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Abstract

In the demonstration-scale offshore CO, storage project, the monitoring team studies geophysical and
geochemical monitoring of CO, injections in the Yeongil Bay, in which a CO; test injection (about
100t) was performed in January, 2017 and further injections in larger scales are planned for 2018 and
2019. In this study, the development status of the Korea-type Hydro-Geophone OBS (Ocean Bottom
Sensor) and the geochemical baseline survey (focused on some anions of sediment pore water) are

suggested as the preliminary results of the pre-injection test.

Keywords: Geophysical and geochemical monitoring, pre-injection test, Korean-type OBS, sediment
pore water, Yeongil Bay
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71&s Aokl 3tk (Kwon, 2017). COE FY5E7] o @A (pre-injection) 7] =Y H(post-injection) 2] 71 4
A F71H 0% CO, 5= A6, W G901 32k FARE B4 o & 4-afshe o] S vl A3 flrt a8l
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Eol7F = o] @ A] Rt T FoiQkS whebA] AR X[ZhH A o] B A 4HE 0] sh= AlZfeRd o =
QIRH B[22 0] f/dolth(Son et al., 2007). R HE-F-0] ufo] @A EJHZ 252 kST SAGS S 7o =
B skl glom, IRkEX] 0] S A thFEo] Al Aol A oFat
(pull-apart) g = ARt IR, AF Aol M= LR o] ot ]'1_
FRA0f ol e 71 © 2 B 7| Sl (Sohn and Son, 2004; Son et al., 2007; Cheon et al., 2012).

EFAIF FArt TP AL 11 SR o] S| o) vkt °1EH94 24L& Fep7] PRt Rt et Wty Aol (4l
&5, oY) ‘3*4 SMITHRAETT, AR ST E 7160 & Stof 14148 7](Paleogene) SHd U, 41
(Neogene) EALHA75, L) 2 A4~ %Ziﬁ_?._ T =|o] 2tKSohn and Son, 2004). 53], ©] ==
A1 FATt SlVFR| o o] A d-& shEHE| wWiel7] 7|kt 9 114147 ﬂ'ﬁ(}’:]'%—, 715l s oh= st
23 ALSTo] SFok= ok A 2 ARES, s ARdS, A E o]t 2 F, S oS 5o& RS A Tt
(KIGAM, 2014).
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3D OBS °flojzd &du} HAk= 20161 38 FU A0 2R 55502 350 m Hojxl 400x350 m”* I s %]
A 8= Ath(Fig. 1). shuke] 23of 8 7i2] Hydro-Geophone OBSE 50 m 7HA. 0 2 114519 0 o, o]2$t OBS HiE
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oF7| Slote] ZF 2] T Hgo] ]3] A8 F4-41-8- H|o]Z (Beacon) = Hir = F&bo}qlt). 7Fseh et 2 EE9| 7
Z7P 28 ZFE(Common Mid-Point Gather) 2 2] ﬁé} | 915t OBS %] HA 9] 9 vljof D6l=1,200x1,050 m*2]
2 ool A WAL Bageh ko 2 X19¥oHHA] 269 inch’S] oflojz] a7} 25 m 714 © 2 438 E| SIThFig. 2(a)).

%%‘ A 87 FARE 9121 2D OBS oflold B FA=2016E 99 T A 0= RE 55505 250 m oA

upA| o} 1g2Eet2 km S0 thste] 4-3Y =] {th(Fig. 1). 3D BAFS] 73-9-2F &, 40 7119] OBSE 50 m 7HA 0 &2 §F SA4lo]]

| %]5199.0H, ZFOBS 9] 91215 A8ts] mhelslr| 91519] 10 7] OBS YA|nte} Hlo|Z& i HAs|ct St =41

w2} 269 inchu of|o1A ¥tz 25 m & 12.5 m 7HH 2 2 23] 53] THFig. 2(b)).
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Fig. 1. (a) Location map of the study area. (b) Location of OBS (Ocean bottom sensor) nodes for 3D (green lines) and 2D
(red line) seismic survey.
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Fig. 2. Location of (a) 3D and (b) 2D seismic survey lines (black lines).
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AR &, @I Al 7hs o, A ElEE o] AE Soll met 2% F= 7E 10712 =51 3it(Table 1)

Table 1. Location of piston cores collected in the Yeongil Bay.

