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Abstract—In order for radiation protection experts to be as 

well trained as possible to respond to emergency situations, in 

addition to studying literature and attending courses, 

participation in nuclear accident exercises is a significant factor 

affecting the readiness of personnel. This paper presents the 

course of one such exercise (ConvEx-3), available data, target 

values, and the procedure in which the values were determined by 

the Radiation and Environmental Protection Department, 

Institute "Vinča". The task of the exercise was to detect the 

emitted radionuclides and determine their activities within 24 

hours, based on the obtained gamma radiation spectrum and 

relevant sampling and measurement data. The radionuclides 

identified were: I-131, I-132, Cs-134, Cs-136, Cs-137, Te-129m, 

Te-129, Te-132 and all reported results were in good agreement 

with the target values. 

Keywords—emergency exercise, gamma spectrometry, air filter 

spectrum 

I. INTRODUCTION

In the era of nuclear energy, it is necessary for all experts 

who deal with radiation protection to be well trained to react 

quickly and efficiently in case of unwanted situations. One of 

the potential possibilities is the release of radioactive material 

into the environment. Such events can have a global character, 

so good training of personnel is necessary even in countries 

that do not have their own nuclear facilities. 

Studying the literature, attending courses and participating 

in nuclear accident drills are key factors that influence the 

readiness of staff to perform their tasks at the highest possible 

level in moments of general emergency. Good training 

contributes to the reduction of stress, the possibility of 

mistakes, faster and better reaction of the staff. 

ConvEx (Convention Exercise) is the IAEA’s mechanism 

for testing the readiness of the international operational 

framework for emergency preparedness and response, set 

down in the 1986. Early Notification and Assistance 

Conventions Level 3 exercises, which are conducted every 

three to five years, simulate the most severe nuclear or 

radiological emergencies and fully mobilize the IAEA’s 

Incident and Emergency System (IES), aiming also to assess 

the ability to respond in a coordinated and efficient manner to 

a nuclear incident with potential cross-border impact. In 

today’s global context preparedness and international 

cooperation remain fundamental pillars of collective security 

[1]. This exercise is aimed at achieving and assessing the 

progress in strengthening of the nuclear emergency response 

capabilities through strategic planning and partnership 

development. The ConvEx-3 2025 was organized by the 

Romanian National Commission for Nuclear Activities 

Control and it simulated an accident in Cernavodă nuclear 

power plant. 

Cernavodă nuclear power plant is opened in 1996 and has 2 

reactors generating 1.3 MW of electricity, which is about 20% 

of total electricity consumption of Romania. It uses CANDU6 

(Canadian Deuterium Uranium) reactor model, type PHWR 

(Pressurized Heavy Water Reactor). This type of reactor uses 

natural (un-enriched) uranium with heavy water as a moderator 

[2]. 

The ConvEx-3 exercise simulated an unplanned release of 

unknown quantity of contaminants from the reactor and the 

response of participating countries at all levels was tested. The 

Institute "Vinča" was designated by the Serbian Radiation and 

Nuclear Safety and Security Directorate as an institution 

tasked with the measurement of the samples from the reactor, 

that were, for the purpose of the simulation, provided by the 

organizer in the form of calibration and simulated sample 

spectra. 

This paper presents the course of the exercise, available 

data, target values, as well as the procedure in which the values 

were determined by the Department of Radiation and 

Environmental Protection. The goal of the paper is to describe 

and analyze the procedure applied and the motivation for the 

decisions made regarding the identification of the 

radionuclides, calculation of their activity concentration and 

measurement uncertainty. The outcome of the exercise was 

evaluated according to the target values. The greatest 
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importance was the experience of acquired regarding the 

specific situation. 

II. DATA PROVIDED

Two Info-Packages were received from the exercise 

organizer (Romanian nuclear power plant "Cernavoda"). 

A. Info-Package#1 - Detector Calibration

The first Info-Package was delivered on 20.06.2025 and

contained the material necessary for adequate detector 

calibration - data document containing tables and figure and 

three spectrums: 

 Background - Background spectrum from the HPGe

detector used for the exercise. 

