VOLCANIC ASH IS:
HARD, HIGHLY ABRASIVE,
MILDLY CORROSIVE &
CONDUCTIVE
WHEN WET.

Volcanic ashfall
ADVICE FOR WATER SUPPLY MANAGERS

Ash Impacts On Drinking Water
Treatment

Recommended Actions

Effects On Treatment Plants

WHERE TO FIND WARNING INFORMATION

A VOLCANIC ASHFALL CAN:

See www.geonet.org.nz for ashfall forecasts in the event of a
volcanic eruption.

VOLCANIC ASH CAN CAUSE A RANGE OF OPERATIONAL
PROBLEMS FOR WATER TREATMENT PLANTS.

• Increase turbidity in raw water sources.
• Create high water demand during the cleanup phase.
• Cause operational problems for water treatment plants.

Effects on Raw Water Sources
In general, the major effect of ashfall on raw water sources is
likely to be increased turbidity rather than changes in chemical
composition.

Effects of ashfall on raw water quality
Turbidity

Ash suspended in water will increase turbidity in raw water sources. Very fine ash may settle slowly and residual
turbidity may remain in standing water bodies. In streams,
ash may continue to be remobilised by rainfall events, and
lahars may be a hazard in some regions.

Acidity

Fresh ashfall commonly has a strongly acidic surface
coating.
This may cause a slight depression of pH (not usually
beyond pH 6.5) in low-alkalinity surface waters.

Potentially toxic elements

Fresh ash has a surface coating of soluble salts that are
rapidly released on contact with water. The most abundant soluble elements are typically Ca, Na, S and Cl, followed by Mg, K, Al, Si, Fe and F. Compositional changes
depend on the ash surface chemistry, the amount of
ashfall and the dilution volume.
• In streams, there will be a short-lived pulse of dissolved constituents.
• In lakes and reservoirs, the volume of dilution is
usually large enough that compositional changes are
not discernible.
The constituents most likely to be elevated above background levels are Fe, Mn and Al. Thus water is likely to become unpalatable due to discolouration or a metallic taste
before it becomes a health hazard.

Water Demand
HIGH DEMAND FOR WATER TYPICALLY OCCURS AFTER AN
ASHFALL DURING THE CLEANUP PHASE.
Demand may remain high for months afterwards if water is needed
to dampen down wind-remobilised ash.
Municipality of Anchorage water produc�on, August 1992
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HOW TO PREPARE
At-risk water treatment plants should ensure that their Water
Safety Plans include provision for ashfall events, including site
clean-up. The plan should have procedures for incorporating upto-date ash fall forecast information from GeoNet into operational
decisions.
For at-risk plants, strategies to reduce vulnerability to ashfall
include: installing automatic shutdown of intakes based on a
turbidity threshold; covering open-air sand filters; and increasing
treated water storage volume.
Anticipate increased water demand following an ashfall. Where
possible, use alternative, non-potable sources of water for cleanup and firefighting. Do not use recycled wastewater (e.g. treated
effluent) for these purposes. Encourage clean-up using brooms
and shovels rather than hoses. Advise the public to practice water
conservation.
Anticipate increased maintenance schedule; review stocks of
essential items.

Millions of gallons per day

• Pumps used for abstracting surface waters may be vulnerable
to accelerated wear and tear damage to impellers and motors.
• Uncovered pump motors used for abstracting
groundwater may be vulnerable to airborne ash.
• Ash can enter open-air clarifiers and sand filters
both by direct airfall and through intake.
• Fine ash may penetrate into sand filters; coarser
ash may form a cap on sand filters.
• An ashfall may affect road transport, which may in turn
affect staff access and deliveries of treatment chemicals.
In general, a high level of increased maintenance may be
expected following ashfall. The most common reasons for
interruptions to water production following ashfall are:
• Intakes being closed due to high turbidity levels.
• Electrical power outages, if there is no back-up generation.

Ensure access to back-up power generation.

