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Incident Description - 2/5

Scene 1

Top of ROW Crew

Natural Gully
MNatural material (and possibly side
cast material from earlier
construction activities) was present
in the fully adjacent to the ROW

Borrow Pit

26°Slope

Z/ Running Track Edge

30°-42° Slope

Area covered with limestone
material, some/ most taken from
the borrow pit

Small rocks at top, largerrocks &
boulders at bottom

o Excavator 1: On Standby (IP)
o Excavator 2: On Standby
e Excavator 3: Casting material down slope

Excavator 4: Preparing material for casting (rock
hammering)

‘ Direction of gully debris flow
~L¥ Direction of ROW debris flow
1'l|_ ROW failure point

Bottom of ROW Crew




Incident Description - 3/5

Scene 2

Barrow Pit

Natural Gully 26°Slope

It is likely that debris build-up
coupled with rainfall reached

| / Running Track Edge
critical stahility stage and failed

30°-42° Slope

ROW Failure Point

Gully debris flow removes the toe of
ROW running track, causing the
material on the ROW to slide/ move

o Excavator 1: On Standby (IP)
o Excavator 2: On Standby
o Excavator 3: Casting material down slope

o Excavator 4: Preparing material for casting (rock
I hammering)

‘ Direction of gully debris flow
ﬂr Direction of ROW debris flow
11.'. ROW failure point




Incident Description - 4/5

Scene 3

Borrow Pit

ROW Debris Flow

Platform edge falls away causing
Excavator #3 to tip over edge.
Qperator slides/ drives down the

slope 26°Slope

i L/ Running Track Edge

30°-42° Slope

o Excavator 1: On Standby (IP)
o Excavator 2: On Standby
e Excavator 3: Casting material down slope

Excavator 4: Preparing material for casting (rock
hammering)

“ Direction of gully debris flow
G Direction of ROW debris flow
N, ROW failure point




Incident Description - 5/5

*

Scene 4
+ I\
Final location of E 26°Slope
Excavators =
Running Track Edge
E/ g g
30°-42° Slope
ROW Debris Flow

Material flow engulfs Excavators 1 &
2pushing them 70-100ft to the Southwest.
The operator of Excavator 2 escapes
unharmed. The operator of Excavator 1 is
reported to have been seen standing on
the tracks of Excavator 1.

o Excavator 1: On Standby (IP)
o Excavator 2: On Standby
o Excavator 3; Casting material down slope

o Excavator 4: Preparing material for casting (rock
hammering)

" Direction of gully debris flow
Vur Direction of ROW debris flow
1'l.|_ ROW failure point
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Causal Factor Foot Causes TapRoot® Terminology
1} Occurrence of Potential natural debris fliow in Procedures
unexpg{;ted QU“}' * Mot used! fD|!D'|'||‘EdZ Procedurs
debris flow Unstable accumulation of debris Tmin‘;f}‘;”“‘ required but should be
DI'I_Sle& and side casting in = Task not analysed
adjacent gully. Quality Control
Daily rainfall. * Mo Inspection: Inspection Mot
Wark methods not fit for purpose Required and Mo Hold Point
(to be confirmed). Communication
Difficult terrain and multiple work + Communication system M
fronts over extended area with h:msg.m?é:m';ﬁ Adimin
gﬂ;ﬂ;ﬂ"&'&?ﬁgﬁ;ﬁ have Controls (SPAC) NI: Confusing
Construction Management Team > g:;ﬂ,ﬂfm: Enforcement
(CMT) including supporting and Accountability NI
technical resources. ¥ Cwersight: Employes relations
and Feedback MI
= Comective action; Trending MI
Humamn Engineering
= Monitoring Alertness NI
=  Complex System: Knowledge
based decision required
Waork Direction:
=  Preparation: Work Package, Pre
job briefing and Walk Thina MI
* Supervision During Work: Crew
teamwaork MI
2) RoWw Reliance on experenced-based Procedures
construction RoW clearing work definition and = Not used/ followed: Procedure
planning did management {reliant upon _ use not required but should be
not adequately multiple levels of Contractor T'_‘""_:_"gk o analvead
recognize risk management participation at site) : D‘:-_;dgd :Dntal;ﬁmin
_u:rf sloq-e: pﬁrt_u:l..llal'h,.I in higher risk Quality Control
instability environments, contrary to * Mo Inspection: Inspection Mot
during RoW procedures. (Mote: site Required
preparation supenvision deficiency was not Communication
work identified as a Causal Factor) » Communication system NI
Lack of awareness of procedural M““ﬁ“ﬁiﬁmﬂs -
requirements; lack of clear o2 " i )
procedural guidance. E:'m:_l{feﬁ‘ﬂ NI: Confusing
Risk not documented nor » SPAC: Cirnmunication and
effectively communicated at the Enforcement M1
work face; not identified or » Owersight Employese relations
discussed in the JSA. ard Fesdback M
= Corrective action: Trending Ml




