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Factor(OX)
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Jeffrey et al., 2010).
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Rsample = A Z(Sample) 2] BC:12C HE
Rstandard = ¥ &5 (Standard)2] PC : C H] &
f _ (5130771 methane emitted 613Qn methane belowcover sml) (6)
ox ~ 1000><(aOX oztmns)
Where
fox = gLk A
613Cin methane emitted = E‘EX Oﬂ ::‘]I_._@-% Uﬂ%‘o’] dlBC

613Cin, methane cover soil = E‘EXH%‘ %37,]-‘8]-021 HH%% U’“ %_O/] d13C

Qox = e} 59 (Isotope fractionation factor)
Oltrans = Y4 28 FrH%d<4(Isotope transportation fractionation)
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o

o My

Aol X7 T4 iy
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el

MYBE FHRE, HFRES YA

g 29 Fxe 287 9 45 m, HEE °F 0.5 me FA

o3 W 22 ulAsh=d o 4 ~ 59 208t YA ALE Table 29]
] P 2] o] WHE= Figure 40 YER AT
Table 2. Status of Sooncheon landfill site
Area (m’) Landfill Waste
c " Disposed Disposed Start of
Total Di apact
o isposed N Volume rate(%) landfilling
Area Area (m”) 3
(m’)
148,000 95,000 2,259,000 2,086,000 92.3 1991
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Figure 4. Sooncheon landfill ground plan (% : location of Methane Recovery facility)
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Table 3. Physical composition of waste in Sooncheon landfill site

Year 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
Amount of
wastes
85600 | 80957 | 75460 | 59106 | 76785 | 66036 | 50891 | 56019 | S81%4 | 58134 | 461m
landfilled
(ton)
Food = enslasa| ol ol o ol o ol o ol o
waste(%)
Paper(%) | TAG | BSIL | 4915 | 025 | 0| 1801|1609 | 5093 | $02 | $02| 8030
Wood(%) | 5698 | 50398 | 17549 | 3142 | 0| 1843 | 1725 | 31020 | 32192 | 32192 | 360
Rubber(%) | 2663 | 26306 | 9650 | &8L1| 0| 61903 | 3628 | 2917 | 5915 | 5915 | 5205
Plastic/Vinyl
* (f//;/ W5 seo08 | 29 | 1917 | €41 | 0| @3 | 4616 | w89 | 9%47 | 9847 | 20075
0
Texture(%) | 26143 | 24708 | 2030 | 2588 | 2335 | 0154 | 0 | 1097 | 1742 | 172 | 4005
Leather®) | 0 o o of of o o of of of
Industrial
sy | | O] O o] of of of of o o
Domestic
Sweety | 0| 0| Ol of of of of o] of o
Raside erived
aninals and of ol of of of of of o of of
plarts(%0)
Used cooking
ooy | 0| o] o of o of of of o] 0|
Combustible | e | 1aua | ema | o0 | 3 | mm19 | 0| o6 | 206 | B06 | 10
others(%)
Non ”(Wlb)w“ble XBR3 | 20570 | STIu | %M | 413 | 21098 | 268 | 16955 | 1783 | 1IR3 | 1971
0
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2. igAREE SAHAA

YA FEAHA TAEE T FEH 2 S E fst SABAHNES AA S
ST "= EPA(Environmental Protection Agency)®] Ulwd 2 G
EA(Environment Agency)®] Wl wd-& 7122 T2 4 (7)o wgt SAHAH
TE Attt AA HAE AR AAE wENeH rdxAHAY A

olE &7l Hste] w3 B3k A F oA o]itstera Bl WEe S48

Ll
ol
e}
>
N
12
rlo
[\]
<
gﬁ
v
A
12
rlo

20123, CAYEL 20130 wgo] &

f AGYL skl I WMPOE WARE Aol TE A, B, C

Table 4. Measurement dates and the number of measurement points

Times Measurement Dates No. of measurement points
1 2014.7.21. ~ 2014.7.24. 40
2 2014.8.4. ~ 2014.8.8. 40
3 2014.8.25. ~ 2014.8.29. 40
4 2014.9.22. ~ 2014.9.29. 40
5 2014.10.21. ~ 2014.10.24. 40
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Table 5. The number of measurement points and measurements for each area
according to the final year of landfill cover

