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Earth Coll Type: Horizontal - Single Layer
Water Flow: Series

Typical Pipe Size: 1 1/2 to 2 inches
Nominal Length: 350 to 500 feet/ton
Burial Depth: 4 to 6 teet

Horizontal—Series Flow

Q

Earth Coll Type: Vertical - Single U-Bend

Water Flow: Series

Pipe Sizes: 1, 1172, & 2 inches
Bore Length: 165 to 200 fest/ton
Pipe Length: 230 to 400 feet/ton

Vertical—Series Flow
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Earth Coii Tybe: Horizontal — Four—-Layer

Water Flow: Paralfe!
Typical Pipe Size: Parallel loops 3/4 to 1 inch;
headers 1 1/2 to 2 Inches

Burial Depth: 6 feet, 12-inch spacing

Horizontal—Parallel Flow

Vertical - Single UJ-Bend
Paraliel

3/4— or 1~inch loops, 1'1/2—
or 2-inch headers

175 to 225 teet/ton
350 to 450 feet/ton

Earth Coil Type:
Water Flow:
Pipe Sizes:

Bore Lengths:
Pipe Lengths:

Vertical—Paralle| Flow
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AT = Average Temperature Difference
A = Constant
Q = Heat Transfer Rate

| In-sifu Test System Schematic |

in— Ground heat exchanges in place (Grouted)
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L = Borehole Depth
slope = Ave. Loop Temperature vs Time
(Semi-log)
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Location

ltems Site(Gwangju)
Borehole .Depth [m] 215
Diameter[mm] 152
material Bentonite+Silica— Sand
Grouting "
Solids[%] 24
Type " Single U-tube
Ground heat Material High—density Polyethylene
exchanger Pipe size[mm] 30
Thermal conductivity[W/m C] 0.42
Circulating fluid Water
Power injection{w] 2,560
Test duration time[hr] 40
Slope 0.3318
Thermal Conductivity Value[W/mC] 2.86
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<H 8> SDR-11 HDPE Pipe Resistences

_ Configuration | By 8
AEEZH) 20.10 —.9447
B(EE2H) 17.44 —0.6052
C(H22HH) 21.91 —0.3796

Comparison of Borehole Heat Transfer for Five Grout and Pipe
Configurations
O State ty T&F Buildil

g Loop Field

2% Bentonlte Growt and Standard
29 | Pipe — »

27% Bentonite Grout and Spacer
7 Clips on Pipe (3.05 meters interval)

N
=~

25 { 27% Bentonite Grout and Spacer
Clips on Pipe (1.52 meters interval)

Themally Enhanced Grout and
Standard Pipe Installation

Thermally Enhanced Grout and Spacer
Clips on Pipe (1.52 meters interval)

Loop Temperature, °C
N
(%

1 10 100 1000 10000

Time, minutes
[1% 10] J22E SR} Y| [O|Z k0| npE
HO{E grgg bl

Nominial |Out. Diameter | In. Diameter R, Ry
Size finch) {inch)  {(hr-ft-"F/Btu)|(hr-ft~"F/Btu)
3/4 1.050 0.860 0.141 0.0705
1 1.315 1.077 0.141 0.0705
-1/4 1.660 1.358 0.141 0.0705
1=1/2 1.900 1.554 0.141 0.0705
2 2.375 1.943 0.141 0.0705

<E 9> Bentonite Products [IGSHPA]

Percent

Product Company Solids
BH Grout Black Hills Bentonite 30%
Benseal/EZ Mud | Baroid Industrial Orilling Products 15%
Benseal/Aquagrout| Baroid Industrial Drilling Products | 23%
Aquaguard Grout | Baroid Industrial Drilling Products | 30%
Quick—Grout Baroid Industrial Drilling Products | 20%
Enviroplug Grout Wyo—8en, inc. 30%
Grout—Well Wyo—Ben, Inc. 18%
Volclay Grout | Colloid Environmental Technologies Co. | 20%

PureGold Grout | Colloid Environmental Technologies Co. -
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H 100 sto] AHF ot AA| T2k 28 %71 AA —‘?— FFH oz AF dwdr]e] AA
3 2a]o e AR YPT & 9 & v AQ du¥7] AF AAZZ 3% (Ground
A 2o 133 Ak ek 25 ~ 50% 2 Loop Design, GLHE/Pro)& AHg8}o] A3 gt}
AFE - Z 2 734 In-Situ Thermal Conductivity
<E 10> JARE &2i2] 228 Aht CE 11> ZE J8REQ BMXI[1Z 71Z-5X: IGSHPA]
o = i b Solids|  Grout | Thermal Conductivity|Permeabilityi
LEH%@%EM%H&ﬁ& Product | gz Volumelgal)] _ (Btw/hr-ft-F) femfs) |
(NE2HE B =____ Iml Aquaguard | 30 16.8 0.43 1x10°®
(2 X3 9neD| WOIZY MAD,) = [m] Aquagrout | 22.7 23.2 0.43 8x10®
(3) 201 Ul KIS ZmE| TOIZ K (N) = Begﬁagﬁz (i o > :g
_ rout . . x10°®
DOIE N = = Uit o N =
(B2 URR T0IZ N =2, 013 UKI2 T0I N = 4 e T30 1 765 o 107
(4) 01 XIN : Vi = 0.0408(0F — NDso) Grout—Well | 18 | 30.7 0.41 X107
= [liter/m Pure—gold | 30 16.9 0.44 2x10°®
o OIS O TS X H0IS HE HA Volclay Grout| 20 27.0 0.41 3x107
MEUHE 20l = [ml
(2) 2018 Ha=(Ny) = <HE 12> J2IRE FYnjo|= 37|of uf2 12I2E £2{8
AO
(3) Y POIE IRV = V; X L= liter/oore] oIS+
(4) T 2UHEMBWV) = X L X Ny = lliter] _ J2IPE HOIZ Wlnch) | J2IRE I3RS /min) |
3. Jei9E 222l 228 WY L LA1ss
(1) k22 S5 L HEA ) 1-1/4 30.3~75.7
(2) J2RE é’a‘lal YRANEY = &x) [liter/bag] ) 75.7~189.3
E 1D Y XS w7 84 g3 9 gt W
HOHE
20HE XY 4~6inch]
20E 20l 50~300[m]
B0E 0122 4~6[m]
NEES |
eSS 15£5 ()
B gEEE 2.0~3.5[W/m<]
HEM%esri) .
=8 aH EF g S+HEE, S+HES, SHHEHZCS, E+E20=2e2
8 78 100pm/RT]
= nE D R {0 B
oIz ES 04 EC|HIE:
OH0I= &Y 3/4~1-1/4linch]
HI0|Z L 23| K8 HE 25
R, EPEEEE
20E L T10j= 2t 0| AN =24, 28, 20014
JoRE
SFoE Tia HIELI0IE, MEL0/E+ A2IHIE
JCRE QAR 0.66~2.0[W/m]
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