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Abstract

Volcanic ash is thanost widespread volcanic hazardAsh can cause significant disruptions

to transportation networks, infrastructure such as water treatmentcentres, and human

health (Wilson et al., 2012) Hundreds of millions of people across the globe live in areas
that are at risk of volcanic ash exposure. Yemany of these people do not know what a
volcanic ash fall would look likein their community. The primary outcome of this project is

a set of reference photographs of various ash thicknesses. These photographs are intended
to be used as a public outreach tool to help educate the public abautat a volcanic ash fall
may look like on familiar surfaces such as sidewalks and lawns. This project also
investigates whether the photographs can be used as a remote data collection tool.
Photographs of ash fall deposits published in the news media or posted on social media
could be compaed with reference photographs to estinate the ash thicknesses

documented in the imagesThis approximate data could be used when scientists are unable
to collect data in the field or when additional data would be useful. Estimated ash
thicknesses at various locations could be turned into isopach maps and could help
scientists learn about vdcano behaviour. A survey was conducted to test whether the
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from photographs. Survey results suggest thatgople have an easier time estimatingsh
thickness inclose-up photographs than photographs taken at a distance.

Introduction

Volcanic ash fall is the most widespread hazard caused by volcanic eruptioAsh fall
deposits that are 1 mm or thicker an cause serious disruptions to transportation
networks, electricity networks, agricultural production, and human health (Brown et al.,
2015; Carlsen et al., 2012Horwell and Baxter, 2006;Wilson et al., 2012)(see Figure 10 in
the Appendix for a summary of the effects of an ash fall up to 10 mm thicK)espie being a
rather small eruption that mostly deposited ash less than 3 mm thick across the North
Island of New Zealand, thel995/1996 Ruapehu eruption resulted in disruptions estimated
to have cost $130 million in New Zealand 1996 dollars (Johnston et,&2000).Global
vulnerability to ash is increasing as populatios increaseand society becomes reliant on



technology that is susceptible tadlamagefrom ash. Hundreds of millions of people across
the world are at risk of experiencing a volcanic ash fabecauseash can be blown hundreds
to thousands ofkilometres from volcanoes (Loughlin et al., 2015eeFigure 1). Yet many
people who live in areas at risk o volcanic ash fall have never personally experienced an
ash fall event and do not know what t@xpect. It can be difficult for norexperts to visualize
thicknesses of asland understand the potential effects

Photographs were createdo communicate what an ash fall of even just a femillimetres
could look like on common surfacesThe reference plotographs can be used for public
education internationally. Thereference photographscan alsobe paired with information
about the likely damage st&es tocritical infrastructure , agriculture, and structuresthat
would correspond to an equivalent ash depsit. (See Figure 11in the Appendix for a table
of the damage states likely to occur to critical infrastructure avarious ash fall thickness
ranges)

100 years 1,000 years 10,000 years
Average recurrence interval (in years) between ash thicknesses exceeding 1 mm

Figure 1 This image from Loughlin et al., 2015 shows the locations across the world at risk for
exposure to ash fall thickness of at least 1mm. The dark areas on the map have an average
recurrence interval of 100 years between ash thicknesses exceeding 1mm.

The suite of reference photographsanalso be usedor remote data collection
Scientists could collect data about astthicknessdistribution (often displayedasisopach
maps) from photographsto learn about thebehaviour of volcanoes even when they cannot
collect data in the field. Approximate ash thicknessesgould be estimatedby comparing



photographs taken by individuals or published on socieor news media with reference
photographs of different thicknesses of ash onarious surfaces.

Scientists could get approximate data about ash thicknessmembers of the public
report visual estimates of the thicknesses of ash deposits that they obser®eople tend to
overestimate ash thickness so the reference photographs can pemprove these
estimations. Theuse ofnoRrA DA OO0 O1T EAIT P AT 11 AAOCOPDEERADE &E
Citizen science has been usesliccessfullyto gain data about volcanic hazards in the past.
The Alaska Volcano Observatorgollects ash thicknesgneasurementsfrom non-experts on
their website (Submit ashfall report, 2014).In Ecuador there is a community of volunteers
that monitor the Tungurahua Volcano and pass on their observations to scientists and the
local civil defencedepartment (Stone et al., 2014)Involving the community in scientific
research and monitoring helps the affected community as Wileas the scientific community
(Conrad and Hiltchey, 2011). Community based monitoring (CBNYwer monitoring costs
and help participants becomemore scientific literate and involved in local issues.

