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1. Introduction 

During the inspection process, the composition of the supervised material and its mass is a piece of valuable 

information. Also, when doing quality activities on uranium standards using gamma detectors information like 

absolute efficiency, count rates and the mass of the isotope U-235 is valuable for comparison and verification 

purposes. Uranium is a gamma emitter that consists of the well known three isotopes U-235, U-234 and U-238. 

Gamma rays generated from the disintegration of uranium samples with a certain intensity are a function of the 

nuclear material mass. Gamma rays corresponding to the energy 185.7 keV are characteristic for estimating 235U 

enrichment [1-4]. 

Methods used for assaying nuclear material may need corrections. Corrections depend on many factors like the 

geometry of the material, its density, and its properties [5–7]. A general-purpose Monte Carlo N-Particle code 

abbreviated as MCNP can be employed to transport photon, neutron, electron and coupled neutron/photon/electron. 

Simulating single particles and registration of tallies of its behavior introduce replies with the aid of the Monte 

Carlo method. MCNP code handles three dimensions configuration of any material in cells that consist of surfaces 

and can view it [8].  

The NMs in this study are Safeguarded and located in (Key Measurement Point (KMP E) of Location Outside 

Facility (ETZ) at Egyptian Nuclear and Radiological Regulatory Authority (ENRRA). This work includes the use 
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of experimental data outcomes from the measurements of five uranium oxide standards and using it to develop a 

model to predict the gamma parameters using different detectors. The model is validated using the manufacturing 

data for the assayed uranium oxide standards.   

2. Methodology 
       Gamma spectrometers are fitted with detectors necessary for photon energy measurement. Through doing a 

correlation of the photo-peaks to the characteristic energies of each isotope, a spectrum can thus be utilized to 

distinguish the gamma-emitting nuclide in a substance. Also, to determine the relative occurrence of isotopes, the 

correlation of various peak intensities can be used. 235U mass determination is the ultimate objective of the non-

destructive assay technique. To measure the count rate, a standard nuclear material (SNM) is opposite to the detector 

at distance ‘‘D’’. This could be given as, [9] 

𝐶𝑅= 𝑀5𝑆𝑎5 𝜺𝒂………… (1)   

where 𝐶𝑅 is the net count rate for the SNM at distance D, 𝑀5 is the mass of the 235U in SNM, 𝑆𝑎5 is the specific 

activity of the 185.7 keV energy line, and 𝜺𝒂 represents the absolute efficiency of the detector for SNM at the 185.7 

keV energy line. The absolute efficiency could be calculated using MCNP-5 where the created input file depends 

on the SNM certificate and the dimensions details of the used detector [10]. From the first equation, the count rate 

and absolute efficiency for two detectors measuring the same sample at the same conditions can be represented by 

the following equation: 

(𝐶𝑅/𝜺𝒂)1=(𝐶𝑅/𝜺𝒂)2………… (2) 

𝐶𝑅1 is the experimental net count rate for the SNM at distance D, 𝜺𝒂𝟏 represents the absolute efficiency of the 

detector for SNM at the 185.7 keV energy line measured by MCNP5. 𝐶𝑅2 is the predicted experimental net count 

rate for the SNM at distance D, 𝜺𝒂𝟐 represents the ISOCS absolute efficiency of the detector for SNM at the 185.7 

keV energy line measured by MCNP5.The second equation suppose the uranium in the assayed sample has the 

same chemical formula also the mass of uranium and the geometry of the sample is the same. It is valid when 

comparing samples that have the same previous conditions at certain enrichment. The need for such an equation is 

necessary when detectors are of unknown geometry.  

3. Experimental setup and techniques 
3.1.  Measurements 

             A group of standard samples in a cylindrical form was utilized to execute the measurements. The NMs 

consist of five NBS-SRM-969 with different 235U content were in a cylindrical aluminum can containing 200.1 g 

of U3O8 [11]. The external radius of the can is 40 mm and the internal one is 35 mm, the height is 89 mm and the 

fill height of the compact powder for all samples is (20.8±0.5) mm except for SRM969-446 sample whose fill 

height is (15.8±0.5) mm.  

             The sample was centered in front of the detector; Figure 1 shows the configuration setup to count the pulses 

at 185.7 keV energy line. Before measuring the samples energy calibration was done and the dead time was 

optimized to be low by using appropriate distance. For all measurements, the distance from the sample to the 

detector AL cap was at an optimum distance of 25 cm at which dead time for the detector is less than 1%. The 

measuring times were 2400 sec per measuring cycle where the measurements were obtained for three runs each. 

