Environmental (& “other”) Applications
(of Nuclear Techniques)

Lectures Il & IV
Changing Environment
Cultural Heritage
...with an eye on “Novel Systems”
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PART | — ENVIRONMENTAL IN-SITU (CONTINUED)

AERIAL MEASURING
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US Aerial Measuring System

Mission

AMS provides responsive aerial
and ground-based
measurements to detect,
analyze, and track radioactive
material before and during
emergencies.

This includes Mission Planning,
Acquisition, Post-Analysis, and
~ Reporting.

Colin Okada, Ph.D.
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This work was done by National Security Technologies, LLC, under Contract No. DE-AC52-06N25946 with the U.S. Department of Energy.



US Aerial Measuring System

U.S. Department of Energy,
National Nuclear Security Administration
Aerial Measuring Systems
(National and Regional Current and Future Assets)
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US Aerial Measuring System

Established in 1967

U.S. DOE AMS Program

Originally supported the Nuclear Test Program

Expanded Mission
— Emergency Response
— Baseline Surveys
— Periodic area monitoring

TWIN BONANZA

Surveys/Responses By Year
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US Aerial Measuring System

Equipment - Aircrafts

Beech King Air B-200 (DOE)
. Twin-engine turbo prop
IFR {all weather) rated
260 knots (300 mph)
Range 1130 nm (1300 sm)
Max Endurance 5 hrs (without refueling)

-;ll‘l"’

Bell-412 (DOE)
. Twin-Fac turboshaft engine
. IFR (all weather) rated

. 120 knots (140 mph)

Range 360 nm (410 sm)
Max Endurance 3 hrs (without refueling)

P-3 (DHS)
Four engine turbo prop

IFR (all weather) rated

400 knots (460 mph)

Range 4000 nm (4600 sm)

Max Endurance 12 hrs (without refueling)

Aero Commander 680 (EPA)
. Twin-piston engine
Mon pressurized
100 knots (115 mph)
Range 1100 nm (1260 sm)
Max Endurance 4-6 hrs (without refueling)




US Aerial Measuring System

Emergency On-Call Response

Initial Damage Assessment
Evacuation Planning
Mitigation Planning
Baseline Information
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US Aerial Measuring System

Radiological Mapping

Portemccth Gassoes DeHasicn Plant
Eaduning bl Aenal Bervey - hegust 0T

Exposure Rate
Man-made Radiation
Isotope Specific

Mission parameters:
150 ft AGL
300 ft line spacing
70 knots




US Aerial Measuring System

Resolution vs Altitude

AEA:NAPC-PH/NSIL uk_npss bristol 2013 9




US Aerial Measuring System

AMS Mission Personnel
ome leam w 8B

AT Ay |
i g

Flight Crew:

= Pilot and co-pilot

= Scientist/Health physicist
« Technician/Technologist

N
|

+AMS Home Team Scientist N :
*AMS Data Analyst '
+GIS Scientist \

Flight Crew:
» Pilot and co-pilot
» Technician/Technologist

Ground Support

» Scientist/Health physicist
» Data Analyst

* Aircraft mechanic
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Trend of on-site Radiation Level

Attachment V-9 Trend of on-site Radiation Level
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Fukushima Dai-ichi

Fukushima Dai-ichi
NPP, October 2010

lain Darby IAEA:NAPC-PH/NSIL
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Fukushima Dai-ichi
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Fukushima Dai-ichi

lain Darby IAEA:NAPC-PH/NSIL

uk_npss bristol 2013

14



Options at the time of the Accident

* At the time of the Fukushima accident at the IAEA only the
Dept of Safeguards had capabilities for environmental (i.e.
radiological) mapping e.g. mobile gamma spectrometry.
However, within the Agency the Dept of Safeguards is quite
separate from the other departments and only concerned
with Safeguards, i.e. non-proliferation.

* Only the US, specifically the NNSA Aerial Measuring
System, had a stand-by capacity for aerial monitoring and
mapping

e Such a large scale system, based on piloted aircraft, is

expensive to maintain and deploy, but the only way to
cover large areas of the scale of 100km? or more.

FAR
(V) IAEA
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Monitoring after the Fukushima
Accident

e After the Fukushima Accident aerial monitoring was carried
out by US DOE and Japanese MEXT. The first report was
Issued on 6 May 2011, covering measurements taken from
6-29 April 2011

e Aircraft used: Bell 412, Bell UH-1, Beechcraft C-12
e Data from 42 flights, height between 150m and 700m

* The surveys were repeated to see the development over
time and the range of the surveys was extended to cover a
large part of Japan

* The exclusion zone was ultimately based on these
measurements

)’ I A E A lain Darby IAEA:NAPC-PH/NSIL uk_npss bristol 2013 16
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AMS Surveys (illustrative maps)
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Courtesy of

ASPECT(abHdged) @ Gene Jablonowksi

US EPA

CONSEQUENCE
P MANAGEMENT g
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» Airborne Spectral Photometric Environmental Collection Technology
(ASPECT)

« Nations only 24/7 Airborne Chemical, Radiological, and Situational
Awareness Remote Sensing Aircraft

* Provides information to the first responder that is timely, useful, and
compatible with numerous software applications

* Multi-role responses (homeland security, emergency response,
environmental characterization, training & exercises)

* Provides infrared & photographic images with geospatial chemical
and radiological information

e Six Primary Sensors/Systems:

» Infrared Line Scanner e Gamma-ray Spectrometers
» High Speed Infrared Spectrometer * Neutron Detectors
_* Digital Aerial Cameras « Satellite Transmission
(&) 1AEA - A
\‘!}.-}‘Q.é? Discussion and/or presentation of products is for

informational purposes only and not an endorsement. 18
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ASPECT Platform EEN
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Nt proTess
Aero Commander 680 FL/G Range/Aloft Time:
Platform Up to 2000 km (1,100 NM)
Aloft Time 4 to 6 hours

Crew: Two Pilots, One/Two Operator Survey Altitude:

