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Introduction Brussels Sand & 
the ORO well

Milan Brussée

13:10 - 13:20



16

Determine geothermal reservoir properties of several 
intervals in the North Sea Supergroup in the VoorneTrough 
structural element.  

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

Establish confident seismic-well tie

Determine formation fluid properties and temperature

www.scanaardwarmte.nl

ORO-01 Well Objectives

From: WarmingUP
De Haan et al., 2020
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Stratigraphy
Eocene and Oligocene deposits well developed in VoorneTrough

Brussels Sand Member can be subdivided in three sequences
S3 - sandy with cemented banks 

S2, S1 ςsandy/silty with claystones
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Well Schematic & Seismic Section
Total Days: 51

Total Depth: 844 mMDRT

Objectives: Brussels 
Sandstone, Berg Member

Data Acquired:

Å 6 OH WL Logs runs 
(3,4km)

Å 6 CH WL Logs runs (5,0km)

Å 18 Cores (151m cut, 88% 
recovery)

Å Checkshotsurvey

Å 1 Well Test

Å 2 XLOTs

S3
S2S1
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Data Acquired
Extensive data acquired:
Å WL/LWD logs: 

(S)GR,RES,XSON,DEN,NEUT,IMAGE,NMR

Å 18 cores, total 133,8 m cored, recovered 
122,9 m

Å Core Analysis: 

Å Screening analysis (CoreDNA)

Å RCA, SCAL, core description, LPSA

Å Geomechanical tests

Å Production-& injection test with 1000m3 

formation water

Å 2 Extended Leak-off Tests (XLOT) for in-situ 
stress conditions 

Å Checkshotsurvey
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Questions to be answered today
What does the reservoir look like?

How is the reservoir deposited?

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?

Sedimentology

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?

RE and PP



How was the Brussels sand deposited 
and what happened since?

Sven McCarthy, PanTerra

13:20 - 13:50
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Palaeogeography of the Brussels Sand

Vis et al. 2016, modified after Knox et al. 2010

ORO-01

ORO-01
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not fully cored but important part of 
well outcomes

MWD,LWD: GR, RES

WL: SGR, DEN, SON 
NEUT, XSON, BHI CAL 

WL: NMR

TemperatureCores

Well tests and XLOT

Checkshot

Å169 m Brussels Sand

ÅSand and shale

Å69 m of mainly sand 

intervals cored (S3 and 

S1 sequences)

Coring in ORO-01 dataset
ORO-01
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Core logging ςchallenges and learnings

1 mm

o Unconsolidated material
ÁNot slabbed
ÁStructures poorly defined
ÁThin-sections, HPMI partly non-feasible

o Core GR effects (drilling mud, glauconite)

o Reliable data sources:

CoreDNAGP50 grain-size (Laser/ image-
based)
CoreDNAcontinuous XRF (e.g., Ca, Fe, also 
Rb, Ti)

CoreDNA
1 pxҒ н ҡƳ

Laser particle size analysis (LPSA)

ORO-01
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Brussels Sand S3

700

704

698

696

694

692

688

686

684

682

680

678

676

674

672

670

668

C
o

re
 1

3
C

o
re

 9

666

702

706

710

708

712

C
o

re
 1

5

L
ith

o
lo

g
y

cl
a
y

s
ilt

s
a
n

d

C
o

re
 D

e
p

th
 (

m
)

C
o

re
 G

R

P
h

y
si

c
a
l S

tr
u

ct
u

re
s

Plug Samples

D
e
p

o
si

tio
n
a
l 

S
u

b-
e
n

v
ir
o

n
m

e
n

t

P
o

ro
si

ty

P
e
rm

e
a
b

ili
ty

G
ra

in
 D

e
n

si
ty

UK
+

 T
h

40 0 100002.5 2.8

Thin-section

SEM BSEM

XRD

HPMI

CoreDNAGP50 ςClass.

CoreDNAGP50 - Laser

Core Logging, mode

Grain-size

C
o
re

D
N

AF
a
ci

e
s

L
ith

o
lo

g
ic

a
l A

c
c
e
ss

o
ri
e
s

Binocular

LPSA

Core Logging, max.

146

230

256

Sab

Shd

Shb

Shd

Shb

Shb

Shd

7
5

690

C
o

re
 1

4
C

o
re

 1
0

C
o

re
 1

1
C

o
re

 1
2

5

5

5

7

7

8

8

Shb

Shb

151

155

163
165

171

180

184

198

201

206

236

245

267

Sab

798

794

792

790

788

786

784

782

780

778

776

774

C
o
re

 1
6 772

L
ith

o
lo

g
y

claysiltsand

C
o
re

 D
e
p

th
 (

m
)

C
o
re

 G
R

P
h

ys
ic

a
l 
S

tr
u

ct
u

re
s

Plug Samples

D
e
p

o
si

tio
n

a
l 

S
u

b-
e
n

vi
ro

n
m

e
n

t

P
o
ro

si
ty

P
e
rm

e
a

b
ili

ty

G
ra

in
 D

e
n

si
ty

UK
+

 T
h

40 0 100002.5 2.8

Thin-section

SEM BSEM

XRD

HPMI

CoreDNAGP50 ςClass.

