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The study on Developing GHG inventory for
Landfill

Dong-hee Jung

Department of Earth Environmental Sciences, Graduate School of
Industry, Pukyong National University
Busan 608-737, Korea

Abstract

According to the Article 12 of UNFCCC(United Nations Framework
Convention on Climate Change), all parties of the convention should
present its National Communication contaming the national
Greenhouse Gas(GHG) inventory, its policy & measure status for
reducing the GHG emission and so on, to the secretanat. In related to the
submission of the national communication, an estimation of the GHG
emission in each category 1s the most crucial section and its accuracy is
very important, because it is not only directly related to the national

economic as a trade barriers but also reviewed for evaluating a



national commitment as defined on Kyoto Protocol.

It is known that a landfill is a major GHG emitter in waste
category, and also has a great potential for reducing GHG emission.
To estimate the GHG emission generating in landfill, it is firstly
required to implement the basic surveys as like the waste
composition, GHG concentration and amount of the LFG(landfill gas),
and its variation trends. During the surveys, the basic data such as
the component, amount and composition of the deposed wastes should
be also collected. After collecting all data about the landfill, we can
estimate the GHG emission by appling the collected data into IPCC

methods which is internationally allowed.

The IPCC suggests two methods such as Tier 1 and Tier 2 which
are classified by the national circumstances acquiring the data
possibility. The goal of this research is to suggest the best practice
to estimate GHG emission of landfill site by reviewing the process of
the basic data collection and comparing the results of two methods of
the IPCC guideline.

According to the site measurement, the CHs proportion of LFG is
4668% and the amount of CHi, as known a greenhouse gas, is

4,196.87 ton/yr, in which both are for vearly average base.

The maximum CH; amount of landfill based on the Tier 1 of IPCC
guideline was 20859 ton-CHyyr in FY1996, the minimum CHy
amounl was 5584 ton-CHsyr in 2001, the vearly average CHy
amount from FY1994 to FY2002 was 11,737£5,027 ton-CHs/yr, and

the total amount for same period was 105635 ton -CHs. However the



total CHs amount from FY1994 to FYZ2065 applied by the Tier 2 as
known FOD(First Order Decay) is estimated to 64,174 ton-CHa.

This basic research shows that the result of the Tier 1 is 1.65
times higher value than Tier 2. The main difference between two
methods is that the Tier 2 produces a time-dependent emission
profile that better reflects the true pattern of the degradation process
over time, whereas Tier 1, as known the default method, is based on
the assumption that all potential CHs is released in the year the
waste is deposed. The default method is giving a resonable annual
estimate of actual emissions if the amount and composition of waste
deposited have been constant or slowly varying over a period of

several decades.

Therefore, the [PCC propose that it is good practice to use the
FOD method, if possible, because it more accurately reflects the
emissions trend over time. The use of the FOD method requires data
on current, as well as historic waste quantities, composition and

disposal practices for several decades.

Kevywords : Green House (as, Landfill, Inventory, Tier
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T v1FAstet BAC Ao ol AAT Hv|2eo] &z wet
o B2 73771 7] o2 FY9] vs ZHstn g3 47143
£ zddhe ddFe suE AAHDT YTHUNFCCC/SBSTA/1999).
AARE ol2fd £37 Fde] waA AP de=d v FHe
g ostd A 7] F FEF7] FEE o 10~20% HE F7Hd A
o2 HIHEI YUY(USEPA, 1999). oz AF2urt A =HA
At 3ol =S4 bR T4, 90} Fope = v)4tede] gl
T 7 Aog oA, o2 1% YF¥ae v F3lo] e
g Ao oAHI dr) 53 ARd A9 o dxdd A AY
ol wpaA st duAHQl FAHAGS addrt v A F=
3 dato]l Aa=E Aoz AAHT AdrHDlugokencky et al, 1994,
Environment Agency of UK, 1999).

oleglt A FLdsE FEshs 247kAe dREAQ] JELEE o
sheta wigh obitstA A ZERF Tol e, A AR drlF F
= oaqste ddo) wet A&Holn AAF E7 2AF Holw g
(SBSTA, 1999).
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Aoz AAHHI 3)vh(Revised 1996 IPCC Guidelines, 1997)
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NEe gel - 83 4RHAA WL B PAHNEA AFHoZ o
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2.1 W gAolH e k3
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ol 4hSERA(CO) A 98%0°l o] 21, ojgjell 44 3t A s
B, shRuol, A4 A Fo8 T4 gl &3l ﬂ‘%*é%ﬂﬂ@
= A, 74, tEREAY Fo| wEs s Ao® dedAa Jn
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Moz 71 21 ez dAZ 9]

2.1.1 7] =AGA
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7 Az 214 232 Hole S99 A wdEs $710 oS
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FAMY £RE pHE FAHLRZ $7AA 7-8 AEAX Bobx 1
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LFG 2R &°] 343] Z43H, o) di-29 4420 o dA
A AEeR AR A Hob dE A ARSI =27 gio]
o 5d Al A Fo vlae Wea) ojasielreln] ojgy] F

=g et e 49 Ak LRG| vhebdo

Aol 5 kg v AN T Fagh Ae R sdARN AdAd
M AE Faek ol MEARE Wi FdFe] ofelM B M W
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4H, + CO,~CH, + 2H,0

CH,COOH~CH, + CO,

LFGS] #R4%e ditre] ol5(+5)%, ol 4sherasl oh5(+5)%7 A
g AAH:, doids W@ ARSE oYy e A W
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Zo] zA e Hl$L 3~7% AEolth LFGEY #RVAEE TR
%k7b & 134kg/m’elth W EAE 2A47tA FHA AHEgd o
o] gt oz Qe Fa vg visder iaHz . =
o] A% wigAz 7Y FoF vErtae dades F vt viE
o) 30% o] 4e AA = Ao AdA 1 Ytk

Table 2-1. The substance of LFG generated in MSW landfill site

Substance Proportion (%, dry-based)
W & Methane) 45~60
o] At g ek (Carbon dioxide) 40~60
A 4= (Nitrogen) 2~5
A (Oxygen) 0.1~10
% 3} & (Sulphur Compounds) 0~1.0
o} 2 1] el Ammonia) 0.1~-1.0
4= A (hydrogen) 0~02
2} AF3} gl A (Carbon Monoxide) 0~0.2
?1EHOthers) 0.01 ~0.6

Source © G. Tchobanoglus et al.(1993). Integrated Solid Waste Management
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EAZRY g E AAE7 g A7EY iy A Fo T2 DA
dr} wbde #slralE LFG 249 25 dAldA #HAHn g5
0~70mg/m’o]th <#E 2-3>& LFGelA #28 #3389 /9 5k
HAE bl gith

Table 2-2. The substance & conc. of oxygen—compounds in LFG

Substance Conc.(mg/m") Substance Conc.{mg/m”)
Ethanol 16~ 1450 Acetic ester 2.4--263
Methanol 2.2~210 Butyric ester <0.9~350
1-Propanol 4.1~630 Acetic buty] ester 60
2-Propanol 1.2-73 Butyric propyl ester <0.1~-100
1-Butanol 2.3~73 Acetic propyl ester <0.5~50
2-Butanol 18626 Acetic acid <0.06~34
Acetone 0.24~-4.1 Butyric acid <0.02~-6.8
Butanone 0.078~38 Furan 0.1~24
Pentanal 0.8 Methylfurans 0.06~170
Hexanal 4.04 Tetrahydrofuran <0.5~388

Source © G. Tchobanoglus et al.(1993), Integrated Solid Waste Management

Table 2-3. The substance & conc. of Sulphur-compounds in LFG

Substance Concentration(mg/m3)
Methyl mercaptan 0.1~430
Ethyl mercaptan 0~120
Dimethyl sulphide 16~24
Dimethyl disulphide 0.02~40
Carbon disulphide <05h~22
Carbon oxysulphide <0.1—-19

