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ABSTRACT 

A detailed petrophysical characterization of the reservoir formation of Asgard well 6407/2-2 in the North Sea, was carried out as a 

production input strategy for optimal field development. The study approach was to compare and analyze differences between 

lithological and petrophysical methods of reservoir characterization. Since the hydraulic units are based on the ability to allow 

flow, the petrophysical analysis is especially economically important in terms of understanding the producibility of the reservoir 

compartment. Using lithological analysis, the Middle Jurassic reservoir has been divided into three fades (i) A topmost unit 

consisting of moderately well sorted sandstone (ii) A middle unit consisting of siltstone which degrades to silty shale. (iii) A 

bottom unit consisting of alternately poorly sorted and well sorted sandstone. Based on petrophysical analysis, the reservoir has 

been divided into seven hydraulic flow units, indicating that   within the lithological subdivisions, there are different units 

contributing differently to fluid flow. The results of characterization of the Middle Jurassic reservoir in this well can be correlated 

with results from other wells in the southern compartment of the Asgard field to provide a robust picture of the reservoir 

properties across the entire field. The areas between wells can be geostatistically populated to provide data that could be used to 

develop static and dynamic reservoir models for simulations and flow analyses. The processes used in this study are significant in 

enabling optimal field development and production strategies in the study area. 
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1. INTRODUCTION 

 Introduction to Study Area This study is on the Middle 

Jurassic reservoir of the Asgard Field in the North Sea. The 

study uses data from Asgard Well 6407/2-2 of the Midgard 

block in the Norwegian Continental Shelf. The well was 

drilled in 1983. 

Objectives of the Study The objectives of this study include: 

 Discussion of uncertainties in derivation, 

measurement and averaging of the fluid flow 

properties 

 Giving a description of the flow characteristics of the 

Asgard reservoir as seen by Asgard well 2407/2-2 

and any distinct flow units (petrophysical model) 

 Unraveling the relationship between the fluid flow 

properties and determining the producibility of the 

reservoir compartment 

 Providing a lithological model of the reservoir 

 Analyzing any discrepancies between the lithological 

and petrophysical models of the reservoir. 

 

2. REVIEW OF RELEVANT RESEARCH 

Estimating the volumes of hydrocarbons in a reservoir rock 

and the volumes of recoverable hydrocarbons from the  

reservoir rock require an understanding of the reservoir rock 

and fluid flow properties. This understanding of the properties 

allows optimization of the production strategy and helps in 

management decisions of whether or not to pursue a project 

(and if so, how to do it). “The predicted or expected 

permeability is a critical factor in deciding whether an 

investment in drilling and completing a well is justified” 

(Rollins et al, 1989). This is why methods of calculating or 

estimating the several rock and fluid flow properties in 

heterogeneous reservoirs have been extensively studied. Some 

of the properties, like porosity, are relatively easy to obtain. 
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Others are quite complicated. This section of the paper 

examines the different ways the properties necessary for 

proper reservoir characterization have been (and continue to 

be) estimated or measured, including uncertainties inherent in 

the estimation or by measurements. It also presents the 

methods used to delineate and describe unique flow units 

within a reservoir. 

Geology and Information on the Asgard Well 6407/2-2 

The Asgard Field is located in the Norwegian North Sea 

(offshore Mid Norway) operated by  Statoil Hydro USA with 

an average water depth of about 260 metres. It is 

compartmentalized, with the southern compartment as the 

focus of the study. The Smorbuk  Sand  deposit is a rotated 

fault block bordered by faults in the west and north and 

structurally deeper  areas to the south and east. Its reservoir 

formations contain oil, gas, and condensate, with reservoir 

quality varying between deposits. The reservoirs go to depths 

of 4850 metres. Some parts of the deposit are produced by gas 

injection. 

