PREDICTIVE MODELING OF
SANDSTONE RESERVOIR
DISTRIBUTION IN THE
SW SCOTIAN BASIN

Justin Nagle © Saint Mary’s University

®

o 2 & SAINT MARY S
One Universi

) BCICIPFI‘anlab‘ CRSNG Department of Energy



Outline

Justin Nagle © Saint Mary’s University

Objectives

Introduction and Geological Setting

Model Inputs

Reference Case Model
Sensitivity analysis
Different bathymetric models
Conclusions

Pitfalls with Stratigraphic Modeling

Compare five models with
hypothetically less geological data to
the reference case model

Important parameters to define
Conclusions

Summary and Conclusions




Objectives

«Develop a model of sediment distribution for the SW
Scotian Basin in the Mid-Late Jurassic:

« How was sediment dispersed from the Shelburne Delta?
Were progradational packages present in the Jurassic,
and if so, was sand transported into deep-water?

« Did the initial bathymetric depth in the Callovian (J163)
have a large effect on sediment accumulation in the
basin?
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* Recent exploration
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SSB = Shelburne sub-basin SD = Shelburne Delta YA = Yarmouth Arch

Modified from Wade and MacLean (1990), and Williams and Grant (1998) 4
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AP A

 There are no deep-water
* Risks associated with
exploration:
* Sjze, distribution, and
R reservoir quality
Modified from Wade and MacLean (1990), and Williams and Grant (1998) S
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Eastern Shelburne Delta

400 ms (twt)

Growth faults east of Yarmouth Arch
(soling into primary salt layer)

Figure 2.14 Line drawing interpretation from a seismic profile presented in
MacDonald (2011) across the eastern Shelburne Delta, showing multiple stacked
Cretaceous transgressive (grey) and regressive (yellow) cycles above the J150
marker, immediately west of Parcels 1 and 2.

Deptuck et al. (2015)




Depositional Environments
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MODEL INPUTS




Bathymetry

J163

850/
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Shallow water facies present at wells
Nearby wells show a paralic (Mohedia P-
15) to inner neritic — shallow marine
(Mohican 1-100, Glooscap C-63)
Monterey Jack cuttings show limestone
that appears pelloidal to oolitic
Conjugate margin studies find a Early—
Middle Jurassic carbonate ramp
analogue in Morocco (Pierre et al. 2010)

By the Late Jurassic, there are
widespread carbonate reefs (as
indicated at Bonnet P-23)

Monterey Jack records marls and
claystones in cuttings

Mohawk B-93 records clastic deposition
COST G-2 records mixed sedimentation
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REFERENCE CASE

MODEL
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Well Facies Calibration

COST G-2

Depth I el Log | Simulated Faries '

.J_J_J_J_J_J_J_.
| I S S S TR S N )
i A — - - .

Sand Proportion Shale Proportion

Reef Proportion

CarbMud Proportion

T T T o F o A P

H
I
I
I
I
I
I

R = e M M K

ERRIE]

............ qeesssafesssssnsssncssnnnnn

B von Bl snaly siope and BFF ] Lagoon
I:‘ Continental Sand . Muds
. Shale I:l Reef

A + o o :
AmMatoana-—StHmMoMmsS—

I:‘ Marl

I:‘ Detritic Carbonate I:‘ SandyLobeAndBFF

I:\ Marine Sandstone I:‘ Slope Sands

4
T

Fa¥o¥al
607

99.34 % 67.26 %

Justin Nagle © Saint Mary’s Universit




Thickness Calibration %

£&!Mohawk B-93

-
1

ke
onnet P-23 'y
>95% ‘ - g gMonterey
90%-95% ; ) f%f/ Jack E-43
80%-90% /
65%-80% //,‘ ( ’ / f
50%-65% > {|( i

<50% / 2
$COST G-2

« Most of the map is >90% thickness calibration. Areas with
less calibration are due to the negative sources, forcing the
location of the reef landward of Monterey Jack, and errors in
the thickness map with actual well thickness
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Basin Floor Fan Facies Thickness 163-150Ma
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SENSITIVITY
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«Used to test which uncertain parameters are the most
sensitive to change and the range of values for these
parameters

Test the sensitivity of:
« Sand distribution «Basin floor fan thickness

« Sequence thickness «Reef thickness

. Minimum Maximum
Uncertain Parameters
Value Value
Initial Bathymetry +32% -
Bay of Fundy Water Discharge -20% +50%
Maine Water Discharge -20% +50%
Meguma Water Discharge -20% +50%
Bay of Fundy Source Location -30km +30km
Maine Source Location -30km +30km
Meguma Source Location -30km +30km
Bay of Fundy Sediment Proportion -20% +20%
Maine Sediment Proportion -20% +20%
Meguma Sediment Proportion -20% +20%
Production vs Time -20% +20%
Sand Kcontinental 20 2000
Sand Kmarine 0.05 5
HEST/LELT ratio 1.6 10
Eustasy Curve -20% +20%
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Basin Floor Fans Facies Thickness
*Greater than 250m water depth

