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Abstract

L_eachate 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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Table 1. The location of waste landfill and depots in different cities of Mazandaran province

Area ; Name of the
No: (Hectare) X Y City County landfil
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 Humetpd!
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 llE] e
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 622161 4008919 Amol Amol Emarat
19 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 483661 4061414 Tonekabon Tonekabon Pardesar
27 422473 4077712 Ramsar Ramsar Kalkoli
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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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(Chow et al., 1988)
Table 3. Percentage of rain infiltration in different
soil type (Chow et al., 1988)

Soil type Land slope%o Infiltration%
05-5 60
Sand 5-10 55
>10 45
05-5 55
Potted sand 5-10 50
>10 8BS
05-5 50
Potted soil 5-10 45
>10 35
05-5 50
Potted silt 5-10 40
>10 30
05-5 45
Silt 5-10 40
>10 25
05-5 40
Potted clay 5-10 30
>10 20
05-5 30
Silty clay 5-10 20
>10 10
05-5 25
Clay 5-10 20
>10 8
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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 Evaporation

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

Galogah 161.35 204.05 203.7 192 139.35 95.3 316 1715 1945 402 7275 10745 1284.35
Behshahr 113.85 157.05 146.4 140.9 95.85 67.05 412 251 2375 285 4165 72 953.3
Rostamkola 113.85 157.05 146.4 140.9 95.85 67.05 412 251 2375 285 4165 72 953.3
Khalilshahr 105.35 149.75 1405 132.7 91.35 65.95 403 269 26.25 313 42.6 68.6 921.55
Neka 113.85 157.05 146.4 1409 95.85 67.05 412 251 2375 285 4165 72 953.3
Kiasar  153.2 186.75 170.45 1655 116.75 7745 2555 48 1115 2685 61.6 94.5  1094.55
Ghaemshahr 108.8 141.3 1282 1222 96.05 7495 478 3855 34.05 3885 531 79 962.85
Kiakola 109.7 151.85 138.3 130.2 95.2 7235 4215 279 211 262 3715 67.75 919.85
Juybar  109.2 138.6 138.2 127.15 9155 67 385 265 2285 2775 4395 7185 903.1
Polsefid 111.2 152.9 144.05 137.85 96.55 71.9 4225 2885 23.05 258 4195 729 949.25
Zirab 114  143.95 12255 12295 96.6 779 5585 40.65 324 38.85 54 81.95 981.65
Shirgah 123 1527 1255 118 89.95 62.65 2395 16.35 157 2325 4435 7738 873.2
Alasht  109.7 151.85 138.3 1302 95.2 7235 4215 279 211 262 3715 67.75  919.85
Babolkenar 120.05 140.85 111.05 11455  88.15 5945  7.85 25 425 17 48.75 8195 796.4
Babolsar 97.35 1222 106.3 107.35 85.6 67.75 4295 294 2885 344 47.05 68 837.2

Bahnemir 109.2 1386 1382 127.15 9155 67 385 265 2285 27.75 4395 7185  903.1
Fekrszgron 109.2 1386 1382 12715 9155 67 385 265 2285 27.75 4395 7185  903.1
Amol 1112 1374 13425 11705 867 6505 381 3035 30.8 3705 509 7455 9134
Noor 9555 1204 1013 107.75  87.9 584 2305 145 1935 3275 5565 73.75  790.35