Root Causes - 2/2

Causal Factor

Root Causes

TapRoot® Terminology

2)

[CONTINUED)

RoW
construction
planning did
not adequately
recognize risk

Human Engineering

#  Monitoring Alertness NI

= Work Envircnment:
Housekesping MI

#  Complex Systemn: Knowledge
based decision required and
Meonitoring too many items

compliance not
adequate (work
boots)

footwear (i.e. work boots). May
have reduced ability to escape in
advance of the debris flow.

of slope Work Direction
instability # Preparation: Pre job briefing and
during RoW Walk Thru MI
preparation *  Selection of Worker: Team
work salection Ml
#  Supervision During Work: Crew
teamwork NI
3) Excavators Lack of recognition of risk related Procedures
positioned in to worst case scenarios for = MNotused/ followed: Procedurs
path of debris debris flow. Equipment _ use not required but should be
flow positioned out of the steep RoW, Training
- # Task not analysed
but in low area (mear a gully) and Quality Control
adjacent to steep slc_-pe I:.b-E‘h'J'EEI'I # Mo Inspection: Inspection Mot
probable flow paths in this Requirad
incident). Communication
#  Communication system NI
Management System
= Standards Policies Admin
Controls (SPAC) Not Used:
Communication amd
Accountability of SPAC MI
Human Engineering
* Complex System: Knowledge
based decision required
Work Direction
#  Preparation: Work Package and
Pre job briefing NI
4) PPE IP was recoversd not wearing his Communication

+ Communication systemn NI

Management System

* Standards Policies Admin
Controls (SPAC) Mot Used:
Enforcement NI

#  Owersight: Employee relations
and Fesdback M

# Corrective action: Trending MI

Human Engineering

= Work Envirenment: Wet/Slick

Work Direction
#  Gelection of Worker: Team
saelection M

* Supervision During Work: Crew
teamwork Ml




Recommendations and Actions




Recommendations - 1/4

CF Root Cause to R fati Responsible Target
# Address & - Personis) Completion
Complete detailed assessment of construction Ongoing in
I"Tjt T&ng not fit for 11 activities and appropriatensss and define Enginesring Argas of
E:-nlﬁ i) ) lessons leamed relative to specific work Manager High Risk
’ methods to be applied to future RoW activities. Patemtial
Potential natural debris
flow in gully. Include in procedures for Steep Slopes Ongoing in
. pencdic checks of adjacent water courses, and Enginesring Argas of
;Ifndﬁ?: ;ﬁ'}::_"lg-'u'a;::jn 12 potentially clear, for damming or excessive Manager High Risk
possible side -:-..aF;ELir-g i debrs accumulation. B Patential
adjacent gully.
Communicate and discuss rainfall data daily CHEFE?MDH
1 Daily raingall 13 with construction team, and explicitly consider South *"ﬁ'" —_—
ally rainzail. ) appropriate, site specific, work restrictions =aumem Area &P
. Execution Mar
where appropriate.
Difficult terrain and
Eﬁéﬁiﬁrﬁﬂﬂ? ovEr Increase Contractor CMT capacity (beyond
. . site supendsion) including supporting technical . .
ﬁaﬁv’zuﬁlt;;gm AcCEss resources to deliver sufficient management of %?;iy%ﬁiﬂ'l
Cantractor Construction 1.4 | current workfaces and with consideration of o : 30-Sep-12

banagement Team
(CMT) including
supporting techinical
FESOUrces.

upcoming complexity and challenging terrain
with increase in geographical spread and site
access challenges.