Methods

A set of reference photgraphs was systematically prepared for ash thicknesses ofim, 5,

mm, and 10 mm on common surfaces such as asphalt and graAssurvey was used to test

the effectiveness of the reference photographs improving D AT b1 A0G6 AAEI EOU Ol
estimate ash thickness.

PseudoAsh

Crushed up rock wasised to mimic ash in these experimentsstead of using naturally
occurring ash because it is hard to get large quantities of fresh ash given limited local
volcanic eruptions and the difficulty of collectingash dispersed over a landscap&he
pseudo ash has similar characteristics to naturallpccurring ash making it suitable for ah
fall experiments (Hill, 2014). Light coloured ash was used in experimentsThis ash was
chosen to contrast with darkcoloured, mafic ash thatanbe used to make additional
reference photographs. The pseudo ash was made from high silica rhyolite lapitbm the
1314 Okataina Tarawera Plinian eruption. The sample is pumaceous and may contain
possible basaltic and basalti@ndestic clastsThe lapilli were jaw crushed, disk pulverized
to 1 mm, and sieved to Inm. A subsample of the ash was laser sized to determine the grain
size distribution of the pseudo ash{see Figure 12in the Appendix fora graph ofthe grain
size distribution).

Simulated Ash Fall

An ash dispersing rig was set up in the Volcanic Ash Testing (VAT) Lab at the University of
Canterburyto simulate a volcanic ash fallThe hopper in the rig wasfilled with ash (see
Figure 2). The bottom on the hopper was made afOcm by 40 cm ofL. mm meshthat
matched the 1 mm maximum grain size of thpseudoash. The hopper wasgitated




manually with a spring loadedmallet that hit the side of therig to produce a simulated ash
fall. The ash was refilled in the hopper if a part of theneshbecame visible from above.The
ashdescendedfrom a height of 1.5 m to allow mospatrticles to reach terminal velocity
(Hill, 2014).

The doors to the lab were closed and the ventilation system was turned off during the
experiments to limit air flow in the room so that the ash would fall directly down onto the
surfaces.

Ash hopper

Ash descends

O

Testing surface ()
with ash collection plates

Figure 2 The setup of the ash dispersal rig. Ash is placed in the hopper and falls down onto the
testing surface below whethe rig isagitated.

Testing Surfaces

The testing surfaces used in this initial set of reference photographs were a slab of
concrete, a slab of asphalflike that which would be used on a road surfage uncut grass,

and flax leaves.These surfaces were chosen because they are relatively commgiobally

and because these surfaces were identified as surfaces that had been photographed in the
field both by scientists and the media after volcanic ash fall events. Some of the reference
photographs, like the photogaph of footprints on concrete,were made to resembldield
photographstaken after past eruptions.




Measuring Ash Thickness

Ash collection plates were placed under the simated ash fall in order to backcalculate the
ash fall thicknesses based on the density and mass of the ash collected. The collection
plates also provided a flat surface where the ash thickness could be measured with a
calliper. Glasgetri disheswith 90 mm inner diameter and13 mm outer height were used
as ash collectiorplates. Two collection plates were used per scenario in addition to a small
metal plate with a ruler attached(seeFigure 5). A calliper was usedto measure the ash
thickness on the flat metal plate and in the petri dishes he thickness was measured
periodically to determine when ash deposit hadeached the desiredhickness. The depth
measuring blade (see Figure Bof the calliper was pushed down to the bottom of the flat
plate. This involved gently moving around thecalliper to make sure that it was touching the
bottom of the petri dish and was not getting stuck on any large grains. Tlealliper was
pushed down untilthe basereached the top of the ash deposito determine ash thickness
This measurement was done approximately 5 times in different locations to create
confidence that the thickness was at thentended level.
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Depth Measuring Blade

Figure 3 Thistype ofcalliper was used to measure ash thickneliate the depth measuring
blade on the rightthat was used to determine ash deptRhoto credit: Simon A. Eugster, 2009

Photographs
Photographs were taken with variousphotographic scales. A geologic arrow scale was used

as a scaldor a scientific audience, while a pencil and soda can were usiedphotographs
intended for non-experts. A Munsel soil colour chart was also used as a scale and to
provide an indication of the truecolour of the images.