 Ref.Sample - Gamma spectrum from the measurement of

a reference sample containing radionuclides with known 

activities; 

 EnergyCal - Gamma spectrum from the measurement of

a calibration standard, for performing energy and peak shape 

calibrations directly instead of using the data table values in 

this document; 

All spectra were available in 3 file formats: .CNF 

(Mirion/Canberra), .CHN (Ortec) and .SPE (ASCII format). 

Also, all data necessary for manual energy (Table I), peak 

shape (Table I) and efficiency calibration (Table I) as well as 

detailed parameters of the HPGe detector (Fig. 1.), Sample 

geometry (Table II) and the diagram of sample-detector 

geometry (Fig. 2.) were also delivered as part of the packages. 

TABLE I.  ENERGY AND PEAK SHAPE PARAMETERS AND FULL ENERGY 

PEAK (FEP) EFFICIENCY CALIBRATION DATA 

Energy  

[keV] 

Centroid 

channel 

FWHM 

[keV] 

FWHM 

[channels] 

Low tail 

[channels] 

FEP 

efficiency 

Rel. unc. of 

efficiency 

46.54 188 0.652 2.63 2.48 2.465E-01 15 % 

59.54 241 0.674 2.71 2.53 2.474E-01 10 % 

88.03 355 0.719 2.90 2.64 2.386E-01 10 % 

122.06 492 0.771 3.10 2.78 2.132E-01 10 % 

165.86 669 0.834 3.36 2.95 1.689E-01 8 % 

391.70 1577 1.121 4.51 3.85 6.038E-02 8 % 

661.66 2664 1.417 5.70 4.92 3.287E-02 6 % 

898.04 3615 1.655 6.66 5.86 2.368E-02 6 % 

1173.23 4723 1.918 7.72 6.95 1.808E-02 4 % 

1332.49 5364 2.065 8.31 7.58 1.608E-02 4 % 

1836.07 7391 2.515 10.12 9.58 1.157E-02 4 % 

Fig. 1. Detector parameters 

TABLE II.  SAMPLE PARAMETERS 

Sample active diameter 44 mm 

Sample thickness 0.25 mm 

Sample material Borosilicate glass fiber*, ρ = 0.20 g/cm3 

Absorber thickness 2 mm 

Absorber material Polyethylene (C2H4), ρ = 0.95 g/cm3 

Source-detector distance 5 mm (includes the absorber) 

Fig. 2. An illustrative diagram of the sample-detector relationship 

B. Info-Package#2 - Sampling Details

Following an incident at a boiling water reactor at a nuclear

power plant which caused an atmospheric release of 

radionuclides into the air, an emergency air filter sample was 

taken in the nearby area, using a low-volume air sampling 

device. The second Info-Package was delivered on 24.06.2025. 

and participants had 24 hours to deliver the results. This Info-

Package contained the sampling details and spectrum: 

 Start time of sampling: 2024-03-20 at 10:00 UTC

 End time of sampling: 2024-03-20 at 14:00 UTC

 Flow rate of the sampling: 10 liters per minute

 Total sampled air volume: 2400 liters (= 2.4 m
3
)

 AirFilter - Exercise spectrum: an emergency air filter

sample

The provided exercise spectrum was measured 

approximately 18 days after the sampling. 

III. METHOD

An efficiency curve (Fig. 3.) was formed based on Full 

energy peak (FEP) efficiency calibration data from Table I. 

Fig. 3. Efficiency curve 
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After that, the exercise (AirFilter) spectrum, from which 

the Background spectrum was previously subtracted, was 

analyzed using GENIE2000 software package. 

For each detected radionuclide, based on the supplied 

detector and sample parameters, coincidence summing 

coefficients were determined using EFFTRAN [3].  

The activities per cubic meter on the day of measurement 

(AE, [Bq/m
3
]) were determined for each chosen energy of

identified radionuclide (1) [4]. 

