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ABSTRACT

Distribution and behavior of baseline soil CO, were investigated in a candidate geologic CO, storage site in Pohang, with
measuring CO, concentrations and carbon isotopes in the vadose zone as well as CO, fluxes and concentrations through
ground surface. This investigation aimed to assess the baseline CO, levels and to build the CO, monitoring system before
injecting CO,. The gas in the vadose zone was collected using a peristaltic pump from the depth of 60 cm below ground
surface, and stored at gas bags. Then the gas components (CO,, O,, N,, CH,) and 8"*Ccq, were analyzed using GC and
CRDS (cavity ringdown spectroscopy) respectively in laboratory. CO, fluxes and CO, concentrations through ground
surface were measured using Li-COR in field. In result, the median of the CO, concentrations in the vadose zone was
about 3,000 ppm, and the 8"*Co, were in the wide range between —36.9%o and —10.6%o. The results imply that the fate of
CO, in the vadose zone was affected by soil property and vegetations. CO, in sandy or loamy soils originated from the
respiration of microorganisms and the decomposition of C; plants. In gravel areas, the CO, concentrations decreased while
the 8"°Ccq, increased because of the mixing with the atmospheric gas. In addition, the relation between O, and CO,, N,
and the relation between N,/O, and CO, implied that the gases in the vadose zone dissolved in the infiltrating precipitation
or the soil moisture. The median CO, flux through ground surface was 2.9 g/m*d which is lower than the reported soil
CO, fluxes in areas with temperate climates. CO, fluxes measured in sandy and loamy soil areas were higher (median 5.2
g/m?/d) than those in gravel areas (2.6 g/m*d). The relationships between CO, fluxes and concentrations suggested that
the transport of CO, from the vadose zone to ground surface was dominated by diffusion in the study area. In gravel areas,
the mixing with atmospheric gases was significant. Based on this study result, a soil monitoring procedure has been
established for a candidate geologic CO, storage site. Also, this study result provides ideas for innovating soil monitoring
technologies.
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Fig. 1. Location of study area, with showing vadose-zone gas sampling points (4) and measurement points of CO, flux and concentration
through ground surface (@ and []). Area A and B were classified based on soil types and vegetation (see text).
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Fig. 2. Weather data since 5 days before the flux measurement (A), and since 5 days before the collection of vadose-zone gas samples (B).
WS=wind speed; PPT=precipitation; RH=rative humidity; AT=air temperature.
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Table 1. Gas concentration in the vadose zone, CO, flux and concentration through ground surface and the atmospheric CO,
concentration in the study area.

Vadose zone Surface
Statistics CO, e 0, N, CH, CO, flux  Soil CO, Air CO,
(ppm) (%o0) (%) (%) (%) (¢/m?/d) (ppm) (ppm)
Number 27 27 27 27 27 33 33 33
Mean 7,862 -20.3 19 78 0.00 4.1 453 429
Median 2,987 -18.4 20 77 0.00 2.9 448 428
Min 463 -36.9 10 76 0.00 1.2 439 421
Max 44,037 -10.6 21 85 0.00 16.4 506 445
Skewness 2.0 -04 22 22 - 2.2 2.0 0.7
Median area A 9,337 -25.1 19 77 0.00 52 455 429
Median area B 762 -14.2 20 77 0.00 2.6 448 427
0
Vadose zone CO, oA
concentration (ppm)
m *B
10
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 Yad .o
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g 20 -0 m
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5 o - AR I SRS
S LIRS o
s <
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Fig. 4. The relation between CO, concentrations and 8'3Ccg, in
the vadose zone.
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Fig. 3. CO, concentrations in the vadose zone in the study area.
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Fejo] f71E Ak} vhe-S vEhla Stk

CH2O + 02 = CO2+ H2O (2)

o] A% 0,9 Cox= 1:19] Ho TAE Yepdrh
Fig. 6A°lE A7 A9 SAE CO, =} 0, 3%
£ JeQlth A7 A Ex3 COo, == P
=9 3% %1 (Fig. 6A: biological respiration 1)2] =
of B3} ol fVIE 2kslel] 98 WAE Co, T
IR FREE HEdd &aENS 7Fsds VRt
(Romanak et al., 2012). B33}l 7}~ AR 23 4Y
A ok 18mm BE M7} $7] wjEol(Fig. 2B) &3f°l
o3l Coyt S 7Fs7del ok 53] 11, 14%19]
ARG NG A EQge] sk APoz It A|Y
HellM= BlE9 3571 Aoz HAE Ao ot
< AYolct.

