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Presentation Outline Presentation Outline 

R i f th t h t d lliR i f th t h t d lliReview of the systems approach to modellingReview of the systems approach to modelling

Some example calculations for the Latera site Some example calculations for the Latera site pp
undertaken in collaboration with BGS and the undertaken in collaboration with BGS and the 
University of Rome with funding from the UK University of Rome with funding from the UK 
Government (BERR)Government (BERR)Government (BERR)Government (BERR)

Key Issues for environmental impactsKey Issues for environmental impactsy py p



Systems ModellingSystems Modelling



FEPs FEPs 

“A key activity in the development of“A key activity in the development ofA key activity in the development of A key activity in the development of 
performance and safety analyses is the performance and safety analyses is the 

comprehensive identification of potentially comprehensive identification of potentially 
relevant factors, often termed: Features, relevant factors, often termed: Features, 

Events and Processes (FEPs)”Events and Processes (FEPs)”



The Systems ApproachThe Systems Approach

External FEPs generateExternal FEPs generate 
scenarios

System 
BoundaryBoundary

Interacting 
Features, Events 
and Processes 

(FEPs)





Model Types Model Types 

Reservoir simulation models can represent in detail Reservoir simulation models can represent in detail 
transport of carbon dioxide at depthtransport of carbon dioxide at depthtransport of carbon dioxide at depthtransport of carbon dioxide at depth

‘Impacts’ models can represent potential consequences of ‘Impacts’ models can represent potential consequences of 
b di id t t t th ibl i tb di id t t t th ibl i tcarbon dioxide transport to the accessible environmentcarbon dioxide transport to the accessible environment

Systems Models represent the important FEPs for the Systems Models represent the important FEPs for the y p py p p
system as a whole, using information gained from detailed system as a whole, using information gained from detailed 
modelling of particularly parts of the systemmodelling of particularly parts of the systemLL1
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The Use of Systems Models The Use of Systems Models 

They can help identify key areas of They can help identify key areas of uncertaintyuncertainty in the in the 
system as a whole, helping to define R&D requirements: system as a whole, helping to define R&D requirements: syste as a o e, e p g to de e & equ e e tssyste as a o e, e p g to de e & equ e e ts
what are the key issues for assessing potential what are the key issues for assessing potential 
environmental impacts for the chosen site?environmental impacts for the chosen site?

The The timescalestimescales considered (typically several thousand considered (typically several thousand 
years) will generally be much longer than those relevant years) will generally be much longer than those relevant 
to operational safety studies.to operational safety studies.p yp y

FEP auditsFEP audits can be used to document how all the can be used to document how all the 
important issues have been dealt withimportant issues have been dealt withimportant issues have been dealt with. important issues have been dealt with. 



The Latera SiteThe Latera Site



Why Model Latera? Why Model Latera? 

Latera is a natural analogue site in ItalyLatera is a natural analogue site in Italy

Producing models for such sites provides valuable Producing models for such sites provides valuable 
experienceexperience for methodology developmentfor methodology developmentexperienceexperience for methodology development for methodology development 

If we can represent the key features of natural If we can represent the key features of natural 
systems, this gives confidencesystems, this gives confidence in our ability to be in our ability to be 
able to produce models for COable to produce models for CO22 storage sitesstorage sites

It enables us to address key issues, such as how to It enables us to address key issues, such as how to 
represent ecosystems represent ecosystems 



Example Calculations Example Calculations 

Undertaken using Quintessa’s QPAC generalUndertaken using Quintessa’s QPAC general--
purpose modelling softwarepurpose modelling softwarepurpose modelling softwarepurpose modelling software

SemiSemi--quantitative comparisons with experience onquantitative comparisons with experience onSemiSemi quantitative comparisons with experience on quantitative comparisons with experience on 
nearnear--surface processessurface processes

Investigating the statistical distribution of ventsInvestigating the statistical distribution of vents

D t il d i ith t t i lD t il d i ith t t i lDetailed comparisons with measurements at a single Detailed comparisons with measurements at a single 
ventvent



COCO22 Transport at LateraTransport at Latera
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NearNear--Surface Processes with a ‘Weak’ Surface Processes with a ‘Weak’ 
Geosphere FluxGeosphere FluxGeosphere FluxGeosphere Flux
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NearNear--Surface Processes with a ‘Strong’ Surface Processes with a ‘Strong’ 
Geosphere FluxGeosphere FluxGeosphere FluxGeosphere Flux
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MultiMulti--vent Calculationsvent Calculations

A stochastically generated permeability field wasA stochastically generated permeability field wasA stochastically generated permeability field was A stochastically generated permeability field was 
used for the nearused for the near--surface environment to represent surface environment to represent 
heterogeneous deposits.  heterogeneous deposits.  

