


OBJECTIVES

Key objectives in this study were to:

1.  Apply wireline TOC
Determinations to eleven key
wells

2.  Apply a seismic inversion to the
Eastern portion of the Sable
Mega-Merge

3. Attempt the “Source Rock from
Seismic” method to help identify
the known or possible organic rich
intervals of the Middle and Late
Jurassic and map their extent

4. Investigate the controls of
deposition and preservation of
organic matter within the Sable
Sub-basin;

These objectives were met by: A / Sub-basin

1. Defining a stratigraphic
framework within the Jurassic
s’rro”’ro, calibrated to the available
wells

2. Delineating faults present within
the stratigraphic framework

3. Completing an analysis of
geochemical data available for
wells with in the study area

4. Running a 3D seismic inversion on
the Eastern portion of the Sable
MegaMerge survey
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Poor <0.5 <0.5 <2.5 <500 <300
Fair 0.5-1 0.5-1 2.5-5 500-1000 300-600
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Peters et al. 2005



[*18 MEISTOCERE N
PLIOCENE _ |>%
S Messinian ?gg
w|= ortonian 11.62
S el serravallan 1135)
w| o Langhian 15'97
= 5 Buralga ian 20'44
300,000 km? | Aquitanian 1,33
% Chattian
e O =~
. . . . | Rupelian o
Deposition: began in Early Triassic [ | Prizoanian |22 g
Z | - A
. . . i Bartonian w
250 Ma Continuous Sedimentation ] ] e S Eo
3|2 . 47.8 Z
. . = Ypresian = %(
Environments:  Deltaic F [Thaneran 13 —
z elandian
g L 61.6
Carbonate 2 Danan_ g0 T
Maastrichtian
Deepwater 721
= | Campanian
a 83.6 WYANDOT
< o Santonian 6.3
= [ Coniacian )
|—~omaclan__1ag g =
Turonian__lg3 9 DAWSON CANYON
Cenomanian MARMCRA
00.5 W SABLE
Albian Coean 2 __SHORTLAND <7
113.0 CANYON CREE SHALE
NASPAKI
- 125.0
R N S N
auterivian =
329
Valanginian 139.8 MISSISALGA MIDDLE
Berriasian
=
o Tithonian - VERRILL
& g e 52.1 = CANYON
& | Kimmeridgian 1573 = = LOWE
2| oxfordi ’ I 2
xfordian =
o125 [\ 2 s g
o | —2ovEAn 61 MISAINE | <
w -
8 Bathonian 1683 k SCATERIE 7_?__~
= Bajocian 170.3 MOHICAN
Aalenian |5, 4 _
Toarcian

UPPER

D]:l Sandstone

OHAWK

Rhaetian

Tithonian ;5;; VERRILL
. e : MIC [ SRl
Kimmeridgian 1573 MA g)LDWE N/

Oxfordian

BACCARO :l Shale
e 166.1 |{ > MISAINE [ Limestone / Chalk
Bathonian | o5 | SCATERIE = [ sar

BBJOC{BI"- 1703 MOHICAN - Volcanics
Aalenian |5, [ ] polomite

M

Callovian

ABENAKI

Norian

Carnian

MIDDLE

b




JURASSIC SOURCE ROCKS

Formations of Interest:

» Lower Mississauga Mb.
Shales & marls
Predom. Type I
Minor Type 1IB

Gas & some condensate prone

» Mic Mac Fm.
Shales, marls & limestones
Type Il & I
Oil, condensate & gas prone

» Verrill Canyon Fm.
Shales
Predom. Type
Some Type lll
Condensate & gas prone
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WELL & SEISMIC DATASET

