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1 Introduction

In order to evaluate the geothermal potential in the Copenhagen area a co-operation between Danmarks 
og Grønlands Geologiske Undersøgelse (GEUS) and Sveriges Geologiska Undersokning (SGU) in Lund 
was established during 1996. To facilitate screening of a large number of samples, routine porosity and 
gas permeability were measured on samples from outcrops and deep wells in Southwest Skåne, but only 
a few “quick-look” liquid permeability data were obtained. The results are reported in “Kemeanalyse for 
Energistyrelsen” (GEUS Rapport 1997/6).

A liquid permeability screening has been undertaken by the Nordic Energy Research stipendiate Jorgen 
Samuelsson during a stay at GEUS Core Laboratory. Focusing on the Danish Gassum Formation, liquid 
permeability data is presented from the Danish wells Gassum-1, Lavø-1 and Vedsted-1. Also presented 
in this report is data from the Swedish well Hollviken-1 and data on outcrop samples from Bornholm.

GEUS Core Laboratory
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2 Sample Preparation

Samples representing the Gassum Fm. in the Danish wells, Gassum-1, Lavø-1 and Vedsted-1 are of 
approximately 19 mm (%“) diameter. The samples were collected years ago during an earlier 
geothermal survey (Geothermal Reservoirs in Denmark, DGU 1982). The Swedish Hollviken-1 samples 
are of 25 mm diameter. The plugs have been cleansed in methanol, and thereafter dried at 110 °C. 
Porosity and gas permeabilty were measured, before the samples were saturated in brine (table 2.1) for 
liquid permeability measurements. For the Hollviken-1 samples, the reported porosity and gas 
permeability in “Kemeanalyse for Energistyrelsen” (GEUS Rapport 1997/6) have been used.

The Amager greensand samples were collected in the Coastal cliff W of Amager Harbour, Bornholm. A 
total of 6 samples were taken along a 7-8 meter horizontal traverse, approx. 0.5-1 meter below the 
fosforite bottom-conglomerate of the overlying Amager chalk. The greensand samples are very loosely 
Consolidated and may have been subject to weathering as well.

Table 2.1. Chemical composition of the simulated formation brine used in the liquid permeability study.

Element Element concentration
mg/1

Na+ 60.000
K+ 370
Mg2+ 1.640
Ca2+ 8.600

ci- 112.863
Total dissolved solids: 183.473 mg/1

GEUS Core Laboratory



3 Analytical Methods
4

The following is a short description of the methods used by GEUS Core Laboratory. For a more detailed 
description of methods, instrumentation and principles of calculation the reader is referred to API 
recommended practice for core-analysis procedure (API RP 40, 1960).

3.1 Conventional cleaning and drying

The plugs are drilled and trimmed to a size of 1" diameter and 1.5" length. The samples are then placed 
in a Soxhlet extractor, which continuously soaks and washes the samples with methanol. This process 
removes water and dissolves salt precipitated in the pore space of the rock. Extraction is terminated 
when no chloride ions are present in the methanol. Samples containing hydrocarbons are then cleaned in 
toluene until a clear solution is obtained. Samples are vacuum dried at 90 °C or 110 °C, or they are 
humidity dried at 60 °C and 40% relative humidity until constant weight occurs, depending on the 
requirements of the client.

3.2 Gas permeability

The plug is mounted in a Hassier core holder, and a confming pressure of 150 psi applied to the sleeve. 
The specific permeability to gas is measured by flowing nitrogen gas through a plug of known 
dimensions at differential pressures between 0 and 1 bar. No back pressure is applied. The readings of 
the digital gas permeameter are checked regularly by routine measurement of permeable Steel reference 
plugs.

3.3 Liquid permeability

The plug is vacuum and pressure saturated with the specified simulated formation brine and then 
mounted in a Hassier core holder. A net confming sleeve pressure of 150 psi has been applied in this 
study. The required fluid and fluid upstream pressure is delivered from a constant flow rate pump 
(Pharmacia P 500), and the back pressure is regulated within the range 20-40 psi to secure that 
residual gas is in solution. The flow rate is measured both gravimetrically and volumetrically, and the 
mean value used for calculation of the liquid permeability.

