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Overview

»» What is the 3D Geological Framework?
»» Why are we building it?

> How has it been used?

> Recent developments and innovation
» Workflow optimization
»» Sharing our 3D models
» Stakeholder Engagement
» AR, VR, 360 videos

- Next Steps
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Responsible for: describing the geology and resources in the province and
providing information and knowledge to help resolve land-use,
environmental, public health, and safety issues related to geosmences

AGS Vision:
internationally recognlzed
source for credible,
Innovative and
Integrated geoscience
data, information and
knowledge for Alberta
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From 2D Maps to 3D Models

2D Bedrock Geology 3D Geological Framework

=
[
Bedrock Geology
_ Aberta

Traditional map products Interactive, holistic 3D geological
model Alberta
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Why are we building it?

»» To communicate information about Alberta’s
surface and subsurface for:;

1 Support safe and sustainable resource development
» Science-based decision making

. Deliver interactive and engaging geoscience _,
Information

- Efficient and effective evaluation and use of
geospatial data
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3D: Cost-Benefit

7 Value of our data
7 $ 100s of Billions

» Value of our staff
resources

»» Risk of making a bad
decision

Www.ags.aer.ca



Strength: Data Integration

Integrating data from a variety
of sources;

« Stratigraphic data
* Reports

 Maps

« Cross-sections

« Conceptual models
e Seismic data

* Lineament
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What can go into the model?

CAN CAN'T

Any geospatial data: Non geospatial data
- Any XY, XYZ, XYZt

data
P|cks/tops

- Completion data

- 2D and 2.5D Surfaces

- Any polygons

- Boundaries

- Geo-edges

- Lineaments [ Alberta
- Image drapes egula
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Managing and Optimizing
our Data

450,000+ oil and gas wells
(541,000 Km total length)
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Importance of Data Management




Importance of Data Management

DEYE] )
#1

Database
#2

Database
#3

AGS Geological
Framework Data

Database
#4

Database 3 il Why is this important?
® — Duplication: 0-37% Efficiency
Discrepancies: 3-37% Credibility

Database
#6
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Optimizing Data: Machine Learning

Well Association
Training Data

Structure and

Input Geological Seismogenic /Aseismic Seismic Suscepibility
Features A et
Feature Values 6200000

08

Machine Learning 6100000
Feature Classifier

{ug

Basinal water sample

enriched in Lithium
i

Inferred Fault BOT0 -
Locations and §

Proxies for ~

Hydraulic 5 0oy - e
Communication

Feature 1Values

|

Vector of Input Feature Values

Geological
Susceptibility

Natural Earthquake Rate

Estimate of Seismogenic
Activation Potential
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3D Provincial Geological Framework
Model of Alberta

Version 1 Version 2

« 32 model zones (layers) * 62 model zones (layers)
« 620,812 data points « 1,235,761 data points
« 500x500m resolution « 500x500m resolution
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Energy
Regulator




Schematic Cross-sections

Version 1 Version 2

Grid A

o1 QNgPg_sediment

Ground surface

Sediment above bedrock

Bedrock topography

Scollard Fm

Undifferentiated H hoe Canyon F ion /
Wapiti Formation / St. Mary River Formation /
Belly River Group / Bearpaw Formation
equivalent interval

Member
Grid B
Grid A

Oldman Fi

Undifferentiated Lea Park Formation /
Colorado Group / Smoky Group /
Fort St. John Group equivalent interval

Milk River Formation to base of
the Fish Scales Formation interval

Sub-Cretaceous
unconformity

viking F

o

Banff Fm to

Winterburn
Group

Beaverhill Lake
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Provincial Model Slices
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3D Geological Framework Timeline

Completed V.1 of the

o Provincial Model (32
Provincial Model V.0

layers)
(23 layers)
Published Minecraft
8§-25D Submodels for Models
Grids strategic priorities Created DIprnts

/\ |

3D models
Concept 1.0 FTE Reorganized AQS onIing in free
Developed Geomodeller new geomodelling 3D viewer
team (5 modellers) V2 of the
Provincial
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3D Modelling Workflow

and
rd Potential
Outli
and

Level of
Surface
Required?

Geostatistically
Model Data

Cross
validation
Results

Reassess

data

NO

Maps,
Hydro Models)

Create Regional

Parameter
Distribution
Trigger to Update Unit
Paramatars
New data
Conflicting Results yith other projects

Include in

3 Framework
* Cate t yet finalized
ategory names not yet finaliz A

2014

-Assign Grid Version #
id Repository

Comparison
with
Extornal
Models?

