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Agenda

« Some introductory thoughts

* Quick overview of the SLAC Incident Management process

« Anatomy of an Event — a biased perspective

« Alternate perspective to understanding deviation from expectations
* Incidents that drove a different approach to QA, WPC and HPI

« The integration of QA, WPC and HPI

 Questions



Some Introductory Thoughts

“Skill of the Craft”
Is necessary but not sufficient

“You don’t have time to do it right,
but you have time to do it over?”

Presenter: rpoliak@slac.Stanford.edu Fall EFCOG ISM/CAS Working Group November 10, 2020



The SLAC Incident reporting and investigation process

Quality Assurance Program

Incident Reparting and Investigation Process

[ e

| |
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Initial reporting
and response

Who gets notified

- x5555 (site security)

- SLAC Duty Officer
- Line Management

- Issues Program Manager

- Chief Safety Officer

- Division Director

- Associate Lab Director
- Occupational Health
- DOE Site Office
- efc.

Development
of actions and

Determination
of investigation
requirements

Investigation

lessons
learned

Incident Types Investigation Types

- Injury/First Aid - Fact finding
- ORPS Occurrences - Causal analysis
- Operational incidents - Independent RCA

- Security
- etc.
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There is a latent bias in ‘our’ approach

J
Flisied Our approach to incidents,
* Controls e understanding causation and
Vision Beliefs, & .. .
: 5 Values
s y the mitigations we apply
= = have an inherent bias.
= ]
%ﬁ 3 Our best and most rigorous
_t%} " sl efforts tend to be applied to
izat Ncson individual events.....
0 t |
ey \ =
ot In other words we ‘wait’ until
recursors . . .
the deviation is severe enough
Anatomy of an Event to draw our attention.
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A different context to consider

Current Condition Desired Performance

What must be,

- should be,

or could be

Understanding why & how to reduce or eliminate is the goal of an investigation
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Let’s consider a the following

<
000080
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Frequency of Occurrence

O % o O
Desired Outcome

(cycle time, $/unit, error rate, recordable, utilization, etc.)

Here we have many instances of results that are failing to meet the goal.




Is it a single event we need to understand?

Frequency of Occurrence

O % ® O
Desired Outcome

(cycle time, $/unit, error rate, recordable, utilization, etc.)

Does understanding the individual deviation tell us about the others?



Do we need to eliminate the outliers?

Frequency of Occurrence

® h ® O
Desired Outcome

(cycle time, $/unit, error rate, recordable, utilization, etc.)

Eliminating the outliers is improvement but what about those outside the goal?



Do we need to move the distribution?

Frequency of Occurrence

O % o O
Desired Outcome

(cycle time, $/unit, error rate, recordable, utilization, etc.)

Changing the process may require the greatest level of effort to achieve



That’s interesting but ‘so what?’

« Fortunately the tools and methods to that can be used to address each
scenario are largely the same.

« Let's look at the ASQ definition of Root Cause Analysis:

* Aroot cause is defined as a factor that caused a nonconformance and should be

permanently eliminated through process improvement.
- The root cause is the core issue—the highest-level cause—that sets in motion the entire cause-and-effect
reaction that ultimately leads to the problem(s).

* Root cause analysis (RCA) is defined as a collective term that describes a wide

range of approaches, tools, and techniques used to uncover causes of problems.
- Some RCA approaches are geared more toward identifying true root causes than others, some are more
general problem-solving techniques, and others simply offer support for the core activity of root cause
analysis.
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SLAC & LCLS Il incidents that drove increased QA, WPC rigor & HPI

®
Unexpected drop Cryoplant Energized 277 V Lighting  Cryomodule Magnet Cryomodule L2 Cryomodule String
of concrete block girder drop circuit struck during F05 Venting Falls off Truck F12 Venting lon Pump Disconnect
4/26/2017 7/15/2017 demolition 10/27/2017 7/25/2018 3/29/2019 4/29/2019 7/21/2020

SLAC and LCLS-II Significant Incidents

Water intrusion in 110 V Lighting circuit FO06 Venting Cryomodule FO7 HXR Undulator Drop Material Handling
experimental building  struck during drilling Jan - April, 2018 Handling Issues 5/23/2019 Telehandler Issues
4/7/12017 8/2/2017 BPM bolts & 11/5/2018 July 27 & Aug 11, 2020
FPC Bellows

HPI & Error Precursor Error Precursors &  Integrating HPI into
Facility Construction Managers Begin adding Hold & Pause reminders included  mitigations discussed processes, procedures
begin capturing HPI error precursors  visual controls in procedures All Hands Meetings  in Tailgates and job aids workshop
In their field observations October 2018 & checklists December 2018 May 2019 May 2020 September 2020

