
dx.doi.org/10.22093/wwj.2022.338942.3253 49

����� � �� 	
�� Journal of Water and Wastewater 

��� ��
���� ����� ����� Vol. 34, No. 1, 2023 

Case Study

Journal of Water and Wastewater, Vol. 34, No. 1, pp: 49-65 
An Online Calculating Model for Leachate Production 

in Mazandaran’s Waste Landfills; 
(Case Study: Babol Municipal Waste Landfill) 

N. Soleimani Amiri1, S. Ebrahimi2, M. Emadi3, O. Abessi4*, M. Peyravi5

1.	MSc.	Student,	Dept.	of	Environmental	Engineering,		
Babol	Noshirvani	University	of	Technology,	Babol,	Iran	

2. MSc.	Student,	Dept.	of	Computer	Engineering,		
Babol	Noshirvani	University	of	Technology,	Babol,	Iran 

3.	Lecturer,	Dept.	of	Computer	Engineering,	School	of	Electrical	and	Computer	Engineering,	
Babol	Noshirvani	University	of	Technology,	Babol,	Iran	

4.	Assist.	Prof.,	Dept.	of	Environmental	Engineering,	School	of	Civil	Engineering,	
Babol	Noshirvani	University	of	Technology,	Babol,	Iran	

(Corresponding	Author)	Oabessi@nit.ac.ir	
5.	Assoc.	Prof.,	Dept.	of	Separation	Processes,	School	of	Chemical	Engineering,	

Babol	Noshirvani	University	of	Technology,	Babol,	Iran	
 

(Received April 23, 2022      Accepted Oct. 15, 2022) 
 

To cite this article: 
Soleimani Amiri, N., Ebrahimi, S., Emadi, M., Abessi, O., Peyravi, M. 2023. “An online calculating model for 

leachate production in Mazandaran’s waste landfills (case study: Babol municipal waste landfill)”  
Journal of Water and Wastewater, 34(1), 49-65. Doi: 10.22093/wwj.2022.338942.3253. (In Persian) 

Abstract  
Leachate production and management is a challenging environmental issue in municipal 
landfills and depots in Iran. Leachate contains toxic materials, heavy metals, and organic and 
microbial pollutants on a significant scale. Its uncontrolled entrance into the surface, 
groundwater, and soils can also substantially inverse impacts on human health and natural 
habitats. In Mazandaran province, during the last decades, depots and landfilling of municipal 
and industrial waste have led to environmental degradation in its eco-sensitive natural zones and 
brought a series of health, social, and security challenges to the region. Due to the region's high 
precipitation rate and landfills with no cover, these places practically convert into an extensive 
resource for leachate production. To diminish the environmental impacts, a lot of work has been 
done in recent years to develop a sort of leakage gathering system and treatment plants in these 
landfills, based primarily on an overall estimation. In this study, a calculating computer model 
has been developed for leakage production based on regional climate conditions and the 
characteristics of municipal waste. This model is different from the HELP model, which is 
commonly used for sanitary landfills and is specifically developed for the waste depots of the 
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Mazandaran province. In this model, hydrological methods, which are based on the water 
balance in the landfill sites, were used for the calculation. The developed model was uploaded 
as an online service for public use. By referring to the internet address provided, the developed 
model in the landfill part and the leachate section, the amount of produced leachate for the 
landfill site of Mazandaran province can be calculated. Also, the leachate volume of the Babol 
Anjilsi landfill has been calculated as a case study. As a result of this study, the lowest and 
highest amount of the production leachate for hot and dry months of the year (June and July) 
and for wet and rainy months (October) was about 63.39 and 260.07 cubic meters per day, 
respectively. 
 
Keywords: Landfill, Leachate, Depots, Calculating Model, Municipal Wastes. 
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 �¢�( �* ����(�� �!#��!* ��!���!* ����* ������ �a!��� ���%	!7

 4y���> �������?# 0� �����6!26 ��
��� ��
���!$ ��!��$ ����¡$ ������
�!(
'��	�N a�%5 ���<� �����$� � � ���
EE��!�� '�1�*� J�	� '�1�*�
�

 J1����� ���� +����� '�1��*�
� ���
$
 '��� � �� ���#������(>� �
���
� .(7�- '�1*� J	� '�1*�
� J	�&�*�.

