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Executive summary

Volcanic environments pose a number ofealth and safety risks for people, yet there is
relatively limited available guidance for individuals and agencies to inform management of
those risks while carrying out worlduring or after volcanic eruptions This reportsubstantively
updates a 2005 report commissioned by the Auckland Lifelines Group on health and safety
issues in volcanic ash environments. It provides a specific focus on meeting the requirements of
the 2015 Health and Safety at Work Act (HSWA) 1deline utilities staff working during or after
volcanic eruptions, broadens the focus from volcanic ash to other volcanic hazardsand
incorporates lessons from recent volcanic eruptions in Aotearoa New Zealand and around the
world.

Aotearoa New Zealand is one of the most volcanically active regions in the worMithin the

next 50 years, the probabilities of a large eruption are >50% for Ruapehu and Whakaari and-~30
MMEWNY!I W Ngel esYIAWNYUNR¢!I RI YWeUT WNel ¢Uet RAWGYt RU
infrastructure, and buildings.

Volcanic life safety hazards include highly destructive, fastmoving and lethal hazards such as

pyroclastic density currents and volcanic ballistic projectiles.Forthese hazards, complete

avoidance of risk zones is the best risk management approach. With this caveat, we provide

current best practice advice on PPE and safety measures for workers who may need to access
highrisk areas, such as managed access zones

All Aotearoa New Zealand volcanoes can produce volcanic ash, which is a fe’aching hazard
that can affect large areas. However, it is generally safe to work in volcanic ash environments
with use of appropriate personal and respiratory protective equipmen(PPE and RPE) and
knowledge of safe working methods. Specificoncerns of working in ashy environments include
respiratory health hazards,working at height hazardsdriving,electrical safety hazards, roof
collapse risk and strain injuries during cleanup operations. One challenge identified during this
project is that while airborne ash is a primary hazard of explosive eruptiong,is currently
unclear where the responsibility for monitoring posteruption air quality would sit, particularly in
regions that do not routinely monitor air qualityfor regulatory purposes.

The2002 Civil Defence andEmergencyManagementAct requires thatlifeline utilities be
prepared for natural hazard events including volcanic eruptions, and plan to function as fully as
possible during and after an eruption. Th@015 Health and Safety at Work Act requires that all
reasonable and practicable measures be taken to protect workers, including employees,
contractors and subcontractors and volunteers, while carrying out this work.

In our view key considerations for lifeline utilities operating during and after volcanic eruptions
will be:

To understand the hazardsind risksof workingduring or after volcanic eruptions (Chapters
3-5);

To understand the range of mitigation options available for these hazard€hapters 45);

To understand key tasksequired in the event of a volcanic eruption (Chapter 6)

To preplan these tasks as far as possible, including clarifying roles and responsibilities with
contractors and subcontractors (Chapters 2 and 6)
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Quick guide to volcanic life safety risks and availabfetymeasures and PPE
Any decision to enter managed access zones needs to be made jointly with CDEM.

Basic/universal PPE favorking in managed access zondeugh longsleeved clothing such as overalls, sturdy heatproof boots, gloves, eye protection

(goggles without side vents), hard hat secured to the head with a chin strap. Carry communication devices, tested irititvescond

Injuries and hazards

Additional PPE

Safety measures

trauma injuries.

PDCs Skin and airway burns and Heatproof and chemical | Avoid hazard zones as far as possiti®CS are extremely hazardous.
asphyxiation from exposure to | resistant suit andheat- If outdoors, take shelter from approaching PDCs if possible. Even shel
hot, fastmoving flows of ash, ga{ shieldedsupplied air behind boulders may offer some protection. Shelter on the side of
and rock. Trauma from ballistics| respiratormay offer some | buildings not facing the volcano.
also possible. protection. If working on fresh PDC deposits, carry a probe to test the ground ahe

No PPE will give complete| for unstable areas or hidden hazards.
protection from PDCs.

Ballistics| Trauma injuries, fractures, Heatproof clothing Avoid hazard zones as far as possilBallistics are extremely hazardous
lacerations and burns from being No PPE will protect againg| If ballistics are falling, move out of their path, seek shelter, cover your
hit by flying hot rocks. largeand/or fast-moving | and make yourself as small a target as possible.

ballistics. Shelter on side of buildings not facing volcano.
If inside building, shelter under structures such as tables or bunks.
If outdoors, sheltering behind boulders may offer some protection.
Lahars [ Asphyxiation by drowning, No PPE will protect agains| Avoid active lahar paths. Lahars are extremely hazardous.

a lahar.

Waterproof, heatproof
clothing and boots if
working on fresh lahar
deposits.

If working in lahar hazard zones, pay close attention to weather foreca
as heavy rainfall may trigger lahars. Be prepared to move quickly out g
valleys to higher ground.

If working on fresh lahar deposits, wear waterproof and heatproof cloth
and boots to protect body in case of sinking into hot mud. Consider lay
planks across deposits for easier access.

Health and Safety in Volcanic Environments



Lava Skin burns from direct contact off Heatproof clothing, full Check projected lava flow paths before entering the hazard zone.
flows throughradiant heat. facepiecerespirator, Stay well back from active lava flows. Closely monitor the movement o
Trauma injuries from being hit by personal gas sensors. lava front and ensure that escape routes are not cut off. Monitor the heg
explosion debris or blocks rolling hazard and gas concentrations and be aware of the potential of the lay
down flow fronts, particularly flow to ignite flammable materiadnd start fires.
where lava contacts water. If working on cooled lava flows, be aware that surfaces can be fragile §
Airways constriction from very sharp, and severe lacerations can result from falls.
exposure to high concentrations
of irritant gases (primarily SP
Gases | Close to eruptive vents, irritant | Either supplied air Stay well back and upwind of eruptive vents.
gases such as s&hd HCI, which | respirator or full facepiece | Avoid lowlying areas such as pits or ditches.
cause airways constriction, may | respirator. Gas detection | Monitor gas concentrations closely. Concentrations can change rapidly
be at extremely hazardous or equipment including
lethal concentrations. personal gas sensors.
Asphyxiant gases (génd HS)
flow downslope and can Refer tocautionsabout
accumulate in lowying areas or | RPE use on page 28.
poorly ventilated spaces where
they can reach lethal
concentrations.
Ash Trauma injuries due to building | Fittested disposable Monitor accumulation of ash on roofs.

collapseassociated with very
thick ashfalls (typically 200+ mm|
Respiratory hazard from ash
inhalation.

Trauma injuries from falls from
roofs.

P2/N95 respirator.

Use safe working methods when clearing ash from roofs.

Health and Safety in Volcanic Environments iii



Table

of contents

Executive summary [

Quick guide to volcanic life safety risks and available safety measures and PPE ii

1 Introduction 3
2 Update of legislative context 4
2.1 2015 Health and Safety at Work Act (HSWA) 4
2.1.1 Responsibilities for chains of contractors 5
2.2 2002 Civil Defence and Emergency Management Act (CDEM Act) 6
2.3 Summary of implications for lifeline utilities during and after volcanic eruptions 7
3 Volcanic hazards in Aotearoa New Zealand 8
3.1 Volcanic activity and volcanic hazards 8
3.2 Expected frequency and magnitude of future eruptions 12
3.3 Probabilistic volcanic ash hazard assessment and eruption scenarios 13
4  Hazards and risks of working in volcanic ash environments 15
4.1 What is volcanic ash and how is it generated? 15
4.2 Ash hazard characterisation 16
4.2.1 Respiratory ash hazaabsessment 16
4.2.2 Ash characteristics relevant to lifeline utilities 17
4.3 Hazards of working in volcanic ash environments and recommended safe practicd8
4.3.1 General advice for field teams working in volcanic ash environments 18
4.3.2 Respiratory health hazards 18
4.3.3 Working on roofs or ladders 22
4.3.4 Driving 23
4.3.5 Electrical safety risks 23
4.3.6 Building collapse from ash loading 24
4.3.7 Strain injuries 24
5 Volcanic life safety hazards and risk management 26
51 Key considerations for planning work in managed access zones 26
5.2 General considerations for working in managed access zones around active volc@goes
5.3 General ground conditions during and after eruptions 27
5.4 General cautions on RPE use 28
55 Specific impacts and mitigation information for different volcanic life safety hazardz9
5.5.1 Pyroclastic density currents (PDCs) 29
5.5.2 Volcanic Ballistic Projectiles (ballistics or VBPS) 32

Health and Safety in Volcanic Environments 1



5.5.3 Lava flows 34

5.5.4 Lahars (volcanic mudflows) 35
5.5.5 Volcanic gases 36

6 Important tasks for lifeline utilities during and after a volcanic eruption 42
6.1 General activities 42
6.1.1 Management and coordination tasks 42
6.1.2 Protecting facilities and equipment 43
6.1.3 Vehicle maintenance 43

6.2 Sectorspecific activities 43
6.2.1 Water supply 43
6.2.2 Wastewater collection and treatment 43
6.2.3 Stormwater 44
6.2.4 Hydroelectric power generation facilities 44
6.2.5 Thermal power generation facilities 44
6.2.6 Electricity transmission and distribution 44
6.2.7 Communications 44
6.2.8 Road networks 44
6.2.9 Rail networks 45
6.2.10  Airports 45

7  Acknowledgements 46
8 References 47
Appendix 1 New Zealand Volcanic Alert Level System 51

Appendix 2 IVHHN briefing note on air quality monitoring options for volcanic emissions 52

Appendix 3 Protocol of analysis of bulk ash samples for respiratory health hazard assessmght

Health and Safety in Volcanic Environments 2



1 Introduction

Volcanic environments pose a numberhefalth and safety risks for people, yet there is relatively
limited available guidance for individuals and agencies to inform management of those/hitks
carrying out work irsuchenvironments.

