
Review of Fault Seal in the Exmouth Sub 
Basin, North West Australia 

Titus Murray and William L. Power
Southern Highlands Structural Geology NSW 

Power Geoscience WA



Science is not a Popularity Contest



Complex Models Don’t Solve Uncertain Problems

• Trapping of hydrocarbons over geologic 
timescales (100,000’s of years to Millions of 
years).



Reproducibility in Subsurface Geoscience

• Trapping of hydrocarbons over geologic 
timescales (100,000’s of years to Millions of 
years).

• In all our studies we use open file data so you can 
check our statements!



Standing on the Shoulder of Giants

• Trapping of hydrocarbons over geologic 
timescales (100,000’s of years to Millions of 
years).

• In all our studies we use open file data so you can 
check our statements!

• We can only make our observations because of 
the work of many authors.



Ironbark Prospect NW Australia

Mungaroo TR17 Depth Map

Glatton 1

Brigadier 1

Actual
Banambu1

Banambu Deep1

Cue Energy Investor Pack



Dry Well Due to Lack of Lateral Seal

• SGR forecast big columns.

TR-19 Footwall

TR-17 Footwall

TR-14 Footwall

TR-30 Footwall



Dry Well Due to Lack of Lateral Seal

• SGR forecast big columns.
• Predict “dry-well” despite;

– A charge is almost certain,
– The reservoir is highly likely,
– Top Seal is highly likely, thick
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TR-14 Footwall

TR-30 Footwall



Dry Well Due to Lack of Lateral Seal

• SGR forecast big columns.
• Predict “dry-well” despite;

– A charge is almost certain,
– The reservoir is highly likely,
– Top Seal is highly likely, thick

• Pre-drill predicted failure lack of reservoir gave a 0.27 Pg

TR-19 Footwall

TR-17 Footwall

TR-14 Footwall

TR-30 Footwall



Between Explorer and Shareholders



Faulting and Ground Water 

Coal seam gas impact on water security key issue for Gloucester residents 
Michael McGowan Newcastle Herald 2014



Murray TA, Power WL 2021. Information Guidelines Explanatory Note: 
Characterisation and modelling of geological fault zones. 
Report prepared for the Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining Development through the Department of 
Agriculture, Water and the Environment, Commonwealth of Australia 2021’.





Stochastic Fault Seal and Trap Analysis



Model for Hydrocarbon Migration and 
Entrapment Within Faulted Structures

A Foot Wall

B Foot Wall

... a fault is neither a seal or a conduit. 
Therefore the effects of faulting and on 
both migration and entrapment 
depends on the … strata juxtaposed by 
the fault … Allan 1989
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Model for Hydrocarbon Migration and 
Entrapment Within Faulted Structures

A Foot Wall

B Foot Wall
A Hanging Wall

B Hanging Wall
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... a fault is neither a seal or a conduit. 
Therefore the effects of faulting and on 
both migration and entrapment 
depends on the … strata juxtaposed by 
the fault … Allan 1989

This can be done in Excel or with Pencil and Paper



Fault  Displacement & Throw Profile

• Length
• Maximum throw 
• Symmetry

Murray et al 2019 



Stratigraphic Thickness and Seal Character

• Reservoirs
• Seals
• Thief zones (permeable over 

geologic time)

Thickness and VShale values are 
described using statistical 
distributions

20%
90%Seal

Thief

Seal

Reservoir

Seal

Thickness

30%
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10%

85%

VShale

Reservoir

Thief

90%

Murray et al 2019 



Stochastic Trap Analysis
• One Fault Block at a time
• Each fault block can have one or more faults 
• Monte Carlo Simulation produces 10,000 Allan maps/fault – and varies: 

– Spill point elevation 
– Crest elevation 
– Fault geometry
– Stratigraphic thicknesses
– VShale
– Hydrocarbon specific gravity

• For each Allan Map, the Juxtaposition and SGR leak points are calculated/found

Geometric

Stratigraphic

Hydrocarbon

Murray et al 2019 



Validation Process

• For each fault block and for each Monte Carlo instance, the 
juxtaposition and SGR predictions levels are compared to the 
structural spill point

• Distributions of the HWC levels and the column heights are created

• The modelled HWC Observed HWC

Fault A Controls 
HWC (%)

Fault B Controls 
HWC (%)

Block is filled 
to spill (%)