���!(����$ �!��S�� ���� '�����$��� '�1��*� ����� ���$!6 ���� ���*� ��
�� 27 �(��> �� �� �� '�1*� '�!& ��S ��� �$�1���!� � �� �� ;� &�&

 4 �Y& �!<7 � D�(���#�S27 . �1��� @�*!& '�1*� ��� �!�# ����
 ����0� �	��	�� ���� ��� D�(�� �� � ��,�K� �!�<7 �� ���%�� MA&��

��� �� .�$� J�	� ��!2b� ���� � j��� � ��O ��	�� �� ��	��$ + ��
�
 ����� '�1��*� ���$��1	�� D���1.� ��!���� �!��,�� � ����� �� �� 

� .��*� B��5�A&�� �� (���* � D��1.�) �$�1��!# '����$��� '�1�*
�� �
 @	���� ��	�� N��Q7 �� .>!� +� �� ��r��O v<�7 � �	�!��

+S<7 �� 45� �5!<1� ��� 6 ��!- ������<(� � M�&��� ��!�%$� ����
���� �����K .�~�}}} J��	� �K������ �� M������1�!2 #��� '�1���*

+S<7 J�
- '��1O�� �� �	�� �� + ��"& ���� ��L��� '
 �Y���� � ��
��� ��.&�� �<1�� �$!��� k,�<� � �����"# ���.(Office of 

information and statistic, 2018) +���� ��3'�1��*� ������0�
'�1*�
� � '���$��� '�"$ '
 ��� ���� .�*� ��� 

�:�:	��QA i�� � Z?� ��@� .[�3� %�3@� \�B�� �� 130� 1�!
\��,"A�� 

�� �������� ��20� � ��#�(1�� R �	�	��� +  �'�1�*� �� ��
�� ����
 +>��K ����� '���$���|�+�0� ����	� ����.& � D��.N J�N� +0�

��� ��� ���� � 8�!# �(	�> JN����� .�*� ��7!& �!�7� ���||
'�1*�
� �� �O�� ��!"# �*� * B�( �Y& �� '�1*�
� '�1�*� ���

� J	� � �1��� D�.N JN� +0� 8	 �� � � k,��<� ��# ��*� ���K �
��� �1��U6 ��� �<� �, � $ ���.1� ������ J�N� � !�-� +�0� '�!�<5

�� ���A1*� �>!� �!,��� ������# ���� �	 � ��� ��� '!<#� �# ����
�1N�	 x�=1O� (�%* ��gN �	 r��-) �S	� .�$� 
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Fig. 1. Mazadaran province and the location of its cities 
 DE��c����0�'�1*�
� � .>!� � '���$��� '�1*� '
 ��� 

Fig. 2. The geographical location of 27 landfills in Mazandarn province in Google Earth 
 DE��c+0� �	� N��Q7 � .>!� JN� ���|�i�� +6!6 @ 0� �� '���$��� '�1*� �$�6 

+0� �	� N��Q7 � .>!� +��� �� '�1�*� D��.N JN� ���|���
 .�*� ��� �� "# �	!=&3��+�S<7 +O�� �� �#���� !�-� ��#��

 ��!# �� ����� JN����$�O��� ��<# �� �#��~+K��* ���<# �� ��#��
 � J l*�# ��	��|J �� '� � �� �#�� M�>�� '�1�*� ������"# ���

��� .�$� 
�� a�*����`- ���� ��$�( 2*�'����(� ����7!& J $�!> ��

 �	�	�� ����6!26 ����
�� ������ J�N� � !�-� ��#��� ��!"# �$�(�-
 ����%	!7 �(�
�� +� 2O � ?# 41*� ��
"
� JN� +0� �* ��) �
"
�

4y�> �?#� # �� (<
� '��	�N ���2��� ��
� �� A�* +�- ��
��	� ����<#
'��� ��
�!$ �+�
 �+��� ����* ���^
 a�%5 ����
�?# ����
 � ����


R k,�<� '� � �� ����� M>�� '�1*� �b* �� ����� JN� ���� ��d�� 
��� +0� � �$� '�� � �� �!�$ � a!���� �J����<& ����
�� J�N� ���

'��� �� �!2b� ��� ���� ���d� ���� 4�#�� �����K ��# J�N� J#����
�Yb<� �� ����?# � ��6� � ���$ ����
� M�>�� �%*�<� V�1%�$ ���

��� ��$� (Amirsoleymani et al., 2020) B��=W"� � �� .>!� .
J	� +0� D��7 �� JN� ���3���I?O B�!I���
 .�*� 
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��,J �c+0� B�=W"� � � .>!� ����� JN� � !-� ��� '���$��� '�1*� ����
� �� �� 
Table 1. The location of waste landfill and depots in different cities of Mazandaran province 