CoreDNAGP50 - Laser

Core Logging, mode

Grain-size

C
o
re

D
N

AF
a

ci
e
s

Binocular

LPSA

Core Logging, max.

Sol

Som

Shd

2

1

796

C
o
re

 1
7

C
o
re

 1
8

2

Som

Shb

276

288

304
306

318

332

341
344

Shd

4

4

2

6

5

308

321

314

L
ith

o
lo

g
ic

a
l A

c
c
e
ss

o
ri
e
sBrussels Sand S1

Subdivision by depositional sub-environments

ShbςOffshore Bar - above wave base

ShdςDistal Offshore Bar

Sab ςOffshore Bar ςdrowned, below wave base

Sol ςLower Offshore

Som ςOpen Marine Offshore

fine sand

very fine sand

calcite-cemented sst.

argillaceous siltstone

silty claystone

ORO-01
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Brussels Sand S3 Characteristics
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Brussels Sand S3 Characteristics
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ÅDominant sand facies - homogeneous, fine (lower) sand, sparse 

detrital clay

ÅCoarsening-upward trends

ORO-01
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Brussels Sand S3 Characteristics
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Å Calcite-cemented, very fine (upper) sandstone

Å Dm-thick, spaced at 5-10 m intervals

Å Partly floating grains -> early, in-situ cementation

ORO-01
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Brussels Sand S1 characteristics

798

794

792

790

788

786

784

782

780

778

776

774

C
o
re

 1
6 772

L
ith

o
lo

g
y

claysiltsand

C
o
re

 D
e
p

th
 (

m
)

C
o
re

 G
R

P
h

ys
ic

a
l 
S

tr
u

ct
u

re
s Plug 

Samples

D
e
p

o
si

tio
n

a
l 

S
u

b-
e
n

vi
ro

n
m

e
n

t

P
o
ro

si
ty

P
e
rm

e
a

b
ili

ty

G
ra

in
 D

e
n

si
ty

UK
+

 T
h

40 0 100002.5 2.8

Thin-section

SEM BSEM

XRD

HPMI

CoreDNAGP50 ςClass.

CoreDNAGP50 - Laser

Core Logging, mode

Grain-size

C
o
re

D
N

AF
a

ci
e
s

L
ith

o
lo

g
ic

a
l 
A

cc
e
ss

o
ri
e
s

Binocular

LPSA

Core Logging, max.

Sol

Som

Shd

2

1

796

C
o
re

 1
7

C
o
re

 1
8

2

Som

Shb

276

288

304
306

318

332

341
344

Shd

4

4

2

6

5

308

321

314

60 80 100 120

LPSA mode 
[µm]

Particle-size distribution

288

318

332

344

vol. %

332

344

288

ORO-01



30 www.scanaardwarmte.nl

Brussels Sand S1 characteristics
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Å Cross-laminated, very fine (upper) sand, sparse to common detrital clay

Å Partly glauconitic

ORO-01
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Brussels Sand S1 characteristics
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Å Homogeneous, very fine (upper) sand

Å Partly deformed glauconite

Å Opaline silica cement

ORO-01
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Depositional Model

Shallow-marine offshore sand bar

o S3 ςaggradational
ÅShbdominant (above FWWB), 

interrupted by drowning (Sab)

o S1 ςaggradation/progradation 
followed by flooding
ÅMainly distal offshore 
Å Tops bioturbated
Å Shelf fines at top

ORO-01
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What happened after deposition?

co
m

p
a

ctio
n

Bioclast-
rich

Quartz-
dominated Biogenic 

silica-rich

pyrite

pyrite
pyrite

grain-
coating clay

calcite opaline silica (Opal-CT)

Sab
Shd

Shd

Shb

grain dissolution grain dissolution grain dissolution151 308 321

slight / strong RQ reduction

RQ improvement

ORO-01
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Reservoir Quality
Brussels Sand S3

0.1

1.0

10.0

100.0

1000.0

10000.0

20.0 25.0 30.0 35.0 40.0 45.0

K
lin

ke
n
b
e

rg
 P

e
rm

e
a

b
ili

ty
 (m
D

)

Helium Porosity (%)

Open Marine Offshore
(Som)
Lower Offshore (Sol)

Offshore Bar - drowned,
below wave base (Sab)
Distal Offshore Bar (Shd)

0.1

1.0

10.0

100.0

1000.0

10000.0

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

K
lin

ke
n
b
e

rg
 P

e
rm

e
a

b
ili

ty
 (m
D

)

Helium Porosity (%)

Offshore Bar - above wave base
(Shb)
Distal Offshore Bar (Shd)

Offshore Bar - drowned, below
wave base (Sab)

Brussels Sand S1
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- Laterally extensive, but discontinuous streaks (?)
- Vertical flow baffles?

Geel & Foeken 2021, TNO WarmingUPReport
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Reservoir Quality
On brine permeability
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Åratio driven by pore throat size distribution ςeffective porosity
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S3

S1

www.scanaardwarmte.nl

Conclusions Brussels Sand

extensive database acquired in OranjeoordWell

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

Å Calcite-cemented intervals represent baffles -> 
to be considered for well completion

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

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

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

C
or

es

ORO-01



Core Viewing & Break

13:50 - 14:30
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Cores from Oranjeoord
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ORO: how does the reservoir perform?

