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Overview

Facts and observations of the Beta Statfjord discovery:

» Avg. Porosity range: ~19%
* Avg. Permeability: >1 Darcy.

« Key controls on reservoir quality:

« Grain size

» Clay coatings

» Lack of potassium in the system
« Early oil emplacement

* Overpressure

Excellent reservoir properties @ ~4100m TVDSS.
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The Beta Statfjord Discovery
I

Top Statfjord reservoir at ~4100m TVDSS

levation depth [m]
-2600.00

-3000.00
-3400.00
-3800.00
-4200.00
-4600.00
-5000.00
-5400.00
-5800.00
-6200.00
-6600.00

0°E 1°E

2°E 3°E 4°E 5°E

62°N

A
Bet ’ &
i f'{’f ) ;
| JRIMEE:
'.( ) “
: ¢
| . b

PL 375, B&C

Top Statfjord in depth (m)

1
0 5000 m !
— — —

ooooooo
KILOMETRES

PL375,B&C
Suncor Energy  80%

Core Energy 20%

SUNCOR )



Structural Setting of the Beta Statfjord Discovery
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The Beta Statfjord discovery is ~1300m
down-dip of the Snorre High




Stratigraphic Setting of the Statfjord Gp
L

Age (Ma) Stage Stratigraphy Lithology Tectonic Events
| AMUNDSEN Pre-rift marine
FORMATION deposition
SINEMURIAN
STATFJORD FM.,

200 — WSEN MEMBER

i U]

STATFJORD FM.
HETTANGIAN icason L)
205 — MEMBER A Late Triassic
1 STATFJORD FM., Post-rift
RAUDE MEMBER Fluvial environment

— RHAETIAN

210 —
LUNDE FORMATION
n Lacustrine dominated
section . . .
% Syn-rift Triassic
215 NORIAN extension
Braided, amalgamated channels “Q@@®”?  Modified from NPD, Suncor, 2013
Meandering channels X7

7
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Sedimentological Setting of the Statfjord Gp

o 34/4-13 S (Beta) o 34/7-6 (Snorre)
| GR T T & = -
lithology| Facies [ithology  Facies : .
Lo ____wm| ‘ Minor carbonaceous material
in_qual -"mw ‘ﬁ‘ ‘i i (indication of wet climate)
Lilh_qua‘ TVD = i | § Lith_qual

- TVD
4120 SR |0
7 Singular channel
4125 + )/ '
15 CH:Iogz;se:(gerrgiyn Overbank sands and silts
§ netically altered.
4130 % Ephemeral channel ?? pedogenetically altered
.)\i Thalweg ??
4135 - A Multi-storey stacked channels system
Vertically aggraded
Dry climate soils Low sinuosity (Braided system)

LEGEND

Active fluvial channel sands

Barforms and proximal overbank

sands
Erikkson Distal overbank (typically
Member pedogenically altered) silts and
muds
Raude Semi-arid overbank and soils
Member

Well developed calcrete horizons
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Fluvial Channel Sands
I

34/4-13 S
Suncor — Dec/10
Beta Statfjord

34/4-13S
48124 m =10

» Very coarse grained sandstone —

* Planar laminated structure
« High energy

* Qil stains

| Mudstone . DT R MED
120 60]0.1 1000

Sandstone i
, | Plinggs|  roer

L.
-

eII 34/4-13s Beta
“:zg”.

I

4114.30m TVDSS

Note: Core section drilled with ~37° angle inclination

SUNOR )



Quality of the Fluvial Channel Sandstones

11
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— 7=k=&+ Initial reservoir quality at deposition:
/—0—@]—* * Coarse (lower) grained - >10 Darcy permeability
; * Moderately well sorted - >30% porosity
Apparent main trend in
porosity loss
i =)
i Beta discove ry Facies Av. porosity  Av. permeability
2111422 4 (%) (mD)
—+ / Best reservoir quality:  FC-l 23.3 1218.7
s [T Best reservoir quality:  FC-u 19.7 195.5
H r e
Worst reservoir quality: OB-s 14.4 41.0
3 ESA Worst reservoir quality: OB-s(p) 13.3 13.1
/ Note: Calculated from a larger dataset
ﬁ: + Legend
34/4-138 « Av. log porosity Eiriksson
Mm , @ Av. log porosity Raude
Legend
1+ FC-I — Lower fluvial channel sst
3487 FC-u — Upper fluvial channel sst
OB-s — Overbank sst
OB-s(p) — Pedogenically altered overbank sst su NCOR)
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Mineral Composition

Mineral Name OPresent day Statfjord data
1 100um Yy J 9
1 1000.0 pm D Background 0.00 QUARTZ, %

" g -2 [Clouarz 58.52 o Depositional Statfjord data QUARTZ
e ¢ [ K-Feldspar 0,02 P ) ARENITE 0
S ¢ 100
ok o 3