Comparison

Murray et al 2019 



Ling Gu Case Study (Malay Basin)

Data from James et al (2004) 

C
A



Ling Gu Faults

Murray et al 2019 



Ling Gu SGR over predicts most of the time

Crest -1305

Independently Obs HWC -1385

Fill to Spill -1425

Mean Error 6 m StdDev 6.4 m Mean Error 42 m StdDev 9.6 m

Error 6 m

Error 42 m

Murray et al 2019 



West Fault P50 Allan Map

Reservoir-Reservoir Juxtaposition

HW Reservoir

FW Reservoir

Observed 
HWC

Fill to Spill

Crest

Murray et al 2019 



Prediction 
Error Reservoir

Juxtaposition Juxtaposition 
plus SGR

Mean Std Dev Mean Std Dev
Ling Gu A Sand 6.0 6.4 42.0 9.6
Corallina Laminaria 20.2 13.7 141.7 32.9

Dory Leman 13.2 0.3 272.7 42.1
Minerva Minerva 16.3 21.0 40.2 36.5

Se
a 

H
or

se N0-N1 10.1 7.3 26.0 40.2
N2_3 3.0 2.2 23.3 50.0
N2_6 5.0 4.7 76.0 63.0

P1 5.1 3.4 7.6 19.1
Griffin Zeepard 8.1 6.5 12.1 12.9

Summary – Prediction Errors for 6 Case Studies

Murray et al 2019 



Subset of Global Practice
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SGR Seal Threshold



SGR >20% Continuous Smear

Yielding et al 2002



http://www.gigapan.com/gigapans/160733

Strike section 
~5-10m throw

Airport Road Miri 

• Along strike mapping fault rock. 
• Same throw and stratigraphy.`



http://www.gigapan.com/gigapans/160733

Strike section 
~5-10m throw

Airport Road Miri 

flow barrier

After Yielding 2002

Gouge

Th
ro

w
 w

in
do

w
 t

Vsh5 Δz5

Vsh4 Δz4
Vsh3 Δz3
Vsh2 Δz2
Vsh1 Δz1

SGR =∑(Vsh) Δz / t x100%

http://www.faultseal.com/pages/refnc.html
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Miri Sarawak

http://www.gigapan.com/gigapans/160802



Miri Sarawak Fault Rock



Miri Sarawak Fault Rock

• Along strike mapping fault rock. 
• Same throw and stratigraphy.
• Map how thin not how thick!

https://sketchfab.com/
sunlight gardens

flow barrier

After Yielding 2002

Gouge

Shale Gouge Ratio (SGR) Algorithm

Th
ro

w
 w

in
do

w
 t

Vsh5 Δz5
Vsh4 Δz4
Vsh3 Δz3
Vsh2 Δz2
Vsh1 Δz1

SGR =∑(Vsh) Δz / t x100%

https://sketchfab.com/
http://www.faultseal.com/pages/refnc.html


Gabriel Watson PhD Mt Messenger NZ

• Outcrop data for nearly 200 small faults … compared 
with (CSP, SSF and SGR)

…
• Implications of outcrop observations of small faults for 

the utility of fault-seal algorithms show no correlation 
with the occurrence of discontinuous and non-
smears. 

• Comparison of fault-rock thickness measurements and 
fault-seal estimates from the three algorithms indicate 
that the algorithms do not reproduce the short 
wavelength (<0.5 m) up to order of magnitude variations 
in fault-rock thickness, most likely due to the 
calculations being based off only two variables. 

• The algorithms are not designed to identify 
locations of minimum fault-rock thickness on the 
fault surface despite these being the most likely 
sites of across-fault flow. 



Compare SGR & Juxtaposition



Mean 54m 
(stdev 14)

Mean 14.9 
(stdev 8.4)

Mean 18.2 
(stdev 29)

Petrel Model: Juxtaposition Outperforms SGR





WABS 2013
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Vincent
Field OWC Variance
Vincent 1 -1314.7 -3.7

2 -1314.5 -3.5

3 -1310.8 0.2

Theo 1 -1309.4 1.6

Van Gough 11-H -1305.4 5.6



Vincent

60.4% chance of Fault_West_South controlling OWC
• OWC: Mean -1309.5 m, Standard Deviation 8.5 m
• Error: Mean 7.3 m, Standard Deviation 6.0m
39.6% chance of Fault_West_North controlling OWC
• OWC: Mean -1316 m, Standard Deviation 9.7 m
• Error: Mean 11 m, Standard Deviation 9.2 m