Photographs used aseference photographs in the survey were mostly taken at
standardized positions.

Images were taken indoors. The ladwratory had florescent lights A set of flood lights were
usedin addition to help simulate outdoor lighting. Various white balance settings were
tested on the camera.

Survey

I OO0O0OAU xAO Ai 1T AOCAOGAA OI Ok Ahotegraphs efAsh fall A O6
deposits in the fieldchange whenutilizing reference photographs The survey was used to
test the hypothesis that nonexperts are not very accurate estimators of ash and that their
ability to accurately estimate ash would improve with the use of reference photographs of
various ash thicknessesThe field photographs used irthe survey are shown in Figure 4
and come from the 2011 Shinmoedake eruption in Japan and 2012 Te Maari eruption in
New Zealand The image numbers correspond with the question numbers used later in the
paper. Participants were asked touse a slider toprovide their best guess of the thickness of
ash depicted in a series of photo® get baselinedata. The same questionsvere then asked
of the participants butin the second part of the survey thgarticipants could use the
reference photographsof ash thickresses ranging from 0 mm to 10 mnto aid their
estimations (see Figure 5)

The web-based survey was distributed tostudents in the Department of Geology at the
University of Canterbury by emailand was further distributed via social media tahe
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who could complete the survey.



Figure 4. Photos used in survey that are taken usingarious angles, distances, and framing
The image numbers correspond tdhe questionnumbers used in the surveywhich are
analysedbelow.



Results

Reference Photographs

The main output of this project is the set of reference photographs that was systematically
created for ash thicknesses ranging between 0 mm and 10 mmasfh. A selection of the
hundreds of photographs taken can be seen in Figure.5

Visual Differences in Reference Photographs

The reference photographseffectively showvisual differences between various ash
thicknesses on some of the surfaces tested (seglre 5). One of the discernible differences
is that the texture of the asphalt road surface is still visible with 1 mm of ash but not with
thicker ashdeposits. Additionally, on the concrete slab footprints are not visible with 1 mm
of ash, but footprints are easily observable in thicker ash deposits. On flat undisturbed
surfaces ash deposits above a femillimetres all look very similar. With each successive

ash thickness the angle of the bend in the flax leaves became higher. It is hard to see visual
differences between thephotographs ofgrass with different ash deposit thicknesses.

Surfaces Ash Thickness

0 mm 1T mm 5 mm \ 10 mm

Concrete
with footprints

Asphalt g
(road surface) |

Uncut Grass

Flax




Figure 5. This figure displays reference photographs of different ash fatkimesses on

various surfaces. The ash fall thicknesses increase from 0 mm up to 10 mm going from left to
right. The photographic scales were placed after the ash descended and are not covered in
ash.

Measuring Ash

A calliper worked well for measuring as thickness but gave results that differed slightly

from the thicknesses backcalculated from the density, mass, and area of the ash in the

collection plates. The deposits measured to be 1 mthick with the callipers were all back

calculated using densityto really be thinner deposits. This disparity likely occurs because

the largest grain size was 1mm so thealliper measured 1mm thicknesses even if the plate
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mm ash thicknesses suggest that all of the ash deposits were slightly over the intended

thicknesses. The calculated ash thicknesses were still relatively close to the intended

thicknesses with most measurements within Inm or 2mm of the target thickness.

Concrete

Concrete Ash

Ash Thickness GrassAsh GrassAsh  Asphalt Ash Flax Ash
Ash Thickness V2) Thickness Thickness Thickness Thickness
Thickness (V1) (mm) (mm) (V1) (mm) (V2) (mm) (mm) (mm)
1mm (dish1) 0.36 0.35 N/A 0.42 0.56 0.48
1mm (dish2) 0.24 0.28 N/A 0.70 0.44 0.66
5mm (dish 1) 6.36 6.16 5.80 5.38 6.14 5.41
5mm (dish2) 6.18 5.79 6.93* 7.17 5.12 7.09
10mm (dish 1) N/A 12.06 N/A 11.48 11.81 12.54
10mm (dish 2) N/A 11.92 N/A 12.20 10.13 16.68**

Figure G This table shows the thicknesses of the ash deposits that are used in the reference
photographs. The thicknesses were barddculated from the mass of ash in the collection
plates, the area of the collection plates, and the density of the ash (1000 Rg/®ne asterisk
indicates that thecollection platereceived an uneven and exaggerated amount of ash. The
sample marked with two asterisks received extra ash that fell from a flax leaf into the
collection plate Figure 13in the Appendix includes the masstbe ash used to baek&alculate
the ash thickness.

