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ABSTRACT  

The drilling of the deepest high-temperature geothermal well in Iceland, IDDP-2, was completed at 4,650 m depth in January 2017. 

The well is inclined below 2.75 km depth so true vertical depth is closer to 4.5 km below surface. Drilling began by deepening an 

existing 2.5 km deep well, RN-15 to 3 km depth, and case it with 9 7/8òï 9 5/8ò casing and cement it to the surface by reverse 

cementing method. To reach the main up-flow zone of the Reykjanes system it was necessary to build inclination from 2.75 km with 

an azimuth of 210Ádeg. Below 3 km depth total loss of circulation was experienced to the end of drilling. A 7ò perforated liner was 

run into hole and then a 7ò production (sacrificial) casing to 1,300 m and cemented to surface. This was followed by running in a 6ò 

rotary assembly to drill out casing shoes for the sacrificial casing and the liner. A 6ò pilot hole, 8 m long, was then drilled before 

pulling out for running in 3 successive 6ò coring tools to final depth. 

The well was left with 3 İò drill pipe to 4,590 m for long term stimulation and tracer injection. Several lessons learned from the 

drilling operation are addressed in the paper. To name a few, we recommend not to directionally drill such deep wells, as it involves 

all sort of problems with increasing depth, and increased risk of failure. This was well known before we began the drilling of IDDP-

2, so other reasons ruled. Necessity to reach the center of the up-flow zone at Reykjanes called for our decision to directionally drill 

IDDP-2. The biggest problems in our drilling related to keyholes that kept the string stuck for days damaging several drill pipes. Next 

to mention, is the mitigation we used for cleaning the well by bleeding HT polymer and Guargum continuously while drilling, 

basically using cold water as drilling fluid throughout the drilling. The polymer helped greatly keeping the well clean and the 

standpipe pressure much lower than by drilling with pure water alone. In the paper we attempt to analyze the coring problems we had 

in the 8 İò section. Coring with 8 İò core bit and 7 1/8ò core barrels was presumably far too stiff BHA for smooth run into 8 İò 

inclined bore hole, and slimmer tools like the 6ò core bits on 4 İ core barrel like we used in the end is recommended. Our experience 

shows that cooling of superhot wells during drilling does not appear to be a problem, provided sufficient cooling fluid is available on 

surface for continuous cooling. Total loss of circulation throughout such drilling as ours, evidently calls for a rich surplus of cooling 

fluid. Good example of cooling efficiency was seen from the LWD logging tool below 4,000 m, which we tripped in at the end of 

drilling never experiencing more than 50-60°C heating, in an environment over 500°C hot. Cementing and casing integrity is and 

will be one of the most sensitive and risky part of a drilling operation for endurance. In the paper we address this sensitive issue and 

provide some advice for our future deep drillings.  

1. INTRODUCTION  

The Iceland Deep Drilling Project (IDDP) is a Research and Development project initiated by an Icelandic energy consortium in 2000 

(www.iddp.is). It´s main goal is to find and investigate the economics of deep, high-enthalpy geothermal resources at supercritical 

conditions at 4-5 km depth by drilling holes into 400-600°C hot supercritical hydrous fluid (Friðleifsson et al., 2017, 2018). The main 

purpose is to find out if it is economically feasible to extract energy and chemicals out of such a system. The first formal well, IDDP-

1, was drilled in Krafla, NE Iceland, in 2008-2009. That well was planned to be drilled to 4.5 km but incidentally was drilled into 

magma at 2.1 km depth which terminated further drilling at that time. However, IDDP decided to flow test the well and perform pilot 

tests by inserting a cemented sacrificial casing with an open perforated liner near the bottom. A most valuable pilot study followed 

on production from the contact aureole of the magma (Pálsson et al., 2014, Hauksson et al., 2014, and other papers in Geothermics, 

Special Issue on IDDP, V 49, 2014).  The bottom line was that by testing IDDP-1 the worldôs first Magma-EGS system had been 

created (Fridleifsson et al., 2015). Lesson learned and experience from the IDDP-1 well was used in designing the second well, IDDP-

2, to be drilled at Reykjanes in 2016 (Ingason et al. 2015). Originally the plan was to drill a new well, but later the drilling plan for 