Source © G. Tchobanoglus et al.(1993), Integrated Solid Waste Management

LFGE e @3trigledt g2 f714d #7180 Adedser Rivs

Shia

_12_



FHol A AdHoR BT AT HdBE Sol 8 4w ﬂ%
o wEkrast ol dAzlEe] FhEe Arkh LFGEA $4AHE 2
o2 ¥49¥ + dvh UM BRr2HFBE FYT w5 ﬂ}g

B9 444 235413882 s 5 gon, LEGEY d8H 9=
W e ASFEY] 259 Erl <H 2-4>d e AR 2y

Table 2-4. The substance & conc. of Aromatic hydrocarbon-compounds in LFG

Substance Concentration(mg/m’)
Benzene 0.03~15
Toluene 0.2~615

Ethylbenzene 0.5~236
Xylene 0.2~283
Styrol 0.1~10

Prorylbenzene 1.5~173

Source : G. Tchobanoglus et al.{1993), Integrated Solid Waste Management

=< T2 8549 2 AEgdEdA A/ B
th <# 2-5>% LFGZE9Y g44 35238328 e
W Ade AR Fxeo Wz 433 2y, ole wjgAlo wa} &3
o ]

d of & Adl 7|1ttt d4 L B4y AgE T
S WAL R 7F axdold AHgEe] gtow, o AAe BHe et
Aot &9 - gt e bgdHo o] LFGEY ko] djde
2wt dad gL g¥Ee AFedsArr)t Ads] 57 gF
of A72u3t HFHolME Fa wadide) slu ok = % daA ¢
shrastgteoz Ly HClo) Q4" 754l wou, o2 A8 #A

H+toll = LFGFol #7142 217}3 88 (Organic silica compounds)o)
ZEALL, ol LFG Qe FAZ dosle Aoz nusa Ut
A FEE A7 Pl AAEer 2 v =2 A3, A

—‘[f.
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A7t #7k5@ Aoz FeAn gow, AW Y €48 YT A
a3t 4¥oR AAHT YekFEdRYA) &g
2| 2, 1997).

Table 2-5. The substance & conc. of Chlorinated hydrocarbon—compounds in LFG

Substance Conc.(ng/m®) Substance Conc.(mg/m®)
Dichlorodifluoromethane 4~700 Vinyl chloride 0~264
Trchlorofluoromethane 0~500 Dichloroethylene 0~2H
Trichlorotrifluoromethane 0~30 1,2-dichloroethylene 2—~100
Chlorotrifluoromethane 0~10 1,1-dichloroethylene 04~138
Chlorodifluoromethane 2~276 1,1,1-trichloroethane 0~29
Dichloroflucromethane 04~14 Dichloroethane 04-20
Chloroflucromethane 01-110 1,1-dichloroethane 05--21
Dichloromethane 0~684 Trichloromethane 0~50
Trichloroethylene 0~312 Dichlorobenzene 0.1~53
Tetrachloroethylene 0~250

Source @ . Tchobanoglus et al.(1993), Integrated Solid Waste Management

23 M7t 29 R sgs

LFGel 24 9 sl5e 54 34, LFGe W] wizg Fol2, &
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LEGE A FARd Mige 247122 g8 o) LFGE W7+
oo AAPE sk AL W] fete] LFGE ﬂfﬂﬁ}?l §le EA
Astste] AuA =N Fgeina st EHeR R 4 grh £

‘rfU
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LFGF9 migt 3xc AL 530 wet oy 7)Ee] Agdy. A4
3t B3 vig 558 7HEd 24 X8 el dashd, LFG 3+
#AAM FHe 7] Foel Ertdgstn 28 A LFGe We sk
7b Wolxich Adukd o Az|Agte] A lo] A WEg vk
45~50%, 7F2E1 S 35~40%, S71EINIL 20% AEe] WY vk A
& 7hed Ao dHu ISR AnHA S Wy £, 1997).

2o

o] %
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231 Mgk 24

LFG #&4<& 584 LFG 34 Axde Hgsn e Aoz
LFGE &9 ER a7 A3 24 S9& dojof 3)nf, 7 &2 A
== LFG 43 dol we} debd 2uk opyet FE249 Fo|, BEA Y
54, AVIEY Aigriz, £8, Uk, e £27), AFEESE 9
"3l #dE gk Sbg WF AstA 29 LFGY 37 §Yel 27}
Ay, &7 Fdell W2 FAFLE G50 go] 2%4d gk A
A, &7l 4% Mo R LFGe A% A3, 4, LFG 39 ¥
159 dtardor &3 FolzEloly el duloja = sleA Al
A, 57 FHez J74 23 3Ao] Aldso] LFG 24 AAs #4

5% H0e S A8 G2 9% 27 §Uow dd BANL AF

7Y FEAAN T FAA(Vertical Welb# 53 A (Horizontal Well)©]
Qon] FRYL AdukH oz o] AL ) whHe] FHEAH L 7o)
}

w @A gl AAFTY WA o B Aow

b #HE vgR

dea Qg vbs FEARAL ME AAH] F EHVR MAE o
AastA wbaeld Qo RUHYW shaF ™ol eI E A
T Aol whghasick

2311 #3844

FARL Ao wYo) ghud Fo MY vy BA AR
dl A 7 FEAE dAst: @2 AAslY A0 AL g
o] AZ HAEF AAFT<IY 2-1> uvi@Zo] du QITASFDHE
HE HE Z8se A 254 2hHo] 0~66me 2 g8tm, v
o 4= 2 & 5o =

AT HEAD A9 754 DHO2 BmE A

7 O7bATE R e FEEHAY F77 e H
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HA FES WEUOE EE HE & AY 71EES A8
Ag2 AAA LFG o] §olsted dA S =g 54
ol 2t de] Y8 =24 5 de dWng éii]ﬂﬂ, LFG %
gtof mel Ses ™I F AL HARD vk FEF

e &Y, A5, vledE(Manometer) A2 ExHoz

dAgde A2E Yol w YH9e Y2 neete £43E%

0%

ox mlﬂl ,_4 Oﬁ. r_ﬂ, -lﬂ'.

re -m

A

e,
o=

o

e
= r.il

rr

o] zlol& v A AA3h}
4~-10 6-in PVQ gas vent
P
///
Ay
Compacted !
soil N . ,
| 3t
17
N I
R s ;)I
. P |
// Y /,: Sand with
PRy geotextile
o v above
%@3{4“ }wﬁ&{, ’ and below
e
Al
AV :
! ‘l Ew Varies
4.5~in holes , \ !
every ' :
g in
Fig. 2-1. LFG collection system using vertical well
2312 9 A

FHAE W% LA sheel s Y 489 Ao Wiz ve
Aol HgHn Qe A9 Bom, 05~Im Wl AL T,
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A< FAE WA XAHS F FFHE 1 Yo XHET, Hr|ER BE
2 A fFe HEUE = HE So7 F77 A EieE
A48 ZAsfor gtk AL Eo] AL d6m, F AL ¢
66m A7t Ak o)ty

2.3.2 LFG °o]l%4n)

FEANM gad"E LFGE AF IHUHzE Xor] 93] Z29
(Blower)& AH&3lH, 4 mel A g9 A8 fAHE AN F
el ME ol &3l LFGE ¢h&dt ol 35dH o8 ojfdit
LFG °l& 24eA9 F¢ & Uxsr] <= ¢d 427 48
o

233 §F%7 ¥4 2 A4

LFGS E3 2 3|FolA wr=A udsjior 8 AL §&559 X4 ¢
Aeloltt. LFGE el ¥Estslo] Qlon, mEEd LFG7F 7k EHA|
AE Bdste AAAA WAEHHEA 57 dAdY 2 vhadA
SEH5TE AASA o EFPHo] w3 LFG X o] E7FssAh &
79 AAE LFG o3& AAAA HAsle &5 o|Fo] &oldt
EE gl ol HA AxE ol ue] Hols}t LFG wgv’* ol u
2} AAHD, AdntH oz S By FE2H S 2 5% o|4e]
BALEE olFwd] AEdrh EF EPH §FFE %éﬁu Sl o

