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Worldwide Nuclear Testing 1945 - 2017

Near universal adherence to the CTBT's
prohibition on nuclear explosions

WORLDWIDE NUCLEAR TESTING

1945-2017
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4 Monitoring Technologies
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Listening above ground Sniffing for radiation

Listening underground Listening under water
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International Monitoring System

CTBTO

Radlonuclde Statlons PREPARATORY COMMISSION
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Over 740,000

Seismic-Acoustic events located by the
International Data Centre since
February 2000
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61 announced nuclear test by Democratic People’s
Republic of Korea (DPRK) on 3 September 2017/

2017 event information (REB) Y
Date: 3 September 2017
Origin Time: 03:30:01.08 UTC * 0.18 seconds T
Latitude: 41.3205 degrees North : A
Longitude: 129.0349 degrees East
Approximate Location Accuracy: = 6.7 km (109 km?2) e e
Depth: 0.0 km (fixed) A : gt

2006 W 12009

Body Wave Magnitude mb (IDC): 6.07 o L 20168 g by

2016b

Number of Seismic-Acoustic Stations Used: 125

Issued: 5 September 2017 17:40:22 UTC (within Entry- o

Into-Force timeline) *"*‘ig il

Image © 2017 CNES / Airbus
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What is infrasound?
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Sonnd-wren is shaded red (thin),
Asb-aren ., w (desp).

Wind Direction at the time of Emption is indisted by a red arrow.
Places where Detonation was perceived are indicated by red dols.
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Barograms from the 2/ August 1883 eruption of Krakatau Zone of audibility of “detonation” sound from a /
showing the first two wave passages

December 1909 explosion of Asamayama, Japan
(Figure reproduced and modified from Scott 1884) (Figures reproduced and modified from Omori 1912)
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Infrasound technology - Sources ’\n' CTBTO

Meteors
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IDC bulletin - Event Location

4, CIBTO
IDC bulletins for waveform technologies |IDC bulletins for infrasound technology
(Seismic / Hydro-acoustic / Infrasound): (since infrasound in IDC Operations):
Since February 2000 Since February 2010
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> /40,000 REB events > 45 000 LEB infrasound events
>880,000 LEB (& 580,000 since 02/2010 >130 events/day) 9.9 LEB events/day with infrasound association

ctbto.org

REB and LEB are IDC products. REB: Reviewed Event Bulletins - LEB: Late Event Bulletins
Number of events in bulletins as of November 2022
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IDC infrasound - 2013, an interesting year
Y 45, CTBTO
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2013 Monitoring production
- Network performance and network maintenance - need QC of the Whole system
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Brown, Mialle, ITW 2011-2014
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2013 Monitoring production
- Network performance and network maintenance - need QC of the whole system
- 3" announced nuclear test by DPRK, 12 February 2013
- Chelyabinsk superbolide, 15 February 2013

... The biggest infrasound event recorded by IMS... at the time

JOLS/ER/ 152596

Brown, Mialle, ITW 2011-2014
o e ctbto.org
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Infrasound - Civil & Scientific Applications
Chelyabinsk Fireball - 2013/02/15
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Fireball detected by half of the IMS infrasound
network operational at the time of the event

(20 out of 42 stations)
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Infrasound - Civil & Scientific Applications i £ CTBTO
Chelyabinsk Fireball - 2013/02/15 N oosirony commsion

Detection summary:

o 20 observing IMS Infrasound stations
315 » 30 detections due to global multi-path
« Multiple circumnavigation

270 Detection by IS53 (Fairbanks, Alaska)
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Barograms of aligned phases recorded at 20 IMS stations

Googleearth
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Array processing software - other applications with SHI
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* Processing software to estimate wave attributes for y -
SHI technologies - - N
20 | |
« Application to loss of San Juan submarine, November & - 108
2 O 1 7 110N3 / EDH | ........——L*A———l—h—-l—.-.-.-L..-.-.-J-.--.J-lJ.,_........._._..............u..J.._u.._..J..-..-....hL-..--h-.q.Luk.-__J.J_.ﬂ.___H".__,_____J..ung-Lu—L-——-—wmm-m ‘ 5 Be+07 F 7
 Signal detection of unknown origin received on e =
|_| 1 O N oA : >8 itoria-Tr::qndaadee an artam vaz isiandas H1ON\

\

Seamount

A sequence of 10 late arrivals following the direct
main arrival

e |ate arrivals attributed to reflections off underwater
bathymetric features

Rio Grande
rise

H10M 15-Moyv-2017 14:50000 15-Mow-2017 15:14:00 H10N3 15-Nov-2017 14:50:00 15-Nov-2017 15:14:00

11

Hours from 15-Nov-2017 14:50:00

Time series for an unknown hydro-acoustic event: Recorded time
series on H10N indicate an impulse-like event.

ctbto.org
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IDC infrasound - where we are today
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n“: \ .
" 137NO

2021 - 2022 The new generation of tools and methods ready for IDC Operations
- QC tools operational and sensor calibration efforts
- Net-VISA, Bayesian method, ready for SHI network processing e
- Major upgrade of the infrasound processing pipeline
- NDC-in-a-Box regular releases and continuous user support

143RU

146RU

Largest infrasound REB of 2021.
Soyuz-2 launch from Baikonur, Kazakhstan
21 August 2021

— P . 'r* h' by .

ctbto.org
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Data archiving and distribution

Civil applications

Tsunami warning
centers with
agreements

Radiolog. and nuclear

emergencies
(IACRNE)

Users
In State Signatories

Test ban
monitoring

Authorized
users

PREPARATORY COMMISSION
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IMS Data / IDC Products

