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Abstract

The coefficient of thermal expansion and the wet density have been determined on fifteen
specimens from drill hole KFMO3A. The specimens were sampled on four levels in the
drill hole at a depth of approximately 260 m, 305 m, 525 m and 680 m. The investigated
rock types are mapped as a tonalite and medium grained granite for level 1 (260 m) and
level 2 (300 m) and medium grained granite for level 3 (530 m) and level 4 (680 m). The
coefficient of thermal expansion has been determined within the temperature interval
20-80 °C. The results indicated that the thermal expansion was almost linear and the
coefficient of thermal expansion range between 5 and 11 x 10 mm/mm °C.
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1 Introduction

This document reports the data collected within the activity “Undersdkningar i
Forsmarksomrédet. KFMO3A. Bergmekaniska och tekniska laboratoriebestimningar”,
which is one of the activities performed as part of the site investigation at Forsmark. The
work was carried out in accordance with activity plan AP PF 400-04-20 (SKB internal
controlling document).

The principle of the measurements is to determine the coefficient of thermal expansion at
different temperatures.

The cores are sampled from borehole KFMO3A in the Forsmark area (Figure 1-1). They
were sampled 29 October 2003 by Thomas Janson, Tyréns AB, and Urban Akesson, The
Swedish National Testing and Research Institute (SP). Specimens were taken from three
levels at depths of approximately 300 m, 500 m and 700 m. The rock cores were transported
by SP from Forsmark and arrived at SP 30 October 2003. The testing was performed during
April and May 2004 (see Appendix 1).
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Figure 1-1. Location of drill hole KFMO03A at the Forsmark investigation area.



2  Objective and scope

The purpose is to determine the linear coefficient of thermal expansion for rock cores at
water-saturated conditions between +20-80 °C.

These parameters will be included in site descriptive model of rock mechanics for the
Forsmark area, performed by SKB. The specimens and the results will be presented in
tables, diagrams and spreadsheets.



3 Equipment

The following equipment has been used for the analyses:

» Extensometer (DEMEC inv no 102266) for measurements of the thermal expansion.
Calibration of the instrument was done before the measurements on every new
temperature level (see Appendix 2). The uncertainty of the extensometer is = 3.97 x 10
mm/mm (strain) which for these samples equals an uncertainty of a single measurement
of the coefficient of thermal expansion of + 0.4 x 10 mm/mm °C for a temperature
difference of 20 degrees C.

» Reference bar in invar steel for calibration of the extensometer.

* Heating chamber (inv no 102284) with an accuracy of + 0.7 °C at 80 °C for heating up
the specimens.

* A covered plastic box filled with water for keeping the specimens water saturated.
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4 Execution

Determination of the coefficient of thermal expansion was made in accordance with SKB’s
method description SKB MD 191.002, version 1.9 (SKB internal controlling document).
The department of Building Technology and Mechanics (BM) at SP performed the test.

4.1 Description of the samples

In the Forsmark area, specimens were sampled from four levels in drill hole KFMO03A.
The core drilled part of the borehole starts at a depth of 100 m, and the sampled levels
were selected at the approximate depths of 260 m, 300 m, 530 m and 680 m. Eighteen
specimens, with a length of 240 mm and a diameter of 50 mm, were sampled. The sampled
rock types are a tonalite and a medium grained granite. Table 4-1 shows the rock type and
identification marks of the specimens.

Table 4-1. Rock types and identification marks
(Rock-type classification according to Boremap).

Identification Sampling depth, according Rock type
to the marks on the drill-
core boxes (Sec low)

KFMO3A-90L-1 261.43 Tonalite and medium grained granite
KFMO3A-90L-2 261.69 Tonalite and medium grained granite
KFMO3A-90L-3 261.94 Tonalite and medium grained granite
KFMO3A-90L-4 305.11 Tonalite and medium grained granite
KFMO3A-90L-5 305.37 Tonalite and medium grained granite
KFMO3A-90L-6 305.63 Tonalite and medium grained granite
KFMO3A-90L-7 523.53 Medium grained granite
KFMO3A-90L-8 523.79 Medium grained granite
KFMO3A-90L-9 526.05 Medium grained granite
KFMO03A-90L-10 526.64 Medium grained granite
KFMO3A-90L-11 526.90 Medium grained granite
KFMO3A-90L-12 527.16 Medium grained granite
KFMO3A-90L-13 680.31 Medium grained granite
KFMO3A-90L-14 680.57 Medium grained granite
KFMO3A-90L-15 681.82 Medium grained granite
KFMO3A-90L-16 684.15 Medium grained granite
KFMO3A-90L-17 684.58 Medium grained granite
KFMO3A-90L-18 684.84 Medium grained granite

