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The Influences of Aquifer Thermal Energy Storage (ATES) System
on Geochemical Properties of Groundwater

Hanna Choi* - Hong-Jin Lee - Byoung Ohan Shim

Korea Institute of Geoscience and Mineral Resources, Daejeon 34132, Korea

ABSTRACT

Aquifer thermal energy storage (ATES) system uses groundwater thermal energy for cooling and heating of buildings, and
it is also often utilized to provide warm water to crops and plants for the purpose of enhancing agricultural yields. This
study investigated the potential influences of a ATES system on the geochemical properties of groundwater by simulating
the variation of hydrochemistry and saturation index of groundwater during ATES operation. The test bed was installed at
an agricultural field, which is mainly composed of an groundwater-rich alluvial plain. The simulation results showed no
significant precipitation of mineral phases such as manganese-iron oxide, carbonate and sulfate around the ATES test bed,
as well as no debasement of other important water quality parameters. The implementation of ATES system in the study
area was appropriate and effective for utilizing the thermal energy of groundwater for agricultural use.

Key words : Aquifer thermal energy storage (ATES), Agricultural usage, Saturation index, Temperature fluctuation,

Water quality degradation

LM B

71513} AAE QI Fiele] oklsteta wiEATt
o] olojA= ZheH| HARE A Ae=A
A Ao gk BAdo] =olx]al Tth(Mohanty,
2012; Owusu and Asumadu-Sarkodie, 2016). 1A A<l
Uz9] sfuEA FEE = Ul AIRE SE(ATES,
Aquifer Thermal Energy Storage)A |8l FH 4o
=4 YRS E8sl 7ol WS sk, 54
710l e ks W) Al2~"lo|th(Bloemendal et
al., 2015; Nielsen and Serensen, 2016; Bloemendal and
Olsthoorn, 2018). F-2Jthr3- AT FEAIAHS WA

FAR: g, AYAT
AR ol AAATL; A, YA
A HFht, el

Email: pythagoras84@kigam.re.kr

Received : 2021. 05. 12  Reviewed : 2021. 05. 15
Accepted : 2021. 05. 31 Discussion until : 2021. 8. 31

14

g9 25 AolE olgsle] duths B8 Wble =
Aok o=, AlRle] Thsdl] uhE Askee WMol

5-30°C Afolol|A WHEls= Ao® B uEtHKalaiselvam
and Parameshwaran, 2014). ©] A]2~8-& <=8 (Recircu-
lation), T1E-2ll(Doublet), TY <L (Mono-source) 3Ho]
Qom theFe] Zolo} Ax, §& 5o 27| uet
2353l ¥¥S A83ckLi, 2014; Bloemendal and
Olsthoorn, 2018). B4H|EA7E 2757} =& F3olA
ATESA|Z=Hlo] SHF oz AF=o] gkor, 2017d 7|&
A AAZSZ 3,000704 o Fe] Aol AX|xo] Stk
(Todorov et al., 2020).
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kA EAskaL dom A Fe &l A5 AR =
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Zog 7ksdhe B Ak pH B 4429 ¥t &
ZEtty RuHEnl QlckPark et al, 2013; Park et
al,, 2015). ©]# of-Z ATESAIZEIS A% 2 715315
<= W o] FEistehs] 5/90] ofgAl wisteA|el o
gk o)A B A7 HSS wlg- F83)Th

HEE 40 59E50] HgR o= o]FofA =
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A2 ZH1Ekal JUHKim and Kim, 2019). 5= AlZt
SH(ATESZHS o]3kel] AX|gthd &5 2 A
AHIRES A oURA] ARG F8LE Eole 95
AUA] &3 Al=Hl BdS BgEd 5 S Fo= Y
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Fig. 1. Recharge rate and available amount of groundwater in South Korea. The location of study site is marked with a red point.
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Fig. 2. Geological map of Wanju-Gun, Jeonbuk in Korea.
(modified from Hong and Kim, 1969).
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T4 AR|9} Aokt BEFTH Hwang et al., 2009).
ATAY Qloli= S40] FHoRE 2|2 B
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THHong and Kim, 1969; Hwang et al., 2009). 174
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Fig. 3. Location of the ATES (Aquifer Thermal Energy Storage) test bed and water sampling points (a), and Cross section images for

borehole from BH-1 to BH-5 drilled around the test bed.
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Fig. 4. Red dots and blue dot represent sampling points of groundwater and surface water, respectively. The surface water flows to the

