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Prospective areas of the thermal waters occurrences on
the base of the geological sketch of the Ktodzko region
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1 - foults: Mapa geologiczna /The geological map
) Cwojdzinski, 1977; Cymerman & Cwojdzinski 1984;
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1 a - prospective for thermal waters Frackiewicz & Teisseyre, 1973; Gierwelaniec, 1968
_ and waters with higher temperature,
R‘ 2 b - other faults; Ujecia wod termalnych na tle budowy
2 - rivers; geologicznej metamorfiku Ladka-Snieznika
)- 3 3 - deep fracture; Thermal waters intakes on the background
O 4 4 - isolines of heat flow dencity [mW/mZ] of the Ladek-Snieznik metamorphic complex
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Anomalia geotermiczna rejonu Ladka-Zdroju
Geothermal anomaly in Lgdek region
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Schemat ztoza wad
szczelinowych
gtebokiego krazenia.
Objasnienia: 1-skaty
szczelinowate,

2- obszar zasilania,
3-zrédto,
4-przeptyw wod
podziemnych.

Zuber et all., 1995  The deep circulation

Potozenie obszardw fissure groundwaters
Ciezkowski et all., 2016 zasilania wéd termalnych depos:; d:agrgm.
Explanation: 1-fissure
Linia ciggta — wartos¢ stopnia geotermicznego rocks, 2-recharge area,
£ b d g Recharge areas (dotted) 2-spring
(na gteb. 30m) /
of thermal waters 4-grounwater flow.

Solid line - geothermal degree (at the depth 30m)
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Changes of exploitation conditions

=

250,00 =
: : 5@
wiercenia, £
eksploatacja S remont | = g
.y : IS . S
poczgtek pomiaréw L-2iL-1 = zrodta Z 0 stabilizacia
200,00 N Wojciech | § § J
! . . e = 17
— beginning of drilling, g 2 c o
3 e 2 tion | £ 5 stabilization
o measurements exploitation % | renovation €&
£ L-2 and L-1 .g ofthe |<53
L 150,00 © Wojciech §‘§
I = spring | ¥ ¢
] 3 9
S L ; £
@) 8
000 |
Li.
~ 100,00
\Q
‘v
@)
s
-
<
o
2

50,00 ¢
——SKLODOWSKA-CURIE
——\WOJCIECH
0'00 T ™ " "1/ "“"**7/7>797r— T/ "1/ "1/ ""*Y7T/"°"7//—— v T/ T 1/ 17—+ 71— 17—/ "1/ 11— 1T 11T 1T 7T
o o O o O o O o O oo O o O O O O O O O O O O O O O o O o o o o o
® § o 9 qdad a6 daqdedodoqdadaqdedadeqdad
g 9§ 8§ 8§ 8§ 8§ 98§ & & 8§ 8§ 8§ § 8§ & & & & & § & & & & F§ & §& F & & g &
- T - T T = B R T - T = T = T - T T T - = ==
n N O = M n N O =S on 1N N~ OO d 0N ;NN OO d N NN O o3 M NN O =S oo~
n n N W OW O OV O N I~ NN NN N 0 00 60 00 0 OO OO oo O OO O O O O O «w «d «d
a oo o o o o o o o o o o o o o o o o o o o o oo O O O O O O o o o
D B B B I = T D B B o | L B B - T o R B o | AN N N N &N &N &N N

Zmiennos¢ wydajnosci uje¢ wod termalnych Wojciech i Sktodowska-Curie w latach 1955-2017
The variability of outflow rate of thermal water intakes Wojciech and Sktodowska-Curie in 1955-2017
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Location of geophysical survey at the background of topographic map (scale 1: 10 000),
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Rekomendacje

Recommendations

= Wykonanie uzupetniajgcych badan geofizycznych obejmujqacych:
- weryfikacje i uzupetnienie ptytkiego zdjecia geotermicznego,
- uzupetnienie zdjecia grawimetrycznego i magnetycznego,
- rozszerzenie zakresu gtebokich badan geoelektrycznych ((MT, TEM).