These samples with the above mentioned set up and conditions were measured in the work done by Sameh E. 

Shaban et al (2019) [9]. The same samples with all the above conditions were modeled using ISOCS software and 

simulation was done to get the absolute efficiency for three types of gamma detectors. Figure (2) shows the set up 

of standard uranium oxide at a distance of about 25cm from the detector. Information concerning the used detectors 

is listed in table 1. 
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Figure 1: Detector and sample set up in MCNP5 

 

Table 1: Specifications of the gamma detectors. 

Detector ID First detector (D1) Second detector (D2) Third detector (D3) 

Type HPGe HPGe HPGe 

Diameter (cm) 7.62 8.89 9.4 

 

      The results obtained from ISOCS software were compared with the experimental count rates and measured 

absolute efficiency from MCNP5 using the second equation. Once the correlation is performed the predicted count 

rate outcomes. The mass of U-235 was calculated and compared with that obtained from the MCNP5 to validate 

that correlation. 

 

 

Figure 2: Detector and sample set up in ISOCS 

3.2. Monte Carlo Modeling for Measuring System  

          Simulation using Monte Carlo is random numbers that happen during the simulation in a sequence manner. 

When this sequence of random numbers is repeated, the simulation will lead to results that match with those 
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obtained from the first sequence with some 'statistical error' [12]. The General Monte Carlo Code (MCNP-5) was 

utilized to get information concerning the absolute efficiency of the detector [13-16]. The geometry specifications 

of the planar HPGe detector and SNM were described as many details as possible in order to build and simulate the 

model correctly. The histories used in the prepared input files were 108 histories with run time 30 minutes. The 

specifications of the used laptop are 2.5 GHz Intel Core i7 processor since a tally F8 is used to determine the pulse 

height of the detector. The absolute efficiency of the detector at 185.7 keV energy line was calculated by means of 

that tally. 

3.3. ISOCS Modeling for Measuring System  

           ISOCS™ software makes it possible to get the absolute efficiency curve for certain energy range by 

simulation using known or guessed geometry and chemical form of measured item. It supplies various templates 

for geometry that cover wide range of possible samples shapes (cylinders, pipes, boxes as well as more complex 

geometries). This method avoids wasting time in calibration measurements. The basic geometry templates included 

with the ISOCS calibration software was used to generate the efficiency file [17]. After entering the parameters, a 

preliminary check of the geometry validity is done the efficiency file then used for, in exactly the same manner as 

those produced by traditional “calibrated source” calibrations, the efficiency calibration process. Total UT, 238U and 
235U mass contents estimated also based on the ISOCSTM software calibration [18]. 

 

4. Results and Discussion 

          The ratio between count rate (CR) for energy line 185.7 keV and absolute efficiency at different enrichment 

values of SNM are given in table 2. The results in table 2 was obtained using HPGe detector with model Canberra 

GL0515R.  It is clear that when sample enrichment increased, the ratio between sample count rate to absolute 

efficiency increases. Sample U1 which has enrichment value 0.31% has the lowest value of the previous ratio. 

Samples U2,U3 and U4 have enrichment values 0.71%, 1.94 % and 2.95% respectively and the ratio increase by 

increasing the value of enrichment. Sample U5 that is low enriched (4.46%) has the highest ratio of count rate to 

absolute efficiency.  

Table 2: The count rate to absolute efficiency ratio for U3O8 standards. 

Sample ID Count rate to absolute efficiency ratio 

U1 24474.49053 

U2 56625.07035 

U3 155851.6674 

U4 234346.025 

U5 355275.1411 

 

The ratio in table 2 was used to obtain the predicted count rate through two steps. The first step is the calculation 

of absolute efficiency for the required detector. The second step involves predicting the value of count rate. In table 

3 the absolute efficiency was measured for the first detector. It is obvious that the count rate increases by increasing 

the value of enrichment also the same trend is remarkable in the values of absolute efficiency.  

Tables 4 & 5 show the predicted values of count rates and the values of absolute efficiencies. It is clear the same 

trend of relation between enrichment value and count rate that presents in table 3 is also observed for the other two 

detectors. 
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Table 3: Absolute efficiency and predicted count rate for (D1) detector. 

Sample ID Predicted count rate for D1 CR  (σCR)  (s-1) Absolute efficiency εab± σεab 

U1 6.0930710±0.2752525 0.0002490±0.0000199 

U2 14.1768790±0.6305688 0.0002500±0.0000200 

U3 39.1307691±1.7226826 0.0002511±0.0000201 

U4 58.6743860±2.6190846 0.0002500±0.0000200 

U5 116.4602570±5.2234200 0.0003280±0.0000262 

 

Table 4: Absolute efficiency and predicted count rate for (D2) detector. 

