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Abstract

On worldwide scale, one of the most important anthropogenic methane sou-

°ªØ±やı±やœ̶-ŁRœœやŁı±¬©±̶œやŒ©°や±©œıŁや¹̶±²Ø±╆や5æØやß̶ı-やº©̶œや©Œや²æı±や¹©°øや¹̶±や²©や
®³̶-²ıŒ½やßØ²æ̶-ØやØßı±±ı©-±や̶²や©-Øやœ̶-ŁRœœやÆ³ıœ²やı-や.Ø°ıŁ̶╇や.Ø¼ıª©╆や5æı±や±ı²Øや
æ̶ŁやµØ-²ı-ºや¹Øœœ±やÆ½や¹æıªæや̶ や¬̶±±ıµØやª©-²°©œやŒ©°やÆı©º̶±やß©µØßØ-²や¹̶±やØ¼Ø°-
²ØŁ╆や"²や²æØやµØ-²ı-ºや¹Øœœ±╇やßØ²æ̶-Øやª©-ªØ-²°̶²ı©-±や¹Ø°ØやßØ̶±³°ØŁやß©-²æœ½や
Ł³°ı-ºや ̶や ｶやß©-²æ±や ¬Ø°ı©Ł╇や.Ø²æ̶-Øや ±³°Œ̶ªØや Øßı±±ı©-や °̶²Øや¹̶±や Ø±²ıß̶²ØŁや
¹ı²æや²æØやªœ©±Øやªæ̶ßÆØ°や²Øªæ-ı®³Ø╆や0Æ²̶ı-ØŁや°Ø±³œ²±やı-Łıª̶²ØŁや²æ̶²や²æØ°Øや̶°Øや
Æ©²æや ±¬̶²ı̶œや ̶-Łや ±Ø̶±©-̶œや µ̶°ı̶²ı©-±や ı-や Æı©º̶±や ª©ß¬©±ı²ı©-╆や 5æØや ̶µØ°̶ºØや
ßØ²æ̶-Øやµ̶œ³ØやŁ³°ı-ºや²æØやß©-ı²©°ı-ºや¬Ø°ı©Łや¹̶±やｲｱ╆ｹゾや〉ｱｲ╆ｷや²©やｳｲ╆ｵや7の7《や
̶-Łや²æØや±³°Œ̶ªØやS©¹や°̶²Øや¹̶±やı-や²æØや°̶-ºØや©Œやｰや²©やｶ╇ｰｰｴやºや$)ｴ m

–2 d–1, with an 

̶µØ°̶ºØやµ̶œ³Øや©Œやｱ╇ｴｸｰやºや$)ｴ m
–2 d–1, which is a high value in respect to these 

°Ø¬©°²ØŁやı-や¬³Æœıª̶²ı©-±╆
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Introduction

4©œıŁや ¹̶±²Øや ß̶-̶ºØßØ-²や ±½±²Øß±や ß̶øØや ̶や ±ıº-ıRª̶-²や
ª©-²°ıÆ³²ı©-や ²©や º°ØØ-æ©³±Øや º̶±Ø±や 〉()(±《や Øßı±±ı©-±╆や
%³°ı-ºやª©œœØª²ı©-╇や²°̶-±¬©°²や̶-Łやı-ªı-Ø°̶²ı©-や$02 emis-

±ı©-±や²̶øØや¬œ̶ªØ╇や̶œ±©やœ̶-ŁRœœ±や̶-Łや©¬Ø-やŁ³ß¬±や̶°Øやª©--

±ıŁØ°ØŁや̶±や©-Øや©Œや²æØやß©±²やıß¬©°²̶-²や±©³°ªØ±や©Œやºœ©Æ̶œや
ßØ²æ̶-Øや〉#š°łØ±±©-やet al╆╇やｱｹｹｸ╉や#š°łØ±±©-╇やｲｰｰｱ╉や)³ßØ°や
̶-Łや-Øªæ-Ø°╇やｱｹｹｹ̶╉や#©º-Ø°やet al╆╇やｱｹｹｵ《╆や*²やı±やØ±²ıß̶²ØŁや
²æ̶²や$)ｴやØßımØŁやŒ°©ßやœ̶-ŁRœœ±やª©-²°ıÆ³²Ø±や̶¬¬°©¼ıß̶-

²Øœ½やｱｰゾや²©や²æØや̶--³̶œやı-ª°Ø̶±Øやı-や²æØや̶²ß©±¬æØ°ıªやª©--

²Ø-²や〉3ØØÆ³°ºæ╇やｱｹｹｶ《╆や4©ßØやｴｰや²©やｶｰやßıœœı©-や²©--Ø±や©Œや
ßØ²æ̶-Øや ̶°Øや ̶--³̶œœ½や ºØ-Ø°̶²ØŁや ı-や œ̶-ŁRœœ±や ̶-Łや ©œŁや
Ł³ß¬±や¹©°œŁ¹ıŁØ╆や5æØ±Øや°ØœØ̶±Ø±や̶°Øやª̶³±ØŁやÆ½やı-̶ŁØ-

®³̶²Øや œ̶-ŁRœœや º̶±や ª©œœØª²ı©-や ±½±²Øß±╇や º̶±や Ø¼²°̶ª²ı©-や
ßØ̶±³°Ø±やª̶°°ıØŁや©³²やı-や²æØやŒ°̶ßØ¹©°øや©Œや̶Œ²Ø°ª̶°Øや¬°©-

º°̶ßßØ±や̶²や ©œŁや ª©-²̶ßı-̶²ØŁや ±ı²Ø±や ̶-Łや œ̶-ŁRœœ±╇や ̶-Łや
uncontrolled emissions from unauthorized open dum-

¬ı-ºやº°©³-Ł±や〉)³ßØ°や̶-Łや-Øªæ-Ø°╇やｱｹｹｹÆ《╆や(œ©Æ̶œœ½╇やıŒや
ｵｰゾや ©Œや ²æØや œ©¹まØ±²ıß̶²Øや Œ©°や Øßı±±ı©-±や Œ°©ßや œ̶-ŁRœœ±や
¹Ø°Øやª̶¬²³°ØŁ╇や²æı±や¹©³œŁや̶ß©³-²や²©や̶Æ©³²やｲｰゾや©Œや²æØや
ºœ©Æ̶œや ²©²̶œや ̶--³̶œやæıºæまØ-Łや Ø±²ıß̶²Øや©Œや ²æØやßØ²æ̶-Øや
ı-ª°ØßØ-²や 〉.ıœıªæ╇や ｱｹｹｹ《╆や 5æØや ÆØ±²や ßØ²æ©Łや ²©や ±²©¬や
ßØ²æ̶-ØやØßı±±ı©-やŒ°©ßやœ̶-ŁRœœ±やı±や²©や³-ŁØ°²̶øØやœ̶-ŁRœœや
º̶±や〉-'(《や°Øª©µØ°½や¹ı²æや̶±±©ªı̶²ØŁやº̶±や³±Ø╇やÆ³²やØµØ-やı-や
œ̶-ŁRœœ±や¹ı²æやº̶±やª©œœØª²ı©-や±½±²Øß±╇や¬̶°²や©Œや²æØや¬°©Ł³-

ªØŁやÆı©º̶±やı±やœ©±²やı-²©や²æØや̶²ß©±¬æØ°Ø╆や5æØや®³̶-²ı²½や±²ıœœや
Ø¼¬œ©ı²̶ÆœØやı±や©-œ½や̶°©³-Łやｷｰゾや©Œや²æØや²©²̶œや¬°©Ł³ª²ı©-や
ØµØ-や¹ı²æや²æØやÆØ±²やº̶±やß̶-̶ºØßØ-²や±½±²Øß±や〉.̶--̶やet 

al.,やｱｹｹｹ《╆や
*-やŁØµØœ©¬ı-ºやª©³-²°ıØ±や〉%$《╇や©¬Ø-やŁ³ß¬±や̶°Øや±²ıœœや

ÆØı-ºや³±ØŁや̶±や²æØやR-̶œやŁı±¬©±̶œやßØ²æ©ŁやŒ©°や±©œıŁや¹̶±²Ø╆や
.̶-½や%$±やæ̶µØやœØºı±œ̶²ı©-やı-や¬œ̶ªØ╇や¹æıªæやı±やı-²Ø-ŁØŁや

²©やªæ̶-ºØや²æı±やßØ²æ©Łや©ŒやR-̶œやŁı±¬©±̶œ╆や%³Øや²©やı²±や±ıß-

¬œıªı²½╇や±̶-ı²̶°½やœ̶-ŁRœœやı±や²æØや©¬²ı©-や²æ̶²やæ̶±やÆØØ-やª©--

±ıŁØ°ØŁや ²©や °Ø¬œ̶ªØや ²æØや Ł³ß¬や ±ı²Ø±╇や Æ³²や ²æı±や ßØ²æ©Łや
ª©³œŁやæ̶µØや̶やæıºæやıß¬̶ª²やı-や²Ø°ß±や©Œやª̶°Æ©-やØßı±±ı©-±╆や
/©¹̶Ł̶½±╇や œ̶-ŁRœœや ßØ²æ̶-Øや Øßı±±ı©-±や ̶°Øや Ø±²ıß̶²ØŁや
³±ı-ºやª©ß¬³²Ø°や¬°©º°̶ßßØ±や²æ̶²や³±Øやª©-±²̶-²±やÆ̶±ØŁや
©-やı-Œ©°ß̶²ı©-やŒ°©ßやŁØµØœ©¬ØŁやª©³-²°ıØ±╉や²æı±やı±や¹æ½╇や
ı²や ı±や ıß¬©°²̶-²や ²©や æ̶µØや ̶ª²³̶œや œ̶-ŁRœœや ßØ²æ̶-Øや Øßı±-
sions data from particular sites, given that there is a 

œ̶ªøや©ŒやRØœŁやRº³°Ø±や ̶Æ©³²や ²æı±や ²©¬ıªや Œ°©ßやŁØµØœ©¬ı-ºや
ª©³-²°ıØ±╆や

#̶°²©-やet al╆や〉ｲｰｰｸ《やª©-±ıŁØ°ØŁや±ı¼や¹̶±²ØやŁı±¬©±̶œや©¬-

²ı©-±や²æ̶²やßıºæ²やÆØや±³ı²̶ÆœØやŒ©°やŁØµØœ©¬ı-ºやª©³-²°ıØ±╆や*-や
their analysis of options, the worst case in terms of car-

Æ©-や Øßı±±ı©-±╇や ØµØ-や¹©°±Øや ²æ̶-や ©¬Ø-や Ł³ß¬ı-º╇や¹̶±や
œ̶-ŁRœœı-ºや¹ı²æ©³²やØı²æØ°やº̶±やS̶°ı-ºや©°やØœØª²°ıªı²½や¬°©-

