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Waste Characterization Paradigm

Comprehensive radiological inventory management classifies radionuclides based
on their analytical accessibility and dominant decay modes.

Easy-to-Measure (ETM)

@ High-energy v-ray emitters. @ Pure 87, a, or EC emitters.

@ Non-destructive direct measurement @ Soft radiation, lack of distinct ~y lines,
via y-spectrometry. long half-lives.

@ Straightforward waste package @ Require destructive radiochemical
scanning. isolation.

@ Examples: 0Co, 137Cs, 1°2Eu. @ Examples: 14C 9Nj, “Ca.

Scaling Factor (SF) Method: Correlates DTM activity to an ETM "Key Nuclide” (e.g.,
41Ca/%0Co) to minimize analytical costs.
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Nuclear Properties

o Half-life: T;/, =9.94 x 10* years
@ Decay mode: EC (100 %) to stable “'K; Q. = 421.66 keV

@ Characteristic X-rays (K-lines):

o K, =~ 3.31 keV (3.8%)
o Kg =~ 3.50 keV (7.6%)

@ ~y-ray emission: None

@ Nuclear Reactors & Environment: *°Ca(n,~)*Ca
(0 = 0.41 £ 0.03 b)

@ Atmosphere: 38Ar(a, n)*Ca

@ Cosmos: "*'Fe(p, x)**Ca and "*Ni(p, x)* Ca (E, > 1600 MeV)
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The Detection Challenge .

DTMs are typically not suitable for direct in-situ measurement. Their
quantification relies on selective chemical separation followed by spe-
cific counting or mass-based techniques.

e Radioanalytical Methods (Decay Counting)
e LSC (Liquid Scintillation Counting): Ideal for soft 3 emitters
(3H,14 c’63 NI)
o LEGS (Low Energy Gamma Spectrometry): For X-rays and low-energy =y
(129|’55 Fe)
e Limitation: Extremely long half-lives or low specific activities lead to
prohibitive counting times.

e Atom Counting (Mass Spectrometry)
e ICP-MS: Fast, but often suffers from isobaric interferences.
e AMS (Accelerator Mass Spectrometry): The "Gold Standard” for
ultra-trace levels (*°Be,*® CI,*! Ca).
o Advantage: Independence from half-life; superior sensitivity (10™*? to 10~

isotopic ratios).
pic ratios) eu/ 1,2
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Limitations of Conventional Mass Spectrometry

Standard MS techniques (e.g., ICP-MS) fail at ultra-trace levels (isotopic ratios
< 107'2) due to severe fundamental constraints.

The Interference Barriers:

e Isobaric Interference: Stable elements sharing the same mass
number (e.g., stable interfering with #Ca).

@ Molecular Interferences: Hydrides or oxides mimicking the target
mass (e.g., *°CaH™ or 2Mg!®0™ at mass 41).

The AMS Solution:

© Negative lon Generation: Specific isobars (like '*N) do not form stable negative
ions, providing an initial stage of separation.

@ High-Energy Molecular Stripping: Acceleration enables charge exchange in the
"stripper, effectively destroying molecular interferences.
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MILEA AMS
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Figure: Detailed layout of the Multi-Isotope Low-Energy AMS system (MILEA)

Adapted from: Vockenhuber, C. (2025), Nuclear Instruments and Methods B.
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T4.1 DEVELOPMENT OF NEW RADIOCHEMICAL METHODS

The primary challenge for “'Ca at 300 kV is the stable isobar

©® lon Source Suppression:
Selection of molecular forms (e.g., CaF; vs. KF3') based on electron
affinity, with lower effective yield for KF3 (~ 1073).

© Chemical Purification:
Multi-step precipitation (CaC,04 — CaFy).

© K-Correction Protocol:
Measuring 3K to calculate and subtract the *'K contribution.

41Ca B 41Ca 39K
“Ca corr_ *Ca meas . “Ca eu
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T4.1 DEVELOPMENT OF NEW RADIOCHEMICAL METHODS

From *1Ca Solution to AMS Cathode

O Purification: CaCl, +*! Ca spike, CaC,0, precipitation, centrifugation
(4000 RPM), dissolution in HNO3 (up to 3 cycles).

Q Precipitation: Formation of CaF, using HF, washing (UP water), and drying in a
vacuum oven.

O Finalization: Mixing with Ag powder (1:4) and pressing into Cu/Ti cathodes.

Yield Performance
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T4.1 DEVELOPMENT OF NEW RADIOCHEMICAL METHODS

From Concrete Matrix to AMS Cathode

O Leaching: Acid digestion of concrete in HCI.
Q Purification: Removal of Fe, Al via NaOH and K via (NH4)2C>04 cycles.

© Precipitation: Formation of CaF, using HF, washing (UP water), and drying in a
vacuum oven.

IN PRAGUE

Q Finalization: Mixing with Ag powder (1:4) and pressing into Cu/Ti cathodes.

y
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T4.1 DEVELOPMENT OF NEW RADIOCHEMICAL METHODS
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T4.2 DEVELOPMENT OF NEW MEASUREMENT METHODS
RESULTS: BACKGROUND MEASUREMENT

* In-house backgrounds samples (blue bars) and inactive concrete sample (orange bar)
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Background Performance
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T4.2 DEVELOPMENT OF NEW MEASUREMENT METHODS

Current Achievements <

v Optimized Sample Preparation: CaF, chemical yield ~90%
v Calibration Linearity: R? > 0.999 within 107! — 107 range

¢ Improved Detection:

o Background level: (4.06 £ 0.6) x 10712
o LOD (current): 1.96 x 10~1!
o LOD (to be confirmed): 5.56 x 1012

v/ Established baseline stability on MILEA system

Full K-correction implementation: Target ratio ~ 1013

Analysis of real activated concrete samples
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Questions & Discussion
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