Field OWC Variance
Vincent 1 -1314.7 -3.7

2 -1314.5 -3.5

3 -1310.8 0.2

Theo 1 -1309.4 1.6
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OWC



Vincent

60.4% chance of Fault_West_South controlling OWC
• OWC: Mean -1309.5 m, Standard Deviation 8.5 m
• Error: Mean 7.3 m, Standard Deviation 6.0m
39.6% chance of Fault_West_North controlling OWC
• OWC: Mean -1316 m, Standard Deviation 9.7 m
• Error: Mean 11 m, Standard Deviation 9.2 m

Mean Error 8.8m

Field OWC Variance
Vincent 1 -1314.7 -3.7

2 -1314.5 -3.5

3 -1310.8 0.2

Theo 1 -1309.4 1.6

Van Gough 11-H -1305.4 5.6

OWC



Vincent



Vincent



Vincent



Pressure





Tabu Field, Malaysia, reservoir connectivity analysis





Coniston Novara Crumnock

Copyright FaultSeal Finance Pty Ltd 2019



Field OWC Variance

CONISTON 1 -1262.5 -0.80

2 -1260.6 1.10
3 -1261.9 -0.20

4ST1 -1257.0 4.70
5 -1257.8 3.90
6 -1265.5 -3.80

7 -1263.7 -2.00

9 -1264.6 -2.90

15 -1262.5 -0.80

Novara 1 -1270.0 -8.30

2 -1259. 2.10

3 -1266.0 -4.30
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Fault Seal Model Proposed



Fault Seal Model



Why Underfilled?



Groundwater, CO2, Toxic and Rad Waste

• Getting it wrong with Oil and Gas 
is an issue for us and the 
shareholders



Groundwater, CO2, Toxic and Rad Waste

• Getting it wrong with Oil and Gas 
is an issue for us and the 
shareholders

• Getting it wrong with CCS, 
Groundwater and waste is an 
issue with regulators and society.



Public Trust

• Getting it wrong with Oil and Gas 
is an issue for us and the 
shareholders

• Getting it wrong with CCS, 
Groundwater and waste is an 
issue with regulators and society.

• Publications/algorithms must 
include data allowing 
invalidations



Conclusions
• If juxtaposition works why use 

SGR?

http://www.gigapan.com/gigapans/160733



Conclusions
• If juxtaposition works why use 

SGR?
• Key control on fluid contacts 

the interplay between 
– Displacement 
– Stratigraphic seal 

thickness
http://www.gigapan.com/gigapans/160733



Conclusions
• If juxtaposition works why use 

SGR?
• Key control on fluid contacts 

the interplay between 
– Displacement 
– Stratigraphic seal 

thickness
• Faults have uncertainty and  

complexity thus it is vital to 
use geological valid stochastic 
modelling. 

http://www.gigapan.com/gigapans/160733







Faults in Devonian Kelly’s Nobb
Kimberley 

North West Australia
Sketchfab.com

Thanks to co-authors and customers who funded R&D 

Questions



Value of Open File Data Sets



Published Stratigraphy



NPD Public Data Not In the Publication



NPD Public Data Not In the Publication

Good reservoir



Now Where is the Reservoir?

Good reservoir Good reservoir



Map and Reservoir!

DST above 
and below 

the mapped 
surface

Map Ties – same level, but not at the BCU, not at “Top Reservoir”



Sequence Stratigraphy
Stratigraphic Study by Løseth et 

al 2009
Well 13 Drilled 1991 Well 14 Drilled 1993



Tarbert Stratigraphy



Anonymised Pressure Data
Well 14 – Hanging wall

Vertical Position Not Shared in Publications

Well 13 – Footwall



Wells Drill 92 & 93
NPD Pressure Data Available 94 and 95

Good 
Gradients Scatter

Well 13 Footwall Well 14 Hanging Wall



Omission of Tight Tests

Tight Tests
Well 14

(Vertical Only)

Well 13 Footwall Well 14 Hanging Wall



Pressure data

Well 13 
Clear Oil 
Gradient

Well 14 Limited 
Support for a 
Gas Gradient

Gas 
Gradient?



WHOW Moment

Water 
Gradient 
in Wells 
7,8,10



Pressure data

Is this real?Water 
Gradient?

