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ConventionalConventional FossilFossil FuelsFuels
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CoalCoal
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CoalCoal
CoalCoal isis a a fossilfossil fuelfuel formedformed in in swampswamp ecosystemsecosystems
wherewhere plantplant remainsremains werewere savedsaved byby waterwater and and mudmud
fromfrom oxidizationoxidization and and biodegradationbiodegradation . . ItIt isis composedcomposed
primarilyprimarily of of carboncarbon alongalong withwith assortedassorted otherother
elementselements , , includingincluding sulfursulfur . . ItIt isis the the largestlargest single single 
sourcesource of of fuelfuel forfor the generation of the generation of electricityelectricity worldworld --
widewide , , asas well well asas the the largestlargest sourcesource of of carboncarbon dioxidedioxide
emissionsemissions , , whichwhich havehave beenbeen implicatedimplicated asas the the primaryprimary
cause of cause of globalglobal warmingwarming . . CoalCoal isis extractedextracted fromfrom the the 
groundground byby coalcoal miningmining , , eithereither underground underground miningmining or or 
openopen --pitpit miningmining ((surfacesurface miningmining ).).

JMAJMA

CoalCoal EnergyEnergy DensityDensity

•• 24 24 MegajoulesMegajoules per per kilogramkilogram or 6.67 or 6.67 kWkW--hh/kg/kg

•• ThermodynamicThermodynamic efficiencyefficiency of of coalcoal powerplantspowerplants

isis aboutabout 30%30%

•• CoalCoal power power plantsplants obtainobtain approximatelyapproximately

2.0 2.0 kWkW--hh per kg of per kg of burnedburned coalcoal
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AsAs anan exampleexample, , runningrunning one 100 Watt computer one 100 Watt computer forfor
one one yearyear requiresrequires 876 876 kWkW--hh (100 W × 24 h × 365 (100 W × 24 h × 365 
{{daysdays in a in a yearyear} = 876000 } = 876000 WW--hh = 876 = 876 kWkW--hh).).

ItIt takestakes 438 kg (967 438 kg (967 poundspounds) of ) of coalcoal toto power a power a 
computer computer forfor one full one full yearyear. One . One shouldshould alsoalso take take intointo
account account transmissiontransmission and and distributiondistribution losseslosses causedcaused
byby resistanceresistance and and heatingheating in the power in the power lineslines, , whichwhich
isis in the in the orderorder of 5 of 5 -- 10%, 10%, dependingdepending on on distancedistance
fromfrom the power station and the power station and otherother factorsfactors..
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CarbonCarbon CostCost

•• CoalCoal isis 50% 50% carboncarbon (C) (C) byby mass so 1 kg of mass so 1 kg of coalcoal

= 0.5 kg of C = 1/24 = 0.5 kg of C = 1/24 kmolkmol CC

•• ByBy burningburning C C combinescombines withwith O2 in the O2 in the atmosphereatmosphere

the the resultresult isis 1/24 1/24 kmolkmol CO2 CO2 isis producedproduced fromfrom everyevery

1/24 1/24 kmolkmol CC

•• 1/24 1/24 kmolkmol CO2 * 44 kg / CO2 * 44 kg / kmolkmol = 1.83 kg= 1.83 kg
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RunningRunning a computer on a computer on coalcoal forfor one one 
yearyear releasesreleases toto the the atmosphereatmosphere
aboutabout 802 kg of CO2.802 kg of CO2.
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EnergyEnergy densitydensity

•• FissionFission of Uof U--235 235 2.5 x102.5 x101010 WhWh/kg/kg
•• CoalCoal 6,670 6,670 WhWh/kg/kg
•• DieselDiesel 13,762 13,762 WhWh/kg/kg
•• GasolineGasoline 12,20012,200 WhWh/kg/kg
•• LNGLNG 12,10012,100 WhWh/kg/kg
•• PropanePropane ((liquidliquid)) 13,900 13,900 WhWh/kg/kg
•• EthanolEthanol 7,850 7,850 WhWh/kg/kg
•• LiquidLiquid H2H2 39,00039,000 WhWh/kg/kg
•• WoodWood 1,600 1,600 -- 4,709 4,709 WhWh/kg  /kg  
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CoalCoal ReservesReserves
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CoalCoal ExplorationExploration in Australiain Australia
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CoalCoal Production Production TodayToday
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CoalCoal Production Production TodayToday
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CoalCoal Production Trend Production Trend ReversalReversal
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CoalCoal FutureFuture
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FutureGenFutureGen -- Tomorrow'sTomorrow's
PollutionPollution --FreeFree Power Power PlantPlant

JMAJMA

FutureGenFutureGen
Electrical Power and Electrical Power and HydrogenHydrogen

The The prototypeprototype plantplant willwill establishestablish the technical and the technical and economiceconomic
feasibilityfeasibility of of producingproducing electricityelectricity and and hydrogenhydrogen fromfrom coalcoal (the (the 
lowestlowest costcost and and mostmost abundantabundant domesticdomestic energyenergy resourceresource), ), whilewhile
capturingcapturing and and sequesteringsequestering thethe carboncarbon dioxidedioxide generatedgenerated in the in the 
processprocess..

