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Abstract 

Volcanic ash is the most widespread volcanic hazard. Ash can cause significant disruptions 

to transportation networks, infrastructure such as water treatment centres, 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. Yet, many of these people do not know what a 

volcanic ash fall would look like in 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 about what 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 compared with reference photographs to estimate the ash thicknesses 

documented in the images. This 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 volcano behaviour. A survey was conducted to test whether the 

ÒÅÆÅÒÅÎÃÅ ÐÈÏÔÏÇÒÁÐÈÓ ÈÅÌÐÅÄ ÉÍÐÒÏÖÅ ÐÅÏÐÌÅÓȭ ÁÂÉÌÉÔÙ ÔÏ ÁÃÃÕÒÁÔÅÌÙ ÅÓÔÉÍÁÔÅ ÁÓÈ ÔÈÉÃËÎÅÓÓ 

from photographs. Survey results suggest that people have an easier time estimating ash 

thickness in close-up photographs than photographs taken at a distance. 

 

Introduction 

Volcanic ash fall is the most widespread hazard caused by volcanic eruptions. Ash fall 

deposits that are 1 mm or thicker can cause serious disruptions to transportation 

networks, electricity networks, agricultural production, and human health (Brown et al., 

2015; Carlsen et al., 2012; Horwell 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). Despite being a 

rather small eruption that mostly deposited ash less than 3 mm thick across the North 

Island of New Zealand, the  1995/1996 Ruapehu eruption resulted in disruptions estimated 

to have cost $130 million in New Zealand 1996 dollars (Johnston et al., 2000). Global 

vulnerability to ash is increasing as populations increase and society becomes reliant on 



technology that is susceptible to damage from ash. Hundreds of millions of people across 

the world are at risk of experiencing a volcanic ash fall because ash can be blown hundreds 

to thousands of kilometres from volcanoes (Loughlin et al., 2015, see Figure 1).  Yet many 

people who live in areas at risk of a volcanic ash fall have never personally experienced an 

ash fall event and do not know what to expect. It can be difficult for non-experts to visualize 

thicknesses of ash and understand the potential effects.  

 

Photographs were created to communicate what an ash fall of even just a few millimetres  

could look like on common surfaces. The reference photographs can be used for public 

education internationally. The reference photographs can also be paired with information 

about the likely damage states to critical infrastructure , agriculture, and structures that 

would correspond to an equivalent ash deposit. (See Figure 11 in the Appendix for a table 

of the damage states likely to occur to critical infrastructure at various ash fall thickness 

ranges.) 

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 photographs can also be used for remote data collection.  

Scientists could collect data about ash thickness distribution (often displayed as isopach 

maps) from photographs to learn about the behaviour of volcanoes even when they cannot 

collect data in the field. Approximate ash thicknesses would be estimated by comparing 



photographs taken by individuals or published on social or news media with reference 

photographs of different thicknesses of ash on various surfaces. 

Scientists could get approximate data about ash thickness if members of the public 

report visual estimates of the thicknesses of ash deposits that they observe. People tend to 

overestimate ash thickness so the reference photographs can help improve these 

estimations.  The use of non-ÅØÐÅÒÔÓ ÔÏ ÈÅÌÐ ÃÏÌÌÅÃÔ ÓÃÉÅÎÔÉÆÉÃ ÄÁÔÁ ÉÓ ÃÁÌÌÅÄ ȰÃÉÔÉÚÅÎ-ÓÃÉÅÎÃÅȢȱ 

Citizen science has been used successfully to gain data about volcanic hazards in the past. 

The Alaska Volcano Observatory collects ash thickness measurements from 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 defence department (Stone et al., 2014). Involving the community in scientific 

research and monitoring helps the affected community as well as the scientific community 

(Conrad and Hiltchey, 2011). Community based monitoring (CBM) lower monitoring costs 

and help participants  become more scientific literate and involved in local issues.  