HPI error precursor analysis ‘ ‘ ‘

Included in some Incident Investigations Aug 2018
The SLAC evolution of HPI education and use

& »

Pilot Course HPI for Ma/:ntenance WOerfS QQIiyered to HPI & Error Precursor awareness
HPI for Maintenance Workers Operations and Science Divisions training for all workers coming on-
7 people May 2018 ~ 290 people Oct 2018 — Feb 2020 site as part of COVID-19 protocols

May 2020
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Field Construction Manager Observations of Error Precursors

Count
= =
w (=] wn
o o o o

Distractions, Complacency, Monotony, Lack of Focus

- ~ 30% of the observations

Tools to help mitigate:

- STAR
- Stop
- Think
- Act
- Review
- Reinforce communication
- Peer-checking
- Pause & 2 Minute Rule

Inadequate or Improper Tools and Equipment
High Consequence Activity

Unfamiliar with System or Process

Unexpected Condition or Equipment Response
Change or Departure from Plans

Inexperience with or Infrequently Performed Tasks

joqen

Time or Schedule Pressure
First Time Evolution or New Technique
Irreversible Point of Action

Equipment in Abnormal Alignment

Complex Problem Requiring Expert Support

Work on Equip. Identical to Other In-Service Equip

Cum Percent

Lack of events and work becoming routine create opportunities for complacency



Incidents that precipitated increased WPC rigor

®
pm—————— N
Unexpected drop Cryoplant Energized 277 V Lightingl Cryomodule : Magnet Cryomodule L2 Cryomodule String
of concrete block girder drop circuit struck during I Fo5 Venting I Falls off Truck F12 Venting lon Pump Disconnect
4/26/2017 7/15/2017 demolition 10/27/2017 | 7/25/2018 1 3/29/2019 4/29/2019 7/21/2020

D - o |

SLAC and LCLS-II Significant Incidents

T O

Water intrusion in 110 V Lighting circuit 1 F06 Venting 1 1 Cryomodule FO7 1 HXR Undulator Drop Material Handling
experimental building  struck during drilling 1 Jan-Apri, 2018 1 1 Handiing Issues | 5/23/2019 Telehandler Issues
4/7/2017 8/2/2017 1 BPM bolts & : I 11/5/2018 : July 27 & Aug 11, 2020
| FPCBelows l H
N ———————— - -

Responses and Mitigations:
Increased levels of engineering, characterization & testing new processes

Creation of Enhanced Rigor Work Planning and Control
Adding emphasis on Human Performance Improvement (HPI) in procedures




Key message to the LCLS-Il team in November 2018 All Hands

Superconducting linac requires a different, much more controlled

approach to handling, installation, maintenance and repair

* You never want to introduce a speck of dust in the linac

« Warm or cold, you never want to “vent” the linac to air
* Airis dirty and freezes if it enters the cold linac

« There is almost nothing you can do in the way of
maintenance to the linac when it’s cold (2 degrees K)

* You want the linac to stay cold 2-3 or more years at a clip
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=

Greater rigor required

Require we can do it
successfully without
having to do over

Risk based approach
Changing the base culture

built over 50 years of
warm linac experience

15



A simple but important model for WPC

°
IQentlfy ?nd Ac\:nalyze |dentifying & Implementing Work within Controls
Risks b_e_ ore qntrols Qqntr_ols (Mitigated Risks)
(Unmitigated Risks) (Mitigations)
STOP WORK ZONE J
Medium | Emergency
: or Special
— s e e e e
Low Low (this is where we operate) I
- Y :
*  FMEA, Hierarchy of Controls
» Radiological, Laser, Electrical, etc. Control protocols Human Performance
*+ SOPs, JSAs, Permits Improvement tools and
» Job Aids, Visual controls, Checklists, Hold Points methods apply throughout
+ Training, Practice, Demonstration & Observation
* Authorization & Release, Tailgates 16

Presenter: rpoliak@slac.Stanford.edu Fall EFCOG ISM/CAS Working Group November 10, 2020



SLAC Enhanced Rigor Work Planning and Control

ENVIRONMENT, SAFETY & HEALTH DIVISION

Chapter 2: Work Planning and Control
Work Planning and Control Procedure

Product ID: 451 | Revision ID: 2025 | Date published: 28 September 2018 | 28 September 2013

URL:

1 Purposq

1. Define the work
Idenify and anals|

Quality Assurance Procedure Document

T =

itle: LCLS-IlWork Planning and Control

D

[ Pagedof?

