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Evaluation of Characteristics of G-class Cement
for Geothermal Well Cementing
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Abstract

The G-class cement is commonly used in practice for geothermal well cementing in order to protect a steel casing
that is designed to transport hot water/steam from deep subsurface to ground surface during operating a geothermal
power plant. In order to maintain optimal performance of geothermal wells, physical properties of the cementing material
should be satisfactory. In this paper, relevant factors (i.e., groutability, uniaxial compression strength, thermal conductivity
and free fluid content) of the G-class cement were experimentally examined with consideration of various water-cement
(w/c) ratios. Important findings through the experiments herein are as follows. (1) Groutability of the G-class cement
increases by adding a small dose of retarder. (2) There would be a structural defect caused when the w/c ratio is kept
higher in order to secure groutability. (3) Thermal conductivity of the G-class cement is small enough to prevent heat
loss from hot steam or water to the outer ground formation during generating electricity. (4) The G-class cement does
not form free water channel in cementing a geothermal well. (5) The Phenolphthalein indicator is applicable to the

distinction of the G-class cement from the drilling mud.

G-class A|HIE= X FWH 2 7HE Alof] AFA A 229 A DU S715 AFolA AFE-7HA] o] 5A17]= Ale
2 WEshe Ay YR2A oSk AAYL BT YT A DAL YL Al o] Beld
R Eofof T}, i QTN Guclass AMEE A2 AME A=2Ae] SR Beld 549 §54,
74, AL, free fluid $H3-8(Free fluid content) 52 H71517| ¢3f, thekst E/AHE H] A4 A
BFTE G-class AJHIEC] 3t E2]3 54 H7HE §3l it 22> 2ES =&31%) (1) Gclass A
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2T AAR o FEE SRS udz QI 9
YA 1715 S5HL, 247E20] o3t 7153} 4]
= sidstr] sl ohadst etkeS =Skl glom, of
=t Post-uLEAA| O] Alfe] we} A& FHo=
SATIE FE5E S AT AT dgo] Fdf
AN I = B QUok Ay AR SEat =4
‘Adolehs F 7HA =7 RS Ads] Sl ol
A g, T4, AE T8 22 A A (new
and renewable energy)o]] tiot IAo] X E T ¢lom Al
AR A Bgo] SEal Qli= S0 eh(Park, 2011).

AR AT A] 5 Ao T A= AHES, Ast A
#5 5)°0l B FARIHA Y A5 Wi-e] wimf Ho
O3 HFSHL Q= olUAIE ouidith B BAME S
Aol mdshs A FAIHA] & oF 47%E5 A8t
o, A= 54 ZolY AT d& dF e 25
frABRaL Qlek o2t A Ho|HR|= A FHO ZEE
Folo] whet 5% H(shallow geothermal)¥} 472 A
(deep geothermal) = —HiEEIth MRA| Y| 2= A
3} 2| <of w2} tha 2folzk QA ek 10~20C 4
Zoln, AR HL 40~150T oo Lxs G238t
tf E3F AU A= B8 SHolA A3 o]-E(direct
use)} 7Hdo]B(indirect use) 7|&=E E5T 4 Ut} A
ol J A9 Aol &2 Al ATt HMRAES o0&
ot 71ERA A5 T A2 yA(10~200)5 4
H Z(heat pump)L} F-57]9} -2 o |A] ®ighr|7]9] &
Hom Fgsto] AE P, 245 dx A, =& &
A, 23 5ol B8sh= 71ES onirith vk, 2Ho]