In 2005, the Auckland Lifelines Group (formerly the Auckland Engineering Lifelines Group) and the
Volcanic Impacts Study GrogglSGEommissionedan initial assessment of the risks of working in a
volcanic ash environment and made recommendationsitmagehealth and safety risks (Lindsay

and Peace, 2005).

This report updates th2005report and provides a specific focus on meeting the requirements of

the 2015 Health and Safety at Work AldSWAJjor lifeline utilitiesstaff workingduring or after
volcaniceruptions. It also broadens the focus from volcanic ash to other volcanic hazards and
incorporates lessons from recent volcanic eruptions in Aotearoa New Zealand and around the world.

The specific objectives of thigport are to:

Describehealth and safety issues for staff workidgring or aftereruptions;

Provide advice on steps employees and staff can take to keep themselves safe (including
safe working procedures and safety equipment) in the context of the HSWA

Identify gaps in knowledge or preparedness for safely carrying out activities hepgxton
conditions and make recommendations for further work and/or research to fill these gaps.

Chapter 2 provides an update of the legislative context for working in volcanic environments.

Chapter 3 provides an overview of volcanic hazards in Aotearoa New Zgalelnding recently
available esmates of eruption probabilities from our active volcanoes and a probabilistic ashfall
hazard map for the North Island/Te Hgza n dzA &

Chapter 4ocuseson volcanic ashfalls the most widely dispersed and {4&aching volcanic hazard.
Thischapterdiscusses the nature of volcanic ash hazards in detail, ash hazard characterisation and
testing, monitoring of airborne particulates, hazards of working in ash environments and
recommended safe practices for this work.

Chapter Hiscussesolcanic life safety risk§Weemphasis that for highly destructive, fasinoving

and lethal hazards such as pyroclastic density currents and volcanic ballistic projectiles, complete
avoidance of risk zones is the best risk management apprdéith.this caveat, we provide current

best practice advice oRPEand safety measures for workers who may need to access risk zones.
Chapter 5 includes a concise guide to volcanic life safety risks and available mitigation measures and
PPE.

Finally, Chapter @escribeskey operationatasksand management activities fdifeline utilities
operating during or after a volcanic eruption, includsegtorspecific advice.

Health and Safety in Volcanic Environments 3



2 Update of legislative context

Lindsay and Peace (2005) noted that at the time, two sets of legislation were relevant to staff
working in volcanic ash environments. These were the 2002 Civil Defence and Emergency

Management Act (CDEM Act) and the 1992 Health and Safety in Employm@ASHNEtAct). Taken
together, this legislation requickthat lifeline utilitiesbe ready for emergencies and function as fully
as possible during and after that emergency; and that employers take all practicable steps to protect

employees from harm. Updatés legislationsince 200%re providedn Sections 2.1 and 2.2.

All persons irdotearoaNew Zealand have their right to life and security protected by the 1990 Bill of
Rights Act (BORA) (Sectioh &herefore, people cannot be ordered to work idangerous situation
without specific and proportionate legal instructions to do so. Legislation is interpreted to conform
with BORA, where possible, and Regulations made under other legislation including those discussed

in sections 2.1 and 2.2 would be $eit to it.

2.1 2015 Health and Safety at Work Act (HSWA)

The HSWA replaced the HSIE Act in 2015. The principal aimtd$Weéis to provide the highest

level of protection from harm in the workplace. Key differences from the previous legislation are the
6 WRdzi & K2t RSNHQU
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involving all duty holders protection from harm, and that substantially higher penalties are
possiblefor cases prosecuted successfully.

Table 1 Duty holderdefinedunder the HSWA

Entity Examples Responsibilities
PCBUY Retailer, franchisor, government department| Primary duty of care
council lifeline utility, school, charitynon-
governmental organisation
Officer Company director, board member, chief Due diligence to make sure
executive PCBU complies with its health
and safety responsibilities
Worker Employee, volunteer, trainee, apprentice Take reasonable care with

their own health and safety,
comply with reasonable
workplace policies and
procedures

Other person
at workplace

Visitors, customers, casual volunteers

As for workers

1 Person conducting a business or undertaking

Detailed descriptions of the roles and responsibilities of each of these entities are available from

WorkSafeNZ (vww.WorkSafegovt.n2. A brief summary is provided below.

PCBUs are the duty holder with the primary duty of care under the HSWA. PCBUs can be an
individual person, but more commonly will be an organisation. The PBCU must, as far as is reasonably
practicable, ensure the health and safety of workers, and enswaedther people are not put at risk

by its work, such as visitors to the workplace. It includes the following:

Providing and maintaining a work environment that is without riskisdalth and safety

1 https://www.legislation.govt.nz/act/public/1990/0109/latest/DLM225504.html
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including both physical and psychological aspects;

Providing and maintaining safe plant and structures;

Providing and maintaining safe work systems

Ensuring the safe use, handling and storage of plant, structures and substances

Providing adequate facilities for the welfare of workers carrying out work for the business or
undertaking;

Providing necessary information, training, instruction or supervision with respect to risks to

health and safety

Monitoring health of workers and conditions at workplace to prevent injury or illness arising

from the conduct of the business or undertakjragnd

Maintaining any worker accommodation so that workers are not exposed to health or safety
risks from the accommodation.

Officers are people who occupy positions that allow them to exert significant influence over the
management of the business or undertaking, such as company directors. As such, their duty is to
exercise due diligence to ensure that the PCBU complies wittedlth and safety duties.

Workers are defined, under the HSWA, as individuals who carry out work in any capacity for the
PCBU. This encompasses a broad range of arrangements, including employees, contractors and
subcontractors, apprentices, trainees, outworkers, people on work smpee, and volunteers who
g2N] F2NJt/.'a 2y F NBIdzZ I NI olara FyR gKz2as$s
Workers must take reasonable care for their own health and safety, ensure they do not endanger
themselves or others, and comply with semable health and safety policies, procedyiasd
instructions from the PCBU. Worker engagement, participagon representation in health and
safety matters is also an important principle.

g2 NJ

Other persons in the workplace include visitors to the workplace, such as customers if the workplace

is a shop, or people touring or visiting a workplace. Casual volunteers are also included in this
category. Other persons need to take reasonable caréeir own health and safety and comply
with reasonable health and safety instructions.

2.1.1 Responsibilities for chains of contractors

Contracting chains can be complex, with lead PCBUs, lead contractors, contractors, subcontractors

and workers involved. A key principiethe HSWAs that no one can contract out of their health and
safety duties. In practice this means that consultation, coordination and cooperation between duty
holders is necessary.s&condkey principle is that the more influence a duty holder has over a
workplace, the more responsibility they will have.

A 2017 prosecution byworkSafeNZ illustrates the shared nature of responsibility for health and
safety between PCBUs and contractors. In 2014, Wellington Electricity LinB&/Etd contracted
Northpower Ltd to carry out maintenance on its network. A Northpower trainee suffered a serious
electric shock from an arc flash during the decommissioning of equipment at a substation. The
decommissioning work was conducted above live equipment, and when the trairexdted a
transformer, a support bracket fell into the live equipment which caused the arc flash. While
Northpower had created a work plan for the decommissioning project, which was peer reviewed by
WEL and approved by botirganisations, the substation in question had a different configuration to

2 https://www.districtcourts.govt.nz/assets/unsecure/20108-11/201 -NZDE1 752 7WorkSafeN Zv-
NorthpowerLtd.pdf
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other substations, and the hazard controls were not appropriate for this configuration. Northpower
acknowledged its key failings as: not undertaking an adequatesgéeific risk assessment for the
substation; not deenergising the substation; and carrgiout the work while the substation was
energised. WEL acknowledged its key failings as not identifying thepsitéfic risks to Northpower,
and not including specific instructions within the work plan for substations with different
configurations Finesof $26,000 plus reparation and $30,000 plus reparation were imposed for WEL
and Northpower respectivelylhese were substantially discounted in view of the guilty pleas
entered, cooperation wittWorkSafe willingness to take remedial actipand preexisting good

safety records.