13



4.2 Testing

The execution procedure followed the prescription in SKB MD 191.002, version 1.9 and
SKB MD 160.002, version 1.9. (SKB internal controlling documents) and the following
steps were performed:

Item Activity

1 The specimens were cut according to the marks on the rock cores.
The specimens were photographed in JPEG-format.
Two studs were glued with a distance of 200 mm on the specimens.

2

3

4 The specimens were water saturated for seven days.
5 The wet density was determined (See Appendix 3)

6

The coefficient of thermal expansion was determined. The thermal expansion
was measured at 20, 40, 60 and 80 °C. On each temperature level three to
five measurements were done with 24 h intervals in order to ensure that the
expansion was completed for each temperature level (See Appendix 2). The
coefficient of thermal expansion was determined between 20-80 °C.

14



5 Results

The results of the extensometer measurements on drill core samples from borehole
KFMO3A at Forsmark are stored in the database SICADA under field note no
Forsmark 215.

5.1 Description of the specimens and presentation
of the results

The temperature of water for water saturation was 19.9 °C and the density of the water was
998 kg/m®. The coefficient of thermal expansion was determined between +20-80 °C.

Figure 5-1 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-1 was measured to be 8.1 x 10* mm/mm °C and the specimen had a wet density of
2770 kg/m?.

KFMO3A-90L-1 (261.43)

KFMO3A-90L-1
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Figure 5-1. Specimen KFM03A-90L-1.
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Figure 5-2 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-2 was measured to be 8.2 x 10 mm/mm °C and the specimen had a wet density of
2770 kg/m?.

KFMO03A-90L-2 (261.69)
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Figure 5-2. Specimen KFM03A4-90L-2.
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Figure 5-3 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-3 was measured to be 5.3 x 10 mm/mm °C and the specimen had a wet density of
2770 kg/m’.

KFMO03A-90L-3 (261.94)
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Figure 5-3. Specimen KFM03A-90L-3.
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Figure 5-4 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-4 was measured to be 10.0 x 10 mm/mm °C and the specimen had a wet density of
2790 kg/m’.

KFMO03A-90L-4 (305.11)
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Figure 5-4. Specimen KFM03A4-90L-4.
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Figure 5-5 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-5 was measured to be 7.5 x 10 mm/mm °C and the specimen had a wet density of
2800 kg/m’.

KFMO03A-90L-5 (305.37)
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Figure 5-5. Specimen KFM03A4-90L-5.
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Figure 5-6 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-6 was measured to be 6.5 x 10 mm/mm °C and the specimen had a wet density of
2810 kg/m’.

KFMO03A-90L-6 (305.63)
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Figure 5-6. Specimen KFM03A-90L-6.
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Figure 5-7 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-7 was measured to be 8.3 x 10 mm/mm °C and the specimen had a wet density of
2650 kg/m’.

KFMO3A-90L-7 (523.53)
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Figure 5-7. Specimen KFM03A-90L-7.
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Figure 5-8 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-8 was measured to be 11.4 x 10 mm/mm °C and the specimen had a wet density of
2650 kg/m’.

KFMO03A-90L-8 (523.79)
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Figure 5-8. Specimen KFM03A4-90L-8.
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Figure 5-9 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-9 was measured to be 2.1 x 10 mm/mm °C and the specimen had a wet density of
2660 kg/m®. The result for thermal expansion at 80 degrees is uncertain. After the first
measurement at 80 degrees the studs fell off.

KFMO03A-90L-9 (526.05)

*

KFMO3A-90L-9

Thermal expansion
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Temperature (C)

Figure 5-9. Specimen KFM03A4-90L-9.
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Figure 5-10 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-10 was measured to be 8.6 x 10 mm/mm °C and the specimen had a wet density of
2660 kg/m’.

KFMO03A-90L-10 (526.64)
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Figure 5-10. Specimen KFM03A-90L-10.
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Figure 5-11 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-11 was measured to be 10.1 x 10°® mm/mm °C and the specimen had a wet density of
2660 kg/m’.

