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Production potential of superheated systems

Superheated and supercritical resources have the potential to produce 
multiplied power outputs compared to conventional resources



What is it?



Superheated geothermal systems all over?



Supercritical and superheated systems in Iceland

Located on the North Atlantic Ridge Nesjavellir, Mt. Hengill geothermal system
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Krafla, the site of the IDDP-1 well
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Drilling into superheated conditions 

− IDDP-1 drilled into magma at ~2100 m 

− Drilling quite challenging below 2000 m

− Drilling came to an end when cuttings of 
fresh glass indicated the presence of a 
magma body at the bottom

− The steering committee of the IDDP 
decided to complete and flow test the 
well, rather than abandoning it

− Resulted in the hottest geothermal well ever

Pálsson, B., S. Hólmgeirsson, Á. Guðmundsson, H.Á. Bóasson, K. Ingason, H. Sverrisson, S. Thórhallsson, 2014. 

Drilling of the IDDP-1.Geothermics 49, 23–30. 



The world hottest well (for a while)
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IDDP-1 well in Krafla, N-Iceland

Drilled into magma at 2100 m depth

Discharged 450°C steam

Capacity ~36 MWe

Casings + well-head failed

Photo: Landsvirkjun – National Power Company of Iceland



Reykjanes, the site of the IDDP-2 well

Blue lagoon



Reaching supercritical conditions!

− The IDDP-2 well reached supercritical 
conditions at 4.5 km depth in 
January 2017

− Temperature at the bottom of the well 
was measured at 426°C, during drilling, 
at fluid pressure of 340 bars

− Exceed the critical point of seawater

− Warm-up logs suggest a stable 
bottom hole temperature at least 
535°C

• Fridleifsson, GÓ, Elders, WA, Zierenberg, RA, Stefánsson, A, Fowler, APG, Weisenberger, TB & Mesfin, KG 

(2017). The Iceland Deep Drilling Project 4.5 km deep well, IDDP-2, in the seawater-recharged Reykjanes 

geothermal field in SW Iceland has successfully reached its supercritical target. Scientific Drilling, 23, 1-12. 

DOI: 10.5194/sd-23-1-2017

• Friðleifsson, G.Ó., et al., The Iceland Deep Drilling Project at Reykjanes: Drilling into the root zone of a 

black smoker analog, J. Volcanol. Geotherm. Res. (2018), https://doi.org/10.1016/j.jvolgeores.2018.08.013
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IDDP-2 plan forward

− The composition of the deep fluids is unknown at present

− Well has been stimulated by injection of cold water 

− Induced seismic events during drilling and injection

− The well is in slow warm-up prior to flow test, planned in 2019

Friðleifsson, G.Ó., et al., The Iceland Deep Drilling Project at Reykjanes: Drilling into the root zone of a black smoker analog, 

J. Volcanol. Geotherm. Res. (2018), https://doi.org/10.1016/j.jvolgeores.2018.08.013



Motivation: Why model this at all?

− The industry stands before two very 
important challenges associated with 
possible utilization of supercritical or 
superheated geothermal systems

− Wellhead and casing material need to 
sustain highly corrosive fluid

− How is the productiveness of the 
potential resources over long periods of 
time?



Collaboration between ÍSOR and UiB

Reservoir engineering & modeling Porous Media Research Group



Heat transfer in geothermal systems

Intimate contact between circulating fluids and hot boundary rock of the magma 
is maintained over the lifetime of the activity (Björnsson, S. and Stefánsson, 1987)

Bjornsson S., Stefansson V. (1987) Heat and Mass Transport in Geothermal Reservoirs. In: Bear J., Corapcioglu M.Y. (eds) 

Advances in Transport Phenomena in Porous Media. NATO ASI Series (Series E: Applied Sciences), vol 128. Springer, Dordrecht



Modelling migration of fractures into hot-rock

Previous mathematical and analytical 
modelling work

Modelling of flow in fractures and opening 
of fractures (UoB)
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SiGS project

Supercritical and superheated geothermal systems –

coupled subsurface deformation and convective heat transfer 

−A joint project by the University of Bergen, ÍSOR, Equinor, 
Landsvirkjun, HS Orka and Reykjavik Energy

−Using field data from IDDP sites in Krafla (IDDP-1) and Reykjanes 
(IDDP-2) to model processes that lead to alterations of permeability 
in the deep reservoirs 



SiGS project’s main concepts

Heat transfer in superheated and 
supercritical resources

− Modelling effects of migration of fractures into 
hot-rock on heat transfer

Formation response to injected fluids in 
supercritical resources

Can the heat transfer be enhanced by injection 
of fluid, i.e. stimulation?
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