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Evaluation of a Ground Heat Exchanger Appropriate for the Site of the
Third Stage Construction of Incheon Intemational Airport
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Abstract

In the present study, a ground heat exchanger was installed for each heat source in the system at the site to evaluate
ground heat conductivity, constructability, and economic feasibility; the factors considered in the study included ground
heat, groundwater, fillers (such as bentonite and pea pebbles) and the shape of the heat exchange pipe (e.g., U and
D-U). The aim was to determine the ground heat exchanger appropriate for the geothermal system in the 3rd-phase
construction of Incheon International Airport. A comparative cost analysis of the initial costs based on the above
information showed that although the initial costs of the regular vertical closed loop-II and modified vertical closed
loop were lower than those of the regular vertical closed loop-I, they could not be expected to deliver high economic
efficiency from the viewpoint of constructability (filler injection, heat exchange pipe insertion). The initial costs proved

to be higher in the case of Geohil
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182 zol7] 9af single U Amsluolms £ 7 3 $H|O) L3P uhet WeAY Ao TR
AYJS Double U @ QN g, Qutalds] 8 5 QLo et al, 2009). FollA] 72 o] gl 5
B-19] A2AHE NEUC|E il SAER 283 7Y AU G2 A5 2o] 150~250mef| H2)H Aur|E
FrA U g 3 SCW(standing column well)of] 25 ol Quet FAS =8AA Fe wsHA Hrh(Lee,
5 e TN B(eeohiD e ATATIL A5 2009). FAUIAG AF] Hel SO I3 single
AAEES St Beh AR B S8l UFo] 71 wol MEEI gloy, A BolFo single
AlE Al 8 AR W8-S 2PsklaL, A s 9] 9 Ug< 271 Adshe D-UAE dughr]7) dalghsol
Table 1. Factors affecting the performance of GHE
Classification Factors Remark
Method of thermal exchange Heat source (ground, ground—water, etc.), Shape of pipe Type of GHE
Ground thermal conductivity Soil characteristic, Ground—water characteristics (level, amount, etc.)
Thermal conductivity of grouting material Material (bentonite, aggregate, cement, etc.)
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Table 2. Features of various design programs for GHE
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Program Developed Analysis Solution Type of GHE/Borehole
GLD Gaia Geothermal, USA Kavarjaughs design method, Vertical Closed—Loop (U, W type)
Cylindrical source model
EED Lund University, Sweden G—function Vertical Closed—Loop

(U, W, 3U type)

Energy Information Service,
GchpCalc o

Kavanaugh’s design method,

Vertical Closed—Loop (U, W type)

USA Cylindrical source model
. Vertical Closed—Loop
GLHEPRO IGSHPA, USA G—function (U, W type, Concentric tube)
PILESIM2 SUPSI, Switzerland Trnsys, Numerical analysis Energy File

(U~5U type, Concentric tube)

Experimental Construction

»

Fig. 2. Location of Experimental Construction
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(b) Modified Vertical closed loop
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(c) Vertical closed loop - I

Fig. 3. Cross Section of each GHE

(c) Installation of GHE pipe and grouting (geohll)

(d) Grout material (native gravel)

Fig. 4. Construction of each GHE system
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Fig. 5. Measure the thermal conductivity of grout material

Table 3. Ground Thermal Conductivity Measurement of each GHE

Designation Vertical closed Modified vertical Vertical closed loop Geohil
¢ loop — | (U) closed loop (U) — Il (D—-V) (Concentric tube)
Grout material Bentonite+Silica Sand Native Gravel Bentonite+Silica Sand Native Gravel
Initial temperature
of ground () 16.5 16.5 16.5 20.5
Borehole depth (m) 205 200 200 428
Average input power (W) 13,007 11,148 14,469 109,169
Slope of Tmean Vs Ln (1) 2.05 1.827 2.323 6.078
Effective thermal conductivity
(K. W/m-K) 2.46 2.43 2.48 3.34

Table 4. Thermal conductivity measurements of grout material

Classification Bentonite + Silica sand

Bentonite : Silica Sand : Water = 30 : 30 : 40 Water—soaking
Thermal conductivity (W/m-k) 0.98 1.53

