MUSZAKI FOLDTUDOMANYI
KOZLEMENYEK

A Miskolci Egyetem Kdzleményei
88. kotet, 1. szam

XV. Nemzetkozi Tudoméanyos Konferencia
a Karpat-medence asvanyvizeir6l

15™ International Scientific Conference
on Mineral Waters of the Carpathian Basin

s
et
Miskolci Egyetemi Kiado
2019



A kiadvany foszerkesztoje:

DR. KOVACS FERENC

az MTA rendes tagja
a Miiszaki Foldtudomanyi Kar Szerkeszt6bizottsaganak elndke

Szerkeszto:

DR. ZAKANYI BALAZS

egyetemi docens
Miskolci Egyetem
Kornyezetgazdalkodasi Intézet

HU ISSN 2063-5508



TARTALOMJEGYZEK

Mohdcsiné Simon Gabriella—Léndrt LdszIo:
15 éves a Konferencia a Karpat-medence 4svAnyViZeirol ........ccocovvvveiieenveneeie e 5

Borszéki Béla Gyorgy:
Az asvanyviz fogalom szakmai és jogi értelmezése a kdzépkortol napjainkig —
Kiilonos tekintettel a Osztrak—Magyar Monarchia és Magyarorszag rendeleteire ........... 8

Sziics Péter—Ilyés Csaba—Kompar Laszlo:
Uj lehet6ségek a hazai hévizkészletek hasznositasaban ..........c.ccovvevieriiineiiiiienienne 23

Hojcska Agnes Erzsébet:
A tamogatott fiirdogyogyaszati ellatasok igénybevételi mutatdinak vizsgalata
BEKES MEZYEDEN ...t 30

Buday Tamds—Budayné Bodi Erika:
A termalviz termelésének és hasznositasanak jellegzetességei Hajdu-Bihar
MEEYE ESZAKIE TESZEI ...cuvieuvieiiieiiisiee sttt ettt s r e bt e sreeneenr e e e nne e 38

Gyorgy Czuppon—Zoltan Kern—Krisztina Karman—Sandor Nemeth—Szilard John—
LaszIlé Haszpra—Baldzs Kohan—Klaudia Kiss—Zoltan Siklésy—Zoltdn Polacsek
Hydrogen and oxygen isotopic composition of cave drip waters: implications
for paleoclimate signal in Stalagmite ..o 44

Juhasz Eleonéra—Gere Katalin—-Hajdiné Koncz Monika—Kiss-Téth Emdke:
Arthritis psoriaticas betegek iziileti allapotvaltozasai paradi vasas-timsos
gyogyvizes flirdOkezelést KOVEIORN ......cuvvviiiiiie ettt 48

Juhdsz Eleonora—Kiss-Toth Emdke:
A szervezet oxigenizaltsaganak valtozasai szpeleoterdpia SOran.........cocevvvevveevenvennnnnn 55

Miklos Rita—Prohaszka Andras—Lénart LaszIo:
Vizfoldtani és hdmérsékletszelvény Eger—Egerszalok—Demjén kornyékérdl ................ 64

Toth Marton—Sziics Péter—Kiss-Toth Emdke—Ilyés Csaba—Juhdsz Eleonora—
Dojcsakné Kiss-Toth Eva—Juhdszné Szalai Adrienn—Raboczky Anita:
A paradi gyogyviz eléallitasahoz hasznalt k6zet kioldasi vizsgalata.............ccccevvrvenee. 71

Zakanyi Baldazs—Sziics Péter—Turai Endre—Vass Péter—Madai Viktor—
Zdkdnyiné Mészdaros Rendta—Ilyés Csaba—Nyiri Gabor—Fekete Zsombor—
Moricz Ferenc—Kilik Roland—Szilvdsi Marcell:

Meddé CH-kutak geotermikus jrahasznositasanak lehetdségei Magyarorszagon ........ 79
Lénart LaszIo:
A termalkarsztot elérd kutak, forrdsok és furasok a Biikk térségben............ccccvrvenenn. 86

Gdbor Nyiri—Christian Camacho—Baldzs Zdkdanyi—Péter Sziics:
Assessment of heat storage capability using 3D heat transport modelling.................... 94



