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Disclaimer

Thestatementsand opinionsattributable to the author and/or RISCin this presentationare givenin good faith and in
the belief that suchstatementsareneither falsenor misleading.

In preparingthis presentationthe author hasconsideredand relied solelyupon information in the public domain. This
information hasbeenconsideredin the light ofwL{/Ωǎknowledgeand experienceof the energyindustriesand, in some
instances,our perspectivesdiffer from someof our highlyvaluedclients.

In somecasesthe viewsandopinionsof the authormaydiffer from thoseheldby otherswithin RISC.

RISChas no pecuniaryinterest or professionalfees receivablefor the preparation of this presentation,or any other
interest that couldreasonablybe regardedasaffectingour ability to giveanunbiasedview.

Thispresentationis the copyrightof RISCandmaynot be reproduced,electronicallyor in hard copy,without the written
permissionof RISC.
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wL{/ΩǎServices

Independent, 
comprehensive and 
impartial advice

Identifying critical 
issues and creating 
value

Helping improve 
performance and 
grow value

Revealing opportunities 
and creating value

Explaining value, 
ranges and 
uncertainty

Guiding the 
transaction processes
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Helping resolve 
differences of 
opinion

Pathfinding the 
route to low 
emissions energy

Helping 
responsible 
investment and 
development



What is Reservoir Engineering?

Á Reservoir engineering is the discipline that
assessesand plans the recovery of oil and gas
reservoirs

Á We work with the other disciplines to find
opportunities to optimise the valueof oil and gas
assets

Á Reservoir engineers need to understand the
dynamicsof reservoir rocks, fluids, wells and the
surfacefacilities,all tied together with economics
in mind
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What is Reservoir Engineering?

Reservoirengineersarethe onesto:

Á Createforecastsof oil, gasandwater rates

Á Determinethe number of wells required in a field, the well
typesandlocations

Wework with other disciplinesto optimise:

Á Thefield ratesvscapitalexpenditure

Á Productioncapacityvsgascontractrates
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What is Reservoir Engineering?

Á YouŎŀƴΩǘseeinto the reservoir!

Á Wemeasure,makeassumptions,andcreatemodelsto manageandreduceuncertaintiesin oil andgasrecovery.

Á We continue taking measurements and checking the models against reality, to re-calibrate the models to improve our 
forecasts.
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ωDEV+OPS PLAN

ωDrill

ωOptimise

ωWELL TEST

ωPressure

ωRates

ωPRODUCTION 
FORECAST

ωRecovery

ωFlow Rates

ωSIMULATION 
MODEL

ωReservoir

ωWell

ωSystem
Model Predict

ActMeasure



What are oil and gas?

Á Hydrocarbons are found in a range of states such as gas, oil and 
tar

ï Methane, ethane, etc

Á Oil and gas are not separate, distinct molecules

ï Gas is mostly CH4 but also contains heavier molecules 
(condensate)

ï Oil is mostly molecules of C5+ but also contains significant 
% of CH4 (solution gas)

Á One reservoir can provide multiple sales products
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Reservoir Rocks and Fluids

Á Understandingrocksisnot just for geologists!

Á Hydrocarbonflow is influencedby large+ smallscalerockproperties,by fluid saturationsandpressures.

Á Thephysicalpropertiesof the oil, gasandwater in a reservoirchangeover time:

Á Pressurechangesmostlyoccurin the reservoir(depletion)andin wellbores

ï Initial pressurevarieswidely,but canbe 5000psi. Thisis350x atmosphericpressure!

Á Temperaturechangesmostlyoccurin wellsandproductionfacilities

ï Temperaturescirca200degF. Nearboilingpoint of water!
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Reservoir Rocks and Fluids

Á Basicreservoirrockproperties:

Á Permeability(Darcies) isa measureof aǊƻŎƪΩǎability for fluid to flow

Á Porosity(%) is the proportion of voidspacein rockthat might containoil, gasor water

Á Basicreservoirfluid properties:

Á Viscosity(centipoise)isa measureof aŦƭǳƛŘΩǎresistanceto flow

Á APIGravity(degrees)isa scaleto measurethe densityof petroleumliquids

Á GasExpansionFactor(scf/rcf) measuresgasvolumeat surface,comparedto its volumein the reservoir

Á Condensate-GasRatio(bbl/MMscf). Condensateis liquid at surfaceconditions,but gasin the reservoir
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Reservoir Drive Mechanisms
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Drive mechanisms are the energy sources that transport hydrocarbons from the reservoir to the well.