 

Methods 

A set of reference photographs was systematically prepared for ash thicknesses of 1 mm, 5, 

mm, and 10 mm on common surfaces such as asphalt and grass.  A survey was used to test 

the effectiveness of the reference photographs in improving ÐÅÏÐÌÅÓȭ ÁÂÉÌÉÔÙ ÔÏ ÁÃÃÕÒÁÔÅÌÙ 

estimate ash thickness.  

 

Pseudo Ash 

Crushed up rock was used to mimic ash in these experiments instead 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 collecting ash dispersed over a landscape. The 

pseudo ash has similar characteristics to naturally occurring ash making it suitable for ash 

fall experiments (Hill, 2014). Light coloured ash was used in experiments. This ash was 

chosen to contrast with dark coloured, mafic ash that can be used to make additional 

reference photographs. The pseudo ash was made from high silica rhyolite lapilli from the 

1314 Okataina Tarawera Plinian eruption. The sample is pumaceous and may contain 

possible basaltic and basaltic-andestic clasts. The lapilli were  jaw crushed, disk pulverized 

to 1 mm, and sieved to 1 mm. A subsample of the ash was laser sized to determine the grain 

size distribution of the pseudo ash (see Figure 12 in the Appendix for a graph of the grain 

size distribution) .    

Simulated Ash Fall 

An ash dispersing rig was set up in the Volcanic Ash Testing (VAT) Lab at the University of 

Canterbury to simulate a volcanic ash fall. The hopper in the rig was filled with ash (see 

Figure 2). The bottom on the hopper was made of 40cm by 40 cm of 1 mm mesh that 

matched the 1 mm maximum grain size of the pseudo ash.  The hopper was agitated 



manually with a spring loaded mallet that hit the side of the rig to produce a simulated ash 

fall. The ash was refilled in the hopper if a part of the mesh became visible from above.  The 

ash descended from a height of 1.5 m to allow most particles 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.  

 

Figure 2. The setup of the ash dispersal rig. Ash is placed in the hopper and falls down onto the 

testing surface below when the rig is agitated.  

Testing Surfaces 

The testing surfaces used in this initial set of reference photographs were a slab of 

concrete, a slab of asphalt (like that which would be used on a road surface), uncut grass, 

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

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 photograph of footprints on concrete, were made to resemble field 

photographs taken after past eruptions.   



Measuring Ash Thickness 

Ash collection plates were placed under the simulated ash fall in order to back-calculate 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. Glass petri dishes with  90 mm inner diameter and 13 mm outer height were used 

as ash collection plates. Two collection plates were used per scenario in addition to a small 

metal plate with a ruler attached (see Figure 5). A calliper was used to measure the ash 

thickness on the flat metal plate and in the petri dishes. The thickness was measured 

periodically to determine when ash deposit had reached the desired thickness. The depth 

measuring blade (see Figure 3) of the calliper was pushed down to the bottom of the flat 

plate. This involved gently moving around the calliper to make sure that it was touching the 

bottom of the petri dish and was not getting stuck on any large grains. The calliper was 

pushed down until the base reached the top of the ash deposit to determine ash thickness. 

This measurement was done approximately 5 times in different locations to create 

confidence that the thickness was at the intended level.  

 

Figure 3. This type of calliper was used to measure ash thickness. Note the depth measuring 

blade on the right that was used to determine ash depth. Photo credit: Simon A. Eugster, 2009 

Photographs 

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

as a scale for a scientific audience, while a pencil and soda can were used in photographs 

intended for non-experts. A Munsell soil colour chart was also used as a scale and to 

provide an indication of the true colour of the images.  



 

Photographs used as reference photographs in the survey were mostly taken at 

standardized positions.  

Images were taken indoors. The laboratory had florescent lights.  A set of flood lights were 

used in addition to help simulate outdoor lighting. Various white balance settings were 

tested on the camera.  

