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Introduction

Temperature history is important
for petroleum exploration:

e Source maturation
* Reservoir quality
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Example of quartz cementation.
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Thermal modeling
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Rock physics model: Underlying principles

* Simplified rock physics model aimed at

basin-scale frontier exploration

* Fundamental parameters controling all
geophysical parameters (Vp, K, density)
are:

— Porosity
— Lithology

* Rocks have «memory» . 02,
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Rock physics model : Thermal conductivity

HeahCenslestuiyy (k) :
K = a(L)Vp

Vp = seismic velocity
» [, = "lithology parameter”

Adapted from Rybach (1997)
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Some nice consequences of the velocity vs

heat conductivity relation

1D Fourier’s law in TVD:
z dzl

1o + Q/
Z0 k(zl)

1D Fourier’s law in TWT:

—T + /z dzl
0T a(Lyep(#)
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Temperature vs depth is almost proportional to time vs depth:
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T(z) = Tyt glt(=) — t(z0)
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Hokstad (2014): Improvements in determining subsurface temperatures,
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Heatflow estimation from BSR: N
Examle from West Papua 9%‘"«1‘) B+
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Thermal conductivity in 2D and 3D

- P-wave velocity
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Elements of time-dependent thermal modeling

* Backstripping: (time-reversed geology)

o + (u— o r— ¥ o2r 1D

— Background porosity trend cp cp

— Heat conductivity 8,T + u;0,T — i@ikijajT 2-3D
: cp
— Velocity

— Density
Temperature modeling

* Basal heat flow history

—  Crustal stretching and thinning

*  Solve the heat equation

- 1D Finite Difference Ge0|og|ca| t|me

- 2D Finite Difference

Backstripping

Hokstad, K. , Wiik, T., Dreege, A., Duffaut, K., Fichler, C., and Kyrkjebg, R. (2014), Temperature modeling
constrained on geophysical data and kinematic restoration: Patent Application W0O/2014/029415



Viking Graben: Macro-trend (compaction
curve)

Interval velocity: v=0.13/km
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* Seismic interval velocities
Porosity trend:

* And/or density (gravity modeling)
¢(z) = dpoe”7*




Backstripping velocity, density and K

Present-day thermal conductivity

Heat conductivity and burial cures
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Viking Graben: Basal heatflow history

Layers removed: 0 Syn-rift: 165.0Ma  Current time: 0.0Ma
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Seismic velocity and
heatflow
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Seismic velocity and
temperature
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Thermal modeling
Projected well 35/11-7 (500m uplift)

Depth (km)

Basal Heatflow

a0
% EDL . Temperature histary
E
E a0t m— T op JUra
= 120 || e Bt
= 0 m—Ct ot
. , , , , | &)
280 200 450 100 -&0 0 . 100 F
Time (My) =
=
Heat conductivity and burial curves H—
' ' : a0 b
E |:| A A 1 1
= -2480 -200 -150 -100 -50 0
N | Time (Ma)

-250 =200 -150 -100 50 1]
Tirne (My)




Comparison with well 35/11-7
Troll area

|:| ........................ |:| e e e |:| e e e |:| . .
Eeabed
500 500 - 500 500
Hordaland-Gp
1000 |- 1000 F---- 1000 1000
— ogaland-G
c . 0 p
L : : :
ﬁ 1800 F- 1800 1800 F - 18500 k- i REEREE _
@ : . [T-Cretaceous
(i
2|:|D|:| 2|:||:||:| ZDDD — 2|:||:||:| ........... ........ -
: - [T-Jurassic
EEDD 25|:||:| 25|:||:| 25|:||:| ......... ......... -
3000 L i | 3000 i | ol i 1 i 3000 i
2000 4000 000 ] 2 4 20 40 B0 80 100 ] 50 100
Wp (m/fs) KW k) dT/dZ (PCikm) Temp (°C)

Time dependent: Seismic
Steady state: Seismic
Steady state: Well log



Comparison with well 34/11-2S.
Kvitebjarn
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Viking Graben:
Thermal equilibrium?

Temperature gradient vs depth

Temperature vs depth
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Synthetic example: Generic effects of
subsidence (sedimentation) and uplift

Heat conductivity
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BSR deflection:
Examle from West Papua

Blue is hard event. Insert map showing location the seismic line (white line color).

Prlyanto Hokstad Zwach Vv Shaack Mj@s, Hartadl Duffaut Tasarova (2015) Heat Flow Estlmatlon from BSR
An Example from the Aru Region, Offshore West Papua, Indonesian Petroleum Association, Proceedings
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Top Brent
Quartz cement

(Walderhaug, 1996) &




BCU
Temperature
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Conclusions

* New appraoch to thermal modeling
— Based on geophysical data and rock physics model
— Objectives and application similar to conventional basin modeling

* Demonstrated on Viking Graben (Line NSDP-84-1)

* Tested with good results in different settings, inside and outside Norway
— Continental shelf (Barents Sea, North Sea)
— Passive margin (Norwegian Sea, West Africa, East Africa)
— Subduction zone (Sea of Okhotsk, Indonesia)

— Onshore (Ural-Volga)
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