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Abstract 

Snøhvit field is the only field in production in Norwegian Barents Sea. Most of the 

hydrocarbons are gas. Complicated tectonic history of this field resulted in low 

matured source rocks, highly faulted structures, low porosities and trap breach.  

Three reservoirs were studied in this project; Stø, Nordmela and Tubåen Formations. 

Stø is the main producing formation in Snøhvit field. It is gas saturated and formed in 

shallow marine environment. Most sections of Stø Formation are composed of very 

clean sands. Properties in Nordmela are much worse for its high volume of shale and 

clay contents formed in complex estuary and tidal environments. Only minor gas and 

oil were found in it. Clay studies show evidence of deep burial and uplifted history in 

this region. 

Although oil and gas did not exist in fluvial Tubåen Formation, it is the main object of 

study because it was the target formation of the previous CO2 injection project 

operated by Statoil. Four zones were divided in this formation but the uppermost one 

represents a transgression event rather than fluvial environments. Models of this 

formation explained the storage capacity problems. 

Different methods were used to estimate porosities and permeabilities for all three 

reservoirs. Calculations show previous overestimation of permeabilities and 

connectivity for channels. Local good CO2 warehouses were isolated and the 

surrounding worse reservoirs become barriers under high injection pressure. 

Statoil started a new injection target which is Stø Formation. A preliminary and 

qualitative analysis shows thick and widespread sandstones. These sandstones may 

support the long lasting injection project. 
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be able to store approximate 23 million tons of CO2. However, according to the 
numerical model by Pham et al., 2011, the limited lateral permeability will make the 
bottom hole pressure increase much higher than the fracture pressures, thus they 
conclude the previous aim of 23 million tons is ‘unrealistic’. 

Compared with other CO2 injection projects on Norwegian coast, operation in Snøhvit 
has more challenges, not only because of the extreme weather conditions, but also due 
to the less understanding of the target horizon. In 2012, Statoil announced that they 
have already plugged off Tubåen Formation and moved the target of injection to Stø 
Formation (Gilding et al., 2012), because Tubåen Formation did not ‘show the extra 
CO2 capacity needed’ after perforation during the intervention of the only injection well 
7121/4-F-2 H.  

 

1.2 Motivation and Objectives 

Despite Statoil abandoned Tubåen Formation for now, it is still necessary to study and 
analysis the properties of it, as the presence consequences strongly suggest the lack of 
understanding of Tubåen for CO2 storage perspective. Furthermore, although the only 
CO2 injection well (7121/4-F-2 H) changed its target, well 7120/6-2 S has been 
suspended since 2007, for a possible future injector. Although Tubåen Formation has 
good sandstones and relative high net-to-gross ratio, sandstones were commonly 
separated into several thin layers by shales. The complex depositional environment 
made difficulties to predict reservoir properties. 

Because of the existence of oil and gas, Stø and Nordmela Formation were researched 
in detail in the past years. Besides property study for all three reservoirs, the main aim 
of this study is providing geological models for Tubåen Formation in order to 
understand the distribution of different properties. The final results include the 
property analysis and facies simulations. 

 

1.3 Study Area 

Besides Snøhvit, several other discoveries are also located in Hammerfest basin 
(Figure 1.2), but this study will not involve them. 

Snøhvit field became a hot research topic in geological, geophysical and engineering 
areas in the past few years (Berger et al., 2003; Maldal and Tappel, 2004; Eiken, 2005; 
Eiken et al., 2011; Pham et al., 2011). Geologists and geophysicists are interested in 
the intricate geological history and features in the southwest Barents Sea, while 
engineers are interested in developing special operations and production techniques. 
Based on the present data, Snøhvit field contains 211.13×106 m3 oil equivalent 
hydrocarbons, most of which is gas, with a small amount of natural gas liquids (NGL) 
and condensate. It is common for the fields in western Barents Sea that gas is much 
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1.5 Limitations 

1.5.1 Limitations in Facies Study 

This study is mainly based on well log and 3-D seismic data. But in order to study the 
geological features, researches in different methods and subjects should be considered 
and combined together. Field trips, well core examinations and paleontology studies are 
crucial to determine sedimentary facies. Inspections of rock slices under microscopes 
are the key steps to estimate reservoir properties. These direct observations provide not 
only the geophysical parameters, but more importantly, they gave answers that cannot 
be measured or calculated from well logs and seismic data. E.g. paleoclimate, grain 
sorting, cementation, shapes of pores and throats, distribution of clay inside rocks, and 
so on.  

1.5.2 Limitations in Property Study and Modeling 

Log traces can be used to read or calculate reservoir properties such as density and 
porosity, but none of a method can provide the accurate parameters. For permeability, 
because of the lack of laboratory report, empirical formulas were used to do the 
calculation, but the results may not precisely reflect the rock behavior in the study 
area since the Hammerfest basin has a complex tectonic history. As a matter of fact, 
every empirical formula can only reflect a specific rock sample under the specific 
experimental condition. 

To modeling facies and properties, sufficient previous researches are needed. For 
example, previous artificially facies maps are very useful for 3-D facies modeling. 
When previous results are not available or not sufficient, well-controlled facies belts 
give good results, too. However, in this study, even the well numbers are limited, 
variogram studies gave large ranges. The original ideas of variograms turned to 
mathematics. Geological features could be deviated. 

 

1.6 Chapter Descriptions 

This thesis has been subdivided into 7 separate chapters. The first chapter is a general 
introduction to the study area and an overview of the numbers of Snøhvit field. Chapter 
1 also discussed the limitation of this study. 

Tectonic backgrounds and Geological evolution processes with a special emphasis on 
the Hammerfest basin is the main part of Chapter 2. Moreover, Chapter 2 gave a brief 
list and description of the stratigraphy and petroleum system in the study area.  

Chapter 3 reviewed general theories of well log interpretation and background of 
property estimation. These theories have been used later to discussion findings of the 
research.  

Chapter 4 gives the results from well log and seismic data include lithology correlation, 
sedimentary facies interpretation, seismic interpretation and a velocity model. 
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Theories and applications of porosity and permeability estimation and correlation are 
the main focus of Chapter 5 

Seismic data combined with the previous petrophysical analysis, results of facies and 
property models are discussed in Chapter 6.  

