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THE ICELAND DEEP DRILLING PROJECT (IDDP)
A 5 km deep drillhole on the Mid-Atlantic Ridge
at the Icelandic Hotspot
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A consortium of the three major energy companies in Iceland conceived the IDDP to investigate the
deeper levels of hydrothermal systems. Their aim is to determine if utilizing supercritical hydrothermal
fluids would improve the economics of power production from existing high-temperature geothermal
fields. This will require drilling a series of wells >4 km deep, to reach temperatures >450°C over the
next decade. 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
and with funding from the International Continental Scientific Drilling Program two international workshops have been held, resulting in a science program involving investigators from > 17 different countries.
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This first IDDP well will allow sampling fluids from 2.7 km, 4.0 km and 5.0 km and produce ~ 1.3 km of
core from a high-temperature hydrothermal system located in an ophiolite-like environment that is
actively forming today. The well at Reykjanes is at a superb location for scientific investigations of the
deeper levels of a hydrothermal system similar to black smokers, investigations of a high enthalpy geothermal resource and the coupling of magmatic and hydrothermal systems. These investigations will be
a very important contribution to global science and have clear connections to the studies of ridgehotspot interactions by the Integrated Ocean Drilling Program. The status of the IDDP will be up-dated
regularly at: http://www.iddp.is.
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The frequent occurrence
of earthquakes of 0-5 on
the Richter scale beneath
the Reykjanes geothermal field suggests that
permeability exists at at
depths of 4-8 km.

Fluid compositions
at Reykjanes are
similar to seawater.
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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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A member of the Icelandic consortium, Hitaveita Sudurnesja, is presently drilling several drillholes to
2.0-2.7 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 the Iceland Deep Drilling Project (IDDP) to take over in 2006 for deepening to 4.0
km and carry out a second flow test at that depth. In 2007, after evaluation of the technical and scientific results from this 4.0 km deep well, and subject to funding negotiations now underway, the IDDP
will continuously core the well to 5 km depth, where a third flow test will be carried out.
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Conceptual Model of a High-temperature Geothermal System in Iceland

SOCIETAL BENEFITS:
SCIENTIFIC BENEFITS
This project will provide the first opportunity worldwide to investigate the deep, high temperature reaction
zone of a mid-ocean ridge hydrothermal system, which has been a long-standing goal of the Ocean Drilling
Program. This location is ideally situated for a broad array of scientific studies involving reactions between
basalt and seawater at high temperatures, reaching supercritical conditions. Existing wells in this geothermal
field yield hydrothermal fluids that are compositionally similar to those sampled from high-temperature seafloor vents and precipitates formed in production casings have a mineralogy similar to the massive sulfides
deposited in black smoker chimneys. The flux of seawater through mid-ocean rift hydrothermal systems is an
important component of lithosphere/hydrosphere interaction and a major control on the chemistry of the
oceans. However active processes in the deep, high-temperature reaction zones that control fluid compositions have never before been available for comprehensive direct study and sampling. Ocean drilling has penetrated only a few hundreds of meters into high-temperature hydrothermal systems. Depending on the fluid
pressure, the drilled interval between 2.7 and 4.0 km should approach geochemical and pressuretemperature conditions similar to those of the source region for black smokers sampled on oceanic spreading
centers. Coring below 4.0 km is designed to penetrate into zones of supercritical fluids and cracking fronts
that couple black smoker hydrothermal systems with their magmatic heat sources. Supercritical fluids have
greatly enhanced rates of mass transfer and chemical reaction. These environments have never before been
available for comprehensive direct study and sampling. The broader implications of the IDDP are twofold; scientifically it will permit a quantum leap in our understanding of active hydrothermal processes that are important on a global scale, and secondly, if the industrial aims are successful, the resulting technology could have
a major impact on improving the economics of high-temperature geothermal resources worldwide, and thereby make accessible larges sources of deep geothermal energy that hitherto have not been developed.

1.

Increased power output per
well (5-10 fold)

2.

Production of a higher value
steam (higher P-T)

3.

Extending the resource base
and lifetime of existing fields

4.

Knowledge of reservoir characteristics at greater depths

5.

Advancing techniques of UGR
(Unconventional Geothermal
Resources)

6.

Development of an environmentally benign resource

7.

Development of high-temp.
instruments and drilling
technology

8.

Application to high-temp.
geothermal systems
world wide

9.

Educational, industrial and
economic spin offs

THE REYKJANES DRILLSITE

Lavas - hyaloclastites
and pillow lavas

IDDP

Sheeted dyke complex

REYKJANES is the landward extension of the Mid-Atlantic Ridge. The geothermal

Sphalerite -> epidote -> prehnite amygdale from 720 m depth in
well RN-17 at Reykjanes. (See: http://www.icdp-online.de for
more information on the IDDP candidate well at Reykjanes drilled
in November-December, 2004).

system is hosted in an active ophiolite-like environment, shown schematically in the
picture to the right.

COLLABORATIVE ASPECTS :
An international team of scientists from more than a dozen countries is participating in the IDDP and the project has received support from the International Continental Scientific Drilling Program (ICDP) to hold two planning
workshops. However a preliminary proposal submitted to the integrated Ocean Drilling Program (IODP)in March 2004 was rejected. We proposed that the Reykjanes drillsite should be considered as a Mission Specific Platform by the
IODP. The grounds for the rejection by the IODP was that the proposed drillsite is now above sea level. However the upper crust at Reykjanes is an actively forming submarine ophiolite complex. We are disappointed by the
inflexible attitude of the IODP as it should maintain a focus on achieving scientific goals as efficiently as possible, and do this by a wise choice of drill sites. The IDDP is an unparalled opportunity for collaboration between the IODP
and the ICDP to study mid-ocean ridge hydrothermal systems and their coupling with magmatic heat sources. There are numerous advantages for scientists in collaborating with industry on scientific drilling on land rather than at sea.
Drilling on land is technicaly much simpler and less expensive. Extensive site selection studies have already been done as the Reykjanes geothermal system is well developed, with 7 shallow (<1 km) and 9 deep (>1.5 km) wells
already drilled, with 4 more planned to supply steam to a new 100 MWe electrical plant. One of these candidate wells for deepening has just been completed and another begun in December 2004. Data and samples from the old and
new wells will be made freely available to the project. A 2.7 km deep well represents a financial contribution by industry to the science program of more than US$ 3 million and the cost of deepening it will be shared The amount of
coring and fluid sampling from 2.5 to 4.0 km depth for scientific studies will depend on how successful we are in attracting interna tional funding.

Further information: www.iddp.is
Acknowledgements: Thanks are due to Hitaveita Sudurnesja, Landsvirkjun, Orkuveita Reykjavikur and Orkustofnun for financing and supporting our activities and for advocating international
cooperation, and to ICDP for supporting the organizational workshops and financing spot coring in Phase 1 of the IDDP.