& AHd e HHE dAdo A dd.
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24. 2ANE AEHY

227 s AEuy e 7] EHAQl Tier 13 FOD(First Order Decay)®
Al Tier 274 vk Tier 1& FaidEe] midd H7EL Fadx
w5 EalEe] uigst2s @3 st Ed, vigsta wjEe] vyt
FrAnt o} FoyHYtar F1ASY 2, Tier 22 vigo] Fa® F 20~50
dogtele d #rlEe] EAHUA Wystas B Gn e

~

o4 A sl A5 Lygtel Sdstnz £ oAl o

Hih "R 7 717 Fokd] HE3) H”ﬁO}L
EApgth el s Tier 16) g 37ke] 49 mi g7zt Eetel widr)
2o Eo] Hof Hrbd AA 7 Ao, Tier 29 €38 44 A 37} Tier 1
2op AdA Hrh dhgelth. Y A A Sl F ol
2 P el [ S g | e

WHAEZ o A7 Ee] A3 vidae] AdAEA Fon, vgdFT
Y, 5= 8, Ests sy F o2 old o Mg 9
3 oh @b wiE o] WE 4 low], ZF W4t migrls Al oju
T DS vAEA Awslsslvr A BrbsEid ades vigst
2 Ed AAe 2RHog BERAAE Yalste ok

Tier 12 ol2]d wigdr|&3 A" At WE wiEFF 2ol 17
st #3 AN, Tier 2 A Z2AHE B viddsts EHS A4
o2 Tier 1914 thFa 23 wj@d7]&o] e wiEF 2ol uigds)
a Ak 9EA SH ARG delehbE 24 S FAE & Qv B4

o
ofth, WE wlyzbs fA TN WE wHFS SAe ok s, GuA0
2 Bobssta, 9% 249 uAF Adsie A4 $44s §3

Wafob vk wemE Ay HYARYE A TR AHE 24



of S 27 AANE o] WYAE Yo s NEHe AR
Z3o] olojzlot dck @ MATN WERE A7xe] o] A
ol ok welm e ols RN UW B AEA Aasu

ShAIT, Tier 27b wok @dY o2 HPrks WE FUE mAelA T,
#A9h @Al viPeld Fuot Ak HEF & 9L, Tier 19 A%
Yol wek e R ol wrh

241 Tier 1 : 7] ¥y

Tier 1 W2 IPCC AAMUWP9NANA AAIS Aoz AHAE e
¥ g}

CHa Hl & ZH(E/yr)=(MSW>xMSWxMCFxDOCxDOCyxFx16/12-R) + (1-0X) it

o] 7} A,
MSWr = #A7IE A F 28F (Ge/yr)
MSWy = A8 H71E9 2 FA4 vigdse= v &
MCF = wg&247 4 (Methane Correction Factor)
DOC = 37t 7F53 #7184 9] 8(Gg/Gg-waste)
DOCr = DOC FolA mAE s 32 + d= v &
F = w§7zl2 Feld wlgte] 2x3ls 39 &
R = 2ASE f@rts S 4349 g9 & (Gg/yr)
OX = x4-355x @& A97t2st igdEe Fa43tEs Aste e v

g, HZol #EE  IPCC Good Practice # 34 (2000)ol & L2t
o Hes ARl sz, ol wWEASrY Ader HrE 99
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£9 Warts NEgez dew ge Hog RAWTE Lo - MCF
DOC x DOCy x F x 1612, 7#lpz, dAxoz 434e g2 2
of glom, @A o WrE Rol L,z E¥starh 9 2ANd4 4
G 2 Al e dge obeel A mi A% 2wk

2411 AZ1EQ A7 F TAFMSW)I vl ¥& (MSWr)

Ao MSWi= AEA7IES] 322 A AMSHI oy, o7]A
g AdEe 45 78S FH%e Aow 4gHrlE, AR
71, €04, AEFAYE Fol EdE Sl e TN THT
HAzlE 2 2 AedF, o HriE #d FAARE vid Eist
Aol H7IE At F A AFMSWnI vk HH & (MSWe)ol digh A= &
grsted s A7 qith

2.4.1.2 We R A A 5-(Methane Correction Factor : MCF)

My Hrge] BF dr|Hez B 41, 37402 yad ¢
A7) W wigx e #el g wdsyl A& MeRAATFE =Y
sfol ok MCF7F 021 A% 3714 B3] z7A0x, 19 A%Le &7
A RE 2L otk gEsh @ ojFold WPAE BEANE AE
g, g H¥E uE, HVES 4F thdehr] Wil w0 F
3 TheAol aukd Hojxy] wRel A ukSe] dE slzAol
wolalch o)eldh wWgxle]l P9 MCFgre] =tk whalo) whe)rh 2 <
=i e ddAde HA7IEY E v T #dd flol WHee Ay
7 %7 Wi wg wIE Fo TSo] Wob ¥ AFE ks Aol

Foh aeeg sv|d ol ¥AE ThsAol ol od¥ wiyA 9
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4= MCF #eol k.

2413 %719 A (Degradable Organic Carbon

Ao ¥l Thsd fvle

vele

& ousx,

: DOC)

At Bz v Rl eAe
Gg/Gg-wasteelth, DOCE #7189 AAI} A4

H&Eoe] gJom #H7|Ee AAd DOCY 715 HEFX2 AT 4 o)
19963 @] IPCC A& AollA Aets DOC Al WAl & olefoA] R=
VAR rig=
DOC = (0.4xA) + (0.17xB) + (0.15xC) + (0.3xD)
B (2)
o] 7)1 A,
A= 9718 F FTolad HH 2B v &
B=39H7% % A9 2 FAHNE 52 R} &0 F714
H71 g A v &
C = H718 % 548247 43 ¥ &
D=#7% %5 JUF ¢ Feo Az v&

e, #19] [PCC
o Age Felelmw
Fevtetol Age a4

Tl A E e A

A ARzt o B AEe ARATA

T714 A7 E (54

e

H

< AAHE Tol B 1=, FHavt
2 A gar)ddE FA7E vk e s,
2= 2ol sttt ofF HalA $4
A7l &g el ool FEsgn o] F

Adz dA4stAdzn, YA

799, 94, #4e4 @

] -

°o|&

:::—r—'JZ

Al
A
e

71



S9

ok

0

A

of
e
B

o

, HE

&
(3)
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7
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%3

, H9¥, el Fr18)e 25 2&st o)
DOC(%8) = CCFxFW; + CCPxPA; + CCWxW(Ox + CCR*RU; + CCAXFA; +

-AaFo AA AVIE T TF VE(EENE %)

CCUxSRy + CCLALE; + CCSxSLy + CCAxAN; + CCOxOT;

FR e s Wiy HrlE 3
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Aoz 714
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ar-

CCW = v}

71 %)

£
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T T3 NEGEHE %)
=
T
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3
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2414 53} 7}s3 DOC(Degradable Organic Carbon Dissimilated)

.

el A A 3l 7Hsd HolE FoAMAE A AR BEsT 5
A FAY Ba& e 4] =9 3le] v ol hxEAHd HEel
gladojn, L}E, Fol FolA o st dFo] Wol WAHG watA b
grb AR olefg EAE wg3tyl 93 DOCyE =9skdth
DOCyi= "RE A4 DOC FollA A&7t 7hs 3 v &S 9ngt} [PCC
A M= DOCsel 712 o2 0772 AMAstz Aot 29 3
ZAb] olshd o] Freo] ha HAd) HrtE AR delAa gk HIY
IPCC(2000)2} Good Practice Guidanceo| A= DOCy®] 7jR 422 05~

