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Betreft Hoogweg, update quickscan seismiciteit

Auteur [

Gecontroleerd door -

Potentie veroorzaken geinduceerde
seimiciteit

1 INLEIDING
December 2017 heeft IF Technology een quickscan uitgevoerd om te bepalen of er een gerede kans
is dat geothermie systeem bij Hoogweg geinduceerde seismiciteit veroorzaakt. Uit de quickscan
bleek dat deze kans klein is.

Naar aanleiding van de quick scan heeft SodM een aantal aanvullende vragen gesteld. Deze vragen
konden pas beantwoord worden na het boren van de putten (zie Figuur 1) en na het uitvoeren van
de puttesten. De boringen, puttesten en evaluaties zijn juni 2018 afgerond. In deze notitie zullen
de resultaten van de evaluatie gebruikt worden om de vragen van SodM te beantwoorden. Voor een
uitgebreide beschrijving van de puttesten wordt verwezen naar de rapportage van de puttesten.
Deze rapportage is bijgevoegd in bijlage 1.

De door SodM gestelde vragen waren als volgt:
¢ Druk communicatie tussen de putten

« Breukorientatie

In de volgende hoofdstukken wordt op deze vragen ingegaan.
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Figuur 1 | Putlocaties, belangrijkste breuken (in rood), verstoringen reservoir (oranje) en afwezigheid reservoir (gearceerd)
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2 INTERWELL PRESSURE COMMUNICATION
In Figuur 1 zijn de locaties van de geboorde putten weergegeven. Het figuur geeft zowel het
doorprikpunt aan de bovenkant van het reservoir, als de locatie van de put aan de onderzijde van
het reservoir. In de putten zijn verschillende testen uitgevoerd. De belangrijkste testen waren: 1)
productie uit LTG-GT-03 met drukmetingen in LTG-GT-01 en LTG-GT-02 en 2) productie uit LTG-
GT-02 met drukmetingen in LTG-GT-01 en LTG-GT-03.

In Figuur 2 staan de resultaten van test 1. Uit het figuur blijkt duidelijk dat er een ongestoorde
drukcommunicatie is tussen de verschillende putten. Verder blijkt uit de analyses dat LTG-GT-03
beinvloed wordt door de breuk (erosievlak aan de oostzijde), maar dat dit geen volledige
hydrologische barriére vormt.
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Figuur 2 | Productie test LTG-GT-03 en metingen in LTG-GT-02 en LTG-GT-01.

Op basis van de geinterpreteerde test is een transmissiviteit van 20 Dm tussen de verschillende
putten bepaald. Om te corrigeren voor de beperkte toestroming vanuit het oosten is een skin van
2.5 voor LTG-GT-03 gehanteerd. De verstoring is namelijk niet fysiek in het model opgenomen.

De resultaten van test 2 staan in Figuur 2. Ook uit deze test blijkt duidelijk dat er
drukcommunicatie tussen de verschillende putten is. De interpretatie van deze test is minder
eenduidig van de voorgaande test. Om een goede fit te krijgen met de drukdata op afstand was
respectievelijk een transmissviteit van 21 Dm (LTG-GT-03) en 22 Dm (LTG-GT-01) benodigd. Verder
week de benodigde storativity iets af. De verschillen zijn echter niet dusdanig groot dat het reden
geeft om het model aan te passen. De resultaten zijn verder coherent met die van test 1.

De bovenste curve (blauw) wijkt aan het eind iets af van de meetwaarde. Dit is waarschijnlijk het
gevolg van de beperktere toestroming vanuit het oosten die niet in het model is meegenomen.

De geinterpreteerde test gaf voor de pompput (LTG-GT-02) een hogere transmissiviteit (29 Dm) dan

berekend op basis van de interferentie testen. Verwacht wordt dat deze transmissiviteit lokaal
rondom de put geldt. De resultaten van de interferentie testen zijn als leidend beschouwd.
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Figuur 3 | Productie test LTG-GT-02 en metingen in LTG-GT-03 (boven) en LTG-GT-01 (onder).

3 BREUKORIENTATIE
Uit de uitgevoerde puttesten blijkt dat er tussen de putten geen sealende of deels sealende breuk
aanwezig zijn. Dit betekent dat de oranje verstoringen aangegeven in Figuur 1 waarschijnlijk geen
geen seismiciteit gaan veroorzaken. Als gevolg hiervan ligt de dichtstbijzijnde breuk bij LTG-GT-03.
Door de oriéntatie van deze breuk ten opzichte van het stress veld is de slip tendency laag. Deze
breuk zal hierdoor niet snel gaan schuiven.

IF Technology Creating energy



Datum 19 juli 2018
Referentie 66238/NB
Pagina 4/5

W2,
CO

- HERBEREKENING SCORE
Op basis van de resultaten van de puttesten kan de scoringstabel voor het bepalen van de potentie
voor het veroorzaken van geinduceerde seismiciteit opnieuw ingevuld worden. Doordat vastgesteld
is dat er een drukcommunicatie tussen de putten is, kan de “Interwel pressure communication“ op
“yes” gezet worden. Verder kan “Orientation of faults in stress field” op “shearing unlikely” gezet
worden. De score komt hierdoor op 0.20. Hetgeen betekent dat de potentie voor het veroorzaken
van seismiciteit laag is.

Tabel 1 | Scoringstabel
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10 Yes no >7 >360 <1 <1 <0.1 Favourable >20
7 Possible unlikely | 4-7 180-360 | 1-5 1-5 0.1-0.5 | Shearing 5-20
possible
3 Unlikely likely 1-4 50-180 5-10 5-10 0.5-1.5 Shearing 0.1-5
unlikel
0 No yes <1 <50 >10 >10 >1.5 locked <0.1
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BIJLAGE 1 RAPPORT EVALUATIE PUTTESTEN
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Well tests Hoogweg

Evaluation of clean out, step drawdown and interference tests
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1 Introduction

For the first phase of the Hoogweg geothermal project in Luttelgeest three wells have been drilled.
In these wells several well tests (clean out, single well tests and interference test) have been
carried out. In this report the evaluation of these wells tests is reported.