The project The project willwill employemploy coalcoal gasificationgasification technologytechnology integratedintegrated
withwith combinedcombined cyclecycle electricityelectricity generation and the generation and the sequestrationsequestration
of of carboncarbon dioxidedioxide emissionsemissions. The project . The project willwill requirerequire 10 10 yearsyears toto
complete and complete and willwill bebe ledled byby the the FutureGenFutureGen IndustrialIndustrial AllianceAlliance, , 
Inc.,Inc., a a nonnon--profitprofit industrialindustrial consortiumconsortium representingrepresenting the the coalcoal and and 
power power industriesindustries, , withwith the project the project resultsresults beingbeing sharedshared amongamong allall
participantsparticipants, and , and industryindustry asas a a wholewhole..
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CleanClean CoalCoal TechnologyTechnology
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CoalCoal isis notnot problemproblem freefree ….….
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Oil and GasOil and Gas

JMAJMA

What is Petroleum?What is Petroleum?

•• Hydrocarbon:Hydrocarbon: an organic compound made up an organic compound made up 
of carbon and hydrogen atomsof carbon and hydrogen atoms

••Petroleum:Petroleum: a natural yellowa natural yellow--toto--black flammable black flammable 
liquid hydrocarbon found beneath liquid hydrocarbon found beneath 
the earth’s surfacethe earth’s surface
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The Goal The Goal -- ‘Black Gold’‘Black Gold’

Light Texas Crude
Palo Pinto Field

North Texas

Light Texas Crude
Palo Pinto Field

North Texas

Heavy Texas Crude
Humble Oil Field
Southwest Texas

Heavy Texas Crude
Humble Oil Field
Southwest Texas

Petroleum Supplies our Energy NeedsPetroleum Supplies our Energy Needs

JMAJMA

The The chemicalchemical structurestructure of of petroleumpetroleum isis composedcomposed of of hydrocarbonhydrocarbon
chainschains of of differentdifferent lengthslengths . . TheseThese differentdifferent hydrocarbonhydrocarbon
chemicalschemicals are are separatedseparated byby distillationdistillation at at anan oil oil refineryrefinery toto
produce produce gasolinegasoline , jet , jet fuelfuel , kerosene, and , kerosene, and otherother hydrocarbonshydrocarbons . The . The 
generalgeneral formula formula forfor thesethese alkanesalkanes isis CCnnHH2n+22n+2. . ForFor exampleexample 2,2,42,2,4--
TrimethylpentaneTrimethylpentane , , widelywidely usedused in in gasolinegasoline , , hashas a a chemicalchemical
formula of formula of CC88HH1818 whichwhich reactsreacts withwith oxygenoxygen exothermicallyexothermically ::

Incomplete Incomplete combustioncombustion of of petroleumpetroleum or or gasolinegasoline resultsresults in in 
emissionemission of of poisonouspoisonous gasesgases suchsuch asas carboncarbon monoxidemonoxide and/or and/or 
nitricnitric oxideoxide . . 

FormationFormation of of petroleumpetroleum occursoccurs in a in a varietyvariety of of mostlymostly endothermicendothermic
reactionsreactions in high temperature and/or in high temperature and/or pressurepressure . . ForFor exampleexample , a , a 
kerogenkerogen maymay break down break down intointo hydrocarbonshydrocarbons of of differentdifferent lengthslengths ..
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Refining PetroleumRefining Petroleum

GasolineGasoline

Fuel GasFuel Gas

Kerosene – 
Jet Fuel
Kerosene – 
Jet Fuel

Heating 
Oil
Heating 
Oil

Lubricating 
Oil
Lubricating 
Oil

Residual Products– 
  Asphalt, 
  Heavy Fuel Oil

Residual Products– 
  Asphalt, 
  Heavy Fuel Oil

Crude Oil 
Vapor
Crude Oil 
Vapor

Liquid Crude OilLiquid Crude Oil
after World Book Encyclopediaafter World Book Encyclopedia

