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Outline T Using the Example of R & N with focus on
the nuclear/radiological performance of instruments/systems

A Fraunhofer INT (spheres of work)

A Some standards

A Complexity of in situ measurements in a real
environment

A Testing in the field

A (Automatic) analysis of measured spectra/values

A Searchin alab
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The Business Areas of INT

Trends and Developments in Research and Technology

Planning, Programs and Structures in R&T

Nuclear Effects, Threats and Detection Systems "

Electromagnetic Effects and Threats
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Electromagnetic Effects and Threats

NEMP - Origin and Propagation; Modeling and Simulation
Effects of Pulsed High Power Microwaves (HPM)
EMC, HPM and NEMP Measurement

Management of Simulation and Measurement Equipment
for Electromagnetic Fields
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Nuclear Effects, Threats and Detection Systems

Nuclear Security Policy and Detection Techniques

assessment of physical and technological aspects of nuclear
threat and security

Nuclear Radiation Detection and Identification in the Field

Nuclear Radiation Effects in Electronics and Optoelectronics
Radiation Effects in Fiber Optic and Electronic Systems
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Nuclear Effects, Threats and Detection Systems

Highlight Nuclear Radiation Effects in Electronics and Optoelectronics

X-ray flash machine
Febetron 705

Gamma-Irradiation Facility
TK 1000
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Analysis of the Effects of lonizing Radiation on
Electronic and Optical Components, esp. On Fiber
Optic Systems

Management of irradiation facilities for Gamma,
Electron, Proton and Neutron Radiation

Qualification of Components and Systems
Identification of Radiation Hard Products
Development of New Sensors for Nuclear Radiation

Advice to Producers and Users of Fiber Optic
Systems (Space, High Energy Accelerators, Nuclear
Technology Environments and Medicine).
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Nuclear Effects, Threats and Detection Systems

Highlight ANucl| ear Security Policy and D

Nuclear Security Policy, non-proliferation and
arms control, Safeguards

Non-destructive detection and verification of
radioactive material as well as fissile material
(appropriate for nuclear weapons) on site
(surveying cabin NANU)

Measuring car DeGeN 7 Detection of Gammas
Inclusive Neutrons, search and identification of
radioactive and nuclear material

Mobile measuring
systems for non-
destructive and non-

contact detection as Systems for verification of radioactive and nuclear
Wi:_' as ;fjem'f'cat'on |°f material, including active interrogation with
radloactive or specia neutrons by a portable neutron generator and

nuclear material on . .
site development of mobile neutron radiography

Nuclear and Electromagnetic Effects

Fraunhofer

INT

\\



ANSI N42: Standards T Overview of Tests

~

A Mechanical tests: mechanical shocks, vibration, drop test

~

A Environmental tests: temperature, humidity, sealing, dust

A Electromagnetic tests: external magnetic fields, radio frequency,
conducted disturbances, surges and oscillatory waves,
electrostatic discharges

A Radiological tests: exposure rate, overload, background, false
alarm, gamma and neutron response, radionuclide identification
(depending on detector type)
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Standards and Procedures for R & N Measurements
(Detection, Dose Rate, Identification)

>

IEEE/ANSI N42: General specifications with emphasis on general
R&N detection and identification (A http://standards.ieee.org/getN42/)

>

NCRP: Radiation protection

>

IEC: Radiation protection instrumentation

>

IAEA: Border crossing (monitoring equipment) and safeguards
(monitoring and evaluation)

A CEN/CENELEC: European norms in progress
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Relevant Standards in IEEE/ANSI N42 for R&N
ldentification

A |EEE/ANSI N42.33-2006: Portable Radiation Detection Instrumentation for
Homeland Security

A IEEE/ANSI N42.34-2006: Performance Criteria for Hand-Held Instruments for
the Detection and ldentification of Radionuclides

A |IEEE/ANSI N42.38-2006: American National Standard Performance Criteria
for Spectroscopy-Based Portal Monitors Used for Homeland Security

A |EEE/ANSI N42.37-2006: American National Standard for Training
Requirements for Homeland Security Purposes Using Radiation Detection
Instrumentation for Interdiction and Prevention

A |EEE/ANSI N42.48-2008: American National Standard Performance
Requirements for Spectroscopic Personal Radiation Detectors (SPRDs) for
Homeland Security
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Further IEEE/ANSI N42 Standards for R&N Detection and
Identification

A IEEE/ANSI N42.32-2006: Performance Ciriteria for Alarming Personal
Radiation Detectors for Homeland Security

A IEEE/ANSI N42.35-2006: Evaluation and Performance of Radiation
Detection Portal Monitors for Use in Homeland Security

A |EEE/ANSI N42.41-2007: American National Standard Minimum
Performance Criteria for Active Interrogation Systems Used for
Homeland Security

A |IEEE/ANSI N42.43-2006: American National Standard Performance
Criteria for Mobile and Transportable Radiation Monitors Used for
Homeland Security
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|IEC Standards for R&N Detection and Identification
(published or in progress)

A IEC 62327: Radiation protection instrumentation - Hand-held
Instruments for the detection and identification of radionuclides and
for the indication of ambient dose equivalent rate from photon

radiation.