Area Final year of landfill cover No. of measurement points No. of measurements

A 2011 16 5
B 2012 12 5
C 2013 12 5

Figure 5. Location of the surface flux measurement points

(% : location of Methane Recovery well)
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2 559 34 A5 AR (Dooil Tech, EMS-365)° 7=t}

5 L/min
NDIE.
%
1L/ min
e
Pretreatment [~

Figure 6. Schematic diagram of closed chamber system

configured to measure GHG flux
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V2 g F ew Ws 2] ARASRY} 08 oAl ghe Adlslal el

S THUK Environment Agency, 2010). 47k~ W F82s SAE 7AlEE9] Al
PSS-S o]83te] viEH g &l A W<
ool A ®)ell oJall ALtEASH 0C, 17199 27k Y25 T8I

i)

SHPWAZRE fed

. de VChamber

= — ®)
dt AChamber

Q

Q = 247t~ ¥ 28 2 (mg/m’min, mole/m’min)
de/dt = % %445 (mg/m’min, mole/m’min)

Veamber A 599(0.03 m’)

Achamber AW SHEEZ (0.13 m)
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2. WH@7kE 34

o &S SAS frde AAEIH o wiEAe JhzeiAl e
LFG(Landfill Gas)3|<=3 2717} AXHo] 9lom, 27] F 17]4ko] 715 Fo
A= Ao ZAHUY. & dFddMs 33 LFGE AL S +Fs)

Figure 7. Methane recovery facility at Sooncheon
landfill site
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2. H| 24 J3E4 (Nonparametric Correlation Analysis)
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A4d W EAAEA T A

(Wangyao et al., 2011).

2 AT gAY 74 ~ 10874 F 530 AAH T 3T 404 Y wgk
ASA TS BUEstA T 7 EA o R uf g R oA WgRAESE Al o] LSt ek A9
22 A=y A" olisleat merasld] o3 AL s1AET
(15)9F 2ol wigA WA HASE e FH 2 Fous wder e cover) S ©]
StekA FH 2(Feor wnder the cove)2] T TIHA X Fo A BAHE mjg &
B2 (Fems gowd 1evel) 2 OJAFSFERAS FH 22(Feor gound eve)2] T3 ZTH 7]
A, M@ EHNA TAEE ven o|istetid] Z8(mole/m™day) S

g3t

rx 1>

b

LFG = FCH4 ground level + F002 ground level (15)

= ‘FCH4 underthe cover + F002 underthe cover

LHJ—?_OT'/\—] }\g/%]% tﬂ]% %—Ejlv)—\-(FCl-M under the cover)lE /}Jl (16):‘7’]' ZE].-O] UH%X]EUS

AM SAHT W ojddtea EY2o d3 Igsts AdAA SAHT



F,

CHunder the cover = (FCH4g7’ound level +FCOQg7’ound level) (16)
CH,

under the cover

+ CH,

X
COQ under the cover underthe cover

) §-4FS} 2F(Methane Oxidation Rate : MO)2 4] (17)3 o] ul g€ XU F

A—] }\g A(S] % U-ﬂ % %Ejl v)—\-(FCH4 under the cover)‘?’]' UH % X] EU&O]] A—] %‘ZO % U-ﬂ % %
Ejl v)—\-(FCH4 ground level)g’]"o’] ;_{]-O] % Zﬂ }1\_]:{5]'0:1 /1\_]:26] {5]'93\]—4' .
MO <Methane Oztidation rate) = ‘FCH4 under the cover F002 ground level (17)