JMAJMA

The Origin of PetroleumThe Origin of Petroleum

OrganicOrganic--richrich
Source RockSource Rock

Thermally MaturedThermally Matured
Organic MatterOrganic Matter OilOil
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GeologistsGeologists oftenoften referrefer toto anan "oil window" "oil window" whichwhich
isis the temperature the temperature rangerange thatthat oil oil formsforms inin——
belowbelow the minimum temperature oil the minimum temperature oil remainsremains
trappedtrapped in the in the formform of of kerogenkerogen, and , and aboveabove the the 
maximummaximum temperature the oil temperature the oil isis convertedconverted toto
naturalnatural gasgas through the through the processprocess of of thermalthermal
crackingcracking. . ThoughThough thisthis happenshappens at at differentdifferent
depthsdepths in in differentdifferent locationslocations aroundaround the world, the world, 
a 'a 'typicaltypical' ' depthdepth forfor the oil window the oil window mightmight bebe 44––
66 km.km.
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ClassificationClassification

The The oil oil industryindustry classifiesclassifies "crude" "crude" byby the location of the location of itsits originorigin
(e.g., "West Texas Intermediate, WTI" or "(e.g., "West Texas Intermediate, WTI" or "BrentBrent") and ") and oftenoften byby
itsits relative relative weightweight or or viscosityviscosity ("("lightlight", "intermediate" or ", "intermediate" or 
""heavyheavy"); "); refinersrefiners maymay alsoalso referrefer toto itit asas ""sweetsweet," ," whichwhich meansmeans
itit containscontains relativelyrelatively little little sulfursulfur, or , or asas ""soursour," ," whichwhich meansmeans itit
containscontains substantialsubstantial amountsamounts of of sulfursulfur and and requiresrequires more more 
refiningrefining in in orderorder toto meetmeet currentcurrent productproduct specificationsspecifications. . EachEach
crude oil crude oil hashas uniqueunique molecularmolecular characteristicscharacteristics whichwhich are are 
understoodunderstood byby the the useuse of of crude oil crude oil assayassay analysisanalysis in in petroleumpetroleum
laboratorieslaboratories..
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Crude oil Crude oil benchmarksbenchmarks ((samesame characteristicscharacteristics ) ) forfor pricingpricing ::

••BrentBrent CrudeCrude, , comprisingcomprising 15 15 oilsoils fromfrom fieldsfields in the in the BrentBrent and and NinianNinian
systemssystems in the in the EastEast Shetland Shetland BasinBasin of the of the NorthNorth SeaSea. The oil . The oil isis
landedlanded at at SullomSullom VoeVoe terminal in the terminal in the ShetlandsShetlands. Oil production . Oil production fromfrom
EuropeEurope, Africa and Middle , Africa and Middle EasternEastern oil oil flowingflowing west west tendstends toto bebe pricedpriced
off the price of off the price of thisthis oil, oil, whichwhich formsforms a a benchmarkbenchmark. . 

••West Texas IntermediateWest Texas Intermediate (WTI) (WTI) forfor NorthNorth American oil. American oil. 

••DubaiDubai, , usedused asas benchmarkbenchmark forfor Middle Middle EastEast oil oil flowingflowing toto the the AsiaAsia--
PacificPacific regionregion. . 

••Tapis (Tapis (fromfrom MalaysiaMalaysia, , usedused asas a a referencereference forfor light Far light Far EastEast oil) oil) 

••MinasMinas ((fromfrom IndonesiaIndonesia, , usedused asas a a referencereference forfor heavyheavy Far Far EastEast oil) oil) 

••The The OPEC OPEC ReferenceReference BasketBasket, a , a weightedweighted averageaverage of oil of oil blendsblends fromfrom
variousvarious OPECOPEC (The (The OrganizationOrganization of the of the PetroleumPetroleum ExportingExporting
CountriesCountries) ) countriescountries..
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History of PetroleumHistory of Petroleum
First Use:First Use: •• Egyptians: oil to preserve mummiesEgyptians: oil to preserve mummies

•• Chinese: natural gas for fuelChinese: natural gas for fuel
•• Babylonians: oil to seal walls and pave streetsBabylonians: oil to seal walls and pave streets
•• Americans: tar to seal canoesAmericans: tar to seal canoes

First Drilling:First Drilling: •• Chinese using bamboo: to 800’ in 347 ADChinese using bamboo: to 800’ in 347 AD
•• Americans using cable tool: to 70’ in 1859 ADAmericans using cable tool: to 70’ in 1859 AD