In Figure 1.1 the well location of phase 1 are given. The figure also gives also an overview of the
most important faults and areas where the reservoir is absent.
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Figure 1.1 | Overview of the area: locations of the wells (top and base reservoir, blue dots are injectors, red dot is producer)
of phase 1, main faults (red), minor disturbances at the bottom of the reservoir (orange dashed lines), areas where the

reservoir is absent (hatched), surface location (green triangle).
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The RD-coordinates of top reservoir and base reservoir of the drilled wells are given in Table 1.1.
The table gives also the most relevant drilling data and measured reservoir temperature.

Table 1.1 | Well data, Coordinates top/base reservoir.

Well ID X-RD top  Y-RD top Top! Gross Ave Inclination Reservoir temperature
X-RD base  Y-RD base Base thickness reservoir section [°c1
[m] [m] reservoir Reservoir? [1
[mTVD]
LTG-GT-01 186565 528370 1735 80 24 77.7
186547 528388 1815
LTG-GT-02 186292 527102 1721 66 52 76.4
186248 527026 1787
LTG-GT-03 187191 527079 1715 71 52 75.3
187214 526997 1786

1) depth is corrected for height rotary table (8.7 m)
2) based on the gamma ray it is conclude that the reservoir has got a very high N/G ratio. Therefor it is assumed that the
reservoir is productive over its complete height.

A highly deviated well can have a negative skin. The value of this skin depends on the vertical
anisotropy of the reservoir. If a vertical anisotropy of 5 is assumed, the negative skin for a well
with a deviation angle of 52° wil be -0.75. The effect of this skin does only count for the pumped
well. It will lower the pressure change in that well, remote wells are not affected by this skin. An
interference test is there for not affected by this skin.
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Well tests

GENERAL INFORMATION
In Table 2.1 some general information is given. This information is used for the interpretations of
several the tests.

Table 2.1 | General information.

Static water level mbgl 23.39 LTG-GT-03. Only well without fresh water shut in.

Density @25°C kg/m3 1,160 Based on density measurements, and on pressures measured
with shallow pressure gauge at LTG-GT-03.

Density @25° kg/m3 1,135 Calculated with Batzle and Wang (Batzle and wang, 1992).
There is a small difference with te measured pressure. The
difference is around 2%. This difference will not affect the

interpretations significantly.

Initial reservoir bar 192 Pressure data offset well, see appendix 5
pressure Calculated with density and static water level LTG-GT-03.
Salinity g/l 210 Test data LTG-GT-01, see appendix 4
ppm 188,000 Calculated.
STORATIVITY

The storativity of the reservoir plays an important role by interpreting the well tests. To get a first
impression of the storativity (also used for the pre well test modelling), the equation of Jacob is
used (Kruseman en de Ridder 1994).

The compressibility of the formation water was calculated with Osif’s correlation (Osif, T., L.
1988). The compressibility of the reservoir matrix is based on a paper written by NAM (van Eijs en
van der Wal 2017).

Table 2.2 | Input for storativity calculation.

Parameter Unit value Source

Thickness m 80 Litho-log LTG-GT-01

Temperature °C 77 Test data LTG-GT-01

Porosity % 20 SDE application

Density formation water @77°C kg/m? 1,120 Measurement LTG-GT-01 &
Diverted from temperature and TDS (Batzle &
Wang, 1992)

Based on the input given in Table 2.2 a storativity of around 1.1 * 104 [-] is calculated. This value
will be used as a start value for the test evaluations and also to check whether the storativity
diverted from the tests is a reasonable value.
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2.3 LTG-GT-01
This well has been cleaned out at the end of march 2018. The clean out was followed-up by a short
built-up. After this short built-up the actual pumping test took place. In Figure 2.4 the flows and
measured pressure chances of both the clean out and the pumping test are shown. The figure also
gives the weighted average flow.

Clean out

For the interpretation of the clean out the following considerations were taken into account:

- Pressure gauge at a depth of 1,638 mTVD

- During the clean out the brine density increased from 1,145 kg/m3 to 1,160 kg/m. Due to this
density increase the pressure at gauge level increased with 2.3 bar. As a result the static
pressure level at the beginning and at the end of the test will not be equal.

- To account for borehole storage an effective casing radius of 0.15 m is used.

- Hole ID of 9.5 inch (see appendix 1).

For an easier interpretation the clean out pumping period was divided in 5 steps with a constant
flow. The constant flow is the weighted average over the pumping time of that particularity step
(see Table 2.3). As a consequence the fit of a period with a big difference between the actual flow
and the averaged flow, might not as good as if the actual flow was used.

Table 2.3 | Average flow of the clean out of LTG-GT-01.

Step End time [min] Weighted average flow [m3/h]
1 54 257
2 110 300
3 142 338
4 208 348
5 238 282

s
dP [bar]

Flow [m3/h)

180 2700 360, 450 54 6300 7200 8100 200 ¢ 9500 1080 1170 1260.( 1350 1430

Time [min]

Figure 2.1 | Test data LTG-GT-01: Measured flow, calculated average flow and dP.
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The test was interpreted with MLU (http://www.microfem.com/). MLU uses drawdowns in meters
instead of drawdowns in bars. As a result the calculated transmissivity will be in [m2/d] instead of
[Dm]. For the conversions the correlations of Batzle and Wang (Batzle M. en Wang Z. 1992) were
used. The same correlations are used in DoubletCalc (Mijnlieff e.a. 2012). The model assumes an
isotropic and homogeneous reservoir with infinite extent.

The result of the interpretation in shown in Figure 2.2. Because of the density change during the
test, the first step of the clean out is not taken into account. The data points of the first step are
therefore not plotted in the graph. To avoid possible skin effects the fit is mainly based on the
built-up data.
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Figure 2.2 | Interpretation of well clean out LTG-GT-01.