Survey 

! ÓÕÒÖÅÙ ×ÁÓ ÃÏÎÄÕÃÔÅÄ ÔÏ ÓÅÅ ÈÏ× ÐÅÏÐÌÅÓȭ ÅÓÔÉÍÁÔÉÏÎÓ ÏÆ ÁÓÈ in photographs of ash fall 

deposits in the field change when utilizing reference photographs. The survey was used to 

test the hypothesis that non-experts 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 thicknesses. The field photographs used in the 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 to use a slider to provide their best guess of the thickness of 

ash depicted in a series of photos to get baseline data. The same questions were then asked 

of the participants but in the second part of the survey the participants could use the 

reference photographs of ash thicknesses ranging from 0 mm to 10 mm to aid their 

estimations (see Figure 5).  

 

The web-based survey was distributed to students in the Department of Geology at the 

University of Canterbury by email and was further distributed via social media to the 

ÁÕÔÈÏÒȭÓ ÐÅÒÓÏÎÁÌ ÎÅÔ×ÏÒËȢ 4ÈÅ ÓÕÒÖÅÙ ×ÁÓ ÁÎÏÎÙÍÏÕÓ ÁÎÄ ÔÈÅÒÅ ×ÅÒÅ ÎÏ ÒÅÓÔÒÉÃÔÉÏÎÓ ÏÎ 

who could complete the survey.  

  

 

 

 

 



Figure 4. Photos used in survey that are taken using various angles, distances, and framing. 

The image numbers correspond to the question numbers used in the survey which are 

analysed below. 

 

 

 

 

 



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 mm of ash. A selection of the 

hundreds of photographs taken can be seen in Figure 5. 

 

Visual Differences in Reference Photographs 

The reference photographs effectively show visual differences between various ash 

thicknesses on some of the surfaces tested (see Figure 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 ash deposits. 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 few millimetres  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 the photographs of grass with different ash deposit thicknesses. 

 



Figure 5. This figure displays reference photographs of different ash fall thicknesses 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 ash thickness but gave results that differed slightly 

from the thicknesses back-calculated from the density, mass, and area of the ash in the 

collection plates. The deposits measured to be 1 mm thick with the callipers were all back-

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

the largest grain size was 1mm so the calliper measured 1mm thicknesses even if the plate 

×ÁÓÎȭÔ ÃÏÍÐÌÅÔÅÌÙ ÃÏÖÅÒÅÄ ×ÉÔÈ ρÍÍ ÏÆ ÁÓÈȢ 4ÈÅ ÄÅÎÓÉÔÙ ÃÁÌÃÕÌÁÔÉÏÎÓ ÆÏÒ ÔÈÅ υ mm and 10 

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 1 mm or 2mm of the target thickness.  

 

Ash 
Thickness 

Concrete 
Ash 
Thickness 
(V1) (mm) 

Concrete 
Ash 
Thickness 
(V2) 
(mm) 

Grass Ash 
Thickness 
(V1) (mm) 

Grass Ash 
Thickness 
(V2) (mm) 

Asphalt Ash 
Thickness 
(mm) 

Flax Ash 
Thickness 
(mm) 

1mm (dish 1) 0.36 0.35 N/A  0.42 0.56 0.48 

1mm (dish 2) 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 (dish 2) 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 6. This table shows the thicknesses of the ash deposits that are used in the reference 
photographs. The thicknesses were back-calculated from the mass of ash in the collection 
plates, the area of the collection plates, and the density of the ash (1000 kg/m3). One asterisk 
indicates that the collection plate received 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 13 in the Appendix includes the mass of the ash used to back-calculate 
the ash thickness.  
 

Survey 

Seventy-seven 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 deposit on a road line) as this was the question most often left blank. 

 



In 4 out of 5 questions, the mean ash fall thickness estimation improved in accuracy with 

the use of the reference photographs (see 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 ash using the reference photographs. This photograph matched most 

closely with some of the reference 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 footprints. These 

results seems to confirm that people tend to overestimate ash thicknesses. 

