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FEEGUH R E R (RS EAR S E ST S (I E I . R TR
o SR AT BT AE ZEE)E (Brisbane Marriott Hotel) 883t - bEET#EE ELFE
SRR T ~ BREERE] ~ $ESE RN - AR EE R LB TR T M % - 28
ANBEFREZER - 12X - B2 - g - BN - ArEREEaEERR 76
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(—) R ] ~ SRR BB SlE (Strategies to Identify, Target
and Develop Reservoir "Sweet-spots")

(=) Fef B EHAIBCE (High-Grading Drilling Acreage and Well Targeting)

(=) &1L H £ &\ 2 5 & B & oK B T {F Jt 12 (Establishing
Fit-for-Purpose Data Requirements and Workflows)

(09 $2 7 IR E M R g Z s o RS TT 1T & Z R % (Improving the
Understanding of Rock and Fluid Flow Behavior in Unconventional
Reservoirs)

(11) $+¥ BPRERIER AT 155 2 $E5C HoRi% (Drilling and Completion
Strategies for Challenging Geomechanical Scenarios)

(7N) B R EAEER - ie (b - A T2 B E K20 (Optimising
Production Practices - Flow Optimisation, Artificial Lift, and
Fines Management - CSG)

() S RRESREER - RieR M - A T2 EE R ZEMH] (Optimising
Production Practices - Flow Optimisation, Artificial Lift, and
Fines Management - Tight Gas)

(V) EP AR SR M 2 1% B %% (Infill Development based on
Optimising Well Interference and Economics)

(T1) P I R ARl 2 #r B fig B & (Ident ifying New and Emerging
Technologies and Opportunities Relevant to Unconventional

Reservoirs)
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ATTENDEE REPRESENTATION

76 participants representing 35 organisations from 7 countries

COMPANIES COUNMNTRIES
Advisian # Qilfield Data Services, Inc » Australia
Arrow Energy Pty Lid » OptaSense * Malaysia
Baker Hughes, a GE Company = Ongin Energy # United States
Beach Energy Lid # Clueensland Dept Nat + Canada
Bazan Consulting Inc Researches/Mines » Taiwan
Bridgeport Energy * Santos + New Zealand
Chi Qil & Gas » Santos Ltd. * South Korea
ConccoPhillips # Schlumberger
CPC Comp. Taiwan # Shell
CSIRO # Shell QGC
CSIRO Energy # TAG Qil Ltd
Department of Matural # The University of Adelaide
Resources & Mines # The University of Queensland
Geoscience Australia # The University of Texas
Halliburton # The University of Utah
Haskett Consulting Intemational = Tri-Star Petroleum Company
HIS Markit * ‘Weatherford
Inha University  WellDog
Jet Lift Australia * WesiSide Coporation
Kevin Hadfield Oil & Gas
Consultants
LogiCamms
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SPE Workshop:
“Unconventional Resources — Tools and Practices for Optimal Exploration, Appraisal and Development”
20 - 21 November 2017
Brisbane Marriott Hotel, Brisbane, Australia
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Session 1: Welcome and Introduction, Joint Keynote Addresses

Session 2: Strategies to Identify, Target and Develop Reservoir
“Sweet-spots” .

* Can the Pursuit of Sweet Spots and Low Cost Operations Co-exist?
Dustin Fife, Westside Corporation
« What 1f We Are Wrong? (You Should Expect to Be)
William(Bi1ll) Haskett, Haskett Consulting International
+ Sweetspots - Worthwhile or False Hope?
Alexander Cote, Origin Energy
Introduction to Key Principles of Sweet Spot Determination
Ray Johnson Jr, University of Queensland

Session 3: High-Grading Drilling Acreage and Well Targeting

* High Grading Unconventional Wells for Long Term Secured Wellhead
Assembly: Annulus Erosion Mitigation
Kevin Hadfield, Kevin Hadfield Oil & Gas Consultants
Integrating Disparate Data Types from Unconventional Plays - a Key
to Holistic Understanding
David Close, Origin

