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Abstract 

 

Integrated static and dynamic uncertainty workflows are a powerful tool for quantifying subsurface risks and guiding decisions during field 

development planning. A multi-disciplinary workflow that incorporates geophysical, geological, and production uncertainties has been 

developed for the Jackdaw discovery, a High Pressure, High Temperature, gas-condensate field in the central North Sea. As a result of high 

well costs and the challenges of operating in extreme sub-surface conditions at depths approaching 19000 ft (5800 m), the exploration and 

appraisal programme, conducted between 2005 and 2012, was recognised as being unable to resolve various key uncertainties. In order to 

progress the development through the decision chain and provide key stakeholders with a robust, reasoned, and accurate resource range, a key 

element in evaluating overall value, the sub-surface team developed innovative approaches to dealing with and quantifying the key 

uncertainties. This workflow draws on a geological model built with PETREL with uncertainty parameters defined within MEPO. In addition 

to modification of geological and petrophysical parameters, each realisation runs additional nested workflows. The first of these nested 

workflows modify the structure of the grid to account for gross rock volume and seismic interpretation uncertainty. The second workflow 

automatically calibrates the generated static model to the available drill stem test data. Each model realisation is simulated with ECLIPSE, with 

results sent back to MEPO for statistical analysis and the generation of probability distribution curves for both GIIP and reserves. Sensitivity 

analysis reveals the key uncertainty on in place volumes in both the appraised and un-appraised fault blocks are the gas-water contacts. 

However recovery from the reservoir is largely controlled by abandonment pressure and permeability. The reservoir comprises a bimodal 

permeability system that is primarily controlled by depositional facies. High permeability turbidite or gravity flow deposits are found within a 

background of low permeability, bioturbated shelfal sand. The shelf sand facies has core measured permeabilities of 0.005–1 mD (air 

permeability). As a result of this low permeability, uncertainty around the Klinkenberg correction factor and vertical permeability can 

significantly impact recovery. 
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Legal Notice  

 Certain statements included in this presentation contain forward-looking information concerning BG 

Group plc‟s strategy, operations, financial performance or condition, outlook, growth opportunities or 

circumstances in the countries, sectors or markets in which BG Group plc operates. By their nature, 

forward-looking statements involve uncertainty because they depend on future circumstances, and relate 

to events, not all of which are within BG Group plc‟s control or can be predicted by BG Group plc. 

Although BG Group plc believes that the expectations reflected in such forward-looking statements are 

reasonable, no assurance can be given that such expectations will prove to have been correct. Actual 

results could differ materially from the guidance given in this presentation for a number of reasons. For a 

detailed analysis of the factors that may affect our business, financial performance or results of 

operations, we urge you to look at the “Principal risks and uncertainties” included in the BG Group plc 

Annual Report & Accounts 2011. Nothing in this presentation should be construed as a profit forecast and 

no part of this presentation constitutes, or shall be taken to constitute, an invitation or inducement to 

invest in BG Group plc or any other entity, and must not be relied upon in any way in connection with any 

investment decision. BG Group plc undertakes no obligation to update any forward-looking statements.  

 No representation or warranty, express or implied, is or will be made in relation to the accuracy or 

completeness of the information in this presentation and no responsibility or liability is or will be accepted 

by BG Group plc or any of its respective subsidiaries, affiliates and associated companies (or by any of 

their respective officers, employees or agents) in relation to it.  
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Agenda 

• Overview 

• Uncertainties 

– What are the major uncertainties 

– Sector Modelling 

– Sensitivity Analysis 

– Full-Field Modelling 

• Conclusions 



• Discovered 2005 

• Appraised 2007-2012 

• Well penetrations in 3 fault blocks 

• -8z provides key datasets 

– DST 

– Core 

• Reservoir 

– High permeability (10-500mD) 

Jurassic turbidites within 

background shelfal sand 

– 16900 psi 

• Lean gas-condensate 

–  25-90 bbl/mscf 

• Full-field recoverable volume 

– 140 – 280 mmboe 

Jackdaw Discovery 



Cornerstone 3D data by permission CGGVeritas 

Jackdaw Discovery 



Jackdaw Discovery 
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Jackdaw Discovery 
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Key Uncertainties 

• Contacts 

• GRV 

– Interpretation in southern portion of structure (the undrilled fault blocks) 

– Depth conversion 

• Shelfal sand facies 

– Permeability 

• Turbidite facies 

– Geometry and extent 

– Proportion away from well control 

– Permeability 

• Sub-seismic faulting 



How to model uncertainties 

• Sector models 

– DST matching and turbidite permeability 

– Turbidite stacking patterns 

– Sub-seismic faulting 

– Dynamic sensitivity analysis 

 