Native gravel

Weight ratio
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Table 5. Monthly Geothermal Load of the Target Structure
Month Cooling Heating Asduety] ¥ Z2 34 ZAul= Table 73+ 2
on . = —
Total (kWh) | Peak (kW) |Total (kWh) | Peak (W) o} Hol& Zlo] 200m 7|08 A UH P - I
1 0 0 1,427,281 4,406 9 HolE 2 oubsxu#F-I(Single U, WELO]
. - - o E) 472 3, A=A Usl @ (Single U, FA12) 456 3,
; - - e AV G-1(D-U, MEL|E) 444 FO.2 2}7]
5 | 346,611 1,828 12,520 135 AP E T AN el B9 2ol 500m 7] oF
6 551,248 2,544 7,270 101 46 3O & 4P =St
7 769,297 3,207 4,847 67 Qlukz 2 W ] &-I(Single U, HELO|E) 7%, 3o
8 909,248 4,000 5,847 67 =
S o I A A FARR AARAS A o 1630] ZoIEAUT,
’ : : Aw3ly| "o E D- HA T o) Ao ok 28 TLo
10 340,579 1,485 25,041 135 dueh] sto] 25 D-UR WASAS 3 of 28 30|
1 0 0 33.926 202 EUS & = UG w3 FELANLF S A
12 0 0 1,182,411 | 2,994 T Ao wlsl A2 HojEo] 8=l 1]
Total 3,536,510 4,452,994 u} = 1:1 \:g;‘{s_]‘ /E)H:HX_-] H]jjl_—g— %6]-]/:].‘5 -To'—tg A]—'lollﬂ]’
Table 6. The input parameters of design program
Desianation Vertical closed loop Modified vertical Vertical closed loop Geonhil
¢ -1 (U) closed loop (U) — Il (D-V) (Concentric tube)
Design program GLD GLD GLD GLHEpro V4.0
Forecasting period (yr) 20 20 20 20
Temperature limits max. EWT : 30°C, min. EWT : 5C
Shape Single U Single U Double U Concentric tube
Outer In 200.0
u
. Diameter Out 200.1
Pipe
(mm) Inner In 39.40 39.40 27.30 75.0
Out 48.31 48.31 33.40 86.0
Thermal resistance 0.060 0.060 0.041
) Bentonite ) Bentonite )
Grouting Material + Silica sand Native gravel + Silica sand Native gravel
Thermal conductivity (W/m-k) 0.98 1.52 0.98 1.52
Depth (m) 200 200 200 500
Diameter (mm) 150 150 150 250
Borehole -
Spacing (m) 5 5 5 15
Thermal resistance (m-K/W) 0.175 0.148 0.159 0.015
Type SDR11 SDR11 SDR11 Pure water
e (Ethanal 20%) (Ethanal 20%) (Ethanal 20%) (Ground Water)
Freezing point (C) -9.44 -9.44 —9.44 0.0
. Volumetric heat capacity
Fluid (/K -ka) 4.224 4.224 4.224 4173
Density (kg/m®) 969.1 969.1 969.1 998.0
Flow rate 10.4 10.4 10.4 192
((¢/m)/3.5kW) (€/m/3.5kW) (¢/m/3.5kW) (e/s)
Ground |Thermal conductivity (W/m-k) 2.46 2.43 2.48 3.34
parameter Temperature (C) 16.5 16.5 16.5 20.5
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Table 7. Comparison of design program analysis result
Vertical closed Modified vertical Vertical closed Geonhil

Designation lop — 1 (U)

closed loop (U)

loop — Il (D—U) (Concentric tube)

Grouted material Bentonite + Silica sand

Native gravel

Bentonite + Silica sand Native gravel

Heating Cooling Heating Cooling Heating Cooling
Total borehole depth (m) 22,861.92
94,227.5 70,725.5 91,004.5 67,989.2 88,771.8 66,296.9
Each borehole depth (m) 200 200 200 500
Number of borehole 472 456 444 46
Table 8. Item of economical evaluation
Classification Contents Remark

