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Journey of Discovery:
• My journey as a root cause analyst
• My involvement at DOE/NNSA sites
• Examples of recent RCAs 
• Lessons Learned and ways we can 

improve our root cause analysis
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Journey of Discovery:

Examples of Recent 
Proactive and Reactive 

Root Cause Analyses
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• Human Performance Issues

• Equipment Failures

• Organizational and 
Programmatic Breakdowns 
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Snippets used by 
the construction 
worker were not 
insulated
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3/28/2018 9:32

NW notifies UCOR of
concerns about isolating the
second floor and cutting into 
energized wires.  Requests 
funding for 2 QEWs to 
mitigate concern.

3/23/2018
Air Gap Start-Stop PIG
- Problem 1: Emergency 
Power still energized in floor
- Problem 2: Eaves and other 
lighting still had power 
>> further air gaps required

3/12/2018
Subcontractor
mobilizes on 
site.

3/29/2018

UCOR responds with no 
additional funding due 
to isolation in scope.  
Does not address 
operational concern of 
lack of electrical 
isolation of the 2nd floor 
of K-1652

Training
Are training crecords, 

TPDs and subcontractor 
training matrix current?

TOOLS/EQUIPMENTPROGRAMS / PROCESSES / PROCEDURES

TIMELINE

BARRIERS

THEMES

LINES OF 
INQUIRY

Jan 2018 
Type 2 work package 
drafted for 
subcontractor 
mobilization of K-1652

This work package 

Why were all live wires 
not identified, including 
those that supplied the 
air condeising units on 

the roof?

Walkdowns did not 
identify the air 

condensing units as 
part of the scope

Was the electrical  
isolation of the 2nd 

floor of K-1652 included 
in the NW submittals 
and flowed into work 

documents?  

Work Controls
What work controls 
were used for the 

ELECTRICAL isolation of 
the 2nd floor of 

K-1652?

Work issued as TY-3 to 
take advantage of a 

planned building black 
out on 3/23 by the 

UCOR Power Integration 
Group (PIG) 

The NWCS detailed 
performance narrative 
for how the scope of 

work was to be 
performed (including 

electrical isolation and 
air gapping of the 

second floor electrical 
penetrations) did not 

contain sufficient 
information.  And what 

was listed in the 
detailed performance 

narrative was not 
flowed down into 

NWCS submittals and 
UCOR work documents.

Type 3 
for Subcontractor air 

gapping of K-1652:
- work to be done under 

a Power Distribution 
WP (but PDWP was for 
building blackout only)

- no specific instructions 
provided for air gapping 

of panels in K-1652

Why were demolition 
work packages not 
ready in time for 

mobilization, resulting 
in splitting out sevreal 

Type 3 packages?

Why did UCOR not 
pause work when 

subcontractor missed 
the LP/EP Isolation on 

3/23?

What was the UCOR & 
NW response to the 2 
problems on lack of 

proper electrical 
isolation  identified on 

3/23/2018?

Neither UCOR or 
NW/Trinity questioned 

the adequacy of the 
electrical isolation plan 

(EXAMPLE 1)
Missed opportunity to 

identify less than 
adequate electrical 
isolation of K-1652

(Should have paused 
work & held discussions 

with CM/PM/Sub on 
why the team missed 

NW & PIG addressed 
the missing isolation 

issues of EP1 on 
3/23/2018 then on 
3/24/2018 missed 

isolation of LP1 (the 
lighting panels that 

were in scope) but did 
question the failure of 
the electrical isolation 
plan to identify these 
and potentially other 

Elec AHJ
What was the 

involvement of the 
Electrical Authority 
Having Jurusdiction 

(AHJ) in the electrical 
isolation plan?  

None - the building was 
owned by the city of 

Oak Ridge so the UCOR 
AHJ was not involved in 

the 
isolation/verification of 

building K-1652

Lack of questioning/ 
challenging of 

subcontractor by UCOR 
oversight

JHA
Were Electrical Energy 

Sources discussed 
during the 3/29/2018 

and 4/2/2018 Pre-
evolution briefings?

