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Youngyun Park, Koo-Sang Kwon, Namju Kim, Jin-Yong Lee and Jin-Gu Yoon, 2013, Change of geochemical
properties of groundwater by use of open loop geothermal cooling and heating system. Journal of the
Geological Society of Korea. v. 49, no. 2, p. 289-296

ABSTRACT: This study was performed to evaluate the influence of open loop geothermal cooling and heating
system on the geochemical properties of groundwater. Groundwaters (6 sites) used for the open loop geothermal
cooling and heating system and the nearby groundwaters (2 sites) were collected in November 2012. Most of the
systems have been operated for less then two years. While the temperatures between the groundwater used for
the systems and the nearly groundwater differed by 5.6 ~6.7°C, both groundwaters showed no significant difference
in pH, Eh and chemical compositions. The saturation indexes of carbonate and silicate minerals were calculated
using field measurement data and chemical compositions of groundwaters. All groundwaters studied were
undersaturated with respect to carbonate minerals, and most of them were oversaturated with respect to silicate
minerals. In a system operated for approximately 7 years, pH gradually decreased with time whereas both NOs™
and CI continuously increased. In generally, change of pH in groundwater is easier than that of NO; and CI.
Therefore, supposing that pH decreased by a unit compared with the present condition, the saturation indexes of
carbonate and silicate minerals were calculated. The saturation indexes of carbonate minerals decreased 1.12 ~3.14
but those of silicate minerals were maintained. In this study, change of water quality by operation of open loop
geothermal cooling and heating systems were hardly observed. However, when the open loop geothermal cooling
and heating systems are operated for an extended period of time, this study suggests that the geochemical properties
of groundwater used for these systems will likely change over time.

Key words: Groundwater, Open loop geothermal cooling and heating system, Chemical compositions, Oxygen
and hydrogen isotopic compositions, Saturation index
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1. ME

2|2 YA gl Higt B 715 S}
o2 2A7EA viE oA AR o= Qs AlAAEel
LAl gt AFE] ARl #hilo] S =i 3] A
2 o2 AR AR Sl HsiA 7]et AH
of o3t FFE A WA g HgH oz ARES
+ A= Aol Urh(Lee, 2009). =UiollA A B2
S|EFIZE o] &3 Wikl Al&go] 2 ARGE
Acth A E bl A2 2 FEuer] o] FRel
wk2kA] D (closed loop system)xt 7H-& (open
loop system) &2 Ut} Soll A= A=A &
A il MR ARo) e el 09 7
LAo= ols) N (164%) = U (74.5%)
o] & A=A ck(Kwon et al., 2012).

AR dnsk $A2A AoeE 2 A3}
WA o ako) 2usle 2 @7l Ao |
&2 02 AFE I JTHUSEPA, 1997; Jung, 2006;
Jo et al., 2009; Mok et al., 2011; Freedman et al.,
2012). o3 ZAIE Bk R agAds
N7 YaiA R e AA, HX, &9 2 AE
2 Wsh IS A5 o] EEsHA ol R AL 9l
tH(Hahn et al., 2006; Jo et al., 2009; Freedman et
al,, 2012). AR Aske] AL Aake]
S8 B7h SOPAS, AShEH WSl e 2
Ao AT} 43 S FEUBCHUSEPA, 1999;
Mok et al., 2011). £3|, A QP FA| 28] ARG
o T Aaleo] 4-eHEks Aukom of 4T B
e Aol vjet A5 WA E §o)E
FUrg % QUCHUSEPA, 1999). o]eigt ¥iskg 2
A7kol sk Rl ol AR A7 &
ste o 2 e

ool P o] e ARE d HgEo
Mg el o3k A|sh=2 x|2etAQl MskE |44
Lz grishs A7s0] &S s HUAAT =
Woll A= 7i3 o) Hg7]7te] 108 A== AR &
3 ARE A B3 EA] §7] dizoll R el A
Shofl Bl X = Gl tigt 77t F-=5HA o] Fof

|

oft rit

R R SFQITH(Mok et al., 2011). oA 71|
Hagzo s U o Hgo] &dstA o|Fod
AL Tt 2R Bl 540 1SS
o] A= X 2FatA Q1 5480 w|Al= Y-S Hest
A olafstA] & stgl7] wiiol yehd Axol7|=
3}cHShim and Lee, 2010). o]&]3t vl &-&44S 74
5171 flsiA= =l 32 =2AEeHA el 54
7R o] Alska2] X|5FeHA 9l S mlX=
Fe g olsfish= Ao] mif- Fasitt o]
T =W APl AME= Askee 25 2 5
Aha 24E o]&sto] 0|59 AFeHA E4S
ofsfistar 7 o] Alsk=2] A|sketA Q] 4o 1]
A= Y-S B7Ist7] A =3t

2 WS XY L AlAglo] Mx|E

ook

ol A= 2004 “AAHAAA H A
A 7ol - S A27x A1% 357942011
@ AR 9] A Sl B3 7)E 3
"Rl Ao A D] o] 2| Foll R A F]7 & FS
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3 11E7HA] ol Al o] g ae3t Al 19
2 1009 71 AR 5ol ZF= A 9657 Al
450 Mwt -§-2] 2| BofldA] Y AlAjo] AX)
HAARE 7 WP ol R e oF 16%Rto] /i
FolFHKwon et al., 2012).