First Product:First Product: •• Kerosene for lampsKerosene for lamps
•• Gasoline was unwanted byGasoline was unwanted by--productproduct

Demand Demand 
Increase:Increase:

•• Industrial RevolutionIndustrial Revolution
-- Internal Combustion Engine (1885)Internal Combustion Engine (1885)
-- Global Economic GrowthGlobal Economic Growth



15

JMAJMA

Petroleum ProductsPetroleum Products

Gasoline Gasoline -- 19.5 gallons19.5 gallons

A Barrel of Crude Oil Provides:A Barrel of Crude Oil Provides:

Fuel Oil Fuel Oil -- 9.2 gallons9.2 gallons

Jet Fuel Jet Fuel -- 4.1 gallons4.1 gallons

Asphalt Asphalt -- 2.3 gallons2.3 gallons

Kerosene Kerosene -- 0.2 gallons0.2 gallons

Lubricants Lubricants -- 0.5 gallons0.5 gallons

Petrochemicals,Petrochemicals,
other products other products -- 6.2 gallons6.2 gallons

One Barrel =One Barrel =
42 gallons42 gallons

American Petroleum Institute, 1999American Petroleum Institute, 1999

JMAJMA

Petrochemical ProductsPetrochemical Products

•• Detergents Detergents -- CosmeticsCosmetics
•• Fertilizers Fertilizers -- Weed KillersWeed Killers
•• Medicine Medicine -- Antiseptics Antiseptics -- AnestheticsAnesthetics
•• Plastics Plastics -- Synthetic FibersSynthetic Fibers
•• Synthetic RubberSynthetic Rubber
•• Rust PreventativesRust Preventatives
•• Liquid Petroleum GasLiquid Petroleum Gas

American Petroleum Institute, 1999American Petroleum Institute, 1999

More Than 3,000 ProductsMore Than 3,000 Products
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Largest Hydrocarbon BasinsLargest Hydrocarbon Basins
by Ultimate Potentialby Ultimate Potential
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Oil Oil ConsumptionConsumption Per CapitaPer Capita

Oil Oil barrelsbarrels
per per personperson
eacheach dayday

>.7>.7
.7.7--.5.5

.5.5--.35.35
.35.35--.25.25
.25.25--.2.2
.2.2--.15.15
.15.15--.1.1
.1.1--.05.05

.05.05--.015.015
<.015<.015
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Transporting PetroleumTransporting Petroleum

Oil FieldOil Field

Oil FieldOil Field
PipelinePipeline RefineryRefinery

PipelinePipeline

Railroad Tank CarsRailroad Tank Cars

Mobil

Tank TruckTank Truck

ConsumersConsumers

Industrial  
Customers

Industrial 
Customers

Local  
Distributor
Local 
Distributor

Mobil

TankerTanker

Offshore  
Platform
Offshore 
Platform

after World Book Encyclopediaafter World Book EncyclopediaJMAJMA
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PetroleumPetroleum SystemSystem
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Petroleum System ElementsPetroleum System Elements
•• Source Rock Source Rock -- A rock with abundant hydrocarbonA rock with abundant hydrocarbon--prone prone 

organic matterorganic matter

•• Reservoir RockReservoir Rock -- A rock in which oil and gas accumulates:A rock in which oil and gas accumulates:
-- Porosity Porosity -- space between rock grains in which oil space between rock grains in which oil 

accumulatesaccumulates
-- Permeability Permeability -- passagepassage--ways between pores through ways between pores through 

which oil and gas moveswhich oil and gas moves

•• Seal RockSeal Rock -- A rock through which oil and gas cannot move A rock through which oil and gas cannot move 
effectively (such as mudstone and claystone)effectively (such as mudstone and claystone)

•• Migration RouteMigration Route -- Avenues in rock through which oil and Avenues in rock through which oil and 
gas moves from source rock to trapgas moves from source rock to trap

•• Trap Trap -- The structural and stratigraphic configuration that The structural and stratigraphic configuration that 
focuses oil and gas into an accumulationfocuses oil and gas into an accumulation

JMAJMA

Petroleum System ElementsPetroleum System Elements

24803

Source RockSource Rock

Top Seal RockTop Seal Rock

Reservoir RockReservoir Rock

Anticlinal TrapAnticlinal Trap

(Organic Rich)(Organic Rich)

(Impermeable)(Impermeable)

(Porous/Permeable)(Porous/Permeable)
PotentialPotential
Migration RouteMigration Route
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Source Rock for PetroleumSource Rock for Petroleum