¥ 72t FREE Feol SeiEE N2l s=
7} =oFd 4= SJth(Romanak et al., 2012). Romanak et
al. 2012y CO,%| -83ljell o3l Exxsje] o] wo}
AaL, ole) wt ti7I7F EXsE FE 4 Aokl &
At Schacht and Jenkins(2014)%= Otway2] &3}
N, T=7F t7]19] N, % Bo} EolAs #3S slXst
WA Romanak et al.(2012)9] sl144-& X|X|e}Hct. 12t
Exsi 71 ¥ AR th7 7t frdEE, N E
T 3AEoe] 3|8 wold 4 9o HE = Romanak et
al.(2012)°] 34 HPHe Ajarsf Bl gkt RbdHol N, &
o] F7hs 7k LElx zlo|vke g MAwd 4 gt
CO,9] &3l=e N,o| &al=ol vlsle] oF 528 =11
(25°C), 00l Blsirl= 33v =t 1481 A%(CO.~4.4%,
0,=9.8%, N,=83.9%)%] 4% P& T8&°= 0y)
11.8%7} ARETAL 7PsPA 7] 0,5 21%= 713,
B9 0, 237 9.8%), COE 11.8%7F AWAHTHFig.
6B). BAE CO, T 7.8%}F TXI=T 235 Lal=3dct
a1 71g3Pd (open system), Or= 0.2%, Ny= 0.1% -85
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2 g gk I 0,8 FEE 4.0%, 0=
9.0%, Ny= 77.9% ©JX|qk, AA| 7}2=9] o] 9% =
oEA HE=E, 7R=e] ARl wEe ol HlgEEiN =
o}z A Hth(Fig. 6B). HYH FE= CO, 44%, O,
9.8%, N, 84.8%= CO%t 0,9 T&= SAE @ o
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FX(83.9%)°ll BIsl 2z A9, o
NER io}m o) w RSy szl gl
o) Skl Wizl vh)7k 98 4 glovk, N, )
SR Be Tl SOl AoEE S8 A
7Fssitt.

SFH Fryar et al.(2000)2 EX3sol|A] &Zo] HkAs)
o N9 =7 7K 4= Qlojar T} Fryar et al.
2000y ESF f715o] vlwz wa 714 zo] A
B oo ale] BEsol 298 Bokre} 7k, B
9z e AR R Bl AP Ae FHAA,
Ty £ A7 A9 Bxse] =2 s vEE
< o 2do] T A=) FrI o] FAHHA &
AoR =] v, @44 9§t N, SV 7t
g sk 212 ol
N,/0,-CO, IS FM= Exsi] 7k~ 85) 7}
98 =& F Ut vBES] sFe gJaliA cot
AE A9 N0 HlEH CO,9] BAl= Fig. 6CY] W
3E T (biological respiration) 1S whe} WHalslA H
THRomanak et al., 2012). & A7 E¥3h) 7fae
i HE S50 950 =AE o) B
7k=9) B3lE AAGE HAES] sgell o5 WA
COZt 50% H= 90% S8 2 i, A 14 AFell
283k At W ESIE Zol)S Fig. 6Coll TAISIA
AT AHe] e Alg7F Exsil 7k2e] gafol] <]
3 7k AEHlZE Wskshke 3102 AWAETh Romanak
et al(2012)2 =2 Ny/O,2] HI&, vAE 5§ X9
5 doo] 7k=o] &af whgo 2 34 g uf Qlok.

AHE b}l o] 0,-Co,° A, N9 S7F &,
Ny/O-CO, ¥Al= =3 7k} SX== &9l &
RS 7Fs/3S AR Sung et al.(2015)= AMAZ]
o2 A HlEEE €0 FEE S, A5
Al COY =7 45 ol Bt vholRle dE Bl
Sk v} At} Annunziatellis et al.(2008) SA] E3E3t=
A== BlEd Coyl 831%7] Wil % Al CO
S AT S AEET BESfellA Tk
7} B3lE =& AFE olEsl] Wl EXshie €Y

Al(open system)e}al & = Qlth. EXsit 712 AR A

F 42 Aol 18mm Hm 7] wEo] 42 7R ks

fr o

i

83l9) GPo] A3l A ofelth. BESIN F
Ashe 24 B2 B FROR kvt 8= 23S
F=3b) Yairte 2ol we Bxsho] ¢t W, 7}

o) FEnls), Egso] SpgR wsl 5o F7142 o
o[E7} asit.
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3.3. CHR| #1445t 7tsd
Romanak et al.(2012)°]] oJ3Pd A-f &= 7R=F0
FE] CHy} of&Ho] A EYo® =
2o] gzl CoE Ak} € 4= Q)

CH,+20,=CO0,+2H,0 4

o] W] A== CO0t AREHE OAlOldE 129 &
A7} JebrdthFig. 6A Z4). Lee et al.(1998)0] 2Jahd
B A AY 9] AEEEAIE 170~700 mplA] 5
H 7kolMd CHZF ©FH0.5-37.6%) AEE vk ATk
Fig. 6A°IX 7823 9] tiFt2 30 ZA o ZA1=
CH,® AHslell &gk co, s e 4 Stk

