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Why Is Public Geomechanical Data
So Hard to Find in AB and BC?

Amy Fox, Enlighten Geoscience Ltd.
May 13, 2020



Me in 2011, =
upon arriving |
in Calgary from
the U.S. and

hearing about
public oil and
gas data
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My Houston-based bosses in 2011

”You can't Use
LE. We don't
trust Lt.”
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Let’s Define “Public o emsomce ity S

e Operators have to submit certain types of data to the Alberta and BC
regulators, the act of which makes the data “public”

* This doesn’t mean we can necessarily access the data for free, or even at
all

* In some cases, databases can be obtained, or purchased, from the
regulator and then have value added through corrections, registrations,
organizing, mining, etc., then commercialized and made available via
purchase/subscription — is this still “public?”

* How is the change from a knowledge-hoarding to a knowledge-sharing
economy changing our expectations?
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@ Quick Introduction to Geomechanics

Outline for
Today’s
Presentation =

Rock Mechanics Data

k Data for Maximum Horizontal Stress
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Quick Introduction to
Geomechanics




mechanical rock
properties
determination

: T T -
v

drilling problem pore pressure  _ minifrac
diagnosis determination interpretation

in situ stress
determination

P
v v v v v
mechanical sand analysis of hydraulic
wellbore . .
. ) reservoir > production fracture/fault fracture
stability analysis . . . .
modfelmg analysis mechanics modeling
v v l
caprock induced

analysis analysis characterization



Key Components of a Geomechanical Model s =

non-tectonic, “passive”
basins, can calculate stress
and pressure from logs like

vertical stress

sonic
r normal faulting
X Ay SV > SHmax > Shmin
rock propertiesand [
pore pressure g .
« minimum S,
‘ ol horizontal
e stress | thrust faulting
\ ‘ 'f‘." 80 - ¥='= « SHma\x > Shlrnin 2 SV
maximum , S, Shimax
horizontal stress - SS

strike-slip faulting tectonic basins
Stimax ” Sy > Sy (ahem — the WCSB!)
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Pore Pressure and
Minimum Stress Data




Pore Pressure Data Sources e

Kicks,
inflows, mud
weights

Drill-stem,
buildup tests

Wireline and
while-drilling
tests

Minifrac
(DFIT) tests

Pressure
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Minimum Stress Data Sources s

Minifracs

(DFITs), Regional/local
hydraulic knowledge
fractures

Lost
Leak-off tests circulation
pressures
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Formation Tests for Pore Pressure e -

e Wireline testers

* Push a probe into/against the formation and allow
formation fluid to flow in; measures pressure and
sometimes sometimes captures a fluid sample

e E.g., RFT (Repeat Formation Tester), MDT (Modular
Dynamic Tester)

e Drill-stem tests o

* Run on drill pipe as a separate run (not while drilling)

e Seals off a section of the well and allows formation
pressure to build up in the sealed off section

|
:O’_ Figure 18-2 A drill stem test.
"= © 2020 Enlighten Geoscience Ltd.
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- Tests and XLOTs for Minimum Stress  séismss ==

Leak-0

A

Pressure
LOP

LT

(e LT = Lirmit test
LOP = Leak-ott test it

pumping FIT = Formation integrity test
FBP = Formation break-down prespure
FPP = Fracwre oropagation pressyre
ISIP = Instantanecus snut in presspre
FCP = Fracture closure pressure
i
Voiume
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Finding Legacy Data RISy =L e

e DSTs and AOFs
* AER:

* QOil pressure txt file is free

* Can get total catalog of DST and AOF tests by buying recent (1999+) catalog (only $21K)
and/or historical data (1962-1999 for $107.5K)

* Can subscribe to a 3™ party software/database

* BC: Can build a database by going through well files or subscribe to a 3" party
software/database

* Leak-off Tests
e Usually buried in daily drilling reports — more on that in a bit

= © 2020 Enlighten Geoscience Ltd.



What About Current Data? o M.

* Wells and reservoirs have changed! And with them, preferred data
types...

e Reservoirs are too tight for traditional wireline and downhole pressure
tests

e LOT’s just aren’t done anymore (in Western Canada)
* Everybody’s talkin’ ‘bout DFITs!

- ;" © 2020 Enlighten Geoscience Ltd.



Minifrac/DFIT Tests

\‘/
VA
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* Typically done at
the toe prior to
stimulating a
horizontal well

Provide minimum
stress and pore
pressure

interpretations

© 2020 Enlighten Geoscience Ltd.