Ł³ª²ı©-╆や 5æØや ²¹©や ÆØ±²や ©¬²ı©-±や ¹Ø°Øや ª©ß¬©±²ı-ºや ̶-Łや
̶-̶Ø°©ÆıªやŁıºØ±²ı©-や¹ı²æやØ-Ø°º½や¬°©Ł³ª²ı©-や̶-Łやª©ß-

¬©±²ı-ºや©Œや²æØやŁıºØ±²̶²Ø╆や
*-や.Ø¼ıª©╇や³°Æ̶-や±©œıŁや¹̶±²ØやŁı±¬©±̶œや ı±や°Øº³œ̶²ØŁや

Æ½や²æØや/0.まｰｸｳま4&."3/"5まｲｰｰｳ╇や¹æıªæやØ±²̶Æœı±æØ±や
²æØや ±¬ØªıRª̶²ı©-±や Œ©°や Ø-µı°©-ßØ-²̶œや ¬°©²Øª²ı©-や ©Œや ²æØや
±ı²Ø╆や5æØ±Øや±¬ØªıRª̶²ı©-±やı-ªœ³ŁØ╈や±ı²Øや±ØœØª²ı©-╇やŁØ±ıº-╇や
construction, operation, monitoring, closure and com-

¬œØßØ-²̶°½や¹©°ø±や̶²や̶や±ı²Øや Œ©°やR-̶œやŁı±¬©±̶œや©Œや³°Æ̶-や
±©œıŁや ¹̶±²Ø±や ̶-Łや ¹̶±²Ø±や °Ø®³ı°ı-ºや ±¬Øªı̶œや æ̶-Łœı-º╆や
5æı±や.Ø¼ıª̶-や0Uªı̶œや/©°ßやª̶²Øº©°ı¾Ø±や²æØや±ı²Ø±や̶ªª©°-
ding to the tonnes of wastes that enter every day, as 

±æ©¹-やı-や5̶ÆœØやｱや〉4&."3/"5╇やｲｰｰｴ《╆や5æØやŁıTØ°Ø-ªØ±や
ÆØ²¹ØØ-や ²æØや ªœ̶±±Ø±や ©Œや Łı±¬©±̶œや ±ı²Ø±や ̶°Øや ²æØや °Ø®³ı°Ø-

ßØ-²±や¹ı²æや¹æıªæや²æØ½やæ̶µØや²©やª©ß¬œ½╆や4ı²Ø±や²½¬Øや%やŁ©や
-©²やæ̶µØや²©やª©-²°©œやÆı©º̶±やØßı±±ı©-±╆や4ı²Ø±や²½¬Øや"や̶-Łや#や
ß³±²やØ±²ıß̶²Øや²æØや®³̶-²ı²½や©ŒやºØ-Ø°̶²ı©-や©ŒやÆı©º̶±や²̶-

Resumen

Entre las fuentes antropogénicas más importantes de metano a escala mundial se 

Ø-ª³Ø-²°̶やœ̶やŁı±¬©±ıªıŸ-やR-̶œやŁØやœ©±や°Ø±ıŁ³©±や±ŸœıŁ©±╆や&œや©ÆłØ²ıµ©やŁØやØ±²Øや²°̶Æ̶ł©やŒ³Øや
ª³̶-²ıRª̶°やœ̶±やØßı±ı©-Ø±やŁØやßØ²̶-©や¬°©µØ-ıØ-²Ø±やŁØや³-や°ØœœØ-©や±̶-ı²̶°ı©やØ-や.Ô°ı-
Ł̶╇や.Ô¼ıª©╇やØ-やØœや®³ØやØœやß©µıßıØ-²©やŁØœやÆı©ºÀ±や±Øやª©-²°©œ̶Æ̶や¬̶±ıµ̶ßØ-²Øや³²ıœı-
¾̶-Ł©や¬©¾©±やŁØやµØ-²Ø©╆や-̶±やª©-ªØ-²°̶ªı©-Ø±やŁØやßØ²̶-©や±ØやßıŁıØ°©-やßØ-±³̶œßØ-²Øや
Ø-や œ©±や¬©¾©±やŁØやµØ-²Ø©やŁØœや ±ı²ı©や̶や œ©や œ̶°º©やŁØや³-や¬Ø°ç©Ł©やŁØやｶやßØ±Ø±╆や-̶や ²̶±̶やŁØや
Øßı±ıŸ-や±³¬Ø°Rªı̶œやŁØやßØ²̶-©や±ØやŁØ²Ø°ßı-Ÿや³²ıœı¾̶-Ł©やœ̶や²Ôª-ıª̶やŁØやªÀß̶°̶やªØ°°̶-

Ł̶╆や-©±や°Ø±³œ²̶Ł©±やı-Łıª̶°©-や®³ØやØ¼ı±²Ø-やµ̶°ı̶ªı©-Ø±やª©-±ıŁØ°̶ÆœØ±や²̶-²©やØ±¬̶ªı̶œØ±や
ª©ß©やØ±²̶ªı©-̶œØ±やŁØやœ̶やª©ß¬©±ıªıŸ-やŁØœやÆı©ºÀ±や¬°©µØ-ıØ-²ØやŁØやœ©±や¬©¾©±やŁØやµØ-²Ø©や
con un promedio de concentración de metano en el sitio, durante todo el periodo de 

ß©-ı²©°Ø©╇やŁØやｲｱ╆ｹゾや〉ｱｲ╆ｷや̶やｳｲ╆ｵや7の7《╆や-©±やS³ł©±や±³¬Ø°Rªı̶œØ±やŁØやº̶±やßØŁıŁ©±やØ-や
ŁıµØ°±©±や¬³-²©±や̶やœ©やœ̶°º©やŁØやœ̶や±³¬Ø°RªıØやŁØœや°ØœœØ-©や±̶-ı²̶°ı©や²³µıØ°©-や³-や¬°©ßØ-
dio de 1,480 g CH4 m

-2 d-1╇やœ©や®³Øや±Øやª©-±ıŁØ°Ÿや³-やµ̶œ©°やß³½や̶œ²©やª³̶-Ł©や±Øやª©ß-

¬̶°Ÿやª©-やœ̶やı-Œ©°ß̶ªıŸ-やæ̶œœ̶Ł̶やØ-やœ̶やœı²Ø°̶²³°̶╆や&œやı-²Ø°µ̶œ©や°Øºı±²°̶Ł©やŒ³ØやŁØやｰや̶や
ｶ╇ｰｰｴやºや$)4 m

-2 d-1. 

Descriptores: 

̋ emisiones de metano

̋ biogás

̋ gases de efecto invernadero

̋" disposición final

̋ relleno sanitario
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øı-ºやı-²©や̶ªª©³-²や²æØやªæØßıª̶œやª©ß¬©±ı²ı©-や©Œや²æØや¹̶±-
²Ø±や ²©や ÆØや æ̶-ŁœØŁ╆や 4ı²Ø±や "╇や #や ̶-Łや $や æ̶µØや ²©や Ø¼²°̶ª²╇や
ª̶¬²³°Ø╇や²°̶-±ßı²╇や̶-Łやª©-²°©œや²æØやÆı©º̶±やºØ-Ø°̶²ØŁやı-や
²æØやR-̶œやŁı±¬©±̶œや±ı²Ø╆や5æØ°ØŒ©°Ø╇や²æØやR°±²や²̶±øやı±や²©やØ±²ı-
ß̶²Øや ²æØや ̶ß©³-²や ©ŒやßØ²æ̶-Øや ²©や ÆØや ¬°©Ł³ªØŁや ̶-Łの©°や
ØßımØŁや̶²や̶やŁı±¬©±̶œや±ı²Ø╆

Vcdng"30"Encuukhkecvkqp"qh"wtdcp"uqnkf"ycuvg"fkurqucn"ukvgu"kp"
Ogzkeq

TYPE Waste received (tonnes/day)

A (°Ø̶²Ø°や²æ̶-やｱｰｰ
B ｵｰや²©やｱｰｰ
C ｱｰや̶-ŁやœØ±±や²æ̶-やｵｰ
D -Ø±±や²æ̶-やｱｰ

Uqwteg<"PQO/2:5/UGOCTPCV/4225"*UGOCTPCV"4226+

5æı±や±²³Ł½や¹̶±や¬Ø°Œ©°ßØŁや̶²や̶やœ̶-ŁRœœやı-や.Ø°ıŁ̶╇や:³ª̶-

²̶-╇やı-や²æØや±©³²æØ̶±²や¬̶°²や©Œや.Ø¼ıª©╆や5æØや4²̶²Øや©Œや:³ª̶-

²̶-や ı±や œ©ª̶²ØŁや ı-や ²æØや ªØ-²°Øや ¬̶°²や ©Œや ²æØや :³ª̶²̶-や
peninsula, which is a large limestone platform and 

Œ©°ß±や²æØや-©°²æØ°-や¬̶°²や©Œや²æØや(³œŒや$©̶±²̶œや1œ̶ı-や1°©-

µı-ªØや©Œや.Ø¼ıª©や〉&±ª©œØ°©やet al., ｲｰｰｰ《╆や*²やı±やªœ̶±±ıRØŁや̶±や̶や
,̶°±²ıªや°Øºı©-やªæ̶°̶ª²Ø°ı¾ØŁやÆ½や̶-や̶œß©±²やS̶²や¬œ̶²Œ©°ß╇や
ß̶ı-œ½やß̶ŁØや³¬や©Œや œıßØ±²©-Øや ²æ̶²や ı±やµØ°½や¬Ø°ßØ̶ÆœØ╆や
5æØやœ̶²ı²³ŁØや©Œや:³ª̶²̶-やı±やÆØ²¹ØØ-やｲｱ┱やｳｶ‒や̶-Łやｱｹ┱やｳｲ‒や
̶-Łやı²±やœ©-ºı²³ŁØやÆØ²¹ØØ-やｸｷ┱やｳｲ‒や̶-Łやｹｰ┱やｲｵ‒╆や*²や©ªª³-

¬ıØ±や̶や ²©²̶œや̶°Ø̶や©Œやｳｹ╇ｶｱｲやøß2や °Ø¬°Ø±Ø-²ı-ºやｲゾや©Œや ²æØや
²©²̶œや±³°Œ̶ªØや©Œや.Ø¼ıª©╆や:³ª̶²̶-やæ̶±や̶や²©²̶œや¬©¬³œ̶²ı©-や
ł³±²や©µØ°やｱ╆ｸやßıœœı©-や ı-æ̶Æı²̶-²±╆や.Ø°ıŁ̶や ı±や ²æØや œ̶°ºØ±²や
ªı²½や ©Œや ²æØや ±²̶²Øや¹ı²æや ̶や ¬©¬³œ̶²ı©-や ©Œや ̶°©³-Łや ｸｵｰ╇ｰｰｰや
ı-æ̶Æı²̶-²±や〉*/&(*╇やｲｰｰｷ《╆

