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Youngyun Park, Jong-Koo Mok, Bum-Ju Jang, Jin-Yong Lee and Yu-Chul Park, 2015, Influence of closed
loop ground source heat pumps on groundwater: a case study. Journal of the Geological Society of Korea.

v. 51, no. 2, p. 243-251

ABSTRACT: This study was performed to evaluate influence of closed loop ground source cooling and heating
system on groundwater by long-term monitoring of water level, temperature and chemical compositions from May
2010 to June 2013. The water level showed a fluctuation of 3.03 m caused by change in monthly precipitation.
However, influence of closed loop ground source cooling and heating system on the water level was not observed.
Although the water temperature fluctuated by 3.0°C during the operating period (cooling and heating) of the closed
loop ground source system, it was quickly recovered during the non-operating period. However, the water
temperature showed an increase of 0.048C/day because thermal energy was accumulated in groundwater.
Concentrations of NO; and SO4” increased highly in groundwater caused by inflow of contaminants from surface.
However, the closed ground source cooling and heating system was not considered to affect the groundwater

chemistry.

Key words: Closed loop ground source cooling and heating system, Groundwater, Water level, Water temperature,

Chemical composition
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£ +8A71E FH¥(closed loop cooling and
heating system) 3} X|5}4 = A H4S &2
2 ZH o]-g3sh= 7H%E (open loop cooling and
heating system) &2 F-EH T},

2209 B AE FHA AR Y, A9,
L AEgo}, 299, Qivtz, =20, T, v,
A dE=ts, S5 SolA weA 43ttt
(Sanner et al., 2003; Lund et al., 2004; Gao et al., 2009;
Abesser, 2010; Lund and Bertani, 2010; Bonte,
2013). ol A= 2000t 27156 2| E FdA]
25| 9] Hgo] ghs] o] Fol gl om 2014 A 71A] A
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and Lee, 2015). 28 /1 A E WA A=
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2015). FZolle gt AEQ 789 dXuE
o] | 7kl JTHKEMCO, 2014).

3. AKX

FUdstaE FHEE Haktol Y5k 2009
el 3t 7| sAbs ol % 6,952 kW §5F<] 423
9y AE YA 2”o] AXE o dx7t
A & Q=1 gl o] Aol 150 m Zo]€] Z]
d3o] 2457 HAEH YN A EF ARl I
o] 240l K™ 1). o] AFolM= A EF A
oo A2H HZH(W-1)ollM &, =9 & A7)
A=TE SAHHL A5l S5HF] a1 9
At TP (IW-2)oll A =2 & =915 S35t &
Z7golli= 0~14 m Zo]of 165 mm 14 ] A o] 40|
A2 =)o) ek AFA G S HEEE 210x10"
~250x10" cm/day, B4SA4E 2.089~2.478
m’/day o]thMok et al., 2011).

Zddista o] 2 AL AP Eolr] 9] WA

At AIAHO] X[ot=rof DIX|= gk AR AT 245

AF7E 79 o] Btk o] MAYRE eI
o719 IHdAFEOl BYsHL A 47] FHF0]
ol YAES FATCeE HESIL }lrh(Lee and
Kim, 1972). A 22X 14 m E7 = 22 A
Eo} mefjo|m Avko] HEQ} A5 ZRARITh 14 m
SHof| A ¥ 7]9keto] YehdthMok et al., 2011).

YA Foll= 71ddEa7t §7] wiZel ZAA|
oA 77k SFAH 9 713ARE ol&3tATh
1981 ¥ 201071A] 7132 7o Wh=H A7
28R 1,212.6 mmo| L A7 70% 7t 685
H 9474 RS H™ 53] 783} 84| A7gFe
260 mm o|AHo]GtHKMA, 2015). ARH 71L&
11.3Colx LB 7|22 8Yof 24.9C 714 &3k
199 -42C2 7P PtHKMA, 2015). AH
T HEE 71.9%0]| 1 8Yo] 785% 2 71 &8t 4
o] 60.4% 2 71 A X3 THKMA, 2015).

4. ATy

41 W3is 22l9 +2

20104 59 19Q2E 20134 6% 14A7HA] A&

Fig. 1. Location of study area and layout of ground-heat exchanger and monitoring wells for water temperature,
water level, electrical conductivity, and chemical compositions of groundwater.
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Table 1. Statistics of water level and water temperature at JW-1, JW-2, and GG during the monitoring period.

