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ORQO01 Well Objectives

=>Determine geothermal reservoir properties of several : (AW, T e
intervals in the North Sea Supergroup in ¥@orneTrough : TR i
structural element. — N N

=>Primary target:

=> NLDOBR Brussels Sand Member

=>Secondary target

=> NMRUBE Berg Member and NMTO Tongeren Formation (formerly
referred to as Lower Berg)

=>Determine geomechanical properties of the reservoirs,

caprock and overburden “\:\ LA S
>Establish confident seismigell tie &= @ TF ]
=>Determine formation fluid properties and temperature w

0—20 "u B 4 !\ 1 s J m
From: WarmingUP

De Haan et al., 2020
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Stratigraphy

=»>Eocene and Oligocene deposits well developédaarneTrough

=>Brussels Sand Member can be subdivided in three sequences N ol e Beg e
=» S3- sandy with cemented banks €INMITO - Tongeren Formation
=» S2, Sk sandy/silty with claystones
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Well Schematic & Seismic Section

B I 1 I O = Total Days: 51
| ‘ ‘ - Total Depth: 844nMDRT
g =>» Objectives: Brussels
T R Sandstone, Berg Member
=» Data Acquired:
A 6 OH WL Logs runs
(3,4km)

4250 4214

A 6 CH WL Logs runs (5,0km

A 18 Cores (151m cut, 88%
recovery)

5435 5433

A Checkshosurvey
A 1 Well Test
A 2 XLOTs

B35 BZE.0

8039 TITd




& Oranjeoord-01 Data Acquistion
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Questions to be answered today

What does the reservoir look like? @l Wl
=>How Is the reservoir deposited? O g
=>Which processes reduce or improve the reservoir quality? ~
=>What are the driving factors for reservoir quality?
=>How Is reservoir quality distributed within the reservoir?
=>What are the cemented banks,

how did they form and what is their extent?

How does the reservoir perform?
=>What is the transmissivity?
=>Well test, Logs”?

=>Which parts of the reservoir contribute most?
=>What is the influence of porosity on permeability?
=>What are the formation fluid properties, temperature and pressure?

e




How was the Brussels sand deposite

and what happened since? Ay, o6
Sven McCarthyanTerra N AT

13:20- 13:50 -



Palaeogeography of the Brussels Sand
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== Main supply of sediment

Gibbard & Lewin 2016, modified after Knox et al. 2010
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Vis et al. 2016, modified after Knox et al. 2010




Temperature

Oranjeoord-01 Data Acquistion

Coring iIn OR@1 dataset
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Core logging; challenges and learnings

CoreDNA
lpxF H

o

o

o

Unconsolidated material

A Not slabbed

A Structures poorly defined

A Thinsections, HPMI partly nefeasible

Core GR effects (drilling mud, glauconite)

Reliable data sources:

|_> CoreDNAGPS50 grairsize [ 2=/ image
based
CoreDNAcontinuous XRF (e.g., Ca, Fe, also
Rb, Ti)

— | aser particle size analysis (LPSA)

15




russels Sand S3 russels Sand S1
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russels Sand S3 Characteristics
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Brussels Sand S3 Characteristics
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Brussels Sand S3 Characteristics
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A Calcitecemented, very fine (upper) sandstone

A Dmrthick, spaced at 8.0 m intervals

A Partly floating grains> early, insitu cementation
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Brussels Sand S1 characteristics

Particlesize distribution
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Brussels Sand S1 characteristics
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A Crosslaminated, very fine (upper) sand, sparse to common detrital clay

A Partly glauconitic



Brussels Sand S1 characteristics
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A Homogeneous, very fine (upper) sand
A Partly deformed glauconite

A Opaline silica cement




Depositional Model

Shallowmarine offshore sand bar

o S3¢ aggradational
A Shbdominant (above FWWB),

interrupted by drowning (Sab)

o0 Sl1¢ aggradation/progradation
followed by flooding
A Mainly distal offshore
A Tops bioturbated
A Shelf fines at top

- Offshore Bar - above wave base Shd| Distal Offshore Bar

- Offshore Bar - drowned, below wave base - Lower Offshore
Open Marine Offshore |:| Lagoonal / Shoreface (not encountered)




What happened after deposition? g sign/stong RQ

RQ improvement

Bioclast

Quartz

3 rich dominated Biogenic
3 silicarich  Shd
§. grain it
= oyrite - coating clay pyrite
“ L

grain dissolution 321 grain dissolution




Reservoir Quality
Brussels Sand S3 Brussels Sand S1

® Open Marine Offshore
10000.0 3 : : : : : 10000.¢ (Som)
] @ Offshore Bar - above wave base @ Lower Offshore (Sol)
1 (Shb)
1000.0 - A Distal Offshore Bar (Shd) 1000.0 ¢ Offshore Bar - drowned
~ § a below wave base (Sab
§ ¢ Offshore Bar - drowned, below % .
g 100.0 - wave base (Sab) 2 1004 A Distal Offshore Bar (S
o 3 _%
s o
£ ' ® £ '
o 100 : 2 10.0 ;
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> calcite o S ]
2 10 cemented = % 1.0 -
o sandstones 3
Y .
0.1 0 — ———
0.0 ;5.0 1 .0 45.0
_ - Laterally extensive, but discontinuous streaks ()
Geel & Foeken 2021, TN&armingURReport .
- Vertical flow baffles?




Permeability nD)
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Conclusions Brussels Sand
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=» extensive database acquired@ranjeoordwell

A

A

Brussels Sand S3 dominated by homogenous
fine sand with good brine permeability

Calcitecemented intervals represent baffles
to be considered for well completion

Brussels Sand S1 more heterogenous, including
silty claystones and argillaceous sand

Despite high porosity, brine permeability
reduced due to detrital clay content

Reservoir quality of basal part strongly reduced
due to widespread opaline silica cement




scany

Core Viewing & Break

13:50- 14:30



Cores fromOranjeoord
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=» 1 barrel of Boom Member
- Marine offshore silty clay
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scany

ORO: how does the reservoir perform? ' |1

,“ g /0,6 '.