Pieter Bruijnen(Reservoir Engineering)

Joost van den Broek (Petrophysics)

Milan Brussée(Geology)

14:30 ς15:00
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Generic well test sequence
Generic operational well test steps for all 
SCAN wells starting from ORO-01: 

1. Perforate casing underbalanced (optional: screen)

2. Run JetpumpBHA on coiled tubing

3. Set packer

4. Injection via coiled tubing through jetpump
Å Production period #1 3 hours
Å Buildup #1 (downhole shutin) 3 hours 
Å Production period #2 3 hours
Å Buildup #2 (downhole shutin) 24 hours

5. POOH JetpumpBHA

6. RIH wireline PLT

7. Re-inject produced water, PLT passes, fall-off test

gaugeP&T gauge

packer

jet pump

pump outlet

coiled tubing

casing
cement

perforations

check valve

sampling device

Jetpump
bottomhole 
assembly

pump intake

perforations

sandscreens

References (a.o.):
- Data acquisition reports of ORO-01 and AMS-01
- Bruijnen, P.M. 2024. Numerical and analytical modelling of wellbore storage effects in low-
enthalpy geothermal well tests. Geoenergy2024-020, Vol.3. https://doi.org/10.1144/ 
geoenergy2024-020
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Oranjeoord-01: welltest results

Model:

ÅHomogeneous reservoir

ÅInfinite boundary

ÅLimited entry (due to screens) 

Wellbore storage effects quickly fading out 
after 0.003 hours (11 s) due to downhole 
shutin

0.1 hour: radial flow: 
transmissivity

Transition time to radial flow 
όΨƘƻǊƛȊƻƴǘŀƭΩύΥ ƛƴŘƛŎŀǘƛǾŜ ƻŦ ƎŜƻƳŜǘǊƛŎŀƭ 
skin

No boundary effects

Results:

ÅSkin (mech. + sandscreens) = 2.0

ÅGeometrical skin = 1.1

Åkh = 22.1 Dm

Completion, well, geology:

ÅOpen hole, sandscreens(top to 
bottom)

ÅUpper & lower boundary: clay

Buildup
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Brussels Sand member

ÅExtensive logging suite (LWD & WL)

ÅLocal bad hole conditions in S1 sequence (DRHO Flag)

ÅCarbonate bank signature very clear in 
upper part of the Brussels (S3)
Å Density-Neutron, Image, Core porosity & 

CoreDNAStrength
Probe perm

Brine at overburden

Raw NMR Coates (air) 

Permeability 
measurements

Air at ambient
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Permeability measurements
Permeability is key!

Å CoreDNAprobe permeability

Å Every 3cm, interpolated to 1 cm, 
performed on uncleaned core. 
Difficult on these cores

Å Routine air permeability

Å Every 33cm, 117 successful plugs

Å Klinkenberg air and brine 
permeability at reservoir 
conditions

Å 10 horizontal plugs for each

Å NMR logs & 10 plugs for 
calibration

Å Timur-Coates model yields 
permeability

Å Well test kH: 22.1 Dm

Probe perm

Brine at overburden

Raw NMR Coates (air) 

Permeability 
measurements

Air at ambient

No. of plugs in Brussels 124

RCA measurements 117

Stressed Porosity 10

Stressed Brine Perm 18

FRF & NMR 10
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Correct (ambient) core data to reservoir conditions 
ÅRoutine core analysis (RCA): 

ÅAmbient conditions

Å117 successful horizontal plugs

ÅHelium porosity and gas/air permeability

Core porosity

Stressed core porosity

Core gas/air permeability

Stressedcore brine perm

Stress correction for 
core porosity

Stress & brine correction 
for core air permeability 

ÅSCAL: 

Å 10 plugs: stressed core porosity (42 bar)

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

Porosity

C
o
re

 p
o
ro

s
ity

Stressed core porosity

Ὧ Ȣ ὯzȢ

Core air permeability

S
tr

e
s
s
e

dc
o
re

 b
ri
n
e

 p
e

rm

Permeability

ὖὕὙ πȢωχzὖὕὙ
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Porosity calibration
ÅSufficient core data allows 

calibration of total density 
porosity to core. Results in 
good match, especially in S3.

Stress corrected core porosity

C
a

lib
ra

te
d
 t

o
ta

l d
e
n
si

ty
 p

o
ro

s
it
y
 

Slope: 0.998
R2: 0.654

ÅIn Bad Hole section in S1 we 
substitute NMR total porosity 
instead of density total porosity.
ÅBest available option
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Subdividing the Brussels Member
ÅPorosity is high & relatively 

constant

ÅNMR & PLT suggest the upper 
Brussels preforms better.

ÅNMR fluid distribution show an 
increase in bound fluids going 
down.

ÅPoro-perm* shows a depth 
dependency.

*corrected to reservoir conditions

ÅCore description showed two 
depositional sequences.