No. Area 
(Hectare) X Y City County Name of the 

landfill 

1 1 753552 4067566 Galogah Galogah Municipal 
waste land 

2 - 730264 4063276 Behshahr Behshahr Municipal 
waste land 

3 - 717718 4059796 Behshahr Rostamkola Municipal 
waste land 

4 - 736468 4065331 Behshahr Khalilshahr Municipal 
waste land 

5 - 710196 4054335 Neka Neka Municipal 
waste land 

6 10 747137 4004196 Sari Kiasar Poshtkooh 

7 7 662927 4039715 Ghaemshahr Ghaemshahr Municipal 
waste land 

8 0.4 662023 4048208 Ghaemshahr Kiakola Municipal 
waste land 

9 4.2 672371 4058015 Juybar Juybar Municipal 
waste land 

10 37 685047 4000908 Savadkooh Polsefid Asas Forest 

11 1.7 678210 4007798 Savadkooh Zirab Chaharnasie 

12 0.4 672062 4021642 Savadkooh Shirgah Mahcheben 

13 0.05 663920 3991652 Savadkooh Alasht Municipal 
waste land 

14 29 652302 4019404 Babol Babolkenar Anjilsi 

15 5 644565 4063090 Babolsar Babolsar Eighth parking 

16 - 655974 4059279 Babolsar Bahnemir Municipal 
waste land 

17 2 632679 4060594 Fereydonkenar Fereydonkenar Municipal 
waste land 

18 9 622161 4008919 Amol Amol Emarat 

19 8 594921 4037431 Noor Noor Vatoshan 

20 6.5 546071 4052295 Noshahr Noshahr Municipal 
waste land 

21 7 536130 4051971 Chalos Chalos Palham kohi 

22 2.5 4041740 519150 Chalos Kelardasht Pimbor Forest 

23 3 526125 4035447 Chalos Marzanabad Municipal 
waste land 

24 3 511236 4051229 Abasabad Abasabad Municipal 
waste land 

25 1 521828 4061702 Abasabad Kelarabad Municipal 
waste land 

26 8 483661 4061414 Tonekabon Tonekabon Pardesar 

27 5 422473 4077712 Ramsar Ramsar Kalkoli 
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j��� J S$� � �� '���$��� '�1*���3 �2 � ��� ���R �� ��# �1�
�� h�� ��� �1�*�# '
 '�� � �� {	��& �!�,�� �� ���	 ��!�� J	��&

 �� �� '
 �� ����� � �!& �$��* �# �*� �!"# f�Y$ ���	� ����K �� �
�� � ����}} t���6 ��� �����*�J��	��� . J��N� � !��-� ���#��� ��

�	�� �'
 �� ����� �1���
�� R ���� � � �!& � �6�!�
 ��d	� �.1�� V�
 .�<1�� 

�:�:	Q�3#� j��=� �,� 	@�Z* 
�����>�� ��� ��� $ �J�N� +�0� �� ���� �� �� �!& '�� � ���
�� ����
 ��$��!� �� �!�_<� .��*� '
 ��� �7��O � ����� �
 ���7 �$��!� 
�
 �����Y� ����# � J��N� +��0� ���� ����� �
 �����Y� �%��*�0� ��
 

�U7 �� ���  *� �<�#�� �� ���� /�=� ������ �2 � �	� ( �� ����
�� +0� �� �7��O �
 ���Y� +��> ���� � ���Y� .�*� � W%& B�!I

 ���!,� ����
S$ � N�n �� ����� �# �*� ��
 ���Y� �� ����� � �!&
 �� �!& J�N� +�0� �������!�� B���$�	�7 +���� ����� �
 M���<� .

 +�0� ��� ����� (�!7 B^��$) j��� ��0b*�	� ���!,� �J�N�
 ���A1�*� �"�!- ��!� �� �!7!� ��!,� ������ �!O �� �!7!� ���� �

��) M	�� ����$�(�- �	 � Jd� ��!,� �&�!I ���d� '
 �� 2W& ��#
�7��O � (���� � �
 � +0� �� � W%& +��� ��(5 ������ �1N� ��#