Survey
Seventyseven people compelted the survey, though many people skipped some questions.

Survey participants seemed to be confused by Image 2 (the close up photograph of a very
thin grey ash depositon a road line) as this was the question most often left blank.



In 4 out of 5 questions, the mean ash fall thickness estimation improvea accuracywith

the use of the reference photographésee Figure 7) The only question in which the mean
estimated thickness fell within the true range of the ash deposit was for the photograph of
the footprints in the ashusingthe reference photographs. This photograph matched most
closely with some of the refeence photographs in composition.

All ash thickness estimations are over estimates of the actual ash thickness depecited
except for the estimations of the ash thickness in the photograph of footprint$hese
results seems to confirm that people tend to overestimatash thicknesses.

Mean Mean
estimated estimated
thickness thickness
Image Picture Known without with Change in
number description value reference reference Estimation
Q1 Footprint 10-15 8.88 10.80 1.92
Road line
Q2 close-up 0.5 3.13 0.98 -2.14
Q3 Flax plant ~1.5 2.73 6.07 3.34
Q4 Road 4-8 13.17 12.12 -1.05
Q5 Playground 1-2 10.17 8.55 -1.63

Figure 7. This table shows the mean ash fall thickness estimations from the survey both with
and without use of the referengghotographs.



Estmation of Ash Thickness (mm)

Estmation of Ash Thickness (mm)

Estmation of Ash Thickness (mm)

Box Plots of Survey Ash Fall Estimations
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actual thickness (or range of thickness) of the ash deposits. Note that the scales vary in
the various plots.

Discussion

Survey

The survey data is generallynconclusive.However, it does point to some suggestions for

improving photographs in the future.People commented that the reference photographs

could beimproved with lighting that better simulated the outdoors, a consistent scale,

better pictures of the ash on the grass because grass is so ubiquitpaad a combination of

close-up and distance photographs for each scenaridhe reference photographs did eem

to help survey participants improve their ability to estimate ash thickness fofmage 1that

showed footprints in the ash.The footprint photograph was very similar to the footprint

reference photographs. The accurate mean ash thickness estimation fbrs image suggests

that people are good at estimating ash thicknesses from reference photographs if the image

they are comparing is highly similar to the reference photographs. The use refference

photographs dces not result indrastic improvementsinpd b1 A08 AAEI EOQU O AO
OEEAET AOO8 )1 &ECOOA o OEA OAZEAOAT AA PET O COA
estimations less accurateFuture work should analysethe statistical significance of the

survey data. Future research shouldlsoinOA OOECAOA xEAOEAO wokl DI A0S
the survey, such as home country and geology experience, affect their ash fall estimations.

Though this survey does not clearly support the hypothesis that reference photographs can

EAI B Ei BDOT O Ay te®édstimbte asiOtbicknkdsds ] irfprovements should be made to

the study and the concept should undergo further testing. There is relatively low

confidence in theO O Ov@lAed of the thicknesses ofash depictedin the field photographs

that are used toanalyseOEA AAAOOAAU 1T £ PAOOEAEDPAT 0068 AOE O
confidence in these numbers arises becauske ash was not sampled at the locations of the
photographs. Additionally Image 4 may show thicker ash deposits than the known

thickness of4-8mm suggests because ash may have been swept to the side of the rtoad

createthicker deposits.

The box plots show that people were better at estimating ash thicknesses in photographs
that were close up shots of the ash covered sades (Images 1 an@ in Figure 5).More
research is needed to determine whether this trend would hold true with more data points.

| OAOAT 1T DPAIT PI AOG6 AAEI EOU OiF AOOEiIi AOGA AOE OEEA
more accurate than expected. The concept of havimgn-experts report ash thicknesses to

obtain more data seems to be a valid option, though more research is needed to determine

what kind of references would behelpful in further improving pel 1 A08 AOOEI AOET 1
capabilities.