KFMO03A-90L-11 (526.90)
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Figure 5-11. Specimen KFMO03A-90L-11.
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Figure 5-12 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-12 was measured to be 6.7x 10 mm/mm °C and the specimen had a wet density of
2660 kg/m*. The result at 80 degrees is probably uncertain. It may depend on the glue or on
bending of the specimen.

KFMO03A-90L-12 (527.16)
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Figure 5-12. Specimen KFM03A4-90L-12.
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Figure 5-13 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-13 was measured to be 8.1 x 10 mm/mm °C and the specimen had a wet density of
2660 kg/m’.

KFMO03A-90L-13 (680.31)
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Figure 5-13. Specimen KFM03A4-90L-13.
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Figure 5-14 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-14 was measured to be 4.5 x 10 mm/mm °C and the specimen had a wet density of
2650 kg/m*. The result at 80 degrees is probably uncertain. It may depend on the glue or on
bending of the specimen.

KFMO03A-90L-14 (680.57)
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Figure 5-14. Specimen KFM03A-90L-14.
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Figure 5-15 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-15 was measured to be 10.8 x 10 mm/mm °C and the specimen had a wet density of
2660 kg/m’.

KFMO03A-90L-15 (681.82)

KFMO3A-90L-15

0,0007
g 0,0006 -
® __ 0,0005 -
& E
S £ 0,0004
2 £ 0,0003
s E
€ = 0,0002
(]
= 0,0001 /

0 T T T T T T

20 30 40 50 60 70 80 90

Temperature (C)

Figure 5-15. Specimen KFM03A4-90L-15.
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Figure 5-16 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-16 was measured to be 7.7 x 10 mm/mm °C and the specimen had a wet density of
2660 kg/m’.

KFMO3A-90L-16 (684.15)
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Figure 5-16. Specimen KFM03A4-90L-16.
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Figure 5-17 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-17 was measured to be 9.3 x 10 mm/mm °C and the specimen had a wet density of

2650 kg/m’.

KFMO03A-90L-17 (684.58)
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Figure 5-17. Specimen KFM03A4-90L-17.
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Figure 5-18 shows a picture of the specimen and a diagram for the thermal expansion in the
interval 20, 40, 60, 80 °C. The coefficient of thermal expansion for specimen KFMO03A-
90L-18 was measured to be 8.2 x 10 mm/mm °C and the specimen had a wet density of
2650 kg/m’.

KFMO03A-90L-18 (684.84)
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Figure 5-18. Specimen KFM03A4-90L-18.
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5.2

Table 5-1. Summary of the results for the coefficient of thermal expansion and wet

Results for the entire test series

density of the tested specimens, level 1 (261 m).

Specimen

Coefficient of thermal expansion
between 20 and 80 °C (mm/mm °C)

Wet density (Kg/m?)

KFMO3A-90L-1
KFMO3A-90L-2
KFMO03A-90L-3
Median

Maximum value

Minimum value

8.1 x10°
8.2x10°
53x10°
8.1 x10°
8.2x 108
53x10°

2770
2770
2770

Table 5-2. Summary of the results for the coefficient of thermal expansion and wet

density of the tested specimens, level 2 (305 m).

Specimen

Coefficient of thermal expansion bet- Wet density (Kg/m?)

ween 20 and 80 °C (mm/mm °C)

KFMO3A-90L-4
KFMO3A-90L-5
KFMO03A-90L-6
Median

Maximum value

Minimum value

10.0 x 10°
7.5x10°
6.5 x 10°
7.5x10°%
10.0 x 10®
6.5x 10

2790
2800
2810

Table 5-3. Summary of the results for the coefficient of thermal expansion and wet

density of the tested specimens, level 3 (524-527 m).

Specimen

Coefficient of thermal expansion
between 20 and 80 °C (mm/mm °C)

Wet density (Kg/m?)

KFMO3A-90L-7
KFMO03A-90L-8
KFMO3A-90L-9
KFMO03A-90L-10
KFMO3A-90L-11
KFMO03A-90L-12
Median
Maximum value

Minimum value

8.3x10°
11.4x10°
8.6 x 10
10.1 x 10°®
9.4 x10°
11.4 x 10°®
8.3x10°

2650
2650
2660
2660
2660
2660
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Table 5-4. Summary of the results for the coefficient of thermal expansion and wet
density of the tested specimens, level 4 (680-685 m).