Well 13 
Clear Oil 
Gradient

Well 14 Limited 
Support for a 
Gas Gradient

Gas 
Gradient?



AFPD Calculations

?
Water?

One Point Gas?



FaultSeal or Stratigraphy 



Copyright FaultRisk Pty Ltd 2019



Thought Experiment
• Think of a trap that has: 

– 100Million Barrels of Oil.
– Trapping 10Million years.

• Fault Trap:
– 1km long, 
– reservoir 10m thick.

• Juxtaposition area ~1 Hectare (10,000m2) 
• Lose 10 barrels /year (1590lyear) will drain the field
• Equates to 4.3l/ha/day.
• Proponents of membrane seal invoke capillary 

seal.  
Miri Sarawak

Malaysia

Top Seal

Top Seal

Fault Leak Point
Controlled Column

Thief 
Zone

Im
pe

ria
l C

al
ve

rt 
6’

©FaultRisk February 2019



Geologic Processes vs Engineering

• Compare 4.3l/ha/day
• Victorian Government design code for municipal waste 

– Less than 0.3m head (significantly less pressure than an Gas field)
– Aim for leakage of less than 10l/ha/day
– Containment of leachate for decades, at least 30 years.

State Circle 
Canberra ACT

~2
5c

m

©FaultRisk February 2019



Geologic Processes vs Engineering

• Compare 4.3l/ha/day
• Victorian Government design code for municipal waste 

– Less than 0.3m head (significantly less pressure than an Gas field)
– Aim for leakage of less than 10l/ha/day
– Containment of leachate for decades, at least 30 years.

https://waste-management-world.com/a/specialist-concrete-
lining-at-900-000-cubic-metre-landfill-cell-in-herts-uk

State Circle 
Canberra ACT

~2
5c

m

©FaultRisk February 2019
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A4 - Fault Zones?

• 50m Throw Fault Core
– length 2500-5000m
– ~ 20m damage zone
– ~ 0.5m fault core 

• 300mm A4 Paper
– 0.05mm thickness

Definition and classification of fault damage zones: A review and a new methodological approach 

Child et al

Schultz et al



Fault Flow

• Connection between two aquifers
– 2000m long
– 20m throw fault along length of the fault.
– 5m thick aquitard
– 0.5m Very Thick fault rock ( Miri 0-0.17m)

• Across fault area 
– Area 20m x 2000m = 40,000m2

– Tkf 0.5m

• Up fault 
– Area (A) 2000m x 0.5m = 1,000m2 

– Tkf 5m

Z

Across fault flow 800 times greater than up fault flow
Fault Length Dominant Term

𝑞𝑞 = 𝑘𝑘𝑓𝑓
0.5

40,000 ∆𝑃𝑃
𝜇𝜇

µ
PA

F
k

q f ∆
=

𝑞𝑞 = 𝑘𝑘𝑓𝑓
5

1000 ∆𝑃𝑃
𝜇𝜇



Model for Hydrocarbon Migration and 
Entrapment Within Faulted Structures

A Foot Wall

B Foot Wall
A Hanging Wall

B Hanging Wall

... a fault is neither a seal or a conduit. 
Therefore the effects of faulting and on 
both migration and entrapment 
depends on the … strata juxtaposed by 
the fault … Allan 1989



Perched and Breakover

Reservoir Connectivity Analysis
Defining Reservoir Connections and Plumbing 

P. Vrolijk etal 2010

Perched



Copyright FaultRisk Pty Ltd 2019



Corallina Timor Sea

Drilled by Woodside in 1990’s –
underfilled with a paleo oil column

https://nopims.dmp.wa.gov.au

Copyright FaultRisk Pty Ltd 2019



Corallina OWC Thought to be Stress Related 

Castillo et al (2000). 
Trap integrity in the Laminaria High-Nancar Trough region

Ciftci et-al 2010 
Time-transgressive fault evolution and its impact on trap 
integrity: Timor Sea examples

Dyt et al 2011
Automating conceptual models to easily 
assess trap integrity and oil preservation 
risks associated with fault reactivation 

Copyright FaultRisk Pty Ltd 2019



Look at the Mud Logs

Key observation is that there are elevated mud gas in the Echuca Shoals 

https://nopims.dmp.wa.gov.au/Nopims/GISMap/Map

Copyright FaultRisk Pty Ltd 2019



Source Rock Thief Zone

Key observation is that there are elevated mud gas in the Echuca Shoals 

Copyright FaultRisk Pty Ltd 2019



Lack of Charge (SGR) Error

Error of 110M

Copyright FaultRisk Pty Ltd 2019



Juxtaposition Better than SGR
Error of 11.2m Error of 110M

Copyright FaultRisk Pty Ltd 2019



Juxtaposition not Stress 
Error of 11.2m Error of 110M

Reactivation leak point error approximately 57 m (de Ruig et al 2000). 

