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Production MethodsProduction Methods

Burwen and Flegal 2013 (American Energy Innovation Council)



US Shale Gas ProductionUS Shale Gas Production
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Sieminski 2013, U.S. Energy Information Administration (march 2013)

39% of U.S. Gas Production in 201239% of U.S. Gas Production in 201239% of U.S. Gas Production in 2012



Shale Gas World Resources (TRR)Shale Gas World Resources (TRR)

CanadaCanada
573 Tcf573 Tcf

South South 
AmericaAmerica
1,430 Tcf1,430 Tcf

SubSub--SaharanSaharan
AfricaAfrica

390 Tcf390 Tcf

Middle East Middle East 
North AfricaNorth Africa

1,003 Tcf1,003 Tcf

EuropeEurope
470 Tcf470 Tcf

ChinaChina
1115 1115 
TcfTcf

AustraliaAustralia
437 Tcf437 Tcf

Technically recoverable shale gas resources in the world. source: EIA – June 2013Technically recoverable shale gas resources in the world. sourceTechnically recoverable shale gas resources in the world. source: EIA : EIA –– June 2013June 2013

MexicoMexico
545 Tcf545 Tcf

USUS
567 Tcf567 Tcf

+ 47% of TRR+ 47% of TRR+ 47% of TRRTRR: 7,795 TcfTRR: 7,795 TcfTRR: 7,795 Tcf
FormerFormer

Soviet UnionSoviet Union
415 Tcf415 Tcf

South AsiaSouth Asia
201 Tcf201 Tcf

GIP: 35,782GIP: 35,782GIP: 35,782



Shale Gas World ResourcesShale Gas World Resources
Resources in place (GIP)Resources in place (GIP)Resources in place (GIP)

Technically Recoverable
Resources (TRR)

Technically RecoverableTechnically Recoverable
Resources (TRR)Resources (TRR)

Economically
Recoverable

Resources

EconomicallyEconomically
RecoverableRecoverable

ResourcesResources

After Medlock and Hartley 2010

7,795 Tcf7,795 Tcf

35,782 Tcf35,782 Tcf

??



Economically Recoverable ResourcesEconomically Recoverable Resources

Full Cycle Gas Costs

Price of Gas

Well Productivity

ERR ?ERR ?ERR ?

Ziff 2011



Shale Gas Development StrategyShale Gas Development Strategy
Economy of scale: the Economy of scale: the ““Shale Gas FactoryShale Gas Factory””

Ross and Smrecak 2010 (Marcellus)

-- A lot of wells are required in A lot of wells are required in 
order to drain the reservoir order to drain the reservoir 
efficientlyefficiently

-- Long horizontal wells with Long horizontal wells with 
multistage hydraulic fracturing multistage hydraulic fracturing 
are expensive: high capexare expensive: high capex

-- Economy of scale needed to Economy of scale needed to 
lower the F&D costs on a per lower the F&D costs on a per 
$/mcf basis$/mcf basis

Based on Nelson 209 and Passey et al 2010



U.S. Shale Gas Well CostU.S. Shale Gas Well Cost

F&D: Finding and DevelopmentF&D: Finding and Development
LOE: Lease Operating ExpenseLOE: Lease Operating Expense
T&F: Transport and FractionationT&F: Transport and Fractionation

Cohen 2013 (Harvard Kennedy School)

Well cost in prolific U.S Shale Plays average Well cost in prolific U.S Shale Plays average M$ 3 to M$ 8M$ 3 to M$ 8



Shale Gas Well ProductivityShale Gas Well Productivity

(Baihly et al 2010)
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Haynesville (275 wells)Haynesville (275 wells)

Eagle Ford (46 wells)Eagle Ford (46 wells)

Woodford (305 wells)Woodford (305 wells)
Fayetteville (467 wells)Fayetteville (467 wells)

Barnett (838 wells)Barnett (838 wells)



Controls on productivityControls on productivity
GeologyGeologyGeology

-- ThicknessThickness
-- Organic matterOrganic matter
-- Thermal maturityThermal maturity
-- PorosityPorosity
-- PermeabilityPermeability
-- MineralogyMineralogy

-- Free gasFree gas
-- Adsorbed gasAdsorbed gas
-- PressurePressure
-- TemperatureTemperature

-- Mechanical propertiesMechanical properties
-- Stress orientationStress orientation
-- Natural fracturesNatural fractures



Controls on productivityControls on productivity
Drilling, Completion and StimulationDrilling, Completion and StimulationDrilling, Completion and Stimulation

-- GeosteeringGeosteering
-- Horizontal lengthHorizontal length
-- Open/cased holeOpen/cased hole
-- # of frac stages# of frac stages
-- Clusters positionClusters position

