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Moderator (Takahiro MIWA)

It is now time, so we would like to start this International Workshop on Strategy
of Volcanic Disaster Mitigation - Impact of Large Scale Eruptions to Urban Areas.
And I will be serving as the MC today. I am from NIED. My name is Takahiro
Miwa.

To start, we would like to have our President of NIED, Dr. Kaoru Takara to make
some opening remarks.

[ Opening Remarks ]
Kaoru TAKARA (President, NIED)

Kaoru TAKARA

Good day to all of you. I am the President of NIED, my name is Kaoru Takara.
Thank you very much for coming to this International Workshop 2023 on Strategy
of Volcanic Disaster Mitigation, on the impact of large-scale eruptions on urban
areas.

NIED together with the Mount Fuji Research Institute of Yamanashi prefectural
government started this workshop and it has been held every other year since
2003. So this will be the 11th workshop. Recently, there is this concern that if
Mount Fuji erupts, it may cause a national crisis. So what will happen if the
mountain erupts, what kind of countermeasures should be taken. We have been
trying to compile our knowledge on that. And in 2020, the cabinet office compiled
a report on the impact and measures to be taken for wide area tephra fall in the
case of large-scale volcanic eruptions. And therefore, at this workshop, we want
to discuss what kind of impact urban areas may see if there is a volcanic eruption
and we wanted to discuss the business continuation and community continuation
plans.

From New Zealand, the GNS Science, we have Dr. Christina Magill and from the
University of Geneva, we have Mr. Sébastien Biass. From Japan, we have Kiyotoshi
Otsuka from the Obayashi Corporation Technology Research Institute as well as
Hiroya Homma from the Central Research Institute of Electric Power Industry, and
also Kensuke Ishii from JMA Meteorological Research Institute.

This year in June, the Active Volcanoes Act has been revised and next year on April
1st, a taskforce to promote volcanic survey will be established. I believe that now
we are facing a turning point when it comes to taking measures against volcanic



disasters. And therefore, I look forward to a very active and fruitful discussion
today and I hope to have your cooperation. Thank you very much.

Moderator
Thank you very much for your words. We would now like to give the floor to Mr.
Eisuke Fujita of National Research Institute for Earth Science and Disaster
Prevention.
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[ Briefing )
Eisuke FUJITA (NIED)

Eisuke FUJITA
Thank you very much for joining us today online and on-site. I am Fujita of
National Research Institute for Earth Science and Disaster Prevention.

Allow me to briefly give you the framework of today's discussion. As you are aware,
volcanic disasters include ashfall, pyroclastic flow and lava flow and the scale of
the eruption and impact of the lives and business strongly dependent on the
distance from the volcano. Today, we would like to discuss specific measures to
deal with ashfall which affects areas not only in the immediate vicinity of the
volcanoes like the Tokyo Metropolitan area, a highly populated area. Suppose
Mount Fuji or Asama had a major eruption, a large amount of ashfall may hit the
capital. We need to know what would happen and what countermeasures are
needed not only from a viewpoint of volcanology, but also from a practical
perspective. So that is the type of discussion we would like to have this afternoon.

Dr. Christina Magill of GNS Science, New Zealand has contributed to the UN Sendai
framework for disaster risk reduction. She is versed in effects of volcanic ashfall
in different parts of the world. She participated in this workshop held 12 years
ago back in 2011 and we look forward to hearing an updated version of her
presentation today. Mr. Kensuke Ishii will also share with us his expert knowledge
as well from JMA.

Mr. Homma of CRIEPI will discuss the qualitative and quantitative analysis of such
ashfall and Mr. Otsuka of Obayashi Corporation Research Institute will also give us
the impact of ashfall on built environment. And Dr. Sébastien Biass will also be
joining the panel discussion from Geneva. He will also be taking the podium in the
symposium to be held in Fujiyoshida City on 4th of November and he is an
energetic and world-renowned scholar in this specific field, especially on the
impacts of ashfall on agriculture and other areas.

I hope today's workshop will help you find some of the answers to the why and
how. Thank you very much for your cooperation today.

Moderator
Thank you. Without further ado, we would like to begin presentation in the first
part. Each presentation will be about 30 minutes. After that, we would like to set



aside time for questions. Those participating online, please find Q&A mark on the
screen and write down your questions there. We will be trying to answer those
questions. Those who are at this venue, please raise your hand if you want to ask
questions.

The first presentation. From New Zealand GNS Science, we have Dr. Christina
Magill. Dr. Magill will talk about the volcanic impact and risk research at Aotearoa,
for New Zealand. Please.
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Volcanic impact and risk research in Aotearoa New Zealand
» Major volcano programmes and projects
» RiskScape™

+ Ash impact and risk research
— short to long time frames

* New Zealand Japan collaboration
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What can RiskScape™ do...

Hazard Exposure Assessment
= \What is exposed to a hazard and at what hazard magnitude
e.g., supermarket 'A'is inside the 100-year sea level risk zone
€.g.. 10.000 buildings exposed to a certain thickness of volcanic ash

Scenario Impact Assessment
* What is impacted from a specific scenario
e.g.. 20,000 buildings of damage state 3 following a given shaking event
€.g.. alahar that overtops a river bank willl make 200 homes un-inhabitable
+ Scenario planning, post-event response

Probabilistic Risk Assessment

+ Whatis probability of impact for a given time period
e.g.. the average annual loss from earthquakes in NZ is $200M
e.g.. the 1in 1000-year loss from earthquakes in NZ is $10B

« Comprehensive risk management
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“Volcanic impact and risk research in Aotearoa New Zealand”
Christina MAGILL (GNS Science)

Christina MAGILL

Thank you everyone. It is great to be back in Japan after quite some time away.
It is lovely to be back. Today, I am going to present an overview of the volcanic
impact and risk research we are doing in Aotearoa, New Zealand. As you know,
our countries are very similar from a geological and a hazards point of view and I
think there is lots of crossovers between what we do in both countries. So, I am
very, very happy to be sharing what we are doing in Aotearoa.

This presentation is very much a joint effort, presenting research from a group of
scientists who work on volcanic risk within Aotearoa.

A bit of an overview of what I will talk about today. First is an overview of the
major volcano programs and projects that we have ongoing in Aotearoa. I will talk
about RiskScape, which is a risk modeling piece of software that we have
developed at GNS. Itis open-source software that you would also be able to utilize
if there was something helpful for you. I will go through a whole lot of ash impact
and risk projects that are happening in New Zealand, both for short-term risk and
long-term risk. And then finally, finish up just with a few thoughts on New
Zealand-Japan collaboration in this space.

This figure here is an overview of our major research programs and projects that
are currently underway in Aotearoa. Our funding system in Aotearoa is that we
work on a competitive cycle for funding where we can apply for funding for big
projects that are undertaken over a period of about five years, and these are the
current projects that are underway at the moment in the volcano space. All of
these projects have an end-to-end aspect to them, so they have fundamental
volcano science through to impact in risk research and even social science and
planning at the other end.

This figure here highlights the regions that all the stakeholders that are that benefit
from each of these research projects. The first one on the left is the transitioning
Taranaki to a volcanic futures project. This is a stratovolcano, very similar to
Mount Fuji, in the west of New Zealand. This is a project that is now getting to
the end of the project and we are really focusing in on the impact work around
Taranaki and a lot of my talk today will focus on Taranaki.
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We have another program called Resilience to Nature's Challenge. And within
Resilience to Nature's Challenge is a volcano program and we look after all
volcanoes in the North Island. And again, it is a focus on impact and probably a
focus on our cone volcanoes.

We then have ECLIPSE, which is a similar project, but this one is focused on the
large caldera volcanoes. Beneath the waves is our offshore volcanoes. At GNS
Science, we have some internal funding, which is government funding which allows
us to again look at impacts and risk over the North Island. DEVORA is a project
for the Auckland volcanic field, again end-to-end. RNC Rural has a focus on
impacts to the rural environment from all hazards, but particularly volcano. MRM
is @ multi-hazard risk modeling project, which is also within RNC.

I want to talk now a little bit about RiskScape, which is an open-source piece of
software that was developed by GNS Science, which is the government
organization for geological hazards and geological research, and jointly in
collaboration with NIWA, which is the National Institute of Weather and
Atmospheric Research. So, they look after the hazards we do not look after, so
that is the weather and climate hazards. It is also developed with Catalyst IT,
which is a software engineering company and Toka Tu Ake EQC which is our
government insurer.

RiskScape is a piece of software that allows us to do scenario, multi-hazard, and
probabilistic risk modeling for any hazard. It does not have any data contained
within the software. Risk science in the data sits outside within our research
projects and that is what I will talk a bit more about today. We also with teams of
social scientists, planners, and experts in the risk communication field who are
able to take the information out of RiskScape and present this to end users and
stakeholders depending on their needs.

This is just a quick photo, something we are very proud of. Last year, we won the
best high-tech solution for public good at the New Zealand high-tech awards. And
you can see, that was presented by our former prime minister. It is something we
are very proud of with RiskScape.

RiskScape, we sometimes just say it is a fancy calculator that lets us do risk
modeling nice and easily. We are able to undertake just simple exposure
assessments where we can take a geospatial hazard layer, just say a single
scenario, and we could look at what would be exposed to that scenario. For
example, we could say that see that, say, 18,000 buildings would be exposed to a
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given thickness of ash, say, based on an eruption of Mount Fuji. We can also
undertake scenario impact assessment. So, this is when we would again take a
single scenario but then we would apply potential impacts to that. So we could
look at the amount of damage to buildings or to infrastructure based on a given
scenario.

And then lastly, we are able to also use the software for full probabilistic risk
assessment. We are able to put hundreds of thousands of hazard scenarios with
given probabilities and we are able to define a probabilistic loss, which is the sort
of information that is used widely in the insurance industry.

This is a schematic of how RiskScape looks at impact assessment. We would have
an asset dataset, which is just a GIS dataset that might be buildings or roads or
people. We then also have geospatial hazard information, which might be a
simulation of ash or any other hazard. RiskScape combines those together, does
some fancy geospatial sampling and allows us to easily calculate the exposure of
those particular assets to the hazard in question.

And then lastly, we can using risk functions, so those would be functions that
describe the relationships between our exposure and hazard, we can look at the
impact from a given scenario. So that might be the cost, it might be the number
of people that will need to be evacuated, the amount of ash that needs to be
cleaned up, any of those questions that you might have around risk or impact.

A probabilistic risk assessment takes that one step further. So, instead of just
having a single asset or single asset set we have multiple layers of assets. We
have multiple layers of hazards. So this could be tens of thousands of hazard
simulations each within a different probability. We perform the same geospatial
sampling, the same exposure, but we can apply multiple risk functions to be able
to calculate a probabilistic risk, which then can be used for reporting or decision-
making depending on the stakeholder needs.

Now RiskScape does not contain data, but we do produce RiskScape models. And
this is our newest model that is going to be released in the next few months is an
ash impact model. So designed for RiskScape we have a probabilistic ash
catalogue that is 60,000 ash simulations for the six main volcanoes in the North
Island and these are conducted at a one-kilometer resolution. All of the data is
contained within RiskScape. The photo, the picture on the left shows an overview
of all of those simulations stacked on top of each other to look at the probability
of ash as it stands today. And you can see, the highest probability is around that
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Central North Island area where we got all our cone volcanoes, Taranaki Volcano
on the west, and then Okataina Volcano, which is closer to the coast, on the east.

Interestingly, we do not get a high impact from the Auckland volcanic field in this
catalogue because our ash simulations are quite small and contains the Auckland
Volcanic Field. Obviously, if there was an eruption from the Auckland Volcanic
Field, it would be catastrophic in terms of other hazards, not necessarily ash.

The important thing about this catalogue is that the probabilities are not fixed. We
have a catalogue of ash simulations, and we are able to update those probabilities
based on information we know about the volcano. Last year, when Ruapehu
showed signs of unrest, we were able to determine that we thought that there was
the likely outcome was VEI - if they were ever to progress to an eruption, that the
most probable eruption would be VEI 2, quite a small magnitude eruption. We
were able to pull out the simulations from that catalogue and within RiskScape,
look at what the impacts would be from those particular simulations. Some
stakeholders also used individual simulations.