�� .�*� ���� � � ��6 + �"& J	� ���� ���� �.�*!& D��� �� ;� &�&
0� ���� ���� � �%*� ����.�3�*� ��� ��
<" - 

)[(
LO = [ER. (AQ) + ER. eAfg + ER	(Ah) + IRCA	 + Iw +
leachate	 − [awk

'
 �� �# 
�� �!& ���� � 4dK(m;)LO =

�Cw� j���(m)ER =

D!2* �K���(m�)Ac =

���� � �TL!K �K���(m�)Ap =

����� Jd� �	 M	�� ���(m;)IW =

��� �� �!- ����gN �� �
 o!A$(m;)IRCA =  
��� ��!- JN� +0� �K���(m�)AL =

����� � ��� ���� �(m;)Leachate =  
����� �U7 � 2��> ��a = (S

H
lR8)

��� �1��%$� ����� '��w = (Ton)

�� J	� ����.� ���� ���� �� '��� � �%�*�0� ����� ��� $��!� ����
��%5B:�� �$� 

) JN� +0� ��� � D�.N �K���Ac;�K�� �(m�
�� �!- �K��� ) JN� +0� ���AL;�K�� �(m�

) ���� � �TL!K �K���Ap;�K�� �(m�
�K�� �� ����� �$���� ����� '�� �Ton/day 

��K�� ��� ����� ����� ���S�SH
lR8����� ��)3/}��&�/}��# ��*�

4#��1� ����� ���� ����/}�&�/}4#��1�� R ����� �|/}��&~/}
�*� ((Ireland EPA, 2000) 

���� ��) ����� ��!,� �I��3��&���� �  Q& �I�� (�<# 
D��7) �.>�� � W%& �� + �$�1- � W%& +	�%& ;	�L|(

��� ;�.���1� ;��K�� ������� @�*!& ���� � �U7 � N�n ;	�L
����) ;.���1� ���S�3��� ������ ;	��L J�	� ;�.���1� ��� J�&

}|�/}���S� ���� ��/}��� ������ ;	��L J�	� ;.���1� �� J&
}3/}(�*� ;.���1� �� ;.���1� (Ireland EPA, 2000)  

���� ��) ���� � �� ����� ��!,� +	�%& �I���}�&�}(�I�� 
!- �(�> �� ����� �� j��� o!A$ �I���� � D��7) ���~(

��� ;�.���1�) M	��� ����$�(��- �	 Jd� � 2W& �$���� J S$� � ���
(� $�C 

����� ��) ������ �b�* �� � W%& �� �.>�� � W%& +	�%& ;	�L}�/}
�&~/}(

;�K�� ��$^�* � �$���� j���m���� �� �1N�6��)��S1�	� ��� ���
'���� � 8 1-!< * (�� $ B���� �d<* 

1- � W%& ;��K�� ��$^��* � ��$���� + �$�m���� �� ��1N�6��)����
��S1�	� '���� � 8 1-!< * ��� (�� $ B���� �d<* 
������.� 3�ER k�	�, �� � ��*� �Cw� j��� ���Y� �����.�|

�� �� �*� �	
 

)E(ER = R − AE 

� �#'
 �
R� �$���� j���AE �� W%& ���L ��� �# �*� �.>�� � W%& '�� �

�� +	�%& ;	�L �� + �$�1- �� �*� .�	
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�� ����.�3D!2�* '�(� �	 D�.N �
%7 �	 �K��� �� o!A$ '�� �
 �� JN� �#�� ��� ����.�~���� �*� �	
 

)]((R − AE) × A�

'
 �� �#Ac

.�*� JN� +0� ��� D!2* �	 D�.N �K��� 
�� ���� � �TL!K ��� j��� '�� � J <T(� ����.����*� ��

�� �	
 

)�((R − AE) × An
'
 �� �# 

Ap� ���� � �TL!K �K���.�* 
�� ���A1�*� ��� J�N� +�0� ���� �� ��!- �K���� �� o!A$ '�� �

 ����.�����
�����!� 

)G(ER × Ah × C 

'
 �� �# 
AL�� �!- �K��� � �*� JN� +0� ���C��� j���� o!A$ �I��

� +0� �� ��� �� �!- �(�> .�*� JN 
IW ������.� 3����� �� �� 2W& Jd� �	 �?L�N M	�� ��� ����

 h?,� JN� +0� �����!� ��� �� ;.���1� ;�K�� �#.�*� 
�� ���A1�*� �� ����� �� ���$ � ��� ���� � �����.���%�*�0� +���>

�*� 

)�(����� ����� '�� � ×  ������ ���!,� �I��×+	��%& ��I��
�� � �� ��!,���Leachate = 