HOW TO RESPOND
Take precautions to exclude ash:
• Close intake before turbidity levels become excessive.
• If necessary, adjust coagulant dosage to attempt
to achieve satisfactory turbidity reduction.
• Consider installing temporary covers such as
tarpaulins over open-air sand filters.
• Protect other exposed equipment such as
electrical control panels and pumps.
• Ensure that staff working outdoors are supplied
with adequate personal protective equipment (longsleeved clothing, heavy footwear, fitted goggles
and properly-fitted P2 or N95 dust masks).
In addition to the routine monitoring undertaken for compliance
purposes, carry out more frequent checks on turbidity, pH and
chlorine residuals in the distribution network. If necessary adjust
chlorine dosing.
Be aware of the possibility of pH depression in low-alkalinity surface
water sources and adjust any pH-sensitive treatment steps as
required. Remind consumers of the need to flush their taps briefly
before drawing water.
Public anxiety about contamination of water supplies is common
after a volcanic eruption. Refer concerns to the Drinking-Water
Assessor at the Public Health Unit of your local DHB.
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• Ash suspended in surface water sources can cause
turbidity levels to exceed operating thresholds.

18 August:
erup�on of Mt
Spurr volcano

Ash can enter sand filters both by direct airfall and through
intakes. Cleaning of filter beds may create heavy additional
labour demands, such as at Bariloche’s main water
treatment plant following the June 2011 eruption of Cordon
Caulle volcano, Chile, which deposited ~30-45 mm of ash
across the city.
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August 1992

The 18 August 1992 eruption of Mt Spurr volcano, Alaska,
deposited around 3 mm of sand-sized volcanic ash on the
city of Anchorage. The population used mostly wet methods
to clean up the ash which doubled normal water demand.
While the city had adequate water production capacity to
meet this demand, bottlenecks in the distribution system
caused reduced water pressure across the whole city, and
parts of the city experienced water outages and inadequate
supply to fire hydrants. This incident prompted a major
upgrade of the city’s water distribution network.
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VOLCANIC ASH IS:
HARD, HIGHLY ABRASIVE,
MILDLY CORROSIVE &
CONDUCTIVE
WHEN WET.

Volcanic ashfall
ADVICE FOR WASTEWATER MANAGERS

Impacts On Wastewater Collection
And Treatment Systems

Recommended Actions
WHERE TO FIND WARNING INFORMATION

Case Study: City Of Yakima,
Washington State, USA

VOLCANIC ASH CAN CAUSE SERIOUS DAMAGE TO
WASTEWATER COLLECTION AND TREATMENT SYSTEMS

See www.geonet.org.nz for ashfall forecasts in the event of a
volcanic eruption.

VOLCANIC ASH CAN CAUSE SERIOUS DAMAGE TO
WASTEWATER TREATMENT PLANTS.

• Cities with combined wastewater and stormwater
sewers are particularly vulnerable.

HOW TO PREPARE

The City of Yakima, Washington State, USA, sustained US$4 million
(1980 value) damage to its plant following the 1980 eruption of
Mt St Helens volcano which deposited approximately 10 mm of
sand-sized ash on the city. This was primarily due to damage to the
mechanically-cleaned bar screen and grit classifier.

• ●Ash can also enter sewer networks via inflow and infiltration
(e.g. through illegal connections, cross-connections, gullytraps, manhole covers, cracks in sewer pipework).

SYSTEM
COMPONENT

IMPACTS OF VOLCANIC ASHFALL

• ●Ash may enter wastewater networks if there
are combined sewers, or through inflow and
infiltration.
Wastewater
network

• Once in wastewater networks, ash may
form unpumpable masses which may cause
wastewater overflows.
• Ash-laden wastewater will cause
accelerated damage to pump impellers
(pitting and thinning of metal).

Pretreatment

Primary
treatment

• Mechanically-cleaned screens are highly
vulnerable to damage as ash can abrade
moving parts and block screens which may
lead to motor and gearbox damage.
• Fine screens are more vulnerable than
coarse screens.