PART 1 - INPUT DATA AND

Compile all SOURCE DATA CONCEPTUAL GEOLOGICAL MODEL
(input point data, input lineaments, Input extents} s conveyed to Geomodelier(s)
T

—

PART 2 — GEOSTATISTICAL ANALYSIS
r{ Geologist investigates erroneous data or provides additional data €—————NO:

Geastatistically filter Gegstatilcly
SOURCE DATA

Assess cross-

interpolate | |
INPUT FILTERED DATA Meiviation teaolts

O

L
PART 3 - INPUT SURFACE INTERPOLATION | .
AND ATION i
Record intergolation k__._ CCREATE working version of INTERPOLATED SURFACE IN PETREL {or ARCGIS) '
L_ipecometen | from INPUT FIL INPUT
— — - s — Aligns.
v ¥ i
| | INTERPOLATED | Manipulate INTERPOLATED 1
SURFACE to honour SURFACE to ensure no CROSS- ==~ SURFACE 10 GEO-EDGE(S) i
OVERS with (it applicable) i
1 i
i
Repeat process for all i
‘ INTERPOLATED SURFACES Iﬂ—{ VALIDATE INTERPOLATED SURFACE ;
i
i

PART 4 - MODEL CONSTRUCTION

PART 5 — UNCERTAINTY ANALYSIS
Use all INTERPOLATED SURFACES to construct 3D SIMPLE GRID

v

Uncertainty Analysis of all
Generate 3D GEOCELLULAR MODEL INTERPOLATED SURFACES
{MODEL ZONES between MODEL HORIZONS) that feed into model build

PART 6 — MODEL DISSEMINATION

v + + : v

Export finalized INPUT FILTERED DATA as MODEL Expart Citate SO Ea T Mo
TABULAR DATA fo reference f poblzhed] MODEL from boundary of MODEL ZONES
HORIZONS MODEL HORIZONS i (if required) {
L Py I § 1 :
v
Model digital data publication
e e ™| _ | tmodel tabulr data, model _ iMOD Publication
horizons, model extents)
~= ’_/—“\ w/ = A /“\

2017
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Automated Workflows

Decrease Model bul
time from 2 days to
less than 2 hours

Increased efficiency
(87.5%)

Reduce chance of
user error

=== Cut Maj LK and merge it with Waterways

Eliminate inside Maj_lake The closed polygon: # WESTCEN_M&JEAULK_HJ
@ AunionB keepA  Surface A Surface B Walerways
= Move Objectto be moved Folderto move it into B work surface
m Set name Mame:  Majlk_thick_mrg_bhl
=== Cut Leduc and merge it with Watt_MTM
@ Eliminate outside Leduc The closed pafygon: % WESTCEN_LEDUC_ZERO_
@ Aunion B, keep A Surface A: - Leduc Surface B @ wiatt_mtn
BB Setnome (8] [2] Leduc Name:  Leduc_mrg_wattmin
[ Copy Areference subject Leduc - Leduc Folderto copy it into
Replace where Z <= Surface(x y) Leduc Sufacs Maij_lake

Set name Leduc Mame:  Leduc-wattmtn_mrg_Mjlk-bhl
Move Object to be moved
P~ Move Objectto be moved

H Maj_lake Folder to move it into
Waterways Folder to move it into

B Model surfaces

B Model surfaces

=== Cut Swan and Slave surfaces by their zero edge and merge them

@ Eliminate outside The closed polygon: 7% WESTCEN_SWAN_ZERO_H
Eliminate inside The closed polygon: ﬁ WESTCEN_SWAN_ZERO_H
@ Surface B Slave

@3 Swan

= increase minimum thickness in Swan_Slave surface by 10m
Get calculator name  Sswanslave
Surface calculator [] Usefiter Expression orfile:  wattmtn_iso=Sswanslave-Swattmtn

Move Object to be moved Output [global) Folderto move it into . B Isopach_thickness
Get calculator name  Swattmin_iso Output [global]

Qutput [global] Constart: 10 [ Exact intersection
Surface calculator [] Usefiter Expression orfile:  SwanSlave_thick=$wattmtn+Swattmtn_iso

Move Object to be moved
Move Object to be moved @

Swan_Slave

Replace where Z < Constant

Output [global] Folder to move it into 7 Model surfaces

= Model surfaces

PITER (A @

d Watt_mtn Folder to move it into

= Precamberian

i

Copy Areference subject
Set name

Precamberian = - ” Precambrian_new_100 Folder to copy it into

Precamberian Name:  Precambrian

[C] Expand this

[F] Bxpand this

[] [ B Model surfaces
[[] Biminate outside [ Bxact interse

[F] Bxpand this

[ Usefile

[ Usefile

[

- = Model surfaces

m

Alberta

['@ Auto generate wordlow ]

[« 2oty | [v OK ] [ Cancel |

m Energy AGS /ﬁ’\\—\ 19
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What is the Impact?

