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Abstract

The Delft Geothermal Project is an ongoing studthefsubsurface of the Delft and Pijnacker area
with the aim to assist in geothermal projects. ifdistry has an interest in warm subsurface water f
the heating of buildings. In scope of the projbct study examines the cuttings collected from the
production well of a geothermal doublet for a glemrse farmer in Pijnacker. Geothermal power
produced by this farmer will be used to warm upeeghouse, a swimming pool and a school.

The geothermal doublet produces water from thetBalhdstone member. The Delft Sandstone
member is a fluvial deposit from the Schieland grduwas deposited in the West Netherlands Basin
during the Late Jurassic to Early Cretaceous.

The production well is called the PNA GTO1. In thell path of this production well the top of the
Delft Sandstone member is found at a true vertdegth of 2138 meters. The member has a thickness
of 64 meters. The aim of this project is to giveeacription of the Delft Sandstone member based on
the cuttings of the PNA GTO01 well. When the prodarcivell was drilled the rock fragments were
transported from the drill bit to the surface isgension in a brine drilling mud. These cutting
samples were collected at the surface. The cuttugge sieved and dried as a preparation for the
examination.

The examination of the content was performed uaistgreo microscope and a comparator card. The
results show cuttings consisting of claystonestsilte, sand and coal seams.

The cuttings were examined on hydrocarbon conteinguwiltra violet light and a camera. This
examination shows hydrocarbon occurrence in thieeeelft Sandstone member.

The gamma ray, the shale content, the grain stimatson, and the hydrocarbon content and cutting
content are presented graphically.

The silt fraction was flushed when the dried cugtinvere prepared; this fraction was not examined in
the study. As a consequence the Gamma ray prediggher shale contents than is expected from the
cutting analysis.

The results of this report can be used as a daabasodels of the Delft Sandstone member.
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The Assignment - BSC contract

Correlation of GR-log to cuttingsfor Ammerlaan Wells.

When the two wells were drilled a gamma-ray tooswaed to measure the level of gamma-radiation
that emanates from the rock. The natural radiat&onbe used to predict the shale content of the roc
A correlation of the gamma-ray log and the cuttifigen a well can be used for a description of the
rock.

CT-scans of selected cuttings of Ammerlaan wellsto deter mine porosity and per meability

A micro-CT-scanner makes it possible to recognrsengeatures and pore sizes up to 10 micrometre.
Relevant are the quality of CT-images and pixeblggon. In this project several types of graingda

to be cleaned (removal of heavy drilling fluid) eschnned with XRD, XRF and the CT scan.

The grains will have to be examined using a SEMs Thto examine the permeability and porosity
characteristic of the reservoir.

Type of activities for the students (theoretical work, practical work, etc.).

Simple cutting analysis

correlation of cuttings to gamma-ray well data

Analysis and reconstruction of the reservoir graisislg SEM, XRD,XRF and CT-scan.
Analysis of reservoir fluid

E A

Points 1 and 2 have been executed:

All the available cuttings from the reservoir wheseamined using a stereomicroscope and a
comparator card.

An overview of the content of the cuttings is prese.

Image of the cuttings are presented.



A grain size estimation of the cuttings is presénte
The cuttings are correlated to the gamma ray ustegvals.

Point 4 and a part of point 3 have been executethbyher party:
The analysis of the reservoir fluid was performgd_bura van Leeuwen and Joelle Langeveld.
The XRD-XRF analysis was performed by Laura vanuveen and Joelle van Langeveld.

Point 3 was partly not carried out:
No CT-scan was performed.
No reconstruction of the reservoir grains was made.

The contract was a combination of two proposedegtsj Early on in the project the second part of

the project was cancelled by Remco Groenebergaithettime constraint of six weeks. The focus
was on the cutting analysis and the correlatiocuttings to gamma-ray well data.

Chapter 1 - Introduction

The Netherlands have a short history in Deep GewothleEnergy. In 2006 the first deep geothermal
project in the Netherlands was completed, Mijnwaigect in Heerlen. The source of energy is the
heat generated by depletion of radioactive elemarttee core of the earth. This heat generatedénsi
the earth gradually increases the temperatureeasubsurface with increasing depth. This is calhed
geothermal gradient. The groundwater in the subsarhas the same temperature as the rock it is in.
In deep geothermal projects this heated waterddumed.

The Delft Geothermal Project (Delft Aardwarmte BoDAP) was founded in 2008 by students of
the TU Delft. Its goal is to assist in and to lefiom geothermal projects in the Delft and Pijnacke
area. In August of 2009 the DAP received the liegnsproduce geothermal power in this area. The
first industrial project completed with the helptbé DAP is the Ammerlaan geothermal doublet in
Pijnacker in 2010.

Ammerlaan Grond en Hydrocultuur is a greenhousedain the village of Pijnacker. In this 40.000
m? large greenhouse the farmer nurtures tropicalttglateating this greenhouse consumes a lot of
energy. Natural gas was used to warm up watehehéd water was then pumped through the
greenhouse to sustain a tropical climate. Warmmateluced from geothermal wells can deliver
more than enough energy to heat up the greenhivu810 the farmer decided to use geothermal
power to heat the greenhouse. The surplus in wanitthbe used to heat a nearby school and a
swimming pool.

Ammerlaan uses the Delft Sandstone as a rese@rDelft Sandstone is a fluvial deposit from the
Late Jurassic to Early Cretaceous. It consistsuwofl @nd clay deposits with coal seams in between.
The reservoir for the Ammerlaan doublet is located true vertical depth of 2229,5 meters. In the
Delft area the earth has a geothermal gradientlofi@grees for every 100 meters (Smits, 2008hdn t
reservoir the water has a temperature of approeima@®C (Gilding, 2010)
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Figure 1 The doublet of geothermal wellsasthey weredrilled in Pijnacker, from the Drilling program of PNA GT-01
(Smeulders, 2010) picture of Panterra

The two wells were drilled between May and Octaifeé2010. One well, the PNA GT02, was meant
to produce water. The other well, PNA GT01, wasmhéainject cold water. This set-up changed
later on in the project. When the wells were diiltbe natural radiation of the rock was measured
using a gamma ray tool. This data is presentecgsmama ray log. Also drilling samples were
collected from the drilling mud. The drilling muchhsports cuttings from the rock to the surface. At
the surface these cuttings were collected.

When the farmer started production in November 2029 produced carbon dioxide and water. The
farmer experienced difficulties in injecting thdaavater back into the reservoir. To improve
performance of the doublet the production and tigeowvells were swapped. The former injection
well PNA-GTO01 became the production well and vieese. Together with the water produced from
the new production well the farmer produced mettantkafter a while heavier hydrocarbons.

The purpose of this report is to present the cdrdktihe Delft Sandstone reservoir at the Pijnacker
location. The cuttings show the composition ofriiek. The report also shows the occurrence of
hydrocarbons over the entire depth of the reser¥bie result of the cutting analysis is correlated
the gamma ray log.

This report can be used to optimise existing resenodels or to create new models for future
projects in the Delft sandstone.



Chapter 2 - Geology of the reservoir

Within the framework of the use of the Delft Sanast for this geothermal project the regional
geology has been reevaluated. Previous studidsiaren (Gilding, 2010), (Smits, 2008), (Drost &
Korenromp, 2010) and (Wiggers, 2009). The literastudies are used to get an understanding of the
expected lithology in the Delft Sandstone memberthe members surrounding it.

TheWest Netherlands Basin.

The reservoir was deposited in the West Netherl&adin.
The basin is located in the southwest of the N&ihds. At
the south the Basin is bounded by the London-Briaban
Massif. To the north the Basin is bounded by thed¥aort
Ridge and the ljmuiden High. (Bogaeart & Kouwe, 399

The history of the West Netherlands basin will ksatibed
in four stages: the Late Carboniferous-the Earlyritan
stage, the Late Permian-The Middle Jurassic ptetate,
the Late Jurassic- the Early Cretaceous syn-afiesand the
Late Cretaceous- Quaternary post-rift and inverstage.
(Van Balen, et al., 2000)

Late Carboniferous —Early Permian
From the Late Carboniferous till the Early Pernséage the
WNB was part of the Vascian Basin. In this stage th
Variscan orogeny (Westphalian-Early Permian) caused - . , , ,
major faulting, uplift and erosion in the basin the Figuur 2 The West Netherlands Basin NJG
Northern part of the basin 500 meters of the Zandvo van Balen, modified after van Adrichem

. . . o Bogaeart & Kouwe, 1993
Ridge sediments where eroded. Due to this uplifiireg
erosion was much less in the south. (Van Baleal, £€2000)

Late Permian-Middle Jurassic

In the Late Permian-Middle Jurassic the basin vpdifted. This uplift was followed by regional
thermal subsidence in the Early Triassic. The Loavetr Middle Jurassic sediments consist of mainly
marine shales including the Lower Jurassic keraggnPosidonia Shale, the main source of oil in the
West Netherlands Basin. (Rondeel, Batjes, & Nieunhegs, 1996). Under a small northward dip the
sedimentary succession consists of mainly fluuia Aeolian sandstones of the upper Rotliegend
Group, covered by claystones, siltstones and catberof the Zechstein Group. In the Middle-Late
Triassic the WNB formed a half-graben, boundedheNorth by a major fault zone (Van Balen, et al.,
2000).