Noshahr  99.4 13045 1193 113 80.9 47.05 216 16.65 174 2275 40.1 66.9 775.5
Chalos 12595 1818 1702 1579  102.95 673 3335 2295 2535 3038 44.1 76.9  1039.55
Kelardasht 125.95 181.8 170.2 157.9  102.95 67.3 3335 2295 2535 3038 441 76.9  1039.55
Marzanabad 113.75 155.65 142.15 137.7 96.65 64.65 2405 1445 169 264 4195 74 908.3
Abasabad 113.75 155.65 142.15 137.7 96.65 64.65 2405 1445 169 264 4195 74 908.3
Kelarabad 84.1 1196 108.65 108.85  75.45 45.2 1755 117 109 171 3055 539 683.55
Tonekabon 96.3 145.75 136.7 129.05 81.75 4785 2685 202 1935 215 32.7 56.8 814.8
Ramsar  79.7 12325 984 9475 65.7 38.75 20.15 1245 126 204 29.3 50.5 645.95
Galogah 89.15 116.45 117.85 1144 81.35 62.45 22 1335 104 2325 4038 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 Precipitation
sites 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 7.7 77.65 74.8 611.95
Behshahr 454 1855 27.25 25.15 36.1 51.55 64.75 65.7 55.05 75.7 88 94.2 647.4
Rostamkola 48.95 223 299 2465 3338 46.6 64.7 68 56.85 80.1 87 82.65 6455
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 29.95 433 284 45.3 57.7 742 80.65 57.05 923 83.05 827 738.125
Kiasar 37.2 2045 277 2535 30.45 41.05 53 55.75 35.95 54.1 55.6 49.3 485.9
Ghaemshahr 5127 3197 3847 36 429 50.43 54.83 5577 46.67 603 60.17 60.77 589.55
Kiakola 73.85 34.8 39.5 29.05 40.4 54.25 7425 7755 64.55 95.1 99.75 100.5 783.55
Juybar 57.05 2765 27.05 2135 27.85 40.65 61.05 6825 62.85 89 94.15 90.9 667.8
Polsefid 66.1 3335 3195 209 3385 48.7 68.45 763 742 1038 10355 945  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 3795 238 367 2815 354 48.3 5495 6325 473 57.05 46.2 39.3 518.35
Alasht 108.65 677 749 6045 7135 77.8 90.35 849 734 9855 99.3 128,55 1035.9
Babolkenar  33.95 21.6 4115 2925 36.25 44.65 51.75 53.15 41.15 4925 42.05 27.4 471.6
Babolsar 11195 66.6 71.0 60.1 71.55 72.9 93.3 86.6 73.75 97.35 98.75 137.85 10417
Bahnemir 76.9 339 2965 16.75 21.3 38.3 58.35 785 858 1237 125.95 123.65 81275
Fe;g%’gro“ 69.95 3355 27.95 1585 2415 3815 578 762 79.85 1186 11615 107.6 76575
Amol 76.2 3355 2935 1655 21.05 37.9 57.8 77.7 8495 1224 1246 12245 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 2485 439 277 3525 45.3 54.65 52.3 4745 782 87.35 854 64545
Chalos  157.31 54.15 60.7 4815 524 63.65 87.1 1143 108 169.2 2159 226.15 1356.9
Kelardasht 79.35 2755 347 253 321 4285 5265 66.6 59.8 9045 1212 115.15 747.7
Marzanabad 34.25 20.35 257 183  31.35 41 427 4575 3425 486 5335 4205 437.65
Abasabad  21.65 11.25 1525 11.75 21.75 31.2 31.8 365 272 403 4625 3505 329.95
Kelarabad 1817 723 834 622 708 88.75  109.7 126.35 119.15 164.2 213.65 239.6 1531.75
Tonekabon 179 726 8175 6195 704 89.15 11055 135.2 118.95 1755 219.95 24855 1563.55
Ramsar 99.6 481 61.75 4425 6885  77.75 88.1 822 67.15 101.7 1359 1262 1001.55
Galogah 1213 429 592 4595 701 77.3 81.85 9055 758 1021 135 176.65 1078.7
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Fig. 4. The location of the Babol Anjilsi landfill
in Google Earth