Recommendations - 2/4

CF Root Cause to - Responsible Target
# Address & e Personis) Completion
Apply fit for purpose procedural rigor to RolW
preparation activities.
»  Review existing procedures and revise, .
consolidate or supplement as neseded, C'.T;:g“z'in
2 1a imzluding but mot limited to "RoW Stability =n iI'I-EgEf'iI'I 13-Se0-12
’ Aszsessment Procedurs”, “Inspection and Mg 9 P
. Testing Flan (ITP) — RoW Preparation” anager
HE'"ar.'GE en and “Working on Steep Slopes Greater
expenienced-based than 20 Degrees” as the |
. y apply to RoW
RoW clearing work preparation.
definition and
management [reliant Apply fit for purpose procedural rigor to RaW
upan multiple levels of preparation activities.
Contractor management *  Develop and implement simple (e.g.
2 participation at site) checklist-based) RioW stability risk
particularly in higher risk assessment process to apply pricr to start
enviromments, contrary 2 1b of all Ro\W preparation civil work. Any Deputy Project 10-Sep-12
fo procedures., (Mote: ' 'higher' risk areas would be subject to Dhirecior
site supenvision mitigation io “as kow as reasonably
deficiency was not practical” (ALARP), and "‘medium’ risk
identified as a Causal areas to pericdic reassessment
Factor). throughout pipeline construction to
manage any changes.
Apply fit for purpose procedural rigor to RoW
preparation activities. Construction
24e | " Ensure application of supplemsntal Mgr & 13-Sep-12

requirements (g.g. Steep Slopes) is noted
on Alignment sheets (e.g., explicitly or via
noting risk categorization).

Enginesring Mgr




Recommendations - 3/4

CF Root Cause to - Responsible Target
# Address # Recommendation Person(s) Completion
Construction
.. N Manager &
25 Enndu-::r;r:mlrg on application of work Engineering 30-Sep-12
Lack of awareness of Manager
procedural
requirements; lack of ——a—t
d;:;ﬁfed url Construction
2 g ) Project to werify application of procedures to Manager &
2.3 | supplement experience based work Engineering 13-Sep-12
managemsnt. Manager
Risk not documented
mar effectively .
communicated at the 74 | Include debris flow risk in JS&s. C‘:’,I‘::”'zgr‘:'" 13-Sep-12
wiork face; not identified =
or discussed in the JSA
Procedure for RoW preparation required for Construction
Lack of recognition of Steep Skopes to indude recognition of potential Manager &
risk related to worst 3.1 for debrs flow and worst case scenano area of Enginesring 13-5ep-12
case scenanaos for impact, with particular emphasis on low arsas Manager
debris flow. Equipment and “gullies".
positionsd out of the
3 iﬁﬁfﬁ:ﬁ; blﬁlrl:]lan:j Include in J5A the consideration of worst case
- d scenano debris flow and that direction changes Construction
adjacent to steep slope g
bé ba; P in the RoW can expose downhill activities to Manager &
¢ m”“ﬁeein';ﬁ'?;‘:;nd dzm' "; W | 3.2 | debris flow adjacent to RoW work areas; Engineering 13-Sep-12
pa ’ include direction to position equipment and Manager

personnel “on standby” as far as reasonakbly
practical from potental line of fire events.




Recommendations - 4/4

CF Root Cause to - Res sible Target
# Address # | Recommendation PefsTn{a} Enmﬁetinn
Construction
4.1 Ensure 100% PPE compliance. Manager & 8 San12
IF wias recovered mot ) Issue Flash Alens. Safety Manager P
wearing his footaear
4 {i.e. work boots). May
hawe reduced ability to
escape in advance of Senior Management to engage supenvisors Construction
the debris flow. 45 (Supenyisor Forum) wlilizing this incident as a Manager & 23-Sep-12

tool to highlight importance of 100% PPE
compliance.

Safety Manager




Actions - 1/2

of.11L7.18

FACTORS

RoW construction
planning did not
adequately recognize
risk of slope instability

ITEM
NO

ACTION REQUIRED

DATE

Apply fit for purpose procedural rigor to ROW preparation activities.