So the photo or the figure on the right is a figure of just one simulation and that
was used by our transport agency to look at the impacts. And that they used a
few different scenarios to look at the potential impacts if Ruapehu was to continue
to eruption. It did not, but we were getting ready for it.

Again, sticking on the short-term hazard and risk, we have a system at GNS where
we use a Bayesian approach to be able to look at the probability of an eruption
based on monitoring factors and so on. And that is used to determine the alert
level of the volcano. So Ruapehu went into an alert level 2, and we were then able
to use our simulations to inform hazard map that were provided to the community
and to the transport agencies and lifeline agencies.

You can see on the bottom there, there are also tips for the public of how to
respond if there is an eruption of this magnitude. And we are also able to push
out other information on potential impacts of the hazard that might be coming up.
I just put this website here to show you that there are quite a lot of resources for
the impacts of ash. This has been translated into a few languages and I am pretty
sure Japanese is one of them. But do not quote me on that, I am not entirely sure.

I am going to move on now to long-term hazard and risk, which is the area I
typically work in. This is again using our catalogue of ashfall simulations for the
North Island. On the left-hand side, this was a project that we undertook for
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Transpower earlier this year. And Transpower is our main electricity provider in
New Zealand, and they look after our main transmission lines. It is a little bit
tricky to see, but our main transmission line runs right down the middle of the
North Island, and just a few kilometers away from our Central North Island
volcanoes, so absolutely in the path of lahars and big thicknesses of ash. So
Transpower are very much interested in the potential impacts from ash and other
volcanic hazards.

We were able to take our catalogue of ash simulations and we were able to look
at the probability of different thicknesses of ash reaching the critical components
of the Transpower network. And here, this is just some results for the probability
of 3 millimeters of ash and 200 millimeters of ash impacting those assets. And
those were two main threshold that were determined to be quite important for the
electricity industry. The 3 millimeters was about when we started to see flashover
occurring and the 200 millimeters was when we started to get physical damage to
the assets. And we were also able to see the relative contribution from different
volcanoes.

The figure on the right, that was a really fun project. We do not just work in the
North Island, we have an offshore Antarctic base, Scott Base on Ross Island in
Antarctica. And that is very close to Erebus volcano. It is also very close to
McMurdo Base, the American base. Scott Base is currently being redeveloped, all
new buildings and all new infrastructure and so on. During the redevelopment,
Scott Base asked us to do a risk assessment for that base. So we undertook ash
modeling, probabilistic ash modeling for Erebus, and we looked at potential
impacts to the structure, the building structure, to the water systems, the
electricity systems, the heating systems and so on. And we looked at - most
importantly, it turned out to be the probability of people and scientists being able
to get in and out if there was an emergency. So potentially, if there was a big ash
eruption, planes, helicopters would not be able to fly in and out and get people out
if there was an emergency. So, that was a fun project that we finished up this
year as well.

This is moving on, I want to showcase some work that is being done by university
researchers. This is some work done by James Williams at University of
Canterbury. James is developing a probabilistic loss model for the Auckland
Volcanic Field. So the Auckland Volcanic Field is a monogenetic field. We do not
know when the next eruption is going to be, but we assume it is going to be within
that oval. And that little Isthmus in the middle, that is Auckland City. So, you can
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imagine if we did have an eruption there, even if it was relatively small, there
would be large impacts to Aotearoa's largest city.

James is looking at a way that he can first model the ash from different locations
within the Auckland Volcanic Field, and he is also looking at how different hazards
could be combined into an impact assessment. This is where the complexity comes
in. We know if there is an Auckland Volcanic Field eruption, there will be ash, there
will be basalts, there could be lava flows. Depending on where the location of the
eruption is, there could be groundwater interactions or seawater interactions.
James is looking at ways that he can model the impacts from those multiple
eruptions through time. A really exciting project. It is just starting, but it is an
exciting project going forward.

Just an overview of James' work. He is starting by doing deterministic scenarios
within RiskScape, where he is just looking at single eruptions. He is then looking
at the interactions between hazards and developing methodologies for modeling
those multiple hazard scenarios. And then lastly, he is applying these
methodologies. In the coming years he will be applying these methodologies out
to probabilistic assessment.

This is another project undertaken by University of Canterbury. So this was Alana
Weir's Ph.D. work. Alana is now in University of Geneva with CERG so we are a
bit sad to see her go. But she did do a fantastic Ph.D. project.

Alana used RiskScape to do a systemic impact assessment of Taranaki volcano.
Taranaki is near New Plymouth, so nearer a city. But the most important industry
around Taranaki is agriculture. The main industry around Taranaki is agriculture
and particularly dairy. And obviously, dairy is a really important industry for the
whole of New Zealand. So, an impact to that Taranaki region would have huge
economic consequences for the country.

Alana looked at impacts to farm, she looked at evacuation from the volcano, she
looked at impact to the critical infrastructure, particularly electricity. And then she
looked at those interactions. She looked at how impacts to infrastructure would
flow on to farm productivity, impacts to farm productivity and so on. So really a
cool project.

Alana looked at multiple different scenarios. So, she looked at just a single ash
eruption, she looked at an ash eruption that could have gone weeks or even into
years. She looked at the combination of ash plus lahar, she looked at multiple
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phases. She looked at lots of different scenarios within her Ph.D. Then she was
able to first — her first step was to look at the physical impacts to the assets and
the infrastructure from those scenarios. That is what you can see on the right-
hand side. That is her step one.

She was then able to play with different mitigation measures to see how they might
impact the outcomes of those particular eruptions. I will just show you a couple
of examples of what she did. In this case, she was looking at water supply, so the
loss of water supply to the region. So, in her initial simulation, Alana just looked
at the impacts to the water infrastructure. She calculated that there will be 13,000
houses without water for more than 100 days. So, you can imagine that would be
a significant impact on the community. However, when she looked at a particular
intervention, which was using borehole supplies of water for south Taranaki, that
really reduced. So, she was able to reduce those numbers down to 5000 dwellings
without water for 100 days, greater than 100 days. This was the sort of
information she could provide to the local government as potential things they
could be thinking about now to mitigate an eruption in the future.

Similarly, she looked at farm productivity. So, in this case, it was similar
investigation, but looking at water supply for farms. And she saw that there would
be 2500 farms without water for more than 200 days, given this given scenario.
When again the same mitigation measure with a borehole supply, she was able to
bring this down to 300 farms without water. So, a big change in the impact and
she was able to investigate that through modeling.

She was also able to look at farm productivity and how farming could be - the
recovery from an impact of a volcanic ash and lahar eruption could be sped up.
So she looked at things like utilizing on-farm ground water or having generators
on the farm. Tilling of the volcanic ash, so overturning the volcanic ash and using
that to replant crops and using heavy machinery to get rid of the ash. She was
able to look at these different methods and look at how fast farms recovered
compared to just doing nothing.

Okay, so I just want to quickly go through - I have spent quite a lot of time on
Alana's project, but I think it is really cool and it really demonstrates a true impact
assessment. So, what Alana found was that there was really severe impact to the
water supply, particularly the surface water supply, to electricity transmission.
And you can see here that the main grid exit point is very close to the eastern side
of Taranaki. So, this is where most of the ash would accumulate if there was an
eruption.
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Oil and gas production and transmission were impacted. A lot of the oil and gas
comes into the country very close to Taranaki. Transportation roads were
impacted and there was obviously systemic impacts across scenarios. Primary
industries were really impacted, which would have national level impacts.

She also looked at wellbeing impacts, and so those are emerging as a really critical
factor. So those impacts to people, families, due to isolation, disruption. And also
looking at evacuation, this being a critical decision and could potentially cause the
most impacts of all if it was not done correctly.

I am going to start going a little bit faster. This is sort of some aligned work. This
was done by Carol Stewart at Massey University. Not ash this time, Carol was
looking at SO2 concentrations and she was looking at how mortality and hospital
rates could increase following an eruption from the Auckland Volcanic Field. So,
she was saying that a given scenario, that we will probably see a doubling in
asthma, emergency room admissions due to that scenario.

Finally, I want to talk about a new project being led by Josh Hayes at GNS. And
Josh is scoping a national volcanic hazard and risk model. So, Josh is building off
all of the research has been done and all of those projects that I showed you right
at the start and he is developing a framework for bringing those together to a
national model. We already have a national model for earthquake, and we are
getting pretty close with some of the meteorological hazards as well. But we do
not have a national volcano model. And there is a nice quote at the top, I will not
read it. But I think it illustrates that New Zealand has multiple hazards and we
have to understand all of our hazards to have a consistent view of risk across the
country. So, Josh's work will be looking at bringing this together to have a national
view of risk across the country. He will be using information from these hazard
programs and looking at how those can be brought into RiskScape to develop a
national model.

Lastly, I just want to finish with one last slide. This was a photo taken in March
2023, which was the signing of a memorandum of cooperation between NIED and
GNS. And I know our scientists were very, very excited about this memorandum
and being able to work more closely with our colleagues here in Japan.

I also wanted to do a little plug. Some of you I know we worked together on quite
a few years ago now, looking at volcanic ash impact in hazard modeling for Tokyo.
A little bit of a pet project for me. I have extended this modeling out to all of the
volcanoes in Japan, quite a fine resolution. And I would love to connect with some
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of you about how we could highly improve this modeling and get it to a point where
it could be useful for all of you who are interested in using hazard information to
look at potential impacts. Thank you. I will leave it there.

Moderator
Thank you so much. So, we would like to invite questions. If you have questions,
please raise your hand. You may ask questions in Japanese. Any questions?

Q1
The probabilistic assessment. I think you were looking at uncertainties, but what
uncertainties are you looking at? That was one thing that I was interested in, so

if you can explain that.

Christina MAGILL

Sure. That is a great question. The big uncertainty is just the probability of when
the next eruption will be. So that is the big uncertainty, and that is why we do not
assign — we have a long-term probability which is based on the routine periods of
the volcano, but we are able to update those probabilities as we go through.

Because we undertake so many simulations, we use that as a way of trying to
reduce some of those uncertainties that we are looking at. So, we are able to
apply probability distribution, say, for the volume of ash, the height of the column
and so on. So, we are able to account for some of those probabilities in that way.
But there is also obviously modeling uncertainties, there is uncertainties in what
the impacts of the ash will be. So yeah, acknowledge that there is lots of
uncertainty there. We try to account for it in the way we present the data. But
yeah, acknowledging that there is still lot of uncertainty.

Q1

Thank you very much. 1 believe there are a lot of different uncertainties at
different levels and I believe you have a lot of parameters. I believe we have to
determine how to consider that. I was interested in how you are doing that. And
I would also like to do so myself. Thank you.

Moderator

Thank you, Christina. Thank you so much. Next up, we have Dr. Kensuke Ishii
from Japan Meteorological Agency, Meteorological Research Institute. He is going
to talk about the efforts to improve operational prediction of tephra fallout, Japan
Meteorological Agency.
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Efforts to improve operational prediction of tephra fallout in Japan
Meteorological Agency

Kensuke ISHII (Japan Meteorological Agency, Meteorological Research Institute)

Kensuke ISHII

Hello. My name is Ishii, I am working for Japan Meteorological Agency,
Meteorological Research Institute. Allow me to speak in Japanese. Today, I would
like to discuss efforts to improve operational prediction of tephra fallout in Japan
Meteorological Agency.

Now let me start. On the left is the eruption of Sakurajima Islands in October
2009. A large amount of volcanic ash is erupted, some of which being falling on
to the ground, the remaining staying in the atmosphere. And all these fallouts can
have damages and impacts on our everyday life on many different levels. And I
would not go into the detail because my previous speaker touched up on that. For
example, impacts would include deteriorated visibility and also impacts on lifeline,
and also more function of transportation system. Also, blackouts caused by the
insulator accidents and also contamination of water, in addition to impacts on
agriculture, forestry, and fisheries. So, it can be compounded.

The volume of fallouts and the level of damage were organized in this table. For
example, 1 mm of fallout has led to blackouts. And when it is thicker, then several
millimeters, expressways had to be closed. So there are different types of impacts,
negative impacts. On the part of JMA, we are preparing a material to mitigate the
impacts and we believe that the simulation of the transportation of volcanic ash is
the most important element for us to accurately simulate the impacts. And this is
the point that I would like to cover.