. LCLSI11-QA4366-R0

o1 Scope

This document describes the Linas Conerent
Vjork Planning and Confrol. This ncludes ¢
consequence. The project definition of these

imp
| requirad quality conirol elements are describf

All SLAC work must be performed in ascord:

il Flanning and Control. This document descri

2 Definiions

DOE-HDEK- 10252009
Tune 2009

DOE STANTDARD

HUMAN PERFORMANCE
IMPROVEMENT HANDBOOK

VOLUME 1: CONCEPTS AND

PRINCIPLES
Term Definition
BPM Bezm Position
COMS Controlled Doc|

 LCLS-Il Lessons Learned drove changes to WPC
by applying greater levels of rigor to the design

U.S. Department of Energy AREA HFAC

‘Washington, D.C. 20585

and execution of work plans.

* This approach has proven critical to the current
progress and SLAC continues to learn and extend

this elsewhere at the lab.
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WPC Core Functions

Define the
Scope of Work

Identify hazard and
error potential

Develop and

Implement Controls

Perform work
within controls

Feedback &
improvementis
captured and
acted upon
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Additional rigor and enhancements

High consequence work activities
Detailed review of requirements

High consequencerisk categorization
FMEA
Human Performance Error Precursors

Hierarchy of Controls (defensein depth)
Procedures, Checklists, Readiness reviews
Specialized Training/Authorization

Procedures, Checklists, Travelers, 58
Hold Points (pause & check), Observation
Integrated Tailgates and Release Work

Lessons Learned
Demonstration, Practice & Improvement
Post action reviews
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Rapid deployment of Enhanced Rigor WPC to CM Handling

Receiving/Handling Incident  Lessons Learned Followup Multi-tiered Improvements
November 6, 2018 November14, 2018 Nov 2018 — Jan 2019