Specimen Coefficient of thermal expansion Wet density (Kg/m?)
between 20 and 80 °C (mm/mm °C)
KFMO03A-90L-13 8.1 x 108 2660
KFM03A-90L-14 - 2650
KFMO03A-90L-15 10.8 x 10°® 2660
KFMO03A-90L-16 7.7x10° 2660
KFMO03A-90L-17 9.3x 108 2650
KFMO03A-90L-18 8.2x 108 2650
Median 8.2x10°
Maximum value 10.8 x 10°®
Minimum value 7.7x10°

5.3 Nonconformities

On one specimen, KFM03A-90L-9, the studs fell off after the first measurement at
80 degrees.

Specimens KFM03A-90L-12 and KFMO03A-90L-14 are thus associated with an uncertainty.
The result at 80 degrees on these specimens is probably uncertain. It may depend on the
glue or on bending of the specimens.

5.4 Discussion

The variation between the samples is approximately 9 x 10° mm/mm °C that is more than
10 times the uncertainty of the measurement (0.4 x 10° mm/mm °C).
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Appendix 1
Protokoll Checklista langdutvidgning

Kvalitetsdokument Blankett BMm-QR 51

Bygg och Mekanik Version 1,0

. . . . Utférdat 2003-12-19
Checklista lingdutvidgning F 6r?er1ttzre Lotta Carlsson

Godkénnare Matz Sandstrom
Sida 1(1)

Fyll i datum och signatur i rutorna. Appendix 1

Thermal expansion
Instrument (inventarienr): 102266 KFMO03A

Provid Foto Provberedning | Vattenmitt | Vattenmittn | Provning | Returi
& limning ning adsdensitet | startad lador
mitdubbar startad
KFMO3A-1 | 04-04- | 04-04-30 04-05-05 05-05-12 04-05-12
28

2

3

10

11

13

14

16
17

Utskrivet dokument ir ostyrt, dvs inte séikert gillande.
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Berakning av langdutvidgningskoefficient och
Provningsprotokoll for langdutvidgningskoefficient

Appendix 2

rev Appendix 2 thermal expansion KFM0O3A

Flik: Indata 20 grader

Sida 1av 8
|Provningsprotoko|l langdutvidgningskoefficient
Uppdrags nummer:  |#HHHEHH
Borrhal: HHHEHE
|
Mattemperatur |20 grader C
|
Prov ID Skalvarde/datum Skalvarde/datum  |Skalvarde/datum Skalvarde/datum Median
KFMO03A-90L-1 14| 04-05-12 13| 04-05-13 13| 04-05-14 14| 04-05-17 13,50
KFMO3A-90L-2 15 15 15 14 15,00
KFMO03A-90L-3 -5 -6 -5 -6 -5,50
KFMO03A-90L-4 30 29 29 29 29,00
KFMO3A-90L-5 11 9 10 10 10,00
KFMO03A-90L-6 4 4 4 4 4,00
KFMO03A-90L-7 41 41 41 41 41,00
KFMO03A-90L-8 12 13 14 15 13,50
KFMO03A-90L-9 22 20 21 22 21,50
KFMO03A-90L-10 10 7 6 2 6,50
KFMO3A-90L-11 17 17 17 18 17,00
KFMO03A-90L-12| -593 -593 -593 -593 -593,00
KFMO03A-90L-13 37 38 37 39 37,50
KFMO03A-90L-14 15 15 14 14 14,50
KFMO03A-90L-15 13 11 12 13 12,50
KFMO03A-90L-16 -9 -9 -7 -7 -8,00
KFMO03A-90L-17 -97 -98 -97 -94 -97,00
KFMO03A-90L-18 22 20 21 22 21,50
HHHHEHHH
HHHHHH
HHHHHH
HHHHH
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rev Appendix 2 thermal expansion KFM0O3A

Flik: Indata 40 grader

Sida2av 8
|Provningsprotokol| langdutvidgningskoefficient
Uppdrags nummer: BB
Borrhal: HHEHHE
Mattemperatur (40 grader C
|