GEUS Core Laboratory
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3.4 He-porosity and grain density

The porosity is measured on cleaned and dried samples. The porosity is determined by subtraction of the 
measured grain volume and the measured bulk volume. The Helium technique, employing Boyle's Law, 
is used for grain volume determination, applying a double chambered Helium porosimeter with digital 
readout, whereas bulk volume is measured by submersion of the plug in a mercury bath using 
Archimedes principle. Grain density is calculated from the grain volume measurement and the weight of 
the cleaned and dried sample.

3.5 Archimedes porosity

Samples that are saturated to 100% with a liquid can have their bulk volume determined by Archimedes 
test, i.e. by submersion in a jar containing the saturating liquid and weighing of the buoyancy. If the 
sample grain density is known (e.g. from a He-porosity measurement) or can be estimated with good 
precision, the sample pore volume and porosity can be calculated.

3.6 Precision of analytical data

The table below gives the precision (= reproducibility) at the 68% level of confidence (+/- 1 standard 
deviation) for routine core analysis measurements performed at the GEUS Core Laboratoiy.

Measurement Range, mD Precision

Grain density 0.003 g/cc

Porosity 0.1 porosity-%

Permeability: 0.01-0.1 15%
(Klinkenberg) 0.1-1 10%

> 1 4%

Permeability: 0.001-0.01 25%
(Conventional) 0.01-0.1 15%

>0.1 4%

GEUS Core Laboratory
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Table 4.1. Lithology, permeability and porosity data from deep wells in Denmark and the Swedish 
province Skåne.

Well No. of 
samples

Depth interval
(m)

Lithology Kgas
(mD)

Kliquid
(mD)

tran g e
(%)

Gassum-1 5 1535.3-1540.5 Gassum Fm 135-933 25-227 28-31

Lavø-1 4 2163-2166
2277-2283

Gassum Fm 0.01-0.14 Too low 
to measure

6 -1 1

Vedsted-1 4 2006-2012 Gassum Fm 0.2-345 8-65 7-26

Hdllviken-1 12 1331-1411 N. Jura (Lias?) 33-1500 26-800 24-32

Table 4.2. Lithology, permeability and porosity data of outcrop samples from Bornholm Island, 
Denmark.

Locality Lithology Kliquid Ørange
(mD) (%)

Bornholm Amager 11-29 39-44
Green Sand

GEUS Core Laboratory
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4.1 Listing of core analysis data
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GENERAL INFORMATION ON THE ANALYSIS

CONPANY : GEUS

DEPTH INTERVAL : 0.00 - 0.00

DEPTHS ARE MEASURED FROM kb 

DEPTHS ARE IN METRES 

PROGRAM POPE V.5.8

LOCATION : Danmark & Sverige

CCRE NO.'S

ANALYSTS : GG, HJL, JS

DATE : 171297

FILE : GE0TER3

REMARKS :

Sanples were cleaned in methanol and dried at 110 C. He-porosity were 

measured unconfined. Due to the fragile nature samples from the 

Danish wells were measured for gas permeability using a net confining 

sleeve pressure of 150 psi.

Liquid permeability were measured at fully brine saturated plugs 

using a net confining sleeve pressure of 150 psi for all plugs.

THE GEOLOGICAL SURVEY OF DEM4ARK AND GREENLAND IS FULLY 
RESPONSIBLE FOR THE ANALYTICAL RESULTS IN THE PRESENT REPORT. 
THE SURVEY, HOWEVER, BEARS NO RESPONSIBILITY OF DECIS­
IONS AND INTERPRETATIONS BASED ON THE DATA PRESENTED.
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DEPTH
PETER