) §-4FSH A 4(Oxidation Factor : OX)& 41 (18)% Z°] Fcua under the cover®ll

g MOS] HI&& YERATH
OX(Oxidation Factor) = MO (18)
CH, under the cover

LFG = H7)1 2 @A 247k Z8 0] F3(mole/m’ min)
Fena ground tevel = M PAFE wlg =2 2 (mole/m*min)

Fors under e cover = TNHA S W& Z 2] 2(mole/m’ min)

Fcoz ground tevel = mjPA T o]4kateks 8 2 (mole/m™min)

Fcor wder the cover = WA SFHE 0] 2b3lghA Z 8 2(mole/m’ min)
CH4 under the cover = TNHA] 3FF H &g = (vol%)

CO2 under the cover = MHA 3HF o] 45} RFAF 5 (vol%)

MO = W &-4k3}8F (mole/m’ min)

0X = W eAsHA
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Table 6. Summary of CHs and CO; flux field investigation in this study

Times
1 2 3 4 5
Min 0 0 0 0 0
Average 6.1 15.0 26.7 453 22.5
CH4 Flux
5 Max 86.9 249.6 239.8 388.1 205.4
(mg/mi*min)
S.D 16.4 43.7 60.5 90.5 48.5
N 40 40 40 40 40
Min 3.1 0 0 0 0
Average 60.0 70.5 142.1 151.5 81.3
CO, Flux
5 . Max 220.3 692.7 690.8 987.6 521.4
(mg/mi ‘min)
S.D 50.5 1254 184.3 224.2 121.3
N 40 40 40 40 40

S.D. : Standard Deviation

Zh g AEHE WE vjE B

]3] =43 GPSHIEE ALALS XZ07 AL Y02 3 HER
Al TM(Transverse Mercator)3 322 H3 & dg 282 ALEste 7+
-8 Weg Y2 (mg/m>min) EZS UYERAJTE Figure 8 ~ 129} 2o]
Tl A 22 331 Surfer 11(Golden software, Inc.)S ©]-83}] Universal
AYAE T8l WPHAY wWEe FH2x9 FAEEE FAEAT
g x] FAANA Y Hg FHA BEXs Xt EFEd EAS Y

=

st F =4 - F 10%s wEe] A TAE XA @kkt}. Schroth

T
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et al.(2012)¢} PI7HA R ZA @ FHglo] aA @ T 2ol LFG 3|3 7}

olel wg B2t wol MAHE TS Bh bAHE FAAAR
=74 g3 Aol e T

27t e, FEAY] T/ wet zols
B 4 QltkSchroth, 2012; ] YA, 2014).

T T
250100 FRO 150

Figure 8. Methane flux at the surface of the landfill-cover soil

for the 1st measurement
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T

240 FBOOO FHOOSD ZﬁﬂT'l-tI:I 250150

Figure 9. Methane flux at the surface of the landfill-cover soil

for the 2nd measurement

Figure 10. Methane flux at the surface of the landfill-cover soil

for the 3rd measurement
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286100 2801850
Figure 11. Methane flux at the surface of the landfill-cover soil

for the 4th measurement

2ane < 280050 250100 80750

Figure 12. Methane flux at the surface of the landfill-cover soil

for the 5th measurement
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18,1047 m’, Wb =& 40.1%=2 et 23y 53191 1049 Mg
Fo 12724 m” olu) WEEEE 385%2 7 WA Yebgt " 9
H WesrEE AuREd 1290 7€ WEEETF 41.2%E T B2
2 Yl 5390 10€9 Webs=E 385%% 7H B A UERS

1 ~ 527bA] 4 gk F5c 9F 40%=2 H7IEwPgA e 7|4 il
Ao Al 4dA ] dAFst= HERHEZ|Q] AR ASHT o] A7]dE 4}
Aol ofs] AFE oM EANY FATEATE wE o|ibEeA R Wy
= Al7lelth