No. Piston Core No. Piston Site No. bocation Water depth  Core length He;:;.)ace N\?\;al'::rre
X Y (em) (em) gas samples samples
1 16YC2-P01 16P17 539173.4700  3989782.6100 21.2 600 12 11
2 16YC2-P02 16P01a 541487.3500  3988397.5200 22.0 620 14 12
3 16YC2-P03 16P01 538766.7300  3988430.3300 21.0 568 11 11
4 16YC2-P04 16P10 540655.0500  3987643.3900 21.0 20 X X
5 16YC2-P05 16P06 539142.1300  3987889.7700 18.0 X X X
6 16YC2-P06 16P03 539147.0200  3988139.3600 20.0 292 3 8
7 16YC2-P07 16P14 538183.8900  3988068.2600 17.0 146 3 5
8 16YC2-P08 16P05 538349.0700  3987892.1200 17.0 181 4 X
9 16YC2-P09 16P16a 538677.7400  3988496.5300 20.0 400 9 X
10 16YC2-P10 16P18 539179.3500  3988745.2400 22.0 510 11 X
D AE Foje424] 17-22 me] Hafloll A FE619 1, Fo] 4ol 1.4-6.2 mo|th FE A= F2 s Co, Y =
SR QI Ao, BT S Ao, Al SARLo R SR Ao Soltt, T 3915k C0,0] ol AR 34
Sl RS A 5 WA sEECl7]0l, ololl sigshs A9 AR 5T 10 712 520 FollA 5 719

0
Folol £ 47 Ne] B35 ABS AFeiItk o] Aol 3 HAE Addar} ke Fo] 16P179] taiiA 243
Fig. 3). 335 5& A B8 HHF]7](Rhizon sampler) S 0§31 AT, A4 HALE 91510] 22 AatoflA] oF4°C,
o 4417 BESIT, AR 14 ml oike] A2 AFIstelct

® Pistoncore O Platform .- Possible fault ~ Acoustic blanking zone

Fig. 3. Location of piston cores, in which the core 16P17 was analyzed in this study. White thick lines represent Chirp
seismic profiles.
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B34 A=l Uxj2ieH A
FET BI4E Aie, U Ealkaliniy), F8 G125 E(CT, SOF, PO,T) 58 2] Slsto] Zzte] 7 1
X B0l 02§10l B4 AR o) 2], AAe] A 9 AR BT SN Fig. 4)

B4 B4 ODP Technical Note 159] Hl(Gieskes et al., 1991)& 18315tk QI Fishert}e] @2 2
Al(Refractometer) 2, G4 0]-(Cl) BE2=0.02 N ZAE(AgNO;)S 0183t B2 A (Mohr titration) 0.2 45
o}, T = HlExEe|Q)(Phenolphthalein) A|A1F 9 H & B T2 ZBromocresol) 1} H|E 2| =(Methyl Red) &
Z|X|eko] pHo T2 A H3}E o] 8510] 0.02 N FAKHC)] o5t AR 0 2 2459}, Qoo AAol|A 321 25
S5 oI5t 1142 3)Asto] R & fh=x7] 2ot A A7 A(KBSI) 2] o2 2L =0HE 183 (Ion Chromato-
graphy) DX-1500.2 2 A5}t
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o] EAet otad Ao @i = /= ATk(Fig. 5). W= A1.2:(geophone)} 510] = 2&(hydrophone) A4, <]
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Fig. 5. (a) 3-dimensional drawings and (b) photographs of hydro-geophone OBS.

Table 2. Composition and specifications of hydro-geophone OBS.

