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The drilling of the Iceland Deep Drilling Project geothermal well at Reykjanes has 

been successfully completed. 

A significant milestone has been reached in the Iceland Deep Drilling Project at the Reykjanes 

Peninsula in Iceland when drilling of the IDDP-2 well was completed on the 25th of January at 4,659 

meters depth. All of the initial targets were reached.  These targets were to drill deep, extract drill 

cores, measure the temperature and search for permeability. Temperature at the bottom of the well 

has already been measured at 427°C, with fluid pressure of 340 bars, drill cores were retrieved, and 

the rocks appear to be permeable at depth. It´s clear that the bottom of the well reached fluids at 

supercritical conditions, so that the main drilling phase objective of the project has been achieved.  

The drilling operation took 168 days since we began the drilling operation 11th August 2016. 

   

A significant milestone in the Geothermal Industry  

The depths beneath the production zone of the geothermal field at Reykjanes have never before 

been explored.   The IDDP-2 well took advantage of HS Orka´s well RN-15 at which was a 2,500 meter 
deep production well.  The first phase of the IDDP-2 project was to deepen the RN-15 well to 3,000 

meters and cement a steel casing firmly into the surrounding formations.  The deepest existing 
geothermal wells at Reykjanes are about 3,000 meters deep so the IDDP-2 has the deepest casing in 

any well in Iceland. From there the well was deepened to its final depth of 4,659 m from rig floor.  
 

If the best outcome of the project is achieved that the well can be used for highly efficient energy 
production, it would open new dimensions in geothermal utilization. This is because a supercritical 
fluid has a much higher energy content than conventional high-temperature geothermal steam. 
Potential utilization will not be known until the end of year 2018 when all research, including 
substantial well stimulation and flow testing, but first indications are positive. If deep supercritical 
wells, here and elsewhere in the world, can produce more power than conventional geothermal 
wells, fewer wells would be needed  to produce the same power output, leading to less 
environmental impact and improved economics. Another option would be to use the IDDP2 for deep 
injection to enhance the performance of the overlying current production zone of the Reykjanes 
geothermal field. 
  
Challenges and lessons learned 

Drilling a well this deep and hot comes with many difficult challenges. Drilling becomes more 
complicated as the well gets deeper and in this project we went deeper than before. In the beginning, 
we had difficulties extracting drill cores but in the end we managed to extract 27.3 meter in 13 
attempts and the last core was from the bottom of the well at 4,650 meters from surface. Using 
conventional drilling methods was not an option for many aspects of the project so new method s  
had to be developed to ensure the progress of the project. The well is drilled vertically straight down 

to 2,750 meters and drilled directionally below that. The bottom of the well has a vertical depth of 
about 4,500 meters, and is situated 738 meters southwest of the well head. Various challenges arose 

as the drilling progressed and the drill got stuck a few times. Each instance was successfully solved, 
as were all other challenges that were faced and solved as they happened.  However, the major  
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unsolved problem was a complete loss of circulation below 3,060 m depth, that could not be cured 
with lost circulation materials, or by multiple attempts to seal the loss zone with cement. At 3180 m 

we gave up cementing so below that depth no drill cuttings returned to the surface.  Consequently 
the drill cores were the only deep rock samples recovered.  We attempted as many coring runs as 
the coring budget allowed. 
 
The project has been a learning experience where it was demonstrated that it is possible to drill a 

long deep well in a high temperature geothermal field. We have gained valuable knowledge that will 
be useful in other projects, and other wells can surely be deepened. The purpose of the IDDP-2 

project is research and the drilling completion is only one phase of the project. The next steps will be 
to do further testing and research on the well, and most importantly flow tests and fluid handling 

experiments will be conducted within the next two years. Final results on the technology and 
economics of production from the well will not be clear until end of year 2018.    