NOT DONE

Current STR 
expectations are that 

they can't be in the field 
100%

It is common for the 
JHA not to include 
electrical hazard if 
tagged out or air 

gapped

No because electrical 
hazard was not on the 
Job Hazards Analyzis; 

the JHA for this 
demolition presumes 

area is already isolated 

PPE
Was PPE worn by the 
NW Laborer that cut 

the live wire 
appropriate for the 
demolition work?

Operating Exp.
Was Operating 

Experience (OE) related 
to demolition and 

control of subs 
discussed, as req'd by 
FS-1001 Sec 6, L4, N2, 

Stop Work
How was work 

stoppage on K-1652 
managed after the live 
wire was cut on 4/3?

Better able to maintain 
100% field oversight of 
subcontractor prior to 
reorganization of the 

Construction Mgmt Org

STRs have direct 
oversight responsib. of 
subcontractors in the 
field (as well as admin 
req'mts), but are not 

expected to provide 100 
% field coverage

STRs believe that prior 
to CMO Reorganization:
-more able to back each 
other up and maintain 

100% field oversight
-better lines of 

communication
-better POD coverage
-clearer expectations

After the reorganization 
STRs are assigned to the 

Project Manager and 
less able to back each 

other up

More emphasis should 
be placed on the quality 
of the Lessons Learned 
selected for reference 

in work packages

OFI-1

Planner:  the use of OE
is driven by 

FM/STR/Lead

Event Classification  
How was the event on 

4/3 classified per 
QAS/CAMS

(PROC-PQ-1210)?

Labor Det'n
Was Labor 

Determination for 
project adequate per 

PROC-FS-1001?

Subcontractor Oversight
What is the level of field 

oversight provided by 
UCOR of Subcontractor

per PCMS-1120?

Occurrence Report
Was the occurrence 
reporting done per 

section D. 5

With a dead circuit >>
Laborer does the work

With an Energized 
Circuit >> Qualified 

Electrical Worker must 
do the work

TROTS
Was a TROTS conducted 

per PROC-FO-1063?

Yes As planned, the work 
assumed a valid 

electrical isolation and 
zero voltage verification 
were completed on the 

"in-scope" panels. 

However, once NW 
communicated the risk 

of a potentially 
inadequate isolation 
plan to UCOR in the 

3/28 memo, NW and 
UCOR did not question 

the validity of the 
electrical isolation on 
3/28 and paused to 

investigate. 
(EXAMPLE 2)

Missed opportunity to 
identify less than 

adequate electrical 
isolation of K-1652

(Should have paused 
work & held discussions 
with NW/Trinity on the 
electrical isolation of K-

Independent RCA of the Cutting of an Energized 208 Volt, 20 amp Conductor During Demolition of the Second Floor of Building K-1652

Jan 2018 
Type 3 issued to support 
mobilization
-no gravel 
-trailers
-telehandler

3/23/2018  
Type2 work package issued by 
UCOR PIG group for power 
outage and subsequent 
Isolation/Air Gap to EP2 to be 
performed by subcontractor 
WP-18-ET-36808

3/19/2018
Flooring Removal 
work is split off from 
Type 2 and issued 
under a Type 3 

WP3-18-NH3061 

3/23/2018
Isolation/Air Gap to EP2 
performed by Northwind 

WP3-18-NH3076 issued and 
released 3/23/2018

3/21/2018 
Fire system
Walkdown with 
Simplex, NW, Trinity, 
Fire Marshall, Fire 
Safety City of OR and 
UCOR

Mar 2018
Walkdowns begin to develop the 
electrical isolation plan
-Trinity
-NW
-Safety/UCOR
-CM/STR/PM

3/26/18 
Work Released to 
remove ceiling tiles

3/23/2018 
Ceiling tile work is split off from Type 2 
and issued under a Type 3 
(Planner's 1st CMO package; previously 
at NHHO/OOCE)

WP3-18-NH-3077

3/29/2018

Type 2 work package to 
initiate demolition 
issued. Briefings 
complete, work started

WP-18-NH2018

4/3/2018 after 3:00pm
Subcontracotr QEW found 
EP1 panel breakers tripped 
for condening units located 
on the roof

4/3/2018  after 
3:00pm
Worker was 
evaluated by UCOR 
Medical Services; no 
injuries sustained

4/4/2018  10 am

TROTS conducted

4/7/2018
Occurrence Report 
submitted to DOE

EM-ORO--UCOR-
GENLAN-2018-0001

4/12/2018
UCOR issues letter for 
NW to STOP Work.