« ~10 GB Daily
e >40 TB Archived

Scientific use

Scientists with
cost-free
contract
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2022 Hunga Tonga-Hunga
Ha'apai eruption

ctbto.org



Infrasound - Civil & Scientific Applications ’O\ CTBTO
Hunga eruption - 2022/01/15 N

R : W 9 s3us. o
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144RU
145RU
130JP 15168
I58US
\
I60US 159US
I25FR
I39PW 7
3 . A 120EC -
150GB = 152GB S 121ER 5\ 2
106AU - : £ \.’ R o
Hunga TongaTHunga Ha apa‘ 24FR _108BO 109BR
I22FR A B
113CL - 41PY
14 p
149GB
& IS6NZ @MathewABarlow - Environmental, Earth, and Atmospheric Sciences - University of Massachusetts Lowell
123FR
. 102AR \

Eruption detected by 53 out of 53 operational
IMS infrasound stations at the time of the event

ctbto.org



Infrasound - Civil & Scientific Applications
Hunga eruption - 2022/01/15

« Complex global propagation patterns

o 148TN, Tunisia
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Infrasound - Civil & Scientific Applications fo'\
Hunga eruption - 2022/01/15 N

(Jq\:‘ ;‘} CTBTO & @CTBTO - Jan 21
Wy How big was the Hunga Tonga-Hunga Ha'apai volcanic blast g4 ? Check out
= this @NPR st y @gbrumfiel to learn how #CTBTO International
Monitoring System stations around the ® registered this eruption!

f 1S22 (1850 km)
: I
s M oty
AT LA W S A gl it oo,
J " 1S36 (2890 km)  15/01/2022
f'h N nJ‘ﬁ".rWr‘?\h;r\f W’d\"“ﬂ%’»\.?”' ; "ﬂ'lrw"‘~"“"‘-\;""ﬁ'vV‘"'““'.UW.f”"’rmwfwwwmw

» [Exceptional dataset acquired by seismic, —-———w-*fv""’v"w«"w‘"f"'&f‘\v' h
hydroacoustic & infrasound networks

l

! w’ r'%

 Waves circumnavigating the Earth for
days

f

L . 531 (570 km)
* Several publications making use of Chelyabinsk

CTBTO data and products 1546 (1500 km)  15/02/2013

(unprecedented collaborative effort)

Hunga volcanic eruption, #Tonga=ll was a once-in-a-
century event producing extraordinary atmospheric
waves recorded globally by #IMS. The eruption
triggered a collaborative effort w/76 experts from 17
states involving #CTBTO, NDCs, Station Operators &
more: science.org/doi/10.1126/sc...
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Infrasound - Civil & Scientific Applications

Bering airburst - 2018/12/18

CIBIO
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o Sclentific application: monitoring atmospheric for NEO impacts g,-, . @3 . "
- : ¥
) : B
Fireballs Reported by US Government Sensors / N
(1988-Apr-15 to 2019-Feb-18) . <
Impact Energy "..JTNO .‘.n’n
log{kt)
| N I51GB
' 158U8
I60US \ .o9Us
| ", 125FR
| 120EC
IR\ s 150GB ”
122FR ik rm - 135N
Alan B. Chamberlin (JPL/Caltech) 13CL f 8 BiFY K
- : _ . . " 149GB
Origin Date Lat Lon Deptd Nass ninfra  Magnitude Ellipse Region - 101AR
16778205 A 2018-12-18 23:50:02 58.61 174.23 0 19 19 mb -/ ml - 38655.6 km? BERING SEA 123FR
Arid Sta Delt Phas |Phas Arrival time 102AR

Tres Az Azre Tr.vel (m/s Cel (m/s

20181219 00:47:1 -432.7 | 344

e 3rd largest infrasound event recorded by IMS infrasound component (19 stations)
e Automatically detected and published in reviewed bulletins of IDC

e Confirmed on NASA NEO fireball page 3 months later (on 8 March 2019, total impact energy
173kt, revised in 2022 to 49kt)

ctbto.org



Infrasound - Civil & Scientific Applications £ CTBTO
Southern Atlantic Ocean airburst - 2022/02/07 Nl s s

Fireballs Reported by US Government Sensors

(1988-Apr-15 to 2022-Mar-11: limited to events >= 3kt) Origin Date Lat Lon Depth Nass ninfra Magnitude Ellipse Region
21771158 4 2022-02-07 20:09:37 -28.264839 10.47754 0 20 20 mb -/ ml - 54690.5 km? SOUTH ATLANTIC OCEAN
Impact Energy
log{kt)
1, ¥ 1a5RU
4 B i Suan )
3 ! 14600km S ——

s 1 e e

137NO

A 119GB
= [ 2350km

https:/icneos jpl.nasa. govifireballs/ Alan B. Chamberlin (JPL/Caltech)

I
w'-wmwwwmwmemw,ﬁmw

20 Infrasound stations up to 153US, Alaska,
15,600km  away, recorded a @ large
atmospheric event related to a meteor
alrburst and located over the Southern
Atlantic Ocean on / February 2022 around
20:09 UTC

B 1450km  —am

wiiom = B4

ctbto.org




Infrasound - Civil & Scientific Applications
2022 EB5 - 2022/03/11

Origin Date Lat Lon
21936215 &4 2022-03-11 21:31:57 69.660027 0.45271986

Arid Sta Delt Phas IPhas Arrival time Tres Az Azre Tr.vel (m/s Cel (m/s

2022 EB5 recorded by 6 IMS infrasound stations
up to 108BO, Bolivia, about 11,000km away

Depth

MNass

Magnitude

mb-/ml-

Ellipse
65808.5 km?

Region
NORWEGIAN SEA

4, CTBTO
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145RU

W .
ctbto.org
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- The Comprehensive Nuclear-Test-Ban Treaty

Putting an end to nuclear exp[os@ns thmugh science and tecnnology
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