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Comprehensive Nuclear Test-Ban Treaty
International Monitoring System

50 primary and 120 auxiliary seismic monitoring stations.

11 hydro-acoustic stations detecting acoustic waves in the oceans.

60 infra-sound stations stations using microbarographs (acoustic pressure
sensors) to detect very low-frequency sound waves.

80 radionuclide stations using air samplers to detect radioactive particles
released from atmospheric explosions and/or vented from underground or
under-water explosions.

16 laboratories

288 of these 337 facilities (85 %) are now built and certified or being certified;
21 are under construction and 28 are planned.
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CTBT Monitoring Capability

X
001 ¥
| o 010—1000 w
qasom 0" Atmosphere Oceans Land
A0
Con\le“:\eom‘o (subsurface)
Nucle? .
Sensitivity < 0.01 kt < 0.001 kt < 0.2 kt*
Detection Satellites/cameras Satellites/cameras | Seismic
Radionuclides Acoustic/seismic IMS
Infrasound/seismic Radionuclides NTM
Public
Location Satellites/cameras Satellites/cameras | Seismic
Infrasound/seismic Infrasound/seismic | Satelites/InSAR
On-site inspection On-site inspection
Characterization Radionuclides Radionuclides On-site inspection

* < 0.01(0.04) kt in regions of interest for hard (soft rock) + possible decoupling

Nuclear explosion

Explosion/Artificial

Satellites/cameras

Infrasound/seismic

On-site inspection

Acoustic/seismic

Radionuclides

Seismic

Attribution

Satellite/cameras
Nuclear forensics

Satellite/cameras
Nuclear forensics

IMS = International Monitoring System
NTM = National Technical Means




Monitoring

Validation with non-IMS stations
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2012 National Academy of Sciences
Study

Evaluates explosion-monitoring
and nuclear-weapons capabilities

Technical basis for US ratification

. NAS, 2012
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Seismic Monitoring
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Seismic Wave-Velocities

Improvements in
the Underlying
Science
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The tragic Utah mine collapse was not an

i K explosion

earthquake (“double-couple” DC)
or
implosion, but

DC

2 flat surfaces slapping together:
Not any orientation but horizontal
surfaces, like the roof of a chamber
slamming onto the floor.

Mine Collapse
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Major scientific & societal applications
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30ton  ~twice/week
5 kton ~ once/year

100 kton ~ once/decade
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15 February, 2013 Bolide
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Tracking
Radioactive
Fallout

Then...

100 (0] 40 6 80 160 40 120 00 0

B 120 14 110 1'_7 0 140 120 1 8‘ » 2011

a0 = 4z ; %f Fukushima O W
\2?3 ,\>C st ’

SR 5, : - ;
o

10.—/ / .
SEl

1953
NTS Tests

z S e |

100 120 140 160 180 160 140 120 100 80

FIGURE 9-15 Worldwide radioactive fallout from nuclear weapons tests in Nevada in 1953. The explosions were
in the kiloton range of yields, and debris was confined to the troposphere. The intensity of fallout is shown in relative
units. [Reprinted with permission from Machta, L., List, R. J., and Hubert, L. F. {1956). World-wide travel of atomic CTBTO
debris. Science 124, 474-477. Copyright 1956 American Association for the Advancement of Scierce.)
Machta, et al., 1956



Non-Treaty Applications
of Monitoring

Comprehensive Nuclear Test-Ban Treaty
International Monitoring System

Fukushima
radioactive plume

Advanced Science Course
CTBTO, Dec. 2011

volcanic eruptions

Indian Ocean
tsunami warning
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North Korean Test Site

Commercial Imagery
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Non-Treaty Applications

Pervasive monitoring of the environment

Relevant to — climate change
— resource management (water)
— environmental quality (pollution)
— public health (epidemiology)
— natural hazards mitigation (tsunami)
— natural catastrophe response (earthquakes)

Opportunity: Greatly enhance atmospheric monitoring

gases (e.g., greenhouse gases)
particulates
use data to improve weather/climate, pollution tracking, forecasting

... and for arms control
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Recommendations

1) Acknowledge non-treaty applications of monitoring
— helps implement and practice monitoring
— provides platform for developing, vetting technologies
— maintains long-term motivation for monitoring regime
— hazard mitigation, avoidance

2) Develop and implement plans to use non-treaty monitoring

3) Take leadership through bi-lateral cooperation
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In some sense, nontreaty applications should

be viewed as one of the ultimate long-term
objectives of an arms-control monitoring

regime. Without such applications, monitoring
may not be sustainable. With such applications,
however, monitoring can be enhanced

through implementation of new technologies,
engagement of more participants and—more
generally—through improvements in transparency
among nations.
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