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"Take home”

* Jo mere vi investerer i at leere og forsta — desto klogere
bliver vi pa de tekniske risici i geotermi og saerligt pa at
minimere disse

* Ingen deciderede tekniske showstoppere — sa laenge der

foretages grundige tekniske forundersggelser og
velovervejede beslutninger vedrgrende fx materialevalg




Hvorfor er GEOTHERM og PERFORM interessante ?

Der er de senere ar gennemfgrt en raekke initiativer til fremme af geotermi:

» Strategiske Forskningsrad

* EUDP Forskning og udvikling
* Innovationsfonden

* Drejebog

* Risikoanalyse
* Screeningsanalyse af 27 byomrader [~ Energiforliget 2012
 WebGIS geotermisk portal
e Garantiordning _

som har tydeliggjort, hvor ressourcen findes — og hvor den ikke findes!
— samt belyst tekniske risici og lgsningsmuligheder
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Hvad er de typiske udfordringer ?

e Udfordringer i “efterforskningsfasen”

e Udfordringer i “driftsfasen” — men som for visse kan

minimeres ved velovervejet vidensopbygning i
efterforskningsfasen og grundig planlagning

Geotermisk gradient 25-30°C/km

2,5 km
~75°C




Efterforskningsfasen
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Ringkebing-Fyn High Danish Basin Fjerritslev Trough Skagerrak—Kattegat Platform
Snit gennem Jylland af de gverste 8-10 km af jordskorpen

For at finde de bedste steder at bore — og undga de mest usikre — skal der foretages grundige analyser af
undergrunden.

Det lokale potentiale bgr vurderes ud fra de naermeste dybe boringer og eksisterende data (typisk
seismiske data og viden om mineralogi og vandkemi).

Tekniske risici skal analyseres og vurderes — og om muligt reduceres inden stgrre investeringer foretages.

Det kan i nogle omrader fx veere indsamling af nye seismiske data, som kan styrke den geologiske model
og prognose f@gr der investeres i en boring -iandre omrader kan vurderingen vaere, at der indledes med
en testboring fx til indsamling af viden om mineralogi/vandsammensatning eller reservoirets ydeevne.

Korrekt og optimal udfgrelse af boringer kraever omfattende teknisk ekspertise og planlaegning.

Omhyggelig organisering af det geotermiske projekt fra start til slut er helt afggrende for succes.




Driftfasen
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* Tilstopning med partikler — boringsnzert
eller i reservoir

e Udfaeldning af mineraler (“scaling”)
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Tilstopning med partikler

Udfordring:

 Tilstopning af porerum i reservoiret HydroGeofFilt

* Tilstopning af perforationer eller filtersaetning

Ultrasonic device

* Kan skyldes partikler Igsrevet fra reservoiret eller dannet i anleegget
(scaling eller korrosion)

Lasninger: =5
* Filtrering — nyt type selvrensende filter udviklet i PERFORM - HydroGeoFilt
e Undga scaling eller korrosion
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Udfaeldning af mineraler ©, O

CaEO3 }
. Water |:|
Udfordring:
* Udfeeldning af karbonatmineraler — typisk CaCO, OO
e Udfaeldning af halit - NaCl O
O
* Udfeeldning af baryt — BaSO, 0o
O
* Udfzaldning af anhydrit — CaSO, o
Lasninger:
e Opretholdelse af tilstraekkeligt tryk i anlzegget E
* Undga formationsvand, der er NaCl meettet
* Anvendelse af kationfiltre — udvikling pabegyndt i PERFORM
* Anvendelse af inhibitorer CO, degassing
causing CaCO, ;
. . growth Regenspurg (2013)
Forudszetninger for valg af den bedste Igsning:

* Inddragelse af kemisk ekspertise i efterforsknings- og designfasen — herunder anvendelse af
modelberegninger og evt. laboratorietests
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Udfordring:

* Korrosion gdelaegger installationer

* Korrosionsprodukter kan forarsage tilstopning

Stal

Lasninger:

¢ Omhyggeligt materialevalg . T mm e s 1o
0 ey . Glgdeskal falder af :::::::::::::::::::::::::::::::::.:.:::::::::E{:::::::::
* Undga iltindtraengning som rustflager WIPE S Fer AR
« Undga glgdeskalsrester N =7
e e
* Anvendelse af kationfiltre — udvikling pabegyndt i PERFORM
e H,S—filter — udviklet i PERFORM Sl

Figurer fra Troels Mathiesen, FORCE
Forudszetninger for valg af den bedste Igsning:

* Inddragelse af kemisk ekspertise og korrosionsekspertise i designfasen — herunder evt. laboratorietests



Muligheder for at undga driftudfordringer i
efterforskningsfasen
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Best practice for geothermal plants
to minimize scaling and corrosion
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 Kemien af det geotermale vand en nggleparameter
* Muligheder for vurdering uden eksakte data
* Muligheder for vurderinger med eksakte data
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Muligheder for at undga driftudfordringer i
efterforskningsfasen

PERFORM - https://www.geothermperform.eu/

PERF 0 RM Challenges  Solutions and tools ~ Data  Publications  Events  Aboutus Q

° Kemien af dEt 860terma|e Va nd en n¢g|epa rameter Helping to avoid or mitigate the problems of geothermal plants

Geothermal plants are often exposed to problems that affect the performance of the plant.