Table 7. CH4 recovery rate and CHs4 concentration in Sooncheon landfill site

) CH, Recovery Rate CH; Concentration
Times ;
(m’/day) (vol %)

1 13941.0 41.2

2 18104.7 40.1

3 16035.8 40.0

4 16485.1 40.0

5 12972.4 38.5
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Table 8. The result of surface emission of CHs, CO, and CH4 recovery rate in

Sooncheon landfill site

Times Surface CH4 Emission Surface CO, Emission CH4 Recovery Rate
(ton/day) (ton/day) (ton/day)
1 0.8 ) 04
2 2.1 9.6 21
3 3.6 19.4 20
4 6.2 20.7 22
> 31 1.1 22
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Table 9. The Result of methane flux from Sooncheon landfill site and the

number of measurement points

Methane flux (mgCHy/m’min) No. of
Measurement

measured

Area .
Minimum  Average Median Maximum S.D. pomts

A 0 26.3 0.85 388.1 66.2 80

B 0 22.1 0.38 237.5 51.6 60

C 0 16.8 0.19 264.6 46.1 60

S.D. : Standard Deviation

Table 10. The Result of Kruscal-Wallis test

Methane flux

Chi-square 4316
Degree of Freedom 2
Asymptotic Significance 0.116

. me e 713 adA

Ao oA A AAHES 3 A, BEVF AFEEY gEts VA
712y8ke] vl B4 AFAAAEAHQ Kandall’s tau® E433FH T Kandall’s

tau H|22E ZA3E EW Figure 13, Table 129 YeElH A3 o] wg EH
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AZ1FE 7 A ERANA WEgS o fgA AL F e 8ol 2

T UTHUK Environment Agency, 2010).

Table 11. Daily average weather condition for Sooncheon during the measurement

Times

1 2 3 4 5
Daily Average Temperature (C) 27.2 24.9 22.4 19.7 14.1
Cloudiness (%) 6.1 8.0 9.1 5.9 6.9
Daily Precipitation (mm) 1 13.6 29.0 38 18.5
Relative Humidity (%) 70.7 82.7 84.9 82.9 86.0
Duration of Sunshine (hr) 3.4 5.6 1.6 3.8 3.8
Time of Rain Duration (hr) 0.5 24 3.6 5.7 5.1

Table 12. Correlation coefficient between methane surface emission, methane

recovery rate and meteorological element

Daily . . Duration Time
. Daily  Relative .
Average Cloudiness Preciitation humidit of of Rain
Temperature P Y Sunshine duration
Correlation «
Methane  Cocficient -0.60 0.00 1.00 0.40 -0.20 0.60
surface
. Sig.
cmission . . X . .62 .14
Ken (tailed) 0.14 1.00 0.00 0.33 0.6 0
dall's
tau b Correlation
U0 Methane Cocfficient 0.40 -0.20 -0.40 -0.60 0.40 -0.40
recovery
rate Sig.
) 0.33 0.62 0.33 0.14 0.33 0.33
(2-tailed)

*. Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
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Table 13. The result of methane oxidation rate and methane oxidation factor

in this study

Minimum

CH,4 Oxidation Maximum

1.83

1.23

9.04

1.13

0.96

Rate

(mole/ m’ day) Average

0.52

0.28

1.32

0.32

0.23

S.D.

0.39

0.28

2.15

0.38

0.27

CH,4 Oxidation Factor

0.76

0.69

0.70

0.48

0.56

S.D. : Standard Deviation

0:9" =
048 =
057 =
0.6 -
05 -
04 -
073 =
02 =
0.1 -

Methane Oxidation Factor

B

S, France

[PCC Default

Figure 13. Comparison of methane oxidation factor of this study and previous studies
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Table 14. The result of correlation analysis of methane oxidation factor

and methane, carbon dioxide flux for each measurement point

CH4 Flux
(mole/m’-day)
CH, Oxidation Factor
Correlation *
Coefficient U
Kendall's tau b
Significance
(2-tailed) 0.00

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

- 44 -



s 2 E

| —
) B

Bl

oA T

B
2

R
AhezA77F o

4

S|

 AA

b e 2%

45

= o
=G

&)

-9}

=3
=]

B

o}
e

59}

b A7 od MEA

S

o]

FoATt.