The pattern/scale of venting is consistent with The pattern/scale of venting is consistent with 
observationsobservationsobservations.   observations.   



Calculated COCalculated CO22 HeadsHeads



Modelling the EcosystemModelling the Ecosystem

Currently restricted to plants  Currently restricted to plants  

The plant model represents the transport of C in the plant and The plant model represents the transport of C in the plant and 
soil talking account of respiration and photosynthesissoil talking account of respiration and photosynthesis

Seasonal variations are includedSeasonal variations are included

Fertilisation effects are seen first and than toxic effects are seen Fertilisation effects are seen first and than toxic effects are seen 
at higher COat higher CO22 fluxes    fluxes    

LL2
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Illustrative Calculations: Effects on Illustrative Calculations: Effects on 
Vegetation (200m x 200m )Vegetation (200m x 200m )Vegetation (200m x 200m )Vegetation (200m x 200m )

          

                    

          

          

          

          

          

          

          

                    

 

Light green = ‘normal’ growth
Dark green = fertilisationDark green = fertilisation
Brown = reduced growth or plant death

LL4
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LL4 Whilst colour choice is very logical, could be issues with any colour blind people in the audience.
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Single Vent ModellingSingle Vent Modelling
6 m diameter vent, 50 m transect6 m diameter vent, 50 m transect
Simulated 3 locationsSimulated 3 locations

SiteSite DD88 DD1111 DD4848

SoilCOSoilCO22 flux (kg COflux (kg CO22 mm--22 dd--11)) 0.250.25 0.110.11 0.0020.002

Soil COSoil CO22 concentration at various depths concentration at various depths 
below the surface (%)below the surface (%)

10 cm10 cm 3434 1212 0.40.4

20 cm20 cm 2828 1919 0.30.320 cm20 cm 2828 1919 0.30.3

50 cm50 cm 6262 3636 1.01.0

80 cm80 cm 9393 8787 2.02.0

SimulatedSimulated 3737 2121 0.60.6

Vegetation composition (%)Vegetation composition (%) FullFull 3131 62.562.5 100100

DieDie--backback 2525 35.035.0 00

BareBare 4444 2.52.5 00

Vegetation biomass as a percentage of Vegetation biomass as a percentage of 
optimum biomass (%)optimum biomass (%)

EmpiricalEmpirical 4444 8080 100100

SimulatedSimulated 4343 7777 100100



SummarySummary

The QPACThe QPAC CO2 systems model has been able toCO2 systems model has been able toThe QPACThe QPAC--CO2 systems model has been able to CO2 systems model has been able to 
reproduce key features of the Latera system.reproduce key features of the Latera system.

Further work is currently being undertaken with BGS Further work is currently being undertaken with BGS 
and the University of Rome under the CO2GeoNet and the University of Rome under the CO2GeoNet 
frameworkframeworkframework.framework.

There will be a final report at the end of the year andThere will be a final report at the end of the year andThere will be a final report at the end of the year and There will be a final report at the end of the year and 
a paper on this topic to GHGTa paper on this topic to GHGT--9.9.



Key Issues for Environmental Key Issues for Environmental 
ImpactsImpactsImpactsImpacts



Key IssuesKey Issues

We need to get more We need to get more experienceexperience modelling whole systems.  modelling whole systems.  gg pp g yg y
Quintessa is working on a ‘generic’ systems level model in the Quintessa is working on a ‘generic’ systems level model in the 
CO2ReMoVe project with the aim of subsequently applying this CO2ReMoVe project with the aim of subsequently applying this 
to specific sites. to specific sites. 

Current we don’t have any clearly defined Current we don’t have any clearly defined end pointsend points for for 
comparison with regulatory criteria: peak local fluxes, comparison with regulatory criteria: peak local fluxes, p g y p ,p g y p ,
agricultural losses, groundwater quality…?agricultural losses, groundwater quality…?

We will have to decide the appropriateWe will have to decide the appropriate level of complexitylevel of complexity forforWe will have to decide the appropriate We will have to decide the appropriate level of complexitylevel of complexity for for 
terrestrial and aquatic ecosystem modelling.terrestrial and aquatic ecosystem modelling.


