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Abstract

The construction industry in Korea is being advance more than ever
demanding a durable, lightweight, multipurpose and at the same time
specialized and products while keeping the cost at a minimum range.
Excavation and underground tunneling works in large cities are becoming
major tasks to meet the evergrowing population demand of convenient
infrastructure. In this study, industrial by products like pondash and mine
tailing where used to investigate the mixing characteristics and the thermal
conductivity of CLSM. In addition, a raw, microwaved and microwaved
plus magnetic separated mine tailings were used to evaluate the
performance. However, pretreatment of mine tailings does not affect the

flowability, settlement and strength of the CLSM, significantly.

On the other hand, the standard settled by ACI 229R standard indicates
that the flowability should be above 200 mm and the settlement being
less than 1 % by volume of the mix. In addition, the standard
recommends the strength to be in between 0.3 MPa or more and 2.1 MPa
or less. Furthermore, the use of mine tailing by blending minimizes the
effect on the environmental and also satisfies the environmental impact
criteria based on the TCLP test. However, while using pond ash it is
difficult to achieve the environment impact criteria. This might affect the
pH of the ground water through time, but since the geothermal system
itself does not use CLSM in large quantities the amount of CLSM itself
is about 1/3 to 1/4 that of the total concrete so the long term pH

disturbance problem is less dangerous than mortar grouts.
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As a result of designing based on the thermal conductivity, the required
pipe length is reduced compared to conventional bentonite-silica grout and
the depth of perforation is reduced. Therefore, considering the same level
of thermal efficiency, it is expected that the construction cost to be
reduced by at least 20 % from the existing bentonite-silica grout by at

least 9 %.
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Collection @ chosun

o 3-1. 20/2 ststd 24 42
Loss of
Sample Si0; Alx03 Fez03 Ca0 MgO MnO Naz0 K20 TiO2 | P0Os | ignition
(Lol)
Sun-shin
tailing at
79.53 | 9.52 3.22 | 0.16 | 0.64 | 0.51 0.72 | 3.24 | 0.52 | 0.06 2.46
raw state
(SSR)
Sun-shin
tailing
micro 80.60 | 9.33 3.99 | 0.15| 0.66 | 0.42 | 0.64 | 3.57 | 0.60 | 0.05 0.15
waved
(SSM)
Sang-dong
tailing
. 59.60 | 8.57 11.59 | 0.49 | 1.83 | 10.94 | 0.09 | 1.53 | 0.62 | 0.27 <1
(Finer and
coarser)
Pond ash 62.53 | 20.91 8.70 | 1.80 | 0.69 | 0.09 | 0.39 | 1.44 | 1.26 - 1.85
= 32 Z0/19 =22 §4
Sun-shin Sun-shin Fine Coarser Nat
atur
. tailing at tailing Sang—-dong Sang—dong Pond
Properties ) . o al
raw state microwaved tailing tailing ash
sand
(SSR) (SSM) (FSD) (CSD)
Specific
) 2.62 2.48 2.60 2.60 2.15 2.60
gravity
Water
. - - - - 4.65 0.83
absorption (%)
Fineness
- - - - 3.48 2.60
modulus (F.M.)
D10 (pm) 1.8 1.8 11.0 81.2 110 150
D50 (pm) 5.6 4.4 30.6 128.6 1060 710
D90 (um) 43.67 13.0 52.0 205.4 5200 2500
- 21 -




H 33 2012 === &=
Sample As Cd Cu Pb Zn Fe
Sun-shin tailing
282.4 N.D 75.24 195.90 78.82 325441
at raw state(SSR)
Sun-shin tailing
. 0.84 N.D. 70.11 190.48 70.11 335221
microwaved (SSM)
Sang-dong tailing
. 225.4 13.5 N.D 11.5 93.5 3154
(Fine and coarse)
Cement 1.18 0.12 3.15 6.11 N.D 35.19
Pond ash 335.11 1.45 90.74 191.89 N.M N.M
¢ N.D.: Not detected; N.M.: Not measured
100 ——
o [ ueipnlingl gr, fio i didii b S
(raw) /| ./
_ /:/' ' Sang-dong /'
= YO g Tons L
é, 75 ;(Sl:lll/lws)hlll tailing / coarsg tailings Natural
. \ / \ sand .~ | /
5] [ . :
= / ; bY v
S / :
5] o BT A% GLE NI, A W 9N LN SN, L St S oL TSNS PN S SN LI B
% 50 ] S
= Ceme [ i,
= (Type D) / 7
£ /? Sang-dong | Pond ash _:;"/
525 )/ finé titings | \,/
'/ /;\ =
| D10 [moierteommieod B v i T B R AR
O - LEIE I“ T - T
1 10 100 1.000 10.000