 
HS Orka has lead the IDDP-2 project in close collaboration with other partners in the projects, in 

Iceland those are Landsvirkjun, Orkuveita Reykjavíkur and Iceland’s National Energy Authority. 
Statoil, the Norwegian oil company, has also been an active participant in the project. The IDDP-2 has 

also received substantial grants from the EU H2020 (DEEPEGS) as well as other international science 
grants (ICDP and NSF).  Drilling contractor was Jarðboranir (Iceland Drilling Company). 

 
Logging operation 

 

On January 3rd, PT logging was done with a K-10 logging tool, which is only calibrated to 380° C. 

During the logging 15 l/s were pumped on the kill-line with the BOPs closed. At 500 m depth the 

pumping was increased to 35 l/s and to 40 l/s at 682.5 m. The tool hung up temporarily at 2311 m 

and 2500 m, but then continued logging to 4560 m depth. Figure 1 shows the results, indicating a 

large permeability zone at about 3,450 m depth. Smaller fee zones are seen at about 4,450 m and 

possibly another at just over 4,500 m. The pressure at 4,560 m was just over 340 bars and the 

temperature was 426°C.   

 

The interesting aspect apart from the high temperature at bottom, are the permeable zones at 4450 

m and the second just below 4500 m depth. When the temperature was logged after only 6 days of 

heating (Figure 1), the well had clearly not recovered from the disturbance of drilling and injection. 

The fluid at the bottom of the well was almost certainly a mixture of surface cooling water and 

formation fluid.  None-the-less, at 426° C and 340 bars, the fluid at the bottom of the well appears to 

be in supercritical conditions, regardless of the salinity.  The critical point for fresh water is 374° and 

221 bars.  The critical point of the normal reservoir fluids produced at Reykjanes, which have a salinity 

of seawater, is 406°C at 298 bar pressure. Although we do not yet know the salinity of the fluid at the 

bottom hole water it is hard to argue that it was not at supercritical condition during the logging 

operation. The deep permeable zones below 4450 m depth will most likely yield superheated steam 

into the well upon production, while the loss zones at about 3,400 m are likely to produce two phase 

fluids. Thus by enhancing the deep permeability further we can only improve the thermal output of 

the well.  
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A new K-10 tool was subsequently run down to determine the injectivity index. About 15 l/s were 

pumped on the kill-line. The tool was lowered to 2000 m and pumping increased from 15 l/s to 45 l/s  

(Figure 2). Two hours later the pumping was decreased to 15 l/s. Figure 2 shows that the injectivity 

index is 1.7 (l/s)/bar. To try to enhance this relatively low injectivity index, by further stimulation, a 3 

½" drill string was run to the bottom of the hole, so that cold water can be injected for several 

months. There are already some positive indications of enhancement in   attempts made after the 

last three core drilling runs. Two logging runs, showed that the injectivity index rose to 2.9 (l/s)/bar, 

in the 2nd log and up to 3.1 (l/s)/bar in the 3rd log (Figure 2). We expect that deep stimulation with 

cold water is thus likely to improve the fracture permeability further. 

 

 
 

Figure 1. Temperature and pressure log to 4,560 m depth in IDDP-2. As can be seen from the temperature 

profile, due to the effects of cold water injection, the well is far from thermal equilibrium  It is conceivable that, 

when thermal recovery is complete, temperatures could exceed the uncalibrated  ~427°C measured. 
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Figure 2. First injectivity test in IDDP-2, measured at 2000 m depth January 3 and the third 

injectivity test, measured at 2000 m depth, January 23d, 2017. The indexed increased from 1.7 to 

3.1 (l/s)/bar. 

 

This effort to enhance the deep permeability, by maintaining deep injection through the 3 ½” drill 

string to the bottom of the well, for several months, is part of the EU H2020 supported DEEPEGS 
project. A drill rig will be needed to pull out the drill string when the stimulation effort is completed. 