ÅThe boundary between upper 
Brussels (S3) & lower Brussels 
(S1) is not cored, but we put it at 
715 mMD based on NMR, Density 
ŀƴŘ ΨǘǊƛŀƭ ŀƴŘ ŜǊǊƻǊΩΦ

Dark = shallow
Light = deep
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Porosity ςPermeability

Stress correction for 
core porosity

Stress & brine 
correction for core air 
permeability 

Stress & brine 
corrected poro-perm 
relationship

Stress & brine 
corrected poro-perm 
relationship

▓ ᶻ ╟z╞╡Ȣ

▓ Ȣ ᶻ ╟z╞╡ Ȣ

C
K

H
_

B
S

C

CPOR_SC

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

Derive porosity-
permeability relation for 
both zones

Scatter in 
lower 
Brussels (S1)

Low porosity 
dependency 
in upper 
Brussels (S3)
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Permeability in log domain

Å Upper section shows a good agreement.
Å Lower section not so good match. Also note unrealistic perm 

in bad hole section despite NMR porosity substitution.
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NMR Calibration

ÅNMR vs core porosity noisier than log vs core 
porosity, but good agreement.

ÅCalibration of NMR Free & Bound fluid to NMR 
core data.Stress 

corrected core 
porosity

Core calibrated 
total porosity 

Total NMR 
porosity

NMT T2 Cutoff Standard Calibrated

Clay Bound Water 3 ms 3 ms

Bulk Volume Irreducible 33 ms 40 ms
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NMR Permeability

ÅUsing NMR Total porosity and the Free & Bound Fluid volumes 

ÅὖὉὙὓ ᶻ

ÅCalibrated Ψ/-ŦŀŎǘƻǊΩ(to corrected): 12

ÅComparison between log derived & NMR derived permeability 
models:
ÅNMR appears to better capture behaviorin bad hole section.
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Grainsize

ÅOptical grainsize reduction 
with depthconsistent with 
observations from core 
description.
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Comparison to test results
ÅNormalize permeability contributions from 

NMR & Poro-perm model for each PLT flow 
zone and compare to PLT results.

ÅBad hole conditions distort permeability 
model from core.

ÅNMR Perm appears to show better match 
both in kH& relative contributions.

Method kH [Dm]

Well test 22.1

Core based permeability model 33.4

NMR Timur-Coates Permeability 25.6
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Conclusions petrophysics
ÅBrussels Sand Member permeability modelling is 

challenging. Grain size and structural clay appear to 
control permeability. 
ÅMovable fluid volumes not captured by porosity 

measurements
ÅNMR can give useful insight in this matter.

ÅReasonable match between test kH& injection profile 
and NMR & core-based permeability models.

ÅBad hole conditions influence porosity & resulting 
permeability model.

ÅMultiple depositional sequences as observed in the core 
are also visible in permeability and flow distribution.

Method kH [Dm]

Well test 22.1

Core based permeability model 33.4

NMR Timur-Coates Permeability 25.6
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ORO-01 Temperature & Pressure
Many temperature measurements performed:

Drilling: Mud outflow, MWD

OH-logging: Logging tool thermometer

Well Test & XLOT: 
Outflow Wellhead temperature

Coiled Tubing (RIH, POOH and Static)

Cased Hole rapid response thermometer

PLT Run in Hole

Other PLT passes (staticcalibration & POOH)

Downhole Gauge (well test & XLOT)

Best estimate Mid-reservoir temperature;
31.3°C @ 688 m TVDNAP (middle of flow-unit) 

30.9°C / km gradient with surface temperature of 10°C

Best estimate Pore Pressure;
59.4 Bar(a) @ 581.9 m TVDNAP (Downhole Gauge depth)
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Geomechanical data: UCS
Uniaxial Compressive Strength measured both by 
Scratch test and calculated with Tri-axial test

CoreDNAScratch test needs to be calibrated to Tri-
axial tests

NS Claystone intervals ~3x overestimated in 
Scratch test

NS Sand(stone) intervals ~2.5x underestimated in 
Scratch test

Soft clay samples deform plastic in Tri-axial test
E.g. Boom Mb. in ORO-01

Oosterhout
Diessen

Diessen

BergBrussels

Brussels

Diessen
Diessen

Diessen

Berg

Reusel

Groote Heide

BergBoom

Asse
Asse

Asse
Boom

Wintelre

Wintelre

Boom

Boom

y = 0.3922x
R² = 0.486

y = 3.3798x
R² = 0.783
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XLOTs in the North Sea Supergroup
7 XLOTs performed in North Sea Group seals 

Middle North Sea Group:
NMRUBO ςBoom Mb.  ORO-01

NMRUBO ςBoom Mb ASD-01

NMVE ςVeldhoven Fm. SVG-01

Lower North Sea Group:
NLDO ςDongen Fm. AMS-01

NLDO - Dongen Fm. ORO-01

NLLA ςLanden Fm. HEE-01

NLDO ςDongen Fm. MHZ-01

In general, resulting Shmin(far) exceeds SodM
gradient, but location specific model required