Collection @ chosun

Particle size (um)

8 3-1. ME X 30|
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4000

.............. Sun-shin Q: Quartz (Si0,)
tailin B: Biotite (K(Mg,Fe);AlSi;0,,(OH),)
— 3000 - g M: Muscovite (KAL(AISi;0,,)(F,0H),
z Ar: Arsenopyrite (FeAsS)
g
g
z 2000 -
172}
=
2 o
= 1000 - o
% o o - ;
0 T m-‘lkm:,hl T T T Pt | LI I;\I
0 10 20 30 50 60 70
20(dig.)
400
— Pond ash Q: Quartz (Si0,)
Mu: Mullite (3A1,05-2Si0,)
2 300 -
=
=
g
z 200 -
172}
=
2
= 100 -
0 T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70
20(dig.)
8 3-2. 20|12 HE0HAISl XRD AHES

Collection @ chosun

(reproduced from Kim, 2015 and Kim et al., 2016)
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H 34 8xicl SEOl Uit e

Mix proportion (wt. ratio)
Mixture name Materials
Water Powder Cement
MR-C10 ) o 0.6 1 0.1
Mine tailing
MR—C20 0.6 1 0.2
(Raw)
MR-C30 0.6 1 0.3
MM-C10 ) o 0.6 1 0.1
Minetailing
MM-C20 ) 0.6 1 0.2
(Microwaved)
MM-C30 0.6 1 0.3
MMM-C10 Minetailing 0.6 1 0.1
MMN-C20 (Microwaved 0.6 1 0.2
+magnet icsepara
MMM-C30 0.6 1 0.3
ted)

H 35 =g & SF0 U2 sietl

Mix proportion (wt. ratio)

i Pond
Mixture name Water Tailing Cement Sand ash w/e
S1 0.97 1 0.2 1 0 4.85
S2 1.1 1 0.2 2 0 5.5
S0.5P0.5 0.95 1 0.2 0.5 0.5 4.75
S1P1 1.19 1 0.2 1 1 5.95
P1 0.91 1 0.2 0 1 4.55
P2 1.01 1 0.2 0 2 5.05
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Lt. B1& AI&(EZ A&, Leaching test)

2 HoIRUCEL HHMH HEZFI|YO! Toxicity Characteristic

Leaching Procedure (TCLP) &&2& 4 JIXl E3=%(As, Cu, Cd, Ph)2 HEHS It

ol ol +=8GIUCH TIS22 UIL2t=0| Tank leaching testS SEFH ASOZ As
HeH

A
o ME HES=S S4dstob)| Rlol =oALt &8 2E=2 &M NHAEHUHA Satet

AN 2ol CLSMO|l 2MTIAS HHE DHotH 24 AIEHS =HIotUCH 2X &
= BHES 3+l mm 37|2 Z2tAE HEC|l & Al(plastic Petrie dish)0l 2=Ct 91
2 = HES AWM Z3tel HE2 10 mm x 10 mm AOIEZ EBEHGHH 24
CIX %E A2 AESIRULEL 0l OAIL(Disk mil)2 0lZo 2Z0l 100 w2
Ct O &A =245t 2ME AI2E 2AUACHL FE U2 M I TOE =19
pH(pH 2, 4, 7)8t2 2 HIZOIRUCE E2HO| pHE SZ=0 H2S04 L NaOHE AHS ot
O ZEGIAULE Al2= 30 me E2SEAU0 FXEL 52 2222 | ml EXE =
Z5t = AASE MEdH HIAS == =FHOIRULL SA0 S= SN2 pH HIE
ZHOIY LD, EMEX L2 AIEHY EME AlHS & HlA sE= g ZHE Sl
ZHOICE 012 22 A2 &0, AIHE, QeHE Z&s A= ol HIA & 523
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i 4-2. CLSM HIE =4

ool X itel (kg/m®) =R
e cc oA
ocg =2 Hl
Jeted S5 =} Lole A®E | sand | Z0l | Pond ash | (Wm | (USD/m?)
K)

