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ABSTRACT

To understand the hyrogeochemical variation of bedrock aquifer during underground space construction, various graphical
methods including multiple-component plots and chemical trends were used to estimate the mixing rate between seawater
and freshwater and to investigate the evolution of water quality. The water chemistry and mixing rate between fresh and sea
waters, which are generally localized in the construction area (MW-7, in land), shows typical characteristics of freshwater
that doesn’t affect its validity as seawater intrusion. Especially, the water chemistry of a MW-4 (coastline) was classified as
Na-Cl type, Na-HCO; type, and Ca-Cl type due to the influence of the seawater intrusion. And hydrogeochemical and
isotopic data show that local freshwater is subjected to geochemical processes, such as reverse ion-exchange. Throughout
the Chadha’s diagrams, four different case histories with the temporal and spatial variation of groundwaters in the study area
were proposed, which is recommended to interpret the hydrogeochemical reactions effectively.

Key words :
gram

1. M g

A& TSI} = A1t AJsksiNg, x]s}
T a9 APs) A 2dslE QIsE 7HER, w4
WA Ahe Rzt 88 = Q= ’*XHM 17&—;-—_
op7llaL Utk 53] AAlIFc R Wbt we £ v
$ w=A Z7slar 9ol, 21009001 20124 diGHS

7IE0E 09~1.6 M7 5T AR oF3tar Utk
(Symmon, 2012; Kim et al., 2014). W2}x], 7|53}
ot B s, s’ WEAIFNX Y Asket i,

Ak 48 S7F 2Elal EA| o] §Hslel] whE st

]O]'r ] To] A F& WE Weew o A

SHAIA sl theh A7 1950~19601 el A)
Zhste] 1990 o] 97HA] A|&EH o2 ehdks] XIsPEar
A0 (Bear et al., 1999; Custodio, 2010), V= F3

*Corresponding author : bwkim@kaeri.re.kr

Underground space construction, Seawater intrusion, Mixing zone, Reverse ion-exchange, Chadha’s dia-

oME AWAE B o] ATFHERE ofle} 4 el
Ax AA &t S (coastal aqu1fer)4 2T
(seawater intrusion)ol] g Tt A7} Y=l Qi
UubH o 2 glae] GRS T (fresh Water)g} B o
oF 24% ATl E2 ULE VA HY, o] e =
< YEFFE 7T olegt Fet drY] dEaT=
ME o8 9xot EFEPTHE HoluA s 5

7} =& 57K (equivalent head)= B9 S7K=57}
wre giEHRke 2 o|FetA dnt. olu, aijtlrE F3t
oA ZHAHS] Hej= 3“2”4 =4 FEE Ko, 3)
T= %ﬂ’%}o] 52 S d= FHE Za, gig

F e Rk S hE 3T A fixet 5
3], sk Wigol AE ASFANAL ASUE fE

7} B F o] Askre] nQESE oIl A
T318kQl 7)12te 2 YeEPATH(Lim et al, 2013). A7}

Received : 2015.9.7 Reviewed : 2015. 11.9  Accepted : 2015. 12. 21

Discussion until : 2016. 2. 29



A 9] SRS aliTE 5899 ARSEe
2HE] 53T ARRISe] e
Wy FA4o) sk A7 Fo] Ak 2
W5e] Aaletadel we sl B8 A7 )
njahe, AA%s o]Fel gk S (Lim et al, 2013)
2 7 o] AFTHE (spatio-timporal) S50 W A]
TP Fslgel w3t AT vl S Aol
£ A7) A7AY | sk 2HE 747} 250, 850 m
o] Aglel YAt 7] FEBSTL A3 D oz
e g A el AA &5 2R AR A
Aok & A sficl2el AXE 7] STl
AFEALR QA FFAY] B Ast =S Hot
g g e AT AFE, SRRl XIg 300 m
A= A7NBS MW-4sEF WS el $1A13 MW-7
$F3OoZRE P9 AT =Tt He 9
7+ oo}t 7 kS AT 53] AskaEld Al
gesleest S Wrkeh] fleled Mw-4sE o 25 E
st BEE AVHER, F 8 oA, 4 H A
A FHUAE AEES o83l s FES B4
o, oy F8 &Fol2 FAJHIE &83t Chadha Tho|
o} 1S olgsle] Mo mE AN X|sl4e] A|85HA
A3l JsgS Arskedl AT 58S T

2. 947t HiH

2.1. A7X|

B Ao Aeketad Ao sligkel sk gle
o, S =T} w2 AFOA SRl TRE A
HsiAl AL fashe A¥S oFaL 3ltkFig. 1).
ATAGE] AL ZA wjehy] FHRet $710 B
T SPIARE ofFolA jlom, ZARYe] S &
Eehe T THEY] SenePdst st
Wx] AdE9to g AEETH(Choi et al, 2008). ZRFAL]
T FEe ERIRUOIE, AlgT|E BE, HUY, &
ZolE so g Yehial glom, A AL Sl
A g EEsiar glrt B AFelre skl
A eF 250 m Aol AAF A= MW-4585% Stk
oM NE Fo=z oF 850 m Al AXZF MW-7282
23 Askeiadel we BUHY 23S ARSI
(Fig. 1).