Bottomhole Pressure
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Invaded Zone

from www.fekete.com

Before closure After closure True Formation
Fracture
Breakdown
ll ‘:i Pressure bamaged Zone
,' (S Fracture Propagation
I} Pressure - Fracture cut through the near wellbore damaged zone
I
I CUShFDr‘I/‘I R :
l Prefsure - g i -
'r, Dominated
Leak-off With DFIT’s, closure is
Pressure Fracture Closure . o
Pressure usually identified on a
I~ . . 1.
Wellbore Fracture > variety of specialized plots
Dominated Dominated
[« ot b rather than from the
Lineartlow pressure-time curve
S
Injection Rate
Radial Flow
After-closure analysis
modified from a figure Time requires adequate data

(flowback time) and careful
interpretation




Finding DFIT Data — KSMMA Example St g sy =

* Our client provided a list of 627 DFITs
identified as having been run in the
Lower Montney in KSMMA since 2009

* Had complete data sets, suitable for re-
interpretation, for 40 (6.4%)

e Some were available in the OGC records

* Most were kindly provided by operators
when we asked

Legend:
\ Kiskatinaw Seismic Monitoring and Mitigation Area (KSMMA) s
L/

-
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KSMMA DFIT Study

* Why did we need to reinterpret?

What about
using ISIPs from

actual hydraulic
fracture stages?

\J/
£y
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Far Field Extension Pressure Gradient

(kPa/m)
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Legend

<+ Operator ISIP Gradient vs PTA Closure Pressure Gradient

0 FFEP Gradient vs PTA Closure Pressure Gradient
—— QOperator ISIP Gradient vs PTA Closure Pressure Gradient Linear Fit
= FFEP Gradient vs PTA Closure Pressure Gradient Linear Fit

Operator Reported ISIP Gradient

(kPa/m)




Minimum Stress from Hydraulic Fracture Stage Data

* Some people use “calibrated”
(e.g. 0.85 x) ISIPs from Calibrated hydraulic fracture stage data vs.

hydraulic fracture stage data Detailed mini-frac analysis

* Tricky, because ISIP is
subjective and hydraulic
fractures are big, complicated
operations

25.00 | v = 0.976x + 2.0759
R? = 06755

e .-'I'

1500 | Data from ~15 wells

* With a large enough data set,
sometimes can get a good
estimate from the average

Hydraulic fracture stage average

0.00 5.00 10.00 15.00 20.00 25.00

Minifrac analysis result

- ;’\ © 2020 Enlighten Geoscience Ltd.
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Lost Circulation, Kicks, Inflows, Shows, etc.

* Not reported unless severe, and sometimes not even then

= Petro Ninja

© 2020 Enlighten Geoscience Ltd.

o)

Forecast

Q

Well Details

Info

Drilling Occurrences

Gas Analysis

Casings

Completions
Cement

Qil Analysis

Well Drilling Occurrences

Date

Depth (m}

Type

X

View Well Report

Tops Dir. Survey Logs
Pressure Pools Facilities
1GD5 Core Data
Mud Density  Kick Control Influx Size ) o o
(ka/m3) Dty i) I’ve seen this in wells

(kg/m3) that had blowouts or

total lost circulation

that lasted for days




Lost Circulation, Kicks, Inflows, Shows, etc. comens N

* Have to dig through details of daily

drilling reports / drilling tour sheets €@ wellbocuments

Directions

Y I_ OW to find: ﬁ O Public documents

B AOF - Absolute Open Flow Test

 Look for in well documents in Mﬂst W Completion Workover Report
. O DRIL - Drilling Documents
software of choice and/or OGC e-
Details

Library o

O

[] selectall
D 00754 DRIL_1996MART9_DIR SURVEY.PDF
I:I 09754_DRIL_1996MART7_DAILY WORK REPORT.PDF

° |In BC’ 5459 wells have either dnlhng Boligd [] 09754_DRIL_19990CT24_DAY WORK RECORD.PDF
o [[] 09754_DRIL_1996MAR11_DRILLING REPORT PDF
repOrtS or tour sheets et mm EvSsTourRsgon
lid :
* In Alberta, order from AER for any O
B GEO - Geological Report
well for $11/well QO v :

Etlae lartad: N
iles selecied: O
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Lost Circulation, Kicks, Inflows, Shows, etc. comens N

LY r T e P % .
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Rock Mechanics Data




Which Rock Properties? et WO

* STRENGTH properties

 Compressive strength, tensile strength, friction angle, cohesion
* These must be measured in a lab

* | really don’t care about Young’s modulus and Poisson’s ratio

* For anyone who doesn’t realize it, mechanical property “logs” (or derived
from seismic) are NOT measured values; they are calculations based
primarily on density and sonic velocities

- ;" © 2020 Enlighten Geoscience Ltd.