Well Dataset

47 wells within MM constraints
» 11 Development

» 22 Exploration

» 14 Delineation

Drilled between 1967-2000

Cretaceous — Jurassic Fms

MegaMerge 3D Cube
Approx. 2890 km?
8 potential 3D volumes merged

Post-processed dataset

Study Area

Approx. 2120 km?2

26 wells within constrains
11 with geochemical data

15 wells used in inversion

— MegaMerge 3D Seismic Cube
—Study Area

® Study well

O well

EIINS24-E040-001E
[CINS24-E043-001E
[CINS24-1L023-004E
EEINS24-MO03-003E
CINS24-MO03-006E
EEINS24-M003-007E
EEINS24-MO03-009E
EINS24-M0O03-010E
BlINS24-NO11-001E




PROJECT WORKFLOW

Database
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Seismic
Modeling

Wireline TOC Seismic

Objective |

Source Rock

Objective Il .
from Seismic

Validation

Objective IV Depositional

Mapping

Determinations Inversion

if validation fails

Objective

InverTrace PLUS

Project Setup

Project
Feasibility

Well-to-Seismic
Tie

Wavelet
Estimation

Low
Frequency
Model

Deterministic

Inversion

lterative Process



TOC RESTORATION

Methods
Jarvie (2005)

TOCO — TOC*
~0.64
Jarvie (2012)
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Peters (2005)
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TOC RESTORATION

Methods

Jarvie (2005)

TOC*

TOC® =
0.64

Increases TOC consistently by 36%

Formations of Interest:

» Lower Mississauga Mb.
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TOC DETERMINATIONS

Passey Method
Scales sonic and resistivity logs

Requires maturity estimation LOM

ALOGR = 10g(RESD/RESDy o) + 0.02 * (AT = Afpyee)
3.281

TOC% = ALogR *1010:297 - (01688 * LOM))

Issler Method
Cross-plots or VS logs

No subjective user input

TOC% = 0.0714*(AT + 195 * log(RESD;.)) — 31.86
TOC% = -0.1429 * (DEN,, — 1014)/(log(RESD;,.) + 4.122) — 45.14

Sonic/Resistivity Cross Plots
Cross-plots sonic with resistivity logs
Deviation from regression indicates TOC enrichment

Does not estimate TOC values

D =-6.906 + (3.186 * log(Af)) + (0.487 * log( 75°))

Zone |0 GR 200

200 = = = = Sonic (At) === -0
0.01— Resistivity (RESD)— 100

Interpretation

At (psec/ft)
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TOC DETERMINATIONS

Bulk Density versus Formation Resistivity
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TOC DETERMINATIONS

Sonic/Resistivity Cross Plots
Cross-plots sonic with resistivity logs
Deviation from regression indicates TOC enrichment

Does not estimate TOC values

= - 6.906 + (3.186 * log(At)) + (0.487 * log(RESD
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SEISMIC INVERSION

CGG Jason

Deterministic

Constrained Sparse Spike Inversion

Creates acoustic impedance cube

Workflow

Input requirements:

>

>

>

>

3D seismic cube
Seismic horizons

Well logs (sonic & density)

Wavelet
SEISMIC AQUISITION

Earth * Wavelet = Seismic

—

SEISMIC INVERSION
Seismic Wavelet =

)

SUBSURFACE CHARACTERIZATION
Al Earth

I

2

InverTracePLus

Selsmlc Do’ro

Wovele’r Estimation

ladd

= a0

Horizons Low Frequency Model

—

v

Modified from Jason,

A 4

Inversion
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SOURCE ROCK FROM SEISMIC

Laseth et al. 2011

Al decreases non-linearly with increasing TOC
» Al decrease = Top source rock

» Alincrease = Base source rock

Can create a TOC profile

» AlRange =TOC %

Workflow

Input requirements:

» 3D seismic cube

» Seismic horizons

» Welllogs (sonic & density)

» Wavelet

Parameters

TOC > 3-4% and <25%

Above 4500 m depth

» Relationship only stable to mature oil window

> 20 m shale thickness

Kimmeridge Clay, southern England
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RESULTS - PASSEY METHOD