5æØやR°±²やŁ̶²̶や©-や±©œıŁや¹̶±²ØやºØ-Ø°̶²ı©-やı-や:³ª̶²̶-や
̶°Øや Œ°©ßやｱｹｸｰ╇や¹æØ-や ı²や¹̶±やØ±²ıß̶²ØŁや ²æ̶²やｵやªı²ıØ±や ı-や
:³ª̶²̶-やæ̶Łや̶やper capitaやºØ-Ø°̶²ı©-や©Œやｰ╆ｲｴやむやｰ╆ｲｵやøºの
ª̶のŁ╆や/©¹̶Ł̶½±╇や ²æØや ²°³ØやRº³°Ø±や̶°Øや³-ø-©¹-╆や0U-

ªı̶œやRº³°Ø±や ̶°ØやÆ̶±ØŁや©-や ª©œœØª²ı©-やµ©œ³ßØ±や ²æ̶²や ̶°Øや
-©²や°Ø̶œœ½やßØ̶±³°ØŁ╇やÆ³²やØ±²ıß̶²ØŁ╆や5̶øı-ºやı-²©やª©-±ı-
ŁØ°̶²ı©-や ²æ̶²や ª©œœØª²ı©-や±½±²Øßやª©µØ°̶ºØや ı±や̶œ±©や³-ø-

-©¹-や ı-や ²æØや ª©ßß³-ı²ıØ±や ©Œや :³ª̶²̶-╇や ²æØ±Øや Rº³°Ø±や
ª©³œŁやÆØやæıºæœ½やıß¬°Øªı±Ø╆や"ªª©°Łı-ºや²©や²æØやœ̶±²や±²̶²ı±-
²ıª±や ©Œや ²æØや ±²̶²Ø╇や ｱ╇ｴｳｲ╆ｲや ²©--Ø±や¬Ø°やŁ̶½や̶°Øや ª©œœØª²ØŁや
Œ°©ßや æ©³±Ø±や 〉*/&(*╇や ｲｰｰｵ《╉や ²æØ°ØŒ©°Ø╇や ²æØや Ø±²ıß̶²ØŁや
average per capitaや æ©³±Øæ©œŁや¹̶±²Øや ºØ-Ø°̶²ı©-や ı±や ｰ╆ｸや
øºのª̶のŁ╆や4©œıŁや¹̶±²ØやºØ-Ø°̶²ØŁやı-や:³ª̶²̶-やŁ³°ı-ºやｲｰｰｵや
°Ø¬°Ø±Ø-²ØŁや©-œ½やｱ╆ｴゾや©Œや²æØや²©²̶œやºØ-Ø°̶²ı©-やı-や.Ø¼ı-
ª©や〉*/&(*╇やｲｰｰｵ《╆

5æØやœ̶±²や-̶²ı©-̶œや±³°µØ½╇や¬Ø°Œ©°ßØŁやı-やｲｰｰｵ╇や±²̶²ØŁや
²æ̶²や±©œıŁや¹̶±²ØやŁı±¬©±̶œや±ı²Ø±や©ªª³¬½やｱｷｹ╆ｴやæ̶やı-や:³ª̶-

²̶-╇や©Œや¹æıªæやｱｳｴ╆ｴやæ̶や¹Ø°Øや©¬Ø°̶²ØŁや̶±や｠©¬Ø-やŁ³ß¬±を╇や
¹ı²æ©³²や̶-½やª©-²°©œ╆や5æØや°Øß̶ı-ı-ºやｴｵやæ̶や¹Ø°Ø╈や̶や±̶-ı-
²̶°½やœ̶-ŁRœœ╇や¹æıªæやı±や²æØや.Ø°ıŁ̶や±ı²Øや〉ｱｹやæ̶《╇や̶-Łや̶¬-

¬°©¼ıß̶²Øœ½や ｲｰや ｠ª©-²°©œœØŁや Rœœ±をや ©°╇や ̶ªª©°Łı-ºや ²©や ²æØや
/0.まｰｸｳま4&."3/"5まｲｰｰｳ╇や ²æØやR°±²や©-Øや ı±やªœ̶±±ıRØŁや
̶±や̶や±ı²Øや²½¬Øや"╇や̶-Łや²æØやｲｰや©²æØ°±や̶±や±ı²Ø±や²½¬Øや%や〉*/&-

(*╇やｲｰｰｵ《╆
5æØや.Ø°ıŁ̶やœ̶-ŁRœœやÆØº̶-や©¬Ø°̶²ı-ºやœ̶²Øやı-や/©µØß-

ÆØ°やｱｹｹｷや̶-Łやı²や°ØªØıµØ±や²æØやß³-ıªı¬̶œや±©œıŁや¹̶±²Øや²æ̶²や
ı±やª©œœØª²ØŁやŒ°©ßや²æØやªı²½や©Œや.Ô°ıŁ̶╆や5æØやœ̶-ŁRœœやı±や²°̶-

¬Ø¾©ıŁ̶œや ı-や ª°©±±ま±Øª²ı©-や ¹ı²æや ̶や ß̶¼ıß³ßや æØıºæ²や ©Œや 
ｳｰやß╆や8æØ-や ²æØや œ̶-ŁRœœや ı±や ª©ß¬œØ²ØŁ╇や ²æØや¹̶±²Ø±や¹ıœœや
©ªª³¬½や̶ や²©²̶œや̶ °Ø̶や©Œやｱｸ╆ｷｷやæ̶やŁıµıŁØŁやı-²©やｸやªØœœ±╆や'°©ßや
/©µØßÆØ°まｱｹｹｷや ²©や 'ØÆ°³̶°½まｲｰｰｷや ̶¬¬°©¼ıß̶²Øœ½や
ｱ╇ｸｵｰ╇ｰｰｰや ²©--Ø±や ©Œや ¹̶±²Øや ¹Ø°Øや ŁØ¬©±ı²ØŁや ı-や ｶや ªØœœ±╇や
which represented an average waste input of around 

ｵｴｰや²©--Ø±のŁ̶½╆や
0-や²æı±や±ı²Ø╇や²æØや̶°Ø̶やßØ²æ©Łやı±や³±ØŁやŒ©°やœ̶-ŁRœœı-ºや

¹ı²æや ²æØやß̶ł©°ı²½や©Œや ²æØや¹̶±²ØやÆØı-ºやª©-²̶ı-ØŁや̶Æ©µØや
º°©³-ŁやœØµØœ╆や5æı±やœ̶-ŁRœœı-ºやßØ²æ©Łやı±や³±ØŁやÆØª̶³±Øや̶や
ŒØ̶²³°Øや©Œや²æı±や̶°Ø̶やı±や²æØやæıºæやº°©³-Ł¹̶²Ø°やœØµØœ╆や5æØや
œ̶-ŁRœœや ¹̶±や Æ³ıœ²や ¹ı²æや ̶や Ł©³ÆœØや ºØ©ßØßÆ°̶-Øや œ̶½Ø°や
system underneath and leachate is collected at the 

Æ©m©ßや©ŒやØ̶ªæやªØœœ╇や¬³ß¬ØŁや²©やØµ̶¬©°̶²ı©-や¬©-Ł±╇や̶-Łや
then recirculated through the cells, especially during 

²æØやŁ°½や±Ø̶±©-╆や%³Øや²©やœ̶ªøや©Œや±©ıœやı-や²æØや°Øºı©-╇や̶や-©-や
ª©-±©œıŁ̶²ØŁやª̶œªı²Øやø-©¹-やœ©ª̶œœ½や̶±や±̶æª̶Æやis used as 

Ł̶ıœ½や̶-Łや ı-²Ø°ßØŁı̶²Øや ª©µØ°╆や$©ß¬œØ²ØŁや ±œ©¬Ø±やæ̶µØや
ÆØØ-やı±©œ̶²ØŁや¬³mı-ºや̶やºØ©ßØßÆ°̶-Øや〉±½-²æØ²ıªやœı-Ø°《や
©-や²©¬や©Œや²æØやRœœやß̶²Ø°ı̶œやı-や©°ŁØ°や²©やª©-²̶ı-やº̶±やØßı±-
±ı©-±や̶-Łや̶µ©ıŁや°̶ı-Œ̶œœやı-Rœ²°̶²ı©-や̶-Łや²æØ°ØŒ©°Ø╇やßı-ı-
ßı¾ØやœØ̶ªæ̶²Øやµ©œ³ßØ╆

"²や²æØや²ıßØや©Œや²æØや±²³Ł½╇や²æØやœ̶-ŁRœœやŁıŁや-©²やæ̶µØや̶や
º̶±やØ¼²°̶ª²ı©-や±½±²Øß╆や5æØやß©µØßØ-²や©Œや-'(や¹̶±やª©--

²°©œœØŁや Æ½や ßØ̶-±や ©Œや ¬̶±±ıµØや ßØ²æ©Ł╇や ³±ı-ºや µØ-²ı-ºや
¹Øœœ±╇や ¹æıªæや ¹Ø°Øや Æ³ıœ²や ³¬や ¬°©º°Ø±±ıµØœ½や Œ°©ßや ²æØや
Æ©m©ßや©Œや²æØやœ̶-ŁRœœや²æ°©³ºæや²©や²æØやR-̶œやœ̶-ŁRœœやª©µØ°╆や
*-や²æØやß̶-̶ºØßØ-²や©Œや²æØやœ̶-ŁRœœ╇やºØ-Ø°̶œœ½やｲやµØ-²±やのやæ̶や
¹Ø°Øやı-ªœ³ŁØŁやºıµı-ºや̶や²©²̶œや©Œやｳｲ╇や³¬や²©や'ØÆ°³̶°½やｲｰｰｷや
〉'ıº³°Øやｱ《╆や-̶-ŁRœœやº̶±や¹̶±やł³±²や°ØœØ̶±ØŁや²©や²æØや̶²ß©±-
¬æØ°Ø╇やÆ³²や²æØやª©ß¬̶-½や²æ̶²や©¬Ø°̶²ØŁや²æØやœ̶-ŁRœœや¹̶±や
¬œ̶--ı-ºや²©やı-±²̶œœや±©ßØやÆ³°-Ø°±╇やı-や©°ŁØ°や²©やßØØ²や.Ø¼ı-
ª̶-や œØºı±œ̶²ı©-や±²̶-Ł̶°Ł±や 〉4&."3/"5╇やｲｰｰｴ《や̶-Łや©Æ-

