
 

  

 

Aalborg Universitet

Permeability Tests on Silkeborg Sand No. 0000

Lund, Willy; Jakobsen, Kim Parsberg

Publication date:
1998

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):
Lund, W., & Jakobsen, K. P. (1998). Permeability Tests on Silkeborg Sand No. 0000. Geotechnical Engineering
Group. AAU Geotechnical Engineering Papers : Laboratory Testing Paper Vol. R9811 No. 21

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            - Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            - You may not further distribute the material or use it for any profit-making activity or commercial gain
            - You may freely distribute the URL identifying the publication in the public portal -
Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: March 20, 2024

https://vbn.aau.dk/en/publications/ff2ed530-a86a-11da-8341-000ea68e967b


AAU Geotechnical Engineering Papers ISSN 1398-6465 R 9811 

Permeability tests on Silkeborg Sand No 0000 

W.P. Lund, K.P. Jakobsen 

1998 Laboratory Testing Paper No 21 

GEOTECHNICAL ENGINEERING GROUP 

AALBORG UNIVERSITY DENMARK 



Lund, W.P., Jakobsen, K.P. (1998). Permeability Tests on Silkeborg Sand No. 0000 

AAU Geoteclmical Engineering Papers, ISSN 1398-6465 R9811. 

Laboratory testing paper No 2 I 

© 1998 AAU Geotechnical Engineering Group 

Except for fair copying, no part of this publication may be reproduced, stored in a retrieval system. or transmitted. in 
any form or by any means electronic. mechanical, phowcopying, recording or otherwise, without the prior written per­
mission of the Geotechnical Engineering Group. 

Papers or other contributions in AAU Geotechnical Engineering Papers and the statements made or opinions expressed 
therein are published on the understanding that the author of the contribution is solely responsible for the opinions 
expressed in it and that its publication does not necessarily imply that such statements or opinions are or reflect the 
views of the AAU Geotechnical Engineering Group. 

Printed at: Sch!<llin Grafisk 

The AAU Geotechnical Engineering Papers- AGEP- are issued for early dissemination and book keeping of research 

results from the Geotechnical Engineering Group at Aalborg University (Department of Civil Engineering). Moreover, 

the papers accommodate proliferation and documentation of field and laboratory test series not directly suited for pub­

lication in journals or proceedings. 

The papers are numbered ISSN 1398-6465 R<two digit year code><two digit consecutive number>. For internal 

purposes the papers are, further, submitted with coloured covers in the following series: 

Series 

Laboratory testing papers 

Field testing papers 

Manuals & guides 

Soil Mechanics papers 

Foundation Engineering papers 

Engineering Geology papers 

Environmental Engineering papers 

Colour 

sand 

grey 

red 

blue 

green 

yellow 

brown 

In general the AGEP papers are submitted to journals, conferences or scientific meetings and hence, whenever possible, 

reference should be given to the final publication (journal, proceeding etc) and not to the AGEP paper. 

Permeability Tests on Silkeborg Sand No. 0000 

Willy P. Lund and Kim P. Jakobsen 
Aalborg University, Aalborg, Denmark 

I JNTRODUCTION 

The flow through porous media plays an 
important role in various engineering disci­
plines, as for example in ground water hydrol­
ogy and soil mechanics. In the present study 
the permeability is determined for a fine, satu­
rated sand. As the flow through a porous 
media strongly depends on the characteristics 
of the soil matrix, the permeability is deter­
mined for different void -ratros: All tests are 
performed on reconstituted specimens of 
Silkeborg Sand No. 0000. The permeability is 
determined by use of a falling head apparatus. 
The apparatus, test procedures and the analysis 
method are described in the succeeding sec­
tions. Finally the test results are briefly sum­
marised and a relationship between void ratio 
and permeability is established. 

2 SILKEBORG SAND NO. 0000 

The sand, d~noted Silkeborg Sand No. 0000, is 
an artificial sand from a gravel pit near Hors­
ens in Denmark. 

The grain size distribution is given in Fig­
ure 1. The material contains approximately 
1.4% of fines and has a maximum grain size of 
approximately 0.425 mm. The classification 
properties are summarised in Table I. 
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Figure 1. Grain size distribution for Silkeborg 
Sand No. 0000. 

Table 1. Classification properties for 
Silkeborg Sand No. 0000. 

Property 

Specific gravity, G, 

Maximum void ratio, enuu 

Minimum void ratio, em1n 

Mean grain size, dso 

Uniformity coefficient, Cu = dd60 

10 

d2 
Curvature coefficient, C = d 3d0 

10 60 

Value 

2.653 

0 .932 

0.578 

0.220mm 

1.69 

1.06 
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2 PERMEABILITY TESTS ON SILKEBORG SAND Nci. 0000 

3 FALLING HEAD PERMEAMETER 

The test set-up consists of a permeameter con­
taining the fully saturated soil specimen, a 
standpipe and an overflow basin, see Figure 2. 

When the valve in the overflow basin is 
opened, the water level in the standpipe falls 
and the water flows through the specimen. 

An initial and a final hydraulic head are 
chosen prior to testing. These hydraulic heads 
are in the following denoted ho and h2 and the 
flow times measured during the test ·are corre­
spondingly denoted t0 and t2• The test is 
repeated until a reproducible value of flow 
time, t2 , is obtained. 

- -- -~::'v=Q __ 

'-Standpipe 
Area, a 

Valve 

Figure 2. Principle of the falling head 
permeameter test. 

Based on corresponding values of passed time, 
temperature and loss of head (at a given dis­
charge) the hydraulic conductivity and the per­
meability may be determined by the simple 
analytical relationship given in Equation (3). 

Besides the measurement of total head loss 
(ho-h2) and total time t2, measurement of flow 
time, IJ. at an intermediate head, hi> are per­
formed to control whether quasi-steady flow 
conditions exist (see Section 5). 