Late Jurassic-Early Cretaceous

The Late Jurassic to Early Cretaceous is a pefisttang rifting. The rifting caused the breaking-u

of the basin in various subunits with large vaoas in thicknesses in the Late Jurassic basin.infil
Locally the sand and clay infill was more than 25@&ers thick; this infill belongs to the continaint
Schieland group. The subject of this report, thétZandstone member, belongs to this group. The
uplift of adjacent platforms resulted in a widegcognized unconformity.

After this uplift a large open marine basin forniedvhich the Rijnland group was deposited. The
Rijnland Group consists of mainly fine-grained tlasediment with coastal sandstones of up to 1400




meters thick. (De Jager, Doyle, Grantham, & Malil|&.996)

This stage was accompanied by repeated igneow#yatithe Southeastern part of the basin. This
indicates deep crustal fracturing.

In the Late Cretaceous the rifting stopped, howé#veisubsidence continued. (Wong, 2007)

Late Cretaceous-Quaternary

The Late Cretaceous to the Quaternary is the fostad inversion stage. The rifting ceased in the
Late Cretaceous and the Alpine orogeny causedtegsion in the WNB. In turn this led to the oil
bearing structures in the basin. (Van Balen, ealD0)

During the Maastrichtian Danian when the inversemporarily ceased the whole basin was covered
with sediments.

In the Paleogene the basin was uplifted and hamysedimentation took place. The uplift was
followed by a subsidence in the Neogene.

During the syn-rift stage the WNB was filled witbdsment from fluvial systems from the southeast,
the rivers followed the Northeast Southwest trehithe basin. In the Northeast the sea found its way
into the basin. In the basin an there was inteéfiimy of fluvial and marine sediment. (Wong, 2007)
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Figure 3 Trap situation aswas created during the Early Cretaceous (van Balen, 2000)

Chapter 3 - Stratigraphy of the West Netherlands Basin in view of the
reservoir properties

The deposits from the West Netherlands basin, agweviously described, can be subdivided in
groups, subgroups, formations and members. Thadudly of the region is described below in order to
give a description of the lithology that is expekiie and near the reservoir.

In the west Netherlands basin three groups of seusnwvere deposited during the Mesozoic era. The
Chalk group is the group deposited during the u@petaceous. Below this group the Rijnland group
was deposited during the Lower Cretaceous andd¢hel@nd Group was formed during the Upper



Jurassic to the Lower Cretaceous. Our reserv@immember of the Schieland group.
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Figure G.5 Late Jurassic - Early Cretaceous litho-chronostratigraphic section (pre-Aptian) through the West Netherlands Basin.

Figure 1 Litho-Chronostratigraphic section through the West Netherlands Basin, the stacking and
stratigraphy of the different Membersisshown (After Van Adrichem Boogaert & Kouwe, 1993)

The Schieland group (SL)

Geothermal projects of the Delft Aardwarmte Projeote their main focus on the Schieland group.
The Schieland group consists of all the deposits fthe Central Graben subgroup (SLC) and the
Delftland Subgroup (SLD). The deposits from theiSlemd group consist of coaly to clayey
sandstones, grey and colourful claystones andsezahs. (Bogaeart & Kouwe, 1993)

The Delftland subgroup (SLD)
The Delftland subgroup includes all the formatideposited in the Vlieland Basin, the Central

Netherlands basin, the Broad Fourteens Basin, thst Wetherlands Basin and the Roer Valley
Graben.

The Nieuwekerk Formation (SLDN)

The Nieuwekerk Formation deposits occur in the VWeherlands Basin and the Roer Valley
Graben. The Nieuwekerk Formation contains a sequehtypically dark or light grey, red or

colourful claystones, fine to medium grained samuss and course grained thick bedded sandstones.
The grey claystones contain rare coal seams (Bagadéouwe, 1993)

The Alblasserdam Member (SLDNA)

The Alblasserdam Member is the oldest member oRikewekerk formation. The member was
deposited during the Ryazanian to the Valangingm @he Alblasserdam Member consists
predominantly of fluvial plain deposits varying Wween 100 and 1300 meters in thickness. This height
variation is due to syn-rift deposition and rapidgh-out in a southwest direction towards the Lando
Brabant Massif.

In the Channels of the Alblasserdam Member sandcaasentrated and the floodplains formed
swamp and soil deposits. The dominant transpcettion is from the southeast to the northwest
(Bogaeart & Kouwe, 1993).

Sediments in the Alblasserdam Member are beigglatrdrey, firm and partly sandy siltstones with




abundant darkish brown to black-brown laminategstiane. Occasionally colourless pale medium to
fine grained sandstone is found in the Alblasserl¥smber. The grey claystones consist of coal and
lignite seams (Drost & Korenromp, 2010). Within thember lignite matter, siderite spherules and
concretions can be found. In the Alblasserdam mewgdstropods can be found. Gastropods are
turbinate shells not found in the cutting sampliethe Delft Sandstone members.

The Delft Sandstone Member (SLDND)

The Delft Sandstone member is of Valanginian agkisdistributed in the western and central parts
of the West Netherlands Basin. The member varidsichness between almost zero to 130 meters.
(Smits, 2008). Syn-rift deposition of sedimentsselithe variation in thickness.
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Figure 2 Block diagram of a high-sinuosity fluvial system illustrating the facies associations, channel belt and flood-
plain sub environments. The point bar accretion isindicated. (C. Wiggers, 2009 after Emery and Myers, 1996)

A meandering river system deposited the Delft Sem#gsmember. At the time of deposition the West
Netherlands basin was in an active phase of riftling top of the member consists of stacked

sandstones. (Wiggers, 2009)

The principal reservoir sand bodies in the meandesystem originate as point bars that are
developed on the inner bank of meandering loopssponse to lateral sand accretion (Donselaar &
Overeem, 2008). In the gamma ray log the fluviarstels can be recognized by a fining upward log
signature (DeVault & Jeremiah, 2002). Some minaratke clay fraction are radioactive. The sand
particles, mainly quartz, are not. In the couraeartg particles are gradually covered by smaller
particles containing more clay minerals. In the gamay log this sequence can be seen as a gradual

decrease of natural radiation with depth.

Based on the literature we can expect sand andegittsits in the river channels. In the floodplahs

the river a clay deposit is expected.
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The member consists of a loose colourless, fimagdium grained, poorly sorted sub rounded to
rounded sandstone and a light grey to dark gr&ablé to firm siltstone. In between layers black to
dark brown coal layers were deposited. Fossildshal pyrite can be found within the layers.

The Rodenrijs Claystone Member (SLDNR)

The Rodenrijs Claystone Member was deposited ih#te Valanginian to the Early Hauterivian and
was deposited in the western and central parteofMlst Netherlands Basin. It is interpreted as a
lower coastal plain and a lagoonal depositionrsgitDeVault & Jeremiah, 2002)It consists of a grey
to light grey or white to creme white, friable sitine. It has a loose colourless fine grained tdiune
grained, angular to sub angular, fairly sorted store. The member has black to dark brown coal
layers. The silty to sandy claystone in the mennbéght to medium grey.

The Poseidonia Shale

There is a possibility of finding oil in the Delandstone member if the right trap structure isqme
The main source of oil for the West Netherlandsrbissthe kerogen-rich marine shale from the
Lower Jurassic. (Rondeel, Batjes, & Nieuweenhd@96). In this report the oil content of the Delft
Sandstone member has been examined.

The reservoir

On top of the reservoir the literature study predachigh shale content deposit. The Rodenrijs
Claystone member consists mainly of clays fromgadamal depositional environment. A lot of fossils
can be found in this member.

Basedon the literature fluvial sediments in theresir section can be expected. These fluvial
sediments would be mainly clay deposits in thedfdains and sand and silt deposits in the river
channels and crevasse splays. Vegetation growitigeidepositional environment has formed rare
coal seams.

Beneath the Delft Sandstone member we can expesttidy siltstones of the Alblasserdam member.
These are fluvial deposits as well. A lot of clayst is to be found on the flood plains.

The Poseidonia Shale is a possible source roekirdp structure is present and mitigation and
migration has occurred from this shale the resemaiy hold hydrocarbons.

Chapter 4 - Data and Methods

The study is based on the interpretation of data fthe PNA-GTO1 geothermal well in Pijnacker. The
goal is to come up with a description of the resigrgontent. To reach this goal an analysis of the
cutting samples is performed. The results of thedysis is then correlated to the gamma ray logs Th
section describes the methods and sources of datbfar this report.

