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What is Petroleum?What is Petroleum?

•• Petroleum:Petroleum: a natural yellowa natural yellow--toto--black flammable black flammable 
liquid hydrocarbon found beneath liquid hydrocarbon found beneath 
the earththe earth’’s surfaces surface

•• Hydrocarbon:Hydrocarbon: an organic compound made up an organic compound made up 
of carbon and hydrogen atomsof carbon and hydrogen atoms
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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
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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
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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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Petroleum System ProcessesPetroleum System Processes

2480

120° F120° F

350° F350° FGenerationGeneration

MigrationMigration

Seal RockSeal Rock

Reservoir
Rock
Reservoir
Rock

OilOil

WaterWater

Gas 
Cap
Gas 
Cap

EntrapmentEntrapmentAccumulationAccumulation

Source RockSource Rock
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Reservoir SandstoneReservoir Sandstone
Good Porosity = Lots of Space for PetroleumGood Porosity = Lots of Space for Petroleum

Pores
(blue)
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Extended Reach DrillingExtended Reach Drilling
Technology Advances Result in More CostTechnology Advances Result in More Cost--Effective WellsEffective Wells

•
•
• Reduce frictionReduce friction
• Use geology to find stable path ofUse geology to find stable path of

least resistanceleast resistance

Drill Mud reduces torque and dragDrill Mud reduces torque and drag

Tri-cone Drill Bit
Downhole Motor and

Steering Assembly

Logging Tool

TorqueTorque DragDrag
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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
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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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L.A. BasinL.A. Basin
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LA Basin Oil WellsLA Basin Oil Wells

Pacific Ocean

Pacific Ocean
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Wilmington Oil FieldWilmington Oil Field

•More than 6000 wells drilled total

•Currently

•Production from 1,200 wells:

•Oil - 40,370  bbl oil per day

•Water - 1,005,870  bbl water per day

•Water Injection from 600 wells:   

•1,121,412 bbl water per day
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Wilmington Oil FieldWilmington Oil Field

•• ExpendituresExpenditures
–– ~$600 million per year~$600 million per year

•• Net RevenuesNet Revenues
–– ~$300 million per year~$300 million per year

•• Cumulative RevenueCumulative Revenue
–– State of CaliforniaState of California

•• $4.5 billion$4.5 billion
–– City of Long BeachCity of Long Beach

•• $500 million$500 million
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What is SubsidenceWhat is Subsidence

•• Gradual lowering of the surface aboveGradual lowering of the surface above
–– Oil fieldsOil fields

–– Fresh Water AquifersFresh Water Aquifers

–– MiningMining

–– OtherOther
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Approximate Boundary of Wilmington Oil Field
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Subsidence 1930Subsidence 1930--19701970
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Approximate Boundary of Wilmington Oil Field
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Terminal Island, prior to Wilmington Oil Field, 1923Terminal Island, prior to Wilmington Oil Field, 1923
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Hancock Oil Co. Wells,   1940Hancock Oil Co. Wells,   1940’’ss
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Initial Subsidence CausesInitial Subsidence Causes

•• Fresh water aquifer depressurizationFresh water aquifer depressurization
–– Farming Farming 

–– Influx of housingInflux of housing

•• Navy dry dockNavy dry dock
–– United States Geological Survey United States Geological Survey –– elevation surveyelevation survey

•• Adjoining oil fieldsAdjoining oil fields
–– Long Beach field Long Beach field –– discovered 1921discovered 1921

–– Seal Beach field Seal Beach field –– discovered 1923discovered 1923
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Initial Subsidence CausesInitial Subsidence Causes

•• Wilmington Oil Field discoveryWilmington Oil Field discovery
–– Discovered 1936Discovered 1936

•• Early developmentEarly development
–– Started on western edge of field and moved eastwardStarted on western edge of field and moved eastward

•• Geologic factorsGeologic factors
–– Shallow reservoirShallow reservoir
–– Lost of pressure / compactable sandsLost of pressure / compactable sands
–– Large area involvedLarge area involved
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Subsidence HistorySubsidence History
•• 1941 1941 –– Initial drop in elevation at east end of Initial drop in elevation at east end of 

