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Drilling in Krafla 2009

The IDDP program is expected to continue to 2020 (?) and to
involve at least three 4-5 km deep holes, all of which should reach
450-600°C
The purpose is to improve the economics of geothermal energy by
producing spercritical hydrous fluids from drillable depths
Power output from such wells compared to conventional wells may
increase by factor of 10 - from 4-5 MW electric to 40-50 MWe

IDDP Funding Model
Industry/government consortium funds costs equivalent to drilling
and testing a deep exploration well

result:

IDDP plan was to continuously core the production zone

This reevaluation took place at a workshop in April 2006. By this
time the IDDP consortium had signed an agreement that committed funds for the deepening the well, and the ICDP and the NSF
had committed funds for the science program. At the workshop,
while there were strong arguments for deep drilling at Reykjanes,
the focus of attention moved to Krafla in northern Iceland. There
Landsvirkjun, the operator of the geothermal field, offered to drill
a 3.5 km deep well that would then be deepened to 4.5 km. The
idea was to put the subcritical part of the formation behind casing, and then drill deep into the supercritical zone to produce
supercritical fluid unmixed with the shallower subcritical fluids.
After discussion the decision was made to move operations to
Krafla. It was also decided to better characterize the reservoir at
Krafla by additional MT survey and micro-seismic monitoring
studies.
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An international collaboration has already been established
in relation to IDDP-1 well at Krafla, and the preceding “Well
of Opportunity” RN-17 at Reykjanes. It will be modified and
refined depending on the results from the IDDP-1 drilling at
Krafla during 2009 and the flow tests to follow.

Collaborations on IDDP-2
and IDDP-3
Spudding-in of the IDDP-1 well at this site occurred in the summer
of 2008 and a surface casing was set at 87 m depth from flange. A
larger rig was mobilized for two intermediate casing to 254 and 785
m autumn 2008.
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Gæsafjöll

The final drilling plans were reviewed at a “Kick-off Meeting” in
early March 2009. It was then estimated that drilling from 800 m to
4500 m should take a further 115 days (Þórhallsson 2010).

Hágöng

INDUSTRY DRIVEN SCIENTIFC DRILLING PROJECT
inevitably with a great cost benefit for scientists which would have
difficulties in raising funds for multi-million dollar science projects
where most of the cost is spent on the dilling operation itself

Drilling for production casing began late March 2009. At first it proceeded normally, until a series of untoward problems of stuck pipe,
twist-offs and necessary fishing operations, occurred, that are
described elsewhere at this Congress (Hólmgeirsson et al., 2010).
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Krafla

Hvíthólar

As yet the funding issue for the deepening of wells IDDP-2
and IDDP-3 to ~ 5 km is an open issue. As before the
IDDP consortium welcomes international participation. We
seek funding and scientific partners for collaboration.

June 2001

2. Drilling Technology

March 2002

3. Science Program

October 2002

4. Site Selection (RN-17)

June 2004

5. Crisis

April 2006

6. Site Selection (IDDP-1)

March 2007

7. Kick-off Meeting

March 2009

8. Fluid Handling

September 2009
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Seven Workshops and
Organized Meetings

A Feasibility Report was published 2003.

Legend

Mývatn

A new spot coring tool was designed
and manufactures

A team of international scientists was established with
some 60 research proposals and about 100 - 150
international scientists, engineers and their students
from at least 15 countries.
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The complicated drilling operation required cementing off lost fishes and sidetracking two times, and several weeks delay of the drilling operation. Another result was that the first intermediate casing
of 13 3/8" was set to only 1949 m instead of the planned 2400 m
depth.

The IDDP consortium had funded a two year long feasibility study
that was completed and published in 2003. Part I dealt with
geosciences and site selection (Friðleifsson, et al., 2003), Part II
with drilling strategy (Þórhallsson, et al. 2003), and Part III with fluid
handling and evaluation (Albertsson et al., 2003). Modeling done as
part of the feasibility study indicated that power output from a
supercritical well could be enhanced by an order of magnitude relative to that of a typical geothermal well in Iceland.

Candidate
drillhole: RN-17
was drilled late
in 2004 and
completed to
3.1 km depth in
February 2005.
This well was
flow tested in
November 2005,
and subsequently lost in
February 2006
upon cleaning.
Cost 4-5 M USD.