:�� �*� ����� �� �!& ���� � z!(d� �	�
$ �� 
= z!�(d� ���� � + ���� � D��.N �K���� �� o!�A$ �� ����$ ���� ��

 j��� �� ���$ ���� � + ��� �� �!- �K��� �� o!A$ �� ���$ ���� �
 �� ��� ���� �� + M	��� �� 2W& � Jd� �� ���$ ���� � + �TL!K ���

 ����� �� ���$ 

	� �� ��� �*� �� �# ��!,� �� �"W� �$��!� J��� f!���� ���
 �� �# �*� ����� @*!& ���� � �U7 � N�n ����.���%�*�0� +��>

�*� 

)H(aw = �����	�����	'�� �× (�U7	��<<#	� N�n÷
�����	���S�) × days 

�� $ ���6 ���(� �7��O �
 �	 ����� �b* �� � W%& �%*�0� ����
 �� ����.����*� ��� ���A1* 

)�(��.>�� �� W%& =J�N� +�0� �� � W%& z!(d� ×  +	��%& ;	��L
����� �b* �� � W%& �� �.>�� � W%& ×  ��� � D�.N �K��� 

'
 �� ��7��O ���!,� ���# ��� �2I�K ���� � '�� � �	�
$ ��
����� ����.���� �!� ���!O 

)�(����� @*!& ���� � �U7 � N�nc��� �b* �� � W%& �
 ��	 ��
 ��6 ���(� �7��Ocz!(d� ���� � =) �� �!& ���� �SH

SR8�!(

�:�:
��� %��I��Z! 1�! 
��#��� �� �� W%& � ��� �j��� � .L� ��( 2>� @	��� �	�"& ����

���� �JN� "# �*�<��!� '����* �$���* �� '�1*� �*�<��!� �����!

��,J�cW%& �� + �$�1- � W%& +	�%& ;	�L�.>�� �  
(Chow et al., 1988) 

Table 2. The conversion coefficient for potential to 
actual evaporation (Chow et al., 1988) 

Month Conversion coefficient
April 0.73 
May 0.74 
June 0.76 
July 0.77 

August 0.77 
September 0.77 

October 0.7 
November 0.63 
December 0.6 
January 0.6 

February 0.7 
March 0.72 
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��,J�cr�O �� '���� o!A$ �I�� m21W� ��� 
(Chow et al., 1988) 

Table 3. Percentage of rain infiltration in different 
soil type (Chow et al., 1988) 

Soil type Land slope% Infiltration%

Sand 
0.5 – 5 60 
5 – 10 55 
>10 45 

Potted sand 
0.5 – 5 55 
5 – 10 50 
>10 35 

Potted soil 
0.5 – 5 50 
5 – 10 45 
>10 35 

Potted silt 
0.5 – 5 50 
5 – 10 40 
>10 30 

Silt 
0.5 – 5 45 
5 – 10 40 
>10 25 

Potted clay 
0.5 – 5 40 
5 – 10 30 
>10 20 

Silty clay 
0.5 – 5 30 
5 – 10 20 
>10 10 

Clay 
0.5 – 5 25 
5 – 10 20 
>10 8

�����'��� �� �
�!$ � ����� �+ O��> ���2��� 8 1-!< * ��S1�	�
��S1�	� J	� v *P& D�* �%��!$ ��� �& ��|}|} ��� �N�	��.(Iran 

Meteorological Organization, 2021).
��S1��	� B�5?,� J <T(� '����� ���� �� ��� $ B���� �d<�*

+��0� B�����d� J��N� ������j������- � ���N�	������ .���� ���7!& ����
� .>!� ��S1�	� ��� +0� � �� $ B���� �*�<��!� ��� J�N� ����
 �'�1*�|�	~8�	 � J�N� +�0� �� /��,� �� �� $ B���� ��S1�	�

��S1�	� �� ��!� (J�N� +�0� �� ��	��$ B�!I ��) 8 1-!< * ���
���� � ��W1$� '
 ���*������� j��� B������ J S$� � ���Y� .

