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INTRODUCTION
SCAN Project and Permeability

SCAN project (Funded by KGG, executed by EBN and TNO), acquires

new data in The Netherlands for geothermal potential.

Focus: Permeability or flow capacity of geothermal reservoirs in BLT-

O1 well

Direct measurements are limited and different in scales:

 Core probe and plug data (mm to cm)

 Well tests data (10s — 100s of meters)

Quantitative comparisons were performed to assess the impact of

heterogeneity in reservoir permeability

SCAN data-acquisition boreholes

. BLT-01

. Other SCAN borehole

SCAN Seismische Lijnen

s
S c a o 56 - & & — Geschoten seismische lijnen
n — SCAN
| ESEaaaa— -
—UEG
Print datum: 29-11-2023 CRS:

RD New (Amersfoort; 28992) — MRA
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INTRODUCTION
De Bilt-01 (BLT-01)

* Drilled January-February 2025; TD 2123 m MD

« Extensive data acquisition throughout well:
« Coring and core analysis (Routine, Special, Probe
permeability, etc.)
 Logging LWD and WL (Standard and advanced
tools (Image logs, NMR, etc.)

 Two potential geothermal reservoirs:

 Triassic Main Buntsandstein

 Permian Slochteren (Rotliegend)

Depth (TWT ms)

 Both reservoirs tested for - production and

Injection in March-April 2025

[ ] Upper North Sea Gp.
L-M North Sea Gp.
[ ] chalkGp.

Rijnland Gp.

[ Altena Gp.

[ 7] Upper Germanic Trias
I Lower Germanic Trias
[ ] Zechstein Gp.

[ Rotliegend Gp.

[ ] Limburg Gp.

chteren
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INTEGRATION WORKFLOW

Permeability - from Core to Log to Well test

cept | Galpe] ol ooy | o |[Uasonie Tmue uivason - Shear | core Poresypermenity | infcten | sy
z Devi | 0. 150| Sonic | RES-s || Static \ .. Dynamic  Apiso A diard pore-Ferm | aamin frr:g/trlr?:
- p-2-2000] = S 0 10% 01000 [ e Open Hole Logs
d 1) ] | e — | e e Properties from logs : GR, D-N-S, Resistivity,
| (% g =T % é (Vertical resolution: 30 — 60 cm)
38 Advanced logs: Image logs,
-8 — (R A Acoustic data |
B g = | oA Confirmation of beddings, Open/Closed
§ el : ;3;. =3 Fractures and Anisotropy around (mm — cm)
- | S =t Continuous Core Probe
° R permeability, Core Poro Perm
' E Plug porosity and permeability at stress & with
= B E Brine (1mm — 1.5cm )
5 e 2 o . .
== e 4 =55 Well Production / Injection PLT Tests
; { | 2 KH frm the perforated zone (10s of m) /
g : | W | é:-"" Injectivity% from interpreted intervals
RN - — (R0 (10s of m)
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INTERPRETATION

Core and Image Logs

Main Buntsandstein

 Image logs are one of the best way to capture

Depth Gam |Density|RES-D Ultrasonic True Ultrasonic Core

ma |Neutron Image Dips Image
MDTVD Ray [-5gpici RES-S| _Staligeey ..  Dynamic . 1 1 1
PIND| Rav [Edmia] RESS —=Sialitemy®=--  Dyromc  mm heterogeneity across the reservoir at a high resolution

 Fractures (open and cemented) were identified and

weon o ‘ .
. ey 3 T " 7 - o |8 = = T = T W = =
| | 1] : .
| | L N | | | ]| .
| | i | HER :
! ! |- | ! || e
{ i i [ | (11 . _ 2
| | | | | : | 11 L) .
| | | | _ | Lhil
| | | | | | 1 ] | | I |

confirmed from Core data at certain depths

* FHE=I0R
3 AR AITETRNY o

4'_77
1 - AR AMI T =
IHEEHE W

« Sonic shear anisotropy around the fractured zone

confirmed the fracture zone in the formation

 The fast-slow shear dispersion plot (below) agrees with

fractures beyond the well, (hot Hoop stress)