58 www.scanaardwarmte.nl

1D-Geomechanical model

1D-Geomechanical model made for each SCAN well

1. DENS-log to calculate overburden pressure

2. Pore Pressure calibrated to well test pressure points

3. Vpand Vs to calculate dynamic ǇƻƛǎǎƻƴΩǎratio

4. Shmincorrected/calibrated to XLOT data = in-situ stress 

points

For ORO-01 no/minimal calibration required to XLOT

ORO-01
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Concluding remarks ORO-01
Brussels Sand Member in ORO-01

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 and in-situ, indicating strata-bound 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 S3-sequence shows different trends from Lower S2 and S1 sequences

Temperature, pressure, fluids
30.9°C / km gradient with surface temperature of 10°C



Introduction Oosterhout/Diessen 
Fms. & the SVG & ASD wells

Henk van Lochem

15:00 ς15:10
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Objectives Stadvan Gerwen-01 & Amsterdam-01

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 ASD-01, not discussed in this workshop

Secondary targets in SVG-01: 
Voort Mbr. of Veldhoven Fm.

Berg Mbr. of the Rupel Fm.

Chalk Gp. (Houthemand Ommelandenformations)

Other intervals: Someren Mbr., SteenselMbr., ReuselMbr. & OrpMbr.

Determine geomechanical properties of the reservoirs, caprocks and 
overburden

Determine formation fluid properties and temperature
SVG-01

ASD-01

Depth map Base Upper North Sea Gp. (Duin et al., 2006)
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North Sea Supergp. RVG
Primary reservoirs: 

Oosterhout Fm.: Pliocene 2-5 Ma(ASD-01)

Diessen Fm.: Miocene (Tortonian-Messinian) 6-10 Ma

Groote Heide Fm.: Miocene (Burdigalian-Serravallian) 13-17 
Ma

Secondary reservoirs:
Voort Mbr.: Oligocene (Chattian) 23-27 Ma

Berg Mbr.: Oligocene (Rupelian) 32-34 Ma

Houthem-Ommelanden (Danian-Maastrichtian) 62-70 Ma

Other reservoir intervals:
Someren Mbr.: Miocene (Burdigalian) 18-21 Ma

ReuselMbr.: Paleocene(Thanetian) 56-58 Ma

Orp Mbr.: Paleocene(Selandian) 59-61 Ma

Seals:
Oosterhout Fm.: Pliocene 2-5 Ma (ASD-01)

WintelreMbr.: Miocene (Aquitanian) 21-23 Ma

Boom Mbr.: Oligocene (Rupelian) 28-32 Ma

Pyrenean Unconformity in SVG-01
Berg Mbr rests on ReuselMbr.: Whole Eocene is missing 34-56 
Ma

Boom Mbr
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Stadvan Gerwen (SVG-01)
Total Days: 48 drilling + 22 testing

Total Depth: 1905 mMDRT

Objectives: Breda (Diessen, Groote 

Heide), Voort, Berg and Chalk

Data Acquired:

Å Conductor logging (337m)

Å 6 OH WL Logs run (5.4km)

Å 22 Cores (187m cut, 91% recovery)

Å н ²Ŝƭƭ ¢Ŝǎǘǎ ϧ t[¢Ωǎ

Å 2 XLOTs
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Amsterdam-01 (ASD-01)
Total Days: 46 drilling + 33 testing

Total Depth: 1975 mMDRT

Objectives: Slochteren & Breda 

(Diessen)

Data Acquired:

Å 6 OH WL Logs run (5.3km)

Å 11 Cores (155m cut, 98% recovery)of 

which 1 Oosterhout and 6 Diessen

Å н ²Ŝƭƭ ¢Ŝǎǘǎ ϧ t[¢Ωǎ

Å 2 XLOTs

Please note:
ASD-01: Amsterdam-01 (2025)
AMS-01: Amstelland-01 (2023)
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Seismic Facies Breda Subgp. Roer Valley Graben
Breda Subgp. fills Roer Valley Graben from 
south-east to north-west

Deposition by dipping clinoforms

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

This subdivision has also been used in the 
geological core evaluation and the 
petrophysical analysis (in PP Base of Slope 
is differentiated from the rest of the 
Diessen)

Based on seismic interpretation the 
depositional facies of ASD-01 is identified 
as Delta Top

Siebels et al. 2024
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Roer Valley Graben: Artesian Inflow (Luijendijk, 2012)
SVG-01

NW-SE cross section through the Roer Valley Graben

Fresh and cold water sinks into permeable formations by gravity in 
the elevated parts of the Roer Valley Graben in Germany

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
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Biostratigraphy North Sea Gp.

TNO is working on a comprehensive biostratigraphic analysis of North Sea 
sections of the SCAN wells (including SVG-01 and ASD-01)

EBN has received a pre-release of the results

Most important revisions are:
ASD-01: The cored and tested interval is dated as Oosterhout Fm., not Diessen Fm.

ASD-01: Boundary of the Diessen Fm. with Groote Heide Fm. is placed deeper

ASD-01: A Wintelre interval is placed between Groote Heide Fm. and Boom Fm.