Speeds: Data Collection at 90 to 900 meters
Data Collection at =185 km/hr (100 kts) (30010 3,0001)- AGL
Cruise at 333 to 370 km/h (180 to 200 kts) Ground Needs - standard FBO
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ASPECT
Google Map Products
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ASPECT GEM

Gamma Environmental Mapper

e ASPECT GEM project initiated in 2008

* Provides improved airborne gamma-
screening/mapping for response to...
* Radiological Dispersal Devices
* Improvised Nuclear Devices
e Rad-contaminated sites

e Detection MCA hardware based on...

e Multiple5x10x40cm (2" x4” x 16"/ 2L)
Nal detectors; space for four detectors in an
RSX-4 unit

e Multiple LaBr3 detectors optional
e Airborne applications

e Single-Detector RSX-1 units also used
e 10x10x40cm (4"x4"x16” | 4L) Nal detector
e Ground applications

£)1AEA
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Discussion and/or presentation of products is for 21
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Virtual Detector Configuration E

The virtual detectors defined heare are used onby by the export procedures

Virtual Detectar 1 e

Virtual Detector Definition

Mame [YdGmm1D

Detector to be summed toghether

=

Detector Pack 1 s
. =

Detector Pack 2 =
=

Detector Pack 3 =

[ < Back " Finish

“Virtual” detectors can be
defined by summing
multlple detectors

(8)1AEA

Discussion and/or presentation of products is for
informational purposes only and not an endorsement. 22
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Typical Aerial Survey
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Field of View
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@
RADIATION MONITORING USING
AN UNMANNED HELICOPTER IN
THE EVACUATION ZONE SET UP
BY THE FUKUSHIMA DAIICHI
NPP ACCIDENT AND RELATED
TOPICS

TATSUO TORII

FUKUSHIMA ENVIRONMENTAL SAFETY CENTER,
JAPAN. ATOMIC ENERGY AGENCY (JAEA)




Fukushima Environmental Safety center, JAEA
Remote radiation sensing Group

| Concept:Research and development about the technology which measures and '
visualizes radiation distantly

Approach from the sky (widely and quickly!)

Aerial radiation monitoring Autonomous Unmanned Helicopter and Airplane Comnton Camera
L BoERUHE ®

(Rt M ECAGG+PDRH:

Ll g
D7LA

mmmmm

EATS(dToTE)
CE/EP-EE))

Compton Camera+AUH

; JST competitive research funding
AUH SyStem Collaboration of JAEA and JAXA Furukawa, Univ. Tokyo and Tohoku

Univ. (Cooperation of Prof. Vetter,UCB)

Other Works

-Radioactivity
measurement of
waterbed

Decontamination




The contamination Radioactive Plume o X
. : (® March 12 I
formation process In | 3y parch 13 | -
the surface of the (3) March 14 (night) ~15 ,
earth presumed from || @ March 15 (morning- — | Mar. 20, rainfall
] i i evening) ¥
a diffusion calculation || @) march 15 (afternoon) ~16 x
(6) March 20
(7)) Maroh 21 @

h_ Afternoon on
: Mar. 15 to 16,
- ramfall
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http://radioactivity.mext.go.jp/ja/1910/2011/11/1910_111112.pdf
http://radioactivity.mext.go.jp/ja/1910/2011/11/1910_111112.pdf
https://secgw.jaea.go.jp/ja/contents/5000/4901/24/,DanaInfo=radioactivity.mext.go.jp+1910_1216.pdf
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3D map of radiocesium distribution
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DEVELOPMENT OF AUTONOMOUS
UNMANNED HELICOPTER (AUH)
RADIATION SURVEY SYSTEM

:Data of radiation dose
GPS and ITV data

can be installed in a AAGR
ep qf&e.-@ several kilometers)
‘image of a measurement place can
also be grasped-in real time.
4. Position information @F{_S video cam)
5. Programming ﬂ@mmous flight).
6. Observation at a low altitude (<300m)
(outside of the Japanese law)

Control signal

Ground station
Above forest and cultivated land and antennas

7. Hovering * People must not be below For monitoring around the Fukushima Daiichi Nuclear Power Plant
an unmanned helicopter. - Mapping of dose-rate distribution

- Reduction of the operator’ exposure

- Small man-power

¢ \
V&% Y IAEA For decontamination evaluation

\
\‘\"‘ ‘y - It can measure repeatedly the same place by programing flight. 30




The AUH System

Autonomous unmanned helicopter (AUH) : RMAX G1 (Yamaha Motor Co., Ltd.)

1. Body
- Full length : less than 4 m (including rotors)
- Weight : less than 100 kg
2. Flight performance
- The maximum speed : not less than (air speed) 70 km/h
* Measurement speed: ~ 30 km/h

- Flying duration: 60 minutes or more
- The highest altitude : not less than 250 m (Japanese regulation)
- Hovering accuracy : 3 m or less
- Range of flight : not less than 3 km
- When a control signal does not arrive at the ground station,

it returns automatically.
3. Program flight
- A flight schedule is drawn up on a computer display. A
- A ground image can be checked using ITV mounted on the helicopter. G
- ITV is controllable by the ground station. .
4. Pay-Load
- Loading weight : not less than 10 kg (at sea level)

Obijection : Establishment of the monitoring procedures and application around

the Fukushima Daiichi NPP



In the RANET Fukushima Center

Torli-san

\
>
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Measurable Area by the AMS and the AUH

~40 m/s
( 21 ST %} Detail monitoring for small areas !

