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EXECUTIVE SUMMARY
The Auckland Engineering Lifelines Project was initiated in 1996 by the Auckland Regional
Council, New Zealand, and involves some 40 organisations comprising local government, utility
service providers, and other interest groups. Over the past four years several projects have
assessed the vulnerability of Auckland’s lifelines to volcanic hazards. These studies have
identified volcanic ash falls as a significant hazard and highlighted the complex set of issues that
need to be addressed. Past eruptions have also shown us the vulnerability of utilities and
facilities to volcanic ash (e.g. Ruapehu 1995-1996). The Auckland Engineering Lifelines Group is
now interested in assisting utilities and local authorities to produce contingency plans for the
disposal of any volcanic ash covering the Auckland Region so as to enable lifeline service to be
re-established as quickly as possible with minimum long-term environmental effects. The
effects of volcanic ash on utilities and public facilities are summarised in this report.
The specific effects on utilities and facilities will depend on the quantity of ash, weather
conditions at the time and, in some cases, mitigation measures undertaken during ash fall. The
potential quantities of ash requiring collection and disposal are estimated to range from
131,000 m3 to over 6,000,000 m 3 for a number of different local and distal ash fall scenarios.
In the case of a small depth of ash fall the quantities removed will also depend on whether all
land, or just roads, paved surfaces and roofs require ash removal. Recommended methods for
collection of ash that are likely to be appropriate in Auckland are summarised, based on
suggested methods compiled by the United States Federal Emergency Management Agency
(F.E.M.A.) for:
•
buildings and structures;
•
•
•
•
•
•

roads;
sewage and stormwater systems;
airports;
electricity distribution systems;
water supplies; and
residential properties.

The following common issues, which should be addressed in all instances, were identified:
•
Co-ordination and prioritisation. Public agencies and private companies associated with
lifelines should co-ordinate and prioritise cleanup both within and between their
organisations to ensure that resources are used most effectively and cleanup activities do
not adversely affect other lifelines;
•
Personal protection equipment. All staff and volunteers involved in cleanup activities should
be supplied with appropriate personal protection equipment;
•
Minimise double handling. Cleanup activities should be planned and executed to minimise
the requirements for double handling;
•
Frequent servicing of plant and machinery. As ash can be abrasive, corrosive and can cause
blockages, all plant and machinery used for cleanup activities should be subject to more
frequent servicing.
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However, suggested clean up methods will need to be considered in more detail on a sector,
agency, and site specific basis during the preparation of contingency plans.
The time required to clean up ash deposits will depend on the extent and depth of ash deposits,
and may take from several weeks to several months. Factors that may affect the ease of, and
time required for cleanup include:
•
rain, which can wash ash into stormwater drains and wastewater systems, lead to short
•

circuiting on power distribution systems, and cause build-up of ash in depressions;
wind, which can spread lighter particles of ash around creating a dust nuisance and causing

•

additional damage to mechanical plant and equipment; and
additional ash deposition, prior to completion of cleanup activities.

Given the quantities of ash that may require disposal and its associated potential problems, it is
imperative to clean up ash and remove it to an appropriate disposal location as quickly as
possible.
Existing engineered landfills and/or cleanfills would provide insufficient capacity as well as being
costly for all but the smallest ash fall scenarios, in which case they may be the most expedient
disposal location.
The most obvious disposal option is disposal to land. The most suitable disposal locations are
likely to be quarry sites and gullies to the north and south of Auckland. A number of different
disposal locations may be necessary to provide sufficient capacity. Potential disposal locations
should be identified, on a regional basis, as part of the contingency planning process, for use by
all organisations and public agencies undertaking clean-up operations.
The desirable features of disposal locations include:
•
close proximity to ash cleanup area(s);
•
•
•
•
•

existing access from the main road for heavy vehicles;
situated away from waterways;
availability of soil for cover;
end use of disposal site; and
meet resource consent requirements.

In respect of the provisions of the Resource Management Act (1991) (RMA), the disposal of ash
resulting from an ash fall would be covered under Section 330, ‘Emergency works and power to
take preventative or remedial action’. This would allow the immediate deposition of ash onto
land without the usual requirement to first obtain any resource consents that may ordinarily be
necessary. If consent application(s) were made within the next 20 days then the activity could
continue until the application for a resource consent and any appeals had been determined.
However, suitable disposal sites should be determined prior to an emergency, and where
possible, resource consents for ash disposal should be attained in advance.
Site specific resource consent requirements would need to be considered in identifying potential
sites. In addition, other legal and ownership issues would also need to be taken into
consideration.
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It is estimated that the total cost of transport and disposal could be between $2,400,000 and
$108,000,000 for the ash fall scenarios considered.
More detailed qualitative and quantitative observations of the impacts of actual volcanic ash
falls are required to better understand the effects on engineering lifelines. This will require
appropriate researchers, utility engineers and managers visiting ash-impacted communities in
New Zealand and overseas to investigate the wide range of issues highlighted in this report.
The report concludes with the following recommendations:
Ø

Individual organisations should develop contingency plans for the removal of ash from their
facilities.

Ø

A regional strategy for the efficient co-ordination of volcanic ash removal and disposal in
Auckland should be developed.

Ø

Continuing research should be encouraged to address the wide range of unresolved issues
identified in this report. It will be necessary to establish mechanisms to include new
research findings in the planning process.

Ø

A priority area for research should be the identification of suitable ash disposal sites and
clarification of the legal and ownership issues related to their uses.

Ø

Information exchange, research, and discussions undertaken between AELG and other
lifeline groups would contribute to addressing issues related to ash disposal and assist in
devising solutions.

Ø

The AELG members are encouraged to participate on reconnaissance visits and support
exchanges with other ash-affected communities.
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1.0 INTRODUCTION
The Auckland Engineering Lifelines Project (A.E.L.P.) was initiated in 1996 by the Auckland
Regional Council, New Zealand, and involves some 40 organisations comprising local
government, utility service providers, and other interest groups. Over the past four years
several projects have assessed the vulnerability of Auckland’s lifelines to volcanic hazards (e.g.
A.R.C. 1999). These studies have identified volcanic ash falls as a significant hazard and
highlighted the complex set of issues that need to be addressed.
The Auckland Engineering Lifelines Group is now interested in assisting utilities and local
authorities to produce contingency plans for the disposal of any volcanic ash covering the
Auckland region so as to enable lifeline service to be re-established as quickly as possible with
minimum long-term environmental effects. This concept is also now included in the Civil
Defence Emergency Management Bill (CDEM Bill) which requires that utilities are able to
function to the fullest possible extent (even if at a reduced level) during and after an
emergency (Sect. 57a). The ash disposal project is in two parts, firstly a review of issues
relating to the disposal of volcanic ash. The timing of the second part, identifying suitable
disposal areas, is still to be determined.

2.0 PROJECT OBJECTIVES
The specific objectives of this report are to:
•

identify the likely quantity and properties of ash that may require removal and clean-up
from the Auckland region,

•

identify methods of collecting and transporting ash,

•

identify the wider effects and risks associated with various ashes,

•

identify health and safety issues associated with the collection, storage and disposal of ash,

•

identify environmental issues associated with the collection, storage and disposal of ash and
other volcanic debris,

•

identify consultation and legal issues associated with collecting, transporting, storage, and
disposal of ash,

•

identify gaps in knowledge and further work and research that is required to fill these gaps,

•

discuss practical solutions for dealing with the issues identified above,

•

learn from others’ experiences (via a literature review).
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3.0 POTENTIAL SOURCES OF VOLCANIC ASH
The city of Auckland is built on a basaltic volcanic field, which has been active perhaps as
recently as 1400 A.D. The volcanic hazards associated with this field have been reported on by
Johnston et al. (1997). However, the Auckland region also faces an additional volcanic threat
from several large North Island volcanic centres that are located 140 - 280 km to the south and
south-east.

3.1

Local volcanic hazards in Auckland

Auckland is a monogenetic volcanic field, covering an area of 320 km2, in which activity has
occurred from scattered vents during the past 140 000 years (see Searle 1981 and Kermode
1992). The most recent eruption in Auckland occurred at Rangitoto between 600 and 1000
years ago. The 48 discrete volcanoes which make up the field are the product of singleeruption events. The style of these eruptions has been largely controlled by the near-surface
occurrence of water-saturated sediments. Eruptions have covered a range from
phreatomagmatic (caused by the mixing of magma and external water), such as Orakei Basin, to
pure magmatic ("dry") in which external water was not significantly involved, such as Mount
Eden or One Tree Hill. The volcanic hazards of the Auckland Volcanic Field are summarised by
Cassidy et al. (1986) and Smith & Allen (1993). Numerous types of hazards would result from a
volcanic eruption in the Auckland Volcanic Field. The most likely hazards include pyroclastic
(ash) falls, pyroclastic surges, lava extrusions, volcanic gases, volcanic earthquakes and
atmospheric effects. Apart from ash falls most hazards are restricted to within a few kilometres
of the vent.
Volcanic ash falls from future local eruptions will vary in thickness from several metres at nearvent locations to only trace amounts several kilometres of the vent. The thickness of ash from
local eruptions will depend on the eruption style, duration, wind direction and distance from
vent. Five realistic scenarios have been modelled and are presented in Johnston et al. (1997).

3.2

Distant volcanic hazard to Auckland

In the central North Island there are two major volcano types: (i) andesitic cones, and (ii) rhyolitic
calderas (Wilson et al. 1995). Activity at cone volcanoes (i.e. Egmont/Taranaki, Tongariro,
Ngauruhoe, Ruapehu and White Island) are typically characterised by a succession of small to
moderate sized eruptions occurring, on average, every 50 to 300 years from approximately the
same vent area over a long period of time (weeks to months). Activity at caldera volcanoes (i.e.
Taupo, Okataina and Mayor Island), is characterised by far less frequent (on average every 1000
- 2000 years), moderate to large sized eruptions. These eruptions are capable of generating
large volumes of material that can be distributed over large areas many hundreds of kilometres
downwind (Newnham et al. 1999).
Tephra (ash) layers originating from these eruptive centres are numerous and widespread in the
Auckland Region and have primary thicknesses ranging from sub-mm to > 60 cm. In a core
removed from Pukaki near Auckland International Airport, at least 34 ash layers (Figure 2)
erupted over the past 23 000 years, and sourced from five North Island Volcanic Centres (Mayor
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Is., Taupo, Okataina, Tongariro, Egmont/Taranaki), are preserved. In this time over 198 mm of
volcanic ash has been deposited – a rate of 8.6 mm per 1000 years with a return period of
c.680 years. However, many smaller eruptions from these volcanoes have undoubtedly
produced thin ash falls on the Auckland Region, which are not preserved as macroscopically
observable layers and hence, not recorded in the geological record. This was seen during the 1996
Ruapehu eruptions when a light ash fall forced closure of Auckland International Airport for a day (18 June
1996), but was not preserved.

