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New Cases of Unexplained Kidney Disease per 1,000 Workers

Right: Tephra fallout and kidney disease in
Nicaragua. Data courtesy of Kristy Murphy
(Texas Children's Hospital)
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Japan Court Orders Shutdown of
Nuclear Reactor Near Volcano

Dec 14,2017

Top:Panabaj (Guatemala) debris flow (from
Charbonnier et al., 2018).
Right: Aso volcano and the Ikata NPP
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Howel Williams (Williams and McBirney, 1979):

Long term volcanic hazard assessment - primarily based on
the geologic record and analogous volcanoes (should take
place well in advance of unrest!)

Short term volcanic hazards assessment - incorporates
data on volcanic unrest, uses geophysical signals and
related data to forecast the timing and nature of volcanic
eruptions.
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Volcanic hazards in lceland, 2008




Conditional probability of inundation by PDCs, Campi Flegrei
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from Neri et al., 2015
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volcano monitoring
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ANNUAL PROBABILITY OF HAZARD

It depends who you are and what your problem is! For
example, 10~% annual probability of lahar inundation is a very
low hazard for an 80yr old person, and a very high hazard for a
10yr old person.

PVHA



Cornell (1968), Cornell and Hanks (1994), Stirling et al., (2009)

Step 1: EARTHQUAKE SOURCES Step 2: RECURRENCE MODEL
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STAGE 1 STAGE 2 STAGE 3 STAGE 4

Initial Characterize Hazards pecific
Scoping Volcanic Sources Screening Assessment

Volcanism Current Potential For Develop
Capable
<10 Myr Yes > Activity? Yes »  Volcanic Yes Volfanoef Site-Specific
In The Region? Hazard To Volcanic
No Reach Site? Hazard
Y
Activity Since Models
0.01 Myr?
No No No
Y
Is Future
Activity Credible?
No
h 4 A 4 v

p 4 Y
Volcanic Events are Not Credible Hazards; Site Suitability Decision;
No Further Investigation Warranted. Inputs For Design Bases.

see: IAEA (2012) Volcanic Hazards in Site Evaluation for Nuclear Installations. International Atomic Energy
Agency, Vienna. |IAEA Safety Standards Series No. SSG-21. IAEA (2016) Volcanic Hazard Assessments for
Nuclear Installations: Methods and Examples in Site Evaluation. IAEA Techdoc Series No. 1795.

PVHA



PVHA

Background

Conceptual
model

Rates
Location

Future

Initial Scoping: Basin and Range volcanism
Yucca Mountain (NV)

© Are there volcanoes in
the site region and
how old are they?

© Is the tectonic setting
consistent with future
volcanism?

Basalt Units
I Quaternary
. [ Piiocene
from Valentine and Perry 0 Miocene

(2009) Buried Basalts

Unknown age |
—— Caldera boundary|
®  Drill hole

116'45°W
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Are there volcanoes in the site region and how old are they? Is the
tectonic setting consistent with future volcanism? (Figure by
WesternGeco, 2018, with permission from JAEC)
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Consider potential for specific volcanic products in
characterizing sources. Develop a conceptual model of
potential volcanic activity based on geologic record, analog
volcanic systems:

Phenomena exclusionary? migitation?
Opening of new vents Yes No
Sector Collapse Yes No
Pyroclastic density currents Yes No
Lava flows Yes No
Lahar Yes Yes
Tephra fallout No Yes
Volcanic gases No Yes
Volcanic earthquakes No Yes
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Pyroclastic surges, tephra

fallout, and damming of Rhine:
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From Park and Schmincke, 1997
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What volcanic hazards do residents of Ischia face given the nature of
volcanic activity during the last 150 ka?

a)

From Selva et al., 2019, JAV
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Given a volcanic eruption, is it possible specific volcanic phenomena
can reach the site?

Low-aspect ratio ignimbrites and
lava flows reach the Armenia
Nuclear Power Plant site.




Given a volcanic eruption, is it possible specific volcanic phenomena
can reach the site?
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Given a volcanic eruption, is it possible specific volcanic phenomena
can reach the site?
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Kazuhiro Nakamoto, President, Japan Federation of Bar Associations

