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Abstract 

Measuring the level and height of liquids in industrial reactors at high temperature and pressure in the oil, 

gas, and petrochemical industries has particular importance due to the complexity of the production process. 

The height of Urea in the vessel can be measured using the nuclear level gauging method, which is a non-

destructive method. Therefore, the energy of the gamma emitting source, the design, and arrangement of 

the geometry of the source, including the point or rod, and the detector material including the use of sodium 

iodide crystal or plastic scintillator are important. In this research, firstly, a nuclear level gauge system—

comprising a source, detector, and a reactor with urea and high-temperature, high-pressure gases—was 

simulated using the MCNPX Monte Carlo code. The simulation results were then validated against 

experimental data. The study then optimized the detector's response by testing different arrangements of 

the radioactive source and its distances, as well as various detector types and geometries, to find the best 

configuration. The analysis revealed that using three strategically placed point sources is a superior and 

more cost-effective alternative to a rod source. This setup offers high accuracy and stability at a significantly 

lower production cost.  

Keywords: Design and optimization, Radioactive source, Level gauge, Urea Reactor, Gamma-

ray, Simulation, MCNPX Monte Carlo code
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%9/3    	%6/5  ,� ,]94 �� .%��  �� �� �B :-�CY ,?)0�

:� *��m4 O�� ��1A 	 ���  �� �B  � @0 *� :-�CY �;)+

^	;] �� .;� ,(��3� �;� ���� ��1A 	 ��� ��1    :-�CY

��� �B  � @0 *� 3NH� O2H �2N   	2CO     ���� ��

Co210    ��1A 	bar  8/168  ,� ,]94 �� .%�� �;�&  ,?)0�

 � �;2� p;�  ��	� �%�� �87� �� ��	� ^��� ST� �*�B

  :0����� ^9�*A ��O2N4CH    ��  ��*��3NH� O2H� 

2N    	2CO   �,  :-�CY �� '0�� Q�9N3g/cm 02/1   �� 	

,�(� �� :�4� *�+ /�A*B *t2 ��  ���M��� ��9� � ��

  .%A*B ��*D 

  

  
w-�  

  

 W  

  
|  

6-"1.  ,�(�   �  :0��2  ��  @���`�  � 9�9�   ����?�&  ��87�  � ��

�;���  ,
��,�1Y :[�*\ 	 ��� ��,,
�� (w-� Q�9N  ,T.2 ,� (W ��

 .,T.2 @4 (|  

� �;2�  ��*�  �^�[ �87�  ��  ��	�  R�M4��  _�D�  �*�B

  ��	�  ;�-94  '�����949A  Q;�  �:���	*��  %(r  ���

  	  �0;�  �	;0  �� ����?�&  }�94  �;� � 9�9�

@���`�  R�M4�� ��� ��	� Q	�M�� ���,  Q�9N0  �10  �

20  �30  �40  �50  �60  �70  �80  �90    	100    *����2��

� �;2�   �  *�  }.A  �87�  �*MN  R�M4��  ��  .;�  �*�B

   �B n�+*43NH� O2H  �2N   	2CO     <[�*� �� 	 %��

:� ,A�g� ��	� ;P� .�9� 
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>��?1  .  ���� �� *c0*��� �� �9]9� ��� �B :-�CYCo  210    ��1A 	

bar 8/168  

 $ �� @�(  3NH  O2H  2CO  2N  

 �A�B�3g/cm 0988/0  891/0  191/0  098/0  

 