PLUG
TYPE

GAS
PERM
nfl

LIQUID
PERM
nD

POROSITY
%

1535.30 HOR 135 24.5 27.98

1538.40 HOR 933 227 29.16

1540.50 HOR 744 208 30.96

1597.50 HOR 453 28.60

1330.35 HOR 1.73 0.077 6.56

1331.80 HOR 129 70.3 24.15

1332.10 HOR 313 153 27.19

1388.60 HOR 322 191 29.08

1390.20 HOR 1400 809 31.76

1395.80 HOR 1400 722 29.37

1398.10 HOR 66.5 25.8 25.84

1399.80 HOR 1510 681 31.41

1400.20 HOR 0.568 0.103 11.65

1400.50 HOR 33.0 14.6 23.70

1401.30 HOR 1370 564 30.03

1402.20 HOR 1030 394 29.43

1410.00 HOR 1570 646 31.86

1410.50 HOR 1410 1410 30.15

MISC 20.3 43.83

MISC 28.7 41.81

MISC 11.4 40.60

MISC 17.8 39.05

GRAIN
DENS.
G/CCM CCFMiNT

2.659 Gassum-1

2.686

2.697

2.629

2.672 Hollviken-1

2.688

2.643

2.641

2.632 

2.634

2.639

2.643 

2.653

2.645

2.641 

2.647

2.645

2.662 Fractured during liq. perm. measurenent 

2.628 Amager greensand

2.640

2.632 

2.612
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SAMPLE
NO.

DEPTH
hOER

PLUG
TYPE

GAS
PERM
nO

LIQUID
PERM
nO

POROSITY
%

GRAIN
DENS.
G/CCM CCNMiNT

A-5 MISC 13.1 39.30 2.650

A-6 MISC 11.1 38.76 2.646

AG-2 MISC 13.4 Arnager greensand

AG-3 MISC 15.9

AG-6 MISC 11.7

L-10 2165.00 HOR 0.125 0 11.07 2.648 Lavo-l

L-20 2277.00 HOR 0.017 0 7.66 2.688

L-30 2280.00 HOR 0.139 0 7.58 2.694

L-40 2283.00 HOR 0.010 0 6.39 2.719

V-3 2006.00 HOR 0.214 7.51 2.722 Vedsted-1

V-4 2008.00 HOR 0.987 7.20 2.708

V-5 2010.00 HOR 56.7 8.48 20.80 2.643

V-6 2012.00 HOR 345 64.6 26.23 2.657
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Liquid permsability

DISTRIBUTION OF GAS PERNEABILITY

Geotermi/Kbnh.
Histogram has Logarithmic Scale
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DISTRIBUTION OF LIQUID PERNEABILITY

Geotermi/Kbnh.
Histogram has Logarithmic Scale

NumberofData 19 
number trimmed 7

mean 326.9567 
std. dev. 373.5109 

coef. of var 1.1424
maximum 1409.5752 

upper quartile 625.5941 
median 190.7156 

lower quartile 24.8521 
minimum 0.0772
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% OF SANPLES DISTRIBUTION OF POROSI7Y
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Liquid perræability
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STATISTICAL INFORMATION ON THE PCROSI7Y - GAS PERMEABILITY RELATIONSHIP 
CALCULATED ONLY FROM SAPPLES WITH NON-ZERO PERPEABILITY.

(Amager Greensand exe luded)

NUM3ER OF SAMPLES : 26

SINGLE-SAMPLE STATISTICS:

PCROSITY:
PEAN POROSITY : 22.05 %
VARIANCE ON PCROSITY : 96.09 %**2

PERMEABILITY:
GEQfCTRIC AVERAGE : 38.14 nt>
ARITFMETRIC AVERAGE : 508.52 nfi
HARMONIC AVERAGE : 0.14 nt)

STATISTICS CALCULATED FROM LINEAR REGRESSION OF PERMEABILITY ON PCROSITY:

MODEL: L0G10(PERMEABILITY) = INTERCEPT + SLOPE*POROSITY + RESIDUAL

DEGREES OF FREEDCM 
COEFFICIENT OF DETERMINATION 
STANDARD ERROR ON THE REGRESSION 
ESTIMATED INTERCEPT 
ESTIMATED STANDARD ERROR ON INTERCEPT 
ESTIMATED SLOPE
ESTIMATED STANDARD ERROR ON SLOPE

