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The purpose of this study is to investigate the effect of hydrochemical variation of groundwater on the gas tigt-
ness in an unlined oil storage cavern. The groundwater chemistry is greatly influenced by the seawater mixing, the
water curtain and the dissolution of grounting cements. The chemical composition of groundwater greatly varies ac-
cording to both the location of monitoring wells and the sampling period. Most of groundwater shows alkaline pH
and high electrical conductivity. The chemical types of groundwater show the dominant order as follows : Na-Cl
type > Ca-Cl type > Ca-HCO5(COs) type. Thermodynamic equilibrium state between chemical composition of
groundwater and major minerals indicates that carbonate minerals except clay minerals can be precipitated as a sec-
ondary mineral. It means that the secondary precipitates can not greatly exerts the clogging effect into fracture aper-
ture in rock mass around oil storage cavern. The content of total organic carbon (TOC) shows a slightly increasing
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trend from initial stage to late stage. The EpCO; was computed so as to assess the gas contribution on the CO; in
groundwater. The EpCO; of 0~41.3 indicates that the contribution of oil gas on CO» pressure in groundwater system

can be neglected.
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Fig. 1. Layout of oil storage cavern and location of monitoring well

B A8 e %ol EA48 60 mL, S0 248 60
mL F7eAaEAE 60 mLE 77} A3t ol
24 A8 & 5ALE 718l pH 2 o]t HEE 3}
of FF&I 2 vFggs AR A = 714
FA45E AL wA}IA ST £ A5 AFHA
045 yme] AH{ A& o] g3l o]EF T& AASHA
ok A HE A= o]Fd WA Bt £44
7 A 3R = A

A&t AFd 242 Akt vl
wE2H 3 A7) geby W 4= Qe $ATE of
A FE SA7E AH SA3Ah pHeY 4H5He
LA (EhE FE =47](Orion 2904)2, H71H
LT T4 FVHER £471(Orion model 142)
2 27 23319k $E4s g 28 FE
£Z4}+4 224 7](Orion model 150)2 ZA314 0. 1
Y1 e Ee MEdx g des gyl AAjek
S 0] €3] 05N & 005 N 5 %9 FAS o] &3}
Ao @A S48

2

al
EJ

M
ol

lon
i
0x
AI

71EtA

40
Hr

Aot 34 5o B A5 UE gegEe ¢
FHE G54 7)(Unicam model 989 Flame AAS
and Flameless AAS)E o] 8314 K, Fe 442 245}

o

ofl

D)

93, FEAWE Zzn APIEERERNY
(Shimadzu %9 ICPS-1000 III, ICP-AFS) & Na®, Ca™"
Mg, 51", Si, Fe, Mn 59] 8 U4AE BA319
ofol e AL 7|2 AA AT LA FAHUT &
A & ol A HCOs (CO5) & A 93t &5 2ol 48
SO,”, CI, NOy, Br <& o]z 2ntE 18 1] (Dionex
120i) 2 EA43tF o}

A 2 EA sk &1 7) g4 (total organic carbon,
TOC) = A 2A# F4) GF/C &322} 045 pm cellulose
membrane ©.2 &3+ 3, UV uk27]7F #A2kE TOC
£ 7)(Rosemount DC-180)2- ©]|-8-3} &3}t

- =

T

my

I}

s507 73

S48 WaE S ARsgc.



BRI ESIES

ol

FAAAE -89~-209mVe] A #7-& Helok A
AT EE 2,900~3,330 1S/cme] W92 vl A I
&t} 714 E13 okole o 2 Cal 397 594 500
mg/Luj 9] S Holu, 897 119 A& 250 mg/L U
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X K| o] el 238 mg/LE )9 %%
01} 59 o|Fo= AA A 107~85 mg/L ¥ ¢
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Ao g FAE FR7IEATE E HEE HolA
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5}8H7 -3 ] BiglE H]ld

Y5 #ET L FHFHTY ARE /mY ATE
=tk Aok 8514 {382 23220 Na-C13 <]
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A Al Ztske] 2t 57Vt 9.4674A] F7FEh