4 SPECIMEN PREPARATION 

All specimens are prepared by air pluviation in 
a cylindrical Plexiglas permeameter with a 
diameter of 70 mm and a length of approxi­
mately 200 mm. The specimens are saturated 
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by the water percolation method, where de­
ionised and de-aired water is introduced 
through the bottom filter. As the water slowly 
seeps up through the specimen under a small 
gradient, entrapped air gets flushed out 
through the upper filter. As complete satura­
tion of the specimen is necessary to avoid 
clogging of the pores and to obtain reliable 
flow parameters the saturation process is fur­
thermore performed under vacuum, causing 
the volume of air to enlarge and, in part, be 
sucked out of the specimen. 

5 ANALYSIS OF TEST RESULTS 

On the assumption that the flow can be consid­
ered to be laminar and quasi-steady, the dis­
charge from the standpipe equals the amount 
of water passing through the specimen per unit 
time, and the forces of inertia due to velocity 
changes become negligible. Thus, the hydrau­
lic conductivity can with reasonable accuracy 
be described by use of the continuity equation 
and Darcy's law: 

(I) 

V =ki (2) 

Solving the differential equation, using the 
boundary condition, h=ho and t=t0=0, yields 
the relationship between loss of head, flow 
time and hydraulic conductivity: 

ln(h)=-~ft+ln(ho) or k=ln(~o)~ (3) 

The hydraulic conductivity depends on the 
flow properties of the soil matrix and the fluid. 
This mixture is disadvantageous and it is pref­
erable to introduce the fluid properties and the 
permeability, K, which solely refers to the 
properties of the soil matrix: 

K=kv~c (4) 

where Vrc is the kinematic viscosity at T oc. 
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As stipulated in Section 3 an intermediate head 
and the corresponding flow time can be used 
as an indication of whether the assumption of 
quasi-steady flow is applicable or not. 

Assuming that the intermediate flow time, 
l1, corresponds to half the total flow time, 12 , an 
intermediate hydraulic head, h1, can be deter­
mined from Equation (3) . Rearrangement of 
(3) and use of the boundary condition h=h2 for 
t=t2, yields: 

(5) 

Insertion of t,=lht2 in Equation (3) yields the 
intermediate head, h,: 

(6) 

Thus, the intermediate hydraulic head of 

h 1 = J h0h2 , corresponds to half the total flow 
time for quasi-steady flow conditions. 

A more thorough evaluation of the quasi­
steady flow assumption is found in Jakobsen 
(1998). 

6 PRESENTATION QF TEST RESULTS 

The performed permeability tests are presented 
in Enclosures I -27, with test conditions, meas­
ured values and results . Each enclosure con­
sists of three tables. The first table contains 
information about test material, void ratio, 
length and diameter of the specimen and 
degree of saturation. 

The second table contains the scheduled test 
program and factors correcting for the dispar­
ity between nominal and actual volumes of the 
permeameter and the standpipe. 

In the third table the measured quantities, 
i.e. water temperature at top and bottom of the 
permeameter and flow times corresponding to 
intermediate and total loss of head, are tabu­
lated together with the calculated hydraulic 
conductivity and permeability. 

The calculated permeabilities are not cor­
rected for incomplete saturation, as the degree 
of saturation in all the tests is close to unity 
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and the deviations merely indicate the uncer­
tainty on the measuring method. The test 
results are summarised in Table 2. 

Table 2. Results from pe1jormed pemzeability 
tests on Silkeborg Sand No. 0000. 

Test No 

9810.P1 

9810.P2 

9810.P3 

9810.P4 

9810.P5 

9810.P6 

98JO.P7 

9810.P8 

9810.P9 

9810.PIO 

9810.P11 

9810.P12 

9810.P13 

9810.P14 

9810.P15 

9810.P16 

9810.P17 

98JO.P18 

9810.P19 

98JO.P20 

9810.P21 

98JO.P22 

9810.P23 

9810.P24 

9810.P25 

9810.P26 

Void ratio 
e [-] 

0.638 

0.680 

0.622 

0.627 

0.622 

0.615 

0.613 

0.615 

0.658 

0.645 

0.641 

0.637 

0.607 

0.601 

0.667 

0.791 

0.658 

0.810 

0.629 

0.675 

0.667 

0.718 

0.755 

0.747 

0.706 

0.720 

Permeability 
K[10·"m'] 

16.52 

20.23 

14.2 1 

14.66 

13.90 

13.13 

12.54 

13.85 

16.81 

16.97 

15.69 

15.32 

12.74 

14.23 

16.51 

29.86 

18.18 

32.78 

15.62 

20.28 

20.22 

23.22 

25.30 

25.77 

20.46 

24.64 

6.1 Void ratio dependency 
The results in Table 2 show that the permeabil­
ity of the soil skeleton is strongly dependent on 
the void ratio. This dependency has been 
described by Taylor (1948) and Lund and M!ill­
drup (1996), both fulfilling physical 
prerequisite of zero permeability for zero 
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4 PERMEABILITY TESTS ON SILKEBORG SAND NO. 0000 

porosity or void ratio. The proposed relation­
ships are given in Equation (13) and (14), 

respectively : 

K = C1 (I+ e)e 2 = 2.500 · JQ-11 (1 + e)e2 (13) 

e3 e3 
K=C2( 1+e)=l.037·10-10 (l+e) (14) 

The suggested relationships and the measured 
permeabilities are shown in Figure 3. Both 
relationships lead to an overestimation of the 
permeability at low void ratios and vice versa. 

40 

if 
y· . 30 

,IT 
,.11 :: 20 

/ r-r 
I 0 
~ - Lund and M ~ldrup (1996) Eq. (14) 

--- Taylor (1948).Eq. (13) 
· -·· Linear rela tionship Eq. (15) 

0.55 0.65 0.7 5 0.85 
e (-] 

Figure 3. Relation between void ratio and 
penneability. 