  ��*� ^�[  ,�1Y :[�*\ /0*�I� ,+ p;� ,� :������

,�  	   ����?�&  	R�M4��  �&  '(4  %��  _�D�  :�)�

:[�*\R�M4��  .;�  =��2�  ,�1Y  Q	�M��  ���  :�)�

,�1Y }�94 ��	� '0�� ST�  9��+�90��� ���Co60   	

Cs137  ,
��  :[�*\  ,�  ��  ,T.2  @4  	  ,T.2  ,�  ���


[*�  ��  .%A*B  Q�9N�1  �1Y�    %-�(+Co60 

�,,
��  Q�9N,�  ��*TD  cm8/0    R�M4��  	cm150   ��

) Q�6�7� �� 	 ,2�9��� ^9
� <V��36  �5/141  �0  	 (

��.�D�   ���  ��8��  	  %A*B  ��*D   ����?�&  �	*�	�

�949A  :-�4 }�94 :�A�0�� ���F4    ,+ ^9
� <3� ��

,
��  ����?�&  ��@���`� � 9�9�  :�  %A�0�� �;���


[*� .;0�*B�2  �1Y�    %-�(+Co60  �, ,T.2 Q�9N ��

*TD ��cm8/0    R�M4�� 	cm1  ) <N�9A ��86  �5/141  �

0) �(136�5/141  �0) 	 (186  �5/141  �0  	 %A*B ��*D (

�949A ��� �� .;0�*B %A�0��  ����?�& ,� �;��� ���


[*��3  �1Y  @0�  ,T.2*TD  ��  ��cm8/0   R�M4��  	

cm1  
N�A ���  )186  �5/141  �0  ��*D ( ��8�� 	 %A*B

�1Y ��*� �;� *+� <[�*� .;0�*B :��*� �;��� ��� �  

Cs137  ,�(�,� = O .;0�*B ��*?4 	 � ��  ,+ %�� *+�

*�)��  �1Y  ��*�  �Z*2�  �Co60   ��  �� �    �Z*2�

keV1500-300  �1Y ��*� 	�  Cs137   ��  ���   �Z*2�  

keV700-100    ��  <+  K���� 	  ;� ,�A*B  *t2  ��

 �� <V���  :-�4  � ���M)�� �� �;� ���� �Z*2� F4 <3� ��

,� �c� .;0�*B ,(��3�  ����?�& ^9
�  ,�0�.� �9t)�

  b���  :��*�  	   ����?�&  :[�*\  /0*�I�  W�7�2�  	

,�1Y ,� �0;��	;0  ����?�&,
�� ���,T.2 	 ��  ��

Co60    	Cs137 ��  �0;��	;0   ����?�&  �

,�(�� ��   ����?�&  /08C0�]  �;�  =��2�  ���

@���`�  � 9�9�  <?�)  ;�2   ����?�&  .(�	;0-

��0;NaI (Tl)    ��P�� ��5×5  :�2��  R�M4��) *��cm5   	

  R�P�cm5/2  ,�
N�A�  15  :�2�� ��  �87�   �  *��

)  Q�6�7�189  �5/216  �0  ��  _��T�  .;�  :[�*\  (

<?�2,�(� ��  �  R�M4��  ��  ��	�  ^��� � ��  ,+  Q	�M��

�,  Q�9N0  �10  �20  �30  �40  �50  �60  �70  �80  �90    	

100  �949A  ���  �%��  *����2��  ,�  �;���  ���

 .;0�*B ,(��3�  ����?�& 

  
w-�  

 W  

  
|  

6-"2. ,�(���P�� �0;��	;0  ����?�& ��87� � ��  ��5×5   	 *����2��

,�1Y :[�*\� ��,,
�� (w-� Q�9N�� ,T.2 @4 (| ,T.2 ,� (W.  
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��
���� ������ ��� ���� �������...          � �  � �!�� ��"�� # �$� %���� �&�' �(&�      