As afurther example othe shared responsibility for health and safety between PCBUs and
contractors WorkSafdaidtwo charges against GNS Science (GMNISyving the December 2019
eruption of Whakaari volcand@.he primary charge was dismissed, leaving a remaining charge under
section 48 of the HSWA. This charge alleged that GNS failed to ensure the health and safety of
helicopter pilots who regularly flew GNS staff to Whakpddr to the 2019eruptionandwas

unrelated to the eruptionOn 30 May 2023, GNS pled guiltyateeduced charge under section 49 of
the HSWA, acknowledging that there should have been a more structured exchange of information
with the helicopter pilots about the risks of travel to Whakaari

2.2 2002 Civil Defence and Emergency Management Act (CDEM Act)
Section 60 of the CDEM Aspecifies that every lifeline utilitynust:

(a) ensure that it is able to function to the fullest possible extent, even though this may be at a
reduced level, during and after an emergency:

(b)ymake available to the Director in writing, on request, its plan for functioning during and after
an emergency:

(c)participate in the development of the national civil defence emergency management strategy
and civil defence emergency management plans:

(d) provide, free of charge, any technical advice to any Civil Defence Emergency Management
Group or the Director that may be reasonably required by that Group or the Director:

(e)ensure that any information that is disclosed to flifeline utility is used by tht utility, or
disclosed to another person, only for the purposes of this Act

Reforms to AotearodNew Zealan® a S Y S NH Sy fnke rdcéhily beerd gropdsaiifh an
Emergency Management Bilhtroduced to Parliament on 7 June 2028wever this Bill was
withdrawnon 2 April 2024

8 Whakaari Update GNS Science pleads guilty to a reduced charge under the Health and Safety at Work Act

2015 (HSWA)GNS Science | Te Ao

4 https://www.legislation.govt.nz/act/public/2002/0033/51.0/DLM150765.html

SWedza S G KS GSNY af ATSt Ay Ssspatified ik ihed2002 CEENRdaRckewdzioteli KA & NI L
that it will likely be replaced by thé S NIy & ONX { A Oih the fityfefoNliganitiNilzSéndaN B £

Framework for Disaster Risk Reductibtips://www.undrr.org/resilientinfrastructure/enhancenfrastructure

resilience

8 https://www.legislation.govt.nz/bill/government/2023/0225/8.0/d16197443e2.html

7 https://www. civildefence.govt.nz/assets/Uploads/documents/proactinetease/ReleaseersionDocuments
relatingto-the-Governmentsdecisionto-not-proceedwith-the-EmergencyManagemeniBill. pdf
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2.3 Summary of implications fdifeline utilitiesduring and after volcanic

eruptions
In summary, the CDEM Act requires thggline utilitiesbe prepared for natural hazard events
including volcanic eruptions, and plan to function as fully as possible during and after an eruption.
The HSWA requires that all reasonable and practicable measures be taken to protect workers,
including employees, contractgrsubcontractors and volunteers, while carrying out this work.

We emphasise that this is not a definitive interpretation of the &wd that we are not providing
legal adviceln our view, key considerations fiifieline utilitiesoperating during and after volcanic
eruptions will be:

To understand the hazardsd risksof working in a volcanic environment (during or after a
volcanic eruption);

To understand the range of mitigation options available for thisles

To understand key tasks required in the event of a volcanic eruption;

To preplan these tasks as far as possible, including clarifying roles and responsibilities with
contractors and subcontractors.
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3 Volcanic hazards iAotearoaNew Zealand

AotearoaNew Zealand is one of the most volcanically active regions globally, with a hundmivef

@2t Ory2Sa t20FGSR 2y 2N 2FFakK2NB 273

G§KS b2NIK

lived experience of eruptions and their impacts, oral histories, historical and geological rattords
indicatethat our volcanoes are highly active. The volcanoes can broadly be classified into three main

types: volcanic fieldstrato (cone) volcanoesand calderas and doméBEigurel).

Northland Auckland
Volcanic

Volcanic Fields
X / Field

VOLCANIC REGIONS of W
Aotearoa New Zealand :

Taupd

T: ki M
aranaki Maunga Okataina

~Ruapehu

VOLCANIC FIELDS

&) @ CALDERAS AND DOMES

Map created by Dahielle Charlton

~ Volcanic Zone

. Taupg, Rotorua &

_ Ngauruhoe, Tongariro &

STRATO (CONE) VOLCANOES

Figurel Volcanic regions of Aotearoa New Zealand. Te Ahi Tupua is the term for the caldera complex in the

central Taup Volcanic Zone. Map courtesy of Danielle Charlton, GNS Science.

3.1 Volcanic activityand volcanic hazards

Volcanoesave different states of activity. WotearoaNew Zealandthe Volcanic Alert LevéVAL)
system is usetb describethe currentactivity staus at each monitored volcan@ppendix 1)The
VAL scale ranges from VAL 0 (no volcanic un@$AL 5 (major eruption)/ALs are not a forecast.

Volcanoes are consideregttiveif they have erupted within the Holocene period (from

approximately 11,700 yeaegyoto the present). Adlormantvolcano is an active volcano that is
showing no signs of unrest. This corresponds to VAIn 8xtinctvolcano is one that is not expected

Health and Safety in Volcanic Environments



to erupt again. In Aotearoa New Zealand, this includesatieent volcanoes of Banks Peninsula and
the Otago Peninsula.

Volcanic unresis increased activity that may or may not lead to a volcanic eruggi@éi. 12 for

minor and moderate/heightened unrestespectively. Unrest can produce hazards on or near a
volcanosuch as/olcanicearthquakesjncreasedjas emissionandland deformation. Most eruptions
follow unrest, but not all unrest episodes lead to eruptioiifis makes managing unrest challenging.
Unrest can last for daygearsor potentially decades

Volcanic eruptionare complex phenomena that can produce multipar and farreaching
hazards such as ashfall, lava flows, pyroclastic density currents and lahars Z)-iGunetions can
last for days to yaa and can range in size from min®AL3) to major (VAL The area affected by
eruptions can be extremely large due to-faaching hazards such as ash and gas emissions, and
effects can continue for years or even decad&siptionscan vary in size and style as yiigogress
and can be interspersed with periods of quiescence (no eruptive activity).

Posteruption: Somevolcanic hazardesan persist long after an eruption has ceased. For example,
lahars(volcanic mudflowsgan occur when heavy raimgash unconsolidated volcanic deposits into
river systems. Volcanic ashfall deposits can be remobilised by wind, traffic orugdesntivities

Prevailing Wind
—

Eruption Column

Eruption Cloud

Debris Avalanche

Tephra (Ash) Fall !
(Landslide)

Acid Rain Bombs

Lava Dome :Iyroclutic
ow
Lava Dome Collapse
Pyroclastic
Flow e }

= o

Lava Flow
Lahar (Mud or Debris Flow)

Fumaroles

Z

Most vol hazards are iated
with eruptions. However, some
hazards, such as lahars and debris
avalanches, can occur even when a
volcano is not erupting.

Figure2 Overview of vlcanic hazards (US Geological Survey, 2008, open source)

Volcanic hazards cabe classified intaunrest hazards, nearent eruption hazards andar-reaching
eruption hazardgTable 2)Volcanic ashfall hazards are covered in detail in Section 4hargpecific
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nearvent life safety hazards dfllistics, pyroclastic density currents, lava flplabarsand gaseare
covered in detail in Section 5.

Table2 Unrest, neatvent eruption and fareaching eruption hazards

Unrest hazardgdypically occuion or nearthe volcano.

destabilisation

Earthquakes Volcanic earthquakes can be caused by magma moving, and pressure
building, inside or beneath a volcano.
Edifice Hydrothermally alteredyroundmay be weaker and more prone to collapst

Gases

Unrest may be accompanied by increased emissionsagimatic gases suc
as carbon dioxide (G hydrogen sulfide (#$) andsulfur dioxide (S€)

Ground
deformation

Changes to the ground surface, such as swelling, sinking or cracking, a
often associated with unresNearsurface deformation caaffect water
tables andborewater supplies.

Nearvent eruption
to within 10-15 km

hazardscan be highly destructive and dangerous but are generally confir
of the ent.

Ashfalls (thick)

Volcanic asltonsists obmall fragments of rock, minerals and volcanic glg
generated during explosive volcanic eruptions and dispersed downwind
Close to volcanoes, ashfalls can be thick enough to collapse roofs and ¢
structural damage to buildings

Volcanic ballistic
projectiles (VBPS)

VBPs, commonly known as ballist@ase fragments of rock or lava, from a
few cm to metres in diameter, thrown from a vent during explosive
eruptions.

Earthquakes

As for unrest

Floods

When fine ashfall covers soil, it can reduce infiltration and increase rung
leading to flooding during heavy raiRlooding can also occur whéhar
deposits fill river channels.

Gasesaerosols

Emissions ofolcanicgasesncrease during eruptions.

and acid rain Near ventsjrritant gasessuch as S£&and HCI may be at hazardous
concentrations SQ gasoxidises to sulfataerosolwhich forms hazyolcanic
FAN LRtfdziA@gy (y26y a w@23
Asphyxiant gasesuch as b6 and C@are denser than air and flow
downslope where they may accumulate in lbying areas or poorly
ventilated spaces to hazardous concentrations.
Acid rainoccurs when rain falls through a plume of acidic volcanic gas st
as HCI. Clode the vent, rainfall can be as acidic as fresgyeezed lemon
juice (pH 2).

