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Abstract

 Built and in operation since 2013 (Figure 1)
 H*(10) rate decreased 3 times compared to natural background on site:
 outside FRMF: 101 nSv/h
 inside FRMF: 33 nSv/h
 Natural background HPGe detector count rates decreased up to 40 times (Figure 2)
 Minimum detectable activities (MDA; four HPGe detectors used; 50%, 2.0 keV):
 MDA(Cs-137) = 30 Bq  MDA(Co-60) = 30 Bq

 Characterization of waste materials
 Material pre-selection prior to free
release or repository acceptance
measurements
Free release measurement
Measurement of waste packages
thermal power
Long term monitoring of stored
wastes and repositories



 Electronics not fixed on shielding => transportable
 Modular design => detector array is the choice

Neutron detectors
(if transuranium
radionuclides present)
of the end-user (Figure 7)
 Holders for site-specific containers and/or drums (Figure 9)
 Air filtration and ventilation
 Reduces radon decay products concentration
 Prevents contamination of inner parts by dust

Experimental Free-Release Measurement Facility (FRMF)

The EMRP Metrology for
Decommissioning Nuclear Facilities
(’MetroDecom’) Joint Research Project
ENV54 (JRP ENV54), a 36 month project
started in September 2014, delivers
research products addressing many
aspects of the decommissioning
process:




Novel Components

Novel Measurement Systems

The European Metrology Research
Program (EMRP) is a coordinated
research and development program that
pursues the closer integration of
national metrology research programs.

www.euramet.org
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Metrological Traceability
Stirling-cycle cooled gamma
spectrometric detectors
(intended for free-release);
two above, two below
Large plastic
scintillators (intended
for pre-selection)

Patented lead-free modular shielding
significantly reducing natural background
inside (Figure 2): it consists of reusable
concrete bricks (Figures 6 and 10, Table 1)
with low natural radionuclide content:
Am(Ra-226) ≈ 0.6 Bq/kg
Am(Th-228) ≈ 0.3 Bq/kg
Am(K-40) ≈ 6.0 Bq/kg

Figure 2: Comparison of background detector spectrum
in FRMF with and without shielding.

Concrete bricks thickness equivalency

 Standardized, modular, transportable, reusable, site optimization enabling concept





Introduction



As January 2016, there was nearly 400
shutdown reactors and facilities
worldwide (156 in European Union) and
many new ones will need to be shut
down in near future.





(Figures 3, 4 and 5)
High throughput (up to 10 t/hr, 20 m3/hr)
High sensitivity and wide detection range, individual multi-detector modular arrays
Adaptation for pre-selection or free-release measurement purposes
Adjustable measurement geometry (optimization for low- and high-density
materials)
A flow through configuration, without movable doors (high throughput, safe,
affordable)
Universal use for any container
Simplified handling of materials using a new type of container (Figure 8)
Radon decay products background and internal contamination reduction

Figure 3: Concept of industrial FRMF.

Ball Standard Sources
 Metal (Figure 13) and plastic
ball standards sources with
removable insert containing
a radionuclide of user choice
 Simulation of hot-spots
 Verification of homogeneity

Figure 5 →: Model of the industrial FRMF.

Industrial Free-Release Measurement Facility

The key objective of the work
presented here is to address novel
pre-selection and free-release
measurement facility with improved
throughput, accuracy, reliability,
modularity and mobility.

662 keV(1)

1332 keV(2)

5 cm lead

29 cm

22 cm

10 cm lead

58 cm

44 cm

Table 1 ↑: Thickness of low-activity bricks
resulting in the same g-ray attenuation as
in lead. (1) Cs-137, (2) Co-60.
Figure 6 ↑: Special bricks.
← Figure 7: Detail on the industrial FRMF
detector array:
1 – four gamma spectrometric detectors,
2 – four plastic scintillation detectors,
3 – frames for neutron detectors.

Figure 4: Current phase of industrial FRMF construction.

Phantoms
 Non-active materials with
different densities (low-active
gravel, clay balls, plastic)
 Standard containers with tubes
for point sources (Figure 11)
Reference Materials
 Contaminated light material
 Metallurgically produced
contaminated tubes (Figure 12)
 Materials with naturally
occurring radionuclides

Scanning gamma irradiator
Co-60 source + NaI detector
homogeneity scanning of wastes
Figure 1: Experimental free-release
measurement facility.

New, universally applicable calibration and testing standards and
reference materials were developed:

Figure 12 ↑: Reference material
- metallurgically produced tubes
with Co-60 and Ag-110m.

Universal transport
and measurement containers (Figure 8)
 One standardized container (IP1 or IP2
classified) for both transport and measurement
of wastes => minimization of waste reloading
 100×120×60 cm, 0.5 m3 volume
 Rigid frame, low gamma absorption walls
Figure 8 →: Universal transport
and measurement container.

Figure 10 ↓: Industrial FRMF shielding.

Decommissioning process needs to be
supported by metrology,
to minimize the environmental and
financial burden by providing improved
means for more reliable decisionmaking, with regard to the safe release
and disposal of radioactive wastes into
the environment and thus building
public trust in nuclear technologies.

Figure 11 ↑: Phantom - low active
gravel filling.

↓ Figure 9: Holder for
a drum (for its photo see
also Figure 4) and holder
for an end-user container.

Figure 13: Metal ball standards source (↖) and the drawing of one ball (↑).

Conclusions
The new standardized concept of measurement system for the preselection and free release of radioactive waste characterized by unique
lead-free shielding significantly improves the throughput, accuracy,
reliability and mobility of the measurement leading to economic
savings.
Testing of the prototype of the industrial system at the European Joint
Research Centre in Ispra (Italy) will be accessible to professionals
in the field of waste management by participation in workshops .
Underpinned by innovative metrology, nuclear facilities
decommissioning will be more safe and cost-effective.
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