« Data Collection Can Lead to “Sweet Spot” Identification: Is There
Some Critical Data Required at the Appraisal and Development Phase
Sufficient to Mitigate the Risks of Heterogeneity of Unconventional
Resources Development?
James Walker, WellDog

Session 4: Establishing Fit-for-Purpose Data Requirements and Workf lows

« CBM Field Data Analysis and Modelling - What Is “Fit For Purpose” ?
Mark Burgoyne, Santos
Is Conventional Slickwater Treatment Good Enough 1n Shale Gas Plays
with High Tectonic Stresses?
Liu Hai, Schlumberger

« Fit for the Future? Work Flows and Data Collection in the Post - Mega
Project Era
Nick Lee, QGC / Shell

* Use of Advanced Reservoir Simulation to Understand Key Production
Challenges and Improve Reservoir Performance
Ron Dusterhoft, Halliburton
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Session 5: Improving the Understanding of Rock and Fluid Flow Behaviour
in Unconventional Reservoirs

* Nano-scale Flow Modelling
Khoa Bui, Texas A&M University
Fluid Rock Interaction During Fracturing - Mechanisms, Mitigation and
Opportunities
John McLennan, University of Utah

* Production Data Analysis
Dilhan Iik, DeGolyer and MacNaughton; Tom Blasingame, Texas A&M
University

Session 6: Drilling and Completion Strategies for Challenging
Geomechanical Scenarios

* Hydraulic Fracturing Treatment Designs for Walloons Coals
Vibhas Pandey, ConocoPhillips

* Geomechanics 1n Unconventional Plays
Emma Tavener, Santos

* Hydraulic Fracturing In Naturally Fractured Reservoirs
John Olson, University of Texas

Session 7: Optimising Production Practices —-Flow Optimisation,

Artificial Lift, and Fines Management - CSG
« Well Construction and Servicing Costs Are Down. Where Do We Go from
Here?
Imran Abbasy, Santos
« Origin’ s Journey to Solid Management
Bagus Setiadi, Origins
* New Well Designs Opening Roads to Well Stock Remediation
Max Engels, Shell

Session 8: Optimising Production Practices —-Flow Optimisation,
Artificial Lift, and Fines Management - Shale and Tight Gas

* The Impact Of Measuring Bottom Hole Pressure on The Economic
Sustainability of Unconventional Reservoir Development: I1lustration
via Case Studies
James Walker, WellDog

* Multi-lateral Technology For Unconventional Reservoirs
Brendan Knox, Baker Hughes

* US Unconventional Developments: Lessons Learned for Australia
Simon Chipperfield, Santos

* The Evolution of Fracture Stimulation Deployment
Rair Barraez, Stage Completions
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Session 9: Infill Development based on Optimising Well Interference and
Economics

« What If We' re Wrong? (Field Efficiency) -Optimized Learning with
Asymmetric Penalty in Field Development
Bill Haskett, Haskett Consulting International

* Overview - GTI / Laredo Joint Industry Permian Test Site Well
Interference Observed 1n Re-frac and New Well Completion
Ron Dusterhoft, Halliburton

* Considerations for Economic Infilling of CSG Projects
Ray Johnson Jr, University of Queensland

Session 10: Identifying New and Emerging Technologies and Opportunities
Relevant to Unconventional Reservoirs

* Computational Modelling of Hydraulic Fracturing Fluids: Implications
for Complex Formulations and Fractures
Chris Leonardi, University of Queensland

* Fluid Rock Interaction During Fracturing - Mechanisms, Mitigation and
Opportunities
John McLennan, University of Utah

* Distributed Acoustic Sensing (DAS): Accelerating Unconventional Field
Development while Saving Millions
Tim Morrish, OptaSense

* New And Emerging Applications for FiberOptic Technologies in
Unconventional Reservoirs
Ron Dusterhoft, Halliburton

Session 11: Workshop Summary and Closing Remarks
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(—) Sweetspots - Worthwhile or False Hope, Alexander Cote