~8 m/s

AGL : 300 m (~305m_ﬂ|1) : _

AGL : 50 m
=100 M

8 m/s
Monitoring by the AUH

33



Detector for the AUH

- Det (LaBr
CPU szlﬁss ( ) GPS Wireless LAN
E = B Det (LaBr) | receiver
i | AMP, MCA, | .
B Ry satery | || |[ Det (LaBr) [ amP [[ mca H cpu || Wireless LAN
! . sender
1 | A A
PMT Box I ' PC
Li battery Memory
' USB
1.5” LaBr3(Ce)x3 *1.5"¢ X 1.5”

1.0E+01 ~

Cs-134, 137

1.0E+00

1.0E-01 -

¥ (crs)

1.0E-02

- THRE

1.0E-03 -

=Store the position data and gamma spactrum
*Down link of the position and the count data

1.0E-04 T T T T T T T ]
[o] 200 400 600 800 1000 1200 1400 1600

IRILF— (keV)




Data Analysis

Dose rate conversion factor (CD) and
effectual attenuation factor (w)
(at the test-site)

100

N

Jﬁ‘_‘ i
Lo~ B

o0
o

Altitude (m)
Wk

N
o

-

The air dose-rate conversion factor (CD=B/A) is
calculated from the measured value of 1 m above
the ground by the Nal survey-meter (A) and the
counting rate at 50 m AGL (B).

~

- =

Relationship of a counting rate

and flight altitude by changing the fight level of AUH
(ex. Altitude on the ground: 10-100 m, each 10 m)

Ground measurement
(Dose rate of 1 m above the ground)

(£:)1AEA

- =

Effective attenuation coefficient (p)

J

~ =

Conversion into the dose rate of 1 m
above the ground

35



Dose conversion factor and the attenuation coefficient

w

Bl
o o

Correction factor of height
(normalized of dose rate at 50m)

o
~

 Since it changes exponentially at a high altitude (> 20m), we can obtain the dose rate easily.

\ \ \ \
Calculated (K-40)

Calcurated (Cs-134/Cs-137=1)
Observed

Normalization

0

20 40 60 80 100 120 140
Height(m)

Count rate (cps)

40000

35000

30000

25000

20000

15000

10000

5000

—e—50m /

-— 20 m Z

y=3560X |
R2=0.978

Dose rate at 1m (Nal survey meter)

 Since the radiation which comes flying from various angles enters into the detector, a

counting rate varies rapidly in a low altitude.

an"
&)

4“"‘“‘\

>,(r

IAEA  Airdose-rate depends strongly on the AGL in low altitude (< 20m). 5



Altitude dependency of dose-rate evaluation at 1m
height above the ground.

w- m

TR v T

. =
AT : #
SO N, 7 ;

Evaluation of air dose-rate at the altitude of 1m varies with fight elevation.

dg.

- Shielding by a building

\
{;@} IAEA - Radiation from directions of slant (forests) and/or skyshine 37



Comparison with the Ground Measurements

» These results agreed well within the range of 0.75 - 1.5
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UARMS:

Unmanned Airplane for Radiation Monitoring System

Collaboration with JAXA (Japan Aerospace Exploration Agency)
Autonomous UAV

Flight duration: 8 hrs

>
>
» Two detectors (Nal, Plastic Scintillator)
>
» Flight range: > 100 km
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Implementation of the High Efficiency

Multimode Imager (HEMI) for
Conducting Gamma-Ray Surveys In
Fukushima, Japan

Kai Vetterl2, Benjamin Sturm?, Daniel Chivers!, John Kua?!, Michelle Galloway?, Mark
Amman?, Paul Luke!, Hiroyuki Takahashi®, Yoshiaki Shikaze*, Tatsuo Torii*

ILawrence Berkeley National Laboratory

_ e 2University of California, Berkley
@ e 3University of Tokyo

e 4Japan Atomic Energy Agency

FURUKRWA

D R N

( ’ THE UNIVERSITY OF TOKYO



The High-Efficiency Multi-Mode Imager, HEMI

Modular, Coplanar Grid (CPG) CdZnTe (CZT) based detector array:

o 32+64 CPG CZT detectors arranged in two layers.
» Front layer as active coded aperture mask or as Compton scatter detector.
« Simple, room-temperature, and scalable detection and imaging system.

Filled back Electronics

¥ Subtraction detector plan =
circut Cﬂded aperture e

. h._ b, Detector e )

}= i signal fl'r:lr'll d&tectﬂr' "

\ plane

- Preamplifiers AS'C

1 ﬂx electronics |
. \ L
CdZnTe '
coplanar-grid
detector element . CdZnTe User interface

detector

HEMI development and construction funded by Department of .
Homeland Security, Domestic Nuclear Detection Office @ Homeland

=

" Security




HEMI Prototype

3000 | ' :
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Ba (10 pCi)
r= 100 cm. 30° mzﬂﬂn— N
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7 l"\ = o 0 i n 1 i
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> Appications: Detection, localization, & monitorng, e.g. Fukushima mapping on small, autonomous helicopters.

Ly

HEMI development and construction funded by Department of P land
Homeland Security, Domestic Nuclear Detection Office U Home. all
" Security
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HEMI will be integrated this summer on board the currently used
Yamaha RMAX helicopter in the Fukushima Prefecture




Anticipate next generation HEMI array to have
even better performance characteristics

 Consisting of 2x2 array
of HEMI units for aerial
surveys — larger
sensitivity, larger Field-
of-View

* Improved coplanar-grid

orteTesholges PGS CZT detector energy

o e crocae resolution of ~1.5% at

662 keV
"@eszieV » We have demonstrated
< 1.4% resolution at 662

S%f\ JL . _ keV for a single detector

0 200 400 600 800
Energy (keV)

Counts
— (]
o o
T T
| ]
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NSIL current: Fukushima action plan

Production of a low-cost UAV-based mobile
gamma spectrometry system

*Selection of UAV system

*Development and construction of detectors and readout
*|ntegration of UAV, detectors, geo-information system and
software

Deliverables

*UAV with two detector packages (dose rate meter and
spectrometer)

eSoftware, Documentation, Training

N
- y‘y’ l1AEA 06/09/2013



UAV’S




UAV’S
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UAV’S




Draganfly
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Aibotix X6 Vienna May 2013
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NSAP: NA 9/2: Objectives & Tasks