SVG-01: The boundary Groote Heide Fm and Someren Mbr. is placed shallower

SVG-01: 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
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This Workshop
Focus workshop on reservoir characterization of tested 
intervals in SVG-01 well and ASD-01 well

Tested intervals:
SVG-01, Diessen Lower Interval, Test#1

SVG-01, Diessen Upper Interval, Test#2

ASD-01, Diessen > Oosterhout, Test#2

Other reservoir intervals of SVG-01 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)

Someren Mbr.

Voort Mbr.

SteenselMbr.

Berg Mbr. (core)

ReuselMbr. (core)

OrpMbr. 

Chalk Mbr.

Main seal intervals have been evaluated
WintelreMbr. (core and XLOT#1)

Boom (core)



How were the Oosterhout/Diessen 
Formations deposited and what 
happened since?

Sven McCarthy, PanTerra

15:10 ς15:50
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Palaeogeography Diessen/Oosterhout Fm.

ASD-01
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0early Pliocene

mid-Miocene

SVG-01

ASD-01
SVG-01

Munstermann et al. 2025

ASD-01
SVG-01

Altenburg & van Unen 2025, TNO WarmingUPReport

Different depo-centres: Roer Valley Graben (RVG) with SVG-01,
Zuiderzee Low (ZZL) with ASD-01

ASD-01 ASD-01

SVG-01
SVG-01

SVG-01/ASD-01



72 www.scanaardwarmte.nl

Diessen Fm. in the SVG-01 Well

ÅNear 600 m-thick Diessen Formation in SVG-01

ÅTotal core length 79 m

ÅSeismic bottomsets(Core 10) overlain by foresets

(Cores 7-фύ ҥ ŘŜƭǘŀ ǇǊƻƎǊŀŘŀǘƛƻƴ

ÅIn- and outbuilding topsets (Cores 1-6)

Line SCAN 19

DP

Dso

Dsd

Dsb

SVG-01
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Diessen characteristics, Delta Top
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Diessen characteristics, Delta Top
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ÅFine (lower to upper) sand, subtle m-scale grain-size 
changes
ÅMostly well sorted, contains argillaceous and glauconitic 

intervals
ÅRare bioclastic grains

Delta Top (DP) sub-environment

SVG-01
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Diessen characteristics, Slope & Base of Slope
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Diessen characteristics, Delta Slope - proximal
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ÅFine (upper) to medium (lower) sand
Åm-scale coarsening-upward cycles
ÅUp to very abundant glauconite grains

Delta Slope - proximal (Dso) sub-environment

(glauconite concentrated by storm-induced currents)

SVG-01
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Diessen characteristics, Delta Slope - distal
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ÅFine (lower) sand, moderately well sorted
ÅVery low content of fines
ÅIntensely bioturbated

Delta Slope ςdistal (Dsd) sub-environment
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Diessen characteristics, Base of Slope
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ÅVery fine (upper) to fine (lower) sand
ÅPoorly sorted with common fines
ÅOccasional clay drapes

Base of Slope (Dsb) sub-environment
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What happened after deposition?
ÅWeak to low mechanical compaction

ÅVery sparse pyrite framboids, rare calcite cement

ÅMinor pore-bridging clay 

Low impact on porosity

45

45

45

SEM: pore-bridging clay (cl)

thin-section: loose 
grain packing and 
weakly deformed 

glauconite (Gla)

cl

cl

Gla

Gla

SVG-01
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Diessen reservoir quality
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ÅMost intervals have very good (1,000-5,000mD) 

reservoir quality, commonly excellent (5,000-10,000mD)

ÅDifferences linked to grain-size and content of fines

Delta Top (DP)

Delta Slope Deposits ςproximal (Dso)

Delta Slope Deposits ςdistal (Dsd)
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Brine permeability
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ÅHighly variable reduction of 

68-95% relative to air 

permeability

ÅFiner grain-size and presence 

of clays reduce effective 

pore throat diameter

84 6
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Clay- and silt-sized fines
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Conclusions Diessen Formation in SVG-01

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

4 depositional sub-environments from Base of Slope to Delta Top

Quartz-dominated sand, argillaceous and glauconite-rich intervals

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

Fair to very good brine permeability

Grain-size and the occurrence of clay- and silt-sized fines exert 
main control on reservoir properties

SVG-01
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North Sea cores in the Amsterdam-01 Well

ÅWestward-thinning Diessen Fm.
Å Clinoformssuggest Delta Top setting
Å Eastward-thinning Oosterhout Fm.

ASD-01
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Oosterhout & Diessen cores in ASD-01
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Diessen Fm.

Å Unconsolidated (loose) sand

Å Fine, locally very fine sand

ÅWell to moderately well sorted

Å Sparse clay content

Å Very high porosity

Glauconite
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fossil grains
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Diessen sedimentological trends
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Diessen sedimentological trends
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Oosterhout sedimentological trends
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What happened after deposition?
ÅWeak mechanical compaction

ÅRare intraparticle pyrite and glauconite

ÅCalcite cement absent

High preservation of porosity

SEM: no syntaxial 
overgrowths on 
bioclastic calcite 

grain
Reflected light thin-section: 
pyrite crystals (py) inside 
foraminifer test

BSEM: weakly 
deformed 

glauconite (Gla)

149
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149

Gla

Gla

py

py

ASD-01
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Oosterhout & Diessen reservoir quality
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Brine permeability

ÅReduction of 75% - 98% 

relative to air permeability

ÅHigher reduction linked to 

higher porosity

ÅSorting effect of bioclastic-

rich sands?
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Conclusions Diessen & Oosterhout Fms.