• Incorporating up-to-date information from
GeoNet into operational decisions.
• Monitoring the presence of ash in raw wastewater.
• Monitoring torque on motor-driven equipment.
• Shutting down non-essential equipment.
• Covering exposed equipment such as HVAC
systems, switchboards, and electric motors
to protect them from airborne ash.
• Limiting the ingress of ash into buildings.
• Equipment and labour requirements for
increased maintenance and site cleanup.
• Ensure that staff working outdoors are supplied
with adequate personal protective equipment (longsleeved clothing, heavy footwear, fitted goggles
and properly-fitted P2 or N95 dust masks).
• Coordination with local and regional emergency plans.
Review stocks of essential items as an ashfall may affect road and
air transport.

• Ash may damage comminutors.

Ensure access to back-up power generation, particularly for
pumping stations.

• Ash may damage grit classifiers.

HOW TO RESPOND

• Ash will increase the volume of sludge for
disposal, and will increase the inorganic
content of sludge.

Step up preventive maintenance.

• Ash can enter open-air biological reactor
tanks both through airfall and via influent.
Secondary
treatment

At-risk wastewater treatment plants should develop operational
plans for ashfall events, including site clean-up. Plans should
include provision for:

Biological reactors at the municipal wastewater treatment
plant at San Martin de los Andes, Argentina, continued to
function without problems despite receiving 2 cm of ashfall
from the 2015 eruption of Calbuco volcano, 165 km away in
Chile. This was partially because the town’s storm drains
and sewers are well separated, so very little ash entered
the plant in raw wastewater. Photo credit: Daniel Blake

Work with local authorities to limit ingress of ash into stormwater
drains and sewer lines.
Consider bypassing pumping stations and treatment plants as a
protective measure to avoid severe and costly damage.

• The main effect is likely to be reduced
capacity (due to ash accumulation on
tank floors) rather than interference with
bacterial processes. pH control may help
prevent ‘toxic shock’ to bacterial populations.

Volcanic Field (10s of km ash reach)

#

• Ash may damage biofilms in trickling filters.
Tertiary
treatment

• Any residual very fine ash may increase
suspended solid load of effluent, which may
interfere with disinfection.

Sludge
treatment

• Expect an increased volume of sludge with
an increased inorganic content.
• Airborne ash may clog aeration pump
filters, requiring them to be changed more
frequently.

General
impacts

Cone Volcano (100s of km ash reach)
Caldera (1000s of km ash reach)
Taupo Volcanic Zone

Northland

±
Ash-laden wastewater will cause accelerated damage to
pump impellers (metal pitting and thinning).

• Ashfalls may affect road networks, which
may affect staff access and deliveries of
supplies.
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• Ashfalls can cause electrical power outages.
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MILDLY CORROSIVE &
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Volcanic ashfall
ADVICE FOR ROAD NETWORK OPERATORS

Ash Impacts On Road Networks

Recommended Actions

GENERAL IMPACTS

WHERE TO FIND WARNING INFORMATION

• Visibility can be severely reduced during and after
an eruption due to ash suspended in the air.

See http://www.geonet.org.nz for ashfall forecasts in the event of a
volcanic eruption.

• Traction on ash-covered roads is reduced
in both dry and wet conditions.

HOW TO PREPARE

• Road marking coverage can occur when
ash is less than 1 mm thick.
• Accident rates will likely increase.
• Vehicle damage may consist of the clogging of filters,
corrosion of metal surfaces, and abrasion damage to
windscreens, paintwork and moving engine components.
• Roads may become impassable (to 2WD vehicles)
when ash on the ground is around 100 mm thick.

Operational plans should be developed for volcanic ashfall,
including provision for:
• Coordinating plans with emergency management
groups and other infrastructure providers.
• Developing road closure and detour protocols.
• Identifying a hierarchy of roads for clean-up prioritisation.
• Rapid clearing of critical evacuation routes.
• Considering equipment and labour requirements for clean-up.

REMOBILISATION

• Identifying potential disposal sites.

• Impacts can continue after eruptive activity has
ended due to the remobilisation of ash by wind,
water, traffic and/or other human activity.