8 7152 AFAE T oiEF 80T oje] e F)
I
0]
=

ol

£ Bol&7 A71E AAkshr] 13k Al 98 (geothermal
power plant)of] Z-85H= 7]s-& YF=CHKorea geothermal
research society, 2008).
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o8-8 Al (cementing) A7,
AE Ais B7E AlF e TR &4, vl CdE
B7F 5 W woFe] A7t FAlol = of A oF gtk
(Edwards et al., 1982). o] = X|GH A|HIE o] ALEE=
Az Aot o m A X F7 Alold= F23] AA
3 & 4= qlojof T W ohet Hof 320C H=rkA] A
Sh= A|G-RAoll ofgt 7] FAolur A o= Ad 4
AofoF FHek(Toshifumi, 2007). =, A Ao AM-E=
AW Ame Lo Ae] M4 nhEstojof shAuk
40,000ppm ©]/9] ol4tshetAnt pH 1.5 m|wke] 733t 4k
AroAE Eee] 715S fFAlsoF g o] T
3] FAEA= AN AR A Eaghg ek
HA=e} 1 AAo| th2t} & 4= lti(Jeon et al., 2012).

AGdS 913t A8 Al A8E= S Al
HELE= GAA|HE(oil-well cement)Z=o]|A] API(American
Petroleum Institute)o| 4] 4t G-class Al Eo]t} G-

class ARIE= A F4E oFAI7]1AL A EA 0 U=

< A Aol e BB 3 AMgEE AME
2R FARAS(2Ca0:Si02), FAB A 3(3Ca0-Si02),
AL 343(3Ca0-41203), LFFUAE 448)(4Ca0-
AI20+3Fe203) 5] 47/4] FQAH o= o|2oA] 9
ok =3 A= e AS AF ARSY e agtst

ANAE SEe ol FEE 5 =S JEE Ik

Binary cycle

/)/(/‘ 1.5 MW Geothermal Power plant

1-1: Located Site

o

- Characterize & 2-2~3: Operate System
Select Site

- Design of Wells

- Complete & Verify
Circulation Loop

- Install Operating
Equipment

X | Injection well
Production well * .I/ (60 degree, 40kg/s)

(160 degree, 40kg/s)
= 1-2 : Exploratory well
_— - Drill Well { 3km)
: - Log and Test
(=]
Vi

2-1~2: Create Reservoir

- Drill Injection Well
- Stimul ate Reservoir
- Drill Production Well
- Create Reservair

- Feasibility Study
3 km (»100 degree)

Stimulated
Reservoir

5 km (180 degree)

Fig. 1. Schematics of EGS (Yoon et al., 2011)
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o] ol A= G-class A|HES} 22 2|
A7} Ae] %k ARk
v oA & Aol A= Goclass A|HIEZ}
AE Az A ) 2]
a Beld B4 FEA, UFUHLE o
free fluid $HH-&-S THel E/AWE H]of| 4]
58} Wletn 2izke] Bel B4 et
gAY Am2A o] Ade wekstaat gt
Aol Al 3Rt A AR A Gclass ARIE o
3lH])= u]=t BNL(Brookhaven National Laboratory)2]
Philippacopoulos and Berndt(2000)7} A|Qtst X|EA A]

HE AWE A7) 7]E ulEhy] 3 40SF type(Table 1)
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A2 319keke] A1E Alo| Ao AJHIYA] AHE H2
Et29] f-54d0] BT A9 AHETL =4 2719
3t=|o] Aot FEAtole] TS HAMAIA R &5Z
Ql AME w=EL2 FF& Welldh o= Qlot whehA, A
e A= 54 S7HIA *l HES ¢ s
AT AHIE F2Q] A] AHIE HE2E29] ubg] v

270mm

30mm

(@) V-funnel

7} AR5t S, $54

E waga] Frs AU
oﬂ ul-l:]-?;]- ADPO _—HLOﬂE UT—‘C_> ok
LAE B g JLRA oFAlof BA|
A /\léxl"*ol‘% Al
oj AlHE

Ao
=

FEAZ7] Sl Al

% A9y oy

‘% %‘Ta

Fol
=
=

7] HSH EFNARC(The European Federation for Specialist
Construction Chemicals and Concrete Systems)2} JSCE
(Japen Society of Civil Engineers)ol| A £2dt= AJHE
n2gl2o] U3t %A H7FAE Q) V-funnel Teste}
Slump Flow Test®] T 7}#] ®-& #-&3}%tt G-class