Typical problems are mineral scaling, particles clogging, corrosion and temperaturefstress related effects of geothermal flow and injectivity.

In the PERFORM proje
We also conduct expe

* Muligheder for vurdering uden eksakte data

The PERFORM project especially focuses on the deep reservoirs (> 1 km deep).

and geology of the reservoirs, the chemistry of the water and precipitates and the construction of the plants.
the plants and in laboratories.

lons that can help the operators to avoid or mitigate the problems.

* Muligheder for vurderinger med eksakte data e

gas

Co Data
Map
List of plants
Useful Links
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Muligheder for at undga driftudfordringer i
efterforskningsfasen

PERFORM - https://www.geothermperform.eu/

Conceptual sketch
Margretheholm geothermal plant

Bag fil
q ag filter Heal exchanger Membrane filter

@ Injection pump

0000 >
T=14°C

Kemien af det geotermale vand en nggleparameter
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Muligheder for vurdering uden eksakte malinger

Muligheder for vurderinger med eksakte malinger

Point of water sampling, water from production well Point of water sampling, water from injection well
A Well head D Well head
B Before bag filter E  Bottom hole

C  After cooling, prior to injection pump

The demonstration site Margrethehoim’ (geathermal plant) was established in 2005, and it includes one production wedl and one injection well. The figure above illustrates the position of wells and filters.

Reservairis): The produsing reseruoir consist of sandstones, 2. Lower Triassic sandstones belanging 1a the Bunter Sandstone Formation, Average porasity of the sandstons

Reservoir depth: 2400-2500 m

Reservair temperature: soprax 73 °C

Problems observed: Predipitation of metallic lead (Pb)is a problem, particularly with respect the injection weil behavior. Clogging of the perforations with products of comosion is alsa a problem. Galvanic
corrasion (electrochems ‘2action) in both the injection well and the surface fadlities is observed

Gealogical model far the Margrethehalm geothermal reservair: The producing ressmvair consist of Lower
Sandstone Formation comprises aitemating sandstone and shaly layers. The Lower Triassic Bunter Formation is videspread in the North Genman Basin and in the southem part of the Norwegian-Danish
Bain. The depositionsl environment iz arid to semi-arid, resulting in deposition of nd fiun nd interbedded with sit and mudssones. In geners), the sand of the Bunter Formation has been
transported signficandy shorter from source ared t deposition than the sand in the Gassum Formarion.

sic sandstones belanging 1o the Bunter Sandstone Formatian. The fithology of the Bunter

Completion designs, well completions and casing sizes (MAH-1 and MAH-21
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Muligheder for at undga driftudfordringer i
efterforskningsfasen

PERFORM - https://www.geothermperform.eu/

Conceptual sketch
Margretheholm geothermal plant

The demonstration site ‘Margretheholm’ (geothermal plant) was established in 2005, and it includes one production well and one injection well. The figure above illustrates the position of wells and filters.
Reservoir(s): The producing reservoir consist of sandstones, i.e. Lower Triassic sandstones belonging to the Bunter Sandstone Formation. Average porosity of the sandstones: 2004,
Reservoir depth: 2400-2600 m

Reservoir temperature: approx. 73 °C

Problems observed: Precipitation of metallic lead (Pb) is a problem, particularly with respect the injection well behavior. Clogging of the perforations with products of corrosion is also a problem. Galvanic
corrosion (electrochemical reaction) in both the injection well and the surface facilities is observed.

Geological model for the Margretheholm geothermal reservoir: The producing reservoir consist of Lower Triassic sandstones belonging to the Bunter Sandstone Formation. The lithology of the Bunter
Sandstone Formation comprises alternating sandstone and shaly layers. The Lower Triassic Bunter Formation is widespread in the North German Basin and in the southern part of the Norwegian-Danish
Basin. The depositional environment is arid to semi-arid, resulting in deposition of aeolian and fluvial sand interbedded with silt and mudstones. In general, the sand of the Bunter Formation has been
transported significantly shorter from source area to deposition than the sand in the Gassum Formation.

Point of water sampling, water from production well Point of water sampling, water from injection well
A Well head D Well head
B Before bag filter E  Bottom hole

C  After cooling, prior to injection pump

The demonstration site Margrethehoim’ (geathermal plant) was established in 2005, and it includes one production wedl and one injection well. The figure above illustrates the position of wells and filters.

