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Depleting reservoir
Compaction and Subsidence

@ l o Displacement through the centre of a disk-shaped reservoir
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Introduction
4D traveltime analysis

t, = two-way vertical time thickness of unit ZZ(xO)
X, = coordinate position along a line to (xo) = ” (x )
z = thickness of formation unit pOL*0

Vo = Vertical P-wave velocity of unit
A = changes in physical parameters

Aty (x Az(x Avyo(xo)
o and R = ratio between relative velocity - ox0) (( O)) - p( )
and thickness changes 0(x0) z\Xo Upo'Xo

Avpg (%0) — o Az(xq)
Vpo (o) z(xo)

(Landrg and Stammeijer 2004)

(Rgste et al., 2005)

R =—-«a (Hatchell et al., 2005)

Aty (xg) A

X
t (xo) ~ (1 + R(xo))

(x0)
ZZ(xOO) = (1 + R(xo))ea(xo)
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Introduction
Accumulated traveltime shifts

Synthetic time shifts for pore pressure 6.9 and radius 1000
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Dilation factor vs. axial stress
Dry glass bead measurements
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Interpretation from lab experiments

« The dilation factor is stress path dependent
— R-value for hydrostatic stress path > R-value for KO loading
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Dilation factor vs. axial stress
Dry glass beads vs. unconsolidated dry sand
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Interpretation from lab experiments

« The dilation factor is dependent on the stress path
— R-value for hydrostatic stress path > R-value for KO loading path

 The R-value also dependent on grain contact conditions

— .....but also “lithology”

« Lab. experiments show increased R-values due the

coring process (Holt et al., 2008). =
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The “Hertz-Mindlin” grain contact model

Hydrostatic loading Infinite or zero grain contact friction

Water saturated sphere pack, ¢ = 36%
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Stress-strain relation — Contact theory
Hydrostatic and KO loading conditions

Axial strain

Volumetric strain

Uniaxial strain oo friction
Uniaxial strain zero friction
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Dilation factor vs. axial stress
Dry glass bead measurements vs. grain contact theory
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Dilation factor vs. axial stress
Dry glass beads and sand vs. grain contact theory
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Dilation factor vs. axial stress
Modelling the effect of rock stiffness (“’lithology”)
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Dilation factor vs. axial stress

Modelling wet glass beads — hydrostatic loading
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Summary

« Grain contact model (zero contact friction)

— Hydrostatic and KO loading path: R decrease with increasing axial
stress similar to trends from lab measurements on glass beads

— R for hydrostatic stress path > R for KO loading path. R-level ok.

« Grain contact model (infinite contact friction)

— Hydrostatic stress path: R value lower, but overall trend the same as
for zero contact friction

— KO loading path: R values larger than that of zero grain friction
— R for hydrostatic stress path < R for KO loading path.

« Lowering of the matrix moduli reduces the R-value
— Higher strains for lower matrix moduli




Introduction
Accumulated traveltime shifts

AT = zj(1 +R(z))@d2
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Vp (km/s)

The Nordland Group
Estimated stress sensitivity of P-wave velocity
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The Nordland Group
Estimated stress sensitivity of P-wave velocity
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Water saturated sphere pack, ¢ = 36%
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Dilation factor estimated from 4D analysis

R inverted
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Conclusions

* o or R Is dependent upon stress path

« o or R s lithology dependent (stress-strain relation)

— Lab. experiments show increased R-values due the coring process
(Holt et al., 2008).

o or Ris like to vary with depth especially with sand layers

— The thickness of these layers will have variable impact on the
accumulated traveltime differences

« Grain contact theory simulating hydrostatic and KO loading
path explains fairly well the o (or R) trends for unconsolidated
sands.
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