JMA is sending out information about the fallouts and I would like to first introduce
what we do at JMA. Maybe a bit boring because it is more like an introduction of
the system and the organization of this endeavor. Into the second half of the
presentation, I would also like to discuss the prediction of fallouts on to the ground.
And the other is volcanic ash in the air, having an impact on the safety of aviation.

I will be focusing more on the volcanic ashfall fall forecast than VAA. I would then
like to describe briefly the methodology and status of the efforts, then I would like
to introduce the new advection-diffusion model, which we are currently developing
and what we can expect from the newly developed model.
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Now, let me discuss the ashfall forecast by JMA. At Japan Meteorological Agency,
we have generally three different types of information depending on the timing of
the announcement and the types of information contained. Regular announcement,
preliminary announcement, and detailed announcements are announced at
different timings. These are the three types of information that we provide.
Regular announcements are made when the mountain is not in eruption. You
calculate the scope of possible eruption, and this prediction is released every three
hours.

And preliminary announcement is released within several minutes after the start
of the eruption. Scope and the size of the fallouts are included in that information.
Pre-calculated simulation is used so that the preliminary announcement can be
made soon after the eruption. Detailed version of the announcement is released
on the prediction of expected amount of the fallout and the scope of the fallout
within the first 30 minutes after the eruption, and because it is this information is
more accurate and more detailed.

Let me give you one example. Let me show you a concrete example. This is the
detailed version of the announcement. This detailed announcement shows the
number of fallouts and the expected time of the start of the fallout by municipalities
in addition to geographical scope of the fallouts. And fallout by the hour is
forecasted for the six hours investigated. And this is the enlargement of the area.
It is color-coded from red to grey, with a higher to lower volume of the fallouts.
The level of impacts and actions that need to be taken are listed by the level of
the severity. When it is wider in scope but with less fallouts, use of face mask is
suggested. And when it is larger in volume, it is recommended that people refrain
from driving. So, by the scope of the fallout and the depth of scope out different
information or recommendations are made to people so that they can behave
appropriately. There are other types of information available at JMA. So those of
you interested, please do visit our homepage.

Now, let me go to the core of the presentation about the development of an
improved version of the prediction. This schematic shows the processes through
which the plume is sedimented on the ground. After eruption, those plumes and
the ash that travels along the plume is sedimented on to the ground through
different processes including advection-diffusion model or gravitational fallouts.
And this model uses the calculation in two stages. One is plume model and the
other is advection-diffusion model for a more accurate simulation.
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Plume model uses the information of the expected size and volume of the plume
whereas advection-diffusion model focuses more on different pathways before the
ash comes down on to the ground. Those are also influenced by the winds and
other factors, which is also factored in, in the model. Both plume model and
advection-diffusion model are being improved for us to have a better and more
accurate simulation and that is why JMA is currently trying to improve these
models.

Now, advection-diffusion model calculates the transportation of the particles
carried out in the air. Let me just give you the overview. In the advection-diffusion
model, wind transports these particles and there are other pathways. And also,
time integration is used, say for example, the velocity of the movement is reflected
through integration with respect to time to calculate the expected area where the
volcanic ash would land and be deposited. By improving this model, we look at
the physical pathways of these plumes and this simulation of the processes are
being improved or further enhance this calculation by factoring in other factors
that were previously not included.

There was another report on this model yesterday and initial distribution of the
volcanic ash is calculated using the plume model.

It is divided into two different areas depending on the density. Plume goes up into
the air, making the density lower and it will reach the equilibrium at one point.
And this is more like in upwelling region of the plume model. It is transported by
the wind and is dispersed as shown on this chart. And gravity model is also used.
And radial umbrella like expansion and also other types of gravity model, but I
would focus on the latter one of gravity current in this presentation. These two
models based on the agitation model; we get the source of the advection model.

And sorry that I am getting into the details of the model. This model is based on
the Bursik 2001 with an assumption that it is homogeneous within the plume, and
cylindrical analysis is used to calculate the upwelling process of the plume. And
by calculating the volume of the particle that is segregated, we also obtain the
expected distribution of the plume landing on to the ground. Once it is segregated,
it will stop getting higher into the air and will start moving horizontally. And that
will also be gravitated to the ground towards the tail of the wind. Shown in the
red box, shows that it is horizontally squashed as they are blown away by the wind,
as was argued by Bursik in 1992.
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Just like plume model, we use this disperse settlement model to understand how
many particles will land. And this will be used as the initial value source for
advection-dispersion model. Utilizing this model, we calculated this source for
advection-dispersion model. This is the eruption of Kirishima in 2011. We created
the initial value for the advection-dispersion model. The red dots are the initial
values, tracers that are used for the model. And this corresponds to the shape of
the plume that we calculated. So, this plume is made of gravity current and
upwelling current. And as you can see, this is tilted because of the wind.

We have indicated all the particles by red parts. But they have different particle
sizes and the profile of supply actually changes by the particle size. On the left-
hand side, we have large particles, minus 5 pi. And this is middle sized particles
and small particles. And these graphs, vertically we have amounts that is released
and also the heights, altitude on the vertical axis. So large particles will be
released mainly from the plume, small particles will be released from gravity
current. And middle-sized particles are actually released during strains from both
plume and gravity currents. After they are released in the air, they will actually
spread via advection by the impact of winds.

And this shows the color-coded advection-dispersion by particle size. Large
particles, as I said, will be released from the plume and small particles will be
released from the gravity currents as you can see here. And when small particles,
when they are released, if you look at their movement, they will be brought further
away by the winds. So, it is not just plume profile, we need to understand how
this is moved by the advection. So, this is how the particles will be transported by
advection. And future research lies in this area particularly.

I showed you Kirishima volcanic eruption. The particle sizes are rather small and
wind was pretty strong. As you can see, winds blew in the downward direction.
But when the eruption rate increases, as you can see the plume expands in a radial
shape that looks like an umbrella. So, this model tries to consider umbrella shaped
gravity current as well. Whether the plume shape is vertical or umbrella, it is
something that we need to understand the relationship with the wind velocity and
the force of eruption. So, internal pressure in the plume and also the wind dynamic
pressure and we have to compare them to understand what shape the plume may
take. Now if it is umbrella shape, we have to utilize gravity current model. But
once it spreads like an umbrella shape, it will start to spread. But at a distance of
100 meter or 200 meters, it does not create a shape like an umbrella. So, when
the diameter of the umbrella is large enough, we can determine that it has created
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the shape of umbrella. Utilizing these criteria we will draw the boundary by Monte
Carlo simulation.

We have used one-year meteorological fields in the mid-latitude zone with a
random eruption rate and try to understand which cases will become umbrella.
We have wind speed in the air, vertically. We have discharge rate on the horizontal
level. And each dot indicates the result of simulated eruption. Green points
resulted in umbrella plume. Red resulted in non-umbrella plumes. Actual
eruptions are plotted on top of these indicated by stars. Kelud in 2014 or Calbuco
in 2015, according to our model, they will form umbrella plume. But in 2011,
Kirishima, or Ruapehu in 1996, they would not form an umbrella plume. So when
wind is weak and discharge rate is large, we tend to have umbrella plumes.
Especially when eruption rate is over 10%g/s, we will have umbrella. But below
10°kg/s we would not see umbrella plumes.

However, the shape of the plume will differ depending on the velocity. Even the
same eruption discharge rates, the plume behavior will be affected by the wind
velocity. So, this plume shape would assume similar eruption to Hoei eruption.
Especially largest 10’kg/s value is utilized and we utilized 2020 meteorological fields
to understand whether this eruption is going to form an umbrella plume or not.
We have different months on the horizontal axis, we have the probability of making
an umbrella plume. So from January to May there is no umbrella plume. But
during the summer time, we tend to have higher probability of seeing an umbrella
shaped plume. According to the cabinet office proposals for eruptions similar to
the size of HOei. Depending on the season, we would see a plume that could
spread not just in the wind downward direction, but the upward direction as well.

Now discharge rate is supposed to be 10’kg/s in this case. But as I said in the
beginning, the shape of plume depends on discharge rate. When the discharge
rate changes as time passes, the shape of the plume changes. And we have to
understand how long the velocity is sustained, the wind velocity is sustained.

Now Hoei eruption started on December 16th of 1707, continued for 15 days. And
during these 15 days, we have seen intensity change in this period. So, when the
eruption is sustained for a long time and discharge rate changes, we need to also
consider the changes in wind velocity as well. And it is possible to include the wind
velocity in our modeling, in our calculation.

This is the assumption of eruption similar to the size of Hoei supposing this could
go on September 19th of 2021, this is the result of the dispersion calculation.

40



When the last discharge rate changes, during this time series, as you can see, the
plume shape changes and wind directions are also changed. Therefore, the scope
of fallout changes as well. By combining this advection-dispersion model, we will
be able to better understand the dynamics of plume, the advection and dispersion,
and how that is going to change over time. It can be simulated.

And if you look at the ash volume calculated using this model, on the left-hand
side you see the result of the simulation. This is the amount of ash expected.
Similar to the vents, we have higher than 1 meter and farther away more than 1
centimeter. On the right hand, this is the deposition distribution of Hoei eruption.
It is quite different from our simulation because Hoei erupted in December and
this simulated eruption is in September.

If you utilize December meteorological field, you get this result. Different from
September result, as you can see, we have stronger distribution on the eastern
side of the vents. So, seasonal changes are obvious, and this has been proven by
- pointed out by multiple research articles. The Ministry of Education has volcanic
project and this research has been done under this project. We utilized the yearly
meteorological fields including all 365 days result to try to understand the trend of
the change.

Lastly, I would like to summarize. So, with regard to JMA ashfall forecast, we have
three different types of information that we announced. At different timings the
information that is announced will be different. These three are regular,
preliminary, and detailed announcements. And this is calculated based on the
combination of advection-diffusion model and plume models. Our research
institute is trying to develop new plume models to try to understand the dynamics
of plume, interaction with the atmosphere, and the plume shape differences. To
test this model, we are trying to reproduce the Hoei eruption and possible seasonal
changes. This concludes my presentation. Thank you so much.

Moderator
Thank you. Does anyone have a question about the presentation that was just
given?

Q1

Thank you very much. It was a wonderful presentation, I was impressed. About
the regular announcement of the forecast, in case of HGei eruption or in the next
Mount Fuji eruption, you will have to use concept of probability rather than coming
up with a finite scenario to make the model to be used in a more flexible manner.
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But how do you think about the usage of the probability concept? Another question,
you are now using APV to calculate the diffusion. But is it really possible to use
that in terms of time available?

Kensuke ISHII

In terms of the concept of probability to be included or not in the model, I think it
should be included. And even though we are not yet sure exactly when JMA can
say, there are certain areas that remains to be uncertain. But VAA within the next
several years, the concept of probability will be incorporated. But that is restricted
to the uncertainty around the meteorological fields. In case of eruption, the scale
of the eruption and other factors are more unpredictable. So, I am personally
pushing this agenda myself. But we are yet to have any official project on this
specific possibility. What is the second question?

Q1

Well, the time available allows the usage of this probability concept?

Kensuke ISHII

Yes, I think so. Advection-diffusion models have different settings. If you make
the setting and spec lighter, calculation can be speedier. The reason we now have
three different models by size is because we want to simplify the calculation for
speedier calculation, so that can be adjusted depending on the situation.

Moderator
Are there other questions? There is one question asked by an online participant.
Within these advection-diffusion model, how do you look at the impact of rainfall?

Kensuke ISHII

Yes, we do consider the rain's impact, rain particles capture the ash, so this is
washout impact. However, the data that is available in the meteorological fields
in terms of vertical distribution of rain particles, it is a simple model. We do not
have detailed information but we do consider the impact of washout as well.

Moderator

Any other questions? If not, thank you very much for your presentation. We will
now have a short break. We will be resuming the session 20 minutes past 2 p.m.
On the left-hand side of the entrance, there is some coffee. Please feel free to
have some coffee.

Break
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Moderator

We will be starting shortly, so if you can please take your seats. We would now
like to start the second half of the lectures. The third lecture is to be made by Dr.
Hiroya Homma from the Central Research Institute of Electric Power Industry. It
is entitled ‘Influence of volcanic ash deposits on power transmission lines,
properties of volcanic ash deposition and insulation performance of insulators.’
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“Influence of Volcanic Ash Deposits on Overhead Transmission Lines -
Relation between volcanic ash deposition on insulators and insulating
performance -"

Hiroya HOMMA (Central Research Institute of Electric Power Industry)

Hiroya HOMMA

Thank you very much for the introduction. I am from the Central Research
Institute of Electric Power Industry. My name is Homma. So, our research
institute all the way from Hokkaido to Tokyo to Okinawa, it is the central research
institute of all the electric power companies. From power generation, power
distribution, we cover a wide area in our research, and especially I am looking at
the aerial power transmission lines and also the insulator performances and the
damages that maybe caused to these facilities.