Copyright FaultRisk Pty Ltd 2019



P50 Allan Map South Fault 

West

East

10m Error

J0 Hangingwall

Copyright FaultRisk Pty Ltd 2019



Underfilled SGR Trap

Predicting The Dry Well



Dry Well Fannie Bay 

Well Penetration 



Dry Well Vidalia

Well Penetration Attic



Enfield

Copyright FaultRisk Pty Ltd 2019





Enfield 3

Enfield 2

Enfield 4

Enfield 1

Enfield 5



Enfield 3

Enfield 2

Enfield 4

Enfield 1

Enfield 5



Enfield 3

Enfield 2

Enfield 4

Enfield 1

Enfield 5







How About All the Literature

April 2020



AAPG Fault Seal Papers
• Since 1989 AAPG have published 92 papers with key words “fault seal”
• 15 of these cover outcrop analogues
• 77 remain:

– 37 use unreferenced data that is not available 
– 18 reference Allan (1989)
– 14 have Allan maps and/or structure maps
– 13 have independently observed HWC (post drilling)
– 12 have lithology/stratigraphic information

• Only two have sufficient information to apply the stochastic trap analysis
– James et al (2004)  - Ling Gu
– Brincat et al (2006) - Griffin



Geological Society Journals
• Since 1989 GSL have published 116 journal with key words “fault seal”
• 15 of these cover outcrop analogues
• 63 remain:

– 30 use unreferenced data that is not available 
– Only 11 reference Allan (1989)
– Only 6 have Allan maps and/or structure maps
– Only 11 have independently observed HWC (post drilling)
– Only 17 have lithology/stratigraphic information

• Only one has sufficient information to apply the stochastic trap analysis
– Cobra in Bretan 2017

• A worked example was produced in 2016 on our web site illustrating that 
juxtaposition produces a very good result

• We are waiting on the current paper to publish a reply to Bretan 2017
Juxtaposition Error
-Premier Map 4.4m
-E.EoN Map 6.4m 



Katnook Field

Copyright FaultRisk Pty Ltd 2019



Katnook Field 

• In the Karolyte etal paper a 
“cartoon” map and cross section 
are provided, along with a 3D 
representation of an Allan Map

April 2020



Katnook Field Fault Seal

• Series of fault bounded gas 
fields in the Pretty Hill 
Sandstone.

• Thick Laira formation acts as a 
top seal.

• Significant thickness changes 
across a series of growth 
faults. 

https://www.researchgate.net/publication/26096
2517_Subsurface_plumbing_of_the_Crayfish_
Group_in_the_Penola_Trough_Otway_Basin



25m

14m

Redman-1

Katnook 1

Katnook 2

Ladbrook Grove 1

Haselgrove 1

Published Map

• It is common that improving maps enhances trapped 
area and thus gross rock volumes.

Pyrus

Redman-1

Katnook 1

Katnook 2

Ladbrook Grove 1

Haselgrove 1

Pyrys Fault

Ladbroke Grove Fault

Katnook Fault

Limestone
Didge

Balnaves

Zema

Wynn2



Revision Displacement Profiles
• A key part of the FaultRisk approach is to 

ensure that faults have a consistent 
displacement profile. 

• Most of the faults were too shallow.

April 2020

Throw

Heave

Throw 
Profile

Katnook Fault

Sp
lit

East West

Seismic Resolution



Revision Displacement Profiles

• In many cases the faults needed 
to be edited and split to improve 
the displacement geometry.

April 2020

Throw

Heave

Throw 
Profile

Pyrus Fault

Split

EastWest

Seismic Resolution



Revision Displacement Profiles

• Revision of the fault profiles improves 
– Length throw ratio 
– Displacement Profiles
– Fault Dip

Before

After

Normalized Displacement

Before After



25m

14m

Pyrus

Redman-1

Katnook 1

Katnook 2

Haselgrove 1

Opportunity to Improve Volumes

• It is common that improving maps enhances trapped area and thus gross rock 
volumes.