𝐴𝐸 =
𝑁𝐸 ∙𝑘𝑐𝑜𝑖𝑛

𝐸𝑓,𝐸 ∙𝑃𝛾 ,𝐸 ∙𝑡∙𝑉
(1) 

IV. RESULTS AND DISCUSSION

The following radionuclides were identified: I-131 

(T1/2=8 days), I-132 (T1/2=3.2 days), Cs-134 

(T1/2=753.506 days), Cs-136 (T1/2=13.16 days), Cs-137 

(T1/2=10950 days), Te-129m (T1/2=33.6 days), Te-129 

(T1/2=33.6 days), Te-132 (T1/2=3.204 days) [5]. 

Table III shows energies and emission probabilities used to 

identify and determine the activity of detected radionuclides 

[5]. 

The activities of Mo-99 and Nb-95 were determined based 

on their most probable transitions. The following, less likely 

transitions could not be used to confirm the identification and 

activity values, because the counts at these energies were 

lower than the minimum detectable count (MDC), especially 

for Nb-95 due to very low activity and the probabilities of the 

following transitions which are less than 3%. 

The activity of I-131 was determined through the energy of 

364.5 keV due to the high probability of mission, but the 

identification was also confirmed by FEPs at other energies, 

over which the range of activity was from 1370 Bq/m
3 

(722.9 keV) to 1420 Bq/m
3
 (80.2 keV), as a confirmation of 

this result. 

To identify and determine the activity of Cs-137, FEP at 

661.6 keV was used, while the value provided by the exercise 

organizer was directly used for the efficiency of the detector 

(Table I). By determining the activity based on the efficiency 

curve rather than the value provided by the organizer, a result 

of 352 Bq/m³ was obtained, which would also be satisfactory 

and it served as a confirmation of the result. 

The identification of Cs-134 was carried out over all 

energy transitions with a probability larger than 1% (the range 

of determined activities was from 341 Bq/m
3
 to 354 Bq/m

3
). 

The reported value is the mean of the activities determined 

using the two most intense transitions. 

The identification of Cs-136 was confirmed based on its 

FEPs from Table III, and the activity was determined via the 

most likely transition. Activities determined based on counts at 

other energies correspond to this value. 

TABLE III.  THE FULL ENERGY PEAKS ENERGIES OF THE MENTIONED 

DETECTED RADIONUCLIDES AND THE PROBABILITIES OF THEIR EMISSIONS 

Radionuclide E (keV) Pγ (%) 

Nb-95 765.8 99.8 

Mo-99 140.5 89.6 

I-131 80 .18 2.607 

I-131 284.305 6.06 

I-131 364.489 81.2 

I-131 503.004 0.3589 

I-131 636.989 7.26 

I-131 722.911 1.796 

Cs-137 661.567 84.99 

Cs-134 475.365 1.479 

Cs-134 563.246 8.342 

Cs-134 569.33 15.368 

Cs-134 604.72 97.63 

Cs-134 795.86 85.47 

Cs-134 801.95 8.694 

Cs-134 1038.605 0.9909 

Cs-134 1167.967 1.791 

Cs-134 1365.194 3.019 

Cs-136 340.547 42.2 

Cs-136 818.514 100 

Cs-136 1048.073 80 

Cs-136 163.92 3.4 

Cs-136 1235.362 20 

I-132 667.714 98.7 

I-132 772.6 75.6 

I-132 954.55 17.6 

Te-129 105.5 0.145 

Te-129m 695.9 3.1 

Te-129m 729.57 0.7 

Te-132 49.72 15.1 

Te-132 228.16 88.12 

La-140 1596.203 95.40 

The presence of I-132 was confirmed using its energies 

from Table III, and the reported value is the mean of the 

activities determined using the two most intense transitions. 

Due to the proximity of the FEP of energy 668 keV and the 

FEP of Cs-137 at energy 661 keV which has a significantly 

where N is the area under full energy peak, kcoin is the 

coincidence summing coefficient, Ef,E is the efficiency detector 

for energy E, Pγ,E is the probability of emission for energy E, t 

[s] is the measurement time and V [m
3
] is the air volume.