Gathering of data while drilling

The drilling of the Geothermal well PNA-GTOL1 startat 9-3-2010 and was completed at 8-5-2010 at
a total well depth of 2869,5 meters. The well igidied and so the drilled depth is not the sant@es
true vertical depth. True vertical depth is thetbepeasured from the surface directly above a point

11



The true vertical depth of the bottom of the welPP29,5 meters. To optimise the drilling process a
to gather data for new projects surveys are coeduehile drilling a well.

Three surveys were conducted while drilling the PGIFO1 well:

A gamma ray log. This is a measurement of the ahtadiation of the rock drilled through.
The result of this measurement is a plot of thergamadiation measured in APl against the
drilled depth.

A caliper log. The caliper log is a measuremerthefsize and shape of the borehole. The
caliper log is plotted against the depth. calipgrwas only conducted in the vertical part of
the well.

A collection of cuttings. At the drill bit rock isroken in fractions. These fractions are
transported to the surface in a high density bitind called the drilling mud. At the surface
the mud filtered at a vibrating machine calledshale shaker. Multiple screens separate the
mud from the cuttings. At the shale shaker alldhtings larger than 2mm are filtered out the
mud. All cuttings larger than 2mm are filtered fréime mud. The mud passing through is

periodically collected by the drilling crew.
b\Al‘,]'

Figure 3 The Shale shaker in action at the Ammerlaan site

At the Ammerlaan drilling site cutting samples weadlected from the reservoir section every
2,5 meters of drilled depth. The cuttings wereemi#d as stated in the table.

Hole size(inch) Interval, from — to(m AH-NAP) Frequency

17 % 0-60 None

12 % 60— 1000 1 wet/10m, 1 dry / 10m
8% 1000 - 2294 1wet/5m, 1dry/5m

6 2294 - 2576 (TD) 1wet/2.5m,1dry/2.5m

Table 1 The collection of the cuttings as was perfor med during thedrilling of PNA GTOL1 (Smeulders, 2010)

12



Processing and preparation of the cutting samples
Two types of cuttings are used for the examinatiothis report they are referred to as the “wet a
the “dried” cuttings.

» The wet cuttings are the cuttings and mixed withily mud collected directly from the shale
shaker. These cuttings contain all the grains @m#ihn 2mm. These cutting samples contain
grains and the brine drilling mud.

After collection these samples have been sealad ifght bags and labelled.
e The dried cuttings are prepared from the wet ogitsiamples.
o 100 ml of the wet cutting sample is used to preflaeadried cutting samples
0 The cuttings are flushed with fresh water to washyathe salt drilling mud.
0 The cuttings are sieved using a 1mm sieve and pm&ileve.
= The grain fraction between 1mm and 2mm will benrefé to as the course

cutting sample
= The grain fraction between 1mm and 64um will bemefd to as the fine

cutting sample.
0 The sieved cuttings are then dried in an oven at 60C. A higher temperature could
destroy some minerals and hydrocarbons. When dtiimguttings a permeable cover
protects the smallest particles from blowing away.

After preparation the cuttings are stored in gtabgs and labeled.

Figure 4 An example of awet cutting sample from the PNA GTO1 well 2757,5m of drilled depth.
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Cutting analysis
In this report the cuttings are visually analyzethg an optical stereo microscope. A description of
every cutting sample from the reservoir intervatwaade.

* The main fractions of rock types are written dofn.estimation of the volume percentage in
the sample is made using the percentage estimagioparison charts by (Terry & Chilingar,
1955) and (Folk, Andrew, & Lewis, 1970).

* Inthe image analysis room at the TU Delft imageseantaken from different samples to
support the report.

17 images were made from different fine fractiottinog samples.
9 images were made from different course fractiattirgg samples.

e Grain size and rounding of the grains is estimat#dg a comparator card. This grain size
comparator was originally designed by C. Jordatdind for the American Stratigraphic
institute.

35
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Figure 4 grain size compar ator card example asit was used in the cutting analysis, example from car bonater ocks.com
Hydrocarbon content

Hydrocarbons fluoresce. So if oil is present in¢b#ings this can be tested using ultraviolettligh
Oils are exited using ultraviolet wavelengths (3@Mnm) and fluoresce in the visible wavelength
range (400nm-600nm) (TurnerDesign, 2007). Diffetgpes of oil emit different wavelengths. In the
examination of the Ammerlaan cuttings under ulwéeatilight the oil emits a yellowish green to
orange light(550-620nm).
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Figure 5 Wavelengths of visible light emitted by
varioustypes of oils (T urner Design, 2007)

1 — Motor oil

2 — Shell Diala oil

3 - Oil SAE 30

4 — Bunker Fuel oil

5 — Arabian Medium
crude oil

6 — Basra crude oil

7 — German crude oil
8 — Nihian crude oil

Fluorescence (a.u.)

600 650
Wavelength (nm)

T T T T
350 400 450 500 550

The presence of oil in the cuttings of Ammerlaars vested in the image analysis room at the TU
Delft. In the test setup two powerful ultraviolgghts were installed above a black screen andaie r
was darkened.

Cutting samples in a petri dish were tested forbgarbon content under the ultraviolet light. An
image was taken of every test using a camera iedtabove the setup.

Seven different wet cutting samples were investigian fluorescence of oil.
Six dried cutting samples were investigated.

CAMERA

|
|

UV LIGHTS

WET CUTTING
SAMPLE

Figure5 The set-up for deter mining hydrocar bon content of wet cuttingsusing ultraviolet light
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Gamma ray log interpretation and correlation to the cutting samples

The gamma ray log shows the natural gamma ray eairitbm the rock. Shale containing silt and
claystones are naturally higher in radiation th@mdstones. The gamma radiation is a measurement of
the shale content.

Due to compaction of the formation the shale carfremn the gamma ray needs a correction. The Old
Rock equation corrects for the compaction. AccaydmLarionov(1969) for Mesozoic rocks the shale
volume can be calculated from the gamma ray log:

GRigg—GRomi
o Vepgr = —2—"" shale volume from gamma ray
9 GRmax—GRmin

s Vi = 0.33 x (2%Vshar — 1) Old Rock equation for Mesozoic rocks

* The Sandstone line GRmin is at 15 degrees API
* The Shale line is chosen at 130 degrees API

The shale point of 130 degrees cannot be founiderelft Sandstone Member. In the cutting
examination all the intervals contain an amourqurtz. In the Rodenrijs Claystone member
a clay layer occurs at 2692 meters of drilled depths point is taken as the shale point.

In the log interpretation both the gamma ray amrdstiiale content are shown per interval
together with one or multiple images of the cutsinghe images were taken at the image
analysis room at the TU Delft.

Flow chart of cutting analysis from collection to implementation
For practical use in future studies the methodsvalane summarized in a flow chart. The chart
describes how the cutting analysis process scheafigtivas conducted in this analysis.

Cutting Analysis
Correlate cutting content to
gammaray survey
Collection of cuttings at the shale Labelling and Packaging
shaker of wet cuttings
Start collecting every 5 meters of T
drilled depth, near the reservoir Inspection of cutting content using
every 2,5m of drilled depth Use UV light to investigate 40 times magnification
Y hydrocarbon content reaction | Investigate:
Take 100ml of wet cutting Hydrocarbons are fluorescent
material and can be detected * Rocktype
e Color
‘ e Hardness or induration
Flush wet cuttings ¢ Grain size
to flush away brine drilling fluid e Grain shape
¥ ¢ Cementation
Sieving of flushed cuttings | ¢ Rounding )
e Estimate main mineral fraction
L’f - e Determine other cutting content
Course fraction 2-1 mm h Drying cuttings at 60°C, cover [}
—»{ Fine fraction 1mm-0,064mm  }» cuttings to prevent small content from [ Labelling and packaging of dried
—»{ Silt fraction is flushed away || blowing away cuttings fraction

Figure 6 Flow chart of cutting collection, processing and implementation as was used for thisreport
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Chapter 5 - Cutting content and grain size estimation with XRF and
Microscope

The study on the regional geology concluded thewCialft Sandstone Member is a fluvial deposit in a
lower coastal plain. (Bogaeart & Kouwe, 1993). Whig production of the wells started samples
were taken of the produced water. This water coathelements from the reservoir. Most of the
grains are from the silt fraction. The mineralogmantent of these grains should resemble the grain
content of the actual reservoir.

The mineralogical content of the grains has beediesti by using a XRF analysis. (De Leeuw &
Langeveld, 2010). XRF is a method to determinentbight percentage of elements as a fraction of the
total weight of the sample.