AHIE o] 2= Ao gist 7] 2 AT Jeon et al(2012)0]
ofsl| QLA 2 AFoA= o]E HIF SR £ T
ohefet S/AHE vlo] gt JkS HESHICE 1L
F7HC R f54 FHE g8 s AQATIAY
iR A e 2 R Yst= AlRtel|l 315 sty 9
3 AHE FA7HA| &5 s £59 -3-1A A A|(Retarder,

Halliburton Energy Services)E 7] 40SF wjjg]o] 3
7¥sto] SIAAAAIHE HE 0.005914 0.0257}4]
ZAAN7IEA S5 ARE uhE Sasierh

2.2 V-Funnel Test

V-funnel Test= 12L2] A|HIE R ZELZE Fig. 2a9]

(b) Slump flow ring

Fig. 2. Schematics of V-funnel and Slump flow ring

Table 1. Mixture design of 40SF by mass

Mix type Cement Silica flour Water Bentonite Dispersant
40SF 1 0.4 0.55 0.034 0.012
g UEE AHES 28t G-class AIHE E4 I 28 232 31



V-Funnelo] 931 A& AMRLE
Tl A A=} °iﬂ?<l SRS
1027t 7|1tk &, S5 7St
HE DZEl27) g SEEER 8}0:] Z=2Eg27}
BE wAUHs A 7S5k AE S

Ao g AYPEch A|do|| AFRE ARE= E}H F= 8lgt
%] AfE REe2 R B o)F 10
HF 63] Ade AAISHA:. V-funnel of= %‘ S Al

E mEazo) npEe A2y 98 AR A% A
of o}=E Eof Aol BS wmatT, ofaY Fo| 4
9, $AEE Wdl 45 /ST V-funnel Testof]
oI5t 754 H7l= 4 ()9 R, (Relative Funnel Speed
of Mortar)7}2 F3f #esich

R, =10/t, t(sec): funnelS& YA &= (1)

2.3 Slump Flow Test

Slump Flow Test+= V-funnel Test?} 2] AJHE H=2
sh=o) YUg $54L W] 98 AR
Slump Flow Test= Fig. 2b2] 100mm Z]73 9] 357
AHgstol, B ofa U glo] el o] me
S Ae 9e 2oET 108 A0 B A3
s0%o] ATke kA 108 Ao R e rxor 5
of £¥ AWE martEs) ofad e 97 Ei
SHIBOR HAG A A4 A 498 AL
w2} 7] =35kc) Slump Flow Testo] 93t G54 Hr7b=
2] (2)9] I(Relative Flow Area of Mortar)Zk —% =3

T,

i

=(d\dy—d3)/d} )

A7, dy dyls AME BEEEIL ZEYE % 2%
AZm)ol 3, dyl= FEFO A Amelt

24 M

9

2t

24.1 B/AHE 8] 27 $EA 7}

40SF vigHH]ol|A] E/AIWE H] 0.55, 0.6, 0.7, 0.89]
3t G-class A|HIE HZ2E}Z2 2] V-Funnel Test A7}
(R, %)= y=0] Slump Flow Test S ZHILaD= x=0l
A5} tHFig. 3).
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Groutability Test Result
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Fig. 3. Groutability of cement slurry with various w/c ratios

5/ AF A, SAME v7F SRS Dk
R, k0] F7 ok AR Uyt shARE 312 AA|
A7VsA] o2 AdHoll Al G-class A|HIE HE2EL= 9]
HHA o g 9 WA BIhE Ik E/AHE

? = LA R, grol A9 ool 7}
Il F/AHE 8|71 0.791 Af-oll=

A

s o] R, ©] zx%;_}z]u]—
i 22 ghe Holn] AHE REER2 ik 3 3027
Bl BEE29 f-540] H43] 1h43te] G-class A
RIES} AJgtef| mhz g7t vl-p- wh2A] ZIP= 3
oF S/AHE H]7F0.8Q1 Z-9-oll= A1 274 Aol
E57] ARt 58S Holu w2 S/AME B mii
of T2 s WA XL ALE AgT 5= 9l
o 753 Geclass AJIES] 54 Fs Al oL
AAAE A7kt el A s A= oAl st
k.

