MAKING WATER WORK

Development and Implementation of
an Arc Flash Management Program

Arc Flash Hazard Management - Our Approach &
Learnings

Robert Lewis, General Manger Operations South, SunWater Limited
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“If you come to a fork in the
road you should take it.”
Yogi Berra




MICC Solution - Prevention Through Design_
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Arc Blast — Pressure Rise Arc Flash— Thermal Effects & Hazard




Considerations

Doors closed - Arc Fault containment
— Protection by Design

*  Arc fault containment
*  Switchboard Form, segregation of parts and other controls such as venting

* Riskshould be very low if designis sound and safe practices are observed,
- e.g.. Making and breaking, racking in and out with power on

*  Arc fault detection equipment ' \ :
*  Protection equipment and settings
*  Access to terminations and live parts — IP rating, barriers etc. ) S,
* Work with doors open and power on — Arc'Flash = j
1
= Hazard minimised by design ' ».""g |
» Access to termination = IP2x . ¢ !
* Protection system design to minimise hazard ' ",-.J_g

e Interlocking of high fault current components to prevent access W|th pow‘e

— Hazard minimisation with Administrative Controls and PIMEt

* _ Safe work procedures including not working live or de- energlsmg power conductors

*  Remote testand monitor -

*  Training and knowledge

* Equipment fit for purpose and task

*  PPE including clothing, face shields, gloves etc. -

* Use of safety Observers ‘

— Amelioration with Emergency Response ey P .
» Use of Rescue and resuscitation ¢ (0] COI’]'U'OF,1
- *  Firstaid aid provision and facilities, emergency response N @ S I ~ ‘
* Arcflash is concerned with the Thermal Hazard andﬁhether_ it exisks =
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Hierarchy of Controls

ELIMINATION

SUBSTITUTION

ISOLATION '

EFFECTIVENESS OF CONTROL OPTIONS

El mirstion

De-enenzise ot an upstream locabion, 2. Mo ee parts insde the saitchboand
Disconnect corducionrs form suppiy ssewhere befione work on all conductors in and
anound the work ares.

Uze high woitage apparstus to reduce the inodent smenzy availabie nobing this
introduces obher noks and soues
Uise oarer yORBEE SyTtems however the Dower may not e svsiabie to 9o the work.

i oirtrois

Lse of certified Arc Resistant switchzear Hully insulsted bus systems and P2
terirabions and Arc contained Datchboands
Lirmit Feult aurrent by use of Cunrent Liriting Breakers, Cunment
Limiting Feachors and High Resistanos Grounding
Reduce faul clearing time without sfTecting system disori mination
Feduce feult dearing tirme by instalistion of Arc Detection Relays and Sensors
Remobe Cperstion | Open,Oose) and remobe racang systems
Use of approprisbely reted besh eguipment
Desgn and instaliston of elecinol instalistions
Proper mainterance regme
harepe ment of insulshon life oycle considerning ambient and ersAronmental conditions
Uze of IR windows to predude live thermosmaphy

Coitroils

Arc Amsh analysis and nstaliabon of werming abels
Arc Fiash Mansmement pian and trani ng
Live= work mrroosciures induding testing
Apcid e working whene possitie and use of safe work procedures
Competency Assezzrrent, Risk Ameszment and Suthorisskion fior work
ATSune maintenanos perfonmanos
Safe work obsenations and sudit of saf'e work pracbces

PPE

Use of arc reted PPE appropriste for the task being perfionmred

Tabe 1 = Hierarchy of Risk Combrals for Arc Flazsh Harard Banaseement




IF YOU DON'T KNOW
WHERE YOU ARE GOING
YOU MIGHT WIND UP
SDMEPLACE ELSE

You have to have a plan.
With some irony we were in the process of developing our
program when we experienced our last incident.
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ELIMINATION

SUBSTITUTION w
GRID-STANWELL

ISOLATION '
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Studies provide an opportunity to lower protection and redcue the incident energy.
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Better to Know
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SunWater Arc Flash Management Program

 SunWater committed to understanding, identifying and quantifying the
hazards and implement a management program to control the risks.