3000

Intensity
|

2-theta

BAFile: Delft-SST1_20dec10.raw

[W]00-046-1045 (*) - Quartz, syn - Si02

[#]01-084-1302 (*) - Muscovite-2M1 - KAI2.9Si3.1010(0H)2
#100-058-2001 (1) - Kaolinite-1A - AI2Si205(0H)4

Figure 7 Theresult of the XRD analysis (Langeveld and de L eeuw, 2010) Elements ‘ Wt% StdErr

From this XRF analysis the weight percentage obitwirring elements 5102 72,47 10,50
can be calculated. Every peak in the figure abesembles one elemen A1203 14,46 1023
The intensity of the peak is a measure for the tgigrcentage of an <22 378 1021
element in the sample. The weight percentagedfef et elements fro *Cao 2,58 1018
this test are given in the table. *Fe203 1231 1017
These elements occur in minerals in the grairis.dbssible to determing—" 1741015
to calculate the minerals formed by these elemesitsy a software +*Na20 0,799 ] 0,088
program. +TiO2 0,731 | 0,081

+MgO 0,519 0,057

+S 0,233 | 0,012
Table 1 Elementsfound in the solid material produced with the water of the +P205 0.052 | 0.002
Ammerlaan well using XRF, revised after (Langeveld and de L eeuw, 2010)

+MnO 0.0219 | 0.0014
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Minocomp is a computer program written by K.H.AWolf, TU Delft to determine the volume
percentage of minerals from the oxide percentagekments. In steps it works as follows:

1. First the mol fraction of the elements is deterrdifrem the weight percentages.

2. A weight loss percentage is determined. In the gnagmn of the sample some loss of weight
occurs.

3. All the Oxygen and Carbon molecules are considergght loss.

4. The computer program provides a list of twenty canminerals in sedimentary rocks. The
elements will be divided among these minerals baseitheir mole fraction. One mineral has
to be selected a time and all the elements comgadlsia mineral are deleted from the list of
elements. Thus step by step all the elements gidedi among minerals. All the carbon and
oxygen molecules needed for some minerals arercotstl from the weight loss percentage.

5. The elements that occur in only one mineral indatbase are chosen first.

The order in which the minerals were chosen:

Halite

Rutile

Ca-Apatite

Pyrite

Muscovite

Kaolinite

Calcite

Siderite

Magnesite

J.  Quartz

6. The program has divided all the elements amongniherals and presents a list of mole

percentage, weight percentage and volume percentage

TSe@TeooTw

Mineral Chemical formula Mole % Weight % Volume %
Muscovite KAl,[(OH, F),|AlSi3;049] 0,071 0,311 0,301
Kaolinite Al,[(OH)g|Sis040] 0,019 0,053 0,056
Calcite CaCO; 0,040 0,044 0,044
Magnesite MgCO3 0,012 0,011 0,010
Siderite FeCO; 0,022 0,028 0,020
Quartz Si0, 0,821 0,539 0,558
Pyrite FeS, 0,003 0,004 0,002
Rutile Tio, 0,008 0,007 0,005
Ca-Apatite Cag[(F,0OH,CD)|(PO4)3] 0,000 0,001 0,001
Halite Nacl 0,004 0,002 0,003
Total - 1 1 1

Table 2 Mineral content calculated from the weight per centage measured in the XRF

The volume of the grains produced with the warmewaft the Delft Sandstone member consists
mainly of Muscovite and Quartz. Muscovite can beniin claystone. Quartz is the main component
of the sandstone. Both claystone and sandstonesidiepeere expected in the fluvial depositional
setting.

The volume percentage of these elements is themage in the produced water. Small particles, like
clay particles containing the Muscovite are tramsmbmore easily by the water than courser sand
particles. This has an effect on the percentagasrsiabove. In the actual reservoir it is not urliike
find a lower muscovite percentage.
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Chapter 6 - Sample description of GT01 Delft Sandstone member and
correlation to gamma ray using 3 characteristic intervals

Gamma ray
The interval of the Delft sandstone in the GTO1 P&l is 2738 to 2825 o0 e
meters of drilled depth. This is 2138 to 2209 netdractual depth from the| 2% -
2734 -Rode,
surface. ggg Q
i | ogeas
. . . 2746
The cutting samples will be correlated to the gamaiydog. The reservoir 2748 ==
has been divided in to thirteen sections. In tgarg to the right the %?g 2748275
different intervals are shown. §§§§
The Shale content can be estimated from the garayiag. For every §;§g 27632770
interval the shale content and the gamma ray leglamtted as a function of % =
depth % %;;g {IVIFLII&
The intervals are supported by images. The mairpooents of a cutting 5 =
sample are numbered and a legend names the ghashert text describes 273
. . . . . . 2798
the interval. In the appendix a detailed deschtiof all samples is %g 2796-
presented. 5508
i
This chapter describes three distinguishable iaterfound in the Delft e 2818

Sandstone member on the basis of their cutting kesnamd the gammaray | 22

2828
Iog ' 2830 2875 Alllasserdam

NN N
00 60 @
®w o
I o

e A sandstone cutting sample. 2738-2748 Table3 Theintervals asthey

. Lo _ wer e grouped and the Gamma
A fining upwards sequence. 2770-2778 ray log from the PNA GTOL wel

* A claystone cutting sample. 2748-2757

Interval 2738 - 2748

The top of the Delft Sandstone member is a 10ntkiek sandstone layer. High quartz content can be
found in the cutting samples of this interval o#@% 50%. Cement traces are visible on the quartz
grains. The majority of the silt fraction was flesh

Figure 6 GTO1 PNA 2742,5 finefraction
(,064-1mm) dried cutting sample

The scale bar in thetop left depicts
500microns.

1. Quartz with cement
2. Claystone
3. Calcite

[EEN
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Figure 7 gammaray log in API and

mmar Shale content Shale content in volume per cent from
Ga a ay theinterval 2739m-2747m of the PNA
0 50 100 150 0% S50% 100% GTO1lwell

2739 2739 €T The first selected interval of the

2741 gL 2741 H—— 4L Delft Sandstone member is a sand
deposit of 10 meters in thickness.

2743 T 2743 111

This interval consists for 95% out
2785 TR0 2795 BT T T 17T of non-shale content.
2747 %+ 1 2747 H————p——— ]

Interval 2770-2778

In the gamma ray log of this interval a decreasediation is visible. This could be a fining upasr
sequence. At the top of this sequence one couldotxplot of very fine to silt material, such as a
siltstone or a claystone.

In the cuttings the sample from the top of thecttrte shows a higher siltstone and claystone ctonten
The quartz grains are in estimation using the coatpacard smaller than the grains found deeper in
the sequence. The quartz content of the cuttingeases with depth in this sequence. This interval
can be interpreted as a fining upward sequence.

Figure8 GTO1 PNA 2772,5fine
fraction(0,064mm-1mm) dried cutting
sample. The scale bar in thetop left
depicts 500microns.
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Gammaray Shale content

0 100 200 0% 50%  100%
2770 2770 ;
2772 2772+ +H
2774 2774 + A+
2776 2776 H———————
2778 — | 2778 1N

Interval 2748- 2757

Figure9 GTO1 PNA 2775 finefraction
(0,064mm-1mm) dried cutting sample
The scalebar in thetop left depicts
500microns.

1. Calcite

2. Grey Claystone
3. Quartz

4. Coal

Figure 10 GTO1 PNA 2777,5fine
fraction(0,064mm-1mm) dried cutting
sample

Thescalebar in thetop left depicts
500microns.

1. Layered Calcite

2. Cemented Quartz
3. Dark grey siltstone
4. Light grey claystone

Figure 11 gammaray login APl and
Shale content in volume percent from
theinterval 2770m-2778m of the PNA
GTO1 well

This interval shows the gradual
decrease in natural radiation and so
in shale content. This can be
interpreted as a fining upward
sequence found in point bars in
fluvial deposits.

A Quartz grain size increase is
visible. Though this needs further
tests. (Recommendations)

In the middle of this interval at 2752,5 metersinlied depth the fine fraction contains a lot ofgtz
grains. At least 50% of the grains in this sampéecaartz. The gamma ray predicts a shale volume

percentage of 50% at this depth.

The cuttings hold material from the fractured ratkhe drill bit, but they also hold material from
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caving above the drill bit. This could cause thghhjuartz content of this cutting sample. Another
explanation for the low shale content of this samglthe flushed silt fraction.
The course fraction contains approximately 45%stlaye.

Figure 12GTO1 PNA 27525 fine fraction
(0,064mm-1mm) dried cutting sample.
Thescalebar in thetop left depicts
500microns.

1. Coal
2. Dark Grey Siltstone
3. Quartz (no cement)

Figure 13GTO1 PNA 2752,5 cour se fraction
(Imm-2mm) dried cutting sample. The scale
bar in thetop left depicts 2mm.