Photographs
Photographs takenusing a tripod at a constant location were best for creating a consistent

set of reference photographs, yet the ash thicknesses were often easier to identii
photographs thatmagnified the surfaces. This was especially true for the graésee Figure
9).

1 mm

Figure 9. The difference in the thickness of the ash fall deposlisiserniblein these
photographs. The ash is visibly thicker on this close up view of the grass blades.

After looking at the photographs taken from various angles it became clear that
perspective view with the camera angled down at the testing surfaces was best for
observing ash thickness rather than a plan view or horizontal view. A perspective view is
also commonly taken by people in the field to document ash thicknesséditure reference
photographs should be taken froma consistent location and angle.

PhotographicScales

The effectiveness of the different scales depended on the type of surface being tested and
the purpose of the pictures being taken. Looking through the photograght became
apparent that the size of the scale needed to match the type of surfacerfgetested. A pencil
works as an effective scaléor images that have very little depth like the footprints on the
concrete sld. A soda can provided D perspective which was more effective for multi
dimensional surfaces like flax and grasg.he large size of the geologic arrow scale
compared to the some of the testing surfaces overpowered some of the images. A smaller
scale wouldbe preferable in the future.The colaur of the scale also needs tbe a different
colour than the background to be easily visibleMore research should go into identifying a
constant scale that is effective for the various surfaces.




Lighting and OutdoorConditions

Thereference photographs were taken inside with attempts to mimic outdootighting. The
combination of the lighting and the camera resulted in photographs thato not appear to
have been taken imatural light. Future work could be done to improve the indoor lighting
or the rig could be adapted to have a Perspex outer sh#tiat would allow the ash dispersal
rig to be used outsidewithout the ash being blown away

Future Work and Format of Reference Rotographs

It would be beneficial to include photos from multiple angles and distances in the sets of
reference photographs. More work is needed to figure out theptimal format so that a
sufficient diversity of reference photographs can be madavailable in a manner that is not
overwhelming or overly time consuming for theperson estimating ash thicknessFuture
work should investigate whether the addition of text descriptions accompanying the
reference photographs would be usefulA smartphone or computer application could be
created that asks questions in a flow chart style. Thguestionscould include things lke
O# Al UT & OAA (GERe réddreAck phbtdgeaphE do@dbe turned into a final
product similar to the photographic gude used by hydrologists to determine river
roughness by comparing a river to a set of photographs that have associated roughness
coefficients (Arcement and Schneider, 198p

The next step in this research would be to make an identical set of referenceqtbgraphs
using darker ash to see what ash of a different colour looks like. Additional reference
photos should also be made using ash of a finer grain size such as 100 pu because the grain
size of ash varies and is controlled by the type of volcanic erupti and the distance from

the vent (Rhoades et al., 2002More reference photos could be made for additional ash
thicknesses. It would also be useful to create an ash dispersing system that can cover a
larger area so that the ash collection plates are lepsominent in the photographs. More

work should also be dedicated to determining how to best include a scale in the
photographs. The application of 3D photographic techniques to the reference photographs
should also be investigated in the future.

Conclusion

Ideally volcanic ash fall thicknesses would be measuresystematically by scientists or
trained non-experts. Given that field measurements are not always feasible, using
estimated data from photographs seems to be a viable option for obtaining data within an
order of magnitude.A volcanic ash fall was successfully simulated in a lab settibyg
dispersing ash relatively evenly over various surfaceand a series of reference
photographs were taken of the various ash thicknesse$hese photographs can be used to
help people beomeaware of the potential effects of a volcanic ash falh survey was



conducted to determine whether reference photographs are effective at improving the

ability of non-experts to estimate volcaniash thicknesses in photographsThe reference

photograph seems most effective in helping people estimate ash thicknesses iose-up

field photographs that look very similar to the reference photographaviore work is needed

to improve the reference photographsandto OA OO OEAEO AAEZEAAOEOAT AOGO A
ability to accurately estimate ash fall thicknessesdviore researchis needed to create more

reference photographs and see how accuraggeople are with their ash fall thickness

estimations before the reference photographs can be used to collect data that can reliably

be used for isopach maps and to better understand theshaviour of volcanoes.
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Appendix
Background about Ash Fall Impacts