	� J	� � W%&��S1� ;�*�0� D��� �� � �%�*�0� +�0� ��� ����� ���
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Fig. 3. The location of the synoptic station and weathering station for the ministry of energy 
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Table 4. The monthly average evaporation of landfill sites for the cites of Mazandaran province 

Landfill 
sites 

Evaporation 
Sept. August July June May April March Feb. Jan. Dec. Nov. Oct. Total 

Galogah 161.35 204.05 203.7 192 139.35 95.3 31.6 17.15 19.45 40.2 72.75 107.45 1284.35 
Behshahr 113.85 157.05 146.4 140.9 95.85 67.05 41.2 25.1 23.75 28.5 41.65 72 953.3 

Rostamkola 113.85 157.05 146.4 140.9 95.85 67.05 41.2 25.1 23.75 28.5 41.65 72 953.3 
Khalilshahr 105.35 149.75 140.5 132.7 91.35 65.95 40.3 26.9 26.25 31.3 42.6 68.6 921.55 

Neka 113.85 157.05 146.4 140.9 95.85 67.05 41.2 25.1 23.75 28.5 41.65 72 953.3 
Kiasar 153.2 186.75 170.45 165.5 116.75 77.45 25.55 4.8 11.15 26.85 61.6 94.5 1094.55 

Ghaemshahr 108.8 141.3 128.2 122.2 96.05 74.95 47.8 38.55 34.05 38.85 53.1 79 962.85 
Kiakola 109.7 151.85 138.3 130.2 95.2 72.35 42.15 27.9 21.1 26.2 37.15 67.75 919.85 
Juybar 109.2 138.6 138.2 127.15 91.55 67 38.5 26.5 22.85 27.75 43.95 71.85 903.1 

Polsefid 111.2 152.9 144.05 137.85 96.55 71.9 42.25 28.85 23.05 25.8 41.95 72.9 949.25 
Zirab 114 143.95 122.55 122.95 96.6 77.9 55.85 40.65 32.4 38.85 54 81.95 981.65 

Shirgah 123 152.7 125.5 118 89.95 62.65 23.95 16.35 15.7 23.25 44.35 77.8 873.2 
Alasht 109.7 151.85 138.3 130.2 95.2 72.35 42.15 27.9 21.1 26.2 37.15 67.75 919.85 

Babolkenar 120.05 140.85 111.05 114.55 88.15 59.45 7.85 2.5 4.25 17 48.75 81.95 796.4 
Babolsar 97.35 122.2 106.3 107.35 85.6 67.75 42.95 29.4 28.85 34.4 47.05 68 837.2 
Bahnemir 109.2 138.6 138.2 127.15 91.55 67 38.5 26.5 22.85 27.75 43.95 71.85 903.1 
Fereydon

kenar 109.2 138.6 138.2 127.15 91.55 67 38.5 26.5 22.85 27.75 43.95 71.85 903.1 

Amol 111.2 137.4 134.25 117.05 86.7 65.05 38.1 30.35 30.8 37.05 50.9 74.55 913.4 
Noor 95.55 120.4 101.3 107.75 87.9 58.4 23.05 14.5 19.35 32.75 55.65 73.75 790.35 

Noshahr 99.4 130.45 119.3 113 80.9 47.05 21.6 16.65 17.4 22.75 40.1 66.9 775.5 
Chalos 125.95 181.8 170.2 157.9 102.95 67.3 33.35 22.95 25.35 30.8 44.1 76.9 1039.55 

Kelardasht 125.95 181.8 170.2 157.9 102.95 67.3 33.35 22.95 25.35 30.8 44.1 76.9 1039.55 
Marzanabad 113.75 155.65 142.15 137.7 96.65 64.65 24.05 14.45 16.9 26.4 41.95 74 908.3 
Abasabad 113.75 155.65 142.15 137.7 96.65 64.65 24.05 14.45 16.9 26.4 41.95 74 908.3 
Kelarabad 84.1 119.6 108.65 108.85 75.45 45.2 17.55 11.7 10.9 17.1 30.55 53.9 683.55 
Tonekabon 96.3 145.75 136.7 129.05 81.75 47.85 26.85 20.2 19.35 21.5 32.7 56.8 814.8 

Ramsar 79.7 123.25 98.4 94.75 65.7 38.75 20.15 12.45 12.6 20.4 29.3 50.5 645.95 
Galogah 89.15 116.45 117.85 114.4 81.35 62.45 22 13.35 10.4 23.25 40.8 58.7 750.15 
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Table 5. The monthly average precipitation of the landfill sites for the cites of Mazandaran province 

Landfill 
sites 

Precipitation 
Sept. August July June May April March Feb. Jan. Dec. Nov. Oct. Total 

Galogah 52.35 21.05 30.75 23.85 32.3 43.8 60.1 65.85 51.75 77.7 77.65 74.8 611.95 
Behshahr 45.4 18.55 27.25 25.15 36.1 51.55 64.75 65.7 55.05 75.7 88 94.2 647.4 