* |dentification and calculation of Incident Energy Exposure in Excess of 1.2
cal/cm?.

— Based on IEEE 1584 and Lee Equation.

— Multiple Feed/Source, separate calculation for energy feeds by each
source if tripping time > 2 sec.

— Tripping location based on forms of segregation of switchboard.
— Excludes 240V <150kVA cct’s in immediate supply

 Define and determine the appropriate PPE and associated procedures
required and label.

* Generalised Approach where analysis not done yet similar to

— — AF Hazard Identification Table.



Multi Faceted Program of Controls

Prevention through design or modification of electrical installations

Prevention through asset management and maintenance

Prevention through management of change

An arc flash hazard assessment to be completed based on up-to-date and accurate data and
analysisof arc fault hazards for each low voltage switchboard where potential for a significant
release of incident energy exists (Rating >240V 150kVA).

Arc flash hazard labelling corresponding to the flash hazard assessment to be placed on all electrical
cabinetsthat are likely to require examination, adjustment, servicing or maintenance where a
potential arc flash hazard exists.

e Aprocess to bein place for updating the arc flash hazard analysisand labellingas changes and
electrical upgrades occur that might affect the available short circuit current on the system.

Safe work practices and PPE requirements to provide assurance for safe work on electrical
switchboards.

People potentially exposed to any arc flash hazard to be trained in the hazards associated with
electrical arc flash and the application of selection, wearing and maintenance of appropriate
clothingand arc flash personal protective equipment.

A system is to be in place to verify the worker’s ability to assess personal protective equipment
requirements specifictoe ' k hazards.

i except for low ris i ed byari
assessmen




|EEE Std 1584-2002 (Guide for Performing
Arc-Flash Hazard Calculations)

The current passage is through ionised air and the vapour of the arc terminal material, which has
substantially higher resistance than the solid material. For low voltage circuits the arc length consumes
a substantial proportion of the available current. This is why arcing faults are not a risk on lower voltage
systems (<240V 150kVA). For high voltages, the arc lengths can be considerably greater, before the
system impedance tries to regulate or limit the fault current.

It 1s very important for electrical safety to have up-to-date single-line diagrams available. Refer to IEEE Std
315-1975 and IEEE Std 315A-1986 plus IEEE Std C37.2-1996 for examples.

When the basic els tem scheme is complete on the diagrams. add the data needed for the short-
circuit study. Ahe study must take Into account all sources. including utilities. standby and power generators.
and large nfotors—those 37 kW and larger that contribute energy to short circuits. 1° The| diagrams must

reactm's and otlTes HTTNgG de‘a ices. voltage correction or 5tablllza’[1011 -::apamtcus disconnect
ug rotective devices.

down to the 600 V or 400 V level. aud transformers 511pp1}fu1g instrument power and pmtecme devices:
Equipment below 240 V need not be considered unless it involves at least one 125 kVA or larger low-
nce transformer in its immediate power supply.




Design Considerations or Redesign

* Design of new electrical switchboards and replacement of existing
installations to cater for arc fault containmentand / or detection to
manage equipment life cycle for more hazardous or high value
situations.

* This will consider and include where appropriate provision of:

— Arc detection equipment and relays in high risk or high value situations to
ensure the fastest cut off time possible.

— Emergency stop facilities outside all HV rooms and the provision of remote
switching facilities for all high voltage and high capacity low voltage circuit
breakers.

— Equipment with protection settings adjustments to lower incident energy while
work is performed or changing out fuses to lower rated devices with faster
operating times while risk assessed testing work is performed on the power
system

' ion systems and Lower protection settings as far



Simple Cheap Electrical Protection

As Shown 100A HRC Fuses Installed
BUS-MSB [ S BUS-MSB

PPE Category 4 | PPE Category 0

26.7 Cal/lcm? @ 455 mm m ?ém ssssss — 0.1 Cal/cm? @ 455 mm

AF _ArcingFauit 4.273 kA —= | wwE | AF ArcingFault 4.273 kA

AF_Boundary 119.62 mm

AF_Boundary 3020.11 mm
AF _TripTime 0.010 s

AF_TripTime 2.000 s

MAIN PUMP 1 MAIN PUMP 1
150 HP 150 HP




IN THEORY THERE IS
NO DIFFERENCE BETWEEN
THEORY AND PRACTICE
IN PRACTICE THERE IS

yogz, %m

is-a doors open assessment.
If the doorsare closed in Theoryi O risk?
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Risks associated with doors open / closed

