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Reservoir Compaction – Seabed Subsidence
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Ekofisk Field
 Reservoir: Fractured Chalk

 Area ~ 10.1 x 5.4 kilometers

 Depth: 9500 – 10700 feet 

 Pay thickness: ~ 980 ft. (~ 300 meters)

 High porosity matrix rock 

 25-45%, avg. 31.7%

 Low matrix Permeability: 1-10 mD

 Max well test Permeability: 200 mD

 Initial Oil In Place 6,9 BSTB

 Current RF : 37 %

 Planned RF @ 2028 : 50 % (Ex. Ekofisk South)

 Drive mechanisms;

 Solution gas drive

 Waterflood

 Compaction

 Aquifer influx

Ekofisk Formation

•300 - 500 ft thick

•2/3 of OOIP

Tor Formation

•300 - 500 ft thick

•1/3 of OOIP

1 km



Matching the subsidence

 Matching the following 

parameters

 Platform subsidence data

 Bathymetry data

 Bowl volume

 C11A compaction 

monitoring well

Ekofisk 2008 LTF

Total Reservoir Compaction
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1970 1980 1990 2000 2010 2020 2030 2040

Year

0

500

1000

1500

2000

T
o
ta

l 
B

o
w

l 
V

o
lu

m
e
 (

M
il
li
o
n
 b

b
ls

)

Subsidence bowl volume
data deduced from
bathymetry surveys

Measured data at
Ekofisk Charlie platform

Ekofisk 2008 LTF

0

2

4

6

8

10

12

14

S
u

b
s
id

e
n

c
e

 (
m

)

1970 1980 1990 2000 2010 2020 2030 2040

Year

2008 Ekofisk 

Subsidence 

Bowl



6



Ｉｎ oｉｌ ａｎｄ ｇａｓ ｆｉｅｌｄｓ, cａｓｉｎｇｓ ａｒｅ ｕｓｅｄ beyond the yield strength.

Designing casings beyond yield strength requires casing properties 

beyond elastic limit.

One-Column Format
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Standard casing design
API recommendation: Collapse, Burst, Extension within Elastic limit

Assuming internal and external of casings are filled with liquid

Our proposition

Standard casing design
API recommendation: Collapse, Burst, Extension within Elastic limit

Assuming internal and external of casings are filled with liquid

Plus

Stable Yield or Buckling Limit Design
For geomechanicsl loading

assuming casing loaded with solid formation and cement

Casing grade and D/t selections are significantly 

different.



Casing tests
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1. Extension tests up to failure

2. Compression tests without confining 

pressure

3. Compression tests with confinement

4. Line load tests

5. Casing collapse tests



Extension tests
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Extension tests

Casing （L80）

Necking

Uniform

deformation

Start Loading

Max load

Failure



Standard specimen

Test method for standard specimen（P110）



Stress strain for extension
pipe specimen vs standard specimen



1. (Peak strength/Yield strength): high for lower grade casings

2. Strain at peak strength: large for lower grade casings 

One-Column Format
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Elongation of casing
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Comparison of API minimum 

elongation and real casing Max 

elongation



Compression tests without confinement
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One-Column Format
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Stress strain curves for determining the constitutive relation
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1. Ratio Max strength/Yield stress

2. Max strain with uniform extension and compression
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Tubular string collapsing processes are 

different between fluid pressure 

loading and geotectonic loading.

Hydrostatic loading
Steel alloy is approximately a perfect plastic 

material



Geotechnical loading

Stress vs strain
Composite triaxial plot
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Laboratory observations

Hydrostatic load
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Thin casing stability test
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Geotectonic・ｈydrostatic 

pressure(bond casing)

hydrostatic pressure(bond casing)
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Hydrostatic pressure(slip casing)

hydrostatic pressure(slip casing)

-0.0060

-0.0040

-0.0020

0.0000

0.0020

0.0040

0.0060

0.0080

0.0100

0 2 4 6 8 10 12 14 16

Pc(kpsi)

st
ra

in
(-

)

NO2ch1

NO2ch2

NO2ch3

NO2ch4

NO3ch1

NO3ch2

NO3ch3

NO3ch4

no axial load

with axial load



Directional pressure (bond casing)

Directional pressure(bond casing)
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Geotectonic＿ｈydrostatic 

pressure(thin casing)

hydrostatic pressure(thin casing)
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Geotectonic＿ｈydrostatic 

pressure (gravel packed)

Tubular string with gravel pack
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Compression test with confinement
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Deformation vs. load for J-55 with confinements
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Collapse tests with confinement
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Casing deformation with a line load
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L-80
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P-110
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L-80 simulation
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Field applications
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Vertical well
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Side view of the tensile region

40
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Conclusions

1. Under extension tests, the casings were uniformly 

deformed after exceeding the yield strength. The uniform 

deformation continued while the casings were stretched 

by 4 to 25% until non-uniform deformation was induced.

2. The strain up to the peak strength was as large as 25% 

for H-40 casings while it was as small as 4% for P-110 and 

higher grade casings. 

3. For compression tests, uniform compression continued 

exceeding the yield point. The uniform deformation 

continued up to the peak strength which varied from 3% to 

12% from V-150 to H-40 casings. Both the cemented 

casings and short casings induced axisymmetric wrinkles 

(local buckling) after uniform deformation. 
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Conclusions(continued)

4. A field example shows that a casing can stand far beyond 

the yield stress if the lateral confining pressure is not large.

5. The higher grade casings did not significantly increase the 

maximum strength after yielding while lower grade casings 

increased the strength while being stretched or compressed 

uniformly after yielding. Hence, if the formation compaction 

or stretch is the cause of casing failure, reducing the casing 

grade with a heavy duty casing (D/t<10) may solve the 

problem.
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Standard casing design
API recommendation: Collapse, Burst, Extension within Elastic limit

Assuming internal and external of casings are filled with liquid

Our proposition

Standard casing design
API recommendation: Collapse, Burst, Extension within Elastic limit

Assuming internal and external of casings are filled with liquid

Plus

Stable Yield or Buckling Limit Design
For geomechanicsl loading

assuming casing loaded with solid formation and cement

Casing grade and D/t selections are significantly different.