Table 1.. Summary of volcanoes or volcanic centres, that have the potential to inundate the
Auckland region with ash, and their historic eruption sizes and frequency of occurrence, as
summarised from the following references (Auckland (Smith & Allen 1993); Mayor Island
(Houghton et al. 1992, Houghton et al. 1995); White Island (Nairn et al. 1991, Scott et al.
1995); Tongariro Volcanic Centre (Hackett & Houghton 1986, Houghton et al. 1987, Neall et al.
1995); Egmont/Taranaki (Neall & Alloway 1993); Taupo (Wilson 1993, Froggatt 1997); Okataina
(Johnston & Nairn 1993, Nairn 1991, Nairn 1995, Scott & Nairn 1998, White et al. 1997)).
Volcano/Volcanic Centre
Auckland

Last known
eruption
~600 years B.P.

Future eruption
size (km 3)
small – medium

Estimated frequency
of occurrence
1000-2000 years

(0.1-2.0)
6340 years B.P.

Mayor
Island

2000 AD

White
Island
Tongariro
Volcanic
Centre

Ruapehu

1996 AD

small - medium

?1000 years

(0.1-1)
large (>1.0)

?10 000 years

small (<0.01)

1-5 years

medium (0.01-0.1)
large (> 0.1)

?100 years
?10 000 years

small (0.01-0.1)

20 years

medium (0.1-1.0)
large (>1)

100-500 years
10 000 years

Ngauruhoe

1975 AD

small (< 0.01)
medium (0.01-0.1)

10-20 years
100-200 years

Tongariro

1896 AD

small (<0.01)

100 years

medium (0.01-0.1)
large (0.1-1)

1000 years
10 000 years

Egmont

1755 AD

small (<0.01)
medium (0.01-0.1)
large (<1)

300-500 years
1300-1600 years
10 000 years

Taupo

181 AD

small (0.1-0.9)
medium (1-10)
large (10-100)

1300-1600 years
2500-5000 years
5000-10 000 years

Okataina

1886 AD

medium (1-10)
large (10-20)

1500-2000 years
2000-5000 years
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Figure 1..

Locations of the active volcanic centres in the central North Island and the
Auckland Region (modified from Newnham et al. (1999)).
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Figure 2..

Stratigraphic column obtained from Pukaki Crater (near Auckland International Airport)
showing preserved tephras sourced from the local Auckland volcanic field and distal
North Island volcanoes (Alloway & Sandiford, unpublished data).
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4.0 POTENTIAL EFFECTS OF ASH
4.1

Potential Effects on Physical Assets

The effects of ash deposition following volcanic eruption on utilities and public facilities are
summarised in Table 2. Detailed discussion of the potential impacts of volcanic ash on
Auckland Lifelines is presented in the Auckland Engineering Lifelines Project Stage 1 report (ARC
1999) and in Johnston et al. (1997). The actual effects on utilities and facilities will depend on
the quantity of ash, weather conditions at the time and, in some cases, mitigation measures
undertaken during ash fall (as discussed in Section 4.3).

4.2

Estimated Ash Volumes for Disposal

Paton et al. (1999) modelled five ash fall scenarios due to eruptions within the Auckland
Volcanic Field (Table 3). These scenarios assumed the deposition of various thicknesses of ash
on roads and all land within metropolitan limits.
Ash from a distant eruption could spread a relatively uniform layer of ash over the whole
Auckland metropolitan area, including Auckland City, Manukau City, Waitakere City, North
Shore City and Papakura District.
Table 4 gives the total volumes of ash falling on roads and roofed and paved areas of residential
properties for three ash fall depths (uniform 1, 5 and 10 mm ash deposits). Ash volume on
roads was estimated by obtaining the total road distance within the local authority areas (4178
km) and assuming an average road width of 20 metres between property boundaries. Ash
volume on roofs and paved areas of residential dwellings was estimated by obtaining the total
number of dwellings (320,631) and assuming that each dwelling has a total roofed and paved
area of 150 m2.

ARC Technical Publication No. 144
May 2001

Volcanic Ash Review
Page 6

Table 2.

Effects of Ash Falls on Utilities and Facilities

Utility or Facility

Effects

Buildings/Structures
and Roofs

•

Structural deformation or collapse (heavy deposits)

•
•
•

Clogging and damage to air conditioning systems
Blockage of surface water drainage from roofs
Corrosion

Roads

•

Reduced visibility (during ash fall and due to remobilised dust
following deposition)
Traction problems (especially if wet)

•
•
•
•

Vehicle damage (wear on moving parts and paintwork)
Loss of access for emergency services and transport disruption
if roads closed
Blockage of surface water collection

•
•

Reduced visibility (during ash fall)
Wear on moving parts

•

Short circuiting of electricity supplies and track signals

Airports

•
•
•

Airport closure
Aircraft engine damage
Full cleanup of runways prior to return to operation

Electricity Distribution
Systems

•

Insulator flashovers (in conjunction with rain)

•

Line breakage

Water Supply Dams
and Associated
Infrastructure

•
•
•

Turbidity
Leaching of soluble components
Damage to filters at intake structures and/or treatment plants

•

Change in pH and microbiology of supply

•
•
•

Pipe blockages
Damage to exposed systems
Damage to exposed electrical/mechanical system

•
•
•

Pump damage
Interference with treatment processes
Disruption of biological media processes

•
•

Transportation of ash to settling ponds requiring removal
Possible damming or beaching of waterways

Telecommunications
Equipment

•

Corrosion

Public Safety Vehicles
(Fire Engines,
Ambulances)

•

Damage to engines (four hourly changing of oil and filters
recommended during operation to protect against engine
failure)

Railways

Sewage and
Stormwater Systems
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Table 3.

Ash on Roads from Auckland Eruptions

Scenario

Ash on Roads (m 3)

Ash on all Land (m 3)

1

716,000

4,295,000

2

390,000

2,270, 000

3

915, 000

5,430,000

4

870,000

5,061,900

5

975,000

6,055,000

Scenario 1 An offshore, surtseyan-style, phreatomagmatic eruption, centred in the Rangitoto
channel, producing a smaller version of Rangitoto volcano.
Scenario 2 A phreatomagmatic eruption centred in the Tamaki Estuary, affecting residential
and industrial areas.
Scenario 3 A waterfront phreatomagmatic/magmatic eruption centred in the railyards,
affecting central business district, port, and residential areas.
Scenario 4 A magmatic eruption from a vent at the top (south) end of Queen Street,
Auckland City, affecting the central business district (CBD).
Scenario 5 A magmatic eruption from a vent at the intersection of Mt Albert/Mt Eden roads,
affecting residential and commercial areas.

Table 4.

Ash Volumes on Auckland Metropolitan Roads and Residential Roofed and Paved
Areas for Uniform Ashfall

Ash Deposit
(mm)

Ash on Roads
(m 3)

Ash on Roofed and
Paved Areas (m 3)

Total
(m 3)

1

85,000

50,000

130,000

5

420,000

240,000

660,000

10

835,000

480,000

1,315,000

Tables 3 and 4 indicate that the quantities of ash requiring collection and disposal could range
from 131,000 m 3 to over 6,000,000 m 3.
It should be noted that ash deposits from a distal eruption may not be deposited in a uniform
layer, but may deposit to varying depths depending on the following factors:
•

distance from eruption;

•

topography;

•

buildings and structures;

•

weather conditions and;

•

number and frequency of ash falls.
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4.3

Collection of Volcanic Ash

There have been a number of recent well documented cases of collection and removal of ash
from volcanic eruptions overseas. These are summarised in Appendix 2. The following sections
recommend methods for collection of ash that are likely to be appropriate in Auckland, based
on suggested methods compiled by F.E.M.A. (the United States Federal Emergency
Management Agency) and detailed in Appendix 3. Specific recommendations are not available
for communication lines, rail or port utilities. Suggested clean up methods will need to be
considered in more detail on a sector, agency and site specific basis during the preparation of
contingency plans.
It should be noted that actions taken during an ash fall can have significant effects on future
cleanup requirements in some situations.
Public agencies and lifelines should ensure that they have contingency arrangements for access
to equipment and vehicles necessary to collect and dispose of ash to avoid the potential for the
necessary equipment being tied-up by private company cleanup operations.
The time required to clean up ash deposits will depend on the extent and depth of ash deposits
and may take from several weeks to several months. Over that time factors that may affect the
ease of, and time required for cleanup include:
•

•

rain, which can wash ash into stormwater drains and wastewater systems, lead to short
circuiting on power distribution systems, and cause build-up of ash in depressions. In
addition ash deposits may harden after wetting, creating further difficulties;
wind, which can spread lighter particles of ash around creating a dust nuisance and causing
additional damage to mechanical plant and equipment. Dust nuisance can also be created
by vehicles driving on roads covered in ash;

•

additional ash deposits, prior to completion of cleanup activities.

Specific recommendations with respect to ash disposal from the following are detailed below:
•

buildings and structures;

•

roads;

•

sewage and stormwater systems;

•

airports;

•

electricity distribution systems;

•

water supplies; and

•

residential properties.

However, the following common issues should be addressed in all instances:
•

co-ordination and prioritisation. Public agencies and private companies associated with
lifelines should co-ordinate and prioritise cleanup both within and between their
organisations to ensure that resources are used most effectively and cleanup activities do
not adversely affect other lifelines. This may include involving community groups and
organisations in assisting with cleanup for lifelines. These matters, including
communications channels, should be clearly detailed in contingency plans;
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•

personal protection equipment. All staff and volunteers involved in cleanup activities should
be supplied with appropriate personal protection equipment (for example, overalls, goggles,
dust masks) to reduce the potential for adverse health effects;

•

minimise double handling. Cleanup activities should be planned and executed to minimise
the requirements for double handling and ash effects on other lifelines;

•

frequent servicing of plant and machinery. All plant and machinery used for cleanup
activities should be subject to more frequent servicing (for example, cleaning, lubrication, air
filters, oil and oil filter changes – up to four hourly during cleanup operations) to counter
the wearing effects of ash.