1. Cemented Quartz

2. Medium grey Claystone
3. Coal

4. Calcite

Figure 14GTO1 PNA 2750 cour se fraction
(Imm-2mm) dried cutting sample. The scale
bar in thetop left depicts 2mm.
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Figure 15 gammaray log in APl and Shale

Gamma ray Shale content content in volume per cent from theinterval
2748m-2757m of the PNA GTO1 well
0 S0 100 150 0% S0% 100%

2748 2748 [ The second chosen interval shows a

| high shale volume percentage of 50%
2750 2750 ! in average. This increases the gamma
2752 2752 ray log. It still has a lot of quartz in

the fine fractions.
2754 2754

2756 2756

Chapter 7 - Hydrocarbon content

The dried cuttings were examined first by usinggbip discussed in chapter 4. Some grains lit up
green, to orange when they were placed under treviglet light. The result was not satisfying; it

was too hard to see noticeable colour changesthétinaked eye.

To confirm the presence of hydrocarbons the weings were tested next. These cuttings did not
show a clear enough emission of light when examinethe naked eye. The green orange glow could
be observed. But the images taken from these sarapteved very clear bright tracks.

Cutting samples taken from different depths inrdservoir were examined. All of these contained
hydrocarbons. As a check one cutting sample frarRbdenrijs Claystone was examined. Nothing in
this sample reacted to the ultraviolet light.

Using ultraviolet light to test for hydrocarbon peace is a qualitative check. It is not possible to
predict the amount of hydrocarbons present in¢servoir from this test result.

Figure 16 GTO1 PNA 2745 wet cutting
sample under UV light. The scale bar
in thetop left depicts 2mm.

This is the first sand interval 10
meters in thickness at the top of
the Delft Sandstone group. Under
UV light hydrocarbons emit
visible light. The emitted light

can be seen on the image in red.
When viewed on eyesight the
emitted light was yellowish green
to orange.
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Figure 17 GTO1 PNA 2777,5dried
cutting sampleunder UV light. The
scale bar in thetop left depicts 2mm.

The image shows a dried cutting
sample illuminated by ultraviolet
light. Some grains have
hydrocarbons attached to them.
These grains light up. The bright
red spots are the grains covered in
oil. To the eye the grains the
hydrocarbons emit a yellowish
green to orange light.

Chapter 8 - Results of correlations

This chapter summarizes the findings of the cutéinglysis. The analysis resulted in an overview of
the types of rock in the cutting samples and ameasibn of the proportion of each type of rock. An
estimation of the grain size was made. And fromG@aenma ray log the shale content was calculated.
These results are plotted together on the folloyaiage. Fluorescence analysis resulted in the foof
hydrocarbons in the rock.

From the cutting analysis an estimation of the eohof the reservoir can be made. Every cutting
sample was examined using a stereo microscope. dfitst cuttings consist of the same main grains;
Sandstone, Siltstone, Claystone and Coal. Tracealcite and fossils are found. Siderite and pyrite
minerals are found in the cuttings.

However, in some high radiation intervals showithiemgamma ray log the cuttings contain a lot of
quartz grains. A lower natural radiation would Beexted. The reason for this mismatch could be the
flushed silt fraction, this fraction was not anagz Another reason for the mismatch is a mixing of
caving and cutting grains in the sample.

The grain size was estimated by using the steremstope and a grain size comparator card. This
rough method is not sufficient to clearly find tivéing upward sequences in the size of the quartz
grains in the Delft Sandstone member. These segaexre expected when the method of deposition is
a fluvial deposit. The figure gives a representatibthe grain size distribution. Rough differenaes

size are measurable using the comparator cardiditoav up analysis of the grain size a better grap
should be possible. (Recommendations)

The cutting content does show a difference in gigie. More silt- and claystones are found in tye t

of the fining upwards structures and more quardmgrare found in the bottom of these structures.
Two fining upward structures are present in themasr section.

Cutting inspection under ultraviolet light provértpresence of oil throughout the reservoir. Both
dried cuttings and wet cuttings were analyzed.hEortaked eye the yellowish orange glow exited
from the hydrocarbons is better visible. Howeverithages created by the camera show clearer
results for the wet cutting samples; the emittghtlis brighter for these samples.

The boundary between the Alblasserdam member anDélt Sandstone member can be determined
on the fossil content of the cuttings. The Albladaen contains a type of shell not seen in the raysti
from the Delft Sandstone member.

The following page shows the gamma ray log, thérgutontent, the grain size and the shale content
in the reservoir section of the PNA GTO1 well.
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The gamma ray log, cutting content estimation, grain size and the shale content of the PNA GT01 well

Gamma ray
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Shale content from gamma ray

Images of hydrocarbon, throughout the
reservoir.
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Chapter 9 - Discussion and Conclusions

The Delft Sandstone member is a fluvial depositnftbe Late Jurassic to Early Cretaceous. In
Pijnacker the member is used as a geothermal wedervoir by Ammerlaan. The PNA GTO1 well
drilled for this project produces warm water framstreservoir. At the well location the layer has a
true vertical thickness of 66 meters.

An estimation of the content of the cutting sampgzresented. The main fractions in the cuttings a
provided in a graph. However these cutting sampde® a disadvantage.

Caving material taken up from the borehole walthry mud stream will mix with the cuttings
detached from the rock by the bit. And so the ng#imight be a blend of multiple layers.

In the preparation of the dried cuttings for tlépart the silt fraction was flushed. This may resuh
distorted representation of the reservoir.

The main minerals found in this reservoir are Mw#tecand Quartz, this was determined using a XRF
analysis. In cutting samples collected while drdlithe PNA GTO1 well claystone, sandstone, siliston
and coal are the most common fractions. PyriteZiddrite minerals and fossil shells are found & th
reservoir cuttings.

The content of the fine cutting samples is in livith the gamma ray log. This was not really theecas
for the course cutting samples. All the coursetioas are mainly composed of the dark grey siltston
and the light grey claystone. Variations in sangssowere not noticeable in the course cutting
fractions. In future examinations it is suggestedxamine the smaller fraction.

The gamma ray log shows sand layers as zones afdtwval radiation. Some of these layers are loose
friable sandstone and some of them consist of cadequartz grains. In reservoir models this
cementation might have to be considered sinceniheae an impact on permeability (Manmath &
Lake, 1995)

Fining upward sequences in the gamma ray and a@ase in quartz grain size in the cuttings can be
implemented as point bar systems. This would canfire Delft Sandstone Member to be a fluvial
deposition.

All the sand layers in the member at the GTOlitgain hydrocarbons.



Recommendations

In future research projects on cuttings the siittion should be collected during the sieving psotte
might be possible to collect it using filter pageven a coffee filter would suffice).

If there is a possibility for future wells to catkecore samples this is recommended. Permeabiidy a
porosities could then be measured. This is of @arsextra expense.

In cutting analysis if there are course and afiiaetion samples available first examine the fine
fraction first. In this report more details werediin this fraction.

The grain sizes of quartz could be measured artlingae Karman-Kozeny equation to determine
the permeability. Porosities of the reservoir carebtimated using this relation and Delft-03 cgtin

The GTO1 well was studied for this report; a simgtudy of the GT02 well would increase the
understanding of the Delft Sandstone Member.

If new geothermal wells are drilled in the Delfearand cuttings are available a fluorescence test
should be conducted at an early stage to detenpaissible hydrocarbon content. This is an easy set-
up experiment.

For further understanding of the hydrocarbon caméthe Delft Sandstone member a quick test of
hydrocarbon content in the PNA GTO02 cuttings wdrédecommended.
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Supplementary data

How to use this chapter:

« Every interval has a short description

¢ An estimation of the cutting content is given floe fine fraction

» A picture of the fine and/or course fraction isgaeted, typical grains are pointed out
In the left upper corner of the pictures a rulepidis the scale. Typically a picture has a full
scale size of 7cm.

« The gamma ray of the section is presented

* The shale content derived from the gamma ray isgoted

Interval Rodenrijs Claystone-2738

This interval is described to give a clear toptaficture of the Delft Sandstone member. The Delft
Sandstone starts at the top of the first sand lafy&® meters in true vertical thickness. This
description holds only for the Delft Sandstone usedhe GT01 and GT02 wells.

Fine cutting content

- Sandstone

Percentage in fine cuttings = claystone

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% )
# siltstone

2735

m Coal

2737,5 = Calcite

eddepth GTO1

Figure 18 GT01 PNA 2735 finefraction
(0,064-1 mm) dried cutting sample.

Cutting sample content:

Laminated calcite
Lignite particle
Dark grey claystone
Cemented Quartz

PwnE
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Figure 19 gammaray login APl and

Gammaray | Shalecontent | iiiieineniy
GTO1lwell
0 100 200 0% 50% 100%
2650
2660 The Rodenrijs Claystone member
2670 is a stacking of silty to sandy clay
N layers with coal layers of a
2680 maximum thickness of 2 meters in
2690 between clay layers.
2700 The member has a typical saw
tooth pattern.
ehas The green line in the pictures
2720 indicates the top of the Delft
2730 - Sandstone member. It starts at the
top of the first sandstone deposit of
2740 - more than 10 meters for the GTO1
2750 and GTO02 wells.