PieterBruijnen(Reservoir Engineering) = — > <= %=
Joost van den Broek (Petrophysics) |

Milan BrussédGeology)

14:30¢ 15:00



Generic well test sequence

coiled tubing
Generic operational well test steps for all
SCAN wells starting from ORX: )
1. Perforate casing underbalanced (optional: screen) letpump
2. RunJdetpumpBHA on coiled tubing e e
3. Set packer check valve > bottombole
4. Injection via coiled tubing througletpump packer asselmny
A "Production period #1 3 hours ugBERgauge;
A Buildup #1 (downholshutin) 3 hours Sampidyevicos
A Production period #2 3 hours pump intake _ ]

A Buildup #2 (downholshutin) 24 hours
5. POOHetpumpBHA
6. RIH wireline PLT
7. Reinject produced water, PLT passes -ddfitest

- sandscreens—

perforations —»——__|

an

Referencesa(o.): :

- Data acquisition reports of ORTL and AMS1 o ~ e
- Bruijnen P.M. 2024. Numerical and analytical modelling of wellbore storage effects-in low cement

enthalpy geothermal well test&eoenergy 024020, Vol.3. https://doi.org/10.1144/
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Oranjeoord01: welltest results

w3 Bulldup
H 1 M—; ransition time to radial flow
g « ) . : OWK2NARAT 2y it QoY AYRAOIGAGS 27 3|52
-~ Zl g h S skin
- - g
~ ~ = ~ 4
—> - N ° /
5 ] o No boundary effects
- - = o / ) W%m: — \
o Gy =mm
— ~ ha - i Wellbore storage effects quickly fading out °r f
~ o - a;;[er_ 0.003 hours (11 s) due to downhole 0.1 hour: radial flow:
— < o shutin E ; transmissivity
s T T T LI I1IE|-3 T T T LI | I[I'.‘:lrI T T T | L] III{'.I.I T T T T II1 T T T T ll.l::I
L L] rime tr
Completion, well, geology: Model: Results
A Open holesandscreengtop to A Homogeneous reservoir A Skin (mech. sandscreens= 2.0

bottom)

A Infinite boundary A Geometrical skin = 1.1
A Upper & lower boundary: clay

A Limited entry (due to screens) A kh =22.1 Dm
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g, i 1 § | Permeability
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e . . measurements
BT biF, : ACarbonate bank signature very clear in |
L L ? i t f th B | S3 e Brine at overburden
R HE = ;l\pper part of the Brussels ( )_ o Air at ambient
18 § DensityNeutron, Image, Core porosity & e Probe perm
¢ . b3
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GR Density/Neutron |07 Porosity E:;;t:rilliiz;ale mrg:asl?clglt:
Pern |eab|I|ty measurements == 4 e e S e v
OF . I 630 !
Permeability is key! Permeability <
A CoreDNAprobe permeability measurements i i
A Every 3cm, interpolated to 1 cm, e Brine at overburden |1 oo = Ly L e
performed on uncleaned core. e Air at ambient N "ol Tt :
Difficult on these cores * Probe perm ] :
: : > —Raw NMR Coat I Ml
A Routine air permeability o kel B SEEREIBIE ir 28
A Every 33cm, 117 successful plugsse ; i B H L
710 ThL g
A Klinkenberg air andrine b
permeability at reservoir 5
conditions J = 8
A 10 horizontal plugs for each 3l = r
AR N .o piugs n Brusseis | 124 [EIN
- : No. of plugs in Brussels HiES B 8es
calibration buY - B 2 Frnr
A TimurCoates model yields RCA measurements g L
permeability Stressed Porosity 10 | i ‘y &
A Well testkH: 22.1 Dm Stressed Brine Perm 18 i
FRF & NMR 10




Correct (ambient) core data to reservoir conditions

A Routine core analysis (RCA):
A Ambient conditions
A 117 successful horizontal plugs

A Helium porosityand LSt =E 1]

—_—

Core porosity

Stress correction for
core porosity

Stressed core porosity

— 0 UY

T80 ) 0 Y

—_—

Core gas/air permeabilit
Stressedtore brine perm

A SCAL N

A 10 plugs: stressed core porosity (42 bar)

A 18 plugs: stressed core brine permeability (42 bar)

plot: ORO-01.RCA_Ambis

Reference (m): [344.6 - 796.72]

OEO
s o 0
0.9

Porosity

Cross-plot: ORO-01.PorPerm_BrineStress_SHIFT2WL - Label: Core no

Reference (m): [429.671 - 792.299]

100

1000

=
S o o
M

EG =
o o o

Permeability
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Aln Bad Hole section in S1 we
substituteNMR total porosity

Porosity calibration

.. catper for [penstymeumon prrromio [edrorsaves. [l o Instead of density total porosity.
A Sufficient core data allows H e _y ot soaialle S
. ) : | B S e I s I A Best available option
calibration of total density N el 3
- = 1(‘;5)U 1(';‘5]" % 4 c:UM [) gGAF:I 150 0.6 r:‘;'r—{ng 0 ;’:‘E
porosity to core. Results in =
. - }E Z‘\- Used porosities |Final Total
Il | Caliper |GR Density/Neutron |PEF/DRHO
good match, especially in S3. 8RRl -
= > i “ e W _ﬂ T2PTOT_Smooth 0_3m
Cross-plot: ORO-01.RCA_Ambient-v2_SHIFT2WL_PHIT 0o 9 o s60 E‘ﬁ E T IIULDN‘OO T . _ TG = %
e i = R .
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g 670 E—_ i w
. 5 T
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> RP: 0.654 : o g ;
F) . " 0.4 1
c v i
()] A ‘-.-' 690 E ~ 760 4 :
< 7 | 5 I
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(@] kel L 0.3 o0 l e : : }
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o -7 I : it /
"q-') 0.25 ( stL : ! ~
g | b ERIBEEI | B G
0 ' { ‘ g
—_— - | [y o
(40 0.2 F a0 - 70 ] { .
@ ¥
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" : Is
Stress corrected core porosity -7 ; \
- e I so00
e bl e 2 4 S
Scale:
@ Scale 1: [CPOR_SC - PHIT_D] - " } I I
Regressions: N 800 } I I
Regl (type = RMA ¥/X; R? = 0.6540; R? adj = 0.6506; RMSE = 0.0153036; r = 0.8087; nb = 104) } I I

