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The most common source of 
geothermal energy is hot aquifers.  

This resource supplies >12,600 MWe 
in over 40 countries (WGC 2015). 

 

Geothermal energy. 

The Geysers in California, USA 
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Geothermal is a heat energy resource that can be used to 
provide both direct heat and power. 
 
Over 70% of the industrial energy consumption in the UK is used to 
provide heat; heat is the single biggest reason we use energy in our 
society.  The vast majority of our heat is produced by burning fossil fuels 
(around 80% from gas alone), and as a result heat is responsible for 
around a third of the  UK’s greenhouse gas emissions. DECC has set an 
ambitious UK target of  80% cut in GHG emissions by 2050. 
 
According to the Digest of UK Energy Statistics (DECC, 2013) electricity 
generated from renewable sources accounted for 14.9% of total UK 
electricity generation, with bio-energy as the largest component. 

UK energy demand 



Geothermal resource in the UK  

Heat flow map of the UK (BGS) Geothermal resource in the UK (BGS) 
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Engineered Geothermal System 
(EGS) – the concept The production cycle 

The optimum application for deep 
geothermal is the provision of direct 
heat.  For areas with no large heat 
demand it can be used to generate 
power using the Organic Rankine Cycle 
(ORC), but the efficiency is low (~15%).   
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Geothermal heat uses 

Direct heat use  

• Aquaculture; 

• Agriculture; 

• Horticulture; 

• Drying processes; 

• District heating; 

• Spa and leisure; 

• Food/drink industry; 

• Laundry. 
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Phase 2 (1980s) - three wells drilled in granite to approximately 2,500 m 

`Hot Dry Rock’ Geothermal Project 
Rosemanowes 1970s – 1990s Six years of hydraulic 

testing and circulation 
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Soultz-sous-
Forets, France  
 
Two systems: 

3,500 m in 1990s 

5,000 m in 2000s 

European EGS projects  
1990s – present day 

Since the 1980s EGS development has 
continued at several projects in Europe. 

Landau, Germany 
>3.5MWe 

(3,000 m TVD) 

On-line in 2007 

Insheim, Germany 
>4.0MWe 

(3,500 m TVD) 

On-line in 2012 
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Sub-surface reservoir development 

A lot has been learnt over the past 30 years. 

  Rosemanowes  (2,500m)                          Soultz-sous-Forets  (5,000m) 
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EGS projects - 2014 
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Project Type Country Size (MW) Plant Type Depth (km) Developer Status 

Soultz R&D France 1.5  Binary 5.0 ENGINE    Operational 

Desert Peak R&D USA 
11–50 

(proposed) 
 Binary 

USDOE, Ormat, 

Geothermex 
Development 

Landau Commercial Germany 3.5  Binary  3.3  GEOX    Operational 

Insheim Commercial Germany 3.8 Binary 3.5 

Paralana (Phase 1) Commercial Australia 7–30  Binary 4.1 Peratherm     Drilling 

Cooper Basin 

(Habanero) 
Commercial Australia 

1 (current) 

250–500 

(proposed) 

 Kalina 4.3 Geodynamics     Drilling 

The Geysers Demonstration USA (Unknown)   Flash 3.7 
Alta Rock 

Energy, NCPA 
    Suspended  

Newberry Demonstration USA (Unknown)   ? Alta Rock Energy Development 

Ogachi R&D Japan (Unknown)  1.0   



SW’s geothermal resource 
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University of Exeter – CSM virtual 
museum  

Dartmoor 

Bodmin 

Moor 

St.Austell 

Carnmenellis 

Lands 

End 

Carn 

Brea 

Tregonning-

Godolphin 

Cornwall: 

The area of the 
exposed granite 
is ~1,600 km2 
and the total 
area of the 
granite under a 
2.5 km cover is 
~3,600 km2.  

Hingston 

Down 



Proposed deep geothermal plants 
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EGS Energy Ltd 
The Eden Project 

Geothermal 
Engineering Ltd 
United Downs 

Currently there 
are two deep 
geothermal plants 
in Cornwall with 
planning consent. 