Interval 2738 - 2748

Fine cutting content _
- Sandstone
Percentage in fine cuttings = claystone

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% )
 siltstone

2740
2742,5
2745
2747,5

m Coal

= Calcite

eddepth GTO1

Figure 20 GT01 PNA 2745 finefraction
(0,064-1 mm) dried cutting sample.

Cemented Quartz
Coal

Grey Claystone
Layered Calcite
Quartz

Dark grey siltstone

ouprwNE
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2739

2741

2743

2745

2747

Gammaray
0 S0 100

150

A

Shale content

0% 50%  100%

2739+

L "

H
2741 g
2743 Z
2745 -

3

L
2747 i

Figure 21 GTO1 PNA 27425 fine
fraction (,064-1mm) dried cutting
sample.

1. Quartz with cement
2. Dark grey siltstone
3. Calcite

Figure 22GTO01 PNA 2742,5 cour se
fraction (Imm-2mm) dried cutting
sample. The scale bar in the top left
depicts 2mm.

Figure 23 gammaray login APl and
Shale content in volume percent from
theinterval 2739m-2747m of the PNA
GTO1 well

The first selected interval of the
Delft Sandstone member is a sand
deposit of 10 meters in thickness.

This interval consists for 95% out
of non-shale content.
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Interval 2748- 2757

Fine cuttlng content m Sandstone
Percentage in fine cuttings
- 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% = claystone
S
e y
g 2750 | siltstone
f
g 2752,5 m Coal
& 2755
& 27575 = Calcite

Figure 24GTO1 PNA 27525 fine fraction
(0,064mm-1mm) dried cutting sample.

4. Coal
5. Dark Grey Siltstone
6. Quartz (no cement)

Figure 25GTO1 PNA 2750 cour se fraction
(Imm-2mm) dried cutting sample. The scale
bar in thetop left depicts 2mm.
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2748

2750

2752

2754

2756

Gammaray
0 50 100

I

150

~.

Shale content
S0% 100%

2748

2750

3

2752

2754

\'A.A.

2756

Figure 26 GTO1 PNA 2752,5 coursefraction
(Imm-2mm) dried cutting sample. The scale
bar in thetop left depicts 2mm.

1. Cemented Quartz

2. Medium grey Claystone
3. Coal

4. Calcite

Figure 27 GT01 PNA 2750 cour se fraction
(Imm-2mm) dried cutting sample. The scale
bar in thetop left depicts 2mm.

Figure 28 gammaray log in APl and Shale
content in volume per cent from the interval
2748m-2757m of the PNA GTO1 well

The second chosen interval shows a
high shale volume percentage of 50%
in average. This increases the gamma
ray log. It still has a lot of quartz in

the fine fractions.
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Interval 2757-2763

Fine cutting content Sandstone
Percentage in fine cuttings
- 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 1009 = claystone
o
=
g # siltstone
5 2760
@
g mCoal
o
5 2762,5 = Calcite

Figure 29 GTO1 PNA 2757,5 fine fraction
(0,064mm-1mm) dried cutting sample.

Medium grey claystone
Calcite

Dark grey siltstone
Cemented Quartz
Quartz

aghwnhRE

Figure 30 GTO1 PNA 2760 fine fraction
(0,064mm-1mm) dried cutting sample.

1. Medium grey claystone
2. Coal

3. Quartz

4. Fossil Shell

5. Dark grey siltstone

Figure 31 gammaray login APl and
Gammaray Shale content Shale content in volume per cent from the
o s 100 150 0% S0%  100% interval 2757m-2763m of the PNA GTO01
2757 2757 + 7 1 well
2758 2758 +————————
2759 2759 - This interval shows a decrease in
2760 2760 T3 natural radiation. This can be
2761 +—— — 2761 +—F—+—4+——+— . ..
rres rer interpreted as a fining upward
o o I .
- 2763 A sequence of a point bar.
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Interval 2763-2770

Fine cutting content

- Sandstone
Percentage in fine cuttings

o 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% = claystone
2 2765 # siltstone
&

3 2767,5 = Coal

2

E 2770 = Calcite

Figure 32 GT01 PNA 2770 finefraction
(0,064mm-1mm) dried cutting sample.

1. Dark grey siltstone
2. Quartz cement

3. Quartz

4. grey claystone

Figure 33 GT01 PNA 2770 cour se fraction
(Imm-2mm) dried cutting sample. The
scale bar in thetop left depicts 2mm.

1. Coal with fossil

2. Pyrite

3. Cemented Quartz

4. Medium grey Claystone

Figure34 gammaray login APl and Shale
Gammaray Shale content content in volume per cent from the
0 100 200 0% 50% 100% interval 2763m-2770 of the PNA GTO1
2763 2763 well
K Z‘ This interval shows a relative high shale
2765 2765 . S
content and high natural radiation in
comparison to other intervals. There are
2767 2767 . )
} } many small clay particles in the rock. The
p— Q p—" (b z:ghnpeak at 2770 meters may be a flood
in.
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Interval 2770-2778

Fine cutting content - sandstone
Percentage in fine cuttings
- 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% = claystone
o
=4
g ® siltstone
£
&
] m Coal
T
@
E = Calcite

Figure 35 GT01 PNA 27725 fine
fraction(0,064mm-1mm) dried cutting
sample.

1. Medium grey siltstone
2. Light grey claystone
3. Fine upper quartz

Figure 36 GT01 PNA 2775 finefraction
(0,064mm-1mm) dried cutting sample.

Calcite

Grey siltstone
Quartz

Coal

PN
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Figure 37 GTO1 PNA 2777,5fine
fraction(0,064mm-1mm) dried cutting
sample.

Layered Calcite
Cemented Quartz
Dark grey siltstone
Light grey claystone

PownhpE

Sh | Figure38 gammaray login APl and
ale content Shale content in volume per cent from
Gam ma ray theinterval 2770m-2778m of the PNA
0 100 200 0% 50%  100% | GTO1well
2770 2770 _
This interval shows the gradual
2772 1 772 L L LT _decrease in natural .radlatlon and so
in shale content. This can be
2774 - 2774 + DL interpreted as a fining upward
4 sequence found in point bars in
2776 2776 H T fluvial deposits.
‘ A Quartz grain size increase is
2778 I 2L — visible. Though this needs further
tests. (Recommendations)
Interval 2778-2788
Fine cutting content Sandetona
Percentage in fine cuttings
0% 10% 20% 30% 40% 50% 60% = claystone

L

70% 80% 90% 100%

2780 |
2782,5
2785
2787,5

Drilled depth GTO1

# siltstone

m Coal

= Calcite
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2778

2780

2782

2734

2786

2788

0

Gammaray

100

200

3
3
{

N

Shale content

0

0

o 50% 100%

2778

o/

2780

2782

2734

2786

-

2788

Figure 39 GTO1 PNA 2785 fine
fraction(0,064mm-1mm) dried cutting
sample.

Grey claystone
Laminated calcite
Coal

Quartz (no cement)
Grey siltstone

arwnNpE

Figure 40 GT01 PNA 2780 cour se
fraction (Imm-2mm) dried cutting
sample. The scale bar in thetop left
depicts 2mm.

1. Dark grey claystone
2. Laminated calcite
3. coal

Figure4l gammaray log in APl and
Shale content in volume percent from
theinterval 2778m-2788m of the PNA
GTO1 well

Two low natural radiation layers

can be seen, and two slightly

higher radiating layers in sequence.
These can be two flow channels.
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Interval 2788-2796

Fine cutting content e Sandsans
Percentage in fine cuttings
- 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% = claystone
o
[ I L L )\
5 )
£ 2790 # siltstone
Q
3 m Coal
3B 27925
2
5 2795 = Calcite

Figure42 GTO01 PNA 2795 fine
fraction(0,064mm-1mm) dried cutting
sample.

1. Cemented Quartz

2. Grey siltstone

3. Orange brown calcite
4. Coal

Figure43 gammaray login APl and

Gammaray | Shalecontent | e o
0 100 200 0% 50%  100% GTO1L well
2758 2788 17778 The interval shows both high
2790 4Bl | 2790 _f ________ quartz content and shale content.
K The quartz grains are cemented
279y 41 Do L 111 [1] 2702 42l L1111 in this section.
C‘lv,
2794 +— 2794 {_—F——
2796 LS 2796 1N
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Interval 2796-2811

Drilled depth GT01

Fine cutting content

Percentage in fine cuttings

0% 10% 20% 30% 40% 50% 60%

= Sandstone

70% 80% 90% 100% = claystone

® siltstone

m Coal

= Calcite

Gammaray Shale content
0 100 200 0% S50% 100%
2796 2796 -
;:?i'h-
3
2801 2801 —“"}v —
2806 — | 2806 1= ——————
$
t‘n
2811 -— 2811 Ll

Interval 2811-2814

Figure 44 GT01 PNA 2800 cour se
fraction(Imm-2mm) dried cutting
sample. The scale bar in thetop left
depicts 2mm.

