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CFDDP: The Campi Flegrei Deep Drilling Project  

 
Project history: 

 
ICDP Workshop was conducted in 

 
2006; Full Proposal was submitted  

 
in 2007 and approved after modification in 2008. Drilling was  

 
scheduled for 2009 but became postpo 

 
ned due to permission issues  

 
Goals: 

 
Drilling of a pilot hole (~500 m) and a deep hole ( 

 
≥ 

 
2000 m) in the  

 
Campi Flegrei Caldera to i) bett 

 
er understand volcanism of large  

 
calderas, ii) exploit their geothermal potential, and iii) develop new  

 
technologies for volcano monito 

 
ring and environmental control  

 
Current project status:  

 
Pilot hole drilled was executed  

 
in two phases (22.07-29.07. 2012 and  

 
22.11-02.12. 2012) and reached a final depth of 506 m (0 m - 30 m -  

 
173 m - 430 m - 506 m). Downhole logging was performed by  

 
Schlumberger in two sectio 

 
ns (30-173 m, 173-430 m): HNGS,  

 
MSIP/DSI, FMI, TEMP. The well is co 

 
mpletely cased. Online drilling  

 

mud gas monitoring (OLGA) was conducted.  

 

Person in charge:  

 
Oversight provided by lead PI Giuseppe de Natale (INGV-OV) and  

 

Christopher J. R. Kilburn (Univers 

 
ity College London) assisted by  

 

Claudia Troise and Renato Somma (INGV-OV).  

 

Drilling contractor:  

 
Perazzoli Drilling  

 
Drilling operations:  

 
0-506 m  

 
Core recovery:  

 
unknown (two coring runs were conducted at the end of phase I) 

 
Status & Time plan:  

 
Long-term geochemical monitoring is under discussion.  

 
OSG Support:  

 
Data management, oversight and planning for the deep hole. Logging  

 
supervision of pilot hole. Drilling  

 
mud gas monitoring of pilot hole  

 
through Wiersberg/OSG (funded by DFG).  

 
Budget status:  

 
1.5 Mio USD are approved by ICDP for the deep hole. Approx.  

 
110.000 USD are shifted for logging operations (Schlumberger and  

 
ICDP) of the pilot hole, half of this has been spent for commercial  

 
logging by now.  

 
Lessons learned:  

 
Project was on hold for 3 years after a non-integrated scientist  

 
triggered a media campaign on drilling-induced volcanic activities  

 
Action needed:  

 
No final schedule for post-drilling  

 
operations yet, unclear public  

 
relations policy  

 

  

 

November 19th - 2018 
 Windischeschenbach, 

Germany 

ICDP Training Courses 
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Contents & Overview 

• Equipment & Technology 

• Drilling applications – Industry Sector 

• Key components of rotary drilling and coring 

• Completion: zonal Isolation, swellable packers 

• HSE: compliance, practices, hazards, PPE,  

• Well Planning 

• Life Cycle - Well Construction 

• Well Planning: Process, budgeting, bidding, operations 

• Well Architecture: Hole sizes, depths, tubulars, completion, 
plug and abandonment 

• Budgeting: Tangible, intangible, AFE, bidding 

• Poor well planning 

• Team management: operations organization 
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Drilling applications: Industry sectors, methods  

 
Mining Exploration  

Coring (wireline) 
Seismic 

Construction 
Water Wells 

 
 

Percussion: 100 m 
Auger drilling: 120 m 

Air Rotary Drilling: 600 m 
Mud Rotary Drilling+Hammer:  

200 – 1000-3000 m 

 

 
Geothermal  

Petrothermal 
Oil & Gas 

Reinjeciton - Environmental 
 
 

Rotary Drilling:  
Onshore, Offshore 

> 200Tn; 5 Km 
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Rotary Drilling and Coring: Key components 

Rotating System 
Rotary Table 
Top Drive 

Hoisting System 
Derrick 
Traveling Block 
Draw works 

Circulation System 
Duplex, Triplex Pumps 
Shale Shakers 
Desander, Desilter 

Well Control System 
BOP, Manifold, Flare 

Power System 
Diesel, Electro Diesel 

BHA 
Bit, Motor / Core Catcher, DP, 
Stab., HWDP, Jar, HWDP, DC, DP 
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Rotary Drilling and Coring 
• Casing 

• Surface, Conductor, 
Intermediate, Production 
– Liner 

• Shoe 

• Centralizer 

• Completion 

• Production and 
Monitoring - Downhole 

• Wellhead 

• Configurations, 
Specifications 

• Surface Monitoring Systems 
• Data recording 

 

