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DESCRIPTION

KEY FEATURES
•• Gamma and neutron
detection
•• Adjustable collimator
opening
•• MCS (profile scanning)
+ Total Spectrum
(gamma and neutron)
•• Fully rugged
convertible PC/tablet

•• Waterproof up to
20m depth
•• CZT detector
efficiencies can be
adapted based on
count rates
•• Evolution of
PYTHON Burn-Up
measurement
system

BENEFITS
•• Independent gamma
and neutron BurnUp measurement
and calculation
•• Burn-Up validation
with low uncertainty
•• Burn-Up profile
with high spatial
resolution
•• Burn-Up evaluation
with no prior
information
•• Identification of fuel
labelling errors
•• Validation of
assumptions used
for Burn-Up Credit
(BUC) studies
•• Designed to
measure both UOX
and MOX fuel

Industrial and
Manufacturing

•• Optimization of
fuel cask filling
enabling space and
cost savings during
transport and
storage
•• Easily deployable
onsite
–– No liquid
nitrogen
–– Designed for
reactor pools
•• Full service
including
deployment, BurnUp measurements
and analysis by our
team of experts

www.canberra.com

SMOPY Measurement Services is
based on SMOPY, a flexible and
reliable underwater system for Burn-Up
assessment of fuel rods.

SMOPY system performs a complete
scanning of the fuel assembly over its
entire length.

The major benefits of this coupling
SMOPY is designed to determine the
methodology are as follows:
fuel assemblies’ Burn-Up by gamma
•• The consistency check of reactor
spectrometry and neutron measurements.
data used in the interpretation
•• Blind separation of UO2 fuels from
It is based on a reactor depletion code
MOX fuels (for irradiated fuels only)
(CESAR, developed by the French CEA)
•
•
Burn-Up measurements of MOX and
which allows to precisely evaluate the
UO2 fuels
Burn-Up. Independent gamma and
neutron measurements allow the reactor’s •• The use of an on-line depletion code
which allows drastic reduction of the
data and the fuel cooling time validation.
uncertainty of the Burn-Up validation

SMOPY
Probe

Cask to be measured

Collimation
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TECHNOLOGY
SMOPY system has been developed jointly by CEA, AREVA
and CANBERRA, using data from 30,000 irradiated fuel
measurements in La Hague reprocessing facility (France).
SMOPY is the next generation of the former CANBERRA
Burn-Up measurement system - PYTHON - which has been
used extensively for UOX Burn-Up measurements.

SMOPY system (Safeguards MOx PYthon) is designed to determine
the Burn-Up of both UOX and MOX irradiated fuel assemblies
from light water reactors (PWR and BWR), based on its unique
combination of gamma spectroscopy and neutron measurements.
Unlike other Burn-Up measurement systems, the SMOPY system
runs a complete spectroscopic scan of the fuel assembly to check
its fissile length.

HARDWARE
Instruments & Techniques Used:

1
2

1 Waterproof SMOPY measurement
head

5

2 CZT spectroscopy detector
3 Fission chamber

3
4

4 Electronic cabinet
5 SMOPY 2000 Spectroscopy SW

SOFTWARE

TYPICAL CAMPAIGN

Fuel data (irradiation cycles) are used
to determine the correlation equations.
CANBERRA’s Experts perform a
precise measurement interpretation
carried out by using CESAR depletion
code (see QR code for more
information on CESAR)

A typical measurement campaign usually follows the steps below:

SMOPY 2000 software is used to
perform the acquisitions and the
measurement processing to evaluate
Burn-Up from the independent gamma
and neutron measurement methods.

•• Using a standard crane, the
measurement head is positioned in the
pool above an empty basket

•• Our experts will compute the
Burn-Up values both from the
gamma and the neutron using
SMOPY software
•• Consistency of neutron and
gamma based Burn-Up estimates
allows validating reactor data
declared by the operator

•• Fuel assembly data (initial enrichment
and fuel cycle along with Burn-Up) is
loaded into the software
•• The fuel translates along the
detectors in a scanning mode, at
constant speed
•• Calibration factors are derived from
the initial measurement or from
MCNP calculations
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APPLICATIONS
Burn-Up Verification and Measurement for:
•• Optimization of constraints on storage geometry and fuel enrichment
–– By measuring the fuel assemblies Burn-Up, assumptions used for
safety analyses can be more accurate
–– Higher enriched fuels can be stored
•• Validation of fuel assembly data for in-depth safety
–– Consistency of gamma and neutron results with fuel type and
irradiation history allows detection of operator errors

•• Transport
–– Optimization of number and reactivity of fuel assemblies in casks.
–– Validation of fuel assembly data and Burn-Up Credit assumptions,
such as Burn-Up profile.

Underwater scanning capabilities for :
•• Activated or contaminated waste underwater characterization
•• Before being shipped to repository sites in order to make space in
cooling ponds, the following types of waste can be characterized by our
experts, using SMOPY :
–– Cask filled with spent control rods
–– Assembly skeleton
–– Control rods holder
–– In-core instrumentation housing
–– Contaminated cask used for fuel elements transport.
•• CANBERRA has defined a specific methodology optimized between
accuracy and time constraints :
–– allowing a 4m long waste cask to be fully characterized within only a
few minutes
–– providing total activity and profile assessments for each radionuclide
•• For more information, see QR code
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PERFORMANCE
•• MEASUREMENT UNCERTAINTIES
–– <10 years cooling time : ~17% Burn-Up
uncertainty
–– >10 years cooling time : ~20% Burn-Up
uncertainty
•• TYPICAL CAMPAIGN DURATION
–– Around 40 fuel elements can be measured
in a week’s time (single face)
•• FUEL ASSEMBLIES RANGE
–– Burn-Up : up to 60 GWd/t U
–– Cooling time : between 1 and 30 years
•• WASTE ACTIVITY RANGE
–– Spectroscopy
>> Linear activity range :
1E+08 Bq/cm up to 1E+13 Bq/cm for a
direct spectroscopy measurement
>> Alternative techniques can be used
to measure parts with a lower linear
activity (e.g. 1E+05 Bq/cm)
–– Passive neutron measurement
>> Linear Neutron Emission rate range :
5E+04 n.s-1.cm-1 up to 1E+09 n.s-1.cm-1.

Visit our Measurement and
Expertise (M&E) page.
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