3/19/2018
First day of field 
work 
Daily Activity 
Report

Scope comes from the 
UCOR PM

(Form 845) and also 
described on a
NW submittal

4/2/2018  

Demolition pre-
evolution briefing 

Type 2 WO Planned (in 
draft) but Isolation and 
air gap of 2nd floor of 

K-1652 was broken out 
as a Type 3

RC-3: There is a lack of programmatic controls for the use of air gaps to 
establish a safe electrical isolation boundary as required by NFPA 70E 

Article 120.2, “Establishing an Electrically Safe Work Condition.” 

NW did not ask for 
electrical drawings 

(although they asked 
for the fire sprinkler 

drawings, which were 
provided by UCOR)

UCOR is accepting the 
risk of less 

comprehensive
coverage of 

subcontractors, which is 
offset by improved 

continuity of project 
coverage by assigning 

STRs to specific projects

Formal Stop Work has 
not been invoked the in 

past because the 
guidance is too 

subjective 

Isolation walkdowns did 
not use available 

electrical 
Drawing #s

EIE-81861-1E
.9

.10

.12

.13

OPPORTUNITY 
FOR IMPROVEMENT

CONTRIBUTING 
FACTOR

ROOT 
CAUSE

Oversight of 
subcontractor Roles 

and Responsibilities not 
clearly defined or 

understood.

Master Submittal Log 
(proj. eng) Did not 
include electrical 

isolation plan 
(All Hazardous Energy)

Originally classified on 
4/11 as "Adverse"

by the Issues Screen 
Team; requires an 
Apparent Cause 

Analysis 
(documented on

IF-2018-0461)

Internal UCOR 
Questioned the 

original classification 
and reclassified on 4/26 

to "Significant"
requiring a Root Cause 

Analysis

There was a 15 day 
delay in reclassifying

the event as significant 
(high potential for 
serious effects on 
worker health and 
safety; Exposure to 

208v, 20amp circuit)

Planner, FM/STR do not 
understand the 

importance and the use 
of OE that is tailored to 

work being done
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HUMAN PERFORMANCE

Isolation walkdowns did 
not include an 

Architect/Engineer, 
Electrical Engineering or 

Project Engineer or 
their involvement  in an 
electrical isolation plan

PM pulled drawings but 
did not provide the 

drawings povided to 
subcontractor

3/15/2018
New FM 
Assigned to 
project by 
UCOR

UCOR expected the 
electrical isolation plan 

to be a part of their 
work plan as stated in 
the NW submittal, but 

UCOR did not verify 
there was an adequate 
isolation plan in place 
by the Subcontractor

Typically the Work 
Control Process 

requires worker input, 
but WC has to wait for 

the Sub to get on site to 
finish work packages. 

This is a known logistics 
problem when Subs are Scoping walkdowns 

were performed by 
UCOR/Subs for a variety 
of work scopes as part 
of a Type 2 Work Order

Type 2 
for PIG  work: 

-Power Distribution 
Work Pkg for building 

outage 
-Specific Instructions 

for air gap of EPs 
owned by PIG; 

however, they were 
not accurate

NW/Trinity  did not 
implement the scope of 

work described on 
submittal 

2.001-000000-2

Type 3 
Work scope/work 

description did not 
adequately define the 
work to be performed

CF-4

Planner was told by 
UCOR STR to write it 
"LOOSE" so the Sub 
could do what was 
needed in the field

NWCS performance 
narrative for electrical 
isolation of K-1652 was 
LTA, and submittal was 
not flowed into UCOR 

work documents

CF-1

RC-1:  A series of breakdowns in the implementation of UCOR Work Control Program 
requirements for the scoping, preparation and implementation of Electrically Safe Work 