Finally, a summary of the entire research and major conclusions are given in Chapter 7. 
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Chapter 2 Geology of the Study Area 

Southwest Barents Sea has over 15 km sediments accumulations and thought to have 
some deepest basin in the world (Faleide et al., 1993). Along the shelf, a series of 
Paleozoic and/or Mesozoic basins, structural highs and platform areas were formed 
during the complex tectonic history. Hammerfest basin did not separate from a large 
regional basin until Jurassic (Berglund et al., 1986, Gabrielsen et al., 1990). Hanisch 
(1984) believed Hammerfest basin is the younger one which ‘overprinted’ above an 
older rift system. Although Caledonian orogeny dominated the large scale pattern of the 
whole Barents Sea, Hammerfest basin only began to accept sediments alone since late 
Jurassic (Faleide, 1984; Isaacson and Neff, 1999). Faleide et al. (1993) treated 
Hammerfest basin as one of the Mesozoic basins in SW Barents Sea and claimed the 
Cretaceous-Tertiary subsidence did not affect it.  

 

2.1 Tectonic History and Geological Evolution 

2.1.1 Early Tectonic Settings of SW Barents Sea (Pre-Cambrian to Devonian) 

Although the word ‘Barents Sea’ refers to a clear geographical position today, it has 
not become so until the Cenozoic time.  

An important Paleo-ocean called Iapetus opened from late Vendian (600Ma) to Early 
Cambrian. This ocean eventually closed approximately 400 Ma ago as the result of the 
severe Caledonian orogeny (Figure 2.1). This process lasted until the Devonian 
(Gulaugsson et al., 1998) and generated the NE-SW faults of the southwestern Barents 
Sea (Dore, 1995). In Gabrielsen’s classification (1984) of the fault system of SW 
Barents Sea, these faults belong to the first class, which has regional importance and 
involved basement. 

As the result of collision, consolidation and metamorphism happened in Laurentia and 
became the basement substructure of the Barents Sea from late Silurian to Early 
Devonian time (Berglund et al., 1986, Harland and Dowdeswell, 1988, Dore, 1995). 

Devonian is the transitional phase from the previous geosynclinals sequences 
deformed into a Caledonian basement (Harland and Dowdeswell, 1988). Laurentia 
and Baltica began to separate at late Devonian. Following the Caledonian orogeny, the 
hinterland got exhumed and eroded from Devonian to Early Carboniferous.  
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Loppa High Fault Complex at the end of Jurassic times (Berglund et al., 1986). E-W 
faults in Hammerfest basin were formed within the isolated blocks determined by the 
first and second class faults (Figure 2.3, Gabrielsen, 1984; Gabrielsen et al. 1990; 
Olivier, 2009; Ahmed, 2012).  

Devonian and Early Carboniferous rift related trends became re-activated during Early 
Cretaceous. The Aptian - Albian faults in the Ringcassøy - Loppa Faults Complex 
prevented Hammerfest basin from undergoing the same rapid thermal subsidence as the 
western Tromsø basin (Faleide et al. 1993). In total, the west part of Hammerfest basin 
subsided relatively faster rate compared to the east. A series of thick deep marine shales 
with fans were deposited. Until the Late Cretaceous, 70 to 80 million years ago, 
the Laramide orogeny reactivated the Kimmerian tectonic.  

There was a major hiatus in Hammerfest basin from Oligocene to Miocene caused by 
the creation of new oceanic crust and the whole Barents shelf was uplifted (Faleide et 
al., 1984). For the Hammerfest basin and Loppa High area, erosions associated with 
Plio-Pleistocene glaciations are estimated between 1000 and 1500m (Dimakis et al., 
1998). After the glacial erosions, approximately 100m soft claystones were deposited 
(Linjordet and Olsen, 1993). 

 

2.2 Stratigraphic Descriptions 

Although the oldest lithology record in SW Barents Sea is Soldogg Formation formed 
in the braided river in Devonian/Carboniferous period, none of a well in the study area 
has ever reached there. The most important Group in this study is Kapp Toscana Group, 
which contain hydrocarbon reservoirs (Stø Fm. and Nordmela Fm.) and the former 
formation for CO2 storage (Tubåen).  

2.2.1 Lower Triassic to Upper Triassic 

All seven wells reached upper Triassic formations. Snadd, Fruholmen and the lower 
part of Tubåen Formation deposited during this period and all belong to Kapp Toscana 
Group. 

Snadd Formation 

According to the data of reference well, this formation is thick (approximately 1000m). 
Only two wells 7121/5-1 and 7120/6-2 S reached the upper part. This formation is 
dominated by shale but with different colors from grey at the base to red or brown at the 
top. Limestones and calcareous interbeds are relatively common in the lower and 
middle parts of the unit interbedded siltstones and sandstones are also found. Thin 
coaly lenses are developed locally further up (Dalland et al., 1988). The grey shale at 
the bottom indicates the distal marine environment and the interbedded silts and sands 
are thought to be related with storms, while the middle and upper parts were deposited 
by progradation of deltaic systems. 



12 

 

Figu

Ham

block

 

Fru

The
shal
mid
wer
stud

 

Diff
wer
and 
prog

Tub

This
The

Res

ure 2.3 First, s

mmerfest basin

ks, more local

uholmen Fo

e older sect
les and coal

ddle parts, b
re recognize
dy area, only

ferent GR re
re changing 

fluvial sa
gradation w

båen Forma

s formation 
e formation 

ervoir charac

second and thi

n were third cl

l and shallowe

ormation 

tion of this 
ls appear gr

but the uppe
ed, from bas
y Akkar and

esponses be
from open 

andstone (R
with a depoc

ation 

is mainly c
was divide

cterization of 

ird fault system

lass faults due

er (Gabrielsen

formation 
radually upw
er part is mo
se to top, th
d Reke mem

etween the m
marine sha

Reke Memb
centre to the

omposed by
ed into three

f Snøhvit Field

ms and their r

e to the updom

n, 1984). 

is mostly g
wards. Sand
ore shaly. B

hese membe
mber were r

members in
ales (Akkar 
ber). These

e south (Dal

y sandstone
e sections, w

d, Norwegian

representative

ming. They we

grey to dark
d became th

Based on log
ers are Akka
ecorded in w

dicate the e
Member) a

e represent
lland et al., 

es with little 
with a lowe

n Barents Sea

structures. Th

ere restricted w

k grey shal
he main com
gging respon
ar, Reke and
well 7121/5

nvironment
and passing
t northward
1988). 

amount of s
er and uppe

a 

 

he E-W faults

with separated

les. Sandsto
mposition in
nse, 3 mem
d Krabbe. In
5-1.  

t and litholo
g up into co
d fluvio-de

shales and c
er sand-rich 

s in 

d 

ones, 
n the 

mbers 
n the 

ogies 
astal 

eltaic 

coals. 
unit 



Reservoir characterization of Snøhvit Field, Norwegian Barents Sea 

13 

separated by a more shaly interval. But recent practice has separated Tubåen Formation 
into four or five zones (Shi et al., 2012). Shale content increases towards the northwest 
where the Tubåen Formation may intercalate with a lateral shale equivalent (Dalland et 
al., 1988). 