QOP + a Fast Shear (S 1)4 o\c Fast & Slow Overlay
i y Aol

; 0, S 2

| © (o o

; Vertical Wellbore ~J 3

‘ “1s

| -

1YAIN W 8251 wol) ainjoed) uado/pajuswal Ajjeied yjim 8109

l

| Vertically Fractured Formation ‘

<« H ——1— —
SIOW Shear (Sz) ‘\J ‘ Frequency (kHz)
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0
-20
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INTERPRETATION

Core and Image Logs

Main Buntsandstein

graphy

BLT-01_Strati
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Image logs are one of the best way to capture
heterogeneity across the reservoir at a high resolution
Fractures (open and cemented) were identified and
confirmed from Core data at certain depths

Sonic shear anisotropy around the fractured zone
confirmed the fracture zone in the formation

The fast-slow shear dispersion plot (below) agrees with

fractures beyond the well, (hot Hoop stress)
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Core Data

« Continuous Probe air-permeability measured at mm scale

INTERPRETATION

across the entire cored intervals

 Routine Core Analysis data from core plugs were corrected

for Stress and Brine Permeability

 Corrected Poro-Perm transforms used for Perm_log

« Uncertainties around the transform and upscaling visible

on the permeability track
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INTERPRETATION
Well Test (Production) Results

Pressure transient analysis of the buildups of the production phase shows:
o Minimal variation in transmissibility throughout the reservoir (until the extent of the test)
o Matrix driven flow

The match between the average Perm_log and average well test permeability is good (0.7 — 0.8 multiples).

é (o) ::::32 :i Bourdet derivative é ():<) :z::g:ﬂi i; Bourdet derivative
: :ng:l gﬁ::g::jz :; Bourdet derivative Main BuntsandStein : ::232: E:::S:EE :; Bourdet derivative ROtIieg end
10— ooe/’/f 0 il
E / msoundary> . T
Time [hr] me [
Well Test data Net Perforated Avg Permeability from Avg Permeablllty from Core
(Darcy m) interval (m TVD) WT analy5|s (mD) calibrated Iogs (mD)
Main Buntsandstein 93.7

Rotliegend 4.8 118.3 39 53
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INTERPRETATION
PLT Injection Log

 PLT logging during injection test, showed zonal
contribution (Flow zones - FZ) within perforated

interval in both the reservoirs,:

* Injection rate (BINEISEES)

* |njection volume (fractions)
 From the core calibrated Perm_Log, averages were
calculated per PLT flow zones and factored in

terms of total average permeability,

. Avg_Perm_Log per FZ*FZ length
Fraction Perm_log_avg =

 The injection volume fraction from PLT Flow Zone

compared with Fraction Perm_Log_avg.

Main Buntsandstein

Rotliegend

|

Injection velocity
M/min
-65 ---- 5

Injection
Volume
.fraction m3/m3
1 05--0

_injectivity

BLT_BUNT _in

Depth
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833

1450

1475
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T14004

T1425-
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41475

Injection
velocity

Injection
Volume
raction m3/m3

0.5 -0

......

ﬂ’
—t—

0.046

0.058
0.12um
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0.042 |

0.112g

§ 0.008

2n0.32 6
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RESULTS

Comparisons of Permeability - Buntsandstein

graphy
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, PLT injection > Avg Log permeability
log (e.g.: Open Fracture Zone)
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RESULTS

Comparisons of Permeability - Rotliegend

BLT01 Sweetgrphy
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 Permeability must have good control over scale, range and uncertainty.

« Multi-scale data analysis enhances the reliability of interpretation leading to

CEOTHERMIE =

a stronger understanding of flow behavior. — VABooM
* |n the case of BLT-OT:

 Matched the large scale ‘dynamic’ reservoir producibility to ‘static’ log permeability

« Established the matrix flow.

2000m
60-80 °C

« |dentified deviations within flow zones and possible causes.

« Quantifying flow behavior is crucial to understand reservoir performance, as

¢

It has direct effect on power output and thermal breakthrough.

4000m
120-130°C

- Key take away - integration, calibration, and verification of available data, to ULTRADIERE

CEOTHERME

=000 1 .

have a better control over Permeability

scanaardwarmte.nl
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