There has been discussion around the risks posed to a person from walking or being in close proximity to
electrical switchboards. J.C. Das cites the following statistics for all Arc Flash Incidents in the book Arc
Flash Hazard Analysis and Mitigation:

1. When the worker or operator is working with the doors open 65%
2. When a person is not present and the equipment is not rated for arc containment 25%
3. When the worker or operator happens to be in front of the equipment and doors are closed 10%

The probability of a person being present outside a switchboard enclosure when an arc flash incident
occurs is extremely low. The incidence of injury to a person from these events is much lower again.

It is the experience of the IEEE Technical Committee on Electrical Safety in the Work-places that normal
operation of the enclosed electrical equipment, operating at 600V or less that has been properly
designed, installed and maintained by qualified persons is not likely to expose a person to an electrical
hazard. It is also of the opinion of the committee that there is little risk in performing normal operations
of electrical equipment and devices such as opening and closing circuit breakers or starting and stopping
equipment. The committee identifies higher risk activities where people interact with equipment in a
manner that could cause an arc flash which includes racking of circuit breakers, withdrawing or inserting
switchgear modules and MCC (Motor Control Centre) starter units. (Reference Arc flash Hazard analysis
and Mitigation J.C.Das).

e



Defined a Table of Activity Types

Activity desoriptors for work performed are shown in the tadie below. These Activity Categories ane shown on AF Iabels along with PPE guidance
fior Doors Open and Door Closed Stuabions with the equipment energised.

Switching

Changing state of funchonal unit Le.:

= Operating &n isoletor, fuse Switch OF orouit bresker.
= Manual soring dherging.

= Operstion of inkegral HY sarthing medhenisre.

= Fuse removal / insertion

Exdudes remioke sattching.

_—_—
acking

Disconnection of the functional unit from the bus via an inteErated medhanism.

Wizl Irsoesction

= Wizunl inspedtion is am sty that is undertaken following the opening or nemoval of panel doors,'covers to expose snerEised sguipment.

= Wizuml inspection only permits sdivities to be mmpleted whensDy a persan, tool, of component mnnot enker the area 300mm from the front
of the open panel containing the sxposed snemgised equipment (=g, iooking, photographyy, thermograpiy].

= Performing work on elecincal equipment includes testing (and testing for dead) but not visual inspection.

= ArC fiash reguiremyents Jo mok apply whene the equipment is isolated and there is no live exposed aquipment in the cubide Deing worked on
un lesz aporopristely barmicaded from contact oy & tool. component, or persan.

= AN ENEMpIE OF 30 BDONOPiStE DArmicade would De an insulgted bianket oovering all live parts or permmanent shrouding,

Exdudes hizh voltame urniless the ondisdors are mormailly =posed, & = saitdtremnd.

=% Testing and
Sortmzie Sarthing
|Enclosed HY
Eguiprment]
(Approved Hy Test
Equi prrent]

Fhasing out.

= Test for dead both direct contact (Tapiing or indirect (Mocihwark]
= Applibion of portabie earths.

= Insertion of test probes.

Endudies the use of off-ine test equipment e,z primary injection, ductor]. For overhesd exposad HY equipment |nefier to 6.1).

iCoreEr Re il

Doz not include the remaosal of LY bus, U Tansiormer oovers o high woltase cosers wind sre all strichy orofibimed.

Slectrical Work

Performing work an electrioal eguipment indudes testing (and testing for dead]) but not visual inspecton.

= Arc fiash reguiremyents do raot BpDly whene the equipment is isolated and there iz no live exposed squipment in he culicle being worked on
unlesz appropristely Darmicaded from contact oy & tool. Component, O persan.