Mid-ocean rifting and hot spots
Sheeted dike complexes
Heat transfer from magma
Natural supercritical phenomena
Deep permeable convection cells
Hydrothermal water-rock reaction
Fracturing, self-sealing and permeability
Techniques drilling, well completion and logging
Scientific, industrial, and economic spin-offs

20.000 - Rhyolites

IDDP-01
Drillhole location

International Scientific Continental Drilling Program (ICDP)
supported meetings and 2 Workshops in 2001 and 2002 (PI’s:
GÓF - Wilfred A. Elders and Seiji Seito).

Wider Research Goals
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12.000 - Andesite lava

Fault
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2001-2005

Inferred magmachamber

Fissure

Caldera fault

Status 2005 : Requests for funds for scientific drilling
granted by ICDP (1.5 M USD) and by US NSF (3.0 M
USD).

The RN-17 well at Reykjanes was completed
to a depth of 3.1 km, in 2005 but, before surrendering it to the IDDP for deepening by
core drilling, the energy company decided to
perform a flow test before casing the well.

Sandbotnafjall

Hvíthólar
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Leirhnjúkur

IDDP-01
design depth

Magma

Background of the IDDP 2000 - 2010
The major energy companies of Iceland formed a consortium to improve the economics and availability of geothermal resources by investigating the deeper levels of hydrothermal systems. Drilling the necessary deep wells
presents both technical challenges and opportunities for
important scientific studies. The IDDP therefore welcomed
participation by the international scientific community.
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Participants from 12 different countries attended two IDDP
workshops funded by the International Continental Scientific Drilling Program (ICDP); the first of these discussed the
optimal scientific drilling strategy, and the second discussed the science program based on more than 50 scientific proposals from different investigators.

IDDP/ICDP SAGA/PI
International start-up
meeting.
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The well was drilled to a depth of 3.1 km. The rocks
penetrated consisted of Holocene tholeiites, hyaloclastites, marine sediments, pillow basalts, and relatively coarse-grained diabase dikes. At that time it
was planned that the IDDP would rotary drill and
spot core this well to 4.0 km depth in 2006, and
then, in 2007, to deepen the borehole from 4.0 km
to 5.0 km, using continuous wireline coring.

12

01

02

03

04

05

06

07

2005

The 3.1 km deep
well became
blocked during a
flow test.
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IDDP-workshop 5 reviewed the
situation and reconsidered the
plans in view of new circumstances. However because
deep drilling plans are furthest
along at Krafla, it was decided
to focus on that field first.

Increased interest in the IDDP on the part of
industry. Alcoa, Inc., an international aluminum
company, joined the consortium as financial
partner. Orkuveita Reykjavikur and Hitaveita
Sudurnesja each made a commitment to drill a
3.5 km deep well in their geothermal fields at
Hengill and Reykjanes, respectively, and make
them available for deepening, as contributions
to the IDDP.

At IDDP- Workshop 4 it was decided that operations would move to Krafla in NE Iceland, one of
the central volcanoes shown in Figure 1. Landsvirkjun, the operator of the Krafla geothermal field,
agreed to drill a 3.5 km deep well and make it available to the IDDP for deepening into the supercritical zone. The hydrothermal system of Krafla is in a
volcanic caldera with higher temperature gradients
and more recent volcanic activity than at Reykjanes.
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The first flow test has not been completed before the WGC-2010
conference. If the expected conditions, however, will not sustain
superheated steam production for acceptable time for the field
operator, creation of an EGS system by injecting water towards the
magma through neighbor wells remains an option for further consideration which has a high potential for continuing international
collaboration on the IDDP.

-2000

Subsequent
attempts to
recondition the
well failed, and the
well had to be
abandoned.

For references see WGC-2010 paper 3901

The completed progress of the well completion and its initial flow
testing results will be reported in a series of papers at this Congress (Hólmgeirsson et al., 2010, Friðleifsson, et al., 2010; Elders
and Friðleifsson, 2010, Ingason et al., 2010, Ármannsson, 2010).

IDDP-01
as built
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A total loss feed zone was in the open bottom section of the well,
which was injected by cold water for 1 additional month after drilling (until 7 August 2009) before the well was allowed to heat for
the flow test.

Krafla

Unfortunately, while flowing during this test
in November 2005 it collapsed and became
blocked. Subsequent attempts at reconditioning the well failed, and this borehole was
abandoned in February 2006. This set-back
caused the idea of starting the first deep well
at Reykjanes to be reevaluated.