JW-1 JW-2 GG
Minimum 2.52 2.24 0.37
Water Maximum 5.55 62.2 4.82
level

(m, DTW) Average 3.71 24.7 2.60
Range 3.03 60.0 4.45

Minimum 13.3 12.8 13.1

Water Maximum 163 14.7 13.6

temperature
(0) Average 15.2 14.0 13.4
Range 3.0 1.9 0.5
DTW represents depth from surface to water table
Fo2RE 35 m Bold JW-1014 AESHMA  ZHICPeHICR BArt

(Levellogger, Solinst, Canada)E& ]85l 30&
02 Aeleo] 49, oL U WIHEES 2
stk Eo 20119 79 622 20139 62 142
7HA] JW-20)| 4 A-5-Z7 Al A (Levellogger, Solinst,
Canada)E ©]-83t4 30 Tt o2 A|5k=2] =9
o 25 ST ZF Wl rIgEAE ¢
34 7] EAl A (Barologger, Solinst, Canada)
£ AX st mjAIZE 719 SAstR e SHE 7]
e ol 83}el SAE AT, JW-1T JW-20]
A 2HE Askre] 59 W et vmaly] e
A FANSEBET 3 YA-TAHGG)A A 2010
| 59 19455 20129 12 3147HA] S4€ A
sleo] 49 9 42 ARE AT RAE
(http:/ /www.gims.go.kr)ol| A =X}t GG=
SAEE it YAk AR o] fAIsH Hes
72 m 19994l o]l 7] £jo] 257 et

42 NZExF R E=hEA

20104 6¥ 1745 H 2013 9¢¥ 3¥74A] JW-1
3} JW-2014 izt 4~53] M|} ARE Hete
ot A FRE A3k 045 um HEF Q] BE 2 o3}
SFAAL o HE A 29| AR= X7 Eite 2 A
Shoic. BN ZolAEA7|E ol galod 42,
pH, A3k ¢ (oxidation reduction potential,
ORP), A7|AEEE SATIYT A EF] T 244
Zbolyoll 2 =5 S5t S48 2=
25E HCOs 2 A4tstgitt. 3 %ol (Ca”,
Mg™, Na', K&} &0]-&(Cl, NO5, SO.*)& A
dfekin AbhEeT ATkl QAE oA 7}

51 2[d &4

JW-104 49 252~555 m HYSE By
JW-20| A& 224 ~62.2 me] WS RHYTHIE 1).
JW-19] =94= 7ol o3t 93k T3] o
ol A71ek 9719 3.03 mé] 2peo|E H At 12
U JW-20 M= Aske9] 23 ARz QL8] 4=
7F60 m o] A k7] 2ol o AtellA
JW-28] =919 HE 212 a1 3st] g3t GGoll
A= JW-Tl| A E Aol &Rt g2 d3t7]
T 2o A7)k 97]0] 445 me] 2}o]E BTk
T712E Ftoll E74FE 0.1~167 mmo] HAS
HAZ 9= Aol weh 37 $718 Bt
(2™ 2). AF713F F<tell W-1014 S84 4919
3 AZYA 71L7]= -0.0038 m/day = Tha 7FAs}
L AFS Bt} o] AL Park et al. (2013)0] B2
3t 7]-&7](-0.00001 m/day)Eth= § @o| 7H4s}
Zd3Foltt. o A+ WE7|72 Park et al.
(2013)0] =915 HST 717 EH 671 A= UA|
T =917F 24 S7Fshe 20139 = £7](6€ ~949)
O A7}t EFHE A §F37] Hi 2ol GGol
A =919 3l #Ad 71&7]= 0.00163 m/day = o
& F7Phs %S Bt ERS W 29SS4
o] zpol=2 QI3 GGE 3AAA 712717} JW-13%
OE B¥¢e 2 ALz H7HERH. olH A
A JW-18] =jof| A =2 | A HAIA| 9 2|5
Adulo] o5t Fro] WEHA] A ATFo]

e e



ogk

£l

ol ufa} x| QA28 9] x| ZAu] 7} 429]0f IS
E 5 lenz A& HQ 9l HEe] D as)t

52 Xlsto| =28 54

A1t Setoll $FAH9 7] -154~30.
4°C 9] Y= RYrHKMA, 2015). 7]&of whe} ]
ARSI B YERER ARESIAL o] S
A8 20| F& SrHPark et al., 2013). JW-1,
JW-2 8l GG9| &2 & 19 A3ttt JW-19
A 422 133~163C <] M9E 2gct JW-29}
GGollA 422 747+ 12.8~14.7C 2+ 13.1~13.6TC
] MAE BTk JW-19] =22 JW-2 51 GGojl H]
A W2 MAE HATE W20 M= 3 A”
WS FHE A AR JW-13} GGollA = AE
WS B E e JW-13F GGoflA =23} 7] -2

— Precipitaion
WA
GG

Water level (m, DTW)
(ww) uonendioaud Ajreq

May Aug Nov Feb May Aug Nov Feb May Aug Nov Feb May Aug
2011 ——>| 2012 | 2013
Month

— 2010 |

Fig. 2. Temporal variations of groundwater levels at JW-1
and GG and precipitation in Chungju. GG represents
Goesan-Goesan station of national groundwater monitoring
network.
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Fig. 3. Temporal variations of temperature of ambient
air in Chungju and groundwater at JW-1, JW-2, and GG.
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Fig. 5. Chemical compositions of groundwater at JW-1
and JW-2.
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Fig. 6. Temporal variations of major ions in groundwater at JW-1 and JW-2.
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