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The project

Reservoir Presence = "High” Risk
= “Moderate” Risk
Reservoir Effectiveness = “Low" Risk

Seal Presence + Effectiveness

* Play analysis of the Dutch offshore Rotliegend
* Creating and analyzing regional risk maps
+ Use of public data only

What are the areas with the highest potential of fin

hydrocarbons?e Petroleum Charge

Made in Player, PBE Extension of Arc-GIS
« Combine and overview different spatial layer

Result ™.
Low & mod. risk area
reduced due to charge

Composite Common Risk Segment Map

«  What are the regional geological risks? (shows overal piay risk)

after Fraser 2012

« Reservoir 7
+  Sedl
« Charge

Cartoon from: hitp://www.geologyin.com/2014/12/hydrocarbon-traps.html



http://www.geologyin.com/2014/12/hydrocarbon-traps.html

Potential of Cygnus and Ruby
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« Charge and seal can form

the main risk .
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Ruby
*  Opportunity of more ‘Rubies’
* Mainrisk is reservoir presence

» Highest probability of succes
in the south
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Overview of this presentation

General geological infroduction
Play mapping approach
Analysis of the Cygnus area
Analysis of the Ruby area

Conclusions and what is nexte

Appendix: Methodology




Rotliegend group N

«  Prolific gas reservoir
*  Main contributor to our Dutch gas

«  Well known
«  First Dutch discovery in 1950’s

Legend
I Rotliegend Fields

* Wellhead location of Rotliegend penetration
I Rotliegend eroded at younger unconformity

Upper Slochteren Reservoir Facies:

Dunes

Fluvial Plain

Upper Playa Playa lake Massif/High
Lower Playa [ Sabkha

Playa margin [_] Salina

From Dutch Exploration Day 2018. Modified after Doornenbal et al. (2010)




Rotliegend play |

- - B
- 1959 — Groningen v |
« 1968 — Offshore Rotliegend, *ls
Feather edge I

. 2016 - Cygnus field S e N ] ,

« Rediscovery (80’s) / \\ 3 i R .\f

«  One of the largest field in the last NI WP \ y

30 years .

« 2017 - Ruby field

« ONE-Dyas

 New sub-play concept

From Dutch Exploration Day 2018. Modified after Doornenbal et al. (2010)




Rotliegend play |

1959 — Groningen

1968 — Offshore Rotliegend,
Feather edge

2016 — Cygnus field

. Rediscovery (80's) 7 \ .
«  One of the largest field in the last NI WP k\ \ y
30 years e
« 2017 - Ruby field
« ONE-Dyas

 New sub-play concept

From Dutch Exploration Day 2018. Modified after Doornenbal et al. (2010)




° ° SLE|ES UHZ-m Nogaz 2D N
R otl I e g e n d C ro s S - S e C tl o n EEE E Basin fringe Marginal subbasin Transitional zone Batin r.:nl:rle
Vertical context off . .
£ : Z1 (Werra} Formation Z1 Carzanate Mhb
I Coppershale Mb

L Silverpit
Ten Boer Mi Sf‘;’mh: Mo,

Feather edge fields located in Slochteren formation

SilverpitFm ¢

Slachteren Frm

Ruby
* Havel/Ruby/Findorff/Basal Rotliegend sandstones e
« Older Lower Slochteren in MG blocks

ringe Coppershale Mb

Lewer Slachteren Mb

Cygnus
* Field: Lower Slochteren member
« Areaincludes Ruby

« Lower Slochteren member Fvial ol cosetal phinclay.

Lagoonal clay-fsiltstone
H H Fine-graired flocdplain deposits, redbed facies

° BOSO' ROTllegend ClOSTlCS Coarse desert/fluvial plain deposits, redbed facies

Emmen Velcankcs Fm Lacustrime/highly-restricted marine carbonate
Restricted marine delomite/dolomitic limestone
Highly-restricted marine anhydrite
Highly-restricted marlne salt
Condensed basinal development (Zechstein Group)

Basal Rotliegend B Volcanic and proximal valcaniclastic deposits
Clastics th Fluwvial and coastal plain sand (and gravel)