The main results of the interpretations are:

Transmissivity 35 [mZ/d]
Storativity 0.7 104 [-]
Radius of influence 430 [m]

The calculated storativity is a little lower than the storativity calculated in paragraph 2.2.

The radius of influence of this test is calculated with the Cooper - Jacob equation (Dragoni, W.
1998). This radius is important to see whether the on the seismic lines interpreted reservoir
disturbances, are within the by the test affected area. It is concluded that the interpreted
disturbances are within the radius of influence (see Figure 1.1: orange dashed lines). Based on the
test results no pressure effect of the disturbances is detected. This suits with the conclusions in the
memo about the sealing potential of the disturbances seen on the seismic data (IF Technology
2017).
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Step test

After the clean out and a short built-up, the actual pump test was carried out (Figure 2.1 from 360
min). In Table 2.4 the averaged flows for this test are given.

Table 2.4 | Average flow of the step test of LTG-GT-01.

Step End time [min] Woeighted average flow [m3/h]
1 352 0

2 536 181

3 725 235

4 898 335

The interpretation of this test in shown in Figure 2.3. Again this fit is mainly based on the recovery
period. At the beginning of the first step (0.2 to 0.25 d) there is a misfit between the calculated
drawdown and the measured drawdown. This is due to the fact that an averaged flow instead of
actual flow is used. At the beginning of this period the actual flow is for a short period of time

much higher than the averaged flow.
Drawdown - fime

400 T T

T T T
i : H — rod, layer: 1
H : + wod

Drawdown [m]

Time [d]
Figure 2.3 | Step test LTG-GT-01.

The main results of the interpretations are:

Transmissivity 34 [m?/d]
Storativity 0.7 104 [-]
Radius of influence 1000 [m]

The clean out and the step test give similar results for both the transmissivity and storativity. Also
both tests don’t indicate a pressure boundary within the affected radius.
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2.4 LGT-GT-03
These tests are carried out at te beginning of June 2017 on June. In appendix 3 the data of the
data logger in LTG-GT-03 are shown. The manual measurements are shown in Figure 2.4.

Clean out
The interpretation of the clean out of this well is based on manual registered data (0 to 200 min).
The measurements are shown in Table 2.5 and Figure 2.4.

Table 2.5 | Clean out of LTG-GT-03.

Step End time [min] Weighted average flow [m3/h]
1 22 64
2 77 143
3 146 251
4 195 330
70 400
®P [bar]
60 © Lo o wm o 20 [m3ch] 350
- e e ° ° oo
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Figure 2.4 | Clean out LTG-GT-03: manual registered flow and pressures.

In Figure 2.5 the result of the interpretation of the clean out is shown.
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Figure 2.5 | Interpretation of well clean out LTG-GT-03.

To get a good fit on the built-up data shown in Figure 2.5 a skin of 2.5 was used. This skin is
probably needed to account for the effect of the fault and the absence of the reservoir east of
LTG-GT-03. Due to software limitations it is not possible to implement this fault directly in the
MLU-model. The distance between the fault and the well is around 500 m. If no flow at all comes
from the east a higher skin is expected. The skin for a now flow condition can analytically be
calculated with: Skin =-0.5* ln (r_well/ L)

L is the distance to the fault (500 m) and r is the well radius (0.11 m). Based on these numbers the
skin representing a complete sealing barrier at the east, will be around 4.2. Because the skin
needed to get a good fit on the data is lower than the skin representing no flow at all, it is
concluded that some water must come from the south-east. Based on the used geological model
this seems to be logic, see Figure 2.7.
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Figure 2.6 | Possible flow path to LTG-GT-02.
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The main results of the interpretations are:

Transmissivity 28 [m2/d]
Storativity 0.7 104 [-]
Skin 2.5[-]
Radius of influence 350 [m]

Step test and interference test

After the clean out a step test and interference test were carried out. The results of the
interpretation of these tests are shown in Figure 2.7. The flows of the step test are given in Table
2.6.

Table 2.6 | Step test flows LTG-GT-03.

Step End time [min] Woeighted average flow [m3/h]
1 700 188
2 1045 317

Because only a pressure gauge directly under the ESP was available, the interpretation is mainly
based on the pressures measured in LTG-GT-02 and LTG-GT-01. These pressure are corrected for
the atmospheric pressure. The data for this correction is taken from the KNMI station in Stavoren.
During the test period this pressure was fairly constant at 1015 mbar.

The interpretation of the data measured in remote wells gives by far the best insight in the
reservoir properties because no corrections for e.g. friction losses, temperature and density
changes or bore hole damage have to be made. Also it gives the reservoir properties in between the
wells and not only around the pumped well. For the interpretations the pressures measured with
the deepest logger are used (see appendix 1, 2 and 3; registratie formulier Fugro).

The figure makes clear that the model gives a good fit with LTG-GT-03 and LTG-GT-02. The fit with
the LTG-GT-01 is a little less. The well responds is a little too late and at the end the predicted
pressure changes are a little too high. Probably this has something to do with changing reservoir
properties between LTG-GT-03 and LTG-GT-01. A higher transmissivity around LTG-GT-01 will cause
a quicker response and a lower change at the end. The interpretation of LTG-GT-01 shows indeed a
higher transmissivity than the interpretation of LTG-GT-03.
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Figure 2.7 | Step test LTG-GT-03 and interference with LTG-GT-02.

The main results of the interpretations are:

Gross thickness 69 [m] Average of LTG-GT-02 and LTG-GT-03

Transmissivity 30 [m2/d] (0.42 m/d)

Storativity 0.70 104 [-]

Skin 2.5 [-] Only for the pumped well (LTG-GT-03) and because of a disturbed

flow to the well
Radius of influence distance between the wells

The clean out, the step test and interference test give similar results for both the transmissivity
and storativity. For LTG-GT-03 a skin was needed to get a good fit with the measured data. This
skin is probably needed to compensate for a limited flow from the east.