Organic-
Rich

Thin 
Laminae Measured Values

3.39 378

Total 
Organic 
Carbon

2.24 12.80

In-Place
Petroleum

S1

LOMPOC Quarry Sample
Monterey Formation, CA

Hydrogen
Index

Pyrolytically
Generated
Petroleum

S2

1 Inch1 Inch

JMAJMA

Reservoir SandstoneReservoir Sandstone

Good Porosity = Lots of Space for PetroleumGood Porosity = Lots of Space for Petroleum

Pores
(blue)
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A Geologic CrossA Geologic Cross --SectionSection

JMAJMA

GenerationGeneration MigrationMigration
Accumulation Accumulation 

and Preservation and Preservation 

Petroleum System: Timing is CriticalPetroleum System: Timing is Critical

Processes:

Elements: Source Source 
RockRock

Migration Migration 
AvenueAvenue

Reservoir Reservoir 
and Sealand Seal

TrapTrapTrap Must Be Available Before/During MigrationTrap Must Be Available Before/During Migration
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Petroleum System Events ChartPetroleum System Events Chart

1 2

400 300 200 100

Paleozoic Mesozoic Cenozoic

D M P P TR J K Pε N

Geologic 
Time-Scale

Petroleum 
System Events

Source Rock

Reservoir Rock

Seal Rock
Overburden

Trap Formation
Generation, Migration,
and Accumulation

Preservation
Critical Moment1. Western North Slope

2. East-central North Slope

Bird, 1994Bird, 1994

North Slope, AlaskaNorth Slope, Alaska

JMAJMA

Spill Point
Spill Point

Seal Rock
(Mudstone)Reservoir Rock

(Sandstone)Migration from
‘Kitchen’

1) Early Generation

2) Late Generation

Gas displaces all oil

Gas beginning to 
displace oil

Displaced oil 
accumulates

Petroleum SystemPetroleum System
A Dynamic Entity
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Thermal Maturation HistoryThermal Maturation History

DiagenesisDiagenesis
RRoo = 0.5%= 0.5%

RRoo = 2.0%= 2.0%

CatagenesisCatagenesis

MetagenesisMetagenesis

KK44

KK33

KK22

KK11

KK

KK

Oil PhaseOil Phase --
OutOut

OilOil GasGas

OilOil GasGas

OilOil GasGas

ConCon
dd

GasGas

GasGas

Less Hydrogen More Hydrogen

KerogenKerogen

Onset of Oil Onset of Oil 
GenerationGeneration

HorsfieldHorsfield and and RullkotterRullkotter, 1994, 1994

Burial to 
Greater 

and Hotter 
Depths
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The Oil and Gas ProcessThe Oil and Gas Process
Exploration

Development

Production

Abandonment & 
Reclamation

Landmen

Geologists

Geoscientists

Drilling Engineers

Production Engineers

Reservoir Engineers

Chemists and Chemical Engineers

Civil Engineers

Electrical Engineers

Structural Engineers

Economists

Environmental Engineers

Computer Scientists
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The Search for Oil and GasThe Search for Oil and Gas

Global Basin AnalysisGlobal Basin Analysis
Play ConceptPlay Concept

Exploration FairwayExploration Fairway
Drillable ProspectDrillable Prospect

Production Feasibility AnalysisProduction Feasibility Analysis
Environmental Impact Study Environmental Impact Study 

Obtain LeaseObtain Lease

A Multiphase ProcessA Multiphase Process

Wildcat DrilledWildcat Drilled
Appraisal WellsAppraisal Wells

Field FacilitiesField Facilities
Development WellsDevelopment Wells

Refining and MarketingRefining and Marketing

JMAJMA

Generation and MigrationGeneration and Migration

Reservoir Reservoir 
ExtentExtent

Source Source 
ExtentExtentSeal Seal 

ExtentExtent

Critical ReconstructionCritical Reconstruction

PresentPresent PastPast

ComponentsComponents

HC ChargeHC Charge

PreservationPreservation

TimeTime PresentPresent

Timing SheetsTiming Sheets

Play MapsPlay Maps

Petroleum System, Play Definition, and RiskPetroleum System, Play Definition, and Risk

Jeff Brown, Mobil, 1999Jeff Brown, Mobil, 1999

TrapTrap
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Prudhoe Bay Oil Field (1968)Prudhoe Bay Oil Field (1968)

• Largest North American field 
• More than 8 billion barrels recoverable
• Largest North American field 
• More than 8 billion barrels recoverable