IDDP-2 was modified to deepen an existing production well, RN-15, at the north side of the Reykjanes geothermal field. Well RN-

15 had been drilled vertically in 2004 to 2,507 m depth, with a production casing set to 794 m and open hole below that. Final 

preparation for the IDDP-2 drilling began December 2015 and the drilling itself in August 2016. In December 2015, the plans for the 

IDDP-2 had been accepted as a part of European Union Horizon 2020 project called DEEPEGS (Deployment of Deep Enhanced 

Geothermal Systems for Sustainable Energy Business, www.deepegs.eu). By that time an agreement had been reached with Statoil 

(now Equinor) to participate in the IDDP consortium to 2020. 

The IDC drill rig Þór (Thor), 350Hp Bentec rig, was used for the drilling of the well.  Well RN-15 was disconnected from the piping 

system to the power plant in June 2016 and the drill pad subsequently prepared to accommodate the large rig Thor, which was 

mobilized by late July 2016 and ready to spud in the 11th of August 2016. Figure 1 shows the drill rig on site.   
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Figure 1. Drilling rig Thor at the RN -15/IDDP-2 drill site at Reykjanes (photo TBW) 

2.  WELL RN -15 AND MODIFICATION FOR IDDP -2 

Well RN-15 was drilled vertically to 2,507 m depth in 2004. The production casing 13 3/8ò was landed at 794 m (from ground level) 

and the well was left as an open hole (barefoot), i.e. not supported by a perforated liner. Circulation losses had been relatively small 

during drilling, until at 2,395 m when a total loss of circulation fluid was observed for a while. At well completion the injectivity 

index was estimated close to 3.5 (kg/s)/bar or just below the reference limit of 4 (kg/s)/bar for a production wells at Reykjanes. 

Consequently, the well was stimulated at the end of drilling by heating and cooling cycles and that improved the injectivity slightly 

or up to 4.5 (kg/s)/bar. The well was then connected to the power plant in 2006. Its output capacity was moderate to low compared 

to the better producers, and before it was closed for deepening its production corresponded to about 2-3 MWe (Friðleifsson and 

Sigurðsson, 2016).  

An early IDDP-2 well design had been made by Mannvit consulting engineers and introduced at the WGC-2015 (Ingason et al., 

2015). Once it was clear that HS Orka was to provide the production well RN-15 for deepening as IDDP-2, an immediate modification 

on the well design was needed. Table 1 shows the essential design details for each drilling phase, and a design diagram showing the 

well as built in Figure 2. 

Table 1 Drilling, casing and cementing program  
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2.1 DRILLING PLAN  

The plan was to deepen well RN-15 to be identified onwards as RN-15/IDDP-2, in order to keep the original data base ID number. 

After slowly cooling the well down, the first drilling operation was to deepen it from 2,500 m depth, with 12 ıò rotary assembly, to 

about 3,000 m. An anchor casing (9 7/8ò and 9 5/8ò) should follow and be cemented to surface. Thermocouple cables, from surface 

to about 2,700 m, a strain gauge (0ï26 m) and a fiber optic cable (0ï900 m) were to be strapped to the outside of the anchor casing 

string. An inclination to about 20° max, was to be built up for southwestward drilling (210°) from a KOP at 2,750 m depth. 20° 

inclination should be reached at about 3,100 m depth (MD). From 3,100 m Azimuth and Inclination should be kept (Hold drilling). 

The plan was to have the MWD tool in the drill string during the Hold section until its temperature limit was approached. The plan 

was then to drill to target depth of 4,500 m to 5,000 m with a conventional hold assembly, preferably including high temperature 

downhole motor. During the drilling from ~ 3,100 m depth to the bottom, around 15-20 spot cores were planned to be drilled at 

regular intervals. A 7ò perforated liner was then planned to be set from 2,970 m to TD. Thereafter 7ò production casing (sacrificial 

casing) to be RIH from top to about 1,300 m depth, and cemented in. The drilling operation was to be completed by RIH with 3 İò 

drill string which should be left at bottom for post drilling soft hydraulic stimulation. Estimated overall timing for the drilling 

operation was 151 days. The drilling schedule was based on normal drilling operations, excluding rig mobilization and rig 

demobilization. Unexpected maintenance stops of the rig and other non-productive time where not included in the drilling schedule.   