However, a simple linear relationship between 
void ratio and permeability yields a more satis­
factory result within the range of e.,,, and emux, 
whereby it becomes applicable for all practica­
ble purpose. The linear relationship is given 
by: 

K = 91.567. w-12e- 42.602. w-11 (15) 
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9 NOTATION 

a [mm2
] : cross sectional area of standpipe 

A [mm2] : cross sectional area of permeameter 
c [-] : curvature coefficient 
Cu [-] : uniformity coefficient 
d [mm] : particle diameter 
d [mm] : standpipe diameter 
e [-] : void ratio 
F, [-] : volume correction factor for standpipe 

FP [-] : volume correction factor for permeameter 
h [mm] : hydraulic head 

ho [mm] : initial hydraulic head 
hi [mm] : intermediate hydraulic head 
h, [mm] : final hydraulic head 
k [m/s] : hydraulic conductivity 

kT"'c [m/s] : hydraulic conductivity at temperature T cc 
K [m2] : permeability 
L [mm] : specimen length 

[s] :flow time 
IJ [s] : flow time for intermediate head 
t, [s] : total flow time 
T [cC) : temperature 
Ti (cC) : temperature at the top of the specimen 
T, [CC] : temperature at the bottom of the specimen 
V [m/s] : velocity 
V [m2/s] : kinematic .. v.iscosity 
Vr-c [m2/s] : kinematic viscosity at given temperature T cc 

AGEPR9811 LUND & JAKOBSEN 



Enclosures 

Enclosure I Permeability Test 9810.PI .... .. .. . .. .. . I page 
Enclosure 2 Permeability Test 9810.P2 .............. I page 
Enclosure 3 Permeability Test 981 O.P3 ••• 0 ••• • •• 0 • •• I page 
Enclosure 4 Permeability Test 9810.P4 •• • • •• •• • • • • • 0 I page 
Enclosure 5 Permeability Test 981 O.P5 • •• • ••• • • • • 0. 0 I page 
Enclosure 6 Permeability Test 9810.P6 • •• • 0 • • • • • •• •• I page 
Enclosure 7 Permeability Test 9810.P7 •• •• •• 0 0 0 ••••• I page 
Enclosure 8 Permeability Test 9810.P8 .... . ... ..... . I page 
Enclosure 9 Permeability Test 9810.P9 . .. .. ...... ... I page 
Enclosure 10 Permeability Test 9810.PIO .. . .. . .... .. . I page 
Enclosure 11 Permeability Test 9810.PII ••• • • •• 0 ••••• I page 
Enclosure 12 Permeability Test 9810.PI2 . .. .... . . . ... I page 

Enclosure 13 Permeability Test 9810.P13 • 0. 0 • •• 0 ••••• I page 

Enclosure 14 Permeability Test 9810.P14 • 0 • •••• • •• ••• I page 

Enclosure 15 Permeability Test 9810.PI5 . .... .. .. . .. . I page 
Enclosure 16. Permeability Test 9810.P16 . .. .. .. ...... 1 page 
Enclosur~ i 7 Permeability Test 9810.P17 .... .. .. .... . I page 
Enclosure 18 Permeability Test 9810.P18 ........ . . . .. I page 
Enclosure 19 Permeability Test 9810.P19 ••• • • • • ••• 0 •• I page 
Enclosure 20 Permeability Test 9810.P20 . ... . ... . . . .. I page 
Enclosure 21 Permeability Test 9810.P21 . . . .. . . . . .. .. I page 
Enclosure 22 Permeability Test 98!0.P22 . .. .... . . . . .. I page 

Enclosure 23 Permeability Test 981 O.P23 •• • •• •• •• 0 • •• I page 

Enclosure 24 Permeability Test 981 O.P24 • •• •• • • • • • • 0 . I page 
Enclosure 25 Permeability Test 981 O.P25 • ••• • •• 0 •• • •• I page 
Enclosure 26 Permeability Test 981 O.P26 ... . . . .... ... I page 



Page I Permeability Test No. 9810.PI 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length [mm] 201 

Diameter [mm] 70 

Date Falling head apparatus Void ratio [-] 0.638 

1998-04-23 Permeameter A Saturation [-] 

Test program Standpipe diameter (d) [mm] 20 

Initial hydraulic head (h0) [mm] 2000 

Intermediate hydraulic head (h 1 = J hoh2 ) [mm] 1265 

Final hydraulic head (h1) [mm] 800 

Volume correction factor for standpipe (F,) [-] 1.0936 

Volume correction factor for permeameter (Fp) [-] 1.0129 

Test I 2 3 4 5 

Temperature (T1) ["C] 23.9 24.4 24.9 

Temperature (T,) ["C] 23 .8 24.1 24.6 

Elapsed time for flow (t1) [s] 46 45 45 

Elapsed time for flow {t~). _ . [s] 92 90 90 

Hydraulic conductivity (kT"c 10"") [m/s] 1.764 1.804 1.804 

Mean temperature (7) ["C] 23.9 24.3 24.75 

Kinematic viscosity ( VT"c·l (}6
) [m2/s] 0.9178 0 .9095 0.8994 

Permeability (KIO·") [m2] 1.649 1.670 1.652 

Remarks: Incorrect measurement of water content after test. Degree of saturation not accessible. 

Job:98IO 

Executed: JCI, KPJ 
Evaluated: KPJ 

Aalborg University 

Enclosure No. I 
A_]l]lfoved: WL 



Permeability Test No. 98JO.P2 Page I 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-04-21 Permeameter B Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ha) 

Intermediate hydraulic head (h 1 = J hoh2 ) 
Final hydraulic head (h,) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (F,) 

Test 

Temperature (T1) 

Temperature (T2) 

Elapsed time for flow (11) 

Elapsed time for flow (12) 

Hydraulic conductivity (k:rc-10"") 

Mean temperature (T) 

Kinematic viscosity (V:rc-J{j') 

Permeability (K· JO·") 

Remarks: 

1 2 

[OC] 23.8 24.4 

[OC] 24.0 24.3 

[s] 38 38 

[s) 76 76 

[m/s) 2.170 2.170 

[OC] 23.9 24.4 

[m2/s] 0.9158 0.9075 

[m2] 1.413 1.424 

Job:98!0 

Executed: JCI, KPJ 
Evaluated: KPJ 

[mm) 200 

[mm) 70 

[-) 0.680 

[-) 1.02 

[mm] 20 

[mm] 2000 

[mm) 1265 

[mm) 800 

[-) 1.0936 

[-) 0.9921 

3 4 5 

24.6 

24.5 

37 

75 

2.199 

24.6 

0.9034 

1.421 

Aalborg University 

Enclosure No. 2 
Approved: WL 

Page 1 Permeability Test No. 98JO.P3 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-04-23 Permeameter B Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ha) 