Barrow 
Arch

Barrow 
Arch

Sea LevelSea Level

10,00010,000

20,00020,000

30,00030,000

Brooks 
    Range

Beaufort 
          Sea

Seal
ReservoirReservoir

KitchenKitchen

Anticlinal TrapAnticlinal Trap

120°F

unconformityunconformity

SouthSouth NorthNorth

American Association of Petroleum Geologists, 1990American Association of Petroleum Geologists, 1990

AnticlinalAnticlinal/Unconformity /Unconformity 
Combination TrapCombination Trap

JMAJMA

Global ExplorationGlobal Oil and Gas Fields

GasGas
OilOil
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Oil Oil ExplorationExploration

JMAJMA

Petroleum Exploration’s Petroleum Exploration’s 
ChallengeChallenge
Interpreting the UnseenInterpreting the Unseen

Silicon GraphicsSilicon Graphics

• Surface Geology
- Aerial photos
- Geologic maps

• Subsurface Analysis
- Gravity
- Magnetics
- Seismic reflection
- Wells
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Aerial PhotoAerial Photo
Traditional Tool Traditional Tool 
with Improved with Improved 
ResolutionResolution

Alluvial FanAlluvial Fan

Alluvial FanAlluvial Fan

Thrust ZoneThrust Zone

Thrust ZoneThrust Zone

CompressionalCompressional
Mountain RangeMountain Range

•• Aerial photo for Aerial photo for 
mapping patternsmapping patterns

•• Field check for Field check for 
geological detailgeological detail

JMAJMA

JMAJMA

Seismic Imaging of AnticlineSeismic Imaging of Anticline

Vibrator Truck
(Energy Source)Recording Truck Geophone

(Receivers)

American Petroleum Institute, 1986American Petroleum Institute, 1986

ReturningReturning
Sound WavesSound Waves
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Seismic data acquisition in GabonSeismic data acquisition in Gabon

www.planete-energies.com

JMAJMA

Seismic ImagingSeismic Imaging
3D Marine Data Acquisition3D Marine Data Acquisition

Silicon GraphicsSilicon Graphics
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Offshore Seismic Acquisition Offshore Seismic Acquisition -- AngolaAngola

www.planete-energies.com

JMAJMA

3D Seismic Image 3D Seismic Image -- Submarine FanSubmarine Fan

ArmentroutArmentrout et al.et al., 1996, 1996

11

22

33

11

22

33

Less Less 
Confined Confined 

FlowFlow

Confined Confined 
FlowFlow

New Tools     Better Data     Improved UnderstandingNew Tools     Better Data     Improved Understanding

Hummocky Channel Levee

Lobate Mound

Sheet-Form Fan
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3D Seismic Image of Channel Sand3D Seismic Image of Channel Sand
Calibrated by Neural Network Analysis of Calibrated by Neural Network Analysis of PetrophysicalPetrophysical DataData

Monson, Mobil, 1998Monson, Mobil, 1998

VoxelGeoVoxelGeo DisplayDisplay

JMAJMA

Exploration Costs: 1999Exploration Costs: 1999

Alaska North SlopeAlaska North Slope Gulf of MexicoGulf of Mexico
2D2D

3D3D

3D Proprietary3D Proprietary

$50,000/mile$50,000/mile $70 $70 -- $150/mile$150/mile

$25,000 $25,000 -- $80,000/mi$80,000/mi22

$250,000 $250,000 -- $400,000/mi$400,000/mi22

Gulf of MexicoGulf of Mexico
ShelfShelf SlopeSlope DeepDeep--WaterWater

TexasTexas
OnshoreOnshore

Alaska North SlopeAlaska North Slope
OffshoreOffshore OnshoreOnshore

$30 Million$30 Million $16 Million$16 Million $7$7
MillionMillion

$12$12
MillionMillion

$25 Million$25 Million $40 Million$40 Million

Seismic SurveysSeismic Surveys

Wildcat WellsWildcat Wells

January 1999 EstimatesJanuary 1999 Estimates
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Different WaysDifferent Ways
Industry Pays for Drilling RightsIndustry Pays for Drilling Rights

•• RentalRental -- Annual fee for land use while exploringAnnual fee for land use while exploring

•• Bonus Bonus -- OneOne--time lump sum paid upfront for time lump sum paid upfront for 
right to exploreright to explore

•• Royalty Royalty -- Percentage payments of oil and gas Percentage payments of oil and gas 
value producedvalue produced

•• Tax Tax -- Governmental ‘fee’ on product value Governmental ‘fee’ on product value 
producedproduced