A |EC 62484: Radiation protection instrumentation - Spectroscopy-
based portal monitors used for the detection and identification of illicit

trafficking of radioactive material.
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|IEC Standards for R&N Detection and Identification
(published or in progress)

A |EC 62401: Radiation protection instrumentation - Alarming Personal
Radiation Devices (PRD) for detection of illicit trafficking of radioactive
material.

A |EC 62244: Installed Radiation Monitors for the Detection of
Radioactive and Special Nuclear Materials at National Borders

A IEC 62533: Radiation protection instrumentation - Highly sensitive
hand-held instruments for photon detection of radioactive material.

A IEC 63534: Radiation protection instrumentation - Highly sensitive
hand-held instruments for neutron detection of radioactive material
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Examples for ongoing and projected R&N Detector
Testing Programs

~

A GRaDER Program (Graduated Rad/Nuc Detector Evaluation and
Reporting): U.S. Department of Homeland Security Domestic Nuclear
Detection Office (DNDO)

Scope: Set technical capability standards and implement tests and
evaluations to provide performance, suitability, and survivability
information for preventive radiological/nuclear (rad/nuc) detection
equipment in the United States.

A ITRAP+10 (illicit trafficking radiation monitor assessment): EU, JRC-
IPSC (Joint Research Centre - Institute for the Protection and Security of
the Citizen, at Ispra)

Scope: Evaluation and comparison of the performance of available
radiation detection equipment relevant to nuclear security at borders.

Nuclear and Electromagnetic Effects nxx 10-53

© Dr. Wolfgang Rosenstock

\

~ Fraunhofer

INT



Fast direct measurements in the field

In case of a supposed threat:
Non-destructive and non-contact
measurements:

I Warning and monitoring

I Localization of the threat

I Confirmation of threat &
identification

correct interpretation of the results
(first step: correct reading of the
display)

Nuclear and Electromagnetic Effects

Typical end users: First
responders, fire brigade,
emergency medical, federal and
local police, customs, border guard,
federal and state government,
military.

Often not familiar with all relevant
features of the instrument, no
sufficient operational training.

human factors: operable with
protection clothing or does this
influence the usability? (can a
handled instrument be operated
resp. controlled?)
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Typical Approach: Hint - Detection - Deactivation

Detect a possible nuclear threat, Assessment by qualified specialists!
before the radiologic (or even nuclear

impact) is released. A geometric arrangement

A protection measures (limit possible

A suspicion - hints
- _ consequences)
A Information — alert . o
A search (covert), first estimates A\ estimation of personal dose:
A ’ Besides knowledge of radio nuclide
A identification — risk estimation information on chemical type
A calculate possible dispersion (soluble, particle size, etc.)
A ev. warning / evacuation important.
A enclosure (foam)
A deactivation
A eventually determine limits of
contaminated area
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Problems and difficulties in the field

Out door measurements are
performed in an unknown geometry
(difficult, no free space geometry,
scattering effects), typical calibration
Is performed in a well known fixed
geometry (distance from the effective
centre of the radioactive material,

1 m or 25 cm).

Influence of dead time losses.

Need for warming up the instrument?

It is important to check how the
system responds to a high dose rate
(overload), significantly above the
specified maximum value.

Nuclear and Electromagnetic Effects

Clear and impeccable display under all
circumstances: at day (in direct
sunlight) and at night, at different
temperatures, reading.

Length of time constant, warning

Problems: sand, dust, high or low
temperatures during shipment.

Firmware updates (from producer
website)?

Threshold should be clearly specified
and checked.

Real battery life time under typical
operating conditions in the field,
charging.
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Be careful in setting standards

Standards must avoid the problems of inflexibility and should
not be dominated by special interests, e.g. manufacturer
dominated, excluding competitors or discouraging innovative
(alternative) approaches. They should not discourage critical
and creative thinking.

Understanding the whole system is extremely important.
Look upon a conceivable real scenario!