Intermediate hydraulic head (lz 1 = J hoh2 ) 
Final hydraulic head (h,) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (Fp) 

Test 1 

Temperature (TI) [OC] 24.6 

Temperature (T,) [OC] 24.2 

Elapsed time for flow (11) [s) 54 

Elapsed time for flow_(11) _ . [s] 108 

Hydraulic conductivity (k:rc- !0-') [m/s] 1.532 

Mean temperature (7) [oC) 24.4 

Kinematic viscosity (V:rc· l0"6
) [m2/s] 0.9054 

Permeability (K·J0·11 ) [m2] 2.024 

Remarks: 

Job:9810 Aalborg University 

Executed: JCI, KPJ 
Evaluated: KPJ 

Enclosure No. 3 
Approved: WL 

2 

25 .2 

24.6 

53 

106 

1.561 

24.9 

0.8954 

2.005 

[mm) 201 

[mm) 70 

[-) 0.622 

[-) 1.00 

[mm) 20 

[mm) 2000 

[mm) 1265 

[mm) 800 

[-) 1.0936 

[-) 0.9935 

3 4 5 

25.5 

25.3 

52 

106 

1.576 

25.4 

0.8853 

2.023 



Permeability Test No. 9810.P4 Page I 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-04-23 Permeameter B Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intermediate hydraulic head (h 1 = J hoh2 ) 
Final hydraulic head (h,) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (FI') 

Test 

Temperature (T1) [OC] 

Temperature (T2) [OC] 

Elapsed time for flow (t1) [s] 

Elapsed time for flow (11) [s] 

Hydraulic conductivity (krc 10"' ) [m/s] 

Mean temperature (1) [°C] 

Kinematic viscosity ( Vrc] 0'6) [m2/s] 

Permeability (K 10'11 ) [m' ] 

Remarks: 

1 2 

23.0 23.4 

23.0 23.1 

53 53 

I07 106 

1.547 1.56I 

23.0 23.3 

0.9352 0.9309 

1.473 1.480 

Job: 9810 

Executed: JCI, KPJ 
Evaluated: KPJ 

[mm] 20I 

[mm] 70 

[-] 0.627 

[-] 1.03 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 0.9935 

3 4 5 

23.7 

23.6 

53 

I06 

1.56I 

23.7 

0.9222 

1.466 

Aalborg University 

Enclosure No. 4 
AIJProved: WL 

Page I Permeability Test No. 981 O.P5 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-04-21 Permeameter A Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intermediate hydraulic head (h 1 = Jhoh2) 
Final hydraulic head (h2) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (F,,) 

Test I 

Temperature (TI) [OC] 24.7 

Temperature (T1) [OC] 24.4 

Elapsed time for flow (r1) [s] 54 

Elapsed time for flow(r..z). -· [s] 109 

Hydraulic conductivity (krc·l o-' ) [m/s] 1.496 

Mean temperature (TJ 

Kinematic viscosity (v,.c-10'6
) 

Permeability (K 10' 11
) 

Remarks: 

Job: 9810 

Executed: JCI, KPJ 
Evaluated: KPJ 

[OC] 24.6 

[m2/s] 0.9034 

[m' ] 1.377 

Aalborg University 

Enclosure No. 5 
Approved: WL 

2 

25.2 

24.7 

54 

108 

1.510 

25 .0 

0.8954 

1.377 

[mm] 202 

[mm] 70 

[-] 0.622 

[-] 1.01 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 1.0130 

3 4 5 

25.5 

25.2 

53 

106 

1.539 

25.4 

0.8873 

1.390 



Permeability Test No. 9810.P6 Page 1 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-04-16 Permeameter B Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intermediate hydraulic head (h 1 = J hoh2 ) 
Final hydraulic head (h,) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (F1,) 

Test 

Temperature (T1) 

Temperature (T1) 

Elapsed time for flow (11) 

Elapsed time for flow {12) 

Hydraulic conductivi ty (k,..c I o·'; 
Mean temperature (7) 

Kinematic viscosity (v,..clO"') 

Permeability (K-JQ- 11 ) 

Remarks: 

1 2 

["C] 22.1 22.2 

["C] 21.9 22.1 

[s] 61 61 

[s] 122 122 

[rn/s] 1.357 1.357 

["C] 22.0 22.2 

[m2/s] 0.9569 0.9547 

[m'] 1.322 1.319 

Job:9810 

Executed: JCI, KPJ 
Evaluated: KPJ 

[mm] 201 

[mm] 70 

[-] 0.615 

[-] 1.01 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 0.9935 

3 4 5 

22.4 

22.3 

61 

122 

1.357 

22.4 

0.9504 

1.313 

Aalborg University 

Enclosure No. 6 
Approved: WL 

Page I Permeability Test No. 9810.P7 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-04-16 Permeameter B Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ha) 

Intermediate hydraulic head (h 1 = J hoh2 ) 
Final hydraulic head (h,) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (F,) 

Test I 

Temperature (T1) ["C] 23.9 

Temperature (T2) ["C] 23.5 

Elapsed time for flow {11) [s] 62 

Elapsed time for flow. (t, )· - ·· [s] 124 

Hydraulic conductivity (k,..c I O""J [rn/s] 1.335 

Mean temperature (7) ["C] 23.7 

Kinematic viscosity (v,..c·fO·') [m2/s] 0.9200 

Permeability (K·I0"11 ) [m'] 1.250 

Remarks: 

Job: 9810 Aalborg University 

Executed: JCI, KPJ 
Evaluated: KPJ 

Enclosure No. 7 
Approved: WL 

2 

24.2 

23.8 

61 

122 

1.357 

24.0 

0.9135 

1.262 

[mm] 201 

[mm] 70 

[-] 0.613 

[-] 1.01 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 0.9935 

3 4 5 

24.4 

24.3 

61 

122 

1.357 

24.4 

0.9075 

1.254 



Penneability Test No. 981 O.P8 Page I 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-04-16 Permeameter A Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intermediate hydraulic head (h 1 = Jhoh2) 
Final hydraulic head (lt2) 

Volume correction factor for standpipe (F,) 

Volume correction factor for penneameter (F,.) 