St Austell Granite structure 

Psyrillos, 2003 

Eden 
Project 
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Estimated temperature profile 

The aim is to achieve a production 
water temperature of 175°C - 180°C  
for geothermal power generation; this 
equates to a depth of ~ 4,500 metres. 
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At a depth of 5,000 metres: 

37°C/km 

42°C/km 



Estimated stresses 
at 4,500 m: 

• σv = ~117 MPa 

• σh = ~  60 MPa  

• σH = ~141 M Pa 
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In-situ stress regime 

σh 

σh 

σH 

σH 



Comparative depths 
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The deepest well in the world is the Kola 
Super Deep Bore (Russia) which reached a 
depth of 12,262 metres (40,230 feet) 
 
The longest well in the world is the Z-44 
Chayvo (Russia) extended reach well with a 
measured total depth of 12,376 metres.  
 
The Deepwater Horizon rig has drilled the 
deepest oil well, in the Gulf of Mexico, at a 
TVD of 10,683 metres. 
 
The deepest onshore well in the UK is the 
Seal Sands No.1 at a TVD of  4,166 metres. 
 
The deepest well in Cornwall is RH15 at 
Rosemanowes at a TVD of 2,652 metres 



The deepest well in the world 
The ‘Kola Super Deep Bore’ in NW Russia.  
 
1978 – commenced and by 1983 had reached   
 12,000 m; drilling was stopped for a year.  

1984 -  drilling was resumed, but a 5,000 m  of 
 drillstring twisted off and was left in hole.  

1985 -  drilling was restarted from 7,000 m  

1989 -  reached its final depth of 12,262 metres.   

 

The intention had been to drill the well to a 
depth 15,000 m (49,000 ft) by 1993.  However, 
due to a higher than expected temperature of 
180°C at  a depth of 12,000 m (instead of the 
expected 100°C) the anticipated increase in 
temperature to 300°C at 15,000 m was 
deemed to be unfeasible. 
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Kola Super Deep Bore, 1990 (Wikipedia) 

Abandoned site at Kola, 2010 (Wikipedia) 



Other deep wells 

KTB well, Germany 

Between 1990 and 1994 the German KTB super deep 
borehole, in northern Bavaria, was drilled to a depth 
of 9,101 m (29,859 ft) reaching temperatures of 265 
°C (~500 °F), taking 1,468 days to complete. At 
that time the KTB drill rig was the biggest (800 ton 
maximum hook load capacity) and technically most 
advanced on-shore drill rig in the world. 

Gravberg 1  well, Sweden 

A deep well  was drilled in granite in the Siljan impact crater in search of 
abiogenic gas between mid-1986 and mid-1989.  Drilling was straightforward 
and fast down to 5,000 m, however, below this depth the drilling became very 
difficult with breakouts, hole deviation problems and pinching of the drill pipe 
and bit.  Four branches of the hole were drilled below 5,000 m, the deepest 
reaching 6,700 m.  

KTB well, 1992 (Wikipedia) 
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Experience from Rosemanowes 

Schedule: RH11 2,160 m (MD),  took 50 days to complete  
   42 days drilling (average 36 m/day) 

  RH12 2,150 m (MD),  took 74 days to complete  
   59 days drilling (average 53 m/day) 

  RH15 2,800 m (MD),  took 75 days to complete (incl. testing) 
   65 days drilling (average 49 m/day) 
 
Bit performance: ROP 3 - 7 m/hr , average: ~ 5 m/hr 
   Life average: 55 - 80 m for 12¼”; 70 – 85 m for 8.5” 

 

Activities : Drilling  30% 
  Tripping  20% 
  Fishing  10% 
  Surveying   5% 
  Casing     5% 
  Other  30% 
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Experience at Soultz-sous-Forets 
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GPK-2  extended from 3,876 m to 5,084 m 
 104 days 
GPK-3  completed to 5,090 m:  154 days 
GPK-4  completed to 5,250 m:  225 days* 

 (*) incl. 30 days fishing/retrieving 20” casing 



Components of an onshore rig 

Generators 

Fuel 
tanks 

Mud 
pumps 

Crown 
block 

Rig floor 

Pipe 
racks 

SCR 
unit 

Mud 
tanks 

Driller’s 
cabin 

Drawworks 

Mast 

Offices 

Storage 
units 

Travelling 
block & 

top drive 

Tattoopictures.com 

Mixing 
tanks 
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Drilling technology 

Power control Top drive 

Driller’s cabin 

To
n
gs 

Tongs 

Pipe handling 

The past The present 
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Load requirements 

Most drilling rigs are rated on their static hook load and the HP of the drawworks.  
 