S

A (0X)E AHA

32 tow/day® UFERsHTH E3) 9ge] gk

~

7A9] Kendall’s tau #4243

o,

Fo| AHAAE HAao £ mMHA e HAIHARAV|ER

FeE ol MPARAIE v

17} 91=A] Kruskal-Wallis

)
X
i

—_—

0

0

K

Ui Hrlee EadAds dAC MEgE Hriee] 23

N

Hot spot¥} #o] il-F

L —
)

)

il
m

&

A A= AE

o] H7|=

Sl

gl

_45_



wet WjE% Aol Holrk AA F doung Ad o
z}

71¢xAE st 247t WiEgE AAE Bavt

TS B AFoA AAE B ujPd A a1 A A= IPCC 71 EE 015

HELsH A = o] e Ao E ALEHT
b o2 wPgR| oA 24Vt HWiELS EYY =9 FE, tiy
T ZIAME FFES T A EYHIAES S50l o3 4 &
Aol oal TAHT FF ol 8AES 1 ATV F/IE WAy
of & Ao F FodFET}
=8 AdyATol mEH meidsAs 4 Al EAFAHY HAH T
ALY S ol g3t AAHE AEE glenz, T
g Ee WA Aol HeF Aot Hu Aty A e
H71EEA o 247t~ W& B E 5t o B WEAE g

2 Wi AsE Y 2e0) e ZloE dddHn

M-‘Ol-:

O

_46_



e
g

!

) 2] &

1

9
pal

Hof 2]

A A, =718 8H3] A], Vol.16, No.5, pp.499-509

AT S, o

=1}
=

=
=

=Y 37738+, 2012, Closed chamber
.331~337 (2005)

P

=

==

p

)

g Ao &

CEY

W

]

ox

o =

A

7174 My 7l

io}

]

%

e 2

=
=

AGAA
v\]:'_tg ul

==
=

o =

Ea

R PR

=

=

X 97-100.
T+, 2012, #H 7]

]

54, 2012, =4 &

WA,
S

1

A, A13A, A1Z, pp.124-130

B, 1999, AT FU7A

=]

alé

Ho

_47_



)l
wA.O

0

+

ol dE, 2013, AEHIE A

7}, J. of Korea Society of Waste Management, Vol. 30, No.

o

v}
bl
g

1,

%

LAY E
pp- 52-59
ARA 8, 2006,

alt

TE, 2014, A H-®HT

g o8 WYt BAY

3], Vol. 18, No. 8, pp.702~714

[e)

i

=

=

1

[¢}
<, 10, 253-253

], A3k 2001, #H 7]

Q
=

OL
, 7] Al 1249 3

il

A

—_—

T
W
7
o

"
B

o] &AEIA CO,

[e]
M 3}8}3] %], Vol.5 no.l pp.71-81

<t

foF-

¢+

=7

, 2013, ATFREu PR o] 47} )