 

 

CORING OPERATIONS 

 

CORE  11 

On January 15th, the 6” coring assembly from Baker Hughes was prepared and run in with a PCD, HQ 

size, coring bit.. About 7 l/s were pumped on kill-line and the well was cooled after each stand using 

15-20 l/s. From 4250 m 10 l/s were pumped on kill-line and 17 l/s on each stand when added to the 

string. Reaming was necessary from 4628-4634 m. Coring run #11 started from 4634.2 m and was 

completed at 4642.8 m in 70 min (Figure 3). Pumping was 14 l/s on the string and 10 l/s on kill-line.  

 

 
 

Figure 3. Drill progress during coring attempt #11 – which only took about 70 minutes. 
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CORE 12 

After core-run #11 was completed and the BHA out of well a new BHA was assembled for core-run 

#12, using the same core bit. At 4640 m the well was rinsed for an hour using 15 l/s on the pipes and 

10 l/s on kill-line. Coring started at 23:00 and was completed at midnight, January 17th. Coring was 

achieved from 4642.8-4652 m depth. Subsequently the string was POOH and 10 l/s were pumped on 

the kill-line. The core barrel came out of the well early in the afternoon and core was retrieved from 

the barrel soon after. The core was about 9 m long. The coring itself took only about 1 hour similar 

to core run 11. 

 

CORE 13 

Following core-run #12 on January 18th it we decided to run yet another core run. At 15:30 the same 
day the BHA was assembled, using the same PCD drill bit, and subsequently run in hole as 10 l/s were 
pumped on kill-line, but 15 l/s were pumped on string after 3,260 m had been reached. At 05:15 on 
January 19th the well was rinsed prior to coring, which commenced at 05:45 at 4,652 m depth. At 
4,659 significant vibration occurred, possibly indicating the core-bit was damaged or blocked. At 4659 
m any drilling became impossible so the coring was terminated at that depth.  The coring itself took 
75 minutes. Pulling out of hole was completed at 8 PM and about 6 m of core was retrieved. This last 

core run in IDDP-2 is set at nominal 4659 m driller’s depth from the rig floor – or 4650 m from ground 
surface.  
 

Table 1 below shows a list of all core runs carried out in the IDDP-2 and their measured recovery. 

 

 

As we now have the final depth of the RN-15/IDDP-2 hole it is appropriate to show the track of the 

inclined well in Figure 4 and a snap shot of the well in a 3D image is shown in Figure 5. Figure 6 then 

shows a depth-time log for the entire drilling operation. 
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Figure 4. The red line shows the track of well RN-15/IDDP-2. 

 

 
 

Figure 5. Snap shot of the RN-15/IDDP-2 well in a 3D image, also showing all other well tracks in the 

Reykjanes geothermal field. 
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Figure 6.  Depth-time log for the entire drilling operation of the RN-15/IDDP-2 well. 

 

GEOLOGY OF THE DRILL CORES 

The deepest coring runs, #’s 11, 12 and 13, in the IDDP-2 borehole were carried out through the 7-

inch liner, with Baker Hughes equipment, using 6-inch a polycrystalline diamond bit that cuts a 2.625 

inch diameter core.  

 

Figure 7. Core bits from Baker Hughes – the 6” bit on the left was used for three core runs, #11, #12 

and #13.  
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NOTE: The following reconnaissance lithological report is based solely on a preliminary hand 

lens/binocular microscope examination, and will undoubtedly be modified by further laboratory 
studies and analyses. 

The lithology of the more than 21 m of core recovered out of the 25 m drilled in runs, 11, 12 and 13 

differs from that of the cores and drill cuttings previously recovered from shallower depths in the RN-

15/IDDP-2 exploratory borehole. The shallower samples consist of meta-basalts or meta-dolerites  

(diabases) that exhibit greater or lesser degrees of hydrothermal alteration, that is usually pervasive, 

and ranges from albite-epidote (greenschist) metamorphic facies to amphibolite metamorphic facies. 