AeFeitad o|e] FASA 7] MW-49F MW-7
T30 TR FHEE s BEE A0 3R
o}, iRl YA MW-453-2 A5k Sl w

¢

r_{

i

a4 Eguiel A5jatd s 91

35941°31"

129°33°00°

Legend

Quaternary D Altuvium
= = Uncomfority — — -
NG Prophyritie dacite
Tertiary {“_‘—“:‘i Biotite grinite
[z7 Granodiorite
E Diorite
— - Uncomfority — — -|
Cretaceous % Sedimentary rock
o~ Fault

( ’\ Site of construction

129°30°06"

(© Monitoring well

35°40°01"

Fig. 1. Geological map with well location in the study area.
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Table 1. Installation of multi packer system for hydrochemical monitoring

MW-4 MW-7
Depth; GL.(-)m Depth; GL.(-)m
Sample No. p(EL. (—)rg)) Sample No. IEEL. (—)ng))
MW-4-1 81~100 (56~85) MW-7-1 104~150 (28~74)
MW-4-2 111~151 (86~126) MW-7-2 167~194 (91~11)
MW-4-3 152~208 (127~183) MW-7-3 195~226 (119~150
MW-4-4 209~251 (184~226) MW-7-4 227~268 (151~192)
MW-4-5 252~281 (227~256) MW-7-5 269~301 (193~276)
MW-4-6 282~300 (257~275)
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Fig. 2. Design view for sampling intervals and straddle packers.
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Table 2. Annual mean values for chemical data of groundwater in the study area (MW-4)
Depth  Year Temp. pH Eh EC DO Na* K° Mg* Ca¥* Si0, CI° SO/ HCO; NO; Br 3%0 oD
Sample No. (uS/
GL.(-)m (0 mV) ) (ML) mglL) (mg/lL) (mglL) (mglL) (mglL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (o) (o)
2010 164 69 2293 1,122 01 569 85 342 846 40.0 2977 738 458 00 7.1
2011 17.0 6.8 1236 7495 0.7 580.6 522 230.0 5793 342 2331 4236 598 00 101 -65 -474
MW-4-1 81~100 2012 167 7.0 1799 14960 02 1561 56.7 4287 905.1 30.7 4,825 7855 549 00 183 -62 -43.1
2013 168 69 1232 15220 02 1813 53.6 438.1 8982 30.5 4833 7438 664 00 220 -55 -364
2014 174 70 1170 9,772 08 1222 50.8 2619 5245 33.8 3216 5428 892 00 129 -60 -387
2010 172 74 2595 6350 04 316 65 183 520 340 1554 352 748 00 3.0
2011 174 6.6 1275 5417 05 2683 281 1850 5345 345 1,680 3037 640 00 64 -70 -48.6
MW-4-2 111~151 2012 163 6.7 180.6 12250 04 9046 33.7 3875 9764 29.1 4,076 6232 557 00 149 -65 -459
2013 168 6.7 117.7 13,745 0.1 1,185 35.1 401.1 1,010 312 4249 6517 602 03 165 -58 -388
2014 172 6.6 1309 11,650 02 1,128 40.6 349.7 9114 29.6 3,707 5764 778 00 125 -58 -37.7
2010 173 82 2523 3870 05 278 44 107 313 342 8.1 271 808 04 00
2011 169 80 1373 4911 03 316 39 64 253 338 522 216 758 08 02 -7.8 -53.7
MW-4-3 152~208 2012 165 7.7 206.8 2,860 02 1109 12.0 557 2127 31.1 6485 770 580 33 25 -80 -542
2013 169 75 121.1 7,850 0.1 2649 229 2453 8845 31.6 2320 2445 587 0.1 70 -7.1 -46.6
2014 173 74 117.1 10907 0.1 4373 322 353.6 1,325 30.5 3,745 401.1 603 00 123 -6.8 -433
2010 17.1 80 2945 4590 16 289 54 134 376 355 113.1 322 686 00 00
2011 167 79 523 2846 04 252 32 47 189 352 328 202 748 00 01 -7.8 -542
MW-4-4 209~251 2012 163 72 1074 2217 0.1 579 74 264 1041 333 3049 418 557 08 1.2 -80 -53.0
2013 170 75 863 5545 0.1 1613 152 1357 5348 322 1404 1478 526 00 43 -74 -473
2014 176 7.6 1145 7,548 0.1 2615 223 230.7 9172 312 2316 2449 534 00 86 -7.1 -447
2010 18.0 7.6 2973 4220 03 268 48 125 333 385 784 342 915 00 00
2011 164 78 409 2291 02 248 27 43 166 377 233 213 740 00 00 -79 -542
MW-4-5 252~281 2012 161 74 367 3436 0.1 483 22 29 130 275 573 260 686 13 02 -81 -539
2013 17.1 80 609 1,032 02 1187 35 68 433 256 2242 368 61.8 0. 06 -78 -493
2014 174 81 1557 1,888 0.1 2134 60 161 1190 21.0 5026 644 503 0.0 1.6 -76 -48.1
2010 18.0 7.7 2702 4390 02 290 49 128 372 363 864 320 9.0 00 00
2011 172 78 1161 3875 02 327 42 82 31.1 337 488 285 1030 00 0.1 -7.7 -543
MW-4-6 282~300 2012 168 74 406 2430 01 296 32 66 223 270 419 259 747 07 01 -79 -53.1
2013 171 74 390 2272 03 264 25 32 140 238 253 193 665 0.0 01 -78 -488
2014 175 79 496 2300 0.1 296 24 28 138 253 316 191 618 0.0 01 77 -483
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