Equation: PHIT_D = + 0.9986651 * CPOR_SC + 0




Subdividing the Brussels Member

Cross-plot: ORO-01.LQC

o 4l A Porosity is high & relatively

PLT Injection
Density/Neutron |NMR Fluids Profile

constant
y . . ANMR & PLT suggest the upper | |} ==
. Brussels preforms better. el B
o 3 - ANMR fluid distribution show an = | « {{
) : increase in bound fluids going i1
: | | r 10 dOWnl é’ 680 ’: :::
i A Poroperm’ shows a depth I
T 1 dependency. i,
ST *corrected to reservoir conditions =™ § e
Dark = shallow A Core description showed two i1 .
Light = deep depositional sequences. N

) ~=~_ A The boundary between upper 1.,

s Brussels (S3) & lower Brussels : o

e (S1) is not cored, but we put it at ,, ; *
715mMD based on NMR, Densit - :
YR WUNAFE YR SNNEZNRQO®




Cross-plot: ORO-01.LQC

09 o
Reference (m): [25.7 - 842.031] B Eo
5 0.3 0.35 0. 0.45 750

Porosity¢ Permeabllity

Low porosity
dependency
In upper
Brussels (S3)

Derive porosity
permeability relation for
both zones

Stress correction for
core porosity

0.3 0.35 0.4

Cross-plot: ORO-01.LQC

0% o
Reference (m): [25.7 - 842.031] o Eo
5 0.3 0.35 0.4 0.45 05, 0

Scatter in
lower
Brussels (S1)

Geometric averaging of core
permeability yields best
results in the end.




710 1

[CRO-01_Stmtigrphy-v2

i\

|
I

- Final Total Perm eability
Caliper [GR Density/Neutron |PEF/DRHO porosity from core model
£
2 z
'g E' BH_FL DRHO BH_ AL DRHO
“5. 8 BITSIZE b CPORSC Ll b CXH_BSC -
TVDSS MD ) 5 4 in 14 o mim o fas mi 10000
(m] (m) 9 9 CALI Total P PERM POR
1:250 1:350 H Z [4 in 12 T miim ol an mD 10000
£ ——t
H "_ I ‘_:_3}
oro ; ? =
T 650 - = j
5 <) e
650 ; j
T E )
1 Il o ]
I 660 = a” —
$ =4 ;, g .- —:ﬁ
T g i & =
660 d::...- i e
I — o e ————
T 670 =} X § 3
T - e
1 \ '
o v .
I e [ —
670 8 —— 1 —
] !
680 é -
e a
& d
i =
I — = ———
680 !\13 j
I 1
T 690 - . —_—
I Y
3 I v
1 = ]
690 I‘ |
T b __
T { X
T 700 9
] :
rd
I — ——
700 | = ¢
I E 1
- »
T 710 o i
&
F
1
e

il NP

er leablllty i“ IOg dO' | |air coper fin perstmesron priovio. AR e Rose

£ PE/Baseiing
=, o
£ i ?
: = Sand - Shale (D) BH_FL DRHO i
I =4
'E E' BH_ALDAHO BH_ALDAHO BHFLDRHO BH_FLDAHO s
@ ‘-D‘. BITSIZE RHOB Ll had CPOR.SC el CKH_ASC . EI
TVDSS MD 1 b= 4 in 14 |a 17 gfem3 27 |0 B 10 |as mim3 ofam md 10000 =
(m] (m) ) ) | _CALl GR —__NPHI DRHD Total Borosity PERM POR :
1:250 1:250 g % 4 in 140 gAR 10|06 m3/m3 0 [as g/em3 a5 |as m3im3 o]aot mD 10000 QQ
T 3 +H
T 740 3
: 4
: T . -
- 740 Y iy
- 1 P | 4
T 750 4 _
1

- 760

- 770 &

T 760

T 770

T 780

T 790

+ soo

}
% 1
4 ;
d ;
i i
L3 , ] N _%J
— il (\ \A
-] \ =
1 £ 7.
; F\ =
I~

A

W2

A Upper section shows a good
A Lower section not so good match. Also note unrealistic pe
In bad hole section despite NMR porosity substitution.

¢
|

agreement.




I L b ; Caliper [GR Density/Neutron |PEF/DRHO Eio”r?]'siTt‘;ta' NMR Fluids
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Grainsize

Gamma Ray NMR Fluids NMR T2 Th'n.
Spectrum Sections
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Final Total ; Permeability Rlative
GR porosity NMR Fluids from core & NMR [contributions
BH_FL_DRHO
=
COI I l arISOI l to teSt reSUItS : o :
‘f: [ BH_FL_DRHO
] = NMP PHIT * CKHESC *
B g 05 m3m3 0 Skt 007 mD 10000 |0 05| = B
& 3 ¢ CPORSC # CPOR SC_ ®| oM eom 2aanes2 NMR PERM 5 =
- 1 - - — D z 5 [0 05 mams 0|05 mums 0 |em wh 1om| 0 55] & 5
{m3 (m) 2 2 GE Total Porosity NIME PHIT T2KCOAT PIT-50m3/h ; e
1500 | 100 a 5 [0 zw =05 mim3 0|05 mimi 01001 mD 10000 |0 055 8
E 630

NMR & Porgperm model for each PLT flow = - Bai
zone and compare to PLT results. 1

ABad hole conditions distort permeability
model from core.