Conceptual Model Science and Evidence-based Model

Modern Transparent
Efficient Single-Source of Truth
Credible Stakeholder Conlmytanication

Energy
Regulator

Decision-support



Ability to integrate Surface & Subsurface
Information to Support Decision Making

Ability to integrate surface information and
subsurface geospatial data in a consistent and
validated 3D geospatial environment

Subsurface Model

Alberta
Energy
=g Regulator



Application: Decision Support

Initial Assumption: Odours varied based on location (2D polygons)

Investigation: Hydrocarbon data and plays were evaluated in 3D

Result: Odours were related to production within subsurface zones (Better Decision)

G) Map of Operator Areas Integrate and evaluate of Risks characterized to \
and subsurface oil geochemistry data support decision making

Evaluate Decide /

Energy
I
=g Regulator



Integrate Resource Modelling

Alberta Q‘,J»)
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Application: Induced Seismicity

Initial Assumption: Seismicity was related to faults within the Duvernay

Investigation: Seismic events were related to underlying Swan Hills Reef

Result: Better decision and understanding of IS risk factors

3D geological model of 3D evaluation of seismic event However had strong
Fox Creek area data showed little spatial spatial correlation with
correlation with the Duvernay Swan Hills Reef edge

Formation Alberta

Energy
Regulator




3D Visualizations to Enhance Stakeholder
Communication and Engagement

kapoo
2.6 km O —

Actual town water wells

IS

/ 'Enerjy?ER 25
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Actual well traces



Feedback: Decision-makers

Data Integration Geospatial Context Decision Support

ﬁochemical Data (Formation Extents \ ( Uncertainty Analysis \

Well Dat

W

Faults

Event Data

Risk Analysis

Internal
Characterization

\&

J= Alberta
www.ags.aer.ca K Eneray aes
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Developments and Innovation

mmmmm

""""" ‘—--~
g s

\\
3D PROVINCIAL MODEL \
', PROPERTY MODELLING ”‘
"""" : INTEGRATED RESOURCES
\’Virtual and Augmented Reality
\\ MINECRAFT OUTREACH

Alberta
Energy
=g Regulator
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Communicating Uncertainty

mmmmmm

Epmmm | (=
g;iwsas

t

7 Provide information to decision-makers to
determine acceptable tolerances

> Support strategic planning

Www.ags.aer.ca Regulator




Communicating Uncertainty

: High uncertainty can be ok in;

i » areas of non-interest with poor
data distribution

‘' ) areas of high geological
! complexity or structure

; » data poor areas with little
variation in geological
5 complexity

flag areas that need further
evaluation or more data

Banff Formation top N

Alberta
Energy
Regulator




Incorporating Structure

Modelling the highly
deformed region of the
Rocky Mountains

Computing
Requirements

Avallability of subject
matter experts

Energy
www.ags.gov.ab.ca Regulator




Integrated and Interactive Geological
Information

Table of Formations Online Stratigraphic Unit Summaries

@ Albertas Geological Frar % Y}

C (¥ | ® ags-aer.maps.arcgis.com,

Duvernay Formati
Map: Depth to Top (m)

Introduction

Duvernay Formation
Map: Gross Isopach (m)

DRt eraay Foruatios Alberta's Geological Framework

Stratigraphic range: Frasnian
8310372

Duvernay Formation
Map: Top Elevation (masl) with Stratigraphic Picks

The Duvernay
Al 135,000 km?.
700m

Ireton Formation. Grosmont Fo
Cooking Lake Formation,
Majeau Lake Formation

i g
5500 miin the west.

33 m at type well: rnges from Il |1 the st Shale Basin of west central and northem Alberta, the
20 m to more than 120 m b « \

Leduc 7 but thickens than 100 m
(Switzer et al, 1994; Rokosh et al., 2012).

Lithology

sy Viest )

Lal v

Lake Graup where the Majeau Lake is absent. The West Shale Basin
Type Locality ddi (Fig. 3.1). The East
Type Well 11-11-050-17W4
Named for 1amlct of Duyeray, Alberta

Named by Geological Sta, Inmperial O3,

ooking Lake
absent of a correlative midde carbanate member (Fig, 3.2).

The Duvernay Formation s a ithostratigraphic unit 4
central Alberta, It was first formally named and desd
Canadian Beaverhill Lake No. 2in LSD 11-11-50-17

e |

1 e

esr

Energ
Regulator
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Disseminating Geological Information in 3D Models

MODEL DATA IMOD MINECRAFT VIRTUAL REALITY 3D PRINTS
- toplpick datasets Entire 3D model Transformation of Petrel 360 video tours of 3D Tactile representations of
- geological extents  available via free IMOD ~ Models into Minecraft Models and Minecraft the geology
«  2.5D surfaces software worlds models

PETREL

SUPPORT INTERACTIVE

SUPPORT SCIENCE-BASED ENGAGEMENT WITH AWIDE
DECISION MAKING AT THE AER VARIETY OF STAKEHOLDERS
Www.ags.aer.ca e | e

Regulator
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Feedback: Geoscientists

3'd time in 8
years!!