Test 

Temperature (T1) [DC] 

Temperature (T2) [DC] 

Elapsed time for flow (t,) [s] 

Elapsed time for flow (r,) [s] 

Hydraulic conductivity (kT'c·l 04
) [m/s] 

Mean temperature (T) [
0 e] 

Kinematic viscosity (VT'c·JO·') [m2/s] 

Penneability (K·I 0' 11 ) [m'] 

Remarks: 

I 2 

23.0 23.3 

22.7 23.0 

56 55 

112 110 

1.442 1.468 

22.9 23.2 

0.9395 0.9330 

1.380 1.395 

Job:9810 

Executed: Jei, KPJ 
Evaluated: KPJ 

[mm] 200 

[mm] 70 

[-] 0.615 

[-] 1.03 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 1.0129 

3 4 5 

23.5 

23.3 

55 

110 

1.468 

23.4 

0.9265 

1.385 

Aalborg University 

Enclosure No. 8 
Approved: WL 

Page I Penneability Test No. 9810.P9 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Dale Falling head apparatus Void ratio 

1998-04-16 Permeameter A Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (!to) 

lntennediate hydraulic head (h1 = Jhoh2) 
Final hydraulic head (iz 2) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (F,.) 

Test 1 

Temperature (T,) [
0 e ] 23.9 

Temperature (T2) [
0 e] 23.7 

Elapsed time for flow (1 1) [s] 45 

Elapsed time for flo.~ (!,)- · [s] 90 

Hydraulic conductivity (kT'c 10_,) [m/s] 1.795 

Mean temperature (T) [DC] 23.8 

Kinematic viscosity (Vrc·IO'") [m2/s] 0.9178 

Penneability (K·10' 11
) [m'] 1.677 

Remarks: 

Job:9810 Aalborg University 

Executed: Jei, KPJ 
Evaluated: KPJ 

Enclosure No. 9 
Approved: WL 

2 

24.5 

24.1 

44 

88 

1.835 

24.3 

0.9075 

1.696 

[mm] 200 

[mm] 70 

[-] 0.658 

[-] 1.02 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 1.0129 

3 4 5 

24.8 25.1 

24.6 25.1 

44 44 

88 88 

1.835 1.835 

24.7 25.1 

0.8994 0.8913 

1.681 1.666 



Penneability Test No. 9810.Pl0 Page I 

Description of soil Sample preparation method Specimen dimensions·· 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-04-21 Permeameter A Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intennediate hydraulic head (h 1 = J hoh2 ) 
Final hydraulic head (h,) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (F") 

Test 

Temperature (T1) [OC] 

Temperature (T2) [OC] 

Elapsed time for flow (t 1) [s] 

Elapsed time for flow (12) [s] 

Hydraulic conductivity (k,-c-1 O"") [rnls] 

Mean temperature (7) [°C] 

Kinematic viscosity (v,.c-Jo·•) [m2/s] 

Permeability (K·JO·") [m'] 

Remarks: 

I 2 

23.2 23.6 

23.5 23.6 

45 45 

90 90 

1.804 1.804 

23.4 23.6 

0.9287 0.9222 

1.706 1.694 

1ob:9810 

Executed: JCI, KPJ 
Evaluated: KPJ 

[mm] 201 

[mm] 70 

[-] 0.645 

[-] 1.01 

[mm] 20 

[mm] 2000 

[mm] I265 

[mm] 800 

[-] 1.0936 

[-] 1.0129 

3 4 5 

24.0 

24.0 

44 

89 

1.824 

24.0 

0.9135 

1.697 

Aalborg University 

Enclosure No. 10 
Approved: WL 

Page I Penneability Test No. 9810.Pll 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-04-21 Permeameter B Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intennediate hydraulic head (h 1 = J hoh2 ) 
Final hydraulic head (h2) 

Volume correction factor for standpipe (F,) 

Volume correction factor for penneameter (F1,) 

Test I 

Temperature (T,) [OC] 24.7 

Temperature (T,) [OC] 24.6 

Elapsed time for flow (1 1) [s] 49 

Elapsed time for fl_ow (1;) - ·· [s] 98 

Hydraulic co~ductivity (k,-c-10"") [rnls] 1.697 

Mean temperature (7) [OC] 24.7 

Kinematic viscosity (v,.c-1()6
) [m'/s] 0.9014 

Penneability (K- 1 o·'') [m'] 1.558 

Remarks: 

Job:9810 Aalborg University 

Executed: JCI, KPJ 
Evaluated: KPJ 

Enclosure No. 1 1 
Approved: WL 

2 

25.0 

24.8 

48 

96 

1.732 

24.9 

0.8954 

1.580 

[mm] 202 

[mm] 70 

[-] 0.641 

[ -] 1.01 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 0.9935 

3 4 5 

25.3 

25.2 

48 

96 

1.732 

25.3 

0.8893 

1.569 



Pem1eability Test No. 9810.Pl2 Page I 

Descript ion of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air piuviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-04-23 Permeameter A Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intermediate hydraulic head (h 1 = J hoh2 ) 

Final hydraulic head (h 2) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (Fp) 

Test 

Temperature (T1) 

Temperature (T,) 

Elapsed time for flow (1 1) 

Elapsed time for flow (t2) 

Hydraulic conductivity (kr-c- I o->; 
Mean temperature (T) 

Kinematic viscosity (v,..c-10.') 