• Full-field modelling 

– Integrated workflow 

– Petrel-MEPO link 

– Output to development decision tools 

 

 

 



Timing and Resourcing 

Seismic GRV WF 

1 Year 

Static Model 
Static 

Sens 

Static 

WF 

Analyse Results Analog / Data Prep 
Dyn 

Sens 

Dyn 

WF 
Integrated WF 

DRA Dev Optimiz 
Grid 

Sens 
Sector Modelling 

Support 



Sector Modelling – DST Matching 

Static Inputs 

Best Match Sector with LGR 



Sector Modelling – Sub-seismic 

Faulting 

XLN 22256



Sector Modelling – Turbidite 

Geometry 



Sensitivity Analysis - Dynamic 

• Undertaken using a reference 

case development strategy 

Shelfal Sand Perm Multiplier

Vertical Perm

FB3 LS Contact

Turbidite Rock Compressibility

Turbidite Poro-Perm Transform

Aquifer Perm

Shelfal Sand Rock Compressibility 

Abandonment Rate

Shelfal Sand Rel Perm 

Fault Transmissibility

FB3 US Contact

Turbidite Rel Perm 

Drawdown

Fault Breakdown Threshold Pressure

Shelfal Sand Perm Multiplier

Vertical Perm

FB3 LS Contact

Turbidite Rock Compressibility

Turbidite Poro-Perm Transform

Aquifer Perm

Shelfal Sand Rock Compressibility 

Abandonment Rate

Shelfal Sand Rel Perm 

Fault Transmissibility

FB3 US Contact

Turbidite Rel Perm 

Drawdown

Fault Breakdown Threshold Pressure

• Range of „sensitivity‟ used in 

full-field uncertainty workflows 



Sensitivity Analysis - Static 

• GIIP uncertainty is largely 

controlled by contacts 

(GRV) 

• Turbidite proportion and 

porosity also important 

(pore volume) 

100 106 118 124112 130948882

Relative to Midcase (%)

Contacts

GRV

Porosity

Lithofacies Prop

FB6 US

FB2 US
Turb Poro

FB6 LS



Full-field Integrated Workflow 

• Develop workflow and uncertainty 

parameters in Petrel 

• Define uncertainty variable ranges 

and distributions in MEPO 

• Use software link to initiate each 

model realisations with results sent 

back to MEPO 

• Analyse results and generate profiles 



The Workflow 

 

Link to MEPO
- Uncertainty variables imported 
from generate MEPO Case

Nested GRV Workflows
- Depth Conversion
- Reservoir Thickness
- South Interpretation

Rebuild new structure 
- Facies Modelling
- Property Modelling

Permeability Transforms

Saturation Height Functions

Define Fluid Models

Saturation Calculations

Set Completions

Fault Transmissibility
Rock Compressibility

Development Strategy

Nested DST Matching Workflow 
and Simulation

Model Simulation



Nested Workflows – GRV Uncertainty 

Depth Conversion 

off-structure 

Southern 

Interpretation 
Reservoir 

Thickness 

• Series of nested workflows combined to modify input datasets 

• Variables ranges and distributions can be modified as required: 

 

 

 

 

 

 

 

 

 

• Results can be QC‟ed via horizon exports, modifications maps, sensitivity 
tornado plots, volumetric histograms 

 

 

 

 

 

 

 

 



Nested Workflows – GRV Uncertainty 

FB2 FB3 

Principle effect – Flapping 

 

Very limited effects 

FB6 

Principal effects negative – interpretation 

uncertainty 

FB5 

Principal effects negative, but not large 

 – interpretation uncertainty main 

contribution 

Geographically distributed uncertainty 

Principle effect – interpretation 

uncertainty 

 

FB7 

Principal effect flapping – western flank 

FB4 



Nested Workflows – DST Matching 



Probabilistic Output 

• Results of ~1000 model 

realisation and simulation 

cases were extracted from 

MEPO 

• Cases screened to meet 

static and dynamic 

GIIP/Reserves criteria 

• Appropriate probabilistic 

profiles selected 



Summary 

• A combination of sector models, sensitivity analysis and full-field modelling has been 
used to quantify a range of subsurface uncertainties which are largely derived from 
sub-optimum datasets 

 

• Range of outcomes centered around a base case 

– Appropriate for drilled fault blocks? 

– Deterministic models for QC 

 

• What about the surprises?  

– Obviously difficult to model 

– Will they help make a development decision? 

 

• Range of modelling profiles can then be used in other decision-based tools. BG 
employs Decision Risk Analysis (DRA) to help optimise development plan. 