STATUS

1.1 Review existing procedures and
revise/consolidate as needed, including but not
limited to “ROW Stability Assessment Procedure”,

RoW procedure has been
jointly revised at site (and

during ROW preparation “ITP — ROW Preparation” and “‘Working on Steep | 1o 092012 reviewed by Houston).
work Slopes Greater than 20 Degrees” as they apply to Procec}iure |sisued by ?CC for
ROW preparation. ormal approval.
1.2 Develop and implement simple (e.q. checklist-
; based) ROW stability risk assessment process to
apply prior to start of all ROW preparation civil . .
work. Any ‘higher risk areas would be subjectto | 13/09/2012 | Check list has been issued
ALARP, and ‘medium’ risk areas to periodic and translated in Spanish.
reassessment throughout pipeline construction to
manage any changes.
1.3 Ensure application of supplemental Format and revision to
requirements (e.g. Steep Slopes) is noted on alignment sheet agreed
Alignment sheets (e.g., explicitly or via noting risk 10/09/2012 bhetween CTR and CPY C
categorization). Alignment sheet update
ongoing commencing KP 110
towards negative
2 gﬂgﬁﬁtgsl ning on application of work Completed on October 05" in
English and 06" in Spanish
Project to verify application of procedures to Nick Jackson allocated to
supplement experience based work management. RoW activities. One
3 30/09/2012 | Geotechnical engineer under
mobilization. 2™ one being
sourced
4 Include debris flow risk in JSAs. JSA revised to include debris
flow risk
Excavators positioned Procedure for ROW preparation required for
in path of debris flow Steep Slopes to include recognition of potential
5 for debris flow and worst case scenario area of 13/09/2012 | This is covered by action 1.2
impact, with particular emphasis on low areas and
“gullies”.
6 Include in JSA the consideration of worst case 13/09/2012 JSA revised to include debris

scenario debris flow and that direction changes in

flow incident scenario while




Actions - 2/2

CAUSAL

STATUS

FACTORS

the ROW can expose downhill activities to debris
flow adjacent to ROW work areas; include
direction to position eguipment and personnel “on
standby” as far as reasonably practical from
potential line of fire events.

working down hill.
Subject discussed during the
supervisors safety forum with
all supervisors on 12-09-12.

Occurrence of

Complete detailed assessment of construction

unexpected debris flow 7 activities and appropriateness and define lessons 13/09/2012 Covered by Action 1.1 .
learned relative to specific work methods to be
applied to future ROW activities
Include in procedures for Steep Slopes peniodic .
8 checks of adjacent water courses, and potentially 13/09/2012 Cc»verec.i by Action 11 .
clear, for damming or excessive debris Included in ROW stability
accumulation. assessment checklist
Factor rainfall data daily with construction team, Rain Fall data
and explicitly consider appropriate, site specific, already discussed
9 work restrictions where appropriate. Closed On going . during daily
meeting between
CPY and CTR
Increase Contractor CMT capacity to deliver Allocating Dave Morgan as
sufficient management of work faces in deputy to Patrick Poulard and
consideration of upcoming complexity and re-enforcing site engineering
challenging terrain with increase in geographical team. AGI engineering
10 spread and access on site. 30/09/2012 manager (Erix Watelet) was
mobilised in August.
Engineering Manager to be
mobilised on site (early
November).
PPE compliance not Ensure 100% PPE compliance. — Issue Safety
adequate (work boots) Flash Safety flash issued (multi
11 12/09/12 languages) .
Senior Management to engage supervisors
utilizing this incident as a tool to highlight
12 importance of 100% PPE compliance — To be 12/09/2-12 Subject has been the topic of .

addressed on Safety Forum

the Supervisor Safety Forum.




IPLOCA

INTERNATIONAL PIPE LINE
& OFFSHORE CONTRACTORS ASSOCIATION

Scope of Work

ROOT CAUSES (Joint or independent investigation?)
« Are they well identified?
* Yes, TapRoot method has been used to identify the causes. Other
methods are available in the market.
» Are there potential other causes?
* |t could have been identified that the operator did not stay inside.
ACTIONS TO AVOID FUTURE CAUSES
« Actions to avoid root causes.
e Are they enough?
* We believe they are not enough (shut down areas? Other?)
LESSONS LEARNED
* Are they complete?
» Geotechnical information should be wider than the ROW
 Can IPLOCA include some new standards to address this issue?
 |PLOCAto issue safety alerts on these event to share lessons
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