A/T(RAYEE) Aste 3ol A Gy ot
ARl "ol B AF, E4% Ay,
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T% 1,731 pS/cmE B Q) 58 o] T = Eldzg]o]
E7Vs st AFEZNA AF = Az, 3900 w8 pHA L
S7Fsted 8.65~9.42 WH71A] F7F8k ). Ehe} 717
Arrs A&EHOZ adte 4TS Bt £
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T2 B (Shaft)= Y] EUF7T HEZ A8
o] AW} gl A I 4= e Folt). pHE
891~10.162] B9 & &7}g] o™, Eh= 0~ -159 mV,
AN AEES} 1,317~1,484 1S/cmE Holt} F4 &
71 AAH o 2 B A o) dvle] A et g,
ANAEER 7t STIET FR7|@AFE 27]0
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9] 3817 532 Na-Cl3 o) &3k
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S P 5E4S 53
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o=, e 4%
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o2 Holth
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uS/emo 2 A Fv1ge Btk FHUIdAEe
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Y2BUZ(A % 107m) x| 5}449) pH = 39 0l) 9501 A
59 o|Fdl& 1104717 71 Belvh Y23L(4
T 145m)& pH 7} 1131~13.33 WS B 1197}
Ao} 4L Byt YU, Y2BLY AVATEE 1
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e PEPEPRECERE PP
e gotr 7] A3 FARE FHUE L
vlo]| ¥ = (Piper, 1944)0| =13}l thFig. 2). 5}o
o BAIE 38 A3l 384 1S B
AR e #5574 AsHe(GU)E Ca-Cl(SOs) F
A Ne-Cle] 374 WA $Eeeh 28l 54

E Na-Cl oA Ca-HCOs(CO3)9] F7HA] £3
gt 28)3 39 FURL/T)E Na-Cl 99
¥ 3t} 54 o] & Astgo] AAWHAQ getA {oll=
£ ¥t} glou 893} 119 Na-HCO5(COs) 9] A3}
F7} vehdt o] = s4e] gt ofue} Fgk A
AEQ] g3)o] o] g% thake] HCO(Z2 COy)
o] gFo] & Aoz wogth 1) 437 (Shaft)
A 3HE 39l M 119 Abololl A Ca-HCOs9) o &3}
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2o] ¥3)2 8] olisEa ¥ E F71E Hud
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A fAo Bed o] 2 & gtk ojgk e =1
| A A&k o] ikl o) gHakel B x| 3k
29| A9 TFAE= s AR =3 AT
B9 71 T3 247 = 4 ok

A&kre] CO, FaFo] A sk 7129 AAAR
F83H4 249 vl dth(Jeong, 2001). AFAIG ] ]
el CO0l S A7) 98le] Neal et
al.(1998a, 1998b)ol] <]3 AA|F t}e 2o 23l )
ipv =N
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(a) March

7%

2

NO3+Cl

NOj3 +Cl

Fig. 2. Trilinear plots of chemical composition of water samples in the study area.

EpC02 = (095*A1kGran inpEq/L
+10°P#10€P /(6 46-0.0636*tC) (1)

A7) Ao X 0955 T8 BFEHE R HEs)
7] 93t ) HEgkolw, tCe A 89 258 2
zt w3tk A4 oA AlkGrane Neal et
al.(1998a)ol] <J3f) AA|E thg 4] o]-8-3te] Gran &
712 =& ALtstedof gt

AlkGran in pEq/L units
= AlK43in yEq/L units - S0uEq/L @

2 ()0 N LFe) s pH 438 202 51,
50 uEq/L& pH 4304 9] 24018 55 Yt
EpCO; 342 A8 pHoY} CO, el oja) 52 2
A9t

#E5A Astre] EpCO, & Aldts) B9 0.0~
4139] M= HelKTable 1). 715 CO, B¢He
107 atm ojv, EYFY AiFHA CO, ¥
10"°~10° atm 3 $Jo]tHAppelo and Postma, 1996;
Clark and Fritz, 1997)). o] ¥$¢] CO; & Y-S
EpCO, 2 1P 7)ol M= &F 6.9 olu], EZll
A 69-872 ¥l 2 gatdnt ks B34 Ak
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Fig. 3. Saturation index showing thermodynamic equilibrium state between calcite and Ca+Mg content of water

samples.