 

 

Figure 2. RN-15/IDDP-2 as built diagram. Information on the location of thermocouples from Petrospec, and depth intervals 

of coring attempts are also shown in the diagram and discussed in text. 
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2.2. DRILLING OF IDDP -2 

The rig was ready to spud in 11th August 2016. While inserting tools a casing bulge was detected at 140 m depth which called for an 

inspection with a camera (Figure 3). It turned out to be necessary to use 12 ıò milling bit and mill out the bulge between 141 m to 

158 m, followed by an inspection down to the casing shoe to ensure there were no further obstructions in the casing. This was followed 

by a wiper trip with a new BHA (Bottom Hole Assembly) to 2,500 m. 

The static water table in the well and the geothermal reservoir was at about 700 m depth, and within the production section some 8 

loss zones were known in the well. Medium size loss zones were at 1,680 m and 1,720 m depths while the largest feed zone was at 

2,360 m depth. In view of this total loss of circulation water was to be expected and experienced from the very beginning of the 

deepening operation for the production casing. Accordingly, no drill cuttings were retrieved from this section down to 3,000 m. At 

KOP (kick-off-point) however, we drilled into an opening at around 2,750 m which had to be cemented to solve cleaning problem. 

Cement was drilled out between 2,753-2,776 m and the well cleaned and drilled to 3,000 m. Following this the 9 7/8ò ï 9 5/8ò casing 

string was inserted. Cables with 8 thermocouples from Petrospec, were attached to the outside of the casing string. The thermocouples 

were rated to tolerate up to 600°C. They were expected to enable continuous measure of temperatures at 341 m, 641 m, 941 m, 1,541 

m, 1,841 m, 2,141 m, 2,341 m and 2,641 m depths (listed in Figure 2). The thermocouple at 2,141 m was damaged during the insert 

of the casing and due to that, and in order to try to prevent further damage of the cables along the casing, the casing was landed at 

2,941 m. In addition, a pressure/temperature sensor was installed at 1,241 m depth, and a fiber optic cable to 841 m depth for 

temperature, and acoustic logging, was installed by GFZ Potsdam. Data from the thermocouples were used to evaluate the progress 

of the cementing operation (see figs. below).  

 

Figure 3. The photo shows the bulge in RN-15 at 140 m (from camera run August 12th, 2016). 

To cement the 2,941 m long casing string a reverse cementing method was used (RCC). The cement was pumped through two kill-

line inlets with a pumping rate of 1.5 m3/min to begin with, slowed down 0.5 m3/min after 80 m3, and then further down to 0.25 

m3/min. Two pumping units where used and a premixed cement slurry of 40 m3. Total amount of cement slurry was ~150 m3. After 

several hour delay from morning September 5th the cementing operation began at 22:40 in the evening and was completed at 3:00 on 

September 6th, with a fill up from 9:00-12:00 in the morning. This was followed by two runs of cement bond logs (Figure 4) The 

cement quality was different from the first cement batch (landed from ca 1,400 m to the bottom), which was premixed with a retarder, 

whereas the later batches was without any retarder.  The reason for premixing the retarder in the first cement batch related to a pre-

drilling model calculation of expected temperature recovery in the newly drilled well section from 2.5 km to 3.0 km depth. However, 

due to extensive circulation losses down to 3 km depth that resulted in good cooling of the well walls this pre-mixing of the cement 

should not have been done as it seriously delayed cement hardening in the bottom section. While there was truly cement everywhere 

behind the casing after the cement job this delayed hardening time shows up in the CBL logs (figure 4).  There was also one depth 

interval in particular, between 2.3-2.4 km, which may have been deficient in cement or too cold to induce cement hardening during 

the logging. One of the Petrospec cables at 2,341 m (see Figure 5) did not show any heating during this time and reveals trustworthy 

temperature reading comparable to the downhole temperature logging during the CBL log. Later a casing damage was discovered in 

this depth interval 2,307-2,380 m. In retrospect ï this may possibly relate to poor cementing coverage or loss of cement to the feed 

zone in this interval and thereby easier access of hot reservoir fluid in the several occasions the casing could temporarily heat up 

during the drilling and stimulation operation. 
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Figure 4. Two Cement Bond Log (CBL) profiles taken on September 6 and 7, 2019 after more than 14h and 33h curing time, 

respectively. On the left logs from the whole casing and to the right zoomed in on the interval 2000-2500 m. Notice the 

temperature logs as well, and the difference between the CBL curves above and below ~1.400 m depth. A retarder was 

pre-mixed in the slurry below ~1,400 m. Note also the 50°C hot interval at 2300-2400 m depth, not heating up between 

runs. 