• With very large heave errors modification of the map may be necessary. 

Redman-1

Katnook 1

Katnook 2

Ladbrook Grove 1
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25m

14m

Pyrus

Redman-1

Katnook 3

Katnook 2

Ladbrook Grove 1

Haselgrove 1

GWC Mistie

• Boult et al 2005 stated that Ladbroke Grove and Haselgrove are both filled to spill.
• The recent paper suggested that the structures were underfilled (Purple).
• There is a Signiant miss-tie with the map and the observed GWC for the Ladbroke Grove trap.
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• The map also has a significant miss-tie with the vertical wells.
• Combining the spill point and well tie errors gives an average 36m error.
• The recent paper suggest 15m of of fault seal for the Katnook field to the south
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Zema Drilled on 1990’s 2D Seismic

April 2020

2000-2009 
Seismic

Maps made with Haselgrove and Balnaves 3D plus 2Ds

St George
3D

Balnaves 3D

Haselgrove 3D
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FaultRisk Results

• It is important to do an analysis on all the fields not just one!
• There are issues with the maps but by introducing an 10-40-50m error in the base of 

the top seal it can be shown that the fields are filled to fault juxtaposition leak points.

Zema
Not Valid
Trap



25m

14m

Pyrus

Redman-1

Katnook 3

Katnook 2

Ladbrook Grove 1

FaultRisk Results

• It is important to do an analysis on all the fields not just one!
• There are issues with the maps but by introducing an 10-40-50m error in the base of 

the top seal it can be shown that the fields are filled to fault juxtaposition leak points.

Zema
Not Valid
Trap

Ladbroke 45m underfilled
Depth mistie



25m

14m

Pyrus

Redman-1

Katnook 3

Katnook 2

Ladbrook Grove 1

FaultRisk Results

• It is important to do an analysis on all the fields not just one!
• There are issues with the maps but by introducing an 10-40-50m error in the base of 

the top seal it can be shown that the fields are filled to fault juxtaposition leak points.

Redman
12mZema

Not Valid
Trap

Ladbroke 45m underfilled
Depth mistie



25m

14m

Pyrus

Redman-1

Katnook 3

Katnook 2

Ladbrook Grove 1

FaultRisk Results

• It is important to do an analysis on all the fields not just one!
• There are issues with the maps but by introducing an 10-40-50m error in the base of 

the top seal it can be shown that the fields are filled to fault juxtaposition leak points.

Redman
12m

Haselgrove
4m

Zema
Not Valid
Trap

Ladbroke 45m underfilled
Depth mistie



25m

14m

Pyrus

Redman-1

Katnook 3

Katnook 2

Ladbrook Grove 1

FaultRisk Results

• It is important to do an analysis on all the fields not just one!
• There are issues with the maps but by introducing an 10-40-50m error in the base of 

the top seal it can be shown that the fields are filled to fault juxtaposition leak points.

Redman
12m

Haselgrove
4mKatnook

13m

Zema
Not Valid
Trap

Ladbroke 45m underfilled
Depth mistie



Summary

• Good geology can improve field 
volumes.

• Juxtaposition leakage explains 
– Redman mean 12m error 8.6Stdev
– Hazelgrove mean 3.9m error 3.2Stdev
– Katnook mean 13.2m error 9.7Stdev
– Ladbroke Grove underfilled due to mapping 

error 
• Its vital to get depth conversion right, 
• Map need to tie the wells.
• Doing fault and trap analysis means 

sweating the little things.

April 2020
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Shell Nun River
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Publication confusion: Nun River Field 

• Bouvier et al 1989 Allan Maps? 

150m



Bouvier 1989 Inherent Uncertainties 
Footwalls with Known HC 
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Based on SP



Allan Maps don’t work & based on SP
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Boggy Creek 

• In the Karolyte etal paper a 
“cartoon” map and cross section 
are provided, along with a 3D 
representation of an Allan Map. 

April 2020



Boggy Creek Field 

• The Boggy Creek well 
completion report well log 
shows; 

• An 83m thick Warre
formation and 159m 
intersection with the 
Eumeralla Formation

April 2020



Boggy Creek Field 

• A quick and simple review of 
the lithology, gamma ray (GR) 
and latralog shows 

• The Eumarella formation has a 
high GR and very little mud 
fluid infiltration.