=) ijfk_::m 2? J"L & o) o J’“’ 3l @L‘,}—f JS.&

Shedab ol et wiley o e ol LBl 3k
3500 3ol 5 guderl S0 4 S pladll; 5 YAY 50 & 3o
bl g b 5 Y0 (b 4t o b e 5 VAD
o al b alig 8 e b pae Jodst 3t ans 5o
PEERA TR g (W sLad s adly 5 ouis rbu‘ o8 U'l‘ BY) U.“....a‘.x.g.’
308, 125 35 m dn badls g o e v o 55
Sy ool 3 lnd a5 503 6 a5 b iy DUl
9 Lmu_a\ 4_’.193_',« QLC}&L\ )‘ @JJ ) s J:'"'\"S )L)
RGN cJ.AT;' d}.&: BETE J:us

M5 4l b 35l p-Y-Y
3 o5k e Sl el e kil 555 55
3) g SISt 5 (VFFA Jlw 51) SV o 568
sacd sslamal 4l 8 ol 5,00 sl amulos (VFOF UL
e s ey Sk waal 0 5 ¥ Jslazr s 8 55k plea ol
VeFY YL L g samme sk 43 VW0 ol
Ol v e L AYY YL Josly s ﬁwﬁﬂglf

MSL uT 0
Q
VY Jlo ) las FFoyps



dx.doi.org/10.22093/wwj.2022.338942.3253

ey (Spged slodll; 555 Sl (sl ilyid ST casils Jto

Table 6. Data used for the calculation of leachate in the Babol Anjilsi landfill

Total area

Depot area

Covered waste area

Uncovered waste area

Distance to city

Elevation of this place above sea level

Average temperature at the depot site
Total annual rainfall

Total annual potential evaporation
Daily depoting waste
Waste density

Waste moisture

Soil type

Land slope

Percentage  of  waste
conversion to leachate
Waste adsorption capacity by waste
Average monthly discharge of sludge
Conversion factor of real evaporation
to evaporation from the waste surface

moisture

29 hectare
8.5 hec
5 hec
3.5 hec
32 km
At the highest point: 440 m
At the lowest point: 350 m
13.5°C
1041 mm
837 mm
200 Ton
0.5 Ton per cubic meters
55%
Clay
30%

60%

0.01 (Dimensionless)
10 Cubic meters per second

0.1 (Dimensionless)
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L gl s
The amount of production leachate in the landfill by months of th cictyelantiopen/Badiiarcag:
year based on meteorological information and characteristics of
waste entering the landfill Square 35000 ]
Production leachate Production leachate meters
(cubic meters per day) (cubic meters per month) Landfill Covered Area *:
October 260.07 7802.17
Square 50000 ]
f
November 206.09 6182.73 meeE
December 219.01 6507.41 Leachate pond area “:
Square 200 ]
January 177.94 5338.14 meters
February 204.07 6121.99 Amount of daily incoming waste “:
T
March 204.89 5941,87 d:;,“ per 200 ]
April 122.64 3801.73 Inlet waste density “:
Tons per cubic
May 97.03 3008.08 meter 0.5 ]
June 63.39 1965.01
‘Waste moisture percentage “:
July 69.5 2154.53 I % 55 ]
August 67.22 2083.97
Conversion coefficient of potential
September 163.69 5074.45 evaporation to actual evaporation *:
| 06 ]
L Store

&
October Nov Dec  Jan  Feb April Tune  Juby

October Nov Dec Jan  Feb April June  July

Daily production leachate in cubic meters per day

Leachate adsorption capacity by waste “:

meter

Cubic meters per cubic 0.01 ]

Percentage of rainfall penetration to waste
in the covered part % “:

% 55 ]

Percentage of waste moisture conversion
to leachate % *:

% 59.998 ]

Average monthly discharge of sludge or
liquid waste “:

Cubic meters per 0
second

Conversion factor of real evaporation to

evaporation from the waste surface *:
0.1
Leachate
Calculation

Fig. 5. Imput data and calculated tables and diagrams for landfill leakage production in Babol Anjilsi
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