TersTa

_— —_

‘‘‘‘‘‘‘‘ Enhanced Rigor WPC
: Refined procedures & travelers

Procedures and
Checklists have been
iterated and improved

_ * Site improvements & preparation >_*
Handling has evolved

from being a stressful
Multiple practice sessions w/F05 event to a routine
activity

~~~~~~~~~~~ Readiness reviews to restart

~—— —

Cryomodule handling improved from challenging to efficient and routine




We do have a Cultural challenge to consider

Our designed & == 1 How we execute :
documented processes J & our processes J =
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Then we vented another Cryomodule

J
pm———— ~
Unexpected drop Cryoplant Energized 277 V Lighting  Cryomodule Magnet I Cryomodule ! L2 Cryomodule String
of concrete block girder drop circuit struck during FO5 Venting Falls off Truck: F12 Venting lon Pump Disconnect
4/26/2017 7/15/2017 demolition 10/27/2017 7/25/2018 3/29/2019‘4/29/2019 1 7/21/2020
‘ ‘ ‘ ‘ T“-J ‘
SLAC and LCLS-II Significant Incidents
Water intrusion in 110 V Lighting circuit F06 Venting Cryomodule FO7 HXR Undulator Drop Material Handling
experimental building  struck during drilling Jan - April, 2018 Handling Issues 5/23/2019 Telehandler Issues
4/7/2017 8/2/2017 BPM bolts & 11/5/2018 July 27 & Aug 11, 2020
FPC Bellows

Responses and Mitigations:
Increased levels of engineering, characterization & testing new processes

Creation of Enhanced Rigor Work Planning and Control
Adding emphasis on Human Performance Improvement (HPI) to our toolset




Details matter — F12 Venting Incident
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We thought we had it covered — Enhanced Rigor WPC

From the March, 2019 DOE/SC Review

CM On-Site Transportation, Handling and Off-loading —
Category 1 Risk

CQ#5
s LM Receiving, Handling and Unésading
[ Additional rigor and enhancements | | | Procedures Developed and Released (14)
1 - CM Gl Plan
- 1 . linlmﬁ'urr'-:--ﬂn'um:ilﬂmnum
! ML el P T ek
Drafina fhi + High combquencs work activities I CMPralestanPan
Soope of Waork +  Detafed review of requirements H E'ﬂ*ﬁ—*"-:"wwwur:l'-u
1
i e Tl
. H b I CMAigEang ard Akgn ma s
Iantity hazard and TN ¥ i E_:,‘!'r'."ﬂ“h"“,_’;:‘,'*_.
srror potartial + Humnan Farfesmanca Error Precussors : = :xmm&;‘lrwﬂhm;‘:::;rw
L= [T AF b
L]y = e o g ey T ™ . . .
IS (- roraccny ot conmras cavtonsmimawpeny | ¢ || i sepmegiteafone”_ CM Beamline Shipping Hardware Removal
" L 'F.."_ - +  Procedures, Checklists, Readiness reviews I
mpement Comtrols pu = et rain 1 5
L | Eesully o3 of March 8]
- : + B CMs here at BLAC, 7 linat ready CMs
AR - Procedures, Chooklists, Travelers, 58 ¢ plus F&)
-uITh:: .-:.:.1:‘"{-. = Hald Paints (pause & check), Shearvaiion | + 4 CMs on their stand in L2 in bunnal [plus
K ey = Irvlegrated Tailgabes and Release Viork B} 1 F5)
i |+ 2linacready CM at the Sactor 10
- o B 1
l:p':_:ﬂ_“" :I - Lessons Lesmed I ““E“‘." ——————— o
e » Demonstration, Practics & Emprovement . . .
captured and 3 1 Enfanced WPC reEsiifted
Pest aetion rviaw 5 Ry o cncl i —} We claimed we had the right approach
i
LELSN DOESC: FReview, March 18-21. 20159 P

Obviously we were mistaken



Our path forward

We have recognized that must rethink exactly how we apply the appropriate
levels of rigor in our definition, practice and validation of our work by being able
to answer ‘yes’ to the following questions:

1) Are our processes and procedures able to be executed successfully
and provide adequate risk mitigation?

2) Are we following our processes and procedures?

How do you know?
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Recently we disconnected an active lon Pump
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Prafrmivary Summary: On 72120 84T Sschricanwes Saaked be replace conrector for tha cable
shak feady powar ke tha PCY Jen Purep. The chricanhsd s copy cf @ report et denk® sd te apacile
cornacior s bavingfalisdas HiPattest which ia the e by whch speciiic cebbe/c onrectar work
cantfud . The tachnicien daccnneckedths cable s the ion purep end (omd| sndprocesdsd o gl
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mchricancontacisdthe lead t= reguasi perminion iotum aff the power. The Lasd paws parmission
withaout chaciong with the Seck Sewerd The tech procseded sndrepiaced he aourceand of the
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ErrorF aorn Unesmected Condition, tack of or Undes Procedure ar O uivanns

i Tha worbar wimnot furelier noth the ‘Oral Tradeen’ of never disconnecta ceala

~1: Lach ol or Undwar Pricoduce ar uidanos, Insypenmoe with—. _tak
Bk LT bran v 1|

1o Inmepanienm whibe. ek
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Mitigationg:

* Cablward michmerk InZsser 4 haelzsan pndng H on ard rorreed !

= lon Pump power aupsly e spotection et shutting o possre when cebs wes d bezonrecoed
*  Procsdursn |incidng LOTO0 signage, trainmp ILOTE0, 591 communicecn and gt sre being
rweasd to dewdwith fobure incde | lertic rg'sie fug sctsiiin

Espa nechcf sshenced riger WPC b g oomidened for paetk inand aroond st e prent

This Incident b colmgorbed as an DAPS repovbatie near miv oorumemoe.

This incident highlighted a gap in WPC Rigor and recognition of HPI Error Precursors

i

1
1
\

L2 Cryomodule String :
lon Pump Disconnect |
7/21/2020 1

—————-‘————v

Material Handling
Telehandler Issues
July 27 & Aug 11, 2020




We identified the need to drive the level of rigor more broadly