* Development of Detectors & Readout

JParameterise Detection Limits
» Consultancy meeting
» RANET Requirements (App E: Measuring Instrumentation)
0 e.g. Airborne Survey System, Detector, MDA, speed

JAcquisition and testing of detectors
» Initiated (Dec 2012)




CZT Probe
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Fukushima Area

€ 2013 ZENRIN

"’ % Image Landsat | . i ‘ GOOSIG earth

Dala SI0, NOAA, U S Navy, NGA GEBCO

‘—\ 373358997 N 140° 46°991 E eley. Om i Eyealt 82/62 km
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PART Il - CLIMATE CHANGE PROJECTS

OCEAN ACIDIFICATION

INT5153 ASSESSING THE
IMPACT OF CLIMATE CHANGE
ON SOIL AND WATER
RESOURCES IN POLAR AND
MOUNTAINOUS REGIONS

{5 JIAEA



reEgional (INIpSrEchnical Cooperation: Project

Assessing the Impact of Climate Change on Soil
and Water Resources in Polar and Mountainous
Regions (LL\IT5

Ll Gerardo-Abaya --a_nd'Ge"ird- Dercon 555
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Objective of the INT project

To iImprove understanding of the impact of
climate change on fragile polar and mountainous
ecosystems at local and global scale for their
better management and conservation

IAEA

S
%t;é-‘{



Impact of climate change
In polar and mountainous regions

* Nowhere are the effects of climate

change more pronounced than in the Rapil efeatorohoe
. . in the Cordillera Blanca, Peru
p0|ar and mountalnous reg|0nS. Broggi Glacier terminus elevation

* Impacts of climate change in these
regions affect hundreds of millions of
peop | e . -200 N |

 Increasing temperatures are

accelerating the melt of seasonal snow
cover, glaciers and permafrost, Th orrSnc i cove s drss

changing and threatening soil and water e

Goves Pene Matonal Communcaton i the UNFCOC, 7051 UNEPGRID-Eumpe

resources at local and global scale. Bt
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Impact of climate change on farming
communities In mountainous regions

* In Peru, farming

challenge of water
shortages for raising crops
as well as livestock.

e Farmers are forced to enter
In more fragile
environments at higher
altitudes.

M@‘MAEA
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Impact of climate change

1 | r
e Glacier retreating and rising
soll temperatures are
expected to enhance soll
degradation (redistribution)

and hence affecting carbon
and nutrient fluxes.

32 | NATURE | VOL 480 | 1 DECEMEBER 2011

dation and carbon release.

H1gh r1sk of permafrost thaw

vill release huge ntsofc
EdwardA G Schuur BemannnAbbott and th P Tms: 1fr stC 1rb n\l n rl-.

 Change in permafrost is also
linked to increased
greenhouse gas emissions

» CO, CH,

E72
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Impact of climate change on polar
regions
e Significant changes in the physical

and living environment of the polar
regions.

62°06'

e 87% of glaciers along the west coast
of the Antarctic Peninsula (AP) have
retreated in the last 50 years, and in
the last 12 years most have
accelerated.

62°12'

* The AP is contributing to sea-level SN o
rise, at about the same rate as Alaska
Glaciers (rise of 3 mm/year). Glaciers retreating (white) in

Admiralty Bay in 1956 -1995,
Western Antarctica
[Braun, 2001].

s Source: British Antarctic Survey

62°06'



Link between polar and mc

_ * In Western Antarctica, climate change Is
progressing at a rate several times the global
average. ———

'« Research carried out in the soils at the foot of

- retreating glaciers may provide vital clues as to

- what the future holds for high mountain
ecosystems.




UN News Centre

with breaking news from the UN News Service

News Radio Televigion Photo Webcast Meetings Coverage Media Accreditation Secretan

Africa Americas Asia Pacific Europe Middle East

11 November 2007 — Ban Ki-moon, during his historic visit to
Antarctica, the first by a United Nations Secretary-General, has said
warming temperatures on the continent show the growing dangers of
climate change and the need for action to address it.

“It is here where our work, together, comes into focus,” Mr. Ban said 0

Ban K-Moon visits in a statement issued on Friday. "We see Antarctica’s beauty — and

Antarctica :
the dan:ger glnballnﬁiarmlng represents, and the urgency that we do W Tweet
something about it.
The Secretary-General, who has made climate change a priority issue and is working to 0
galvanize support for an international conference to be held in Bali in December on global
commitments to stop it, said he is personally determined to push forward. 3+
He said the landscapes on Antarctica are “rare and wonderful® but also deeply disturbing as 0

the ice continues melting at a fast pace.

“All this may be gone, and not in the distant future, unless we act, together, now,” he warmed.




Need for science based policy making
from a multi-disciplinary approach

* UNEP reports reflect need for data and quality
assurance of results.

* |PCC needs scientific inputs for policy making.

55
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Sampling in Antarctica

\/ During thlrteea__da_ /S -;__e:---..am collected sampes 0] c.SOJ

i e e o
- —!' _.\_h_

sedlment I|chen'“'“-.mcssf"*""’grass and blrd excrement e

.
e s o -~ - - et
- ’ﬁ s : - 3o - P e
. o 4 - -
g : -

\/ Wlth every ‘eff'o_rt made to mmrm‘lz-e the |m1aact on the ™
f e fraglle eccsystem around 150° samples each weighing:
- between 50g and 4009 were taken Sleved, separategs

drled and packed e e Eipite

h,",.




C

onclusions

The values of the areal activity density of $3/Cs,
210pp_ and ’Be in soils and sediments proved the
potential for using FRN’s to study land degradation.

- Mass activity values of FRN suggest relatively
important soil movement.