« Making of the supplementary geophysical survey including:
- verification and supplementing of shallow geothermic
measurements,
- supplementing of gravity and magnetic survey,
- extending of dip electromagnetic surveys (MT and TEM methods)



Stabilne warunki eksploatacji uje¢c wod termalnych
Stable exploitation conditions lceland [P[I]]
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Wydobycie i wykorzystanie

wod termalnych

Production and utilization

of thermal waters
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WYKORZYSTANIE/ UTILIZATION

Zat\z/vg)dbzone Wydobycie
- Y w 2016 Procent
Nazwa ujgcia Anoroveq | Production llogé wydobycia Cel
Intakes name PProve in 2016 Quantity | Percentage Destination
FESOUCES of production
m’lyear m’lyear m’lyear %
Jerzy 149650 | 11896597 |  11896597| 1520 |balneoterapia/ balneotherapy
Wojciech 43800 | 3024228 |  30242,28| 3847 |balneoterapial baineotherapy
Sktodowska-Curie 33215 | 2893342 2893342| 2259 |balneoterapial balneotherapy
Chrobry 14600 | 977047 | 977047 100,00 plaina W par
Iwater drinking place in park
Dabrowka 10050 | 636444 | G36444| 10000 Plinia w parky
Iwater drinking place in park
Zdzistaw (L-2) 262800 | 13357964 |  133579,64| 100,00 |balneoterapial balneotherapy
suma/ amount 515015 | 327856,22 | 18596366 | 56,72




Hydrodynamic conditions
Warunki hydrodynamiczne

Whnioski i rekomendacje Iceland I}ED:
) ) Liechtenstein
Conclusions and recommendations Norway grants

Termalne wody lecznicze sq zasilane z jednego ztoza szczelinowego gtebokiego
krazenia.
Thermal therapeutic waters are discharged from one fissured deep reservoir.

Sumaryczna ilos¢ wody obecnie naturalnie wyptywajacej ze ztoza jest prawie
stata.

The total amount of water currently flowing from the deposit is almost
constant.

Wykazano istnienie silnych wiezi hydraulicznych pomiedzy ujeciami wod
termalnych Ladka-Zdroju.

It has been confirmed the strong hydraulic connections among thermal waters
intakes in Ladek Zdroj.

Eksploatowane wody termalne obecnie wykorzystywane sg tylko do celéw
balneologicznych, az 43% poboru nie jest w ogdle wykorzystywana. Ciepto
z wod pozabiegowych tez nie jest pozyskiwane.

Thermal waters currently have been used only for balneological purposes, up to
43% of the extraction is not used at all. The heat from the water after the
treatment is also not uptaken.




Hydrodynamic conditions
Warunki hydrodynamiczne

Whnioski i rekomendacje Iceland I}d:lj
) ) Liechtenstein
Conclusions and recommendations Norway grants

. Aktualnie ztoze eksploatowane jest w warunkach ustabilizowanych.
» The deposit is currently in stable condition.

«Zaprojektowany otwor LZT-1 zlokalizowany jest w poblizu strefy drenazu ujec
wod termalnych, co moze wskazywac¢ na prawdopodobne istnienie kontaktéw
hydraulicznych.

*The planned LZT-1 borehole is located near the drainage zone of the thermal
waters intakes, which may indicate a potential hydraulic contacts

« Podczas testow hydrodynamicznych w otworze LZT-1 nalezy wykonywacd
obserwacje parametrow ztozowych we wszystkich eksploatowanych ujeciach
leczniczych wod termalnych, jak réwniez wéd zwyktych w otworze L-1.

» For hydrodynamic tests in the LZT-1 borehole, changes of reservoir parameters
in all the thermal water intakes, and parameters of fresh water in the L-1 well
should be monitored.
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of well L-2 from 1976 to 2017
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Prediction for further production

from well L-2
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The fit between the measured data and calculated using two tanks open model
and predictions for further production.
Dopasowanie pomiedzy danymi mierzonymi a uzyskanymi
przy zastosowaniu modelu otwartego dla dwdch zbiornikbw oraz prognozy wydobycia.



Prediction for further production

Whnioski i rekomendacje lceland I}ED:
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Conclusions and recommendations Norway grants

» The simulation of the previous geothermal water production using Lumpfit program assumed one
model of geothermal aquifer in Ladek-Zdr¢j, an open two tank model.

« Symulacja dotychczasowego wydobycia wod geotermalnych przy uzyciu programu Lumpfit
zostata wykonana dla zbiornika wod geotermalnych w Ladku-Zdroju, dla przyjetego modelu
otwartego z dwoma zbiornikami.

* The main conclusions that can be drawn for these simulations is that the previous production
was not aggressive and the well head pressure was not decreasing.

» Gfownymi wnioskami, ktére mozna wyciggng¢ z tych symulacji, jest to, Zze dotychczasowa
produkcja nie byta agresywna, a cisnienie na gtowicy otworu nie zmniejszato sie.

» Geological and hydrogeological circumstances are important for the interpretation of the current
simulation, future predictions and recommendations.
 Dla interpretacji symulacji zmian oraz przysztych prognoz i zalecen wazne jest rozpoznanie
warunkow geologicznych i hydrogeologicznych zfoza.