= AN ENAMDIE OF 30 BDIFOPTIStE DAmicade would De an insuigbed blanket oosering all iive Darts or pemanent shrouding,

l Tahle 4 = Aciivity Des rrlib:-rr. lor AF Labels

___.//



BASIC Workflow

Flow Chart 1 - Work Process
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High Voltage Incomer and Group Circuit Labels

PN <o >

12

Cal/cm 2
Arc Flash Protection Boundary 12m ARC FLASH HAZARD
Exclusion Zone — for Persons ELECTRIC SHOCK
Authorised or Instructed 0.7m HAZARD
11kv AC Shock Hazard when cover or door opened
11kV SWBD
Fault Level Identifier
8.5KA 0.28s Incomer
Multiple Supply Sources No Isolate At Supply Authority
Touch Proof (IP2x) No Valid Until 31/03/2020
L ) . PPE PPE
Work Activit: th E ntE d
bl MU s AR Covers Open Covers Closed
Operating Switchgear Prohibited 8
Racking / Withdrawing/ Inserting Switchgear Prohibited 12
Visual Inspection including Thermography Prohibited Not Applicable
HV Testing and Applying Portable Earths 12 Not Applicable
Cover Removal or Installation Prohibited Prohibited
PermittedElectrical Work Prohibited Not Applicable

WARNING - HV Incomer Panel Label

Hazard Levels Can Change Without Notice

[\ T

6

Cal/cm 2

Arc Flash Protection Boundary

12m ARC FLASH HAZARD

Exclusion Zone — for Persons

ELECTRIC SHOCK

Authorised or Instructed 0.7m HAZARD
11kv AC Shock Hazard when cover or door opened
- 11kV SWBD
Fault Level Identifier
8.5KA 0.28s Incomer
Multiple Supply Sources No Isolate At Supply Authority
Touch Proof (IP2x) No Valid Until 31/03/2020
Work Activity with Equipment Energised it i
Covers Open Covers Closed
Operating Switchgear Prohibited 8
Racking /Withdrawing/ Inserting Switchgear Prohibited 8
Visual Inspection including Thermography Prohibited Not Applicable
HV Testing and Applying Portable Earths 8 Not Applicable
Cover Removal or Installation Prohibited Prohibited

PermittedElectrical Work

Not Applicable

Not Applicable

' WARNING - HV Circuit Panel Label

® Hazard Levels Can Change Without Notice

High voltage labels indicate the Exclusion Zone for HV Conducto i R

Group labels are tobeti right of Incomer Panel labels
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Low Voltage Incomer and Group Circuit Labels

PN <omer > i)

HV Testing and Applying Portable Earths
Cover Removal or Installation

PermittedElectrical Work

Not Applicable

18
18

Arc Flash Protection Boundary 1.2m ARC FLASH HAZARD
Working Distance 0.45m ARC FLASH HAZARD
415V AC SHOCK HAZARD WHEN COVER OR DOOR OPENED
Fault Level 0.23 Identifier 415V MCC Main
8.5KA 298 Isolator
Multiple Supply Sources Yes Isolate At Main Switch
Touch Proof (IP2x) No Valid Until 31/03/2020
N ) . PPE PPE
Work Activit: th E ntE d
bl MU s AR Covers Open Covers Closed
Operating Switchgear —Main or Incoming CB 18 8
Racking / Withdrawing/ Inserting Switchgear 18 18
Visual Inspection including Thermography 18 Not Applicable

Not Applicable
18
Not Applicable

WARNING - Main or DB Panel Label

Hazard Levels Can Change Without Notice

PN <omcss >

4

Cal/cm 2
Arc Flash Protection Boundary 1.2m ARC FLASH HAZARD
Working Distance 0.45m ARC FLASH HAZARD
415v AC SHOCK HAZARD WHEN COVER OR DOOR OPENED
8.5KA Fault Level 0.28s Identifier MCC Circuits
Multiple Supply Sources Yes Isolate At 415Y MCC Main
isolator
Touch Proof (IP2x) Yes Valid Until 31/03/2020
- q q q PPE PPE
Work Activit th E nt E d
e Covers Open Covers Closed
Operating Switchgear 8 Not Applicable
Racking /Withdrawing/ Inserting Switchgear 8 8
Visual Inspection including Thermography 8 Not Applicable
HV Testing and Applying Portable Earths Not Applicable Not Applicable
Cover Removal or Installation 8 8
PermittedElectrical Work 8 Not Applicable