Sample ID Predicted count rate for D2 CR  (σCR)  (s-1) Absolute efficiency εab± σεab 

U1 9.3978130±0.4271255 0.0003840±0.0000307 

U2 21.8663370±0.9784907 0.0003860±0.0000308 

U3 60.3548050±2.6731879 0.0003873±0.0000309 

U4 90.4997480±4.0641875 0.0003860±0.0000308 

U5 179.6395460±8.0548341 0.0005060±0.0000405 

 

Table 5: Absolute efficiency and predicted count rate for (D3) detector. 

Sample ID Predicted count rate for D3 CR  (σCR)  (s-1) Absolute efficiency εab± σεab  

U1 6.4573250±0.2932338 0.0002640±0.0000211 

U2 15.0243870±0.6717618 0.0002650±0.0000212 

U3 41.4699468±1.8352196 0.0002661±0.0000213 

U4 62.2027000±2.7901805 0.0002650±0.0000212 

U5 123.4222290±5.5237696 0.0003470±0.0000278 

            

The results obtained from tables 3,4 and 5 for count rate and absolute efficiency showed that the used detectors 

have different geometries. It also showed some geometrical  similarities between the first and the third detector.  

           The validation of the used procedure for predicting count rate using ratio method indicates that the mass of 

U-235 is the same for the three detectors (0.530513, 1.227414, 3.3782668, 5.079724 and 7.701003 gm). These 

values are accurate when compared with the manufacturer but there is a problem. The problem is the values logically 

should be different so a correction must be done. Table 6 shows the mass values of U-235 after correction for count 

rate using the known value of mass. It is clear that the mass values increases by increasing the enrichment value 

also, the mass value differs from detector to another. The results show that the model is valid.   
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Table 6: The results of U-235 mass for all detectors. 
 

Sample 

ID 

Manufacturer 

U-235 mass (g) 

U-235 mass by D1 (g)  

M (g) σM 

U-235 mass by D2 (g)  

M (g) σM 

U-235 mass by D3 (g)  

M (g) σM 

U1 0.526 0.525892±0.023962 0.526121±0.024111 0.525804±0.024111 

U2 1.205 1.203443±0.054673 1.206851±0.054948 1.209083±0.054948 

U3 3.292 3.2892777±0.14877 3.2912390±0.149727 3.2911057±0.149551 

U4 5.005 5.004024±0.227087 5.006769±0.228228 5.006006±0.228228 

U5 7.567 7.538317±0.345055 7.587848±0.346451 7.549867±0.346412 

Conclusion 

           MCNP code is applied to measure the absolute efficiency of HPGe detector that has known geometry and 

crystal diameter 8cm. The count rate in this case was measured experimentally for five set of uranium standards that 

have different enrichments. Detectors that have different geometry and crystal diameter 7.62cm, 8.89cm and 9.4cm 

were modeled using ISOCS software for the same standards to predict the experimental count rates. ISOCS was used 

because the specifications of the detectors were not known so there is no mean to model it by MCNP. The proposed 

equation that depends on the relation between count rate and absolute efficiency solves the problem. By this equation, 

the analyst can predict the count rates that will appear experimentally for unattended detectors. The validity of the 

equation was tested by measuring the mass of U-235 and the results were accurate. It is recommended to correct for 

count rate to facilitate the comparative measurements between different detectors.  

References 

1. P. Matussek, Accurate determination of the 235U isotope abundance by gamma spectrometry, KFK 3752, 

Institut fur Kernphysik, Karlsruhe, Germany, (1985). 

2. I. Badawy, A. Youssef, S.H. El-Kazzaz, W. El-Gammal, Non-destructive assay measurement for the 

verification of uranium oxide powders, Nuclear Instruments and Methods A, 453 (2000) 621-628.  

               https://doi.org/10.1016/S0168-9002(00)00469-1  

3. D. Reilly et al., Passive nondestructive assay of nuclear material, US Nuclear Regulatory Commission, 

NUREG/ CR-55, LA-UR-90-732 Washington, DC, USA, (1991). Mar 1991; 700 p; LA-UR--90-

732; ISBN 0-16-032724-5. 

