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[llustration on front cover: Ammonite.

This is a fossil shell of certain species of molluscs
that lived from the Lower Devonian Age

(395 million years ago) to the Upper Cretaceous
Age (65 million years ago).

Ammonites (Lat.) = rolled-up horn
(horn of Ammon)
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Netherlands.

or turn on a machine without using this
precious commodity. Without energy
virtually none of the things we use could
be manufactured, without energy we
would be unable to prepare our daily food.
This booklet deals with energy
wrested from the earth in the Netherlands.
The main energy sources are the
fossil fuels oil and natural gas. Fach covers
about half of the Netherlands' total

energy requirement.

countries.

The fact that natural gas has come to
play such an important part is due to the
discovery of one of the world’s largest
gasfields in the Dutch Province of
Groningen in 1959. ]

On the other hand, almost all the oil
that the Netherlands needs must be
imported. The Schoonebeek oilfield and
the smaller fields in the west of the
country together yield only a small
fraction of the total amount of oil required.

The degree to which the Netherlands
depends on oil from the Middle East was
clearly demonstrated by the oil crisis in
late 1973. The Dutch Government's 1974
Energy Memorandum consequently
stated that the Netherlands must create a
‘strategic’ natural gas reserve. The need for
such measures has since been confirmed
by the continuous rise of oil prises.

<« Sunday driving ban (late 1973).
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1 Energy has come to play an The Netherlands is self-sufficient in . . ' Qil was first encountered in Dutch
Oll and GHS indispensable part in our society. natural gas and is even able to export it The hIStOﬂCal soil in 1923 when the National Prospecting
In the We cannot press a light switch, start a car | to a larger number of West European Service struck oil in the hamlet of Cotle

near Winterswijk.

However, the amount involved
proved to be very small: a total of 250
litres was raised.

In 1935 N.V. De Bataafsche
Petroleum Maatschappij embarked on a
gravimetric survey in the Netherlands.

In order to assess the worth of the
data obtained, a dozen wells were drilled
a few years later in the east of the
Netherlands. A number of drillings were
also made in order to survey deep strata.

In the summer of 1938 an exhibition
having as its theme oil production in the
Dutch East Indies was organized in The
Hague. But how could such an exhibition
do without a drilling rig? An entire oil-
drilling installation was therefore erected
on the De Mient exhibition grounds. After
about six weeks of drilling operations,
traces of oil were struck quite by chance
at a depth of about 450 metres one

Saturday afternoon.

i World War 2 broke out and German

forces occupied the Netherlands.
The Germans were naturally keen
to get whatever oil they could,
and so a first well was drilled in
Coevorden in 1942 under their
supervision.

This well was dry; a second well in
February 1943 yielded some oil, but
production was so modest that it was
decided to drill a third one. This well was

located near the town of Schoonebeek.

Qil extraction in the former Dutch East Indies.
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The well was successful, but the Dutch
drillers made sure that production
remained at a minimum.

The discovery of the Schoonebeek
oilfield and indications that oil might be
found elsewhere in the Netherlands led
in 1947 to N.V. De Bataafsche Petroleum
Maatschappij (Royal Dutch/Shell
Group) and the Standard Oil Company
of New Yersey (Esso, subsequently Exxon
Group) setting up a company to explore
and develop the country’s mineral

resources. Shell and Esso each took a
500 interest in the new company, which
was called Nederlandse Aardolie
Maatschappij NAM). A start was made
on mapping the geology of the
Netherlands with modern exploration
techniques.

Qil was struck beneath the green-
houses of the Westland region between
The Hague and Rotterdam, oil was struck
in the south-east of the Province of
Drenthe, gas was struck deep beneath the
clay of Groningen Province, but years
were to pass before the first signs that
such finds were major oil and gas
reserves.

“Colonel” Edwin L. Drake, who
drilled the first oil well at Titusville,
Pa. (USA) in 1859. ‘

The petrified
past.

The only person who has ever been
there, albeit on the wings of his
imagination, is Jules Verne. By ‘there’ we
mean the centre of the earth, some 6400
kilometres down.

Although man has succeeded in
landing on the moon some 400,000
kilometres out in space, he has penetrated
less than 10 kilometres into the earth’s
crust.

[t is here that traces of life in ages
long ago are concealed. The unknown
past lies petrified in the earth’s crust.