4.3.1

Buildings and Structures

Removal of ash from roofs should be undertaken before removal from paved areas or roads
below as any cleared areas beneath the level of the roof can quickly become covered again with
windblown ash. The exception is priority strategic routes which need to be cleared immediately
to allow access around the region. Also the potential for catastrophic roof collapse will arise if it
rains, as rain will increase the weight of deposited ash. Wet ash in depths of over five
centimetres will become very heavy and pose a hazard to roof safety/structural integrity,
depending upon size/area of roof covered and the roof construction method. It is also
recommended that information on, or verification of, roof load carrying capacity be sought.
F.E.M.A. (1984) suggested methods for removing ash from different types of roofs and these
are detailed in Appendix 3. Important issues to note with respect to clearing of roofs include:
•

downpipes should be blocked off (or dammed if water is used) to prevent blockage of
stormwater systems;

•

thorough removal of all ash from around ventilation inlets;

•

care must to taken to avoid damage to the roof structure by people or equipment;

•

if possible, obtain the use of a vacuum vehicle to extract ash and prevent it from becoming
airborne again;

•

appropriate safety measures to prevent accidents and falls.

It may also be advantageous to check insurance policies to see if any actions undertaken, or
inaction in some circumstances may void the policy with respect to damage due to the ash or
cleanup process (for example, failure to remove ash within a reasonable time prior to rainfall).
Priority should be given to the checking and retrofitting of roofs of critical facilities such as
hospitals and fire stations to carry a selected thickness of ash.
4.3.2

Roads

F.E.M.A. (1984) suggested methods for removing ash from roads and these are detailed in
Appendix 3. The prompt removal of ash from roads is important to reinstate transportation
routes and allow access to emergency services and facilities. The Auckland Engineering Lifelines
Group is undertaking a project to identify priority routes for roading authorities to clear as a
priority following an ashfall event. These priorities are being based on:
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•

major arterial transport routes and public transport routes;
access to emergency services and facilities, especially police and fire services, emergency

•

medical aid/ambulance services and hospitals;
access to critical lifeline facilities (for example, electricity sub-stations, water and sewage

•

pumping stations);
•

commercial and industrial areas.

Experience with ash fall cleanup overseas indicates that the best method to clean up ash is as
follows:
1.

sprinkle ash with water to reduce dust;

2.

if possible, mix ash with wet sawdust to contain/restrict ash from becoming airborne;

3.

blade ash to the middle or side of the road;

4.
5.

pick up ash using a belt or front end loader;
remove remaining ash or dust using power brooms or water with provision for prevention
of ash from entering the stormwater system.

Ash should be swept or bladed away from stormwater drains. Where water is used, filtering
dams should be placed around stormwater drains (for example using sandbags) to screen
sediments from entering the drain.
Ash from residential properties can be collected during road removal to avoid double clean ups.
Residents can place ash collected from roofs and paved areas onto the road before roads are
cleared. It is important to co-ordinate the clean-up operations to ensure precincts are made to
prevent a cleaned site from being further contaminated from ash blown from neighbouring,
uncleaned properties.
4.3.3

Sewage and Stormwater Systems

F.E.M.A. (1984) have suggested methods for protecting stormwater and sewage systems from
ash and these are detailed in Appendix 3.
Ash can cause blockage of stormwater and sewage pipelines and is difficult to remove. In
addition it can damage or destroy mechanical components of sewage treatment systems.
Sewage treatment systems are particularly vulnerable in areas with mixed stormwater/sewerage
systems. Therefore measures to protect stormwater and sewage systems should begin during
the ash fall event. These can include:
•

placing filtering dams around stormwater drains (for example using sandbags and hay
bales) to allow sediment to settle before water reaches the drain;

•

covering equipment and ventilation intakes;

•

shutting off parts of, or all of, sewage treatment plants for short periods when there is
highest risk of ash contamination to prevent longer shut off periods to repair or replace

•

damaged equipment;
changing all filters 3-4 times in first 24 hours following ashfall, then daily for next seven
days;
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•

covering bio-media with large rolls of paper to prevent contamination/disruption of
processes.

Ash can be removed from stormwater drains and sewage pipelines using high pressure water or
high pressure vacuum hoses.
4.3.4

Water Supplies

Measures to protect water supply systems should begin during the ash fall event. To prevent or
reduce physical damage to plant and pumps they should be covered during ash falls and ash
removed before continuing operations.
To reduce turbidity of water a flocculating agent may be used.
To ensure microbiological safety of water, chlorine requirements under conditions of changing
pH need careful monitoring.
4.3.5

Airports

Key issues with respect to ash and airports are detailed in Appendix 2.
Much of the danger from ash in respect of airports relates to potential damage to aeroplanes
and aeroplane engines. Airports and airspace will be closed during ash falls and aeroplanes
should be removed from the airport before the ash starts to fall.
Ash should be removed from buildings and runways, as detailed above for buildings and roads.
It is important to remove ash from buildings first to prevent double cleanups.
In addition oil and filters should be changed in all exposed aircraft engines following the ashfall.
4.3.6

Electricity Distribution Systems

F.E.M.A. (1984) have suggested methods for protecting electricity distribution systems from ash
and these are detailed in Appendix 3.
To prevent widespread power outages ash should be removed from electrical supply facilities as
soon as possible and from the most sensitive areas first.
Ash can be cleaned from dry surfaces by air blasting or brushing. Wetted ash is difficult to
remove without high-pressure water or hand cleaning.
4.3.7

Residential Properties

Removal and collection of ash from residential properties needs to be co-ordinated in
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conjunction with collection of ash from residential roads. In this way the collected ash can be
placed on the roadside for collection during clearing of roads.
If an ash fall is relatively light (that is, less than 5mm) it is likely that it can be left on lawns and
gardens. Residents will still need to clean up the ash from roofs and paved surfaces. Swimming
pools will require special cleaning, changing of filters and covering to protect from further ash
fall out.
Experience from overseas indicates that streets and neighbourhoods will readily organise
themselves into teams and work co-operatively to clean up all properties within a street or
neighbourhood (see Appendix 2), and place ash in the appropriate place for collection.
Ash should be swept up from roofs and paved areas, using the methods described for buildings,
and piled on to the road for collection.
To assist residents in preventing damage to their roofs and reduce the potential for accidents
and falls, guidelines and safety advice for removal of ash from properties could be prepared for
copying and dissemination should an ash fall occur.

4.4

Disposal of Volcanic Ash

4.4.1

Ash Quantities

With between 130,000 and 6,000,000 cubic metres of ash potentially collected, disposal
presents a number of difficulties. To provide a comparison of disposal quantities, the largest
municipal solid waste landfills in the Auckland Region can accept in the order of 300,000 to
450,000 cubic metres per year.
Given the quantities of ash which may need to be disposed of and potential problems
associated with ash if not cleaned up, it is imperative to clean up ash and remove it to an
appropriate disposal location as quickly as possible. The potential for alternative uses of ash
exists, for example as a building material (though noting it will be difficult to compact and
handle and will need strictly controlled placement). However, these are likely to take time to
develop and may possibly be best pursued by mining ash after collection and disposal has
occurred.
4.4.2

Disposal Method

Existing engineered landfills and/or cleanfills would provide insufficient capacity as well as being
costly for all but the smallest ash fall scenarios, in which case they may be the most expedient
disposal location.
The most obvious disposal option is disposal to land. Land disposal was used in the overseas
examples cited in Appendix 2. There are no known examples of offshore marine disposal of
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volcanic ash. Marine disposal of spoil from harbour development has recently been used in
Auckland. However, costs are an order of magnitude greater than those estimated for land
disposal. In addition, the transport to and handling of ash in port areas is likely to result in
additional dust nuisance and possibly ash damage to port infrastructure.
The most suitable disposal locations are likely to be quarry sites and gullies to the north and
south of Auckland. A number of different disposal locations may be necessary to provide
sufficient capacity. Potential disposal locations should be identified, on a regional basis, as part
of the contingency planning process, for use by all organisations and public agencies
undertaking clean-up operations. This identification could be undertaken through a siting
process or by asking for volunteer landowners to make available parts of their property for ash
disposal, if required.
The desirable features of disposal locations include:
•

close proximity to ash cleanup area(s);

•
•

existing access from the main road for heavy vehicles;
situated away from waterways (which could be affected by any leaching of chemicals from

•

the ash or fine material washed from the ash);
availability of soil for cover (although other forms of ground cover, including planting of rye
grass, ivy, or use of pre-grown lawn/turf for immediate coverage, may be options);

•

end use of disposal site;

•

meet resource consent requirements (discussed below).

Once identified, potential disposal sites should be ranked in terms of favourability, with the
most favourable sites used in the first instance.
The following technical issues would also need to be considered, on a site specific basis, in
planning for a disposal location and ash disposal operation:
•

formation of access roads;

•

equipment requirements;

•

stability of the ash material during and following deposition, including compaction
requirements and maximum slope angles;

•

potential dust nuisance (which could be mitigated by water sprays and prompt covering and
grassing following completion);

•

daily maintenance of equipment to reduce wear.

The responsibility for operating the disposal site needs to be assigned to an appropriate
organisation or public agency.
4.4.3

Resource Management Issues

In respect of the provisions of the Resource Management Act (1991) (RMA), the disposal of ash
resulting from an ash fall would be covered under Section 330, ‘Emergency works and power to
take preventative or remedial action’. This would allow the immediate deposition of ash onto
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land without the usual requirement to first obtain any resource consents that may ordinarily be
necessary. However, suitable disposal sites should be determined prior to an emergency, and
where possible, resource consents for ash disposal should be attained in advance.
However, section 331 of the RMA requires that:
1. the person, authority or network utility operator which undertook the activity shall notify
2.

the appropriate consent authority within 7 days;
if the activity contravenes any of sections 9, 12, 13, 14 or 15, and the adverse effects
continue, then resource consents have to be applied for within 20 working days of the
notification.

If consent application(s) is made within the 20 days then the activity may continue until the
application for a resource consent and any appeals have been determined.
Depending on the specific locations, nature of the ash and regional and district plan
requirements the following resource consents may be required:
•
land use consent from the district council or regional council, or both (section 9 of the
•

RMA);
discharge permit from the regional council to discharge contaminants onto or into the
ground (section 15 of the RMA);

•

discharge permit from the regional council to discharge contaminants into water if there is
a potential for harmful leachate (section 15(1)(a) and 15(1)(b) of the RMA);

•

discharge permit from the regional council to discharge contaminants into the air (dust)
(section 15(1)(c) of the RMA);

•

water permit from the regional council for the diversion of water (if required) and sediment
retention ponds (section 14 of the RMA).