The decay correction was calculated to middle of sampling 

period, 2024-03-20 at 12:00 UTC. This correction accounts for 

sampling duration, delay before measurement, measurement 

time. 
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higher count, the FEP at 772.6 keV, although it has a lower 

probability of emission, provided a value closer to the target 

(344 Bq/m
3
). 

The decay of Te-129m can occur in two ways: internal 

conversion to the ground state, which occurs in approximately 

63% of cases, or direct beta minus decay to I-129 

(approximately 37% of cases). During the more probable 

transition, gamma rays of energy 105.5 keV are emitted, which 

enables the determination of the activity of both Te-129 and 

Te-129m. Based on the count below the FEP at this energy, the 

activity of Te-129 was determined (97 Bq/m
3
), while the 

activity of Te-129m was calculated by the most probable 

transitions from the branch of direct decay to I-129, which was 

145 Bq/m
3
 and 152 Bq/m

3
 respectively. Although the mean 

value of 148 Bq/m
3
 corresponds more closely to the target 

value, the activity ratio of the ground and excited state of 

Te-129 in that case is 65.5%, which is slightly higher than its 

isomer ratio. For this reason, it was decided to report the 

activity of the metastable state determined over the energy of 

729.57 keV, although the probability of photon emission of 

that energy is more than 4 times lower than the probability for 

FEP at 695.9 keV. Also, the target values produce the isomer 

ratio of 66.44 %, which does not correspond to the ratio 

defined in the recommended nuclear data. 

Te-132 was identified through the two energy transitions of 

highest probability (Table III). The activities determined by 

these FEPs were 340 Bq/m
3
 and 350 Bq/m

3
, with the reported 

result determined via energy with a higher emission 

probability. At the same time, the energy efficiency curve is 

more stable at higher energies, so it is more reliable to choose 

a result from the spectrum of higher energies. 

La-140 originates from the decay of Ba-140, with half-life 

of 12.75 days, significantly longer than that of the daughter 

(1.678 days). The system reaches transient equilibrium 

typically after 10 daughter half-lives. In this state La-140 

appears to decay with the same half-life as Ba-140 (12.75 

days), despite its own shorter physical half-life. This means 

that the entire chain of both Ba-140 and La-140 is effectively 

decaying at the slower rate. Since it was stated in the submitted 

documents that 18 days passed from sampling to measurement, 

the most probable transition was used to determine the activity 

of La-140. Since La-140 was present in such a low 

concentrations that its peaks were barely visible in the 

spectrum, at energies with lower probability the count was 

below the detection limit. Also, some of the FEPs are shared 

with other radionuclides present in the spectrum, such as 

487 keV (Te-129) and 816 keV (Cs-136). 

Measurement uncertainty was declared as a combined 

measurement uncertainty at a 95% level of confidence (k=2), 

as per (2): 

𝑢 = 2 𝑢𝑖
2

𝑖 (2) 

where ui are the contributions to the uncertainty originating 

from all relevant data. Namely, the contributions are: statistical 

uncertainty of counting at the full energy peak (in most cases 

less than 1%), uncertainty of the measurement time 

(negligible), efficiency calibration uncertainty (which contains 

the uncertainties provided by the organizer as well as the 

uncertainty introduced by fitting the data with a parametric 

function on order to obtain a calibration curve, usually less 

than 10%), uncertainty of the coincidence summing correction 

coefficients (as calculated by EFFTRAN, ranging from 1% to 

3%).  

As it can be seen from Table I, the major contribution to 

the uncertainty originates from the calibration curve 

measurement. The uncertainties obtained from the Full energy 

peak (FEP) efficiency calibration data provided by the 

organizer ranged from 4% to as much as 15%. The 

uncertainties concerning the calibration were then combined in 

order to obtain the relative combined uncertainty of the 

efficiency. Uncertainties of total sample air volume, time of 

sampling and time elapsed from sampling to measurement 

were unknown. 

After the completion of the exercise, the organizer 

provided the target values and appropriate measurement 

uncertainties for the participant laboratories. Table IV shows 

target values along with the reported values and uncertainties, 

so the accuracy of the reported results can be ascertained. 