Penneabi lity (K· 10"11 ) 

Remarks: 

I 2 

roq 24.8 25.2 

[
0 e] 25.6 25.2 

rsl 48 48 

rsl 97 96 

[rnls] 1.682 1.699 

roq 25.2 25.2 

rm'ls] 0.8893 0.8893 

[m'] 1.523 1.539 

Job: 9810 

Executed: Jei, KPJ 
Evaluated: KPJ 

[mm] 202 

[mm] 70 

[-] 0.637 

[-] 0.99 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 1.0130 

3 4 5 

25.4 

25.4 

48 

96 

1.699 

25.4 

0.8853 

1.532 

Aalborg University 

Enclosure No. 12 
Approved: WL 

Page I Penneability Test No. 9810.Pi3 

Description of soil Sample preparation method Specimen dimensions 
Silkeborg No. 0000 Air pluviation Length [mm] 201 

Diameter [mm] 70 
Date Failing head apparatus Void ratio [-] 0.601 
1998-04-21 Permeameter B Saturation [-] 

Test program Standpipe diameter (d) [mm] 20 
Initial hydraulic head (ho) [mm] 2000 

Intermediate hydraulic head (h 1 = J h 0h2 ) [mm] 1265 
Final hydraulic head (h1) [mm] 800 

Volume correction factor for standpipe (F.,) [-] 1.0936 

V oiume correction factor for permeameter (f;,) r-J 0.9935 

Test I 2 3 4 5 
Temperature (T1) roe] 22.5 22.8 23.0 
Temperature (T2) roq 22.4 22.6 22.9 

Elapsed time for flow (~1 )_ .. [s] 62 62 62 
Elapsed time for flo~; (r2) rsl 125 124 124 

Hydraulic conductivity (kr-c· 10"") [m/s] 1.324 1.335 1.335 

Mean temperature (T) roe] 22.5 22.7 23.0 

Kinematic viscosity ( Vr-c- 10"6 ) rm'/s] 0.9482 0.9417 0.9374 

Permeability (K- 10·11 ) [m'] 1.278 1.280 1.274 

Remarks: Incorrect measurement of water content after test. Degree of saturation not accessible. 

Job: 9810 

Executed: Jei, KPJ 
Evaluated: KPJ 

Aalborg University 

Enclosure No. 13 
Approved: WL 



Permeability Test No. 9810.Pl4 Page I 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-06-19 Permeameter A Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intermediate hydraulic head (h 1 = J hoh2 ) 
Final hydraulic head (h,) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (F1,) 

Test 

Temperature (T1) [OC] 

Temperature (T,) [OC] 

Elapsed time for flow (t1) [s] 

Elapsed time for flow (12) [s] 

Hydraulic conductivity (kr-cl o·•; [m/s] 

Mean temperature (TJ [OC] 

Kinematic viscosity (Vr-c H16
) [m2/s] 

Permeability (K-10. 11 ) [m2] 

Remarks: 

I 2 

24.9 24.8 

25.1 25 .0 

52 52 

103 104 

1.576 1.561 

25.0 24.9 

0.8934 0.8954 

1.434 1.423 

Job:9810 

Executed: KPJ 
Evaluated: KPJ 

3 

24.8 

25.0 

52 

104 

1.561 

24.9 

0.8954 

1.423 

[mm] 201 

[mm] 70 

[-] 0.601 

[-] 1.02 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 1.0129 

4 5 

Aalborg University 

Enclosure No. 14 
Aooroved: WL 

Page I Permeability Test No. 981 O.Pl5 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-06-19 Permeameter B Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intermediate hydraulic head (h 1 = J h0h2 ) 

Final hydraulic head (h,) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (Fp) 

Tesl 1 

Temperature (T1) [OC] 25.0 

Temperature (T2) [OC] 25.0 

Elapsed time for flow (11) [s] 46 

Elapsed time for flow (12f · [s] 92 

Hydraulic conductivity (krc 1 o·•; [m/s] 1.779 

Mean temperature (TJ [OC] 25.0 

Kinematic viscosity ( Vr-c w·•) [m2/s] 0.8934 

Permeability (K 10·11 ) [m2] 1.619 

Remarks: Leaky neck ring 

Job: 9810 Aalborg University 

Executed: KPJ 
Evaluated: KPJ 

Enclosure No. 15 
Approved: WL 

2 

25.0 

25.0 

45 

91 

1.799 

25.0 

0.8934 

1.636 

[mm] 199 

[mm] 70 

[-] 0.667 

[-) 1.00 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 0.9945 

3 4 5 

25.1 25.1 25.2 

25.1 25 .1 25 .1 

45 45 45 

90 90 90 

1.819 1.819 1.819 

25.1 25.1 25 .2 

0.8913 0.8913 0.8913 

1.651 1.651 1.651 
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Permeability Test No. 9810.P16 Page I 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-06- 19 Permeameter A Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intermediate hydraulic head (h 1 = J hoh2 ) 
Final hydraulic head (h1) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (F,) 

Test 

Temperature (T,) r•cJ 
Temperature (T,) r·c1 
Elapsed time for flow (1,) [s] 

Elapsed time for flow ( lz) [s] 

Hydraulic conductivity (krc- I 0 .. ) [m/s] 

Mean temperature (7) r·CJ 
Kinematic viscosily (Vrc·JO"') [m2/s) 

Permeability (K·l0"11
) [m') 

Remarks: 

I 2 

23 .6 23.8 

23.5 24.1 

24 24 

48 48 

3.217 3.217 

23.6 24.0 

0.9244 0.9158 

3.028 3.000 

Job:9810 

Executed: KPJ 
Evaluated: KPJ 

3 

23.9 

24.4 

24 

48 

3.217 

24.2 

0.9 115 

2.986 

[mm) 191 

[mm) 70 

[-] 0.791 

[-] 1.03 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm) 800 

[-] 1.0936 

[-] 1.0118 

4 5 

Aalborg University 

Enclosure No. 16 
Approved: WL 

Page I Permeability Test No. 9810.P17 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-06-19 Permeameter B Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intermediate hydraulic head (h 1 = J hoh2 ) 
Final hydraulic head (h1) 

Volume correction fac tor for standpipe (F,) 

Volume correction factor for permeameter (F,) 

Test I 

Temperature (T,) r·c1 23.8 

Temperature (T,) r·c1 24.2 

Elapsed time for flow (1,) [s] 43 

Elapsed time for flow (1,) [s] 86 

Hydraulic conductivity (krc- I 0 .. ) [m/s] 1.934 

Mean temperature (7) r·CJ 24.0 

Kinematic viscosity ( Vrc· 1 O"') [m2/s] 0.9135 

Permeability (K 10"11
) [m'] 1.799 

Remarks: 