LTG-GT-02
LTG-GT-02 was tested mid-June 2017. In appendix 2 the data of the logger in LTG-GT-02 are
shown. The used averaged flows are given in Table 2.7.

Table 2.7 | step test flows LTG-GT-02.

Step End time [min] Weighted average flow [m3/h]
1 120 276

2 290 0

3 490 231

4 785 368

Besides the step test also the interference with LTG-GT-01 and LTG-GT-03 has been analysed. It
was not possible to get a reasonable fit for all wells with the same parameter set. Therefor the
wells have been analysed separately. The step test gave a transmissivity of 44 m2/d and a
storativity of 0.70 104. These values are considered to be only valid to close to the pumped well.
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The results of the interpretation of the interference data of LTG-GT-03 and LTG-GT-01 are given in
Figure 2.8 and Figure 2.9, respectively. Figure 2.8 show that the modelled recovery is faster than
the actual recovery. This is probably the effect of the reduced flow from the east.
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Figure 2.8 | Interference with LTG-GT-03

The diverted reservoir properties are:
Gross thickness 70 [m]
Transmissivity 32 [m2/d]
Storativity 0.64 104[-]

To get a good fit with the data of LTG-GT-01 a slightly higher storativity is needed
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Figure 2.9 | interference with LTG-GT-01.
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The diverted reservoir properties are:
Transmissivity 33 [m2/d]
Storativity 0.90 104 [-]

The interference test give similar results for both the transmissivity and storativity. The
interpretation of the pumped well itself gives a higher transmissivity.
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3 Summary and conclusion

In Table 3.1 a summary of the test results is given. From the table it is clear that the average
reservoir transmissivity in between the well is around 32 m2/d (21 Dm). Based on the interference
well test results it is concluded that no hydraulic barriers are situated in between the wells.

The transmissivity around LTG-GT-01 is slightly higher that the average reservoir transmissivity, the
transmissivity around LTG-GT-02 is much higher and the transmissivity around LTG-GT-03 is slightly
lower. LTG-GT-03 is also influenced by the fault eastern of this well. This variation in transmissvity
and the flow barrier east the east have to be taken in to account in the reservoir model that will be
made for the field development plan.

Table 3.1 | Summary test results.

Gross Transmissivity Permeability Storativity
Thickness [m] [m2/d] / [Dm] [mD] 104[-]
LTG-GT-01 Clean out 80 35/23 292 0.70 -
Stop test 34/23 284 0.70 -
LTG-GT-02 Step test 66 4729 445 0.70 -
Interferonce with LTG-GT-03 32/ 324 0.64 -
Interference with LTG-GT-01 33/22 334 0.90 -
LTG-GT-03 Clean out 4l 28/ 19 263 0.70 2.5
Step + interference with 30720 282 0.70 2.5

LTG-GT-02 and LTG-GT-01

IF Technology Creating energy



Date 09 July 2018
Reference 66238

Page

M2
N
[— s
—h

17/32

Literature

Batzle M., en Wang Z. 1992. “Seismic properties of pore fluids”. Geophysics Vol. 57, Nr. 11
(november): 1396-1408.

Dragoni, W. 1998. “Some considerations regarding the radius or influence or a pumping well”.
Hydrogeology.

Eijs, Rob M.H.E. van, en Onno van der Wal. 2017. “Field-Wide Reservoir Compressibility Estimation
through Inversion of Subsidence Data above the Groningen Gas Field”. Netherlands Journal
of Geosciences 96 (05): s117-29. https://doi.org/10.1017/njg.2017.30.

IF Technology. 2017. “Breukanalyse Hoogweg Luttelgeest”.

Kruseman, G.P., en N.A. de Ridder. 1994. Analysis and evaluation of pumping test data. 2nd dr.
ILRI publication 47. ILRI.

Mijnlieff, H.F., A. Obdam, A. Kronimus, J.D.A.M. van Wees, P. van Hooff, M.P.D. Pluymaekers, en
J.G. Veldkamp. 2012. “DoubletCalc 1.4 handleiding”. TNO. http://www.nlog.nl/tools.

Osif, T., L. 1988. “The Effects of Salt, Gas, Temperature, and Pressure on the Compressibility of
Water”. SPE.

