Error 72.73% and Violation 27.27% 5) Preconditions:
Condition of operators 100% and Environmental factors 90% 6) Middlé management
Influences: Inadequate planning 46% Inadequate supervision 38% and Fail to correct 15%
7) Organizational Influences: Resource management 75% Organizational culture 13% and

Organizational readiness 13%.
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HFACS = Human Factor Analysis and Classification System

RCA = Root Cause Analysis
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(Fatality) Tuiuinsondaninldsumssnu llszezmils



A < 1 A ) .
5. I3ANIT0ANNURVLNDIIANITHINY (Occupational Illness)

<3 1 { o : @ aa o J o [ '
TsanFeanuinuthennanmstiau a9 ldsumsitanennunnd dreerasu
Y
Tsnoavinduthe (Byssisnosis) Tinleanindununiodunsie (Silicosis) NAMIHONAS

[ < o
onEy 15ANZIT991NNTNINU 999
sz iauazanuniuuives HFACS

a a A a, a 4 Y] 4
mﬂuﬂﬂWiﬁ@Uﬁ’JuﬁﬂﬁiﬂﬂlfJQﬂWilﬂﬂQUmﬁﬂTﬂﬁl’J%ﬂ15’3lﬂi1$ﬁﬂ‘ﬂ‘ﬂﬁlhl§‘]§lﬁl (Human
Factor Analysis and Classification System: HFACS) nnduaza TaetindnInenmsiu
ﬂl@ﬂﬁﬁ%ﬁ@&ﬂ§ﬂ1 ﬁf] Shappell and Wiegmann (2001) GdﬁﬁlLﬁﬂﬁhi‘%ﬂuﬂﬁﬁﬂﬂﬁ’)uua%ﬂﬁﬂﬂ\‘lﬁu
A g a 4 I 1 QsJ‘
2INIAYIURUALYIE) IﬂﬁlﬁﬁuﬁWUﬂﬂﬁnﬂﬂWﬁﬂlﬂ31$W5$‘U'UGU®\‘1 Reason (1990) E‘IJHLLNL!’U‘UHH
= 9 Y] [ [ I ~ v [l 9 9 a
umﬂwmﬂmEmuwﬁwamuamﬂuﬂﬂ@hiﬂﬂueﬂnmwumﬂmmmumﬁuu
= 1 a vAa =\ v A A 9 [
VINNHYY HFACS il%W‘]J’ﬂﬁ”lL‘Viﬁ]"lJ@Qﬂ”lilﬂﬂQ']JG]LﬁﬂiJ'ﬂﬁ]ﬁ]ﬂﬂlﬂﬂ?ﬂlﬂﬂ@gﬁa18ﬁ%ﬁﬂ
[ a 4 1 1 1 1 [l
Tﬂ8&%W1$ﬁ1lﬁ@]‘@ulﬂﬂﬁnﬂnuyﬂ WU ANUUNNITINIULYAND w%’aw;mé’mmaaﬁudwg“lu
s =9y A4 9 Ao & Y o o 4
DNANT m“lclmwm;ﬂ5:13Jmﬂmmmmmuzu1mwumﬂummmsuazmamﬂuwﬂzmmia

o a va A o a va A Y Y
1!13J11J§]‘]J@] maﬂmﬂumsmﬂqmm@;maaﬂmmquusﬂwuaam

v a Aa ] a [ 4 U 1 vAa I 4
Reason (1990) 1NIAINGWHIWHINGGoUMUFARNDS N1 guamaduTeves
s ~ 9 am @ a wvAa 14 a IR v ] 9
3Ans Nazdeanismsilesiumsinagiifmguesesnns Tagdnsizineduas ey
Y { ] 0
(Latent Failures) Auduas1oiisnguioneuiinla (Active Failures) Tnougaslugiuuusiana
. . § 1Yo o o 1 o
REASON’S Model of Latent and Active Failures Faufluii§inauna i1 nuusiaes “swiss
a a J QsJ‘ 4 a wa
CHEESE” TagoFinedannuaanainvesuysd naaniwiton lvueadi§iaau (Condition of
1 0o < o 4 . . . { o o
Operators) Ll’d$miu13Jﬂﬁ$mJNaﬁ%ﬁ%ﬁzﬂﬂmﬂﬂi (Organizational Failure) NIUNOUATIY

A a < o A
nIoANUAANAIARRNYY 4 52AL AD

]
v A

JEAUN 1 : ﬂﬁﬂizﬁﬁl@\iu@iﬁ%uﬂﬂa (Individual Acts)

52AUN 2 : ANNZIAEUNDUNILINAIALMA (Pre-conditions)



Y 7

szAUR 3 : anFwanniuha gieAuiyanaiuaieaiu (Middle Management
Influences)

Y] { a a 4
FTAUN 4 : ONTWAVINDIANT (Organization Influences)

a A a a o [ 4
MIAOUAIUAUNAVBININAQUAIMAA8IE NI UATIZ I8 BE (HFACS)
Y o u’/’ @ 4 A o U s A Y (a wva ..
TANNTENING 4 TEAVUDIDIANT AD INTITAVAWNVDIDIANT AD zgﬂ;]‘umm (Individual Acts)

[ 4
AUDITLAVVUUDIDIANT (Organizational Influences)

Organizational
Inﬂ%nces
‘\ Middle
(@) | Management
_ [
\ Preconditions
@
@ & ®
Individual
I. . Acts ®
Failed or

Absent Defenses

Incident

MNN 1 1VVI1a09 SWISS CHEESE - Model of Human Error



szAUN 1 : MInsziveasiazynna (Individual Acts)

1. ANUAANAIA (Errors)

1.1 anuAanaialumsaaadula (Decision Errors)

v A a o 1% 4
1.1.1 msdadulauvdaaadurdnnam (Rule-Based Decisions)
v A Yo A d’Q . . ..
1.12 msaadulalgdaqeninie (Improper Choice in Decisions)

v A { [ J
1.1.3 m3dadulanviaanudnledeaninnsal (1-Structured Decisions)

1.2 anuAanaalusuinye (Skill-Based Errors) :

1.2.1 vaanulals (Attention Failures)
1.2.2 ¥1aA1NA1 (Memory Failures)

123 anuranainludumaiia (Technical Errors)

1.3 anuAanaaluduns5ug (Perceptional Errors)

1.3.1 MIfuy i’ﬁﬂwmﬂ (Misperceptions)

1.3.2 msudannuianaia (Misinterpreted)

2. mashiehu (Violations)

Manuals)

2.1 MmNl ses (Routine)

2.1.1 msajUdoyalaiiieans (Inadequate Briefing)
2.1.2 ﬂﬁﬁhﬂl&ﬂgﬂl@ﬁﬂﬁﬂﬂ@ﬂiu (Violated Training Rules)

2.1.3 ms WdiiAamgiion15%1911 (Failed to Comply with Departmental



Regulations)

2.1.4 ms Wduiaeusds ngsziien (Violation of Orders and/or

2.2 MR WIENIal (Exceptional)

221 miﬁnmﬁllaj”lﬁ'i”uméaun@ (Performed Unauthorized Operation)

222 msgeuiuanmdsinou1d5ueynA (Accepted Unauthorized Hazard)

223 vanud I (Not Current/ Qualified)

U d‘ 4 \ d‘ a U ose
ITAUN 2 : ANNTIIAABNNDUNILINAQYUALTA (Pre-conditions)

1. fladsduanmniiadon (Environmental Factors)

1.1

1.2

ANNIARDNAIUNIENIN (Physical Environment)

1.1.1 a9woIna (Weather)
1.1.2 u@9a22 (Lighting)
1.1.3 178969 (Noise)

1.1.4 ANu3ou (Heat)

1.1.5 ANuauazion (Vibration)
k4 Y = . .
anundeuauma lulad (Technological Environment)

1.2.1 Q‘]Jﬂiiﬁ&ﬂxﬂﬁﬂi]‘].lﬂﬂ (Equipment and Controls)
122 M3oonuuUNUazseilisnia (Task and Procedure Design)
1.2.3 ﬂ1iaaﬂLmu@:ﬁauaxiwmsmaﬂaau (Manuals and Checklist Design)

1.2.4 m3uaadna (Interfaces and Displays)



2. ﬂ%%&l&uﬁ?uﬂﬂQ (Personnel Factors)
2.1 Msdeas/ Mslsyanuau (Communication/ Coordination)

2.1.1 anwdurarlumsagidoya (Failed to Conduct Adequate Brief)

2.1.2 eummiﬁnmzﬂuﬁm (Lack of Teamwork)

2.13 6U”Iﬂ‘ﬂﬁgfiﬂf’(”li/ miﬂixmmmﬁﬁ (Poor Communication/
Coordination)

2.14 m’azé’ﬁﬁumm (Failure of Leadership)
2.2 mmw%’ammﬁmﬂﬂa (Personal Readiness)

