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Why coring should be part of any 
exploratory high-temperature drilling 
project, as illustrated by the case histories 
of the Salton Sea Scientific Drilling Project 
(SSSDP) and the planned Iceland Deep 
Drilling Project (IDDP):

a plea for technology development.



The Purpose of this Presentation

• To illustrate the advantages of coring 
high-temperature  geothermal wells

• Examples from the SSSDP

• History of planning for the IDDP

• Hybrid continuous coring system

• Spot coring

• Request for advice (& technology 
development)
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The Salton Sea 
Geothermal System

SSSDP 

1985-86 drilled 3.22 km deep well

Bottomhole temperature >360 oC

Metal-rich brines ~ 25 wt% TDS 

3 flow tests at different depths

224 m of cores recovered

375 MWe  installed & 125 
MWe under construction
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SSSDP Fluids

Metal-rich brines
~ 25 wt% TDS

Flow rates > 
370,000 kg/h at 
1725 kPa
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SSSDP Temperature logs

After
injection

Hung liner failed

after 7 months
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Drilling and Coring Performance
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Planned to use USD 1 million to core 10% of well 

(i.e. 320 m) - actually 224 m recovered

Planned to use 250 hours for logging – actually 487 hours needed
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Some Cores a from SSSDP

Anhydrite - cemented salt solution  
breccia  from 1042 m. Source of 
salt is from dissolution of evaporite 

720,000 year old rhyolite tuff 1704 m, implies a 
subsidence rate of 2.4mm/year for 0.7 million years



Complex calcite vein  1240 m

0               5mm
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Fractures and Vein Filling

1228 m

909 m
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Results of coring at Salton Sea

• Sedimentary and evaporitic facies analysis

• Source of salts

• Detailed petrography and isotopic analyses

• Structural relationships

• Igneous  intrusive units

• Resolution of mineral paragenses

• Fracturing and vein-deposition sequences

• Petrophysical properties 
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Lessons learned from the SSSDP

• Flow testing of specific flow zones requires high-
temperature packers or drill stem testing 
equipment

• Downhole logging and sampling equipment 
needs considerable development

• Cores are extremely useful -- but better coring 
systems are needed
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Overall goal of the IDDP
Power output 50MWe from a single well?

Science Plan

• The IDDP well will produce fluid samples from a flow tests at ~ 4.0 to 4.5 km  (and possibly 
3.5 km)

• Drill cuttings down to 4.5 km depth

• Spot drill cores from 2.5 to 4.5 km depth

• Pressure, temperature and flow-meter logs over the whole drilled interval

• Depending on the fluid pressure, the drilled interval between 2.5 and 3.5 km should 
approach geochemical and pressure-temperature conditions similar to those of black 
smokers on oceanic spreading centres

• The second phase of drilling is designed to penetrate into supercritical fluids which must 
underlie black smoker hydrothermal systems, and which play an extremely important role in 
heat transfer and hydrothermal alteration

• Supercritical fluids have greatly enhanced rates of mass transfer and chemical reaction. 
These environments have never been available for such comprehensive direct study and 
sampling.
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• Do natural supercritical fluids exist at drillable depths and do they have economic 
potential?

• What are the physical/chemical properties of natural supercritical fluid and of the 
rocks that contain them?

• How do supercritical fluids couple hydrothermal systems with magmatic heat 
sources?

• How do they affect chemical and mineral alteration, fracture propagation and fluid 
flow?

• What is the sequence of fracturing and vein filling in response to transitions from 
subcritical to supercritical conditions at the magma/hydrothermal interface? 

• Cores are part of all major scientific drilling projects because they constitute a robust 
archival record as science progresses
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Issues at the IDDP 
that require coring



Need for coring 
in IDDP Wells

• How do we know when we are entering the critical PT-field?
Reply: During drilling – only by combined mineralogy 
and on-site fluid inclusion studies

• What happens if we mix sub-critical with supercritical fluid?
Reply: We wet the steam – and risk rapid acid corrosion of casing and scaling –
and thereby we may lose the well – and may fail to prove the benefit of using 
supercritical fluid. 