ANMR Perm appears to show better match ..{ ™
both inkH & relative contributions.

NLDOBR - Brussels Sand Member

Well test 22.1

I Ni. - Lolwor I\Ilorthlﬂa éroura'

Core based permeability mode 33.4

NMR TimwCoates Permeability 25.6




Final Total - Permeability Rlative
porosity NMR Fluids from core & NMR |contributions

Conclusions petrophysics L - |

NMB PHIT hd CKH BSC ___# PORPOPERM
0

GR

g 0.5 m3/m3 1] o 0.017 mD 10000 | O .25
S * CPOR SC b el CPOR SC ®|  PERM POR Zzoneswd MNMPR PERM
7 il

ABrussels Sand Member permeability modelling is = || §| ; Pl i me ] |5
challenging. Grain size and structural clay appear to ¢ =gy il E e T -

control permeability. T o] - EEE=S
A Movable fluid volumes not captured by porosity ™}« g
measurements
ANMR can give useful insight in this matter.
A Reasonable match between tddt & injection profile | =
and NMR & cordased permeability models. N
A Bad hole conditions influence porosity & resulting .1 " &
permeability model. L1
A Multiple depositional sequences as observed in the ci~1 _ §
are also visible in permeability and flow distribution. - .. b
740—_.8
Well test 22.1
Core based permeability model 33.4

NMR TimwCoates Permeability 25.6

= 300



OROO01 Temperature & Pressure

Many temperature measurements performed Temperature Analysis ORO-01
éDrllllng MUd OUtﬂOW, MWD Temperature [°C]
0 5 10 15 20 25 30 35 ©  CT Nozzle during Well Test (Mid reservoir)

=» OHlogging: Logging tool thermometer [ \g C
- Well Test & XLOT: |

=» Outflow Wellhead temperature
=» Coiled Tubing (RIH, POOH atliic) 200

= ACased Hole rapid response thermom;
9 PLT Run In . 300 T NMRUBO - Boom Member

e VWL 3.1.1 Dedicated Temp 21h after production step 1

- NUOO - Oosterhout Formation
11/05 16:58

PLT RIH 16h after Production step #4 16/05 04:40

— NUBA - Breda Formation

Conductor

e § 5 /8" Casing Shoe

= Other PLT passestéticcaliiation & BOBH E o
= 400 = = = Top of Screens
=» Downhole Gauge (well test & XLOT) E | \MRUBE - Bory Mermber
£ Bottom of Screens
‘g 500
. . . PLT UP 10 prior to injection
=» Best estimate Miereservoir temperature; | I o
= 31.3C @ 688 m TVDNAP (middle of flonit) 600 PLTUP20 priorto injection
=» 30.9C/ km gradient with surface temperature of 0 TrMDORR B85l SAN s b e BLT UP_30 prior to njection
=>» Best estimate Pore Pressure; '

=> 59.4 Bar(a) @ 581.9 m TVDNAP (Downhole Gauge depi

PLT POOH after injection

800 —_ NLDOIE - leper Member =y




Geomechanical data: UCS

=>Uniaxial Compressive Strength measured both by

Scratch test and calculated with -&xial test Geomechanical Measurements ORO, SVG and ASD
=>CoreDNAScratch test needs to be calibrated to-Tri . Yatores
a.XIa.I teStS o Boom. V}/intelre
=>NS Claystone intervals ~3x overestimated in % R i
Scratch test g,
=*NS Sand(stone) intervals ~2.5x underestimated ing
Scratch test 2 * ® Wielre
=»Soft clay samples deform plastic in-dxial test g © Reuse
=>E.g. Boom Mb. in OR@ 0 [
; @ Asse

© Groote Heide

2430_PS1-552 5 - Asse

0oMm
B O Berg
430_P51-582 Confining Pressure: 2.90 MPa Ogigssen DleSSen y = 0.3922x
total Cl/(_ uss Rz =0.486
= - — & OQ\J 00 ©- Berg
T L—1— 1 | ogjergolBe e eRigssen 15 20 25 30 35 40
B \ \ / / Calculated UCS (in MPa)
- / @ Sand ® Clay Linear (Sand) «ceceeees Linear (Clay)

peak strengtn @ 2 S0MPa: 557 MPa il e | .
1.00 | 1o residual Strength E - TETET TR T T T T T e T T T T e T e T e T T T T T T T 1]
Young's modulus @ 2.80MPa: 0.34GPa LU CLE L LR L | | |
. TRIC i
Poisson's ratio @ 2.90 MPa: 0.389 +vse volume strain
| | _Smp_ID_7229 ol o~ e B
0.00
-0.0600 -0.0400 00200 0.0000 0.0200 0.0400 0.0600 0.0800 after tes




XLOTs in the North Sea Supergroup

Bar/mShmingradient

67 XLOTS performed |n North Sea Group Seals 00.1 0.11 0.12 0.13'0.14 0.15 0.16 0.17 0.8 019 0.2

=>Middle North Sea Group:
<>NMRUBQ Boom Mb. OR®1
=<*NMRUBQ; Boom Mb ASiD1 : 0 ORGO1 NM
=>NMVEc Veldhoven Fm. SVEL ’ il

i O MHZ01 NL
]

~T1aSMEIDNPGS

]
H 0O AMS01 NL

=>Lower North Sea Group:
=*NLDQ; Dongen Fm. AM81
=>NLDO Dongen Fm. ORQ1
=>NLLAc Landen Fm. HEEL
=>NLDQ; Dongen Fm. MHAL 1200

=>In general, resultinhmin(far) exceedsodM
gradient, but location specific model required

Depth m TVD GL

800
O ASDO1 NM

1000

0O SVGO1 NM

1400



1D-Geomechanical model SReot

Minimum Horizontal Stress

100 120 140 160 180

1D-Geomechanical model made for each SCAN we . E
1. DENSog to calculate overburden pressure N SRS
2. Pore Pressure calibrated to well test pressure points m
3. Vpand Vs to calculate dynamidz2 A a ety Qa
4. Shmincorrected/calibrated to XLOT data =g9itu stress

points .
=>For ORE&1 no/minimal calibration required to XLOT .