Composition
Hydrophone S5003 (Disc type)
Geophone Vertical SM-24 (10Hz)
AD converter 24 bit ADS1251
CPU 32 bit PIC32MX795
Battery N%MH 7.2V 3,000 mAH
NiMH 3.6V 7,500 mAH
Specifications
Hydrophone filter 10 Hz High pass, 200 Hz Low pass

Maximum operating depth
Sampling rate
Data storage capacity
Current consumption
Duration
Synchronizing method

400 m
1,024 Hz
2~64 GByte
40 mA
140 hr
Wireless (Radio frequency)

Aol 2=l Thdnt €Al 52 OBS ST EALE ST A9 45 LR el s Wi i)
A% 72 Tohe Wellshis A0 2 A8t o|oh e Tigubbt EA)E sidslo] Stslel OBS Ul el 414
Slol=RED} £ A 4 9E2 217t A5 Tk Fig. 5). THolH HhAbElo] Setel 4T wEe] A9 A 0F
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Sto|EE oA F/4do] FASRITL, sl of|A] HEARE] o] W27 k= stk 1hs-0] 7% T+ Al A7 Htd] /32 Kol A et
(Wang et al.,2009). ufebs] 5k 51E] efsto] slol= 2 31 29 0] 158 A5k normalizing) 7] F 7 155
5o sl 719 A E(ghost) T THE AR AIA S 4= 9k,
T8y A7 RE T o ol A FUSH Y Aol E Hol= 22 oy 7] wfZe] ] ool Tt = A E
A S5 Hekstojof ghet. Ttk A1 Frular o6} ¢ & 0] 79 F A4 B 416.0] 74 i 5
0] 6 dB/Octave, A 2-Z0] 12 dB/Octave2A] A2 Ao}, watA] F=4A15.9] 7 JJ:% | U= XS E HEls)
ofof ek, Slol =2 Alge] 23} 1t E} WES 2§ a0 o] £ AL shEstth
7MEE OBS 471 Slo|lEaE B 2 @E AAE BT edstal Q7] wlzel, olE9] A2k 5712k Synchr-
onizing)Sh= g0l Wo-Aolot. 7]E0] F7|3 k= g ufol Az X 2AN oA SR &= AlZF 419 BE A/D
Hel7]of] Mok S detele] A-8eo = 24, AR, A3 =19] OBSE skt

OBS Erdu} Af=22{2| o] Zat

oJoluto A Fel6k= o|AkslerA o] A% motslr] Qs BUE|E XS Sd6}r] A HiEA Z=Z 9 Ho| Aol
(baseline) EALC] 7Fs-3S €151 fl5to] 40tH2] OBS =5 o|-8-5te] 32+ oA HARE &
o A2 S Stk

= E*/\P’E?H"ﬂi—.ﬁol 15~17m J=2 DH_r 19l _q vl Z2H.S Sllshe AUFE 2 ol3] ClulAe} 4 7
HS(scholte wave)T} HEL HH22 0 2 HIXJGE 7jo| = o]H.
(gu ide wave) %o] b= E@Qﬂ 311:]-_ FISRt YAl A= (raw data)E = H(shot gather) © & HH 47t 710]
= flojHet Z2-Huprt F oUAE ZHAH 2HiA & fash= ARSI 4= QIA[FE o5 42717] H-2{(OBS gather,
receiver gather) 0 2 17| E|H(Fig. 6) 24}, 7}o] & o] BMat op]a} Lhe 441 0 2 QoI5 mHmte] 71215t 7|91 Zh-&
3} &7 5(back propagation) @/} o|atetetA QUL 2|5 Aol et AMEAE 7H WAk 24 B}
g4 qn

=

—_

Fig. 6. Raw data in receiver (OBS) gathers.