In contrast, cores 11, 12, and 13 consist of relatively fresh, apparently little, to moderately altered, 

hypabyssal basaltic dikes, together with minor intrusive felsic dikes or veins. In Iceland, bimodal 

igneous assemblages of predominately basaltic rocks with lesser amounts of rhyolitic or felsite 

(granophyric) are common in other Icelandic volcanic centers (such as at Krafla, the site of the IDDP-

1 well). These IDDP-2 cores exhibit the first occurrence of this association so far observed in the 

Reykjanes geothermal field, either at outcrop or in the subsurface.  

CORE 11 
The upper part of this core consists of fine-grained basalt varying to fine or medium-grained dolerite 

with subhedral to euhedral plagioclase phenocrysts (up to 0.5 mm) in a largely pyroxene matrix. 

Ophitic texture is usually lacking but in some places plagioclases are lath-like and exhibit a rough flow 

alignment. At hand sample level, both the mineralogy and the textural features appear to be primary 
hypabyssal igneous intrusive, with only moderate indications of hydrothermal alteration.   

The shallower part of the upper dolerite unit in Core 11 contains a network of mineralized planar 

fractures 1-2 mm wide, lined with segregations of mafic mineral too fine-grained to be identified by 

hand lens (possibly hornbende?) (Figure 8). 

 

Figure 8. Core 11 at 4635 m depth.  Dolerite with dark-colored, conjugate, fracture network cut by a 

younger intrusive felsic vein or dike. 

Gradational variations in grain size of the basalt/dolerite occur and also sharp chilled margins that 
are evidence of multiple pulses of intrusion of basaltic magma. The best example of a chilled margin  
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occurs in core 11, at 4,636.25 to 4,636.50 m depth, that indicates that the upper dolerite intruded a 

lower, colder, dolerite unit (Figure 9).  

 

Figure 9. Chilled margin in Core 11 at 4636.25 to 4636.50 m depth 

 

This a 1-2 cm wide, aphanitic chilled zone is oriented at 30-40°C to the axis of the core. One might 

infer that this contact is an approximately vertical margin of a sheeted dike, given the inclination of 

the hole at about 40°C to vertical.   

As indicated above, the dolerite of Core 11 is intruded by usually planar dikes or veins of fine to 

medium grained, rhyolitic rock (“felsite”) consisting of feldspar and quartz with minor amounts of 

biotite and hornblende, that are younger than the mineralized fracture network illustrated in Figure 

8 and the chilled margin illustrated in Figure 9. These younger felsic intrusions are most abundant in 

the upper third of Core 11. Some of them are only one or two millimeters in width, but others have 

widths of several centimeters, and contain xenoliths of dolerite.   

The fracture illustrated in Figure 10 is the clearest indication of water-rock reactions in Core 11 where 

the surface of the core and fractures within it are have a reddish brown, ochrous coating of hematite. 

When emptying the core barrel a few drops of red liquid were observed leaking from an open 

fracture, resulting from mixing of open space supercritical vein fluid and the cold drilling fluid. In this 

section of the core, all  open fractures are coated with this material and also with crystals of euhedral 

biotite,  and in one case with a 0.25 cm cavity containing euhedral 0.5 mm quartz crystals coated with 

hematite (Figures 10 and 11).  

CORE 12  

(4642.7-4651.80 m). The top of this core consists of very homogeneous, equigranular dolerite with a 

quite fresh appearance, with a few ~ 1 mm wide “felsite” veins. The textures are typically igneous 

with slight variations in grain size, but ophitic textures are absent. There are long planar clean, non-

mineralized, fractures inclined at 10° to the axis of the core. Near the bottom of this core there is an 

irregular contact between dolerite and basalt that is apparently another chilled margin, with the 

upper unit chilled against the lower unit (Figure 12).  
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CORE 13 