 ��%���
��# ������
$ 
  ���)��
 ��%  

   ,�  :��0 ��  �9t)�����   �  <N�[  a0��2���  

,�(�:[�*\  ��   ����?�&  	  ,�1Y  � ��  ���

 �  ���M���  ��  a0��2  �Q	�M��   �%��*�)+  ���*������

	  ;0�  ��;��  �@�?M4  Q�;D   K �*�  ��TV2R 

 .;0�*B :��0 ��  

 D�
����  

   ��C���  ��*�  %��*�)+  =9IM�  *C1�)�  ���

� �;2� 	� /�� K���� �)�& p`�V� �� n��)��  �*�B

:� *�+�;[ 	 <D�;[  *MN /�� %��*�)+ ��;.� .;���

����  *B�  ,+  %��  @0  	@0�82  @0  ,�  �� ;���  *4

 n��)�� 	 %�� *4,� *0  Q�9N,:� %��:;0& 

max min

max

I I
C

I


                               2 

maxI   	minI  ,�Q;�  n�4*4  (K����  �)�&)  ���

  %�� ,)��+ 	 ,)�1�� ]18 [.    

3�-�� E��F  

   @�?M4 Q�;D  ,�  /0*�?Y9+  �� *��m4  � �;2��*�B  ,+  

:�;2�94  }�94  R�M4�� a)�  5�714  �����  ��9� ����  

,+ ����  � T���� *0  :���94 ,(��3� �*+ : 

3                              max min

max2 ( )

I I
R

counts


  

maxI  	minI ,�Q;�  n�4*4  (K����  �)�&)  ���

  .%�� ,)��+ 	 ,)�1��max    ,)�1�� ���;2���� p�*32�

K���� �)�& � ,+,:� ,(��3� :�*�4 �9\  *� .�9�

/�0�� /�9-	 � ��;.� ,YW9
T� a0��2 ;��� *4  %�� *4

 ]18 [ .  

 

 

 

��  �
���  
     	  ,�1Y  :[�*\  :��0 ��  ���*������   �  :?0

.%��  ;0�  ��;��  *������  � ����?�&  ��  *������  /0�� 

:� ��12 �� ��	� R�M4�� /��P4;��.  

�;)( ��GH I�B(���  

     :��0 ��  �9t)�  ,�����,�(�  	  :�*�4  ���  ��  � ��

  ;+MCNPX �  ���M���  ��  a0��2  �    /�C2���  ��TV

:(�2 ��TV ;N�� (MRE%) .;0�*B ,�0�.� 

1

ˆ1
% 100

N
i i

i i

a a
MRE

N a


               4 

  ,+ia  	îa  ,�  	 :�*�4 *0��.� n�4*4,�(�� ��    	N  

���� <+ ��;P4 %�� ��   ]18 [.   

:�
�� ��GH
2R  

   ,�  �*C0�  *������  =�2K �*�  ��TV2R   ���  ��*�

)�I�  W�7�2�  :��0 ��  	  :)���    	  9��+�90���  ,�1Y

�  �&  :[�*\  	   ����?�&,,
��  Q�9N ,T.2  	  ��  ��

;0�*B ,H���  . 

7���( �  J+�  

   ,� �,P-�T� /0� �� :[�*\ � �� ,)�I� 	 ,�0�.� �9t)�  

�1Y�   �_�D� :�)� R�M4�� ��*�  ����?�& 	 9��+�90���

R�M4��  �;���,���  a)�  	   ����?�&  �,�1Y  <���  ��

� O�� ��1A 	 ��� �� �� �B 	 ��	� <��� �87�,
��	 �  

 %29� ;+    �9-��+MCNPX  ,�(�  �� a0��2 	 ;� � ��

 ,+ ;0�*B :�)� ��(�>� 	 ,�0�.� �<�
34 :�*�4 *0��.�

<?� �� a0��23 ;�& .%�� �  
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6-"3  .  @���`� � 9�9�  ����?�& ,� �;��� ���94*� Q;� ,�0�.�

  �� Q	�M�� ��	� R�M4�� �� � ,� ^��� w�Px4  � :��2 (K���� �)�&)