« 350 simulations « Mean thickness ~ 190 m
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Reference case COUQarFIOW results
for 350 simulations
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DIFFERENT
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Model B — Persistent Reef
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Model B — Persistent Reef
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Model C — Deep Basin
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Model C — Deep Basin
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Thickness Calibration % (J163-J150)
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Y SR
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>95% }
90%-95% - /
@COST G-2 &COST G-2 -
80%-90%
65%-80% Model B
Reference Case

50%-65% (persistent reef)

<50%

« Models show very high thickness
e calibration, except in areas where

_ ~ ~ "N the reef has been forced, the

’ == location of the negative source, and
at wells where reported thicknesses
were respected

- In general, all models show greater
Model C than 90% thickness calibration

deep basin
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Basin Floor Fan Facies Thickness (m) J163-J150

il Model B
thickness (m : f
o0 | Reference Case (persistent reef)
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(deep basin) « With increasing bathymetry, basin
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« The facies progrades further with
iIncreasing bathymetric depth

« Greater thickness (2x) of basin floor
fans with increasing bathymetric
depth

32
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CONCLUSIONS




«Modeling of the SW Scotian Basin is possible with
data from sparse wells and limited seismics.

« The Yarmouth Transform was an important feature
that allowed for a carbonate ramp environment at

the J163 and helped focus drainage from the
hinterlands to the area of the Shelburne Delta.

« The model successfully predicts basin floor fans
down-dip of the Shelburne Delta, with the most
probably location close to the shelf edge.
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MODELING
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Wrong Seismic Pick

Reduced Sediment

Shallow Ramp Reference Case Thickness

« Reduced sediment
thickness of modeled
Interval by ~65 %

« Model required
reduced sediment
supply, hemipelagic
sedimentation rates,
and subsidence

« At the first phase of
sedimentation (163-
161 Ma) the majority
of sand is found on
the shelf

Percent (%) Sand
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153.1-150 Ma
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No Information on Sources

Shallow Ramp Reference Case No Information on Input Sources

uMohawk B-93 giMohawk B-93

« Three river systems
are required to
maintain calibration

« Rivers are relatively
constant throughout
the model duration at
~50 % sand and ~50
% mud.

« Sedimentation Is
more uniform in
distribution

Percent (%) Sand

161-153.1 Ma

153.1-150 Ma

A
100 km
/ faults cutting the J150 horizon
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No Information on COST G-2

No COST G-2

Shallow Ramp Reference Case Wall

« Only two river systems
are required for
calibration

163-161 Ma

« The Bay of Fundy source
required slightly more
water discharge and
sediment load

161-153.1 Ma

Percent (%) Sand

«No sand progrades from
the Shelburne Delta into
deep-water for the first
phase of sedimentation

'_ .Monterey
Jack E-43

« Slightly more uniform in
distribution on Georges
Bank / faults cutting the J150 horizon

153.1-150 Ma
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Different Bathymetries
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Basin Floor Fans Facies Distribution
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- Between all of the models, the best place to find deep-water

sand Iin the basin appears to be immediately down-dip of the
Shelburne Delta, close to the shelf edge
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Carbonate Extent

Model B Model B Model C Model D
Shallow Ramp Reference Case (persistent reef) Reef Transformation 500 m/Ma (deep basin) Reef Transformation 500 m/Ma

Shelf Slope Basin Floor
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CONCLUSIONS




« The most important parameters to define in frontier
basins are the paleobathymetry and sediment
thickness from seismic analysis

e Fine-scale control between carbonate and clastic
sediments are not always possible in frontier basins

«Unconstrained models are useful when modeling
frontier basins
« They offer a first overview of the probable
architecture of the basin

« They have shorter computational run times
compared to geologically constrained models

Justin Nagle © Saint Mary’s University



SUMMARY AND

CONCLUSIONS




Objectives

Calibration
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« Simulate sediment distribution in the
Middle—Late Jurassic

«Observe the development of the
Shelburne Delta

«Observe the impact of different initial
paleobathymetries

« Sediment supply, uplift, river catchment
areas, and bathymetry have been well

defined

« The model is well calibrated for thickness
and facies distribution

« Clastic sediments tend to be found on
the shelf

« Sediment bypassing the reef occurs near
the Shelburne Delta, or large canyon
near Mohawk B-93




Sensitivity
Analysis

Reduced
Exploration

Risk

Pitfalls of
Stratigraphic
Modeling

Justin Nagle © Saint Mary’s University

« Most sensitive parameters are the
diffusion coefficients for sand, water
discharge values for the Bay of Fundy
river system, and the position of the
Maine river system

- The most probably location to find sand
In the basin is down-dip of the Shelburne
Delta, close to the shelf edge

«Modeling of frontier basins is possible
even with limited information from sparse
wells, seismic analysis, and lithofacies
Interpretation

«Fine-scale interaction between
carbonate and clastic sediments is not
always possible

47
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