JMAJMA

OffshoreOffshore OnshoreOnshore

Daily Rig CostDaily Rig Cost
19981998 $90,000$90,000
19991999 $40,000$40,000
(Single year contract)(Single year contract)

Ultra DeepUltra Deep
Daily Rig CostDaily Rig Cost
19981998 $180,000$180,000
19991999 $180,000$180,000
(Five year contract)(Five year contract)

Cost of Drilling RigsCost of Drilling Rigs

Daily Rig CostDaily Rig Cost
19981998 $60,000$60,000
19991999 $30,000$30,000
(Single year contract)(Single year contract)

JMAJMA
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Traveling BlockTraveling Block

HookHook

SwivelSwivel

Draw WorksDraw Works

Mud PumpMud Pump
Rotary TableRotary Table

KellyKelly

Mud HoseMud Hose

Crown BlockCrown Block

CasingCasing

Drill Pipe

CasingCasing
Drill PipeDrill Pipe

BitBit

Drilling RigDrilling Rig

JMAJMA

DrillingDrilling

Rock BitRock Bit CuttingsCuttings Core (Diamond) BitCore (Diamond) Bit CoreCore
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Directional Drilling Avoids Surface HazardsDirectional Drilling Avoids Surface Hazards

GasGas

OilOil
WaterWater

American Petroleum Institute, 1986American Petroleum Institute, 1986
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New Offshore Production Structures New Offshore Production Structures 
Enable Development in Deeper WaterEnable Development in Deeper Water

Industry has moved Industry has moved 

fixed to floating fixed to floating 

structures to develop structures to develop 

oil and gas in deeper oil and gas in deeper 

waterwater

Graphic courtesy of Minerals Management Service
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Costlier Deepwater Ventures:  New Technology AllowsCostlier Deepwater Ventures:  New Technology Allows

Industry to Access Resources in Deeper WaterIndustry to Access Resources in Deeper Water

The Deepwater Pathfinder drillship The Deepwater Pathfinder drillship 
and global positioning technology and global positioning technology 

keep the drillship stable, shifting less keep the drillship stable, shifting less 
than 50 feet in any direction.  than 50 feet in any direction.  
This stability enables the ship to drill This stability enables the ship to drill 
in very deep water and in most in very deep water and in most 
weather conditions.weather conditions.

Photo courtesy of ConocoPhillips
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Log Analysis for Flow Unit DeterminationLog Analysis for Flow Unit Determination

K 

K 

K 

Property 
Relationships 

Rock Type Property 
Relationships 

Rock Type Log Recognition Log Recognition 

Lagoonal

Shoreface

Lower 
Shoreface

Lagoonal

Shoreface

Lower 
Shoreface
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FieldField DevelopmentDevelopment
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PrimaryPrimary recoveryrecovery

IfIf the underground the underground pressurepressure in the oil in the oil reservoirreservoir isis sufficientsufficient, , 
thenthen thisthis pressurepressure willwill force the oil force the oil toto the the surfacesurface. . GaseousGaseous
fuelsfuels, , naturalnatural gas or water are gas or water are usuallyusually presentpresent, , whichwhich alsoalso
supplysupply neededneeded underground underground pressurepressure. In . In thisthis situationsituation, , itit isis
sufficientsufficient toto placeplace a a complexcomplex arrangementarrangement of of valvesvalves (the (the 
ChristmasChristmas treetree) on the ) on the well headwell head toto connectconnect the well the well toto a a 
pipelinepipeline network network forfor storagestorage and processing.and processing.

UsuallyUsually, , aboutabout 20% of the oil in a 20% of the oil in a reservoirreservoir can can bebe extractedextracted
usingusing primaryprimary recoveryrecovery methodsmethods..
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American Petroleum Institute, 1986American Petroleum Institute, 1986

•• Water DriveWater Drive -- Hydrostatic Hydrostatic 
pressure pushes oil and gas pressure pushes oil and gas 
to surfaceto surface

•• GasGas--Cap DriveCap Drive -- Expansion of Expansion of 
gas under pressure pushes oil gas under pressure pushes oil 
to surfaceto surface

•• DissolvedDissolved--Gas DriveGas Drive -- Gas Gas 
disseminated in oil; usually disseminated in oil; usually 
requires pumping requires pumping 



36

JMAJMA

SecondarySecondary recoveryrecovery

Over the Over the lifetimelifetime of the well the of the well the pressurepressure willwill fallfall , and at some , and at some 
pointpoint therethere willwill bebe insufficientinsufficient underground underground pressurepressure toto force the force the 
oil oil toto the the surfacesurface . . IfIf economicaleconomical , , asas oftenoften isis , the , the remainingremaining oil in oil in 
the well the well isis extractedextracted usingusing secondarysecondary oil oil recoveryrecovery methodsmethods ..