Conditions led to the lack of adequate electrical isolation of the second floor of building K-
1652 that was to undergo demolition. (Programmatic Factor)

There is no Air Gapping 
Program similar to the 

LO/TO program
for creating Electrically 
Safe Work Conditions 

Air Gapping is not 
addressed 

Programatically 
(should be similar to 

OSHA/NFPA
requirements for LOTO, 
for the establishment of 

Electrically Safe Work 

UCOR did not 
effectively manage pre-

mobilization logistics 
challenges for work 

control, resulting in cost 
and time pressure that 

could have been 
avoided

CF-5

What was the UCOR 
response to the  3/28 
memo that NW sent 

UCOR requesting more 
QEWs because of 

conerns about their 
inability to isolate the 
2nd floor, and the risk 
of cutting a live wire 
during demolition?

Why were the NW 
Laborers carefully 
pulling wires and 

testing with a proximity 
Voltage detector prior 

to cutting wires?

During demolition, NW 
took the extra 

precaution to instruct 
the Laborer doing the 
demolition to open 

each conduit box,  test 
each wire with a 

proximity meter (not an 
approved tool for zero 
voltage checks), and 
individually cut the 

wires. 

Based on anecdotal 
evidence (3/28 memo 

and these instructions), 
NW was concerned  

that they did not have 
proper electrical 

isolation and took extra 
precautions that are 
not normally used by 

non-QEWs during 
demolition. However, 
NW did not pause the 
work to address the 

validity of the electrical 
isolation

(EXAMPLE 3)
Missed opportunity to 

identify less than 
adequate electrical 
isolation of K-1652

(Should have paused 
work & held discussions 
with NW/Trinity on why 

Laborers are doing 
electrical checks)

AHJs are not nomally 
used for isolations, and 

AHJ roles do not 
typically include islation 

of power.

AHJs are primarily used 
for new construction.

RC-2: UCOR and NWCS did not provide adequate oversight of their subcontractors during the 
development and implementation of the electrical isolation plan for the second floor of 
building K-1652, and both UCOR and NWCS missed opportunities to investigate warning 
signs that the electrical isolation of the second floor of K-1652 was less than adequate.  

(Human Factor) .

UCOR oversight 
allocations for this 

project:
EH-25%

CM- 100%
STR-100%

But on 3/28 there was a
change in conditions: 
NW acknowledged 

"Inability to Isolate" in a 
memo to UCOR 

management and 
contracts

NW Laborer stopped 
working on cutting 
wires and notified 

supervisor, the area 
was roped off.

UCOR sent letter to 
NW on 4/3/2018 to 

STOP WORK on K-1652.

PROC-EH-2018
However, formal 

STOP WORK 
requirements were

not invoked, to 
document actions 
required prior to 
allowing work to 

continue
NW did not put 
QEWs back on 

Electrical 
demolition work

UCOR did not challenge 
the isolation plan and 
use of non-QEWs for 
electrical demolition

As a compensatory
measure, NW

instructed demolition 
Laborers to use the 
proximity voltage 

detectors to pull and 
check wires before 

cutting
(EXAMPLE 3)

Missed opportunity to 
identify less than 

adequate electrical 
isolation of K-1652

(Should have paused 
work & held discussions 
with NW/Trinity on why 

Laborers are doing 

PROC-PQ-1210
Attachment B: 

The guidance for 
assigning significance 

categories
can result in either  

Adverse or Significant.

Research shows that 
there have been only 3 

significant issues 
requiring Root Cause 
Analysis  since 2015

Enhance the Formal
STOP WORK 

requirements of 
PROC-EH-2018 Sec.B
to make it clear when 

Formal Stop Work 
should be invoked

OFI-2

Clarify the guidance for 
significance 

determinations  in 
PROC-PQ-1210 to 

improve the accuracy of 
the significance 
determination 

OFI-3

Accident Prevention
PROC-EH-1030

What was the response 
when a NW worker 

crossed a Danger Taped 
boundary to retrieve a 

face plate? 

Pre-evolution Briefs
(3/29 and 4/2)

were pre-evolution 
briefings conducted 

prior to starting 
demolition work? 