22.1 MINANeUNNEIND (Crew Rest Requirements)
222 mslEesnulsn (Self-Medicating)
2.2.3 WeAnIsuMIVs 1aalianzau (Poor Dietary Practice)

2.2.4 msl¥maaninula) (Overexertion While Off Duty)
3. aanou lvveaniinau (Condition of Operators)
3.1 @n12eN1999 19 (Adverse Mental States)

3.1.1 éummmmwﬁﬂﬁmmummf (Loss of Situational Awareness)
3.1.2 ANIATYA (Stress)

3.1.3 mmg%imj’uq 3 (Overconfidence)

3.1.4 annzaalagoudn (Mental Fatigue)

3.1.5 N@a5uUnIUIAla (Distraction)



3.2 @N1IZNINITNNY (Adverse Physiological States)

3.2.1 szauihealu@end (Low Blood Sugar)
3.2.2 1172319MeVIANT (Dehydration)
323 1im3l¥e1 ueanesod (Medication/Alcohol)

324 ﬁmﬂ%uﬂ’m (Medical Illness)
33 Yednanmamenmn/ 3nls (Physical/ Mental Limitations)

3.3.1 Yoiialun1sueiiu (Visual Limitations)
3.32 vafnue L) (Not Current/Qualified)
3.3.3 ammnienme ldmuneau (Incompatible Physical Capability)
334 anwawsalumsisous hifieane (Incompatible
Intelligence/Aptitude)
seduft 3 : SnBvanTanTha RUIAUDRYIMNa8I1M (Middle Management

Influences)
1. mstenutinw luidioane (Inadequate Supervision)

1.1 anuduvadlumsinensy (Failure to Administer Proper Training)
1.2 VIAUUINIIVDII DD 1T (Lack of Professional Guidance)

1.3 mmé’umaﬂumimmu@ua (Failure to Provide Oversight)
2. msnaue lumeans (Inadequate Planning)

2.1 é?qmzé’u/ gq“lﬂ"lajmmzau (Inappropriate Incentives)

22 msdszmiuanudess liiieans (Poor Risk Assessment)

[ %

2.3 ﬂ’J”IiJLiIﬁTJ"U@Qé)ﬁQﬂ‘]J‘UﬂJ%”I (Supervisor Implied Haste)

11
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3. anwdumialumsud luilam (Failed to Correct Problem)

3.1 anuduwmadlumsud lungdanssuin limangaw (Failure to Correct
Inappropriate Behavior)
3.2 anvdumadlumsud luanudes (Failure to Correct a Safety Hazard)

7 %

4. msthiuvesimily disAutinan (Supervisory Violations)

4.1 anudumadlumsiiduldngszifiey (Failed to Enforce the Rules)
o | 1o o .
4.2 mgig"m“lﬁ'wmuz?{aﬂﬂa"lmuﬂu (Authorized Unnecessary Hazard)
4.3 @H@Wﬁiﬁéﬁﬂﬂﬂﬂﬂm ¥17911197U (Authorized Unqualified Crew for Operation)

STAUN 4 ; aﬂgwa%1ﬂﬂﬂﬁﬂ§ (Organization Influences)
1. MSUTHITNINGINT (Resource Management)
1.1 1JANaINT (Human)
1.2 quisgaa (Monetary)
1.3 1A3999N3LazA98118ANNELAIN (Equipment/ Facility)
2. IAUTITUVDIDY Ans (Organizational Culture)
9
2.1 Ta59d579 (Structure)
2.2 uleue (Policies)
2.3 AMUTTIN (Culture)
3. mmw%’ammmﬁm (Organizational Readiness)
= a ua .
3.1 izl‘UEJ‘U‘IJ;]‘U@I (Operations)

3.2 3§ﬂ1iﬂ§ﬁ§ﬁu (Procedures)

3.3 mManruauaLa (Oversight)
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Qe

ABUMIINTIZHQTAIA

Qe

H 4
UABUN 1 - M3FU9a387n0@ (Identify Critical Factor)

2

dy 1R < A o A a £ 2
“lumﬂmmmamsm NIDANINNIININIUY HIDNHANTTY C]N‘]rﬂﬂllllll

Qe

HADU

A
o

r &2

NMNAILNANUFUIITIAADT T10ALDIAUTAIAININN 2

E4
4 o a ] a wa wa
WaMsal nIeaNINMITNU nenganssuiiudd v higwnsoinagiama ldnTegiiame

Event

Condition

Behavior

Event

Condition

Behavior

Event
Condition

Behavior

Event

Condition

Behavior

v Y Y
MNN 2 aassazooatunoumsyusilateinga

Y
v

VYUADU

€

Critical

Factor

na2- mﬁmﬁzﬁmmmmmﬁﬁ (Root Cause Analysis : RCA) ﬁ@”

Critical

Factor

Y
1 U

g3 vUnou

2.1 MITLYAUNANATI (Determine Direct Cause)

o v Aa L. 1 o R dy 1 Y 09; A a L4
u1ﬂﬂ%ﬂﬁﬂq@l (Critical Factor) U$1agf7 Gl)'\‘]G]f‘lNhlﬂ%1ﬂ5Uu@If]u‘W 1 NUATIEHH

. c?/‘ o 1 o =K A v A ti'l dydg’ d’ o
TUNANNAI (Direct Cause) TagmsAmInIumM “ﬂﬂﬂ%\ilﬂﬂ‘ﬂi]‘ﬂﬁl?ﬂi]@lli@\iusllu” WBaNTHUA

3 = FU v A a ~ [ [
Lﬂuﬁn‘ﬁ?ﬂ“ﬂW\Wﬁ\‘] G]f\?ﬁ’llﬁﬂﬂ’l\‘]@li\‘]ﬂiﬁﬂ@ﬂﬂ?ﬂ 2 1998 Ao Wi]@lﬂiﬁllﬂulllﬂaﬂﬂﬂﬂ UAZaNIN

[doului lidasads msdmuasia dmSuaungniass gaeazidealumanuin n
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22 miixummaimm%ﬁ (Determine Root Cause)

1 E4 Y v
) o . 1 o ] Y o a 4
A MTVTUNANNATI (Direct Cause) LAAZAI FaF1e lanINdunoud 2.1 Nz
9 Ao q9a £ 9 v o
MAWHAIINHNI (Root Cause) N 1HINAAUHANINATY Faaviganminlseneudie 2 Tlady
Ao fladenunnminau vaziliioiunnau mstmuasia dwmsvaumgnmi

A31802198A 1UAIANLIN U

2.3 MITLYANNAANDIAVBITZTVUMIIANTAIUATINLA0ANY (Determine Health &

Safety Management System Failures)

o o Y 1 o & dyl 9 z ~ )
dsuauna 10K (Root Cause) HABZA F9F19 IdanTuADUN 2.2 11N
a 4 a [ (%
ANFITHMANUAANAIAVBITZVUMIIAMIAUANNYa0ANY (Safety & Health Management
. A o 1 Y & a [ 9 v A
System Failures) wuﬂﬂqmmmmmm FIANUAANAIAVDITZUUMTIAMIAIUANNYLavane 3
Y
Wadananua 22 4o MIMUUATHE F1MSUANUAANAIAYBITZLUMITANITAIU

ANulaeaiy gitvazealumanuIn

09/’ ~ a 4 v A 9 [ 4
YUADUN 3 - ﬂ1i’JLﬂi1$“ri‘“tlﬁ]i]ﬁlmﬂméllmﬂuulgyﬂ (Analyze Human Factors Influences)
v

U0 4 TUNDY 3180DIALTAIAININN 3
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Organizational
Influences

| ]
Resource Organizational Operational
Management Climate Process

Middle

Management

| | | ]
Inadequate Inadequate Fg;l;::: Supervisory
Supervision Planning Violations
Problem

Preconditions

Environmental Personnel

Factors Factors

Physical Technological Condition of Communication/ Personal
Environment Environment Operators Coordination Readiness
| | 1 |
Adverse Physical/
birluzize Physiological Mental
Mental States L
States Limitations

Individual
Acts

Decision Skill-based Perceptual

Routine Exceptional
Errors Errors Errors

[

a a o a do o Ay ¢
MNN 3 L!ﬁﬂ\‘lﬂﬁlaglﬂﬂﬂﬂl@ﬂﬂlu@l@uﬂWﬁﬂlﬂﬂgﬁ'ﬂ%{ﬂﬂﬂlﬂﬂ’ﬂlﬂ\‘lﬂﬂuuyﬂ
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3.1 MINTLINVBIUAAYAAA (Individual Acts)

a J a a A . . A a
AUATIEVIYUAVDIANUHNANAIA (Errors) YEIRETARTAY (Violations) NiNAN

mynsziwewaazyanaimi lilgmafagiame mstmuasia dmiumsnszives

UeazYANA Q318azBen IUMARUIN 9

3.2 anzndeNneunIznAgiAe (Pre-conditions)