2.2.2 Jurassic 

Nordmela Formation 

Nordmela Formation has a more complex lithology. The components of this formation 
include siltstones, claystones, shales, sandstones and little coals. The sandstones 
become more common at the upper part. The depositional environment varied from 
tidal flat to flood plain environments (Dalland et al., 1988).  

Stø Formation 

This formation is comprised of moderately to well-sorted and mature sandstones, some 
thin shales and siltstones within the formation are related with the pause of 
transgression. 

Facies distribution maps for Stø and Nordmela Formation are well studied, as shown in 
Figure 2.4. 

Fulgen Formation 

Fuglen formation is the lower unit of the Adventdalen group. It consists of pyritic 
mudstone with interbedded thin limestones. The shales are dark brown in color. It was 
deposited in marine environments during a highstand with ongoing tectonic 
movements (Dalland et al., 1988). This formation has been oxygenated. 

Hekkingen Formation 

The formation consists of brown to dark grey shale and claystone with occasional thin 
interbeds of limestone, dolomite, siltstone and sandstone. Dark shales showed a deep 
water environment with anoxic conditions. 
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Kolmule Formation 

Like Kolje Formation, Kolmule is also deposit in open marine environment with 
similar lithology, which is dark grey to green claystone and shale, silty in parts with thin 
siltstone interbeds and limestone and dolomite stringers. Over 700m thicknesses are 
measured in wells. This formation turns uplift and thinning towards Ringvassøy – 
Loppa Fault Complex (RLFC) because of the affection of Aptian event (Faleide et al., 
1993). 

Kviting Formation 

Kviting Formation only appears at the eastern parts of the Hammerfest basin. 3 of 7 
study wells (7121/5-1, 7120/6-2S, 7120/8-4) have reached this formation. Limestones 
and calcareous sandstones are the main components for this formation. The upward 
increasing with sandy claystones at the upper part of this formation indicates the change 
of deep to shallow shelf environments. 

Kveite Formation 

This formation was deposited almost at the same time with Kviting Formation. The 
green to grey shales and claystones with thin limestone and siltstone shows the deep 
open shelf environment. Kveite became thinner eastwards and passing into the Kviting 
Formation. Tuff or glauconites appear in some wells (e.g. 7121/4-2). The density of 
Kviting Formation is much higher than that of Kviting. Therefore the reflectors show 
high amplitudes in seismic sections towards east (Figure 2.5). 

2.2.4 Paleogene and Neogene 

Torsk Formation 

This thick formation (over 600m) consists of grey or greenish-grey claystones without 
calcareous component. Siltstone and limestone are rare. At the lower part of this 
formation, tuffaceous horizons are often seen. Fine grains indicate an open to deep 
marine shelf without significant coarse clastic supply. 

Nordland Group 

This is the first group once the drill bit crosses the soft sea bed. Although it has an over 
1000 thickness in Viking Graben, only less than 100m is shown in Hammerfest basin. 
Sandstones and claystones are typical in Barents Sea, the sand content increases 
upward. 
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3.2 Log Editing and Quality Control 

3.2.1 Basic Quality Control 

Once the log data arrive, the first step of workflow is to ensure that the data are 
available. The following discipline should be performed (Darling, 2005). 

1. Check if the total depth of log roughly matches the drilling record of the well. 

2. Check if the derrick floor elevation and seabed positions are correct. 

3. Check if the log curves are on depth with each other. 

4. Check if the caliper is reading correctly inside the casting. It is useful to find out the 
non-permeable zones which are not washed out. 

5. Check the density borehole correction curve.  

6. Inspect the resistivity curves. If oil-based mud is being used, the shallow curves 
will usually read higher than the deep curves (except in highly gas and oil saturated 
zones), vice versa with water-based mud. 

7. Check the sonic log by observing the transit time in the casting, which should read 
57 μs/ft 

8. Look out for any cycling-type behavior on any of the curves, such as a wave pattern. 
This may be due to corkscrewing while drilling or log toll damaged. 

9. Check that the presentation scales and units on the log are consistent with other 
wells or generally accepted industry norms. 

In all seven given wells, curves are available after the quality check above. 

3.2.2 Well Log Correction 

For almost every kind of log, the reading is not only the function of the properties of 
the nearby formations, but also largely rely on the hole conditions (hole diameter, mud 
weight, tool models and positions, etc.). To reduce the influence of those unrelated 
factors and reflect the true conditions underground, many companies published their 
own charts and/or software. In this study, the Schlumberger Log Interpretation Chart 
(2009 edition) has been applied to make corrections and to determine the property 
parameters. The software Interactive Petrophysics (IP) also contains pre-installed 
charts to automatically perform the calculations and plotting. The following contents 
will not involve the physical theories of each method, but will discuss the influencing 
factors for the most common curves used in this study. Porosity logs will be discussed 
separately. 

Gamma Ray 

Everything between the formation and the tool absorb gamma rays. The distance 
between the tool and the formation will certainly affect the final measurements. 
Figure 3.3 gives a correlation factor for measured value of formation gamma ray. The 
input parameter t is calculated as below. 
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Sonic logs 

The tool of sonic logs is designed to eliminate the affection of the size of hole by 
using a pair of transmitter - receiver sets. Sonic logs can be used to estimate many 
properties include density, porosity, elastic properties and identify the overpressure by 
the shape of the trace. But the strongest requirement of trace editing in this study 
appears in the steps of synthetics. 

To make the synthetic seismogram, the reliable log curve is needed along the whole 
borehole wall. The damaged logging trace will make a wrong time - depth relation. 
Every mistake of the trace will spread out by the time-depth relation. The most 
common problems of sonic log are cycle skip, surface noise and attenuation.  

The main editions of the trace include despiking, smoothing, interpolation etc., but the 
most useful and accurate way to control the quality is using the checkshots. 

Density log 

Compensated formation density log records both bulk density (RHOB) and density 
correlation value (DRHO). Litho-density log records Photo electric effect (Pef or Pe) in 
addition to the two traces above. As the density logs are still using gamma ray as the 
tool, the affect factors are similar as the GR log, but for density logs, the composition of 
mud poses much stronger affect than the hole diameter. 