²̶ı-やª̶°Æ©-やª°ØŁı²±╆
5æØや°Ø±³œ²±や°Ø¬©°²ØŁやı-や²æı±や¬̶¬Ø°や̶°ØやŒ°©ßや²æı±や.Ø-

°ıŁ̶やœ̶-ŁRœœや±ı²Ø╆や5æØやR°±²や¬̶°²や©Œや²æØや±²³Ł½やœ©©øØŁや̶ ²や²æØや
-'(やª©ß¬©±ı²ı©-や²æ°©³ºæや²æØやµØ-²ı-ºや¹Øœœ±や̶-Łや²æØや±Ø-

ª©-Łや¬̶°²╇やŁ³Øや²©や²æØや±¬ØªıRªやªæ̶°̶ª²Ø°ı±²ıª±や©Œや²æØやµØ--

²ı-ºや ¹Øœœ±や ¹æıªæや ¹Ø°Øや -©²や ±³ı²̶ÆœØや ²©や ßØ̶±³°Øや -'(や
S©¹╇や Ø±²ıß̶²ØŁや ²æØやßØ²æ̶-Øや Øßı±±ı©-や ±©œØœ½や ²æ°©³ºæや
²æØやœ̶-ŁRœœやª©µØ°╆や'³°²æØ°ß©°Ø╇や©-や²æı±やœ̶±²や²©¬ıªや̶やœı²Ø-

°̶²³°Øや±½-²æØ±ı±や ı±や¬°Ø±Ø-²ØŁや ı-や5̶ÆœØやｲ╇や ı-ªœ³Łı-ºやµ̶-

œ³Ø±や©Æ²̶ı-ØŁやÆ½や̶³²æ©°±や³±ı-ºや²æØや±̶ßØやªœ©±Øやªæ̶ßÆØ°や
ßØ²æ©Ł©œ©º½や©-やŁı±¬©±̶œや ±ı²Ø±や¹ı²æやŁıTØ°Ø-²や ªœıß̶²ıªや
̶-Łや©¬Ø°̶²ı©-̶œやª©-Łı²ı©-±╆
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Materials and methods

"±や±²̶²ØŁやÆØŒ©°Ø╇や²æı±や±²³Ł½╇や̶-Łや²æ³±やı²±やßØ²æ©Ł©œ©º½╇や
ı±や ŁıµıŁØŁや ı-や ²¹©や ¬̶°²±╈や ²æØや R°±²や ©-Ø╇や ²©やßØ̶±³°Øや ²æØや
-'(や ª©ß¬©±ı²ı©-や ²æ°©³ºæや µØ-²ı-ºや ¹Øœœ±╇や ̶-Łや ²æØや ±Ø-

cond part, to estimate the methane emission solely 

²æ°©³ºæや²æØやœ̶-ŁRœœやª©µØ°╆

Gas quality in venting wells

'ıº³°Øやｱや±æ©¹±や²æØやœ©ª̶²ı©-や©Œや²æØやµØ-²ı-ºや¹Øœœ±やı-やØ̶ªæや
©Œや²æØやｶや$Øœœ±や©Œや²æØやœ̶-ŁRœœ╆や$Øœœや-³ßÆØ°±や¹Ø°Øや̶±±ıº-

-ØŁや̶ªª©°Łı-ºや²æØや©°ŁØ°や²æØ½やÆØº̶-や²©やÆØやÆ³ıœ²╉や$Øœœやｱや
¹̶±や²æØやR°±²やªØœœや©Œや²æØやœ̶-ŁRœœ╇や̶-Łや$Øœœやｶや¹̶±や²æØやœ̶±²╆や
5æØや R°±²や œ̶½Ø°や ©Œや ¹̶±²Ø±や ı-や $Øœœや ｶや ¹̶±や ŁØ¬©±ı²ØŁや ı-や
+̶-³̶°½やｲｰｰｵ╆

*-や©°ŁØ°や²©や̶ ±±Ø±±や²æØや®³̶œı²½や©Œや²æØや-'(や¬°©Ł³ªØŁやı-や
²æØや.Ø°ıŁ̶やœ̶-ŁRœœ╇やßØ²æ̶-Øやª©-ªØ-²°̶²ı©-±や¹Ø°ØやßØ̶-

sured once a month in the venting wells of the site, from 

4Ø¬²ØßÆØ°や ｲｰｰｴや ²©や"¬°ıœや ｲｰｰｵ╆や5æØ°Øや¹Ø°Øや ｲｶやµØ-²ı-ºや
¹Øœœ±や¹æØ-や ²æØや ±²³Ł½やÆØº̶-や̶-Łやｳｲや̶²や ²æØやØ-Łや©Œや ²æØや
ß©-ı²©°ı-ºや¬Ø°ı©Ł╆や0-œ½やｲｰやµØ-²ı-ºや¹Øœœ±やª©³œŁやÆØやß©-

nitored throughout the monitoring campaign, those on 

ªØœœ±やｱや²©やｴ╇やßı-³±や²¹©や©Œや²æØßや²æ̶²や¹Ø°Øやı-̶ªªØ±±ıÆœØ╇や
¬œ³±や²¹©や±ı²³̶²ØŁやı-や$Øœœやｵ╉や²æØや©²æØ°や±ı¼や°Øß̶ı-ı-ºやµØ--

²ı-ºや¹Øœœ±や¹Ø°Øや±ı²³̶²ØŁやı-や²æı±やªØœœ╇やÆ³²やı-や̶°Ø̶±や¹æıªæや
¹Ø°Øや³-ŁØ°や ª©-±²°³ª²ı©-やŁ³°ı-ºや ²æØや ±̶ß¬œı-ºや¬Ø°ı©Ł╆や
5æØやµØ-²ı-ºや¹Øœœ±や²æ̶²や¹Ø°Øやı-や²æØやœ̶-ŁRœœや¹©°øı-ºや̶°Ø̶や
ª©³œŁや -©²や ÆØや ß©-ı²©°ØŁや ²æ°©³ºæ©³²や ²æØや ¹æ©œØや ±̶ß-

¬œı-ºや¬Ø°ı©Ł╆や5æØやµØ-²ı-ºや¹Øœœ±や¹Ø°Øや-³ßÆØ°ØŁやı-や²æØや
same order in which they were randomly located using 

̶やºœ©Æ̶œや¬©±ı²ı©-ı-ºや±½±²Øßや〉(14《╆や&̶ªæや©Œや²æØやµØ-²ı-ºや
wells was covered with an impervious sheet during the 

ß©-ı²©°ı-ºや Ł̶½╆や 5æØや(̶±や"-̶œ½±Ø°や -"/%5&$や(&.ま
ｵｰｰせや¹̶±や³±ØŁや²©やß̶øØや²æØや°Ø̶Łı-º±や ı-や ²æØやRØœŁ╆や5æØや
Ø®³ı¬ßØ-²や¹̶±やŒ̶ª²©°½やª̶œıÆ°̶²ØŁや̶ ²や$&4ま-̶-Ł²ØªやŒ̶ªıœı-
²ıØ±や¬°ı©°や²©や²æØやØ¼¬Ø°ıßØ-²±や̶-Łや̶やRØœŁやª̶œıÆ°̶²ı©-や¹̶±や
¬Ø°Œ©°ßØŁや Ø̶ªæや Ł̶½や ÆØŒ©°Øや ß©-ı²©°ı-º╇や ̶ªª©°Łı-ºや ²©や
²æØや(Øßまｵｰｰや0¬Ø°̶²ı©-や.̶-³̶œや〉$&4ま-̶-Ł²Øª╇やｱｹｹｸ《╆

*-や©°ŁØ°や²©や±æ©¹やßØ²æ̶-Øやª©-ªØ-²°̶²ı©-±やŁı±²°ıÆ³-

²ı©-やı-や²æØやœ̶-ŁRœœや̶°Ø̶╇や̶やºØ©±¬̶²ı̶œや̶-̶œ½±ı±や¹̶±や¬Ø°-
Œ©°ßØŁやŒ©°やßØ²æ̶-Øやª©-ªØ-²°̶²ı©-や©Æ²̶ı-ØŁやØ̶ªæやß©-²æや
ı-やØ̶ªæやµØ-²ı-ºや¹Øœœ╆や5æØやø°ıºı-ºやßØ²æ©Łや¹̶±や³±ØŁ╆や*-や
ø°ıºı-º╇や̶やß©ŁØœや©Œや²æØや©µØ°̶œœや±¬̶²ı̶œやßØ̶±³°ØŁやµ̶°ı̶--

ce structure is used to generate the interpolated con-

²©³°±╆や5æØやßØ̶±³°ØŁやµ̶°ı̶-ªØや±²°³ª²³°Øや ı±や±æ©¹-や̶±や̶や
µ̶°ı©º°̶ßや¹ı²æやæ̶œŒや©Œや ²æØやµ̶°ı̶-ªØや©-や²æØや½ま̶¼ı±や̶-Łや
±̶ß¬œØや±Ø¬̶°̶²ı©-やŁı±²̶-ªØや©-や²æØや¼ま̶¼ı±╆や,Ø½やµ̶°ı̶ÆœØ±や
Œ©°や ̶やµ̶°ı©º°̶ßや̶°Øや ²æØや-³ººØ²や 〉³-Ø¼¬œ̶ı-ØŁや©°や Ø°°©°や
µ̶°ı̶-ªØ《╇や ±ıœœや 〉²©²̶œや ß©ŁØœや µ̶°ı̶-ªØ╇や Ø®³̶œや ²©や -³ººØ²や

¬œ³±や｠±ª̶œØを《╇や ̶-Łや°̶-ºØや 〉Łı±²̶-ªØや¹æØ°Øや ²æØやµ̶°ı̶-ªØや
°Ø̶ªæØ±や²æØや±ıœœ《や〉:̶²Ø±や̶-Łや8̶°°ıªø╇やｲｰｰｲ《╆や5æØや±©Œ²¹̶°Øや
(4┏や〉(Ø©±²̶²ı±²ıª±やŒ©°や²æØや&-µı°©-ßØ-²̶œや4ªıØ-ªØ《やµØ°-
±ı©-やｵ╆ｱ╆ｱや¹̶±や³±ØŁや²©や©Æ²̶ı-や²æØやÆØ±²やµ̶°ı©º°̶ßや²©やR²や
²æØやŁ̶²̶や̶ -Łや(©œŁØ-や4©Œ²¹̶°Øや4³°ŒØ°やｸや¹̶±やŒØŁや¹ı²æや²æı±や
µ̶°ı©º°̶ßや²©やºØ²や²æØやı±©ª©-ªØ-²°̶²ı©-やª³°µØ±╆

