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Exploration: seismic research



Seismic research 
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Exploration - Drilling - Production 
Norway

5 major environmental aspects / ISO 14001
1. Oil and natural components in produced water
2. Chemicals in produced water and discharges for drilling & wells
3. Emissions of NOx and CO2 for power generation and flare
4. Waste
5. Acute discharges

 



Name Operator Production 
start

Skarv BP Norge Q3 2011

Gaupe BG Norge Q4 2011

Oselvar Dong Q4 2011

Marulk ENI Norge Q2 2012

Vigdis North 
East

Statoil Q4 2012

Goliat ENI Norge 2013

Ekofisk South ConocoPhillips 2013

Gudrun Statoil 2014

Valemon Statoil 2014

The drilling industry in Norway
Fields being developed



Largest discoveries in the World in 2011Largest discoveries in the World in 2011



Drilling  ≠  Production of oil and gas



Schematics of  Drilling Rig



Drilling operation: vertical and horizontal approaches



Drilling compunds  - what are they?

Oily water – Slop water (drilling slop)

+

Oily drill cuttings

Both are classified as Hazardous

+ non-oily drill cuttings                               

        UiS



Drilling Slop
Slop is usually a mix of rain water and wash 
water with the remains of discarded drilling, 
completion and similar fluids

A typical rig produces 100 to 300 m3 every month

1000  m3 per month is not uncommon, depending on the operation

Oil; 10%

Water; 80%

Solids; 10%
       



Slop treatment challenges

• Product from drilling operations

• Large variation in quality and amounts

– Collection system, drilling fluid, cleaning, ...



Cuttings removal from wells



Mud & Drilling



Separate cuttings from drilling mud 



Muddy Drill Cuttings



Particles of crushed sedimentary rock 
produced during drilling operation

Ground rock coated with a layer of drilling 
fluid 

A typical oil-based 

    drilling fluid mix:

70 % mineral solids

15 % water

15 % oil

Drill Cuttings



Drill Cutting & Solid Pulverizer



Re-injection



Oseberg B CRI – East side



Monitoring discharges of cuttings & 
mud



The Principal of the Thermomechanical Cuttings Process Mill



Comparing Virgin Drill Fluid with TCC Treated Fluid 
Recovered for Reuse



Summarize: Why drilling fluids?

 Increase Efficiency
Leif Erikson day rate 2014 = RP 4 600 000 000

NOK 2 800 000 ≈ Euro 350 000 ≈ Ariary 1 000 000 000



Why is still OBM used?

Reservoirs with HTHP (High Temp and High Pres) cracks the polymers.

Deeper wells.

Used in the lower sections (17 ½”, 12 ¼”, 8 ½”)  

High inclination on the well increase the chance on fracturing the well.  
Requires good well stability and efficiency

When ROP (rate of penetration) > 50 degrees

High recycle rate (70% , WBM 45%)

Personnel safety on Norwegian continental 
Shelf is 1st priority



Drilling fluids are used when a hole is drilled
Why use drilling fluids?

Control formation pressure
.

Prevent formation loss
• Maintain wellbore stability
• Lubricate
• Remove cuttings
• Cool
• Transmit signals(pressure pulse) from mud to MWD & LWD tools
• Drilling fluids is utilized by the oil and gas producing companies, when they are 

drilling a well.

Specific Gravity



Why drilling fluids?

• Drilling fluids are used when a hole is drilled

• Control formation pressure
• Maintain wellbore stability

Lubricate
Remove cuttings
Cool
• Transmit signals(pressure pulse) from mud to MWD & LWD tools
• Drilling fluids is utilized by the oil and gas producing companies, when they are 

drilling a well.



Why drilling fluids?

• Drilling fluids are used when a hole is drilled

• Control formation pressure

Stabilize for cementing

Transmit signals, pressure pulses
 from mud to MWD & LWD tools

MWD = measurement while drilling 
LWD = logging while drilling



Formation gas kick, no drill casing and “a wild well”



A continuous flow since 2006



100 000 people displaced



Indonesia 
Lapindo Mud Volcano



Indonesians Anno 800 AC



Wilder, Wetter, Warmer
230 000 transient refugees in Stavanger 2011



Aqueous 

WBM

Non 
aqueous

OBM Diesel SBM

Did specify ”why drilling fluids”

Now: What are drilling fluids?

Water Based Mud Oil Based Mud Synthetic Based Mud



Water Based Mud

Deflocculants: 
Lignosulfonate

BaSO4

CaCO3

Iron (III) oxides

Viscosifier:

Bentonite clay

WBM
SW/FF/Brine

Salts

Polymers



Oil Based Mud

Water Weighting agents

Emulsifers
Yellow & red chemicals

Mineral oil or 
(diesel)



Modern WBM

Contains green chemicals and/or sea water

             Bioaccumulation

Reduction of chemicals 
99% the last 10 years

Pose little or 
no risk to the 
environment



Is Oil Based Mud really that bad?