• Based on the logs presented 
that Eumarella would appear to 
be a base seal to the Warrre
formation.

April 2020



Naylor Field 

• The Naylor 1 well is 
provided in the in the Santos 
Buttress Creek well 
proposal. 

• As with Boggy Creek well 
the Eumarella formation has 
a high GR and very little 
mud fluid infiltration.

April 2020
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Example 4 Minerva Field Otway Basin Victoria 
Southern Australia 

Victorian Geologic Survey



Stratigraphic Template

Victorian Geologic Survey



Bimodal Error 
P50 9.7m
• Leak Point Southern Fault

JUXTAPOSITION :
• Total Trapped Column: Mean 111 m, Standard 

Deviation21 m
– Level: Mean -1931 m, Standard Deviation 21 m
– GWC Error mean 16.3 Standard Deviation 21m

SGR :
• Total Trapped Column: Mean 157.6 m, Standard 

Deviation 71.1 m
– Level: Mean -1977.6 m, Standard Deviation 71.1 m
– GWC Error Mean 63 Standard Deviating 70m  



Example 5: West Sea Horse Gippsland Basin 
SE Australia

Data: 3D Oil Pty Ltd



West Sea Horse Data

Spill Point -
1510

Crest -
1486

Data: 3D Oil Pty Ltd



• A Deterministic model behaves the same every time 
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I Am A Geologist: 
The Only Thing I Know Is that I Am Wrong

• A Deterministic model behaves the same every time 
• Give two geoscientist the same data and they will often 

come up with more than two answers!
• There is substantial parameter uncertainty so Deterministic 

geologic models do not exist.
• It is vital to conduct robust stochastic modelling.

Corrected for compaction



Finding Oil and Gas
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Pateke Tarinaki Basin NZ

• The NZOG map shows an anomalous fault throw profile:
– The fault has no throw to the West and very small throw at the Eastern end
– Most importantly, there is no throw near the crest of the structure where the fault changes strike• This reduction in throw in the center of the fault is commonly seen in Relay Ramps, as 

illustrated by the photography from Fault  Analysis Group, Dublin, website.

February 2017
Page 172 of 17

SW NE

Seismic Resolution

hanging wall

Observed Throw

Fault Analysis Group University College 
Dublin
www.fault-analysis-group.ucd.ie



Data: Pateke Field from Pan Pacific Mapping

• As with the NZOG mapping the throws are less than seismic 
resolution, and there is a relay ramp near the Crest.

February 2017
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• Looking at this image of the 
seismic, and annotating 
Zero Phase, it is hard to 
see the fault.

• Rather, it appears to be a 
Monocline and therefore not 
a field limiting Feature.

Seismic Resolution

hanging wall

SW NEFault is not Field Limit



Data: Pateke from NZOG  

• Using the NZOG mapping, a highly optimistic FaultRisk model was defined, ignoring the relay ramp and assuming the Theoretical Profile.• A stratigraphic template was defined based on the Pateke 2 Vertical well.• FaultRisk was run in calibration mode such that for each of the 10,000 realizations, the Juxtaposition and SGR leak points were compared with 
the observed Free water level at -2660. 

February 2017
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Results: FaultRisk™ Allan Map & Results

• FaultRisk analysis of the South bounding fault show that it can not be the field limiting 
feature.

• The Juxtaposition leak point to the south is a mean 17.5m structurally higher than the 
observed OWC.

• As can be seen in the Allan Map, the FaultRisk columns are insignificant compared to 
the Observed column.

• Given that this was an optimistic model ignoring the relay ramp, the simplest solution is 
that the accumulation is limited to the south by some other feature to the south.

February 2017
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Fault Profile
FaultRisk™
Column

Observed Column Juxtaposition



FaultRisk™ Results

• Three Scenarios for fill are shown as A, 
B, or C.

• The up-dip Tui & Amokura fields are 
filled to spill. 

• Given the modest size of this structure it 
is most likely that it is not charge limited, 
and filled to spill.

• Further, the published GNS basin 
models (Sykes & Funnell 2013) show fill 
spill migration of hydrocarbons from the 
Tane Trough through Pateke-Amokura-
Tui to the giant Maui Field.

February 2017
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A

B

C
Extend to 
Amokura

Charge/Migration



Results Link Pateke-Amokura Fields

February 2017
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