Formation of the earth’s strata
involved processes lasting millions of
years. An example: in Limburg, the
Netherlands’ southernmost Province,
there is a 100-metre thick layer of coal

quaternary 2

(petrified remains of dead trees and
plants). For such a thick layer of coal to
be formed, there must have been a mass
of vegetation at least 1000 metres in height.
There are various ways of portraying
the history of the earth’s development.
One of these is the ‘geological clock’. If we
assume the earth to be 4600 million years
old, we can represent this period as 12
hours on the clock. One minute on the
dial thus corresponds to 6.4 million
years. If the earth comes into being at
midnight, it takes until 3.08 a.m. —i.e. 1200
million years — for the liquid, red-hot
mass to solidify. We know practically
nothing of the period before that,
representing many millions of years.
No life appears on earth until 10.30 a.m.

tertiary 63
cretaceous 70
jurassic 55
triassic 35
permian 55
carboniferous 65
devonian 50
silurian 105
cambrian 70

A geological clock: 4600 million years represented
on a12-hour dial. The period between 10.30 a.m.
and 12.00 noon can be subdivided into Quaternary
Age, Tertiary Age etc.

The names of the Ages are followed by their
duration in millions of years.
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Then things start developing — at
least on the clock — very fast indeed.
‘Within a few hours an observer would be
able to watch a bewildering variety of life
forms and earth movements. He would
be able to see animals, both minute and
colossal, come into being and die out
within short spaces of time. He would see

QUATER-

mountains rise and then disappear, seas
engulfing the land and then receding to

leave new land.
Between 1118 a.m. and 11.21 a.m. the

reservoir rock holding Groningen gas
would be formed, and the Schoonebeek
oil reservoir rock exactly 19 minutes later.

A geologist at work.

Man would not appear before
10 seconds to 12 o’clock, and a fraction of
a second before midday would mark the
start of the period we term human
civilization.

Subdivision of the various Ages on the geological
clock.
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Formétion of
oil and gas.
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Cross-section of a porous reservoir rock.

Subterranean oil lakes do not exist,
nor do underground bubbles of natural
gas. Oil and natural gas are encountered
in porous rocks often lying deep beneath
the earth’s surface. The oil extracted in
Schoonebeek lies at a depth of about 700
metres. Groningen’s natural gas comes
from a stratum lying at a depth of
approx. 3000 metres.

The earth’s crust, an approximately
35 kilometres thick shell, is built up of
many overlying strata. Some strata were
formed on the seabed, where plankton
came to rest together with matter brought
from the land by water and wind, such as
sand, gravel and clay. Where once there
were seas, enormous layers of salt were
formed by evaporation. Processes leading
to the formation of the geological strata
took place on land as well. Coal strata,
for example, were formed from the
swamps of primeval forests. In fact, coal
is the remains of vegetation and plants
that died millions of years ago and have
been preserved by being covered by the
sea with sand and clay. Strata were formed
one after the other and deeper-lying strata
were increasingly compressed by the
accumulation of strata above.

Porous and less porous rocks were
formed under the influence of many
factors. It is only in porous rocks that oil
and/or natural gas can occur.

Oil was formed in strata that came
into being on the seabed from the organic
remnants of plankton and other marine
flora and fauna.

Tropical swamp

Basin formation and accumulation of peat in the Carboniferous
age (tropical swamp). Severe subsidence of earth, causing
vegetation to be flooded then covered with layers of clay, sand
and lime, alternated with less marked movements of the basin,
enabling vegetation to re-establish itself.

This period was followed by continuous subsidence of the basin,
accompanied by sea encroachment. The seabed was covered
by sediments forming an airtight seal over the remains of
vegetation in the most recent layer of peat: coal measures were
formed from the peat under the ever-increasing pressure caused
by further sedimentation.

The basin is almost entirely filled up. The sea recedes. Start of
folding due to uplift and lateral pressure. Formation of gas by
coalification of coal measures. Migration of gas to a sand
stratum.

Continued uplift, followed by erosion. Folding and faulting.
Accumulation of gas in a sand stratum.

Subsidence and slight tilting. Renewed encroachment by sea.
Sedimentation.

Uplift. Sea recedes.

