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INTRODUCTION

Characterization of the waste in drums to ensure safeguard purposes and to classify/transport/store [1]. The 
characterization of radioactive waste is an essential commitment in waste administration and shields [2]. 

Radioactive waste is often resulting from nuclear production processes, medical, research, Agriculture, Industrial or 
through the fusion of radioactive sources that are not subject to radiation control. All remaining waste is considered as 
a dangerous source of radiation contamination on the human body. Contaminated Soil is resulted by the existence of 
man-made processes or other changes in the natural soil.

 Some reasons which cause soil contamination are:

•Strain of industrial waste into the soil

•Percolation of contaminated water into the soil

•Split of underground storage tanks

This study is to estimate and calculate the activity concentration of radioactive waste which generated from 
decontamination processes and put at special drums, through using gamma analysis spectrum system (Drums 
characterization system DCS) and Ludlum detector to measure dose rate on drums surface. Samples from drums were 
collected to be analyzed in order to measure the activity concentrations.

EXPERIMENTAL WORK

Safety assessment 

Occupational exposures are incurred at work and principally as a result of working directly with radiation. Exposure 
to radiation from natural sources is generally excluded from occupational exposure, except when the exposure is a 
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direct consequence of a planned exposure situation. The application of the requirements for the system of protection 
and safety shall be commensurate with the radiation risks associated with the exposure situation [3].

Safety principles were taken in considered for this work by applying the principle of ALARA (radiation dose, 
measurement time and distance). At the research work, the measurement time was determined (in the drum 
characterization system DCS) and thus the calculation of the radiation dose received for the workers was estimated 
according to the following equation:

N* ( )Total ID D t=                    (1)

Where: DTotal is the total dose during the single activity, D is the average dose per drums, N is the number of drums, t is 
the measurement time for drum. The radiation dose received for the workers was found to be within the limits allowed 
by the International Atomic Energy Agency (IAEA) and International Commission on Radiological Protection [4]. 

Work methodology

The soil contaminated with 152Eu radionuclides which set in drums is resulted from the decontamination site works. 
Drums characterization system (DCS) which provided with (Portable HPGE Hand-Held Radioisotope Identifier type 
MICRO-DET-PKG-1 (HX)) [5] used for characterization and identification of the radionuclides in the drums.  The 
equipment (HPGE) provided with a neutron and GM detectors, GPS system and gamma vision version (6.8) software 
for gamma spectrum analysis. Energy Calibration of HPGe Detector, lessening coefficient for steel drums [6].

The dimensions of the drums are: height (90 cm), diameter (56 cm). The drums are made of iron with wall thickness 2 
mm. The dose rate measured using Ludlum detector Model at the surface of the drums ranged between 103 and 5560 
μR/h [7].

The strategy of this work:
1.	 14 sample of soil from waste drum were taken, soil samples were dried for a sufficient period of time at a fixed 

temperature 80°C using electric oven. All samples are homogenized, then 0.5 kg of each sample in completely 
sealed Marinilli beaker was measured by Gamma spectrometry system (Table 1).

2.	 12 drums contains contaminated soil were taken, these drums were characterized using Gamma spectrometry 
analysis method by determining activity for nuclide in contaminated soil (Table 2).

3.	 Dose rate on surface of drum (touch) were measured equation connected between calculated activity 
concentration and activity measure by DCS for waste drums (eq. 3) were found.

RESULTS AND DISCUSSION

For calculating activity concentration of contaminated soil equation 2 was used [8]. 

CPSAc I Mγ ε
=

∗ ∗
                                                                                                                                               (2)

Where: Ac is the concentration of the radionuclide in the sample (Bq. kg-1), cps is the counts of the sample, Iγ is the 

Sample Dose Rate (µRlh) Activity Bq cps Calculated Activity Concentration (Bq/kg )
1 109 3033.34 9.04 7523.92
2 133 158320.6 426.28 354789.84
3 133 336.21 0.99 823.97
4 39 1833.33 5.12 4261.33
5 927 658.58 1.96 1631.296
6 685 1237.33 3.26 2713.27
7 695 311.59 0.92 765.70
8 785 6049 12.9 10736.57
9 1278 5110.8 14.00 11659.05

10 1845 7152 19.51 16246.02
11 2456 9351.6 25.45 21188.94
12 3200 12030 32.69 27207.82
13 870 3642 10.04 8358.38
14 1485 5856 16.02 13333.66

Table 1: Characterization of waste samples
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emission probability of a specific energy photo peak. M is the weight of the sample (kg); ε is the absolute efficiency 
of the detector. One can note the result of calculated concentration Table 1.