Terminal Island Terminal Island –– regarded as temporaryregarded as temporary

•• 1945 1945 –– Craig shipyard experienced higher tidesCraig shipyard experienced higher tides

•• 1945 1945 –– United States Geodetic SurveyUnited States Geodetic Survey
–– confirmed a 4.2 drop in elevation between 1931confirmed a 4.2 drop in elevation between 1931-- 

1945 at Terminal Island1945 at Terminal Island

•• 1949 1949 –– Lateral displacement of 1 ft (30cm) Lateral displacement of 1 ft (30cm) 
sheared off 155 oil wells at 1700sheared off 155 oil wells at 1700’’ (565 meters) (565 meters) 
below the surfacebelow the surface
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SubsidenceSubsidence

•• 1952 rate of subsidence was 2.4 ft/yr. 1952 rate of subsidence was 2.4 ft/yr. 

•• Maximum subsidence was 29 feet (8.8 meters)Maximum subsidence was 29 feet (8.8 meters)
•• ReRe--pressurization from waterflood stabilized pressurization from waterflood stabilized 

surface elevationssurface elevations
•• Continued gross production and water injection Continued gross production and water injection 

monitoring are required to maintain minimum monitoring are required to maintain minimum 
changes in elevationschanges in elevations

•• Leveling survey is best method of measuring Leveling survey is best method of measuring 
subsidence currentlysubsidence currently
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Subsidence HistorySubsidence History

•• 1952 1952 –– 32 miles (51 km) of dikes in place32 miles (51 km) of dikes in place
•• 1952 1952 –– 300 tons of earth being added per day 300 tons of earth being added per day 

on the dikes and surface areas to keep up on the dikes and surface areas to keep up 
with the subsidence.with the subsidence.

•• 1958 1958 –– first injection pilot project startedfirst injection pilot project started
•• 1961 1961 –– unitization of Fault Blocks I unitization of Fault Blocks I –– VIVI

–– Allowed for City to control injection and Allowed for City to control injection and 
productionproduction
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Subsidence HistorySubsidence History

•• 1965 1965 -- Department of Oil Properties formed in Department of Oil Properties formed in 
to meet mandate of City Charter.  to meet mandate of City Charter.  

•• 1965 1965 -- THUMS awarded field contractTHUMS awarded field contract

•• 1967 1967 -- Surface elevation stabilizedSurface elevation stabilized

•• 1970 1970 -- Maximum oil production achievedMaximum oil production achieved
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BenchmarkBenchmark
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SubsidenceSubsidence

•• Subsidence is still a threat to areas overlying Subsidence is still a threat to areas overlying 
oil producing areasoil producing areas

•• Constant monitoring of elevations, pressures, Constant monitoring of elevations, pressures, 
production, and injection is ongoing and will production, and injection is ongoing and will 
continue to be a necessity for many years, continue to be a necessity for many years, 
even after the oil fields are depletedeven after the oil fields are depleted
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Terminal IslandTerminal Island

1922 1922 
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Active Wells Injection WellsInjection Wells

Abandoned Abandoned 
WellsWells
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Approximate Boundary of Wilmington Oil Field
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Subsidence Measurement ToolsSubsidence Measurement Tools

•• Global positioning satellites Global positioning satellites (GPS)(GPS)
–– Fixed locationsFixed locations
–– Mobile surveyMobile survey

•• Reduce time to conduct surveyReduce time to conduct survey
–– Not constrained to line of sightNot constrained to line of sight
–– Less benchmarks surveyedLess benchmarks surveyed

•• Reduce time to calculate elevationsReduce time to calculate elevations
•• Cost savingsCost savings
•• Same or better accuracySame or better accuracy
•• Additional information Additional information –– xy changesxy changes
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Benchmark Locations in Long BeachBenchmark Locations in Long Beach
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Benchmark Locations in Long BeachBenchmark Locations in Long Beach
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Wilmington Oil FieldWilmington Oil Field

More than 6000 wells drilled

Production from 1,200 wells:

Oil 40,370  bbl oil per day

Water 1,005,870  bbl water per day

Water Injection from 600 wells:   