Ground As for unrest

deformation

Hydrothermal Hydrothermal eruptiongan occur in geothermal fields as well as at active

(phreatic) volcanoes andccur when groundwater flashes to steam and causes as

eruptions scale but violent eruption afteam, water, mud and rock fragmeniBhey
pose a risk to people and property nearby.

Lahars Lahars (volcanic mudflows) are masses of rock, mud and water that {
rapidly down valleys.

Landslides Landslides (debris avalanches) arevingmasses of rock, soil and snow th

occur when the flank of a mountain or volcapartially collapses and slides
downslope.

Health and Safety in Volcanic Environments
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Lava flows Lava flows are rivers of molten rock that flow downglopmportant
secondary hazards include Sfnissions and combustion itmmable
materials such as vegetation.

Pyroclastic PDCs include pyroclastic floasdsurges. These are hot, grouhdgging

density currents
(PDCs)

mixtures of ash, gas and rock fragments that travel away from vents at |
speeds for tens of kilometres.

Shockwaves Explosive eruptions generate shock (pressure) wiheiscan damage
buildingsx SN® f I NBES SELX 2aA2ya Yl & RI
Tsunami Eruptions, particularly submarine eruptions, can generate highly destauc

tsunami both near the vent and at distant locations.

Farreaching eruption hazardsan travel far from the eruption site and affect distant areas

Ashfalls (thin to

Ashfalls can cover large are&suptions fromTaranakMoungg Ruapehu

moderate) and Tongariro volcanoese likely to produce thin ashfalls in downwind
areas Remobilisation of ashfalls by wind, traffic or clagmactivities can
prolong health hazards of airborne ash.

Floods As for neatvent hazards

Gases, aerosols

As for neatvent hazards, exapt that vog is likely to dominaterrther

and acid rain downwind.

Lahars As for neatvent hazardsLahars can travel for terf kilometres or more
from volcanoes.

Tsunami As for neaivent hazards.

Health and Safety in Volcanic Environments
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3.2 Expected frequency and magnitude of future eruptions

All AotearoaNew Zealandrolcanoes have unique frequency/magnitude relationships based on their
eruptive history, which directly informs forecasting future eruptions for each volcano. Eruption
magnitude is generally measured by the volume of material erupted. A common meathge is

Volcanic Explosivity Index (VEI; Newhall and Self, 1982, which ranges from VEI 0 to VEI 8 (VEI 8 being

iKS

fI NBSai

produced eruptions ranging fromvL
known eruptions (VEI 8). Bebbington et al. (2018) present eruption probabilitid@fearoaNew
Zealandvolcanoes, using expert elicitation methods (T&ad)leWhile this work represents the most
current, robust understanding of eruption probabilities, thggebabilitiescan change drastically
following change at a volcano such as the onset of unrest.

n

g2

+9L y3I 6A

0K

¢ I dzLJl

Ol £t RSNJ

Table3 The likelihood of future eruption magnitudesd timingsat active volcanic centres #otearoaNew

Zealand Values show thelicited probabiliiesof the next eruption being of a certain magnitude, measured by
the Volcanic Explosivity Index (VEI), anddhetedtime to the next eruptionn years from the study
publication date(Bebbington et al., 2018)

Volcano VEI probabilities for next eruption Time to next eruption (years
from 2018
+9L VEI3 9L VEI4 VEI5 £9L VEI6 9L 10% median 90%
3 guantile quantile

Whakaari 0.75 0.23 0.011 0.004 0.004 0.17 5.4 38
Ruapehu 0.68 0.27 - 0.039 0.015 0.003 - - 0.58 9.9 52
b3 ndz2NH: 0.8 0.14 - 0.046 0.005 0.004 - - 0.72 17 162
Tongariro 0.79 0.15 - 0.035 0.017 0.004 - - 0.84 19 227
Taranaki 0.095 0.76 - 0.13 0.01 0.003 - - 4.5 82 619
Mounga
Okataina 0.46 0.073 - 0.16 0.16 0.15 - - 4 150 6460
¢ I dzLJi 0.29 0.46 0.17 0.068 0.016 49 1040 7510
T3hua 0.38 0.30 0.23  0.084 0.007 4 2370 9110
Auckland 0.77 0.22 - 0.006 0.003 0.004 - - 35 2450 36400

Within the next 50 years, the probabilities of a large eruption are >50% for Ruapehu and Whakaari
FYR ¢FNFyF{1AZ

and ~30n s8°?

infrastructure, and buildings.

T2NJ b3IndzNHzK2 S3
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3.3 Probabilistic volcaniash hazard assessmeartd eruption scenarios

All AotearoaNew Zealandrolcanoescan producevolcanic ashAs ashfall is a faeneaching hazarthat

canaffect large aregrobabilistic ash hazard assessment is relatively-aeleloped and several

recent studies have produced natiorsdale probabilistic ash hazard assessment maps (Fure
Thismapshows the probability of at least 3 maf ashfall occurring in any given year the North

IslandTelka-a-a n dfuebto low annual eruption probabilities, the Auckland Volcanic Field and

¢k dzLdl @2t OFy2 YIF{1S NBf I (A GbBnuaexceetrice grobabi2 AféadNA 6 dzii A 2
GAGK (GKS KAIKSal LINRPoloAftAGE 2F NBOSAGAY3I xo0 YY
downwind of the cone volcanoes Taranalodizy 3| = wdzk LISKdzZ b3Indz2NHzK2S | yR
the shortest expected times to next eruptigihable 3pf the mainland volcanoes

&

Annual probability of
exceeding 3mm ashfall

> 0.0002
= 0.0004
> 0.0006
> 0.0008
> 0.002
> 0.004
| 2 0.006

[ = o0.008
B = 0.01
B : 005

> it . N
. =01 i 0 50 100 Km
Il z o5 W | ] A

Figure3 Annualised probability of ashfalls exceeding 3 mm depth fAmtearoaNew Zealand/olcanoes, from
NZ LifelinesCoundlH nHo 0 ® ¢ KS YI L) A& 2 @-8oNdgé transmigsibrillifes antiditgsa LI2 & S NI 2
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Other volcanic hazards, including pyroclastic flows, lahars and volcanic gases, have not been robustly
assessegrobabilisticallyfor AotearoaNew Zealand volcanoes. This is a priority for future volcanic
research NZ Lifelines Coungc2023).

Robust and scientifically credible suites of scenarios are available for future eruptions in the Auckland
Volcanic Field (Hayes et al., 2018) and at Taranaki Mounga (Weir et al., 2022). These may be valuable
for health and safety preparedness plannigguption scenario development has also been part of
recentresearch programmesn the caldera volcanoesuch ECLIPSEndwork is underway on

scenario development for future eruptions of Ruapehu and Tongariro volcanoes.

8 https://www.gns.cri.nz/researciprojects/eclipseeruption-or-catastrophe/
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4 Hazards and risks of working ioleanic askenvironments

Although volcanic ash is the most widdigpersed and fareachingvolcanic hazardSection 3)in
general it is safe to work in ashy environments with use of appropriate PPE and knowledge of safe
working methods. This section discusses the nature of volcanic ash hazardse detai) ash hazard
characterisation and testing, monitoring of airborne particulates, hazards of workingyn ash
environments and recommended safe practices for this work.

'ﬁ#’""’llh

Figure AVorkers clear ash from a substation in Junin de los Andes, Argentina. This town re@€iwaah ~
basaltic andesitashfall from the 2015 eruption @@albuco volcano, Chil200 km away{photo credit:
Bomberosvduntarios de Junin de los Andes, Argentina)

4.1 What is volcanic ash and how is it generated?

Volcanic ash is formed during explosive volcanic eruptions or lava dome collapse events. Explosive
eruptions occur when the gases dissolved in magma (molten rock) escape violently, fragmenting the
magma.Lava domes form whemagmais extrudedthat is too viscous (stick{y move away as a

lava flowand accumulates into steepsideddome around the ventCollapse of lava domes can
generate both PDCs (section 5.4.1) and volcaniclasta domes often form within caldera

@2t Ol y2Sas &dzOK I|bétcan alsdefalhon toyleRioldaroesGuch Bgriaraki

Mounga and Ruapehfrigure 1).

The general term for particles formed tyesemechanismsA & Wi SLIK NI QX gA 0K WIF aKQ

particles <2 mm diameter. Ash particles are hard, sharp and abrasive. Feaghtlyd ashmay have a
surface coating typically comprised of soluble salts and acids, formed from the interaction of acidic

Health and Safety in Volcanic Environments 15



plume gases such as hydrogen chloride (HCI) and sulfur dioxigeniOash particle surfaces. This
makes ash corrosive and able to conduct electricity when moisture is present.