Methane emission rates

.Ø²æ̶-ØやØßı±±ı©-や°̶²Ø±やŒ°©ßや²æØやœ̶-ŁRœœや±³°Œ̶ªØや¹Ø°Øや
ŁØ²Ø°ßı-ØŁや³±ı-ºや̶や±²̶²ıªやªæ̶ßÆØ°や²Øªæ-ı®³Ø╇や¹æıªæやı±や
²æØや©-Øやß©±²やŒ°Ø®³Ø-²œ½や³±ØŁやŒ©°やßØ̶±³°ı-ºやº̶±やS³¼Ø±や
Œ°©ßや±©ıœ±╆や5æØや¬°ı-ªı¬œØや©Œや²æØや±²̶²ıªやªæ̶ßÆØ°やı±や²©や±Ø̶œや
̶や ø-©¹-や µ©œ³ßØや ̶Æ©µØや ̶や º̶±まØßımı-ºや ©°や ª©-±³ßı-ºや
±³°Œ̶ªØや±³ªæや²æ̶²や²æØやØßımØŁや〉©°やª©-±³ßØŁ《やº̶±やª̶--©²や
Ø±ª̶¬Øや̶-Łやı²±や̶ªª³ß³œ̶²ı©-やı-や²æØやµ©œ³ßØやª̶-やÆØやß©-

-ı²©°ØŁや〉"Æıªæ©³やet al╆╇やｲｰｰｶ《╆や5æØやªæ̶ßÆØ°や³±ØŁやı-や²æı±や
study was constructed with polyethylene and had a 

Łı̶ßØ²Ø°や©Œやｶｴやªßや〉ª©µØ°ı-ºや̶-や̶°Ø̶や©Œやｰ╆ｳｲｲやß2《╆や5æØや
ªæ̶ßÆØ°や¹̶±や±Ø̶œØŁや̶°©³-Łや²æØや±ıŁØ±や̶²やº°©³-Łや œØµØœや
Æ½やR°ßı-ºや±©ıœや̶°©³-Łや²æØや©³²±ıŁØ╆や*²やª©-²̶ı-ØŁや̶や±ß̶œœや
Œ̶-や²©やªı°ª³œ̶²Øや̶ ı°やı-±ıŁØや²æØやªæ̶ßÆØ°や〉'ıº³°Øやｲ《╆や.Ø²æ̶-

-Øや¹̶±やßØ̶±³°ØŁや¹ı²æや ̶や $&4ま-"/%5&$せや(&.まｵｰｰや
º̶±やßØ²Ø°や̶Œ²Ø°や±Ø̶œı-ºや〉²ıßØやｰ《や̶-Łや̶²や°Øº³œ̶°や²ıßØやı--

²Ø°µ̶œ±やŒ©°やｱｵやまやｲｰやßı-や〉©-ªØやı-やØ̶ªæや©Œや²æØやß©-ı²©°ı-ºや
±ı²Ø±《╆や.Ø̶±³°ØßØ-²±や¹Ø°Øや²̶øØ-や©µØ°や²æØやœ̶-ŁRœœや±³°Œ̶-

ªØや¹æıªæや¹̶±や -©²や ±Ø̶œØŁや¹ı²æや ±³°Œ̶ªØや ºØ©ßØßÆ°̶-Ø╆や
.Ø²æ̶-ØやS³¼や¹̶±やŁØ²Ø°ßı-ØŁやŒ°©ßやª©-ªØ-²°̶²ı©-やŁ̶²̶╇や
Cや〉ı-や¬¬ßµ《╇や¬œ©mØŁやµØ°±³±やØœ̶¬±ØŁや²ıßØ╇やtや〉ı-やßı-³²Ø±《╆や
5æØや Ł̶²̶や ºØ-Ø°̶œœ½や R²や ̶や œı-Ø̶°や °Øœ̶²ı©-±æı¬╇や ı-や ¹æıªæや
case dC/dtや ı±や ²æØや ±œ©¬Øや©Œや ²æØやRmØŁや œı-Ø╆や5æØやßØ²æ̶-Øや
S³¼╇やFや 〉ºのß2のŁ《╇や¹̶±や ²æØ-やª̶œª³œ̶²ØŁや³±ı-ºやØ®³̶²ı©-やｱや
〉"Æıªæ©³やet al╆╇やｲｰｰｶ《╆

'や└や1さ7さ.さ6さ〉dC/dt《や/ 〉A*T*R《ややややややややややややややややや 〉ｱ《

where Pやı±や²æØや¬°Ø±±³°Øや〉̶²ß《╇やVやı±や²æØやªæ̶ßÆØ°やµ©œ³ßØや
〉ｹｳ╆ｶや-《╇や.やı±や²æØやß©œ̶°やß̶±±や©ŒやßØ²æ̶-Øや〉ｱｶやºのß©œ《╇や6 

ı±や²æØや³-ı²±やª©-µØ°±ı©-やŒ̶ª²©°や〉ｰ╆ｰｰｱｴｴや-やßı-やょ-–1 d–1《╇やA 

ı±や²æØや̶°Ø̶やª©µØ°ØŁやÆ½や²æØやªæ̶ßÆØ°や〉ｰ╆ｳｲｲやß2《╇やT is the 

ªæ̶ßÆØ°や ²Øß¬Ø°̶²³°Øや 〉,《╇や ̶-Łや R is the gas constant 

〉ｰ╆ｰｸｲｰｵや-や̶²ßや,–1 mol–1《╆や
5æØやŁ̶²̶や¹©³œŁやÆØや ª©-±ıŁØ°ØŁや̶ªªØ¬²̶ÆœØや Œ©°や Ø±²ı-

ß̶²ı-ºや ²æØやº̶±やS³¼や°̶²Øや ıŒや ²æØや Œ©œœ©¹ı-ºやª°ı²Ø°ı̶や¹Ø°Øや
ßØ²や〉&"╇やｲｰｰｴ《╈

̋   r2や┘やｰ╆ｸや〉°╇やª©°°Øœ̶²ı©-やª©ØUªıØ-²やむやœı-ØやRmı-ºや¬̶°̶-

ßØ²Ø°《╉や
̋や 5æØやº°̶¬æやæ̶Łやß©°Øや²æ̶-やRµØやŁ̶²̶や¬©ı-²±╉や̶-Ł
̋や 5æØ°Øや¹̶±や̶やßØ̶±³°̶ÆœØやªæ̶-ºØやı-やª©-ªØ-²°̶²ı©-╆
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5æı°²½やß©-ı²©°ı-ºや±ı²Ø±や¹Ø°Øや±ØœØª²ØŁや̶ªª©°Łı-ºや²©や²æØや
ßØ²æ©Ł©œ©º½や °Øª©ßßØ-ŁØŁや Æ½や ²æØや 6,や &-µı°©-ßØ-²や
"ºØ-ª½や〉&"╇やｲｰｰｴ《╆や"œœや²æØやß©-ı²©°ı-ºや±ı²Ø±や¹Ø°Øやœ©ª̶-

²ØŁや¹ı²æや̶や(14╆や *-や©°ŁØ°や ²©やßØ̶±³°Øや±³¬Ø°Rªı̶œやØßı±-
±ı©-±╇や ²æØやß©-ı²©°ı-ºや ±ı²Ø±や æ̶Łや ²©や ÆØや œ©ª̶²ØŁや ı-や ªØœœ±や
¹ı²æ©³²や²æØやR-̶œやª©µØ°や²æ̶²やª©-±ıŁØ°±や̶や±½-²æØ²ıªやœ̶½Ø°╉や
therefore, four of them were situated close to the wor-

øı-ºや Œ°©-²や 〉ªØœœ±やｵや̶-Łやｶ《╇や ı-や¬œ̶ªØ±や¹ı²æや ı-²Ø°ßØŁı̶²Øや
œ̶-ŁRœœやª©µØ°╉や²¹©や¹Ø°Øや©-や²©¬や©Œや²æØや°ØªØ-²œ½やR-ı±æØŁや
ªØœœ±や ｳや ̶-Łや ｴ╇や ¹ı²æや -©や ±½-²æØ²ıªや ª©µØ°や œ̶½Ø°╇や ̶-Łや ²æØや
others were over the slopes and the temporary roads, in 

ªØœœ±やｵや̶-Łやｶ╇やı-や¬œ̶ªØ±や¹æØ°Øやı²や¹̶±や²æ©³ºæ²やº̶±やª©³œŁや
ÆØやØßımØŁ╆や"や¬œ̶-や©Œや²æØやß©-ı²©°ı-ºや±ı²Ø±やı±や±æ©¹-やı-や
'ıº³°Øやｳ╆

Results and discussion

Icu"swcnkv{"kp"xgpvkpi"ygnnu

&ıºæ²や¬œ©²±や¹Ø°Øや©Æ²̶ı-ØŁやŒ°©ßや²æØやºØ©±¬̶²ı̶œや̶-̶œ½±ı±╇や
©-Øや¬Ø°やß©-²æや©Œや²æØやß©-ı²©°ı-ºや¬Ø°ı©Ł╉や²æØ½や̶°Øや¬°Ø-

±Ø-²ØŁやı-や'ıº³°Øやｴ╆や*²やª̶-やÆØや©Æ±Ø°µØŁや²æ̶²やßØ²æ̶-Øやª©--

ªØ-²°̶²ı©-±や ŒØœœや Ł©¹-や Œ°©ßや%ØªØßÆØ°や ²©や +̶-³̶°½や ̶-Łや
²æØやŁı±²°ıÆ³²ı©-や©Œや²æı±やº̶±やı-や²æØやœ̶-ŁRœœやµ̶°ıØŁやª©-±ı-
ŁØ°̶Æœ½╆や'ıº³°Øやｴや±æ©¹±や²æ̶²やßØ²æ̶-ØやØßı±±ı©-±やı-や²æØや
µØ-²ı-ºや¹Øœœ±やµ̶°ıØŁや©µØ°や̶œœや²æØやœ̶-ŁRœœやÆ©²æや±¬̶²ı̶œœ½や
̶-Łや ²Øß¬©°̶°ıœ½╆や5æı±や ª©ı-ªıŁØ±や¹ı²æや©²æØ°や ±²³ŁıØ±や ı-や
¹æıªæや±³ªæやµ̶°ı̶²ı©-やæ̶±やÆØØ-や©Æ±Ø°µØŁや〉4¬©ø̶±やet al., 