ARl s) ARAE Fole] HEACR 349 ST BES AAelrkFig 7). 34 ARAE vl
(binning) T4 ASIFIEkel 22191 A= Aot 7o) Fslet. v o] Al glolA] OBS TAKS 43D BAIeh 4L



517] whizoll 84 3D A @A E A= ARSI Am A 2] 242 2|4 415 0 32k | & 7Hdste] AFeA e 5
= Hokst] Lo, o= e e TUS BUE Y "Al 82 5 XS Sk Aot AFAH 75 9] A
2], SRME (Surface Related Multiple Rejection) & ©]-85t ThaHMA KL Al A, 4 2 F39KG A7) 342 AX|HA|
21w 0] FHo| == A SISkt vl Wt Srof] Bls) 212 0] lr EIF AR E QLY whizof] ARHAQl St}
W1, 55] B O] S 7t -9 ek 9% vt 7171 E o-85ke] W W12t long-offset AHRE SRt

HF 0 s =l ARt S92 0] 7 siE Aotk

Alstet 24 ofH|Zat
& FELERE ZFEA2 G 24510 w2, g0 AR 33~34 %] FHE HojF QJti(Table

3). B4 O](Cl) Fk=534.9~578 mM O] gLo = S E AL, YA 4= 4.0~69.7 mM O] & HolF3iet sl &

Table 3. Pre-treatment result of pore fluid samples.

Sample  Section Section Sample Salinity Anion Cation DOC DIC Corrected
No. No.  Interval (cm)  Volume (PSU) (ml) (ml) (ml) (ml) Salinity (PSU)
Y1 Al 10 19 35 5 5 5 2 34.02
Y2 A2 10 18 35 5 5 5 2 34.02
Y3 A3 10 15 35 5 4 4 2 34.02
Y4 A4 10 15 35 5 4 4 2 34.02
Y5 AS 10 16 35 5 5 4 2 34.02
Y6 A6 10 16 35 5 5 4 2 34.02
Y7 A7 10 16 34 5 5 4 2 33.05
Y8 A8 10 16 34 5 5 4 2 33.05
Y9 Al0 10 16 34 5 5 4 2 33.05
Y10 All 10 18 34 5 5 5 2 33.05
Y11 Al2 10 15 35 5 4 4 2 34.02
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22|72 mMYe 2 o], Fofof| A o] P ol =30 TH(Fig. 8).

Salinity (*/az) CI(mM) Alkalinity (mM) PO 43 (uld) 5042 (mM)
32 33 34 35 36 500 510 520 530 540 550 0 20 40 60 0 100 200 300 0 10 20 30
0 L T [ e [} T

=
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h:,.
ri
ra
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1

D epth (mbsf)
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T
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P S R N [ P P T P el 1o 1.1 sl 1 1 sl 1 1

Fig. 8. Downcore profiles of salinity, Cl-, alkalinity, POs*", and SO4*" in pore water of shallow sediments from the Yeongil
Bay.
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She B5S Bk W, Qi 0] &(PO,T) It 14.6~284.0 uM 2] M2 =7 =0, 41 o] & fsrel=ritz
A&7t Z7elel met &ds] vt S7telke Aaks HolFal Qi

AR EX S0 2t -m|Er Mol 2t
HEo HA o] Fh= Ao TAIglo] YA 3= Holuf, Aol tet 7ok HiE Hol7| &ttt o= Y
qrojaf= ALt sflafeh sto] - EJAS Ujo|A Ho] Faks Fidor 2 o2 Bl SA4H dhr= 5ol =&
3 S HtHKim