1. Light siltstone

2. Coal

3. Dark grey claystone
4. Calcite

Figure 45 gammaray login APl and
Shale content in volume percent from
theinterval 2796m-2811m of the PNA
GTO1 well

This interval shows again a gradual
decrease in shale content. This can
be interpreted as a fining upward
sequence in a point bar.

Drilled depth GT01

2812,5

Fine cutting content

Percentage in fine cuttings

0% 10% 20% 30% 40% 50% 60%

- Sandstone
70% 80% 90% 100% = claystone
# siltstone
u Coal

= Calcite
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Gammaray
0 50 100 150

2811
28115 - —r—~ ——————————

|

Shale content
0% S0% 100%

2811 *F
28115

2812 ]

28125 i
2813

28135

2814

Figure46 GTO01 PNA 28125 fine
fraction(0,064mm-1mm) dried cutting
sample.

Dark grey siltstone
Quartz with cement
Light grey claystone
Quartz cement

Coal

agbhwhpE

Figure47 GTO01 PNA 28125 course
fraction(Imm-2mm) dried cutting
sample. The scale bar in thetop left
depicts 2mm.

1. Coal

2. Dark grey claystone
3. Cemented Quartz

4. Calcite

Figure48 gammaray login APl and
Shale content in volume per cent from
theinterval 2811m-2814m of the PNA
GTO1 well

A low shale content section. The
cuttings show cemented quartz.
The quantity of the dried cuttings
was low and probably a lot of the
silt fraction is flushed in this
interval.
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Interval 2814-2818

Fine cutting content . sandstone

Percentage in fine cuttings

- 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% = claystone
o

=

g ® siltstone
£ 2815

ll

g m Coal

2

“5' 28175 = Calcite

Figure49 GTO01 PNA 2815 fine
fraction(0,064mm-1mm) dried cutting
sample.

1. Cemented quartz
2. Layered calcite
3. Dark grey siltstone

Figure 50 GT01 PNA 2815 course
fraction(Imm-2mm) dried cutting
sample. The scale bar in the top left
depicts 2mm.

1. Coal

2. Calcite

3. Cemented quartz
4. Dark grey claystone

o

D ehals et Figure 51 gammaray log in API and
hal nten .
Gamma ray Shale content Shale content in volume per cent from
APl Shale volume percentage theinterval 2814m-2818m of the PNA
0 100 200 0% 50%  100% GTO1 well
2814 \ 2814
28145 A 28145 At 2814,5 a peak in gamma radiation
. 2815 2815 . .
£ R 4 occurs. This can be interpreted as a
52815,5 2815,5
£ 2816 2816 clay layer. At 2817,5 low gamma ray
Zas165 28165 and dominance in quartz show a new
28177 2817 1 sand layer.
2817,5 2817,5 +
2818 -~ 2818 -
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Interval 2818-2825

Fine cutting content + Sandstone

Percentage in fine cuttings

- 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% = claystone
2 ) ‘

© # siltstone
&=

g

228225 = m Coal

kel

2

& 28275 = Calcite

Figure 52 GT01 PNA 2825 fine
fraction(0,064mm-1mm) dried cutting
sample.

1. Medium grey Claystone
2. Quartz with cement

3. Calcite

4. Coal

Figure 53 GTO1 PNA 2822,5 course
fraction(Imm-2mm) dried cutting
sample. The scale bar in the top left
depicts 2mm.

Figure 54 gammaray login APl and
Gammaray Shale content Shale content in volume percent from
0 100 200 0% 50%  100% the interval 2818m-2825m of the PNA
2818 g, 2818 + jf GTO1 wdl
)
¢
2820 20N The bottom of the Delft Sandstone
) .
2822 2022 4% Member can be determined at the
$\ 4§ end of this sandstone layer at
2824 2824 = .
[ S 2825m drilled depth.
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Interval 2825- Alblasserdam
The Alblasserdam is a silt deposit. In the Delfhn@stone one or two fossils could be found per

interval. In the cutting sample of 2822,5 eightsitsswere found.

0

100

Gammaray

200

Shale content

0% 50%

100%

Figure 55 GT01 PNA 2830 fine

fraction(0,064mm-1mm) dried cutting

sample.

1. Some Quartz

2. Dark grey claystone
3. Light grey siltstone
4. Coal

Figure 56 GTO1 PNA 2822,5 close-up of
shellsfound in the cour se cutting
samples.

The top of the Alblasserdam
member is the first time in this
analysis a turbinate shell like
number three can be seen in the
cuttings. This could aid in the
determination of the top for future
reservoirs.

1. Patelliform Shell
2. Petelliform Shell
3. Turbinate shell

Figure57 gammaray log in APl and
Shale content in volume per cent from
theinterval 2825m-2858m of the PNA
GTO1 well

The Alblasserdam shows light
siltstones and fossils. Low shale
content layers can be seen in the
gamma ray.
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Hydrocarbon content in wet cutting samples

Figure 58 GTO1 PNA 2702,5 wet
cutting sample under UV light. The
scale bar in thetop left depicts 2mm.

As an example the wet cuttings of
interval 2702,5 are depicted.
Here no fluorescent reaction is to
be seen.

No hydrocarbon is present in the
reservoir at this clay layer in the
Rodenrijs Claystone.

Figure 59 GTO1 PNA 2745 wet cutting
sample under UV light. The scale bar
in thetop left depicts 2mm.

This is the first sand interval 10
meters in thickness at the top of
the Delft Sandstone group. Under
UV lighting fluorescent light is
showing due to hydrocarbon
presence.

Figure 60 GTO1 PNA 2762,5 wet
cutting sample under UV light. The
scale bar in thetop left depicts 2mm.

This is the second interval with a
low shale-volume percentage.
Here too hydrocarbons react
fluorescent to the UV light.
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Figure 61 GTO1 PNA 2775 wet cutting
sample under UV light. The scale bar
in thetop left depicts 2mm.

Fluorescence shows hydrocarbon
presence in this interval.

Figure 62 GT0O1 PNA 2785 wet cutting
sample under UV light. The scale bar
in thetop left depicts 2mm.

Due to white substances (pointers
indicate these) in the wet cutting
sample the image could not show
the hydrocarbons fluoresce. They
can be seen in the red square.
This interval too shows
hydrocarbon content.

Figure 63 GTO1 PNA 2812,5 wet
cutting sample under UV light. The
scale bar in the top left depicts 2mm.

The hydrocarbon presence is
clearly visible in this wet cutting
sample.

This is the interval with the most
visible result tested.
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Figure 64 GTO1 PNA 2820 wet cutting
sample under UV light. The scale bar
in thetop left depicts 2mm.

The bottom sand structure of the
Delft Sandstone Member shows
hydrocarbon presence.

Hydrocarbon fluorescence in dried cutting samples

Hydrocarbon content in dried cutting samples is ldearly visible. The brightest marks to be seen i
the images taken of these cuttings are dust pasti€lven though the hydrocarbons still show under
UV light, the results are less obvious to the eye.

Figure 65 GT01 PNA 2745 dried cutting sample under UV light. The
scale bar in thetop left depicts 2mm.

Figure 66 GT01 PNA 2785 dried cutting sample under UV light. The
scale bar in thetop left depicts 2mm.

Figure 67 GT01 PNA 2820 dried cutting sample under UV light. The
scale bar in thetop left depicts 2mm.
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Content of cutting samples - fine fraction
The fine fraction cutting analysis was conductedgithe stereomicroscope. The rounding is of the
guartz grains.