 Further well tests and interference tests should be performed and more advanced reservoir and
production model of Ladek-Zdréj aquifer and its response for long-term production/exploitation.

» Dla okreslenia wielkosci wydobycia i reakcji na dtugoterminowg eksploatacje nalezatoby
przeprowadzi¢ bardziej zaawansowane badania otworu i jego oddziatywania przy uwzglednieniu
rozbudowanego modelu zbiornika wodonosnego Lgdka-Zdroju



Szacowana temperatura wod zloza Ladka-Zdroju

okreslona za pomoca geotermometrow loeland I}[I:l]
chemicznych . ) Liechtenstein
Water temperature for Ladek-Zdroj reservoir Norway grants

estimated using chemical geothermometers
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Saturation Index

Zmiennos¢ stanu nasycenia wod termalnych wzgledem

Variation of saturation state of the fluid with respect to
several mineral phases based on water analysis from L-2
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wybranych faz mineralnych dla wod z otworu L-2
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Dodatnie wartos¢ wskaznikow nasycenia tylko sugeruja mozliwosc¢
wytracania kalcytu. Wytracanie wtornego kalcytu uzaleznione jest od
kinetyki reakcji.

Positive saturation index (SI) reveal only the theoretical potential for
precipitation. Precipitation is often limited due to kinetic inhibition.
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Whnioski i rekomendacje
Conclusions and recommendation

Istnieje prawdopodobienstwo wytrgcania nieznacznej iloSci mineratow
wtornych (krzemiandw magnezu, chalcedonu, siarczkéow zelaza)

Geothermal water has the potential to produce some limited amount of
mineral scaling (e.g. Mg-silicates, chalcedony, Fe-sulfides)

Przy cisnieniach wyzszych od 0.09 bar nie bedzie dochodzito do odgazowania
wod.

At pressures higher than 0.09 bars absolute there will be no degassing

Z powodu wysokich stezen 222Rn nalezy zachowac ostroznos¢ w poblizu ujec.

Because of high radon concentration caution has to be taken in the vicinity of
wells/springs

Analiza wptywu zmiennosci stezen H,S na wartosci wskaznikéw SI - korozja,
scaling

The analysis of the impact of H,S content on SI values - corrosion, scaling



lceland [P[D:'

Liechtenstein
Norway grants

Whnioski i rekomendacje
Conclusions and recommendation

Wyniki  kompleksowych testow hydrodynamicznych, petnych analiz
chemicznych wod i gazéw, temperatury na wyptywie, ciSnienia na gtowicy,
wydajnosci ujecia — podstawowe dane do modelowania termodynamicznego

Results of complex hydrodynamic tests, full water and gaseous chemical
analyzes, wellhead temperature, wellhead pressure, discharge - basic data for
thermodynamic modeling

Modelowanie mieszania sie wod - reakcja ztoza na zattaczanie zrzucanych waod

Water mixing modeling - reaction of the reservoir to the water injection

Maksymalne wykorzystanie zasobow (wody i ciepta) bez zrzucania wody, ktora
moze byc¢ nadal zagospodarowana

Maximum use of the resources (water and heat) without wasting water that
can still be utilized
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Recommendations and pilot proposal of next steps

Opracowanie numerycznego modelu ztoza i jego otoczenia
geologicznego na podstawie wynikow wczesniejszych i
proponowanych badan oraz wykonanie symulacji
hydrodynamicznych, hydrochemicznych i geotermalnych

The elaboration of computer model of geothermal aquifer and
its geological surrounding (environment) basing on the results
of earlier and suggested investigations and then making of
hydrodynamic, hydrochemical and geothermal simulations
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Pre-feasibility studies of geothermal [P[I]ﬂ
energy uses for heating oeland
Ladek Zdroj — the area SPA
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Pre-feasibility studies of geothermal [P[I]ﬂ
energy uses for heating e
Ladek Zdroj — the area CITY

Norway grants

o — otlooner CURRENT SITUATION
9.63 > E1 central heatin: . 1 H _
ol S o ieeme || Energy source: individual - based on hard

coal, natural gas

~10.7 MW, ~84.6 T]/yr

Characteristic of the thermal power
demand for the recipient currently
served vs time.

Curve ordered by total power

heating power [MW]

400

90
—— supply temperature
2 8l ---- return temperature
time during a year [months] 7 < -© stream of water
. 63
ok
‘:‘ 54 %
N
' 4
. .z Sooe
Control of power delivery - dynamic %0000%
18 ©
curve oo,
Space heating 90/70/20/-20°C ’ 50 055600 COOE GOS0
Hot tap water 60/40°C 1 2 s 4 s 6 7 s 9 1w nm 1

time during a year [months]

=)

stream of water [m3/hr]



Pre-feasibility studies of geothermal [Pd]ﬂ
energy uses for heating oeland
Ladek Zdroj

Liechtenstein
Norway grants

Assumed reservoir parametres (Ciezkowski et al., 2016)
The new well LZT-1 is located between the faults zone. It is
located at the periphery of the geothermal anomaly in a zone
where the geothermal gradient equals ~40-45 °C/km.