HIELIO|
E-FA 925 193 0 462 0.9 67,140

JIEME aeeE

(#2= | X+
327 6 582 1261 2.3 70,679

DAIDIE) DaE2

oo

356 0 668 1122 2.5 72,540

DaE2
St 532 0 110 549 549 0 1.50 24,690
S2 479 0 85 856 428 0 1.57 27,775
e e S0.5P0.5 511 0 108 269 538 269 1.29 21,502
=A== S1P1 468 0 79 393 393 393 1.37 21,632
P1 485 0 106 0 532 532 1.08 18,637
p2 408 0 81 0 404 807 1.14 18,160

a) Cost of materials (including ransportation fee): Bentonite - 300 USD/kg,
cement - 75 USD/kg, (quartz) sand - 20 USD/kg, pond ash/tailing - 10
USD/kg

b) 1 USD = 1,000 KRW

c) Swelling index of bentonite: 10 ml/ 2 g
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H 43 S sS4 AEHO HE S5t
=ES =gy
2 £ 25t | D3assl £ 2ot | D36
(KWh) (kW) (kWh) (kW)
12 0 0 20,422 -
2 0 0 15,720 192
32 0 0 16,014 159
48 1,062 0 2,271 155
5& 12,782 0 0 -
6 15,494 0 0 -
72 25,602 0 0 -
8 21,818 0 0 -
9E 14,475 0 0 -
108 383 0 2,096 -
= 0 0 16,465 -
128 0 0 19,418 289
Al 449,480 159.7 193,076 121
H 44 SEHH S AIEEHO XNEE &I EH Hae
Part Input data Value
Ethanol 20 %
Fluid Specific Heat(kJ/K*kg) 4.044
Density(kg/m?) 939.6
Heat COP(Heat ing/Cool ing) 4.4/ 4.0
Unit inlet(Heating/Cooling) 30.0 / 5.0
pump Flow rate 9.7 (L/min) / 3.5 kW
Ground temperature (TC) 14.2
Soi | Thermal conductivity (W/mK) 2.58
Thermaldiffusivity(m?/d) 0.070
Pipe | Size(outer/inner diameter) (mm) 42.2 | 34.5
U-tube Single
GHE Placement . Average
Borehole separation(m) 5.0
Configuration 17x1
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Ch. SECETAS (SEEX OIMAUT Al IHEAIHXF) €H XA

UWEAZAl SHSE S0=HX0 S0HE SETEA22 2014
HIE 220 201682 SHZ ASHU2L O =220t &K

300 9441 22| 2XI0 XISt 1 & K& 4 32 AHA 18 1000 m* 2

£ =l S0l 2 d22 dA=F2 UKl 28 158, sMA= 22+
S= ddotd XZ0UX ZAHDF MAYACH 2AHO0 AISE A=
ANsEg WeEtEX £ s US H 452 &2 400t 20

8 45 S8 2 HEE

(http://www.goodmorningcc.com/news/article View.html?idxno=15886)

i
=
Hi

0

O

W -

b2

Hd

on 4

il

e
YO O X Ofh mx

ne
!
ol

_51_

Collection @ chosun



I 45 SYHTEHTZ A2 HE Z201
= et
= E 25t Iasst = 2ol MEE
(KWh) (kW) (kWh) (kW)
12 - - 52,035 240
28 - - 40,738 192
3 - - 32,179 159
48 - - 11,639 155
58 25,567 310 - -
68 84,948 604 - -
78 127,009 748 - -
8 127,834 825 - -
9E 70,102 529 - -
108 14,020 238 - -
e - - 14,720 192
128 - - 41,765 289
2l 449,480 193,076
H 46 SHTET N2 XEE WSHEX AN He
Part Input data Value
Ethanol 16.50 %
Fluid Specific Heat(kJ/K*kg) 4.228
Density(kg/m?) 969. 1
Heat COP(Heat ing/Cool ing) 4.1/ 41
Unit inlet(Heating/Cooling) 30.0 / 5.0
bump Flow rate 14.7(L/min)/3.5kW
Ground temperature (C) 15.5
Soi Thermal conductivity (W/mK) 2.72
Thermaldiffusivity(m?/d) 0.038
Pipe | Size(outer/inner diameter) (mm) 42.2 | 34.5
U-tube Single
GHE Placement Average
Borehole separation(m) 5.5
Configuration 13x10
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(Oh CLsM?2| g+&0l [HE 2d8k::

HIELIOIE-HAL JI2tRE FAI 0|2 SLoti Sefs 2282, Y Dl JIE
Jle 2tel €88 X0l= 8lth

(Lh CLsMe| && H&

J20 et 22280l 2%otHl TIXl @20+ WOIZet CLSM A0l £2 201 2
SO CLSM ALOI0I 2t=0] 2oty 2ue 20| ¥S = ULL dedLt =34
g JIZE JI= HEUOIE-#AI J2tREJ O 2RI =20 Olefst fIgdE JIE
Jl=0l O =0 (HotZ¥2 1 % 0Iol0I22 Hl=g Fotoll st We @2 10
otXl &=Ch)

