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ABSTRACT: This study recognizes the possible carbonate precipitation and calculate the volume of the
precipitated carbonate due to temperature and pressure change in groundwater used in SCW type geothermal
system. A few indices, including a normal saturation index, Langelier saturation index, and Ryznar stability index,
are now widely used for the evaluation of possible carbonate precipitation, but these indices can not tell the volume
of the precipitated phase. SCW type operation can cause approximately 5°C temperature increase and 50 MPa
pressure drop. If the groundwater maintains saturation against calcite, the calculation indicates that the temperature
increase and pressure drop can precipitate 0.301 and 0.145 cm’ calcite perl m’ pumping, respectively, which will
cover respectively about 9.676x 107 and 5.946x10” cm” of the surface of the thermal exchange plate. The values
given by this study are estimated values only with the calcite solubility change due to temperature and pressure.
Other factors affecting the calcite precipitation may be observed in real operating facilities and one may see a big
gap in calcite precipitation between the theoretical prediction and real operation. However, the results of this study
will certainly help establish long term plan for operating SCW system.
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A QA A=2 2000 Zof ZUlof XS &
A ol = 2004 o) AlFH FF o FIAA T A
o] ghilgh Hg Ao 2 Q| 2I7HA] AMgol 2
Al 715t th(Lee, 2009; Kwon et al., 2012; Park
et al., 2015; Song and Lee, 2015). 2014 A7}A] <o
A2E AQYIIA 2 F GF2 oF 790 MW
o|m Bdsl-e-rot Al 52 FUEokoll Al A
fo] 2= A4 Z715FFtHSong and Lee, 2015).

A QYT AE L UrE aige] dust fAE
3HA7] = U (closed loop cooling and heat-
ing system) 7} BT E GAZA Ao} B AT
£ ZH o]83sl= /N3 (open loop cooling and
heating system) &2 LE3F 4= QIT} 2011 A7FA] =
Wollx= /g it dego] 2 A=
] A2 A GEFPAIAE F 75% 7 BHF oA
tHKwon et al., 2012). o] A2 /NLF A X sl =
= AEFE A AMEs7] dhizo] o]z gt e
d, AN 17 5o AEEA S HAY 7RsAdol o
g2 wjiZoln o] Ao thgt =R I & o]
Foi2|aL e} = 7R o] HHF ol visiA 4
fHos AL HX|H§H & YA &&= Q1)
=2 A o] A-8-E)= A7 AL S7FskAL it

o] AXE AEE A GYIEALEL 7
& Standing column well (SCW) &o]t}t. SCWH
2 A EFolA Fret AstrE B ekt 5of oA
YT oz TSk A olH o] T oA
89| A=} 220] BISRRITE o] 2 QI3 CO9
27| 2 Q% pHO| A5, 84| F7E= QIR 4
sh-ehlehy w3l FE0] ol w3l 8BEHRES
& 9 gz} 5o dojdtiHolm et al., 1987; Brons
et al., 1991; Griffioen and Appelo, 1993; Hoyer et
al., 1994; Sowers et al., 2006). o]} 72 733}
2 Qlsf it FE @ AP EN 22 JHES
o] F4E o 1o ol JYAEEEE ) ol
A &ZE&0] 3A ZAcHASHRAE, 1995; Rafferty,
1999; Abesser, 2010; Possemiers et al., 2014). A=
ArgHEo] HlsiA BATE FEo] SR A Fdddt
Al2"ox JAAEZH A5 BRETHASHRAE,
1995; Rafferty, 1999).

SCWEI A AMgE= -2 E gt FE&

O] XA AI5317| flshiA] Z3FA|4(Saturation index,
SI), Az o] Z]4x(Langelier Saturation Index, LSI),
2] 24} X|4(Ryznar Stability Index, RSI) 5] 7}
WP S o] ARE-E 31 Qlth(Rafferty, 1999; Park et al.,
2015). o]t HHHEE T B9 A 7hse
Bkt Wi 2 o7 SRR sk BE
of AUFS FFHLR dEIE e oA
(Chemcon, 2001). SCW&S 2352 AAFHo=
ARG AN 2 AL v FEe] A
g o) 2017 08 7| 2.2 slo] TeluekS vlals)
= o] v FR8tk o ATOIAE SCW RS A}
£5 &304 whe BB WA 154L %)
513 e} relslol e ehke Rl FH
& 3FH 0 gt