The knowledge gained with this research provided
baseline information to establish future sampling

."‘"’stra'tegné‘.h— -



Sites for Consideration
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Nuclear and isotope-based techniques

Four main nuclear and isotope-based
techniqgues will be used in an integrated way:

e Fallout radionuclides (sediment redistribution and
dating),

* Compound-Specific Stable Isotope Analysis
(Carbon dynamics),

e C-14 dating and

* O-18 and Deuterium analysis of ice cores (to
complement C-14 for the analysis of glacier variability and past
ambient temperature)

¢ £\
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Long-term Iconic Indicator

e A simultaneous and long-term interregional approach
focusing on a scientific assessment of the impact of
climate change on polar and mountainous regions
Including recommendations for policies aiming the
adaptation of communities to climate change is essential.

* A well-recognized, long-term iconic indicator, such as the
Keeling curve for CO, concentrations, IS missing for
these ecosystems.

e Benchmark sites can become such indicators.
(8)1AEA



UAV’s: md4-1000 picture from flight




Scott Polar Research Institute

High resolution DEM of Midre
Lovenbreen derived from the LIiDAR
data collected during the summer of
2003. The data are shaded according
to slope angle and orientation to
highlight the detalil in the image. The
relatively smooth surface of the
glacier itself is easily distinguishable
from the rough, unglaciated terrain.
Surface meltwater streams on the
glacier are highlighted in blue;
crevasses in green. The area shown
IS approximately 5km by 3km, and
consists of over 12.5 million individual

?é;eﬁﬁlgz'es} Scott Polar Research Institute
ﬁ( \ University of Cambridge
{@i} IAEA  nttp://www.spri.cam.ac.uk/research/projects/lidarforglaciology/




Scott Polar Research Institute

Figure 2. Elevation corrected intensity
Image. The remaining snow-covered
areas appear as white/very light grey;
bare glacier ice areas as dark/mid grey,
and the surrounding topography as
mid/light grey.

[They] are also investigating the use of
these high-resolution data to help
determine the surface roughness of
glaciers, which is an important control on
the fluxes of heat into or out of the
surface from the atmosphere, and hence
a control on glacier melt rates, and
which also affect the reflectance of the
glacier surface in satellite radar imagery.




Scott Polar Research Institute

2007 LIDAR preliminary image
Langjokull iceland
http://www.spri.cam.ac.uk/research/
projects/langjokullmassbalance/
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Microdrones:
Geert Verhoeven, Uni Wien

MD4-1000 CASE STUDY 2

Jriginal Imoge ; _ 3D Points

thaded Surfoce|

zaf11/z0a2




Microdrones:

Torsten Prinz, Christian Koth (IFGI, WWU)

CIR
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Enhanced Multispectral Ortho Images

g;j@i} IAE http://purl.net/ifgi/copter ifgicopter



Microdrones: Assesing biodiversity in forests
Stephan Getzin, Kerstin Wiegand (Uni Goettingen)
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Microdrones: Assesing biodiversity in forests
Stephan Getzin, Kerstin Wiegand (Uni Goettingen)

Remare Seps, 2002, 4 13191345 doa: 1033000 406 1510

Remote Sensing
ISsN 207242492

'-'I-"'-'n-"‘-'t'.l1'|L|'|'lI comd jommaliremotesens ng

Articli
Development of a UAV-LIDAR System with Application to

Forest Inventory

Luikie Wallwes =, Arko Locicer, Clhiristopher Watson and Dareen Turner

Ibeo LUX laser scanner



Microdrones: Assesing biodiversity in forests
Stephan Getzin, Kerstin Wiegand (Uni Goettingen)

DSM

DTM

DSM-DTM ___ .88

() IAEA
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- |
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accurate gap extraction

(Kellner et al. 2009)



PART Il — Novel Applications

COSMIC MUON SOIL PROBE
COSMOS

Cosmic-ray Soil Moisture
Observing System




Nature’s neutron probe: soil moisture at the intermediate
spatial scale with cosmic-ray neutrons

DARIN DESILETS

Hydroinnova LLC
Albuquerque, New Mexico
USA
http://hydroinnova.com

e Acknowledgements
* Gary Womack, Pete Shifflet, Steve Hamman

e COSMOS Team at the University of Arizona:
* Marek Zreda, Jim Shuttleworth, Xubin Zeng,
* Chris Zweck, Trenton Franz, Rafael Roselum

(£:)1AEA



Cosmic-rays and earth

Primary galactic cosmic-ray protons
bombard earth -

Successful particles enter the
atmosphere and collide with O and N
within first 200 mb of atmosphere -

Fast neutrons scatter and become

moderated (slowed) through collisions
with nuclei=> | & =

*Ceordin ate |,

wrdig r:_rn;
Darin Deslilets

geomagnetic
shielding
effect

elevation/
pressure
effect

soil moisture
effect
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Neutron intensity at land/air interface

Monte-Carlo Simulation of Neutron Density Monte-Carlo Simulation of Neutron Density

43 - 1 o ) . L 4
e S0k, B A é-‘ ”‘fﬂr e i, S
R R Sl o Py R T TY A
Al A & S LA T s,
@-’ In moister soil, Py o
less neutrons escape B

{f@j\} I A E A Darin Desilets

86



Results from San Pedro River

Cosmic-ray probe on average is correct to within 0.01 kg kgt

flood

| |
£ ll\. Jﬂ‘\ 1|H\ | ] M ?

_ IU» \‘wa M‘lﬂwﬁ :J an %ml wal \,L“‘u\\! 1 K N mwhh

| .
2008 EEIDQ 2[}1 0 2[]’1 1

]
=

Soil moisture, wt. %
=
— T

—— Cosmic-ray neutron probe

|\
{f@j I A E A Darin Desilets 87



PART IV — Cultural Heritage

ARCHAEOMETRY

@f \
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What Is science to the arts

e On 7 May 1959, C.P. Snow delivered an influential Rede

Lecture called The Two Cultures

A good many times | have been present at gatherings of
people who, by the standards of the traditional culture, are
thought highly educated and who have with considerable
gusto been expressing their incredulity at the illiteracy of
scientists.