Concluding remarks ORQL

=>Brussels Sand Member in ORD

=>Shallow marine offshore sand bars
=>» Upper part/S3: Homogeneous fine sands
=» Lower Part/S2 + S1: Heterogeneous with silts and silty claystones

=>»Reservoir quality strongly controlled by grain size and clay content
=>Cemented banks formed early andsitu, indicating stratédbound or continuous cemented

layers
=>Reservoir Quality

=>\Well Test gives lower estimate of KH than core or NMR
=» Porosity poor predictor of permeability
=» Grain size!

=>Upper Sksequence shows different trends from Lower S2 and S1 sequences

=>Temperature, pressure, fluids
=»30.9°C / km gradient with surface temperature of (D
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ObjectivesStadvan Gerwenr01 & AmsterdamO1

=>Determine geothermal reservoir properties of several intervals in
the North Sea Supergroup. Note the lack of core, test and modern
log data in the North Sea Supergroup

=>Primary target:
=>» Breda Subgroup (Diessen and Groote Heide formations)
=>» Slochteren Formation in ASI1, not discussed in this workshop

=»>Secondary targets in SMG&.:
=>» VoortMbr. of Veldhoven Fm.
=>» BergMbr. of the Rupel Fm.
=» Chalk Gp.Houthemand Ommelanderformations)
=» Other intervals: SomereNlbr., SteenseMbr., ReuseMbr. & OrpMbr.

=>Determine geomechanical properties of the reservoirs, caprocks and_. =~
overburden

|
''''''

=>Determine formation fluid properties and temperature

i i i i ‘ De[;fErl map BaséﬂEUpper North Sea Gp. (DSTJin etal., 2()?66)



N O rth Se 55 ; er RVG Age |1 © SW Netherlands RVG NE Netherlands N offshore Formation Gp
(Ma) 4~ [Piacenzian = T -mEemeé o Brielle Ground Fm osterh
u p g p 5 | & |Zanclean W Late Miocene Unconformity (LMU) "_—_—i’é-—_ 0 out
T Messinian T 4
. . — 5 Q
=» Primary reservoirs<= 10 |Toronian ""-‘“"-”g >
=>» Oosterhout Fm.: Pliocenes2Ma (ASDB01) 1 2 |serravallian|._ I [ S a
. . . - 18 Langhian SR Ly Groote E
=» Diessen Fm.: Miocene (Tortonidessinian) 610 Ma L Heide
=> Groote Heide Fm.: Miocene (Burdigak&arravallian) 147 1  |Burdigalian P v
Ma 20 —_ - - /.r
a Aguitanian
. 7 Veldhoven
=» Secondary reservowp 25 | o | chattian (ancifiorentiatad)
=> VoortMbr.: Oligocene (Chattian) 237 Ma 18 =
: : 12
= BergMbr.: Oligocene (Rupelian) 3 Ma * 1S |nupeiian Rupel
=» HouthemOmmelanden (DaniaMaastrichtian) 6270 Ma ] Ruisbrock Mbr =
35 7 Priabonian | w_ -~ Watervliet Mbr Tongeren
-» Other reservoir interval§— s [ I Sesevalde Mo
. . . 40 ] Bartanian \\\ Pyrenean Unconformity ,~==—=========—-----ccooocooc oo s s s e
=> SomererMbr.: Miocene (Burdigalian) 131 Ma 1 \ Asse Mbr
=> ReuseMbr.: PaleocendThanetian) 568 Ma us 18 letian | i ——e
. - 18 — S~ — :
=> OrpMbr.: PaleocendSelandian 5961 Ma ] | " Brussels Mbr ___ BrusselsMarMbx EBiils ——_
] i i’ e E— - =l
50 — i -~ __;_'____—:-_-.—‘—_':‘ — - — =
- Seals<2 1 | [y — T
- 1 | per Mbr .
= Oosterhout Fm.: Pliocenes2Ma (ASED1) e — S S
. . . . Qosteind Mbr ! ReuselMbr — oy ————_ —— __ 1
= Wintelre Mbr.: Miocene (Aquitanian) 223 Ma 1 | thanetian Ge“ndeanQd e i — o
= BoomMbr.: Oligocene (Rupelian) 22 Ma 60 % P = Hessel Mo OpMbr .
_ SwalmenMbr ! | o
. . - L Ce——————— —M L ide Ui fi i =TT T T
=> Pyrenean Unconformity in SMA s AP QCoutemm 17> aramide tncontormtty o ekotikFm ik |8
d BergMbr rests onReuseMbr.: Whole Eocene is miSSing'B6 |:| chalk - coal-dominated coastel plain heterolithics |:| open marine marl
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Stadvan Gerwen (SV@G1)

Stratigraphy
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Data Acquired:

A Conductor logging (337m)
Total Days#48 drilling + 22 testing A 6 OH WL Logs run (5.4km)
Total Depth:1905mMDRT A 22 Cores (187m cut, 91% recovery)
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AmsterdamO01 (ASE01)
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Seismic Facies Bredaubgp Roer Valley Graben

=» BredaSubgp fills Roer Valley Graben from i
south-east to northwest

=» Deposition by dippinglinoforms
=» Shallowing upwards (regressive) sequence

=» Depositional environments not distinct in
core

=» EBN identified 4 depositional facies on
seismic section:

=» Delta Top

=» Delta Slope Proximal
=» Delta Slope Distal

=>» Base of Slope

v

=>» This subdivision has also been used in trfm

geological core evaluation and the i
petrophysical analysis (in PP Base of Sl0..
is differentiated from the rest of the a]
Diessen)
=» Based on seismic interpretation the

depositional facies of ASIL is identified
as Delta Top TS o r——

10 km

Jransect A-A’ Crossing
.