4.2 Ash hazard characterisation

The properties of volcanic ash are widely variable (Figurtherefore for each new ashfall event

ash hazard characterisation is an important part of the immediate emergency response. Sisedlard
ash hazard characterisation protocols are available on the website of the International Volcanic
Health Hazard NetworfVHHN). These include protocols for collecting ash samples, assessing the
ash for respiratory hazard including particle size distribution, and assessing the leachable element
burden (surface coating). Ash hazard analyses are carried out on bulk samples céiteotéal
deposits.Ash samples need to be collectieda pristinestate prior to rainfall; once ash is affected by
rain only imited information can be obtained from analyses.

In AotearoaNew Zealand, this work will be coordinated by theANealandVolcanic Science
Advisory Panel, carried out in a range of university and government laboratories across the country,
and results disseminated to stakeholders.

Coarse basaltic tephra, Pacay] Andesitic ash, Ruapehu Rhyolitic ash, Chaitén volcang
volcano, Guatemala volcano, New Zealand Chile

Figure 5 Variable types of tephra. All these types may be generated by Aotearoa New Zealand volcanoes.

4.2.1 Respiratory ah hazard assessment

A protocol for assessing the respiratory health hazard of volcanic ash samples is included as Appendix

H 6QGKS LIl b LINRPG202TIQ0O® & F+ FANBRIG adGSLIE LI N
sample. This is the most important predictor of ghetential of the ash to cause respiratory impacts

because particle size determines how deeply inhaled particles can penetrate into the respiratory

system, which in turn influences the potential health outcomes (Fi§urEollowing particle size
screeningPhase 2 of the IVHHN protocol), a range of further analyses may be carried out. These will
include determining leachable element concentrations, the presence of fibrous or nideslle

particles and crystalline silica. Other analyses may be carried watriénted.

9 https://www.ivhhn.org/quidelines#asitollection
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‘Inhalable’ fraction <0.1 mm —>
Deposits in mouth, nose,
throat, windpipe

Irritation of nose and throat b
%
&
‘Thoracic’ fraction <0.01 mm b N
Deposits as far as bronchial {
tubes ¥ a8
Acute disease: can flare up A
symptoms of asthma and other : f x
lung diseases o BXA f}%,"k‘
s \.'J&#&Q
‘Respirable’ fraction <0.004 mm \
Deposits as far as deep lungs and /

alveoli

Chronic disease: Risk factor for
development of respiratory
diseases including lung cancer,

emphysema, silicosis Image from Dr Claire Horwell, Durham University and
IVHHN; Professor Ken Donaldson

Figure6 Schematic depiction of human respiratory system illustrating dependence of health outcomes on size
of inhaled particles

4.2.2 Ashcharacteristics relevant thfeline utilities

The properties of an ashfall sample relevamlifeline utilitiesare presented and discussed in Table
4.

Table 4 Ash characteristics of particular relevancifétine utilities

Parameter Importance

Grainsize distribution | Ashfalls with high proportion of fine material (<100 um/0.1 mm)
Have a higher potential fdrecoming remobilized/airborne
due to wind, traffic and/or cleawp activities, which will affect
visibility

Pose a greater respiratory hazard to field crews, particularl
proportion <10 pm (0.01 mm) is high

May adhere to insulators more strongly, increasing flashovg
potential

Leachate pH Ashfalls with more acidic leachates (pH 5 or lower)

Will have a higher potential to cause eye, skin and respirat
tract irritation to field crews

Will be more corrosive towardsetal surfaces

Leachate conductivity | Ashfalls with high conductivitydissolved salt burden)
Will be more corrosive towards metal surfaces
Will have higher potential to initiate flashover

1 Conductivity is a convenient proxy for EBguivalent Salt Deposit Density, Wardman et al. 2012)
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4.3 Hazards of working in volcanic ash environments and recommended safe
practices

The following sections are based primarily on guidance WéonkSafeNew Zealandnd
supplemented by the experience of the authors where necessary.

4.3.1 General advice for field teams working in volcanic ash environments
Ensure that workers are provided with appropriate PPE (long clothing such as overalls, heavy
footwear, gloves, goggles without side vents, hard RRE)
Monitor worker wellbeing closely: pay attention to fatigue and overheating
Provide facilities to remove agtontaminated clothing and showering facilities as well as
eyewash stations
Workers with preexisting respiratory conditions should avoid working in ashy conditions
Ensure that there is a process is in place to néifyrkSafeof any incidents.

4.3.2 Respiratory health hazards

Airborne ash is a respiratory hazard and can also irritate exposed eyes and skin. Concentrations of
ash in air can be high when ash is falling or when ash deposits on the ground hecooldlised

(lifted into the ai. Resuspension is promoted by deposits having higher proportions of fine particle
sizes, by dry conditions, and by wind, traffic and clepractivities.

In general, the health impacts of exposure to airborne @slthe absence of any mitigation
measuresylepend onash concentrations in the air (reported particulate matter(PM) inthe
health-relevantmetricsPMys and/or PMg, iy’  dzy A G &), te €haracRKsits of the ash,
individual vulnerability and duration of exposure. Shignim effects of exposure t@olcanicPMcan
include irritation of the nose, throat, eyes or skin; a cough or phlegm; chest tightness or irritation;
shortness of breath; heaathe; worsening of asthma symptoms (wheezing); and cardiovascular
effects.

Within the community, ulnerable groups include people with pexisting lung conditions such as
asthma,chronic obstructive pulmonary disea88OPDYr chronic bronchitis; those with

cardiorespiratory disease, babies, children and older adults. Undiagnosed asthmatics are particularly
vulnerableas they are unlikely to recognise the onset of asthma symptoms or to have preventer or
reliever medication at hand.

4.3.2.1 WorkplaceExposureSandards for airborne PM

Workplace Exposure Standards (WES)paidance values provided WorkSafeNZ Theyreferto
the airborne concentrations of substances at which it is believed that nearly all workers can be
repeatedly exposed day after day without coming to hatfiney are intended to be used as
guidelines for risk management.

There arewo applicable WES for airborne PWhese aréor inhalable dust (not otherwise classified)
and respirable dust (not otherwise classifi¢@iable 5)These are both timeveighted averages
(TWASs) which are the average airborne concativns calculated over an eighbur working day.
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Table 5 Workplace exposure standards for inhalable and respirable dust

Definition WESTWA Particle size fraction
Inhalable The p(_)rtlon of airborne PM <100 um (0.1 mm)
taken in through mouth and 10 mg/n? .
dust equivalent toPMoo

nose during breathing

The portion ofinhalable dust
Respirablg that penetrates and deposits
dust in the lower bronchioles and
alveolar region of deep lungs

<4 pym (0.004 mm)

3 mg/n equivalent toPM,

We note that in practicemost airborne PM concentrations measured in recent volcanic eruptions
globaly have been considably lower than the WES he besdocumented example in recent years
isthe 19952003 explosive eruption dfa Soufére volcano, Montserratwhich subjeced residents

to prolongedexposure to higltoncentrationof fine airborne ashExposurefor both the

community and different occupational groupg&re assessed by a team of occupational medicine
specialists (Searl et al., ZD0For 172environmentalsamplescollected using standard occupational
hygiene methodsthe range for respirable dust wa8.0050.96 mg/n¥, with means ranging from
0.021:0.24 mg/me. No measurements exceed the NZ WES for respirable dust.

Searl et al. (2002)Iso assessegersonalexposures to respirable dufir a range of occupations.
They noted thafctivities such as cleaningardeningor clearing roadslisturbeddeposited ash such
that workerscreated dust clouds around themselva$ie highest personal exposures were rioad
workers with meanconcentrations of over 20 mg/iFor all otheoccupational groups including
police at checkpointgyardenersand housekepers,mean concentrations remained belalvmg/m®.

4.3.2.2 Alternative workplace exposure standards

PCBUs who wish to take a more precautionary approach to respiratory protection may wish to
considerapplyingthe followingworkplace exposure standards or limits respirable dustised in
other jurisdictiongTable 6)We note that the British Institute of Occupational Medicine consider
the current UK workplace exposure limit for respirable dust of 4 nidgnbe unsafe(IOM, 2011)
and recommendthat employersaim to keep exposure to respirable dust below 1 m§/frhis
stance is supported by oth@ccupmtional medicine specialists (Cherrie et al., 2013)

Table6 Current workplace exposure standards or limits for respirable dust used in other jurisdictions

Respirabledust | Notes Reference
limit/ standard
as TWA
Germany 1.25 mg/n? General Dust Limit Value (respirable) | DGUV (2020)
Australia 1.5mg/m? WES for coa_l dust (containing <5% Safe Work
' guart?) (respirable dust) Australia (2024)
Current workplace exposure limit unde HSE (2020)
United Kingdom| 4 mg/m3 the Control of Substances Hazardous EH40/2005
Health Regulations 2002
More protectivelimit recommended by | IOM (2011)
United Kingdom| 1 mg/m? British Institute of Occupational Cherrie et al.
Medicine (2013)
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4.3.2.3 AotearoaNew Zealand and international air quality guidelines for airborne PM

Aotearoa New Zealand and international ambient air quality guidefmesommunity protectiorare
shown in Table 6. Tlyeare intendedo protect the mostvulnerable groups in the community. We
emphasise thathey do not apply in workplaces, but we include them here as data on airborne ash
(measuredas PMo and PM ;) canprovide important situational awareness information. For
example, high levels @firborne PM will reduce visibility, which affects driving conditions (see
Section 4.3.4).