ｲｰｰｶ╉や "Æıªæ©³や et al., ｲｰｰｶ╉や (ØÆØ°²や ̶-Łや (°©Ø-º°©ØŒ²╇や
ｲｰｰｶ《╆や%³Øや²©や²æØや±¬ØªıRªやªæ̶°̶ª²Ø°ı±²ıª±や©Œや²æØやµØ-²ı-ºや
¹Øœœ±╇や ¹æıªæや¹Ø°Øや -©²や ±³ı²̶ÆœØや ²©やßØ̶±³°Øや -'(や S©¹や
̶-Łや²æØや œ̶ªøや©Œや±³ı²̶ÆœØやØ®³ı¬ßØ-²╇や ²æØやßØ²æ̶-ØやS©¹や
°̶²Øやı-や²æØやµØ-²ı-ºや¹Øœœ±やª©³œŁや-©²やÆØやßØ̶±³°ØŁや̶²や²æØや
²ıßØや©Œや²æØや±²³Ł½╆や

5̶ÆœØやｳや±æ©¹±や²æØや±³ßß̶°½や©Œや ²æØや̶µØ°̶ºØや°Ø±³œ²±や
©Æ²̶ı-ØŁやß©-²æœ½やı-やØ̶ªæやªØœœやŒ°©ßや4Ø¬²ØßÆØ°やｲｰｰｴや²©や
"¬°ıœやｲｰｰｵ╆や5æØや-³ßÆØ°±や̶±±ıº-ØŁや²©や²æØやªØœœ±や̶°Øやı-や²æØや
©°ŁØ°や²æ̶²や²æØ½や¹Ø°ØやÆ³ıœ²╉や$Øœœやｱや¹̶±や²æØやR°±²やªØœœや©Œや²æØや
œ̶-ŁRœœ╇や̶-ŁやªØœœやｶや¹̶±や²æØやœ̶±²╆や5æØやR°±²やœ̶½Ø°や©Œや¹̶±²Ø±や
¹̶±やŁØ¬©±ı²ØŁやı-やªØœœやｶやı-や+̶-³̶°½やｲｰｰｵ╆

.Ø²æ̶-Øやª©-ªØ-²°̶²ı©-±や¹Ø°ØやæıºæØ°やŁ³°ı-ºや²æØや°̶-

ı-½や ±Ø̶±©-や 〉4Ø¬²ま%Øª《や ²æ̶-や ²æ©±Øや©Æ²̶ı-ØŁやŁ³°ı-ºや ²æØや
Ł°½や ±Ø̶±©-や 〉+̶-ま"¬°《╆や "œ²æ©³ºæや Ø¼ªØ±±や ©Œや æ³ßıŁı²½や
ßıºæ²や ŁØª°Ø̶±Øや ²æØや ¬°©Ł³ª²ı©-や ©ŒやßØ²æ̶-Ø╇や ¬°©Æ̶Æœ½や
the typical high temperatures of the region during the 

rainy season caused the increment of these values 

±æ©¹-╇や-©²や©-œ½やı-や5̶ÆœØやｳ╇やÆ³²や̶œ±©やı-や'ıº³°Øやｴ╇や¹æıªæや
¹̶±や©Æ²̶ı-ØŁや³±ı-ºや̶やºØ©±¬̶²ı̶œや̶-̶œ½±ı±や¹ı²æや²æØやø°ı-
ºı-ºやßØ²æ©Ł╆
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Surface flux measurement

4³°Œ̶ªØやS³¼や°Ø±³œ²±や©Æ²̶ı-ØŁやŁ³°ı-ºや²æØやß©-ı²©°ı-ºや¬Ø-

°ı©Łや±æ©¹ØŁや²æ̶²やŒ°©ßや²æØやｳｰや¬©ı-²±やßØ̶±³°ØŁや©-や²æØや
±³°Œ̶ªØや©Œや²æØやœ̶-ŁRœœや̶-Łや¬°Ø±Ø-²ØŁやı-や'ıº³°Øやｳ╇や²¹Ø-²½や
¹Ø°ØやØßımı-ºやßØ²æ̶-Ø╆や3Ø±³œ²±やŒ°©ßや²æØやª̶œª³œ̶²ı©-や©Œや
±³¬Ø°Rªı̶œやßØ²æ̶-ØやØßı±±ı©-やS³¼や̶°Øや¬°Ø±Ø-²ØŁやı-や5̶-

ÆœØやｴ╆や5æØやŁ̶²̶や¹Ø°Øやª©-±ıŁØ°ØŁや²©やÆØや̶ªªØ¬²̶ÆœØやŒ©°やØ±-
²ıß̶²ı-ºや²æØやº̶±やS³¼や°̶²Øや³±ı-ºや²æØやª°ı²Ø°ı̶や±³ººØ±²ØŁや
Æ½や ²æØや 6-ı²ØŁや ,ı-ºŁ©ßや &-µı°©-ßØ-²̶œや"ºØ-ª½や 〉&"╇や
ｲｰｰｴ《╆や

"Œ²Ø°や Øœıßı-̶²ı-ºや ı-ŁıµıŁ³̶œや Ł̶²̶や ¬©ı-²±╇や ©-œ½や ｱｸや
¹Ø°ØやœØŒ²やßØØ²ı-ºや6,ま&"やª°ı²Ø°ı̶や¹æıªæや¹Ø°Øやœı±²ØŁやı-や
²æØや±Øª²ı©-や©Œや.̶²Ø°ı̶œ±や̶-Łや.Ø²æ©Ł±╆や*-や²æØや²¹©やØœıßı-
-̶²ØŁや ¬©ı-²±╇や ｱ&や ̶-Łや :╇や ²æØや Ł̶²̶や¹̶±や ³±ØŁや ²©や ºıµØや ̶や
rough estimate of the gas escaping from that particular 

̶°Ø̶や©Œやœ̶-ŁRœœや±³°Œ̶ªØやØµØ-や²æ©³ºæや²æØやŁ̶²̶やŁıŁや-©²や±̶-

²ı±Œ½や²æØ±Øやª°ı²Ø°ı̶╆や3Ø±³œ²±や̶°Øや±æ©¹-やı-や'ıº³°Øやｵや¹æØ°Øや
their locations are grouped in intervals of methane con-

ªØ-²°̶²ı©-や〉ºや$)ｴ m
-2d-1《╆や

0-や²æØやßØ²æ̶-Øや±³¬Ø°Rªı̶œやØßı±±ı©-や±̶ß¬œı-ºや̶°Ø̶や
²æØ°Øや ¹Ø°Øや ²¹©や Łı±²ı-º³ı±æ̶ÆœØや ¾©-Ø±や ¹æØ°Øや º̶±や ¹̶±や
ÆØı-ºやØßımØŁや̶²や̶やæıºæや°̶²Øや〉'ıº³°Øやｵ《╇や©-Øやı-や²æØや-©°²æや
Ø̶±²Ø°-や¬̶°²╇や̶²やｱｵやßや̶Æ©µØや²æØやº°©³-Ł╇や̶¬¬°©¼ıß̶²Øœ½╇や
in cell 6, and the other one, at the south eastern part of 

²æØやœ̶-ŁRœœ╇やı-やªØœœやｵ╇や̶œ±©や̶²や²æØや±̶ßØやæØıºæ²╉やŁ³Øや²©や²æØや
æıºæやßØ²æ̶-ØやØßı±±ı©-±や©Æ²̶ı-ØŁやŒ°©ßや±©ßØやß©-ı²©°ı-ºや
œ©ª̶²ı©-±や〉&╇や'や̶-Łや.《╇や-Ø¹や°Ø̶Łı-º±や¹Ø°Øや²̶øØ-やı-や²æØ±Øや

¬©ı-²±╆や5æØや¬³°¬©±Øや©Œや²æı±や¬̶°²や©Œや²æØや±²³Ł½や¹̶±や²©やºØ²や
̶-やØ±²ıß̶²Øや©Œや²æØやßØ²æ̶-ØやS³¼やÆ̶±ØŁや©-や¬³-ª²³̶œやßØ̶-

±³°ØßØ-²±や²©やR-Łや¾©-Ø±や¹æØ°Øやß©°ØやßØ²æ̶-Øや¹̶±やØ±ª̶-

¬ı-º╉や̶œ±©╇や²©やª©ß¬̶°Øや²æØやØßı±±ı©-や°̶²Ø±や¹ı²æや©²æØ°や±ı²Ø±や
³-ŁØ°やŁıTØ°Ø-²やªœıß̶²ıªや̶-Łや©¬Ø°̶²ı©-̶œやª©-Łı²ı©-±╆

4¬ØªıRªやªæ̶°̶ª²Ø°ı±²ıª±や©Œや²æØや±²³ŁıØŁやŁı±¬©±̶œや±ı²Ø±や
̶-Łや²æØや$)ｴや±³¬Ø°Rªı̶œやØßı±±ı©-±やŁØ²Øª²ØŁやı-や±©ßØや©Œや
²æ©±ØやŒ©³-Łやı-やœı²Ø°̶²³°Øや̶°Øや±³ßß̶°ı¾ØŁやı-や5̶ÆœØやｲ╆や4³-

¬Ø°Rªı̶œや Øßı±±ı©-±や ̶²や ²æØや .Ø°ıŁ̶や œ̶-ŁRœœや ¹Ø°Øや µØ°½や
æıºæやª©ß¬̶°ØŁや¹ı²æやµ̶œ³Ø±やŒ©³-Łやı-や²æØやœı²Ø°̶²³°Øや〉5̶-

ÆœØやｲ《╆や"Æıªæ©³や et al.や 〉ｲｰｰｶ《や °Ø¬©°²ØŁや̶°ı²æßØ²ıªやßØ̶-や
S³¼Ø±や©Œやｵｴや̶-Łやｲｲやºや$)ｴ m

–2d–1やŒ°©ßやｲやŁıTØ°Ø-²や²½¬Ø±や
©Œやı-²Ø°ßØŁı̶²Øやª©µØ°±やı-やｲや̶°Ø̶±や©Œや̶やœ̶-ŁRœœやı-や'œ©°ıŁ̶や
〉²æØや ²æı-や ª©µØ°╇や ｱｵや ªßや ²æıªøま-©-まµØºØ²̶²ØŁ╇や ̶-Łや ²æØや
²æıªøやª©µØ°╇やｴｵやªßや²æıªøまµØºØ²̶²ØŁ《╆や5æØ½や°Ø¬©°²ØŁや¬Ø̶øや
S³¼Ø±や©Œやｵｹｶや̶-Łやｳｳｰやºや$)ｴ m