Potential consequences

Relevant ash
characteristics

Casualties from fall deposits may occur, e.g. due to people falling from roofs during clean-up. However, the most commonly-reported public
health effects of ash exposure are irritation of the eyes and upper airways and exacerbation of pre-existing respiratory conditions, such as
asthma. Serious health problems (requiring hospitalisation) are rare. A proportion of the population is likely to experience increased levels of

Particle size; Mineral
composition; Surface area;

Public health
psychological distress due to factors such as increased workload during the eruption and uncertainty about effects on health and livelihoods. Morphology; Soluble salt
People with pre-existing health vulnerability are more at risk of psychological distress. Individuals who may be exposed to ashy conditions will burden; Thickness.
require protective clothing and masks.
Most road markings obscured; traction and visibility problems; Airports often closed and requiring clean-up. Increased wear of engine and
brakes; possible signal failure on railway lines.
Possible clogging of air-and water-handling and filtration systems, mechanical and electrical equipment and abrasion damage by waterborne Thil:knessl,' Particle size;
ash to pump impellers and turbines. Minor short-term increases, particularly in streams and small reservoirs, in elements leached from ash. Mechanical strength.
Infrastructure | Blockage of water intake structures, particularly in streams. Suspended ash in water intakes and sewer lines a possible threat to
water/wastewater treatment plants. ‘Open’ systems (e.g. with open air sand filters) are more vulnerable.
Potential flashover of power lines and transformers (particularly in light wet weather conditions). Corrosion and/or abrasion of, e.g. Soluble salt burden;
paintwork, windscreens, metallic elements, some air- and water-handling, mechanical, electrical equipment or engines. Possible damage to Conductivity; Abrasiveness;
external telecommunication components or power cables. Particle size
Buildings Mo structural damage. Possible infiltration and internal contamination and corrosion of metallic components. Roofing materials may be Loading; Soluble salt
abraded or damaged by human actions during ash removal. burden; Abrasiveness.
Effects on livestock expected to be minor but may include irritation of eyes and skin. Animals may ingest ash along with feed but small
quantities are unlikely to cause harm. Cases of fluorosis (if ash contains moderate to high levels of soluble F) are rare but have been reported
for these depths of ash fall. Soluble salt burden:
Agriculture . ) o
Ash coverage of crops, may lead to aesthetic discolouration and/or acid damage to leaves and fruits and abrasion during clean-up or harvest. Particle size; Abrasiveness.
Ash fall may have beneficial effects on soil if ash contains high levels of available plant growth nutrients such as sulphur, and may provide a
beneficial mulching effect. Ash may also encourage or discourage pests and/or pollinating insects.
Minar clean-up required: sweeping of roads, paved areas and roofs/gutters usually sufficient. Ash falls of only a few mm depth will generate . .
\ . . . ) ) ) . Thickness; Density;
Clean-up large volumes of ash for collection and disposal and clean-up is a time-consuming, costly and resource-intensive operation. Water demand \
e . 1 R \ Abrasiveness.
may remain high for months afterwards if wind-remobilised ash requires dampening.
Some economic activities may increase, e.g. volcano tourism, but most will be disrupted. Disruption to work and travel. Clean-up cost.
Economy Increased maintenance costs (e.g. at water supply plants where sand filter beds may need to be cleaned more frequently). Increased labour Thickness; Presence.
and health and safety requirements.
Figure 10. This table taken from Jenkins et al. (2015) summarizes the impacts that can be
expected from ash thicknesses ranging from about 1 to 10 mm.
Code: DO D1 | D2
B d i
Description: Mo damage Cleaning required Evunm:;:_"am'c
Function Fully functional Closure of runway Indefinite closure
£
5 . o N .
2 Damage No damage (but ks of revenus costs) Possible runwalyr Collapse of critical buildings; IDUSEIHE runway Complete burial
= surface degradation surface degradation
Thickness 0mm >0 mm >500 mm
Function Fully functional Temporary disruption, e.g. flashover of insulators Disruption requiring repair Permanent disruption
g |y
t Damage to critical components; long delays in
o ng_ Damage No damage Mo damage to components . Structural damage
W receiving replacement components,
=500 100-1000
B Thickness 0 (0-20) mm 5 (1-20) mm 20 (2-100) mm mm {
E mm)
= icihili 1 i 1 .
2 Function Fully functional Reduced wsl|b|l|tv and Signals disrupted Losls of trad.“.m making operation unsafrz, Impassable
= e traction Possible derailing through ash accumulation
= ]
3- 'E Damage Mo damage Possible abrasion and/or corrosion of signal components and track Complete burial
E Thickness 0 (0-5) mm 0.5 (0.1-10) mm 1(0.1-20) mm 30 (2-100) mm 100 (50-200) mm
[w}
Function Fully functional Reduced visibility and Road markings 2WD vehicles 4WD vehicles Impassable
Y traction obscured obstructed obstructed P
v
© )
Possibl d surf: ) . )
E Damage No damage ossiole rlna su zfce Road surface and marking abrasion Complete burial
and marking abrasion
Thickness 0 (0-5) mm 0.5 (0.1-10) mm 2 (1-20) mm 50 (10-100) mm 150 (50-300) mm n,"a"