65 A8l AE AR Yok

24.15 W7t Fo W@st2 vl &(F)

Myrtme] REE v ousda o Fold Utk Herta
Mg F e oy sv1Ee) Al wek 04~06 A= W9l g 2
L Aoz deAx Atk 242 5ol Fate AAes Aol 4
BN B7F §UD Aol An HF F gol AA uo: 48
F itk webd Zgel o) 44E F @2 olEgo 7% wak

= 3}
ot T e R wigsbs wE F gt debdes 058 AMES )

2416 M27t2 35 FR)

gk g nf Ao A HAEE AertaE 35t ez g
&34 Flaring Aol dx Aelsls F& ugdd ol WidA9
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gt del s 1R fde] v MigstAE d4stdE CO%
H:02 wlZ&s 2, 7|4 COxz AEA #A7IES Rz st WA=
CHs2] Aad g8 ZAAT 47tellA AEA #H7IEd 93] s =
COxz SH7FE wjE ol A A7l Aat vlRIER 2 3 g50] A
Helw = ek v E CO.E HAAZY, AdANA £8 Aol &drh
o 7HAE e 2A7EA s E A A A

24.1.7 435 (0X)

Arate 2 vigA RS SR gt iy SEZE Bst
et OX gtol Oolm A& 4kshzl dojrhr]
t WA e W@ sEA7E 100% s e
. IPCCel A A3t al%: Arshge] JEE AZelw, dg 4

W &2 rg

ax

1314, Aatg e AW od (] ofdtR 1 o4 e YR = Ao
2 g9A v 3 rxe A5 018 e s Abgsa g,
AT SAF2000) RuMdME dst&ger 08 HAAt dwrye
2 A EA A= oA EA B OX @ol =& Aoz vehg
o @A wde Ae AAEA] mdEe] AY we AL oI
HoAEte R 0fts ARG E 018 HAdees A :
AoE Frhgdrt
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242 Tier 2 : FOD ¥

[PCC A HAM 99N A AAF A 4L ohF3} o)

Qcu, = LoMp{exp(—kc) — exp(— kb))
(4)

o g Aee 7 wie] ta dWe ohgolM wi Ay 2
=y

2421 SA71&9 G A WfgF M)
FE WYL wod F widEE HrlEe] o

170wl
& YR e T o] AQ@T me AR 7129 % 4
@ ol wawel 44 2% A wojaT

Mo

et MEATE AAstE Wye 24 F oA E 2ad F Aok A
A= A71E2] 2% (Empirical Formula)S @43k, o] #7120
714 23l ds) A4 JhEd Wee] Ao SRS dEHoR AA
dte Aolal, F WAE f714H7 29 gargdFogny Ay Fi=
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e H/Ee AYH HANo) CHONS. o 45 A71ge @
A4 28 BN el Ao w7 Ee] waSHA W, o)t
9, hR o}, Feheart BAEo

CaHbOc—NdSe+( 4a~bA2§+3d+Ze )HZOH ( 4a+ !J—Zg—?mf—Ze)CH4

da—b+2c+ 3d+2e
+ ; Jco, (5)

+ dNH, + eH,S

¥ Howrsy ug dAFS dAH = oHE eI 2o

L w71 HA7ME T 444 F(C, H, O, N, S d3#& ZA43%.

@ 7t A Ee e d4 dAFoR o 7 949 mole
TE AAIL
oAZ1N  Ag 7 Ui mole FE HZEY 2F4Y
CaHpONaS2l Bb& Al a, b, ¢, d, e7} |}

@ ol AAHS a b, ¢, d eZHEH WHeEd AAH moler)
(datb-2c-3d 2e)/85 AlAtgch ol #H7]E | mole B A H =
MEe] mole & AR gt

@ H7 = Imole®] VAFE thiol At AA )

:12a + b + 16c + 14d + 355e
ol #H7lE lmoles HA#Fo g Fitete] #H7E FFF A=
Hekars A8 g Aol

® H7le 1€F AAHE Hess AAsa
HA7]E lmole?] AFE 1£2=z Afdds 3
mole & Wl H oz AAsn, olF AL £ Rz Fud
d&e] 39 moled Wge A8k 169 #3tx, £y 7
i 224200C, 171/DE &8 AA g}

el 4T AL wgh o]2 SR Gooln, HA Were metuy
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ASMCF)® %3 75 Hl2DOCHel o8 2AHE o8 wag
Lyt T 2ol 239

L, = MCF x DOCr x Go 6)

Ly = MCF = DOC x DOCy x F x 16/12 (6-1)
2423 g A5 545 (k)

d @9 Bl HRY w14 A%
W ool e g s od &

= kM, (7)

AN Mgz 0B A7IEe] MigARoZRE ¢ A% 3 Feol )

A

H A7 Ee FFFNR, k= F714 H7IES] EASEAFld AT

2 Hysd M= oew 2o W

w

M, = M,exp(—kt) (8)
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A7V Mye g 97189 A PR FHAY. 9 o9
44 B g o) mAAT

Moy, am,,

A7NM Ly wiek wiEAFolch 4(8)% A9 HYF g HE3
o oj= AIZF A dAbet vk F weke ga go| yHEFC
MCHi(t) - MOLO(I_Q—M) (10)

# B AF P19 1D S BAY WERe 2 ABAAe He
ForAgeld T MG 19 A9 w & 4% wFe A4
o g go] RAY F 9k

Qe (D) = MyLy{e H=1 — gk} (L)

AID2 19 5209 vy #7180 93 mgr FAS Jeplz gl

28 dARE H7Eo d&doz nPsHng B e o
@ 2AFge dAgos widd Av|Ee] 9% TAY vjg LA
HetAl vk A=z eigE HviSe o iy A Foado) A

Agel e gk BAwe e P
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Y AN F AR A3 Al A e eiE B F(E/yr)

1 My(D) LDl — e ®}— M(1) Ly(D){1 — e * 1}

2 My(2) Ly {1 — e ¥V} — M2 Ly@) {1 — e *2}

N My(N) LW {1~e # ¥V} — M(N) LM {1—~e ¥V}

Zh Adxds didd AV B 3 ojg B o] sl He wg
F EAFo] M ol thE Fo] RHHTH

Qn (D= 2 ML Lo(i) [exp (= k(i=D} — exp(~ k(- i+ D) (12)

A NE& vhge] Fad AHE ofndeh weof wigdo] A& £ A

= N hAd E ddete Ho
@ dE BAETAS 29 A% o PTH AEATE AEAE 4
ARF M F ADAEASE A e A9 Andw e
_%

12l o WY AA Fade] AR Aol Mg wALe e
b

~

3!
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e
WY AN F A7 A3 ARAA ] e )
Arhds
1 M(ngavg{]. - e_kt}_MaugLavg{l —_ e—k(l’—l)}
2 MaugLavg{]. - eik(t””}_Mangavg{l _ e*k(t*?)}
N MaUgLavg{l - eAk(fiN‘i-l)}_Mangavg{l ”’ e—k(a‘—N)}

Mawe * B AT vldF Lae + BT dduf&Al+

7 dxdE uydd HrEe AF vg wAde] o] oA o
Aol =, oje th&3 o] Tier 29 A& (19 vUES

=4
& Uk

Qe () = My, L {exp(—k(t—N) — exp(—k8)} a3
13
= M, L. lexp(—kc)— exp(—Fkt))

Aq71A cw Y TR F desis B AR R 9 A A
e guisty oy N A "o A13)oA exp(— ko))
exp{~ k)= TEHTF FH2 b3 o] BEAY + U,

B

exp(— kD) = 1—kt+ 5

) e
2 y

exp{—kAc) = 1 —kc+

olF 4136l didsted kol thF 2% 5 Gz EAE e
2

M 2 _ _ Q% _
( 9 )k+(t ok LM, = { (14)
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HElgh BASEAS D 20 F4E olgstd] 4oz o

- —B+V g —day
k 70 (15)
— Q
AN @ = 622"2, B=t-c r= 73 °

aRlEz oy AN T osdel AT ARAMY WY TAF Qu
(E CHAYD, Lo, M5 A48d A05ZYE L3t 448 > 9

.41

Ee e AN opdol B AlFAMY g
SApshE AA3)el M ks HAS ol kS Al WA FIW A

(3) mied A& Eds AR Axd vyt vieha 255 ALgsle AS

& Z*%o}ﬁ Iﬂiﬁmﬂ HEFE A }
ikt Agke] a2 Wals A8 ve
do] ofaity,

A=EE S dAste Wi EAsE 2A4d H3012)E ol &
stal oigk BASEAFE AFE £ dA o A00A wg wE
F Qe (D)2 ZHo o8] AA3Iv, o] gholl 74 HIske iate A

3 2F 0 vk 2 (trial-and-error method)©. &2 2 A gk}
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243 YR 94

FH 2o AR

SIS

2-2>0] wzg
2 Aot}

Are waste
disposal activity
dota obainable forthe
CurRent inventory

Are waste
disposal setivily data
aviilable for previous
veurs!