These are slightly different at every field and rely on the oil, gas, aquifer, pressures and the geometry. 

Primary Drive

First stage of production. This recovers oil and gas using the natural energy in the reservoir

ÁWater drive (aquifer)

ÁGas cap expansion drive

ÁSolution gas drive

ÁGravity drainage

ÁCombination drive



Reservoir Drive Mechanisms
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A cross-section through a reservoir showing the gas cap, oil, water and one well.

Gas expands and pushes oil downward

Oil

WaterWater flows in from 
the aquifer and 
pushes oil upward

Water

Gas cap

Dissolved gas coming out 
of oil

Production 
Well



Reservoir Drive Mechanisms
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! ǿŜƭƭΩǎ ǊŀǘŜ Ŏŀƴ ōŜ ƛƳǇǊƻǾŜŘ ōȅ ǇǳƳǇƛƴƎ όŦƻǊ ƻƛƭ ǿŜƭƭǎύ ŀƴŘ ǳǎƛƴƎ ŎƻƳǇǊŜǎǎƻǊǎ όŦƻǊ Ǝŀǎ ǿŜƭƭǎύΦ

Secondary Drive

Later stage of production. This recovers oil by injecting water or gas into the reservoir

Á It keeps the reservoir pressure high and can sweep oil toward the wells

ÁAn injection well is required, or an old production well can be turned into an injector

Tertiary Drive - Enhanced Oil Recovery (EOR)

Some reservoirs can be enhanced by heating (eg steam injection), chemical injection (viscosity modifiers) or other 
techniques. 

ÁEOR can recover a further 10%, but may be very expensive to implement

ÁNeeds forecasts of production and costs in an economic model (does EOR add value?)



Recovery Factors

Á We will never produce ALL of the oil or gas in a field

Á Microscopic and macroscopic sweep

Á ¢ƘŜ ΨwŜŎƻǾŜǊȅ CŀŎǘƻǊΩ ƛǎ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ƛƴƛǘƛŀƭ ǾƻƭǳƳŜ ǘƘŀǘ ƛǎ ǊŜƳƻǾŜŘ

Á This will depend on the fluid type, drive mechanism, wells, etc
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Fluid Drive Mechanism Recovery Factor

Oil

Solution gas 5% - 30%
Gas cap 15% - 50%

Water drive 30% - 60%
Gravity drainage 15% - 85%

Gas
Aquifer 35% - 65%

Gas expansion (volumetric) 70% - 90%



Oil and Gas E&P Life Cycle

Á The role of the reservoir engineer starts during the Exploration process

Á After a discovery, the reservoir engineer is key during Appraisal, Development  and Production
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Exploration

ωSeismic

ωRegional 
Geoscience

ωDrilling

Appraisal

ωDrilling and Testing

ωInvestment 
Decision

Development

ωDrilling

ωConstruction

ωProduction  
Facilities

Production

ωFlow Wells

ωSell Hydrocarbons

ωReturn on 
Investment

Abandonment

ωRemove and Restore



A Discovery! Then Well Testing

Á A well test is a controlled flow to gather information for
later analysis.

Á We need answers to questions like:

Á Does it flow oil, gas or just water?

Á What flow rates, pressures and temperature?

Á Is it connected to other wells in the field?

Á What is the permeability, and other reservoir 
properties?

Á How large is the reservoir?

Á Samples of the fluids are taken for laboratory analysis.

Á Reservoir Engineers also learn a lot from the changes in 
rates and pressures in the well, even when a well is shut in
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http://www.boisbv.com/wp-content/uploads/2016/03/g-Exeter_Flare2331.jpg



After Exploration - Field Appraisal

Á Appraisal is collecting data to provide an estimate of oil or gas 
recovery.

Á The goal is approval to develop the field

Á May require extra drilling, well testing and data acquisition

Á Key tools

Á Reservoir engineering simulation model to combine 
geoscience, well tests and the development plan  

Á Economic analysis for optimisation
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After Appraisal - Field Development

Á Oncethe field is appraisedand the field looksto
be economic,a FieldDevelopmentPlan(FDP)is
created.