Casing:  the heaviest load is the 4,000 m (4,160 m MD) of 95/8” production casing 
(with centralisers); the weight of this string is: 

  (assume 400 couplings @ 50 lb/coupling =      20,000 lbs) 
  4,160 m of 9 ⅝” casing =    660,500 lbs [295 tons]  

  Assume a buoyancy factor of 87.5% =   578,000 lbs [258 tons] 

  Assume a drag coefficient for a deviated well in granite is 1.5 
  

  Lift load for the full length of 9 ⅝” casing =  870,000 lbs [390 tons] 

 

The minimum required capacity is:          390 tons (395 tonnes)  
 

Drillstring: 5,000 m of 5” drill pipe (175 stands) =   380,000 lbs [170 tons]. 

plus 8” drill collars (each weighing 4,600 lbs) + other BHA =            ~25,000 lbs [11 tons] 
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Pumping requirements 
To achieve a sufficient annular velocity to clean 
the wellbore while drilling without the help of a 
viscosified fluid requires a minimum flow rate of 
1,634 litres per minute in the 12¼” section.   

A large rig typically has 
three 2,000HP mud pumps 
rated at <5,000 psi.  
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Mud pumps on KCA Deutag 2000 HP rig T-46 



Solids control and mud cleaning 

The solids control system 
comprises: 

i. Shale shakers 

ii. Desanders 

iii. Desilters (cyclones) 

iv. Degasser 

v. Mud tanks 

vi. Reserve tanks 

vii. Chemical tanks 

viii. Mixing tanks 

ix. Mixing pumps 

Approximately 800 tonnes of cuttings will be 
produced from the well.  These arisings will be 
deposited in a lined cuttings pit to settle prior to 
disposal off site. 
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Drilling fluids cleaning plant and cuttings pit  



Primary power source 
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ii).  AC powered rig - diesel generator sets 
produce alternating current that is 
operated at variable speed via a variable-
frequency drive (VFD). 

Diesel mechanical -  the rotary energy of the diesel engines is transferred  directly    
      to the drawworks, mud pumps and rotary table  via a system of 
      chains or belts, torque converters and clutches. 
 
Electric - electric drill rigs are more expensive than mechanical rigs, but are safer,  
 more reliable and more flexible.  There are two main types: 

Rig recorder 

Hydraulic – the new generation rig, which primarily uses hydraulic  power to raise and
      lower the drillstring  and to drive the main components on the rig floor. 

i)  DC powered rig - alternate current is 
produced by diesel generator sets and is 
converted into direct current by means of 
a silicon-controlled-rectifier (SCR) system. 



Drilling rigs 

                  4                                        5                                              6  

                    1                                        2                                             3  

Conventional: 
 

1    Oilwell E-2000 
 
2 Emsco C-2-11 

 
3 Bentec Eurorig 450 
 

Hydraulic: 
 
4    Drillmec HH-600 

 
5 Innovarig TI-410 

 
6 Bauer TBA 440-M2 
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Tripping speed 

Stacking stands of ‘triples’ 
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Automated laydown ‘doubles’  

Tripping speed and pipe 
handling is a critical factor, 
when drilling deep wells.  

A conventional drilling rig 
can trip at  600 – 700m/hr 

Automated stacking ‘doubles’ 

Herrenknecht GmbH 

Drillmec spa 



Soultz geothermal project 

1,700 HP Massarenti MAS 6000 

GPK4 drilled to 5,250m (2004) 
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Drilling rig mobilisation 

A large drilling rig is transported in a 
series of perhaps 100 or more HGV 
loads of which several are designated 
‘abnormal loads’ due to width (>3m) 
and length (>15m) or gross load for 
any one component of >40 tons.  
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(various) 



Environmental constraints 

Noise 

The nearest noise sensitive receptor lies 190 m northeast 
of the wellhead site.  During the drilling operations must 
not exceed 45dB LAeq, 1 hour as measured 1 metre from 
any noise sensitive receptor at any time.  

Visual 

The mast of a conventional drilling rig 
typically stands 50 – 55 metres above 
ground level.  Drilling operations and 
well testing will take place 24 hrs/day. 