4. IAEA, The IAEA Safeguards Glossary, IAEA/SG/INFI Rev. 1, Vienna, Austria, 1987. 

5. I. Badawy, N. Ibrahim, A. Hamed, W. El-Gammal, Arab Journal of Nuclear Sciences and Applications, 

34 (2) (2001) 217. 

6.  A. Hamed, W. El-Gammal, I. Badawy, Proceedings of the Eighth International Conference of Nuclear 

Science and Applications (a special issue of Arab Journal of Nuclear Science and Applications) Cairo, 

Egypt, vol. II, (2004), pp. 518–525.  

7. I. Badawy, W. El-Gammal, Proceedings of the Symposium on International Safeguards: Verification 

and Nuclear Material Security, Vienna, Austria, 29 October–2 November (2001), IAEA-SM-367. 

               https://doi.org/10.1016/j.nima.2005.07.030   

8. MCNP. A general Monte Carlo N Particle Transport Code. Version 5, Volume I: Overview and theory, 

LA-UR-03-1987 (Revised 10/3/05), April 24, (2003). 

https://doi.org/10.1016/S0168-9002(00)00469-1
https://inis.iaea.org/search/search.aspx?orig_q=source:%22ISBN%200-16-032724-5%22
https://doi.org/10.1016/j.nima.2005.07.030


 Abdel-Monem et al., J. Mater. Environ. Sci., 2019, 10(12), pp. 1362-1368 1368 

 

9. Shaban, Sameh E., M. H. Hazzaa, and R. A. El-Tayebany, Applying Monte Carlo and artificial intelligence 

techniques for 235U mass prediction in samples with different enrichments, Nuclear Instruments and 

Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated 

Equipment 916 (2019): 322-326. https://doi.org/10.1016/j.nima.2018.10.008  

10. W. El-Gammal, M. El-Nagdy, M. Rizk, S. Shawky, M.A. Samei, Verification of nuclear fuel plates by a 

developed non-destructive assay method, Nuclear Instruments and Methods  A, 553 (2005) 627-638. 

https://doi.org/10.1016/j.nima.2005.07.030 

11. NBS, Uranium Isotopic Standard Reference Material for Gamma Spectrometry Measurements 969, NBS-

111, Gaithersburg, MD 20899, USA, (1985). 

12. D. P. Landau and K. BINDER, A Guide to Monte Carlo Simulations in Statistical Physics,  3rd ed., New 

York: Cambridge University Press, xv, 471 pp., ISBN: 978-0-521-76848-1, 2009. 

13. J. Saegusa, CREPT-MCNP code for efficiency calibration of HPGe detectors with the representative point 

method, Applied Radiation and Isotopes 66.6-7 (2008): 774-779. https://doi.org/10.1016/j. 

apradiso.2008.02.023 

14. L. Liu, Monte Carlo efficiency transfer method for full energy peak efficiency calibration of three type 

HPGe detectors: A coaxial N-type, a coaxial P-type and four BEGe detectors, Nuclear Instruments and 

Methods in Physics Research. Section A, Accelerators, Spectrometers, Detectors and Associated 

Equipment 564.1 (2006): 608-613. DOI: 10.1016/j.nima.2006.03.013 

15. S. Bousbia-Anis, MTR benchmark static calculations with MCNP5 code, Annals of Nuclear Energy 35.5 

(2008): 845-855. Doi:10.1016/j.anucene.2007.09.016 

16.  I. Ewa, Monte Carlo Determination of Full Energy Peak Efficiency for a HPGe Detector. Applied 

Radiation and Isotopes, 55 (2001), pp. 103–108. DOI: 10.1016/S0969-8043(00)00366-3  

17. M. Abdelati, K. M. El Kourghly, Uranium enrichment estimation using MGAU and ISOCS™ codes for 

nuclear material accountability, Measurement, 129 (2018) 607-610. 

https://doi.org/10.1016/j.measurement.2018.07.086  

18. D. Grządziel, K. Kozak, J. Mazur, M. Mroczek, Application of ISOCS system in the laboratory efficiency 

calibration. Journal of environmental radioactivity, 188 (2018) 95-99. doi: 10.1016/j.jenvrad.2017.09.017 

 

 

(2019) ; https://www.jmaterenvironsci.com/ 

https://doi.org/10.1016/j.nima.2018.10.008
https://doi.org/10.1016/j.nima.2005.07.030
http://dx.doi.org/10.1016/j.nima.2006.03.013
http://dx.doi.org/10.1016/S0969-8043(00)00366-3
https://doi.org/10.1016/j.measurement.2018.07.086
https://www.jmaterenvironsci.com/