-- Treating pressureTreating pressure
-- Injection rateInjection rate
-- Fluid type/volumeFluid type/volume
-- Proppant type/volumeProppant type/volume
-- Fluid additivesFluid additives

-- Well spacingWell spacing
-- DiversionDiversion
-- SimoSimo--fracfrac
-- Zipper fracZipper frac



Gas Price: The Shale Gas GlutGas Price: The Shale Gas Glut

Source (EIA, Baker Hughes)

Switching from gas
To liquids



Shale Breakeven PriceShale Breakeven Price

Henry Hub Spot
Sept 2013

3.62$/MMbtu

Henry Hub SpotHenry Hub Spot
Sept 2013Sept 2013

3.62$/MMbtu3.62$/MMbtu

(Source: Cohen 2013, Harvard Kennedy School)

Full cycle cost discounted cash flow analysis (10% IRR)



Shale Breakeven PriceShale Breakeven Price

Browning et al 2013 (Bureau of Economic Geology)

Barnett Tiers 1 to 4 still profitable at current gas price
Breakeven gas price Tier’s productivity



Latest Production DataLatest Production Data

EIA – Drilling Productivity Report October 2013
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Gas Regional marketsGas Regional markets

Gas Trade Movement 2012 - BP Statistical Review 2013

North AmericaNorth America
EuropeEurope

AsiaAsia



Natural Gas Price DifferentialNatural Gas Price Differential

BP Statistical Review 2013

Japan LNGJapanJapan LNGLNG

Henry HubHenry HubHenry Hub

UK NBPUK NBPUK NBP
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Financial CrisisFinancial Crisis

Shale gas
Shale gas

Linkage to oilLinkage to oil



North American LNG ExportNorth American LNG Export
Pipline + Liquefaction + Shipping + Regasification Pipline + Liquefaction + Shipping + Regasification ≈≈

 
44‐‐6 $/mcf6 $/mcf

DOE – FERC – Sept 2013



Shale Gas and Energy TransitionShale Gas and Energy Transition
U.S. Power GenerationGHG Emissions for Electricity

Source: EIA 
2012

MIT Study 2012

Reduce UseReduce UseReduce Use
Non-fossilNonNon--fossilfossil

GasGasGas
OilOilOil
CoalCoalCoal

GasGas
OilOil

CoalCoal

IPCC 2012

Long term U.S. power fuel mix
(GHG price-based policy scenario)



Final Remarks - 1Final Remarks - 1

-- Shale gas technically recoverable resources are Shale gas technically recoverable resources are 
enormous (1000s enormous (1000s TcfTcf))
-- North American experience has demonstrated that North American experience has demonstrated that 
part of this resource can be produced at a moderate part of this resource can be produced at a moderate 
cost (but it is not cost (but it is not ““cheap gascheap gas””))
-- Shale gas plays are very heterogeneous and Shale gas plays are very heterogeneous and 
complex systems:complex systems:

-- Delineating Delineating ““sweet spotsweet spot”” areasareas
-- Optimizing well placement and stimulation designOptimizing well placement and stimulation design



Final Remarks - 2Final Remarks - 2
-- Most U.S. dry gas production from shale is not economic Most U.S. dry gas production from shale is not economic 
at current low gas priceat current low gas price

-- Liquid rich part and best tiers still areLiquid rich part and best tiers still are

-- Long term U.S. shale gas production is still uncertain:Long term U.S. shale gas production is still uncertain:
-- Detailed integrated analysis on new shale plays will helpDetailed integrated analysis on new shale plays will help
-- Most recent data shows increasing productivity (Marcellus)Most recent data shows increasing productivity (Marcellus)

-- Long term shale gas production will depend on future Long term shale gas production will depend on future 
gas demand and on the ability of the industry to drive gas demand and on the ability of the industry to drive 
production cost downproduction cost down

-- Opportunity for the development of transOpportunity for the development of trans--pacific LNG pacific LNG 
trade between North America and Asiatrade between North America and Asia



Final Remarks - 3Final Remarks - 3
-- Gas has the potential to minimize GHG emissions (and Gas has the potential to minimize GHG emissions (and 
other pollutants) as a other pollutants) as a ““bridgebridge”” to lowto low--carbon futurecarbon future

-- Life cycle GHG emission and other environmental risks Life cycle GHG emission and other environmental risks 
associated with shale gas must be well understood, associated with shale gas must be well understood, 
controlled and minimizedcontrolled and minimized

-- Government incentives and air quality standards will Government incentives and air quality standards will 
have a strong impact on the competition between gas and have a strong impact on the competition between gas and 
coal for electricity generationcoal for electricity generation
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