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Greater Eastern Japan Earthquake and Tsunami
Fukushima Nuclear Powerplant Accident



From the point of view of average citizens:

® Fear, need to decide soon whether to flee
® |[nformation vacuum

e Official sources deemed untrustworthy

® Social media paints more dire picture

® Even knowledgeable people can’t find enough
reliable and useful data
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Official MEXT Map -- Released March 17,201 |



CTBTO radionuclide monitoring stations selection:
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Aerial Monitoring Results - C-12 FUKUSHIMA DAIICHI
Survey Date - 17, 18, 19 March 2011 JAPAN
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DOE/NNSA Map -- Released online March 22,201 |
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DOE/NNSA Map -- in Japanese media March 24,201 |
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DOE/NNSA + SPEEDI -- Twitter, March 25,201 |




Results of airborne monitoring by MEXT and DOE |

(Readings of air dose monitoring inside 80km zone of Fukushima Dai-ichi NPP )

I/ V 4

o e Useful official
monitoring maps were
slow to appear.

This official map was not
released until May, 201 |

MEXT- DOE airborne
monitoring map,
May 201 |




This official map was not
released until Oct, 201 |
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US OPERATION TOMODACHI



Our Response:

® Develop devices
® Make a mapping system

® Build a community of motivated
citizen-scientists who want to
measure radiation.
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April 24th, 2011 - First Drive to Fukushima -




Our first systems were bulky, but worked.



Automobile Bicycle

Hand-carry Aerial drone




Current workhorse:
bGeigie Nano

® /th-generation mobile
detector

® Rugged

® Arduino-based

® GPS and data-logging
§ ol 5 e |ND 7317 2" pancake sensor
sonn [SURSCHESS ] © OLED display

20131!!'

"ISAFECAST

® Bluetooth and WiFi capable

¥

Open-source, open hardware,
open data

® Designed to be sold as a kit,
anyone can build it and
upload data










WE'RE PRO
DATA



POWER OF
PULL



DEPLOY OR DIE

AGILE + LEAN STARTUP

“to innovate quickly you need to reduce the cost of failure™



Technology!

® Cloud Computing

® Open Hardware / Open Software

® Arduino: community centric platform
® ol

® Maker Movement / FabCafe

® Big Data

® Geo Mapping

® BLE / Low cost 3G / Mobile



INTERNET OF (NO)THINGS

y )

DEVICE COMMUNITY
CENTRIC CENTRIC




~| 000 Devices worldwide




PROJECT:

| AIR QUALITY




SAFECAST Air



Prototype, 2015



Prototype, 2015



Prototype 001,2015
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SAFECAST Air

Prototype 002,2016
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Prototype 003 (methane detector) 2016



Prototype 003 (methané detector) 2016
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Safecast Air Beta Kit, 2016



Safecast Air Beta Kit, 2016



KEY USAGE PARAMETERS:

Measure airborne particulate matter in PMI10,
PM2.5 and PMI.0 sizes.

Log temperature and humidity for calibration
purposes

Static devices that to be installed in a single
outside location for at least 3 months

During beta period data will be published into
public domain but considered beta, not
scientific or research grade, and will not be
included in the official Safecast dataset yet.



Safecast Air Beta Kit, 2016



Alphasense Particulate Monitor (OPC-N2)



Plantower Particulate Monitor (pms/7003)



FEATURES:

Designated header for the Alphasense
Particulate Monitor (OPC-N2)

On-board temperature/humidity sensor

On-board GPS for location data (similar to
the Safecast radiation sensor)

On-board WiFi for sending real-time data
to Safecast server

Based on Teensy 3.x development board
SD card (OpenlLog) for data storage
LCD display



FEATURES:

The Safecast Air board is an Open Source

Hardware project. KiCad design files for
the PCB can be found on Github

https://github.com/Safecast/Safecast-Air.

Configurable air quality measurement
board. Can be expanded to include other
gas measurements.

Two designated headers for using up to six
Alphasense 4-electrode gas sensors (both

A4 and/or B4 types)

UEXT expansion header for connecting
other additional sensors or other hardware
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Leftmost column: labels for the readings
Middle column: the readings themselves

Last column: the unit of measurement.