Annzimannzinadeuiouzinaglifmaiioninanemsnsziveuday

v 9 v

yana we1lsznoudde 3 flade Ao daseduanmnadon fadedudiyana wazanm
4 A

[oulvvoaminau msdmuasia dmsvanzinadeunouivzinagiamg qiteazides

lumaeuln 9

v o o

3.3 answannianhany diisduiiyanauaisan (Middle Management Influences)

a L4 a a Y v o w { o
AnTERMHaNIENUNIeans wann e fiwutigmnamaisauii g
a CZ 2 kY v A v o o [ 1A
N1INAYUALYIA %31/52noUAIY 4 1998 Ao ﬂ13‘U\1ﬂ‘U‘UﬂJU‘]ﬂL13JLWENW@ ﬂWi’JNLLWHlliJLWENW@
9 4 TG @ 9 Y v o @ o o
mmaumaﬂuﬂmm"lmﬂq;m wazmMsAHuve st AUNAUUYET MINTHUATHH

dmSuanswaniniamihaw Plruiymnauaeany gieazidealunaniin a

a A 4
3.4 aNTNAINDIANT (Organizational Influences)

a 4 Aa A 4 { o ]
UATIZHMINANTENUNI 0DNTNAINDIANT (Organizational Influences) ‘ﬁ‘mll‘ﬂq
managliane Falsznoudae 3 flade Ao MsuTmInsweIns Jausssuveseenns uaz

anundouveeIAng Mmatnuasia dmsusninasnesdns gitvazidenlunianuan ¥
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4 1
FuaUN 4 - MIRAUIMIATNMIUN luazileadu (Develop Corrective and Preventive

Actions)

SR AL

[

i1 Y
yigadmsumiuazigliimg Ao msnuasmaiiedesiunsiias

Fanasminanga ae masmsiianudlull1dlumeal§ia hildmaluladviemaiai
v 9 =2 & A Y Y (a2 wva
Fudou samduilufivensuveduianu
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gunsamazizms
ginsal

4 a LRl 1 o
1. Lﬂ?@\‘]ﬂfJNW’JL@I@iﬁ’Juuﬂﬂa (Personal Computer) #1438A31431 512 MB FITNY

YDA 60 GB
2. T1J5un53 Microsoft Visual Basic 6.0
an
I5N13

v o o { A @ a A a
1. Anmanuduiusvesiliseaisg Anertesiuminagliaiaauisns RCA

itag HFACS

2. dawseudeyainerdesdrsumsiannszuumsiuindeyamsgouaiu

AUMAVOINIINAIALYIG

3. adnszuumstiuiindeyamsdoudIuaungueImsinagliamg adeTusunsy

Visual Basic 6.0

Y Y

uaz HFACS Tag1ddoyagiiamaiinaduaaua 1 w.e. 2546 — w.A. 2551

a 4 a CZ 4 [ [ 1 s
5. AnTRaungueImsinagliame iewauazlSuljadounniesvesenns
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Inciden Photos

Incident Facts

Analysis Team

Pre-Conditions Description of events

A

Individual Acts Accident Organizational Influences

A

Factors

Middle Management
Influences
Action Plans
Management System

Failures

M 4 nasennuduiusveslnseadiadoya (Entity Relationship Diagram)

61
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v o v o )
nnANNFNIUsANUTURUTveeInTeas19doya (Entity Relationship Diagram) 11111

E4
v A

::; = Y A A Y . . .
M1319N 1 meﬁaaxmammgmmay‘amwumﬂﬂwﬂﬁu Microsoft Visual Basic 6.0

Folild S1gazIPeAVBITOY
1. ANA.frm ANFNVOINNADUAIUAUNGVOINIINAYIIAING
2. bricc.frm J18ZDIANIINAYLALNS
3. CRIC.frm fladeInga
4. DIRC.frm AUNANAT
5. EQUC.frm aunsalfinertes
6. FACC.frm Hornvasemsinagiiame
7. INDC.frm MInsziveaLAaz1Ang
8. MANAC.frm ansnanniantna/ ot Ineas
9. MANC.frm AUAANAIAYEITZUIMIIAMIsIuANaeasy
10. ORGC.frm oNTNAINDIANS
11. PictureAdd.frm sUammsInagIameg
12. PREC.frm anmznadeuneuiivziingiame
13. Report.frm FIGNUNMINAGIAINS)
14. RootCC.frm aungnmi
15. PLAC.frm uwumMsauiumMsud lunagiloeiu
msmauveslilsunsu

=2 9

Tassardrveslsunsumsiiuiindeyamsasuaruauavesmsinagiama laods

Y

Y o Y v o o 9 v = 1 d”
RCA 1tag HFACS sgnounleriIverian 314U 9 111D ﬂ\?lli”lflaglﬂflﬂ@]@]lﬂu
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&1 RCAHFACS E}@

Description of Event  Equipments  Analysis Team  Incident Facks  Critical Factors  RCA and HFACS  Action Plan  Incident Pictures  Analysis Report

ZerosBeyond

MNA S uaasemsnanvesldsunsuy

1. 91gazdeanainagliaie (Description of Event) 318021080 115105 u1anIainIn

=)
(=)

PR 9 [ a vAa . =
2. Qﬂﬂim‘ﬂLﬂEJ’J‘U’ENﬂ‘]_IﬂﬁLﬂﬂQTJmTW]‘ (Equipments) s19az®en 1Usunsuuaag

U d'
PNNINN 7

3. FoANFNVOINUAOUAIUAUNAVOINTIAAQIIALE (Investigation Team Members)

= U dl
1802000 1UTUNTULAAIAINING 8
F) <] a a vAa . = o ~
4. 4oM959MIINAQIAIe (Incident Facts) 91801080 1U5UnIuLAAIAINING 9
5. 112a989n9a (Critical Factors) 518021089 115Un5utdaIaanIng 10

a A a a d
6. ﬂ13ﬁ@ﬂﬁ3uﬂ1lﬁ@ﬁl@\1ﬂ15lﬂﬂQUﬂLWﬂIﬂﬁl?%ﬂ'lﬁ']LﬂﬁW%ﬂﬁHW@ﬁWﬂlW%ﬁ (RCA)

as a J @ J = @ A
LL@%’J‘Eﬂﬁ’JLﬂiWﬂﬂ*ﬂ%ﬂMHBﬂ (HFACS) 510021000 11U5UNTULAAIAININD 11
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6.1 AUNANNAI (Direct Cause or Immediate Cause) 51902108 115N uLEAd

U d’
ANNINN 12
Y = [ A
6.2 WUNAIININN (Root Cause) 519021000 11U5UATULEAIAINING 13

63 ANUAANANAYDITZUUMIIAMIATUANNLaeANY (Health & Safety Management

System Failures) 510821089 1UIUNTULEAAIAININD 14

6.4 M3nsziveanazynna (Individual Acts) 318021080 11/5UNTVUAAIAININ

=)
—_
(o)

6.5 ANNIZLIAADNNDUNIZINAQIALS (Pre-Conditions) 510821980 T1)51N51

HAAIAININD 16

CY

6.6 oNBENAINHINTIIY/ ATeAUT YA INEI891U (Middle Management

Influences) 51881989 15UNTULAAIAININA 17

a A 4 o
6.7 ?NTNAIINDIANT (Organizational Influences) 51902108 11U5UATULEAIAY

7NN 18

7. uEumIawiumsud ltaziloaiu (Action Plans — Corrective Action and

Preventive Action) 518221980 115UNTUTAIAINING 19
8. 3UnmwMsiNagIAg (Incident Photos) 318021080 115LNTNUAAIAINTNT 20

9. 518&mmsﬁaumummmmﬂmﬁﬂqﬁﬁm@; (Incident Investigation Report)

= v d'
510021009 115UNTULTAIAINING 21
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f 3 Brief Description of Event E]@

Event Date:

Description:

Description of Event - List only enough information to identify the incident

4./14/2008 -

CLEAR DATA

d' v 9 d’ = a vAa
M 6 uaaslisunsuiiven 1 - 378aLLYANINAYUALYIF

Eﬂ. Equipment

Event Date:

Description:

4 f1442008 v]

Equipments - List any equipments/ tools involved with the incidents

CLEAR DATA

Y A

d' % P 9 [ a A
MAUN 7 wearas ldsunsuriaten 2 - ’E)‘]JﬂimvlLﬂEJ’J‘Ui’Nﬂ‘].lﬂﬁ!ﬂﬂ@“].lmﬁ@]‘

q
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B3 Analysis Team Members [;]@‘

Analysis Team Members - List of individuals involved in the Root Cause Analysis

Event Date: | 4/14/2008 ~

Members: |

CLEAR DATA JD DATA

M 8 ugallsunsuiaden 3 - FYemnFnvesiiuaeud U UHAUDINTINAGUALKA

3 Incident Facts

Incident Facts - List all facts which are relevant to the incident

Event Date: | 4/14/2008 ~

Description:

CLEAR

a v Y A y a3 a a A
MAN9 Llﬂﬂﬂjﬂiuﬂill‘ﬁil"l]@‘ﬂ 4 — UBINIVITIVOINTINAYUALH S
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5 Critical Factors g@

Critical Factors - Events. conditions. or behaviors. which if eliminated. would have prevented or
lessened the severity of the incident

Event Date: 4 /142008 ~

Description:

CLEAR DATA

M 10 uaaeldsunsuiiaden s - Jedednga

£ RCA-HFACS E]@

Description of Event  Equipments  Analysis Team Incident Facts  Critical Factors | RCA and HFACS  Action Plan  Incident Pickures  Analysis Report

Direct Causes >

Root Causes
Management Siystem Failures
Individual Act

Pre-Conditions

Middle Management Influences

L4
»
»
»
»
Orgarizational Influences 3

ZerosBeyond

mwi 11 uaasTsunsuiaden 6 - msgeudIuaugueIMsinagliameg Iagdsns

a 4 Y ax a 4 [ 4
’Jmﬁgﬁﬂ"llﬁ@]‘i"IﬂL‘PNHLﬂg’J‘Hﬂ"Ii’JLﬂi"I%Wﬂili]EJ?JHHEJ
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. 5 Direct Cause Q@

Direct Cause or Immediate Cause - Act or Condition that directly resulted in an incident

Event Date: 4/14/2008 ~
et "“—_ii RCA Description:

Specific Information:

END CLEAR DATA

d' v Y A
M 12 e ldsunsuiiaton 6.1 — FUNANNATN

1 Root Cause [;]@

Root Cause - Determine deficiencies that may have contributed to the root cause

Event Date: 4 /1442008 ~
e ]—_'_i RCA Description:

Specific Information:

END CLEAR DATA

M 13 uaasTsunsuiaden 6.2 - aungsnmd
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[ Management System Failures Q@

Health and Safety Management System Failures - Determine deficiencies that may have contributed to
the root cause

Ewvent Date: 471442008 ~
RCA # vi RCA Description:

Specific Information:

END CLEAR DATA

MNN 14 Llﬁﬂﬂiﬂiuﬂiﬂﬁljeﬁﬂﬁ 6.3 - ﬂ’J"IllaﬂWﬂ”lﬂell’fNi%‘].l‘]_lﬂ13%ﬂﬂ1551uﬂ31%ﬂﬂ@ﬂﬁ/ﬂ

'S Individual Acts Lo

Individual Acts - Identify Errors and Violations that contributed to the incident

Event Date: | 4/14/2008 -
HL I—LJ RCA Description:

Specific Information:

END CLEAR DATA

M 15 uaasTsunsuiadon 6.4 - msnszihveauaazyana
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-E'Pre-CUndilionS [;]@“

Pre-Condition - Conditions that influenced the individual act

Ewvent Date: 471472008 ~
RCA # | v] RCA Description:

Specific Information:

END CLEAR DATA

d' v 9 d' 9 1 d' a wAa
M 16 taasldsunsuiiaton 6.5 - TNNIZUINADUNDUNISINAQUALYIF)

B3 Middle Management Influences E]@@

Middle Management Influences - Determine what influences middle management had on the incidents

Event Date: 4 /1472008 ~
BB [ =| RCA Description:

Specific Information:

EMD CLEAR DATA

v o %

ai 17 uaasldsunsuiaded 6.6 - answavniniamtnany disiuiymauasany
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. I3 Organizational Influences [;]@

QOrganizational Influences - Influences that the organization had in the incident

Ewvent Date: 4 /1442008 ~

RCA # I L] RCA Description:

Specific Information:

CLEAR DATA 4‘

d’ v 9 d' a A o
HMNN 18 e lYsunsuiaten 6.7 - INTNAVINDIANT

-Ei Action Plans g@

Action Plans - Corrective action and Preventive action

Event Date: 4 /1472008 ~

Description: ]

Responsible Persun]

People Soft #
Due Date: 4 /14/2008 ~
Status:

END ‘ CLEAR DATA ADD DATA

MW 19 waaaTsunsuiingon 7 — upumssuiumsud lvuaziloanu
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M 20 uaasldsunsuiaden 8 - gunwmsinagiamg

U El

y o § a d  wa . .
M 21 waasTsunsuiaden 9 - s1801uM5AT12H91TANY (Incident Analysis Report)
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AUHAN1INTY (Direct Causes)

[l A Y o
U52n0UARIY 2 82U fie WOANTTULTE (At Risk Behaviors) aza@nnMIaing

ALY (At Risk Conditions) F992HMIMUUATHE (Code) UDILAALIIVOMUIIHAZIDEN

@

il
1. WOANTINIAEY (At Risk Behaviors)

msﬂﬁﬁﬁmm 521 ﬂﬂﬂﬁﬁa (Following Procedures)

VR 101 Violation of SOP’s by individual

VR 102 Violation of SOP’s by group

SV 101 Violation of SOP’s by supervisor

SV 102 Violation of rule by supervisor

SV 103 Failed to follow directive

VE 101 Operation of equipment without authority
SB 101 Improper position of posture for the task
SB 102 Overexertion of physical activity

SB 103 Work or motion at improper speed

SB 104 Working in awkward posture

SB 105 Improper lifting

SB 106 Improper loading

VR 103 Taking shortcuts

DE 104 Rushed to complete task

DE 108 Task mis-prioritization

DE 109 Failed to follow training received

DE 110 Attempted task not trained for

DE 111 Unnecessary action to complete task

DE 114 Improper use of PPE

SB 116 Checklist error



4 2
M3 nTesiiouazginsal (Use of Tools or Equipment)

DE 101 Improper use of equipment

DE 102 Improper use of tolls/wrong tool

DE 103 Improper placement of tools, equipment or materials
VE 102 Use of defective equipment (aware)
VE 103 Use of defective tools (aware)

VR 104 Operating equipment at improper speed
VE 104 Service equipment while in operation
VR 105 Wrong tool for the job

SB 111 Improperly maintained equipment

SB 112 Improperly maintained tools

SB 117 Navigational error

PE 103 Misinterpreted/misread instrument

IBMINIeUINTMIT oI (Use of Protective Methods)

SB 121 Lack of hazard awareness

VR 106 Personal protective equipment not used

VR 107 Improper use of PPE

VR 108 Use of defective or contaminated PPE

VE 105 Inadequate energy control (lockout/tagout)
VR 109 Equipment or materials not secured

VE 106 Disabled guards or safety devices

VE 107 Removal of guards or safety devices

IS 101 Personal protective equipment not available
DE 115 Poor risk assessment by individual

DE 116 Poor risk assessment by team



vannue11ala/ V1A NUATLHYN (Inattention/Lack of Awareness)

DE 106 Improper decision making

DE 112 Delayed reaction

AM 101 Distraction from workplace/environment
AM 102 Distraction by other

SB 107 Unsecure footing/3-points of contact
SB 108 Failure to maintain eyes on path

VE 109 Acts of violence

DE 105 Failure to warn

PR 101 Use of drugs or alcohol

SB 109 Routine activity without thought

AM 103 Habituated to hazard or warning signs
VE 108 Horseplay

SB 110 Placed self in the line of fire

DE 113 Caution/ Warning ignored

SB 113 Memory failure

SB 114 Poor coordination or reaction time

SB 115 Placed body part near pinch point

SB 118 Attempt multiple tasks simultaneously
SB 119 Breakdown in visual scan

SB 120 Timing error

PE 101 [lusion — kinesthetic

PE 102 [lusion — Visual

PE 104 Temporal distortion

PE 105 Misperception

AM 126 Complacency



S A . ..
2. @MNMIUNUANULTYS (At Risk Conditions)

sEUUMIoanu (Protective Systems)

TE 101
TE 102
TE 103
TE 104
TE 105
TE 107

TE 108

Inadequate guarding

Defective guarding

No guarding

Inadequate/defective PPE
Inadequate/defective warning system
Inadequate isolation of equipment

Inadequate/defective safety devices

A oA o . .
IAT9IUD Q‘]Jﬂiiu HAageIUNIVUE (Tools, Equipment, Vehicles)

IS 102

TE 106
TE 109
TE 110
TE 111
RM 101
RM 102
RM 103
VR 110

[T

4 A
an

PhyE 101
PhyE 102
PhyE 103

PhyE 104

Inadequate tools for the job available
Ergonomics factors not considered
Defective/inadequate equipment/tools
Defective vehicle

Poor man-machine interface design
Inadequate vehicle for the purpose used
Improperly prepared/equipped vehicle
Improperly designed tools/equipment

Improper proximity to equipment or vehicle

UATIINNITNU (Work Exposures)

Fire or explosions
Noise
Repetitive motion

Energized electrical systems
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PhyE 105

