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ABSTRACT A groundwater source heat pump (GWHP) was developed in this study by adapting a borehole heat exchanger with
closed-loop and open-loop systems in a new building. In the pilot test building, the air-conditioning on the second floor was designed to
employ a closed-loop system and that on the third floor had an open-loop system. The GWHP design is based on the feasibility of
groundwater resources at the installation site. For the hydrogeological survey of the study site, pumping and injection tests were
conducted, and the feasibility of GWHP installation was evaluated based on the air-conditioning load demand of the building. The site was
found to be satisfactory for the design capacity of the thermal load and water quality. In addition, the effect of groundwater movement on
the performance of the closed-loop system was tested under three different operational scenarios of groundwater pumping. The performance
of the system was sustainable with groundwater flow but declined without appropriate groundwater flow. From long-term observations of
the operation, the aquifer temperature change was less than 2°C at the observation well and 5°C at the injection well with respect to the
initial groundwater temperature. This pilot study is expected to be of guidance for developing GWHPs at fractured rock aquifers.
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Workflow of Groundwater source heat pump project

1. Survey and researches on local groundwater
& Calculation of heating and cooling load

2. Development of available groundwater
resources satisfying water quality issues

3. Certification of available groundwater
with pumping and injection tests

4. Design of open loop type array for the estimation
of optimal capacity

5. Installation and performance monitoring &
long-term maintenance effort

Fig. 1. The flow chart of groundwater source heat pump
project and the summarized steps
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= The newest building in KIGAM.

= Cooling and heating capacity (open-loop): 29 kW
(cooling), 33 kW (heating) — 3rd floor

= Cooling and heating capacity (closed-loop): 23 kW
(cooling), 26 kW (heating) — 2nd floor

(a)

reu | + HP1: Open loop (3" floor)
|_ « HP2: Closed loop (2" floor)
+ Hybrid borehole heat exchanger(BHE):
- borehole diameter 200 mm, depth 150 m
« Observation and Injection wells:
- diameter 150 mm, depth 150 m
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Fig. 2. (a) Floor plan and photos of the study site and (b) the
profile of installed GWHP with hybrid BHE, observation
well, and injection well
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Pumping & heat exchange

heat exchange
No pumping Pumping

heat exchange

heat exchange

Mode 3

Mode 1 Mode 2

Fig. 3. The considered three different operation modes to
identify the groundwater flow effect to the heat
exchange rates of the closed loop heat exchanger
(Mode 1: Closed loop heat exchange only; Mode 2:
Closed loop heat exchange with groundwater pumping;
Mode 3: Closed loop and open loop heat exchange
operation simultaneously)
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Table 1. Step drawdown test results with drawdown versus
elapsed time at stepped pumping rates

Start Elapsed | Pumping Specific
Step | time time rate Dra\(/vn?)o W | Drawdown
(min) | (min) | (m/day) (m)
1st 0 60 40 2.79 0,0698
2nd 60 120 80 7.93 0,0991
3rd 120 180 120 20,02 0.1668
4th 180 208 160 43,48 0.2718
= 0 =
g TUNL
B LY
g,
s !
-§ 40 .
g
8 5o
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Time (min)

Fig. 4. Drawdown of groundwater level according to the
stepped pumping rates of 40, 80, 120 and 160 m3/day

AZEOR B1IL, 4T Alf‘é % .—2%74?‘& #%7&8}; 213

120 m®/day, 4THA= 160
m’/day 9] 88 THAO) **l?é% SIS, At
QELTEMAN(O)L 4.21X107 day’/m’, hG5E4T
SAIAG(B)E 2,94 X107 day/m’ & BAE|Q) T, oFg=k
off vj=ePdsleF e EAJsto] Wazo] MAYSl= 100
m/dayE tj=20] HAz|ako 2 A5t

3.1.2 theE 2|2UX} oA

P10 ATB S SAGRAE A AR T A o

SEAES Testo], P 100 m/day R EEHS
A3

L RISk e AlEHCR 24475¢t =35}



=
3lAtHFig. 5). TUHN43=(Confined aquifer)?] Theis
Cooper—Jacob S|4HE& ARgSIo] T Ala~(T) < A]
ﬂerﬁﬂ—/F(S)% ARSI Y BlE A1 e
3| 5F9al, T=K Xbo|E & AAE &
A o =52 FAIb)E o] 2EHoE 4=
E]ﬂﬂ Hydraulic conductivity)S AASIITK Table 2).
A710AI O S5t 5, B 2 U8 Al
7ho]| TE =978 AF2S E38)| AQTESOLV for Windows
Ver4.5"%% o]g3}0] aj4J3t 4=2] Q1A% Table 20] A2

Theis recovery

o

-/.

Ky

Drawdown (depth to water, m)
S

N
=]
o

200 400 600 800 1000 1200 1400 1600 1800
Time (min)

Fig. 5. Water table drawdown from the pumping test for 24
hours at Hybrid BHE
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