Peel Boundary Fault System




Roer VaIIey Graben Arte3|an Inflozfijendijk, 2012)
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=» Fresh and cold water sinks into permeable formations by gravity in

the elevated parts of the Roer Valley Graben in Germany o e e e e e the Ao et e

=» During the Neogene and Quaternary this water displaces the salter
and warmer formation water

=>» In the Roer Valley Graben the salinities, compositions,
temperatures and pressures are influenced by this process



Biostratigraphy North Sea Gp.

=>TNO is working on a comprehensive biostratigraphic analysis of North Sea
sections of the SCAN wells (including &XY@Gnd ASD1)

=>EBN has received a prelease of the results

=>Most important revisions are:
=>ASDO1: The cored and tested interval is dated as Oosterhout Fm., not Diessen Fm.
=>ASD01: Boundary of the Diessen Fm. with Groote Heide Fm. is placed deeper
=>ASD01: AWintelreinterval is placed between Groote Heide Fm. and Boom Fm.
=>SV(E01: The boundary Groote Heide Fm and Soméén is placed shallower

=>SV@&E01: The top Voort Mb. is placed shallower. Note: this is not confirmed by
lithostratigraphy

=>These new insights will be incorporated in Data Acquisition Reports and an
updated Composite Well Log, however the existing reports on NLOG will not be
adjusted



This Workshop

=» Focus workshop on reservoir characterization of tested
intervals in SV@1 well and ASIDD1 well

=» Tested intervals:
=> SV@E01, Diessen Lower Interval, Test#1
=» SV(@E01, Diessen Upper Interval, Test#2
=> ASDO01, Diessen > Qosterhout, Test#2

=» Other reservoir intervals of SMIA were found to have
too limited flow potential to be of current interest. These
will be discussed in the Data Acquisition Report

Groote Heide Fm. (core)

SomererMbr.

VoortMbr.

SteenseMbr.

BergMbr. (core)

ReuseMbr. (core)

OrpMbr.

ChalkMbr.

L N N R I 2

=» Main seal intervals have been evaluated
=> Wintelre Mbr. (core and XLOT#1)
=> Boom (core)
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How were the Oosterhout/Diessen
—ormations deposited and what
nappened since?

Sven McCarthyanTerra terra
15:10¢ 15:50



SVGE01/ASDO1

Palaeogeography Diessen/Oosterhout FfTT
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Diessen Fm. in the SVRA Wel
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characteristics, Delta Top
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Diessen characteristics, Delta Top

Particlesize distribution
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Diessen characteristics, Delta Slopproximal

Particlesize distribution
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Diessen characteristics, Delta Slopdistal
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Diessen characteristics, Base of Slope
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AWeak to low mechanical compaction

AVery sparse pyrite framboids, rare calcite cement
AMinor pore-bridging clay

=» Low iImpact on porosity

45,
' grain packing and
weakly deformed

glauconite (Gla)
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Diessen reservoir quality
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Brine permeability
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Conclusions Diessen Formation in SUG

= Deposits of deltgprogradingacross marine shelf (Rhine delta in
Roer Valley Graben)

= 4 depositional suienvironments from Base of Slope to Delta Top
= Quartzdominated sand, argillaceous and glaucosith intervals

= Weak to low compaction and scarcity of authigenic cements
contribute to very good to excellent reservoir quality

=>» Fair to very good brine permeability

=» Grainsize and the occurrence of ctand siltsized fines exert
main control on reservoir properties



North Sea cores in the Amsterdaf®il Well
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Oosterhout & Diessen cores in ASD

Preserved
sample

#1

Oosterhout Fm.

A Unconsolidated (loose) sand
A Fine, locally very fine sand

A Well to moderately well sorted
A Sparse clay content

A Very high porosity
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Diessen sedimentolo
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Diessen sedimentological trends
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Particlesize distribution grainsize trend
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AWeak mechanical compaction
ARare intraparticle pyrite and glauconite
ACalcite cement absent

=» High preservation of porosity

. i 2 L5
BEC 15kV WD11mmSS70
PanTerra

SEM: no syntaxial
overgrowths on
bioclastic calcite

grain e

e SR Reflected light thirsection:
L - pyrite crystalsgy) inside

B - (A
SElI 10kV  WD13mm SS57 x400 50pum  e—

Parifarme foraminifer test
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Brine permeabillity
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> _ S | AHigher reduction linked to
= ®
L 100 1 N . .
S ; higher porosity
& ] : : :
o - é A Sorting effect of bioclastic
10 e Br'ine Perm. - Diesse'n Fm. || rich sands?
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Conclusions Diessen & Oosterhdns

= Delta top sediments, very fine to fine sands with good sorting and
ow clay content

=» Pseudacleaning upward trend through increased bioclastic calcite
and dilution of glauconite in Diessen Formation. Opposite trend in
Oosterhout Formation

=» Increase in porosity in bioclastich sand ineffective due to
Intraparticle porosity

= Primary porosity preserved by weak compaction and lack of-pore
filling cement

= Very good air permeability and fair (Oosterhout) to good (Diessen)
brine permeabillity throughout
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Core Viewing & Break

15:50¢ 16:30



Cores from Amsterdanr®1 Well

TOP OF CORE 1
447.00 m
447.00 m

Preserved

Oosterhout Fm.