Reservairis): The produsing reserusir consist of sandstones. 2. Lower Triassic sandstones belonging 1o the Buncer Sandstone Formation. Average porasity of the sandstones: 203
Reservoir depth 2400-2600 m
Reservair temperature: soprax 73 °C

Froblems observed
corrosion {electrochs:

tation of metallic lead (Pb) is a problem, particularly with respect the injection well bshavior. Clogging of the perfarations with progducts of comasion is alsa a problem. Galvanic
"2action) in both the injection well and the surface facilities is obsarved

Gealogical model far the Margrethehalm geothermal reservir: The producing ressrvair consist of Lower Trizssic sandstones belonging to the Buncer Sandstonz Formatian. The ithology of the Bunter
Sandstone Formation comprises aftemating sandstona and shaly layers. The Lower Bunter Formation is widespread in the North German Easin and in the southern part of the Norwegian-Danish
Basin. The depositional environment is arid to semi-arid, resulting in deposition of ind fiuvial sand interbedded with silt and mudstones. In general, the sand of the Bunter Formation has been
transported signficandy shorter from source ared t deposition than the sand in the Gassum Formarion.

Completion designs, well completions and casing sizes (MAH-1 and MAH-21
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Muligheder for at undga driftudfordringer i
efterforskningsfasen

PERFORM - https://www.geothermperform.eu/

Brine composition: PCA result:
d mg/L 4 N + Sonderborg Fijernvarme
Na m e s Honselersdijk
J + Thisted Varmeforsyning
Ca mg/L 3 + Margretheholm
° 1 - ¢ Pijnacker Nootdorp
Kemien af det geotermale vand en nggleparameter . P ¢ Plnacker Nootdor
S
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* Muligheder for vurdering uden eksakte data o3
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* Muligheder for vurderinger med eksakte data N I e e 4
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Gas composition: s, |
-1 0 1 2 3 4
o2 m vol%e Primary PCA component
N2 m vol% Well with most similar brine composition to your well:
co2 _ vole 1. Margretheholm (88.3%)
_ - 2. Thisted \-’arnwgfors-_mmg[7949:&)
3. Senderborg Fjernvarme (70.3%)

4, Gross Schénebeack (68.3%)

Create PCA plot 5. Pijnacker Nootdorp (54.8%)

6. Honselersdijk (0.0%)
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Muligheder for at undga driftudfordringer i
efterforskningsfasen

PERFORM - https://www.geothermperform.eu/

Please indicate below which materials make up a significant portion of the tubing or equipment walls.

# Carbon steel Stainless steel Corrosion Resistant Alloy (CRA) Titanium

Please indicate whether the brine in your well contains large concentration of any of the following:
Dissolved oxygen ¥ Noble metal ions (e.g. lead or copper) Dissolved CO;

Are there parts in your well where dissimilar metals come into contact with each other, whilst having a liquid
connection between them? For example when a section of carbon steel tubing transitions into a section of stainless
steel tubing.

Yes No |

Does your well's design feature sharp changes in flow direction, or sudden variations in tubing diameters?

Kemien af det geotermale vand en nggleparameter I

Thanks for answering the questions! Click the button below to get a list of the corossion types that are most likely to
accur in your well, Click any of the listed corrosion types to show additional information on it.

Muligheder for vurdering uden eksakte data

Uniform corrosion

M u I ighEd e r fO r vu rd e ri nge r m ed e ksa kte d ata Uniform corrosion is only possible for carbon steel in the brine solution. Several cathode reactions may facilitate

this reaction including oxygen reduction and hydrogen reduction. High flow conditions or elevated temperature
conditions may favour rapid corrosion in some areas while other areas may be partly covered by rust products
(iron oxide), slowing down the process hera.

H,0
0. oM H.  H°

o e e

Galvanic corrosion - noble metal ions

Flow related corrosion
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Muligheder for vurderinger med eksakte data —
geokemiske beregninger

Relative
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Beregninger af risiko for scaling eller oplgsning af vigtige mineraler i
reservoiret (den sidste synes dog ikke at vaere en stor udfordring pa det
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"Take home”

* Jo mere vi investerer i at leere og forsta — desto klogere
bliver vi pa de tekniske risici i geotermi og saerligt pa at
minimere disse

* Ingen deciderede tekniske showstoppere — sa laenge der

foretages grundige tekniske forundersggelser og
velovervejede beslutninger vedrgrende fx materialevalg




Tak for opmaerksomheden !

GEOTHERM - https://dybgeotermi.geus.dk/geotherm/

PERFORM - https://www.geothermperform.eu/

- bliver inden udgangen af 2021 opdateret med de
naevnte veerktgjer.
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