Box 2

Estimate ('Hy
emissions using the
First Order Decay
{FOI method

°l&

IPCC Good Practiced A+ &t
ol M Tier 13} Tier 2 $olA AFS YHE I7pd 54
A= HekE AlAls} i
ArFRRZ AT
ool hE AR A4

o] &3t

A kg oH
o rﬂra} A A 3
ATty 2-2>. Tier 271 B} A3 o

okt 2 5}

Aol Tier 1 ==

Box 1

N

Use {PCC due il
values. per capita or
other methods to
exlimate amtivity data

Estinwke {H,
€minsions using the
IPCC detanlt

method

key source caregory’!

Is this a

(Note 1)

Fig. 2-2. Decision tree for CHs emissions from Solid Waste Disposal Site

Obtain or
exlimate dara on
hizlerical changes in
solid waste digposal
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25 2472 WEF A B3

25.1 Tier 1 : 7] 23y

che glojch. aigk WA= AZIR 3 Aol WAL F AL
Astohe el o8 44@ HEsts 24 A%
Ak whY s7Ee) Fst el W Bk A Mtk sy
o )@ dlgrhs WA HE dabt A2shy] YES ARPES
Hgshs A% e WYY 0E +15% FE RO FelH T 9l

A

l

25.2 Tier 2 : FOD ¥

M E 7 WigEs W78 o dASTE AT wge
QRS FEAS(H7 dE 24T G dAsTE AP s
of gk wa@e) ¥RAYS WESL ok ©X FOD wEe
WG Azke $4 FHE EAAGE 44S AUz Yok 2 )
oA nu® ATAT ojstd B Ao wHA 4 S Fohd 4
HE VNG Lo kS TE sgAel Agsd ug wART o35
A, o2 AEF A vas) Rekeh 2A A 80cd) WA FolA)
207 wgAel N s A2d A A weten, %X e wigA
woAdsrh A9k ARGe 48 49 44 wESY 38~492%°)
Aol7b gl Ao Sewth agmz B AY sjBAelH Q5]
ARS W2 U2 g de g A% gL A= A
oo BHANT UEY 5 AT 9o dE HgAS FHos 4

% ge Fr4el 2AZ Eahel FOD Wa@el AUEE ATAAE
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3. A8y
3.1 d4did Al R SAAA
3.1.1 A7d2AIA

oA E Tl A S e E vigHA 24V A wlEH A
Tier 1 % Tier 29 WHo.2 24712 &L 44 v w3ty
AN Y H7tE A A AR s MEEA N E2AERE S
stz 5t

ole] A& Haf 2001d ApLAA dAHAA ] - G F A
WA E 286704 F F vlHAA, gt Vg, Aoy s
AEZE AFAE R R A, AR 2 Ay s
AAEE 2wy & A N4 Hgsg

AT e AEHES #74 AAhgEHes Al FE
F AFAAT s A del HAE Y wdA e, W& A
A A V2ARE ok AR A5T T e AHEFY A4 E R 0
c}.

<3 3-1>ed AT v e AFE YERA

o

e

=31
H
o

W ro
i

LA

Table 3-1. Status of landfill for research

. disposed
Disposed | Total cap.
area (m’) (m) volume

(m’)

Site Startup Expiry

Ulsan 1994 2010 142663 | 4255142 | 2875982
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312 A543 2 AsA3 A4
EFE A

1o oA ol
SICEED

bs ilEEE @FEAE AN A o)

o 44 ZAUA, )4 B

sted 4zt dAH 12HFHSA), 22H(ALAE), 33

I:H;
), PHAFAZ o] Ukx WEY 44 V2R 24} 3
S
4w 2A ARE

(
247t~ v &
<E 3-2>° AFdA gz 9
9 Mas eERRAT.
Table 3-2. Measurement outline of landfill for research
Classifiat Date for - 1 No. of inspected spot
assificatio eteor: ;
n reasurement Ology | Extraction well Surface
(measured/total)
Lst(fall) 2()02. 10. 28 Shine 49/49 13
2nd(wmter) 2003. 2. 10 | cloudiness 49/49 13
3rd(spring) | 2003. 4. 30 Shine 49/49 13
dth(summer) | 2003. 7.5 | cloudiness 49/49 13
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Fig. 3-1. Sketch and spot measured of landfill for research
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AT wEA Ao e W@ AT E ol wEH =
@7 F8A8Q WEHCHY, ¢4 st (COz) 2 AR (09 5%
g SASAG myrtae AE F CHy COp, O wigA A <
a9 3-2>9 Fol¥ 4 7)(Infrared Gas Analyzer, GA 94)& o] &3l
A4 A AT A A A v sbawA g dde|uy Ag A
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Fig. 3-2. Infrared Gas Analyzer Fig. 3-3. Control of air inflow

to the extraction well
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Fig. 3-4. Hot wire anemometer
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322 B9 X2 WerA G A}

3221 ¥ fgzts ¥ 3

Alze HHE fstd <FE 3-3>% <2y 3-5>9 Ze Chamber®
W= EE %’JiW?lEl 10mA =7 P2 Eo/7keE Chamber®
st Fe F& ol &t Aue] AL H4sgo sy shavt
FEHA G2 F3g.

Table 3-3. Specification of Chamber

Diameter Height Area Volume
260mnm 150mm 530.66cn 7959 9cn
Thiee way cock
Thermometer

Syringe

Sampling points
{closed) o

Fig. 3-5. Airtight Chamber for
measurement

Chamber We] 7]A+= Fano® el Algs 4WMFas z2xsldo,
Syringe2 Wj#h o] ZIHE Wolso] wjE A7l Fo, A/EE Syringe®
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Fd8d AF At A7 AFE Chamberd Hx & A AgE 02
o2 st 28 AR 6% AF/AIAX 430 AA A@Ax|o A FH3A
o0, A&7} 97 Syringe® YR AT 59 F 742 A5
CH; ¥=& #X3t¢ich

3222 EURG vPsl 2o vy n B4
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Columne H#3tgtEojnt &3tras 22 vS4 SES Bed F
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RENEE ol &3] MR % AL 9% ABHe g =3
#H A HEFAIE lppmelth. wetA 1ppm ©]8te] 2EFE NDE el
et

<H 3~ ZtAARvtEIR T FA2AES YERATh

Fig. 3-6. Gas Chromatography
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Table 3-4. Operative condition of GC for methane analvsis

Item Condition
_M GC B Agilent 6890
Column HP-1 Methy! Siloxane Capillary
30.0mx250m*0.25¢m
Detector FID
Carrier Gas Np Gas, 0.8m/min
INJ/DET Temp. 150C
COIL Temp. e

3223 ®AAA 9 wigrtA WA ALY

T AT met <y 3-7>3 ol AMFH AT wE Fue] o
HEEE Xl plotdtn 27| 7]E7NANRE)E of Bt Hg w2y
oz Atstar

600

500 |
400 |
300 |
200 t

Met ha ne(opw)

100 |

Time(min)

Fig. 3-7. Varation of CHy conc. overtime in chamber

AW W fluxi= A7 timin)ell W& WE s % Clppmv)e] W3tE o2

..42..