 

3.3 Shale Volume Calculation 

Therotically, the gigantic physical differences between clay and sand would standout 
for both in almost every kind of log, e.g. GR, resistivity, neutron, RHOB, Pef and 
sonic reading. But GR log is the most common and fast way to calculate the amount 
of shale. 

Consider the formation compromised of thick pure shale and sand horizons, the GR 
reading should be close to zero in sand zones (will not be zero because of the 
radioactive statistical fluctuation) and remain high in shale zones. So the most 
common and simple equation to calculate the percentage of shale volume is given 
below: 

………………………… (3.2) 

Where, is the gamma ray reading of formation, is the minimum gamma 
ray (clean sand or carbonate) and  is the maximum gamma ray reading (shale). 
IGR is the parameter named ‘gamma ray index’. 

Equation 3.2 is the first formula that was used to calculate the volume of shale. This 
formula is based on the ideal condition and rules out any other disturbing factors. 
However, in real application, the errors of are larger than expect, partly because the 
real formations are not pure and the real equation is not linear, the following formulas 
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3.4 Porosity Estimation 

3.4.1 Porosity from Logs 

Porosity is defined as the ratio of the empty space and the total volume of the rock. 
Porosity can be measured and/or calculated from nearly every kind of log data, but the 
most common logs are neutron, density, and sonic logs. These logs depend not only 
on porosity, but also on the formation lithology and the fluid in the pores. If the 
lithology and the matrix parameters are known, environmental effects have been 
appropriately corrected, and all pores have been saturated by clean water, then a 
single log can determine the correct porosity. 

However, under field conditions, each of above log method will not give the reading 
of porosity directly, and every method has its limitations.  

For sonic logs, Wyllie’s equation can be used to calculate the porosity, as long as the 
transit times in matrix and in fluids are known first. But matrix is often composed by 
different types of rocks and minerals, thus to determine the baseline become difficult. 
Besides, enlarged borehole, formation fractures, gas in the borehole or formation, or 
improper centralization can produce signal attenuation resulting in ‘cycle skipping’ or 
DT spikes to higher values. Improper centralization, lack of standoff, or excessive 
logging speed can result in noise, or DT spikes to either higher or lower values. 
Moreover, the sonic log can only respond to primary porosity. 

For density porosity calculation, the same problems in sonic log would affect again. 
Matrix density and the fluid density are not always known. Even though density log 
value from the tool is correct, improper estimations of matrix and fluid could make 
the calculated porosity erroneous. 

Neutron porosity is very close to the real number in water saturated limestones, but 
other rock frameworks can also affect the movement of neutrons. For example, in 

sandstones, the recorded N  will be lower than the real porosity . In shales, neutron 

porosity is larger than the actual number, and in gas zones, neutron porosity decreased 
a lot. The excavation effect allows the reading of neutron porosity less than zero, 
which is impossible in the real world. 

Consider the borehole structures, the situations become more complicated. Mudcakes, 
borehole sizes and thickness of invade zones more or less affect the response of logs. 
Sonic traces travel along the wall of well, while neutron and density logs detected 
normally within invade zones. In routine calculations, zone of investigations is 
assumed to be 100% filled with mud filtrate, but in hydrocarbon saturated reservoirs, 
influences of residual oil and gas must be considered because of the wettability of the 
rock. 

3.4.2 Pore Classification and Effective Porosity 

Porosity reflects the spaces that can storage fluid, but not all pores are meaningful for 
hydrocarbon production or gas/water injection. For more precisely definition in 



Reservoir characterization of Snøhvit Field, Norwegian Barents Sea 

31 

petroleum industry, the ‘empty space’ only refers to effective pores which allow fluids 
pass, but logs cannot identify if pores are effective.  

In practice, pores can be classified into three types (He, 2011): 

 Super-capillary pores 

Diameters of these pores are larger than 0.5mm. In these pores, fluids can move under 
the effects of gravity. Giant cracks, solution caves and uncemented sandstones have 
this kind of pores. 

Capillary pores 

Diameters of these pores are between 0.0002-0.5mm. In these pores, fluids cannot 
flow freely because of the constraint of capillary force. External forces should be used 
to overcome capillary forces. Pores in normal sandstones belong to this type. 

Micro-capillary pores 

Diameters of these pores are smaller than 0.0002mm (radius<0.1μm). Large 
molecular attraction forces prevent flows unless enormous pressure gradient appears. 
The required pressures are so large that exceed normal formation condition. Pores in 
shales and mudstones belong to this type. That’s the reason that people set 0.1μm as 
the boundary of flows. 

Therefore, effective pores are defined as the connected pores that can create flows 
under certain pressure gradient. Effective porosity is always lower than the total 
porosity.  

Understanding pore classifications and the concept of effective porosity is very 
important. For example, neutron porosity log measured hydrogen index of the 
formation. If a shale formation is saturated by water with micro-capillary pores, 
neutron log will give high porosities, but it is useless for reservoir study.  

 

3.5 Permeability 

3.5.1 Darcy’s Law and Absolute Permeability 

Permeability is a physical quantity which represents the ability of allowing fluid pass 
through the porous medium. Permeability is defined by Darcy’s law. 

Q k ∆
 ……………………………………… (3.7) 

or can be written in differential form 

v …………………………………… (3.8) 

where 

Q is volumetric flow rate, cm3/s, 
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stored in Tubåen Formation. Accompanied by CO2 saturation increase, the raise of krg 
and decrease of krw are significant. CO2 has connected each other and paths of water 
were replaces gradually by CO2. When CO2 saturation reaches 40%, water began to 
lose its continuity and flow resistance happened. CO2 and water flow simultaneously 
causes interrupt and resistance force increases. Therefore the summation of two 
permeabilities reaches the lowest point. 

Some water has been adsorbed on rock surfaces when CO2 saturation increases. The 
dispersive remain water make serious obstruction of CO2 flows. Maximum CO2 
saturation at the end point of drainage process is about 0.7 or 70%, and the relative 
permeability at the endpoint does not reach 0.5. As a matter of fact, an even lower 
relative permeability (0.35-0.4) has been reported by other experiments (Levine, 
2011).  

 

3.6 Crossplot 

Many logging methods were developed. All logs can be classified as four classes: 
electric logs, sonic logs, nuclear logs and image logs. Crossplot is a convenient way to 
demonstrate how a certain group of logs combined together and represent certain 
reservoir properties. They can find a more accurate porosity reading and provide the 
possibility to distinguish several different minerals.  

One thing should be concerned when applying crossplot templates. Both published 
chart books and internal programs of software give lines and formulas which are 
calculated or measured under certain conditions. These crossplots may give similar 
results, but misuse of them by ignore hypothesizes and requirements may create largely 
biased results. 