Site specific resource consent requirements would need to be considered in identifying potential
sites. Preliminary consultation should also be undertaken with the district council, tangata
whenua and site neighbours.
4.4.4

Transport and Disposal Costs

It is estimated that the cost of transporting ash would be in the order of 30 cents per cubic
metre per kilometre (return trip). Assuming an average distance to disposal of 50 kilometres the
total transport cost would be in the order of $15 per cubic metre.
Assuming an average truck load of 12 cubic metres the total number of trips would be between
11,000 and 500,000, for the various ash fall scenarios.
The cost of disposal is likely to be in the order of $3 per cubic metre, to give a total cost for
transport and disposal in the order of $18 per cubic metre. This would equate to a cost of
between $2,400,000 and $108,000,000 for transport and disposal for the ash fall scenarios.

ARC Technical Publication No. 144
May 2001

Volcanic Ash Review
Page 15

5.0 OCCUPATIONAL HEALTH
In an Auckland Volcanic Field eruption ash removal workers will be at risk from a range of nearvent hazards (e.g. pyroclastic surges, ballistic blocks) but these will be limited to within a few
kilometres of the vent and will persist only for the duration of the eruption. Baxter (1999) gives
a detailed summary of the range of health impacts from these hazards. Also at near-vent
locations roof collapse is possible where ash fall thickness exceeds 100-300 mm.
The smaller ash particle sizes found at the furthest distances from the volcano are often those of
greatest concern from a health perspective. However, the physical health effects of ash, even
some distance from the source, are still only minor (refer to Table 5). Despite this, previous
research has illustrated that ash inundated communities show much concern about the
potential negative health effects of ash (Ronan 1997).

5.1

Respiratory effects

The respirable portion of ash is that below 10 µm in diameter. The proportion of such ash may
vary and is dependent on the size of the eruption, the eruption dynamics, and distance from
vent. In communities in eastern Washington following the 1980 Mt St. Helens eruption the
respirable proportion of ash was 90% (by count) at Mt St. Helens. During the eruption of
Mount Ruapehu in 1996 it was estimated that 20% by weight was <30µm (Hickling et al.
1999).
Exacerbation of pre-existing obstructive lung disease caused by high total suspended particles
(TSP) due to ash-fall has been noted (Yano et al. 1990), in particular an increase in asthma and
bronchitis. Even during the 1996 Mount Ruapehu eruption an increase of bronchitis was
detected (Hickling et al. 1999) despite the small amount of ash and the relatively low respirable
portion. However, other studies have not shown an increase in respiratory disease (Yano et al.
1990) and during the eruption of Mount Ruapehu 1996 there was no increase of pulmonary
disease other than bronchitis (Hickling et al. 1999). Importantly, Bradshaw et al., (1997) found
no exacerbation of asthma in children resident in the ash fall area of the 1995 eruption of
Ruapehu.
Other acute effects of ash noted in those working in ash rich environments following the Mount
St Helens eruption 1980 include nasopharyngeal irritation and nasal stuffiness in the upper
respiratory tracts and cough phlegm production and chest tightness in the lower respiratory
tract, with a transient decrease in respiratory function (Baxter et al. 1986).
Volcanic ash may contain a varying amount of free silica that has the potential to cause silicosis,
which is a a disease of the lungs which can be disabling or even fatal. During the Mount Helens
eruption the free silica content was 3 – 7% of the sub 10 µm fraction of ash. Due to the
relatively low free silica content it was estimated that the chances of silicosis developing in even
high exposure groups such as clean up workers or loggers was negligible (Baxter et al. 1986).
However, in the more recent eruptions at Soufriere Hills, Monserrat (Baxter 1999) the free silica
content has been much higher (10-24% by weight of the sub 10 µm fraction) and the exposure
is much more prolonged meaning that the risk of silicosis cannot be ignored.
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5.2

Ocular

Eye irritation, conjunctivitis and corneal abrasions are very common effects noted during just
about all ash-falls following volcanic eruptions (Baxter et al. 1981; Baxter et al. 1986; Hickling et
al. 1999;). In particular contact lens wearers and individuals with dry eyes (sicca syndrome)
experience problems. However, no chronic effects have been noted (Baxter et al. 1986).

5.3

Mechanical

A range of indirect public health effects is common in clean up workers and members of the
public during and after ash falls. It is common for a small proportion of people to fall from
ladders and roofs during ash removal and to fracture limbs. This has commonly provided the
largest total number of injuries in ash affected communities. Automobile accidents are also a
potential problem if vehicles are operating in poor visibility or on slippery roads.
Table 5.

Principal health effects of eruptions at a distance from the volcano and main
preventive measures (adapted from Baxter et al. 1986)

Eruptive
event
Ashfall

Consequence

Health Impact

Monitoring

Respiratory
inhalation of fine
ash
<10µm

(Asthma).
Exacerbation of preexisting lung disease

Inhalation of
siliceous dust

Silicosis - chronic
silicosis is a fibrous
(scarring) reaction of
the lungs caused by
inhalation of
crystalline silica

Monitoring TSP
Monitoring of
<10µm ash using e.g.
a cyclone and ppm in
built up areas
especially
Determining free
silica content in
respiratory portion
and monitoring
exposure in high
exposure
individuals/jobs

Ocular
Foreign bodies in
eyes
Mechanical
Roof collapse and
falls from roofs
Automobile
accidents (slippery
roads and poor
visibility)
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Conjunctivitis, corneal
abrasions

Monitoring of wind
direction and ash
production for early
warning

Trauma
Trauma

Monitoring of areas
that will receive ash
and warning the
public of
danger/shutting off
roads

Preventive
Measure
Wear high
efficiency masks,
protect
home/offices
from ash
infiltration.
Respiratory
protective
equipment

Goggles for
when heavily
exposed

Prevent build up
of ash; exercise
care if on the
roof
Traffic control
Pre-eruption
advisory leaflets
to all homes.
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5.4

Psychological effects

No serious emotional effects or changes in behavioural functioning were found in children
following the 1995 eruption of Mt Ruapehu (Ronan 1997), and it is therefore reasonable to
assume that cleanup workers and members of the public would not be adversely affected unless
ash falls were so severe as to cause extensive damage to personal property.
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6.0 DISCUSSION – ORGANISATIONAL PREPAREDNESS
AND RESPONSE
Volcanic ash removal should be considered as part of an overall risk management strategy for
volcanic hazards in Auckland. Non-eruptive or quiescent times afford the best opportunity to
develop mitigation strategies to prepare for future ash falls.

6.1

Non-eruptive periods

All organisations should consider their vulnerability to volcanic ash falls. Once the vulnerability
has been assessed mitigation strategies can be developed. Three types of approach can be
used:
•
Policy and management measures that reduce the likelihood of damage and/or failure.
•
Engineering design measures that reduce vulnerability.
•

Preparedness and response planning to deal with consequences of the event.

Mitigation options should be evaluated in terms of risk reduction and the benefits or
opportunities created. In selecting any appropriate option(s) the cost of implementation must
be balanced against the benefits derived from it. Funds spent on engineering solutions to
control hazards may draw resources away from equally effective less costly planning solutions.
Pre-planning can reduce the severity of ash impacts. Mitigation, planning and preparation
measures should include the following activities:
•
Conduct a vulnerability analysis of equipment and facilities to determine which would be
•
•
•
•

•

the most affected and which are adequately protected.
Identify appropriate methods of protecting vulnerable equipment and facilities.
Develop a priority list of facilities that must be kept operative versus those that can be shutdown during and after ash falls.
Identify effective and efficient ash-removal methods for equipment and facilities.
Establish plans to implement ash mitigation measures containing procedures for: warning
and notification of potential ash falls, reducing or shutting down operations, accelerated
maintenance and ash-clean-up operations.
Stockpile spare parts for critical equipment, filters and cleaning/disposal equipment.
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6.2

Mitigation measures during a crisis

Past eruptions illustrate only a few mm or cm of ash is sufficient to cause disruption of
transportation, electricity, water, sewage and stormwater systems. However, most systems, if
affected only by thin ash fall (<50 mm), can be restored within a few days to weeks after an
eruption has ended. Volcanic ash is highly abrasive, mildly corrosive and potentially conductive
(especially when wet). Mitigation actions have two basic purposes: 1) preventing or limiting ash
entering systems or enclosures; and 2) effective and efficient removal of ash to prevent or
reduce damage.
The most effective method to prevent ash-induced damage is to shut down, close off and/or
seal off equipment until the ash is removed from the immediate environment. In many cases
this is not practical or acceptable. Some mitigation procedures can cause additional problems
or may be counter-productive. No one technique is the solution to all situations and a range of
measures will often provide the best results. Constant monitoring of ash effects and mitigation
procedures is required to achieve the most effective balance between operational requirements
and damage limitation.
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7.0 CURRENT AND FUTURE RESEARCH
A number of research projects are currently underway which will provide information on issues
presented in this report.

7.1

Determining the frequency/periodicity of ash inundation
in Auckland

In 1998, a sedimentary core was extracted from Pukaki Crater - an infilled maar crater located
within the Auckland Volcanic Field (AVF), situated very close to Auckland airport. Over 40
tephras derived from the Auckland Volcanic Field and five other distal sources (Mayor Island,
Okataina, Taupo, Tongariro, Egmont Volcanic Centres) were identified within the core. In
February 2001, as part of a joint Victoria University and GNS collaborative project, a second core
was retrieved. This core has aiming to extended the high resolution record a beyond 23,000
years and provide new information on ash inundation in the Auckland area over an extended
and poorly known time interval.

7.2

Improving our understanding of ash impacts on
infrastructure

GNS is currently compiling a database of volcanic impacts by working with a range of sectors
(e.g. agriculture, electricity) and collaborating with the U.S. Geological Survey to develop a web
page for presenting this information. GNS is also involved in a University of Canterbury Public
Good Science funded project that is looking at the vulnerability of urban infrastructure to
volcanic ash. Two student studies are commencing in 2001, one investigating ash management
options for urban areas, and the second looking at the engineering properties of distal ash falls.