Hog A 3Aste, F AEre Aol L 4507 = 090 ohHE
Aegt & o245 7]&7] blppmv/min)E T34

C=a+ bt

Chamber®] ¥=°]& him), Bt9% 3 A(m)e)e} 8'd, Chamberd] &3 &
Ah(m')7} = 32, Th9 A bl w8 wighe] kil £ 53¢ Av ('
/min) ¥,

Av = Ahb x 10 ¢

o] ®v}. ulebx, Chamberg ol &3lo} S2] Ao wakst= wek
9] flux J(m'/min « m’)&,

J=Av/A = hb x 10°

o] 1, @97} L/min - m* ¥ =,

J=Av x 10°/ A = hb x 10°

= Add o

323 WA A7E AdzA

3231 &3 =4

W 7l Bad Aol fE BAe
FAF, ARF, AP ASH, PR F9 AP - 24F, B



)

i

Al

Fol9le]

o Folx, HrlEERZAAHA AR 100:5C

IRy

=
[¢]

o #8g 7t
of 2] Ax AT

Ay

d

7l

3233 3918 =4 (A£E4)

= H

3

o A4

)=
pLn

&

A

d

4z 9 47 v ARE, 49 BoH %

& the, sel7le) 2

l

A

of weh AR ERARES =

O
=

AGEL G A2(0), TAMH), A42(0), F2(N), 3HS), 3oz

1=
RN

Aot

- 44 -



4. 43 2 uF

4.1 A7 R A7E oY
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Table 4-1. Yearlv waste disposed volume in Ulsan landfill site

I
Year 1994 | 1995 | 1996 | 1997 | 1998 | 1999 « 2000 | 2001 | 2002

Disposed
Volume 233,759 327,329 384,468 | 309,726 | 259,891 | 275,137 | 217,051 | 159,693 | 165,894
(ton/yr)

413 iy AZIE A3 =AE 3

d7b22) g AdskEd ALEshy) 9lE)
g A7IEs e YA2AE AAstd
d A} 3

o

(A=

#A 2} A7) sk BAeA a3tel B A7)
3 24e PA} Brsech
A uGsE A AN 44, BEUAS AX FERA] wol

-5‘.—&1@?4% <E 42> <FE 4-3>9 Z+z Jepugicl.

Table 4-2. Physical composition of waste disposed

(unit @ %)
Composition 1st 2nd 3rd 4th Average

food 21.8 124 | 378 10.3 206 |
paper 28.9 258 ¢+ 181 17.0 225
Combusti| S¥Ynthetic resins | 15.2 7.0 164 95 12.0
textile 81 104 2.5 50 6.5
ble rubher - leather 0 0.7 1.3 6.7 2.3
| wood 0.6 0.2 0.1 0.1 0.3
B others 6.6 45 16.2 15.2 10.6

Non-com _glass 62 | 5D 15 29 39
. metal IR 55 ¢ 39 196 75
bustible others _ 115 | 285 16 137 138
Sum 100 100 100 | 100 100
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Table 4-3. 3 components and elementary analysis of waste disposed

{(unit @ %)

Composition : 3 compone‘nts elementary analysis
moisture | combustible| ash | C | H | O | N | S |ash
food 81.7 136 47 |404| 6.0 (196} 3302 {305
| paper 145 61.2 243 1359151 |326] 03| 00 |261
hsynthetic resin 87 8.8 25 736|110 79 | 08 | 0.1 | 66
textile 145 72.3 132 1481 6.0 295|122 101 |14.1
rubber -leather 05 77.0 225 |50.1)165|206] 00| 01 1227
wood 25.9 56.1 180 142.21 54 |272 1 09 | 0.1 | 24.2
others 37.2 52.9 99 14421571257 16 | 0.3 225
| Average 26.1 598 | 141 |478| 65 [233] 13 ] 01 210

4.2 v g7t WA A4 xAA 7

421 A-FA 9] e~ wEF
<3 44> ~ <E 47> IRGRE ) A Az 2 ) AR o] wi AT
AN MEHE dg Fro e

12 SR (FE3E) 9] 24, 40, 47H s A
At 370 ¢)
A FAAAE

=
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ol A &2 A 2

= YERR G

& e
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Table 4-4. Concentration and flowrate of CHy from extraction well(1st)

Flowrate (L/min)

—“Point CHa(%s COu(%} %) LFG L Remark
[ 1 06 2.8 01 16333 66.31
2 56.8 423 0.1 2000 1136.00
3 55.9 41.1 05 800 447.20
4 66 365 04 26667 124.27
| 5 56.8 4l 03 583.33 331.33
6 57.3 423 0 433.33 248.30
7 4.2 326 12 416.67 184.17
| 8 56.9 419 0.1 716.67 407.79
9 49 36.2 1.2 866.67 42467
| 10 414 341 0.1 158.33 65.55
1 459 325 0.1 166 67 76,50
12 277 198 114 65 18.01 gas recycle
13 47.2 289 0.1 a5 25.96
14 57.8 42 0.1 616.67 356.44
15 558 40.1 05 26667 148.80
16 51 6 04 1266.67 “646.00
17 53 39.8 0.8 850 291.50
18 529 B3 12 18333 9698
19 606 6.4 03 850 515.10
20 47 %7 14 383.33 18323
2 456 31 21 41667 150.00
2 6.2 3.7 0.2 383.33 21543
23 423 %7 02 500 21150 )
) 0 o 0 o 0.00 ot
%5 52 373 14 500 260.00
26 a7 384 0.1 683.33 353.28
|z 478 BT 05 233.33 11153
B 52 95 09 BO6.67 450 67
= 463 _ %6 01 183.33 8488
30 536 36 0.3 1233.33 661.06
3 47 384 01 816.67 383.83
| 32 373 317 03 125 46.63 gas reeyele
33 50.8 316 15 1050 55440
H 534 354 04 128.33 68.53
35 572 402 0 633.33 362.26
% 56.8 425 0.1 433.33 24613
| w7 531 38 05 TR33 | 41585
B 304 254 0 150 4560
B 39 8.7 413 0 171667 100769
temporary
0 v v 0 0 000 unrm:zl:lxsu‘;ablc
41 454 2338 01 166,67 75.67
42 0 0 0 0 0.00
43 6.1 40.8 0.2 500 280.50
. 50.4 %67 o1 500 252.00 gas recycle
5 494 58 03 533.33 26347
46 56.3 421 0l 4333 272.11
17 0 ¢ v 0 - 0.00 unﬁiﬁﬁk
48 554 41.2 02 250 138.50
[ w9 53 0.1 05 | Taseer_ | oagaq | Has reaele
Average 49.25 36.22 0.67 53359 282.46
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Table 4-5. Concentration and flowrate of CHy from extraction well(2nd)