Think of future applications and system integration!
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Measurement Container NaNu for fast global deployment

AElectromagnetic shielded container with
measuring and communication systems
inside

ADiesel power generator on trailer, electric
power 25 kVA, for autarkic energy supply

Nuclear and Electromagnetic Effects

A fast transport to unapproachable or
rather difficult accessible areas

A Max. weight of containers 5 t, typ. 3.5t
(fully equipped)
A Speed above ground up to 90 km/h
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Conceivable Scenario

Inspection of suspicious objects in the
context of radiologic or nuclear
terrorism

osuspicion of | ED, wit
a measurements in the field

O radioactive or nuclear material involved?
a itis imperative to identify the material,
especially if plutonium or uranium is
involved, then determine the isotopic
composition

a Non-destructive and non contact measurements A threat analysis A
measures to eliminate or reduce the danger, deactivate the device
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Gamma Measuring Portal in operation

A Mobile portal gate

A Detector: 2 Plastic
scintillators each 6 |

A Radio data
transmission (for
remote surveillance)
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Portal Monitor Measurements
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Detection of MOX by Neutron Measurements (portal)

Count rate values of MOX sample
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In Field Measurements with Gamma Detectors

Detectors Used: AMicro Detective (Left and Right)
AlnSpector 1000 (Center and Right)
Examination of

suspicious Object
(abandoned trolley)
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Test of hand-held devices for specific search &
Identification (performed at JRC, Perla, Ispra)

Gamma and Neutron
measurements

6 Detectors with
different detector
materials

11 Uranium and
Plutonium Sources

Automatic Identification

Handling of the
detection systems
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Procedures for Identification Measurements

A Time set for InSpector 1000 (120 s) and IdentiFINDER (30 s), Spectra
measurements with longer measurement times, Fission Meter
measuring time chosen so as to collect at least 1 million counts (time
permitting) for characterization measurements

A Time chosen automatically by Interceptor (typically ca. 60 s)

AMi cro Detective |ists nuclides as
routine has led to an assured result (it runs until manually stopped)

onfi dence

AAlI'l detectors yield a fic
i ed except t

i I
a nuclide was dent i fi
confidence factor = 99.9 %)
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Identification Results
CBNM Pu 93, 20 cm ( for example)

Detection Data sheet /
system expected result — 3 — 1,
Micro Detective | APu, including APu, including Am241 APu, including Am241
Am241 ANeapons Grade Pu ANeapons Grade Pu
AWeapons Grade | Aam 241 AAm 241
Pu A 40, Ra 226 (1088 s) | ACs 137 (179 s)
AAm 241 ACr 51, Gd 153 AK 40
APu WG ANo nuclides found AAmM-241 ind. 86.3 %
AAm 241 (3600s) ANo Pu!
AAM-24196.3 %, no Pu | (118s)
1-131 84.9 % (120s)
identiFINDER ANuc WG Pu A5 Nuc WG Pu A5 Nuc WG Pu
And Am 241 A Ind Am 241 (30 s)
(3600 s)
INTERCEPTOR | APu 239 A59 % Ind. Am 241 A85 % Pu 239
AAm 241 A56 % Pu 239 A75 % U 238
(1002 s) (60 s)

Nuclear and Electromagnetic Effects

green:
correct
identified
blue:
uncertain
correct
identified
red:
wrong
identified

nvr 10-24

© Dr. Wolfgang Rosenstock

\

~ Fraunhofer

INT



Gamma camera RoSCAN- scan of a building

Intensity distribution
x|

collimator / R = oy

rotary detector head  Csl detector (CZT) =2 ==
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Energy spectrum

SCAN or single spot measurement
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Detection under water, search from a boat

0 Measurements in Stadthafen Il
Munster, Dortmund-Ems-Canal
length 240 m, breadth 22 m,
depth 3,20 m

Boatio

0 Passing in different distances
a detection within 150 cm
possible, but difficult. (source Co-
60, 6 GBQ)

Nuclear and Electromagnetic Effects nrd 07-27e

© Dr. Monika Risse

© Fraunhofer INT % FraunhOfel'

INT

\



Experimental Setup of Search Measurements

Lab r
(Search Are}

B T
%0Co Source 4 | iy
(Radioactive -

Material)
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Preparations of Search Processes

A 24 hiding spots were devised inside the lab at 4 different heights

A Heights chosen were in the ranges of:
=>220cm 1T 232 cm
=>123cm1 130cm
=>77cm1i 98 cm
=>30cm1 44 cm

A Distribution of heights => maximum degree of objectivity
possible

A Every test person had to search the source once at each height
with every detector => 24 runs per test person
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Search Processes
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