PhyE 106
PhyE 107
PhyE 108
PhyE 109
PhyE 110
PhyE 111

PhyE 112

54

Energized mechanical, hydraulic, pneumatic, chemical

systems

Radiation

Temperature extremes
Hazardous chemicals
Mechanical hazards
Clutter or debris
Weather or acts of nature

Slippery floors or walkways

amuuadoulumsiiny (Workplace Environmental)

PhyE 113
PhyE 114
PhyE 115
PhyE 116
PhyE 117
PhyE 118

Congestion or restricted motion
Inadequate illumination
Inadequate ventilation
Unprotected height

Inadequate workplace design

Restricted visibility



MANUIN U

MIMUUATHE (Code) AMTVAUHATINGK
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aunn MK (Root Cause)

56

Usznoudie 2 dau Ao Jasedmyana (Personal Factors) taziladeluau (Job Factors)

£ = ° @ ' v 9 = o &
FIVZUNMTNMUUATUE (Code) YDIUNALHIVDNINITYALLIDYAAIU

1. fleved IUYAAAA (Personal Factors)

ANVATOAUMINN (Physical Capability)

PM 101
PM 102
PM 103
PM 104
PM 105
PM 106
AP 101
PM 107
AP 102
PM 108
AP 103
AP 108

Vision deficiency

Hearing deficiency

Other sensory deficiency
Reduced respiratory capacity
Musculoskeletal disorder

Other permanent disability
Inability to sustain body position
Restricted range of body movement
Substance sensitivities/allergies
Inadequate size or strength
Influenced by medication

Sudden incapacitation

ANITNWINYNN (Physical Condition)

AP 104
AP 105
AM 104
AM 105
PhyE 119
PhyE 120

Previous injury or illness

Fatigue due to workload

Fatigue due to lack of rest
Fatigue due to sensory overload
Exposure to temperature extremes

Exposure to oxygen deficiencies



PhyE 121
AP 106
AP 107
AP 108
PR 101
PR 102
PR 103

PR 104

annziala (Mental State)

DE 107
PM 116
PM 117
AM 106
AM 107
PM 109
PM 110
AM 108
AM 118
AM 119
AM 120
AM 121
Am 122
AM 123
AM 124
AM 125
AM 127
AM 128

AM 129

Exposure to atmospheric variations
Blood sugar insufficiency
Impairment due to drugs or alcohol
Sleep deprivation/fatigue

Use of drugs or alcohol
Insufficient rest, fatigue

Poor nutrition

Poor physical condition

Poor judgment

Memory ability/lapses
Motor skill/coordination
Emotional disturbance
Fears or phobias

Low mechanical aptitude
Low learning aptitude
Influenced by medication
Inattention

Channelized attention
Task saturation
Confusion

Geographical mis-orientation
Pre-existing disorder
Overconfidence

Pressure

Motivation inadequate/misplaced/excessive

Overaggressive

Motivation exhaustion (burnout)
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AP 109

Sleep deprivation/fatigue

ANVUIATIANIIIN 19 (Mental Stress)

AM 109
AM 110
AM 111
AM 112
AM 113
AM 114

AM 115

WQAN33) (Behavior)

FC 101
IS 105
VR 111
VR 112
VR 113
AM 116
IP 101
IP 102
IS 103
IP 103
AM 117
IS 104
FC 102

Preoccupation with problems
Frustration

Meaningless/degrading activities
Emotional overload

Extreme judgment/decision demands
Extreme concentration demands

Extreme boredom

Improper performance rewarded/ tolerated
Proper performance punished

Improper attempt to save time

Improper attempt to avoid discomfort
Improper attempt to gain attention
Employee perceived haste

Supervisor implied haste

Lack of appropriate incentives

Improper supervisory example

Inadequate reinforcement of safe behaviors
Inappropriate peer pressure

Inadequate performance feedback

Improper recognition for at-risk behavior
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M3HNeUTY/ M31%AM3 (Training/ Knowledge)

IP 107 Inadequate instructor qualifications

PM 111 Inadequate knowledge transfer

PM 112 Inability to comprehend

PM 113 Misunderstanding training instructions
PM 114 Inadequate recall of training received
PM 115 Limited experience

IS 107 Inadequate training equipment

IS 108 Training not reinforced on the job

IS 109 Inadequate refresher training provided
IS 110 Inadequate design of training program
IS111 Inadequate training objective/goals
IS112 Inadequate new employee training

IS 113 Inadequate on-the-job training

IS114 No measurement of training effectiveness
IS 115 No training provided

IS116 Need for training not identified

IS117 Training records incorrect/not current
IS118 New process introduced without training
IS119 Management decision not to provide training
OP 103 Organization training issues/programs
OP 104 Lack of safety incentives

FLAVANNF WY (Skill Level)

IP 104 Inadequate assessment of required skill
IP 105 Inadequate practice of skill
IP 106 Infrequent opportunity to practice skill

IS 106 Lack of coaching/training on skill



IP 144 Ordered assignment beyond capability

RM 122 Human resource practices

<3| ) v A . J
anuiudiazanusuiarey (Leadership & Accountability)

U

IP 108 Unclear/conflicting reporting relationships

IP 109 Unclear/conflicting assignment of responsibility
IP 110 Improper/insufficient delegation of authority
FC 103 Inadequate accountability system in place

IS 120 Inadequate or incorrect performance feedback
IS 121 Failure to conduct work-site walk-through

IP 111 Inadequate identification of workplace hazards
1P 112 Inadequate management of change system

IS 122 Inadequate incident reporting/investigations
IS 123 Inadequate or lack of safety meetings

IS 124 Inadequate performance measures

IP 113 Inadequate matching of qualifications for job
IS 125 Lack of supervisory/management knowledge
IP 114 Inadequate health hazard evaluation

IS 129 Inadequate monitoring of work

IS 131 Leadership/supervision/oversight inadequate
IS 132 Supervision-Modeling

IS 133 Supervision-Personality conflict

IS 134 Supervision-lack of feedback

FC 112 Failure to resolve employee concern

FC 113 Failure to document change

ocC 101 Organizational values/culture

oC 102 Safety enrollment system not established

OC 103 Safety not established as a personal value

OC 104 Evaluation/promotion/upgrade not include safety



61

OC 105 Ineffective organization structure

OC 106 Effective policies: not practiced/enforced

2. ilavalua1u (Job Factors)

MT9BNUUUNINIAINT TN (Engineering Design)

IP 115 Failure to identify hazards

IP 116 Inadequate ergonomic design

1P 117 Inadequate technical design

IP 118 Inadequate monitoring of construction

IP 119 Failure to include H&S review in process
IP 120 No independent design review

IP 121 Failure to document change

IP 122 Inadequate review of potential failures

NTOONUUVNIU & m’a‘m'@uﬂqq (Work Planning & Maintenance)

IP 123 Inadequate work planning

IP 124 Inadequate preventive maintenance

IP 125 Excessive wear and tear

IP 126 Inadequate reference material available
1P 127 Inadequate inspection/monitoring

IP 128 Inadequate job placement

FC 110 Failure to correct known hazard

FC111 Failure to conduct risk analysis



Y
AMIIA%0 (Purchasing)

RM 104
RM 105
RM 106
RM 107
RM 108
RM 109
RM 110
RM 111
RM 112
RM 113
RM 114
RM 115
CB 106
OP 101

Inadequate specs on invoice
Inadequate research on materials
Inadequate specs to vendors
Inadequate mode of shipment
Improper handling of materials
Improper storage of materials
Improper substitution

Inadequate material packaging
Exceeded shelf life

Material hazards not identified
Inadequate H&S approval process
Failure to receive MSDS

Poor communication of H&S data

Poor communication of hazards

A A 4 .
130949 & §1/n3al (Tools & Equipment)

IP 129
IP 130
IP 131
IP 132
RM 116
FC 106
FC 107
IP 133

Inadequate assessment of needs
Inadequate assessment of risks
Lack of ergonomics consideration
Inadequate standards/specification

Inadequate availability

Inadequate salvage/reclamation/repair/adjustment

Failure to replace worn parts

Poor equipment record history
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MIfAaeNAS LML AWaae (Contractor Selection/Safety)

RM 117
RM 118
RM 119
RM 120
IS 126
IS 127
IS 128
IP 134

IP 135

No contractor pre-qualifications
Inadequate pre-qualifications
Inadequate contractors selection
Use of non-approved contractor
Lack of contractor oversight

Lack of job oversight

Failure to provide safety training
Lack of contractor communication

Failure to specify H&S requirements

ng/ ulevne/ seievil ij] 1) (Rules/Policies/Procedures)