In addition, crossplots erased depth information in original log recordings. Therefore 
the gathered plots only have statistical meanings. Some irregular points should be 
ignored. 

 

3.7 Polarity and Phase in Seismic Record 

Before starting seismic interpretation, the knowledge about polarity and phase must be 
set up. Phase is the shape of seismic wave, usually two phases are commonly use, the 
minimum phase and zero phase. Normally the interpreters today like zero phase data, 
for its several advantages (Brown, 2004): symmetrical wavelet and focalized energy, 
minimizes ambiguity, the center of the wavelet coincides the travel time to the horizon, 
maximum amplitude occurs at the center, and better resolution. Data processing today 
allows the processer to replace the wavelets.  

Not only the wavelet phase but also the polarity is important. The key to understand the 
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Chapter 4 Well Log and Seismic Interpretation 

The very first step of prediction is to understand the present data. Depths of 
formations of wells were recorded while drilling and published by NPD. The well top 
files gave direct observations for the features of well logs of different key horizons. 
Well log and seismic interpretation provide not only the profile of horizons and faults, 
but also prepare the preliminary dataset for modeling. 

4.1 Lithology Characterization 

As an important part of reservoir characterization and evaluation, lithology analysis is 
the priority. Although it may be rough and simplified to determine the lithologies only 
by ‘sand’ and ‘shale’ and jumped all the middle area (siltstones, shaly sandstones, 
sandy mudstones etc.), this division make sense while describe the properties of 
reservoirs. The differences between ‘sandstone’ and ‘shale’ are far more than grain 
sizes and mineral chemical components. They show totally different behavior when 
fluids flow inside. 

Gamma ray log is the most common trace to distinguish sandstone and shale. 
Normally, it is useful to analysis shale volume in a convenient way. After execute 
borehole correlation for GR log, the newly IGR trace can be easily calculated in order 
to estimate Vsh roughly, as mentioned in Chapter 3. However, the following parts 
should be treated carefully after applied formulas. 

First of all, lithologies in the study area vary from common clastic sedimentary rocks 
to carbonates, even with volcanic sediments (tuff in lower part of Torsk Fm.). For 
reservoirs, the complex depositional environment determined the complex mineral 
distributions. For example, the upper parts of Stø Fm. show a straight line with 
significant low GR readings. That section is always chosen as the baseline of sand for 
IGR calculation. But according to the completion log report and core samples, calcite 
still appeared as marls with sands. A single parameter is not enough to neither 
distinguish lithology nor determine percentage for different components.  

Second, GR log refers to the radioactive shale components with the assumption that 
all the shales have apparent radioactivity, while all the other downhole materials 
(drilling mud and sands components) neither release nor absorb gamma ray. 

Therefore, two different methods will be applied in the following analysis for 
different purposes. The normal GR-IGR-Vsh method is to obtain the rough shale 
volume in every formation. The detailed mineral research will be carried out via 
crossplots. 
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Nordmela Formation 

Since this formation has much less sand grains than Stø and Tubåen Formation, 
attempts to find out clastic and carbonate compositions turned into labors in vain. 
Determine the parameters such as matrix density and porosity became more difficult 
and uncertain. Even though the M-N crossplot applied three parameters to reduce the 
interferences, Nordmela Formation still show chaos in lithologies and does not belong 
to any part of grains (Figure 4.11). The more effective analysis should be put on clay 
studies. 

Photoelectric factors logs played an important role in determine different types of clay. 
The highly efficient and sensitive in minerals make it known as ‘litho-density log’. In 
well 7120/6-2S, the gamma ray background is higher than the other wells. In gamma 
ray spectrum log, the percentage of potassium reading is almost twice higher than 
which in well 7120/8-4, thus it could bias the lithology charts with the axes of 
potassium. Therefore well 7120/8-4 will be used most to clay studies (Figure 4.14).  

Kaolinite and glauconite are rare while the content of montmorillonite and illite 
increased. About half of the plots located in the mixed zone and illite content reaches 
as high as 40%. Also, the distribution of Thorium/Potassium ratio is not as wide as 
which in Tubåen Fm. 

Content of illite and mixed layers in Nordmela Formation related with the tectonic 
history of Hammerfest basin. Transition from montmorillonite to illite happened when 
temperature reaches 70-100℃ with the help of potassium. K-feldspar and muscovite 
are sources present in sediments. Mixed layer indicated that the transition process was 
‘frozen’. This is the evidence that the reservoirs have been buried much deeper than 
today and followed by an uplift event. 
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Chapter 5 Reservoir Properties Study 

The key parameters to evaluate reservoirs are porosity and permeability. However, 
both of them are complicated in theories and practice researches. Influencing factors 
of these properties in reality are not only limited in mineral compositions and grain 
structures, but also include engineering methods and flow types and directions. 
Evaluations of properties from indirect log methods may have a narrow error zone, 
but empirical formulas of ϕ-k relationships are very sensitive for parameters and may 
give a biased answer. Despite of many theoretical and experimental studies every 
formula has some limitations. Just like the famous dictum of George E. P. 
Box, ’essentially, all models are wrong, but some are useful’. 

 

5.1 Basic Parameter Determinations 

To estimate porosity and permeability, some basic assumptions and calculation from 
the previous works should be done. A reasonable assumption will remarkably simplify 
the model without losing the representative characterizations.  

Moreover, every parameter is related to the other, applying one formula requires the 
result of the other one. For example, based on the equation of matrix density ρma, bulk 
density ρb, porosity ϕ and fluid density ρf, one can be certain when the other three are 
known. However, in many circumstances, the real situations are that only two or less 
parameters are available. For example, to calculate porosity ϕ, matrix density ρma 

should be known, that can only be assumed to 2.65 g/cm3 for quartz sands. However 
in presence of shale ρma may not equal to the density of pure quartz. Under these 
conditions, the accuracy of results depends upon the assumptions made. 

For clean sandstones (Vsh < 10%), the matrix density ρma should equal to the density 
of quartz, which is 2.65 g/cm3. Clay component analysis in Chapter 4 for Nordmela 
Formation and shaly zones in Tubåen Formation show that the clays are the mixtures 
of montmorillonite, kaolinite and illite. Consider their specific gravities; 1.7-2, 
2.16-2.68 and 2.6-2.9 respectively, some are lighter than quartz while some are denser, 
the effective matrix density will not reduce much below 2.65 g/cm3. In general, a 
value of 2.6 is an acceptable assumption in these zones. 