st
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SCWPol A 2B525E g 3B
A2 7Rs4S Bk Sl SI, LSI 2 RSI 52
Bo] AHgRITh. H7kA) Fhel 4% @ 2]
L Q5 SCWH AMA] EHbg BB )3 oy
A) Ego] ASHA A7 QAT AARR A S
B3l A9 P02 ost gtk AR
o A AT] T2 SCWHe| A7 9 £%o] %]
Sjeo] Saloll FRT GRS FA P A0 &
27| QIth(Park et al., 2013, 2015). &L} SCW o]
AGEE SBRE B, A5, AL G
59 aroz 7o) WSk 4 Glonz iy
B2 B A F714 02 Brhelojof sttt

2.1 E3X|(SD

A FE9 Sl= B 329 B Z3MH
2 el 524 S80A B R A
A3 &3Hhg-S d&Sst=t 2 ARSI gk
FE=E9Y Sli= =, pH, Eh (E+= pe) ¥ 3}5t24
S o]83}o] Minteqa (Allison ef al., 1991)2} Phreeqc

(Parkhurst and Appelo, 1999) 22 d¥3stz nd
B Z2I9S o|gsto] ALkt
SI=log ([AP/K;p) 1)

oj7]o| A TAP (ionic activity products)@} K,
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Table 1. Interpretation for Langelier Saturation Index
(CACC, 1965).
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Table 2. Interpretation for Ryznar Stability Index
(CACC, 1965).

Value Indication Value Indication
>2.0 scale forming but noncorrosive 40~50 heavy scale
0.5~2.0 slight scale forming and corrosive 50760 light scale
6.0~7.0 little scale or corrosion
0.0~0.5 balanced but pitting corrosion possible 70~75 corrosion significant
-0.5~2.0 slightly corrosive but non-scale forming 75~90 heavy corrosion
<2.0 serious corrosion >9.0 corrosion intolerable
(BRAD)E 42 580 o ol 250 BEE F A= (Logl7DS)—1)/10 @)
I BN Sl w2 Uehdch 2 3 B= —13.12Log(°C—237) + 34.55 ()
E9|S1=0 U of, BIAENZ Tt FE] goli&e C= Log(HD)— 04 Q)
o A& =7 ol AAlmE JA Ee &7 D= Log(alk) 7)

ofUbA] gF= AXE Belek. SI<0 o wefi= Bx3}
AR TAR HEO) Savbgo] YolutTSI>0 A
wollis ESMAE R it e O] FAukSo] Qo]
wet.

SCWHA AMEEIE atdol s gHitel B
o] SI<0 ¢ woliz EHitel o] BES Ago|m
2 SCWa9] 8ol ghakg BB o] 9
o ek TelshA) gobe HTh T Ak B
£ S0 U o= SCWH Y] Awa], vzt 5
o Rgol sate 2 AAT 4 Yk AL
Ehuic.

22 22| X[3@LSD

LSI= 7i4E A QA Aglo] 7 FEo
Sl 2o A A5 A A7) SeIA] AL
Skl Q1o W (Rafferty, 1999), th-33 Zro] Aike 4=
Sit(Rafferty, 2004).

LSI=pH—pH, )

ol7]0] A pHE SCWE oA ARRE= 43kp0
2R3k pHe= LSIE AXsl7] €8] CACC

(1965)7F AR A o2 vhath o] AL 4=
pH, =(9.3+ A+ B)—(C+ D) (3)

71914 A, B, C 5l D= tha3t o] Alutd 5
ITHCACC, 1965).

oJ7]o]| A TDS (total dissolved solid)= &&=
13E, C& 2 HDE &, alkes ¢ZeE=s
UpERdIc LSI Zte) 9917} e ojuls 1 1]
Hysisct.

2.3 2| =L X[5+RSI)

LI} go] RSI= 7R A| Sy etgal g o] )
ol et B A 7S Hrkshet gel
ARgShE Agolth. RSl S Al | A] AR
of A1 Soll Bt AR M FAT} AL
€ 9FE 2 2 o2 AAJStAL it
RSI:= oh-2-3} ZHo| A|AksE 4= 9)Th(Rafferty, 2004).