IF Technology Creating energy



Date 09 July 2018
Reference 66238
Page 18/32

g

B
md o

Appendix 1 LTG-GT-01

Nr.| Item Description Wellhead and Xmas Tree Depth Depth HoleID Pipe OD Collar PipelD PipeID
Geothermal Production Well oD
All depths from RT . 4
RT = 8,70m above GL LTG-GT-01
RT =5,08m above NAP m m in in in in in
tvd ah (nom) (drift)
1 1
P
1 | 24" welded conductor 1 1 229 229 24000 welded 23000
1 1
1 1
1 1
1 1
1 1
i
for testing:
5 0 HCPolseal ion tubi [ =§ — | 766.7 766.7 8625 9650 7921 7796
Kick off Point| 778 178
13 3/8 x 9 5/8" Liner Hanger + Packer 839 889
2 |133/8" 72# L8O vAaM TOP 980 981 16000 13375 12.347 12.25SD
981 983 section TD
End of build to 26° 1089 1100
[] 338 (4711 Pressure & temperature gauge |
9 &4° x / H/8" Liner Hanger + Packer WBHL 134
3 |9 5/8" 53.5# L80 VAM TOP 1704 1784 12250 9.625 8.535 8.5SD
1705 1785 section TD
Top Sk n SG1- 1743m /1827m WWS 1750 1835
wws 1831 1918
Pack-off / Seal-sub collar 1855 1943
4 |7 5/8" 26 4# 180 HC polseal-1 SC Base Pipe 1863 1951 9500 7%/8238141SC 6969 6.844
Open hole 9 1/2" Bi-Centre bit (TD) - Incl. 9.7° 1864 1952 9.500 TD
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i Group |reed| Formation | Epoch (Age) Member Lithology definition TVar | AHsr | TV-ar | AH-a7
“Diverse” icéocene- Diverss continental deposits, mostly uvial sands and siits Intsrcalateady] 37 87 87 87
Upper
North Sea f one [80me thin layers of grey or greenish-grey, silty clays.
P : (Maassluis [Deposits of ‘sands, very fine to madium coares, calcarsous, shell 192 192 no gamma !
{ = and wood bearing, mica rich. Sity to sandy, grey to dark grey clay 24" conauctor shoe G
] aheBs, lignite and mica. 28
[Succession of sands, sandy Ciays. and grey and greenish Clays. 1he lowsr| 280 280 352 352
oo [part of the formation often consists of sands that are extremely rich In
and bryozoans.
Eudl Sequance of marine, sands, sandy clays and clays. In places a| 500 509 458 56
uaa layer ocours at the base.
Middle R one pel Clay |Clays Dbecome mors &lity towaras basia and top. It ks rich in pyrits, 62 622 5315 | 5315
North Sea Nwrs | Fapton - Emty FC haraly any and cakcium tends to e
v e w-mmm
clayey sands alow pobDies or 678 676 068 666
it - Aupean Fv M.W..mmumm
Lower ~ Lo Eocene. Mmmmmpmummnmm 878 678 868 668
North Sea | > [** Lutt 0 Bartorsen) o of and may be
™~ ] jmicacsous.
3 arty t0 Mcle Sand of , glauconitic, very ine-grained sand with, mainly| 718 718 792 792
" jEccene parre in the upper part. a number of hard, calcareous sandstons |
U ) [Towaras the base of the unit the clay content Increasss, and the calclum
carbonate content and amount of glauconite Gecreases.
e Focwns A tough and 8! 0 hargenad and friabis ciay. The lower part is 828 826 889 889
| v oreman) parr Dy 1ts brown-grey colour. tending to Delgs Of rea-drown nw
locally. The upper two-thirds have a green-grey colour. It has a sandy hoe ceotn
uppsr part. L=
) grey grey | 1015 | 1020 | 1073 1082
parrr red-brown clays.
Landen (o Paleocene  JLanden ‘Gark-green|hard, Naky clay. 1025 | 1031 | 1077.5| 1087
NLLE | Mhactan) puLrc mmmmunmmemum
a-mum
[oreer Cromescus | Tare and grey an - - 117.5] 1131
crex [ Corvec chert iayers, and thin, grsy to grsen clay laminze. Some
can occur In the basal Interval.
ameianden | een 1o Succession of grey. ine grained 1085 | 1096 | 11645| 11835
o Jremincrann. In piaces arglliacsous. Laysrs of chert can be very common
mnmmmnmmmmmmw
3 bilociastic imsstonss and tongues of sandstons occur.
g Texel < amcmaren Manl Dlack. calcarsous, 94 clays 1565 | 1659 | 1601 | 16695
e o= ok dose not sxceed a Coupls of metrss.
© o) oy (locally pinkish] and marly chaiks. | 1507 | 1661 | 16035 | 1672
oK Fmbmmmlmmnmonnw
Holland L ower Creeaceous per Holland Marl medium grey and red-Drown marts, 1640 | 1709 | 16863 1739
kv Lot Atvw) U mmmn—ulo—uhw uﬂ{n plastic. # 50" shoe
and sticky! Tracs Pyrite. Q 178em
9 =1 green - 17105 1801
@ |8 oty scymian  fusie ctaystonss with reguiar Intorcalation of up to 1 m thick oaiits beds n the
® e lamall-ecale cycies. (Note: 9
E e presence of the Rogensten o)
[Zechstein 1 [Upper Pormian ppershale Drownish-Diack ‘Shale with 3 of | 1740 | 1829 | 17415 1825
= (Worra) [(Thtogion) JE2 1% 5 to 1 m. It Is charactenzed by a high gamma-ray reading.
| 2E2Y
=
E [Siochteren  |Lower Perman or PNk and pale reG-DIOWN (OCC. ySHOW Of grey) 1750 | 1830 | 17435 1827
2 g Ros. s avamian) [8andstones with subordinate amounts of Intercalated dark red. red-brown
b = -
8 Pr
I [Ruuric o= -grey of 1825 1913 | 18235| 1911
B T |carvonttercus shales containing a variable number of coal séams, and grey of buff, very
5 g o :""‘"’::' [Ane- to Ane-grained, fairy- to poorly-sorted, argiiaceous o slity
§§ G lsandatons beds. At the top a dark red. sandy claystons sequencs is
pressnt.
RT to GL = 8.7m; GL = 3,62m below NAP 7D (15-03-2018) 1838 | 1928 | 18635 | 1952
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Appendix 2 LTG-GT-02

Nr_|tem Description Wellhead and Xmas Tree Depth Depth Hole ID Pipe OD Collar OD Pipe D Pipe D
Geothermal Injection Well
All depths from GL LTG-GT-02
GL = 3,62m below NAP m m in in n n n
L) ah {nom) forit)
| |
WEG + 1x pup 8 5/8" 32# L20 HC Polseal-1 oe 08 8625 0650 7o 7.708
1 [24” welded conductor 20 220 24000 welded 23.000
Kick of Point 254 254
End of build to 20* 402 497
Kick of Point 582 %3
End of build to 35° - 37 * 852 Q05
13 W8 x @ 58" Liner Hanger + Packer 1087 1173 Top of liner
2 |13 /8" 72# L8O vAM TOP 1144 1288 16000 13375 12347 1225S8D
1148 1270 secton TD
Kick of Point 1164 1204
End of build to ~54* 1454 1722
9 5/8" x 7 5/8" Uiner Hanger + Packer 1608 2141 Top of liner
3 [0 &/8” 53.5# L30 VAM TOP 1710 2176 12250 0625 8538 858D
P — 1 1721 2178 secton TD
s 7 ¢ /21 Slots 1 < 1717 2174 Top Slots
| :
Base Slochteren 1796m TVD / 2302m AH Slots 1 1785 2288 Base Siots
Packof | Sea-sub collar| 1703 2300
4 |7 58" 28.4# L80 HC Polseal-1 SC Base Pipe 1707 2308 8500 7625 8.141SC 6000 6.844
Open hole 8 1/2° (TD) - Incl. 51.5° 1800 2311 8500 TD