Indicator

PM1

PM2.5

PM10

TEMP

HUMD

FIX

WIFI

Beta kit display info

Description

particulate matter 1 micron
or less in diameter

particulate matter 2.5
microns or less in diameter

particulate matter 10
microns or less in diameter

temperature

relative humidity

status of GPS fix

the status of the wifi
connection

Notes

in micrograms per cubic meter of air

in micrograms per cubic meter of air

in micrograms per cubic meter of air

in degrees Celsius

as a percentage of water vapor in the air

Displays "true" when the GPS has a fix, and "false"
when it does not. This may be a temporary issue due to
the movement/visibility of GPS satellites. Note that it can
take up to five minutes to get a GPS fix.

should read “ok”



SOLARCAST - stand-alone radiation and air-quality sensor
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SOLARCAST - stand-alone radiation and air-quality sensor



FUTURE APPLICATION: Use with autonomous vehicles




DOCUMENTATION






MacBook Air




Map system:

Database updated daily, now approx 0GB

Both server-fed webmaps and smart-client iOS and
OSX apps

APl with query/filtering by time, location, device, etc.

Approx 400 volunteers have uploaded data.
But 90% is contributed by the most active 10%.

Data and system are open-source (Creative
Commons CCO license). Anyone can download the
data, and we encourage independent efforts based

onh our dataset.
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Growth of SAFECAST dataset

50 million July 2016

45 million

40 million

35million Sept 2015

30 million May 2015

- e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e - - o e e e e e e e

25 million Dec 2014

20 million July 2014

15 million Feb, 2014

10 million June 2013

5 million Nov 2012

1 million Oct 2011

Illlllll|lllllllIIII|lllllllllll'lllllllllllllllllllllllllllll'
Mar 2011 Jan 2012 Jan 2013 Jan 2014 Jan 2015 Jan 2016

65,000,000 data points! (March 2017)




SAFECAST DATA

Change over time, March 2011- March 2016

Fukushima region
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ttps://api.safecast.org/en-US/home

SAFECASTH

Dashboarc

Safecast Apl

Users

Measurements

bGelgle Imports

Devices

ADMIN

The Safecast API

Query and add to the Safecast dataset with your own application.

API Endpoint

https://apl.safecast.org/en-US

GET https://api.safecast.org/.json

Available Resources

Users Add and view user accounts
Measurements Add and view measurements
bGelgle Imports  Add and view bGeigie Imports
Devices Add and view Devices

Users

Get a list of Safecastusers GET /users./son
Add anewuser POST /usersson
Viewauser GET /users/334)son

Measurements

Getalistof Measurements GET /measurements. son
Add a new measurement FPOST /measurements.son
View a measurement GET /measurements/22684490 json

SUBMIT UPLOAD AZBYeME.COM ¥

JSON HTML

api.safecast.org



ADMIN SUBMIT UPLOAD AZBYBMECOM ™
SAFECASTHR |

| iginal Fil
- Bgeigie Import #019-1112.LOG =) Do ol T
Safecast Apl If you don't see the map, please manually reload the page.
2. Processed 3. Metadata Added 4. Submitted

Users
Measurements Met&d&lo Process LW Edit Detalls
bGeigle Imports

Uploaded By Metadata
Devices KM.AIZU

Fllename

Title Route6 2041112

019-M2.LOG
Number Of Lines Sirels
Return difficult district
6079
Number Of Credits  Aizu radiocactivity information center
Measurements Height 13m
6079 Orientation Facing Left

Cities Korlyama Hirata,Ono,lwaki Hirono,
Naraha,Tomioka,Okuma, Futaba Namie
Minamisoma,litate Kawamata,Fukushimaa,
Nihonmatsu ,Motomiya,Inawashirc Alzuwakamatsu

APl walks users through
the upload process Delete this Impor

MEASUREMENT Yonezawa Satellite |
e ¥R
Captured At ¢ > )
2014-1-12T10:27:282 U \
Latitude 37.4701 Zot \

Longitude 140.36 21
CPM 72




Delete this Iimport

MEASUREMENT
Captured At
2014-112T10:27:282
Latitude 37.4701
Longitude 140.3621
CPM 72
usv 0.22