Table6 Regulatory and recommended guidelines for airborne particulate matter.(PM)

PMuo (ug/m°) PMps(Hg/m?)
Time averaging period 24 hour Annual 24 hour Annual
NZ NERQ 50 - 257 10?
NZ NAAQSG - 20 25 10
WHO 2021 45 15 15 5

1 NZ National Environmental Standards for Air Quality. These are legally enforceable with one allowance of this
value permitted annually.

2 Proposed new NESQ for PM2.5, Ministry for the Environment (2020)

3 National Ambient Air Quality Guidelines

4 https://apps.who.int/iris/handle/10665/345329

4.3.2.4 EXposureassessment

Workplace exposure standardgplyto concentrationY S| 8 dzZNBYSy ia YIRS Ay GKS
breathing zoneAs noted by Seatrl et al. (2002), personal exposures following ashfall can be
considerably higher than environmental exposures because the workers disturb the fallen ash and
create dust clouds around themselves.

For inhalable dustWorkSafesuggest the use dflethod AS 3642009 and for respirable dust

Method AS 2982009.Both documents are available from Standards Austialia the event of an
eruption, particularly an unheralded eruptioRCBUs may not find it practicableadopt these
specialised methodi they are not part of their regular monitoring activitielsow to mediumcost
options for monitoring airborne PM include portable instruments and sensors. Further details about
these options are available as an IVHHN Crisis Briefing™oiin Appendix Anstruments such as

the DustTrak have successfully been used to deterrmirmrne PM concentrations following
eruptions(Searl et al., 2002; Damby et &013)and would have utility as a screening tool.

Airborne PM (PNhand PM ) is also measured by some regional councils throughout NZ. Monitoring
stations can be visualised at the sitevw.lawa.org.nzData are reported on this site as running

10 https://www.standards.org.au/
11 https://www.ivhhn.org/uploads/IVHHN _briefing_note_air_quality monitoring.pdf
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hourly, daily, monthly and annual averages, and in relation to regulatory guidelines (Tahkk Bay
be useful for situational awareness.

4.3.2.5 Crystalline silica hazard

Silicosis is a progressive and deadly occupational lung disease caused by the inhalation of crystalline
silica. Volcanic ash can conta@spirablecrystalline silica, particularfyom magmas containing high
amounts ofSiQ (andesitic, daciticorrhydlG A O Y AYF 4 1y 26y odeduptiha A f A OA O
that destroy lava domes. While no casesititosishave yet beerefinitivelyattributed to volcanic

ash exposure, monitoring of this hazard following volcanic ashfall is essential to inform responses to
publicand workplace safetgoncerns. Analysis of bulk ash samples to determine crystalline silica
contentis conducted where the eruption is known to have a silicic composition or to have destroyed
lava domes, and wheperformed rapidlywill inform initial hazard assessment. Monitoring of

airborne concentrations of respirable crystalline silica may then be required. This is a specialised
procedure for which we advise engaging the services of an occupational hygienist. There is an
applicalle Workplace Exposurgtandard WESTWA?) of 0.5 mg/m® (WorkSafeNew Zealand,

2022).

4.3.2.6 Respiratory protective equipme(RPE)

Respiratory protective equipment (RPE) is a typpesfonal protective equipmenPPEthat

protects people fromnhalingsubstances, including airborne volcanic ash, that may be hazardous to
health. Common types of RPE are shown in Figure

For working in ashgonditions, outdoor workers should wear disposable respiratalso known as
filtering facepiees.Respirators must be industoertified (N95, P2r equivalent) Fit testing is

required for all types of respiratoracial hair and stubble prevent masks fitting well. PCBUs should
seek advice from an occupational hygienist or similarly qualified professional.

A further consideration is that wearing respirators can impose stress on the heart and lungs,
particularly for workers who wear RPE for extended periods and suffer from conditions such as
emphysema, asthma, heart disease or claustrophdbiaation of exposure is a critical
consideration.

Readers are referred td/orkSaf@ & Fazf RYwS a LIA NI (2 NBE -bdM@&dios OG A @S S|j dz
0dzAAY SA4840Q F2 NJ tHetMiEsOBOBG EABINAIRPEA 2y 2V

12 https://www.worksafe.govt.nz/topieand-industry/monitoring/workplaceexposurestandardsand-
biologicatexposureindices/altsubstances/view/silicarystallineall-forms

B nhttps://wvww. WorkSafegovt.nz/topicand-industry/personalprotective-equipmentppe/respiratory
protective-equipment/
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\

Disposable respirator Reusable half-face Full-face respirator
respirator (cartridge)

Full-face powered respirator (cartridge)
Figure7 Common types of RPE (fraiviorkSafeNZz)

4.3.3 Working on roofs or ladders

Following an eruption, cleaning of ash from roofs and other structures is likely to be necessary.
Working at height is highly hazardous, aWdrkSafenas produced detailed and comprehensive best
practice guidelines and/or fact sheets for working at helfjiworking on roof¥ and working with
ladders and stepladdet%

We further note that the presence of volcanic ash makes working at height additionally hazardous,
because ash makes surfaces slippegn reduce visibilitygnd canconcealhazards such as brittle

areas of rootladding. Many injuries and some fatalities have occurred while clearing ash from roofs,
either due to falls or roof collapse.

Recommended safe practices for clearing ash from roofs, additionaMaorkSafebest practice
guidelines®2

Keep at least 6 metres away from any electricity or telephone lines

Be aware that roofs may have reduced capacity due to ash loading

Be aware that asltovered surfaces are slippery; do not work on steep roof sections.

Consider placing crawl boards or roof ladders on the roof for more secure footing. This is also
recommended if areas of brittle roof cladding are suspected.

14 hitps://mww. WorkSafegovt.nz/topicand-industry/workingat-height/workingat-heightin-nz/
15 hitps:/Iwvww. WorkSafegovt.nz/topicand-industry/workingat-height/roofs/workingon-roofs-gpg/
16 hitps://www. WorkSafegovt.nz/topicand-industry/workingat-height/safeworkingwith-laddersand-

stepladders
construction/#:~:text=Ensure%20that%20the%20stepladder%20is,two%20steps%200f%20the%20stepladder
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Avoid any weak sections of the roof such as skylights or Pepgpeets ande aware that

ash will cover weak sections of roof cladding

People working on a steelad roof should always step along the lines of nails/screws, if

visible, and avoid working too closely together

A broom is usually the best option for clearing ash from a roof. Sweep the ash off the edge of
the roof onto the groundRemove ash from gutters with a scodpis preferable to remove

ash while it is dryBe mindful of workers downwind.

Isolate the area below the roof cleaning work to protect people on the ground from falling
debris.

2 KSYy LAfAY3 FakK 2y GKS 3INRBdzyRZ R2y Qi of 201

4.3.4 Driving

Driving in ashy conditions is hazardous due to loss of traction on roads, coverage of road markings,
reduced visibility, and potential problems with vehicle operatibnving while ash is falling, or

during a resuspension episode, is like driving in a whitedsit. entering and blocking drains can also
cause surface floodingxacerbating driving conditions.

Recommended safe practices for driving in ashy conditions:

Drive to the conditions:aduce speed and maintain safe following distasice
Consider using slomoving, welspaced convoys of vehicles (in partnership with other
infrastructure providers)
Use headlights
Carry spare air filters in vehicles
Avoid using wipers as ash will scrawimdscreens
Be aware of reduced traction when driving-ofiad.
Set air conditioning to recirculate to keep aslaen air out of car
Increase preventivenaintenance on vehicle fleet
o0 Clean vehicles thoroughly when back at base
o Check, clean and/or replace air and oil filters regularly
o Apply lubricant/grease more frequently and check for wear
0 Rinse ash from windscreens and vehicle paintwork with water

4.3.5 Electrical safety risks

Ash contamination of line and substation insulators can lead to flashover, particularly in conditions of
light precipitation such as dew, fog, drizzle or light rain. Cleaning ash from line insulators and from
substation equipment is required to reduce thisk but can be hazardous. For comprehensive advice
on cleaning station and line insulators, readers are directed to IEEE Standard 95¥(2005)

Recommended safe practices for cleaning ash frembstation equipment andine insulators:

All substation equipmerghouldbe deenergised and earthed before cleaning
o0 Clean ash from transformer bushings and radiator fins by hand, using soft rags
followed by highpressure washing
o0 Insulators, bus bars, circuit breakers, metering transformers and other critical
apparatus should be cleaned by hand in a similar procedure as for transformers.
Ensure that all surfaces are cleaned, including the undersides of insulator sheds.

17 https://standards.ieee.org/ieee/957/1327/
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o Ifash is strongly adhered to ceramic surfaces, then measures such as using steel
wool or solvents or detergents may be necessary. However, care must be taken not

to damage insulator surfaces or leave a residue of metal particles.
0 The substation can be #energised once all equipment has been dried using soft
rags.