EERLE

e

Kl

[e)
T

alé
HJ

Ho

wK

o

1A, 2015, &7FE iR A CH4 H

o
=

alé

Ho

,wﬂ

3HA 4~(0X) A+

& ol gk

oA, 2015, H7EWHAANA EZFXE o] &

4

EERLE

)

o|&7], 2012, Wiy H 7]

| gAY

1

._OL

alo

o]

i

O

X
N

TH=T

A S, 2006, AR wiHA Y Wk

HJ

oA 519

_48_



A7, 2007, w7l @A oA wg TASHEA B TAYF 524

2
)
e
re
-
X
o
>
o
i)

o
El
i)
o
o
oy
o
=
>
>
o
R
i
M

249G, 2004, HIZFAA, Aozt 0|

SHE R, 2002 ~ 2014, A=H7|E LA 2 H2AZ

FLRTE, 2014, HELFSQMEPENTRE S D FEREYHENI#0IZ 51F 24 T A kDI K
DT T- B3 B WFSE, i b K 2p 22 0 i

BRI, 2006, =S R A AP ERE B S METRE R, BEEY R

Bogner, J.E., Spokas, K., Burton, E., Sweeney, R., Corona, V., 1995, Landfills
as atmospheric methane sources and sinks, Chemosphere 31, pp.4119-4130.

Bogner, J., Meadows, M., Czepiel, P., 1997. Fluxes of CH4 between landfills
and the atmosphere: natural engineered control. Soil Use and Management 3,
pp.268-277.

Boeckx, P., Van Cleemput, O., 1996. Methane oxidation in a neutral landfill
cover soil: influence of moisture content, temperature, and nitrogen-turnover.

Journa of Environmental Quality 25, pp.178-183.

Borjesson, G., Svensson, B.H., 1997. Seasonal and diurnal methane emissions
from a landfill and their regulation by methane oxidation. Waste Management
Research 15, 33-54.

Bruno Capaccioni, cristina Caramiello, Fabio Tatano, Alessandro Viscione, 2010,
Effects of a temporary HDPE cover on landfill gas emissions: Multiyear
evaluation with the static chamber approach at an Italian landfill, Waste
Management, Vol.31, 5, pp.956-965

_49_



Charlotte Scheutz, Peter Kjeldsen, 2004, Environmental Factors Influencing
Attenuation of Methane and Hydrochlorofluorocarbons in Landfill Cover Soils,

Journal of Environmental Quality, No.33, pp.72-79

Charlotte Scheutz, Peter Kjeldsen et al., 2009, Microbial methane oxidation
processes and technologies for mitigation of landfill gas emissions, Waste
Management & Research, Vol. 27, pp.409-455

Chanton, J.P., Liptay, K., 2000. Seasonal variation in methane oxidation in
landfill cover soils as determined by an in situ stable isotope technique. Global

Biogeochemical Cycles 14, pp.51-60.

Chanton, J.P., Powelson, D.K., Abichou, T., Hater, G., 2008. Improved field
methods to quantify methane oxidation in landfill cover materials using stable

isotope carbon isotopes. Environmental Science and Technology 42, pp.665-670.

Czepiel, P.M., Mosher, B., Crill, P.M., Harriss, R.C., 1996, Quantifying the
effects of oxidation on landfill methane emissions. J. Geophys. Res. 101,
pp.16721-16729.

De Visscher, A., De Pourcq, 1., Chanton, J., 2004, Isotope fractionation effects
by diffusion and methane oxidation in landfill cover soils. J. Geophys. Res.
p.109, D18111. doi:10.129/2004JD004857.

D. Widory E. Proust, G. Bellenfant, O. Bour, 2011, Assessing methane
oxidation under landfill covers and its contribution to the above atmospheric
CO; levels : The added value of the isotope (d13C and d180 CO,; d13C and
dD CH,) approach, 2012, Waste Management 32, pp.1685-1692

Hanson, R.S., Hanson, T.E., 1996. Methanotrophic bacteria. Microbiol. Rev. 60,
pp-439-471.

_50_



H. Ishimori, K. Endo, M. Yamada, 2009, Reliability Evaluation for Static Chamber Method
at Landfill Sites, Excerpt from the Proceedings of the COMSOL Conference 2009 Boston

IPCC, 2006, IPCC Guidelines for National Greenhouse Gas Inventories.