Figure 4. Well schematic LTG-GT-02 - Actual status LTG-GT-02
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e Group |[periea| Formation | Epoch (Age) Member Lithology definition TV-ar | AH-at | TV-a7 | AH-=aT
Upper “Diverse Holocone- [Diverss continental dsposits, mostly fluvial sands and siits intercalated by| 87 87 8,7 87
North Sea s Ploistocene [=ome thin layers of gray or graenish-grsy, slity clays.

s E Maassluis [Earty Plalstocens [Deposits of coastal sands, very fine to medium coarse, calcarsous, shell 192 192 no gamma !
g |hs and wood bearing, mica rich. Siity to sandy, grey to dark grey clay 247 conductor shoe &
a containing shells, lignits and mica. 225m
(Oosterhout [Piiocone Successlon of sands, sandy clays, and grey and gresnish clays. The lower| 280 280 3145 | 3145
NUOT part of the formation often conslsts of sands that are extremely rich in
ehells and bryozoans.
Breda Wiocane Sequencs of marine, glauconitic sands, sandy clays and clays. In places a | 500 515 458 460
NUBA glauconite-rich layer occurs at the base.
[Middle Rupel Giigoceno Rupsi Clay Ciays that bacome mors slity towards basls and top. It Is fich in pyrite, B22 612 | 5345 | 5415
North Sea raws (Rupesan - Eaty NUREC hardly any and calclum tends to be
B Charzan) [concentrated In the septaria layers.
ocone -Oligocens | Vessem Silty To claysy sands with a low gia ‘content, Nint pebbles or 888 684 667 684
(Priaconian - Rupetan) | Nm=y [phosphorits nodules commonly occur at the bass.
Lower Dongen Middfe - Late Eoceno | As8e Dark ymun«grvy and blus-grey, plastic clays. The unit locally shows 668 687 668.5 686
== iLatetan © Bamonian) | rre and may be and
North Sea | 2
N g mle-uoul.
.2 [Earty to Brusseis Sand [Succesalon of green-grey. glauconitic, very fine-grained sand with, mainly | 792 831 7885 826
Eocone o N i d in the upper part, a number of hard, calcareous sandstone layers.
(Vevesian to Lusetiany Towards the bass of the unit the clay contsnt increasss, and the caicium
carbonats content and amount of glauconits decreasss.
I8per A and sticky to hardensd and friable ciay. The lowsr Is 889 950 8085 | 9575
(Yoresian NLFFI characterized by Its brown-grey colour, tending to bsige or red-brown
locally. The upper two-thirds have a green-grey colour. It has a sandy
upper part.
Basal Dongen T1 Tuffaceous clays, biue to violst-grey In colour, Ing with dark-gray 1074 1176 | 1067.5 | 11705
NLFFT and red-brown clays.
Landen Cate Paloccene Landen Clay [Generally dark-gresn, hard, Nlaky clay, somswhat slity, containing 1076 | 1179 | 10705 | 1175
NLLF (Mhanetian) NLLFC glauconits, pyrits and mica. The basal part of the member can bs marly
and of a lighter colour.
|Exofisk |Grrer crotacocus [Whits, chalky imestones containing rare and gray nodular and z 3 11145 | 1229
crEX (Dansan) [bedded chert laysrs, and thin, grey to green clay laminas. Some 13 38"
glauconite can occur In the basal intarval. shoe @
1276m
O (Turonian © of white, -white or light-grey, fine gralned 117 1223 1155 1280
cxoR limestones, In places arglilaceous. Layers of chert can be very common
] over thick Intervals, sspecially at the base section. Along the basin sdge
§ coarss. blociastic imestones and tongues of sandstons occur.
o g Texel (Cenomantany [Pienue man [Dark-grey. partly biack. Y its 1602 | 1966 | 15855 | 1941
= (=523 Bt [generally doses not exceed a couple of metres.
s L [Toxel Maristons Whits to light-grey (locally pinkish) imes . maris and marly chalks. 1604 | 1969 1588 1945
cxman Firm to moderatsly hard but locally siity, plastic. soft, and anokyl
= [Folland [Cowor Crotaceous  [Upper Holland Marl ‘madium grey and red-brown maris, 1844 | 2038 | 18485 | 2049
v (Late Aian) KNGLU contsnt which gradually Increasse towards the top. Louqulyphmc.
soft, and sticky! Tracs Pyrits.
Lower [Latost Pormian - Rogenstein [A succession of red-brown to green siity, somstimes anhydritic 1680 | 2099 | 1706 | 2148
L2 I in |oorty Seythian B |c1aystones with reguiar Intsrcalation of up to 1 m thick oolits beds in the EECY
ResH emall-scale cycles. casing
(Not=: top of high gamma peak at base was at 2185m, base at 2183m; 12 1/4” shoe @
- section TD was at 2183m) 218sm
i Ehdhul Lower Permian [Saquencs of ﬁﬂpﬂmp&mum 1705 2142 1730 2189
= |Rost (Saxonan) red-brown
) [ or green-grey siity to hard -non or
3 ¥ 4 anhydritic cement). Locally a conglomeratic bass I present.
8 TRuurie [Wicaie [Succesaion of ‘gark-grey of biack, s and| 1770 | 2253 | 1796 | 2302

- <, occR 5'::0"""“' 5 shales contalning a variable number of coal seams, amwwmll\my

2 g z Iswwa, fine- to fine-grained, fairly- to poorty-sortad, arglliacsous or siity