Flowrate (I/min}

Point CHA(%) COu%) 0:4%) — ey Remark
1 o 0 0 0 0.00
2 542 ® 09 115 62.33
3 59 3956 04 58333 344.16
4 61.4 384 0 216.67 133.04
5 36 304 44 400 154.40
6 %4 397 01 | 36667 206.80
7 35 394 0 165 98,18
8 5.4 384 06 140 7156
g 3.1 39 05 583.33 327.25
10 545 3.1 0 | e 60.86
11 0 0 0 0 0.00
12 47 355 13 266.67 127.20
13 607 32 0 156,67 %.10
14 9.4 306 0 650 386,10
57.3 386 1 130 74.49
9 349 03 = 12075
i 512 378 05 61.67 35.28
499 36.8 L 15 450 224.55
[ 626 w3 | 02 666,67 1734 |
1 @8 4048 0 28333 163.76
~ 579 o1 |0 283.33 164.05
i 63 5 0 160 100.80
3 512 398 01 | o667 198.74
24 0 0 0 o | o000
25 8.7 308 0.2 13333 254.36
% 585 403 0.1 = 20475 gas recycle
27 02 384 0 1667 97.45
B 56.8 33 08 100 22720
E %.3 /5 0 146,67 AL
0 559 374 02 51667 28882
) 52.1 79 0 700 434770
32 516 36 0.8 AB66T 240.80
B | &2 B 09 533.33 278,40
u 589 0 0 IS 91.30
[ 505 95 0 566.67 M2.84
% 53 36 04 140 7420
37 25.8 40.3 0.1 550 306.90
3 0 0 0 0 0.00
£ 60 40 0 12333 740
10 617 377 0.1 185 %.64
al 63.9 361 0 366.67 23430
42 59.9 3o 0.1 123.33 7387
| = 559 30 03 8333 46.58
T o 0 0 0 0.00
45 609 I 6 00 126,30
16 EE 39.2 02 183.33 107.80
1 0 0 0 o o000 |
= = 413 ol 403 24093
o 0 0 ¢ 0 0.00
Average 1883 3251 0.33 77939 159.26
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Table 4-6. Concentration and flowrate of CHy from extraction well{3rd)

. o o . Flowrate (L/min)
Point. CH4(%) CO%) O(%) LFG CH, Remark
[ 1 441 301 0.1 183.26 80.82
2 56.7 43.1 181 2582.3 1464.16
3 62.4 33.5 0.7 516.46 32227
4 55.2 376 0.1 566.44 J12.67
5 61.9 982 0.8 28322 175.31
6 25.1 369 0.8 533.12 293.75
| 7 539 311 0.8 15092 16776
8 62 378 0.4 349.86 216.91
[ 9 5.2 3 0.9 666.4 39451
10 53.6 33.2 0.1 3332 178.60
11 53.5 356 0.1 19992 106.96
12 0 0 0 0 0.00
13 325 276 ) 0.1 833 27073
14 576 41.3 __ 01 2182.46 1257.10
15 0 0 0 0 000
16 59.3 389 0 R 197.59
17 412 3 28 309.84 164.73
8 | 60 B3 04 26656 159.94
19 571 3¥5 05 816.34 26613
B 616 0.8 ol 419.82 2
7 507 317 01 6656 13515
22 65.6 3.7 03 10329 67.76
23 56.7 a7z 09 51646 202.83
24 418 327 01 183.26 8027
25 6.7 405 08 2082.3 1464.16
% 382 3 0.1 153.06 106.66 gas recycle
E 35 | a1a 02 | %8 267.39 |
8 618 387 06 | 2656 164.73
2 0o 0 0 0 0.00
30 587 33,4 0.1 283.22 169.08
3] 592 . 384 02 483.14 286.02
32 203 347 25 12162 2469
3 486 | 33 23 1066.24 518.19
34 49.4 435 0.3 186 90.53
35 556 413 0.1 aw% 518.73
% 523 39 12 149,82 935,26
EL 61.1 403 0 466,48
= 7 439 01 199.92
3/ 59.4 A28 0 R 156357 |
@ 424 35 04 C1ee 877
41 444 0.l [ 64974 2R8.48
I 0 B 0 i 0.00
43 62.6 0.1 132.8 ... 8313
4 436 0.6 18327 7119
= 526 0.3 120948 68353
| a5 364 EE 21858 12648
AT 0 N 0 0.00
8 56.1 02 18,93
| 49 60.4 0 27168
Average 48.22 34.01 .42 207,94
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Table 4-7. Concentration and flowrate of CHs from extraction well(4th)

Flowrate (L/min)

Point CHa(%) CO(%) (%) LFG CH, Remark
1 0 0 0 0 0.00
2 573 413 0.l 133.33 76.40
3 5.8 403 0.8 350 195.30
4 56.8 419 0 266.67 148.80
- 578 414 01 123.33 1.2
6 576 41.2 0l 416 67 240.00
7 0 0 0 0 0.00
8 58.2 40.2 0l 500 261,00
9 486 37.1 04 71667 348,30
) 52.2 364 0.1 47333 252.30
1 491 371 03 166.67 8183
| 12 57.5 0.3 04 650 3B.T5
13 0 0 0 0 000
14 58.2 412 0 366.67 21340
15 0 0 0 0 0.00
16 587 39.7 0.1 250 146.75
| 17 556 39.9 06 166.67 9267
| s 56.4 425 0 216.67 122.20
19 47.7 348 09 416.67 198.75
X 523 396 02 233.33 12203
| 2 60.7 381 01 216.67 13152
2 0 0 0 0 0.00
| 0= 548 427 0 16667 51.34
2% 0 0 0 0 0.00
%5 548 103 0.9 406.67 255,74
| %% N 38 o1 166,67 8750 gas recycle
=z 488 377 05 61667 30093
- 57.8 383 06 00 40460 |
0> 0 0 0 0 0.00
| 30 569 394 07 33333 189,66
Y 0 0 0 0 0.00
32 0 0 0 0 0.00
3 57 39.] 03 600 34200
| m %56 39 0l 21667 120,47
| 3 386 40.2 0l 566,67 35207
R i 105 0.z 233.33 13533
I 37 49.2 36.3 ol 750 369.00
T 56.5 66 08 50 310.75
2] 5R5 413 0.1 1866.67 109200
" 497 386 06 466,67 231.93
|4l 5% 41 01 466,67 256.67
42 0 0 i 0 0.00
| n a 0 0 0 0.00
| u 0 0 0 0 000 |
45 543 3.1 0. 533.33 280 60
46 517 373 L5 110 56.87
47 0 0 0 0 0.00
48 346 0.2 04 5843 201.20
" 57 416 0.1 233.33 132.00
Average 40.42 28.92 0.2 31123 171.37
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Aol M Ak = gk Bkaks el

128 4 JHEEdw dF ZddA dgstast BaHgm, ez
A A= wdel o] Merts dibeEe gl Qo g zAEYTH

Table 4-8. CH4 surface emissions rate at landfill for research

Ist 2nd
measured
point temp, of atmospheric |CHy emission}] temp. of atmospheric |CHy4 emission
chamber{ C) [pressure(mbar)| rate(L/m’/hr} | chamber( C) | pressure(mbar) | rate(L/m’/hr)
A 18 1010 N.D 5 980 N.D
B Y 1010 0.2226 6 980 N.D
C 17 1010 ND 5 980 N.D
D 17 1010 N.D 7 980 N.D
E 18 1010 0.0214 5 980 N.D
F 17 1010 0.0261 6 980 N.D
G 13 1010 0.0060 4 980 ND
~H 13 1010 N.D 6 980 ND
| 18 1010 . 0.0403 5 980 ND
J 19 1010 N.D 5 980 ND
K | 19 1010 N.D 8 980 ND |
| L 17 1010 00633 6 980 N.D
| M 18 1010 N.D 3 580 N.D
Average 17.8 1010 0.0315 5.5 980 N.D
3rd 4th
measured |- — - e - -
point termnp. of atmospheric  |[CH; emission] temp. of atmospheric |CH; emission
chamber('C) |pressure(mbar) | rate(L/m’/hr) | chamber(C) | pressure(mbar)| rate(L/m’/hr)
[ A 15 918 ND 20 985 N.D
B 17 | a8 N.D 21 985 ND |
C 16 978 N.D 20 9% ND |
D 6 978 N.D 19 985 ND |
B 17 973 N.D 22 985 N.D
F 16 978 N.D 2 985 N.D
G 5 978 N.D 21 985 N.D
H 8| 978 ND a6 ND
1 15 978 N.D 19 985 N.D
i 16 978 N.D 20 985 N.D
[ K 17 9ws [ ND | 20 986 ND
L 6 978 N.D 19 985 N.D
M 13 978 ND | 22 985 N.D
Average 15.9 978 N.D 05 985 N.D
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Table 4-9. GHG emissions at landfill for research