IP 136
FC 108
IP 137
IP 138
IP 139
FC 109
IP 140
IP 141
FC 104
FC 105
IS 130
IP 142
IP 143
RM 121

Lack of SOP’s

No accountability for SOP/JSA

Lack of/inadequate JSA conducted
SOP’s inconsistent with work processes
Lack of employee involvement with SOP
Unclear definition of corrective action
SOP’s not accessible/Poor SOP format
Inadequate implementation of SOP’s
Inadequate enforcement of safety rules
Inadequate correction of known hazard
Inadequate supervisor knowledge
Inadequate communication of SOP
Outdated SOP’s/no revision schedule

Acquisition policies
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Msdoas (Communication)

CB 101 Expectations not communicated

CB 102 Confusing directions/demand

CB 103 Conflicting directions/demand

CB 104 Poor communication between co-workers, supervisor

& employee, department/work groups, work shifts,

senior management

CB 105 Ineffective communication methods
CB 106 Poor communication of H&S data

CB 107 Standard terminology not used

CB 108 Incorrect instructions provided

CB 109 Verification techniques not used

CB 110 Message to long/complicated

CB 111 Lack of communication feedback loop

OP 102 Procedural guidance/publications



MANHIN A

MIBMUATHE (Code) THAVANURANAIAVDITLUUMIIANMIAIUANNY aDANY
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ANUAANAIAYEITTUUMIIAMINUANUYaenNY (Safety & Health Management System

Failures)

Usznoudie 22 ¥iade Faazlimafsmuasiie (Code) VoUAaLiIT9MNTIIALIDEA

[V

£4
=
U

1. anuiui1 (Leadership)

U

1.1 General H&S policy and vision statement established
1.2 Assigned responsibilities for safety/tools control

1.3 Senior & middle management participation

1.4 Established safety management measurement systems
1.5 H&S as agenda items in all meetings

1.6 Internal H&S audits conducts by management

1.7 Individual responsibility for safety assigned

1.8 H&S committees in place and functional

1.9 Production demands never compromise safety

1.10 Adequate H&S management reference materials
1.11 Applicable regulatory requirements identified

1.12 Communication with external H&S experts conducted

o [~ o .
2. myiaanududih (Leadership Development)

U

2.1 H&S training needs regularly analyzed

2.2 H&S training provided to new managers (METALS)
2.3 H&S training provide to senior management

2.4 H&S training for management regularly updated

2.5 Records of leadership training maintained

2.6 Training effectiveness measures/monitored



3.

67

ANUTUNAFOU (Accountability)

3.1 H&S accountability system established

3.2 Accountability system exists in writing

3.3 Roles/expectations exists for all job classes
3.4 Measurement systems identified (KPI’s)
3.5 Regular evaluations conducted

3.6 Consequences in place (negative/positive)

3.7 Annual renewal component established

MIIAMIT 030 (Information Management)

4.1 H&S information database in place
4.2 Trend and pareto analysis conducted

4.3 Analysis integrated into strategic plan

a % a 4 .
M5UsLUUIUATIO & NMTAATIZHANNITS (Hazard Evaluation & Risk Analysis

(HERA)

5.1 Planned general inspections conducted

5.2 Follow-up system for corrective actions
5.3 All levels of management involved

5.4 Audit report analysis established

5.5 Both conditions and behavior are audited
5.6 External audit conducted annually

5.7 Pre-used equipment inspections conducted
5.8 JSA’s conducted for all jobs

5.9 Process renewal component established

5.10 Consequence thinking is implemented



68

v 4
6. MITYNU MITBUFIUYUANITYU (Incident Reporting/Investigation)

6.1 Written incident investigation system
6.2 Line management participation

6.3 Management review of major incidents
6.4 Remedial action and follow-up

6.5 Near miss reporting and investigation
6.6 Communication system for incidents
6.7 Hazard risk assessments conducted
6.8 Tracking and trending of incident data
6.9 Root cause analysis always conducted
6.10 Property damage analysis included
6.11 Near miss analysis conducted

6.12 Training for root cause analysis provided

7. mMIdaulaangAnssu (Behavior Modification)

7.1 Atrisk behaviors identified

7.2 System for observation and feedback
7.3 Observer training program established
7.4 Management role identified

7.5 Behavior leadership team in place

7.6 Database of behavior date exists

7.7 Action plans developed based on data
7.8 Timely follow-up on corrective actions

7.9 Process renewal component established



8.

10.

Y
MU & MIFULKE (Reinforcement & Recognition)

8.1 Formal R&R system in place

8.2 Systems uses upstream H&S measures
8.3 Recognition is person-specific

8.4 Recognition is mostly symbolic

8.5 Recognition considers employee input

8.6 Recognition motivates behavior

AN IUN %JBEJ MTUNIL R AU (Emergency Preparedness)

9.1 Administrative roles established

9.2 Identification of potential emergencies
9.3 Written emergency plan

9.4 Identification of energy control sources
9.5 Emergency response teams trained

9.6 First aid & response equipment available
9.7 Emergency communications established
9.8 Coordination with local agencies

9.9 Evacuation drills conducted

9.10 Training of workforce conducted

a 4 A Y] = a va y Y]
wlevne/ MsAAsIEHOUenNNlasany/ i&‘UEI‘U“IJ{]“]J amuanulaoany

(Policies/JSA’s/SOP’s/Development)

10.1 Policies/JSA/SOP exists

10.2 Policies/JSA/SOP available for employees

10.3 Policies/JSA/SOP review is part of training for job
10.4 Policies/JSA/SOP reviewed before work

10.5 Policies/JSA/SOP is current
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11. M3dneusUMUAN Iz U8R (Knowledge and Skill Training)

11.1 Administration system established

11.2 Training needs analysis/testing of learning
11.3 Instructor qualifications established

11.4 Training systems in place

11.5 Training systems evaluation/follow-up

11.6 H&S training & task training performed

12. M3damsauasuuilas (Change Management)

12.1 Written system in place
12.2 Administrative responsibilities identified
12.3 Communication system established

12.4 Measurement system for effectiveness

13. M3deas (Communication)

13.1 Communications reach entire facility

13.2 Process for top-down & bottom-up in place
13.3 Feedback and coaching available

13.4 Training in personal communications

13.5 Task instruction

13.6 Planned personal contact

13.7 Audited for effectiveness & timeliness

14. MIBBAUVUNIAINGTY (Engineering Design)

14.1 Administration roles identified
14.2 Hazard identification conducted

14.3 Risk assessment conducted



71

14.4 Project review for safety
14.5 Health & Safety analysis conducted

14.6 Operational/work process controls in place

15. ﬂ1iﬂﬁﬁaﬁ1uﬂ§1ﬁ|81ﬂiuﬂﬂa (Human Resource Practices)
15.1 Job capability requirements established
15.2 Medical pre-placement exam required
15.3 Behavioral interviews carried out
15.4 New hire skill analysis completed
15.5 General orientation/training conducted
15.6 Widespread recruiting/quality candidates
15.7 Pre-employment qualification checks made
15.8 Mentoring systems in place

15.9 Probationary review period established

16. MIHAINIIY (Enrollment & Involvement)
16.1 Informal enrollment process in place
16.2 Formal enrollment process established
16.3 Enrollment renewal process in place

16.4 Process addresses chronic non-enrollers

17. E?f anadou (Environmental)
17.1 Environmental policy established
17.2 Spill/release controls in place
17.3 Administrative responsibilities identified

17.4 Integrated contingency plan established

18. MSIANIS Ej%ﬂ N/ I8 f) (Contractors/Materials Management)
18.1 Written policy/procedures established
18.2 Procurement of goods and service

18.3 Selection of contractors includes safety



19.

20.

21.

18.4 Management of contractors while onsite
18.5 H&S review of incoming materials
18.6 H&S training of contractors

18.7 Communication systems for MSDS’s

msﬂﬁﬁﬁqm & mscﬁamﬁﬁq (Operation & Maintenance)

19.1 Preventive maintenance system in place
19.2 Critical process/parts inspected

19.3 Pre-use equipment inspections conducted
19.4 Work order system in place

19.5 H&S issue prioritization (24 hours)

91391138 (Occupational Health)

20.1 Responsibility defined

20.2 Hazard identification and evaluation
20.3 Hazard control system in place

20.4 Appropriate IH monitoring conducted
20.5 Information and training provided

20.6 Health care education available

20.7 Professional assistance & oversight
20.8 Medical surveillance conducted

20.9 Internal communications established
20.10Record keeping tracked and maintained

20.11Collaboration established for health & IH

MIVONULUNINIMTNINIU (Human Engineering)

21.1 Ergonomics designed equipment in place

21.2 Ergonomics reviews conducted
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22.

73

21.3 Ergonomic education is provided
21.4 Fatigue factors have been identified

21.5 Fatigue awareness training is provided
ATEANAALALIDDND Elf]ﬁ' (Drug and Alcohol)

22.1 Policy established & well communicated
22.2 For-cause testing in place
22.3 Employee assistance program available

22.4 Random D&A testing in place



MANUHIN 3

Msftmuasa (Code) INNuMsnsziveaazynna

74



M3nszivenazynna (Individual Acts)

75

152nouAe 2 82U A ANUAANAIA (Error) Laz MY (Violations) F4921 MU

Y 1 v 9 = o dy
TN H (Code) VBIUNASTHIVDAINIT1IASIDYAAIU

1.