SecondarySecondary oil oil recoveryrecovery usesuses variousvarious techniquestechniques toto aidaid in in 
recoveringrecovering oil oil fromfrom depleteddepleted or or lowlow --pressurepressure reservoirsreservoirs . . 
SometimesSometimes pumpspumps , , suchsuch asas beambeam pumpspumps and and electrical electrical 
submersiblesubmersible pumpspumps ((ESPsESPs), are ), are usedused toto bringbring the oil the oil toto the the 
surfacesurface . . OtherOther secondarysecondary recoveryrecovery techniquestechniques increaseincrease the the 
reservoir'reservoir' s s pressurepressure byby water water injectioninjection , , naturalnatural gas gas reinjectionreinjection
and and gas liftgas lift , , whichwhich injectsinjects airair , , carboncarbon dioxidedioxide or some or some otherother gas gas 
intointo the the reservoirreservoir ..

TogetherTogether , , primaryprimary and and secondarysecondary recoveryrecovery generallygenerally allowallow 25% 25% 
toto 35% of the 35% of the reservoir'reservoir' s oil s oil toto bebe recoveredrecovered ..

JMAJMA

Secondary Secondary 
RecoveryRecovery

WaterWater

GasGas

SteamSteam

ChemicalChemical

FireFire

Pumped into the Pumped into the 
reservoir to force reservoir to force 
additional petroleum additional petroleum 
out of the pores in the out of the pores in the 
reservoir rockreservoir rock

InjectionInjection
WellsWells

Producing WellsProducing Wells

Of 60% Remaining Of 60% Remaining 
in Reservoirin Reservoir



37

JMAJMA

TertiaryTertiary recoveryrecovery

TertiaryTertiary oil oil recoveryrecovery reducesreduces the the oil'oil' s s viscosityviscosity toto increaseincrease oil production. oil production. 
ThermallyThermally enhancedenhanced oil oil recoveryrecovery methodsmethods (TEOR) are (TEOR) are tertiarytertiary recoveryrecovery
techniquestechniques thatthat heatheat the oil and the oil and makemake itit easiereasier toto extractextract . . SteamSteam injectioninjection isis the the 
mostmost common common formform of TEOR, and of TEOR, and isis oftenoften donedone withwith a a cogenerationcogeneration plantplant . In . In 
thisthis typetype of of cogenerationcogeneration plantplant , a , a gas turbinegas turbine isis usedused toto generate generate electricityelectricity and and 
the the wastewaste heatheat isis usedused toto produce produce steamsteam , , whichwhich isis thenthen injectedinjected intointo the the 
reservoirreservoir . . ThisThis formform of of recoveryrecovery isis usedused extensivelyextensively toto increaseincrease oil production oil production 
in the in the San San JoaquinJoaquin ValleyValley , , whichwhich hashas veryvery heavyheavy oil, oil, yetyet accountsaccounts forfor 10% of 10% of 
the the UnitedUnited States'States' oil production. oil production. InIn--situsitu burningburning isis anotheranother formform of TEOR, of TEOR, butbut
insteadinstead of of steamsteam , some of the oil , some of the oil isis burnedburned toto heatheat the the surroundingsurrounding oil. oil. 
OccasionallyOccasionally , , detergentsdetergents are are alsoalso usedused toto decreasedecrease oil oil viscosityviscosity asas a a tertiarytertiary oil oil 
recoveryrecovery methodmethod ..

TertiaryTertiary recoveryrecovery allowsallows anotheranother 5% 5% toto 15% of the 15% of the reservoir'reservoir' s oil s oil toto bebe
recoveredrecovered ..

TertiaryTertiary recoveryrecovery beginsbegins whenwhen secondarysecondary oil oil recoveryrecovery techniquestechniques are no are no 
longerlonger enoughenough toto sustainsustain production, production, butbut onlyonly whenwhen the oil can the oil can stillstill bebe
extractedextracted profitablyprofitably . . ThisThis dependsdepends on the on the costcost of the of the extractionextraction methodmethod and the and the 
currentcurrent price of crude oilprice of crude oil . . WhenWhen pricesprices are high, are high, previouslypreviously unprofitableunprofitable wellswells
are are broughtbrought back back intointo production and production and whenwhen theythey are are lowlow , production , production isis
curtailedcurtailed ..
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