The well used in this study, the Asgard 6407/2-2, is an 

exploration well completed in July1983. The drilling operator 

is Saga Petroleum USA. Production tests revealed that the 

well contained gas with small amounts of condensate. The 

total depth of the well is 3351 meters with a Kelly Bushing 

elevation of 26 meters and a water depth of 258 meters. The 

well is vertical with maximum inclination of 2 degrees. The 

bottom hole temperature is 112 degrees Celsius, 

The well penetrated the southern (Gamma) fault compartment 

of a horst with true vertical closure below the base cretaceous 

level. The target formation with hydrocarbons is of Middle 

Jurassic Age. The well contains mainly claystones until the 

Middle Jurassic sandstones. The Middle Jurassic Sandstone 

unit is divided into three — an upper unit with good reservoir 

properties,  a shaley  interval, and a lower reservoir unit with 

seemingly poor reservoir properties. 

The upper unit was found to be gas bearing. The Middle 

Jurassic is underlain by a 383 metres thick Coal Unit. The well 

was completed after penetrating 71 meters of Triassic Grey 

Beds. The well was permanently abandoned on July 31 1983 

as a gas/condensate appraisal well. 

The Middle Jurassic Sandstone is found from 2460.5 to 2602 

metres relative to the Kelly Bushing. It contains 110 meters of 

net sand with   a 52.5 metres of net pay with a water saturation 

of 5 percent. During the drill stem test, 2476-2484 metres 

relative to the Kelly Bushing, the well flowed 353 million 

standard cubic feet per day through a 60/64 choke at a well -

head pressure of 2041 psig. The condensate gas ratio was 30.3 

STB/MMscf at the actual separator conditions. The Drake 

Formation from 2602 to 2709 metres relative to the Kelly 

Bushing is a clay formation. The Lower Jurassic Sandstone 

Unit from 2709 to 2892 metres relative to the Kelly Bushing, 

contains 77 metres of net sand with an average porosity of 20 

percent.  The Coal Unit, from 2892-3275 metres relative to the 

Kelly Bushing, has 83 metres of net sand with an average 

porosity of 19 percent and 30 metres of coal  and 

carbonaceous shale. The parts of the Triassic Grey Beds 

penetrated by the well contain 19.5 meters of net sand with an 

average porosity of 20 percent. 

The primary target of the well was the Middle 

Jurassic Sandstone unit which has good reservoir 

characteristics. The secondary target was the Lower Jurassic 

Sandstone.  

 

Figure 1: Lithology encountered in the Asgard  240/2-2 well.
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3. METHODOLOGY 

3.1 Data Used in the Asgard Well Reservoir 

Characterization 

Data for this study were obtained from well completion 

reports, well resume, well information  folios,  well 

completion and composite logs were sourced from the public 

domain  of the Norwegian Petroleum Ministry, The data  are 

Core measurements: porosity, vertical and horizontal 

permeability, water and oil saturations (Table 1) 

Well Logs: gamma ray, resistivity and sonic completion logs 

Pressure Measurements: using the Dresser FMT tool 

3.2 Methodology Used in the Analysis of Data 

Step 1: Creation of a profile across the reservoir and non-

reservoir formations using pressure data in order to determine 

fluid contacts and gradients in the different formations 

Step 2: Analysis of lithological data, focusing on the reservoir 

formation, and division into lilthofacies while discussing the 

geological factors that control fluid flow property 

distributions. This is done using provided geological data as 

well as a gamma ray log 

Step 3: Core data of vertical and horizontal permabilities and 

fluid saturations were analyzed with depth to notice any 

visible trends and then used to analyze the presence of 

different flow units within the reservoir. 

Step 4: Creation of permeability-porosity cross plot to 

determine if there is a simple semi-log relationship between 

both properties throughout the entire reservoir. 

The presence of scatter in the plot would indicate that several 

hydraulic flow units that must exist. 

Table 1   Some of the Core Data Used for the Case Study 

Depth(m) Kh  Kv    Pg Sw  

2463.00 4812 5058 32.60% 2.68 20.20% 

2464.25 2675 3365 31.90% 2.66 28.80% 

2465.25 2649 2374 34% 2.66 19.10% 

2466.25 2297 2156 33.30% 2.66 20.70% 

2467.25 1794 1399 33% 2.67 22.60% 

2468.25 1446 531 32.20% 2.67 4.30% 

2469.25 1604 1692. 33.20% 2.66 22.90% 

2473.25 857 795 31.30% 2.66 28% 

2474.25 617 457 30.10% 2.66 12% 

2475.25 532 270 29.40% 2.66 32.20% 

2479.50 9110 6239 28.80% 2.67 18.50% 

2480.50 9792 7344 30.30% 2.64 6.70% 

2481.50 5989 4554 30.30% 2.78 17.20% 

2482.50 8625 8932 30.50% 2.65 14% 

2484.50 8149 10464 30.90% 2.61 7.50% 

2485.50 9662 7700 30.40% 2.64 3.70% 

2486.50 8575 5823 32.40% 2.64 17.90% 

2488.50 10945 11451 30.80% 2.67 14.80% 
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2489.50 8176 6859 28.90% 2.65 5.30% 