First, this is the background and objective of our research. Of course, you may all
know that there are many volcanoes around Japan. And, for example, the Kyushu
Power Company, Mount Aso and Sakurajima and also Kirishima sometimes erupts
and there are impacts on the power supply facilities. In 2016, Mount Aso erupted
and 66 kilovolt transmission line was affected and 27,000 households were
affected for about five hours. So once an eruption occurs, the impact may last for
quite a while and it may cover a wide area. That is why we are making this
research.

Especially, TEPCO, if Mount Fuji erupts the effect may be big. If there is a Hoei
level eruption, the whole metropolitan area maybe affected. The Ministry of
Economy, Trade and Industry is commissioning us for our research so that we can
make some predictions about what kind of damage could be caused. Of course,
ashfall prediction is being used for our research. If there is a major eruption,
where and how much ashfall could be expected? There may be areas that could
be neglected. But if there is an eruption, how would that affect the insulators?
And also, what can we do to wash off the ash? We are looking at the scope and
scale of the ashfall impact, and also how it may affect the insulating performance
of insulators.

So far, we have carried out analysis of actual volcanic ash sampled from around
the world. And we have been looking at the electric performance of facilities when
ash accumulates on top of that. But analysis of insulators about how they are set
up, the angle of setting up, or depending on the different type of ash, such research
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has not been done yet. So we are trying to look at different types of insulators
and how they may be affected by different types of volcanic ash.

And so, we took the 2016 Mount Aso eruption volcanic ash for our research and
we looked at how much would accumulate on top of the insulators. And if there is
deposition, would we see any flashover effect, would it cause a blackout? And so,
I would like to talk about the experiments that we have carried out. So, I believe
you already have an image of what we are looking at. But this gives you just a
very simple description. So, let us say there was an eruption and the wind was
blowing in this direction, ash will fall towards the right hand area. So the particle
size maybe different, but along the way you may see a lot of aerial transmission
lines, that there may be a substation and so how far should countermeasures be
carried out. If the ashfall amount is small, you may not have to do a lot, but for
heavy ashfall areas we may have to look at and consider ways to wash away the
ash that may have clung to the facilities.

So, we are looking at the insulating performance. I think you also have an image.
But let us say a mountain erupts. It could be Aso or it could be Sakurajima or it
could be Mount Fuji. We have to look at the intensity of the eruption and how far
the ash will reach. And of course we have to look at the conductivity of the ash
particles, the size of the particles, and also the components. We have to have that
information. And if they are deposited on the insulators, how much would be
deposited? Depending on the insulator type and depending on the wind direction,
it may differ.

And also, the flashover risk, how much accumulation would cause a flashover? We
do have some amount of information but the deposition prediction is an area that
has not been looked into that much yet. But if we carry out that experiment, then
we may be able to consider ways to clean the facilities or how many people will be
needed to actually carry out that work.

The measures and considerations to be made by the power company, we are trying
to come up with a method for all this. In 2021, the Ministry of Economy, Trade
and Industry has looked at the effect on the power facilities. There is a taskforce
that was established to look at the ashfall from Mount Fuji eruption and how much
that may affect the power system. Already a prediction report has been compiled.

Looking at our experiment, the first study was how much ash deposition is

expected on the insulators. Of course, there may be different types of insulators
that may have more deposition. It may depend on the wind direction, so we used
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the actual Mount Aso volcanic ash. The angle at which the insulators were installed
were looked at.

It is a very simple experiment. This is the type of setup that we have. We have
the model insulator, and we applied some ash from the top and we measured how
much ash was deposited. We weighed them. And depending on the angle of the
insulator, we looked at how much would accumulate on top of the equipment.

You may not know what an insulator looks like, but it is something like this. It
does not conduct electricity. And from the power towers, these are placed on top
and then under that you have the power lines running. So of course they should
not conduct electricity. However, if it rains and it gets wet, the insulation property
goes down and also salt damage may also cause conductivity when sometimes
rain may affect the performance of these insulators.

And there are several types of insulators. So, depending on the ash accumulation
and the type of insulators, the performance may differ. So, if ash comes directly
from the front or if it comes from the top — and under these shells there are these
bumps. And so, depending on which way these bumps are looking at, it may differ.
And the top one is the suspension insulator and the bottom one is long rod insulator.

So this was the experiment that we carried out. And you have the angle on the
horizontal axis. Is it looking up or down? And then, you have the amount of ash
deposited on the vertical axis. So, you have the same amount of ash sprinkled on
it. The horizontal establishment does not have a lot of accumulation, especially
the suspension type. If the shells are looking upwards, we understood that the
ash amount increases. So, depending on the type and also depending on the angle
at which they were set, the deposition amount would differ quite drastically. So,
we have to keep this in mind as we look at the actual effects.

This is the second study that we carried out. Depending on the type and the angle
of the insulator, the amount of deposited ash will differ. So, based on that will
change the insulator performance or insulation performance? So ash when it is
dry, it of course does not cause problems. But if there is a fog if there is rain and
if the insulators become wet, then it may cause the insulators to carry some
electricity on the surface. You get this conductivity path. In the worst-case
scenario, a flashover may occur.

We once again applied ash artificially and we sprayed some water trying to
simulate a foggy situation and looked at the insulation properties after that. The
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amount of ash is indicated here and the insulator angle has been changed and the
injection volume of water was 0.014 millimeters per minute. So, it is not a large
amount of rain or water.

This is not a video, but this shows you the actual experiment. So, for the
suspension type if on the underside you have a lot of volcanic ash, we applied a
voltage. And partially, you see some discharges occurring and a flashover occurs.
And if the level is low, if the deposition is low, and sometimes the rain will just
wash off the ash. So, we looked at how the current is carried. And finally, we
have the flashover occurring.

Repeating this experiment, and this by the way is a long rod type insulator and
blue one representing the suspension time. The long rod type tends to have more
stable insulation. When placed horizontally, the voltage can be the lowest as far
as long rod type is concerned, whereas suspension type is disrupted when the
underside of the disc is deposited with the ash. 100 kilovolt strength is measured
when they were placed in the normal direction, whereas it gets all the way down
to below 60 when it is deposited with the ash on the underside of the insulator.
So, this is the picture taken during the experiment. When the volcanic ash is
attached to the bottom part of the insulator, then that will lead to the creation of
the conductivity path interfering with the insulation performance.

Next, study three. We have been looking into the cases with constant amount of
the ash fallout. But as the fallout increases, the risk becomes higher as one can
naturally surmise. But is it really the case? That is something that we verified.
By the angle of the installment, the volume of the attachment or the deposition
changes. But what would happen if the amount of fallout increases? Or will it
arrive at a saturation point beyond a certain volume? And that is how we tried to
know through this experiment.

The same condition was applied. Ashfall amount was up to 37 kilogram per square
meter. That was the amount of the fallout or the testing condition.

And these are the pictures taken with larger amount of fallouts. The level of
deposit is rather limited regardless of the volume of the fallout because they will
tend to fall off from the insulator, meaning that there is a certain saturation point
with regard to the amount of deposits on to the insulator. This chart shows you
the relations. Horizontally, you can see the volume of the ash fallout, vertically
shown is the volume of deposits. After the saturation point, the amount of deposits
remains stable. In case of HOei eruption where the fallout lasted for 15 days, after
a saturation point insulation performance will not get worse beyond the saturation
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point. Now, with the saturation point in terms of the deposit amount, the insulation
performance also have a saturation point in terms of deterioration.

Testing conditions are shown at the bottom, with different angles and with different
water injection amount. Water injected amount is the same as the last one. These
are the pictures that I already showed you. When the fallouts are dry, there are
certain saturation point beyond which the accumulation would stop. When it is
wetter, then they may lead to the creation of the conductivity path. But regardless
of the volume of the fallout, there is a certain upper limit with regard to the
deposition of the insulator. As you can see, there are saturation points as shown
in this chart.

FOV vertically shown, and amount of fallout horizontally. Blue one represents the
suspension type, red one long rod type. When the fallout increases, then the
performance dramatically declines. But 12 kilogram per square meter suggests
that the deterioration would not continue because it is beyond the saturation point.
Horizontally, you can see the deposition amount and FOV vertically shown. As you
can see, they do have lower limit beyond which the deterioration of insulation
performance would not occur. This suggests the flashover will not happen if you
can make the insulator longer and larger.

METI Working Group has already been reported on this, and this can also be
reflected in self-assessment of the risk factor. A deviation from the theme of this
presentation, horizontally, deposition is shown and deposition log has been taken
with FOV on the vertical axis. You can see these lines. These suggest away from
the fallout this also can be useful to evaluate the damage caused by the salt. And
this also can be used for the assessment of insulation performance damage. And
this also is determined by the types of the insulators. There are certain saturation
points with regard to the amount of deposition. And this can be reproduced with
a formula as shown on the slide.

To recap, Aso ash fallout was used for artificial testing to test the attributes of
deposition as well as the changes in the insulation performance. Suspension type
tends to have larger deposition compared to the long rod and angles of installment
can also impact the amount of deposition. When the environment is wetter,
resistance will become lower, thereby bringing down the FOV. But this again is
also related to the angles of the insulator as well as the types of the insulator.
Even if the ash fallout increases continuously, there are certain upper limit in terms
of the deposition, suggesting the lower limit of the FOV as well. These
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understandings can help us better formulate and prepare ourselves for these risk
factors.

Let me go back to another slide. As shown, ash samples from Aso, Shinmoedake,
and Sakurajima have been obtained by us. We analyzed the materials in terms of
the volume of the electrolytes included have also been studied. As a result, this
is also included in someone else's report as well, including Dr. Magill's.

Horizontally, ESTD, amount of the electrolyte. Vertically, you see the deposition
volume. And you can see certain characteristics by the mountain. Mount Aso
tends to have higher volume of electrolytes, meaning that it is more challenging
in terms of utility. Sakurajima has lower electrolytes in it. So they have different
attributes and characteristics. You have to factor in all these factors when
simulating the impact on the insulating performance.

And going forward, we will look into the FOV risk factors for different types of
fallouts. And JMA's prediction will also be used to simulate the types of measures
needed on the ground. With this, I would like to conclude my presentation.

Moderator
Thank you very much, Homma-san. So, any questions from the floor, please?

Q1

Thank you very much for your presentation. So flashover will affect and it will be
a big risk for power transmission. But when there is ash deposition and if there is
a flashover, how long it will take for recovery for the substations if the whole
substation breaks down or if there is rain? And if recovery measures are taken,
will service be resumed immediately?

Hiroya HOMMA

Well, in Mount Aso's case, one substation went down. And if ash remains there,
even if you transmit electricity it will not be delivered to each household. So
27,000 households were affected for five hours. The ash was cleaned and then
after five hours the power supply was again. So how long does it take for how
many people to arrive at the station? Of course, substations are closer to home.
But if it is power tower that has been affected, it may take more time to get people
there. And it may take more time to wash and clean the facility. It may take
several hours and several hundred households will be affected and we want to
reduce that number as much as possible.
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Q1

Thank you very much for the answer.

Moderator
Any other questions?

Q2

At the time of Mount Fuji eruption, what would be the scale of power outage in the
expanded Tokyo area? Flashover voltage has a lower limit, which I think was a
very interesting information. Suppose that Fuji had an eruption and with the
fallout prediction by JMA, can you lower the amount of power transmission so that
FOV can be avoided? If that can be achieved, can we avoid power outage?

Hiroya HOMMA

Yes, that can be a viable scenario. That is a viewpoint that was not existent in the
past. If you lower the voltage of the transmission, then you can avoid FOV. That
can be a good operational option. And near the eruption, you can probably
increase the insulators to also help avoid the insulation accident. It may be difficult
to lower the voltage, but at the time of the eruption, operationally, you can tweak
the situation so that you can minimize the impact of power outage.

Q2
Thank you.