‘,J\\CCCL[RF-CUF#
-

Plans and Procedures

Document Title: Higl. Testing Procedure

BT A P Vor Paring and Conirol
:g..wu-m- wscneer  JOB SPECIFIC JSA
EED OFERATIONS AND POWER

$YSTEM 5 DEPARTMENT

Job / Activity Name: Cable Terminstion in an EsA# Start Valid
(optionsi) Dete

Depariment ! Group Name Bidg / Ares Other Information or References

EED-OPST Enestion{s) LCLS2-SA-0052

Seope of Work: Test the leskage current of  high voltage cabie that has been terminsted on both ends

.--------l----‘-
Gompistsd
Step Deseription Hazard Witigation InitiallDate
1| Workiead: — Rasiason
Job st hazard review —Bectriss _Tranng
— Ergueoms e
— Viedcng at Heights — Toctsiequpment
— WioAing i 3 Corstrction Arsa
— Coefined Spaos
o Othar
2 | WorkLead: Idecious Dsense —Masks
COVID Pazard eview — Hazard Level | —Gowes.
_ HazardLevel2 —Clening
— Hazad Level 3 contact
3 | WorkLesd: _ BamealStockomcable | _ Traning
Cabies with potental hazardous | —NA —LoTo
eeanses 3¢ defined, LOTO points —FFE
8 ideatind, and Gioup Lackauts
o inplace
4| Workiead: Viarkes unmware of potanial Creck 154
congiate. iy
5 | Workiead: sestat
ooyl stheruok n ama wark grougs.

Presenter: rpoliak@slac.Stanford.edu

- .-

.-

Fall EFCOG ISM/CAS Working Group November 10, 2020

A Plans and Procedures
’,‘C CELERATOR [DocumentTitie: Hipat Testing Procedure
et Document Number: AD-00-002 Fagnf.of A Plans and Procedures
N CCELERATOR [Documentite: Hinad Testing Procedurs
5 | Workieas: 1 preparsd workers rotmadyto | Review of assigrmerd, i\ Document Number: AD-00.002 | ot
i it ISA HPL g work. and Pause Critera 112
o -
> “,‘"m ,-------------~
% P Work I ) \
0 A et Lond bl e e T understand and will adbre to the steps, understand the hazards, and follow the controls described in I
this JSA
o | o= .
~ssess job s for unexpaciad I lx:':'nmm L wralusted I
I I f the scope of nges, of there
P Slectnea Sheck Personal ock siops inasvertant | Work Vi i \ 1 will pause work and contact the Work Lead wha sutharizad my work. Where there is an imminent I
o @ I ‘enerpzation of cables. Lead: I danger, y stop ity and 7
FRINT HAWE Sen Dore I
2 cable. i may be snemized.
Work Lead: ¥ an aseigned cable s
s this siep applcable? YarN s, | | ekt '
!. work lsad. \ 4
Worker: Sensive equipment can be.
les with 4 L
potentialy hazardous enemy r whens work is fo be dome. I the
perdorm the folowing for sach area ie controlied, then.
cble pauss. Tha work cannot
1. Place personal lock on Group continus unless relesse in Worker 2
Loskout. r;;- by the system manager: Work Lead:
.
@ B atstiond I oSN NN NN BN NN BN N SN BN BN NN S BN BN BN S S Ry
Ensure Sae practoes ane used
described by the —_— i
I e kel o) , Pause Points
s mfwnmm Nover iscannact o connect | Workar - ® Unexpected hazards are found. Pause work and contact Work Lead.
0 A T Ao o i e | + Never connect or disconnect a cable end. If an assigned cable is already terminated, then
Wortac I sy 8 werkers are released 10 pen pause work and notify the Work Lead.
oy e b * Lock for signage around area where work is to be done. If the area is controlled, then pause.
Lok forsignage srurd s | Workar 2 The work cannot continue unless release is given by the system manager to do so.
" ) i 2 .
m-] S L e ®  Where the source side of the cable is located m a rack that could be energized, apply personal
—_ ey lock on the Group Lock Out. Pause if there is no Group Lock Out, and notify Work Lead.
’ ot *  Waming: do not ZVV the cable without the proper PPE and test equipment. Possible shock

hazard! If there is any voltage reading on the cable, then pause work and notify the Operaror
and the Work Lead.

If cable cannot be verified with the 9V test, then pause work and notify Work Lead.

* If communication is poor between the Operator and the Safety Watch, then pause and
determine means to improve communication before testing begins.

l—---

>~-----------------_
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The key lessons learned

®
Unexpected drop Cryoplant Energized 277 V Lighting  Cryomodule Magnet Cryomodule L2 Cryomodule String
of concrete block girder drop circuit struck during F05 Venting Falls off Truck F12 Venting lon Pump Disconnect
4/26/2017 7/15/2017 demolition 10/27/2017 7/25/2018 3/29/2019 4/29/2019 7/21/2020

SLAC and LCLS-II Significant Incidents

Water intrusion in 110 V Lighting circuit F06 Venting Cryomodule FO7 HXR Undulator Drop Material Handling
experimental building  struck during drilling Jan - April, 2018 Handling Issues 5/23/2019 Telehandler Issues
4/7/2017 8/2/2017 BPM bolts & 11/5/2018 July 27 & Aug 11, 2020
FPC Bellows

While investigating individual incidents is both useful and required the findings and
actions have been less effective than expected.

Taking a broader examination of all deviations from expected, i.e. Incidents to Non-
Conformance will in the long term drive greater improvement.




How Human Performance Improvement, Quality Assurance and
Work Planning & Control exist together

* Ensure all the pieces are in place and
working together as required.
* Answer the question, How do you know?

*  Why & how human errors occur
* |dentify mitigations
» Design controls to reduce/stop errors

* Scope & Requirements

+ Risks & Mitigations & Controls
* Perform work within controls

* Learn and Improve
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Questions?
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