Rostamkola 48.95 22.3 29.9 24.65 33.8 46.6 64.7 68 56.85 80.1 87 82.65 645.5 
Khalilshahr 46.75 21.2 27.3 24.7 38 50.2 64.85 66.45 55.15 77.55 84.6 91.25 648 

Neka 63.525 29.95 43.3 28.4 45.3 57.7 74.2 80.65 57.05 92.3 83.05 82.7 738.125
Kiasar 37.2 20.45 27.7 25.35 30.45 41.05 53 55.75 35.95 54.1 55.6 49.3 485.9 

Ghaemshahr 51.27 31.97 38.47 36 42.9 50.43 54.83 55.77 46.67 60.3 60.17 60.77 589.55 
Kiakola 73.85 34.8 39.5 29.05 40.4 54.25 74.25 77.55 64.55 95.1 99.75 100.5 783.55 
Juybar 57.05 27.65 27.05 21.35 27.85 40.65 61.05 68.25 62.85 89 94.15 90.9 667.8 

Polsefid 66.1 33.35 31.95 20.9 33.85 48.7 68.45 76.3 74.2 103.8 103.55 94.5 755.65 
Zirab 49 26.2 39.4 31.7 36.8 51.65 54 53.35 36.1 55.85 51.05 45 530.1 

Shirgah 37.95 23.8 36.7 28.15 35.4 48.3 54.95 63.25 47.3 57.05 46.2 39.3 518.35 
Alasht 108.65 67.7 74.9 60.45 71.35 77.8 90.35 84.9 73.4 98.55 99.3 128.55 1035.9 

Babolkenar 33.95 21.6 41.15 29.25 36.25 44.65 51.75 53.15 41.15 49.25 42.05 27.4 471.6 
Babolsar 111.95 66.6 71.0 60.1 71.55 72.9 93.3 86.6 73.75 97.35 98.75 137.85 1041.7 
Bahnemir 76.9 33.9 29.65 16.75 21.3 38.3 58.35 78.5 85.8 123.7 125.95 123.65 812.75 
Fereydon

kenar 69.95 33.55 27.95 15.85 24.15 38.15 57.8 76.2 79.85 118.6 116.15 107.6 765.75 

Amol 76.2 33.55 29.35 16.55 21.05 37.9 57.8 77.7 84.95 122.4 124.6 122.45 804.55 
Noor 61.3 35.7 45.6 37.6 44 52.1 57.9 57.8 48.1 60.5 61.6 64.8 627 

Noshahr 63.1 24.85 43.9 27.7 35.25 45.3 54.65 52.3 47.45 78.2 87.35 85.4 645.45 
Chalos 157.31 54.15 60.7 48.15 52.4 63.65 87.1 114.3 108 169.2 215.9 226.15 1356.9 

Kelardasht 79.35 27.55 34.7 25.3 32.1 42.85 52.65 66.6 59.8 90.45 121.2 115.15 747.7 
Marzanabad 34.25 20.35 25.7 18.3 31.35 41 42.7 45.75 34.25 48.6 53.35 42.05 437.65 
Abasabad 21.65 11.25 15.25 11.75 21.75 31.2 31.8 36.5 27.2 40.3 46.25 35.05 329.95 
Kelarabad 181.7 72.3 83.4 62.2 70.8 88.75 109.7 126.35 119.15 164.2 213.65 239.6 1531.75
Tonekabon 179 72.6 81.75 61.95 70.4 89.15 110.55 135.2 118.95 175.5 219.95 248.55 1563.55

Ramsar 99.6 48.1 61.75 44.25 68.85 77.75 88.1 82.2 67.15 101.7 135.9 126.2 1001.55
Galogah 121.3 42.9 59.2 45.95 70.1 77.3 81.85 90.55 75.8 102.1 135 176.65 1078.7 
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Fig. 4. The location of the Babol Anjilsi landfill 
in Google Earth 
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��,JVc���A1*� B�5?,� ���*�0� ����+��� ��2 d$� JN� +0� �� ���� � �% 
Table 6. Data used for the calculation of leachate in the Babol Anjilsi landfill 

29 hectare Total area
8.5 hec Depot area
5 hec Covered waste area

3.5 hec Uncovered waste area
32 km Distance to city

At the highest point: 440 m
At the lowest point: 350 m 

Elevation of this place above sea level

13.5 oCAverage temperature at the depot site
1041 mm Total annual rainfall
837 mm Total annual potential evaporation 
200 Ton Daily depoting waste