Á Reservoirengineersare closelyinvolvedin every
stageof theŦƛŜƭŘΩǎfuture:

Á Numberandtype of wells

Á Typeof productionfacilities

Á Will injectionor pumpsbe required?

Á Oil,gasandwater productionprofiles

Á Economicsandreserves

Á What/how/when extra information is to
be gathered,and how this may alter the
plans

ï Egaquiferstrength
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http://www.offshoreenergytoday.com/wp-content/uploads/2012/12/Statoil-Makes-FID-for-7-Bln-
Mariner-Development-UK.jpg



After the Development Phase - Production

Á Finally!

Á After yearsof technicalstudies,investmentand
work, the company can start oil and gas
production to generate a return on the
investment.

Á Reservoirengineersnow enact and update the
FDP

Á Haseachwell flowed asexpected?

ï If not, do the models need
recalibrationor does the well need
modification?

Á What can we do to prolong the
productionlife?

Á Whatcanwe do to maximise:

ï Productionrate?

ï Reserves?

ï Profit andValue? 18

http://rsta.royalsocietypublishing.org/content/372/2006/20120448
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Forecasting: Reservoir Simulation

Á Thedynamicreservoirsimulationis a reservoirŜƴƎƛƴŜŜǊΩǎmodel to
integrate all the technical work and plans to create production
forecastsfor a field.

Á The reservoir shape and architecture use the geological
model

Á All existingandplannedwellsare included

Á Themodel is tuned to the historicalproduction, pressures,
changesin the wellsandin the productionfacilities

Á ModellingallowsinvestigationofΨǿƘŀǘƛŦΩscenarios,instead
of usingjust trial anderror in the field

ï Planningfor newwells,secondaryandtertiary recovery

Á Also useful to determine what extra data would help the
most
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http://www.openinventor.com/en/solutions/oil-gas-and-mining/reservoir-modeling-engineering



Reservoir Engineering for Net Zero



Reservoir Engineering applied to Geothermal

Á The 9ŀǊǘƘΩǎinterior stays hot, despite the
weatherat the surface.

Á Geothermal energy relies on drilling wells
into deep reservoirscontaining natural hot
water or steam.

Á This steam can then be used to drive
turbinesconnectedto generators,producing
electricity.

Á Thesteamor hot water can alsobe used in
industryor to heatbuildings.

Á Geothermal energy is a renewable energy
source, with minimal greenhouse gas
emissions.

Á The supply of heat or electricity is stable,
with a project life of 20-30years.

Á It haslow OPEXbut highinitial CAPEX.
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https://archive.epa.gov/climatechange/kids/solutions/technologies/geothermal.html



Reservoir Engineering applied to Carbon Storage

Á Underground carbon storage, also known as geological
sequestration,involvesinjecting CO2 into deep geological
formations.

ï Capturethe CO2 whereit iscreated

ï Transportit viashipsor pipelines

ï Injectdeepundergroundfor permanentstorage.

Á Reservoirengineerswork in integrated multi-disciplinary
teamsto assessstoragesites,managerisks,andpredict the
behaviorof injectedcarbondioxide.

ÁWemakedecisionsabouthow to bestdevelopthe injection
site. The goal is approval to develop the field for CO2
injection which may require extra drilling, well testing and
dataacquisition.

Á Doesthis soundlike the reverseof a productionproject?
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https://oeuk.org.uk/burying-co2-forever-uk-announces-first-licensing-round-for-up-to-100-geological-storage-sites-for-permanently-storing-co2/



Reservoir Engineering applied to Carbon Storage

Á CO2 is injected into geologicalstructures: deep saline aquifers, or
depletedoil andgasreservoirs.

Á Keycharacteristicsof a storagesite include:

Á Capacity. HowmuchCO2 canbestored?

ï 20-50million tonnes

Á Injectivity. What injectionratesarepossible?

ï 1-2 million tonnesper year

Á Containment. Whatarethe risksof potential leakage?

ï Detailedstudies,laboratorywork,seismicmonitoring

Á CO2 hascomplexphysicalandchemicalbehaviours:

ï Above the critical point (31°C, 73.8 bar) CO2 exists as a
supercriticaldense phase,with gas-like viscosityand liquid-like
density.

ï Belowthe criticalpoint it canexistasgasor liquid.

ï CO2 candissolvein the saltywatersof the subsurface
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https://supercriticalfluid.net/supercritical-fluids/



Oil and Gas Reserves