Figure 11 Approximatemedian (and interdecile) hazard intensitiehan can be expected at
various ash thicknessed he table related thickness to damage and functionality states for
different critical infrastructure sectors. Figure taken from Jenkins et al. (2015).

Ash Grain Size Distribution
The laser sizing process resulted in a series of test replicates. An exaenof one of the
grain size distribution graphs in shown in Figure 17
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Figure 12 Grain size distribution of the pseudo ash.

Ash Thickness Calculations

Concrete Concrete Concrete Concrete  Grass Grass Grass Grass  Asphalt Asphalt Flax Flax
Ash Mass Ash Ash Mass Ash Ash Ash Ash Ash Ash Ash Ash Mass Ash
(V1) (g) Thickness (V2)(g) Thickness Mass Thickness Mass  Thicknes Mass (g) Thicknes () Thickness

Ash Thickness (V1) (mm) (V2) (mm) (V1) (g) (V1)(mm) (V2)(g) s(V2) s (mm) (mm)
Omm (dish 1) |43.02 N/A 43.03 N/A 43.02 N/A 43.03 N/A 43.02 N/A 43.02 N/A
Omm (dish 2) |43.60 N/A 43.61 N/A 43.60 N/A 43.61 N/A 43.61 N/A 43.60 N/A
1mm (dish 1) [45.33 036 4522 0.35 * N/A 45.71 0.42 46.61 0.56 46.07 0.48
1mm (dish 2) [45.15 0.24 45.38 0.28 * N/A 48.08 0.70 46.39 044 47.79 0.66
5mm (dish 1) |83.43 636 82.22 6.16 7990 5.80 77.25 5.38 82.08 6.14 7742 5.41
S5mm (dish 2) |82.90 6.18 80.45 5.79 87.686** 6.93 89.20 7.17 76.18 512 88.69 7.09
10mm (dish 1) |[N/A N/A 119.72 12.06 N/A N/A 116.02 1148 11812 1181 122.76 1254
10mm (dish 2) |[N/A N/A 11939 1192 N/A N/A 121.20 1220 108.03 1013 149.696*** 16.69

Figure 13 This figure shows the mass of the ash from the collection plates in each set of

photographs. The thickness is determined using the density of the ash which was calculated to

be 1000 kg/n?.

These calculations are based on the bulk dsity of oven dried a$. | also calculated the
density of ash before it was oven dried to see if there was a significant difference. The
density of the ash with nothing done to it wa®9©84 kg/m3and the density of the dred bulk
sample was1006 kg/m3. These densities were calcated from the mean of three
measurements of the mass of ash that occupied specific volumes. It would make more
sense if the oven dried sample was lower density because the moisture in the sample




would be gone. This discrepancy likely arises from the testgnmethodology. The dry ash
was weighed in a graduated cylinder which was difficult to fill with ash. The ash sample
that was not dried in the oven was weighed in a beakefhe density used in the
calculations was1000 kg/m 3.