Alberta REPS Database and GOS-REPS Index
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* Cost: Can subscribe to monthly updates for $1240/yr, buy entire REPS for
~S$2,420, or get individual reports for S11 each

* Index (free) is a spreadsheet with 125,000 rows

| |Material Type — 1l

| D E
Report Licence T . .
e '+ |Number ANALYSIS TEST TYPE REPS ysis Date _ |Analysis Test Type
124175 |[R_11315 00/04-34-077-23W5/0 042994 |Analysis Description Abbreviation |  2015-12-14 CP(HG)
124176 |R_11316 00/09-06-076-23W5/0 | 044723 Absolute Permeability AK 2018-12-18|GRI, KAIR, GS, S0, SW, EP, TP, K, CP
124177 |R_11317 00/02-17-066-21W5/0 047550 Absorption Analysis ADA 2017-12-17 CP(HG)
124178 |R_11318 00/11-18-072-17W5/0  0011g2 Academic Studies ik 2018-12-20 CP{HG), GRI, TP, K, EP, GAD, S0, SW, GS
124179 |R_11319 00/12-01-057-03W5/0  B00020 ig:g gggﬂ;”'“’ igEN 2018-12-17 CP(HE)
124180 |[R_11320 00/10-08-046-22W4I0 001728 5 ooy i e 2018-12-18 CG), GRI, S0, G5, SW, TP, EP, KAIR, GAD
17341281 il-_.-' 14224 Aina_42_ N 20 nRURMN NARZ0A ."!'.Cld Stimulatiﬂn AST'M N2 A3 40 4 PRI TR FP K oM o SO AN
AcousticVelocity ACY
Adsorption Analysis AA
Air Permeability APERM
Alkali Surfactant Polymer Flood ASPF COdes rEfer tO
Alkaline Polymer Flooding APF g _
American Petroleum Institute Gravity AP teSt/analySIS type 12
Anion Exchange Capacity AEC 1 1 1
Aromatic GC-MS Biomarkers AGCMSB Of WhICh mlght contaln
Asiiintyie ASEES useful geomechanics
Asphaltene Precipitation AP g
Bitumen content (DEL) BITC info rmation
Brazil Tension BT
| Brine Compatibility BC
o~ Brine Composition BRC

\‘/
VA
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Using PowerBI to Search the AB Index

{ Alberta Reservoir Evaluation and Productivity Studies (REPS) and Geological Study (GOS) Catalog

Formation by Report Count Analysis Type by Report Count Study Type
|Search i earch ' Al

®* Unconfined Comp |'>c Uindaxis| ine<_--s|3J

|6 haa.:s”k Rock &
[ Caprock ﬂ.ns.-_.-s.is: [x ndentation Hardn, |:>t Brinell Hardnass| :J-c Brazd Tension| Analysis G!’OUD Desc
wy o : All
rhin section sfices [
Note that not 1 i
Rock-Eval pyrolysis _
Of 15 3 6 Wel |S T-Max (Thermal Maturation... _
%Ray Diffraction ||| R Report Type
indicates which Fuia nciuson sitgroory | ”
. Total Organic Carbon _
formation the S ——
wnship Filter Range Filter Meridian Fi...  Analysis Date Filter
test was run on "
1 126 1 30 .v.".:' 05/01/1912  17/10/2018
Uwi URL Formation Pool Name Year Analysis Test Physical Artifact Corg
00/01-01-064-26W5/0 Duvernay 2014 Brazil Tension
00/01-01-064-26W5/0 Duvemnay 2014 Geomechanics
00/01-01-064-26W5/0 Duvernay 2014 Mohr Coulomb Failure Analysis
00/01-01-064-26W5/0 Duvernay 2014 Triaxial Compressive Test
00/01-01-064-26W5/0 Duvernay 2014 Unconfined Compression

00/01-02-099-03W8/0 2010 Geomechanics
00/01-02-089-03WB/0
00/01-03-076-13WB/0

00/01-04-062-26W5/0 2015 Geomechanics v

£ >

2011 Geomechanics
2008 Geomechanics

R RO O

\ |y
~ v
-~ '\
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BC Energy Documents

° Free but
relatively
unsearchable

< BC Energy Documents Catalog

4254

document count

” Q ~ © 2020 Enlighten Geoscience Ltd.
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Spud Date
2771171918 10/01/2019