southwest direction (Blue arrow).
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ATHIFA G 2F 260,000 m*e] HAZA, %= 3
W25 m WolZ ehket BAIAY afgshe, HUEE
L 18-100m Alele] A=E 7k 2021d 39 &
71 Al71ell ARG Aslr A= 1070)2F A3k AR
(Vhys 242 At Q7RG 712490 #4548
vlolslaiAl sl tk(Fig. 4). @FSHIER] =2, pH, 7]
=% (Electrical conductivity, EC), DO(Dissolved oxygen,
|y WTW Multi 3620 IDS set C& ©]-8-5)
2330} AT SA] 045 um DEIRO)] ZE dZE%
SR B} o, FEALLAE B ) AEE
st Weldol Hashal, ol Ase sENeR
AxEstd Basiict. ool EAe f=ad EE=
v} E3333 5 A(ICP, Optima 7300 DV, Perkin Elmer),
SOl olwdt AZrlE1e](ICS-1500, Dionex),
SFPEY YA BAS WS-CRDSEA7](L2120-i, Picarro)
£ AREEIATE AR ol Sol Fdel gk
SRS +3% o= X3t = A5 &8H4 4F

2 QFHKMnO, 2RI B (Turbidity, NTU unit)=
HEE FAFA w7l g8tk B
o] Azel Al Age dF SAHRUEE, pH, EC,
DO, ORP), ¥ol& & ol 41, 85 A7k &
2 Table 13} 2t}

P E9

=l

4. &

41 TERYY SUY sHEX
ATA Al AlRe] 28 B 15.1°C2 109
AT 71 2(13.8°Cell Ml 27 EA UERdon, 1y
o] Aslrt 712e] FFe op 72 o] ofF
ol Ao FAETKTable 1). IB-49} 5AH8L |75
(B-1DHT} 58 525 7Rl= A0E SAHU. o=
Azret XJslre] ARANF Aol HL(1ABHFE 24
At =2 2FEAB)7] Wil Axg7h 9wl
259k S ofFR] BhEo® ARG W3 S A
2 HIdsheL jbell AXE Wgellx HRAlsEE A
T3] wizell, FET AR dskisol= vidst
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Table 1. Measured field parameters including Temperature, pH, EC, DO, and ORP and analyzed cations (Ca, Mg, Na, K, Fe, Mn, and
Sr), anions (F, Cl, Br, NO3, PO,, and SO,), and dissolved silica (Si0,). Sampling campaign was conducted in March 2021

ID Deph T pH EC ORP DO Ca Mg Na K Fe Mn SiO, Sr HCO;, F Cl Br NO; PO, SO,
m °C uS/em mV mg/L
JB-1 18 148 6.68 187 244 978 13.7 327 658 321 BDL* BDL 183 0.07 209 <0.1 9.88 BDL 17.6 BDL 163
JB2 18 169 634 189 280 874 192 424 836 338 BDL BDL 240 0.11 303 <0.1 102 BDL 22.7 BDL 242
JB3 25 143 611 206 265 565 197 537 945 456 BDL BDL 263 0.15 450 <0.1 12.6 BDL 19.7 BDL 20.6
JB-4 18 172 723 201 454 783 29.6 6.78 19.7 247 BDL BDL 432 046 129 0.87 9.13 BDL 874 BDL 12.7
JB-5 18 173 628 179 280 743 179 419 811 270 BDL BDL 184 0.10 272 <0.1 937 BDL 275 BDL 19.7
JB-6 100 144 805 270 229 206 229 235 327 149 BDL 0.05 338 064 101 332 565 005 <0.1 0.05 39.0
JB-7 18 141 6.15 377 203 237 387 129 168 3.60 BDL BDL 526 041 104 0.14 179 BDL 409 BDL 35.0
JB-8 27 132 7.64 319 203 640 342 491 134 181 BDL BDL 53.7 048 90.6 048 165 BDL 29.6 BDL 7.29
JB9 18 141 6.00 238 247 985 247 552 836 391 BDL BDL 233 0.13 242 <0.1 11.1 BDL 427 BDL 30.1
JB-10 18 13.1 639 214 266 594 203 489 132 3.88 BDL BDL 462 021 63.8 0.14 16.7 BDL 9.73 BDL 14.1
JB-11 0 164 943 137 174 115 146 281 671 282 BDL BDL 7.15 0.07 375 <0.1 9.74 BDL 837 BDL 10.7