Jan Hauke, Tomasz Kossowski, 2011, Comparison of values of pearson’s and spearman’s

correlation coefficients on the same sets of data, Quaestiones geographicae 30(2)

Jeong, S. and Kim, J. Y, Methodologies to Develop Parameters of Methane Generation
Potential (LO) to Increase Reliability of Greenhouse Gas Inventory in Solid Waste
Landfills, 2013, Journal of Korea Society of Waste Management Vol.30 No.6 pp.617-624

Jeffrey Chanton, Tarek Abichou, Claire Langford, Kurt Spokas, Gary Hater, Roger
Green, Doug Goldsmith, Morton A. Barlaz, 2011, Observations on the methane
oxidation capacity of landfill soils, Waste Management Vol.31, pp.914-925

Jeremy K. O’Brien, Practical Methods for Measuring Landfill Methane Cover Soil
Oxidation, FORESTERDAILYNEWS, 2014.12.22.,
http://foresternetwork.com/daily/waste/swana-news-practical-methods-for-measuring-

landfill-methane-cover-soil-oxidation/

Jeffrey Chanton, Karen Liptay, 2000, Seasonal variation in methane oxidation
in a landfill cover soil as determined by an in situ stable isotope technique,
Global Biogeochemical Cycles Vol 14, No.l pp.51-60

Jones, H.A., D.B. Nedwell, 1993. Methane emission and methane oxidation in
landi 11 cover soil. FEMS Microbiol. Ecol. 102:185-195.

Komsilp Wangyao, Sirintornthep Towprayoon, Masato Yamada, Kazuto Endo
and Tomonori Ishigaki, 2011, Methane Oxidation in Landfill Cover Soil: Case
Study in Thailand, IPCBEE vol.6

_51_



Liptay, K., Chanton, J., Czepiel, P., Mosher, B., 1998. Use of stable isotopes
to determine methane oxidation in landfill cover soils. Journal of Geophysical
Research 103, pp.8243-8250.

Mette Christophersen, Peter Kjeldsen, Helle Holst, Jeffrey Chanton, 2001,
Lateral gas transport in soil adjacent to an old landfill: factors governing

emissions and methane oxidation, Waste Management & Research,19
pp-595-612.

Mijin Kim, 2003, The study of Landfill Microbial Communities Using Landfill

Gas and Landfill Gas Condensate, Dissertation, Drexel University

M. Maione, J. Arduini, M. Rinaldi, F. Mangani, B. Capaccioni, 2005, Emission
of non CO, greenhouse gases from landfills of different age located in central

Italy, Journal of Integrative Environmental Sciences, 2, pp. 167-176

M. Maione, J. Arduini, A. Berloni, B. Capaccioni, F. Mangani, G. Mangani, L.
Pirillo, F. Tatano, 2005, Landfills as sources of trace gases involved in global
change phenomena and in air quality issues, Geophysical Research Abstracts, 7,
p. 07761.

M.H. Schroth, W. Eugster, K.E. Gomez, G. Gonzalez-Gil, P.A. Niklaus, P.
Oester, 2012, Above- and below-ground methane fluxes and methanotrophic
activity in a landfill-cover soil, Waste Management, Volume 32, Issue 5, May
2012, pp.879-889.

Oonk H., 2010, Literature review: methane from landfills: methods to quantify
generation, oxidation and emission. Innovations in Environmental Technology,

The Netherlands, Oonkay.

Surfer, 2012. Surfer 11 User’s Guide. Golden Software, Inc., Golden, CO.

_52_



Spokas, K., Bogner, J., Chanton, J.P., Morcet, M., Aran, C., Graff, C.,
Moreau-le Golvan, Y., Hebe, 1., 2006. Methane mass balance at three landfill
sites: what is the efficiency of capture by gas collection systems? Waste
Management 26, pp.516-525.

Tchobanoglous, G., Theisen, H., Vigil, S. A., 1993, Integrated Solid Waste
Management: Engineering Principles and Management Issues, Mc-Graw Hill,

Singapore.