O

Petro Ninja URL licensee formation

racrway [N
sean manie [
sacponneL [l

eeviov [l
coc il
oezor [l

poic proseHaT... [l

TOURMALINE QIL CORP.
MURPHY CIL COMPANY 5D
SHELL CAMADA LIMITED
WHITECAP RESOURCES [NC:
SHELL CAMADA LINITED
TOURMALINE OIL E0RP,

LEUCROTTA EXPLORATION INC.  MONTNEY

& 8 8 & & 8 & @

wellbore_uwi well_tutal_d-eﬂf

1000101081 15W602
10001020721 TWE00
1000102081 199E00
1000020851 4WE00
1000103081 23WE00
1000104079 1BWE00
100010708213W602




Even if We Find the Files oG

 What’s in them is all over the place — a full report, a single spreadsheet,
raw data, plots/no plots, photos/no photos

* Have to confirm formation using tops
e Test often not designed to capture the needed (by me) properties

* Widespread misunderstanding of “triaxial” testing — what it’s for, how it’s
done, sample requirements

- ;" © 2020 Enlighten Geoscience Ltd.
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Data for Maximum Horizontal
Stress




Stress-induced Borehole Failure ommne P

Data for Tensile
Fractures:

Data for
Breakouts:

* Image logs (“FMI”)
* can get orientation

and width
. g AN * Lost circulation
* Caliper

* breakout must be
large enough for
caliper arm to engage

* can get a sense of

* Image logs

 if caused by
exceeding the
minimum stress and
unintentionally

severity (width) from . :
amoun\{ éf ) tensile propagat'lng a
enlargement \ cracks | fracture into the

e sometimes oriented N, ! ,/ formation

* Drilling problems

= © 2020 Enlighten Geoscience Ltd.



Y/
at’s an Image Log? Ry

Electrical Acoustic

B.486-in. 00
< (e
S G
4.488-in. 0D 3543-in. DD

~

AT
- '=;’;‘ © 2020 Enlighten Geoscience Ltd.
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What’s an Image Log? e

breakouts

N E S W M
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breakouts i
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tensile cracks
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KSMMA Example Again e

* For 2019 study

* Found 16 public image logs, 12 of which were usable (more on image quality
coming up)
e Operators provided 7 or 8 that we couldn’t find in the public data

* For 2020 study
* Using additional search techniques, found a total of 59 wells in which image logs
were collected in or below the Montney in and around KSMMA

e Of the additional wells found since 2019, we have access to 8 or 9 images

 Haven’t assessed image quality yet

QUICK CALC: 59 wells — 24 available images (40%) — probably only 2/3 of those usable (27%)

vy

- =;;\ © 2020 Enlighten Geoscience Ltd.



Image Log Challenges e

* Before computer storage, only paper logs could be submitted — these
were, and remain, difficult to reproduce digitally (e.g., scan)

* After computer storage but before good network capability, logs were
often delivered on tapes or CDs — some of these can be found in the
public raster logs

* Things are getting better slowly, with good-quality, colour images
showing up here and there as PDFs and TIFFs

* Whether or not an operator chooses to report they’ve collected an image
log is still an issue

 Sometimes operators would (maybe still do) submit images at uninterpretable
vertical scale or just the field tests log, and regulators don’t know the difference

- ;" © 2020 Enlighten Geoscience Ltd.



Image Log Quality

vy

~ -

P ~

Original FMI Log
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Left: Section of an FMI image in the Duvernay as submitted to the ERCB (Courtesy of HEF Petrophysical). The image shows stress induced wellbore breakouts and tensile
cracks as well as significant pre-existing natural fractures. Right: Sample of the same image log in the raster format available to the public.
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GEOMECHANICS FOR EVERYONE
Part 2: The Importance of Geomechanical Data —
Getting it, Understanding It and Using It Correctly

CSPG Reservoir, October 2013

A story: The great
Duvernay FOIP

experiment of 2013-
2014...
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Offset Well Image Log Search
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Wrap-up




Conclusions/Discussion Points P

e What data have | not talked about?

* Whole core descriptions and photos
 Caliper, dipmeter, dipole shear, azimuthal/array sonic

* What am | missing? What solutions have others found?
* After seeing these examples, how public do you think public data are?

* How can we engage the regulators to discuss different/new options for
data access?

* Example, through our KSMMA work we seem to have revivied a conversation with
the OGC regarding image logs.

- ;" © 2020 Enlighten Geoscience Ltd.
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