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ABSTRACT 

 
The Icelandic Deep Drilling Project (IDDP) is a research program designed to evaluate 

improvements in the efficiency and economics of geothermal energy systems by 

harnessing Deep Unconventional Geothermal Resources (DUGR). The goal is to generate 

electricity from natural supercritical hydrous geofluids from depths of around 3.5 to 5 km 

and temperatures of 450-600°C. At that depth, the pressure and temperature of pure water 

exceed the critical point of 374.15°C and 221.2 bars, which means that only a single phase 

fluid exists. In order to drill into the target zone of supercritical geofluids, one of the main 

challenges is to deal with high temperatures and pressures during the drilling and well 

completion processes. Because of the great uncertainties in this project a detailed risk 

assessment and contingency plan is necessary.  

This thesis describes major geological and technical problems, in terms of drilling, in such 

a high temperature and pressure environment, with emphasis on the geo-engineering part 

of the drilling process and well completion. The natural geological risks arising from 

volcanic and seismic activity, as well as meeting sufficient permeable zones, are 

considered to be relatively minor factors when compared to the well completion process 

due to their low probability. The main risks are assessed in the hazard of underground 

pressure blowouts, meeting circulation loss zones and material failures due to the high 

temperature environment. In addition borehole failure, formation fracturing, cement and 

casing failure as well as problems during coring operations are deemed to be likely, but by 

applying the appropriate techniques as well as mitigation and counteractive measures, 

discussed in this thesis, most of these risks can be reduced or prevented. 
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1 INTRODUCTION  

1.1 Approach of this Thesis 

This thesis will give a short introduction to the Icelandic Deep Drilling Project (IDDP) and 

its goals, as well as a description and assessment of general geological risks in the volcanic 

active area of Krafla, where the first IDDP well will be drilled. In order to drill into the 

target zone of supercritical geofluids, one of the main challenges is to deal with high 

temperatures and pressures during the drilling and well completion processes. Because of 

the great uncertainties in this project a detailed risk assessment and contingency plan is 

necessary. This masterôs thesis will describe the major geological and technical problems, 

in terms of drilling, in such a high temperature and pressure environment, with emphasis 

on the geo-engineering part of the drilling process and well completion. Further assessment 

will be completed on the impact and probability of risks to the drilling process and an 

appropriate contingency plan will be proposed. 

1.2 Cooperation Partners 

This thesis was done in cooperation with the following companies and institutions: 

 

 
Landsvirkjun Power (LVP) ehf  
Háaleitisbraut 68 
103 Reykjavík 
 
Contact: 
M.Sc. Mech. Eng. Sveinbjorn Holmgeirsson and 

Ph.D. Bjarni Palsson 

 

 
ISOR ï Iceland GeoSurvey 
Orkugarður    Rangarvöllum  

Grensásvegi 9   P.O. Box 30  
108 Reykjavík  602 Akureyri 
 
Contact: M.Sc. Petrol. Eng. Anett Blischke 
 

 
RES  |  the School for Renewable Energy Science  

Solborg at Nordurslod  

IS600 Akureyri 

 
Contact: 
Dr. Björn Gunnarsson (Academic Director of RES),  

Prof. Dr. Axel Bjornsson and  

Prof. Dr. Hrefna Kristmannsdottir (University of Akureyri) 
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1.3 Project Constellation 

The IDDP was initiated in the year 2000 by a consortium of Icelandic energy companies. 

This consortium consists of Hitaveita Sudurnesja Ltd. (HS), Landsvirkjun Power (LVP), 

Orkuveita Reykjavikur (OR) and Orkustofnun (OS). Representatives from all involved 

companies constitute the Deep Vision committee, which is the steering committee of the 

IDDP. The first IDDP well is located in the high temperature geothermal field Krafla and 

will be drilled by Jarðboranir hf. (Iceland Drilling Company Ltd). All technical data 

processed and considered in this thesis concerning the well design and drilling process was 

provided by LVP and ISOR. Basic geological data for the Krafla area was provided by the 

University of Akureyri, ISOR and LVP. 

1.4 The Icelandic Deep Drilling Project (IDDP) 

The IDDP is a research program, the task of which is to evaluate improvements in the 

efficiency and economics of geothermal energy systems by harnessing Deep 

Unconventional Geothermal Resources (DUGR). The goal is to generate electricity from 

natural, supercritical hydrous geofluids from depths around 3.5 to 5 km and temperatures 

of 450-600°C. At that depth, the pressure and temperature of pure water exceed the critical 

point of 374.15°C and 221.2 bars, which means that the difference between water and 

steam disappears and instead of two phases only a single phase fluid exists. The IDDP 

target is to drill for supercritical fluid at point F, which is shown in fig. 1, separate that 

fluid by deep casings (~3.5 km) to prevent mixing with the two phase field of liquid and 

steam, and bring the fluid up to the surface as superheated steam. 

 

Fig. 1: Pressure-Enthalpy diagram for pure water (Fournier, 1999).  

For geofluids, which contain dissolved chemical components, the critical point is elevated 

above those values, but will be reached in greater depths with temperatures exceeding 

450°C. The concept of this program is to test and prove that the production of electricity 
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from superheated steam derived from depressurized supercritical high-enthalpy geofluids 

in natural settings has economical benefits over electricity production from conventional 

geothermal fields. Modelling indicates that under favourable conditions, a 4-5 km deep 

well producing supercritical fluids at temperatures significantly greater than 450°C could 

yield sufficient high-enthalpy steam to generate 40-50 MWel. That is an order of magnitude 

higher electrical power output than is usual from a conventional 2 km deep well producing 

from a subcritical, liquid-dominated geothermal reservoir in Iceland (Fridleifsson, 2003a). 

A comparison of a conventional dry-steam well and the IDDP well is given in table 1. This 

comparison is based on the assumption that both wells have the same volumetric flow rate 

of 0.67 m
3
/s of incoming steam and that the supercritical fluid has a higher energy density. 

 

Tab. 1: Comparison of conventional dry-steam wells with IDDP well (Palsson, 2007) 

 Conventional dry-steam well 
(*)

 IDDP well 

Downhole temperature 235°C 430 ï 550°C 

Downhole pressure 30 bar 230 ï 260 bar 

Electric power output 5 MWel 50 MWel 

(*)
 Well data taken from the geothermal field of Svartsengi 

In addition to reaching supercritical conditions, another prerequisite for the IDDP well to 

be considered a success is to encounter sufficient permeability, such as major fractures that 

channel fluids from deeper heating zones.  

 

Fig. 2: Aerial photo with boreholes and power house locations at the geothermal fields in 

Krafla (LVP, 2008a) 












































































































