Yes, however, the 
documentation of the 
briefings was less than 

adequate: Form 851 
was not used in one 

case, and the form was 
not signed in another 

case. 

Emphasis should be 
placed on attention to 
detail and providing 

quality reviews for all 
UCOR forms and 

documents

OFI-4

3/7/2018
NHP project team meets with 
LOTO SME to determine if the 
sub-tier contractor is able to use 
their own LOTO program to 
perform 2nd floor isolation. 
(sub-tier contractor was to use 

PROC-PQ-1240, Operating 
Experience/Lessons Learned 

Program
PROC-EH-2018, Stop Work PROC-FS-1001, Integrated 

Work Control Program

PPD-EH-2009, Electrical 
Safety Program

NFPA 70E ARTICLE 120.2, 
ESTABLISHING AN 

ELECTRICALLY SAFE WORK 
CONDITION

NFPA 70E (2009 Edition)
"Electrical Safety in the 

Workplace" 

Occupational Safety and 
Health Administration 

(OSHA) Regulations

PROC-PQ-1220, Occurrence 
Notification and Reporting

PROC-PCMS-1120, 
Construction Management

PROC-EH-2001, Accident/Incident 
Reporting

PROC-EH-1030, Accident 
Prevention Signs, Barricades, 

and Other Postings
29CFR1910.147
29CFR1910.333

PROC-EH-2002, Hazardous Energy 
Control (Lockout/Tagout)

PROC-FO-1064, UCOR Work 
Instruction/Technical 

Procedure Writer's Guide

PROC-ET-3013, Power 
Distribution Work Permit

PROC-FO-515, Facility 
Management

PROC-FO-1063, Issue Review 
and Investigation Process

4/3/2018 
2:53pm

NWCS laborer 
cuts an 

energized 
conductor at K-

1652

4/7/2018
The event was screened 
and classified as 
"Adverse" on Issues 
Management 

4/26/2018
Event was re-classified as 
"Significant" on Issues 
Management 

4/27/18
Independent-led
RCA was begun

It was common 
knowledge that the 

drawings for this 
building had not been 
maintained accurate 

over the years by 
previous primes and the 

city of Oak Ridge, so 
they were not 

considered important

Electrical Isolation 
Scoping Walkdowns  

were not 
comprehensive

CF-2

Scope of isolation was 
left up to Subcontractor 
QEWs and UCOR SMEs 
to properly isolate the 
second floor under a 

Type 3 

Type 3 

Work scope/work 
description did not 

adequately define the 
work to be performed

CF-4

Without accurate 
drawings, NFPA 

requires the use of 
equivalent methods 

NWCS and UCOR did 
provide adequate 

oversight of Trinity's 
electrical isolation plan

Lack of understanding 
of the use of a Power 

Distribution Work 
Permit by Planner and 

STR (not for controlling 
electrical isolation 
inside the building)

Lack of understanding 
of the use air gaps to 

create Electrically Safe 
Work Conditions:

a) air gaps were not 
documented

b) air gaps were not 
independently verified
c) Absense of V checks 
were not documented

ENG was only Involved 
in RFP 30/60/90 

%complete package 
reviews but were not 
involved in the Work 

Controls or Work Order 
preparation  

The Type 3 Work 
Determinations do not 
require walkdowns or 

SME involvement

Electrical Isolation to be 
done by Subcontractor 

as part of scope of 
work, but under UCOR 

procedures (1st 
construction job where 
UCOR did not perform 
the electrical isolation)

Discussions were held 
by STR/CM/PM and 

Subcontractor on use of 
LOTO, Cold&Black 

processes, but those 
were not selected for 

electrical isolation of K-
1652 demolition

Trinity did not develop 
an adequate 

documented isolation 
plan for air gapping of 

K-1652 

SC-18-033517-0000-2.001-
000000-2, Detailed 

Performance Narrative

Oversight on both 
UCOR and the Sub did 

not recognize the 
electrical safety

concerns

the Integrated Work 
Control Program 

provides little guidance 
for oversight of 

subcontractors at 
critical work steps, such 

as establishing 
Electrically Safe Work 

Conditions and verifying 
absence of voltage 

checks

UCOR addressed the
request for more 

resources but did not 
question the adequacy 

of the electrical 
isolation plan 
(EXAMPLE 2)