Once or twice | have been provoked and have asked the
company how many of them could describe the Second
Law of Thermodynamics. The response was cold: it was
also negative. Yet | was asking something which is about
the scientific equivalent of: 'Have you read a work

of Shakespeare's?*

FAl )
i d}/ I A E A lain Darby IAEA:NAPC-PH/NSIL uk_npss bristol 2013 89
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What Is science to the arts

| now believe that if | had asked an even simpler question —
such as:

What do you mean by mass, or acceleration?
which is the scientific equivalent of saying,
‘Can you read?'

not more than one in ten of the highly educated would have
felt that | was speaking the same language. So the great
edifice of modern physics goes up, and the majority of the
cleverest people in the western world have about as much
Insight into it as their Neolithic ancestors would have had.

TN
{‘!& )’ !\/’ I A E A lain Darby IAEA:NAPC-PH/NSIL uk_npss bristol 2013
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Your skills at the interface of the Arts

Cultural heritage (‘national heritage’ or just ‘heritage’) is the legacy of physical
artefacts and intangible attributes of a group or society that are inherited from past
generations, maintained in the present and restored for the benefit of future
generations.

Physical or ‘tangible cultural heritage’ includes buildings and historical places,
monuments, artefacts, etc., that are considered worthy of preservation for the
future.

These include preservation and conservation of objects significant to the
archaeology, architecture, science or technology of a specific culture.

Scientific studies of art and archaeology present a necessary complement for
cultural heritage conservation, preservation and investigation.

K>
<<“

I A E A lain Darby IAEA:NAPC-PH/NSIL uk_npss bristol 2013
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Your skills at the interface of the Arts

As cultural heritage objects are frequently uniqgue and non-replaceable,
non-destructive techniques are mandatory and, hence, nuclear technigues
have a high potential to be applied to study these valuable objects.

Nuclear techniques, such as neutron activation analysis (NAA), X ray
fluorescence (XRF) analysis or ion beam analysis (IBA), have a potential
for non-destructive and reliable investigation of precious materials, such as
ceramics, stone, metal or pigments from paintings.

Such information can help to repair damaged objects adequately,
distinguish fraudulent artefacts from real artefacts and assist
archaeologists in the appropriate categorization of historical artefacts.

Nuclear Techniques for Cultural Heritage Research
e http://www-pub.iaea.org/MTCD/Publications/PDF/p1501 web.pdf

Nuclear Techniques for
Cultural Heritage Research

¢ ]\
%@j I A E A lain Darby IAEA:NAPC-PH/NSIL
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What is Archaeometry?

Archaeo- logy

14 J
UPYOLOG, Aoyoc,

«0ld» or «ancient» :
«explanation,

« argumentation»

discipline that studies the societies through the observation and interpretation of its
material remains (intentional or not intentional)

Archaeo- metry

UETPOY,
«measure»



Therefore...

Set of actions that are carried

out by analysts to characterize

some properties of
archaeological

(or cultural heritage) objects \



Overview of Nuclear Techniques in
Art, Archaeology and Conservation
Science related analytical studies

Andreas - Germanos Karydas

A.Karydas@iaea.orqg

International Atomic Energy Agency



Outline

e Scientific methods in Cultural Heritage: Aims of
investigations, Probes and techniques

e X-rays: X-Ray Fluorescence analysis, Portable
spectrometers, Synchrotron Radiation

® Charged particle beams: lon Beam Analysis

® Neutron beams - Applications

* |maging with UV-Vis-IR radiation

IAEA
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Scientific methods in Art and Archaeology

Objectives of the scientific examination

= |dentification of chemical / biological constituents

= Structural characterization

" Provenance and dating. Authentication

* Manufacture Technology (metallurgy, pottery, coloring)
" Dietary habits (Human, Animal remains)

" Environmental degradation. Conservation

£ls

YIAEA
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Scientific methods in CH: Challenges-
Requirements

eDiversity of materials nature: - Organic, inorganic, biological
materials

eElemental /Molecular analysis /Structural information

e Analysis at different scales from sub-pum particles to cm- size size
samples

eQuantitative/semi-Q analysis/ Qualitative information
e Material interactions for environmental impact
e Optimum analytical range-sensitivity

eIn-situ analysis

eNon-destructive or even non -invasive analysis!

(&) 1AEA
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Radiation Probes in Art and Archaeology

X-rays

- X-ray Tubes — unpolarized/polychromatic

- Synchrotron radiation polarized/tunable monoenergetic
Depth: sub-micron to mm, spot size cm to micrometer
UV, Vis-IR radiation (conventional, SR- sources)

Laser Induced Techniques (LIF, Raman, LIBS)

Neutrons : Thermalized/ Fast neutrons ( cm- scale)

Charged particle beams

Depth: sub-micron to mm, spot size mm to micron level
¢ £)\
() 1AEA



XRF analysis: lllustration of the principle of
operation

X-ray Measurement

Source \I device
— /

/

Incident X-ray
beam

‘ Material/Sample

As Sn Zn Cu.

Ly .L‘.
2 £ September 6, 2013



X-Ray Fluorescence Analysis - XRF

e Typically, from Z=11 or Z=12 upwérd.

e Sensitivity within the few ppm range (conventional x-
ray sources, best excited elements) or few tens of ppb
for synchrotron exciting radiation

® Spatial resolution from mm range down to few
micrometers

e Portability, Handheld autonomous operation

e Quantitative information for materials presenting good
preservation state

® Poor depth resolution: Confocal micro-XRF, micro-PIXE
analysis

(A0
(&) 1AEA



—

The analysis only works as part of an
Inter-disciplinary effort...

o~
%

2,
%t;é-‘{

IAEA

Conclusions

f

Interpretation of results

1

Archaeometry analysis

i

Sampling design

i

Contextualization

T

Initial characterization

¥

hypothesis-
assumptions



Chronology of some pigments:

Antimony White
Titanium White
Zinc Oxide
Calcium
Barium Sulfate
Chalk
Lead White
Cobalt Green
Viridian |
Verdigris
Green Earth
Malachite
Zinc Yellow
Cadmium Yellow
Chomium Yellow
Naples Yellow
Yellow Ochre
Lead-Tin Yellow
Red Lead
Chromium Red
Cadmium Red
Red Ochre
Vermillion
Prussian Blue
Smalt
Lapis Lazuli
Cobalt Blue
Azurite

1300 1400 1500 1600 1700 1800 1900 2000




Differentiation by age:

Green
Green
Green
Green
Green
Green

Green
Green
Green
Green
Green

Malachite
Verdigris

Green earth
Cobalt Green
Schweinfurt Green
Chromium Oxide

Emerald Green (Paris
green)

Cobalt Green
Chromium Oxide
Veridian
Guignent Green

(&) 1AEA
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CuCO3.Cu(OH)2

Cu(CH3C0OO0)2.nCu(OH)2
Fe-Mg-Al-K-hydrosilicate

CoOxnZnO

Cr203

Cu(CH3C00)2.3Cu(AsO2)

2

Co00.5Zn0

Cr203

Cr20(0OH)2
Cr203.nH20+H3BO3

BC
BC
BC
1780
1800
1810

1814
1825
1825
1859
1870

1800
1900
2000
1919
1930
2000

2000
2000
2000
2000
2000



New Developments in XRF: Hand-held analyzer

Ankara, Anatolian Civilization
Museum, 2007




CATALHOYUK 7000-8000 B.C. Wall-Painting pigments

o ey v'Dark Red
DL AN v'White
v'Black

—— Dark-red, spot #7
H Red, spot #3

Hematite B 1 —— White, spot #2

[

oON b~ OO
UNTTVIRTLITIN T VIR ATTTHIL

-----

2 4 6 8 10 12 14 16 18 20
X-Ray energy (keV)

Hand-held XRF analysis, A. Zararsiz et al. 2008

(£:)1AEA



Analytical possibilities: Fire Gilding technique

Relative y position (mm)

0.29 043 0.58
Relative x position (mm)

Area scanned:1.9x1.0mm?
Step size used: 0.1mm
Time per step: 20 s.

(&) 1AEA

Relative y position (mm)

:
Relative y position (mm)

" 029

19 014" 020 043 058 : :
Relative x position (mm) Relative x position (mm)




Examples : Elemental mapping by Micro-XRF

DORIS at DESY:
38.5 keV, 0.5x0.5 mm#%* 2s, 17.5x17.5 cm?

CAd LA 5] P,
Wl A TS =

recon-
struction




XANES: Identification of chemical compound

paint cross-section

grass landscape

hidden head

XANES (X-ray Absorption Near Edge

Spectra) at the Sb-LI111 edge and at the Sbh-

LI edge).

Normalized absorption (a.u.)

4.?1 4.73 475 47

v (keV)

Reference antimony compounds: Sb,0; as (a) valentinite and as (b)
senarmontite; (c) Sb,S,0, kermesite; (d) Sb,0,; (e) Sb;0,0H,
stibiconite; (f) KSbO; -3H,0; (g) NaSbO,0H-3H,0; (h) Naples yellow;
and (i) Sb pigment in the cross section of the Van Gogh painting

2
(8)1AEA



lon Beam Analysis

IBIC A

1 PIGE (MeV)

T Photons | PIXE (keV)

| IBIL (eV)
ERDA —

_. Electrons
\ l lon beam produced
s < \ by an accelerator
Damage RBS
Modification Non-RBS

Sample
P lons

NRA

MeV ion beam based techniques constitute a powerful tool for the quantitative
determination of the composition and structure of matter

IAEA
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External lon-Beam Analysis set-up

[ Lasers

’;" RBS conical
- chamber

Exit nozzle &
‘Monitor detect.

Sokaras et al, NIM B, 2011 NCSR “Demokritos”, Athens

(£:)1AEA



External lon-Beam Analysis Set-up

'] '.. "
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ting
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Synergy of lon Beam Analysis Techniques

» Multi-elemental and near-surface depth resolved
analysis of samples/artifacts.

» Analytical range: Lithium (Z=3) to Uranium (Z=92)

» Analytical sensitivity: From pg/g (ppm) to % level

External lon-Beam

»Non destructive

» No limitations (in general) for the size or shape of the
object

» No heating, reduce damage

» No sampling, no charging, no preparation

» Easy sample positioning

(8)1AEA



PIXE: Elemental Analysis of smalt

B137 #15
103;_ ? smalt blue
: K
| 5
- [|PD T AstPbeBi
2/ 102 = Fe LL
C 3
I
O p
10°k
10°

1 2 3 456 7 8 9 1011 12 13 14 15
Energy / keV

Smalt Blue: Quartz,
Smalt minor elements
Fe, Co, Ni, As Pb, Bi

{



PIXE: Analysis of modern painting pigment

G2 #6

12345678 9101112131415
Energy / keV

st >Lithopone, mixture of ZnS and BaSO,

Greek contemporary painter, Nikos Chatjikyriakos-Gkikas, Benaki museun
¢ £\
(8)1AEA



PIGE: Particle Induced gamma-ray emission

Nuclear Reactions may induce isotope specific

characteristic y-rays emission.