; ﬂ‘u e a9,
“ ;_‘rl’:'l: % 4 *fos;sll g[alﬁs

1\- .

=>» 2 barrels of Oosterhout Fm.

=> 4 barrels of Diessen Fm.

i 42 8 %
57;6{mD
2.70 g/ml

Preserved

sample
#13

37.43%}
b410mD"
2.66'4ml

Preserved
sample
#36

Core 7

552.00 m

Diessen Fm.

Y
o
.G

e e

Iauéonlte




Cores fromStadvan Gerwenr01l

=> 4 barrels of Diessen Fm.
- all 4 subenvironments

8136mMD
2.70 g/l
|
"

Diessen

Groote Heide

Base of Delta Slope

=>» 3 barrels of Groote Heide Fm.
- argillaceous sands and silts

Delta slope deposits, distal

Delta slope deposits, proximal

N2.64 g/mﬁi‘




SVG & ASD: how do the reservoirs perform?

PieterBruijnen(Reservoir Engineering)
lulian Hulea(Petrophysics)

Henk van Lochem (Geology)

16:30¢ 17:20




SVG01 Diessen Lower Intervalvelltest operations

Operations:

1. Installation ofsandscreensinsuccessful (no screens) i

2. Downscaling of production test (reduction to 8/im
cumulative production 10 A)
3. Atfter retrieval of downhole completion: 26.0
1. Pressure port of downhole gauges full of sand
2. Downholeshutinvalve did not seal properly

4. Injection test + falbff (appeared to be more reliable
than production + buildup® fall-off used for PTA

FBHT [deg C]
8
FBHP [bar]

Observationgiuring the production period:

- Performance of the reservoir decreased (R B5 %)

- Slight but clear reduction in bottomhole temperature 245
12/06/2025 09:00 12/06/2025 10:00

Interpretation: lower perforations collapsed (confirmed
by Injection Logging Tool)
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SVGO01 Diessen Lower Interval: PLT (ILT)
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SVGO01 Diessen Lower Intervalvelltest results

- i:aILoff

10

Wellbore storage period seamlessly transitions
into region dominated by partial penetration skip

g0 o / Partial penetration skin
/ L Lack of well developed IARK
< . ’ : Boundary effect: continuously
_______ - ] o * declining derivative
1
- i
: § * | Wellbore storage effects /
’

_________ ] | \

Pressure difference [bar]

[

collapse
1E-4 1E-3 0.01 S— ol 1 10
Completion, well, geology: Model: Results
A Cased, perforated, no screens A Homogenous reservoir A Skin (mech.) = 0.75
A Upper & Lower boundary: absent A Limited entry A Skin (geometrical) = 5.1
A Tempdecreasesluring production A Constant pressure boundary A Transmissivity = 24.8 Dm



SVG01 Diessen Upper Intervalvelltest results

Buildup -
10 E
‘ ‘ E ! . Long transition
) 1 / period to reach IARF E'gt%\?ezggz?a and
§ ; (2 hours) derivative of the
-> - = ] * data: indicative for
g - very large skin
- - % . effects.
g « 0.1 Wellbore storage
] fades out after ~ 1
L ] minute
1 1 _1IE4 1IE|-3 T LI Ilﬂl.[rI T UL II1I1.I T T T TTI ”1 T T T T II.I|{I Il1lm
Time [hr]
Completion, well, geology: Model: Results
A Cased, perforatedsandscreens A Homogenous reservoir Skin (mechanical) =135
A Upper & Lower boundary: absent A Partial penetration Note: skins only A Skin (norDarcy) = @ 8.3 (1/nf/h)

A Tempdecreasesiuring production A No boundaries {gsq?%dbljsczet;‘c%r;n A Skin (geometrical) = 4.5

injection test!!’ & Transmissivity = 67.5 Dm



SVG01 Diessen Upper Interval: hypotheses for skin

Explanation for Explanation for

Hypothesis highdP during low dP during Other remarks Chance
production? injection?
i Drilling mud Cannot explain low dP during injection test ruled out

Drilling

Polymers / emulsion / etc. Well engineers: unlikely low
: . . . . M See next

Cementing Cement blocking screens Unconsolidated cement is proven in well MHZ-01 ih slide
Reservoir compaction Geomechanics: unrealistic low

s _ Partial penetration skin (PPS) PPS is present, but cannot fully explain the observations low

eservoir

Migration of fines Not a lot of fines observed in core plugs
Perforation tunnel collapse Geomechanics: unlikely low
Checkvalve partly closed Checkvalve downstream of the gauge ruled out
Leaking packer Insufficient data to confirm/discard hypothesis

BHA

Gauges malfunctioning All three sets show same behaviour ruled out

Jetpump intake plugged Intake not plugged at surface. Possibly plugged downhole on

Fish inside screens Full wellbore acces during injection test PLT ruled out

Completion Full sandpack Cannot explain low dP during injection test ruled out

Partial sandpack Too low perm in sandpack required low




WelltestMHZ01 Chalk:

SVG01 Diessen Upper Interval: MHZL analogue (?7?)