Moderator

Any other questions? There is a question online. So the cause of blackouts, can
we think that the ash deposition is the major cause. What other cause may lead
to a blackout?

Hiroya HOMMA

Well, if you look at the whole transmission facilities, lightning strike will be the
major cause of blackouts. Of course, there are measures to be taken after that.
And also, blackouts may be caused by the wind from the sea due to salt damage.
But when there is an eruption, probably the electrolytes that are included in the
ash, when they get wet and deposit on the insulator, may be the cause. And also,
if there is a volcanic bomb that comes from the eruption, that may also cause
damage. But the probability of that happening may be lower.

Moderator
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Thank you very much. So then, thank you very much, Homma-san. Oh, there
seems to be another question.

Q3
And depending on the ash type, the electrolyte type maybe different. But from
Mount Fuji, compared to Mount Aso, what can we expect?

Hiroya HOMMA

Well, power companies are very interested in this, but the Hoei eruption, when we
look at the sample from there and we do have some chemical analysis of that. But
compared to Mount Aso, it does not have a lot of electrolytes. Probably it is closer
to Sakurajima type. But the sample that we have, if it is a sample after rain, the
data may differ. So we cannot say for sure. But depending on what we know,
Mount Fuji ash may be quite similar to Sakurajima ash. So, it may not be as
dangerous as the Aso ash.

Q3

Thank you very much.

Moderator

Thank you, Dr. Homma. Let us move on to the next presentation. We have Senior
Engineer, Kiyotoshi Otsuka from Technology Research Institute of Obayashi
Corporation. He is going to talk about the influences on functions of buildings of
ashfall in cities.
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Ashfall Experiments on Exterior Unit of Building Air Conditioning
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Test Piece : The Exterior Unit of Building Multi-AC Experiment Device : Side View
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Air Intake (P #52mm) )
Heat Exchange ! —
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Noticeable ash adhesion to heat exchanger, but about 80% of
ash-free airflow was preserved
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Airflow through the heat exchanger is almost inhibited
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Ash Accumulation > Start the Blower Fan
$24% DRY 298 WET
50mm 10mm  20mm 50mm
0K oK Stop Mestart

u
0
c
5 S
S0na- it | 20,
£ a0 snm
o

%548 50mm, JEF10, 20mmIT EEISET), EHS0mmIIELEEICLURE
€. 2RMOEREDEBEIN TILERICER

In cases of 50mm thick dry, and 10 and 20mm thick wet ash, the blower fan
has started normally. For 50mm thick wet ash, the fan was automatically
stopped starting. Normally started after 2 days drying the ash.

Eﬁﬁ(kw)
Electric Current

'3'
Rotation Rate

Electric Current

EATFLIOAZEKILEK
Propeller of the Blower Fan and
Ash Accumulation
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RN~ DRAKST
Inspecting the Inside of the Exterior Unit After Experiment

\

EBREEE BOEMIIBL IO KILTEH T E

ERETRELS ERBOSEISREERS AT

Adhesion and Accumulation of the ash was found everywhere inside the exterior unit.

Ash was able to be removed by Using a vacuum cleaner. No malfunctional behavior of
the machine was recognized duringthe periad of experiment as well as after cleaning.
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An Experiment on a Cooling Tower (Only one case was done)
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Feus: i

A HIRGER)
= satar [reiumad)

HIE DR IREER

Ashfall Experiment on a Cooling Tower

551 Sieve

\_@-’

RBRICANAEIE RIRAD 55 AEMARIE TORIR
Cooling tower used in the Sieve (250pm opening) Artificial ashfall in front of the
experiment Filler of the cooling tower
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Wz, BHIEDOEBRIZHOWNWTTT (AT 4 K 22) .

AR R BREE

Devices for Cooling Tower Experiments (Side View)

Casling Tower and waler circulation pipingwith ashisll sicve

Thermometer

Flow eter Siove
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Piping System, Ash Intrusion and Impacts

SEDRN
Air Bubble Intrusion
il Flow Meter -
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Exhaust Air Cantaining Ath

Water with Ash
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Cosling Tower
2#A M  Water Flow Rate
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ater Flow Rale  — Ashfal Degth
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TRADEE # AR TEDKEN, BIKAAD=HILL—ILDEF

Water Leakage from Pump : Due to Abrasion of Mechanical Seal

H T DR
‘Water Leakage from Pump

RTIE EREKBIZTETLS
Water Pump is designed for Clear Water
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FEIEMAEDKR %%ﬁ&wmﬁinﬁﬁ
Post Experiment | f th Coohng Tower
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N FRMNBOBEFYIFEAEEL
\ Almost no Clogging in Filler

FAEME TR T LI KILIR S ERIZHERR
Ash sedimentation on the floor of
the cooling tower
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AHESEBRTROTRAO KRS
Ash-Filtering Effect of Water Flow in the Filler of the Cooling Tower

—intake port _—outiet port
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/ Inflow

1 0 100 1000
#iZ (Ash Particle Diameter, ym)
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IFIANEEER: TLILA+ T LE RERMER  MURDO KA FRERET LR, PEREDRRERT
Ash Clogging Test of Air Ventilation (Coarse and Medium Filters) Results of Filter Clog Tests : Most of the Ash was trapped by Medium Filter, so the Results as to
the Medium Filter will be shown

JL; Coarse L m;&m;x&linh*
ommended level

oh %k Medium

FIERED LS

Coarse Filter j":*ﬂp'“'g

rse Filter

Teplacemont bym

aop a8

e - 77

& /Ot

D s
EE w0
3 # 150
Lm
2 R 100
§u
« 50 2mm/h el

0.34mm/h
xwm‘.w« 0 7
%L Volcanic Ash 0 6 12 18 2 4 6 8
3 EEROTNE ST (B ALK 25T @)
TANFEB AR Filters after Experiments Elapsed Time (h) of Ash Feeding Elapsed Time (h) of Ash Feeding
Wind Tunnel Device for Testing Filter Performance PR LS DE R OBMER( L) SOLSHIRRE: SR 10RO E NIRRT
e : BETrHRiERE DL AAYEIR
DL EEEROEHEEHHEL, TOLADEEEYOREERC Increase with time of filters pressure deficit g
From the of the pressure it between up- and down streams of each filter, as filter-clogging develop Filter Breakage Test: Medium Filter was broken at the

time when Pressure Deficit Exceeded 10 times the
Recommended Pressure Deficit for Replacement

AT74F 29 274 K 380

degree of filter clogging is derived as pressure deficit increase relative to new product
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Breakﬁage of Filter ZK =] 0)%%?‘1 =

Today's Presentation

™ = AR R
Opening appeared
between the outer limb
of the filtering medium
and frame

3. BYOFEDYLEE~DOBRROMIEE

Numerical Ashfall Simulations in a Built-up Area in a City
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Inhomogeneity of Ashfall in Cities due to Buildings
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HHBROBE
An Outline of Computation “ i
BIFOs 310423 Eqs. are Particle Size(D) Dependent

kLR 2R EE Ash Concentration Equation

ZA%* VCplp=VkTCp (1)
WL LEEE AR Equations of Motien of Ash
mn(i—?-lh VUp)== Vpg, = (mp = mar)g
10, CoreRIAIUD =~ U l(Up = Unp) + F (2)

mAm
Inlcm Wine
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KILRKLFERD TN

Flows of Air and Ash Particle
— KL RHF Ash
HiE Diameter 2000um

— Kk Airflow

#if% Diameter 125um

150 x(m)

@ 125pm ; KILKKF D FTAE M Y & < KRB
Ash Particles well Follow Air Stream
@ 2000pm : &) (BIZIEHR) FY ORRELADEBRES < L
Deviation of Ash Flow from Air Stream is apparent aside from Gravitational Falling
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WEICE T SEROES (EROEICHT HExE)
Ashfall Rate at the Ground (Relative to the ashfall rate aloft)

HIE Diameter

#ifE Diameter
125um m

AR RRTIR RS
Non- dimensional

Y(m)
Inflow Wind

B L
Viz) = 5-U[m)uz k! woome % w0 2w X(m)
w) A Wind
O NEVHBEODHSBRELLAENEIICERRE
Spatial variabilities seem to be more apparent for smaller particles
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Ashfall Rate at the Ground (Relative to the ashfall rate aloft)
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Airborne Ash Concentration (Non-Dimensional, Relative to Aloft) Frequencies of Occurrences of Ashfall Rate and Concentration in a built-up area
< Ty T b, &
@R Horizontal Cross Section 2=14.5m SAEMTEE Vertical Cross Section y=39m ggg%i;é%ﬁ;txgm AT, HOBREZRSS. ThEOXZTAOH

17 Diameter FIE Diameter
125um 2000pm
m) W

i) To see the degree of small-scale spatial variations, frequencies of occurrences of ashfall rate and ash
it

concentration are calculated.
125pm R LEMRE
lon-dimension:
oncs

Relative Frequency
HIFE = (0

= N
000204 0608 1.0 1.2 1.4 16 1.8 20 22 24

HEE T HRIGEE ZRIREORR
Ashfall Rate, Ash Concentration class

s =1 B
00 150 200 0 50 100 150 200
x(m) X(m)

i b 14.5m ; {EEFAEMORIEE
Neary the height of the 5th floor of residential buildings

i —
ORI SERALEHNHD.
el attached to Both the ashfall rate and concentration can exceed
1.5 times the large-scale prediction
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Is there Any Positive Effects of Putting a Hood-like Cover in Reducing Ash Ingress ? 2& H 0)%% lj;‘l =

Today's Presentation
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— MU RHTF Ash 1HEFi81 5mis
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3 3 s

intrusion into the air intake of the exty
be reduced, implying the possibility of
the manifestation of il-performance of Air
Conditioning.
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Concluding Remarks
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Concluding Remarks Concluding Remarks (Continued)
® SABMORBTE ERUMUETHE, FES50mmiBLOEREF THBRRBRIVICEEEYEH>T000, ® JLABEREFYRRTIE, KURDBRIZFELAL EPUETIITHEENSIL, REIMmBEDRRTI 4
SFEEORARNRI-h TUVE, SER>TWVELNEARODE~DERIThIZEASMLLEbhD. & WARBABEGREDBHEFYISETHEAREINT, TEIE, A—D—HEOBRERDIEEEDDS
W77 QI IFRER D ol ER B OB . In the experiments on the external unit, in spite of FYFETREFDIEEHM 27z, Infilter clogging test, it was found that most of the ash can be trapped by a
sianificant ash adhasion to hoat exchanzer; about BOY of th airflow was kept for the S0mm thick ashfal. Influsnces medium filter and pressure deficit reached recommended one for filter replacement for the ashfall of 7mm thick
on the interior part of the air cond g is dered not large. No of the machine was observed. That the medium Filter was broken when pressure deficit exceeded 10 times the recommended one for

replacement was also found in filter breakage test.
o EEALETIE, %ﬁmmmlzrgmlﬂkittﬁxmw Iz E%fe g ‘*iuﬁ‘w} }}ﬁﬁ‘i?(miéhé'f“&fi
piREhz. BSMEOBIEZAMOT, In case of wet ash. ash adhesion to heat exchange fins BEROMEEHSE, REORRT AL, YL SV HECEABTERY —HNELSI L RSN,
dramatically weaken airflow through them lur 10 20mm thick Full This Ieve\ of c\ov.ynp <an make heat BEAICIE, BRERE, MUKBEELICEET RO ERECIEET DA REMEATM SN T Numerical ashfall
discharge almost impassible. No malfunction of the machine was observed simulation suggests ashfall rate and concentration can exceed 1.5 time the large-scale values locally in the built-
up area in cities.

*® HAIEORBETIE BEKERE O ALRODBADFEEAKE N F2, BEE20~0mmiEE CHRENFTRE
L, REs0mmiB L OMRKSELHEY TRy TORKSELRFE FIbs ez, JURIZEY, #RMIESF ® EHBBORKOANDT—FRONN—OREZ, MUKBADERI-HIEEDNREIP/FTETITHS.

DHEREFLLEC, TEAOBEEY 122 BRITRFNT. Water leakage due to abrasion of water pump Putting hood-like cover above the air intake of air conditioning was found effective to a certain extent in reducing
caused by ash mixing into cocling water piping was the most severe damage as to the open type cocling tower. the amount of ash intrusion. This can be one of measures for mitigating ash induced damages.