Light elements: Li, B, Na, Mg, Al, Si
Element E,=1.77 MeV E,=4.0 MeV

v-Ray (keV) Reaction v-Ray (keV) Reaction

Li 478 "Li(p, p'y)’Li 478 "Li(p, p'y)"Li
B 429 B(p, ay)'Be 718 B(p, p'y)''B
F 6129 PE(p, ay)'90 197 YEp, p'y)°F
Na 440 BNa(p, p'y)¥Na 440 ZNa(p, p'y)*Na
Mg 585 »Mg(p, p'v)* Mg 585 “Mg(p, p'v)* Mg
Al 1779 27 Al(p, v)®Si 1014 2 Al(p, p'y)¥ Al
Si 1779 28i(p, p'y)*Si
P 1266 SP(p, p'y)*'P
¢ \
©,
&P IAEA



Neutron Activation Analysis -NAA

Neutron capture by a target nucleus followed by emission of gamma

rays
Prompt (1) & Beta

G amma ray Particle
Target
Nucleus

Incident % @\
NeutV \} “5..‘ Radioactiv &

.o Nucleus

?’3’ Product
}.’.T:.\t Mucleus
Compound Y Delayed (2)
MNucleus {samma ray
~1012 g

(1) Prompt-gamma neutron activation analysis (PGNAA)

(2) Delayed-gamma neutron activation analysis (NAA)
Instrumental (INAA), minimum sample preparation
Radiochemical (RNAA), chemical analysis of the sample

"3 \\
() IAEA
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Neutrons tomography image

Very high interaction probability of thermal neutrons
with H, Cand O

Hercules Pomarius,

Willem van Tetrode’s, 1520-
1588

Renaissance bronze figurine

Grey color: Bronze
Yellow color: Core material
(silicate based, clay)

2
(£:)1AEA .
s R. Van Lang et al. , ABC, 395, 7, 2009, 1949-1959



El-Greco: The Baptism of Christ (1568)

—

M nd techniques before cleaning
o CT scan
o X-ray radiography
o UVVIS, IR examination with a
multi-spectral imaging
o Holographic interferometry (1)
Stereoscope

o nd XRF (analysis of 30 spots in 4 hours at 15
and 40 KeV)

o

Q nd techniques after cleaning Aloupie et al, Benaki, Journal, 2006

o FT n-IR
o LIBS

o Holographic interferometry (2)

4TI

{
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El-Greco: The Baptism of Christ

e —— g

Computer Aided :

TR, X-Radiography mgitai hblégra;phic'
speckle interferometry

Aloupie et al, Benaki, 2006
by IESL-FORTH

(0N
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u-XRF identification of coloring materials in
Majolica glazes (XVIII)

Sn-Pb glaze

Co glass Red Ochre +

Naples Yellow




What can be informative in ceramic

cico

Color decorations...which can be quite heterogeneous

Ground glaze:

Proportions of major constituents (Alkali or lead
oxides, tin oxide, aluminum from using clays,
etc.)

Wlite ground glaze

Yellow decoration

Trace elements in the main constituent

Fired clay fraction:

Elements that have higher variability in the
m geological diversity, and which concentrate in
hydrolyzed sediments

Ceramic Temper inclusions:

fabric Elements that form the more
abundant minerals
\
( i ». \\'/
(&) 1AEA
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Case 1: Classification of Majolica based on
non-destructive glaze analysis

Ceramic fabric White glaze

20
Provenance PRSOV.ENANCE
. Puebla (O&DB) = Spain

® Puebla
<1 Puebla Sn02 4p - Pustia 7
- Spain (O&DB) O Puebla ?
> Spain < Spain ?
= Cuba e,
« Mex. City Spain
(O&B) _____ Mexico

u-XRF

Ref: R. Padilla, Schalm O., Van Espen P., Janssens K., Arrazcaeta R. Micro analytical characterization
of surface decoration in Majolica pottery. Analytica Chimica Acta 535(2005) 201-211
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3D analysis of Roman period (2 cent BC)
painted plasters @IAEA Laboratories

In support of understanding the elaboration of raw materials and
application of painting techniques in antiquity.

Counts/Chanel

2 4 6 8 10 12 14 16 18 20
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3D analysis of Roman period (2 cent BC)
painted plasters @IAEA Laboratorles

Egyptian Blue (Cu)
Red ochre (Fe)

Pb and As are
constituents
trace-minor elements of
the iron based ochre
paint layer

Volume:

20 um x 1440 um x 293

Km,

Xyz scanning spacing:
X40 um x 3 um
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3D analysis of Roman period (2nd cent. BC) painted
plasters @IAEA Laboratories
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Comment

® The complexity of cultural heritage related materials due to their
heterogeneity at different scale of magnitude and diversity of
contained materials requires the optimized synergistic
application of different analytical techniques based on radiation
probes

e The big advantage of radiation probes in CH is that in several
cases the analysis and full characterization can be conduced in a
fully non-invasive way and some times in-situ
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Mexican Feathered Headdress

The 16th century feather headdress in the
Museum of Ethnology Vienna is the most
renowned of the few remaining pre-
Columbian “Arte Plumaria” artefacts, which
were made by feather artisans
(Amantecas) using traditional techniques in
the territory of present day Mexico. The
recorded history of the headdress begins in
1596, when it is first mentioned in the
estate inventory of the art collection of
Archduke Ferdinand Il of Tyrol at Ambras
Castle [1]. Due to its age, the variety of
materials used, its history and former
restoration treatments, the artefact today is
one of the most sensitive and demanding
objects of the museum. Concerning the
study of the piece itself the emphasis lies
on the identification of manufacturing
technigues, the various materials, the old
restoration measures and its conservation.
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Mexican Feathered Headress

e Aim of the study:

* Revealing the presence of inorganic
toxic elements that could be associated
to the

use of pesticides in past conservation
interventions,

* Identifying pigments on the structural
elements of the object

e Distinguishing the authentic gold and
the gilded brass ornaments, which were

added in the 19th century.
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Mexican Feathered Headress

e Experimental:

Handheld XRF (Niton XL3t, GOLDD):

*  miniaturized air-cooled X-ray
tube (thin Ag anode in
transmission geometry)

*  Max. operational values: 50
kV, 200 pA, 2.5 W

e  SDD detector (30 mm?, 178
eV)

Measurement conditions:
. Main: 50 kV, filtered
 Light: 8 kV, unfiltered
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Saliera

http://www.youtube.com/watch?v=mZuhhdN33I8

|AEA Helps Protect a Once-stolen Masterpiece

Boldly stolen and then buried deep in an Austrian forest, the
16th century golden masterpiece called the Saliera has
found its way into the hands of nuclear detectives and 21st
century technology. Vienna’s curators, historians, and art
lovers could not be happier.
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The END
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