242 -3 A| A A(retarder)/ A HE. B]of| 3 554
37}

40SF Hfgtulol A E/AIHE B 0.55% 1LGA]7]aL
SIXAA/AHE H] 0.005, 0.01, 0.015, 0.02, 0.0259]|
st G-class A|HE W =ZELZ 9] V-Funnel Test =47}
(R, 8= y=oll Slump Flow Test SN, 4D= x50l

T2k c(Fig. 4).

SHAAAE 71t &, Gclass A|HE Z2EZ 9]
frerdo] A AFdE] %Y SAAIAA HIpre
B2' FUAAA H7F A} vludd of U S/AHME
Hlo| A I3t} R, 0] 48] Sk Ae 2eld 4= 3l



Groutability Test Result
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Fig. 4. Groutability of cement slurry with various retarder/cement
ratios
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7Fs Al Aol Fdll A2E= doll ofsf Al 2
of Wsks AT w2 Al A2 4 U=A
o5 Ts] sl TR 0] 22 AEolA
O AlHIES] Fe WAl sl Ao Ha=
£21(100C)oll A o] /g Ay Aska= 220004 Al
HIE oY HARS 918f A=221C)olA 9] 58S ot
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Table 2. Uniaxial compressive strength and Young’s modulus of cement

w/c ratio 0.55 0.6 0.7 0.8
Curing method dry™! water™ dry water dry water dry water
E (Mpa) 6224 26216 6379 15183 6087 15387 5056 10280
qu (Mpa) 23.04 28.97 19.50 26.23 16.92 21.47 14.56 20.10
1. Cured at 100°C in dry condition for 28 days
"2 Cured at 210C in water for 28 days
AR Geclass AIHIEZ} 2|4 ARl 285 u) A7) QM- 500
FRAZHANA ] AFE FEsH &5t = o F ]
O s o
o} & A-toll A BT S/AIRIE BI7} olalag = =]
t}

oAl ARe EOM S/AHE W] 0.5 9+ 0.6
O

82l 735 =/ AHIE ¥ 0554 E]'HZ]]—,—EI:]- 0. 4 e}
dAG= grol 238]9 ot 37]] uﬂ:,M: ATFS B}

0.55, 0.62] BAIG=eFe 2to)7} 4] ¢F7] wiZef W
ol e mgker A Al A oA et
fnk ASAEBEY A9, 712
and Berndt, 2000)0]| 4] A|A]3t 40SFuljgtH]|of st &

27} 38.94+4. 2Mpa X} v|n % ZHA A= 9 =g)
l% golgt AdedxollA 7]lske Aer e

F-3(Philippacopoulos

O]i

Philippacopoulos and Berndt(2000)= 52°Col|A] 28Y=
oF 39k AJ7] % 200C 204 AZGZ=ATS
3lislo] B B0 ol o Wl QEOLEAIY QR

sy 2

A} chzc Eak gARe] o) 2] uEo
% AWATE ygos mzelzl ofgth $4H
AAH MY AR AHE FAH] A%
T A 6.9MPa o|Ato] QL= tHAristodimos et al.,
2002). whebA], & =Fo| A 4=3%k G-class A|HIE gk

Al E/AHE H] 0.55~08 itoll A= & dSUSA
£ Qg FEH FAZ 4% 24071 glokn was
o ST Aol Fu Lw A4, ek
off waka] 0.7 olite] & BANLE Mol HE 72
wAZE e 247 Qe Ao® ALRE:

(A S

.|_,

Py
o

=
2
S|

AR AR Aol AR AMY A= d
w5t f«-ars] stoh A $EAE Bolt 3
]_ =77

FEIHNA R (ARH=E &

rb
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Constant-temperature
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Fig. 6. Thermal conductivity measurement system (Lee, 2012)

Ale) Aol @
hpHoz 2 49, neel Adat Are
FEEE TPollA] A& oJR o] T AlEo] U
Aago] ke 4 vk IeEE AHE =] 4
Sl Qo] AE v TejsjoR Fa3 ol