Basal
Rotliegend
sandstones

Modified from Doornenbal et al., 2020



Play based Exploration method

ebn

Advantage of PBE
Prospect portfolio in context

What prospect to drille

—— Which areas are interesting?e



Common Risk Segment Maps

*  Maps for specific play elements

« Each polygon has its own geology and data
quality — therefore its own risk

* Boundaries determined by geology or data
quality

+  Wells determine if our elements is proven

Cartoon from: http://www.geologyin.com/2014/12/hydrocarbon-traps.html

Reservoir Presence = "High” Risk
= “Moderate” Risk
Reservoir Effectiveness — “Low" Risk

Seal Presence + Effectiveness

Petroleum Charge

Low & mod. risk area
reduced due fo charge

Mamnanita Cammann Dialse Canmannt Aan


http://www.geologyin.com/2014/12/hydrocarbon-traps.html

Determining the probability of success
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Bullshorn plot from EBN



Spllf RISkIng Approdach (see appendix for explanation)
Play Chance Repeatability Chance Total POS

Play Chance x Repeatability Chance = Total Chance
(shared) (hon-shared) (POS)




Extension of the Cygnus reservoir to the
Netherlands (2015)

39111,

RO-3
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8
De Bruinet al.,, 2015 14



Extension of the Cygnus reservoir to the
Netherlands (2019)
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Author: G. Heldreich. 2019




DGM-5 Rotliegend group thickness
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Reservoir Presence Common Risk Segment (CRS)

Map

ebn

Source of deposits unknown

50% POS —

Deposits around
the source area

No deposition expected
on regional frend, unexploin@\

Source area or byposs§

3901-1

N

32

39024

3907-1

72

5 10 20 30 40
Km
Legend
X Wells Absent
<5 Wells Present
I Excluded
I Extremely unlikely

Very unlikely
Unlikely
Equivoc
HETy
Very likely
Extremely likely
Certain

X
X

L Thinner deposits

| maximum extend of deposits

|__— Source of deposits unknown
50% POS

Shales expected based on regional trend,

L

unexplained sandstones

[ Regional Rotliegend trend

Includes data from nlog.nl, De Bruin et al., 2015, TNO DGM, Heriot Watt, Ten Borgh (2018)



Reservoir Quality Common Risk Segment (CRS)
Map ——

N 39/01-1 L

& Reservoir
39/02-4 M
N Rotliegend

Legend
39007-1 3 MetPresent

¥ 5 Fresent
. | S
Expected facies [T
Shales reduce

—Jre—. Good porosities
permeo bill‘l'y _$_ ’ Equivecs] /

Badly sorted reservoir - )
reduces porosity B e Deeper burial
Depth x 7
« Compaction reduces
permeability
Continued burial
causes illite formation

Alluvial fluvial fan deposits
— like the Cygnus field

20

Wells from nlog.nl. Cygnus data from Catto (2017)



Top seal Common Risk Segment (CRS) Map
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100

Wells from nlog.nl. Thicknesses from TNO



Charge Common Risk Segment (CRS) Map

Epen formation

T

F510 20 30 40‘

Km

Charge

Rotliegend

Legend

“ Present

N Excluded
Extremely unlikely
Very unlikely
Unlikely
Equivocal
Likely

ikely
Extremely likely
Certain

40

72 4 100

95 _6_30

| Scremersfon Formation

Hanemaaijer (2020), Gardener et al. (2019)



Combined Common Risk Segment Map
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Variations of POS determined by data quality

Proven Play Elements Data quality, expected geology
N @ N
A & CCRS Plax_ Risk A & CCRS No_n-shared
Basal Rotliegend Rotliegend

DEF-survey Same geology
Lower data quality




Basal Rotliegend sandstones

Courtesy of One Dyas

From: Exploration Day 2018
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I Volcanic and proximal volcaniclastic deposits
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Reservoir Presence Common Risk Segment (CRS) ool
Map e

Km

Reservoir Presence

Wells present,
not included ONE-Dyas map

Fields present: Reservoir
__—Presence proven hence play
chance is 100%, repeatability
chance and therefore total
change varies here between 64
and 80%.