2 A7 Ade Bxsol CHeE HESA 2%
W(Table A), 149 A A5 CO, TE7} 44%= =
a1, 8BCeo’t —36.9%% A UERO T Z CH,EHE
AE o9 A Y-S 9As] & TF 3lt}. Romanak et
al.(2012)2 —18.6 ~—19.8%c% H|WH =& §°Cep.= W
gho] Jksle] oJgke wke Aoz A g ul Stk Lee
et al.(1998)elA] & A7 A QI Askre] we &
DAhE 8°Cayy —65.1 +5.4%% X 3 vl Atd. CH,
9} CO0 P& BHLe 20°CollA F 70%= LA
O (Friedman and O'Neil, 1977), ©¢lAlelX CH, &
5 A3bEgd wE 0,8 FHYAE —65% HE2
vke ZkS UehiAl "k webd cH, AlE 2AE
COyt S}=ENS 73S AZEE 4= Aok 5). =
oF 140 AellA wBE SFC 28t §°Ceor’t —23.6%0
(1459 ALJst AAY AR5 §Ceo B0 7HsIaL
A AFREAS A8 5), CHy Al A
3k €020l HIE-LE 32%% AR 4=

sPc, —s"c,

X =0 (5)

¢ 3 3
sPc-s"c,

A71M x2} §°Ca= Z¥ CH, ABlERE WAs Co,
9] Hl&} EhAh B9 U4 (-65%0), 8°CE MAE S5
o3 WA Bha T DA (-23.6%0), 87°C,i & 141 AF
oA Z4E Bhh FAA -36.9%°Itt Y} 2o] eAi
FAAAE AT - CHL| AR IAE Cool
Yol 7Fsstctar siAd 4= Aok 13y 2 A7 A H<]
E¥3iZ CH, == CH,9 2= E C0o9 F4
< 53] fEiMe Bt 22 ATl CH S 1T
2a7t Aok

S0 AE 54 AT CO, AFAY 1A A4 17 24 R ) 5 57

34. EZSI| X E CO, &

AT X AEAH SHE CO, Y20 FHFL 4.1
g/m?dolal, S 2,92 YERATH Table 1). 2t 715
o] FZA|, AR, g At 715ellAe] dukAQl 2
E9] 589 Y3 CO, ZTHAE 10~20 gm¥dE L&A
JHJung et al., 2014). U= Utah®] Bk A XY
oA Z7E M BX A B QAT AFES AL A
A= 0~10 gm*/d= Ha= et ofelg] it A Hol|x<]
EY €O, 29 e oF 5.1 gmY/dZE Hai¥ nf
Atk oo mlshd, £ At A|HellX SAH Co, ZE=

SRS e Hol| &3tk A7 AYe vk Co,
T A9 ge FRoA 7HIRke] =EEA
sl2 FAE A2 B37h AR EY
3 gt A7 29 A= B
A9 (2.6 gm¥/d)e] EEE A A|HY (5.2 gm¥/d)
Hop v Yepdal Itk(Table 1).

A EYe] €O, FEE A A%455 ppm)e] B A%
(448 ppm)el] HI3H tha =4 YERSTH(Table 1). L2yt
A A9 B A9 A EY COY F& Aol A9
F FY2 zelo mlgl 2] gvh. S AfM e EF
CO, F&v B B4 A 9 v &1, wiE
SA t719F £ e Be=E waEd Ty &=
A A3k EY Coe EYC2ZHE HiEEE Cogle
e sl Bl 82 34 A 3R (purge) DAl
A Z4E CoE 7] COE 531, th7] Co,9l &
=9} EYF €O, 759 IAIE TAISKATH(Fig. 7A). 170
AEE ALlslaL(1sy AF), BF 7] €O, Btk EY
CO, =7} =A| Uehsith(Fig. 7A). =8 B 2827}
ES4E O, 57 FU)8ks A& HolFig. 7B:
R>=0.79), A3 EY CO, FEv= EUIM A= 1)
S5 COE ¥gstar & & Stk

AxA F8E Co, F8-s EXS oY viE
o oJgt Anz ATt ogfst WS A A|HollA] K

s veped], EX3i] o, w52 A3 COo,
Z8 29 A (Fig. 7C) A A9e] A5 Exsid)
CO, =9 Z7Kl Wt Co, Y2} S78he Fs
Uit Al A A el olddt 7 Fde F AN
o] Zke A9oF ol B F Uk S A% Edo]
B¥shk= & (Fig. 1914 28, 29, 31, 32, 33W1 X))
AP BEofo] B¥sh= 3lct(Fig. 1914 11, 12, 13, 144
A Z7} o) t2A] JeRdthFig. 7C). 2194
EYollA Co, E829 F7HIEo] AH EYRT =7
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