HOW TO RESPOND
VEHICLE AND MACHINERY OPERATION

• Ash remobilised in rivers and creeks can lead to lahars (volcanic
mudflows) causing damage to bridges and other infrastructure.

• Avoid using wipers to clear ash from windscreens
as this can cause abrasion damage. Rinse ash from
windscreens and vehicle paintwork with water.

ROAD CLOSURES

• Clean or replace air and oil filters regularly.

• Closures are not always necessary during
and after volcanic ashfall.

• Apply lubricant/grease more frequently and check for wear.

• The decision to close roads may depend on many factors
including: visibility, ash depth, particle size and colour,
road type and gradient, types of vehicles using road, local
weather conditions, and local policies and regulations.

Accident damage in Junín de los Andes, Argentina following
ashfall from Calbuco volcano, Chile.
(photo credit: Junín de los Andes Fire Department,
Argentina)

ROAD NETWORK MANAGEMENT
• Advise the public to avoid unnecessary travel.
• Implement safety measures. These may include:
»» Advisories to use headlights.
»» Warning information and reduced speed limits
(e.g. through variable message signs).
»» Implementation of new one-way systems.
»» Ensuring sufficient vehicle spacing and stopping distances.
»» Dampening road surfaces to reduce
remobilisation and improve visibility.

Heavy ash contamination of car air filter following 50
mm of ashfall from the 2011 eruption of Cordón Caulle
volcano, Chile. (photo credit: : Ailen Rodriguez, Jacobacci,
Argentina)

ROAD CLEAN-UP
• A combination of methods such as sweeping, air blasting, suction
and/or spraying may be necessary to remove all ash from roads.
• Clean high priority routes before markings
are covered to maintain safety.
Volcanic ash lifted by vehicle near Chaitén volcano, Chile

Volcanic Field (10s of km ash reach)

• Prevent ash entering storm drains and sewers
to avoid blockage and surface flooding.
• Ensure that field crews are supplied with adequate personal
protective equipment (long-sleeved clothing, heavy footwear,
fitted goggles and properly-fitted P2 or N95 dust masks).
• If further ashfall or ash remobilisation is likely, consider
delaying clean-up to avoid wasting resources.
• Coordinate clean-up schedule with other
stakeholders and the public.
• See companion poster “Advice for Urban Clean-up
Operations” for general guidance on clean-up.

FURTHER RESOURCES:
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http://www.geonet.org.nz (volcano monitoring information)
Reduced visibility and covered road markings in Kagoshima
City due to ashfall from Sakurajima volcano, Japan
(photo credit: Minami Nippon Shimbun, Kagoshima, Japan).

http://www.gns.cri.nz/volcano (general information on volcanic
hazards)

Cone Volcano (100s of km ash reach)

Taupo
Taranaki #

Ruapehu

#Tongariro
#
# Ngauruhoe

http://volcanoes.usgs.gov/volcanic_ash (volcanic ash impacts
and mitigation encyclopedia)
http://www.ivhhn.org (information on volcanic health hazards)

CONTENT BY DANIEL BLAKE, TOM WILSON, JOSH HAYES,
CAROL STEWART AND GRANT WILSON
DESIGNED BY DARREN D’CRUZ
Version 3, June 2018

Km
0

50

100

VISG

VOLCANIC IMPACT STUDY GROUP

150

VOLCANIC ASH IS:
HARD, HIGHLY ABRASIVE,
MILDLY CORROSIVE &
CONDUCTIVE
WHEN WET.

Volcanic ashfall
ADVICE FOR FACILITIES MANAGERS: BUILDINGS

Ash Impacts on Buildings and
Structures

Recommended Actions
WHERE TO FIND WARNING INFORMATION

WHILE ASH IS FALLING, remain indoors.

Ash will accumulate on roofs and, if not removed, can collapse
gutters, cause flooding into ceiling spaces and cause corrosion
damage to roofing materials. Accumulated ash can also wash into
and block stormwater drains. Very thick ash deposits (>100 mm)
may cause roof collapse, although this is rare in New Zealand.
Factors increasing the risk of roof collapse include:

See www.geonet.org.nz for ashfall forecasts in the event of a
volcanic eruption.