Malfunction of the check-valve was alsa found. The dearee of instability of water flow brousht about by mixed ash
was as such that harvesting indoor heat will be significantly affected. Clogging of filler was very weak and airflow
through them was kept almost unchanged.
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Thank you very much for your kind attention
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“Influences on functions of buildings of ashfall in cities”
Kiyotoshi OTSUKA (Technology Research Institute, Obayashi Corporation)

Kiyotoshi OTSUKA

Thank you. I am Otsuka from Obayashi Corporation. This is the title of my
presentation as was just introduced. Now, this research is part of the Ministry of
Education project. There are multiple members of this joint project, and I will take
this position of reporting to you the results of the research project.

As was introduced, I am from a private company, Obayashi Corporation, and this
Technology Research Institute is located in Kiyose city of Tokyo. And as you can
see, Mount Fuji, we have a very good command of Mount Fuji from our research
institute. As has been discussed, we have multiple active volcanoes in Japan. This
is seen from the top of the SKYTREE. As you can see, this is Mount Fuji. It is not
very nearby. But as you can see, we have spreading urban areas in Tokyo, so we
are worried about the possible impact of an eruption.

My presentation. In the beginning I will have some introduction and then I will
talk about the ashfall experiment on air condition equipment. And we have done
numerical calculations of ashfall. So, I will talk about the result of the simulations.

As was discussed already, so this diagram shows how ash is blown by air after the
eruption. But we are examining is the possible impact in remote areas such as
urban areas. So ashfall itself is not as disruptive as you might imagine. But
multiple infrastructures that support and sustain the urban functions are expected
to be impacted. CRIEPI speaker talked about the possible impact on electricity
supply. Since we are a construction company, we are focusing on ash impact on
buildings.

Ashfalls do impact functions of buildings in many different aspects. I cannot give
you a whole list, but this is a simple list of possible impacts. It could be an impact
on windows. The windows may be covered by ash. And we are particularly looking
at the air conditioning, which is an important component of the modern buildings.
For example, we have outdoor equipment installed on the rooftop of the building
and they are directly exposed to the ash impact.

So, the reason why we focused on air conditioning, although there is not much
research done in this area, we have found research done by the researchers of
Canterbury University, New Zealand.
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The slide that I showed you earlier had a same picture of outdoor equipment of air
conditioning. And what it does is to suck air from its side and then the air will be
exhausted from the top. So, there is internal airflow. When you think of the
possible impact of ashfall on an equipment like this, since air is sucked horizontally
from the side so this is a different phenomenon from the ash accumulated on
horizontal surface. We have to consider a possible impact from the concentration
of ash in the air.

First, let me talk about the basic functions of air conditioning. This is a different
photo of an outdoor equipment. The air is sucked from side and goes out from the
top. This grey area, this is a magnified photo, we have metal fins with a gap of 2
millimeters in between. So, the air goes through these fins. And there are pipes
inside in which a coolant flows in the pipe. So, heat will be passed. Because of
the air flow, the heat will be absorbed by this coolant. This is a cross-section.
Heat is passing through these fins. So, heat is given to the air and the coolant
temperature goes down. Coolants move on, it passes over here and expands. The
temperature goes down. Because of this lower temperature, it cools the internal
air. Now coolant receives here from the room and it goes through the air-
conditioning equipment. The heat is released to the outside air.

We also have another equipment, cooling tower. You would not see this equipment
so often. These are often located on top of the roof. This too sucks the air from
aside and it is released from the top. There is a blower or fans inside. Also, in
this cooling tower, a part of this equipment has a water flow from top downward.
Plastic panels are placed here with 1-centimeter intervals and the water will drip
in through these intervals and they come in contact with air and the water
evaporates. And this evaporation cooling will cool the water, the water is then
sent to the heat exchanger.

Now inside the room, the heat of the internal air is given to the water in the heat
exchanger. It goes through this cooling tower and then it gets cooled again. So,
the external units and cooling tower both have a basic function of receiving heat
from the room and it discharge that into the air. Again, these are placed outside
the room. When volcanic ash is introduced - as I showed you earlier, we have
thin panels. The fins may get clogged with ash. For the cooling tower, ash may
enter into this water flow, so what could be an impact of this ash intrusion into the
water, cooling water.

The air conditioning equipment is a combination of this outdoor unit and interior
unit. But this time, we focused on the external unit that is directly exposed to
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ashfall. So, I am repeating myself, but I would like to show you better pictures of
the exterior units. The air is sucked from the sides. There will be heat exchange
in fins. The heat expels or released into the air. This is seen from the top of the
cooling tower. Water flows from the top downward and through which air flows.

So, today's topic is about our experiment of falling ash on these units' cooling
tower as well as air filters. I would like to also talk about the simulations we
conducted as well. The ash that we used is sampled in Sakurajima to natural
volcanic ash. We have brought one ton of ash. We actually see the ash using 250
micrometer sieves to filter out the volcanic ash. And this is the volcanic ash after
sieving. These are very fine particles. If you handle that, you will notice those
particles, the powders on your fingerprints even. This is dry ash. The density is
about specific weight of 1.6.

This is the experiment on exterior unit. Air goes inside and volcanic ash will enter
from these sides. This is the basic air flow through the equipment. And there is
a fan on top of the unit that causes this airflow, and this red square is the
experimental unit. This is a cross-section, so what we did is to try to introduce
volcanic ash from the top. We have a sieve on top of that. And this box is a box
that collects volcanic ash.

So, this is the photo of the experimental equipment. There is a duct on top. We
have the exterior unit below that. So, the ash will be introduced from the top and
this exterior unit will receive this ashfall and we have actuator placed on top of
that. And on the top of the actuator, we place volcanic ash to sieve it, to let it fall
into the unit.

All the volcanic ash that is introduced is going to be introduced into the exterior
unit in this experiment, and this is part of our results. The ash is dry in this case.
The ash amount is equivalent to the thickness of 50 millimeters. Obviously,
visually, you can actually see there is thick deposition. On the other hand, there
are also intervals. Immediately before the fin, we have measured the airflow and
we have found that 70% or 80% of the air, the original air movement is still
possible. So, this much deposition of ash does not seem to impact the functions
of the air conditioning in terms of adjusting the temperature. But if you look at
the electricity that is required to run the fans, the electricity required is actually
increasing because of the ash that is attached to the shafts of the motor, although
this is not exactly substantially impactful.
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Now if you wet the ash, the situation is different. We have created conditions. We
actually sprayed water as we introduce ash. As you can see, there is thick
deposition on the surface. So, this is similar to 10-millimeter ashfall. We would
have a reduction of airflow rate, a substantial reduction. Obviously, we have to
cope with that by washing it with water.

During the nighttime, when the air-condition is not used, would the fan start
without any problem when the volcanic ash is accumulated? So, thickness here is
50-millimeters and when we turn on the external unit, and this is the rotation rate
of the fans. And immediately, you see it picks up to the regular rotation rate. The
fans will actually disperse all the accumulated ash. When the ash is wet, so this
moisture level is about 6% or 7%, no problem we have noticed with the thickness
of 10 millimeters. Even at 20 millimeters, it could start. But when the thickness
reaches 50 millimeters because of the weight increase due to water, the safety
mechanism kicks in, so it did not start. We left that for two days, let the ash dry
out then we will be able to start it normally.

So, after the experiment, we looked inside the exterior unit. As you can see, every
component has its surface covered by volcanic ash. However, it did not cause any
malfunction of the unit itself. Having said that, speaker from CRIEPI reported the
ash that we used has already been - the electrolyte had been washed away. So,
when ash included the electrolyte, we would still have to be cautious about the
negative impact on the unit. I want to talk about the cooling tower experiment.

For this one also, once again we had sieve. This is the sieve looked at from the
top and ash was applied like this. So, as the air is sucked in, also ash is sucked
inside the cooling tower. And in the case of cooling tower, this is a cross-section,
but inside you have the water flow and then from the top you have ashfall and
then air is taken in and water will wash down the ash. And inside the cooling tower
behind the filler, there is a big space. And along the line you have the strainer
here. And if the ash amount is large, then you have this water causing waves here
and air also is mixed in.

And the flow amount, if you measure the water flow amount, when the ash reaches
20-30 millimeters thickness, then you see these big bumps. So, if it goes beyond
40-50 millimeters, it becomes very unstable. And at 50 millimeters, from the
pump we saw water leakage and the pump stopped. This is where the water
leaked from the pump. After the experiment, we broke it down and looked inside
the motor and the screw - the shaft that connects them. You have these seals
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which were abrased because of the volcanic ash. So, once you replace them with
new ones, once again the equipment functioned well.

Now in the equipment we looked at the filler. It is like this. And when we take it
out, you can see that on the bottom you will see a lot of volcanic ash. But some
parts of the filler, there was no clogging and therefore air went through. And as
ash filtered through the cooling tower, before and after, the larger particles were
kept inside or trapped inside the cooling tower. And so, on the exhaust side, we
found very small amounts of ash. And also for the fan, looking at the electricity
flow, the current, it has not changed much. And also looking at the air filters.

So usually in a building, you have the coarse filters and the medium performance
filters. We placed both side by side, making sure that the medium one comes
towards the downstream. And we carried out this experiment. This is the filter
after the experiments. You can see that ash has clogged and stuck on to them.

So what is it that we were trying to look at? We looked at the resistance of air
flow because of the ash. The new filters of the pressure deficit would be 150Pa or
so. But when it gets to 280Pa, then that is the recommended level for replacement
of the filters. But depending on the ash flow rate, with stronger or weaker ash
flow we changed the amount. And if it is low, then the replacement pressure deficit
to reach that will take time. But at around 7 millimeters or so, with high ashfall
or low ashfall, after very short period of time you have to replace the filter because
it reaches the recommended level. But of course, in an eruption, we may not be
able to replace it that easily. So, how long will it last? We carried out an
experiment. And to reach the recommended pressure deficit, up until 10 times
higher pressure deficit the filter can be used. But once it reaches 10-fold amount,
air starts leaking through these gaps and that may cause ash to go in here. So
that will happen after the pressure deficit reaches 10 times the recommended
amount for replacement.

And now lastly, we looked at what happens around the building. The JMA has
given us a presentation about their prediction. So, for a large scale distribution, if
it is in the cities, of course you have this turbulence occurring because of the
buildings. And therefore, the ashfall may be high in some areas and low in other
areas. You may see a variation. So, we carried out this calculation. From the top,
ash will fall. If its net is 1, how much difference of ashfall rate could we see on
the ground? We use these formula for the calculation.
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For volcanic ash, depending on the particle size, they may be easily carried by the
wind. And this is just an example. The red arrow shows the vector of the air flow.
For small particles, 125 microns, that may hit the building and it may flow toward
the bottom like this. So, the darkness of the color shows the amount of ashfall in
the area. Depending on the size, it may accumulate in different areas.

And how much ashfall would be found on the ground? We looked at the ashfall
rate on the ground. Let us say, the amount falling from the air is 1, we tried to
look at the different amount that is found on the ground. And within the city, we
find that depending on the area there will be difference. But the bigger the
diameter of the particles, the difference becomes much smaller. And you have the
roads and the air direction is different. If the air flows smoothly, then in that area
you will see a lot of ashfall. Depending on the direction of the wind, and even with
the same direction of the wind depending on the diameter of the particles the
amount you see on the ground will differ.

This might be difficult to see, but 14.5 meters high, about similar to a five storied
building. And this looks at the spatial concentration, so this would be the veranda
on a building. If the particle is large or small, it is 2 millimeters for the larger ones.
But for the smaller ones, they will avoid buildings, but the larger ones will hit the
buildings directly. And so, when we think about countermeasures against ashfall,
this may be a good information.

And I am sorry, I know that my time is almost up. But I said that there is a
variation and we try to calculate to see the difference. But statistically, we wanted
to look at the histogram for the smaller ones. You can see that the distribution is
wider. But 1.4 or 1.5 seems to be common and so up to 1.4 times or 1.5 times
we may see ashfall rate and concentration differ. But this is still under
investigation.