1,121,412 bbl water per day
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Or Or –– why are my gasoline bills why are my gasoline bills 
so high and how do I tell my so high and how do I tell my 
kids that they cannot drive the kids that they cannot drive the 
car anymore.car anymore.
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Why Has the Why Has the 
Price of Oil Increased?Price of Oil Increased?
•• Oil production capacity limitsOil production capacity limits

–– Upswing in economyUpswing in economy
–– China and IndiaChina and India
–– KatrinaKatrina

•• Exchange rateExchange rate
•• Refining limitationsRefining limitations
•• OtherOther
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Katrina and RitaKatrina and Rita

•• Lost production from Federal offshore fields Lost production from Federal offshore fields 
–– over 162 million barrels of crude oil over 162 million barrels of crude oil 
–– 784 billion cubic feet of natural gas production 784 billion cubic feet of natural gas production 
–– This amounts to about 30 percent and 21 percent This amounts to about 30 percent and 21 percent 

respectively of a normal years production respectively of a normal years production 
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Katrina and RitaKatrina and Rita
•• Upstream impacts to Gulf productionUpstream impacts to Gulf production

–– Louisiana Offshore Oil Port had to temporarily stop accepting Louisiana Offshore Oil Port had to temporarily stop accepting 
shipments during both hurricanes. shipments during both hurricanes. 

–– onshore refineries and natural gas processing facilities suffereonshore refineries and natural gas processing facilities suffered d 
heavy damage. heavy damage. 

–– Nearly 2 million barrels per day of refinery capacity were shut Nearly 2 million barrels per day of refinery capacity were shut down, due to down, due to 
either direct damage or interruption of power supplies.either direct damage or interruption of power supplies.

–– As much as 4.9 million barrels per day of refining capacity (neaAs much as 4.9 million barrels per day of refining capacity (nearly 29 percent rly 29 percent 
of U.S. refining capacity and over 60 percent of refining capaciof U.S. refining capacity and over 60 percent of refining capacity in the Gulf ty in the Gulf 
Coast region) were shut down.Coast region) were shut down. Some of the shutdowns were precautionary, Some of the shutdowns were precautionary, 
ahead of the storms.ahead of the storms.

–– Several refineries were damaged extensively, thus keeping them sSeveral refineries were damaged extensively, thus keeping them shut down hut down 
for a relatively long time.for a relatively long time. For example, even as late as October 10, 2005, For example, even as late as October 10, 2005, 
more than 2 million barrels per day of refining capacity were stmore than 2 million barrels per day of refining capacity were still shut down.ill shut down.
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EURO versus the dollarEURO versus the dollar
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Net U.S. Imports of Natural Gas, 1970Net U.S. Imports of Natural Gas, 1970--20252025 
(trillion cubic feet)(trillion cubic feet)
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What Will the Price of Oil BeWhat Will the Price of Oil Be……??
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Who Sets the Price of OilWho Sets the Price of Oil

•• Up to 1974 Up to 1974 –– oil companies set the priceoil companies set the price
•• Up to 1981/2004 Up to 1981/2004 -- OPECOPEC
•• CurrentlyCurrently

–– Traders Traders –– free marketfree market
•• New York Mercantile Exchange (NYMEX), New York Mercantile Exchange (NYMEX), 
•• International Petroleum Exchange in London International Petroleum Exchange in London 
•• Singapore International Monetary Exchange (SIMEX)Singapore International Monetary Exchange (SIMEX)

–– OPEC can have influence over the marketOPEC can have influence over the market
–– FEARFEAR
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Current Market ConditionsCurrent Market Conditions

•• World economy still strongWorld economy still strong
•• China still growingChina still growing
•• Refinery capacity (US) has limited or no Refinery capacity (US) has limited or no 

growth potentialgrowth potential
•• Peak oil?Peak oil?
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What Can Change the Situation?What Can Change the Situation?