Ao 7]E] HAlH F=50] FEot -FARIAIRE, HA o] i Fol & 5-E A0l Hol =2 4k
etal,, 2011, 2013). 9] & 2|7t BE 2 mM S 1e{d of, 241t Fo| o] AP S = vle =2 F1S HolFal §]
=HI(4~69.7 mM), Aol T2 e Hok= Aty o] ko] A Hstet vt S Hol il Qltk. 53], SHAt-He
Z1o]7E7KSulfate-Methane Transition Zone, SMTZ)ol|4| &2 0] Hi o] M7 THas] =), UukA o 2 Shat
o SrzRge] ool f71E0] wolE o 152] Fitgo] ARE T 2 E] FEHMIY o] FAkER A/ ™(2CH,0 + S04~
—2HCO;5™ + H,S), MEH4raFalgof| ofofl f7]=o] 2ol g4t (Sulfate-Methane Interface, SMI)°]|
A Aatdo] 180] AREN 1B FEHIdo] BatER PJAHTHCH, + SO~ — HCO5 + HS™ + H,0) (Borowski et
al., 1999; Kastner et al., 2008). T2HA] 24 Fo]0] AibE HH, SMI F-ol|A Hghitelat-go] dofd off thahel= 219
2Rl & O] 5 7|27 s 7] wlizof] 701 2] SMI Aol & HlgH sk o] dofd 71 o &2 H ik
G o] (S04Y) T AETF 7SS 4t o] Fer Ak, ool Ak whE gt o]
= 4 SR8 sulfate reduction) 9] AYFE HQltt, I SMI O] AR of| A= h4td SHzgo], SMI AHoflA=
|Et AFSF2}-2(Anaerobic methane oxidation, AMO)©]|, SMI AE(sHH)oA+= tgte] A== He PRS-
(methanogenesis)©| PojLp= 710 2 L& %l=d|(Borowski et al., 1996), G LTHe] Fofof| A= SMIZHAFRo] 521 A
O =2 HpA| Shof| ieirtATE Aid o= FRAE 210 HRIth 4] Fojoli= it o] it Sk (Sulfate
Reduction Zone, SRZ) WollA] 7| 2] AR|E]11, T35t 714 BA AL tijH|SPH SMTZ0] 0.8~1.2 mbsfol] Y| ¢ Fig.
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9). 0]} T2 SMTZ-2 AOM O] 2t 214 © 2 o] E|H(Borowski et al., 1996), SMTZ 2] 7 -2 1] H= AOM
rate’E 2|"[3Ik(Fig. 10).

S50, (mM)

o T T -
‘ - SRZ: 2CH,0 + SO,> — 2HCO;" + H,8 (Claypool &
|

Kaplan, 1974; Berner, 1980)
SMTZ: AOM (Anaerobic oxidation of methane)

CH, + S0, — HCO; +HS + H,0 (Reeburgh, 1976,
» 8 1982; Blair & Aller, 1995; Borowski et al., 1999;
Kastner et al., 2008)

—> Methanogenic zone:

Depth (mbsf)
T T
/ i
X
A .
™
[ ]

'\ CO, reduction: CO, + 4H, — CH, + 2H,0

Acetate fermentation: CH;COOH — CH, + CO,
} (Claypool & Kaplan, 1974; Whiticar, 1999)
{

\

6 L I . I L I L
0 20 40 60 80

Alkalinity (mM)

Fig. 9. Downcore profiles of SO~ (mM) and alkalinity (mM), showing the presumed biogeochemical zonations. SRZ:
sulfate reduction zone, SMTZ: sulfate-methane transition zone.

SO;~
0 10 20 30 0
i | il bioturbation zone
bioturbation zone i
': =
= 5y
=% o
3
0 Ll
rate of AOM
(b)

Fig. 10. (a) A schematic showing typical profiles of methane and sulphate in modern marine sediments. Solid line,
methane concentration in pore waters; dashed line, sulphate concentration in pore waters. (b) A schematic showing the
profile of AOM rate that corresponds to (a) (Catling et al., 2007).

AT Tl k- 7R E A, ’:‘Z*El% SMTZ2] Zlol= & 5-2AoA AXE R R . o] A= O] At
E| R B A APA 0 F B ZF=0]W(Borowski et al., 1999), O] oS- 95 SMTZ(<1.2 mbsf)- 743+ vt
Te=7F7IH(Kimetal., 2011) =5 el Z8 A 0] 2712 o|5}] YsliA B4yt &kt v we = Q7 Q). ot
A Fofol|= AR S7FERE QUi o] 2(PO, ™) FETt 5] F7 ekt ol EHARgll ofsf 7 1Eo] 2l
Elo] f71Eo] 23 Q1(PO, )0l 8ESH| Wl 210 Held.
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1. S ek 9 IR Aol Co, AFAR 2 AFS B S8 445 0BSE T 7|4 EAH 0=
stk A4 A A @5 452 Fol BT T Co, AFARAE Tt R e 4 AR
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