Research have shown OBM discharges are killing 
species and reducing biodiversity due to reducing 
oxygen and clog the filter feeders 

Spawning grounds for fish are damaged by drilling 
discharge

Norway has big coral reefs 
(Lophelia pertusa)



Drilling  ≠  Production of oil and gas



Crude oil flow
Flow from the Otto Morris and Marr Oil Well Flow, an oil well in south Arkansas. 
Earthen storage pits were used for the crude oil. From 1922 to 1934, up to 
eight percent of the oil produced was wasted, and almost all of the natural 
gas escaped.

Courtesy of the Southwest Arkansas Regional Archives





Flow of crude oil from well



Platform production and subsurface operation



Ospar: 720 installations



Decommissioning/reuse 



Separation Technology 
Produced Water 
Treatment



TREATMENT
- Hydrocyclone
- Coalescer
- TCC

Water re-use:
-Release into sea
-Re-injection to mantain pressure 
-Design of «smart water»  to 
increase oil recovery

Solids re-use:
- Construction works
- Road buildings
- Landscape design

Oil re-use: 
depends on 
quality

INPUT
Produced and 

Slop Water

     OUTPUT



Produced water treatment

Klikk for å redigere tekststiler i malen
Andre nivå

●Tredje nivå
●Fjerde nivå

●Femte nivå



Water Production and Discharge from Norwegian Continental 
Shelf 



Challenges:
Droplet size and Emulsions

Break-up and Coalesence Emulsion breaker



Produced water treatment

Removal of 
suspended oil 

Sand removal 

Reinjection 

Removal of 
dissolved 

components 

Discharge to Sea



Location Maximum Oil Concentration (mg/L)

North Sea 30

USA Offshore Effluent Guidelines (EPA) 29 average (42 maximum)

NE Atlantic & Arctic Oceans 40

Mediterranean Sea 10 - 15

Caspian Sea 20 (under review)

Red Sea 15

Nigeria 15 onshore; 30 offshore

Indian Ocean (BH) 48

Western Australia 30 (50 maximum)

International Environmental Discharge Limits of Oil in Water 



Separation of oil droplets - Stoke’s law



Hydrocyclones



Droplet Coalescences Technologies

● Long term test at a Gas Condensate 
Field

● Hydrocyclone alone: ~ 40% efficiency
● Mare's Tail upstream : ~ 65% efficiency

Reject oil outlet

Oily water inlet
Clean water outlet

PECT-F matrix

Mares TailPect-F



Compact Floatation Unit (CFU)

WATER

REJECT

INLET

Oil & gas phase

Water separation
Phase

Water Phase

Oil in Water Phase
POSSIBLE WITH ENTRAINED GAS

Gas 
1% LIQUID, OF TOTAL 
INLET FLOW

30 SECONDS RETENTION TIME

0.1 Sm3 PER 1 m3 OF 
WATER

Chemical 



Epcon CFU Plant



Walnut Shell Filter
Particles, Reinjection or Discharge



Ceramic membranes



62 -Classification: Internal     2010-10-20

Discharge regulations - Norway

Zero harmful discharge to sea
 substituting harmful chemicals
 improved treatment or injection 

of produced water
 assessment of cuttings discharge

68oN

”Zero discharge” goal for 2005 in White 
Paper 1996/97:



-

Possible danger and threats to the environment when chemicals are used

Can the chemicals accumulate in the 
food chain?

Are the chemicals persistent
or biodegradable?

C10H18N3
O2

Microbial degradation CO2+H2O+NH3

Are the chemicals toxic to marine life?



Select environmental acceptable chemicals

64
 -

BIODEGRADATION
Biodegradation seawater with natural

bacteria fauna

O2

O2
2CO

O2H
O2H

O2H
2CO

2CO

Day 28

CARBONDIOXIDE + WATER + S + P + O + N.... 

seawater with natural
bacteria fauna

O2

O2

O2

O2

O2

O2
O2

O2Day 0

CHEMICAL + OXYGEN

R-OH

R-OH

R-OH OECD 306 sea water test



Job 
done

All produced water discharge problems 
solved...?





HOPE FOR THE FUTURE?
Lots of energy in hope

Proper HC management
needs knowledge
become
Water&Health agents



No Platform?



Our BLUE Planet in trouble



Where is the future



Corals & water



No light   → No algae
 warm & CO2 water (pH) →       

 No corals



Development of Produced Water Regulations 



Produced Water Management Strategy 
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CO2 Capture and storage (CCS) – removal of 
CO2 from natural gas 

• Carbon capture and storage

– Sleipner (1 mill ton/year)

– In operation since 1996

– Monitoring in Utsira

– Snøhvit (0.7 mill ton/year)

– In operation since 2007

Sleipner



Seismic research



Well activity 2012 - Scandinavia

NORWAY

Forecast Actuals per April 2012

EXP DEV EXP DEV

62 127 10 26

DENMARK

Forecast Actuals per April 2012

EXP DEV EXP DEV

2 17 1 3

Well activity 2012 - Scandinavia
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