Lee (2009)2} Kwon et al. (2012)9] X525 o|&
sto 2007 ~ 20123714 ol A21E /EE 2 &
& 21 1o e i 2007 ~ 20128714 =4
off 247 A)idofl 7,452 kw o] gFo] A= et A
W2 2010713 A2 E Al 9] 749 -g-Fo] H]
gohs B3-S EAAN 2011 ofli= A A Zl4=of| H]
3 x| g7l A ST o1 A2 A
o] t-8F Aol AR E S22 YEhl= A
o]t} 2007 ~ 2010\ 7FR] Al A x]-83Fo] 220~
280 kwolGAg 2011 A0l Al A g0
800 kw= o]of A oF 3~3.5u)7} S5k
ok dibz o S Askert TR A9
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& Aol At Aoz dA 7] wizol
(Shim and Lee, 2010), o|&{gt F3F2 o2 B2
FE23 Rolt
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F(C)), FF(YG) EA(G)) Al AR =] Sl
NE A GAR) S gz Ao
g 2). (= 2005955 2011E712] i3 Aol
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Fig. 1. Status of installation and system capacity of open
loop geothermal cooling and heating system from 2007
to 2012 in Korea. Data from Lee (2009) and Kwon et
al. (2012).
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Fig. 2. Locations of sampling sites in this study.
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A =0 FEY 33 d ZIEE UEidl= A
24 52, pH, Fh (= pe)st 3fat 242 o] §5tof
Minteqga (Allison et al., 1991)¢} Phreeqc (Parkhurst
and Appelo, 1999) Z2 @¥std mEly == 7Y
= o]-&sto] ALkt o] A A= Phreeqes
ARgSte] Z3A| 5 ALFSHA EP ii}x]’\“ ’\ﬂ
Bl FE A
o] &-E|H(Choo et al., 2004; Kim et al., 2008), Th-=
3} Zro] A olHth(Parkhurst and Appelo, 1999).

S.1=log ( [AP)

K

sp

@

oJ 70| A TAP(ionic activity products)= 4~8-<}
U o] 259 &F=9| FolH Ky B34 9
S BL Uehiich. o] ol 02 oo
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27 W] ulj-¢- 17dsA| g-siet o] dojur] o
ol 7ol ARSE = WY PO E B &
4 Jth(Nordstrom et al., 1989; Kim et al., 2008).
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6.7~7.89] HYE Eg o1 Ehi 351 ~383 mVe)

HAE Bt YC& GJo| A pHe}F Ehiz 1 Z] 5k
S0} T35 AfolE Kolx] gt o]AL YGL
GJ7} Z+2F 2011 @ 3} 2012 W of] A 2| =] o] g4 7]70]
19 mjgto 2wl 7| wiZe ob&7ix] 7hgg el
ot o] FHaHA UehtA] 3%7] wEo|t)
EC:=118~628 uS/cmZ 1j]$ ¥ ¥ 92 Bt
YGO] ECE ZH A|3l=R ) 454 uS/cm %941 GJ
9] EC& 49 Agtgeit} 30 uS/cm 23tk o] A
2 23t g ECl IS & 4 = 2o A
PR ofle 9 XA 9 oG] Bx 5o
2 931 IS ¢ Hol #7] wjFof vehrd 2
ato|t}. E3F YGE} GJ9] EC7l 39 A|8142¢} 2po]
£ EOlL olf-5 o ATolA HEaA ¥s)|A|
gtk o]He Y ¥s|7] HEiME YGok

GI "HLI S7H4Q1 2AP} Z a5ttt
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S5 & AEEEA o dAqtollAle el
AHEE BE AFgo] HEo] HAc) Fe¥'9F Mn®
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ATt o] AL NFF Y FIFOE A5k 43}
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Fig. 3. Chemical compositions of groundwater used in
open loop geothermal systems and groundwater around
the systems.
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Ao 2 B3It Lee et al. (2008)2 HAX| TS
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Fig. 4. Isotopic compositions of groundwater used in
open loop geothermal systems and groundwater around
the systems. GMWL represents global meteoric water
line from Craig (1961).
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Fig. 6. Comparisons of levels of pH, NO3™ and CI" measured at CJ (see Fig. 1) in 2006, 2010 and 2012.
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Fig. 7. Variations of saturation indexes for carbonate and silicate minerals with decrease of pH. The saturation indexes
were calculated by Phreeqc program (Parkhurst and Appelo, 1999).
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