Basis for comparison

Geothermal load of the target structure

IIA 3 construction

Unit cost

Cost of GHE construction

Basis of exp. construction

Installation quantity

Estimate through analysis program

— Geothermal conductivity
— Conductivity of grout material

Construction -
Construction cost

Unit cost X Installation quantity

Initial ;
Submerged pump and environmental . )
cost Other . Basis of exp. construction
impact assessment, etc.
Equipment Heat pump, circulating pump, etc.
Facility Piping Machinery room and trench (Piping) Estimated amounts

Automatic control

Control equipment

Table 9. Price per unit heat exchanger construction

<Unit : KRW>
Designation Vertical closed loop Modified vertical Vertical closed loop Geohil
-1 (U) closed loop (U) -1l (D-V) (Concentric tube)
Construction equipment 1,200,000 1,200,000 1,200,000 3,000,000
Drilling 15,000/m X 200 15,000/m X 200 15,000/m X 200 80,000/m X 500
(Unit cost X Depth) = 3,000,000 = 3,000,000 = 3,000,000 = 40,000,000
Casing 20,000/m X 40 20,000/m X 40 20,000/m x 40 20,000/m x 40
(Unit cost X Depth) = 800,000 = 800,000 = 800,000 = 800,000
Pipe (GHE) 330,000 330,000 430,000 7,500,000
Submerged pump 1,500,000
Environmental impact assessment 3,000,000
Installation of pipe 300,000 300,000 500,000 1,200,000
Grout material 300,000 450,000 300,000 1,500,000
Grouting 200,000 200,000 200,000 1,000,000
Other 70,000 70,000 70,000 500,000
Total 6,200,000 6,350,000 6,500,000 60,000,000
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=23 6,350,0009, Pr=2LH[F-1T 6,500,000
2, geohil 60,000,000¢10] 4~ Frh. ARk=2L -1, 11,
NegAdagol 4 nfe 5d Fne] Ay s
ARgSto] FUT A Zol W AP g AFET] it
o ALt G s7FoHA Hrt. vhi
geohil2 =2 g tjn] -3 zlo] & 27 o] AHA|7]
ool HgAm| vlgo] i, Aok Y B
$SHE H|go] 27tE A Elo] vl-go] oF 108 =

Z7hs ek

[‘ {4

)

o

H

7

%

N O
N

52 SHE HH[HIE

Al F A 2H o] Adul o] gt B8 371 o]

A G ZAA o f7gste] BES A4 9] Btgls Table 10

)
m |
oo
ol
ok
rir
ag
aQ
o
=8
lo
o
N
=)
i)

P
o
H
o
5
it
o T
s
N
30,
i
(m
a1}
i{l
=)
-
i
Y,
o

4Pl o X o lo &
[ s
rr
o
r
N
o)
e
).
1

X ol

U3 v geohil] 73 2F 7,000,000 ¢ o]
o] A7rEE & 4= Uk SHAIRE geohil®] - st
2o E44E aresto] 7A Al AP Q)agt|
£ Wellgd ARl Hels AAZE BasHA =ol 1
H]

Table 10. Geothermal systems equipment costs (Except of GHE)
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<Unit : KRW>
Designation Vertical closed loop Modified vertical Vertical closed loop Geohil
-1 (U closed loop (U) -1l (D-V) (Concentric tube)

Installation of equipment 1,400,000,000 1,400,000,000 1,400,000,000 2,000,000,000
Piping of machinery room 800,000,000 780,000,000 750,000,000 1,013,000,000
Trench (Piping) 1,600,000,000 1,570,000,000 1,490,000,000 720,000,000
Automatic control 100,000,000 100,000,000 100,000,000 100,000,000
Total 3,800,000,000 3,750,000,000 3,640,000,000 3,733,000,000

Table 11. Total Cost (Initial cost) of each GHE

<Unit : KRW>

Vertical closed loop

Designation 1w

Modified vertical
closed loop (U)

Vertical closed loop Geonhil
-1l (D-V) (Concentric tube)

Construction cost 2,926,400,000

2,895,600,000

2,886,000,000 2,760,000,000

Equipment & equipment installation 3,900,000,000

3,850,000,000

3,740,000,000 3,833,000,000

Total 6,886,400,000

6,745,600,000

6,626,000,000 6,893,000,000
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