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Abstract

Background and objective: Groundwater heat pump (GWHP) system that uses the constant
temperature of the groundwater as the source of the clean and renewable energy for heating and
cooling, is applied as a strategy for energy saving and the CO, reduction. In this technique,
groundwater is extracted by pumping wells, passed through the heat exchanger and then returned to
aquifer through the injection shafts. This research is aimed to assess the Groundwater Heat Pump
(GWHP) System from hydrogeological point of view.

Method: Regarding the mathematical similarities between transport of the heat and mass in porous

media, the applied computer code of MT3DMS in mass transport modelling, was used in this study for
simulation of the heat transfer in the groundwater system to assess the GWHP from hydrogeological
viewpoint.

Finding: The results show that a thermal plume is developed around the injection well due to the
energy exchanges in GWHP system. This plume is regarded as an indicator of the impact of the
injected water temperature on the underground source. Its extent and direction which are directly
affected by the hydrogeological parameters is not fair from the heat transport aspect and finally the
performance of the GWHP system.

Discussion and Conclusion: Modelling results clearly show that with the change in hydraulic
conductivity in relation to the type of the sediments in porous media, hydraulic gradient and porosity
of aquifer, the extent of the thermal plume is changed, expecting impacts on functionality of the
GWHP system. The results of the study can be used in utilization of the GWHP system in the country,
of course after the technical-and-economic justifications.

Keywords: Groundwater Heat Pump, Heat simulation, GWHP, MT3DMS.
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Figure 3. Temperature variations of the injected water into the aquifer in a 3-year period (starting March 21)
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Figure 4. Flow rate variations of the injected well in a 3-year period (starting March 21)
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Figure 5. Aquifer hydraulic head at the end of groundwater flow simulation using MODFLOW
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Figure 6: Distribution of the GWHP-resulted thermal plume in the aquifer.
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Figure 8. Development of the GWHP thermal plume at 6-month periods with different hydraulic conductivities

OeSile Ol ppti 5d o0 SUOF ol 4 Syl Al S
Colan Sglaie polde o 5,3 ol I alisee Juolgd yo Leo
Colse ol jo cwl ol @)l 4 IS o (s yaue
a3l e Jeld jo (s bes il oS (Sl yone
Ol Sy colaa Gl L aes o lis ol less
slos 5l Vb az 10 Sy 4o Loy g onpmsy Bl 4y lilgs

colan polie) Jow,e als b Lo slaglysel o
Swdmly Cons @ dlla S8 > Ze s (VL (S yone
2 0l sk g ouds S dle (oo Ly gy 18 5 0052 st
b )3 S 2dldx 0 005 o FodnsS by Cuex
Ao (GBS Sdgyid Col) wsl el ks
Gl 5 00,5 28 > oz cazr 0 ol)] 4 eni oSS

5ol oSt Lyi )l als oye o Jsb by

284

288
=7 —B=-K=16 m/d
3 ——K=33 m/d
g 286 =K =66 m/d
2 M ‘\. —H=K=129.6 m/d
285 =0—K=150 m/d
—=—K=200 m/d

0 100 200

() o5 ol 3l ol

400 500

SS9y Colus liso polie 0 §1)3 ol 5l abold b bos Sl Wl - S

Figure 9. Mean temperature variations with distance from injected well in different hydraulic conductivities.



Yo

e 53]y oy e (SO 599359 08 (U )

Sl ;o 5 4l 5t Jsb hS &)l
- Ui Gy ely BLbl ol Loye s Sal (S jae
ey Bl Pt Syt b 4z 8 090 0
Stz 5 SEe Sl e g 05d o0 YL (Sae )

WS (0 &S > by

S92 (0b31)) cud (o
adls by 5 (Sdgyoee cud gl 5U oLyl sl
gl el YD o)) Sy s s ppolie o 3L
I e 39 )l JUi s Gl sledae jo /)
o o Sl o o il b () e S5) sl a3 S

i=0,0025 (o

i=0.001 (<

Lol @l polio b anle il g0, (bl 1o (J 51y oy e 31 (LU (F )yl Al 6 S Ve Sl
S yum

Figure 10. Development of the GWHP thermal plume at 6-month periods under different hydraulic gradients
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Figure 11. Development of the GWHP thermal plume at 6-month periods with various porosity values
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