Prov ID Skalvarde/datum Skalvarde/datum  |Skalvarde/datum Skalvarde/datum Median
KFMO03A-90L-1 47| 04-05-18 51| 04-05-19 51| 04-05-20 51| 04-05-21 51
KFMO03A-90L-2 53 54 56 55 54,5
KFMO03A-90L-3 29 31 30 29 29,5
KFMO03A-90L-4 66 70 68 67 67,5
KFMO03A-90L-5 45 46 45 44 45
KFMO03A-90L-6 40 40 39 37 39,5
KFMO03A-90L-7 77 78 79 78 78
KFMO03A-90L-8 60 64 64 63 63,5
KFMO03A-90L-9 56 57 56 55 56
KFMO03A-90L-10 37 38 37 37 37
KFMO03A-90L-11 54 56 55 56 55,5
KFMO03A-90L-12| -554 -548 -550 -551 -550,5
KFMO03A-90L-13 76 79 78 79 78,5
KFMO03A-90L-14 45 50 49 48 48,5
KFMO03A-90L-15 51 51 53 54 52
KFMO03A-90L-16 32 30 32 33 32
KFMO03A-90L-17 -55 -54 -54 -55 -54,5
KFMO03A-90L-18 62 63 63 62 62,5
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0 HHHHHE
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rev Appendix 2 thermal expansion KFM0O3A
Flik: Indata 60 grader

|Provningsprotokol| langdutvidgningskoefficient

Uppdrags nummer: BHHHEEEE
Borrhal: HHEEHE
Mattemperatur (60 grader C
|

Prov ID Skalvarde/datum Skalvarde/datum Skalvarde/datum Skalvarde/datum
KFMO3A-90L-1 103| 04-05-24| 104| 04-05-26| 101| 04-05-27] 103| 04-05-28
KFMO3A-90L-2 104 103 105 103
KFMO3A-90L-3 55 57 54 54
KFMO3A-90L-4 123 127 125 125
KFMO3A-90L-5 91 92 88 90
KFMO3A-90L-6 76 75 70 68
KFMO03A-90L-7 132 132 127 127
KFMO03A-90L -8 128 127 123 124
KFMO03A-90L-9 92 72 72 69
KFMO03A-90L-10 71 74 69 70
KFMO03A-90L-11 110 117 117 118
KFMO3A-90L-12| -495 -526 -502 -500
KFMO3A-90L-13 132 133 131 133
KFMO3A-90L-14 88 87 87 86
KFMO3A-90L-15 112 115 117 116
KFMO3A-90L-16 83 85 84 83
KFMO3A-90L-17 0 -3 -3 -4
KFMO3A-90L-18 114 110 109 108

0

0

0

0
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Sida3 av 8

Median

103

103,5
54,5

125

90,5

72,5
129,5
125,5

72

70,5

117

-501
132,5

87

115,5
83,5
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109,5
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B
B
BT



rev Appendix 2 thermal expansion KFMO3A

Flik: Indata 80 grader

Sida4 av 8
|Provningsprotokol| langdutvidgningskoefficient
Uppdrags nummer: BHHHEEEE
Borrhal: HHEHHE
Mattemperatur (80 grader C
|

Prov ID Skalvarde/datum Skalvérde/datum  [Skalvarde/datum Skalvarde/datum Median
KFM03A-90L-1 140| 04-06-02| 134| 04-06-03| 137[ 04-06-04| 136/ 04-06-08 136,5
KFMO03A-90L-2 134 127 142 143 138
KFMO03A-90L-3 77 76 73 72 74,5
KFMO03A-90L-4 179 179 181 180 179,5
KFMO03A-90L-5 118 125 123 123 123
KFMO03A-90L-6 100 102 101 102 101,5
KFMO03A-90L-7 166 168 167 164 166,5
KFMO03A-90L-8 182 185 190 193 187,5
KFMO03A-90L-9 54 54
KFMO03A-90L-10| 124 134 133 132 132,5
KFMO03A-90L-11 172 172 170 167 171
KFMO03A-90L-12| -479 -494 -488 -500 -491
KFMO03A-90L-13| 156 159 164 165 161,5
KFMO03A-90L-14 85 88 79 77 82
KFMO03A-90L-15| 175 177 176 177 176,5
KFMO03A-90L-16] 109 105 111 111 110
KFMO03A-90L-17 47 47 45 45 46
KFMO03A-90L-18| 143 146 146 146 146
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