Massive skin (400)

Field observations; production
of very fine solids (>10ier);
smelléd likecement

Lab: mineralogical composition
typical forcement

Lab: particle size distribution
typical forcement(20 um)

Lab: samples coagulate to form
cohesive aggregates having
diameters well in excess of 100
Hm

Hypothesis MHD1: coagulated
unconsolidated cement blocks
the sandscreens




ASDO]1 Diessen/OosterhouEms: overview

Production #2

=N
() I -

Production #1

[y
o

5

Q_water [m3/h]

0 — . _ | .
04/12/2025 21:00 05/12/2025 00:00 05/12/2025 03:00 05/12/2025 06:00 05/12/2025 09:00 05/12/2025 12:00

05/12/2025 15:00

50

Buildup #2

45 | "\L | Buildup #1

40

BHP [bar]

35 |

30 !
04/12/2025 21:00 05/12/2025 00:00 05/12/2025 03:00 05/12/2025 06:00 05/12/2025 09:00 05/12/2025 12:00

05/12/2025 15:00

24.0

=

235 |

BHT [degC]

2

225
04/12/2025 21:00 05/12/2025 00:00 05/12/2025 03:00 05/12/2025 06:00 05/12/2025 09:00 05/12/2025 12:00

05/12/2025 15:00

Observation:

Bottomhole temperature
starts to decrease during
production periodA
shallower zone starts
contributing.



ASDO1 Diessen/OosterhouEms: welltest results

-
=
o

=
e
[}
=
7}
o

O

Completion, well, geology:

A Cased, perforatedsandscreens
A Tempdecreasesluring production
A Multilayered reservoir

Fressure difference [bar]

—

01—

' Bunaup

A

s/ x '
a
. y
o TS
o v i O
L] -]
. o

T T
1E-4 1E-3

Time [hr]

Buildup #1: Buildup #2:
A kh=37.3 Dm A kh=22.9 Dm
A Mechanical skin = 8.5 A Mechanical skin = 12.6

A Geometrical skin = 32.6 A Geometrical skin = 43.8
A Between both buildups, the skins increase &hdlecreases




ASDO1 Diessen/OosterhouEms: discussion

Observations:

1. Bottomhole temperature decreases during productignshallower zone contributes

2. SG6SSYy odAtRdAI Im FyR 0dAf Rdzd 1 nY ¢NIgRETAEEA AN G e
3. Not a single PTA model that matches all data. progress)

Interpretation / possible explanation

A Vertical flow in reservoir from (unperforated) Oosterhout via the
baffle into Diessen formation, resulting in a large geometrical skin.

A Incompatibility between Oosterhodtuidsand Diesseminerals /
fluidsresulting in clay swelling, fines migration, chemical
deposition, or something else.

A This results in:
A kh@ - some zones stop contributing
A Skinm :
A Increase in mechanical skin: blockage of near wellbore
A Increase in geometrical skin: more restrictions to vertical flow

Oosterhout




ASDO]1 Diessen/OosterhouEms

Implications for exploitation

Performance of stacked reservoirs
example only

250

200

100

Bottomhole pressure

50




ASDO1 Diessen/OosterhouEms

Implications for exploitation

Performance of stacked reservoirs
example only

250

\ Maximising value by
200 \ fully perforating
150

100

/

Bottomhole pressure




ASDO1 Diessen/OosterhouEms

Implications for exploitation

Performance of stacked reservoirs
example only

250 - Limited perforations result
in vertical flow

Maximising value by
fully perforating

200 \\ - Vertical flow results in:
- (Large) geometrical skin.
\ However: better to have vertical
\\ \\
50 / 4%) G, (
/ Oé/o %/O
0

g /

/

100

Bottomhole pressure




ASDO1 Diessen/OosterhouEms

Implications for exploitation

Performance of stacked reservoirs
example only

250 - Limited perforations result
in vertical flow

\ Maximising value by
N full f i ‘ i
200 XN perorating - Vertical flow results in:
\ \
AN

- (Large) geometrical skin.
\ However: better to have vertical
N \B\/Eonsequence ofot fully perforating: geometrical skin fl’$w with Iar_ge lgfelomet”(ﬁal Skm’
\\ N\ Additional risk ohot fully perforating: incompatibility than no vertical flow at all.

150

- Potentially reservoir impairment

Bottomhole pressure

100 (highly dependent on geology
and geochemistry)

50 - Optimum reservoir
performance is created by
fully perforating flow zones

0 - Minimising geometrical skin

- Less risk of reservoir impairment
- Costs



Learnings for development / exploitation

ORQO01: - Sandscreendo not result in large skins

SV@E01 Lower: - Sandscreensrucial in unconsolidated formations
- Perforations can collapse

SVE01 Upper: - Cementing shallow formations to be reviewed
- Non-perforated zones contribute to flow, but can causediumgeometrical skins.

ASDO1: - NoncPerforated zones contribute to flow, but can caussry largegeometrical skins. The
added value of the extra transmissivity can (partly) be offset against the additional
geometrical skin

- Comingled flow can result in zones that become plugged. (fines? clay swelling? chemical
incompatibilities?)

- Recommendation: perforate everything, to maximize the inflow, and prevent zones
becoming plugged (but comes at costs)



SVE01& ASEO1

Reservoir Performance Summary

Kh Contributing ' Productivity Index (P.l.)

Reservoir -
(well test) _ Mechanical + : S
Height* Sandscreen Geometrical | Non-Darcy Observed | Hypothetical

OROO01 22.1 5.4
SV@E01 Lower Interval 24.8 100- 150 0.75 5.1 0 4.5 7.0
SV@&E01 Upper Interval 67.5 125-250 0-135 4.5 0¢8.3 n.a. 16.7
ASDO1 (first buildup) 37.3 90- 115 8.5 32.6 0 1.7 10.2
* If upper and lower boundaries (shale/clay) are absent {&v& ASED1), it is not known how ch of the reservoir contrilsute
¢KS NIy3aSa IALPBSY KSNB IINB o0lFlaSR 2y KSAIKGa GKIFOG adaatt |t

** Hypothetical P.I. in case of absence of-Damcy skin and geometrical skin



Coreto-log integration

DEN

- Logs are acquired at reservoir GR ors VR

DTST

conditions

=>» Most core data under

ambient conditions

=»Correct (ambient) core data to
reservoir conditions

=>» Use core data corrected to reservoir
conditions to calibrate & constrain the
log derived petrophysical interpretation