AFTER ASH HAS STOPPED FALLING:

• Wet conditions (if ash is wet, static loads
may increase by up to 100%).

• Pre-planning a safe work method for roof cleanup. A plan is required for all roofs, from single-level
to multi-level. Typically a plan will include:

• Long-span, low-pitched and/or poor condition
roofs are the most vulnerable.
If ash enters buildings it can cause soiling, abrasion and corrosion
damage, and damage to computers and electronic equipment. It is a
potential health hazard to building occupants.
Ash can block air filters on heat pumps and air conditioning units
(HVAC systems). This can reduce airflow and cause overheating.
Ash can cause indirect effects on buildings, for example through
power and water outages.
See companion poster on ‘Advice for Facilities Managers: GenSets
and HVAC systems’

HOW TO PREPARE
At-risk facilities should develop operational plans for managing
ashfall events, including:

Roof clean-up must be planned carefully. Many injuries and some
fatalities have occurred while clearing ash from roofs. Therefore you
must take all reasonable steps to manage the clean-up so people
will not fall from roofs. Property owners and contractors will have
legal duties under the Health and Safety at Work Act 2015. Duties
include:
• Providing workers with personal protective equipment.

»» Provision for safe access to the roof.

• Ensuring a safe working environment.

»» Required qualifications and training of personnel.

For further information, see Worksafe NZ’s best practice guidelines
for working on roofs:

»» Safety and personal protective equipment required.
»» Provision for collection/disposal of ash.
• Identification of a single entry and exit point for
the building, and identification of any areas that
require sealing off (e.g. computer rooms).
• Ensuring supplies of necessary equipment
such as plastic sheeting and duct tape.
• Considering dependency on critical services and taking steps to
increase resilience, such as installing backup power generation.
If you anticipate using contractors, discuss the safe work method
ahead of time to ensure that contractors are prepared.
If you are a critical facility, such as a hospital or police station,
discuss priority access to services with your contractor.
Ash cleanup operations create substantial additional labour and
resource demands.

http://www.worksafe.govt.nz/worksafe/information-guidance/
all-guidance-items/best-practice-guidelines-for-working-onroofs/roofs-best-practice.pdf
Avoid using hoses to clean up as this can 1) deplete municipal
water supplies and 2) wash ash into storm drains where it can cause
blockages. It is preferable to sweep up the ash and collect it in bags.
Dampening the surface slightly can help stop the ash lifting into the
air and becoming a breathing hazard.
For cleaning up indoors, use a vacuum cleaner where possible.
Avoid excessive rubbing as ash is highly abrasive and can scratch
surfaces.
Follow any official instructions about ash collection and storage.
In the absence of specific advice, collect ash in small bags (such as
doubled supermarket plastic bags, tied tightly closed) and store in a
sheltered location on the property.

HOW TO RESPOND
IF ASH IS FORECAST FOR YOUR LOCATION:
• Use a single entry/exit point for the building, preferably with
a set of double doors which can act as an ‘ash lock’. Ashcovered clothing and footwear can be left in this area.
• Seal all remaining doors and windows, using
damp towels or duct tape to seal any gaps.
Volunteer firefighters work to clean ash from roofs in
the town of Junin de los Andes, Argentina. Following the
April 2015 eruption of Calbuco volcano in Chile, 200 km
to the southwest, approximately 3 cm of fine andesitic
ash fell across the town of Junin. Photo credit: Bomberos
Voluntarios, Junin de los Andes.

• Shut down heat pumps and air conditioning units.
• Disconnect inlet pipes from roof catchment rainwater tanks.
• Cover sensitive equipment such as computers and
electronics with plastic sheeting, or seal off rooms.
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http://www.geonet.org.nz (volcano monitoring information)
http://www.gns.cri.nz/volcano (general information on volcanic
hazards)
Ash loading can cause gutters to partially or completely
detach from buildings. Basaltic ash from 2018 eruption of
Ambae volcano, Vanuatu. Photo credit: Sally Dellow, GNS
Science.
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