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Why monitor overburden? Gives information

about depleted areas
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Why monitor overburden?

Seabed
subsidence

Stretch

Depth, z

Compaction

Effects inducing velocity changes might be observed on 4D seismic.
Important with cross-disciplinary work in order to discriminate the effects.
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Intro Snorre Field
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Intro Snorre Field
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Intro Snorre Field
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* Production start: 1992
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* Oil reserves (NPD, 2014)
— Total: 260 MSm3
— Remaining: 65 MSm3

* 130 wells (production and exploration)
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Intro Snorre Field

* Production start: 1992

PSS

* Oil reserves (NPD, 2014)
— Total: 260 MSm3

— Remaining: 65 MSm3
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* 130 wells (production and exploration)

* Seismic_streamer surveys:

1, 05, 06, 09, 12
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Intro Snorre Field
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* Reservoir description:
— Thickness: 1.0 km
— Thin sequences of sandstones and shales (alternating)
— Fluvial sandstones
— Faulted with multiple oil-water contacts
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4D time shifts

* Time shifts capture changes in both thickness and velocity
* Rgste et al. (2005) and Hatchell et al. (2005) independently assumed:

Av o Az

v Z

* Time shifts can then be expressed as:

Baseline Monitor

* Note! Hatchell et al. (2005) used R instead of  in Equation (1).

The relationis R = -a



4D time shifts

«~ Tiime Siifis captune chainges im both thickness and velocity
~ Reosie et all. (200%) and Heatchelll et al. (2005) independently assuinmed:

avr A2 (1)

v Z

* Time shifts can then be expressed as:

* Time shifts can then be expressed as:

or expressed in terms of vertical strain (): At AZ AU AZ
~ — ~(1—a)— (2)
t Z 1% Z
®)

or expressed in terms of vertical strain (e,,):

(3)

t
T = (1 - a)ezz

Links 4D seismic (time shifts) with geomechanics (vertical strain)

* Note! Hatchell et al. (2005) used R instead of  in Equation (1).

The relationis R = -a
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4D time shifts 97-09; Snorre

TS @ BCU (+-10ms): 97-09

' TS @ BCU (+-10ms): 97-09
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Pressure changes (Eclipse) vs 4D time shifts

Reservoir pressure changes (97-09) 4D time shifts (97-09) @ BCU
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* Good relation between
pressure depletion and
4D time shifts

* Indicating reservoir
comp. / overburden
stretch
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2D geomechanical model
Finite element model

» Standard linear elastic model

* Divided into 6 layers

* Reservoir geometry from Eclipse model

* Reservoir is classified by major faults (leading to 7 segments)
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TS @ BCU (+-10ms): 97-09

2D geomechanical model
Reservoir pore pressure depletion (97-09)

* Taken from Snorre dynamic simulation model
* Input to the geomechanical model

Depletion larger than 100 bars
(yellow/orange color) is indicated
in parts of the reservoir.




TS @ BCU (+-10ms): 97-09

2D geomechanical model
Vertical displacements (97-09)

Max downward displacement
of around 0.4 m (orange/red
' | color) near BCU
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Positive displacements indicate downward displacements (colors from blue to red)




Linking geomechanics and 4D time shifts

Velocity changes, modelled with a=-20

6
Modelled from 4
geomechanical model: . 2 =~
5 ~
9] 0 E
Av ° 2 3
Pl 4
Reservoir cut out -6
Velocity changes from 4D time shifts
From 4D seismic _ - a 5
time shifts: 4
Av At £ 3
— - — k) 0 E
v t 2 3
asstuming ~~ > = 4
Reservoir cut out -6

Indicating that 4D time shifts are induced by geomechanical changes




Linking geomechanics and 4D time shifts

Velocity changes, modelled with a=-20
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Discussion / Conclusions

* - QUGERLLIRRSh AR SEMiTES AHRRY By TRIRAVBIF COMBAEHSR I8 typical for ehalk and i figies.
HQUIEFE iR FeSasRh MIRIRAIRS RISRIMA! N8 1 SANdSIGRE reservalrs

. . . . . e
DK N GSUAALE. OVRIRTIRN e Yulkk and gegmeshanics:
— might be used to map out depleted areas (particularly useful for gas fields
- might be used to map out depleted areas (particularly useful for Jas fields

— Important to map out areas wi_trtl1 Iielrge geomecﬁan_icall cﬂanges
- ir'nrn o?%anqttgocﬁg%?ir%%a%%egsegvrﬁecﬁ%cga?%rﬂgﬁg%gl?raorﬁ OE{P\ ?Schanges (e.g. oozi,
- |egipag@npressisaibuilategeomechanical changes from other changes (e.g. 0oz,
leakage, pressure build-up)

* Time shifts up to 4 ms obtained in Snorre overburden:
 Time ﬁhlfts p to 4 ms obtained in Snorre overburden:
— Clear observation

- Clear obseryation

—~ correlate welfWih pressure depleted areas

— MARERIRE Wrth W HEBTREEN SRISIFH0RIERSssuming for overburden

- Match well with 2D geomechanical model, assuming a ~ —20 for overburden
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