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Geothermal energy and in particular low temperature resources, have a rising
worldwide importance. Ground-Source Heat Pumps (GSHP) have been used
increasingly because they are among the cleanest and most energy efficient heating and
cooling systems for buildings. Simulation models can be applied for a more effective
use of the subsoil for geothermal purposes. In fact, they are useful tools for the design
of efficient systems considering also the need to avoid abnormal temperature

distributions in soil and aquifers.

In the hydrogeology field MODFLOW/MT3DMS are the most widespread
programs to face environmental problems and to forecast quantity and quality impacts
on groundwater resources. Although MODFLOW/MT3DMS are used to represent open
circuit heat pumps, they are hardly used to represent borehole heat exchangers (BHE).
The aim of this study is to simulate BHEs through two computer codes. The first one is
TRNVDSTP, coupled to TRNSYS, which is often used in GSHP design in pure
conduction cases. A methodology to take groundwater flow into account was added to
TRNVDSTP, but a validation is still missing. The second one is
MODFLOW/MT3DMS, suitable for groundwater flow and transport models, but
whose reliability in BHE simulation is today unknown. The two software have been
compared in terms of predicted exchanged energy and temperature distribution in the

aquifer.

The first runs have been performed without a groundwater flow and a good

agreement has been observed between the results of the two software, both in relation



National Central University Graduate Institute of Applied Geology 112-1 seminar
(Header, 10pt, align center)

to exchanged energies and temperature distribution into the model domain.

Thus, some simulations considering the presence of the groundwater flow have
been performed. In this latter case the results in terms of exchanged energy differ of

about 150%.

The study demonstrates the suitability of MODFLOW/MT3DMS for BHEs design
when groundwater flow is not accounted for. Further efforts are needed to understand
the different results when groundwater flow cannot be neglected, exploring the role of

the different heat transport phenomena. (12pt, 1.5 spacing, Opt before line spacing, 0.5pt after

line spacing, justify text, font Times New Roman)
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Absiract: Geothermsl energy and in particnlar low temperafure re-
sources, have a rising worldwide imporiance. Ground-Source Heat
Pumps ((Z5HF) have been used increasingly becsuse they are among
the cleansst and most energy efficient beating and cooling systems
for mildings. Simmlation models can be applied for 3 more effective
nze of the subsoll for geothermal purposes. In fact they are useful
toals for the desizn of eficient systems considering also the need to
avoid abmormal temperaire distributions in soil and squifers.

In the hydrogeclosy field MODFLOW/MTIDMMS are the most
widespread programs o face emvironrmental problems and to fore-
cast quanfity and quality impacts on groundwater resources. Al-
though MODFLOWDTIDMS are used to represent open cincwit
heat puonps, they are hardly nsed to represent borehole heat exchang-
ers (BHE). The aim of this study is to sinmlate BHEs throngh two
computer codes. The first one is TENWVDSTE, coupled to TEWEYS,
which is offen nzed in G5HP design in pure conduction cases. 4
mesthodology to take groundwater fiow info acoount was added to
TEMNWVDSTP, bat 2 validation is still missing. The second one is
MODFLOW BTIDMS, suitable for groundwater flow and transport
models, ot whose reliability in BHE simmlation is teday unknown
The two software have been compared in terms of predicied ex-
chanzed energy and temperamrs distribution in the agquifer.
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The first runs have been performed without a groundwater fow
and 3 good agreement has been observed berween the resuls of the
o sofrware, both in relation to exchanged ensrgies and tempera-
mre distribution inte the model domsin

Thus some simulations considering the presence of the zroundws-
ter flow horve been performed. In this latter case the resnlis in terms
of exchansed energy differ of about 150%:.

The study demonsirates the suitability of MODFLOWAT3D-
M5 for BHEs desizn when groundwater flow is not accounted for
Further afforts are needed to nnderstand the different results when
groundwater flow cannot be neglected, exploring the role of the dif-
ferent heat ransport phenomens,

Riassuntola rsorca geotermica & in parficolare lo piuniamen-
to del fameno come sorgeRiepoITo fermico g basza femparaiurd
Shamme grsumendo crescente rilevanza. G ompianit @ pompa df
calore geotarmica (SHP) sonmo i coninue qumenta poichd e
tast df wma metodologia ftra le il puiie ed gfficient dal pumte df
wvirtg enarpeice par il raqiffescamento ed O rizcaldamento G edyfi-
¢l F é la possibalitg df nviluppare modelli df simulazione al fine
df ume Jiuramente gl gfficace del teneno per Scopl SeONErTH-
o It tali modelll semo strummit witli per lo progettazions
df sistem gfficientt che commidering auche la necessind oi impe-
dire lo swiluppe df remperainoe anomale 1 femeni ed acguifers
Nel campo dell idrogeciogia | codici MogowMTIDMYS sono fra i
rosvammi pii diffis per qiftontare problemi ambieniali ¢ prevedere
dal pumte df vista quEmTiiaive @ qualitaine gl mparn sulle risor-
e idriche soterranes. Sebbene Mogfow WTIDMYE vengano uniliz-
A par rappresmiare pompe o calore @ cicuilo GpErTe, @55l Somg
micora poco unlizzan per riprodrre sonde pearermicke (BHE). La
ragione probabilmente ristede nel flrto che la rappresentazions del-
la sonda geotermica airaverse quest! codici rickiedes una geomatria
EEITERUTRENTE Compicata ed un pesante rgifmamento della grighia del
modelle. Lo scopo df guesto studio & simulare Ie sonde geotermiche
miraverse due codict df calcolo. IT primo @ TRNFIDSTE associato @
TRNSTS, & gquale ¢ spesso wilizzaro per o progetianione di pompe
df calore peotermiche in casi dt sola conduzione. E” stata da poco
ageiumia al codice TRNFDISTP una metodolosia che considera la
Presanza d un flusso df falda, ma ancora nom & staa cowmalidasa. T
secande codice & Modfiow MTIDAS, adatto per modelll df tmaporto
& par il flusso df acgue softerranes, ma la ool qifidablitg nella somu-
lanione di sonde gectermiche é oggigiormo sconasciuna. [ due softwa-
re song shah confrontati dal pumdo dY vista dell energin scamlimia ¢
della distribuczions di lemperaira provisie nell acquifero. 5t & cosi
implememiaia hel due PrOFTOmmi Wha SoRdn geotermicd, Cosiitg
da um mbo ad U di imgheza part a 100 m ¢ posizionaia all iiarne
f un acquifere tabbieso sahuro con spessore et a cica 200 m. 5
sone guindi exeguiie simulazion per il periode o un amo al fine
o rappreseniare il Amzionmrento imermale ed exmo df unag GEHP
La prime simulazsioni soeme siate qffermate semza  considera-
re lo presenca del flsso df folda @ 5 & ossemamta uma buowma
corriipondensa g §orisuinad ded due softwane, sia dal pum-
to di vista delle energie scambime sia dao guelle della disme-
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