For cleaning line insulators, it may be possible to clean some sections of the system without

de-energising. For live line cleaning:
o Compressed air can be used to remove initial large amounts of ash (>tepusit

thicknes® ® [ AYAG | ANJ LINS&adaNB (G2 fumn 1t

surfaces. Avoid blowing ash into other equipment.

0 A set of insulated tools for wiping, brushing and washing ash from energised
equipment should be devised (refer to IEEE Standard 957).

o If ash has become cemented onto insulators, water blasting may be required to
remove it.

4.3.6 Building collapsé&om ash loading

A common concern during and after volcanic ashfalrisctural damage angdotential collapse of
buildings from the weight of accumulated ash on roofs. However, this is a rare iagp@otquires
very thickdeposits ofashto accumulate on roofs/buildingdor buildings inAotearoaNew Zealand,
typically >200 mm dry ashfall or >100 mm wet ashfBil)ldingsclosest to eruption vents are most
exposed to thick ashfalls and are thus generally nabsisk ofstructural damage from ash loading

Non-engineered)ong sparand lowpitched roofs are more vulnerable to collapse. Roof cladding
with pre-existing damage such as corrosion may also be more vulnerable to coll#psre utilities
should be mindful of lighthor non-engineeed structures §uch as equipment sheds or letos)
which are typically most at risBe mindful that norstructural elements (e.ggutters) are much

OFf 0

more vulnerable to breaking and creating a hazard for people or equipment underneath. Gutters are

particularly at risk of collapse, as they agwlate ash sliding from the roof catchment.

Our recommendation is that organisations monitor the accumulation of ash on aoadfsvoid
entering buildings or structures potentially at risk of collag@perational plans should include
provision for assessing the safety of buildings with thi& (mm) ashfall deposits on the roof.

4.3.7 Strain injuries
Volcanic ash is heavier than many people expect, and ash-gfe@na timeconsuming and
physically demanding process.

Recommended practices to reduce the likelihood of strain injuries:

Practice safe lifting technigues.

9y adaNB (KIFdG GKFEG GKS ¢2N)] R WdrkgrRBoulavift § O K
something that is too heavy for them

Provide the right tools for the jab

Ensure that workers take regular breaks and stay hydrated

Do notoverfill bags to be lifted or carried

Use wheelbarrows to move loads of ash
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We refer readers ttWorkSaferesources on preventing manual handling injuffeand on managing
fatigue'® andstrain and sprain riskSwhenhandling contaminated flood silt following Cyclone
Gabirielle.

18 hitps://www. WorkSafegovt.nz/topicand-industry/manuathandling/preventingmanuathandlinginjuries
acop/

19 https://www. WorkSafegovt.nz/managinénealth-and-safety/keepingsafe-during-cycloneandflooding
recovery/managingatigue-after-cyclonegabrielle/

20 hitps://www. WorkSafegovt.nz/managindnealth-and-safety/keepingsafeduring-cycloneand-flooding
recovery/managinestrain-and-sprainrisksafter-cyclonegabrielle/
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5 Volcanicife safetyhazards and risk management

Volcanoes can create a range of direct and indirecshfietyhazardgFHgure 2 and Table 2)vhich
requireriskmanagementWe emphasise that fohighly destructive, fastmoving and lethahazards
such as pyroclastic density currenfBDCsand volcanic ballistigprojectiles (VBPs)complete
avoidance ofrisk zones is thebest risk management approactiowever, if workers do need to
accessiskzones, we have provided current best practice advice on PPE and safety maéasures
Section 5.4.

The establishment o&nexclusion zoe or zoness a common risk management strateggyticulaty
aroundanyeruptive ventand in areas expected to be impacted by BBx@ laharsthe latter of
whichmay continue to generate life safety risks foonths or even years after an eruption ends.
common observation from eruptiorsround the worldsthat risk tolerances magvolve especially
following the initial phase of an eruptiomhenreasons to enter exclusion zones may become more
compellinge.g, for repairsto lifelines Thus, cordon management may move from a primary focus
on life safety to a focus on restoring livelddsand habitabilityand promoting recovery.

¢KSNBE A4 3INRPgAYy3IT AYyiSNBadg Ay (GKS adaNrdiS3ae 2F wyl
around exclusion zones. Managed access typically involves restricted andistation daytime

access in close partnership with emergency management personheNational Emergency

Management Agencfformerly Ministry of Civil Defence argimergencyManagemeny5 A NE O 2 N &
Guidelines on Emergency Movement Con{gfl15)statethat the main drivers of emergency access

for lifeline utilitiesare: service continity to the wider community, public safety (e.g. isolation of

electricity and gas), worker safety, and asset protection.

Lack of clarity between partners involved in cordon management can hamper access by

infrastructure providers, which may in turn hamper response and recovery objeclikie2015
5ANBOG2NRAa Ddzi RSt Ay $fdlinescaotdBatoiiskare iinvolked in maven@MibzOA | £ { K
control planning and are regularly updated.

5.1 Key considerations for planning work in managed access zones

1) Coordinate withHocal Civil DefencEmergency Managemeand or DOCi(e.. the local Risk
Manager) Expect to providgustification for the proposed wotkplus scope and timing.

2) Ensurenational and regiondifelines advisory groups are involved in coordination.

3) Obtain upto-date process and ideallgazard forecasts and science advice from relevant
science agenciggoordinated with and possibly via CDBENI/or DO, and consider your
own risk calculation, acceptability and risk managemaihis should includENS Science
(includingGeoNej, Metservice, and regional councils for flofmdecasts.

4) If necessary, seek advice on use of PPE and RPEUttalny qualified professionals such as
occupational hygienists with experience in disaster response.

5.2 General considerations for working in managed access zones around

active volcanoes
Volcanic activity can be prolonged and can present multiple hazards at different times. Some
hazardssuch as lahargan occur without a new eruption, and hazardous conditions can persist for
months or years.
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It is vital to minimise time spent in hazard zones, to minimise exposure. Field teams entering hazard
zones should be kept to an appropriate minimum and should have clear roles, appropriate training
and experience with PPE. Workers should use equipmentahe familiar with and are trained to

use.

It is important to remember that there is no PPE that will offer full protection from all volcanic

hazards. Additionally, PPE may affect the comfort and mobility of wearers. Bulky, heavy PPE will slow
the wearer and increase exposure time; it may impedgowi and hearing, reducing situational
awarenessand possibly exacerbating other riskad it may be very hot, leading to fatigue and
dehydration. Hydration prior t@nd, if possible duringdeployment using sports supplement drinks

or similar is recommetied. Regular welfare checks of field teams should be carriedHazard

specific PPE and RPE eogered in Section 5.4.

Within hazard zones, field teams should minimise time spent in channels and topographic lows. Flow
hazards such as lahars and PDCs travel down channels and asphyxiant gases can accumulate in
topographic lows. This includes repair work on bridges and gepalcrossings.

Response plans should be made before entering the hazard zone, including access and egress points
and emergency evacuation procedures. Recognise that helicopter support for evacuation may not be
an option due to the effects of ash on aircraftonsider making an escape or shelter pideally

with multiple contingencies

Workers should carry radigsiF, UHF or VHEhd/or satellite phonesnd/or cellphonesand
personal locator beacon€.ommunication devices should tested in the working conditions.

Field teams must be able to conduct their own dynamic risk assessments as conditions change.
Consider including sentry2 NJ W& LJ2 ( ( Stoldaintaiy sitiafioSal aliv&dnasMark routes in
and out of an area withighlyvisible poles or flag&nsurefield team members remain within sight
of each other at allimes. A drone flythrough is helpful foup-to-date ground orientation.

Advice should be sought from Qéet andappropriatevolcanic hazard and risk scientists
respectivelyabout important changes in volcanic activity and consequences for hazard and risk.
There should be continuous communication between volcano monitoring staff, local Civil Defence
Emergency Managemeand/or DOCi(e.. the local risk manageand field teams. Field teams must

also monitor weather conditions and understand the implications of changes in the weather, such as
an increased risk of lahars in heaaynfall.

5.3 General ground conditionduring and after eruptions

Landscapes may be completely unrecognisable following an eruption. Landmarks, buildings, roads
and waterways may be buried in debris and deposits or destroyed. Airborne ash can reduce visibility.
If possible, overlay the hazard footprint on a map for plagnand use GPS and aerial support in the
field.

A common impact is the change to local and regional drainages, with remobilisation creating a very
dynamicand unstableenvironment for months to years post eruption.

Volcanic éposits(e.g.,from PDCdava flowsandlahars)may remain hot enough to burn skin or
ignite fires for a considerable time after the initial erupticared may be unstable and dangerous to
walk on.They may also continue to discharge volcanic gases, which should be monitovsthfpr
personal or handheld deviceBeople accessing an area on foot should csti@inless stegbolesto
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probe theground aheadGood quality footwear witlvulcanised rubber soles (such as Vibyam
should be worn.

