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Why Stress Testing in Oilfield Operations?
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Drilling wellbore stability Exploration Field Field Maturity

Well casing design perforacion & Appraisal | Development

Solid production prediction

(+)

Critically-stressed frac analysis
Cap-rock integrity assessment

— Enhanced recovery injector wells
— Cutting re-injection wells

(-) Cash Flow

— Underground gas storage

Hydraulic fracturing containment Reduction of Accurate field
: : : Tectonic Stress Prediction &
Reservoir compaction / subsidence UNCERTAINTY 7 BETTER ROI



Outline

What is microfrac stress testing
Logs don’t measure stress
Bad news — underutilized technology

— History data, ops. challenges, and track record

Good news — service improvement

— Upgraded tool capabilities and enhanced workflow
Case studies and applications
Take away message
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Minifrac / Microfrac Clarifications |

Surface Minifrac

* Cased-hole /-Surface pumping
* Test interval [20- 100 ft]

* Very high rate [2 - 10 bpm]

* Injection vol. [10 - 100 bbl]

Surface MicroFrac

* CH or OH / Surface pumping
* Test interval [10- 20 ft]

* High flow rate [5 - 25 gpm]
* Injection vol. [20- 200 gal]
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Downhole MicroFrac

* Open-hole / Downhole pumping
* Test interval [3 -5 ft]

*Very low rate [0.1-2 Ipm]

* Injection vol. [7 - 30 liters]



Straddle Packer

Technology Advantages

1) Stress contrast between
pay and non-pay zones

* Multiple testing intervals

2) Less poro-elastic effects
in reopening and closure

e Small volume fracture
* Low injection rate

3) Accurate measurements

* Downhole injection
e No borehole effects
e In-situ pressure gauges

Microfrac Testing

Cross-section Plane-view




Microfrac Stress Testing Data ™
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Franquet et al. (2018) SPE-193004-MS K




Logs Don’t
Measure Stress

Dual-Packer Sleeve Frac

Logs ONLY measure

consegquences of stress:
 Changes in porosity, density,
slowness, and rock stiffness

e Borehole failure evidences

ONLY Microfrac testing
measure stress directly

Dual-Packer Microfrac Single-Packer Microfrac

Haimson and Cornet (2003) ISRM Suggested
Methods for Rock Stress Estimation 6



Microfrac Testing: Underutilized Technology
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* Straddle Packer Microfrac Underutilization
— Insufficient tool capability and packer performance

Interval
pressure

3550 psi
Differential
|} Pressure
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Testing time, [min]

Microfrac testing unable to achieve Packer Permanent
formation breakdown rupture deformation




Microfrac Testing: Underutilized Technology

Straddle Packer Microfrac Underutilization
— Insufficient tool capability and packer performance
— Deficient Service Deployment (interval selection)
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Microfrac Testing: Underutilize Technology D
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Reservoir Pressure and Microfrac testing

100000

e Straddle Packer Microfrac Underutilization

10000 |
m Pressure Tests

— Insufficient tool capability and packer performance m Microfrac Tests

— Deficient Service Deployment
* Tool Plugging (high solid content in the mud)

b lefe re ntial StiCking (hlgh Overbala nce) u 20 ; 08 2009 2010 “ 2011 | ?or.?": zms. -. 2014 :.‘.m:nts ..::=[:|15 2017 ;I?ms 2019 2020
204 160

* Microfrac Performance Improvement ! il
b T | Successful Microfrac

— Upgraded tool capabilities (Mandrel & Packer)
— Enhanced microfrac service workflow

— Improved operational practices

2006 2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020

30% 80%




Upgraded Straddle Packer Capabilities

High Strength Breakdown with
I Mandrel Sleeve Fracturing Standard High New Case-hole

Tool Strength Straddle Packer
10000 _| / N
Standar
Man

rel
Lt | High Strength i
Packers

6000 -}

4000 -} Standard

2000 }

DIFFERENTIAL PRESSURE, [psi]

6% 8% 12 %
4% and 5 %in
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. Position single packer

. Inflate single packer
. Sleeve Fracture

. Deflate single packer
. Position straddle

. Inflate straddle

. Perform straddle

Sleeve Fracturing Alternative Testing

at testing interval

Packer at interval
packer

packer microfrac
testing
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Enhanced Microfrac Testing Workflow D
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B TECTONIC STRAIN
CALIBRATION

PRE-JOB
ASSESSMENT

REAL TIME
MONITORING

INTERVAL
SELECTION
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Prejob Microfrac Assessment
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Estimation of formation

Ultrasonic Core Triaxial Core
) ) : - MICROFRAC TESTING
mechanical properties HBeIE R Tesig. *51
| |
: : Borehol Prejob A i
Estimation of stresses " QR e— Static Elstic | } e
0 burd : q ‘L Compliance Moduli :
— OQOverburden stress an -DTC 4
pore pressure profile *DTS Staic \*~
. . *DTSH loading
— Minimum and maximum «DTSS
horizontal stresses *DTaR b
orenole image
Prediction of formation - Smicio-igeture
i Hmax \Strains
Maximum tool pressure At ouliias LG ieled
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Franquet et al. (2012) ARMA 12-644 16