Today, the Hiroshima High Court handed down a temporary
injunction compelling Shikoku Electric Power Corporation to stop
operation of the No. 3 reactor of the lkata Nuclear Power Plant. The
decision was made according to the evaluation procedures in the
volcanic eruption guidelines set by the Nuclear Regulation Authority
(NRA). It was found that it was difficult to judge whether the
volcanic activity of the Mt. Aso caldera, located 130 kilometers away
from the lkata NPP, was weak enough during the operation of the
reactor. As it is impossible to estimate how big an eruption of Mt.
Aso would be, the judgment took the largest past eruption of Mt.
Aso “Aso-4" about 90,000 years ago) (volcanic explosivity index 7)
as the basis for its assumption. The court found that it cannot
conclude that the Aso-4 pyroclastic flow was very unlikely to
reach lkata NPP, and therefore judged that the lkata NPP was
not located in an appropriate location.
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=l Building a probabilistic volcanic hazard assessment
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Calculate stationarity within
some confidence interval:
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2015, Watson et al. ,2017
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Frequency of explosive eruptions at Momotombo volcano
(Nicaragua) measured during Feb—April, 2016

cumulative probability
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Probability model must (1) use a subset of data, or (2) detrend the
data, or (3) use a cluster or renewal model). One cannot apply a
univariate model, like an exponential model, to nonstationary
distributions.
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125 1200 —115° —121'E —120° 119’

Vents and lava flows in the caldera of Arsia Mons are among Mars'
youngest volcanoes. How do we constrain the timing of these
eruptions? Richardson et al., EPSL, 2017
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Context Imager (CTX) datasets are used to map stratigraphic
relationships within the caldera at the summit of Arsia Mons.
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Ages estimated (with high uncertainty!) from crater density
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Randomly sample ages of all events using directed graph

(M = 10000 times),

Volcano i of total N formed by event é;,

For each set of age estimates, j, for N volcanoes, the cumulative

distribution is:
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Mars Volcano, Earth’s Dinosaurs Went Extinct IR
About the Same Time
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Approximate eruption age (ka)

TB-TA: trachy-basalt trachy-andesite
TD: trachy-dacite

Main concern: is there no activity in the last 400 ka? Or is there a
lack of preservation of smaller eruptions?
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Cumulative density of eruptions

0K I i I 1 I I I 1
700 500 300 100

Time before present (ka)

Cumulative distribution function of Aragats eruptions.
Steady-state activity until about 0.5 Ma, after which no
eruptions are identified.
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Node Recurrence Rate (yr=!) Wt
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logic tree for pdcs impacting the site

Current Recurrence
PVHA magmatic  Extinct? rate of Ignimbrite?
system episodes

Reach
site?
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Range Weight RR Weight Weight Weighted
(HIgh/LOW) (w211,4) (yl’il) (1 — w371,3) (1 — 11)/1) Probability
H 0.10 5e-05 0.67 1 3.3x10°°
L 0.10 5e-06 0.33 1 1.6 x 1077
H 0.45 5e-06 0.10 1 2.2x1077
L 0.45 9e-07 0.10 1 4%x1078
H 0.45 9e-07 0.01 1 4%x107°

Aggregate Annual Probability = 2 x 1077 - 3.5 x 106

PVHA



USF

UNIVERSITY OF
S OR

Z—>

44°N

Basalt Age

7| M <15ky
| W 15-50ky

50-100 ky

L - - - - - = = -

sediment




99%,

95%

75% 50% 25% 1%

[
3e-6

8e—6

BE-5 Jess

Spatial Density




ZzZ—>

A: Vents Vv
max hi 75 ;

44°N| 7

Eruptive Center Hit Intensity
Spatial Densit 7
i 2l L, [ 475

( 3 (ﬂ 237
] A ;

T 99%[0————50km

43°N
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Hazard Annual Probability (vents) Annual Probability (Events)
Eruption on the ESRP 5.7 x 10”4 2.6 x 1074
Eruption in INL 1.2 x 1074 6.2 x 1075
Lava Inundation of INL 1.8 x 104 8.4 x 1072

see Gallant et al (2018)
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Long-term volcanic hazard assessment must become more
widespread to plan for volcanic activity, in all its forms,
before it affects communities and infrastructure.
Probabilistic volcanic hazard assessment relies on a simple
hierarchical structure (e.g., logic trees). What new
structures should emerge?

PVHA places a premium on geologic data collection,
especially radiometric age determinations and mapping,
and numerical models

Major challenge is to improve monitoring to identify
potentially active volcanic systems before “unrest”.
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IAEA: S. Aramaki, W. Aspinall, S. Charbonnier, A.
Chigama, O. Coman, L. J. Connor, A. Costa, L.
Courtland, H. Delgado Granados, A. Godoy, B. Hill, C.
Jaupart, J.-C. Komorowski, A. McBirney, S. McNutt, K.
Meliksetian, S. Nakada, C. Newhall, G. Pasquare, I. Savov,
S. Self, Y. Uchimyama, T. Wilson

Jacob Richardson, Lis Gallant, Graeme Swindles, Elizabeth
Watson, Armando Saballos, Kristy Murphy, Mike Sheridan,
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