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Introduction
4D or time-lapse traveltime analysis
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(Landrg and Stammeijer, 2004)

(Rgste et al., 2005)

R = —« (Hatchell et al., 2005)
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Relative thickness change and velocity change

Optimal o =-0.6 for all lateral positions
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(Figure courtesy: Rgste et al., 2006)
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Sediment Compaction
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Porosity-Velocity depth trends — North Sea
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(Figure courtesy, Marcussen et al., 2010)
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Vertical thinning due to quartz cementation in sandstones
Volume of precipitated quartz (Walderhaug, 1996)

dv, _ MrA /Stylolites
dt p S i
Total volume change S s i
v | N I
” ; i
av =dv, +dv v ' /
up i
j/ \* N l} i | thickness
Rearrange and combine ' ~ i reduction
v MrAv - 2 e |/
dt p(V-1,) iAiaa Y |

Surface area i 13 \ AN, o, /
Vo e quartz cement
V(po Stylolltes (Figure courtesy: Walderhaug et al., 2001)
dv Mr A, VO —v)
dt B pV(p OVS S (Walderhaug et al., 2001)
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Examples of stylolites and quartz cement
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Model assumptions

» Local redistribution, no import or export of silica

* Horizontal stylolites — volume reduction is a vertical
thinning

 No mechanical compaction takes place

* No other diagenetic precipitation or dissolution reactions
are active
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Volume change at constant temperature

100 meter thick sandstone layer with 25% porosity @ t=0
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Porosity-volume change
Constant temperature

100 meter thick sandstone layer with 25% porosity @ t=0
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Velocity-porosity model
Consolidated sandstones from NCS
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Dilation factor (o) as function of time
Constant temperature
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Volume change during a linear
temperature change a.f.o. time

100 meter thick sandstone layer with 25% porosity @ t=0
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Dilation factor as function of time
Linear temperature change

100 [~
Q\'\ 0
\\:\\~ =====Heat rate = 1" C/Myr 1
. N, =—=—=Heat rate = 2°C/Myr -
\ », ~,
— o5l L \~\ ~===Heat rate = 4°C/Myr Avpo (xO ) t) AZ (xO ) t)
£ NN o=
2 VNN voo(x,t) \ z(x,,t)
@ \ \ N p0 0 0
€ of vy S,
= [} )
S [N N,
5 ‘\ \‘ \\ 0r
o \ \ N\ 0
C g5l \ \ \ === Heat rate = 1°C/Ma
i) \ \ “\ 0.2 —_ =90
7] ) \\ \ Heat rate = 20CIMa
T — =
g \ \ \\ 04 Heat rate = 4°C/Ma
0 gt \ \ .
\‘ \\ \\ —g 0.6 F
\ Y, \s ~
Y \‘ SO —
\ . S O -0.81
75 L ~ " R . - . 5
0 20 40 60 80 100 ®© 1
. . [T -1F
Geological Time (Myr) p
6.5 (]
= -1.2r
6 P A " ‘_B
- — =
/ el - Q141
_55f / g g B
L y 7 e 1.6 Sol Ssel T~
—
£ 5f :/ 4 R N S~ ~——
~ / / ’/ S - — — — i o s o s —
~ ’ Q 7 1.8
451 / 4 -7
= ¢ Vad -~
-
g nt '/ ‘/' ’_/‘ -2 L I I I |
T Lomsme=mT 0 20 40 60 80 100
> . .
o 35) 2 Geological Time (Myr)
g =1 - ¢)
2 3 Vpo 1 2 vpma"'(pvpfl
o
25( 5
=====Heat rate = 1"C/Myr
2t =====Heat rate = 2°ClMyr
~====Heat rate = 4°ClMyr
15 . L L I ;
0 20 40 60 80 100

Geological Time (Myr)

@ NTNU



Dilation factor as function of time
Assuming a linear temperature change
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Conclusions

« The dilation factor (o) of the reservoir is described as
function of the rate of vertical thinning of sandstones due to
quartz cementation.

 Two cases are tested
— Constant temperature
— Linear temperature increase

« Given the model assumptions
— The dilation factor range between -1.5t0-1.75




Spatial zero offset traveltime analysis
RoSe presentation 2015

2z(xg)
tO (xO) — ( )
t, = two-way vertical time thickness of unit atx, VpoXo
X, = coordinate reference position along a line
X; = a new coordinate position along the line
z = thickness of formation unit Ato(xgxg) _ Az(xy,xg) AvpolxyXo)
Vo = Vertical P-wave velocity of unit to(xg) ~ z(xq) Vpo (%)
A = spatial difference in physical parameters
o = Dilation factor
Avpo(x1,%0) Az(xq,%)
= a(x,)
Xo Xy va (xo) Z(xo)
i
I
I
Xq)=7? p2(x)=7?
I
: Az(x1,%,) 1 Aty (x1,%)
1

z(xy) (1 — a(xo)) to(xljxo)

Ava(xl,xO) a(xqg) At (x1,x0)

Vpo (%) (1—alxy)) t (x1,x0)
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