2014 FFUMERAVERRE - B G EG ERF i FH#{E18 (breakeven
price)mERM 80 FIT L Ha mERR I S (B H TR MRS A 1%
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PR B (vitrinite reflectance), TJ3ME(fracability) o 281 » BRI
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Well cost ($m) 12.3 7.6
Lateral length (ft) 8,052 8,903
Drilling days 29 12
EUR per well (Bcfe) 14.5 22.3
F&D ($/mcf) 0.88 0.40

— LONGER LATERALS IMPROVE ROR 4l antero

Antero’s typical Marcellus well in 2017 will have a 9,200 lateral length, an EUR of
22.3 Befe, including 857 MBbls of NGLS and 66 MBbls of oil and cost $7.7 MM

‘Pre-Tax Economics AR Variance to Peer Average
ROR (%) 93% § ROR (%) +30%
PV-10 ($MM) $15.0 § PV-10 ($MM) +$5.0

Breakeven Nymex Breakeven Nymex
($/MMBtu) ($/MMBtu)

Dev. Cost ($/Mcfe) $0.38 | Dev. Cost ($/Mcfe)  ($0.04)

ROR (%) 63%
PV-10 (3MM) $10.0

Breakeven Nymex
($/MMBtu)

Dev. Cost ($/Mcfe)

$1.09 $0.89 (30.20)

§0.42

B~ PR bR
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Anadarko Region
New-well gas production per rig
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(—) High Grading Unconventional Wells For Long Term Secured Wellhead
Assembly: Annulus Erosion Mitigation, Kevin Hadfield
BRI SRR ERASHYAUE IR H & ERL (A0RbEE ~ B~ TREEAR -
LA S B (e A2 PG (erosion) - H8H G A ERIFAAIIAVLE (EIVY) - 1L
> iR & AR e (corros ion) Y (A1 & bbb L&) A E IR BRAYIR
DU HEMISERCEIREAE T - IR RO E RS NIRRT A - HAREEAIHUE
BEH - EHRH IR - (HAEE R H & - Kyt > WELLDOG B2 Keli Oil and
Gas Holding Pty Ltd &1EBHEE T ProSleave FEOIRRHIE LM (B H) > HHEEE 2
TR RSt Z - BRI GRITIER - w1 AR L B B e B R e
B o el ieiite AR EL R - WREFHERS > & 4-6 /NEf
RIAT5ERE « BN EZE RHE A BRI - vl=5 R0 HELTHSEE -
Eroded Annulus

12 O'clock
Position

&V ~ ISR ah

& 7. ~ ProSleave F: I F 38 248
14



(=) Is Conventional Slickwater Treatment Good Enough in Shale Gas Plays
with High Tectonic Stresses, Liu Hai (SPE 181106)

MK (slickwater) HYMR B A H A AR S KB AZ B A2 TR (stimulated
reservoir volume, SRV)EERFREE Mrasfeat iR » MHEIT (ehl 1S5 R HIR
Ty = ZRIM > SRt B T (R AH S B Al > SO L il (A ) A R R
BRIETIERET - WERRIEIERE - M FE i SRR fEsh = B G A Y
HAVIEIL T » 3 S B R RE ) e a T BRI 2 B SN - St ZE E R
B —E TRV ERHE AR (B 7X) - DAY | 2 Re 6% B SR i FT 22
e =4EE AR - Bealt - RMthES) - MR ERRRIES - T A
BRZ RS BtS WA BB TR E LS HakEt - WIFTaRETE & R e
Tt > R BRI EIRG A F S E 3 - SRR B s R R TR IR KIS U5 R
SCERIRIE ©

Multi-discipline Integration

Fracture Match
*Laminations
*Fracture Geometry
*Fracture Conductivity

N\ Geological
* Young’s Modulus * Geo-steering
« Stress Profile * Fracture Initiation
* Laminations * Lateral Landing

“ | Petrophysics
* Permeability
* Porosity

+ Density, TOC, etc.