2490.75 4408 4405 29% 2.67 10.70% 

2490.50 1(X3 7750 30.10% 2.66 23.10% 

2492.50 7878 4826 30.20% 2.66 25.70% 

2493.50 7745 5070 30.70% 2.68 33.50% 

2495.00 7581 6036 30.90% 2.7 27.60% 

 

4. RESULTS AND DISCUSSION 

4.1 Fluid Types:  The main fluids encountered in the 

Asgard well 2407/2-2 are gas, condensates and water. The 

results of an FMT test were analyzed in order to detect the 

fluid contacts. The results   show that the Middle Jurassic 

Sandstone shows  a Gas-Water Contact at 2516.5 m while the 

remaining formations are water-bearing. The pressure gradient 

in the top of   the Middle Jurassic Sandstone is 0.438 psi/rn  

which is about 0.134 psi/fl, indicating the presence of gas. The 

average gradient in the deeper formations penetrated by the 

well is 1.52 psi/rn or 0.46 i/ft, within the range of saline water. 

In Figure 2, the fluid gradients in the Middle Jurassic 

Sandstone, Lower Jurassic Sandstone and Coal Unit indicate 

that two different types of fluids exist in the Middle Jurassic 

Sandstone (gas and water) but only one type exists in the 

Lower Jurassic Sandstone and in the Coal Unit (water). The 

water gradient in the Middle Jurassic is about 1.463 psi/rn 

(about 0.446 psi/fl) while the water gradient in the Coal Unit 

is 1568 psi/rn (which is 0.478 psi/ft) due to the higher salinity 

of the formation water in the Coal Unit. 

4.2 Lithological Characterization The Middle Jurassic 

Sandstone Unit can lithologically be divided into three parts as 

shown in Figure 2. 

1. An upper part from 2460.5 to 2515m referred to as 

the topmost unit consisting of moderately well sorted 

sandstone 

2.  A middle part from 2515 to 2530m referred to as the 

middle unit consisting of siltstone which degrades to 

silty shale. 

3.  A lower part from 2530 to 2602m referred to as the 

bottom unit consisting of alternately poorly sorted 

and well sorted sandstone 

This subdivision based on lithology is made from gamma 

ray log signatures, cores, as well as cuttings analysis. 

In  Figure 2, the gamma ray log signature indicates the 

presence of sandstone in the top and bottom units with the 

resistivity tool indicating the presence of hydrocarbons unit 

and a water contact that coincides with the water contact 

detected from pressure measurements. 

4.3 Petro Physical Characterization of the Study 

Area : Based on a quick look  analysis of the porosity 

distribution (Figure 3) with depth, the three lithological units 

(lithofacies) from the lithological logs, cores and cuttings can 

be discerned — a topmost unit with good porosity, a middle 

unit with little-to-no porosity. The topmost unit and the 

bottom unit having good porosity, while the middle unit starts 

out with good porosity and then becomes almost non-porous 

which corresponds with the degradation from siltstone to silty 

shale. Similarly, from the vertical permeability distribution 

with depth, the topmost unit showed excellent permeability, 

the middle unit showed almost none, and the lower unit 

showed some variations, reflecting the intercalation of poorly 

sorted and well-sorted sandstone. 
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Figure 2: Lithology subdivision of the Middle Jurassic Sandstone Unit 