7.3

Developing a more effective system for agencies to
prepare for and respond to ash events

A study trip to Japan is planned for June 2001 to investigate the impacts and management of
volcanic ash falls on the city of Kagoshima. The nearby Sakurajima volcano has been
continuously depositing small amounts of ash on the city for most of the past fifty years. The
city presents a unique opportunity to examine the ongoing impacts of volcanic ash falls on
urban infrastructure. The city authorities have developed a range of ash-management
procedures and sophisticated mitigation measures to counter the “ash-problem”. Information
gathered from this trip will have wide application to a range of utility companies, as well as
local, regional and central government planning agencies. There is an opportunity for members
of New Zealand Lifeline Groups to join this trip.

ARC Technical Publication No. 144
May 2001

Volcanic Ash Review
Page 21

7.4

Further Research

This report has identified numerous gaps in our understanding of the potential impacts of ash
falls in urban areas and ways of managing an event. More detailed qualitative and quantitative
observations of the impacts of actual volcanic ash falls are required to better understand the
effects on engineering lifelines. This will require appropriate researchers, utility engineers and
managers visiting ash-impacted communities in New Zealand and overseas to investigate the
wide range of issues highlighted in this report. Specific areas that would benefit from further
research include:
•

Methods for protecting vulnerable equipment and facilities from volcanic ash falls.
This work could review the range of methods used during past ash fall events for protecting
specific equipment (e.g. water screens, plastic covers, paper filters, positive pressure) and
evaluate their effectiveness. Further work could consider the simple design measures that
could be built into new facilities to eliminate or reduce ash infiltration.

•

Corrosion potential of volcanic ash. There are many examples world-wide of corrosion
damage caused by volcanic ash, however there is little detailed research on the subject.
Further work is required to determine corrosion rates, which will influence the timeframe in
which ash removal should be conducted. Long-term impacts of ash infiltration into
electrical and computer equipment needs more consideration.

•

Abrasion potential of volcanic ash. Like corrosion, abrasion damage is commonly
reported yet little detailed research has been undertaken. How does operating equipment
in an ash-rich environment affect its short term performance and long-term life?

•

Effective and efficient ash-removal methods for equipment and facilities.. This work
could review the range of methods of ash removal and evaluate their effectiveness. Further
work is required to evaluate suitability of current equipment available in Auckland for
undertaking a major ash clean-up operation and the associated transportation options and
costs. This will also need to include further work in assessing the nature and properties of
ash and how this will effect handling and transportation.

•

Ash removal sites.. Further work is required to identify appropriate ash disposal sites in
the Auckland Region. This work needs to consider not only the suitability of sites but also a
range of legal and ownership issues relating to their use in an emergency situation. This will
need to include further investigation into the properties of ash, as they impact on disposal
options, such as moisture content, permeability, dispersion (for off-shore disposal), and
angle of friction.

•

Management of ash removal . Controlling authorities and utility operators will need to
develop contingency plans to manage ash removal. Such plans will need to be tailored to
the specific needs of the affected organisation and/or community.

•

Legal issues.. A number of legal questions need to be addressed with respect to the use of
land for ash fall disposal, resource consents for its disposal, commandeering equipment etc.
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•

Community involvement. Overseas ash fall events have shown a range of community
responses to the ash clean-ups. Further work is needed to assess how Auckland
communities may respond to ash removal. Issues to address include:
Ø to what degree will residents mobilise to assist in community clean-up operations?;
Ø
Ø
Ø

which groups will be involved?;
will this differ across the city?;
who will co-ordinate activities?;

Ø
Ø

what resources will be needed?;
what actions can be taken before an event to improve the effectiveness of community
clean-up operations?.
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8.0 RECOMMENDATIONS
Ø

Individual organisations should develop contingency plans for the removal of ash from their
facilities. This should involve at least the six steps outlined in section 6.1.

Ø

A regional strategy for the efficient co-ordination of volcanic ash removal and disposal in
Auckland should be developed. This must cover:
•
Clarification of response procedures and responsibilities for ash removal within the
region;
•
Definition of the roles and responsibilities that all responding agencies will have with
respect to ash-removal (and other volcanic response issues);
•
Availability, and possibly allocation of resources and equipment required for ash
collection and removal;
•
Definition of procedures and content for communication of public information about
ash fall removal;
•
•

Provisions for revising and updating the plan at regular intervals;
Determination of responsibilities for paying the costs of ash collection and disposal..

Ø

Continuing research should be encouraged to address the wide range of unresolved issues
identified in this report. In addition, there is a need to establish mechanisms to include
new research findings in the planning process.

Ø

A priority area for research should be the identification of suitable ash disposal sites and
clarification of the legal and ownership issues related to their uses.

Ø

Information exchange, research and discussions undertaken between AELG and other
lifeline groups would contribute to addressing issues related to ash disposal and assist in
devising solutions.

Ø

The AELG members are encouraged to participate on reconnaissance visits to, and support
exchanges with, other ash-affected communities.
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APPENDIX 1:

PROPERTIES OF ASH

Thickness and Particle Size:
It is well known that thickness and median grain-size of ash deposits generally decrease exponentially
with distance from a volcano (Walker 1971). The distribution of ash (Fig. A1) will depend on the initial
grain-size distribution of the ejecta (reflecting fragmentation during the eruption), the dynamics of the
eruption column and its interaction with wind (Carey & Sparks 1986, Bursik et al. 1992, Sparks et al.
1992, Koyaguchi 1994). The thickness of pyroclastic fall deposits exponentially decrease with the
square root of the area enclosed within an isopach contour (related to distance from vent) (Pyle 1989;
Fierstein & Nathenson 1992). (Pg No. 26, pg. 37).
Grainsize and thickness characteristics of tephra from the Auckland Volcanic Field: The style of
eruptions in the Auckland Volcanic Field are largely controlled by location of the vent on land or in the
sea, and by the near surface occurrence of water saturated sediments. Past eruptions have covered a
range from phreatomagmatic (“wet”) eruptions caused by explosive interaction of magma and
external water, to purely magmatic (“dry”) eruptions with minimal involvement of external water.
The fragmentation associated with phreatomagmatic eruptions produces a high proportion of fine
material (ash and lapilli). Steam condensation in the eruption plume commonly produces ash rainout
and promotes aggregation of ash into small clusters. In the 1977 eruptions of Ukinrek Maars, the ash
plume rose in excess of 6 km and ash fell up to 125 km from the vent (Self et al. 1980). The 1963
Surtsey eruption produced an ash plume to 12-15 km altitude and ash fell >20 km downwind
(Thorarinsson 1965, 1969).
Magmatic activity typically builds scoria and/or spatter cones at the vent, with scoria-fall deposits of
limited areal extent and volume being deposited around and downwind of the vent. Blackburn et al.
(1976) describe the dynamics of strombolian explosive eruptions. Observations of the 1973 Heimaey
eruption showed that large clasts (>20 cm) follow ballistic trajectories from the vent; intermediate
sized clasts (5-20 cm) are commonly released from the eruption column at heights of 100-500 m;
small particles (0.1-5 cm) are carried up to heights of 200-1000 m in the convecting eruption plume,
and finer material (< 1 mm) reaches heights of 6-10 km (Self et al. 1974). Subsequent dispersal is
influenced by wind velocity. Most of the coarse material is deposited on and near the vent, but a small
proportion of fine material can be deposited hundreds of kilometres downwind.
The distributions of basaltic tephra erupted from the Auckland Volcanic Field have never been mapped
nor have their grain-size and thickness parameters been systematically measured.
Tephras erupted from volcanic centres in the central North Island during the last 15 ka have been
recorded as up to 11 macroscopic layers as lake sediment cores in the Hamilton Basin (Lowe, 1998), c.
100-200 km from source and halfway to the Auckland metropolitan area.
Experimental distal tephra thinning trends suggest that these tephra layers should have extended
across Auckland: the 1 mm isopach of Taupo and Okataina derived tephras should be 200-250 km
from source; for andesitic tephras it should lie at c.250-300 km.
Recent work (Newnham et al., 1999; Sandiford in press) has confirmed the presence of these tephra
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layers of Auckland region as layers <1 mm to 3 cm thick.
Componentry:
Pyroclastic fall deposits are composed of various proportions of vitric, crystal or lithic particles (Fisher &
Schmincke 1984). Vitric particles are glass shards or pumice derived from magma (Heiken & Wohletz
1985), while crystals are minerals derived from phenocrysts or microlites developed in the magma.
Different minerals reflect the composition of different magmas. The most common minerals are shown
in Table A1. Lithic particles can be divided into three types: cognate (derived from non-vesicular
juvenile magmatic fragments), accessory (derived from co-magmatic volcanic rocks from previous
eruptions) or accidental (derived from basement and therefore of any composition).
Table A1.

plagioclase
olivine
pyroxene
hornblende
biotite
alkali
feldspar
quartz
Fe-Ti oxide

Composition of major phenocryst phases in magma (from Thorpe & Brown 1985)

Basalt

Basaltic
andesite

Andesite

Dacite

Rhyolite

**
**
**
*
**

***
**
**
*
**

***
*
**
**
*
*
*

***
*
**
**
**
**
-

**
*
**
***
***
-

*** often present, ** frequently present, * rarely present, - absent or rare
In hand specimen and under the binocular microscope the pale coloured rhyolitic tephras (Taupo,
Okataina) are predominantly vitric with both platy and sparsely porphyritic pumiceous glass shards.
They also contain subordinate feldspar, crystal fragments and heavy minerals. Lithic fragments are rare.
The andesitic tephras (Tongariro, Egmont/Taranaki) are usually darker in colour, are composed mainly
of feldspar and heavy mineral crystals and of greyish vesicular, andesitic scoria comprising microlites or
crystallites of feldspar and other constituents in a glass matrix. Sparse lithics of varying composition
may also occur.
Heavy Minerals - The abundances of heavy and opaque mineral fractions of distal tephra preserved in
the Waikato were analysed by Lowe (1988). The heavy mineral fractions consist chiefly of
ferromagnesian silicates and Ti-Fe oxides (opaque minerals). Distal tephras from the rhyolitic Taupo
and Okataina Volcanic centres are relatively low in heavy minerals (<5%) but high in Ti-Fe oxides (c.
20-30%). The opposite applies to the andesitic Tongariro and Egmont derived tephras, which are high
in Fe-Mg silicates (c. 15-25 %) and relatively low in oxides (10%). Samples of Mayor Island derived
tephras are very low in both Fe-Mg silicates minerals (1%) and oxides (5%). These trends in relative
mineral abundances will be broadly similar to those of the distal tephras preserved in the Auckland
area.
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Figure A1.

Schematic illustration of the fall-out of particles from an umbrella eruption cloud
showing decreasing thickness and mean grain-size with distance from source.