 .:�*�4 	 � �� ,�(� %-�[  

  	 ,�A�0 �0�8A� :-�CY �^��� �0�8A� �� �a0��2 �� _��T�

  �� 	 *�1�� ,�1Y  � :
��B ����B 94*� w�Px4  %0�I2

:�  ���+   ����?�&  ,�  �;���  ����B  ���94*�  .;��0

����  /��  :(�2  ��TV,�(�  ���  *��*�  :�*�4  	  � ��

%11    <���  :��0 ��  ���*������  /�)U��  .;0�*B

���� �9��*B� �/�9-	 � �%��*�)+  ,�(� 	 :�*�4 ���

^	;] �� � ��2    �;)�� ��12 a0��2 ,+ ;0�*B ,�0�.�

���� :?0�82,�(� ��� .%�� :�*�4 	 � �� 

>��?2.  �0�.��    :��0 �� ���*������,�  %-�[ �� Q	�M�� ��	� R�M4�� �� �

,�(� .:�*�4 	 � ��  

 *������   @�?M4 Q�;D   %��*�)+    K �*� ��TV2R  

 

:�*�4  619/0 8073/0  0/9911 

 ��9f4  562/0  8900/0  0/9977 

 

,� �c� �:�)���(�>�  � ��,)�I� �9t)�  ���;�Y � ��

���� /0*�I� W���+� ��*�  ����?�& 	 ,�1Y  %I] ��

R�M4��,�(� �:�)�:[�*\ �� � �� =��2� Q	�M�� ���

   �  <N�[  a0��2  �;�  ����  ���*������  ��  _��T�  .;�

:[�*\  	  R92  ��  �� ����?�&  	  ,�1Y  Q	�M��  ���

*\ /0*�I� W�7�2� ��*� .;0�*B :��0 �� 	 ,�0�.�  :[�

�1Y�   @0  	  571�   ����?�&  @0  �9��+�90���

  :[�*\ *r� 	 ,�A*B *t2 �� �� 571� �Z*2� �� ,�1Y

,
���1Y �;��� .;� :��*� ,T.2 @4 	 ,T.2 ,� ��� �

Co60  �,,
��  Q�9N  	  ,T.2  @4  	  ,T.2  ,�  ���

,
��   ����?�&  ��@���`�  � 9�9�    	  ;�  :[�*\

<?� �� a0��24-Y �c� .%�� �;�& w-��1 �  Cs137 

�,,
��  Q�9N,�(� ,T.2  @4 	 ,T.2  ,� ���  	 � ��

,
��   ����?�&  b���  ��@���`�  � 9�9�    :��*�

<?� ��  ,+  ;0�*B4-  a0��2  %0�I2  ��  .%��  �;�&  W

,�1Y  � <N�[  ,�0�.� *C0;?0 �� =908� 	 %-�(+ ���

<?� �� ,+ ;0�*B4- .%�� �;� ���� ��12 �  

  :[�*\ �a0��2 �� _��T�,
���1Y ���    /0*�I� 9��+�90���

  ��  ��  �9��*B�  	  /�9-	 �  �%��*�)+  �;0�  ��;��

 ��;�� .�*+ ,H��� ,T.2 @4 	 ,T.2 ,� :[�*\ �� ,�0�.�

   � ,T.2 @4 ,�1Y ��*� ;0�%80    R	*� ��	� R�M4��

R�M4�� n��)� 	 �;�  *0�� ,�0�.� ��*� 	 %��2 :�)�

:�2 ~�3- :��0 �� ���*������)� .��*B  ,� :[�*\ /0�*��

,
��  	  ,T.2 ,
��  :[�*\  ��  .;0�*B  ,�0�.�  ��  ��

 %��+,�  �9��*B�  	  /�9-	 �  �%��*�)+  ���  n�4*4

  *��*�89/0  �562/0  	9959/0  :-�[ ��  ;� ,(��3� ,+

  ,T.2 ,� :[�*\ ��*� ��*������ /0�881/0  �568/0   	

9706/0  � �;2����� .;� �*�B,�1Y  � <N�[ ���  ���

  ,����� ,� ,]94 <��D :?0�82 ,T.2,
�� :[�*\ ���  ��

,�  ,]94  ��  .����)08�  ��8���  ,�1Y  ;�-94  �O�� ���

,
��:� ����1Y :[�*\  � ��94 �  R�M4�� �� ,T.2 ,�-

a)�,��� ���  .�9�2 ���M��� �� 
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w-�  