WARNING-MCC or Distribution Centre Panel Label

Hazard Levels Can Change Without Notice

Low voltage labels indicate the \Working Distance for LV Condu ' i E

Group labels are i he right of Incomer Panel labels
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Low Voltage Distribution Board Labels

IN—= |k B

Arc Flash Protection Boundary 1.2m ARC FLASH HAZARD The cal / cm2 rating becomes red for anything > 25
Working Distance 0.45m ARC FLASH HAZARD
415V AC SHOCK HAZARD WHEN COVER OR DOOR OPENED
8.5KA Fault Level 0.28s Identifier L;Pli)\gl
Multiple Supply Sources Yes Isolate At 415v Még DB Q1-
Touch Proof (IP2x) No Valid Until 31/03/2020
. q q q PPE PPE
Work Activit: th E ntE d
et S s S e Covers Open Covers Closed
Operating Switchgear 12 Not Applicable
Racking / Withdrawing/ Inserting Switchgear 12 8
Visual Inspection including Thermography 12 Not Applicable
HV Testing and Applying Portable Earths Not Applicable Not Applicable
Cover Removal or Installation 12 12
Permitted Electrical Work 12 Not Applicable

WARNING - Incomer or DB Panel Label

Hazard Levels Can Change Without Notice

or LV Conductors in accordance with NFP70E
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Low Voltage High Risk Zones

DANGER 415V
A For all Category 4 415V location and

ARC FLASH, ARC BLAST AND ELECTRIC SHOCK transformer LV boxes, incomer cable zones
HAZARDS MAY BE PRESENT or termination boxes

WARNING HIGH ELECTRICAL RISK

Work Only De-enegised and Isolated at this Location.

Test and Prove Dead at a Another Point in the
Installation or by Approved Non Contact Method.
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Key Challenges

Staff need to learn a new language
— Keep it simple Incident Energy, AF Boundary, Working Distance

— Most staff get the thermal hazard but can not relate or forget about arc blast hazards.
* Clothing —195gsm FR is much hotter than 185gsm heavy duty cotton workwear
* Can not layer clothing anymore unless it has been tested as a layered system

— Youwastea lot of time trying to satisfy everyone’s perceived needs.

— We run everyday workwear vented shirts 6.7 cal/cm2 and 8 pants, provide 12 cal/cm2 FR coverall and then
provide 40 cal/c,m2 switching suits— Outer layer must satisfy the Incident Energy level.

 How to operate when Incident Energy is 140,000 cal/cm?and AF Boundary is 45min a
yard. TBV

e The need to link strategy through the hierarchy of control — Design, Asset management
through maintenance through safe work practice and training and PPE etc.

* The time you need to invest to do something properly — V5 at rollout.
e Separate people where possible — Remote operations
* Reduce incident energy wherever practical - lower settings, AF detection relays, ....

e Good simple and reliable ta ence for situations where analysis e.

N —



Safe Work and Critical Task Observations

c
&
&

*You can observe
2 lot by watching”

— Yogi Berra
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The following standards have been referenced in the development of this document:
1. NFPA 70E: Standard for Electrical Safety in the Workplace 2015

2. AS/NZS3000:2007 Electrical Installations known as The Wiring Rules

3. Institute of Electrical and Electronics Engineers (IEEE) Standard 1584:2002 Guide for Performing
Arc Flash Hazard Calculations

AS/NZS 4836:2011 Safe working on low-voltage electrical installations
Arc Flash Hazard Analysis And Mitigation J.C.Das IEEE Press C. 2012

6. EMNA NENS 09-2014 National Guideline for the Selection, Use and Maintenance of Personal
Protection Equipment for Electrical Arc Hazards

N —




If you ask me
anything | don’t
know, I'm not going

to W\/
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