J= Alberta
www.ags.aer.ca K Eneray aes
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Efficient use of staff resources
Duplication of efforts

Promotes consistency and
Potential for inconsistencies credibility

Alberta
Energy
Regulator




Engaging and Sharing Information
with Our Stakeholders

e
Sl

» Minecraft

WWW, ags aer.ca

GEDPEGYSE A EBERLN

3D Prints

Alberta
u Energy
== Regulator
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Engaging and Sharing Information
with Our Stakeholders

“Our engaging material started
conversations about how we characterize
the subsurface, and why we do it”

Elwyn Galloway - Young Global Petroleum Show (June 13, 2018)

www.ags.aer.ca 8 reciiator



Engaging and sharing information
with our Stakeholders

v 360 videos

Www.ags.aer.ca
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Engaging and sharing information
with our Stakeholders

» Virtual Reality (VR)

Www.ags.aer.ca



Engaging and sharing information
with our Stakeholders

»» Augmented Reality (AR)

wWww.ags.aer.ca Moy | s
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Feedback: Educators and
Science Centers

» Learning in Action!

Regulator ALBERTA GEOLOGICAL SURVEY
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What are the top countries by sessions?

Website Stats: 30 days

> Who is visiting our website? —

1 United States
> Where are they from? — et
3 United Kingdom 3185 |
. . 4 Taiwan 2871 1
> How are they accessing it? — —
apan vy
7 German y 1992 |
8 France 1,735 |
> How long do they stay? .
10. Spain 1,689 |
1. Australia 1328 |
13. Netherlands 1074 |
. 14 Mexico 1,034 |
H lt S 15 South Korea 975 |
335.1K - "
° 1 Vietnam 774 |
t 154.6% 18, Russia 754 |
19 Thailand 747 |
20. Singapore 687 |

AAAAAAAAAAAAAAAAAAAAAAA
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Website Stats: 30 days

#| tadel Version ? AGS 3D Geological Framework Models
i G

0
Dinrdlogd 30
Geolzgizel Mzdel

/ 3RD MOST 3.45 MINUTES SPENT ON
POPULAR LANDING o PAGE

= PAGE

e« 5 B & & 8

PG Die me . e 0% BOUNCE RATE; THIS

THIS PAGE -

HIS PG % v-/ IS THE PAGE USERS
WANT

. . 0% BOUNCE RATE; THIS

) / IS THE PAGE USERS 2 20 0 19 USERS CLICKED

. WANT Q*w rm THROUGH FROM THE

i PEACE RIVER MINECRAFT
SOLID MODEL

Fe= Alberta |
WWw.ags.aer.ca fneray s

RQQUIatm ALBERTA GEOLOGICAL SURVEY




Website: What are people looking for

‘ AGS K
ALBERTA

GEOLOGICAL SURVEY

WWW.agds.



Next Steps....

www.ags.gov.ab.ca

Make 3D models more accessible (ArcPro or
IMOD)

Enable users to import and evaluated their
own data within our models

Update and refine provincial-wide geological
surfaces (from 62 to 70)

Leverage property models and geochemistry
data to define 3D aquifer models

AAAAAAAAAAAAAAAAAAAAAAA
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Next Steps....

« Optimize data by leveraging machine and
deep learning applications.

« Optimize our staff resources by allocating
them to the areas where they can have the
greatest impact.

« Further leverage our Geological Framework to
support decision-making within Alberta...... the
Source of Geological-Truth

 Andfinally.........

/= Alberta ﬁ\\
Al Eneroy AGS /7=
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One Source of Geological Truth

Decision Makers

= 2 3',_1';1, e .,&’ j“-

Public

Geoscienists

Alberta Geological /

Build 1 multi-scale model to meet the needs of a variety of

stakeholders for a variety of applications
J== Alberta
wWww.ags.aer.ca Y -
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Our Vision....

Provide the single-source of geological information
to Government, Regulators, Industry, and Public

Provide a and 3D geological context
to support integration of surface & subsurface
geospatial information

Ensure risk-based strategic and operational decisions
are based on and credible evidence

Reduce duplication of work and increase consistency of
surface/ subsurface geological, mineral, groundwater, and
energy resource evaluations

P Alberta

www.ags.aer.ca . | s/



Take Home Message

» Develop a multi-dimensional,
Interdisciplinary, ,
geostatistically optimized,
probabillistically parameterized,
uncertainty characterized

of Alberta

to

geological information
meeting the needs of a diverse
stakeholder group.

www.ags.gov.ab.ca
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Take Home Message

> Develop a tool to efficiently and
effectively integrate information
and communicate credible
geoscience knowledge with
ANYONE

www.ags.gov.ab.ca
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Thank You

kelsey.maccormack@aer.ca