H o] A= Kyoto Electronicsol|A] Az QTM-500%+

HlE o5 Geclass AJHIE AjTS] AT RS 24515
o} GAEE =48 A|g= AFE otof 50mmx100mmx
somm 202 AAe, AAHe AHEE 24
HAT = Fig. 67 Zth QTM-500 &% 7|+= v|ZA &
X1 (Transient Hot Wire Method)& A-25}11 &% T2
B A AN BHY LEME &
Pash A4 o] By 2k olgatel 4 ()% F

s A|HO dAEEE Aot (Takegoshi et al., 1982).

RPIn(t,/t,)
= Kﬁ— 3

A1 (3)0ll 4] K} Hi= AllA _‘—ZEEQJ HAZIO R o
= S47] Wil dgH gholx bz
gA ol ool Aot x4]7]7\161.(Qcm)J4.
HEHA), 1,7 1, QAlo] AR B2 F el AZKE)
olt] 7,7} 7, olufo] FAe] 2=(C)7} Hrk A=A
3 Eoll AlHIE AJH % FAIA7] & AAHEE A A
Lee(2012)7} A|otst HIHS 2 835lo] A|H Lx = &

A (RN
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0.6, 07, 0.8)0] e AAEE 25 Sysock 7}
zAo AHEES 33| ZAIL o2 Hste]
AHEE o AAlstrh

42 A
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Predetermined Temperature
20

I 50
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Fig. 7. Thermal conductivity of cured cement specimen
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et Goclass AlHE AR SHEES AW 2wz
of wet Fig. 70l vebith

HHee Ag A}, AlE 2= 20T} 50C 2% &/
AHIE H]7} moldas dHErs Wolx= AFS
H At} E3F Santoyo et al.(2001)0] AQFSt G-class A]
HES] dHEE 7l 0.5~0.7W/m-K3} GAFSE HOlE
sgle. iAo BANE H7h e e AR
Fezo] th B AL elujslun AWEE}
Ael7) Hlek B3 GAEE 2L} Rolles
AAEEE YA H7}lE=d|(Hans-Dieter and Rudiger,
2003; Vosteen and Schellschmidt, 2003) & A-2] G-class
AHIEE FA3E A3k HAr: He A7 ZRke) J4

TET} 1~2.5Wm-KAE Q)L 7Hokst wj(IGSHPA, 2000),

Rl

olN

SR PSE-TRF Qlo], A gAL I 2 A G-class
AHIES] A3 de ofmeith

5. Free fluid &%

510 A

il

He o

A|BAol AHE HEE2E 0%k 5o free fluid

(b) Overview of consistometer

Fig. 8. Schematics of consistometer

g

i

8 NUEZE A8 G-class AIME S& EIH0l

[
2
e
J

35



7b dtefsto] AJHEof E2]d(bleeding)o] HAYSHH 73
SEgol A FUs mEEtEsl FUsH FAER 9
rt B3], Alulso] WASA B g ¥ 31
oNAE Lol o7t F7] WA= Adg e =Futy]
2 of7|& 4= glo] A gA O] AALo] u 7FASH
EthRoni et al., 2004). T}e}A free fluid FHo-&-2 24
OHAAd ZHof 0101A1 ]9 293t Wy} 2ol 95

et mshE AEgso] BAWE b7t 242 A
3 AMLES) el Solei, S vt 2
free fluid7} Wol gH-3-2 = YO HZ AWE Hjg Alof
e BAUE vE A galo Tk

H JLof| A= API(American Petroleum Institute) specifi-
cation 10AC]| 4] A|Fet AFHLHO R free fluid A
Z12Y3FTHAPI, 2009). AHIE vigh 5 142 Qhof] A&
£ Zehaao] gobsl wR7|E o]&af 2027k wRket

j@ TTO] ZHPS}X] A E}/\EL U5 L 247

o=
© =2 G-class A qﬂEJ free fluid A& Z3P3}%ch

WHE7|= Fig. 89} o] Al&bstgl o free fluid T7-&
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