o] CO, e A3tr7t EYEE FHste] YAHE
AAgtee] FER 9 d S8k 53] 09 ghe Hole
Azt LE7HE] LR o) olitstgArt AlWE
o} 22 18 A5 &3he AAeM BF A&
BHAS Ao ALY TPHoR B ] Yfe
ASFAR FUOR QI 7159 B89 o]= <l
3 TAE 5 Qe 3 2L o) ikalel Aol Bate] QA
L HAAZNE ZA YE AL Hrig

5]
12
o

& e

B57 A5, 549 AR U oz *
232 0he 9957 PYBAE WATEQF 22
Z13(Ball and Nordstrom, 2002)-2 o]-8-3}] A 4+5}
Roirh Ca”o} HCOy A9l 8 FF%E 54
of oA BEC] E & AT BAHEFE i

©
a4 iel B2 wEl S5 A sle) A gl
BE A7)0 A thrite] 84 $4L Rk 2
I3 ARF Ak 271 43
o4 89 ol Fole AR A547t Sel 9o el

Holg g BT au} £33 F95E ALEH
€ 559 B AR Bad AFE E AEe e
o] 9 8314 #Aql lohFigd). WA #9448 &
A 87F A e AXEA 43S 8133 Ao
A5} A5 AA 3

WA o] Ao WA g vt 2 S5e) ©
A9 B A EE U RE] H$ S48 7300 gloH, 4
Bl g A sjp e ol R HAA 7S Helth
A A EH0] 49 a3 88-& BRICHFig. 4).

Hujete] 23352 dnlo|Es} x5l 3y
BAE B B2 A3l A &3S Kol
™ AR e YA & 22 g e E 2o
(Fig. 5). HI&- t}&Fe] Y EF o] EASIA T du}
o|Ed] tiElME N&H Sauks ol AeS
A A gt
ey AekE i) 9Ee FAEY E HE
Boll tig A4 Ao gelEA ooz Ty
Aol gt AFFEe 7UA Fro) & 537} ¢
Zo 7 \elch

to o o



270

4
sl (a) March e oGU
u GL
rus ALl/T
L
3 -
g
= s °
5 ot" ° @
@ A | ]
4 F
2 F OA
-3 . \ . . " )
0 100 200 300 400 500 600 700
Ca+Mg(mg/t)
2
(c} August
u
1 » °
“ - - o - um
5 ‘IOO - L]
S °
"6 o
72}
o
-1k o
-
A
2 " \ )
0 100 200 300 400
Ca+Mg{mg/L)

Fig. 4. Saturation index showing thermodynamic equilibrium state between dolomite and Ca+Mg content of water

samples.
a4
(a) March
2} oA
]
o0 ..f": .............................. LS DU
= (1] - =
< 27 . o
5 ) -
@ [
er . oGU
sl - =Gl
AL/T
10 . A . R
0 200 400 6800 800 1000
Na(mg/L)
2
(c) August
0 fo g-‘ -
| [ L)
o °‘ o
- L 1<)
Z | -
2 H -
S5t
@ =
_8 F
-0t "
2 . . L A
0 500 1000 1500 2000 2500
Na(mg/L)

Fig. 5. Saturation index showing thermodynamic equilibrium state between albite and sodium content of water

samples.

Sl of Albite

St of Albite

Si of Calcite
(=] - N w

Sl of Calcite
o

(b) May
. -
a
-
I x° b n
- fo -
L o . o
A Y oa -
0 100 200 300 400 500 600
Ca+Mg{mg/L}
() Noyember
-
Lo & - .
| = mo ° -
| -
L o
A
i o
A
0 100 200 300 400 500
Ca+Mg(mg/L)

onm

0 500

1000 1500 2000
Na(mg/L)

2500

| {2) Novemnber
A
-
5¢.
" "
L - .