  

 W  

|  

6-"4.  �1Y :[�*\ :��0 ���  � 9��+�90���,,
�� Q�9N ��  	 ,T.2 ,� �

,T.2  @4��  R�M4��  %I] ,� �;��� ���94*�  Q;�  �  ���M���  ��  :�)�

,
��  ����?�&w-� @���`� � 9�9� ��-  �1Y ��*��  Co60  W-   ��*�

�1Y� Cs 137 |- 	� *� �1Y� Co60  	Cs 137 . 

 n��)�  W�7�2�  ��*�  �;P�  =�B  ��  :[�*\  /0*4

�1Y  � ����?�&�    �Z*2�  	  :[�*\  ��  9��+�90���

,
�� :[�*\ *r� 	 ,�A*B *t2 �� %��r �� 571�  	 ��

 ,T.2  ����?�&  	  �0;��	;0   ����?�&  ��*�  ��  ��

,
��  ��@���`�  � 9�9�    ��  _��T�  .�0�*+  :��*�

<?�  ���9�2  	  a0��25   ����?�&  ��*�  ;0�  ��;��  �

,
��  ��@���`� � 9�9�  R�M4�� 	 %�� '��	�)� :

:� ��	�  /�0��  ����� Q�>�M4��  ��  ���  �9� =��2�  ;2�94

,T.2   ����?�&  ��*�R�M4��  �0;��	;0  �� ��  :�)�

  ST�  �  	  %��2  *0L�  ��?��  /�0��  o9T�%80    ��	�

:�  �9��*B� ��;.� /�)U�� .;0��2 R�M4�� /��P4 ;2�94

,
��   ����?�&  ��*�  ��@���`�  � 9�9�  9959/0  

  ,�0�.� �� ,+ %�� ,T.2  ����?�& ��  �� �0;��	;0 ��

 �9��*B� ��;.�6147/0 .���� �*4*� 

 

6-"5 .._�D� :�)� R�M4�� %I] n��)�  ����?�& W�7�2�  

�!��(���/  

   :0��2&   �R�M4��  ��  ,+ �87�  ��  ��	�  :�)�

 ��1A 	 O�� ����� ���� �� :0�� �B 	 ��9� �:���	*��

:� �;)��� ��0   K	�  � ��94,��� W*7�*�X  <��� ��

  b��� ,� :������ ��*� .�9�2 ���M���  ����?�& 	 ,�1Y

R�M4�� ,���2 �� 	 n��)� �,�;)� :[�*\ �_�D� :�)�

�
0	  %����   �   ����?�&  	  ,�1Y R92  ����9V*�  ��

,�  ,]94  ��  :[�*\  /0�  ��  .%��)08��   ;�-94  �O��

,
�� ,�1Y  :V*� �� 	 9��+�90��� ��  %V�� =;> ���9�

,�1Y,
��  ���  �  ���M���  ��?��  ��91+  ��  ��

,�1Y,T.2  ����  571�  <N�9A  ��  ��,  ��]

,�1Y,
��  ���  ,]94  ��  .%A*B ��*D  :��*�  ��9�  ��

,�� a0��2,   ����?�& b��� 	 :�)� R�M4�� �;�& %��

,
��  ��@���`� � 9�9�  �1Y :[�*\ ,��    ,T.2 ,�

:�9V :?0�82 	 _A�94  �1Y :[�*\ �� �  ,
��  .���� ��

� :[�*\ �� ,�1Y /0�*��)�,:� ,T.2 ,� Q�9N ;2�94

� :(��)� /08C0�],,�1Y ��],
�� ���)08� �� ���   O��

;)��� .  
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