Real-Time Interval Selection

Rush borehole acoustic processing (DTc and DTs)
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Borehole Image assessment (Breakouts / Fractures) MICROFRAC TESTING
Hole caliper quality (Washouts)

StreSS COntraSt } Interval Selection
GOOD FRACTURE

CONTAINMENT

[/NMAR VRE T WA ME
B = BALIRRNL R RETY |
[N VR VM Tm

ImIslTLAamvim
JHELUN R M

e
n'm

FINAL STRESS MODEL

nmem

POOR FRACTURE
CONTAINMENT

SREREE
11U
HHE
= i"E_*—’
;issgi
FHLE
= EERAm

17




RIG SITE

STRESS POINT
TARGET ZONE

R
DRILLING
TEAM

.

MICROFRAC
EXPERTS

__*__

MICROFRAC TEST

Prejob Assessment

Interval Selection

Real Time Monitoring

Post Acquisition Interpretation

Hstress Tectonic Calibration

FINAL REPORT
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Post Acquisition Interpretation (Reservoir) |
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RCX Microfrac Station #1 @ 7,878 ft MD (FOT-3) _ RCX Microfrac Station #1 - SQRT (FOT-3)

)
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—— Pressure
— Rate

MICROFRAC TEST

Bottomhole Pressure (psi
Rate (L/min)
Bottomhole Pressure (psi)

0.8 12 1.6
Sqrt Delta Time (Sgrt min)

} Post Acquisition Interpretation

FINAL REPORT

Bottomhole Pressure (psi)
Delta Bottomhole Pressure (psi)
d(log y)/d(log x)

5
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Nolte G Time Delta Time (min)

Franquet et al. (2018) SPE-193004-MS
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Post Acquisition Interpretation (Shale)

Fracture Closure Analysis Using Controlled Flow-back
= . MICROFRAC TEST
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Horizontal Tectonic Strain Calibration

ooooo

- i L MICROFRAC TEST

Max RCX Stracde Pressure

e,, = 0.01 — 0.1 mStrain (Min. tectonic strain) ---- :
e, =0.3-0.7 mStrain (Max. tectonic strain) 77

.

QUSRI URID——

} Hstress Tectonic Calibration

FINAL REPORT

EEE T rimsas WiE3a | | _.
Franquet et al. (2017) SPE-188643-MS ) 21




In-situ Stress from 557 Microfrac Testing |
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Franquet et al. (2020) IPTC-20257
Fracture Initiation Uncertainty |
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Tectonic Strain Analysis |
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Downhole pressures, [psi] Temperature, [°F] Exx Min Direction, [mStrain] Eyy Max Direction, [mStrain]
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Case Study: Casing Design / Hor. Drilling

SPE DISTINGUISHED
LECTURER

r

H

W

ATl
r\ Y

N

=

3

e

SN

)

Rock integrity assessment

for casing setting
Middle

Cretaceous

i

0 00} 0
TG Ty e
A

Open-hole horizontal well
in main reservoir target

Main
reservoir

o |

PR,
b A
M
W
W

3
I\

TPV
A
)

o
Y

|
i

Lower
Cretaceous

441l

Core
Tight

reservoir

T

(s “

F'
NERPEEREE"!
R LIN N g
}MwLV;u‘n—r' /

Future hydraulic
fracturing stimulation

Franquet et al. (2018) SPE-192959-MS
Franquet et al. (2018) SPE-193004-MS



Case Study: Reservoir Stimulation |
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Franquet et al. (2018) SPE-193004-MS

| Pressure & Stress
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Case Study: Depleted Reservoirs
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Case Study: Cap Rock Integrity Caspian Sea
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Franquet et al. (2011) OMC 22




Case Study: Offshore Water Flooding

36" Conduchor

135/8" Casing |
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Heavily faulted deep-water rocks
Large fluid losses while drilling

=)

Zhang et al. (2020) OTC-30297

Caprock integrity and flowback tests
Proper wellbore stability analysis
Maximum water injection pressure

Pressure
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Case Study: HF in Unconventional Reservoirs
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Take Away Summary |
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e Subsurface stresses cannot be measured directly by any
logging technology at in-situ conditions

* Only small volume & low rate Straddle Packer Microfrac Testing
can accurately calibrate tectonic stress profiles by performing
multiple stress measurements at different lithologies

* Calibrated stress profiles provide accurate prediction of:

— Hydraulic fracturing propagation and containment

— Reservoir stress-path compaction and solid production
— Wellbore stability during drilling campaigns
— Cap-rock integrity during injection
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