24
0.922
0.490 log(nO)
-2.135 log(nO)
0.240 log(nO)
0.16852 log(mD)/%
0.00999 log(nO)/%

PLEASE REMARK THAT THE REGRESSION STATISTICS PERTAIN TO LOG PERMEABILITY VALUES. 
THE COEFFICIENT OF DETERMINATION GIVES THE FRACTION AF THE TOTAL VARIATION SQUARED 
WHICH IS EXPLAINED BY THE MODEL.
THE STANDARD ERROR ON THE REGRESSION GIVES THE MEAN 1 SIGMA ERROR ON THE LOG 
PERMEABILITY ESTIMATES.

PAGE 8
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GAS PERNEABILITY 

nO (Log)

CROSSPLOT OF POROSITY VS. GAS PERMEABILITY 
(Amager Greensand excluded)

GEOTERMI/Kbnh. 
Liquid pemeability

Geotermi/Kbnh.
Porosity vs. Gas Permeability Crossplot
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STATISTICAL INFORMATION ON THE POROSITY - LIQUID PERMEABIL. RELATIONSHIP 
CALCULATED ONLY FRCM SAMPLES WITH NON-ZERO PERMEABILITY.

(Amager Greensand excluded)

NUMBER OF SAMPLES : 19

SINGLE-SAMPLE STATISTICS:

POROSITY:
MEAN POROSITY : 26.17 %
VARIANCE ON POROSITY : 45.66 %**2

PERMEABILITY:
GEOMETRIC AVERAGE : 73.81 nO
ARITHETRIC AVERAGE : 326.96 nO
HARMONIC AVERAGE : 0.82 nO

STATISTICS CALCULATED FROM LINEAR REGRESSION OF PERMEABILITY ON POROSITY: 

MODEL: LOGIO(PERMEABILITY) = INTERCEPT + SLOPE*POROSITY + RESIDUAL

DEGREES OF FREEDCM 
COEFFICIENT OF DETERMINATION 
STANDARD ERROR ON THE REGRESSION 
ESTIMATED INTERCEPT 
ESTIMATED STANDARD ERROR ON INTERCEPT 
ESTIMATED SLOPE
ESTIMATED STANDARD ERROR ON SLOPE

17
0.922
0.348 log(irD)
-2.636 log(nO)
0.328 log(nO)
0.17209 log(nO)/%
0.01215 log(nO)/%

PLEASE REMARK THAT THE REGRESSION STATISTICS PERTAIN TO LOG PERMEABILITY VALUES. 
THE COEFFICIENT OF DETERMINATION GIVES THE FRACTION AF THE TOTAL VARIATION SQUARED 
WHICH IS EXPLAINED BY THE MODEL.
THE STANDARD ERROR ON THE REGRESSION GIVES THE MEAN 1 SIGMA ERROR ON THE LOG 
PERMEABILITY ESTIMATES.
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LIQUID PERMEABIL. 
nO (Log)

CROSSPLOT OF POROSITY VS. LIQUID PERMEABIL. 
(Amager Greensand exe luded)
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Liquid penneability
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Geotermi/Kbnh.
Porosity vs. Liquid Permeability Crossplot



CROSSPLOT OF GAS PERMEABILITY VS. LIQUID PERMEABILITY GEOTERMI/Kbnh. PAGE :12 
PERMEABILITY (Amager Greensand excluded) Liquid penneability
nO (Log)

Geotermi/Kbnh.
Gas permeability vs. Liquid Permeability Crossplot

Number of data 19 
Number trimmed 7
X variable mean224.520 

std. dev. 9.250
Y variable mean 73.809 

std. dev. 15.099
Correlation 0.982 

Rank correlation 0.949
Regression a 0.112 
Regression b 1.199

0.01 0.1 1. 10. 100. 1000. 10000. 

Gas perm.
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