 

Image 
number 

Picture 
description 

Known 
value 

Mean 
estimated 
thickness 
without 
reference 

Mean 
estimated 
thickness 
with 
reference 

Change in 
Estimation 

Q1 Footprint  10-15 8.88 10.80 1.92 

Q2 
Road line 
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 reference photographs.  

 

 



Figure 8. 4ÈÅÓÅ ÂÏØ ÐÌÏÔÓ ÓÈÏ× ÔÈÅ ÃÈÁÎÇÅ ÉÎ ÐÅÏÐÌÅȭÓ ÁÓÈ ÆÁÌÌ ÅÓÔÉÍÁÔÉÏÎÓ ×ÈÅÎ ÔÈÅÙ ÕÓÅ Á 

reference photograph to help them estimate ash thickness. The red dotted line shows the 



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 generally inconclusive. However, it does point to some suggestions for 

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

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

better pictures of the ash on the grass because grass is so ubiquitous, and a combination of 

close-up and distance photographs for each scenario. The reference photographs did seem 

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

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

reference photographs. The accurate mean ash thickness estimation for this 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 of reference 

photographs does not result in drastic improvements in peÏÐÌÅÓȭ ÁÂÉÌÉÔÙ ÔÏ ÅÓÔÉÍÁÔÅ ÁÓÈ 

ÔÈÉÃËÎÅÓÓȢ )Î &ÉÇÕÒÅ σ ÔÈÅ ÒÅÆÅÒÅÎÃÅ ÐÈÏÔÏÇÒÁÐÈÓ ÏÆ ÁÓÈ ÏÎ ÆÌÁØ ÍÁÄÅ ÐÅÏÐÌÅȭÓ ÁÓÈ ÔÈÉÃËÎÅÓÓ 

estimations less accurate. Future work should analyse the statistical significance of the 

survey data. Future research should also inÖÅÓÔÉÇÁÔÅ ×ÈÅÔÈÅÒ ÐÅÏÐÌÅÓȭ ÄÅÍÏÇÒÁÐÈÉÃÓ from 

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 

ÈÅÌÐ ÉÍÐÒÏÖÅ ÐÅÏÐÌÅÓȭ ÁÂÉÌÉty to estimate ash thicknesses, improvements should be made to 

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

confidence in the ȰÔÒÕÅȱ values of the thicknesses of ash depicted in the field photographs 

that are used to analyse ÔÈÅ ÁÃÃÕÒÁÃÙ ÏÆ ÐÁÒÔÉÃÉÐÁÎÔÓȭ ÁÓÈ ÔÈÉÃËÎÅÓÓ ÅÓÔÉÍÁÔÉÏÎÓȢ 4ÈÅ ÌÏ× 

confidence in these numbers arises because the ash was not sampled at the locations of the 

photographs. Additionally Image 4 may show thicker ash deposits than the known 

thickness of 4-8mm suggests because ash may have been swept to the side of the road to  

create thicker deposits.  

 

The box plots show that people were better at estimating ash thicknesses in photographs 

that were close up shots of the ash covered surfaces (Images 1 and 2 in Figure 5). More 

research is needed to determine whether this trend would hold true with more data points.  

 

/ÖÅÒÁÌÌ ÐÅÏÐÌÅÓȭ ÁÂÉÌÉÔÙ ÔÏ ÅÓÔÉÍÁÔÅ ÁÓÈ ÔÈÉÃËÎÅÓÓÅÓ ×ÉÔÈÏÕÔ ÔÈÅ ÒÅÆÅÒÅÎÃÅ ÐÈÏÔÏÇÒÁÐÈÓ ×ÁÓ 

more accurate than expected. The concept of having non-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 be helpful in further improving peÏÐÌÅÓȭ ÅÓÔÉÍÁÔÉÏÎ 

capabilities. 



 

Photographs 

Photographs taken using a tripod at a constant location were best for creating a consistent 

set of reference photographs, yet the ash thicknesses were often easier to identify in 

photographs that magnified the surfaces. This was especially true for the grass (see Figure 

9).  