1. Borehole in anticlinal accumulation of gas.
2.Borehole in gas accumulation against a fault.

3. Borehole too far down the flank. No gas struck.
4. Borehole encounters no reservoir rocks.
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However, it is almost certain that the
gas from Groningen, most other Dutch
fields and the southern part of the North
Sea was formed in quite a different way.
The Dutch geologist Dr. R. J. H. Patijn
came to the conclusion in 1963 that this
is ‘mine gas’. Dr. Patijn believes that
Dutch natural gas was originally formed
in coal measures. In a later stage of
coalification, large quantities of natural
gas were, he claims, released by ‘post-
coalification’. This gas must have migrated
to higher-laying sand strata. The thick
series of overlying salt strata prevented
further upward migration of the natural
gas. At present, this theory is regarded as
the most likely explanation in geological
circles.

Geological strata are not tidily stacked
one on top of the other according to age.
Continuous movement of the earth’s
crust — which proceeds so slowly that we
hardly notice it — has disrupted and is still
disrupting the various strata. At many
locations, strata are faulted. Sometimes
strata several kilometres thick have totally
disappeared because of erosion. Recent
strata are sometimes thrust underneath
older strata.

For example: Carboniferous strata
(coal, sand and clay) occur throughout
the Netherlands. Sometimes they lie a
- few hundred metres beneath the surface,
sometimes several thousand.

Organisms

——

Erosion and transport into a subsiding basin. Depositiqn of
dead organisms and erosion debris from highland (sediment).

Basin practically filled. The sea recedes. Folding starts as a
result of uplift and lateral pressure. Formation of oil and gas in
layer of clay. Migration of oil and gas into a layer of sand.

Continued uplift, followed by erosion. Folding and faulting.
Accumulation of oil and gas in a sand layer.

Subsidence and slight tilting. Renewed encroachment of sea.
Sedimentation.

Uplift. Sea recedes. Present situation.

1. Borehole in anticlinal accumulation of oil.

2. Borehole in oil accumulation against a fault.

3. Borehole too far down the flank. No oil struck.
4. Borehole encounters no reservoir rocks.
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The i’igsaw
puzzle of the
earth’s crust.

The first step on the long road that
may lead to the discovery of oil and gas is
extensive investigation of the composition
of the earth’s crust. The people engaged
in this investigation are called geologists.
They attempt to answer questions such
as how the strata are built up and from
which geological age they originate.

At what depth do they lie, can they
contain oil or natural gas. The answers to

these questions must be sought and
assembled like the tiny pieces of an
enormous jigsaw puzzle.

On the basis of data acquired from
geological surveys, the geologist prepares
geological maps. There are a number of
methods of mapping subsurface
formations:

* Gravimetric: based on variations in

gravity.
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An interpreted seismogram.

i
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* Magnetometric: based on the magnetic
field present in various strata.
* Remote sensing: infra-red measurements

with the aid of satellites and airplanes.
* Field geology: investigation of the earth’s

surface. '
* Seismic survey: based on the generation

of vibrations.
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The only method described in detail
in this booklet is that of seismic surveying,
as it is this method alone which is used in
the Netherlands. This is because the strata
of interest are concealed from view by
later strata. ,

The basic technique underlying
seismic surveying is the generation of
vibrations. Various methods are available.
It is possible to detonate small charges of
explosives in shallow holes. Another
method is called vibroseis. With this
method, vibrating plates secured beneath
vehicles are pressed against the ground.
This is often used when investigating sites
in towns and villages.

At sea a device known as an airgun is
used, involving the sudden release of
compressed air.

The vibrations generated are
propagated through the ground. At the
boundary planes of the various strata,
they are reflected to the surface of the
ground or water and detected by sensitive
instruments known as seismometers.

These detectors record the reflected
signals onto magnetic tape. The data is
subsequently processed by computer.

Vibroseis.
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The resulting chart is called a seismogram
and is used by the seismologist to compare
the points in time at which the reflected
signals were received and so to read off
the times taken by the signals to travel
from the ground to the boundary planes
and back again. As the propagation
velocities through various strata are
known, the depth of the various boundary
planes can be calculated. A number of
seismograms are then put together to
acquire a picture of the configuration of
the strata. By comparing the seismogram
with the data acquired from subsequent
drillings, the original picture can be
revised or adapted where necessary.

This can in turn lead to new investi-
gations.

Conventional seismic technique.