• Lost circulation yields no drill cuttings. In many wells in Iceland we experience 
total loss of circulation because of high permeability.

These are practical reasons enough to justify drill cores !
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Sequence of drilling, casing, and testing 
originally proposed (2003)

0-2.4 km Rotary 
Drilling – Flow Test

2.4-3.5 km 
Continuous Coring –

Reaming and Flow 
Test

3.5 -5.0 km 

Continuous Coring and 
Flow Test

Reaming and 
Production Flow 
Test
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Plan proposed in 2003

Million USD    0     1      2       4       6      7     8       10      12      14     16
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DOSECC Hybrid Coring System

Uses a mining type rig 
on the platform of a 
conventional rotary rig
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DOSECC Hybrid Coring System
Combines positive features of rotary drilling and wireline coring

Conventional Rotary Rig

• Rotary Hole Drilling 

• Tripping Drill Rods

• Setting Large and 
Multiple Casing Strings

• BOP Equipment

Wireline Diamond Core 
Drilling

• Continuous Wireline 
Coring for fewer trips

• Accurate bit weight and 
feed rate control

• Ability to core during 
complete lost circulation

• High Quality Core



Geothermal Wireline Coring
Initially Developed for UNOCAL’s Indonesian 

Geothermal Projects

Location Hole # Depth (m) T (oC)

Karaha T-2 1383 321

Karaha T-8 1327 288

Karaha K-33 1992 256

Karaha K-21 1654 259

Awibengkok Awi 1-2 2439 232

Sumatra 2028 260

Hawaii SOH-2 2973 348

New Mexico VC-2b 1762 294



New & Old Drilling Rigs in Iceland

Hydraulic pipe handling, top drive JOTUN - Rotary table



Drilling progress – days versus depth
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ROP almost doubled by drilling
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improve well cleaning

(ROP ~ 200 m/day)



improved

ROP

?

The Impact of these Innovations on Time Estimates  
is Offset by Huge Increases in Drilling Costs
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IDDP coring  is clearly a NEW challenge for the DOSECC 
HCS system .The IDDP drilling engineers recommended 
rotary drilling and spot coring rather than continuous 
slimhole coring
Concerns:
Drillstring integrity (Drill Rods & BHA)
Cooling efficiency

In January and March 2007 we requested technical data  
from DOSECC on how to minimize these uncertainities, but 
received no new input.

Early in June, after further discussions with DOSECC, we 
relucantly decided to abandon continuous coring and 
settled for limited spot coring. 

Decision not to use wireline coring



The InnovaRig is 
capable of both 
rotary and 
continuous wireline 
diamond drilling.

However it was not 
ready to bid on the 
IDDP drilling.

Also it has a very 
high mobilization 
costs.  
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Current Status

• A balance needed to be struck between scientific 
rewards, costs, and safety.

• The first deep IDDP well should be rotary drilled 
to target depth (4.5 km) rather than 
continuously core drilled between 3.5-4.5 km. 

• If total loss of circulation occurs during drilling, 
coring is the only way to get rock samples as 
drill cuttings will not be obtained.  Accordingly, 
spot coring is recommended in the event of total 
circulation loss.



A Plea to the Engine Workshop

• The IDDP needs input on optimizing spot coring
(minimizing trips, avoiding jammed core barrels, core disking, etc.)

• Can we successfully spot core “blind”, i.e. with total loss 
of circulation?

• How best can we control fluid pressures during coring?

• What about continuous coring in the IDDP in the future? 

WE NEED TO IMPROVE CORING IN HIGH 
TEMPERATURE WELLS IN GENERAL



....the devil at depth....

(From the KTB)

THANK YOU!

htpp://www.iddp.is

Engine Workshop 4, 2-3 July 2007, Reykjavik,  Iceland