The dose rate by Ludlum radiation detector was measured through taking several points on the surface of all drums 
and then calculated the average for these measurements to determine safety assessment for worker. 

Through the spectral analysis for contaminated soil at drums which characterized using germanium system, one can 
notice radionuclide Eu-152 (344) keV represented in Figure 1.

Relation between Activity Concentration (Bq/kg) and measured activity (Bq) of sample illustrated in Figure 2.

 2.4705* 28.2cA A= −                                                                                 (3)

Where: Ac is the activity concentration for the waste (Bq/kg). A is the activity of the waste at drum. Equation 3, 
which illustrates the relationship between activity for the waste in the drum and activity concentration for radioactive 
nuclides measured theoretically. Figure 3 shows the relationship between calculated activity concentrations (Bq/kg) 
(radioactive waste) placed inside the drums and activity (Bq) was measured in the drum characterization system.

Sample Dose Rate (µRlh) Activity Bq Activity concentration (Bq/kg )

1 103 2979.81 6649.57

2 920 3382.19 7551.30

3 228 1384.62 3074.75

4 325 2696.49 6014.65

5 135 470.50 1026.21

6 5560 11597.36 25961.50

7 650 3141.87 7012.73

8 730 3459.36 7724.24

9 458 2379.88 5305.123

10 320 1832.20 4077.77

11 830 3856.23 8613.62

12 924 4229.29 9449.64

Table 2: Database of radiological measurements of radioactive waste drums contaminated by Eu-152 nuclides

 
Figure 1: Represented the spectral analysis for soil contaminated with radionuclide Eu-152 (344) keV putted at drums (standard sample)
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y = 2.241x - 28.89
R² = 0.9999
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Figure 2: Relation between activity concentration (Bq/kg) and measured activity (Bq) of sample
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Figure 3: Relation between activity concentration (Bq/kg) and measured activity (Bq ) in the DCS of waste at drums

CONCLUSION

Good correlation was found between the results of the two techniques for activity concentration and activity of the 
waste and one can show the result of measured activity by DCS without open the drum and then using equation (3) to 
calculate real activity concentration.

REFERENCES

[1] Simone G, Mauro E, Gagliardi F, Gorello E. Quantitative radiological characterization of waste: Integration 
of gamma spectrometry and passive/active neutron assay. The 47th Annual Meeting on Nuclear Technology 
(AMNT), Hamburg, 2016.

[2] Savidou A, Tzika F, Stamatelatos IE. Characterization of radioactive waste drums by non-destructive gamma 
spectrometry. 14th International Conference on NDT, Greece, 2007.

[3] International Atomic Energy Agency (IAEA) Radiation protection and safety of radiation sources: International 
Basic Safety Standards, IAEA Safety Standards series no. GSR part 3, Vienna, 2014.

[4] International Commission on Radiological Protection. Radiological Protection Policy for the Predisposal of 
Radioactive Waste, ICRP Publication 77, Pergamon Press, Oxford and New York, 1997.

[5] Vasconcelos DC, Pereira C, Gallardo S, Rocha Z, Santos TO. Efficiency simulation of a HPGE detector for 
the environmental radioactivity laboratory/CDTN using a MCNP-gammavision method. International Nuclear 
Atlantic Conference, Brazil, 2011.

[6] Al-Mashhadani AH, Shamsaldien ES, Abd SM. Risks assessment for the retrieval of radioactive wastes from the 
old Russian cemetery A - Tuwaitha site. Iraqi Journal of Physics, 2015, 13: 155-161.

[7] Ludlum Model 19 Micro R Meter, serial number 207422 and succeeding serial number, technical manual 2005.

[8] Mohanty A, Sengupta D, Das S, Saha S, Van K. Natural radioactivity and radiation exposure in the high 
background area at Chhatrapur beach placer deposit of Orissa, India. Journal of Environmental Radioactivity, 
2004, 75: 15-33.