Figure 9. The difference in the thickness of the ash fall deposit is discernible in 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 a 

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 thicknesses. Future reference 

photographs should be taken from a consistent location and angle. 

 

Photographic Scales 

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 photographs it became 

apparent that the size of the scale needed to match the type of surface being tested. A pencil 

works as an effective scale for images that have very little depth like the footprints on the 

concrete slab. A soda can provided 3-D perspective which was more effective for multi-

dimensional surfaces like flax and grass. The large size of the geologic arrow scale 

compared to the some of the testing surfaces overpowered some of the images. A smaller 

scale would be preferable in the future. The colour of the scale also needs to be a different 

colour than the background to be easily visible. More research should go into identifying a 

constant scale that is effective for the various surfaces.  



 

Lighting and Outdoor Conditions 

The reference photographs were taken inside with attempts to mimic outdoor lighting. The 

combination of the lighting and the camera resulted in photographs that do not appear to 

have been taken in natural light. Future work could be done to improve the indoor lighting 

or the rig could be adapted to have a Perspex outer shell that would allow the ash dispersal 

rig to be used outside without the ash being blown away.  

 

Future Work and Format of Reference Photographs 

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 the optimal format so that a 

sufficient diversity of reference photographs can be made available in a manner that is not 

overwhelming or overly time consuming for the person estimating ash thickness. Future 

work should investigate whether the addition of text descriptions accompanying the 

reference photographs would be useful. A smartphone or computer application could be 

created that asks questions in a flow chart style. The questions could include things like 

Ȱ#ÁÎ ÙÏÕ ÓÅÅ ÔÈÅ ÒÏÁÄ ÍÁÒËÉÎÇÓȩȱ The reference photographs could be turned into a final 

product similar to the photographic guide used by hydrologists to determine river 

roughness by comparing a river to a set of photographs that have associated roughness 

coefficients (Arcement and Schneider, 1989). 

 

The next step in this research would be to make an identical set of reference photographs 

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 µ because the grain 

size of ash varies and is controlled by the type of volcanic eruption and the distance from 

the vent (Rhoades et al., 2002). More 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 less prominent in the photographs. More 

work should also be dedicated to determining how to best include a scale in the 

photographs. The application of 3-D photographic techniques to the reference photographs 

should also be investigated in the future.  

 

Conclusion 

Ideally volcanic ash fall thicknesses would be measured systematically 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 setting by 

dispersing ash relatively evenly over various surfaces and a series of reference 

photographs were taken of the various ash thicknesses. These photographs can be used to 

help people become aware of the potential effects of a volcanic ash fall. A survey was 



conducted to determine whether reference photographs are effective at improving the 

ability of non-experts to estimate volcanic ash thicknesses in photographs. The reference 

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

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

to improve the reference photographs and to ÔÅÓÔ ÔÈÅÉÒ ÅÆÆÅÃÔÉÖÅÎÅÓÓ ÁÔ ÉÍÐÒÏÖÉÎÇ ÐÅÏÐÌÅÓȭ 

ability to accurately estimate ash fall thicknesses. More research is needed to create more 

reference photographs and see how accurate people 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 the behaviour of volcanoes. 
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Appendix 

Background about Ash Fall Impacts 

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.  



Figure 11. Approximate median (and interdecile) hazard intensities than can be expected at 

various ash thicknesses. The 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 example of one of the 

grain size distribution graphs in shown in Figure 17.  

 

Figure 12. Grain size distribution of the pseudo ash.  

 

Ash Thickness Calculations 

 

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/m3. 

 

These calculations are based on the bulk density of oven dried ash. I 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 was 984 kg/m3 and the density of the dried bulk 

sample was 1006 kg/m 3. These densities were calculated 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 testing methodology. 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 beaker. The density used in the 

calculations was 1000 kg/m 3.  