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

Pseudo-cleaning upward trend through increased bioclastic calcite 
and dilution of glauconite in Diessen Formation. Opposite trend in 
Oosterhout Formation

Increase in porosity in bioclastic-rich 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 permeability throughout

ASD-01
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Cores from Amsterdam-01 Well
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Cores from Stadvan Gerwen-01

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

4 barrels of Diessen Fm.
- all 4 sub-environments
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SVG & ASD: how do the reservoirs perform?

Pieter Bruijnen(Reservoir Engineering)

Iulian Hulea(Petrophysics)

Henk van Lochem (Geology)
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97 www.scanaardwarmte.nl

SVG-01 Diessen Lower Interval: welltest operations
Operations: 

1. Installation of sandscreensunsuccessful (no screens)

2. Downscaling of production test (reduction to 8 m3/h, 
cumulative production 10 m3)

3. After retrieval of downhole completion: 

1. Pressure port of downhole gauges full of sand

2. Downhole shutinvalve did not seal properly

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

Observationsduring the production period:

- Performance of the reservoir decreased (P.I. ~- 35 %)

- Slight but clear reduction in bottomhole temperature

Interpretation: lower perforations collapsed (confirmed 
by Injection Logging Tool)
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SVG-01 Diessen Lower Interval: PLT (ILT)
Perf Flow distribution [%]GR [gAPI] CCL Line speed [m/min] ILS [RPS] Temperature [deg C]
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SVG-01 Diessen Lower Interval: welltest results

Model:

ÅHomogenous reservoir

ÅLimited entry

ÅConstant pressure boundary

Wellbore storage effects

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

Results:

ÅSkin (mech.) = 0.75

ÅSkin (geometrical) = 5.1

ÅTransmissivity = 24.8 Dm  

Completion, well, geology:

ÅCased, perforated, no screens

ÅUpper & Lower boundary: absent

ÅTemp decreasesduring production

collapse

??

??

Partial penetration skin

Lack of well developed IARF

Boundary effect: continuously 
declining derivative

Fall-off

SVG-01
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SVG-01 Diessen Upper Interval: welltest results

Model:

ÅHomogenous reservoir

ÅPartial penetration

ÅNo boundaries

Results:

ÅSkin (mechanical) = 0 ς135

ÅSkin (non-Darcy) = 0 ς8.3 (1/m3/h)

ÅSkin (geometrical) = 4.5

ÅTransmissivity = 67.5 Dm

Completion, well, geology:

ÅCased, perforated, sandscreens

ÅUpper & Lower boundary: absent

ÅTemp decreasesduring production

Wellbore storage 
fades out after ~ 1 
minute

Long transition 
period to reach IARF 
(2 hours)

Huge spread 
between data and 
derivative of the 
data: indicative for 
very large skin 
effects.

Note: skins only 
in production 
test; absent in 
injection test!!

Buildup

SVG-01
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Hypothesis

Explanation for 

high dP during 

production?

Explanation for 

low dP during 

injection?

Other remarks Chance

Drilling mud yes no Cannot explain low dP during injection test ruled out

Polymers / emulsion / etc. yes yes Well engineers: unlikely low

Cementing Cement blocking screens yes yes Unconsolidated cement is proven in well MHZ-01 high(est)

Reservoir compaction yes yes Geomechanics: unrealistic low

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

Migration of fines yes yes Not a lot of fines observed in core plugs medium

Perforation tunnel collapse yes yes Geomechanics: unlikely low

Checkvalve partly closed yes yes Checkvalve downstream of the gauge ruled out

Leaking packer yes yes Insufficient data to confirm/discard hypothesis medium

Gauges malfunctioning yes yes All three sets show same behaviour ruled out

Jetpump intake plugged yes yes Intake not plugged at surface. Possibly plugged downhole only medium

Fish inside screens yes no Full wellbore acces during injection test PLT ruled out

Full sandpack yes no Cannot explain low dP during injection test ruled out

Partial sandpack yes yes Too low perm in sandpack required low

Drilling

Reservoir

BHA

Completion

www.scanaardwarmte.nl

SVG-01 Diessen Upper Interval: hypotheses for skin

See next 
slide

SVG-01
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SVG-01 Diessen Upper Interval: MHZ-01 analogue (??)

WelltestMHZ-01 Chalk:

- Massive skin (400)

- Field observations: production 
of very fine solids (>100 liter); 
smelled like cement

- Lab: mineralogical composition 
typical for cement

- Lab: particle size distribution 
typical for cement(20 µm)

- Lab: samples coagulate to form 
cohesive aggregates having 
diameters well in excess of 1000 
µm

- Hypothesis MHZ-01: coagulated 
unconsolidated cement blocks 
the sandscreens.