Turai Endre—Mddai Viktor—-Moricz Ferenc—Sziics Péter—Zakanyi Balazs—Ilyés Csaba:
A hasznosithato geotermikus energia mennyiségének meghatarozasa.............ccocveveneee. 99

Siskané Szilasi Beata:
Az asvanyviz, mint a tarsadalmi-gazdasagi innovacio 18SZ€ ........ccvevevrencicienieenen, 106

Szendi Déra—Nagy Zoltan—Sebestyénné Szép Tekla:
Okos kornyezet dimenzioszerepe a visegradi orszagok egyes Smart varosaiban.......... 111

Turai Endre:
A felszini geofizikai modszerek alkalmazasi lehetdségei a vizbazisok kutatasaban
€8 AllapotViZSALAtADAN .....ccveiiiiii e 121

Armand Aborddan—Norbert Péter Szabdo:
Selecting control parameters for the particle swarm optimization based factor
ANAIYSES . bbb 134

Valerie A. J. A. Wendo—Csaba Ilyés—Péter Sziics:
Examining the differences and the similarities of the precipitation patterns
OFf HUNQGAIY and KENYA. ...ttt 141

Nyiri Gabor—Kolencsikné Toth Andrea—Fekete Zsombor—Zdkanyi Baldazs—Sziics Péter:
Parti szlirésti ivovizbazisok hidraulikai vizsgalata a Duna mentén .............ccccovvvennnne 147

Istvan Mathé—Bedta Lérincz—Kinga Csutak—Krisztina Ferencz—lstvan Urdk—
Andreea-Rebeka Zsigmond:
Chemical and microbiological study of the mineral water springs from odorheiu
SECUIESC and itS SUMTOUNUINGS. ....cveiuieiriesieeieeieeieseeseesee e sreeee e e sne e st e staesreesreeeesneens 152

Klimp' Attila:
(0] o TSI U I Va1 B /<) DT 157



Miiszaki Foldtudomdnyi Kozlemények, 88. kotet, 1. szam (2019), pp. 94-98.

ASSESSMENT OF HEAT STORAGE CAPABILITY USING
3D HEAT TRANSPORT MODELING
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1. INTRODUCTION

Nowadays, a lot of types of heat storage, and heat extraction methods are known.
These kind of extraction methods has different types of sources such as deep
porous formations, karstic formations, and also landfills (FAITLI et al. 2015, 2017).
This study deals with the heat storege in shallow porous conditions. Aquifer ther-
mal energy storage (ATES) uses natural water of a saturated and permeable under-
ground layer called aquifer as the storage medium. This type of heat storage type
can have different impacts on mineral waters, and deep aquifers, and therefore we
have to know the behavior of ATES systems. Thermal energy is transferred by
extracting groundwater from the aquifer and by reinjecting it at a changed tempera-
ture at a separate well nearby (DINCER-ROSEN 2002). The thermal energy storage
contributes significantly to improve the efficiency of energy utilization would ot-
herwise be lost because it was available at the wrong place at the wrong time (Xu
et al. 2014). Also, through this energy storage method the use of fossil fuels, as
well as, the emissions of greenhouse gas and air pollutants (such as CO,, SOy, and
NO,) could be reduced substantially (FAITLI et al. 2015).

The present study analyses the feasibility of storage hot wastewater through an
aquifer thermal storage system ATES in the hydrogeological conditions of the
Hungarian industrial city of Tiszaujvaros, considering this heat excess resource as a
likely energy source for heating systems during wintertime.

2. MODELING SECTION

The simulations use MODFLOW and MT3DS codes and have a useful life of 25
years. First, four theoretical ATES systems were modeled to figurate the ground-
water and heat behavior using different operation systems described in table 1 and
theoretical ideal parameters considering the ATES formation as sandy gravel unit.

After, the best two ideal models were simulated using the conditions and ground-
water temperature of the test site. All the different scenarios were evaluated thro-
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ugh their thermal recovery efficiency, the heat losses due to displacement by ambi-
ent groundwater flow and by dispersion and conduction.

Table 1

Details about the theoretical scenarios

Model Mechanism

ATES-TIW L_Jnlque well W|tr_1 doubl_e function, which alternates injec-
tion and production periods every 6 months.

Doublet of wells separated by 50 m, with constant injec-

ATES-TZW-50M | i and a production period of 6 months/year.