ANUHANAIA (Errors)

anuAanatalumsaadula (Decision Errors)

DE 101
DE 102
DE 103
DE 104
DE 105
DE 106
DE 107
DE 108
DE 109
DE 110
DE 111
DE 112
DE 113
DE 114
DE 115
DE 116

Improper use of equipment

Improper use of tool/wrong tool

Placement of tools/ equipments, or materials

Rushed to complete task

Failure to warn

Improper decision making

Poor judgment

Task mis-prioritization

Failed to follow training received
Attempted task not trained for
Unnecessary action to complete task
Delayed reaction

Caution/warning ignored
Improper use of PPE

Poor risk assessment by individual

Poor risk assessment by team

ANuAanaa lua Ay (Skill-Base Errors)

SB 101
SB 102

Improper position of posture for the task

Overexertion of physical activity



SB 103
SB 104
SB 105
SB 106
SB 107
SB 108
SB 109
SB 110
SB 111
SB 112
SB 113
SB 114
SB 115
SB 116
SB 117
SB 118
SB 119
SB 120
SB 121

76

Work or motion at improper speed
Working in awkward posture
Improper lifting

Improper loading

Insecure footing/3-points of contact
Failure to maintain eyes on path
Routine activity without thought
Placed self in the line of fire
Improperly maintained equipment
Improperly prepared tools

Memory failure

Poor coordination or reaction time
Placed body part near pinch point
Checklist error

Navigational error

Attempt multiple tasks simultaneously
Breakdown in visual scan

Timing error

Lack of hazard awareness

anuAananlud1un155u3§ (Perception Errors)

PE 101
PE 102
PE 103
PE 104

PE 105

[lusion - kinesthetic

[lusion - visual
Misinterpreted/Misread instruments
Temporal distortion

Misperception



2. Mg I’;hﬂu(Violations)

71

MIMmiN 5281 (Violation — Routine)

VR 101
VR 102
VR 103
VR 104
VR 105
VR 106
VR 107
VR 108
VR 109
VR 110
VR 111
VR 112
VR 113

Violation of SOP’s by individual
Violation of SOP’s by group

Taking shortcuts

Operation of equipment at improper speed
Wrong tool for the job

Personal protective equipment not used
Improper use of PPE

Use of defective or contaminated PPE
Equipment or materials not secured
Improper proximity to equipment or vehicle
Improper attempt to save time

Improper attempt to avoid discomfort

Improper attempt to gain attention

mM3fRuRNIZAIal (Violation — Exceptional)

VE 101
VE 102
VE 103
VE 104
VE 105
VE 106
VE 107
VE 108
VE 109

Operation of equipment without authority

Use of defective equipment (aware)

Use of defective tools (aware)

Servicing of equipment while in operation
Inadequate energy control (lockout/tagout)

Disabled guards, warning systems or safety devices
Removal of guards, warning system or safety devices
Horseplay

Acts of Violence



MANHIN D

MsiMuATHa (Code) TnuanIzRoUNIZINAG AN
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ANNZIAARNNDUTNVZINAQLIAINF (Pre-conditions)

sznoudie 3 du Ao Yadeduaninuindon (Environmental Factors) an1nidou la

YBINUNIU (Condition of Operators) Qg ﬂm%&dauuﬂﬂa (Personal Factors) FLUMINMUA

Y 1 v 9 = o dy
TN d (Code) VBIUNATHIVDAINIT1IASIDYAAIU

1.

Madedruamnuindow (Environmental Factors)

ANMNLIARONAUNIENIN (Physical Environment)

PhyE 101
PhyE 102
PhyE 103
PhyE 104
PhyE 105

PhyE 106
PhyE 107
PhyE 108
PhyE 109
PhyE 110
PhyE 111
PhyE 112
PhyE 113
PhyE 114
PhyE 115
PhyE 116
PhyE 117
PhyE 118
PhyE 119

Fire or explosions

Noise

Repetitive motion

Energized electrical systems
Energized mechanical, hydraulic, pneumatic, chemical
systems

Radiation

Temperature extremes
Hazardous chemicals
Mechanical hazards

Clutter or debris

Weather or acts of nature
Slippery floors or walkways
Congestion or restricted motion
Inadequate illumination
Inadequate ventilation
Unprotected height

Inadequate workplace design
Restricted visibility

Exposure to temperature extremes



PhyE 120 Exposure to oxygen deficiencies

PhyE 121 Exposure to atmospheric variations

annndeua1mna 11188 (Technological Environment)

TE 101 Inadequate guarding

TE 102 Defective guarding

TE 103 No guarding

TE 104 Inadequate/Defective personal protective equipment
TE 105 Inadequate/Defective warning systems

TE 106 Ergonomic factors not considered

TE 107 Inadequate isolation of process or equipment
TE 108 Inadequate/Defective safety devices

TE 109 Defective/Inadequate Equipment/Tools

TE 110 Defective vehicle

TE 111 Poor machine-man interface design

2. amwRou lvveawiinau (Condition of Operators)

an1zn1a9nle (Adverse Mental State)

AM 101 Distraction from workplace/environment
AM 102 Distraction by other

AM 103 Habituated to hazard warning signs

AM 104 Fatigue due to lack of rest

AM 105 Fatigue due to sensory overload

AM 106 Emotional disturbance

AM 107 Fears or phobias

AM 108 Influenced by medication

AM 109 Preoccupation with problems



AM 110
AM 111
AM 112
AM 113
AM 114
AM 115
AM 116
AM 117
AM 118
AM 119
AM 120
AM 121
AM 122
AM 123
AM 124
AM 125
AM 126
AM 127
AM 128
AM 129

Frustration

Meaningless/Degrading activities
Emotional overload

Extreme judgment/decision demands
Extreme concentration/perception demands
Extreme boredom

Employee perceived haste

Inappropriate peer pressure

Inattention

Channelized attention

Task Saturation

Confusion

Geographic mis-orientation

Pre-existing disorder

Overconfidence

Pressure

Complacency

Motivation Inadequate/Misplaced/Excessive
Overaggressive

Motivation Exhaustion (Burnout)

TN1IZNNITNNY (Adverse Physiological State)

AP 101
AP 102
AP 103
AP 104
AP 105
AP 106

AP 107

Inability to sustain body position
Substance sensitivities or allergies
Influenced by medication
Previous injury or illness

Fatigue due to workload

Blood sugar insufficiency

Impairment due to drugs or alcohol
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AP 108
AP 109

Sudden Incapacitation

Sleep deprivation/fatigue

Jodnaniamenin/ 3 la (Physical/Mental Limitations)

PM 101
PM 102
PM 103
PM 104
PM 105
PM 106
PM 107
PM 108
PM 109
PM 110
PM 111
PM 112
PM 113
PM 114
PM 115
PM 116
PM 117

Vision deficiency

Hearing deficiency

Other sensory deficiency

Reduced respiratory capacity
Musculoskeletal disorder

Other permanent disorder

Restricted range of body movement
Inadequate size or strength

Low mechanical aptitude

Low learning aptitude

Inadequate knowledge transfer
Inability to comprehend
Misunderstanding training instructions
Inadequate recall of training received
Limited experience

Memory ability/Lapses

Motor skill, coordination

3. ﬂﬂ%ﬁléﬁuﬁ’suﬂﬂa (Personal Factors)

ANUAAN mﬂiumiﬁ@ﬁﬁ (Communication Breakdown)

CB 101
CB 102
CN 103

Expectations not communicated
Confusing directions/demands

Conflicting directions/demands

82



CB 104
CB 105
CB 106
CB 107
CB 108
CB 109
CB 110
CB 111

Poor communication between
Ineffective communication methods
Poor communication of H& S data
Standard terminology not used
Incorrect instructions provided
Verification techniques not used
Messages to long/complicated

Lack of communication feedback loop

ﬂ’J”IiJW%}’OEJ“U@QﬁI’J‘]ﬁIﬂﬂa (Personal Readiness)

PR 101
PR 102
PR 103

PR 104

Use of drugs or alcohol
Insufficient rest, fatigue
Poor nutrition

Poor physical fitness

&3
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o @ Yo a a @ 9 A 9w
MINMUUATHEH (Code) Gl'ﬂﬂUﬂﬂﬁWﬁﬂWﬂﬁﬂWuWﬂuﬁﬁﬂEjUﬂ

[ %

VUYBINUTIEU

84
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U QU

ANTNANNFIHINNW FUIAVTRYHINNEEM (Middle Management Influences)

