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The objective of this study was to examine the hydrogeochemical and microbiological characteristics for stable
maintenance of coastal LPG storage cavern. Cavern seepage water and groundwater in the vicinity of the LPG stor-
age cavern were sampled and analyzed (February, May, August and October 2007). Groundwater samples of pro-
pane cavern showed high pHs of 8.1~12.4 due to dissolution of cement grouting materials that had been applied
during the well and cavern construction. The EC values showed distinctive seasonal variation. The negative ORP
indicated reduced condition. The seepage and surrounding groundwater are classified as Na-Cl type, which repre-
sents seawater effects. All of aerobic bacteria, anaerobic bacteria, slime forming bacteria and sulfate reducing bac-
teria were less than 500 CFU/mL, which indicated that there was no abrupt increase of bacteria in the cavern.
Therefore there exist no hydrochemical symptoms to indicate unstable conditions of the cavern operation. How-
ever, regular and continuous monitoring is essentially required.
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Fig. 1. Location of the Incheon LPG coastal storage caverns.
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Table 1. Field measured parameters of seepage water and groundwater in and around the cavern.

Samples Date T (°C) pH EC (mS/ecm) DO (mg/L) ORP (mV)Fe** (mg/L)Mn>* (mg/L) Cavern
Feb. 22 121 7.0 43.90 6.07 5 6.70 13.45
O May 14 89 73 25.00 3.96 -92 6.00 1498  Propane
Aug. 21 180 72 46.70 3.88 7 4.75 15.93 cavern
Oct. 12 150 7.7 34.60 5.06 226 2.50 9.90
Feb. 22 97 74 43.10 247 34 3.00 13.68
May 14 117 73 26.60 1.02 -112 3.50 1348 Butane
4 s Aug. 21 182 7.6 44.10 1.64 -53 4.00 13.70  cavern
Oct. 12 130 79 37.70 221 -260 2.75 13.90
Feb. 22 119 69 42.80 6.82 4 6.30 14.78
} May 14 88 15 25.50 9.88 ~74 6.00 15.15
S0 Aug. 21 185 72 46.10 6.68 15 4.75 15.60
Oct. 12 143 7.6 36.00 6.87 95 375 13.60
Feb. 22 135 66 33.90 1.85 20 14.00 10.90
May 14 152 65 29.60 126 -90 27.00 11.45
s Aug. 21 176 7.1 40.70 1.24 -88 35.00 12.30
Oct. 12 159 72 36.70 1.39 -355 39.00 1430
_ May 14 104 72 25.60 9.44 -81 6.00 1533
slzzgagg”xafefr Aug. 21 184 638 46.00 427 -7 425 15.65
Oct. 12 118 75 43.10 6.92 -310 5.25 15.48
May 14 175 58 0.66 542 178 0.03 0.09
End point of — x0 01 317 s 0.80 1.85 211 0.05 0.08
wastewater facility
Oct. 12 254 69 0.86 3.28 —67 0.08 0.12
Feb. 22 145 63 18.20 0.69 -93 532.0 10.25
May 14 155 7.0 5.72 0.55 ~111 106.0 4.40
B> Aug. 21 240 63 18.17 0.79 -110 296.0 6.30
Oct. 11 194 79 40.80 0.99 —463 152.0 870  Butane
Feb. 22 151 62 4220 1.43 -60 110.0 16.75 cavern
May 14 148 6.7 33.90 1.15 ~111 132.0 19.30
Bz Aug. 21 266 66 42.00 0.60 -159 156.0 20.70
Oct. 11 184 7.0 39.70 1.62 —345 147.0 20.10
Feb. 22 128 103 0.60 331 82 0.10 0.00
May 14 154 104 0.27 3.90 -101 7.60 0.00
BI3 Aug. 22 244 938 0.09 0.80 56 6.40 0.00
Oct. 11 194 64 0.36 3.82 -93 7.20 0.00
Feb. 22 142 88 34.00 2.94 35 0.32 0.58  Propane
May 14 156 9.1 29.20 3.64 242 111 036  cavern
Bl6 Aug. 22 291 93 35.10 1.02 -121 11.20 0.34
Oct. 11 194 81 30.40 2.16 154 10.00 1.94
B8l Aug. 22 229 124 49.20 4.68 ~145 3.19 0.30
Oct. 11 185 123 44.40 5.99 -363 2.62 0.47
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Fig. 2. Variations of pH, EC, DO, ORP, Fe'? and Mn>" of water samples.
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Fig. 3. Seasonal variations of pH, EC, DO, ORP, Fe'? and Mn?" of water samples.

Table 2. Statistical summary of water qualities of seepage water and groundwater during the entire study period (unit: mg/L).