0.5 Ton per cubic meters Waste density
55% Waste moisture
Clay Soil type
30% Land slope

60% 
Percentage of waste moisture 
conversion to leachate 

0.01 (Dimensionless) Waste adsorption capacity by waste
10 Cubic meters per second Average monthly discharge of sludge

0.1 (Dimensionless) 
Conversion factor of real evaporation 
to evaporation from the waste surface

.(Next.js, 2022) �	�($ ���� J <T(� ���Y����� ���!�($ B�!I
 �<(&��> �$�W��1#Recharts �� ;*�<� �	�($ � ���n �!%
� ���� �

����$� �$�W��1# �� m21W� ���tailwindcss  ��*� ���� ��1N�6 ���
�
(Recharts, 2022, Tailwindcss, 2021).

B���5?,� ���
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M(7 �2K�� .�� $ D�� �� $��!� ���� ���
 4 ��Y& ��W� �� ��� ���

�*� ���:���� +��� D�� �2K�� 8�� �� �# �<1�� �	�� ��$�3D��*��
�� ���� J	� �# �$!� �$���� j��� J S$� � +��� ���*� �� ���� �# �

���� j����- �� JN� +0� 8�	��$ ��� � ��*�<��!� ��S1��	� J	��&
'���� M(7 �d<* ��*� �&�5?,� +��� t�� �2K�� .�*� ��� ���


���� �Y��� � ��� ���� ����# @*!& �# +���� �� D��� ��� $��!� ���
�� ���� '��# ���� �� v- ����# .�!� �� �%�*�0� �(#� �� $��!� ���

���� ����"N �� � ����� M��(7 B���5?,� ���_0� J��	� ����� ���
������
�� ���� D�� �� j����- ��7��O �� ���A1�*� ��� vl�* � �!�� ����

�%*�0� �� ������7 � �����!($ D�+��� �� �#G���� ���� '��"$

 
1 Back End 

�*��� 4 *�& �!� �����!($ J	� �� ��d� ���A1*� � ����
S$ ���� .
�� Oo � 2��> *� ��� ��$�d<6 �
$
 �� � $ ���*J	� �� .�8�< � �� $

�� �$���* �� ���� � �W� �# �� '�!&nitEnviro �*�1*� .�N�	 
�� J	� ���� ���� �� �; &�& �� ��� �!& ���� �� '��� � ��20� ���

����� JN� � !-� �#�� ���� 8� �A& ��� +��� ��� ;��K�� D��* ����
 �%�*�0� ��� ��� ;�.���1� � ��� �� ;.���1� ����!�� a��*� ��� .

���Y� �D��7) �����'
 �0I �# ( ���	J�	� '^!q��� �� 	P& ��
 �� � �*�� �#�� J	� '��� � ���� $ �� 	P& +���> '
 ��>� ���`�-

����� JN� � !-� �#�� �� �� �!& ���� � J �� (���2 d$�) +���� ���� 
+>��K ~�/�~��� �� ;.���1� ��#���K �& �������O ��}�/|�} 

�*� � Q1� ����
� �� ��� �� ;.���1� ��� .�J�	� ��#�� J�	� ;� &�&
����� ��0�� � �����N 4�_5� ��W� �# �L�K @	��� �� ��
� ���

����� �� �� j���� J S$�� � ��� ��20� �� ���
 ���gN �� !�-� B�!I
�� � � 3}}} �2 � MN� �1����!��� �$���� ��� � �� @�*!1� �!,

3�} �� � �!& ���� � ;.���1� o!A$ ���� � J	� �� �"W� .�<# ����#
�$��# �� �	 ��S	� �"W� � ��� ���7 ��� J	� ��� �; �� ��
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Fig. 5. Imput data and calculated tables and diagrams for landfill leakage production in Babol Anjilsi 
DE�ec���� ���� JN� +0� �� �� �!& ���� � '�� � �%*�0� ������!($ � D��7 ������ ����+��� ��2 d$� ��� 

�"��� � A=& B���d� �� � ��� M�(7 ���� � �$�O ���
 ����!�� .
j���6 �(25 B� ��d& a�*� �� B�����>� t��d$� ��� �M7��� �� ���

 �*�<
��<$�� �+�0� �� ������ �(	��> �!-� '�$��!- � M$�!� ��d	�

�� ��& �� +�0� �� ��� �!& ���� � 4dK '�!& 8�	��$ ����}��& �}
I����� � ��� ���# J	� �� ���$ B����O � �6�!�
 4dK �� ; &�&

1*�# JN� +0��!� �.
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