TABLE IV.  TARGET VALUES AND REPORTED RESULTS 

Nuclide 
Target value 

[Bq/m3] 

Target unc. 

[Bq/m3] 

Activity 

[Bq/m³] 

Standard 

uncertainty 

[Bq/m³] 

Nb-95 0.75 0.06 0.73 0.05 

Mo-99 27 4 25 4 

I-131 1330 100 1350 100 

Cs-137 356 19 356 21 

Cs-134 358 18 351 21 

Cs-136 58 4 58 4 

I-132 336 17 350 23 

Te-129m 149 7 152 10 

Te-129 99 7 97 10 

Te-132 360 30 350 20 

La-140 1.65 0.12 1.56 0.23 

As it can be seen from Table IV, all reported results were 

in good agreement with the target values. The difference 

between the reported results and target values are due to the 

treatment of the calibration data (participants used different 

methods for obtaining the calibration curve) and due to peak 

analysis software and method. In this case, Origin 6.0 was used 

to fit the calibration data with a parametric, 4
th

 order power 

function. As all procedures, fitting of the data introduces 

certain discrepancies. In the case of calibration function used 

in the Department of Radiation and Environmental Protection, 

the R
2
 coefficient suggested the discrepancy of 1-2% which is

visible in the results and is accounted for in the uncertainty 

budget. Further more, each peak analysis software has its own 

method of peak separation, fitting to the best Gaussian and 

integration, hence contributing to the differences between 

counts obtained using different analysis software. However, all 

commonly used software are equally successful in performing 
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this task, so the uncertainty of the analysis can not be defined 

in absolute terms. In this case, Genie2000 was used and the 

peaks were defined manually. Then it was up to the researcher 

to decide whether all energies of the given radionuclide should 

be taken into the consideration for the final value of the 

activity concentration. All these factors contributed to the 

small differences between reported and target values. 

Considering that most of detected radionuclides are 

emitting several prominent gamma lines which are subject to 

true coincidence summing as well as overlapping of the lines 

originating from different radionuclides, main analytical 

challenge was to identify present radionuclides without false 

positives . 

Also, due to the 2 or 3 orders of magnitude difference in 

activity concentrations of the different radionuclides, the FEP-

s of low-activity radionuclides were practically invisible. 

Due to the inexperience with spectra of air samples after 

accidental situations, an additional challenge was the response 

time as well. 

This exercise was extremely useful to elevate the 

proficiency of the operators. There were useful information on 

the potential content of radionuclides in the atmosphere after a 

nuclear accident, their energy spectra and decay chains, 

coincident summations within the decay scheme, as well as 

possible overlaps of emission lines of different radionuclides. 

Participation in the exercise also contributed to gaining a sense 

of the potential relationships of concentrations of radionuclides 

present in the atmosphere after such an event. All of the above 

contributed to better preparedness for emergency preparedness 

the exercise participants, which should result in more reliable 

results in future measurements, and probably also in a 

reduction in response times. 

V. CONCLUSION

Although the real challenge was to identify present 

radionuclides given that most of them are emitting several 

prominent gamma lines, subject to true coincidence summing 

as well as overlapping of the lines originating from different 

radionuclides, all reported results were in good agreement with 

the target values. Also, there is a risk of false positives, which 

calls for careful deliberation of the information gathered from 

the spectrum. Since radionuclides such as I-131, I-132, Te-132, 

Cs-134 and Cs-137 were present in high concentrations, the 

continuum background originating from these radionuclides 

rendered peaks of La-140, that are 2 or 3 orders of magnitude 

smaller, virtually invisible. Another challenge is time, since the 

requirement of the exercise is to perform all the tasks and report 

the final results within 24h. This, in fact, translates to the 

working hours of the Laboratory, showing that the participant 

laboratory is capable of producing high quality results in much 

smaller time frame. 

Participation in the exercise contributed to the preparedness 

for emergency situations, which will result in more reliable 

results in future measurements within an even shorter period of 

time. 
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