Water Statistics Ca Mg Na K Cl HCO;4 CO; SO,
Min. 740.2 904.0  6,295.0 679 13,5257 39.2 0.0 1,3354
Seepage water Max. 1,9054 12954  9373.8 2074  18,867.1 198.1 02 24567
(n=15) Mean 1,253.7 1,089.9 7,889.8 1329  16,246.1 93.0 0.1 1,720.9
Std. Dev 371.8 123.7 921.5 41.4 1,694.2 38.9 0.1 295.3
Min. 6.7 0.0 6.8 0.7 11.0 3.5 0.0 0.0
Groundwater Max. 3,1728  1,251.8  8,851.8 343.1 19,5014 180.6 551.2 1,935.8
(n=18) Mean 846.3 402.4 4,737.1 130.1 9,489.3 38.7 32.0 731.7
Std. Dev 920.6 465.0 3,550.7 109.0 7,223.7 44.1 129.6 659.0
Min. 6.7 0.0 6.8 0.7 11.0 3.5 0.0 0.0
Total Max. 3,1728  1,2954  9,373.8 343.1 19,5014 198.1 5512 2,456.7
(n=33) Mean 1,031.5 714.9 6,170.2 1314 12,560.6 63.4 17.5 1,181.3
Std. Dev 743.7 492.4 3,100.1 84.0 6,375.7 49.5 95.8 720.4
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= HEHA W9kt

84| 21 CFU/mLE
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3le] BOD, COD 2 SSE #41315]th. BOD= A& 3}t
A A e 2 frlEe] nAEY] Qskd 5714 )
oM Eaflsled Fgsrlzlet S akAES Wk
F7189 L9=E Yehle A= AREET. CoODE
sk AbhgyaEo 2 BODS 7 HlRe] #4718 a4

= 34e A% T3 Aol FR=E(SSy dA

Agol 2mm oJ3tE Bl B3] W= EAS d¥=
ge odd =9 A& FABkE AFoltk sk T
Aol AFEW £ HEE 2ol oS Ty,
7 F AR 7hs e 7ol S AR
o} o]2gk SSo] S A RS AINAN LFES E
Aokl A=A F, 21 152 7| Aol 2Jai arge2l
FEE Tl mg/l B ppmeE YERATH

ol - Ho)g - 2%

=

AsE 2 #=59] BOD, COD, SS9 #4743
Table 301 A8ttt 443 COD % SS= #&
o] 73 4zl BT iES871E(COD 130 mg/L, SS
120 mg/L) PI¥ESE eIt BODS 7Z-9-olle 29(C4
S 8AB12)o] L FHolA wEEL7]FBOD
120 mg/LyS 23ISR A= 7153 7
o2 Yepdy, 593 10800e RE A 2 f=
F7}+ HlEE 4715 vivke 2 et} BoDS] AlEA A
3k= C3 S/, S/O, Seepage@©re] 79~ 599l <Kk F7tst
At ohA] Bhshe S 29om C4 9] 7345
Y3} 8ol 7237 1089l T STk e 1
AThFig. 9(a). COD2| 739~ BODS} HIS:g Wl de
Holn A-o| w2 T WPyt F3slthFig 9(b)).

Table 3. Result of water analysis for BOD, CODMn and SS. Values exceeding the standards are bold (unit : mg/L).

Discharge BOD:; COD, SS

standards 120 130 120
Sampling Feb May Aug  Oct Feb May Aug  Oct Feb  May Aug  Oct
C3 S/ 149 751 4.6 25.2 1.6 10.8 0.8 84 170 182 104 204
C4 SN 137.0 30.0 267 955 17.2 6.0 4.8 10.0 3.0 13.4 11.8 11.8
S/O 236  70.7 5.5 26.5 22 6.7 1.2 7.6 17.5 12.4 9.6 39.0
C/S 22 1.7 2.7 2.8 0.6 1.2 0.8 0.8 235 528 558 57.0
B5 10.3 8.8 6.8 1.6 5.6 6.0 18 2.4 161.0 54.6 72.0 89.0
Bi12 23.0 145 2059 0.9 54 11.2 13.6 6.4 155.0 146.8 718.7 189.2
B15 0.8 0.7 0.3 14.5 42 6.0 2.4 2.8 340 360 307 172
B16 35 3.0 13.1 0.7 22 6.8 17.2 6.0 250 400 865 8382
B3-1 - - - 6.4 - - 37.6 - - - 426.4
End point of 57 695 60 235 20 69 08 36 200 112 146 366

Seepage water
End point of
s 4 0.3 1.3 0.3 580 232 144 6.0 0.6 0.8 1.2 0.8
wastewater facility
160 20
(a) +—a—— C3 5/ (b)
120 — 15 —

BOD (mg/L)
[#:]
(=]
|

40

Feb-07 May-07 Oct-07

Aug-07

COD (mg/L)
>
|

T T T T
Feb-07 May-07 Aug-07 Oct07

Fig. 9. Seasonal variations of BOD and COD levels of water samples in the study area.
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Table 4. Analysis of BOD and COD in seepage water.
EC DO ORP T BOD; (COD,, CODs  TOC
Samples pH o
(mS/cm)  (mg/lL)  (mV) 0 (mgL) (mg/L) (mgl) (mgl)
S/O0 73 44.2 4.30 14.0 8.1 2.0 144 53.51
End point of 73 40.6 3.29 14.5 12.6 24 80 1.66

seepage water
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=2 3 B
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W Ze3 3 2 Aske Addel IS vein. o
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o L= DU B B e PR U
We R A AR STIE Ao A
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