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ABSTRACT: Study was conducted to introduce system that can solve problem for groundwater over flow by
recharge of groundwater in open loop groundwater source heat pump and improve thermal energy efficiency of
the system using a pairing of two wells and to investigate hydrogeological properties suitable for installation of
this system. Groundwater source heat pump using pairing of two wells was installed at Sahmyook University. The
optimum yield of groundwater for well using in this system is 60~400< m3/day and was calculated differently at
each well. It was predicted that groundwater level would rise to 10 m when circulation rate is 400 m3/day in this
system using numerical modeling. Then, it was evaluated that it would prevent flooding of circulation water by
installing a pairing of two wells in groundwater level rising section. The system was operated for 27 days in facility
with an energy load of 87.5 kW and we find that en energy efficiency was improved approximately 26% compared
to SCW. Therefore, This system will help improve reliability for groundwater source heat pump in areas where
groundwater circulation is not good.
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and Lee, 2015; NERC, 2017).
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Fig. 1. Schematic diagram showing groundwater overflow by difference in hydraulic conductivity.



e xPBel Holyr | MBS A FRlRTEN o

2 WEHA HOjZ AlAY

=

Al AMshe 7R A9 ygAl g (ground-
water heat pump system, GWHP system)= =&t
T2 A5E A o831 wiell L vl
A ouA] mgo] w2y G $ AseE
FUshz Il A st o] WA <= ot
(L™ 1). /G Aok M2 FH X|ohR
o = 7F oAU Frgo] W2 A ol A A8t
5 FEsH FYshs ol AR ol
TAIE 2] HeiA FAAR e 8 s2l= WY
o] g ARSHARE AA|H]E0] F7Foh= ol =
et

o] Aol a7fsh= YR A BYTIAILH
2 AEFES o183k # o1 ¥ (pairing) 7]&2 ©]
B3] FrFa AT 2dBE AL 5 Sl
ALFIOIEH( I 2). o] AlLE2 Aol A5
WA Aok S5 Aol = Qe Agk WS
A o gl Aol Aol T3 A E5ef #ofF
7le2 AT AT RN 7|EY A EF 1]
A AFAn7|oA Fugho] o|FoAR= F&
HES S7HIE 5= Qlok o] 2 QI8 AR A5
£ Al2"oA 500 me] FEAEE EY 4 3oH
FEAE Yo A Al Agle] 2|3k 54, Al A7

207

7=, AMEH wet HeA @ U9 7es
4% Agto] Fgetn e AX)H§-S A7 o
A 58 FYAZ 4 th(Bae et al., 2017).

3. 97X

Aol AR ASTiet e FY=AT 1500 Y

whie Bt letel 119 Hojgo] 484 A
hiA2o] AAHACHLR 3). o 42 7]
Higke S Frel| ol sl 45k A

St o 2(Won et al., 1981), XA 2 HE 27~28
m7HA] F3tejo| ] F3f shELof A%t ool &
Z3tct Hahn et al. (2006)2 7H9E A X A] (€5
9] ML T 4= Q= 7IRIr e & A B elo}
o, AT AT O] SRR AU
A, FAH e SFFE A AISHA T Hahn et al.
(2006)0] A|Agt 7] MEH A-FA G| 7|9kt
27 Aol Hge Ao Brke 4 ik
2000358 20179712 A&9) 715 A== 714
He] 27171 ol AE 4] SSHAEHNCDSS,
2018). A& AZFTF 792~2,043 mm=E H L7}
- g lom A=l AP} ufe- AR} 53] 2013
R 2015W71A] Zhgesfo] S85HA sttt
2016 @HE At F71eke B eFe HAth AFd7

Heat pump

+ o+ o+ o+ |+

+ o+ o+ o+

o+
+ o+ '¢¥

+
k4

I I N

4 o+ o+

+ o+ o+ o+ o+ + o+

+
+ + + + i + + +
+ o+ E mp";‘g V+ve"+ + o+

+ +

[ Static watet level *  t_.* |+
+  hg + o+ o+ &=+
+oFe%r o+ o+ o+ |+

+ o+ o+ o+ |+

2
| ;2 <«— Equilibrium water level |+
d0

-

+ o+ o+ o+

g

+ o+ o+ o+ o+

+
* Returnwell” *+ +
+ o+ + + O+ o+ o+ o+ o+

Fig. 2. Schematic diagrams of GWHP system using a pairing of two-wells modified from Bae et al. (2017).
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Fig. 3. Location of study area and distribution of wells using GWHP system.
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Table 1. Specification of wells used in GWHP using pairing two-wells.

Well No, Well depth (GL-m) e Groutdy i tevel
PW-1 500 29 8.90
PW-2 250 27 9.09
PW-3 250 27 8.94

Table 2. Step drawdown test from SCW at test bed.

Pumping rate (Q, m3/day)

Drawdown water level

Well  Groundwater level (Sw, m) Optim}um yield
No. (EL, m) [T oM 34 gh gl % o 30 b g® (m’/day)
PW-1 9.28 150 200 250 300 - '11'2 7.05 748 792 - 300<
PW-2 9.35 40 50 60 70 - 132 18.1 24.6 415 - 60
PW-3 9.41 70 80 90 100 - 106 12.7 153 181 - 100<

EL: elevation level
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Table 3. Input data for groundwater level rise prediction in MODFLOW.

Content Input data
Configuring a mesh net 50x50%300 m
Size of cell 0.5m
Type of aquifer confined/unconfined variable S, T
Distance of observation well I5m

Pumping rate (m’/day)

pumping rate : 400 m’/day
injection rate : 400 m’/day

Table 4. Long term pumping test from SCW at test bed.

Distance Hydraulic characteristic

Ground Depth Diameter Thickness Pumping
Well . Sol.
N water level of well ofwell of aquifer observation gate SPC T K S Moeth
(EL,m)  (m) (mm) (m) well (m) (m’/day) (cm%/sec)  (cm/sec) '
9.17 1.87E-04 3.90E-03  Theis
13 10.11  2.06E-04 2.90E-03 C&J
PW-1 9.81 500 200 490.19 300 4.13
(OB-1) 23.12  4.72E-04 Reco.
14.13  2.88E-04 3.40E-03 Average
0.19 7.90E-06 1.10E-03  Theis
0.3 0.16 6.65E-06 1.90E-03 C&J
PW-2 9.36 250 200 240.64 . 50 0.27
(Single) 0.07  2.91E-06 Reco.
0.14 5.82E-06 1.50E-03 Average
11.82  4.91E-04 2.86E-04 Theis
10 14.18  5.89E-04 9.30E-05 C&J
PW-3 9.44 250 200 240.56 90 0.59
(PW-4) 15.03  6.25E-04 Reco.

13.68  5.69E-04 1.90E-04 Average

EL: elevation level
C&J: Cooper and Jacob (1946)
Reco.: recovery test

Aok Aot Mg adoR A4 ¢ e
Aol Stk o] & A= Ask 7Y Al A5k
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St §=rd 2 J3:o] MODFLOW Pro V.3.5
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