(Ch HEN 28t CLSM &4t

SEI| ¥ StED|INl= Z<0 et M=ot SHE S oA D=0 &I UEoHA
3% TMMELZ == WS BI=06t0 CLSM2 2 E0| &g &= UCL oHKIgH =
ME0A CLSM2 1 MPa Olote] Z&2 & UM & =E22 ML) 2EE
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1.00

0.95 mCase 1

~0.90 m Case 2

ratio

E 0.85
3
S 0.80 -

0.75 -

Relative

0.70 -
0.65 -

0.60 -
S1 S2 S0.5P0.5 SIPI P1 P2 Bent. Grout

18 4-6. CLSM= 0|Egt NSE B AAES dUR AHE HIES
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12Y omol=& O2RE &3 ool = JeteE =
J2RE MaE SHEE
2 0l(m) Ol(m) 21/ (m*) BIZ($) BlE ($) HIE($ ($)
Case 1: S SAMAEE
St 1.50 140.0 280.0 2.08 6,300 140 36 6,476
S2 1.57 137.9 275.8 2.05 6,206 137.9 43 6,387
S0.5P0.5 1.29 147 .8 295.6 2.20 6,651 147 .8 32 6,831
S1P1 1.37 144.6 289.2 2.15 6,507 144.6 34 6,686
P1 1.08 158.7 317.4 2.36 7,142 158.7 28 7,328
P2 1.14 155.2 310.4 2.31 6,984 155.2 29 7,169
1= e 0.90 172.0 344.0 2.56 7,740 172 154 8,066
HELIOIE-HAI JI2tRE
Case 2: 55 T M2
St 1.50 113 226 1.68 5,076 112.80 29 5,218
S2 1.57 111 222 1.65 4,995 111.00 35 5,141
S0.5P0.5 1.29 119 238 1.77 5,360 119.10 25.7 5,504
S1P1 1.37 116 233 1.73 5,238 116.40 27.6 5,382
P1 1.08 128 256 1.90 5,756 127.90 22.8 5,906
P2 1.14 125 250 1.86 5,625 125.00 23.6 5,774
1= e 0.90 139 277 2.06 6,242 138.70 124.5 6,505
HELIOIE-HAI JI2tRE
a) 2E0HE A& 15 cm, IO E A& 422 cm b) & SHl: 45 USD/m ¢) WOIZ Jt=A: 0.5 USD/m D
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H 2Z& Test-bed Al2 IE

20172 78 31LRH F 7THe =SS A5 MAOIRUCE Spiral 2L HL0|
= A& 30 cm, ¥SETE 26 mE JIE2Z oL, AL R0 AF
15 cm, 8B4 T=E 42 mE JIELZE 5= JHIRULE 42 m 20K @SS
ZigolAE M tadts O2XH XNot=?fls LAX EATL &3 = AH 0l
g2, det8eZE= MAHE ottt 2 A70AE HMHE otk EUAUL 2= =H
20l CHo AHIOIAS MAMGHK £gALC= 45 EIH= MO A0, AHOIA
o THEOl =<1 el "o SH8E=CI 3I| 20 &sBild=s 2fte 23
HOol B0l =Y X222 o&totALH

ME 25 = Spiral DYE Y Ao =XF
K=ol 2o, 2010 et Spiral 2L EEH2
H20 2% AMIJCH #=&E Spiral 2L
2 A X|oHCE
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H 51 XNs Swe)| 898 85 ot 20
EnESIREEREENES] S EmEE=]
W5 ot =] s (W)

1 U 20 2¢ C SM(1.57 W/mK) 1194.4
2 U HEOHAl & CLSM(1.43 W/mK) 1204.7
3 U HIELIOIE &¢ CLSM(0.9 W/mK) 1197
4 =&y U A &2 CLSM(-) 1155.9
5 Spiral HIELIOIE &¢ CLSM(0.9 W/mK) 1148.9
6 Spiral HEOHAl & CLSM(1.43 W/mK) 1178.8
7 Spiral 20l & CLSM(1.57 W/mK) 1923.3
8 Spiral Xt & CLSM(5 cm) 439.79
9 +=EHd Spiral AKX &2 CLSM(60 cm) 188.04
10 Spiral 20| &2 CLSM(60 cm) 241.55
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