THE ICELAND DEEP DRILLING PROJECT (IDDP)
A consortium of 3 major energy companies (Hitaveita Sudurnesja (HS), Landsvirkjun (LV) and
Orkuveita Reykjavikur (OR)) together with the National Energy Authority (OS) in Iceland, conceived
the IDDP to investigate the deeper levels of hydrothermal systems. Their aim is to determine if utilizing
supercritical hydrothermal fluids will improve the economics of power production from existing high-temperature
geothermal fields. The IDDP was first introduced at WGC-2000 in Japan (Fridleifsson and Albertsson, 2000).

Drilling of the first IDDP candidate well RN-17 at Reykjanes began in November 2004 and in February 2005 the well was completed at 3082 m. This is defined as phase 1 of the IDDP drilling. Two drill rigs
from Jardboranir Ltd. were used to complete the well. The drilling operation is described on the ICDP website:
www.icdp-online.org/sites/iceland/news/news.html.
A member of the Icelandic consortium, Hitaveita Sudurnesja, is presently drilling several drillholes to 2.0-3.0 km
depth on the Reykjanes Peninsula at the southwest tip of Iceland, where the Mid-Atlantic Ridge emerges from
the ocean. All of the wells will be flow tested in 2005-2006. One of these wells is a candidate well for IDDP to
take over in 2006 for deepening to 4.0 km and carry out a second flow test at that depth, defined as IDDP
phase 2. In 2007, after evaluation of the technical and scientific results from this 4.0 km deep well, and subject
to funding negotiations, the IDDP will continuously core the well to 5 km depth, where a third flow test will be
carried out, defined as IDDP phase 3. Elaborate flow test and pilot studies are defined as IDDP phase 4, scheduled for 2008-2010. Estimated cost of each phase: ~5 M USD, total cost ~ 20 M USD.
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The composition of supercritical fluid is not
known in detail, but concentrated brines may
develop beneath selfsealing zones. However,
their existence may be short lived because of
the frequent earthquakes create permeability
within the Icelandic crust, thereby allowing mixing. The IDDP boreholes are designed to
resolve such questions concerning fluid composition and permeability.
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Reykjanes Site Specific Scientific Benefits
Iceland is the largest landmass straddling a mid-ocean ridge and lies at the center of an actively forming
Large Igneous Province stretching from Greenland to Scotland. Typically rocks near the surface in
Reykjanes are hyaloclastites and basalt flows, which overlie sheeted dike swarms. These undoubtedly
pass downwards into mafic intrusives gabbros, which in turn should be underlain by ultramafic rocks typical of the upper mantle.The Reykjanes site offers the advantage of permitting drilling into an ophiolite
sequence on land, and to directly study active formation of ocean crust.
The drill site offered to the IDDP is ideally situated for a broad array of scientific studies involving reactions between basalt and seawater at very high temperatures, reaching supercritical conditions where
exceptionally high solubility and mass and energy transfer occur. The flux of seawater through mid-ocean
rift hydrothermal systems is the major control of the chemistry of the oceans. Depending on the fluid
pressure, the drilled interval between 3 and 4 km should approach geochemical and pressuretemperature conditions similar to those of black smokers on oceanic spreading centers. The cored depth
interval from 4-5 km is designed to penetrate into supercritical fluids which couple black smoker hydrothermal systems with their volcanic heat sources. Such environments have never been available for comprehensive direct study and sampling. IDDP deep drilling will create a deep observatory to study the temporal behavior of this complex system.