RSI=2pH,—pH 8)

7|9 A pHs= 41 4, 5, 6 9 72RE AL 5=
Atk RSI 29 ® 917 Yetli= 9r)= & 29 =
3kt LSI9} RSIQ] Aib= A2 H|S31HA] YEeht
B & LSI9}RSI Fof| gt Aeis) A Ahgshd Hct
(Park et al., 2015). ZUjof] & %21 SCW3of| ALg-
<232 LSI9}RSIE 0|83t B4t FE2] 3
A 7P5AS &3t A7} 9tk (Park et al., 2015).
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& EE WAF7E 2 AL vl T8
A GAILEe 2A LB e P T SdU &
At FE9] Bolk-e T} Ky Tt o] B33t

oM off o

CaCO, = Ca**+ CO;™, K,,= |Ca®* ][O} (9)

7)ol A1 [Ca™*]2} [COs™ %= 2}t Ca®* 2k CO5™ 9
Blew2 el 4] 9] HRSA]ojl A Zpgofu x|}
B Alsoko] A= the T} Zro] el 4= )t

AG),, =—RITInK,, (10
o719 A R 7|4V, T+ =g Uerd
o}, 41102 22| 2] o) HBl2 R K, S A4t
g 4 glom E3t o] 2EE G E AAE 4= 9
£ AL Uetith g4 FE0] 83 = A
Hgofl thigt Aol v A= =9 o what
HalE 2 2o} oF2 Walof met gl FEo
B3l e AstET T SaEkSoll A 2=k oy
H3lo)| w2 K,p o W3}-2 SUPCRTI2 (Johnson
etal,1992) T2 1 0 2 AXkstFTH1H 1).

31 S2Wsi0] IE Bl Z2o| SHHEH M
T FEEC] SAEE Sout vd BAE
Ho| B 42o] A55te Bk B §IE: o
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Fig. 1. Solubility of calcite with variations of ground-
water temperature and pressure using thermal data from
SUPCRT92 (Johnson et al., 1992).
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2 B¥igh= oF 5Cotk 53] YR E A wdh 3 X
3l0] 0] ok 5C AJpat o2 Qlsf Bk FE
o] g7} Zhadict. wEhA] BhAkE FEo] 23t
A3 AMESRE A BALHME S50 R
Q3 Bhat FEo] FAE 7HsAd o] ul$- opdict.

15C 4229 A|3lE 0|3t YREg 29
39S wf A3k 220] F5C Flsim ghalkd
P29 £ X 6.123x10° (0.1 MPa, 15C & )
|4 5.309x10° (0.1 MPa, 20C ¢ wj)Z ZAsich
(2" 1). wehA] ghatd FEo| 23hE X|5krE Y
H o S ol A AREES w 8.147x10° mol/Le)
o] FHE 4 931 WA 1859] Hu]7} 36.934
cm’o| B2 A5 1 m’o) FAEE WAl o] Ry
L 9F(.301 e’ 2 AXFEITE 1% 2a0)] X|5) ARSSF
of w2 WA o] FHF oS Yetfglos gk
AMgEFO] 7| whet Bell4d o) M H o= 0.301
(*=1.000)2] 712712 Z7I5tAr). WohalL SHA|
£ O|RA T Rk 2717k FaL HA AR ¢
A ALEAS o)k 7HgsHE 1 moll A AA
Sk wWralol oJsiA BEEE WAL 9.676x107
cm’ o 2 AArEr) o] Yol kel o] T ¢lR7}
3o 2 0B WAook ek ARSI Ak
A FE AL 0] Y= W A5 aA
£ 39 2bol YEr e 3] 71e7e
0.039 (1*=0.991)0]%ct. 7N 2G| A
Yol ghated sFEof o3t AU o] A€ of
2A| Do) WA= W o] A Ag]o] Frtof ulal
A T2 Yetta g A Aol oJgt JFS H7t
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Fig. 2. Relationship between groundwater use and scal-
ing of (a) volume and (b) area for calcite with increase
of groundwater temperature from 15 to 20°C in ground-
water used in open loop geothermal heat pumps.
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