•• Oil ShaleOil Shale
•• CoalCoal
•• Natural GasNatural Gas
•• NuclearNuclear
•• ConservationConservation

–– Alternative fuelsAlternative fuels
•• RecessionRecession
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Natural Gas Production, Consumption, and Natural Gas Production, Consumption, and 
Imports, 1970 Imports, 1970 -- 2025 (trillion cubic feet)2025 (trillion cubic feet)
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U.S. Natural Gas Consumption by Sector, U.S. Natural Gas Consumption by Sector, 
19901990--20252025 

(trillion cubic feet)(trillion cubic feet)
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U.S. Dry Natural Gas Production, U.S. Dry Natural Gas Production, 
1990 1990 -- 2025 (trillion cubic feet)2025 (trillion cubic feet)
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Gasoline & Oil Prices
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44%44%

14%14%
15%15%

27%27%

47%47%

18%18%
12%12%

23%23%

Price of OilPrice of Oil

Federal and State TaxesFederal and State Taxes

Refining Costs and ProfitsRefining Costs and Profits

Distributing and MarketingDistributing and Marketing

2003 Average 2003 Average 
Retail Price Retail Price 
$1.53 gallon$1.53 gallon

2004 Average 2004 Average 
Retail Price Retail Price 
$1.84 gallon$1.84 gallon
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Price of OilPrice of Oil

Federal and State TaxesFederal and State Taxes

Refining Costs and ProfitsRefining Costs and Profits

Distributing and MarketingDistributing and Marketing

54%54%

3%3%
17%17%

26%26%

2006 Average 2006 Average 
Retail Price Retail Price 
$2.74 gallon$2.74 gallon
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Oil Production in the LA BasinOil Production in the LA Basin
Historic Oil Production 

(for selected fields)
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Injection / Benchmark elevation
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Definition of ProblemDefinition of Problem
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NE NE –– SW TRANSVERSE CROSS SECTIONSW TRANSVERSE CROSS SECTION
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Location of Compacting StrataLocation of Compacting Strata
•• Direct measurementDirect measurement

–– Collar countingCollar counting
•• Locate the recessed area between coupled casing joints Locate the recessed area between coupled casing joints 
in oil wells with a magnetic locator connected to a cable odometin oil wells with a magnetic locator connected to a cable odometer er 
at the surfaceat the surface
•• Determine casing joint lengths by the differenceDetermine casing joint lengths by the difference
between collar locationsbetween collar locations

•• Compare current joint lengths with original lengths and Compare current joint lengths with original lengths and 
those measured in prior collar surveysthose measured in prior collar surveys
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Identification of Compacting StrataIdentification of Compacting Strata

•• Casing jointsCasing joints
–– 14 meters in length14 meters in length

•• Shortened as much as 36 cm.Shortened as much as 36 cm.

•• Varying compaction measured in Tar, Ranger, Varying compaction measured in Tar, Ranger, 
Upper Terminal, and Lower Terminal zones.Upper Terminal, and Lower Terminal zones.
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Joint Length changes Over Time as a Function Joint Length changes Over Time as a Function 
of Depth and Zoneof Depth and Zone
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Casing Compression Near Center Of Maximum Casing Compression Near Center Of Maximum 
SubsidenceSubsidence
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Prerequisites for SubsidencePrerequisites for Subsidence
•• Reservoir fluid pressures must be lowered.Reservoir fluid pressures must be lowered.
•• Reservoir rocks must be compactable (unReservoir rocks must be compactable (un--cemented) cemented) 
and unable to effectively resist deformation upon a transfer and unable to effectively resist deformation upon a transfer 
of load from the fluid phase to the grain and grain contacts.of load from the fluid phase to the grain and grain contacts.
•• Overburden must lack internal self support.Overburden must lack internal self support.

–– Cannot support itself in place without support from the Cannot support itself in place without support from the 
compacting underlying rock.compacting underlying rock.
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If Conditions Are MeetIf Conditions Are Meet
•• The closer the compacting reservoir rock is to the surface The closer the compacting reservoir rock is to the surface 
the larger the impact.the larger the impact.
•• The larger the area of reservoir affected, the larger The larger the area of reservoir affected, the larger 
the area affect at surface.the area affect at surface.
•• The greater the amount of compaction in the reservoir, The greater the amount of compaction in the reservoir, 
the greater the surface impactthe greater the surface impact
•• ResultsResults

–– Increase in the grain to grain pressure as fluid pressures Increase in the grain to grain pressure as fluid pressures 
are loweredare lowered
–– Consolidation and compaction of reservoir rockConsolidation and compaction of reservoir rock
–– Surface subsides as overburden deforms downwardSurface subsides as overburden deforms downward
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