.E =andstone bads. At the top a dark rad, sandy claystons sequence Is
(3] pressnt.
RT to GL = 8,7m; GL = 3,62m below NAP 7D (12-04-2018) 1779 | 2268 | 15806 2320
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blijkt haakje 9cm lager
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>
M 0
Ref. nivea
0,76 3=---]--- E
i
aternivo
Sensornr.'s
AC792 6,08
i
AlJ739 26,07
maatvoering op kabel: © diver 10m
onderzijde van klemmetjes @ diver 50m
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Appendix 3 LTG-GT-03

Nr|item Descrption Wellhead and Xmas Tree Depth Depth Hole ID Pipe Collar Pipe Pipe ID
. Geothermal Injgction Well oD oD 1D
All depths from GL LTG-GT-03
GL = 3,62m below NAP m m in in in in in
tvd ah (nom) (drift)
, | |
1x joint 8 6/8" 32# L80 HC Polseal-1 63 63 8625 08650 7921 7.796
1 24" welded conductor 21 21 24.000 welded 23.000
Kick off Point 258 258
End of build to 20° 493 497
Kick off Point 677 586
End of build to 35-37 758 790
13 3/8 x 9 5/8" Liner Hanger + Packer 1050 1150 Top of liner
2 |13 3/8" 72# L80 VAM TOP S 1149 szx=e 16.000 13.375 1235 12.258D
1152 1278 section TD
Kick off Point 1161 1288
End of build to ~45° 1263 1425
Kick off Point 1383 1588
End of build to ~53° 1474 1723
9 5/8" x 7 5/8" Liner Hanger + Packer 1860 2029 Top of liner
3 |9 5/8" 53.5# L80 VAM TOP 1689 2077 12.250 9.625 8535 8.5sD
1880 2079 section TD
Top Sicchieran SST: 1723.5m TVD /2128m AM Slots 1 1 1708 2109 Top Siots
o058 SOChtOrOD 1793 TVD/2244mAH | Slots | 1785 2234 Base Skt
Pack«off / Sealsub coliar 1793 2247
4 |7 5/8" 26.4% L8O HC Polseal-1 SC Base Pipe 1798 2265 8500 7.625 8.1418C 6.969 6844
pen hole 8 1/2° pilot hole x 12 1/4" (TD) - Incl. 51.2° 1789 2268 12250 TD

Figure 7: Well schematic LTG-GT-03 - Actual status LTG-GT-03
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Group Formation | Epoch (Age)

Upper “Diverse™ iolocane-

North Sea
o

Moor

ey

Lithology definition

AH-sT

W
o

TV-ar | AH-s1

Diverse fuvial sands and

. mostly Intercalatea y|
[some thin layers of grey or greenish-grey, slity clays.

8.7

87

87 87

wood bearing. mica rich. Sty fo sandy, grey to dark grey clay
shelis, lignite and mica.

[Succeesion of sands, sandy Clays, and grey ana gresnish Clays. The lowsr|
of the formation often conalsts of sanda that are extremely rich in
and bryozoans.

102

0 gamma
24° concuctor shoe @
229m

315

315

3315 | 3315

[Sequence of marine, 8an0s, 8andy Clays and Clays. In Piaces 3
layer occurs at the base.

435

458 460

[Viddie
North Sea
i

o

Lower
North Sea
e

P

Tertiary

pasre

|Ciays that become mors sl basis and top. It is rich In pyrRs,
contains hardty any glauconits and caicium carbonats tends to be

In the septaria layers.

[ 1) an e

ML

o

[Eas= Congen

paser

pasrc

Paleozoic

535

5325 | 5385

jayey sancs with a low
phorite nodules commonly occur at the base.

‘Qreenin-grey and DIUs-grey. Ciays. The GNit Iocally Shows
jons of and may and

‘PebDIos oF

Freengrey. vory sand
in the upper part. a number of hard, calcareous sandstons layers.

[ Towards the bass of the unit the clay content Incrsasse. and the calcium
jcarbonate contsnt and amount of glauconite decreasse.

684

789

824

A ana 0 Nardensd and friable ciay. The lower )
jcharacterised by its brown-grey colour, tending to beige of red-brown
locally. The upper two-thirds have a green-grey colour. It has a sandy
jupper part.

Ciaye. Dive
red-brown ciays.

grey In Colour, aitermating WIth Cark-grey

807

804 954

1088

1169

1085 | 1167

mmmmmamwwum
of a lighter colour

1071

172

1071 | 11735

. chalky Tare 'and grey nooular and
chert kaysrs, and thin, gray to green clay laminas. Soms
can occur In the basal interval.

1110 1122
0
hoe @
1205m

o light-grey.
of chert can be very common

In praces Layers
mm—mwnnmmmmmw
jcoarss, occur.

tongus

115

1226

1187 | 1286

grey. Diack, calcarsous,
Ily does not exceed a couple of metres.

light-grey pinkisn) maris and marly
Firm to moderatsly hard but locally siity, phl'e.aﬂ.lﬂlﬂely'

15735

1575.5

medium gray and red-brown marls,
hﬂlaml-m.-mhouuuyw plastic,
and sticky! Trace Pyrite.

18355

q-n--_--':m'.m--o-n---
emali-scals cycise.

1706

18975

crystaliine dolomite at the top. The NIt contains varlable amounts of

1717

Drownish-Diack of
o 1 m. It Is characterized by a very high gamma-ray peak.