Reservoir Model Coupled with Hydraulic Fracture Model

| Unstructured Grid
* Propped & Unpropped
* NF as grid
« Single-porosity
\§

Structured Grid
* Box-shaped Fracture

* Primary Fracture, PEA
* Dual-porosity (DFN)

History Match
+ Fracture Geometry

 Fracture Conductivity
+ Stress Sensitivity

@ p— T §° (g cemmosen - st
[P | R L i Production/Sensitivity )
et | £ ey . = = * No. of Clusters/Cluster Spacing
ot e Eg commas e éi“ (Wl‘::y * Fracture Length Conductivity
. * Stress Shadow
+ Stress Sensitivity
b LI e O s Y + Engineered Flowback

[N~ R ERE TR R
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(P4) Application of Micro-Proppant in Liquids-Rich, Unconventional
Reservoirs to Improve Well Production: Laboratory Results, Field
Results, and Numerical Simulations, Ron Dusterhoft (SPE 177663)

B ALK IRBUNE 2 S B AR e 2 0 (SN 3 SR $E 2 K ARSI (i (A L)

A FERERRE o TS B SR IR AR e R A RE LA PR Z 22K

L. HUEEE YRR
2. W4k 3dfE (secondary fracture) 2R
3. fEE IR B E ORI A R RE
=TAGRE T - IS =TH R - BUIHERMG LI B ER - BEE S

BESEMZ Barnet t EUE A H RbHFEERHY  E 5B UG (micro-proppant , MP)

DGR AR R ST ISR ASETE WP 3%at ~ BUSIER - AEERHEG R

TREE - LLSL - AEARFE BRI S & (bR RS & R RIE R I BE AR

HdE% (discrete fracture network, DEN)AEHEE » #& Lo A E B2 BE Ha oy by 4

SRAHERE (ET) © R4S REUR NP a AR0E AW ST - e s w2 A E

REJT(IE1/N) + fic & PR S i & 2 O e P m] B Dhfi B R RSB S R R B S 7 R

=K -
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Cumulative Gas Production (MMscf)
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CUN. OIL PROD. (MSTB)

= Qil Prod: Well-09 (MP)

= Qil Prod: Well-10 (No MP)

0 ¥
5/14 516

5118

5/20 S5/22 5/24 5/26 5/28 5130

Average Condensate Production (bbl/ft)

0.9
0.8
0.7
0.6
0.5
04
0.3
0.2
0.1

Ay e,

Time (day)

\T

1

%

ot 19




(1) Multi-lateral Technology for Unconventional Reservoirs, Brendan

Knox

g X H R C B Z Bt R mRA 2 [RAVEEHEE T - PRl 2 (8
BEAE S A DL —HA L BN AR 2 2 g IR DA e R R (U e AR 2 HEY = 2RI > DAEHY
LGRS H R Z s EWE - TR - ZIREOREE TIFAE R - TR
Bt TR T8 - RIS - B B ESS - TRAESA T - 3
rEZZRHE S I M EIUR RIEE S NN BRG] o HfdmBrHAiiisL
flirZ A - Baker Hughes Fg% 1 AR —#4 K (single trip)BI5ERE M#E KoK »
ZIEERR A E TR (EI) - HIFEERFREET EEZNEREZ(TE)
PAModel C HOOK K Long String Running Tool (LSRT) NEEEL/KRE » WiHEITR
2o ERRETESE - ETSE g LB) CEEHE - BEEERTER © B=
J& <z PESEHAR P S g HE - et% 0 NAEEE & [FIRF A E = AR R () -

Long String
Running Tool

[E /L ~ BHGE Multilateral Multistage Fracturing System
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Intermediate Casing

Tieback String

Reverse Bullet Seal / Liner Hanger Model C Liner Setting Sleeve

Aszembly

External Casing Packer Production Liner

w—— Imtermedizte Casing

i~ Tieback String

Model C HOOK Hanger

Reverse Bullet Seal Assembly

External Casing Packer F— Model C Liner Setting Sleeve

Production Liner

Production Liner

ction String

B+~ ZRETEEHEERET
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