Missed opportunity to 
identify less than 

adequate electrical 
isolation of K-1652

(Should have paused 
work & held discussions 
with NW/Trinity on why 

they are concerned 
about the electrical 
isolation of K-1652)

Training Records
Training records were 

reviewed using the 
UCOR Local Education 

Administrative 
Requirements Network 

(LEARN) database.   
Personal Assignment 

Forms from LEARN were 
reviewed for UCOR 
project personnel 

including Work Planner, 
Subcontract Technical 

Representative, 
Construction Manager, 
Senior Project Manager, 

Project Manager, 
Facility Manager.  All 
assigned training was 
found to be current.

UCOR addressed the
request for more 

resources but did not 
question the adequacy 

of the electrical 
isolation plan 
(EXAMPLE 2)

Missed opportunity to 
identify less than 

adequate electrical 
isolation of K-1652

(Should have paused 
work & held discussions 
with NW/Trinity on why 

they are concerned 
about the electrical 
isolation of K-1652)

Yes

Tools
Were the plyers used 

by the Laborer 
appropriate for the 

work?
(electrical demolition)

As planned, the work 
assumed a valid 

electrical isolation and 
zero voltage verification 
were completed on the 

"in-scope" panels. 
Therefore the use of 
snips that were not 
electrically isolated 

would be acceptable.  

However, once NW 
communicated the risk 

of a potentially 
inadequate isolation 
plan to UCOR in the 

3/28 memo, NW and 
UCOR did not question 

the validity of the 
electrical isolation on 
3/28 and paused to 

investigate. 
(EXAMPLE 2)

Missed opportunity to 
identify less than 

adequate electrical 
isolation of K-1652

(Should have paused 
work & held discussions 
with NW/Trinity on the 
electrical isolation of K-

The NW worker was 
observed by several 

personnel in the area. 
However, no actions 

were taken. 

No followup was 
deemed necessary 

because the same day
the live wire was cut by 

a NW worker, UCOR 
issued a letter to NW to 

stop work and NW 
workers left the site.   

Form - 851, Pre-Evolution 
Briefing Checklist 

NWCS and 
Subcontractor Trinity 

did not develop an 
adequate, documented 
electrical isolation plan 

CF-3

NWCS and UCOR did 
provide adequate 

oversight of Trinity's 
electrical isolation plan

The air gap locations 
were not documented 

& labled, and the 
absence of Voltage 

Checks and any 
independent 

verifications were not 
documented

Notice of Termination for 
Convenience of SC-18-

033517 

PROC-PQ-1210, Issues 
Management Program  

Attachment B: Issue Form 
Significance Guidance 

TPDs
UCOR Training Position 
Descriptions (TPD) from 
LEARN were reviewed 

for UCOR Work Planner, 
Subcontract 

Coordinator/Technical 
Representative (Supply 
Chain Management), 
CMO - Subcontract 

Technical 
Representative (Project 

Management), PM-
Project Manager 

(Project Management), 
UCOR-Project Manager 
(UCOR Management), 
FM-Facility Manager 

(Industrial).  TPDs were 
verified to be assigned 

to the personnel 
holding the position for 

Subcontractor Training 
Matrix

Was review and 
compared to the 

required training and 
required reading 

identified on the UCOR 
Scope of Work.  

Training modules 
required for Laborers 
and Electricians were 
verified to have been 

3/14/2018
The UCOR project team, NWCS, the NWCS 
subcontractor TCSC, the UCOR Power 
Integration Group (PIG), and a UCOR Security 
Systems SME met to conduct a walkdown to 
scope out the electrical isolation of the 
second floor of K-1652

Level of Effort: 
• 4.5 days to complete the analysis
• 4 RCA team members
• 0 Subject Matter Experts on the team
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Level of Effort: 
• 8.5 days to complete the analysis
• 4 RCA team members
• 1 of the team members was the 

Compressed Air System Engineer (SME)
• Most complex equipment failure RCA I 

have ever conducted