• Bits 

• Drilling  

• Coring Well Construction 

• Drill Pipe 

• Drilling Rods 

• HW Drill Pipe 

• Drill Collars 

• Mud 

• Water based, HSP 

• Oil based 

• Cementing 

• Portland Cement: 
Temperature, HSP 

• Equipment 
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Rotary Drilling and Coring < 2 Km 

• Casing 

• Surface, Conductor,  

• Shoe 

• Centralizer 

• Completion 

• Monitoring – Downhole 

• Sampling 

• Wellhead 

• Wellcap: Plug and 
Abandonment 

• Monitoring 
• Data recording 

 

• Coring Rig 

• Coring Bits 

• Diamond  

• Drill Pipe 

• Drilling Rods 

• Reamer 

• Liners 

• Mud 

• Water based, HSP 

• Cementing 

• Portland Cement: 
Temperature, HSP 

• Equipment 
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Rotary Drilling and Coring: Rig 

Specs. Units 

Depth Capacity 1193 m 

Drill Rod Size BQ to PQ 

Main Hoist 71.2 kN (16K lbs) 

Pull Force 111.8 kN (25K lbs) 

Rod Pull 6 m 

Engine 6.7L 

Engine Power 153 kW (220 HP) 
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SYSTEM 
HOLE SIZE CORE SIZE 

mm in mm in 

A 48 1.89 27 1.06 

B 59.9 2.36 36.4 1.43 

N 75.7 2.98 47.6 1.88 

H 96.1 3.78 63.5 2.5 

P 122.6 4.83 85 3.35 

SYSTEM 
HOLE SIZE CORE SIZE 

mm in mm in 

RW 29.4 1.160 18.6 0.735 

EW 37.3 1.470 22.9 0.905 

AW 47.6 1.875 32.5 1.281 

BW 59.5 2.345 44.4 1.750 

NW 75.3 2.965 58.7 2.313 

HW 98.8 3.890 80.90 3.185 

Rotary Drilling and Coring: BHA WL.C.C. - sizes 
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Geology: 

• Rock type: hardness (Mohs Scale) 

• Abrasion: damage on cuttings 

• Compact or Fractured: flow area 

• Intercalation, knowledge of area: 
different depositional environments 

 

Equipment 

• Drilling rig: torque, speed, push, RPM 

• Depth of drilling 

• Circulating system 
Waterway 

Standard, cyclone, turbo pie shaped 

Impregnation Depth 
16, 20, 26 mm 

Rotary Drilling and Coring: Diamond bit 
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Soft Medium Hard Very Hard 
Extr. 
Hard 

1, 4 5 6 7 10 

Calcite Dolomite Diorite Gneiss Jasperite 

Sandstone Greenstone Granite Quartz Quartzite 

Talc Shale Basalt 
Silicified 

Rock 
Taconite 

  Abrasive 

Rotary Drilling and Coring: Formation Hardness 
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Rotary Drilling and Coring: Reamer and Drilling Rods 

Dimensional 
Specifications 

Mechanical 
Specifications 

Outside Diameter Max. Depth Capacity 

Inside Diameter Max Drilling Pullback 

Wall Thickness, Weight Ultimate Torque 

Threads per inch Min. Yield Strength 

Volume (Capacity) Min. Tensile Strength 

Reamer: 

Stability, deflection point 
(pendulum, packed – 
stable, pivot) 

Rods: 

Made up to surface 

Conduit for drilling fluids, 
for inner tubs, transmit 
rotation, torque, weight to 
bit 

Locking Coupling: 

‘Backup Reamer’ , 
borehole stability 
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Double Tube Core Barrels 

1. Core Barrel Head 

2. Inner Tube ( 1.5m or 3m) 

3. Stop Ring 

4. Core Lifter  

5. Core Lifter Case  

6. Locking Coupling 

7. Adapter Coupling 

8. Landing Ring 

9. Outer Tube 1.5m or 3m  

10.  Inner Tube Stabilizer 

11.  Thread Protector 

Rotary Drilling and Coring: Core barrel assembly 
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Drilling Fluid 

• Keep borehole stability: hydrostatic pressure and hydraulics, 
downhole well control; P=0.052*TVD[Ft]*MW[PPG]= [PSI] 

• Clean and cool down borehole: carry cuttings to surface 

• Clean and flush inner bore of the drilling rods and BHA 

• Lubricate BHA and drilling rods 

• Cool down bit while cutting formations 

• Rheology 

• Marsh funnel viscosity, plastic viscosity, yield point, gel 
strength, density (weight) 

• MBT: Methylene blue - amount of clay  

• pH; Temp 

 

 

 

 

Rotary Drilling and Coring: Drilling Fluid 
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Drilling Fluid Additives 

• Viscosifiers: bentonite (clay: swell+gel); polymer (starch, 
cellulose) 

• Viscosity Reducer, prevent flocculation: decrease gel strength; 
phosphates, lignite. 

