On some unsolved issues in shale rock physics

How do we model compaction, cementation and uplift of shales?

Per Avseth, NTNU/G&G Resources

ROSE Meeting April 23rd 2018




Motivation: Why are shales important in Ql?

Terracotta Army, Xian, China (200 bC).

Shales comprise most of the overburden rocks.

Normal compaction trends of shales can be used to
estimate uplift.

Shales define the background trend in AVO data

Shales, as cap-rocks, impacts the AVO reflectivities of
top and base of reservoirs.

Organic-rich shales are the most common source rocks.

Intra-reservoir shales contribute to reservoir
heterogeneity, baffles and barriers for fluid flow.



Key issue: How to extrapolate shale properties away from wells?

How do we extrapolate elastic properties of shales
away from wells?

How do we best model rock physics properties of
shales during burial and uplift? (Porosity and velocity
versus depth).

How do we take into account stress sensitivity in
shales?

How do we best model chemical compaction and
cementation in shales?

How do we discriminate depositional trends and
diagenetic trends in shales?



Sand and shale compaction trends in the North Sea
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Mechanical versus chemical compaction of shales.

Experimental observations (Mondol et al. 2008) and rock-physics
modeling (Draege et al., 2006).
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E Documentation of chemical compaction and quartz
cementation in shales.

12.0

Shales only (a)

8 local wells

o
o4
o ®od

o
o

@
N

o
N

Shear modulus (GPa)
()]
o

4.8

3.6}

2.4[%

1.2 1 :

0.0 ™
88 ¥ 2 ¥ 83 8 ¢ 2 & 8
O 0O 0O 0o O 0O 0O O o o o

Porosity (%)
S — =
0,
20 Temperature (°C) 140 Thyberg et al., 2009

Storvoll and Brevik, 2008




Depth trend modeling of shales
(Avseth et al., 2008)

Delta  Epsilon
1200 r r r v
1400}
Smectite
ri Ch 1600}
e e e R Irea 700
E
£ 2000
X g
lllite =)
- 22| L
rich 00
2400}
2600}
2800 ' ' : :
00 2500 3000 500 1000 1500 2.2 2.4 2.6 0 0.1 0.2

Vp (m/s) Vs (m/s) Density (kg/m°) Anisotropy

Smectite + K - lllite + Si + H,0




B Rock physics and AVO modeling constrained
by burial history

1. Burial history 2. Diagenetic modeling (Walderhaug)
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A «typical» present day
geo-section offshore Norway
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«Restoring» geo-section to maximum burial.
Have prospects been into the frying pan?
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E Burial constrained AVO

modeling at “Discovery” well.
(Campanian sands w/oil give AVO class lil)
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B Burial constrained AVO modeling at prospect C
(Aptian sst)

Oil-filled sst = AVO class llp
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Barents Sea Example: Acoustic impedance (water-
saturated) vs. porosity along south-north well log profile
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Sandstones of Stg Fm are getting increasingly stiffer northwards, likely related to increasing maximum , i
burial. Fuglen shales show a significant trend change in northern wells (Atlantis and Apollo), likely related to S

| (Johansen, 2017)

illitization and micro-crystalline cementation of shales (see Thyberg et al., 2009; Storvoll and Brevik, 2008).




Expected AVO signatures at Top Sta: Class Il
AVO for both oil and gas.
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Zoomed in further:
NTNU Expected AVO class lIp-ll for oil and gas.
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Schematic illustration of burial history,
rock consolidation and AVO signatures
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Rock physics modeling of Wisting and Atlantis
BN caprock shale (Fuglen Fm)
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The road ahead — Improved understanding of
shale RP properties during burial and uplift
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* Can we apply a Walderhaug-type cement

l" Chemical compaction model for shales? (Cementation both
| during subsidence and uplift if T>Tc)
’ * Can more realistic shale trends give better

velocity and anisotropy predictions?

Do we need to honour stress anisotropy
during uplift?

* |Implications for seal integrity?