[ plagioclase Feldspar (undiff.) 14,68

[ Biotite/Phlogopite 0.01 SUBLITHIC
- [l Muscovite 1.74 SUBARKOSIC ARENITE
[ chiorite 0.24 ARENITE
[ smectite 0.00 20
[l Kaolinite 9.66
[Ccalcite 0.07
[ Ferroan Calcite 0.00
[ siderite 0.03
[ Dolomite 0.00
[ Ferroan Dolomite 0.00
[l caFeCO3/Ankerite 0.00
[l Ca-504/Anhydrite/Gypsum 0.00
SR M ryrite 0.07
L [l Heavy Minerals 0.11
3 /
g v B Porosity 14.32
=3 [ others/Contaminants 0.52
80
20
ARKOSIC LITHIC
ARENITE ARENITE
= ; X 4113.50m TVDSS
- : 100
i S R ' 0
2 100 80 60 40 20 0

QEMSCAN image of sample 4811.6m, well 34/4-13S —— ROCK

FRAGMENTS, %

* Quartz — 50-90% Sub-arkosic arenites from granitic or very

 Plagioclase feldspars — 10-40% (up to 78% of original high grade metamorphic hinterland

plagioclases are preserved at depth of ~3900m TVDSYS)
* Rock fragments 5-10%
* Mica
« Heavy minerals in traces:
Garnet, staurolite, zircon, rutile, sphene and opaques SUNCOR)



Mineralogy — Cements
I

Well 34/4-5

CL Electron image

Depth: 3549.00m TVDSS Porosity: 18.9%
Overbank facies Permeability: 13.0 mD

Quartz overgrowths in a water bearing interval (~2%)

Other cements include traces of calcite with lesser dolomite and siderite
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Mineralogy — Clay Minerals
I

Well 34/4-13 S Well 33/9-9
Depth: 4108.10m TVDSS Depth: 2717m TVDSS
Fluvial Channel facies Fluvial Channel facies

Clay coatings
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Lack of K-feldspar — Particular to Marulk Basin in Statfjord Gp sst?
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Diagenesis — Formation Temperature

Log (TVD where available) depth (m)

Temperature gradient for Statfjord Fm. Study wells

Formation temperature (°c)
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2000 : — L ) L //
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5
Well 34/5-15 \ \ \ \ \ \
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‘\
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2003) N\
\
5000 *
Well334/8.7 ‘\
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‘\
Horizontal lines = top StatfFm. \‘
5500

_— The Snorre oil field

Ve The Statfjord oil field

Quartz overgrowth encased
hydrocarbon (early emplacement)
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Diagenesis — Models of Porosity Variation with Depth
I

Surface Burial depth (m) The Standard case

0 1000 2000 3000 40100 5000 6000

L 1 il 1 10
% Secong,
0 Lo
10 10
23 8
gs
8D —
;;g £ 20 Avg. Porosity ~15% 20
g; @ 4100m TVDSS
53
£

% Total occlusion of intergranular |30

gggigfﬁ:gﬂﬁgrgfe"(fg:;ﬁ”ﬁfﬁjet° macroporosity at 5000m TVDSS

Formation/Raude Member) Total Avg. Porosity <8%

The Standard case:

The water bearing intervals allows prolonged diagenesis causing:
= Quartz cementation and pore occlusion

= Extensive feldspar dissolution (up to 80%)

= Extensive intergranular and grain dissolution authigenic clays. lllitisation below 3200m SUNCOR



Diagenesis — Models of Porosity Variation with Depth
I

Surface Buialgepthm 1 NE Betadiscovery case

0 1000 2000 3000 4000 5000 6000
. 10

%
Secondary porosity

s°°°"darymlcr0po,os,,y

\

23 8
28
8o
gg © Total Avg. Porosity ~19% -20
Eé @4100m TVDSS
=0
a o
S

Preservation of intergranular |30

Pore occlusion at deposition due to ;
pedogenic sitcrete (local to Lunde macroporosity at 5000m TVDSS

Formation/Raude Member) Total Avg. Porosity >12%

The Beta discovery case:

The early oil emplacement restricts prolonged diagenesis causing:
= Limited quartz cementation

= Limited feldspar dissolution

= Limited intergranular and grain dissolution authigenic clays SUNCOR
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Summary
I

Early diagenesis
An open system?

Burial diagenesis during Cretaceous

Late diagenesis in Paleocene and Recent

Diagenetic events

Y
v

)

Leaching of feldspars
. s

i

urfacelrelated

Kaolinite

Dickite

Quartz overgrowths

Grain repacking

Repacking

Hydrocarbon migration

* Meteoric water
* Mechanical compaction

« Kaolinite formation

e Eustatic level at ~100m in

the Callovian/Oxfordian

* Upto~300m TVDSS

* High sedimentation rate
* Mechanical compaction
» Peak oil expulsion in Late Cretaceous

* Depth up to ~3500m TVDSS

* Overpressure

* Reduced mechanical compaction

» Limited illitization (lack of potassium)
» Limited Quartz overgrowths

* Depth >3500m TVDSS

Preservation of the initially open system?

Reduced chemical and mechanical compaction
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