• Density – Weighting material, densifier; barite, NaCl 

• LCM – Lost circulation material; peanut shells, mica, CaCO3, 
fibres 

• Inhibitors (avoid swelling): KCl 

• Anti – corrosion chemicals: add NaOH – increase PH ( Alkalinity) 

• Defoamers: lower interfacial tension, surfactant, release gas ( 
glycol, silicones) 

• pH control: Citric Acid (<pH), NaHCO3 (<pH); Antibacterial 

 

 

 

 

 

 

Rotary Drilling and Coring: Drilling Fluid 
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• Well Barrier 

• Seal off in open hole 

• Wellbore stability 

• Fluid Conduit 

• Installation of cased hole 
tools: Packers, sleeves, no-
go 

Rotary Drilling and Coring: Casing 

  

Bit Reaming Shell 

OD 

[in] [mm] [in] [mm] 

NQ 2.97 75.44 2.985 75.82 

HQ 3.77 95.76 3.79 96.27 

PQ 4.815 122.3 4.835 122.81 

  

Drill Rod 

OD Weight 

[in] [mm] [Lbs/10Ft] 

NQ 2.75 69.9 52 

HQ 3.5 88.9 77 

PQ 4.625 117.5 106 

  

Casing 

OD Weight 

[in] [mm] [Lbs/10Ft] 

AW 2.75 57.1 38 

BW 2.875 73 70 

NW 3.5 88.9 86 

HW 4.5 114.3 113 

Dimensional 
Specifications 

Mechanical 
Specifications 

Outside Diameter Max. Depth Capacity 
Inside Diameter Max Drilling Pullback 

Wall Thickness, Weight Ultimate Torque 
Threads per inch Min. Yield Strength 

Volume (Capacity) Min. Tensile Strength 
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Main Functions 

• To seal annulus after casing 
has run in hole 

• To seal lost of circulation zone 

• To seal aquifers zone 

• To set plugs to deflect 
wellbore trajectory 

• To setup a wellbore barrier 

• To control corrosion and 
protect casing 

 

Rotary Drilling and Coring: Cementing 
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• Conduit to communicate 
with reservoir or zone of 
interest or to inject and 
produce fluids and gases. 

• Well barrier concept 

• Accessories: Tubing, 
Packers, Profiles, Overshots, 
Sleeves, Inflow Control 
Devices, Downhole 
Monitoring 

Rotary Drilling and Coring: Completion 
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• Policies 

• Mission, vision, values 

• Commitment, continuous improvement 

• Responsibility and authority 

• Leadership, team working  

• Excellence, persistency 

Protect integrity of personnel, inhabitants, and 
nature to guarantee a safe and healthy working 
environment 

 

 

HSE: Compliance Management 
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• Safe work practices 

• Training, competences  

• Work Permits 

• Tags, locks  

• Preventive observations 

• Prohibition: alcohol, drugs, weapons, jewellery, 
clothing, running in restricted areas, smoking, 
photography, physical & psychological violence 

 

HSE: Work Practices 
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• Hazards in working areas 

• Lifting loads, crane 

• Moving vehicles, elevator, hoist 

• High pressure: PUMPS, BOP, MUD 
CIRCUIT 

• Pinch points, slippery zones 

• Noise and vibration 

• Fire and explosions 

• Waste disposal 

HSE: Hazards 
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• Overall 

• Safety helmet, hard hat 

• Safety shoes 

• Safety goggles 

• No Jewellery 

• Gloves 

• Chemicals Handling 

• Medical Planning 

• Logistics: Transport – Driving 

• Lifting loads 

 

 

 

HSE: PPE & Working Recommendations 
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Life Cycle & Well Planning 

Exploration Well 
Construction 

Completions 
& Production 

Plug & Aban-
donment 

Well Planning 

Data 
Collection 

Design 
Technical 

Calculations 
Costs 
AFE 
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Technical 
Calculations 

AFE Budget Bidding 

Environmental 
Assessment 

Permits 

Well Planning: Bidding, Permits, Operations 

Start 
Operations 
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Well Planning: Process 

 
Data 

Collection 
Design 

Technical 
Calculations 

Costs 
AFE 
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• Collect Data: near wells, near reservoirs, near fields 

• Pore and fracture pressure 

• Drilled wells 

• Materials and logistics 

• Engineering details 

• Design:  

• target, trajectory, length and sizes, logging, coring, testing, 
completion 

• Calculations:  

• BHA, hydraulics, torque and drag, casing design ( collapse, burst, 
tension), drilling fluid program, cementing program, rig sizes, 
environmental program 

• Downhole Monitoring 

• Sampling 

 

 