 

 

Figure 5. The Petrospec continuous temperature logs all show heating after cementing except thermocouple TK#2 which is 

at about 2340 m depth, closest to the main feed zone at 2360 m depth in RN-15. 

 

On September 8th the casing was cut, Blow Out Preventers (BOP´s) nippled down and the previous casing flange cut off and a 10ò 

ANSI 2500 flange mounted on the 9 7/8ò casing. After BOPËs nipple up, followed by a pressure test, the 8 İò rotary assembly was 

made up and run in hole. The drill bit hit cement at 2,787 m, followed by cleaning out of a 30 m thick bottom fill to 3,000 m. After 

cleaning the well, the string was pulled out of hole and followed by run in hole with a cement string for cementing big loss below the 

casing shoe to 3,000 m. A run in with 8 İò motor and MWD followed to drill out the cement plug from 2,927 m. At 3,003 m the loss 

began again and a total loss was experienced at 3,060 m.  
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Making up a coring drill string followed and the first core run. Once retrieved the core barrel was worn and without any core in the 

barrel. A steel thermistor holder for temperature logging during coring was missing so a cement job and side tracking had to follow. 

Again, losses began soon after drilling began with total loss at 3,117 m. POOH for plug cementing the loss zone followed. During a 

whole month 12 plug cementing operations were repeated altogether down to a depth of 3,185 m. Two failed coring attempts were 

also done during this time which also included some weather delays. After all this it became clear that the well would not be drilled 

unless by accepting total loss of circulation from then on to target depth. As cutting cleaning problems were constantly expected the 

preplanned drilling rate was reduced. During the blind drilling the rig got stuck several times and notably it always occurred right 

after a polymer pill had been circulated through the bit. Therefore, continuous bleeding of polymer and Guargum mixture (25 l 

polymer + 25 kg Guargum/hour) to help cleaning the well was started while drilling ahead. That seemed to improve the situation as 

compared to inserting polymer pills at every single. Fortunately, the rig drilled into an open fracture zone near to ~3,350 m which 

also helped with the cleaning process, and cooling of the well while drilling. To prevent stuck pipe and cleaning problems the rate of 

penetration (ROP) was kept below 5 m/h below 3,500 m. Several more openings or feed points were intersected deeper down, but 

mostly detected by down hole T-logs.  

At the beginning of the spot coring operation there were severe difficulties in recovering drill cores and overall only a total of 27.3 

meters of cores was retrieved in 13 attempts, or about 63 % recovery of the cored intervals. There were 10 core runs attempted with 

the IDDP 8 İò coring tool, and 3 successive core runs with 6ò Baker Hughes tool at the bottom of IDDP-2, beneath the 7ò liner. Prior 

to coring with the 6ò tools, an 8 m deep 6ò pilot hole was drilled with a tri-cone bit from 4,626-4,634 m, firstly to cut the casing shoes 

and to clean out a bottom fill after setting the casing and conditioning the well. Closer description of the coring and its implication 

for the lithology and hydrothermal alteration is discuss elsewhere (Weisenberger et al., 2017; Friðleifsson et al., 2017, 2018, 

Zierenberg et al, 2017, 2020), while a list of the core runs with some core recovery is listed in Figure 2 above. 

In Figure 6 below a comparison is shown between the drilling progress and the scheduled estimate. By looking at the figure one can 

see when loss zone problems begin right below 3,000 m, resulting in one monthôs gap between scheduled and actual progress, while 

it was tried to cure the loss zones for better hole cleaning.  The coring attempts were only 13 instead of 18 planned due to drilling 

problems and coring problems and poor core recoveries. The planned depth in the figure was 5,000 m but drilling was stopped earlier 

after the rig had been stuck for 3 days and several drill pipes came seriously damaged out of hole as can be seen in Figure 7 below.  

 

Figure 6. Planned drilling and actual progress of drilling 