API allows each data
point to be checked
before approval




Because sometimes there’s no
substitute for human judgement,
we think it’s important
to keep humans in the loop!
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Realtime Sensors

pointcast.safecast.org
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Dual-sensor unit
(Medcom hawk)

Communication
module (LAN/ 3G)
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Comments

e Ross on USA, California, Bodega Head
¢ Kent Noonan on USA, California, Bodega Head
¢ robouden on Japan, Nara, Mitsue-Mura, Safecast
Nara
Leave a Rep|y e Marco Kaltofen on Japan, Fukushima ,
Matsukawa, Seirinji
e Safecast on Japan, Tokyo, Shibuya, Safecast
Office
¢ Rob Oudendijk on Japan, Tokyo, Shibuya,
Email (will not be published) (required) Safecast Office
¢ Jam on Taiwan, Taipei, Fabcafe
¢ robouden on Taiwan, Taipei, Fabcafe
¢ robouden on Taiwan, Taipei, Fabcafe
Website ¢ Tim Wong on Taiwan, Taipei, Fabcafe

Name (required)

Comment

Pointcast unit webpage allows
feedback and queries
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Our Teams

device hardware

O

outreach, education Q device software

Q/ P

K “connectors”

administrative API/ mapping

e

Lots of multitasking, multi-competence



ANTI DISCPLINARY

scientistx

engineer



At - 11 E b




Funding:

® |ndividual donations

® Crowdfunding: Global Giving

® Kickstarter campaigns

® Support from private foundations

® In-kind support from manufacturers, etc.

® Most importantly, people donate their time



Building Community

We want to encourage people to get involved.
This requires skills in education and media.

Strong social-media presence —
blog, discussion, Facebook, Twitter; etc

Device-building workshops
Talks and presentations

Media interviews
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http://safecast.org

Recent workshops in:

Tokyo
Fukushima

Kobe
Washington, DC
Strasbourg
Taipei

Hong Kong

Seoul

TRIESTE!!



Geiger-counter building workshop with students in Koriyama
(They then become volunteers, contribute radiation readings,
and teach others)
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Testing |12 newly-built bGeigie Nanos in a nearby park.






The President in Conversation With MIT’s Joi Ito and WIRED’s Scott Dadich
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Safecast Street-by-Street



Safecast volunteers and Koriyama City officials




Ten bGeigies were delivered to Koriyama City




They were mounted on postal delivery vehicles, which cover
every street in town over the course of normal daily activity.
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MINAMISOMA

" 7amura - @
KORIYAMA NPP

FUKUSHIMA PREF.

‘50km

This solution has proven very scalable, and quite inexpensive. To
date the towns of Minamisoma, Tamura, and Koriyama have been
surveyed through this program (a combined affected population of
over 400,000 people). Safecast is confident that every municipality
in Fukushima Pref. could be quickly measured in this way.



!

Our experience after Fukushima suggests that in the
event of another large radiation emergency
additional manpower will be needed.
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One person can quickly teach ten others.



We have prepared “airlift crates” of devices
that can be quickly sent emergency areas
anywhere in the world.



We've found it’s necessary to educate media as well.



THE SAFECAST

REPORT

VOLUME 2- MARCH 2016

Link: http://blog.safecast.org/the-safecast-report/



SAFECAST REPORT

- First published 2015, second edition 2016

- Purpose: To collect, update information on
iIssues of most concern, and provide guide to
reliable sources.

- Also, to discuss controversies, summarize
arguments

- Over 100 pages, produced by volunteer effort
- Japanese translation will be released soon.

Link: http://blog.safecast.org/the-saftecast-report/



SAFECAST REPORT

Contents:

-Part 1

- SAFECAST project update

-Part 2: Situation Update

2.1: Issues at Fukushima Daiichi NPP

2.1
2.3

—vacuees and

Returnees

-nvironment and Decontamination
2.4: Food
2.5: Health

Link: http://blog.safecast.org/the-safecast-report/



SAFECAST REPORT

Sources used in Environment and
section (terrestrial impacts) include:

- 28 official reports (UNSCEA
-nv. Ministry, etc)

- 31 peer-reviewed papers
- 21 journalistic articles

3, 1A

—A, JA

Decontamination

—A, Japan

- 8 NGO reports (int’l and local organizations)

Link: http://blog.safecast.org/the-safecast-report/



SAFECAST REPORT

Issues discussed Include:

- Environmental impacts as evaluated in scientific
studies

- Remediation policy and implementation
- Forest remediation issues

- Longterm storage issues

- Social and economic conseguences

- Communication and messaging

- Dissenting and critical voices

Link: http://blog.safecast.org/the-safecast-report/



CITIZEN SCIENCE:

Where does the Safecast project lie within the
spectrum of citizen science!