Usznoudie 4 dau Ae Matiarutian luioane (Inadequate Supervision) M3aumu Ti

Lﬁﬂﬂ‘W@_(Inadequate Planning) ﬂ’J”IiJé)EJLTia’JGLUﬂ”IiLLﬁnl“]JﬂﬂJW”I (Failed to Correct) Az

@ Y

YoM/ G1T9AUY I (Supervisory Violation) 4992 m3fmuasd (Code) vouaaz
Y
v 9

WIVBANTIIALIDIANIT]

Y Y

1. mstlenuiun lddieane (Inadequate Supervision)

9

IS 101 Personal protective equipment not available
IS 102 Inadequate tools for the job available

IS 103 Improper supervisory example

IS 104 Inadequate Performance feedback

IS 105 Proper performance is punished

IS 106 Lack of coaching/training on skill

IS 107 Inadequate training equipment

IS 108 Training not reinforced on the job

IS 109 Inadequate refresher training provided

IS 110 Inadequate design of training program
IS111 Inadequate training objective/goals

IS112 Inadequate new employee training

IS 113 Inadequate on-the-job training

IS114 No measurement of training effectiveness

IS 115 No training provided

IS 116 Need for training not identified

IS 117 Training records incorrect/not current

IS 118 New process introduced without training
IS119 Management decision not to provide training
IS 120 Inadequate or incorrect performance feedback

IS 121 Failure to conduct work-site walk-through



IS 122
IS 123
IS 124
IS 125
IS 126
IS 127
IS 128
IS 129
IS 130
IS 131
IS 132
IS 133
IS 134

86

Inadequate incident reporting/investigation
Inadequate or lack of safety meetings
Inadequate performance measures

Lack of supervisory/management knowledge
Lack of contractor oversight

Lack of job oversight

Failure to provide safety training

Inadequate monitoring of work

Inadequate supervisor knowledge
Leadership/supervision/oversight inadequate
Supervision - Modeling

Supervision — Personality conflict

Supervision - Lack of feedback

mMsNauw liiieane (Inadequate Planning)

IP 101
IP 102
IP 103
IP 104
IP 105
IP 106
IP 107
IP 108
IP 109
IP 110
IP 111
IP 112
IP 113

IP 114

Supervisor implied haste

Lack of appropriate incentives

Inadequate reinforcement of safe behaviors
Inadequate assessment of required skill
Inadequate practice of skill

Infrequent opportunity to practice skill
Inadequate instructor qualifications
Unclear/conflicting reporting relationships
Unclear/conflicting assignment of responsibility
Improper/insufficient delegation of authority
Inadequate identification of work place hazards
Inadequate management of change system
Inadequate matching of qualifications for job

Inadequate health hazard evaluation



IP 115
IP 116
IP 117
IP 118
IP 119
IP 120
IP 121
IP 122
IP 123
IP 124
IP 125
IP 126
IP 127
IP 128
IP 129
IP 130
IP 131
IP 132
IP 133
IP 134
IP 135
IP 136
IP 137
IP 138
IP 139
IP 140
IP 141
IP 142
IP 143

IP 144

Failure to identify hazards

Inadequate ergonomic design
Inadequate technical design
Inadequate monitoring of construction
Failure to include H&S review in process
No independent design review

Failure to document change
Inadequate review of potential failures
Inadequate work planning

Inadequate preventive maintenance
Excessive wear and tear

Inadequate reference material available
Inadequate inspection/monitoring
Inadequate job placement

Inadequate assessment of needs
Inadequate assessment of risks

Lack of ergonomic considerations
Inadequate standards/specifications
Poor equipment record history

Lack of contractor communication
Failure to specify H&S requirements
Lack of SOP's

Lack of Job Safety Analysis conducted
SOP’s inconsistent with work processes
Lack of employee involvement w/SOP
SOP’s not accessible/Poor SOP format
Inadequate implementation of SOP’s
Inadequate communication of SOP
Outdated SOP’s/no revision schedule

Ordered assignment beyond capability



3. anwaumadlumsud luilyw (Failed To Correct)

FC 101
FC 102
FC 103
FC 104
FC 105
FC 106
FC 107
FC 108
FC 109
FC 110
FC 111
FC 112
FC 113

Improper performance rewarded/tolerated
Improper recognition for at-risk behavior
Inadequate accountability system in place
Inadequate enforcement of safety rules
Inadequate correction of known hazard
Inadequate salvage/reclamation

Failure to replace worn parts

No accountability for SOP’s/JSA's
Unclear definition of corrective action
Failure to correct known hazard

Failure to conduct Risk Analysis

Failure to resolve employees concern

Failure to document change

7 %

4. mafhduvesiamdy daisauiyan (Supervisory Violation)

SV 101

SV 102

SV 103

Violation of SOP’s by supervisor
Violation of rule by supervisor

Failed to follow directive
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a A d
2NINAVINBIANT (Organizational Influences)

U52nouAIY 3 83U fie MIVTHITNSNEINT NTNEIAT (Resource Management)
o s o v s L
INUTTINUDIDIANT (Organizational Culture) LAZANUNITDUUDIOIANT (Organizational

. & = o % 1 v 9 = o dy
Readiness) FI9UMINUUATHE (Code) VBIUNASHIVDAINIT1YALIDYAAIU

1. MSUTHISNTNEINT (Resource Management)

RM 101 Inadequate vehicle for the purpose used
RM 102 Improperly prepared/equipped vehicle
RM 103 Improperly designed tools/equipment
RM 104 Inadequate specs on invoice

RM 105 Inadequate research on materials

RM 106 Inadequate specs to vendors

RM 107 Inadequate mode of shipment

RM 108 Improper handling of materials

RM 109 Improper storage of materials

RM 110 Improper substitution

RM 111 Inadequate material packaging

RM 112 Exceeded shelf life

RM 113 Material hazards not identified

RM 114 Inadequate H&S approval process
RM 115 Failure to receive MSDS

RM 116 Inadequate availability

RM 117 No contractor pre-qualifications

RM 118 Inadequate pre-qualifications

RM 119 Inadequate contractor selection

RM 120 Use of non-approved contractor

RM 121 Acquisition Policies

RM 122 Human Resource Practices
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o 4
2. INUTITUVDIDIANT (Organizational Culture)

0OC 101
oC 102
OC 103
OC 104
OC 105
OC 106

Organizational Values/Culture

Safety enrollment system not established
Safety established as a personal value
Evaluation/Promotion/Upgrade
Organizational Structure

Effective Policies not in place

4
3. ANUNTOUVDIDIANT (Organizational Readiness)

OP 101
OP 102
OP 103
OP 104

Poor communication of hazards
Procedural guidance/publications do not exist
Organizational training issues

Lack of safety incentives
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Root Cause Analysis Form

ZERG AND BEYOND

Root Cause Analysis
Event Date:
Type of Event:

Brief Description of Event: (List only enough information to identify the incident)

Equipment Involved (Please list any equipment type and number for tracking purposes)

Analysis Team Members: (List of individuals involved in the Root Cause Analysis)

Facts: (List all facts which are relevant to the incident that oceurred)

bl Bl I Il I

Critical Factors:
(Events, conditions, or behaviors, which if eliminated, would have prevented or lessened the severity of the incident.)

Direct Cause(s): (or Immediate Cause — the act or condition that directly resulted in an incident)

(RCA #) (RCA Description) (Incident Specific Information)

Root Cause(s): (The underlying actions or conditions which allowed the direct cause to occur)

(RCA #) (RCA Description) (Incident Specific Information)

Management System(s): (The underlying system which allowed the Root Cause to occur)

(RCA #) (RCA Description) (Incident Specific Information)

Individual Act(s): (Identify etrors that contributed to the incident]

(HFACS #) (HFACS Description) (Incident Specific Information)

Pre condition(s): Condition(s) that influenced the individual act)

(HFACS #) (HFACS Description) (Incident Specific Information)

RCA Form 1
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PDIC

Root Cause Analysis Form

©

ZERO AND BEYOND

Management: ( The actions of the management that influenced the event )

(HFEACS #)

(HFACS Description)

{Incident Specific Information)

Organizational influences: (Influences that the organization had in the incident)

(HFACS #)

(HFACS Description)

(Incident Specific Information)

PLAN ACTION

1

Person responsible:

[ People Soft # |

Due Date |

[ Actual completion date |

2

Person responsible:

[ People Soft # |

Due Date [ [ Actual completion date |

3.
Person responsible: | | People Soft # |
Due Date [ [ Actual completion date |

4

Person responsible:

[ People Soft # |

Due Date |

[ Actual completion date |

5

Person responsible:

[ People Soft # |

Due Date |

[ Actual completion date |

)

Person responsible:

[ People Soft # |

Due Date |

[ Actual completion date |

RCA Form
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PDIC

Root Cause Analysis Form

IERG AND BEYOND

Figure1. Sequence of events.

RCA EVENT TIMELINE

Event area ordered from left to right

Table1. Incldent Photos.

RCA Form
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