(4652.00-4657.99 m.) This core consists of dolerite/basalt with a very fresh, glistening, appearance 

on new fractures. Plagioclase phenocrysts average 1 mm in size near the top of the core there i s more 

of the reddish iron staining similar to Core 11. On a cut surface what appears to be some incipient 

saussuritization is visible of the plagioclase phenocrysts, which average 1 mm in size. The pyroxenes 

are greenish in color with perhaps suggestions of replacement by, or exsolution of, different 

ferromagnesian phases.  Near the top of the core is a very irregular chilled igneous contact between 

a dolerite like that of core 12 above and a finer-grained, lighter-colored, basalt below. The upper unit 

is younger.  The dolerite above the contact has an ophitic texture. The deeper basalt grades 

downwards into a rather homogeneous dolerite, but it contains a few thin (2-3 mm) “felsite” veins, 

inclined at 45° to the axis of the core. There are traces of brassy yellow sulfides (grain size 0.1 mm, 

pyrrhotite?) on fresh joint surfaces, that lack the hematitic staining. 
 

 

 

Figure 10 (Left). Core 11 at 4637.80 m depth.  Two centimeter thick “felsite” dike in dolerite. The red 

surface at the felsite margin is due to rapidly quenched hematite mineralizing fluid. (Right) Close up 

of core fragments removed from the open space on the left. Top – open fracture mineralized with -

quartz + biotite. Bottom – “felsite” dike with basaltic inclusions. Center Right - Irregular contact 

between “felsite” and basalt. 

These three cores are primarily basaltic and doleritic, hypabyssal, intrusive rocks, apparently part of 

a sheeted dike complex. Visible evidence for pervasive water/rock reactions is minor compared to 

what was seen in cores from shallower depths. However, further work is likely to show that elemental 

and/or isotopic exchange has occurred in these rocks. These basaltic rocks are invaded by minor 

felsite dikes, or veins, that usually have sharp, non-chilled contacts with the host rocks, suggesting 
that the temperature of the host rocks was above the solidus for the felsic magma. Obvious results  



   

11 
 

 

of hydrothermal activity is limited to open fractures where quartz-biotite mineralization has 

occurred. Many of these fractures are coated with hematite, which is continuing to be deposited.  

 

Figure 11. Euhedral quartz filling a drusy cavity in the fracture surface shown in the upper part of 

Figure 10 (right). 

 

 
 

Figure 12. Biotite,coated with hematite ) on the fracture surface illustrated in the upper part of 

Figure 10 (right). 4,637.86 m. 
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Figure 13. Anastamosing contact between dolerite dikes. Younger white felsite  veins filling “Reidel 

shear” fractures. 

 
Some Final Words 

While much remains to be done in terms of petrology, geochemistry, downhole logging, data 

interpretation, future reservoir stimulation, and, above all, flow testing, early indications are that the 

RN-15/IDDP-2 exploratory borehole has met its initial goals. It is the deepest well in Iceland and 

apparently has reached temperatures and fluid pressures indicative of supercritical conditions, with 

suggestions that permeability and supercritical fluids coexist at depth. 

The total loss of circulation below 3 km depth was unexpected, but the existence of large 

permeability, up to a kilometer deeper than the current production  zones at Reykjanes, may have 

implications for the future development of the geothermal resource, that are independent of  

supercritical production. 
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UC Riverside), Robert Zierenberg (UC Davis), Tobias B. Weisenberger (ISOR), Björn S. Harðarson, 
(ISOR),  Ari Stefánsson (HS Orka), Þór Gíslason (HS Orka), Ómar Sigurðsson (HS Orka), Geir Þórólfsson 
(HS Orka), Kiflom G. Mesfin (HS Orka), Sigrún B. Sverrisdóttir(HS Orka), Marín Ó. Hafnadóttir (HS 

Orka), Michal Kruszewski (HS Orka, internship), Adam Calicki (HS Orka, internship), Gunnlaugur M. 
Einarsson (ISOR), Steindór Níelsson(ISOR), Sveinborg H. Gunnarsdóttir ( ISOR) and Bastien Poux  

(ISOR). 
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