* BDL means below detection limit and the minimum value of each ion as follow: Fe 0.03 mg/L, Mn 0.01 mg/L, Br and PO, 0.1 mg/L
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Fig. 5. Piper diagram using major cation and anion composition
of water samples in this study site. The red dots and the blue dot
represent the mean of groundwaters and the surface water,
respectively.
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Ca-HCO; Fr8%E Ca-Mg-Cl-SO, 738 Alo]o] E-E3}H
sole] 2Ao] A7AY FARFES Akt Fag
og-S 3lal Uuk(Fig. 5). AXS7F BRAEKR} FARE
olexAE 7RItk Hellx] AFAY At A8k

O

rr

&= RS} (fresh recharged water) 7d%-0] W3 A
A EITH(Nazzal et al., 2014). ool Hl&] JB-6& <
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TFUIAAA 7P 22 ARAEA (EFAIE 100 m)
Fol& 7Rt Na®t HCOsS| BlE©] Atz o= =A v
Eh= Ao] #EET

Fig. 60l A A3} o], dlo]RlE=
Mg, Na, K, Cl, SO,, HCO;)2] Athzol sl
I E(Total dissolved solids, TDS) &3 Hlusl=H] &
|3 ARE- Eth(Abu-alnacem et al., 2018). A S|
A 7P B FEETHE FES Hole XL JBIE,
uhgel] 1§ 17 m A=) JARA|E|olh. ARAEE
#4421 JB-62 Na®} HCOJEo] TjolojA] AJjzoz
=2 B8-S ARShY, FEEVYE RS 240 mg/LE
vkSe] Z|S=(IB-7)0l Hlgl @Al YERdTH(Table 2). ©]
o Blg) RHF= 7P e FEETHE FEE HoH,
ol FHY AL 9 FHEAZHE Hu] Fo] R

o7 FUHA K= 2 delE Ao AAXIH.

o] 25 (Ca

N

==

o
%
X

O 1o

—_

(AN
AL

4.2. X|5l2] +EAN 7|21t gHASY

ztpololagle Aalre] FE|EetEAS
FH A} ofd TRRIA] RofF= 7hdst ado=
ol Folof gt F MY AMrlE1 tho]o]ZH(TDS
9} Na'/(Na'+Ca®"), TDS} CI/(CI+HCO;)Holl A&
= T=ABRH(Gibbs, 1970). F12tiolojasls Eaf whst
T e FE FEA8ME TEFY, B4,
ol ogk FjMo] U}, AFAIHY FEseke T2 7]
Hiokate] whgol ofsf AEE ASE Holw, g
Zhol] 47 Alg7 EAEE As 9 BEEFEH 859
oEE0] Aol dal SAHUS FoE HATEt
(Fig. 7).
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Fig. 6. Distribution map of Pie chart on the major ions and TDS in the study site.
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Table 2. Measured values of DO (Dissolved oxygen), turbidity, and KMnO, oxidation and calculated values of TDS (Total dissolved

solids), TH (Total hardness), Na% (sodium percentage), SAR (Sodium absorption ratio), and Kelly ratio for each sample

Suitability factors for drinking water

Suitability factors for agricultural water

ID DO Turbidity KMnO, oxidation TDS TH Na% SAR KR
mg/L NTU mg/L mg/L mg/L
JB-1 978 226 06 110 47.7 366 0415 0301
B2 8.74 0.07 1.9 147 65.4 33.4 0450 0279
B3 5.65 0.02 1.4 163 713 358 0.488 0.289
JB-4 7.83 0.02 06 262 102 37.9 0.851 0422
JB-5 7.43 0.16 23 135 61.9 329 0449 0286
JB-6 2.06 039 19 240 66.9 575 1.74 1.07
IB-7 237 0.02 74 323 149 283 0.598 0245
B8 6.4 0.02 04 252 106 28.0 0.568 0277
JB-9 9.85 0.02 09 174 84.4 289 0396 0216
JB-10 5.94 1.68 75 193 70.8 40.4 0.683 0407
BAL 1151 046 29 100 48.0 35.4 0422 0305
AgR1ede] A|ais) A= 2284 (Global Meteoric LMWL (Summer) 82H =7.93-3"%0 +8.11 ®)
Water Line, GMWLYdel =A50] £o5e) 543 B LMWL (Winter) 8°H = 7.79-5'%0 + 18.39 3)