Classification Ist(fall) | 2nd{winter) | 3rd(spring) |4th(summer)| Average
) - 5,224.22 2,929.83 0,480.97 3,152.46 4,196.87
CH, emlsgons ton/yr ton/yr ton/yr ton/yr ton/yr
CHy flowrate in 282.46 159.26 297.94 171.37 221.76
| extraction well £/min | ¢/min | #/min £ /min £ /min
CHs conc. in
extraction well | 49.25% 48.83% 7 48.22% 4(7).742% 46‘.‘68%
CH; emissions in 5 196.09 292983 5,480.97 3,152.46 4,139.84
extraction well ton/yr ton/yr ton/yr ton/yr ton/yr |
CHy surface 2813 0 0 0 7.03
emnissions ton/yr ton/yr ton/vr ton/yr ton/yr
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Tier 2 A8 fdiMe g3 22L& A0NE 24399 2471~
HEFEA Q= WHAY wiAFH FHAA dibsle wgrtazs
RAAANN HY FA4ste] AAstn, ol F AUNA YT IS LS
AL HIAIEM FA Qo 7HE A2sE AldbEA A Ao
# (trial -and-error method) & At&sto] Q. & sl&dste rgte HA3)
A, A" kEke ol &dte Zragon dAxd wwzts MERS
AR a .

Qcu (D= ﬁlMo(i)Lo(i) [exp{—k(t—1i)} — exp{—k(t—i+ l)ﬂ

(17)

43.1 Tier 1o} o|& wWast= &3 4A

Tier 1o €% wgrtx wE 4 AAA) Al H59 3453 24
gl flg Ag &4 2 e a9 g

M g ZFMSWr x MSWe)& ol Jebd migae] dwd o
HES AHESTY SHER ANEEE 59 REFAR oy 2r)Rg=
Mol Ha xn Avk A EF A EFEAALE 287%2 4T
3| Tt

MeEeEAATMCF) e 2714 249 3% 0olx, 714 =09 A

Lol Auk, #e]7b 2 o] o)zl wiga: BEANE AHEdtz, i gx &
He oFL H7IES 45 oFs] b2 377 59 seAdo)
g AoH 7] el 214 wgo] 18d shFAle] ol oY
g g o] A= MCFge] Aoz A 3Pgia vid=e] MCFtL 1.0
o2 AHgtl IPCC GHG Protocolol % 9 Amixe] 29 MCF#<

-..55_



1002 AF3z gl

F712AMOC) vl Wiy H7|E 44 24 499 28 =49
Fa71F 4AEA BFF A A LRI AT HAYIE 24 © A
A A ded 4] HYIE 4 9 A EARRE AR
t}

= usit. H7IE FolAe AR ¥l AR HA gAY
TSt 433 =7 Aol Ak o E A AEol gadoeln,
L, Fol Tl eolel g ¥ o] wol wHEC wpel mgrta Ay
FolM o2 545 Wyl 93 DOCkE =Y&tdn. IPCC A&
Mol M= DOCkel ZI2gteg 0772 AAste dAvt H29 23 =
Abell 21kl o] gho] tia Ao} Hrid Aoz e QU] wEe
9] IPCC(2000)4] Good Practice Guidanceoll A= DOCy¢ 71Eg oz
05~06<& AHgste AS Adste . & dAfeldes 0558 &3
=3
WPk Fo] wigrka v &F)FS 13 SAACHEE) 04925, 24
ZAG4MN(AEZE) 04883, 33 FAA(EA) 04822, 473 ZHA(AEH)
25 Adstae AFHZ Fated Aozt ax guth o
dhHow 7Y BE wge] 2w 1aHE viysta Fo dgke] §
FR7E wobAl L, whetA Fare F7HE Zleg vidsdc olgd a4
& o FHd ro Fasteda vldsid ey, olFde Fike] v uhA
Lhskor, ofel g A& ofA A WelA] Eata 9l Ago|th
= AT AN ZAT Fgkel ke 04668, TEAAF 0041924
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EUE o] ¥7 Y& Flare Stackol X 9] Wl g7tx AARES 5482
AG3A e AX o]y ool webr] vjPrtas £P0) g =
HEGel 3 e wdxs destad 3580 ¢lvn
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W 7RSS E0X)E delM AFsdE v Ay st

&8 10%2 38kl glo], & A7tide] AAMHEA T 10%S 4 &3

MEzkzel Axd wE daes <E 41007 <29 4-1>0 Fa o]
Sk of HhA2l 20,859ton CHy/yr& el ow, HAxE 2001
W) 5584ton-CHy/yr2 FAME ich 1994~2002k191 ml g 7b 2 A7k 3
S 11,737ton-CHy/yr, ¥ %4 %2 105,635ton-CHiE LhERRECE.
200003 o] e wghrbs Aol Huk SFom Fagon oE
7&5:9} UG Y-S HRIth ol Tier 1 W9 wigrts
= Aol wigHY v HEy] Wi o)
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Table 4-10. Yearly CHs emissions and factors using Tier 1

Factors 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002
waste disposed
quantity | 233,759/327,329|384,468|309,726| 259,891 | 275,137 217,051 150,693 | 165,804
_(ton/yr)
MCF 1.0
DOC(%) | 1418 | 1418 | 1761 | 1608 | 1565 ' 1621 | 1037 | 11.35 | 11.99
DOCr 0.55
F 0.4668
R - — _ - —_ —_ - —_ -
OX 0.1
N 1
CH emissions | 001911490 20,859 | 15,344 | 12,531 | 13,741 | 6,935 | 5584 | 6,128
(ton/yr) J

' DOoC avg. value(1996—2002) was used due to absence of waste composion data

26,000

»
g

CHs emissions {ton/yr)
g

:

il

Year

lin

1999 2000 X0t

Fig. 4-1. Yearly CHy emissions using Tier 1
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O BAHE vt FF A 4SRL <F 41107 <2y
4-2>c eI wigriztel = i J A7) FoHeEE st a u)
=3l Hdab F7hete GAE Holxn, Wyt H9 Tier 14 g
g7 A Wi E o] Tier 2 2ok 15~2280 A% =4 vebdth  Tier 1
of &atd 200239 wigrt2 W EFS 6,128ton/yrel WA Tier 2o
ol g M= 4,155ton/yr2 Tier 1ol <)% Axr) 158 o4 e oz
LERt o

Table 4-11. Yearly CH4 emissions and expections using Tier 2

' CH4 emissions CHs emissions CH4 emissions
year L (ton/yr) vear (ton/yr) year (ton/yr)
1994 | 0 2018 824 & 2042 61 ]
1995 662 2019 740 2043 55
1996 1,520 2020 663 2044 | 49 O
| 1997 2,452 2021 59 2045 44

1998 | 3,077 2022 534 2046 40

1999 3,49 2023 479 207 | 3

2000 3,915 2024 430 2048 32
| 2001 4,127 2025 386 | 2049 29

2002 4,155 2026 346 2050 26

2003 4197 2027 310 2051 23

2004 3,765 2028 279 2052 2
2005 3,378 2029 | 250 | 2053 8
| 2006 3,031 2030 224 | 20 17
| 2007 2719 2031 | 201 | 205 15
| 2008 2,440 2032 180 | 206 13

2009 2,189 2033 162 2057 12
[ 2010 1964 2034 | 145 2068 | 11|
2011 1 1,762 2035 130 2059 10

2012 1,581 2036 117 2060 9

2013 1418 2037 105 | 2061 8
2014 1,272 2038 | 0 %4 12062 7

2015 1,141 2039 84 2063 6
| 2016 1,024 2040 | 76 | 2084 6

2017 919 2041 68 2065 5

Sum 64,174
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Fig. 4-2. Yearlv CH; emissions and expections using Tier 2
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