‘Crowd science’, ‘networked science’, ‘massively
collaborative science’ ?

Defined differently in different contexts
Qualitative definitions and evaluative principles!?

Objective criteria for what constitutes ‘success’ !



Journal of Radiological Protection

PAPER * OPEN ACCESS * FREE ARTICLE

Safecast: successful citizen-science for radiation
measurement and communication after Fukushima

Azby Brown13, Pieter Franken?3, Sean Bonner?3, Nick Dolezal® and Joe Moross®
Published 6 June 2016 « © 2016 IOP Publishing Ltd
Journal of Radiological Protection, Volume 36, Number 2

& Article PDF




CITIZEN SCIENCE:

‘With appropriate protocols,
training, and oversight, volunteers
can collect data of quality equal to

those collected by experts’

(Bonney, 2014)



CROWDSOURCING:

Meaning of crowdsourcing has evolved

Safecast’s primary goal is to assemble database
of observations

Based on open-source hardware and software

The achievement of specific social outcomes,
such as promotion of openness, is a major
motivation from the start

Ad-hoc voluntary structure which embodies
the emerging open collaborative culture



INFORMATION COMMONS:

® Decisions often reached through informal
discussion

® Fluid decision making procedures

® Data-organization choices often impromptu,
driven by affordances of open digital platforms

® Informal or semiformal hierarchies of authority,
vs professional accreditation

® Norms that facilitate trust



OPENNESS and TRANSPARENCY:

Have been key components of the Safecast
project from the start.

Use of open-source hardware and software is
considered essential.

All designs are publicly available for scrutiny.

Any outside observer can independently
evaluate the group’s tools and methodology.

Open-data publication principles go hand-in-
hand with this approach.



Whatever authority Safecast
possesses can be characterized as
adaptive and fluid, and rooted in
the shifting needs of the
commons, as opposed to the
‘constituted’ authority of formal
science and its institutions.



WHAT IS SUCCESS?

® Key Metrics: Database size, how many users,
how many detectors, etc..

® Intangibles: Perceived shifts in attitudes in
society, a growing sense of community

® Increased interest in the capabilities of citizen
scientists worldwide

For Safecast as a project, the intangibles are
arguably as important as the metrics.



...oafecast is as crisp an example
as we have for how mutualism can
serve as a successful workaround
for failure (whether for lack of
capacity or, more likely, for lack of
political will) of a public body.

(Benkler, 201 3)



SUMMARY.:

Though groups like Safecast can help fill crucial gaps,
ultimately the timely provision of data that citizens
need to make informed decisions about their
livelihoods and well-being is the government’s
responsibility.

The fact that a group like Safecast proved necessary
at all is in itself an indictment of the failures of
government and the international system for
informing the public of such risks.

The rise of citizen science should be seen as a very
positive development, one of the few bright spots
that have emerged following the Fukushima disaster.



SUMMARY.:

Though groups like Safecast can help fill crucial gaps,
ultimately the timely provision of data that citizens
need to make informed decisions about their

livelihoods and well-being is the government’s
responsibility.

The rise of citizen science should be seen as a very

positive development, one of the few bright spots
that have emerged following the Fukushima disaster.



SUMMARY.:

The technical capabilities occasioned by the open-
source and digital fabrication movements are poised
to put increasingly sophisticated scientific and
communication tools in the hands of average
citizens worldwide.

This will continue to require social and regulatory
accommodation and adjustment as governments and
other established stakeholders grow to understand
the implications of the changing information
landscape and, hopefully, are motivated to reach
mutually beneficial relationships with citizen
scientists like those at Safecast.



“Emancipatory Catastrophism”
(Ulrich Beck)
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