Job: 9810 Aalborg University 

Executed: KPJ 
Evaluated: KPJ 

Enclosure No. 17 
Approved: WL 

2 

24.1 

24.2 

43 

85 

1.957 

24.2 

0.9115 

1.816 

[mm] 

(mm] 

[-) 

[-] 

[mm] 

[mm] 

[mm] 

[mm] 

[-] 

[-] 

3 4 

24.3 24.5 

24.6 24.8 

42 42 

84 84 

1.980 1.980 

24.5 24.7 

0.9054 0.9014 

1.826 1.817 

202 

70 

0.658 

1.00 

20.0 

2000.0 

1265.0 

800.0 

1.0936 

0.9935 

5 



Penneability Test No. 9810.P18 Page 1 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-06-19 Penneameter A Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intennediate hydraulic head (h 1 = J hohz ) 
Final hydraulic head (h,) 

Volume correction factor for standpipe (F,) 

Volume correction factor for penneameter (FI') 

Test 

Temperature (T1) 

Temperature (T2) 

Elapsed time for flow (t 1) 

Elapsed time for flow (t,) 

Hydraulic conductivity (krc 10-4) 

Mean temperature (7) 

Kinematic viscosity ( Vrc·J a6) 

Penneability (K·10·11 ) 

Remarks: 

1 2 

[DC] 24.1 24.3 

[DC] 25.1 25.1 

[s] 22 22 

[s] 44 44 

[m/s] 3.636 3.636 

[DC] 24.6 24.7 

[m2/s] 0.9014 0.8994 

[m'] 3.338 3.330 

Job:9810 

Executed: KPJ 
Evaluated: KPJ 

[mm] 198 

[mm] 70 

[-] 0.810 

[-] 0.98 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 1.0124 

3 4 5 

24.8 24.9 25.0 

25.3 25.6 25.8 

22 22 22 

44 44 44 

3.636 3.636 3.636 

25.1 25.3 25.4 

0.8934 0.8893 0.8853 

3.308 3.293 3.278 

Aalborg University 

Enclosure No. 18 
Approved: WL 

Page I Penneability Test No. 9810.P19 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-06-19 Penneameter B Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intennediate hydraulic head (ht = )hohz) 

Final hydraulic head (h2) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (Fp) 

Test 1 

Temperature (T1) [DC] 24.6 

Temperature (T2) [°C] 25.3 

Elapsed time for flow (t1) [s] 48 

Elapsed time for flo\\f(t2) _ . [s] 97 

Hydraulic conductivity (krc 10-4) [m/s] 1.715 

Mean temperature (7) [DC] 25.0 

Kinematic viscosity ( v,..c 1 a6) [m2/s] 0.8954 

Permeability (K-10-11) [m'] 1.563 

Remarks: 

Job: 9810 Aalborg University 

Executed: KPJ 
Evaluated: KPJ 

Enclosure No. 19 
Approved: WL 

2 

25.1 

25.1 

48 

96 

1.732 

25.1 

0.8913 

1.572 

[mm] 202 

[mm] 70 

[-] 0.629 

[-] 1.01 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 0.9935 

3 4 5 

25.4 

25.4 

48 

96 

1.732 

25.4 

0.8853 

1.562 



Permeability Test No. 98IO.P20 Page I 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-06-19 Permeameter A Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (h0) 

Intermediate hydraulic head (h 1 = J hohz ) 
Final hydraulic head (h,) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (Fp) 

Test 

Temperature (T1) ["C) 

Temperature (T2) ["C) 

Elapsed time for flow (t1) [s) 

Elapsed time for flow (t2) [s] 

Hydraulic conductivity (kr-c·1 04
) [m/s] 

Mean temperature (1) ["C) 

Kinematic viscosity ( Vr-c· 1 ([6
) [m2/s] 

Permeability (K·l0.11 ) [m'] 

Remarks: 

I 2 

24.8 25.1 

25.4 25.3 

36 36 

72 72 

2.255 2.255 

25.1 25.2 

0.8913 0.8893 

2.046 2.042 

Job: 9810 

Executed: KPJ 
Evaluated: KPJ 

3 

25.4 

25.6 

36 

72 

2.255 

25.5 

0.8833 

2.028 

[mm) 201 

[mm) 70 

[-) 0.675 

[-) 1.01 

[mm) 20 

[mm) 2000 

[mm) 1265 

[mm) 800 

[-) 1.0936 

[-) 1.0129 

4 5 

Aalborg University 

Enclosure No. 20 
Approved: WL 

Page I Penneability Test No. 9810.P21 

.Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-06-19 Permeameter B Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intermediate hydraulic head (11 1 = Jh 0h2 ) 

Final hydraulic head (h2) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (Fp) 

Test 1 

Temperature (T1) ["C) 24.9 

Temperature (T2) ["C) 25.9 

Elapsed time for flow (11) [s] 37 
-·. 

Elapsed time for flowTt;) [s) 75 

Hydraulic conductivity (kr-c-1 04
) [m/s] 2.218 

Mean temperature (1) ["C) 25.4 

Kinematic viscosity ( Vr-c 1 ([6
) [m2/s] 0.8853 

Permeability (KJO·") [m') 1.999 

Remarks: 

Job:9810 Aalborg University 

Executed: KPJ 
Evaluated: KPJ 

Enclosure No. 21 
Aooroved: WL 

2 

25.2 

25.6 

37 

74 

2.248 

25.4 

0.8853 

2.026 

[mm) 202 

[mm] 70 

[-) 0.667 

[-) 0.99 

[mm) 20 

[mm) 2000 

[mm] !265 

[mm) 800 

[-) 1.0936 

[-) 0.9935 

3 4 5 

25.3 

25.7 

37 

74 

2.248 

25.5 

0.8833 

2.022 



Permeability Test No. 9810.P22 Page 1 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-07-13 Permeameter A Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intermediate hydraulic head (h 1 = J hoh2 ) 
Final hydraulic head (h,) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (Fp) 

Test 

Temperature (T1) [OC] 

Temperature (T2) [OC] 

Elapsed time for flow (t1) [s] 