The horizontal permeability profile  of the study area shows 

lower variations than the vertical permeability. This is better  

explained with  a permeability anisotropy profile showing the 

variation of the ratio of horizontal to vertical permeability with 

depth, a measure of how uniform the permeability is as with 

changes in direction. The top lithological unit of the reservoir 

basically appears isotropic (with the ratio close to 1), while the 

bottom lithological unit shows wide variations, indicating 

large scale anisotropy 

4.4   Further Reservoir Characterization Within the 

Middle Jurassic Reservoir Unit, three (3) lithological subunits 

were identified. A quick look analysis of the porosity and 

permeability across the reservoir shows general grouping into 

three (3) units. The water saturations for the Reservoir Unit 

indicate low water saturation values within the previously 

identified topmost lithological unit as well as within part of 

the middle lithological unit, indicating the good potential for 

the presence of hydrocarbons. In the bottom (lower) 

lithological unit, varying high water saturation indicate that, 

even though the porosities within this unit are high, the 

potential for hydrocarbon saturation is not as high as within 

the topmost unit. 

Likewise, the gas saturations across the reservoir  unit  shows  

high hydrocarbon presence in the top unit and then a drastic 

reduction in potential for hydrocarbons within the middle and 

bottom units. Since the pressure data indicated a gas-water 

contact at 2516.5 m, almost at the base of the top lithological 

unit, it can be inferred that any hydrocarbon (gas) present 

below this, is contained in the transition zone due to 

capillarity. 

4.5  Hydraulic  flow unit zonation :  Like  wise, the gas 

saturations across the reservoir unit  show high hydrocarbon 

presence in the top unit and then a drastic reduction in 

potential for hydrocarbons within the middle and bottom units. 

Since the pressure data indicated a gas-water contact at 2516.5 

m, almost at the base of the top lithological unit, it can be 

inferred that any hydrocarbon (gas) present below this, is 

contained in the transition zone due to capillarity porosity 

using the formula Phie = PhiT (1-Swirr),  after the FZIs and 

RQIs were calculated, they were statistically arranged into 

frequencies histograms (Figure 5). The FZIs were then used to 

group the data into 7 hydraulic units. 
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4.6 Comparison of Hydraulic Flow Units to 

Lithological  Flow Units The presence of seven (7) 

hydraulic flow units, gotten from calculations based on 

porosity and permeability, indicates that the three main 

lithological flow units can be further subdivided into more 

units that contribute to fluid flow. 

4.7 Modeled Properties Modeling of a fluid flow property 

across the reservoir porosity was carried out using Genesis 4.8 

© software with input parameters such as total organic carbon 

(Toe), S, S2, and the maximum temperature (Tm). The 

modeled porosity was basically uniform and ranged from 18 to 

20 percent over the entire Middle Jurassic reservoir, which 

does not agree with the widely varying core measured porosity 

of 1 to 34 percent 

 

 

 

 

 

 

 

 

 

 

Figure-3 : Pressure  Profile  Within The Different Lithologies 
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Figure  4:  Profile of the porosity of the Reservoir 

Figure 5: Frequency histogram of the flow zone indicator values 

5. CONCLUSION 

A robust reservoir characterization would include the 

combination of lithological and petrophysical methods of 

fades and flow property analysis. However, analysis of the 

differences between the methods gives a better understanding 

of the reservoir behavior. A subsequent composite 

characterization, using all information available, was 

employed to create a detailed static model of the reservoir, 



 
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-2, ISSUE-9, SEP-2015                                                        E-ISSN: 2349-7610 

 

VOLUME-2, ISSUE-9, SEP-2015                                                COPYRIGHT © 2015 IJREST, ALL RIGHT RESERVED                                                                                                       76 

which can be reviewed and used in creation of a dynamic 

model. 

In this study of the Middle Jurassic Reservoir using the 

Asgard 240 7/2-2 well , it was subdivided into three (3) facies 

and seven (7) hydraulic flow units. The difference between 

them indicates that the main facies can be subdivided into 

different units that affect fluid flow. For example, the topmost 

part of the reservoir, containing moderately well sorted 

sandstone can be divided into different  petrophysical flow 

units, indicating that layers within that topmost part of the 

reservoir contribute differently to flow from the reservoir into 

the well bore. 

A good reservoir model depends on accurate detailed reservoir 

characterization. The work done on this case study of the 

Asgard well included both lithological and petrophysical 

characterization, leading to better accuracy. 
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