Completed on both sonic and density logs

» Baseline taken at each formation/member

or drastic lithology change

» Baseline taken from closest well if unable to

establish

RockEval data used to calibrate calculations

Olympia A-12

5490

Lower Missisauga Corrections Baselines
Sonic | Sonic | Sonic | Resistivity
Scale | Offset AC ILD
Factor | Factor | us/m OHMM
3995-4300 m 0.5 2
4300 - 4751.8 m 0.5 2 225 3.5
Corrections Baselines
Sonic | Sonic | Sonic | Resistivity
Scale | Offset AC ILD
Factor | Factor | us/m OHMM
4751.8 -5300 m 2 2
5300 - 6071.2 m 2 5 | 20 21
South Venture O-59
Lower Missisauga Corrections Baselines
Sonic | Sonic | Sonic | Resistivity
Scale | Offset| AC ILD
Factor [ Factor| us/m OHMM
4335 -4750 m 0.5 0.75
4750 -5100 m 0.5 1
5100 -5300 m 1 1 250 25
5300 -5776.2m 1 3
Corrections Baselines
Sonic | Sonic | Sonic | Resistivity
Scale | Offset| AC ILD
Factor [ Factor| us/m OHMM
1 10 250 1.9

Olympia A-12

TOC (wt. %)

0.0 1.0 20 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

“ - O Lower Missisauga Passey Sonic Raw
t: Lower Missisauga Passey Sonic
P .. 0 MicMac Passey Sonic Raw
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a®» O o 0
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RESULTS - ISSLER METHOD

Completed on both sonic and density logs

» Baseline taken at each formation/member
or drastic lithology change

» Baseline taken from closest well if unable to
establish

RockEval data used to calibrate calculations

Depth (m)

South Venture 0O-59

TOC (wt. %)
40 20 00

20 40 6.0 8.0 10.0

o Lofer Missisauga Passey Sonic
© MicMac Passey Sonic

o Measured TOC
O Lower Missisauga Issler

0O Mic Mac Issler

-10.0

Depth (m)

-8.0

-6.0

-4.0

Uniacke G-72

TOC (wt. %
20 00

)

20 40 6.0 8.0 10.0

O OO0

O MicMac Fm. Passey Sonic
O Lower Missisauga Passey Sonic
® Measured TOC

O Lower Missisauga Issler Sonic

O Mic Mac Fm. Issler Sonic
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LITHOSTRATIGRAPHIC CROSS SECTIONS
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LITHOSTRATIGRAPHIC CROSS SECTIONS
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GROSS DEPOSITIONAL MODELING
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GROSS DEPOSITIONAL MODELING
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GROSS DEPOSITIONAL MODELING
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GROSS DEPOSITIONAL MODELING
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TOC DETERMINATIONS

Passey Method
Scales sonic and resistivity logs

Requires maturity estimation

ALOgR = 10g(RESDRESD o) + 0.02 * (AT = ATy gee)
3.281

TOC% = ALogR *1((0.297 - (0.1688 * ))

Issler Method
Cross-plots sonic or density vs resistivity logs

No subjective user input

TOC% = 0.0714*(AT + 195 * log(RESD;.)) — 31.86
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Depth (m)

South Venture O-59 Passey Method
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TOC% = -0.1429 * (DEN, — 1014)/(log(RESD;,,,) + 4.122) — 45.14

Sonic/Resistivity Cross Plots
Cross-plots sonic with resistivity logs
Deviation from regression indicates TOC enrichment

Does not estimate TOC values

D =-6.906 + (3.186 * log(At)) + (0.487 * log(RESD75°
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Cross-plot: SOUTH VENTURE 0-59.00-059-44-00-059-30-0

Reference (M): [4335 - 5776.3]
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Cross-plot: SOUTH VENTURE 0-59.00-059-44-00-059-30-0

Reference (M): [5776.3 - 6175.8]
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