Lastly, and this is also from a simulation of an air conditioner. In order to prevent
ash from going inside the air conditioner, will a hood-like cover be effective? We
changed the shape of the cover and we also changed the size of the ash. And this
is just done on calculation basis. But it may not be a perfect solution, but we have
seen some effect of it, having a cover may be effective. So, I am very sorry, I had
to rush through the second part of my presentation. But from the experiments,
we understand that 50 millimeters thickness of ash, if it is dry, the impact was not
that big. That is what we learned from our experiment. However, if the ash is
wet, even if the ashfall amount is small, you may see some clogging. And also for
the cooling towers, the pump water leakage was the biggest issue that we have
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seen. And also for the filters, the ash that we used for the experiment, so with a
7-millimeter thickness the clogging reached an amount that the manufacturers
recommend replacement of the filter. But actually, the filter can be used up to 10
times that amount. And also, the ash concentration may differ. Depending on
where in the city you are looking at, the difference may be 1.5 times difference.

But we have to continue our experiment and our research. And a hood-like cover
could be effective in preventing ash from going inside. But thank you very much
for your kind attention.

Moderator
Thank you very much. If you have questions, please raise your hand.

Q1

Thank you for an interesting talk. What I like to know is when the ash has larger
impact, the fan's rotation electricity increases because of the deposited ash on the
shaft. I do not know about the equipment. But because of the lowered efficiency,
maybe the equipment is trying to run the fan faster. Is that the reason?

Kiyotoshi OTSUKA
Yes, it is designed to maintain the rotation speed. And because of the increased
friction, it has to consume more electricity. So that is the direct cause of that.

Q1
Thank you.

Moderator

Any other questions? If not, then we would like to end this presentation by Mr.
Otsuka. Thank you very much. Now, we would like to take a break. The lecture
part, the first part is over. And now we will go on into the second part, which is
the panel discussion. So, we would like to restart from 3:35.
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[ Session 2: Panel Discussion ]

Coordinator: Tomofumi KOZONO (NIED)
Panelists: Christina MAGILL (GNS Science)
Sébastien BIASS (University of Geneva)
Kiyotoshi OTSUKA (Technology Research Institute, Obayashi
Corporation)
Hiroya HOMMA (Central Research Institute of Electric Power Industry)
Kensuke ISHII (Japan Meteorological Agency)

Are we ready to start? We would now like to start the panel discussion. First of
all, let me briefly introduce the panelists. First, speaker from GNS Science, we
have Dr. Christina Magill. We also have from the University of Geneva, Professor
Sébastien Biass. From Obayashi, we also have Dr. Kiyotoshi Otsuka. We also
have Dr. Homma of Central Research Institute of Electric Power Industry. And we
also have Dr. Kensuke Ishii of Meteorological Research Institute. And we also have
from NIED, Dr. Kozono to facilitate the panel discussion. Please start.

Coordinator (Tomofumi KOZONO)

Thank you very much. Let us start the panel discussion. Speakers, thank you
very much for your very informative presentation. There have been some critical
points and keys in your presentations. Before starting the panel discussion and in
view of the questions we received online, I would like to give the floor to the
speakers in the order you took the podium, to answer to the questions that have
been submitted online, so that they can give a framework of discussion.

First, Dr. Magill, there was one question. In Japan, there are a great number of
researches with this question. With regard to the correlation between eruption
and earthquake, synchronization of these activities could possibly lead to what we
would call a multi-hazard. What about the risk assessment activities in New
Zealand? Do you also assess these factors with regard to the multi-factor hazards?
And if you have any good examples to share with us, please do let us know.

Christina MAGILL

Thank you. Thank you for the question. Is this microphone working? Good. Itis
a fantastic question, whoever asked it, and it is something that we are working on
really hard in New Zealand. 1 think we also have that question around the
relationships between earthquake and volcano. I have a good example. We
undertook a project at the end of last year for our National Emergency
Management Agency where we looked at the consequences of very large
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earthquake and tsunami, similar to the events we had in Japan. But we looked at
a 9.1 magnitude, so very much a maximum credible event.

We modeled the impacts from those multiple hazards. We had to do quite a lot of
work looking at - we could not just model each separately, we had to look at how
the tsunami would impact buildings and people that had already been affected by
shaking. So, the shaking damage affected road access, buildings were down. So,
there were a lot of impacts from the earthquake that then affected the impacts
from the tsunami. And so, that was a really, really interesting project and it had
a lot of interest from our government and from our lifeline providers.

And now we are actually building on that. So, we are looking at, if an event like
that was prolonged what would happen when we start to get aftershocks and
liquefaction and all of these other hazards that have flow-on effects. And I think
you in Japan know about that more than many of us that there is large impact.

Coordinator

Thank you. Next, I do have another question for you. Dr. Ishii's presentation also
received a similar question. The concept of probability in assessing the hazard
ensures the decision makers may benefit greatly from the concept of probability.
But as has been discussed in Japan, simulation with probability could possibly
confuse the general public because the concept of probability is more difficult to
be explained, say, for example, once in such and such decades earthquake or the
eruptions. So, do you have any good examples in terms of good communication
to the general public with regard to the RiskScape framework? Do you have any
framework for better communication to the general public?

Christina MAGILL

That is another great question and I think it is something we are battling with in
New Zealand as well. Itis a common question and problem. And we actually have
another project starting out where we hope to look at exactly that, the best ways
of visualizing probability and uncertainty, so that it can be taken up more readily
by the public and stakeholders. So saying that though, I think people do
understand probabilities. We see probabilities to do with weather for example,
and so people are used to seeing probabilities on the news when it comes to what
conditions could be like. So, sometimes I think we also underestimate the sort of
the perceptions that the public has and actually they do understand those
probabilities. Yeah.

Coordinator
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So, situation maybe a bit different in Japan because they are more ready to
understand these concepts in your country.

Christina MAGILL

Yeah, I know I have had this question asked before when I worked in Japan many
years ago and it is not the first time I have had this conversation and I find it really,
really interesting. But yeah, I think the other point I could make is that we tend
to use two datasets for all of our analysis. So, we do use the probabilistic dataset,
but we use scenarios as well a lot. And some stakeholders do like to see that
scenario approach. So yeah, it is an interesting topic.

Coordinator

Thank you. Next Mr. Ishii, an online question for you. You touched upon in your
presentation about the umbrella and non-umbrella plumes with eruption rate and
wind conditions changing Monte Carlo borders. VEI is the standard of scale of
eruption and umbrella and non-umbrella shape of the plume, are there any
correlations between these? That is the question for you.

Kensuke ISHII

VEI is not necessarily dependent on the strength but it is more correspondent to
the total volume, eruption rate time unit based volume. So, this is slightly different
conceptually. If it is weaker, that can be protracted longer with higher VEI, or
strong eruption that lasted short can be smaller in volume. So, it is really
dependent on time unit and intensity.

Coordinator

Thank you. A question from me. The fallout prediction you touched upon. I am
personally from Kagoshima. On a daily basis, I see those fallout prediction or
forecast. Sakurajima wind direction was all I was able to get when I was a child
and we now have fallout prediction as almost part of the weather forecast on a
daily basis. So, the wind direction and fallout prediction are the information that
general public is getting on a daily basis. How can this prediction benefit the life
of people? Do you have any quantitative assessment about the benefit it can
provide to the general public?

Kensuke ISHII

The administrative service and the level of benefit. If we evaluate the level of
benefit it provides — well, as far as I know, I am not quite aware of such an analysis
with regard to the level of benefit this service provides for the general public.
Coordinator
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Next, Dr. Homma, you also received several questions. First, deposition of fallout
and the removal, supersonic system, washing system or hammering activities, do
you have such devices to get rid of such fallout depositions?

Hiroya HOMMA

I think this is more related to the technologies to facilitate the recovery after the
FOV. As far as utility companies are concerned, utility for overhead wires, probably
water is most efficient, high pressure water washing is the easiest. Oscillators
cannot be installed on each and every one of the insulators, so using pump to
water is a most common method. And the same is true for the salination. But if
you dowse the house with water, or if you dowse the overhead wire over a house,
that could contaminate the roof of a house. So, you really have to consider the
method to avoid secondary damage.

Coordinator
And then plastic related test, have you also carried out any plastic related test?

Hiroya HOMMA

That is actually the area, polymerized material for insulator is my area of specialty.
It really allows the changes of the shape, making it more difficult for the ash fallout
to be attached to the insulator. And also, higher temperature blowouts eruption
particles can let the plastic melt. However, ceramic ones have been destroyed by
those volcano particles. In that sense, it can be stronger. The plastic can be
stronger. And plastic also can give us flexibility in terms of shape. So, we are
currently working or consulting with such manufacturers as well.

Coordinator

Thank you very much for your expertise. Mr. Otsuka, in your presentation, before
the suction area of the outdoor unit, and you suggested the placement of a board
to protect the filter. And that was your suggestion. And toward the end of the
presentation, you were talking about the fallout intensity. Intensity 1 of the fallout
would lead to a factor of 1.5.

Kiyotoshi OTSUKA

When if the fallout intensity is 1 settling down from the sky, we investigated the
changes in the distribution of the fallout. Fallout intensity was not clearly defined
in my presentation, I apologize for that. The area space, volcanic ash mass is
calculated in terms of the unit of the area space divided by the time unit. One
kilogram per second per one square meter is considered the intensity of 1.
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Wide area fallout forecast? Suppose per second fallout of point several kilograms,
say 2 kilogram per square meter for example, that ratio times the volume that is
falling from the air. By multiplying that ratio, you will get the intensity. So, it is
really mass flow in time units and in a specific area unit. So, that is how we
calculated that intensity. Sorry, I did not explain early on.

Coordinator

There has been a common keyword throughout the presentation. Of course,
ashfall is 1, so fallout is 1. The other keyword is exposure, the threshold to the
exposure. I think that could be another keyword. Sitting next to me, Dr. Sébastien
Biass who just came to Japan yesterday or two days ago, he just made the
presentation on the recent research results at the research institute. An objective
threshold of exposure. He talked about how to set the objective threshold. He
showed us the satellite image to analyze vulnerability. So, Dr. Sébastien Biass, I
would like to ask you a question. We have listened to exposure and vulnerability
assessment, and there have been multiple experiments. Dr. Ishii talked about the
simulation. So, simulation and assessment together, by having both of them we
will be able to improve the quality of data we get. So, after listening to the
presentations today, any specific topic that impressed you, anything that you want
to share with us about the presentations we had.

Sébastien BIASS

Good question. I think the keyword was also probabilities and probabilities are
also related to uncertainties. So, it is really interesting, I do not have the
operational context that you have. But I have been talking with a colleague from
Iceland and there is a new crisis, earthquake crisis, one in Iceland in the Reykjanes
Peninsula at the moment. And what they are struggling is really to streamline all
the exposure analyses and the uncertainty that you have on the hazard forecast
long before an eruption and to be able to reduce this uncertainty as you get closer
to a crisis. So, I think all the importance of parameterizing our uncertainty in the
long term in what the eruption scenario could be in the input parameters to the
fallout models, it is really try to understand what we know, what we know we do
not know, trying to really reduce that. So, I think in this context for Tokyo being
able to parameterize this uncertainty over the long term and try to reduce it as
you get closer to the eruption will also help you to have a first long-term idea of
the exposure of any asset or any population that you have.

And as you get closer to an eruption, the key thing is to try to reduce this
uncertainty to get to the moment where the eruption occurs. So, from the
exposure point of view, I think that is a good.
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Coordinator

Thank you so much. So today, Dr. Ishii talked about the seasonal changes in
plume shapes and particle sizes. As of today, in Mount Fuji hazard map, we
actually have multiple scenarios depending on different types of weather. So
uncertainty of meteorological fields and its variability were considered in the
scenario and we combine them together into what we call a possibility map or
probability map. But in what way we will be able to come up with this probabilistic
map, we have multiple models and of course models do have uncertainty in them.
Therefore, research on how to best connect this to actual decision-making and
research on how to evaluate probability is also needed. So deterministically, we
could conduct experiment, we come up with threshold. As we discussed today,
the particle size of ash may change. So how much this threshold is going to be
affected by such changes, particle size and so forth. So, those are some of the
specific questions that we need to try to answer by quantifying what is still
uncertain today. Sorry, I kept talking.

Now I would like to invite comments and questions from the participants who are
here in this venue. After listening to all the presentation, do you have any
questions or comments? Of course, the online participants are also welcome to
share your opinions or questions. Anybody? We have speakers representing
different organizations. Usually, we have experts in volcanic modeling. But today,
we can talk about hazard, post-eruption hazards. For example, how we are going
to set threshold, what are the systems that we can use to set thresholds. That
could be an interesting topic. Once again, does anybody have comments or
questions?

