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A Study of Borehole Thermal Behavior with 1-Dimensional Model: Field

Test Analysis included
DaeKi Kim, JoungSon Woo, JeongGeun Ro, SeKyoun Lee
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Abstract : A one—dimensional heat transfer model coupled with parameter estimation is developed
in this study to predict the effective thermal conductivities of soil formation and borehole
resistances from in situ field test data. In this application a new method of using initial
ignoring time(IIT) obtained from error estimation is tried and turned out to be successful in
determining soil thermal conductivities.

The validity of this model is accomplished through comparison of the predicted temperature
profiles of the model with the data from laboratory scale experimental setting.

Eleven test boreholes were constructed in Ochang, Chungcheong Buk Do, and thermal response test
was carried out with each borehole. The results of the in situ tests were analyzed with our 1-D
numerical model and compared with the results of line source method. The comparison shows that
the thermal properties from line source method is a little lower (~95%)than those from numerical
method. The reason of such result seems to be the lower thermal conductivity of grout material,
which 1s not counted in line source method.

Nomenclature ex :experiment
f :fluid
C, :specific heat, kl/kg - K g :grout
k :conductivity, W/m - K i :counting time
L :borehole length, m m : measurement
Q : heat flux, kW s :soil
Res : resistance, m * K/W W water

r :radius, m

SSE: sum of square error, K

=E2risE oy iy ]
SE : square error, K’ 1) E5digw J|ASEF

E-mail : thermo98@chungbuk.ac.kr

T :temperature, K Tel : (043)261-2446 Fax : (043)263-2441
t :time, hour 3 2) stROHX|7|&HTH
p :density, kg/m E-maii : jswoo@kier.re.kr

Tel : (042)860-3213 Fax : (042)860-3202
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Fig. 1 Borehole system

Fig. 3 Simplified 1-dimensional geometry
of the borehole cross section
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Fig. 4 Photographs of experimental setting
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Fig. 5 Measured and calculated borehole fluid
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Fig. 8 Measured and calculated temperature
profiles along the radial distance
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Table 1 Parameters of test boreholes

Borehole Ao} 37 b
a3y aSE
No. {m) (m) ] o
1 101.75 0.13 2% Bentonite
Bentonite +
2 1022 | 013 | 2@ entonrte
Silica sand
3 101.88 0.13 2% Silica sand
Bentonite +
4 101.15 { 013 | 3®» crtonite
Silica sand
5 100.73 0.13 3@ Silica sand
6 100.01 0.13 3# Bentonite
7 102.88 0.13 4% Bentonite
Yo,
8 101.93 | 0.13 4q | Dentonite
Silica sand
9 100.52 0.13 4 Silica sand
10 101.5 0.15 33 Bentonite
3%
11 90 .45 0.15 Bentonite
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Fig. 7 U-bend pipe spacer for 3-pipe system
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Table 2 Estimated thermal conductivities and
borehole resistances

Borehole No, k (W/mK) Ru(mK/W)
1 Line source(lIT=12hr) 3.0574 0.11564
28 1-dimensional
numerical(IT=2.00hr) 3.4697 0.12621
5 Line source(liT=12hr) 3.1467 0.17192
(2% 1~dimensional
numerical(lIT=0,35hr) 3.1538 0.17164
3 Line source(lIT=12hr) 3.3229 0.11983
2% 1-dimensional
numerical(lIT=2.20hr) 3.4127 0.12091
4 Line source{llT=12hr) 3.1787 0.11614
B® 1-dimensional
numerical(lIT=0.95hr} 3.3286 0.12001
5 Line source{llT=12hr) 3.1857 0.07765
(38 1~dimensional
numerical([IT=0.35hr) 3.2348 0.07896
6 Line source(liT=12hr) 3.4156 0.12651
(3® 1-dimensional
numerical(IT=2.40kr) 3.6468 0.13284
7 Line source(lIT=12hr) 3.3624 0.05825
(4¥) 1-dimensional
numerical(IIT=1.0Chr) 3.7062 0.06682
8 Line source(lIT=12hr) 3.1230 0.08938
(4 1-dimensional
numerical(lI'T=0.4Chr} 3.2865 0.09464
9 Line source(l{T=12hr) 3.3793 0.07685
48 1-dimensional
numerical{lIT=0,70hr) 3.4368 0.07826
10 Line source(lIT=12hr) 2.7905 0.13721
38 1-dimensional
numerical(II'T=2.45hr) 3.0873 0.14761
11 Line source(lIT=12hr} 2.8048 0.09727
Spacer(sm 1-dimensional 2.0445 0.10319
numerical(IIT=0.40hr) ) )
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