depth [main fraction rounding content
2735)Grey silt subangular |grey silt lignite layered calcite darkgrey clay cemented quartz
2737,5]Grey silt subangular  |grey silt cemented quartz  quartz layered calcite Rodenrijs claystone
2740|Grey silt subrounded |grey silt quartz lignite layered calcite chalcedone
2742,5]Quartz spherical quartz layered calcite lignite grey silt
2745|Quartz spherical quartz lignite grey silt cemented quartz
2747,5]Quartz subangular  |quartz lignite pyrite cemented quartz
2750]Quartz subangular  |quartz lignite grey silt
2752,5]Quartz subrounded |quartz grey silt cemented quartz  pyrite
2755|Quartz/Grey silt subrounded |quartz grey silt cemented quartz
2757,5]Quartz/Grey silt 60/40 |[subangular |quartz grey silt calcite lignite cemented quartz
2760|Quartz/Grey silt 60/40 |subangular [quartz grey silt lignite calcite
2762,5|Grey silt/Quartz 60/40 |subrounded |grey silt quartz pyrite lignite cemented quartz calcite
2765|Quartz/Grey silt angular grey silt quartz calcite lignite pyrite
2767,5]Quartz subangular  |quartz grey silt calcite lignite pyrite
2770]Cemented Quartz angular cemented qua grey silt calcite pyrite
2772,5]Grey Silt subangular |grey silt quartz calcite lignite
2775)Grey Silt subangular |grey silt quartz calcite cemented quartz
2777,5]Quartz subrounded |quartz calcite grey silt
2780|Quartz angular quartz coal cemented quartz  calcite
2782,5]Quartz subangular  |quartz calcite grey silt
2785|Quartz angular quartz calcite silt
2787,5]Quartz subangular |quartz grey silt calcite
2790|Cemented Quartz subrounded [cemented qua grey silt calcite coal
2792,5]Quartz subangular  |quartz cemented quartz  calcite grey silt coal
2795|Quartz subangular |quartz cemented quartz  grey silt coal calcite pyrite on quartz
2797,5]Cemented Quartz subrounded |quartz cemented quartz  grey silt calcite
2800|Cemented Quartz subangular  |quartz grey silt cemented quartz  calcite
2802,5]Cemented Quartz very angular [cemented qua grey silt quartz pyrite coal calcite
2805|Cemented Quartz subangular  |cemented qua quartz grey silt calcite
2807,5]Cemented Quartz subangular  |quartz cemented quartz  grey silt coal calcite
2810|Quartz subrounded |quartz cemented quartz  grey silt calcite
2812,5]Grey silt angular grey silt quartz calcite cemented quartz  quartz cement
2815|Quartz angular quartz quartz cement cemented quartz  grey silt calcite
2817,5]Quartz angular quartz cemented quartz  grey silt calcite
2820]Quartz subrounded |quartz cemented quartz  calcite grey silt coal
2822,5]Quartz subrounded [quartz cemented quartz  calcite coal grey silt Fossils gastropods
2825]Cemented Quartz subangular |quartz coal grey silt calcite cemented quartz
2827,5]Cemented Quartz subangular  |quartz quartz cement calcite grey silt coal

Figure 68 Results of the visual analysis of the fine fraction using the stereo microscope. Therounding quartz grainsis
noted.
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Content of cutting samples - course fraction

The course fraction cutting analysis showed in alnadl samples the same dominant fraction. The
fine fraction and the gamma ray log do supportfihiding. Cuttings in the coarse fraction show & pa
of the content but it is better to study the firection first.

depth  dominant fraction rounding content
2735 grey silt subangular greysilt  quartz laminated calcite cemented quartz
2737,5 grey silt angular grey silt  cemented quartz lignite laminated calcite
2740 grey silt subrounded grey silt  lignite cemented quartz
2742,5 grey silt angular greysilt  cemented quartz laminated calcite lignite
2745 grey silt subangular grey silt  laminated calcite lignite
2747,5 grey silt subangular grey silt  cemented quartz lignite
2750 grey silt angular grey silt  lignite cemented quartz
2752,5 grey silt angular grey silt  lignite cemented quartz
2755 grey silt subrounded grey silt  cemented quartz laminated calcite lignite
2757,5 grey silt subangular grey silt  calcite lignite
2760 grey silt subangular grey silt  lignite laminated calcite
2762,5 grey silt angular grey silt  laminated calcite lignite cemented quartz
2765 grey silt subangular grey silt  cemented quartz calc lignite
2767,5 shale? rounded grey silt  lignite calc cemented quartz
2770 grey silt subangular grey silt  lignite calcite
2772,5 grey silt well rounded  greysilt  calcite lignite cemented quartz
2775 Error subangular greysilt  quartz calcite cemented quartz
2777,5 grey silt angular grey silt  lignite cemented quartz
2780 grey silt angular grey silt  lignite coal cemented quartz
2782,5 grey silt subangular grey silt  lignite calcite quartz
2785 grey silt angular grey silt  light grey silt calcite cemented quartz coal
2787,5 grey silt subrounded grey silt  cemented quartz
2790 grey silt subrounded grey silt  cemented quartz
2792,5 grey silt subangular greysilt  coal calcite cemented quartz
2795 grey silt subangular grey silt  cemented quartz coal calcite
2797,5 grey silt subangular greysilt  coal cemented quartz
2800 grey silt subrounded greysilt  coal
2802,5 grey silt subangular grey silt  calcite cemented quartz
2805 grey silt subangular greysilt  quartz calcite coal
2807,5 grey silt subangular greysilt  coal quartz cemented quartz
2810 grey silt subrounded grey silt  calcite coal
2812,5 grey silt angular greysilt  cemented quartz lignite
2815 grey silt angular grey silt  calcite cemented quartz lignite
2817,5 grey silt angular grey silt  cemented quartz calc coal lignite
2820 grey silt subangular greysilt  quartz cemented quartz coal
2822,5 grey silt rounded grey silt  grey silt lignite coal cemented quartz
2825 Coal very angular coal grey silt lignite cemented calcite
2827,5 grey silt angular grey silt  antracite cemented quartz lignite calcite

Figure 69 Results of the visual analysis of the course fraction using the stereo microscope. The rounding is of the

quartz grains.
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Data from the XRF analysis
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* TU-Delft*Faculty 3mE * Section Structure & Change * R.W.A_. Hendrikx *
* Mekelweg 2 * Tel. 015-2782255 - -
* 2628 CD Delft * Fax 015-2786730 - =

t"t"""t"'twwuutive m analysis LA 22 2 2 2 2 22 222 222 sttt st S 2
C:\UQ5\USER\TUD_TA\Jobs\JOB.535 2010-12-20
Delft SST1 Langeveld 20decl0

Spectrometer's configuration: PW2400 Rh 60kV Method : UniQuant
C:\UQ5\USER\TUD_TA\Appl\AnySample kap 2010-11-10
Calculated as : Oxides Matrix (Shape & ImpFc) : 2|Si02
X-ray path = Vacuum Film type = No supporting film
Case number = 0 All known
Eff Diam. =23.0 mm Bff Area = 415.3 mm2
KnownConc = 0 &
Rest = 0 L] Viewed Mass = 2000.000 mg
Dil/Sample = 0 Sample Height = 1.00 mm
< means that the concentration is < 50 mg/kg
<2e means wt® < 2 StdErr. A + or & means: Part of 100% sum
2 m/m% StdErr Z m/m% StdErr Z m/m% StdErr
SumBe..F 0.133 0.029 29+Cul < 52 TeO2 <
11+Na20 0.799 0.088 30+Zn0 0.0114 0.0009 53 I <
12+Mg0 0.519 0.057 31+Ga203 < 55 Cs20 <2e 0.0051
13+A1203 14 .46 0.23 32 GeD2 < 56+Ba0 0.0351 0.0080
14+5i02 72.47 0.50 33 As203 < SumLa..Lu 0.007 0.048
15+P205 0.0524 0.0021 34 SeD2 < 72 HfO02 <
i5 P 35+Br < 73 Ta205 <
16 SO3 37+Rb20 0.0076 0.0006 74 WO3 <
16+S 0.233 0.012 38+5r0 0.0142 0.0016 75 Re207 <
17+C1 1.74 0.15 39+Y203 < 76 0s04 <
18 Ar < 40+2r02 0.03%953 0.0020 77 Irxr02 <
19+K20 3.78 0.21 41 Nb205 < 78 Pt02 <
20+Ca0 2.58 0.18 42+Mo03 0.0055 0.0014 79 Au <
21 Sc203 < 44+Ru02 < 80 HgO <
22+Ti02 0.731 0.081 45+Rh203 < 81 T1203 <
23+V205 0.0162 0.0014 46+PdD < 82 PbO <
24+Cr203 0.0223 0.0025 47 Ag20 < 83 Bi203 <
25+Mn0 0.0215 0.0014 48 CdO < 90 ThO2 <
26+Fe203 2.31 0.17 49 In203 < 92 U308 <
27 Co304 < 50 Sn02 < 94 Pu02
28+Ni0 < 51 Sb203 < 95 Am203
=== Light Elements === Noble Elements Lanthanides
SumBe..F 0.133 0.02%9 44+Ru02 < 57 La203 <
4 BeOD 45+Rh203 < 58 CeD2 <
5 B203 46+PdD < 59 Pre011 <
6 CD2 47 Ag20 < 60 Nd203 <
TN 75 Re207 < 62 Sm203 <
80 76 0sD4 < 63 Eu203 <
9+F 0.133 0.02%9 77 Irx02 < 64 Gd203 <
78 Pt0O2 < 65 Tb407 <
79 Au < 66 Dy203 <
67 Ho203 <
68+Er203 <
69 Tm203 <
70 Yb203 <
71 Lu203 <
KnownConc= 0 REST= 0 D/S= 0
Sum Conc's before normalisation to 100% : 89.7 &

Total % stripped Oxygen: 48.247

Figure 70 Results from the XRF analysis from De L eeuw and L angeveld, 2010