Density: The density of individual particles may vary from 700-1200 kg m-3 for pumice, 2350-2450 kg
m-3 for glass shards, 2700-3300 kg m-3 for crystals and 2600-3200 kg m-3 for lithic particles (Shipley &
Sarna-Wojcicki 1982). Pumice fragments may form mats of floating material if deposited on water.
Since coarser and more dense particles are deposited close to source, fine glass and pumice shards are
relatively enriched at distal locations (Fisher & Schmincke 1984).
The bulk density of any pyroclastic fall deposit can be variable, with reported dry bulk densities of
newly fallen and slightly compacted deposits varying between 500 and 1500 kg m-3 (Kienle 1980;
Moen & McLucas 1980; Scott & McGimsey 1994). Both increasing and decreasing bulk densities with
distance from source have been reported (Scasso et al. 1994), but distal ash falls most commonly show
slight increases in bulk density with distance. Grain-size, composition (proportions of crystal, lithics,
glass shards and pumice fragments) and particle shape appear to be the main features controlling bulk
density. Less spherical particles (more irregular) will pack relatively poorly resulting in higher porosity
and lower bulk densities. Particle aggregation (Gilbert et al. 1991) prior to deposition will result in
higher particle packing and therefore higher densities.
Abrasiveness: The abrasiveness of volcanic ash is a function of the hardness of the material forming
the particles and their shape. Hardness values (on Moh's scale for hardness) for the most common
particles are shown in Table A2. Ash particles commonly have sharp broken edges (Heiken & Wohletz
1985) which makes them a very abrasive material.
Soluble components: Freshly fallen ash grains commonly have surface coatings of soluble
components (salts) and/or moisture (Rose 1977), which make them mildly corrosive and potentially
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conductive. These soluble coatings are derived from interactions in the eruption column between ash
particles and aerosols which may be composed of sulphuric and hydrochloric acid droplets with
absorbed halide salts (Fig. A2). This process is most active close to a volcano (i.e. <50 km), although
the amount of available aerosols varies greatly even between eruptions of similar volumes (Bernard &
Rose 1990).
Table A2.

Moh's scale of hardness (mineral hardness from Deer et al. 1980).

Scale Number

Mineral

1

Talc

2

Gypsum

Metal

Minerals in volcanic ash and their
hardness (H)

Aluminium
Copper
3

Calcite
Brass

4

Fluorite

5

Apatite

Iron
Steel
6

Orthoclase
(Feldspar)

7

Quartz

8

Topaz

9

Corundum

10

Diamond

volcanic glass,
pyroxene, hornblende (H 5-6)
plagioclase, alkali-feldspar (H 6-6.5)
olivine (H 6.5-7)
quartz (H 7)
magnetite (H 7.5-8)
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Figure A2.

Volcanic eruptions inject water vapour (H2O), carbon dioxide (CO2), sulphur dioxide
(SO2), hydrochloric acid (HCl), hydrofluoric acid (HF) and ash into the atmosphere.
HCl and HF will dissolve in water and fall as acid rain whereas most SO2 is slowly
converted to sulphuric acid (H2SO4) aerosols. Ash particles may absorb these
aerosol droplets onto their surfaces providing an acid leachate after deposition.

ARC Technical Publication No. 144
May 2001

Volcanic Ash Review
Page 29

Appendix 2.0 HISTORIC EXAMPLES OF ASH REMOVAL BY SECTOR

A1.0 BUILDINGS
Mt St Helens 1980 (USA)
Heavy ash falls occurred over much of northern USA on 18 May 1980, in particular across Washington
State. Many communities experienced ash falls ranging from over 5 cm to trace amounts. There is a
considerable volume of literature on issues relating to the removal of ash from buildings (e.g. Dillman
& Roberts 1982, F.E.M.A. 1984, Hoff 1980, Markesino 1981, Novak & Zais 1981, Warrick et al. 1981).
In general it was found that sweeping dry ash from roofs can create secondary ash clouds which may
slow the cleanup process. Wetting ash can form a cohesive "glue-like" material, which is not easy to
remove and adds weight to the deposit. The best method for removal is to lightly damp the ash and
then sweep it. Highest priority should be given to removing ash from roofs for four reasons (F.E.M.A.
1984).
i)
ii)

It is a prerequisite to reactivate ventilating and air-handling systems.
It is fruitless to clear ground level areas and find it recovered by windblown ash from roofs
above.

iii)
iv)

Rapid removal may prevent the possibility of catastrophic roof collapse.
Ash removal from public buildings will enhance morale and confidence of the public if they
observe rapid cleanup and prompt functioning of local buildings.

From the experience gained from the Mount St Helens eruption F.E.M.A. (1984) has produced detailed
recommendations for ash removal (Appendix 3).

A2.0 ROADS
Mt St Helens 1980 (USA)
Removal of ash from roads was undertaken by a number of public works departments in Yakima,
Washington after the 1980 Mount St. Helens eruption. Few, if any, of these organisations had
developed plans for ash-removal prior to the eruption and little knowledge was available on how to
undertake this (Saarinen & Sell 1985). A range of methods were tried during initial clean-up operations
(Hoff 1980; Markesino 1981; Novak & Zais 1981) before the best method was found. This was to
sprinkle the ash with water, blade it to the side or middle of the road for pick-up by belt or front-end
loaders and then use power-brooms or more water to remove the remainder. Prior to ash removal,
dust retardants have been used to control wind blown ash with "Coherex", an emulsion of petroleum
resins used successfully for this purpose in Oregon after the 1980 Mount St. Helens eruption (Public
Works 1980). Several follow-up water flushings and sweepings of all roads, parking lots, alleys and
other paved areas were necessary to remove the majority of ashfall accumulation. From the
experience gained from the Mount St Helens eruption F.E.M.A. (1984) has produced detailed
recommendations for ash removal (Appendix 3).
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Mt Spurr 1992 (USA)
The August 1992 eruption deposited about 3 mm of fine sand-sized volcanic ash on the city (Johnston
1997). The Municipality of Anchorage Public Works was responsible for ash removal from streets and
the stormwater system (Municipality of Anchorage, unpublished report, 1993). Ash clean- up
operations began on the morning of 19 August with the use of water trucks, graders, belt-loaders,
dump trucks, sweepers and vacuum trucks. Dry ash was easily raised but caused an air quality
problem, whereas wet ash was heavy and hard to move. Ash was first dampened, then sweepers and
graders were used to move the ash to the sides of streets. Belt loaders were then used to pick up the
ash which was transported to a number of dump sites around the city. Sweepers and water trucks
then went over cleaned areas again. Rain on the evening of the 19 August was a significant help in
reducing the impact to the community by washing ash from paved surfaces and helping move ash on
non-paved surfaces into the soil.
Ruapehu 1995-1996 (New Zealand)
On 11-12 and 14-15 October 1995 up 2 cm of ash fell on the Desert Road, closing it on both
occasions (Johnston et al. 2000). The closures were initially due to reduced visibility but both were
accompanied or followed by rain resulting in a slippery ash-sludge. This required removal by sweeping
off to the side of the roadway before safe driving conditions could be restored. The road closures
disrupted thousands of travellers, although alternative routes were available.
Sakura-jima – Ongoing (Japan)
Sakura-jima resumed activity in 1955 and eruptions have been ongoing since then. On average,
Sakura-jima produces over 100 explosive eruptions a year, with up to 400 occurring in some years
(Onodera et al., 1994). The resulting ash falls cover a wide area (including the city of Kagoshima)
causing damage and disruption to people’s lives (Okubo, 1988). Road transportation is often affected
by ash falls (for example, Okubo, 1988; Japan Meteorological Agency et al., 1995; Volcano Research
Centre, 2000).
To remove ash from roads, road authorities of the national, prefectural and municipal governments
employ road-sweeping cars following every occurrence of ash fall. In addition because ash falls are so
frequent, research has also been undertaken to determine what the most effective designs of road
cleaners are for removing ash (for example, Satoh, 1988; Matsumura et al., 1988). These cleaners
must be able to collect very fine ash from all many different surfaces.

A3.0 AIRPORTS
Mt St Helens 1980 (USA)
Tyler and Reynertson (1981) give details of the clean-up operation at Fairchild Airforce Base, USA after
ash falls from Mount St Helens in 1980. Water was used to wet the ash; graders and snowploughs
then worked the ash for loaders to pick it up. It was then hauled to a central location where it was
buried using landfill techniques. It was noted that around buildings the wind blowing ash from roof
tops constantly contaminated previously cleaned areas.
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Ruapehu 1995-1996 (New Zealand)
Rotorua Airport received the most ash (~1 mm thickness), requiring a substantial clean-up operation
(Johnston et al. 2000).

A4.0 STORMWATER/SEWAGE SYSTEMS
Table A3.

Examples of ash-affected urban stormwater and sewage systems.

Volcano,
year,
affected town

Ash
thickness

Impact

Reference

(mm)

Mt St Helens - 1980
Moses Lake

25

Stormwater blocked, sewage system rendered
inoperative, damage to plant.

Schuster
1981

Yakima

10

Stormwater blocked, sewage system rendered
inoperative, damage to plant.

Schuster
1981

Spokane

5

Ellensbury

3

Stormwater filled with ash, sewage plant
received ash but remained operative.

Schuster
1981

Stormwater system overloaded in a number of
places but city employees kept the system open
using high-pressure water jet sewer cleaners.

Warrick et
al. 1981

Mt Spurr - 1992
Anchorage

3

Johnston
1997

Ash settled in stormwater system and caused
some local flooding during the spring thaw.

Rabaul - 1994
Rabaul

up to 1000

System totally blocked but generally
undamaged.