Wells from nlog.nl, based on map from ONE-dyas




Reservoir Quality Common Risk Segment (CRS)

Map

Deeper reservoir

4.75 9.5 19 28.5
Km

Reservoir Quality

Legend
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< Wells Present

W Excluded
I Extremely unlikely
I Very unlikely
Unlikely
Equjecal
tkely
Very likely
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I certain

G

| Distal deposits

7 Low porosity (<6%)

_ Proximal deposits

ells from nlog.nl, based on map from ONE-dyas



Common Risk Segment (CRS) Map

4.75 9.5 19 285 38

Km|
Top Seal
Legend
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Charge
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Legend
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Wells from nlog.nl, seal thicknesses from TNO, Charge based on Gardener et al.(2019) 24



Combined Common Risk Segment Map
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Potential of Cygnus and Ruby

ebn

5 10 20 30 40 4.75 9.5 19 285 38
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*  Opportunity for Dutch A L esmicgied
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. . . o I Extremely unlikely — Very i

*  Mainrisk is reservoir presence B e cuvora
« Highest probability of succes o — ey

i = Ex:elrl::ly likely I certain

in the south 8 Cenain

Ruby

*  Opportunity of more ‘Rubies’e
*  Mainrisk is reservoir

* No top seal or charge risk

» Highest probability of succes
in the south




What is next

For my research

+ Yet-to-find analysis of the Rotliegend play
*  Mapping other offshore Rotliegend areas
Write itin areport

For EBN-TNO:

« Play Based Exploration Atlas

GIS-based online Atlas on public data

*  Mapping of all the important Dutch plays

Stratigraphic chart from Geology of the Netherlands
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Thank you for your attention!

Additional thanks to:

Audrey Roustiau, Kees van Ojik from EBN
and Fred Beekman from UU

Exploration team
ONE-Dyas

exploration@ebn.nl / welmoed.lauwerier@gmail.com




Appendix: Methodology
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Post Drill Well Analysis

(This scheme is the Intellectual Property of GIS-pax and cannot be copied without permission)

4. Dry Low Confidence Trap Tests

1. Discovery

RESERVOIR )
Present & Effective

Ambiguous

Not Present or Ineffective

B Present SEAL

A Ambiguous

2. Dry Valid Trap Tests

Not Present

Present ‘

Ambiguous | 4

TRAP Not Present

' HC's Present

v HC Shows Present

No Shows CHARGE

»

Charge Failures!

7y
v,

Failure other than

charg@
v

or

U

5. Off Structure Tests

No mapped trap at any play level in the well
Any

%,

6. Unevaluated

No trap evaluated for any piay leve's in the well

6%
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Common Risk Segment (CRS) maps

= Risk maps for specific play elements

= (RS = a confined area with uniform geological character and
risk

= Boundaries are geological and/or data dependent

CRS map example
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Aggregated Composite CRS map (CCRS)

= A -' —
» 4‘»7 ku .
Reservoir Reservoir Seal CRS Charge
presence effectiven map CRS map i
CRS map ess CRS
map CCRS map

Overall CCRS map is estimate of average prospect POS in play segment



Split risk stacking

Play/Shared Chance

*What is the probability that the
play element is present
somewhere in the play
segment? If element is drilled
and present in a well than the
chance = 100%.

Repeatability/unshared
Chance

¢|f the element is proven in the
play segment then what is the
future success rate/future
repeatability of continuing to
find that element? E.g if you drill
100 wells in the play segment
how many do you think will find
the lement? 100% = uniform
sheet element.

The repeatability risk is a.o0. data
quality dependent (e.g. 2d vs 3d
seismic coverage)

Total Chance

*The product of the two should
be the same estimate as a
prospect POSg at play segment
level.
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Repeatability Chance (non-shared risk)

If there would be success in the polygon, what
would be the repeatability

Data quality

Geology

ebn

Reservoir Presence repeatability

Thickness/Continuity

Thick N
[ pd
Changing the imaging quality does NOT change the repeatability estimate ~100%
Continuous ~20-99%
~60-80%
Thin
~30-60%
Discontinuous
~0-30% h
[ pd
Very Discontinuous/ Changing the imaging quality changes the repeatability estimate
Thin/Sparse channels

Bad/Sparse 2D () Quality 3D
Imaging/Data Quality

csexmueceor  Based on thickness, continuity, data quality and quantity 516