US EPA, 1996. Standards of performance for new stationary sources and
guidelines for control of existing sources: municipal solid waste landfills; Code
of Federal Regulations. Title 40. Sections 9, 51, 52 and 60.

US EPA, 2004. Direct emissions from landfilling municipal solid waste.

Climate Leaders Greenhouse Gas Inventory Protocol. Washington, DC.

US EPA, 2012. Quantifying Methane Abatement Efficiency at Three Municipal
Solid Waste Landfills, EPA/600/R-12/003.

UK Environmental Agency and Scottish Environment Protection Agency, 2002.
Guidance on Landfill Gas Flaring, p.8.

Ward, R.S., Williams, G.M., and Hills, C.C., 1996, Changes in Major and trace

Components of Landfill Gas During Subsurface Migration, Waste Management
& Research. 14: pp.243-261.

Yuan, Lei, 2006 Methane emission and oxidation through landfill covers,

Dissertation, Florida State University.

_53_



Abstract

A study on the development of parameter based on
the investigation of methane emission characteristics

i a landfill site

Jihye Kim
Cooperation Course for Climate Change

The Graduate School

Sejong University

The methane emission from landfill site was 22.4% of the total methane
emission by domestic in 2012, so it is important to secure reliability and to
manage methane emission. In Korea the greenhouse gas emission of landfill
site has been computed by using FOD model(First Order Decay model)
proposed by 2006 IPCC guideline. Also the default value of 2006 IPCC
guideline has been used as parameters to calculate greenhouse gas emission.
However the IPCC default value has a limit to reflect the attribute of domestic
landfill site, so the importance of the study on the parameter reflecting
domestic landfill site is getting higher.

In this study the attribute of methane generated, as per weather and other

conditions, at small scale domestic landfill site has been comprehended by field
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measurement, and to compute methane oxidation factor, a parameter of FOD
model, is the purpose of this study.

To compute the attribute of methane emission and methane oxidation factor
total 40 spots of landfill site have been selected and total 5 times measured
during July to October, and the flux and emission of methane and carbon
dioxide, generated on the surface of landfill site, were computed by using close
chamber method and NDIR analyzer.

According to the computing result of surface methane emission of landfill
site, the average quantity was 3.2 ton/day, and in September it was 6.2 ton/day
that was the highest among measurements.

According to the Kruskal-Wallis analyzing result, to define the difference
of methane flux by landfill completion period, zoned landfill area by the year
of final landfill cover, there was no significant difference. From the Kendall’s
tau analyzing result of the greenhouse gas and the weather condition, there
were strong and positive correlation with precipitation, thus it was understood
that it has correlated with precipitation. As per these analyzing result, from on
site measurement of greenhouse gas emission, there might be difference of
emission result depending on the weather of measuring day. Therefore it was
understood that not only the season but also weather condition should be
considered when computing greenhouse gas emission. In this study the material
index method was used to compute methane oxidation factor. The average
value of methane oxidation factor was 0.64 with the range of 0.48 ~ 0.76.

Comparing with IPCC default value, the methane oxidation factor computed
by this study was relatively higher than IPCC default value 0.1. Therefore,

when computing methane emission of landfill site by FOD model, there would
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be some possibility of excessive greenhouse gas emission computed by applying
IPCC default value, so it would be necessary to develop the unique methane
oxidation factor of Korea.

In general, greenhouse gas emission of landfill site is influenced by complex
factors, factors influencing gaseous emission, such as soil temperature and
moisture, air pressure, as well as soil microbe activities. It is judged that
further studies, considering these factors, should be followed. Also it is
understood that more accurate and reliable greenhouse gas emission
management would be possible by computing the methane oxidation factor from

the more landfill sites.

Keywords : Landfill, Characteristics of methane emission, Mass balance method,
Methane Oxidation Factor
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