When it comes to fluids, four kinds of different fluids must be taken into account: 
mud filtrate, pore water, gas and oil. All seven wells are drilled by dilute water based 
mud, thus the density of filtrate should be 1.0 g/cm3. The real number may increase a 
little bit, but a benefit to choose this value is that mostly crossplot charts are based on 
this assumption. 

According to the previous published paper (Linjordet and Olsen, 1993), the density of 
field water ρw is 1.12 g/cm3 because it is brine. The formation volume factor of the 
water is 1.025, therefore the density of the water in subsurface is 1.12/1.025=1.09 
g/cm3. Similarly, the densities of gas and oil in reservoir are 0.222 g/cm3 and 0.644 
g/cm3. 

Although the formation thickness and the parameters (fluid, drilling mud, mud cake, 
oil/gas saturation) were different in each well, we assume that each section of 
formation should be comparable in different wells. 
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5.2 Archie’s Law and Porosity 

In 1942, based on a large number of experiments of sandstone, Archie published two 
basic equations of the most basic parameters in well log interpretation. Although more 
than 70 years have passed, Archie’s law is still useful for sandstone formation, and 
some modified equation has been made for shaly formations. 

Archie’s law is given by 

 ……………………………… (5.1) 

And 

 ……………………………… (5.2) 

Where 

F is the Formation Resistivity Factor; 

 is porosity, fraction; 

a,b are constants related to lithology; 

m is the cementation factor; 

R0 is the resistivity of the 100% water-saturated rock, ohm•m; 

Rw stands for resistivity of the formation water, ohm•m; 

Rt is the resistivity of a rock with hydrocarbons, ohm•m; 

I is the formation resistivity index; 

n is the saturation exponent; 

Sw is water saturation, fraction; 

Without knowledge of local parameters, normally assume a=b=1, n=m=2. 

Rt and R0 are available in study area, thus  

The salinity of the formation water is 140,000 ppm (Hansen et al., 2011), from the 
chart GEN-6 of Schlumberger Log Interpretation Charts, and considering the 
downhole temperature, Rw is 0.027 ohm•m. R0 is obtained from water saturated well 
7120/5-1 and 7120/8-4. The final chart of Archie porosity is given below. Note the 
values of ϕ in shaly zones of Stø and Tubåen Formation, as well as the entire 
Nordmela Formation, are less reliable because Archie’s law is based on the 
experiments of pure sands. But from the discussion below, we can see the errors are 
small.  
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: Neutron log readings; 

: True porosity; 

, 	 , 	 : Hydrgen index of mud filtrate, hydrocarbon and shale; 

: Saturation of mud filtrate in flushed zone; 

: Apparent limestone porosity. 

Assume the mud filtrate is pure water and 1,  is given by 

for gas we have 

2.2  ………………………………………… (5.5) 

for oil we have 

9 .

.
………………………………… (5.6) 

where  and  are the density of gas and oil. According to the parameter in 
section 5.1, the hydrogen index of oil and gas are 0.4884 and 0.9752. 

 is given by 
∗ ∗

 ………………………………………… (5.7) 

where 

 is the number of hydrogen atom in the mineral molecular; 

 is the density of the mineral; 

 is the molecular mass. 

For example, for kaolinite (Al2Si2O5(OH)4), the hydrogen index is 

 
∗ ∗ . 0.3456 

Similarly, the hydrogen index of illite is approximately 0.25 

For montmorillonite (smectite), it is a little bit difficult to estimate its hydrogen index 
because the number of water molecular is uncertain, but considering the shale volume 
of the reservoir less than 35%, 0.3 for average hydrogen index of clay is a reasonable 
estimation of the average hydrogen index of clay in reservoir. 

 is the saturation of mud filtrate in flushed zone and can be calculated from 
Archie’s law 

 …………………………………… (5.8) 

for a=b=1, m=2, =1, ,  can be read from medium resistivity 

log. 

Therefore, combining equation 5.4 and discussion above, the solution of	  is given 
by 

∗ . .
………………… (5.9) 
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Tubåen Formation is the closest to the sandstone line with porosity between 4-14%. 
There are distinctive lines to divide the sand zones and clay zones. Points gathered at 
the right side of the standard sand line like the two reservoirs above. This is because 
compare with clays, Pe for quartz is too low (1.81 barns/electron), therefore the total 
Pe reading is very sensitive with shales and clays. 

To calculate porosities by bulk density in the other wells, the most common equation 
is described as: 

1  …………………… (5.10) 

for shaly formations 

∑  ………………………………… (5.11) 

where 

 : measured bulk density; 

: matrix density; 

 : fluid density; 

 : the percentage of each mineral content of martrix; 

 : density of each mineral content of martrix; 

 : porosity. 

Based on the assumption in section 5.1, for clean sand zones (Vsh<0.1), we determine 
the matrix density is 2.65 g/cm3 and for shaly sand zones (0.1<Vsh<0.5), the matrix 
density is thought to be 2.6 g/cm3. This number could be biased in some sections 
because the clay component varies. Sometimes clays even have larger density than 
quartz. 

Although porosities may be high in the shale zones (Vsh>0.5), they often contribute 
very limited part of permeability and reservoir evaluation. Therefore we set the 
porosity ~ 1% in these zones to make it more convenient to calculate permeability in 
the next step. 

As discussed before, the detection distance of density log is not very deep, in many 
cases the distance is shorter than the thickness of flush zone. We assume all moveable 
hydrocarbons and brines wash away during the drilling process, but some percentage 
of of gas (say 20%) is remained because of wetting property. Thus  becomes less 
than the density of mud filtrate in gas zones but equals to mud filtrate in water 
saturated formations.  

Figure 5.4 shows the result of density-porosity of three reservoirs in 4 wells. 
Density-porosities are located at the right columns of well traces. The general trends 
of these porosities are same and fit for the lithology determination, but some spikes 
happen in density-porosity traces. These spikes are caused by some light or tight 
sections. These spikes need to be removed to continue the estimation of permeability.  



Figu
calcu

 

If w
the 
whi
spea
poro

Fig

 

Res

ure 5.4 Densit
ulated earlier. 

we ignore th
results from

ile neutron
aking, the a
osity. Both p

gure 5.5 Histo

ervoir charac

ty-porosity tra
All three poro

he forced po
m three me

n-porosity a
average val
porosities e

ograms of the 
po

cterization of 

aces of reservo
osities fit each

orosity (1%
ethods. Den
and Archie
lue of dens
exhibit a nor

porosities by 
orosity (middl

 

f Snøhvit Field

oirs in 4 wells
h other nicely.