Development of hightemperature instruments
and drilling technology

Drill cores are extremely important to the IDDP scientists.
More than half of the 60 science projects would be severely
compromised without drill cores. The photo to the right
shows the first spot core collected in relation to IDDP,
collected from the bottom of well RN-19 on 11 April 2005.
This coring operation was funded by ICDP and marks
the beginning of the international collaboration in
relation to the IDDP drilling. ICDP and US NSF have
agreed to fund coring operations in IDDP phases 2 and 3 by
4.2 M USD. The core from RN-19 is 3 long and is composed
of massive dolerite (diabase) intrusion. Low and high-angle
actinolite veins were observed in the dyke.
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Detailed studies of transition
from sub- to supercritical
conditions

Fluid inclusion studies are important part of many of
the IDDP science proposals. The photo below shows
2.5 cm long quartz crystals from 616 m depth in well
RN-17, ideal for fluid inclusion studies.

Marine sediments and pillow basalt. From RN-17 we
know that pillow basalt formations occur down to 3 km at
least, and marine fossils are common above 1 km depth
but have been seen to 2.3 km depth. Despite high heat
the fossils are reasonably well preserved, while recrystallized. The marine environment at all depths is a part of the
IDDP studies. The photo below (left) shows several examples of the marine fossils from the Reykjanes geothermal
field.
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Sulphide and isotope studies are important part of several IDDP proposals. Massive
sulphide ore deposits are t part of sea floor
hydrothermal alteration and black smoker
environment. The photo shows sphalerite ->
epidote -> prehnite amygdale from 720 m
depth in well RN-17. Pyrite, chalcopyrite and
galena are also found.
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The IDDP could serve as an ideal R&D platform for an international program on sustainable clean
energy from deep, unconventional geothermal resources (UGR). Through the IDDP, the Icelandic energy
industry has offered an exceptionally attractive target for international collaboration on scientific drilling. In
order to reach temperatures >450°C drilling wells to greather than 4 km depths is required. Such deep hot wells
present both technical challenges and opportunities for important scientific studies. The IDDP has therefore welcomed participation by the international scientific community. This year, 2005, both funding agencies, the International Continental Scientific Drilling Program (ICDP) and the USA National Science Foundation (NSF), have
agreed to participate in the IDDP and to support core drilling by 4.2 M USD. We will continue our effort to seek
the participation and funding support from the Integrated Ocean Drilling Program (IODP) and the European
Commission Framework Programmes (EC-FP7), and other international and national funding agencies from within some of the >17 countries participating in IDDP. This is necessary to secure funds for the elaborate flow tests
and pilot studies on the energy potential, as well as to provide fund for the numerous science studies and future
drilling. Funding for the first IDDP well, however, is more or less secured, now depending on the budget decisions of the Icelandic energy consortium for 2006 and 2007.

A search for unconventional (supercritical)
geothermal resources

Societal Benefits:

The primary economic objective of IDDP is to find 450-600°C supercritical geothermal fluids at drillable depths, to study their physical and chemical nature and the feasibility and economics of using
them as an energy source. Although drilling such deep wells will be expensive, modeling indicates that the
power outputs from supercritical wells could be enhanced by a factor of 10 relative to the power production
usual from high-temperature geothermal wells. If this approach to using such an unconventional geothermal
resource (UGR) is an economic success, the same approach could be applied in other high-temperature volcanic
geothermal systems, as an important step in enhancing the geothermal industry worldwide.
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Numerous science projects have been proposed to
IDDP from the international science community, from
at least 11 countries. Most of these projects will be
funded from domestic sources in each case. The
disciplines covered include: reservoir parameters and
simulation, fluid chemistry, borehole geology and
geophysical logging, magnetic and thermal properties,
fracture modelling, radio-nuclides, fluid inclusions,
rock mechanics, sulphides and scales, water-rock
reactions, petrochemistry, surface and subsurface
geophysics and seismic studies, sedimentary studies,
fluid handling studies, and drilling technique.

Collaborative Aspects
Approximately 60 science projects have been proposed to
participate in IDDP, including some 100-150 international
scientists and students. Some overlap exist in the numerous
research theme proposed, but a close collaboration is intended
between the various groups of scientists. A central science teams
was established in 2004 to coordinate the scientific studies and
lead the research activities in the different countries.
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