-2 d-1 for the thin and the 

²æıªøや ª©µØ°や °Ø±¬Øª²ıµØœ½╆や 4¬©ø̶±や et al╆や 〉ｲｰｰｶ《や °Ø¬©°²ØŁや
$)ｴやØßı±±ı©-や °̶²Ø±や °̶-ºı-ºや Œ°©ßや ｰ╆ｰｰｲｲや ²©や ｱｰや ºや $)ｴや

m–2d–1╆や )ıœºØ°や ̶-Łや )³ßØ°や 〉ｲｰｰｳ《や ŁØ²Øª²ØŁや S³¼Ø±や ©Œや
̶Æ©³²やｸｴｰや-や$)ｴ m

–2 d–1や〉ｶｰｰやºや$)ｴ m
–2d–1《や̶ -Łや$æ³やet al╆や

〉ｲｰｰｷ《やŒ°©ßやむｰ╆ｱや²©やｱｶｳ╆ｳやßºや$)ｴ m
–2 h–1や〉むｰ╆ｰｰｲや²©やｳ╆ｹやºや

$)ｴ m
–2d–1《╆や"øØ°ß̶-やet al╆や〉ｲｰｰｷ《やª©-Ł³ª²ØŁやßØ²æ̶-Øや

Øßı±±ı©-やßØ̶±³°ØßØ-²±や©-やRµØやœ̶-ŁRœœ±や¹ı²æやŁıTØ°Ø-²や
ªæ̶°̶ª²Ø°ı±²ıª±や ̶-Łや º̶±や ß̶-̶ºØßØ-²や ±²°̶²ØºıØ±╆や 5æØや
̶µØ°̶ºØやµ̶œ³Ø±や²æØ½やŒ©³-Łや°̶-ºØŁやŒ°©ßやｰ╆ｰｳｲや²©やｱｶ╆ｸやºや
$)ｴ m

–2 d–1╇やÆ³²や²æØ½やŒ©³-Łやµ̶œ³Ø±や³¬や²©やｳｰｸやºや$)ｴ m
–2 

d–1 ©-や±œ©¬Ø±╇や̶-ŁやŒ°©ßやｱや²©やｳｸやºや$)ｴ m
–2 d–1, at opera-

²ı-ºや¾©-Ø±╆や
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$&--
.Ø²æ̶-Øやª©-ªØ-²°̶²ı©-や〉ゾやÆ½やµ©œ³ßØ《や

4&1 0$5 /07 %&$ +"/ '&# ."3 "13 .&"/ 45% ."9さ .*/さ

1 ｲｱ╆ｹ ｲｹ╆ｲ ｲｷ╆ｷ ｳｶ╆ｷ ｱｳ╆ｷ ｸ╆ｳ ｱｱ╆ｵ ｱｸ╆ｸ ｲｱ╆ｰ ｹ╆ｸ ｵｰ╆ｰ ｱ╆ｰ

2 ｲｰ╆ｳ ｲｷ╆ｹ ｲｸ╆ｳ ｳｸ╆ｵ ｲｰ╆ｳ ｱｲ╆ｲ ｱｵ╆ｵ ｱｶ╆ｹ ｲｲ╆ｶ ｸ╆ｶ ｵｳ╆ｳ ｰ╆ｱ

ｳ ｴｲ╆ｶ ｳｹ╆ｰ ｲｸ╆ｶ ｳｵ╆ｳ ｱｰ╆ｸ ｱｲ╆ｴ ｱｴ╆ｰ ｲｳ╆ｳ ｲｴ╆ｴ ｱｲ╆ｶ ｶｰ╆ｰ ｰ╆ｰ

ｴ ｷ╆ｹ ｱｵ╆ｲ ｱｶ╆ｴ ｱｸ╆ｶ ｷ╆ｷ ｱｱ╆ｴ ｱｰ╆ｰ ｲｴ╆ｱ ｱｶ╆ｹ ｵ╆ｷ ｶｰ╆ｲ ｰ╆ｰ

ｵ ｳｸ╆ｲ ｴｰ╆ｴ ｳｶ╆ｱ ｳｳ╆ｹ ｱｵ╆ｸ ｱｳ╆ｷ ｱｴ╆ｸ ｲｸ╆ｵ ｲｴ╆ｸ ｱｱ╆ｲ ｵｹ╆ｶ ｰ╆ｰ

6 ｳｱ╆ｵ ｱｸ╆ｵ ｱｲ╆ｲ ｱｷ╆ｲ ｲｱ╆ｶ ｸ╆ｲ ｶｰ╆ｴ ｰ╆ｵ

.&"/ ｲｹ╆ｹ ｳｱ╆ｶ ｲｷ╆ｳ ｳｲ╆ｵ ｱｵ╆ｰ ｱｲ╆ｷ ｱｳ╆ｱ ｲｲ╆ｱ 21.9 ｹ╆ｴ ｵｷ╆ｳ ｰ╆ｳ

45% ｲｱ╆ｶ ｱｹ╆ｱ ｲｱ╆ｴ ｲｱ╆ｳ ｱｴ╆ｳ ｹ╆ｰ ｹ╆ｷ ｱｵ╆ｵ ｱｷ╆ｸ

."9さ ｵｵ╆ｹ ｵｷ╆ｵ ｵｸ╆ｰ ｶｰ╆ｲ ｶｰ╆ｴ ｲｸ╆ｶ ｲｷ╆ｲ ｴｹ╆ｷ ｵｳ╆ｴ

.*/さ ｰ ｱ╆ｳ ｰ╆ｱ ｱ╆ｰ ｰ ｰ╆ｸ ｰ╆ｰ ｰ╆ｰ ｰ╆ｵ
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Vcdng"60"Ogvjcpg"gokuukqp"guvkocvgu"Ï"vjg"ngvvgtu"tghgt"vq"
nqecvkqpu"ujqyp"kp"hkiwtg"5

1©ı-² r2 /©╆や©Œ
0Æ±╆ ºや$)ｴ m

-2 d-1

ｱ& ｰ╆ｹｲｴｳ ｳ ｳ╇ｲｳｱ

& ｰ╆ｹｴｹｹ ｱｰ ｳ╇ｸｰｶ

& ｰ╆ｹｶｳ ｸ ｴ╇ｷｷｸ

& ｰ╆ｹｹｰｶ ｸ ｳ╇ｱｵｰ

' ｰ╆ｹｰｳｸ ｸ ｶｴｸ

' ｰ╆ｹｷｰｷ ｸ ｲ╇ｰｱｶ

) ｰ╆ｸｱｷｸ 6 ｲ╇ｲｶｵ

* ｰ╆ｹｸｳｳ ｸ ｳｱｸ

J ｰ╆ｸｸｳｵ ｸ ｲ╇ｴｹｲ

K ｰ╆ｸｱｱｶ ｸ ｲ╇ｰｲｳ

L ｰ╆ｹｶｰｱ ｸ ｴｹｶ

( ｰ╆ｹｹｶｹ ｸ ｳ╇ｱｴｲ

. ｰ╆ｸｷｲｳ ｸ ｶ╇ｰｰｴ

. ｰ╆ｸｷｸｵ ｵ ｴ╇ｳｹｱ

N ｰ╆ｸｱｷｷ ｷ ｵｲｹ

O ｰ╆ｸｶｸｵ ｸ ｳ╇ｰｴｱ

1 ｰ╆ｸｳｰｳ ｵ ｳｰ

S ｰ╆ｹｰｸｱ 6 ｳｲ

5 ｰ╆ｸｵｹｹ 6 ｸｴ

U ｰ╆ｸｸｱｶ ｷ 661

7 ｰ╆ｹｱｵｳ ｸ ｱ╇ｲｴｸ

8 ｰ╆ｸｰｱｱ ｷ ｴｰｱ

9 ｰ╆ｸｴｳｷ ｴ ｱｳ╇ｷｳｱ
: ｰ╆ｸｹｳｸ ｴ ｹｴｵ

*²やª̶-やÆØや±ØØ-や²æ̶²や̶œß©±²や̶œœや ²æØや$)ｴや±³¬Ø°Rªı̶œやØßı±-
±ı©-±やµ̶œ³Ø±やŒ©³-Łやı-や²æØやœı²Ø°̶²³°Øやæ̶µØやÆØØ-や¬Ø°Œ©°ßØŁや
©-や±ı²Ø±や¹ı²æや̶やª©µØ°やß̶²Ø°ı̶œやª©-²̶ı-ı-ºやªœ̶½╆や*²や±æ©³œŁや
̶œ±©やÆØや-©²ØŁや²æ̶²╇やØ¼ªØ¬²や²æØやµ̶œ³Ø±や°Ø¬©°²ØŁやÆ½や"øØ°-
man et al╆や〉ｲｰｰｷ《╇や̶œœや²æØや©²æØ°やµ̶œ³Ø±や̶°ØやŒ°©ßや±ı²Ø±やæ̶-

µı-ºやª©µØ°やß̶²Ø°ı̶œや©Œや̶²やœØ̶±²やｱやßや²æıªø╆や"œ±©╇や̶œœや©Œや²æØßや
Ø¼²°̶ª²や-'(や〉²æØ°Øやı±や-©やŁ̶²̶や©-や"Æıªæ©³やet al.,やｲｰｰｶ《╆や

/©やRØœŁやŁ̶²̶や©-や±³°Œ̶ªØやßØ²æ̶-ØやØßı±±ı©-±や̶²やœ̶-Ł-

Rœœ±やŒ°©ßや-̶²ı-や"ßØ°ıª̶や¹Ø°ØやŒ©³-Ł╆や5æØや.Ø°ıŁ̶や±ı²Øやµ̶-

œ³Ø±╇や¹ı²æや̶-や̶µØ°̶ºØやS³¼や©Œやｱ╇ｴｸｴやºや$)ｴ m
–2d–1や〉45%や└や

ｱ╇ｷｵｰやºや$)ｴ m
–2 d–1《や̶-Łや̶やß̶¼ıß³ßや©Œやｶｰｰｴやºや$)ｴ m

–2 

d–1や〉ª©-±ıŁØ°ı-ºや©-œ½や²æØやｱｸやœ©ª̶²ı©-±や¹æØ°Øやß©°Øや²æ̶-やｵや
¬©ı-²±や¹Ø°Øや²̶øØ-やŒ©°や²æØやœı-Ø̶°やª©°°Øœ̶²ı©-╇や°2や┘やｰ╆ｸ《╇や̶°Øや
µØ°½やæıºæやª©ß¬̶°ØŁや¹ı²æやµ̶œ³Ø±や°Ø¬©°²ØŁやı-やœı²Ø°̶²³°Ø╆や
1©ı-²や9や°Ø¬©°²ØŁや²æØやæıºæØ±²やµ̶œ³Øや©Œやｱｳ╇ｷｳｱやºや$)ｴ m