L] o

" L L L 2

1000 1500 2000 2500

Na(mg/L)

o 500

3000



P A Y ARHZF7A T A9 8] 83}
2 5749 Wstel o whE AT 7184
Aol WA P& deHor aofsd 0e
2t} A %7179 Tbﬂ AspE 5o 48, ¢
39 %0 4%, AME 5 2SR ARY &
3 Foll o3 ’“Z‘«l W37} o AgHelt. A5t
9] pHE= 6.8~13.39] H ¢ & Hol £3] Y2, Y23,
YISL #23 AshsE nertel el Ass 54
S 2t o= s g% a2 98 AR A
E &39 o3 Ao E Helgh AVAEEE
17,186 uS/cm (Y5)oll 4 # A 246 pS/cm (Y20L)<]
MY E B Wb oS- 2 AHE HA. A
seo B4 f¥e NaClY > Cadl 8 >
Ca-HCO5(COs) 8 o] M & B
A5 n PP E AN R 2 BE
7t R Rl oA FBEAY AAY B4
& Rtk 2ey gRE Aser ngvtel A
IHX] L7E| 8o mE AEFES] AJA4E 7o)
o2& ZAolth b o) HFEY AHCE 9
3 ZIdE e AZTETH dute] G g FH Az
9 O A AFETFY 7Y FE e a3
32X % AL HAY F{7LE (TOO)
NAEGT B TAES B35 AHAY

&9 T e 712 Hol A&EH O 744
ofg gEolty #&FA A& 49 EpCO,
04138 ¥ & %71%3 e BB F e E
o] A gtEtA S tEe AAMZAE A BAG
At 53 EpCOz7} 09} & Hole Adlee
°‘7}FJ do.g o] itstetavt f\]uﬂEsﬂr zg o7

B A5y &AM BF LRSI
T%%E}.

A%EE FH A8t 258k Wyt B
zé _CH;‘qBi % 4)\]7]33§ =2 :zqz}e _1;1_0:] Xiﬂ-:'—i
7180 g #As st TS Ao Bt
7] A &S Aog BolmE A&F A
Fol BLsitt o] A7 ZAAe = e dFA%
712 93 BHEt] APUA SR E 93 A 512
T2 Ao e AR FRE 5 S
Aolth.

of%

wwu%mmﬁ

o &

>.\I

S8 Ngs) S04 B 271

Ab AL

44 ABAAS 2] ALY 232 F O
u%vm AR 489 G394 2 A5
Sol7l gAMITE BREA] £42 F (P
HRES} (F)SK) AR,

=

L l-ﬂ Y

= g

Ho
re!

273%, BAE 200, FARLGE ol §3 A5 A
M A 8] £ 88 YA 9, 208 3651

Appelo, C. P. J. and Postma, D. (1993) Geochemistry,
groundwater and pollution, A. A. Balkema
Publisher, p. 90-94.

Ball, J. W. and Nordstrom, D. K. (1992} User’s man-
ual for WATECMFE, with revised thermodynamic
data base and test cases for calculating speciation
of minor, tracer and redox elements in natural wa-
ters, U. 5, Geol. Surv.,, Open File Rep. 91-183,
189p.

Clark and Fritz, 1997, Environmental isotopes in hy-
drology, Lewis publishers, 328p.

Jeong, C.H., 2001, Effect of land use and urbanization
on hydrochemistry and contamination of ground-
water from Taejon area, Korea, Journal of
Hydrology, v. 253, 194-210.

Neal, C., House, W.A. and Down, K, 1998a, An as-
sessment of excess carbon dioxide partial pres-
sures in natural waters based on pH and alkalinity
measurements. The Science of the Total
Environment, 210/211, 173-185.

Neal, C., House, W. A,, Jarvie, H. P. and Eatherall, A.,
1998b, The significant of dissolved carbon dioxide
in major lowland rivers entering the North Sea.
The Science of the Total Environment, 210/211,
187-203.

Piper, AM., 1944, A graphic procedure in the geo-
chemical interpretation of water analyses.
Transactions of American Geophysical Union, v.
25, 914-923.

Soder, C. O., 1994, Water curtains in gas storage(an
experimental study), Ph. D. thesis, Chalmers Univ.
of Tech., Sweden, 201p.



272 3235

ki
E o3 o 20049 89 129 WAWER AFAI2H 83
00716 hABAA 57§55 963
A AL Y 20049 89 139
b IBY rel oap280573
deed 20004 98 74 Fax 0422802570

E-m: chjeong@dju.ac.kr