Transport 

Transport impact will be greatest during the mobilisation 
and demobilisation of the drilling rig.  Consultation with 
Cornwall Council has established the best route to the site 
from the A30 to minimise local disruption. 
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Insheim, Germany 

Basel  
(Georgios Kefalas / AP) 



Drill bits 

Badly worn roller cone rock bit 

The rotation speed is 
likely to be 60 – 70 rpm; 

The weight on bit (WOB) 
is likely to vary between: 

15 tons in the 24” hole to 

  5 tons in the 81/2” hole. 

Tri-cone tungsten carbide 
insert drill bits have been 
proved to be most 
effective for drilling in 
hard crystalline rock. 
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Drilling fluids 

Good solids control is essential during drilling in hard rock.  The well will be 
drilled using a water-based muds system.  

Density of the drilling fluid:  ~ 1.05 g/cm3  

pH of the drilling fluid:                       9.5 – 11.0 

Temperature - the temperature of the returning 
drilling fluid will rise as the hole is deepened. 
Once the return temperature at surface rises 
above 65°C it will be necessary to install a plate 
heater exchanger to maintain this temperature 
at less than 50°C. 

The materials used to maintain density and pH 
are salt (NaCl) and caustic soda, with a viscosifier, 
such as bentonite, to facilitate cuttings transport.  
In the deep sections, lubricant will used to 
reduce torque and drag. 
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H&S and regulations 
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Well control 

When drilling in a new geological 
environment a robust well control 
procedure is essential. Although 
the hydrostatic pressure of the 
fluid column is the best method to 
control formation pressure and 
prevent a ‘kick’, a Blow Out 
Preventer (BOP) is required for 
secondary control. 

The principal regulations specific to onshore deep geothermal drilling in UK are: 

• Borehole Operations and Sites Regulations – 1995. 

• Offshore Installations and Wells (Design and Construction) Regulations – 1996. 

(including a Safety and Environmental Management System; a Drilling Environmental 
Management Plan; and an Emergency Response Plan) 

BOP on KCA Deutag rig T-46 



Logging 

The return arisings will be regularly sampled during drilling to provide 
geological data.  Wireline logs will be run at various intervals as part of the 
drilling programme to ascertain borehole characteristics, these will include: 

Caliper logs (3- or 6-arm) wellbore diameter and fracture zones; 

Cement bond logs  quality of the casing/cement/wellbore bond; 

Dipmeter logs  dip angle and direction of a planar surface; 

Temperature logs  potential  wellbore feed zones;  

Resistivity logs  formation around the borehole;  

Gamma logs  natural radiation from the formation; 

Neutron porosity logs formation ‘porosity’; 

Borehole imaging (BHTV) fractures and other geological features.  
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Cementing the casing 

For long-term use of a well for 
geothermal production it is critical 
that the cement sheath 
surrounding the of the 95/8" casing 
is complete from bottom to top 
and that no pockets of water are 
trapped behind the casing, as this 
can cause the casing to rupture if 
subjected to thermal cycling. 
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Each set of casing is bonded and 
supported within the wellbore by injecting 
cement slurry into the annulus. 
 
The cementing design has to take into 
account temperature and formation 
pressure. 

Running casing in RH15 



Follow on programme 
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Phase 3:      

 Drill the second well 

 Circulation tests and reservoir characterisation 

Phase 4:     
 Finalise the design of the plant 

 Await plant delivery 

 Construct plant and infrastructure 

 Commission the system 

If the programme 
goes to plan the 
deep geothermal 
plant at the Eden 
Project should be 
on-line by 2020, 
comprising: 

Soultz EGS project 

Heat exchanger installation at Soultz 



Benefits of geothermal energy 
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Meets the energy trilemma: 

• Reduction of carbon emissions – 
 minimal CO2 emission. 
• Security of supply – 
 indigenous resource that reduces reliance on energy import. 
• Affordability – 
 stabilised energy price, independent  of  external market forces. 

• clean, green and sustainable energy; 

• base-load, dispatchable heat and power ; 

• operates 24 hours/day for 325 days/year; 

• low operating costs; 

• low environmental footprint and impact ; 

• potential to be a major energy contributor. Blue Lagoon, Iceland 



Cornwall’s unique 
geology enabled the 
county to lead the 
world in hard rock 
mining; now it has the 
opportunity to be a 
world leader in the 
development of deep 
geothermal energy. 

Geothermal energy for Cornwall 

Thank you for listening 
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