5.4 General cautions oRPHiIse

In generalwe caution that providing workers with RREot a quick and easy fix to manage risks
and specialised expertise and training is requjraslwell as awareness of any competency
requirementg’. For PCBUs for whom this is not business as usaagdvise seeking guidance fran
workplace health and safety professiomndgth expertise in disaster responggee HASANZ Register
for a directory of registere@ccupational Hygienists).

Specific consideration needs to be giterthe following issues

1 RPE needs to be certified to a recognised standard suStA&NZ IS069752:2023
1 Appropriate choice of respirators
o IDLHElimits can assist in making decisions aboutdperopriate respirator to use.

Above the ILDH, only supplied air respirators should be used; below the IDLH, air
purifying respirators may be usedoweverthe use of supplied air (closed circuit)
systems may not be practicable they are very expensive and requsignificant
training to useand there is a limited number of currently traing@dthe use of these
systems.

Workers need to be trained in the care and maintenance of RPE

Workers should undergo a medical evaluatmior to wearing RPE

Fit-testing of RPE is essential, witlife hair and stubble preventing a good fit

Workers mustvear personal gas detectovgth alams linked to actions at preset levels.

The PCBU should have a written gas detection programme that civesglection, use,

storage maintenance and calibration of the systeraviewed by auitably qualified health

and safety professional.

= =4 =4 —a -8

21 https://www.worksafe.govt.nz/topieand-industry/personalprotective-equipmentppe/respiratory
protective-equipment/

22 hitps://www.hasanz.org.nz/hasanzegister

2 Concentrations immediately dangerous to life and health; see Tables 8 and 9
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5.5 Specific impacts and mitigation information for different volcanic life
safety hazards

5.5.1 Pyroclastic density currents (PDCs)

PDCs include pyroclastic floasdsurges. These are hot, grouhdgging mixtures of ash, gas and

rock fragments that travel away from vents at high speeds for tens of kilometres (Figure 8). They are
highly destructive and lethal, and mortality rates of peoplerrunby PDCs are typically >90% (Baker

et al., 2021). PDCs cause severe skin burns and inhalation injuries to the upper and lower respiratory
tract, as well as trauma injuries from entrained debris. PDCs can ignite or melt clothing and ignite
buildings or vegetabn. PDCsnay also ontain harmful concentrations of acidic volcanic gases,
particularly S@ HCI and sometimes HF.

TP oy
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GrahamHancox, made available under Creative Commons license.

Fresh PDC deposits can be hazardous for a considerable time after the initial eruption. Even after the
surface has cooled, the subsurface can remain hot enough to cause severe burns, for days or longer.
PDC surfaces may be unstable and conceal obstaeldies and pockets of steam. Streams draining
fresh PDC deposits may be hot enough to cause burns.
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Avoidance is the best risk management approach. However, if workers do need to RD¢isk
zonescurrent best practice advice is as follaws

1 PPE: No PPE will give complete protection from PDCs. The following may provide partial
protection: Heatshielded sekcontained breathing apparaté$ hard hat heatproof and
chemicalresistant clothingsuch as Tyche® coveralls ovarharcoalimpregnated suit)
heatproofand chemicatesistant glovesheatproofand chemicatesistant boots (such as
butyl rubber) See Section 5.5.1 for advice on cartridges and filters for respirators.

1 Safety measures: take shelter from approaching PDCs if possible. Even sheltering behind
boulders or huddling togetheasa group,may offer some protection. If working on fresh
PDC deposits, carrystainless stegbrobe to test the ground ahead for unstable areas or
hidden hazards.

5.5.1.1 Lessons from the 2019 Whakaari eruption

On 9 December 2019, Whakaari volcano had a sudden eruption at 2:11 PMsé&uwatypeople were

on the island at the time, in three different tour groups at different locations from the vent (Figure
9). A base surga type of PDQJavelled across the floor of the crater at approximatelyIBm/s,

thus the three groups had varying amounts of time to seek cover dependitfteordistancefrom

the vent and how visible the eruption was to them (Burnett and Taylor, 2021). All people had been
provided with ativated charcoal respiratorfer protection against some gases aRi. Most were
dressed lightly as it was midsummer.

Group A: 21 people
~500 m from vent
86% mortality

Of the 7 admitted to
hospital, median initial
burn TBSA 67%

Group B: 21 people
~700 m from vent
14% mortality
Median TBSA 36%

Group C: 5 people
~1000 m from vent
20% mortality

3 dived in ocean and
had only minor burns.
1 had TBSA 48%

1 had TBSA 58%

Figure 9 Map of walking tour route (in orange) and group locations relative to eruptive vent of Whakaari. TBSA
refers to Total Body Surface Area with burns. Adapted from Burnett and Taylor (2021).
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Group A(21 people)was closest to the vent, in an exposed location where the surge was hidden
from view until it was upon them. This group had no chance to take cover and suffered the highest
mortality rate of 86%, as well as the most severe burn trauma within the groupswvived the
eruption and were admitted to hospital.

Group B(21 peoplelwas approximately 700 metres from the vent. This group had more advance
warning of the surge, and their guides instructed them to seek shelter behind a large rock mound
some 50 metres away, huddle together and put on respirators. This group had a much lowe
mortality rate of 14%, and a lower level of burn trauma. People not wearing respirators, or not able
to re-don respirators displaced by the force of the surge, developed significant inhalation injuries.
The party had variable exposu@the surge depending on their position within the group, with

those near the centre more protected from the heat flux. The rock outcrop appears to have provided
some protection from the full force of the surge.

Group 5 peoplewas located 1 km from the vent and close to the shoreline. The surge took
approximately 90 seconds to reach them, by which time three of this group had managed to
submerge themselves in the ocean, and to remain underwater for the 30 seconds it took glestaur
pass overhead. The two people exposed to the full force of the surge were badly burned and one
later died.

The overall mortality rate for the eruption was 47%, which is notably low in comparison to most

historical PDC4iuman &ctors contributing to this are the actions of the tour guides in Group B,

GKAOK &dzomadGlydAalftte NBRIZOSR (KA a,amiNR eatlydisst aif E LI2 & dzN
measures provided to people evacuated from the island. Other factors influencing the severity of

outcomes were whether or not respirators were worn and twerageof clothing worn, with even

light clothing praiding some protection from the surge (Baker et al., 2021; Burnett and Taylor,

2021). Clinicians observed that many patients had bladined palms, which they attributed to

survivors of the initial explosion crawling across hot surge deposits, and recommended adding gloves

to the PPE for any personnel at risk of exposure to PDCs (Baker et al., 2021).
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5.5.2 Volcanc BallisticProjectiles lpallisticsor VBP}

Volcaric BallisticProjectilegballistics o’vBR), known adlocks and bombby volcanologistsare
fragments of rock or lava, from a few cm to metres in diameter, thrown from a vent during explosive
eruptions(FigurelQ). They follow ballistic trajectories and typically land within 5 km of the vent
although some may travel furtheBombs can also travel further by rolling or bouncing downhill (Day
et al., 2022)Ballisticshave very high kinetic energy and primarily cause trauma injuries, including
blunt force trauma, fracturesandlacerations as well as causing serious damage to buildings
(Williams et al., 2017Hot ballistics can melt or ignite clothing or other materials, including sparking
vegetation or building fires. Contact with the skin can cause full thickness burns.

FigurelO Left: Large volcanic bomttom 2021 La Palma eruption, Canary Islands, SRagt: Damage caused
by ballistic to Ketetahi Hut on the Tongariro Alpine Crossing from the 2012 eruption of Te Maari vent,
Tongariro volcano. Photo credits: Lé?hoto fromJames Day, Day et al. (2022yailable under licence CC BY
4.0. Right: Photo by Nick Kennedyniversity of Canterbury.

Avoidance is the best risk management approach. However, if workers do need to access ballistic risk
zones current best practice advice is as follows:

1 PPE: No PPE will give complete protection from larger or higher energy VPBs. The following
may provide partial protection: hard hats to protect against smaller VBPs;pnetdctive
clothing that will not melt or ignite; sturdy heatproof boots and gloves.

1 Safety measures: If ballistics are fallinggve out of their pathseek shelter, coverour head
and male yourselfa small target (Fitzgerald et al., P0).Backpacks have successfully been
used as shields for smaller ballistiBgllistics that do not move across your field of view are
likely to be travelling straight towards yoBuildings will offer some protection, but
projectiles can penetrate some roofs. Actions likely to increase life safety include sheltering
on the side of the building facing awagm the vent, dropping to the ground and covering
your head, andif indoors, putting as many barriers betwegaurselfand incoming
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projectiles by sheltering under structures such as tables (FibyreVilliams et al., 2017;
Oikawa et al., 2016). Close to the vent, ballistics may have more horizontal trajectories,
threateningyour whole body. Sheltering behind boulders or other solid obstacles may offer

some protection.

FigurellLikely ballistic damage to buildings at different impact ener@iefoules, Jand angles, with pairs of
figures illustrating actions likely to increase life safety (blue) and actions likely to decrease life safety (red).

From: Williams et al. (2017).
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