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Geothermal doublet system

m VIR A

Hot water and steam
(Production well)

Cold water pumped down
(Injection well)

Source: AltEnergyMag, 2013 Geothermal reservoir
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2 §T<< = Scaling in a geothermal well
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£ How can the problem be solved?

Py
ke
Keep SI<0?

CaCOy =2 Ca?* + CO,%

O5(a0) = HCO; + H*
H* + CO,% > HCO;

Ca* + CO,* + H* = CaHCO,*
Ca?* + SO,* = CasSo,°

Ca?* + PO,> =CaPO,

Ca2* CaCH,0

Using CO,

LERWTG Project

Using inhibitors

EvA-M project



Using carbon dioxide

COsq) © COxaq)

COsaq) + H20() © H2CO34q)
H,CO, & H* + HCO,
HCO, & H* + COZ

MeCO; + H* & Me?* + HCOy
MeCO; + H,CO,; & Me?* + HCO;
MeCO; & Me?* + 2HCO;

Feldspar carbonation, chemical

and physical changes

Effects of CO, on rocks, casings, pipes, pumps under reservoir conditions

Research measures:

Bypass system

High pressure temperature autoclave tests

Modeling



On-site pilot plant (bypass system)

20 °C
50 °C
65 °C
80 °C

On-site: Temperature, pressure, pH-conductivity, redox potential, oxygen conc.

Weekly Sampling: Major anions and cations, DIC, DOC (analyzed in the lab)

90 °C
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On-site pilot plant (bypass system)

Measured pH and EC — Pilot plant
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tot. rock= 1375 kg, avg. 150 mg/L rock => 58 kg (4.2%) rock dissolved in 6 months
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Autoclaves

TU Bergakademie Freiberg

Top valve

Reactor chamber with Assembled autoclave }
Teflon beaker and sample inside without heat covers

‘Compressed air pipe

Gas bottle with

|l industrial gas heater | Removed autoclave top and winch

Bottle _.'. i
heater

control unit

Control unit and pumps
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Kinetic experiments concentration vs. time element release rate
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* % How can the problem be solved?

Keep SI<0?

CaCOy,, = Ca* +CO5>

O,(aq 2 HCO5™ + HY
H* + CO,> > HCO;

Ca* + CO,* + H* = CaHCO,*
Ca?* + SO,* = CasSo,°

Ca?* + PO,> =CaPO,

Ca?* CaCH,0

Using CO,

LERWTG Project

Using inhibitors

EvA-M project




% % Inhibitor NC47.1B
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e NC47.1B biodegradable polycarboxylate

 Molar mass, number and property of functional groups?

e Surfactant: lowering the interfacial tension between 2 phases
e LC-OCD Analysis
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Building Blocks
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Retention Time in Minutes

LC=liguid chromatography = OCD= Organic Carbon Detection



On-site pilot plant (bypass system)
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* Determining complexation constants 3
* IC and ICP-MS can not differentiate between Ca?* and N
complexed calcium % [R——
 Titrations CaCl, solution with NC47.1B: determination of
EC and pH (cations and anions)
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Prevent precipitation in geothermal production
maintaining and enhancing pathways / permeability

%

Above ground energy production is not interrupted

Natural rocks provide better thermodynamic and kinetic data

Sorption, formation of secondary minerals, passivation of reactive
surfaces, presence of inhibiting ions

Accurate input data =» accurate models

Gained experience is used in Aquifer Thermal Energy
Storage (ATES)
= UnClog-ATES
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