SVG-01
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ASD-01 Diessen/Oosterhout Fms.: overview

Production #1

Production #2

Buildup #1 Buildup #2

Observation:

Bottomhole temperature 
starts to decrease during 
production period Ą
shallower zone starts 
contributing.

ASD-01
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ASD-01 Diessen/Oosterhout Fms.: welltest results

Completion, well, geology:

ÅCased, perforated, sandscreens

ÅTemp decreasesduring production

ÅMultilayered reservoir

Buildup #1

Buildup #2

Buildup #1:

Åkh = 37.3 Dm

ÅMechanical skin = 8.5

ÅGeometrical skin = 32.6

Ą Between both buildups, the skins increase and kh decreases

Buildup #2:

Åkh = 22.9 Dm

ÅMechanical skin = 12.6

ÅGeometrical skin = 43.8

O
o

st
e

rh
o

u
t

D
ie

ss
e

n

baffle baffle

Buildup

ASD-01
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ASD-01 Diessen/Oosterhout Fms.: discussion

Observations:

1. Bottomhole temperature decreases during production Ą shallower zone contributes

2. .ŜǘǿŜŜƴ ōǳƛƭŘǳǇ Ім ŀƴŘ ōǳƛƭŘǳǇ ІнΥ ¢ǊŀƴǎƳƛǎǎƛǾƛǘȅ Ҩ Ҍ ǎƪƛƴǎ ҧ

3. Not a single PTA model that matches all data. 
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baffle baffle

Unresolved, not fully 
understood (work in 
progress)

Interpretation / possible explanation:

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

ÅIncompatibility between Oosterhout fluidsand Diessen minerals / 
fluids resulting in clay swelling, fines migration, chemical 
deposition, or something else. 

ÅThis results in:
Å khҨ - some zones stop contributing

Å Skin ҧ :

Å Increase in mechanical skin: blockage of near wellbore

Å Increase in geometrical skin: more restrictions to vertical flow

ASD-01
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ASD-01 Diessen/Oosterhout Fms. 
implications for exploitation
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Maximising value by 
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ASD-01 Diessen/Oosterhout Fms. 
implications for exploitation
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Maximising value by 
fully perforating

Consequence of not fully perforating: geometrical skin

ASD-01 Diessen/Oosterhout Fms. 
implications for exploitation

- Limited perforations result 
in vertical flow

- Vertical flow results in:
- (Large) geometrical skin. 

However: better to have vertical 
flow with large geometrical skin, 
than no vertical flow at all.

ASD-01
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Maximising value by 
fully perforating

Consequence of not fully perforating: geometrical skin

Additional risk of not fully perforating: incompatibility

- Limited perforations result 
in vertical flow

- Vertical flow results in:
- (Large) geometrical skin. 

However: better to have vertical 
flow with large geometrical skin, 
than no vertical flow at all.

- Potentially reservoir impairment 
(highly dependent on geology 
and geochemistry)

- Optimum reservoir 
performance is created by 
fully perforating flow zones
- Minimising geometrical skin

- Less risk of reservoir impairment

- Costs

ASD-01 Diessen/Oosterhout Fms. 
implications for exploitation

ASD-01
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Learnings for development / exploitation

ORO-01: - Sandscreensdo not result in large skins

SVG-01 Lower: - Sandscreenscrucial in unconsolidated formations

- Perforations can collapse

SVG-01 Upper: - Cementing shallow formations to be reviewed

- Non-perforated zones contribute to flow, but can cause mediumgeometrical skins.

ASD-01: - Non-perforated zones contribute to flow, but can cause very large geometrical 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)

SVG-01& ASD-01
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Reservoir Performance Summary

* If upper and lower boundaries (shale/clay) are absent (SVG-01 & ASD-01), it is not known how much of the reservoir contributes. 
¢ƘŜ ǊŀƴƎŜǎ ƎƛǾŜƴ ƘŜǊŜ ŀǊŜ ōŀǎŜŘ ƻƴ ƘŜƛƎƘǘǎ ǘƘŀǘ ǎǘƛƭƭ ŀƭƭƻǿ ŦƻǊ ŀ ΨǊŜŀǎƻƴŀōƭŜΩ ƳŀǘŎƘΦ  

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

Well

kh 
(well test)

Contributing 
Reservoir 
Height*

Skin Productivity Index (P.I.)

Mechanical + 
Sandscreen

Geometrical Non-Darcy Observed Hypothetical**

[Dm] [m] [-] [-] [1/m3/h] [m3/h/bar] [m3/h/bar]

ORO-01 22.1 169 2 1.1 0 4.7 5.4

SVG-01 Lower Interval 24.8 100 - 150 0.75 5.1 0 4.5 7.0

SVG-01 Upper Interval 67.5 125 - 250 0 - 135 4.5 0 ς8.3 n.a. 16.7

ASD-01 (first buildup) 37.3 90 - 115 8.5 32.6 0 1.7 10.2

SVG-01& ASD-01



112

Log domain
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Core-to-log integration 

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

Logs are acquired at reservoir 
conditions

Most core data under 
ambient conditions

Correct (ambient) core data to 
reservoir conditions

Core domain
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