Q1

Since I am not sure whether I can meet up the expectations of Mr. Kozono, I have
a question to Christina. In Japan, the possible eruption at Mount Fuji has caught
public attention and there is the - it is not just volcanologists but general public
are now paying more attention to this possibility. Now, in New Zealand you have
joint projects that involve different people representing different scientific fields.
How could it be possible? In Japan, researcher in one discipline getting connected
with researchers in another discipline, it is rather rare. Why is it possible in New
Zealand to have sufficient budget or how do you attract other researchers to join?
Christina MAGILL

It is a good question. And something that I noticed - I moved back to New Zealand,
I am from New Zealand originally but I moved back there 3-1/2 years ago. And I
noticed a huge difference from where I was working in Australia and just how
collaborative the natural hazard research community is in New Zealand. And in
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terms of strategies, what have I seen that works. I think a lot of workshops that
involve stakeholders I think. And this is probably an example of that. So,
workshops that involve the scientists and the stakeholders and people are able to
present from both sides, both solutions and problems. We do have those projects
that I mentioned that are very much end-to-end research projects and built into
that are stakeholders.

So, to apply for a research grant like that where you have a big chunk of money
where you can do significant research, you would have to have really strong
involvement from stakeholders as well. So, that would be our insurers, our lifeline
providers, yeah. I think it is kind of inherent in this system that to have these
end-to-end projects we do have to have the stakeholder involvement. So yeah, I
am really enjoying being back in New Zealand for that reason. It is a really
collaborative environment, which is fantastic.

Coordinator
Thank you. So, Dr. Homma?

Hiroya HOMMA

In relation to that question, in our research on volcanic ash, the power safety
section of Ministry of Economy has given us the funding, and also the Ministry of
Education is providing this opportunity. If we are going to sort of connect them
together, NIED must play a central role. We have to have a centerpiece that
connects different ministries.

Coordinator

It is astute comments. I wonder who could explain this, who could try to answer
that point. There has been volcanic research promotion headquarter and we also
have earthquake research headquarter. These are based on Ministry of Education.
So, the primary focus is on research, so trying to understand the volcanic activities.

And Sébastien and Christina, however, if you look at what they are doing, the
overall global trend is that they are going outside the discipline of traditional
volcanology. They are also trying to analyze possible hazard and exposure. That
is the global trend. And I think Japan is sort of lagging behind. We have not been
able to expand the research scope. As Dr. Otsuka said, next generation volcanic
project is something that is trying to lead and moving that direction. So, this is a
bit different from traditional volcano project. So, Dr. Otsuka?

Kiyotoshi OTSUKA
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We are a construction company. Conventionally, for example BCP, in case of water
hazard we make proposals as to how to cope a possible hazard. When it comes to
volcanic disasters, we used to receive no inquiry from our customers. But this has
been changed for the past two or three years. Many people are asking question
as to how they can get prepared. And when we received questions, I am not sure
whether exploring those questions would lead to business performance. Itis true,
it is the fact that more people are interested in possible volcanic hazard. And
individual assets, buildings are actually built in different conditions. I showed you
the result of simple simulations on streets, volcanic ash impact on streets. You
could identify certain high-risk areas where people need to be more aware or
prepared. So, I cannot give you a full answer to the question. But once again, it
is the fact that increasing number of citizens are interested in volcanic disaster.

Sébastien BIASS

I think you asked me before about thresholds for exposure. ButI think what was,
you showed and the experimental approach is becoming more increasingly
important. And before, we used to use thresholds for exposure based on positive
ends and back analysis. And it was always a range which was not very constrained.
But with experiments you have the ways - experiments done in Japan or done in
New Zealand or in Belgium as far as agriculture goes, now I think it is providing a
much more robust and quantitative basis for the impact analyses. So, I think this
is a great opportunity to link the research and the applied science.

Coordinator

Well, there were several researches that were presented. And Otsuka-san, you
have shown us some experiments at the Canterbury University in New Zealand.
So, quantitative data, a lot of experiments and data gathered there so that you
can get a quantitative analysis.

Kiyotoshi OTSUKA

Well, yes, I do agree that is very important. But one thing. To carry out
experiments, it becomes very large scale. It is quite difficult to have these
experiments. So, how do we clear these hurdles is very difficult. And also, when
we use volcanic ash, we need ash that still contains electrolytes. This is also a
hurdle, collecting ash with electrolytes. So, the threshold issue is something that
we need to continue working on.

Coordinator

94



Yes, thank you very much. So, Dr. Homma, in your experiment I believe there
was a question coming in online. So, the Mount Aso experiment, you tried to have
the same size particles for ash.

Hiroya HOMMA

Well, yes, it depends on the place. Afte the October 2016 eruption, the Kyushu
Power Company wanted to carry out some experiments and so, they tried to gather
a lot of ash before the rain fell. So, it was fresh volcanic ash. But we do not know
how far away from the eruption it was. So therefore, we do not know the particle
size difference depending on the distance that they traveled. But yes, we tried to
use ash that was collected close to the transmission lines. But in actuality, we are
trying to go through simulations with different conditions. And yes, we do want to
use actual volcanic ash. So, we went to the city hall of Kagoshima city, and they
offered us to use a vacant land plot for our experiments. But we are hoping that
we can find people who will be able to supply volcanic ash. And some people may
have kept samples of the Mount Fuji, Hoei eruption, maybe we can cooperate and
collaborate with people who have kept these samples.

Coordinator

Regarding the volcanic research and data sharing or information sharing, in New
Zealand, you have the RiskScape, which is an open-source software and Sébastien
is also involved in this. Butin Japan, it seems that it is closed within each research
institute. You may have something good, but it is not all connected together. So
JVDN, we have the system that is not just collecting monitored information, but
also information about ash sample and others. That is one direction that we are
trying to go towards so that we can collaborate and share information. Well, I
spoke a lot. But is there anybody else here who is involved in volcanic research?

Q2

Thank you very much for this wonderful opportunity. I am very interested in
determining thresholds using actual volcanic ash to assess the impact on actual
infrastructure. But the ash that is fresh from an eruption, using that is very difficult.
So, can we simulate and make something that is similar to fresh volcanic ash for
experimental purposes?

Hiroya HOMMA

Well, that does become necessary, so we do do that. For insulators, we use sand
that is called Tonoko, the particle size is different and also what is called Keisha.
And sometimes you can mix some salt in it to control the electrolyte composition
and also the particle size. That is polishing powder. And the electrolyte
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composition is different depending on which mountain it came from. We are still
in the process of doing this. So, we may be able to simulate the ash.

So yes, I now understand that you can carry out different experiments with that
sand. And also at CRIEPI, I believe for the filter experiments, I believe you are
using different particle size experiments. And yes, we will need to make artificial
volcanic ash.

Christina MAGILL

Yeah, I just had something to add that might be useful. And it is good to know
that you are doing similar here in Japan. But Tom Wilson at University of
Canterbury, he has a research lab where he has been making what he calls pseudo
ash, to do large scale impact experiments. And he is crushing rock to make the
ash to the right size and then he is adding the volatiles based on information from
eruptions like this. He is adding the specific volatiles so he can start to replicate
what the ash would have been like from individual eruptions. So yeah, it is good
to know you are doing similar.

Coordinator

Thank you very much. So, Ishii-san, you talked about simulations. In the case of
Mount Fuji, the impact of ashfall from Mount Fuji. I believe you have to go through
simulations before the eruption occurs. And looking at the density, the thickness
of ashfall on the ground and also considering the exposure, you have to link all
this information together. So, the simulations that you showed us, does it look at
the density or the concentration of ash at each point? Can you quantitatively look
at these different aspects other than the ash thickness?

Kensuke ISHII

Well, actually we just went through our calculations, and we are trying to go
through the analysis. But referring to what I have heard today, I would like to
understand what needs are out there, what kind of information needs are out there.
So far, we have been focusing on the ashfall amount, maybe the ashfall intensity
or the concentration is much more important, or the time and also the particle size
distribution, which sized particles should be key. I believe that is what we need
to look into, and it was really great to listen to all kinds of things today.
Coordinator

And Sébastien, in South America, FALL 3D simulations was used, I understand, to
look at not just the ash thickness, but also looking at the coarse particles to assess
the vulnerability. I think that is what you said in your presentation. So for the
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JMA model for Mount Fuji, can you suggest some approaches that you have carried
out that could be applied in Mount Fuji's case?

Sébastien BIASS

Two days ago, I presented something for an eruption in Chile. And in this case,
we were remodeling an eruption that had occurred, so we could infer what were
the input conditions to put in the model, right? In the case of eruptions that have
not happened yet, so for the probabilistic approaches there is one component
which is error analysis and there is one component which is trying to simulate
eruptions that could happen but that have not happened yet. So that is where we
use our understanding of the geology to try to parameterize that. And when we
do not have a data, we can also use analog eruptions. So this is a big topic of
research, trying to find databases of input condition to the models to really help
better forecasting long time in advance.

But this is usually when we use stochastic sampling. I think maybe with the JMA
model it is going to be too difficult. I do not know, because it is I assume it is very
heavy to compute. That is why we use simpler models usually to do that long term
in advance, to explore what could be the ranges of eruptions.

Either you go from past eruptions, you try to understand what happened in the
past. And if you do not have sufficient data, then there are new methodologies to
try and find analog volcanoes or try to bridge this data gap that we were discussing
the other day.

Coordinator

Thank you very much. I think we have to end at 4:20, and it is close to that time.
But this international workshop that we have, ash impact analysis is a hot topic in
the international arena. Through our international connections, we also would like
to continue our research here in Japan. And of course, the decision makers, we
need to understand their needs. So, it is not just volcanologists but people from
different sectors, stakeholders from different sectors, we would like to understand
their needs as well. If you can send in your thoughts and comments through the
questionnaire, that would be really helpful for our research as well. And it is now
time, so I think we should close the panel discussion. And thank you very much
to all the panelists.

Moderator

Thank you very much. We have had the first and second sections of this
international workshop. Before closing, I would like to give a warm round of
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applause to the speakers and the panelists. Now I would like to give the floor to
Dr. Hiroshi Shimizu, Director General, Center for Integrated Volcano Research.
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[ Closing Remarks ]
Hiroshi SHIMIZU (Director-General, Center for Integrated Volcano Research, NIED)

Hiroshi SHIMIZU

Thank you very much for your kind introduction. I am the Director-General, Center
of Integrated Volcano Research of National Research Institute for Earth Science
and Disaster Prevention. Thank you very much for your presence for the entire
project. As you are aware, Japan in recent years have not had major eruptions
other than those in the oceanic setting. However, looking back, we have had major
eruptions a couple of times a century. So, we have to be prepared, getting
ourselves prepared for the possibilities of major eruptions.

In today's program, we gave much thought to the impacts on urban landscapes by
major eruptions. GNS Science, Dr. Magill discussed researches in New Zealand.
As has been touched upon during the panel discussion, probabilistic approach
seems to be more actively used in New Zealand. Also, on a national scale, risk
model, volcano risk model is now in the process of formulation. On the part of
Japan, there is much we can learn from the New Zealand experience, I believe.
Drs. Ishii, Homma, and Otsuka also paid close attention to the impacts of ash
fallouts introduced herein with us the latest developments in their researches.

During the panel discussion, we have been joined by Professor Sébastien Biass
from the University of Geneva. Discussions have been concentrated on the
challenges going forward, in addition to the questions received from the audience.
All these were quite informative and insightful experience. Major risk hazard and
risk analysis needs to be further sophisticated so that national and municipalities
can work more closely together, further enhancing the resilience of our disaster
prevention measures.

On this occasion, I would like to express my heartfelt appreciation for your
contribution during this program. On this occasion, I would like to express my
heartfelt appreciation for your active participation in this program, without whose
presence the meaningfulness of this event could not have been achieved. Thank
you very much again for your participation.

Moderator

With this, International Workshop on the Strategies of Volcanic Disaster Mitigation
2023 is closed. Thank you very much again for your participation. Those of you
who will be attending the networking session, please go to the reception area on
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this floor. Please also take some time to fill in this questionnaire. Please jump on
to the questionnaire site using this QR code. Please also do not forget to return
the receivers. Please leave it behind on the table as you go out.
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