17225

| o o e i
of dark-grey o Diack, and
-—tm-wn—tumn-nmul-.-y
[Aine- t0 Nne-grained, fairly- to poory-sorted, arglikaceous of siity
mmunwumu sandy claystons sequence is

1720

2133

17235

1810

2260

1785 | 2244

RT to GL = 8.7m; GL = 3,62m below NAP

7D (09-05-2018)

1820

2276

1808 | 2265
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Customer Analytical Services
P.O. Box 627 2300 AP Leiden

Phone: +31715241100 Email: customeranalyticalservices@nalco com

Interim - Report Number: 2311339
Geothermie Hoogweg

Kalenbergerweg 1

Luttelgeest - 8315 PD - NETHERLANDS

Representative:

NALCD Water

An Ecolab Company

Sample Number
Date Sampled
Date Received
Date Completed
Date Authorised

EW105391
20-Mar-2018
26-Mar-2018

5-Apr-2018

Analytical Report

This sample was analysed as received, the results being as follows:

Sampling point: Geothermo Well 1-2

Water
Cations - Metals Test Method Filtered Total
Aluminium (Al) AMWO0013 <0.5 mg/L <0.5 mg/L
Antimony (Sb) AMWO0013 <0.5 mg/L <0.5 mg/L
Barium (Ba) AMWO0013 5.3 mg/L 5.5 mg/L
Boron (B) AMWO0013 21 mg/L 21 mg/L
Cadmium (Cd) AMWO0013 0.1 mg/L 0.1 mg/L
Calcium (Ca) AMWO0013 17000 mg/L 17000 mg/L
Calcium (CaCO3) AMWO0013 43000 mg/L 43000 mg/L
Chromium (Cr) AMWO0013 <0.1 mg/L <0.1 mg/L
Copper (Cu) AMWO0013 <0.1 mg/L <0.1 mg/L
Iron (Fe) AMWO0013 83 mg/L 100 mg/L
Lead (Pb) AMWO0013 8.4 mg/L 8.9 mg/L
Lithium (Li) AMWO0013 2 mg/L 2 mg/L
Magnesium (Mg) AMWO0013 1900 mg/L 1900 mg/L
Magnesium (CaCO3) AMWO0013 7700 mg/L 7800 mg/L
Manganese (Mn) AMWO0013 8.8 mg/L 8.8 mg/L
Molybdenum (Mo) AMWO0013 <0.5 mg/L <0.5 mg/L
Nickel (Ni) AMWO0013 <0.1 mg/L <0.1 mg/L
Potassium (K) AMWO0013 1000 mg/L 1000 mg/L
Silicon (Si) AMWO0013 5 mg/L 6 mg/L
Silica (SiO2) AMWO0013 12 mg/L 14 mg/L
Sodium (Na) AMWO0013 61000 mg/L 65000 mg/L
Sodium (CaCO3) AMWO0013 130000 mg/L 140000 mg/L
Strontium (Sr) AMWO0013 750 mg/L 750 mg/L
Vanadium (V) AMWO0013 0.9 mg/L 0.9 mg/L
Zinc (Zn) AMWO0013 51 mg/L 51 mg/L
Arsenic (As) NEN-ISO 17294-2 55 pg/L
Mercury (Hg) NEN-EN 1483 <0.02 pg/L
Quality System Certified to ISO 9001
Authorised by
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Customer Analytical Services

P.O. Box 627 2300 AP Leiden

Phone: +31715241100 Email: customeranalyticalservices@nalco com

Interim - Report Number: 2311339
Geothermie Hoogweg

Kalenbergerweg 1

Luttelgeest - 8315 PD - NETHERLANDS

Representative:

NALCD Water

An Ecolab Company

Sample Number
Date Sampled
Date Received
Date Completed
Date Authorised

Sampling point: Geothermo Well 1-2

Anions Test Method: AMW0002

Fluoride (F)

Chloride (Cl)

Nitrite (NO2)

Bromide (Br)

Nitrate (NO3)

Ortho Phosphate (PO4)

Sulfate (SO4)

Alkalinity Test Method: AMWO0111
Total Alkalinity (CaCO3)
Phenolphthalein Alkalinity (CaCO3)
Bicarbonate (CaCO3)

Phosphate  Test Method: AMWO0121
Total Phosphate (PO4)

Other Analytes
Conductivity at 25 C
Ammonia (NH3-N)
pH@25 C
Total Suspended Solids @ 105 C
Total Dissolved Solids @ 180 C

Analytical Report

Test Method
AMWO111
AMWO0120
AMWO111
AMWO0007
AMWO0024

This sample was analysed as received, the results being as follows:

Filtered
<50 mg/L
>100000 mg/L
<50 mg/L
<50 mg/L
<50 mg/L
<50 mg/L
270 mg/L

Total

<100 mg/L

<100 mg/L

<100 mg/L

Total

<l mg/L

Filtered Total

360000 pS/cm
79 mg/L

5.9 pH Units

75 mg/L

210000 mg/L

Note that the pH and Conductivity were measured on a diluted sample. Conductivity has been calculated back to the original

sample and reported. Measuring in this way could affect the result and should be borne in mind for result interpretation.
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Appendix 5 Reservoir pressure
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Appendix 6 Pressure data

cm

IF Technology Creating energy

4250.00

Welltest 1

-GT-02

15-06-18 0 00
14-06-18 18:00
14-06-18 12:00
14-06-18 6 00

14-06-18 0 00

13-06-18 18:00
13-06-18 12:00
13-06-18 6 00

12-06-18 6 00

12-06-18 0 00

11-06-18 6 00

11-06-18 0 00
10-06-18 18:00
10-06-18 12:00

9-06-1812 00
9-06-186:00

8-06-1812 00
8-06-186:00
8-06-180:00
7-06-1818 00

7-06-1812 00

3750.00

3250.00

2750.00

2250.00

1750.00

7-06-186:00
7-06-180:00
6-06-1818 00
6-06-1812 00
6-06-186:00
6-06-180:00

5-06-1818 00
5-06-1812 00
5-06-186:00
5-06-180:00

1250.00
750.00

W
o

Itg-gt-01ondiep Itg-gt-02 diep Itg-gt-02 ondiep Itg-gt-03diep Itg-gt-03 ondiep

Itg-gt-01 diep



Date 09 July 2018
Reference 66238
Page 32/32

IF Technology Creating energy

Velperweg 37 T +31(0)26 35 35 555 NL60 RABO 0383 9420 47
6824 BE Arnhem, The Netherlands E info@iftechnology.nl CoC Arnhem 09065422
PO Box 605 I www.iftechnology.nl VAT no. NL801045599B01
6800 AP Arnhem, The Netherlands

IF Technology Creating energy