AFTH(Craig, 1961). 3=2] R H3=4(Local Meteoric
Water Line, LMWL)S 4 Z=AI3}9 S wWi(Lee and
Lee, 1999), A7 AH9] A= F2 o459 7ol
o3 ggE= Ao HRITh Fig. 8ol =AIgH 7F =%k
74 A& e 2o

GMWL &H =8-3"%0+ 10 Q)

HAHGGF=0] Rsls ko] 7, F31)9) &
X715 ALBlal FHETEA] Al AH7L hlkslo]
e FIEAS A Ao AzbEnt AR A%
Fo] FUIR A2 FA 2N A BolA
ko ol= AlBAlF A171(39)e] 7]L0] AjFoz vt
of Fukito] eRsEAL Ae] dojuA] ¢7] wiEoz A7t
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ol 24)E 831 TH(Table 2).

AROGFe] Asle Aoz Ars F RS
SHA3lATH(Chae et al.,, 2007), AR Z3l5(IB-6)0)
A HEE 7IEXQ] 15 mg/LE goHe s F7}J4-
SE Ak o] WA QRARI 2AIAl S 7}
290 ARHY ALE Tl ARAE] BEo R ﬂb& et
o] Aag AoF AAX. AFAY 1] AelA A
}\]‘/970}\_4 u%‘—g ‘r‘mﬂ'ri](lOmg/L-oJ NO3—N, g;t
443 mg/Le] NO;)E dolMe Alge flslen, 1B-73%
9o ZFzF 409 mg/L 42.7 mg/LE AF3] H& F
T2 ASHAK Table 1). 53] JB-9ARS WAHE Au)
A QZol A At RS, TNl A s 4 4
%Li AFAHellM 7P =& NOsFre] B=H A

r
g
)
o

F (KMnO,)AH] 3

, SO, NO,” 5@
I—SPE Ok_&H B9k o
2] 2 AR TS T S
st 53 3l :Lﬂi %WH T Tol e AT AHIF
o] 713K (Krupinska, 2020). HeE 27 1F0ME 3}
FEEAEIEC] 10 ppm O ZE ERel s=t],
?11@.0111 JB-73 102130] 7IEAIE Helve e
2 ZA39tKFig. 9). IB-7AHE NO; =S =4
Bt QI Agslre] 948 oilslor & ZeE AAX
o} JB-10A4-E E7|9F & 59 71=8 7191 o] 7t
SR 5ol f71EE 29Yo g 23S Ao o
ARt} g§EME JB-10 AL 7IEAE dolrle A
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Fig. 9. Potential health risks due to aesthetic influential material (turbidity, CI" concentration, and KMnO, oxidation) through drinking

water.

(INTU oJW)oz A=t} F7H 02 JB-1A150A
T 2 g5t HEEHE ol HIAEHE Ao,
HUEE 3d A AFE 93 el drFew Hert
woRl Aoz At 82 AR A =5l 4
S HRE CrY 5= 7153 250 mg/Lel| BlE) vl
WA Ueht 8] S4o] widd Bl o 5 3
tHFig. 9).

ATAY = ANEVF 8T 8RN ARAE
o5t Y3l o] =RolA= F7=(Total Hardness as
CaCO; TH; Todd and Mays, 2004), YEF WES
(Sodium percentage, Na%; Todd and Mays, 2004), L}
EF EZ|(Sodium Adsorption Ratio, SAR; Allison
et al, 1954), AZ|H]&(Kelly Ratio, KR; Kelley, 1963)
S AREBtd ARSI e Ae ofefiel k. ARk
o] AEH O] 2FEE meq/L ©HE EEIGN oY, 74
=k mg/LE9IE ARSI

TH =2.5Ca* + 4.1Mg*" )

e

Na% = 100-[(Na"+ K") / (Ca>* + Mg +Na"+K")]  (5)

2+ 2+
SAR =Na*/ [ /9‘-’--;14—&-] (6)

KR =Na'/ (Ca* + Mg )

o] 2lollA Aatel A= Table 20 A2lslA). %
=g 150 mg/L oHE Yeht = 3 ol A 1
A5 /RIga FaE, RElgee] 802 Q1gh 44
AU Bk 3l GA] duiFos e Ho = )4
k. JEF FHIE Sfjol-e SARVIE 26 oW

BT FHETE 28 ke, A7AYge = MEs
108t e gs 714 ZE B ARE WS &5
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