A.I.D.A.B.
1994

Ruapehu - 1996
1
Rotorua
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A5.0 ELECTRICITY
Mt St Helens 1980 (USA)
During the 1980 eruptions of Mount St. Helens volcanic ash disrupted the electricity supplies of several
communities in Washington State. The impacts were largely dependent on the weather prevailing at
the time. The main 18 May eruption occurred during dry weather and ash did not cause immediate
problems except for a few short-duration outages and ash adhesion to horizontal surfaces. No
outages were reported on the day of the eruption although outages occurred a few days later in other
areas that received rain. Later eruptions affected other parts of Washington. Ash falls from the smaller
25 May eruption occurred to the south-east of the volcano, accompanying rainfall. Low voltage lines
and substations experienced numerous outages from insulator flashovers in areas of >5 mm ash
thickness when the ash was wet. The ash's conductivity was found to increase with decreasing grain
size and the problem of insulator flashovers increased with distance from the volcano. The 12 June
ash fell dry but later rain caused outages.
Redoubt 1989 (USA)
Redoubt volcano, located on the west side of Cook Inlet in Alaska erupted explosively on 20 separate
occasions between December 1989 and April 1990 (Miller & Chouet 1994). In December 1989 power
outages resulting from insulator flashover occurred in the Twin City area, Kenai, after receiving ~ 6mm
of ash in conjunction with rain. Prompt cleaning of substations was recognised as the most effective
protective measure (Tuck et al. 1992).
Mt Spurr 1992 (USA)
The August 1992 eruption deposited about 3 mm of fine sand-sized volcanic ash on the city. No
electricity outages were recorded in Anchorage (The Municipal Light and Power Company pers.
comm.). The lack of rain during the ash falls and prompt cleaning prevented insulator flashovers at
substations. Wind removed most ash from power lines.
Ruapehu 1995-1996 (New Zealand)
Falls of volcanic ash and mud on 25 September 1995 caused shorting on high-voltage electrical power
lines at the base of the volcano. This caused voltage fluctuations and problems for electrical
equipment throughout the North Island. Cleaning of 18 towers (and insulators) was undertaken on 27
September 1995 by four crews of four men (Powermark 1995, unpublished, "Report on volcanic ash
contamination") (Fig. A7). The ash was found to be dry and easy to remove. Strain towers were the
most affected due to their insulator configurations (i.e. horizontally strung). It was found that
subsequent rains (on 26 September 1995) had washed the northern side of towers and insulators. It
was concluded that normal rainfall would clean ash from structures, conductors and insulators except
the undersides of strain strings. Three strings of insulators were found to have widespread flashover
damage but with no electrical problems. After ash falls electricity generation and supply companies
routinely cleaned ash from affected substations. On 17 June 1996 electricity supplies were disrupted
in parts of Rotorua city after an explosion at a local substation caused by ash and water settling on a
transformer due to a resident's hosing ash from the roof of a neighbouring building (Daily Post, 19
June 1996).
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A6.0 TELECOMMUNICATIONS

Pinatubo 1991 (Philippines)
A request was sent to a telecommunications colleague in the Philippines seeking some detail of the
effect of that eruption on the telecommunications network (B. Potter pers. comm. 2001). Their reply
follows below:
"With reference to the subject, inquiries were conducted with the exchanges hardly hit by the
eruption of Mt. Pinatubo in 1991 and the following were gathered:
1.

There were no operational stoppage or shutdowns during the height of the volcanic ash falls.

2.

During that time, most of the exchanges were still using electro-mechanical switches and
EWSD analog switches. Since switching rooms are usually fully closed, the ash falls had not
much effect on their operations.

3.

Most affected by the volcanic ash were the microwave antennas installed in transmission
towers. The ash was eventually washed away by heavy rainfalls and wind blows. They said
equipment functioned normally in spite of these ashes."

A7.0 REMOVAL AND DISPOSAL
Mt St Helens 1980 (USA)
Detailed accounts of ash removal from the city of Yakima illustrate the range of issues faced by
numerous communities in Washington following the 1980 ash falls (Fig. A6). After the ash falls the
city recruited people with equipment from within the county and beyond (Johnston 1997). Anyone
with graders, loaders, trucks or belt-loaders was hired. The city was divided into sectors and the initial
clean-up operation went on 24 hours a day, in two shifts and lasted for two weeks. Further cleaning
by city crews and private contractors lasted several months. A standby inventory of all-available
equipment and resources needed for future eruptions was maintained. Ash was first dampened then
graders were used to move the ash into windrows. Belt loaders were then used to pick up the ash
which was then transported to dump sites. Sweepers and water trucks then went over cleaned areas
again.
The CBD was closed off for a week while merchants cleaned ash off the buildings and carparks. The
area was heavily patrolled by the police department. The public were instructed to clean ash from
their roofs and sections, and place it on the roadside (not into the stormwater system). Ash that was
left on people's roofs eventually washed into gutters and often blocked down-pipes. Those who did
not clean their roofs were sometimes confronted by angry neighbours when the wind blew ash
beyond their properties.
Three major sites and several smaller dumps were used for disposal of ash removed from the 400 km
of roads and paved areas. The largest dump contained 70 000 m3 and was covered by 50 mm of top
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soil, seeded with grass and had underground sprinklers installed to aid compaction. It is now used as a
municipal park. The two other sites contained 26 000 m3 and 13 000 m3. The ash clean-up operation
cost the city in excess of US$ 2 million (Blong 1984) or US$42.3 per capita. The amount of equipment
and manpower used during the duration of the clean-up operation was at least ten times that used for
normal maintenance (Novak & Zais 1981).
Lessons learnt included: (Joe Jackson, City of Yakima pers comm.):
1)

Don't panic or rush into the clean-up operation without thinking it through.

2)

Have a good arrangement with contractors prior to a disaster so you know you can count on
them when they are needed.

3)

Develop a plan for the systematic clean-up of the city so those involved know what they have
to do. Pre-planning can save a community a lot of problems.

4)

The finer the ash the more problems you will have.

5)

Keep good records, especially all financial documentation. A special emergency cost
accounting system for audit verification of all ash clean-up expenses is recommended;

6)

Maintain daily briefings with the press/media to inform the public, establish trust and their
cooperation in informing citizens. Involve all emergency agencies in joint announcement
briefings.

Pinatubo 1991 (Philippines)
Little information has been published on how volcanic ash was dealt with in urban areas following the
1991 eruption of Mt. Pinatubo. Details of the impacts of the eruption are presented in Newhall &
Punongbayan (1996) and Stammers (2000) gives some details of the recovery of communities
following the eruption. It was noted that ash has been widely used as a building material over the
following nine years (Figs A3-A5).
Mt Spurr 1992 (USA)
Major problems and expense resulted from ash being dumped with normal household garbage
(Johnston 1997). Unfortunately there were a number of recommendations in the media that ash be
placed in the garbage for kerb-side collection. This was found to be a major problem and expensive
for collection contractors because ash from garbage bags soiled and jammed the runners on the inside
of garbage trucks. Municipality of Anchorage Solid Waste Services identified the need for alternatives
to be developed. A general conclusion is that ash could be disposed of in gardens and lawns or in
designated landfills. If ash is collected it should be separated from normal garbage.
Ash removal from roads was an expensive and slow process. It took 3 to 4 days to clean the
Anchorage central business district (CBD) and after 3 weeks only 60-65 % of the city had been
cleaned. The complete ash cleanup in Anchorage took over six weeks, using more than 90 staff, at a
cost of over US$ 780 000, or US$2.60 per capita. Some contractors were used but equipment was
scarce immediately after the ash falls, as there was high competition from private organisations
involved in their own clean-up
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Ruapehu 1995-1996 (New Zealand)
No communities received more than a few millimetres of ash but several were forced or chose to
initiate clean-up operations to remove ash from streets, notably Rotorua and Wairoa (Johnston et al.
2000). On the evening following the 12 October 1995 ash fall the Wairoa cadet unit spent five hours
sweeping, scrubbing and washing the town centre to remove the ash in preparation for the official
opening of the town's parade (The Wairoa Star, 17 October 1995). Two of Rotorua's sports grounds
were badly affected by the 17 June 1996 ash falls. Netball officials cancelled fixtures because of the
ash on the courts. Ground staff at Rotorua's hockey headquarters at Smallbone Park spent three days
cleaning ash from the playing surface. The cost is estimated at several thousand of dollars; however,
had it rained before the work was completed the bill might have been significantly higher (Daily Post,
20 June 1996). The Rotorua District Council reported that " after initial ash fall we began the
mammoth task of sweeping and removing ash from the central city footpaths etc" (Rotorua District
Council written. comm.). The cost of the clean-up operation was estimated at $ 53 511 and included
cleaning of the CBD, cleaning kerbs and channels in all urban areas and cleaning cesspits in every area.
Sakurajima – Ongoing (Japan)
Ash clean up is an ongoing process for communities impacted by ash falls from Sakura-jima. To
remove ash fall from private residential properties each household collects ash and brings it to a
designated place to be collectively picked up and disposed of by authorities (Okubo 1988).
Because ash fall is continually occurring, the volume of ash for disposal is a problem for communities
living near Sakura-jima. One solution is to attempt to reuse the ash in some manner instead of
disposing it. Ash has been used in such activities as cement-lime hardening (Kamon & Tomohisa, 1988)
and in pottery (Kamino et al. 1988).
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Figure A3.. A truck filled with volcanic ash being transported to a building site in Manila.

Figure A4.. Volcanic ash next to the aggregate pile at this building site in Manila.
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Figure A5.

Use of volcanic ash as a concrete brick filler in Manila.

Figure A6.

Clean-up operation required after only 10 millimetres of ash fall in Yakima, USA,
following the 1980 Mount St Helens eruption.
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Figure A7.

Examples of ash removal from Transpower lines (a and b) and substations, following
the 1995-1996 Ruapehu eruptions.
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APPENDIX 3

MITIGATION MEASURES FOR VOLCANIC ASH FALLS

The following sections list a series of previously published mitigation measures, issued in response to
the 1980 Mount St Helens eruption.
Table A4.

Ash removal methods for roads (from F.E.M.A. 1984).

*

Notify bordering property owners to move ash from roofs and the rest of their property to the
street, away from the gutters, to prevent the need for more than one ash removal project and
to avoid storm sewer blockages.

*
*

Encourage and monitor block efforts and volunteer work.
Before beginning cleanup activities, build small dike (using sandbags or other methods)
around catch basin inlets to screen ash.
To keep ash out of storm drains, hand sweep the dry ash outwards from the gutters about
two feet or so. (Volunteer teams can provide important assistance in this area.)
Moisten the ash using a sprinkling system. Avoid moistening it too much, for it will become
unmanageable. Due to its fineness, ash powder when saturated can retain large amounts of
water and weigh up to 80 pounds per cubic foot. (Wet sawdust or wood-chips have been
used to help reduce the dust, but these methods are not as effective as only wetting ash.).

*
*

*

Use motor patrol graders to blade the ash. Collect, load and transfer the ash to trucks to be
hauled to dumps sites.

*

For a thorough cleaning of paved roads with storm sewers, use power brooms on the
dampened residue.

*

To remove the remaining ash on paved roads without storm sewers, flush the roads with
water.