Elapsed time for flow (t2) [s] 

Hydraulic conductivity (kr c I 0 .. ) [m/s] 

Mean temperature (7) [OC] 

Kinematic viscosity ( v,...c ](}6) [m2/s] 

Permeability (K-10.n) [m'] 

Remarks: 

1 2 

25.6 25.6 

26.7 26.3 

30 31 

60 62 

2.680 2.593 

26.2 26.0 

0.8713 0.8752 

2.377 2.311 

Job: 9810 

Executed: KPJ 
Evaluated: KPJ 

[mm] 199 

[mm] 70 

[-] 0.718 

[-] 1.02 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 1.0125 

3 4 5 

25 .6 25.5 

26.1 25.9 

31 31 

62 62 

2.593 2.593 

25 .9 25 .7 

0.8772 0.8792 

2.316 2.322 

Aalborg University 

Enclosure No. 22 
Approved: WL 

Page 1 Permeability Test No. 98 IO.P23 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-07-13 Permeameter B Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intermediate hydraulic head (h 1 = J hoh2 ) 
Final hydraulic head (h2) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (Fp) 

Test 1 

Temperature (T1) roe] 25.6 

Temperature (T2) [OC] 26.2 

Elapsed time for flow (t1) [s] 28 

Elapsed time for floW. .(r2) .. - .. [s] 57 

Hydraulic conductivity (krc-10 .. ) [m/s] 2.858 

Mean temperature (7) roe] 25.9 

Kinematic viscosity ( Vrc·l 0"6
) [m2/s] 0.8752 

Permeability (K-IO"Il) [m'] 2.547 

Remarks: 

Job: 9810 Aalborg University 

Executed: KPJ 
. Evaluated: KPJ 

Enclosure No. 23 
Approved:·WL 

2 

26.0 

26.0 

29 

58 

2.809 

26.0 

0.8732 

2.497 

[mm] 198 

[mm] 70 

[-] 0.755 

[-] 1.00 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 0.9943 

3 4 5 

26.2 

26.2 

28 

57 

2.858 

26.2 

0.8695 

2.530 



Permeability Test No. 9810.P24 Page 1 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-07-13 Permeameter A Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intermediate hydraulic head (h 1 = J hohz ) 
Final hydraulic head (h1) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (Fp) 

Test 

Temperature (T1) 

Temperature (T1) 

· Elapsed time for flow (11) 

Elapsed time for flow (t1) 

Hydraulic conductivity (k,...c IO"" ) 

Mean temperature (1) 

Kinematic viscosity (v,...c·l()6
) 

Permeability (KIO·'') 

Remarks: 

I 2 

[oC] 25.0 25.2 

[CC] 

[s] 

[s] 

[m/s] 

[CC] 

[m2/s] 

[m'] 

25.8 25.6 

28 28 

56 56 

2.871 2.871 

25.4 25.4 

0.8853 0.8853 

2.588 2.588 

Job:9810 

Executed: KPJ 
Evaluated: KPJ 

[mm] 199 

[mm] 70 

[-] 0.747 

[-] 1.00 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 1.0125 

3 4 5 

25.5 

25.7 

28 

56 

2.871 

25.6 

0 .8813 

2.577 

Aalborg University 

Enclosure No. 24 
Approved: WL 

Page I Permeability Test No. 981 O.P25 

Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-07-13 Permeameter A Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intermediate hydraulic head (h 1 = J hohz ) 
Final hydraulic head (h2) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (F,) 

Test 1 

Temperature (T1) [OC] 24.7 

Temperature (T,) [OC] 25.4 

Elapsed time for flow (r1) [s] 36 

Elapsed time for flow (t i ) - · [s) 72 

Hydraulic conductivity (k,...c-10"" ) [m/s] 2.255 

Mean temperature (1) [OC] 25.1 

Kinematic viscosity ( VT"C" 10"6
) [m2/s] 0.8934 

Permeability (KJO·'') [m'] 2.051 

Remarks: 

Job: 98!0 Aalborg University 

Executed: KPJ 
Evaluated: KPJ 

Enclosure No. 25 
Approved: WL 

2 

24.6 

25 .1 

36 

72 

2.255 

24.9 

0.8974 

2.060 

[mm] 201 

[mm] 70 

[-] 0.706 

[-] 1.00 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 1.0129 

3 4 5 

24.8 24.9 

25.2 25.3 

36 36 

72 72 

2.255 2.255 

25.0 25.1 

0 .8934 0.8913 

2.051 2.046 
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Description of soil Sample preparation method Specimen dimensions 

Silkeborg No. 0000 Air pluviation Length 

Diameter 

Date Falling head apparatus Void ratio 

1998-07-13 Permeameter B Saturation 

Test program Standpipe diameter (d) 

Initial hydraulic head (ho) 

Intermediate hydraulic head (h 1 = j hohz ) 
Final hydraulic head (h,) 

Volume correction factor for standpipe (F,) 

Volume correction factor for permeameter (F,.) 

Test 

Temperature (T1) [OC] 

Temperature (T2) [OC] 

Elapsed time for flow (11) [s] 

Elapsed time for flow (I,) [s] 

Hydraulic conductivity (k,.c·1 O"") [m/s] 

Mean temperature (1) [OC] 

Kinematic viscosity ( v,.C" 1 o·•) [m2/s] 

Permeability (K·IO·") [m'] 

Remarks: 

I 2 

25.3 25.4 

26.7 26.4 

29 30 

60 61 

2.758 2.713 

26.0 25.9 

0.8732 0.8752 

2.453 2.418 

Job: 9810 

Executed: KPJ 
Evaluated: KPJ 

[mm] 201 

[mm] 70 

[-] 0.723 

[-] 1.01 

[mm] 20 

[mm] 2000 

[mm] 1265 

[mm] 800 

[-] 1.0936 

[-] 0.9935 

3 4 5 

25.5 25.6 

26.2 26.1 

30 30 

61 60 

2.713 2.758 

25.9 25.9 

0.8772 0.8772 

2.423 2.464 

Aalborg University 

Enclosure No. 26 
Approved: WL 

I' ,I 
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