–2 

d–1╇やÆ³²やı²やŁıŁや-©²やßØØ²やª°ı²Ø°ı̶や²©やÆØやª©-±ıŁØ°ØŁや〉5̶ÆœØやｴ《╆や
/ØµØ°²æØœØ±±╇や²æ̶²や¬©ı-²やª©³œŁやÆØやª©-±ıŁØ°ØŁや̶±や̶や¬©ı-²や
Øßı±±ı©-±や œ©ª̶²ı©-╉や ̶ªª©°Łı-ºや ²©や #©º-Ø°や et al. 〉ｱｹｹｷ《╇や
¬©ı-²やØßı±±ı©-±や©Œやœ̶-ŁRœœや$)ｴ can vary over seven or-

ŁØ°±や©Œやß̶º-ı²³ŁØ╇や Œ°©ßやｰ╆ｰｰｰｴや²©やｴ╇ｰｰｰやºや$)ｴ m
–2 d–1╆や

1©ı-²±や.や̶-Łや9やµ̶œ³Ø±や̶°Øやß³ªæやæıºæØ°╆や
5æØや.Ø°ıŁ̶や œ̶-ŁRœœや$)ｴや Øßı±±ı©-やµ̶œ³Ø±や ª©³œŁやÆØや

Ø¼¬œ̶ı-ØŁやÆ½や²æØや¬̶°²ıª³œ̶°やªæ̶°̶ª²Ø°ı±²ıª±や©Œや²æØやŁı±¬©-

±̶œや±ı²Øやı-µ©œµı-ºやŒ̶ª²©°±や±³ªæや̶±╈

̋や ²æØやßØ²æ©Łや©Œや©¬Ø°̶²ı©-や〉œ̶-Łや̶°Ø̶や¹ı²æやœØ̶ªæ̶²Øや°Ø-

ªı°ª³œ̶²ı©-《╇や
̋や ²æØやº̶±やß̶-̶ºØßØ-²や±²°̶²Øº½や〉³¬や²©や0ª²©ÆØ°やｲｰｰｷやı²や

¹̶±や¬̶±±ıµØœ½やµØ-²ØŁや²©や²æØや̶²ß©±¬æØ°Ø《╇や
̋ the material used as daily and intermediate cover, 

¹æıªæや¹̶±やı-©°º̶-ıªや〉-©-やª©-±©œıŁ̶²ØŁやª̶œªı²Ø《╇
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/4"f/3+"fgvgevgf"kp"vjg"ncpfhknn"qh"Ogtkfc."Ogzkeq



Superficial Methane Emissions from a Landfill in Merida, Yucatan, Mexico

Ingeniería Investigación y Tecnología, volumen XIV (número 3), julio-septiembre 2013: 299-310 ISSN 1405-7743 FI-UNAM308

̋や ²æØや²æıªø-Ø±±や©Œや²æØやª©µØ°や〉ß̶¼ıß³ßや©Œやｰ╆ｱｵやß《╇
̋ the characteristics of the incoming wastes which are 

ß̶ı-œ½や©°º̶-ıªや〉┘ｴｰゾやÆ½や¹Øıºæ²《や̶-Łや
̋ the climate, with high temperatures all year long 

̶-Łや̶ や²©²̶œや¬°Øªı¬ı²̶²ı©-や°̶²Øやªœ©±Øや²©やｱ╇ｰｰｰやßßの½Ø̶°╆や

*²や̶œ±©やæ̶±や²©やÆØや²̶øØ-やı-²©や̶ªª©³-²や²æ̶²╇やÆØŒ©°Øや¬Ø°Œ©°-
ßı-ºや ±³¬Ø°Rªı̶œや º̶±や ßØ̶±³°ØßØ-²±╇や ²æØや œ̶-ŁRœœや ¹̶±や
©µØ°±̶²³°̶²ØŁや Ł³Øや ²©や ¬°Øµı©³±や æØ̶µ½や °̶ı-Œ̶œœや 〉ｱｹｴ╆ｲや
ßß《╆や 5æØ°ØŒ©°Ø╇や œØ̶ªæ̶²Øや Œ°©ßや³¬¬Ø°や œ̶½Ø°±や ª©³œŁや ÆØや
±ØØ-やª©ßı-ºや©³²やı-や±©ßØや¬œ̶ªØ±╉や²æı±やª©³œŁやŒ©°ªØやº̶±や²©や
Ø±ª̶¬Øや²æ°©³ºæや±©ßØや±¬ØªıRªや¾©-Ø±╇やı-や²æı±やª̶±Ø╇や²æ©±Øや
¬°Øµı©³±œ½やŁØ±ª°ıÆØŁ╆

Conclusions and further work

/©-や³-ıŒ©°ßや-'(やØßı±±ı©-±やı-や²Ø°ß±や©ŒやÆ©²æ╇やª©ß¬©±ı-
²ı©-や ̶-Łや S©¹╇や¹Ø°ØやßØ̶±³°ØŁや ̶²や ²æØや œ̶-ŁRœœ╆や 4¬̶²ı̶œや
̶-Łや±Ø̶±©-̶œやµ̶°ı̶²ı©-±やı-や-'(やª©ß¬©±ı²ı©-や̶²や²æØやµØ--

ting wells were found with a total average methane 

ª©ß¬©±ı²ı©-や̶ª°©±±や²æØや±ı²Øや©Œやｲｲやゾや〉7の7《╇やµ̶°½ı-ºやŒ°©ßや
ｰゾや²©やｶｰ╆ｴゾ╆

5æØやŁØª°ØßØ-²や©ŒやßØ²æ̶-Øやª©-ªØ-²°̶²ı©-やßØ̶±³°ØŁや
Œ°©ßや̶œœやªØœœ±╇やŒ°©ßや%ØªØßÆØ°やｲｰｰｴや²©や+̶-³̶°½やｲｰｰｵや̶-Łや
²æØやı-ª°ØßØ-²やŒ°©ßや.̶°ªæや²©や"¬°ıœやｲｰｰｵ╇やª©³œŁやÆØや̶m°ı-
Æ³²ØŁや²©や²æØや±Ø̶±©-̶œやªœıß̶²Øやªæ̶-ºØ╆や5æØや±¬̶²ı̶œやµ̶°ı̶-

²ı©-や ©Œや ßØ²æ̶-Øや ª©-ªØ-²°̶²ı©-や ª©³œŁや ÆØや ̶m°ıÆ³²ØŁや ²©や
±ØµØ°̶œやŒ̶ª²©°±╇や¹æıªæや¹©³œŁや°Ø®³ı°Øや̶ ŁŁı²ı©-̶œや¹©°øやin 

situや̶-ŁやŒ³°²æØ°や̶-̶œ½±ı±や©Œや²æØや°Ø±³œ²±╆
%³Øや²©やªæ̶-ºØ±やı-や²æØや.Ø¼ıª̶-やœØºı±œ̶²ı©-╇や²æØや³±Øや©Œや

µØ-²ı-ºや¹Øœœ±や ı±や -©や œ©-ºØ°や¬Ø°ßımØŁや ı-やŁı±¬©±̶œや ±ı²Ø±や
²½¬Ø±や"や̶-Łや#や〉±³ªæや̶±や.Ø°ıŁ̶や œ̶-ŁRœœ《╇や-ØµØ°²æØœØ±±╇や
for the other types, it is necessary to develop a methodo-

logy to measure methane emissions from their venting 

¹Øœœ±╆
4³¬Ø°Rªı̶œや º̶±や S©¹や ßØ̶±³°Ø±や æ̶Łや ̶-や ̶µØ°̶ºØや ©Œや

ｱ╇ｴｸｴやºや$)ｴ m
–2 d–1や〉ｰや²©やｶ╇ｰｰｴやºや$)ｴ m

–2 d–1や¹ı²æや̶や4%7や
©Œや ｱ╇ｷｵｰや ºや$)ｴ m–2 d–1《や¹æıªæや¹̶±や ª©-±ıŁØ°ØŁや ̶や µØ°½や
high value when compared with data found in literatu-

°Ø╉や-ØµØ°²æØœØ±±╇や²æı±やæıºæやµ̶œ³Øやª©³œŁやÆØや̶m°ıÆ³²ØŁや²©や
R±±³°Ø±やŒ©³-Łやı-や²æØやı-²Ø°ßØŁı̶²Øやª©µØ°や©Œや²æØやœ̶-ŁRœœ╇や
¹æØ°ØやßØ̶±³°ØßØ-²±や¹Ø°Øやª̶°°ıØŁや©³²╆

5æØやı-²Ø-²ı©-や©Œや²æı±や¹©°øや¹̶±や²©や©Æ²̶ı-や̶-やØ¼¬œ©°̶-

tory instant measurement of the methane emissions 

²æ°©³ºæや²æØやı-²Ø°ßØŁı̶²Øやª©µØ°やœ̶½Ø°╆や*-や©°ŁØ°や²©やºØ²や̶-や
average methane emission rate a monitoring net needs 

²©やÆØやŁØ±ıº-ØŁや̶-Łやı-±²̶œœØŁや¹ı²æやª©-²ı-³©³±やßØ̶±³°Ø-

ßØ-²やØ®³ı¬ßØ-²やı-や©°ŁØ°や²©やR-Łや²æØやµ̶°ı̶²ı©-±やŁ³°ı-ºや
ŁıTØ°Ø-²や ²ıßØ±や ©Œや ²æØやŁ̶½や ̶-Łや ²©や ÆØや ̶ÆœØや ²©や ²̶øØや ı-²©や
̶ªª©³-²や²æØやßØ²Ø©°©œ©ºıª̶œやØµØ-²±╆

5æØや°Ø±³œ²±や©Æ²̶ı-ØŁやı-や²æı±や±²³Ł½や̶°Øや̶-やıß¬©°²̶-²や
ª©-²°ıÆ³²ı©-や²©や²æØやø-©¹œØŁºØや©Œや±¬ØªıRªや-̶²ı-ま"ßØ°ı-

ª̶-や±©œıŁや¹̶±²ØやŁı±¬©±̶œ╆や"²や̶や²ıßØや¹æØ-やŁı±¬©±̶œや±ı²Ø±や
Œ°©ßや ²æı±や ºØ©º°̶¬æıªや ̶°Ø̶や ̶°Øや Œ©°ªØŁや ²©や ÆØや ªæ̶-ºØŁや
Œ°©ßや©¬Ø-やŁ³ß¬±や ²©や œ̶-ŁRœœ±╇や ı²や ı±や ıß¬©°²̶-²や ²©やæ̶µØや
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