%) in shales 
nsity-porosi
e-porosity h
sity-porosity
rmal distrib

three estimati
e) and Archie

d, Norwegian

s, accompanie
 

of density-
ty has the 
have a di
y is the hig
ution. Arch

ion methods, 
 porosity (righ

n Barents Sea

ed by the two 

-porosity, Fi
most avera
stinctive p

ghest, follow
hie-porosity 

density porosi
ht). 

a 

kinds of poro

igure 5.5 sh
age distribu
peak. Gene
wed by neu
is the lowe

ity (left), neut

67 

 
osities 

hows 
ution, 
rally 

utron 
st. 

 

tron 



Reservoir characterization of Snøhvit Field, Norwegian Barents Sea 

68 

5.3.3 Average 

The most common and popular way to make an average of different porosities is to 
use density-porosity  and neutron-porosity . Archie-porosity was an additional 
attempt in this study that showed acceptable results. But because of the lack of the 
specific parameters (a, b, m and n) in Snøhvit field, and the limitation of application 
(only applicable in water-saturated clean sandstones), Archie-porosity was not used 
for averaging. 

The first way to create the average porosity is to treat  and  equally and use 
the simple arithmetic mean to have the final  

 ………………………………… (5.12) 

or apply the root mean square 

 ……………………………… (5.13) 

The other way is to give different weight for  and .  

 ………………………………… (5.14) 

Actually when the difference between  and  are small (<50%), results from 
three methods will not vary so much, but there are theoretical backgrounds that justify 
the weight average method. 

Although both  and  may not represent the accurate porosity in the subsurface, 
density log has less interference factors than neutron log. Neutron log is based on the 
collision with atoms and deceleration of neutrons. It is affected by borehole size, 
mudcake thickness, borehole salinity, standoff, borehole temperature and so on. 
Compensated density log, however, is based on Compton Effect that eliminates the 
influence of mudcakes and irregular borehole walls by two sources, furthermore other 
factors do not affect Compton Effect much. 

The average porosities after despiking and smoothing are given below (Figure 5.6). 
All sections of Stø Formation have high porosity range from 10% to 17% except the 
shaly cut off horizons. Somewhere in Nordmela 1 have medium to high porosity 
around 10%, while porosity in Nordmela 2 is low, only between approximately 
5%-8%. In Tubåen Formation, a series of alternation of sand and shale made the stack 
of high and low porosity zones. In sand zones, porosities ranged from 8%-20%. 
However, in different wells, thicknesses of sand zones vary and indicate 
heterogeneities in the formation. 
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certain conditions, and may be totally useless in the other place. 

5.4.1 Timur’s Empirical Formula 

Many factors control the permeability of a rock, one of them is the irreducible water 
saturation (Swc). Normally a higher content of irreducible water saturation in a sample 
will give a lower permeability. 

The key to know the permeability is the understanding of the inside structure of the 
rock. Besides the irreducible water saturation, porosity also provides information of 
rock type and/or grain size. Experience show that there is no significant differences in 
rock type and grain size, probably also including pore structures, if Swc and ϕ is certain. 
The following equation is based on this: 

C= Swc × ϕ ……………………………………… (5.15) 

where C is the constant for a particular rock type and/or grain size. 

As long as C is a constant related to rock types and grain size, it is possible to use it to 
correlate with the absolute permeability of the rock. Timur (1968) proposed the 
following expression 

8.58102
.

 ……………………………… (5.16) 

Difficulties in using this equation is that Swc should be known. With the lack of direct 
measurement, Swc can be estimated roughly from well log data using Archie’s law. 

The entire Stø Formation and the upper part of Nordmela Formation are saturated by 
oil and gas, therefore the parameter Rt in Archie’s law can be read directly from deep 
resistivity log. As for the resistivity of 100% water saturated formation R0 can be 
obtained from the dry well nearby (for Stø Fm.), or from the reading below the 
oil-water contact (for Nordmela Fm.), thus we have 

 …………………………… (5.17) 

For Stø Formation, 	 1 and 	vary from 400 to 2000, the calculated irreducible 
water saturation Swc is 4% if 	 is set for its average of 600 

For Nordmela Formation, 	 2 and 	 50, the calculated irreducible water 
saturation Swc is close to 20%. 

Since there is not any oil and gas in Tubåen Formation, it is impossible to obtain Rt 
from well log. But considering the sand zones in Tubåen having similar porosity and 
lithology as Stø Formation but is more shaly, there is no harm in assuming Swc in 
Tubåen somewhere between 4% and 20%, The relative permeability curve in Figure 
3.7 is a good reference. Thus we assume the average irreducible water saturation in 
Tubåen is 15%. 

The result of the assumption is seen below (Figure 5.7). 
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5.4.3 Modified Kozeny Equation for Barents Sea 

Kozeny’s equation was published at the first half of the last century. It is highly useful 
to predict permeabilities in both highly porous sands and strongly quartz-cemented 
sands, as long as the sample is constitute by pure quartz. 

To make the equation fits better for more shaly sandstone formations (Vsh>3%) in 
Norwegian continental shelf, Olav Walderhaug (2012) proposed a modified Kozeny 
Equation which is written as 

10 . 	……………………………(5.19) 

where 

k is permeability in mD; 

ϕ is porosity in percentage; 

D is grain size in mm; 

and the factor d is a dimensionless number that reflects the type of pore system. The d 
values tend to often remain relatively constant within a formation or sandstone unit 
when porosities do not vary excessively. 

Walderhaug’s experiment found d=0.6 for Stø Fm., and d=1.3 for Tubåen Formation. 
The previous research give the average grain size of Stø Fm. is 0.25mm and 0.1mm 
for Nordmela (Linjordet and Olsen, 1993; Rui, 1990). Questions remain as to 
determine the average grain size of Tubåen and the d value for Nordmela Fm. 

The d value is an experimental number and not possible to reliably calculate. 
Permeabilities in Nordmela 2 should be tens of millidarcies, and Nordmela 1 only has 
less than 10 mD permeabilities. Therefore to estimate d=2 for Nordmela Fm. is 
reasonable. 

Sands in Tubåen Fm. deposited in a fluvial system. According to the behavior of 
transport of fluvial channels, grain size is mainly equal the coastal sandstones. But 
one fact must also be considered that the clay contents in Tubåen are much less than 
Nordmela Fm. Therefore we estimate the average grain size in Tubåen Fm. should be 
somewhere between 0.1 to 0.25mm. Experiments show 0.2 mm to be a logical 
estimation.  