Doublet of wells separated by 100 m, with constant injec-

ATES-T2W-100m 10 and a production period of 6 months/year.

System of multiple wells, four wells with a constant in-
ATES-T5W-50 m | jection, separate 50 meters of one production well with a
work period of 6 months/year.

3. RESULTS OF MODELING

The theoretical simulations ATES-T1W, ATES-T2W-50 m, ATES-T2W-100 m,
and ATES-T5W-50 m experimented a heat transport velocity of 1.52 m/day, al-
most the half of the groundwater flow velocity and an effective thermal dispersion
of 2.13 x 10-6 m?/s.

ATES-T1W showed changes on its hydraulic head of 4.2 meters and 15 degrees
in its temperature during injection and production periods, however it experimen-
ted a huge recovery efficiency between 72 and 92 percent, as well as small energy
spread.

ATES-T2W-50 m showed softer differences of hydraulic head and got a decrea-
se of two degrees of the injected temperature after ten years of work, generating a
semi-steady temperature value, however it experimented less heat recovery effici-
ency with a maximum of 59 percent from fifth year, with more energy spread due
to the bigger distance between wells.

ATES-T2W-100 m showed the softest differences of hydraulic head due to the
bigger distance between wells, reason why the temperature takes more time to inc-
rease until get same values to ATES-T2W-50 m, its heat recovery efficiency is
lower than the previous scenarios passing the 50 percent after eleven years and
getting a maximum of 56 percent at the end.

ATES-T5W-50 m showed the same hydraulic differences of ATES-T2W-50 m
due to their same distance between wells, however the temperature takes more time
to increases until get the same difference of ATES-T2W-50 m due to heat plume
must travel 50 meters towards all directions, its heat recovery efficiency is lower
than all the previous scenarios, it didn’t reach the 50 percent in all the working life,
getting a maximum of 44 percent at the end. Also, this scenario may have more
economical cost due to the quantity of wells comparing with the previous scena-
rios. Figure 1 gives a better understanding of the heat pathway in each scenario.
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Figure 1: Heat plume after 20 years of operation of
a) ATES-TIW
b) ATES-T2W-50 m
¢) ATES-T2W-100 m, and
d) ATES-T5W-50 m

ATES-T1IW and ATES-T2W-50 m got the highest values of heat recovery effici-
ency, reason why they were simulated using the hydrogeological conditions of
Tiszatjvaros.

The models ATES-R1W and ATES-R2W-50 m showed less heat recovery effi-
ciency with real hydrogeological conditions, with a heat transport velocity of 1.6
m/day, and the effective thermal dispersion was 2.09 x 10-6 m?/s during the heat
transport process.

ATES-R1W despite having big shifts in the groundwater temperature between
injection and production periods, it experiments a huge increase in the recovery
efficiency from 74 to 85 percent during a period five years, after it increases mildly
until getting a maximum of 89 percent. ATES-R2W-50 m had a brief increasing of
heat recovery efficiency during the first four years from almost 8 to 42 percent.
After this period, the heat recovery increase mildly over time until get a maximum
of 55 percent, besides, the system beats the 50 percent of efficiency since the
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eighth year. The overall fluctuation in heat recovery efficiency of theoretical and in
site models can be visualized in Figure 2.
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Figure 2: Variation of heat recovery efficiency of the modeled scenarios

4. CONCLUSIONS

The theoretical simulations ATES-T1W, ATES-T2W-50 m, ATES-T2W-100 m,
and ATES-T5W-50 m developed using ideal conditions and different wells systems
allowed knowing how the injected hot water and heat are displaced in the aquifer
matrix, showing a radial spread in all the cases. Also, the models detailed that the
locations and quantity of the wells have a huge effect on the heat recovery efficien-
cy during its underground storage.

The research demonstrates theoretically a capacity of more than fifty percent of
heat recovery capacity in Tiszatjvaros through 3D-modelling and using an aquifer
thermal storage system, which is enough to be tested in laboratory scale. The re-
search became a good point of reference to other similar projects, considering the
large amount of excess heat sources in Hungary, which are generally hot
wastewater, and which could be a potential source of energy to provide heating,
instead of non-renewable energy like natural gas, allowing to decrease the pollutant
emissions and global warming.
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