*

As soon after the street cleanup as possible, remove ash deposits from catch basin inlets with
vacuum trucks or machines with jet rodding and vacuum systems. Delaying the cleanup allows
time for the ash to crust and cake, making it harder to remove. Further, the ash density
impairs the self-cleaning function of the sewer's grade, creating the potential for plugging the
sewer.

Paved or Oiled Roads That Have No Curbs or Sewers
*
Sprinkle ash with water and blade it onto the shoulders or into the ditches. Then load and
remove the ash. Remove the residue by sweeping or flushing it, if necessary. Where gravel
shoulders exist, replace lost gravel so as not to lose the integrity of the road way.
Gravel Roads
*
Blade the ash into ditches, being careful to avoid unnecessary loss of surface materials.
*

If the existing right - of - way is wide enough, spread the ash along the back slopes outside
the ditch. (Note that much of the ash may become integrated into roadside vegetation and
that the ash in these areas will blow for some time during windstorms.)

*

Remove ash blocking the drainage in ditches and culverts, and transport it to a disposal site. A
considerable amount of ash will remain on the roadbed surfacing, creating a serious visibility
problem for traffic. Nothing can be reasonably done to eliminate it totally, but it will decrease
with time.

*

On the roadbed, place a thin lift of rock consisting of graded material 5/8 inch to 0 in size and
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crushed to standard specification. This layer can be added and processed into the existing
surface to achieve the binding effect that will stabilize the surface under traffic. (While this
expensive method will not provide total dust control, it is, nevertheless, the most suitable
method available for achieving visibility levels so that traffic operations can be restored.)

Table A5.

Protection of sewage and stormwater systems from volcanic ash (from F.E.M.A.
1984)

1)
2)
3)

4)
5)
6)
7)
8)
9)
10)

Have local ordinances in effect banning connections of downpipes and roof drains to the
sewer.
Warn citizens against disposing ash down manholes of both sewer and stormwater systems.
When hosing streets, place sand bags around or over manholes covers or avoid covers
entirely, since the vent holes and the areas between the cover and the rings allow passage of
ash.
When washing streets, parking areas, roofs, use a weir (sandbags) in each manhole and
stormwater intake to trap the ash.
Instruct the public how to protect storm water systems
When possible, disconnect downpipes from the stormwater system until roof clearing is
complete.
Instruct citizens where to deposit ash cleared from prope rty.
Closely monitor the cleanup activities of privately owned parking areas.
Use dry methods, like hand sweeping, prior to flush cleaning when clearing streets and
parking areas served by a free discharging or dry well stormwater system.
Sweep the ash outwards from the gutters about two feet or so.

Note: Shallow deposits of ash in the stormwater or sewerage system will not reduce the hydraulic
capacity of the pipes by a significant amount, thus expenditure of time and money to clean lines may
not be warranted.
Table A6.
1)
2)

Protection of sewage treatment plants from volcanic ash (from F.E.M.A. 1984)

Temporarily cover all equipment (e.g. mechanical, biofilters), including ventilation intakes, that
might be directly exposed to the ash fall before or during the onslaught.
Shut down all equipment not absolutely necessary.

3)

Where possible, place sandbags or other devices at the entrance channel to the plant to trap ash.
This procedure will require frequent attention due to normal settleable solids present in sanitary
sewage.

4)

Consider removing or bypassing the comminutor during the initial heavy flows of ash into the
plant.

5)

Frequently check the primary clarifiers to prevent (a) damage to the sludge collection mechanism
and/or the digesters sludge pumps and (b) the transference of ash to the digester. Depending on
the type of mixing employed in the digester, further damage may occur in the sludge transfer
pumps.

6)

To clear ash from individual sections of the treatment facility, bypass individual units, or extreme
instances, make a complete plant bypass to a holding pond or lagoon.
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Table A7.

Protection of electricity supply (from F.E.M.A. 1984)

*

Immediately after the ash fall, dispatch personnel to the substations to dust, sweep, and blow
ash from electrical equipment. Prompt adequate maintenance of the mechanical and electrical
systems is essential.

*

Shut down all electrical systems before any attempt is made to clean or service them. Throw
the main circuit breakers, not just the nearest switches.

*

Remove dry ash immediately from the most sensitive systems by blowing it off using air
pressure of 30 psi or less, so as to avoid a sandblast effect. Avoid rubbing or brushing
equipment, as that will damage many surface. Be careful not to blow the dust other places
that should be kept clean. Vacuum ash when possible and change filter bags often.
Clean electric components such as small motors and light bulbs, as they will generate excess
heat when blanketed with dust. The excess heat can cause fires and short term operating life.
The ash should be vacuumed or blown off as described above.

*

*

Avoid saturating electrical components when hosing dust off. Many of these systems can
handle rain and moisture, but not the effect of water jets from hoses.

*

Check for trees heavily loaded with ash near power lines because the added weight can cause
limbs to fall on power lines.

*

Check and keep insulators clean. A moderate wind, while the ash is still dry, will clean most
insulators on outdoor distribution lines and equipment. Light rain, which does not wash the
ash away, is harmful and can cause flashovers and short circuits. Ash that has hardened may
require special cleaning methods such as hand cleaning or water jetting.
Protect backup and auxiliary units to avoid starting problems when they are activated.

*
*

Maintain protection and cleaning programs continuously until the threat of windblown ash is
over.

Table A8.

Ash removal methods for buildings (from F.E.M.A. 1984).

*

Promptly notify building owners to remove ash from roofs in a timely manner to prevent
streets from being repetitively cleaned.

*

Inform public of effective methods for (1) removing ash from roofs and property and
preparing it for pick-up by emergency crews and (2) organizing neighbourhood cleanup
activities.
Caution residents against flushing ash into sewers.

*
*

Remove ash dry and before the first rain. Dampen ash with a light spray of water to reduce
billowing. (Do not use large amounts of water which will cause the ash to cake).

*

Make sure that the ash cleanup is supervised by knowledgeable building maintenance
personnel to prevent unnecessary damage to roof material and surfaces.

*

Use protective measures when removing ash from roofs. Walking on roofs and using tools
and small equipment can cause breaks and punctures is the roof is dry and brittle. The full
force of water from fire hoses will break lap shingles or tear lap roofing.
Do not flush ash into drains and down-spout, for it can clog the small-sized pipes. Ash flushed
into dry wells can seal them, rendering them inoperative.
Thoroughly remove all traces of ash near intakes of ventilation systems.
To protect sewer lines, disconnect down drains at ground level until cleanup is complete.

*
*
*
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*

*

To prevent or reduce the accelerated deterioration of roof coatings by mildly acidic property of
ash, clean and/or protect the roof surfaces accordingly. Metallic roofs surfaces, particularly
older galvanized roofs which are pitted, and lower gage galvanized roofs are most susceptible
to increased deterioration from the properties of ash.
On flat roofs, hand sweep ash into windrows and transport it by wheelbarrow to an edge
dump. Use proper protection such as planking, mats, plywood sheets, and pliable footwear to
prevent unnecessary damage from impact and abrasion. Hoppers with a funnel pip suspended
above a loading truck can be used to collect the ash. To remove final dry residue or thin layer
of ash, use air pressures with regulation. Note the small vacuum equipment is not practical
because of the abrasiveness of the ash.

*

On steep shingle roofs, place dams in the troughs to prevent the ash from reaching the down
drains. Then hose down the ash and clear it from the eave troughs. This operation must be
preformed with care to avoid deforming the gutters and tearing them loose.

*

On low slope bitumastic mopped roofs, where there is only a thin ash layer or small residue,
flush the ash with water. Again too much pressure from high pressure hoses can damage roof
materials.
To avoid clogging the inlets to roof drains, encircle the roof inlet with a fabricated ring made
from heavy sheet metal about four inches wide and two feet in diameter. This serves as a dam
allowing water to spill over the top, while the ash settles in the surrounding roof depression.
Later, when dry, the ash can be removed manually

*

Building Exteriors
*
*

Sills, ledges, parapets, and wall surfaces - usually these building features will not warrant extra
cleanup efforts or expenditure if the primary functioning of the building is not impaired.
Air-handling and air conditioning mechanisms.

*

- Shut down systems prior to or during the initial onslaught of the ash fall. Simultaneously,
check all public buildings to make sure windows are closed, air conditioners are off, and that
all unnecessary outside openings, including air intakes, are closed and sealed. These initial
activities will help prevent or reduce the introduction of ash to building interiors and airhandling system's ingestion of ash.
To restart air-handing systems:
- Clean the roof-mounted intakes and the roof area adjacent to intakes.
- Clean or replace filters.
- Inspect, clean or lubricate moving portions of the mechanism, following prescribed routine
maintenance.

Building Interiors
*

Restrict building access to the most protected entrance.

*

Instruct building managers to educate occupants in preventing ash entrainment into the
building.

*

Have building managers establish an entry room or zone where personnel are required to
brush or vacuum clothing and shoes or make clothing changes, if appropriate.

*

Establish any necessary, extra cleaning procedures to protect the interior environment.
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*

To substantially reduce the need for extensive maintenance of equipment, place coverings
over office machines as standard procedures.

*

Carefully monitor vacuum cleaners to assure that filters and ash bags are changed when
necessary.

Table A9.

Suggested ash removal within households (from F.E.M.A. 1980 (Bulletin 7)).

House hold surfaces should be vacuumed to remove ash much ash as possible.
-

After vacuuming carpets and upholstery may wish to be cleaned with a detergent shampoo.
Avoid excess rubbing action because the sharp ash particles may cut textile fibres.

-

Glass, porcelain enamel and acrylic surfaces may be scratched if wiped too vigorously. Use a
detergent soaked cloth or sponge and dab rather than wipe.

-

High-shine wood finishes will be dulled by the fine grit. Vacuum surfaces and then blot with a
cloth treated to pick up ash. A tack cloth used by furniture refinishers should work well

-

Ash-coated fabrics should be rinsed under running water and then washed carefully.

Remember: Soiled clothing will require extra detergent. Wash small loads of clothing, using plenty of
water so the cloths will have room to move freely in the water. Do not mix heavily soiled clothes with
garments that are lightly soiled. Be sure clothes are free of ash before putting them in an automatic
dryer Ash may scratch the inner surface of the dryer.
During the next few months, filters must be replaced often. Air conditioner and furnace filters need
careful attention. Clean refrigerator air intakes. Clean any surface that may blow air and recirculate the
ash. Stove fans and vents should be cleaned thoroughly.
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