The results of Walderhaug permeability are given below. 
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Chapter 6 Reservoir Models 

Well logs provide a detailed description of properties of underground formations of 
high vertical resolutions, while the 3-D seismic gives better resolution to identify later 
distribution of stratigraphic horizons as well as clear information of subsurface 
structures. By combining well logs and seismic to construct grids one can assign more 
accurate rock properties in a particular grid and build more reliable geological models 
that help to show and predict facies and qualities (porosity, permeability and others) 
of stratigraphic horizons away from the wells. 

Facies classifications and distributions are always difficult but important jobs in 
reservoir characterization for hydrocarbon production or CO2 injection, especially at 
the early stages of a field due to limited data. Geostastics and stochastic simulation 
allow better but non-unique predictions. Overall understandings for both regional and 
local geological settings are required for the first step of modeling. Real data are used 
to calibrate the models. Models should always be treated as an 'example' rather than a 
fact. It is also necessary to update the models when additional data are available. 

The chapter will not discuss the advanced mathematical background of the concepts 
of reservoir stochastic simulation, but put more space for the geological backgrounds 
and features of fluvial Tub?en Formation (the main CO2 storage of Snøhvit field). 

 

6.1 Fluvial Settings 

Most of the Tubåen Formation was deposited in a fluvial environment. However, 
because of the complexity and diverse nature of the channels, only well data are not 
good enough to predict the lateral distribution and vertical thickness of the channels. 
The addition of seismic data helps to track the distribution of channels where well 
locations give excellent calibration of lithology, porosity and permeability. The seismic 
amplitudes, frequencies, wave patterns and velocities relate lithologies and physical 
properties calibrated by well log data. Seismic attributes are used to determine 
geological features in large scales such as faults, fractures and hydrocarbon 
boundaries more often than to interpret depositional environments, partly because the 
resolution of seismic data. For example, the P-wave velocity inside the Tubåen 
Formation in the study area varies between 4500-5000 m/s with the frequency 
variations of 30 to 40 Hz, therefore the dominant wavelength is approximately 135m. 
The limit of resolution is that the bed thickness must be 1/4 of the dominant wavelength, 
which is larger than 30m. For fluvial facies, this resolution will not images mall or 
fast moving channels and mix them into the clay background. 

On one hand, a large number of seismic attributes  can be used to enhance one 
specific wave property, but on the other hand, every attribute obtains from the original 
data will not create new subsurface information, but only gives direct viewing 
performances. For the weak performance such as porosity, even combining multiple 
attributes together may not give a remarkable and unique feature to interpret.  

The inversion techniques may provide better option to use shape of well log traces to 
find corresponding seismic waves. Besides common non-uniqueness problems just 
like the other geological factors, seismic qualities near the well locations may be 
distinct and can influence the inversion results more valuable. 

By applying seismic attributes and inversion, the parameters of channels could be 
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6.2 Facies Models 

The facies models build for the Tubåen 1 to Tubåen 3. The reason of exclude Tubåen 
4 is that it is not fluvial. The important parameters used to build facies modeling show 
in the table 6.4). For limited number of wells, models here largely rely on algorithms in 
computer. Note that all parameters are also restricted by the size of the grids. 

Table 6.4 Main parameters for facies modeling 

Method for modeling: Object modeling (stochastic) 

Facies bodies adaptive channels Background clay (flood plain) 

Fraction 50% Orientation 230°- 300° 

Amplitude 600-1000 m Wavelength 1200 m - 2500 m 

Channel width 100 m - 400 m Levee width 30%-60% of channel 

 

A new well put at the same coordinates like the injection well (7121/4-F-2H). No data 
will be loaded, but it uses only to examine the quality of the models. 

From the results below (Figure 6.13), we can clearly see the highly instable channels 
in the Tubåen 1 and 3. Previous paper (Shi et al., 2012) showed all three zones are 
injectable in well 7121/4-F-2H, but Tubåen 2 has lower reservoir quality because of its 
high percentage of shale. Although no well data are available in this study from the 
well 7121/4-F-2H, facies model confirmed the fact nicely. This phenomenon proved 
that the parameters for the model are reliable. 
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Chapter 7 Discussion and Conclusion 

This study utilizes seven well log data and a 3D seismic cube to characterize the three 
reservoir units in the Snøhvit field. An integration of several cross-disciplinary 
techniques helps to estimate the reservoir properties and to find features in different 
reservoir units. Complicate tectonic history results the study area highly faulted as well 
as to leak hydrocarbons. The regional tectonic also adds several disadvantages and 
difficulties in seismic interpretation, inversion and modeling. 

A great deal of depositional environments relates tectonic and depositional history. 
These environments determine complex properties and lithologies of the reservoir 
horizons (Table 7.1). All reservoirs show thinning eastwards. Stø 1 is the best 
hydrocarbon reservoir. Stø 4 and 5 are also good but too thin in the study area. 

Table 7.1 Summary of the properties of all three formations 

Name Porosity (%) Permeability (mD) Depositional 
Environment 

Stø 5 10-15 50-120 Shoreface 

Stø 4 9-13 100-250 Shoreface 

Stø 3 5-10 5-15 Offshore 

Stø 2 9-13 5-30 Offshore 

Stø 1 10-18 200-800 Shoreface 

Nordmela 2 7-13 5-50 Tidal flat/Estuary 

Nordmela 1 5-8 1-10 Coastal/Tidal plain 

Tubåen 4 10-18 100-800 Shore? 

Tubåen 3 9-15 100-800 Fluvial 

Tubåen 2 7-13 80-200 Fluvial 

Tubåen 1 10-18 300-1000 or more Fluvial 

 

Clay mineral study shows an interrupted illitization process. This is an evidence of an 
uplift event and explained low porosities in the reservoirs.  

Porosity estimates by different methods. The application of Archie’s law is an attempt 
and shows good results. However, for its limitations, the results calculate from the 
density and neutron logs. Neutron logs were affected more seriously by environments. 
Therefore, the calculated density porosity plays an important role in the average 
porosity estimation. Consider lithologies and the concepts of effective pores, high 
porosities in shales do not make any sense and have been modified to a low value 
artificially. 

Due to the lack of experimental data, permeability estimation here is using mostly 
theoretical and empirical relations. A total of three existing relationships applied to 
predict the permeability of reservoir units. Walderhaug’s equation gave the best results 
because it derives from the Kozeny’s theory and suggests specifically for the 
Norwegian continental shelf. However, even the best fits in many places it also gives 
big variations (ten times difference compared to the real value) of estimated 
permeability in some places.   
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