As a first step towards achieving its goals, rather than drilling a new widediameter well from the surface to the total depth, the IDDP Workshop 3
proposed to deepen an industry geothermal well being drilled by Hitaveita
Sudurnesja, situated in a geothermal field on the Reykjanes Peninsula. This well
would be ideally situated for scientific studies as the Mid-Atlantic Ridge
emerges from the ocean at the southwest tip of Iceland (Figure 1). Thus the
Reykjanes well would permit scientific investigations both of potentially
economic high-temperature hydrothermal phenomena and of mid-ocean ridge
processes similar to those that feed black smokers.

The international geothermal industrial and scientific society is invited to participate in the completion of wells IDDP-2
and IDDP-3, flow testing and pilot studies for energy production. The completion of the program is expected to take
place within this decade. Information on the IDDP project
and its progress will be announced at our website:
www.iddp.is.

When drilling into the 2100 m depth range for the third time without
getting stuck it became clear that 3 times we had drilled into magma, about 1000°C hot. Quenched rhyolitc glass (obsidian) was
returned to the surface the last time. The drillhole naturally
plugged its bottom by about 20 m thick obsidian plug, and as the
1947 m production casing was already in place, the well could be
completed with a 9 5/8" slotted liner to the bottom and an inner 9
5/8" cemented sacrificial casing above that.
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During 2011-2015 the Reykjavik Energy (OR) and HS Orka
hf (HS) intend to drill wells IDDP-2 at Hengill, and IDDP-3
at Reykjanes, at their own cost, down to approximately 4
km depth and cement in the production casings. Already,
OR has purchased all the casings to production depths
and a 2500 class master valve. The cost of each of the
new IDDP wells is expected to be of similar magnitude as
IDDP-1 cost estimates. Both wells will be made available
for deepening into the supercritical zone by the IDDP, with
possible participation by the scientific community.
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Science agencies fund costs of sampling, coring and testing
required by the science program and subsequent studies

The next international workshop was
held in March 2007 to review progress,
and projected costs. After considerable
discussion of the likely problems of
drilling a slim core hole at great depth
and high temperatures, it was decided
that continuous core drilling was too
risky and too expensive. Instead it was
decided to drill a wider diameter hole
that could be cooled more easily, and to
take only spot cores using the rotary
drilling rig alone. Similarly the fluid sampling program was scaled down so that
all the equipment would be on the surface instead of downhole. A coring system specially designed for spot coring
at very high temperatures was designed
and manufactured and given a highly
successful test in the well RN-17B at
Reykjanes and resulted in 100% core
recovery (Skinner et al., 2010,
Fridleifeisson and Richter, 2010 and
poster 3905).

International Collaborations
Related to IDDP-1

StatoilHydro became
partner in the IDDP. Contact for drilling at Krafla
signed with the Iceland
Drilling Co. Ltd.

Drilled to 2100 m with
numerous problems, so
sidetracking was necessary. Set Anchor casing to
1949 m instead of 2400 m.

The IDDP-01 well was
drilled and cased
to 800 m depth.

Rhyolite magma flowed
into well at 2096 m depth.
End of drilling.

The partners in the IDDP
consortium signed a new
contract to collaborate in
deep drilling in Iceland.
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Iceland GeoSurvey-2009/brj

Preparation and funding for drilling took 5 years, 2000-2005

The IDDP logo shows the essential parameters behind the concept of thermal mining.
The basic idea by the IDDP is to drill deep
enough into the roots of conventional high
temperature hydrothermal systems to produce water at natural supercritical conditions
and bring it to the surface as 400-600°C
superheated steam, at subcritical pressures
(<220 bar).
In the event of low permeability the thermal
mining cycle could be induced by injecting
cold fluid into the hot rocks and completed
by retrieving it as steam. That would be a
proper Engineered Geothermal System
(EGS). With that in mind deep drilling
involves a win-win situation when exploring
the roots of the high temperature geothermal
systems.
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www.icdponline.org/sites/
iceland/news/

Reykjanesbær, IS 260, Iceland, 3University of California, Riverside, Dept. of Earth Sciences, Riverside, CA 92521, USA.
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The initial plans of the Iceland Deep Drilling
Project (IDDP) were announced and presented as an opportunity for international collaboration at WGC-2000 in Japan (Friðleifsson
and Albertsson, 2000). Now 10 years later
we review the accomplishment and
announce near future drilling and research
plans of the IDDP.

IDDP is a long-term industrial driven geothermal research progam

Drilling at Reykjanes 2005
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Economic Goals of IDDP
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& W. A. Elders

10 Years Later - Still an Opportunity for International Collaboration

Introduction
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www.iddp.is

Flow-test 1

End of cooling.

Flow-test 1-B

Heat-up period
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