Well Planning: Construction and Architecture 
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Well Planning: Construction and Architecture 

 • Define cased hole logs 

• Define completion & workover strategy  

• Downhole Monitoring 

• Sampling 

• Analyse plug and abandonment strategy 

• Define logistics  

• ( rig size, transportation: ground, fluvial, marine, aerial)  

• Estimate ‘Approval For Expenses’ 

• AFE 

• Tangible Costs: direct cost of equipment casing, tanks, wellheads 

• Intangible Costs: non tangible items e.g. drilling rig, chemicals, 
rentals, fuel, taskforce, transport 
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Intangible 

• Does not belong to 
Operational Phase 

• Location 

• Rentals: Drilling rig, BHA 
tools, fishing tools, 
service tools, fluids, 
chemicals, 
transportation 

• Fuels and logistics 

• 60 – 80 % of Well Cost 

Well Planning: Costs & Budgeting 

Tangible 

• Casing, Completions, 
Wellhead, Pipes,  

• Capitalized and 
depreciated over 7 
years 

• AFE: 

• Contingency 

• Intangible + Tangible 

• Defines Budget 
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Well Planning: Technical Calculations, AFE 
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Well Planning: Budgeting & Bidding 

Technical 
Calculations 

AFE Budget Bidding 

• Technical description of the project 

• Location description: accessibility, civil works 

• Deadline for submission, period of time for 
questions 

• Time schedule 

• Law: Payment methods, guarantee, contract 
conditions and types ( integrated services, 
management, partial service, etc.) 

• Operative risk? 
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Poor Well Planning 

Increased 
Expenses 

Delayed Results 
Unexpected 
Operational 
Constraints 

Stand by - 
Project 

Demotivation 

Wrong Decisions 

Wrong People 

Poor logistics 

Shut down 
Project 
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Drilling Operations Organization 

Company Man 

Driller 

Roughneck 

Pump-man 

Mechanics 

Welder 

Tool Pusher 

Derrick Man 

Material 
Coordinator 

Electricians 

Catering 

HSE Officer 

Maintenance 
Coordinator 

Rig Contractor / 
Rig Manager 

Service 
Companies 

Drilling Engineer 

Drilling Team 
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CFDDP: The Campi Flegrei Deep Drilling Project  

 
Project history: 

 
ICDP Workshop was conducted in 

 
2006; Full Proposal was submitted  

 
in 2007 and approved after modification in 2008. Drilling was  

 
scheduled for 2009 but became postpo 

 
ned due to permission issues  

 
Goals: 

 
Drilling of a pilot hole (~500 m) and a deep hole ( 

 
≥ 

 
2000 m) in the  

 
Campi Flegrei Caldera to i) bett 

 
er understand volcanism of large  

 
calderas, ii) exploit their geothermal potential, and iii) develop new  

 
technologies for volcano monito 

 
ring and environmental control  

 
Current project status:  

 
Pilot hole drilled was executed  

 
in two phases (22.07-29.07. 2012 and  

 
22.11-02.12. 2012) and reached a final depth of 506 m (0 m - 30 m -  

 
173 m - 430 m - 506 m). Downhole logging was performed by  

 
Schlumberger in two sectio 

 
ns (30-173 m, 173-430 m): HNGS,  

 
MSIP/DSI, FMI, TEMP. The well is co 

 
mpletely cased. Online drilling  

 

mud gas monitoring (OLGA) was conducted.  

 

Person in charge:  

 
Oversight provided by lead PI Giuseppe de Natale (INGV-OV) and  

 

Christopher J. R. Kilburn (Univers 

 
ity College London) assisted by  

 

Claudia Troise and Renato Somma (INGV-OV).  

 

Drilling contractor:  

 
Perazzoli Drilling  

 
Drilling operations:  

 
0-506 m  

 
Core recovery:  

 
unknown (two coring runs were conducted at the end of phase I) 

 
Status & Time plan:  

 
Long-term geochemical monitoring is under discussion.  

 
OSG Support:  

 
Data management, oversight and planning for the deep hole. Logging  

 
supervision of pilot hole. Drilling  

 
mud gas monitoring of pilot hole  

 
through Wiersberg/OSG (funded by DFG).  

 
Budget status:  

 
1.5 Mio USD are approved by ICDP for the deep hole. Approx.  

 
110.000 USD are shifted for logging operations (Schlumberger and  

 
ICDP) of the pilot hole, half of this has been spent for commercial  

 
logging by now.  

 
Lessons learned:  

 
Project was on hold for 3 years after a non-integrated scientist  

 
triggered a media campaign on drilling-induced volcanic activities  

 
Action needed:  

 
No final schedule for post-drilling  

 
operations yet, unclear public  

 
relations policy  

 

  

Thanks! 
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