The predicted parameters: 50 m3/h and 70°C.

Due to the favorable water properties: low mineralization,
single-well operation is assumed.
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Pre-feasibility studies of geothermal

energy uses for heating
Ladek Zdroj

Iceland [F[l:l:'

Liechtenstein
Norway grants
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Summary
Ladek Zdroj

- CO2 in global scale [kg/GJ]

ecological tracers A local reduction is extremally
important in the SPA area

- CO2 locally [kg/GJ]

The price of energy for final customer (including
transimission losses) [PLN/GJ]

Total annual operating costs [M PLN/year]

economical tracers
1

Estimated investment outlays for heat source [M PLN]

The amount of energy obtained from the direct heat

exchanger [TJ/year]
energy | 2

tracers Pure and renewable in almost 100%, no heat pumps

Maximal thermal power consumption [MW]

Iceland [F[l:l:'

Liechtenstein
Norway grants
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Ladek-Zdroj — High vs. Low Temperature Radiator Systems

Oskar P. Einarsson

Orkustofnun

Konferencja podsumowujgca / Summary Conference, Warszawa, 24.10.2017



Iceland [P[l:l:'

High Temperature Systems Liechtenstein

Norway grants

3,0 MWth heating capacity from geothermal well and heat pump

Radiator Design Temperature: 90/70°C supply/return — Common in Poland

Requires 200 mm supply/return main pipeline — Over 100 m3/hour flow rate, low dT
Relatively large heat pump - 18% of total annual energy from electricity

High CAPEX (large heat pump and distribution system) - 35,3 MPLN

High OPEX (electricity for heat pump) - 4,50 MPLN/year

Electricity production cost: 370 PLN/kWh,th

S. 2/x



Iceland [P[l:l:'

Low Temperature Systems Liechtenstein

Norway grants

3,0 MWth heating capacity from geothermal well and small peak load boiler

Radiator Design Temperature: 75/30°C supply/return — Common in Iceland

Requires larger radiators — Higher CAPEX but only around 6% of total project CAPEX
Requires 125 mm supply/return main pipeline — 50 m3/hr flow rate, higher dT

Small peak load boiler - 4-5% of total annual energy from gas

Lower CAPEX than hi-temp (smaller DH system, small peak load) - 31,2 MPLN

Lower OPEX (fuel for peak load boiler less than el. cost for heat pump) - 3,46 MPLN/year

Electricity production cost: 284 PLN/kWh,th - 23% lower than if hi-temp system is used

S. 2/x



Iceland [P[l:l:'

Summary - Heating in Ladek-Zdroj Liechtenstein

Norway grants

Very important to get high temperature difference in fluid flow
Both in geothermal fluid and district heating system
This can be achieved through larger radiator design

In Ladek-Zdrdj: No district heating system is in place

A very important opportunity to implement low-temperature heating from the
beginning

S. 2/x



Summary - Snow Melting coland [Pd]:
N Ladek-Zdréj Liechtenstein

Norway grants

Snow melting in Poland Uncommon, more establlished in Iceland

High mineralization not likely = return water can be used directly
for snow melting

Icelandic experience: Cooling return water down to 10 C does not
cause scaling

Recommended to use return water directly for snow melting in
Ladek-Zdr’oj

Snow melting area: Probably several thousand m2 — 63 to 75 mm
plastic pipe with return water, cooled from 35to 10 C

S. 2/x



Pilot proposition, next steps jceland [P[ﬂﬂ
La_dEk Zd |‘6j Liechtenstein

Norway grants

The source of geotermal water have to be well tested. Esspecially interference
between mineral water resurces is important.

It looks like the area od CITY is more privileded - because of larger energy
consumption. Ladek Zdroj needs heat pumps - but the primary target is reduction
of supply and return water temperature.

1.

Geothermal energy utilisation controlling - reduction of return water
temperature (automatization, telemetry and telecontrol),

Reduction of return temperature by increasing the surface of radiators and
large surface heating (floor heating etc.) and cascade use of geotermal Energy
(excelent place for snow meltind and deicing),

Determining the conditions for new customers (required operating
parameters),

Wider use of central domestic hot tap water.
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Thank you for your attention

eeagrants.org
www.eeagrants.agh.edu.pl
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