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1. Appendix — Supplementary information

This appendix contains additional information on Icelandic geology.

«»» Typical Tertiary basaltic successions.

% Difference between Tholeiite & Olivine tholeiite (Olivine Basalt).
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TYPICAL TERTIARY BASALTIC SUCCESSIONS

Typical Uniaxial Compressive
Strength (UCS) [MPa]
Mainly based on Point load tests

Typical Q values
Based on core logs

Main results for reddish sandstone
30-100 MPa Q=1.0

In upper part of scoria
20-40 MFa
Q=510

In lower part of scoria
30-50 MPa
Q=10-15

Results for crystalline basali range in
50 - =400 MPa
muost frequent
250-350 MPa
Q=525

Porphyritic basalt 50-150 MFa

Bottom scoria
Main results 30-60 MPa
Q=515

Results for sandstone-tuif sediments
range in 10-60 MPa
Results for acidic fuffs exhibit
20-30 MPa
Q=011
Basalt lava with eroded surface
Q=515

Jardfraedistofan =
JFE Gegloghcal services v

Figure 1-1. Typical sequence of rock units in Tertiary basaltic successions in eastern Iceland [Contract

Documents KAR-14, 2003].
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Description of rock

Crystalline basal

Bottomn scoria often 0,3-1 m

Sedimentary interbed, normally basic tuff
Typical thickness 0.1-1, m but layers up to
§-8 m are encountered

Scoria in upper part, often containing
sedimentary filings, infiltrated from
averlying sedimentary layer

Iregular top of crystalline basalt

Crystalline basalt,
often vesicular in upper part. exhibiting
relatively low breaking strength

Crystalline part of a bazalt layer, 70-30% of
a theleiite lava but it is generally over B0%
in olivine tholeiite and porphyritic lavas
Typical thickness of crystalline part
frequently 4-12 m but scaftered layers up to
20 m are encountered

Oiften containing columnar jointing
(diameter 1-2.5 m)

Micropores are cormmon and flow banding
in micropores, leading to a platy cleavage is
often found, especially in tholeite rock

Bottom scoria, often 3-8 % of the lava
Typical thickness 0.3-1m

Sedimentary interbeds of

light coloured acidic tuffs

UCS - ranging 20-50 MPa,

but 20% of the walues ranging
T0-100 MPa.

Eroded surface of underlying
crystalline basalt

Conglomerate interbed.

Typical thickness 0.5-10 m

Typical grain size ranging from sandy and

silty miatrix, containing scatterad boulders

This kind of sediments are presumably not
found in the project area
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DIFFERENCE BETWEEN THOLEIITE & OLIVINE THOLEIITE

Tholeiite Olivine tholeiite (olivine basalt)

Very fine grained Coarse grained

Free olivine crystals are absent Free olivine crystals visible

Total silica content: 48-50% Total silica content: 46-48%

Weathered crust, pale brown Weathered crust, dark brown to deep
grey

Spheroidal weathering uncommon Spheroidal weathering common

Amygdales rather without zeolites Amygdales bear zeolites

Well developed flow structures Less developed structures within flows

Microspores often arranged along sub | Microspores randomly scattered

horizontal surface with spacing < 1 cm | throughout the mass
resulting in faint cleavage

Scoriaceous part of tholeiite basalt | Scoriaceous part of olivine basalt flows:
flows: usually 20-30% of the flow | usually 5-15% of the flow thickness
thickness

Forms usually single lava flows Forms both compound and single lava
flows

Average thickness of lava flows:11 m Average thickness of lava flows:10 m

Average width of columns: 2 m Average width of columns: 1,5-2 m

Hardness of the dense matrix: I to IT* Hardness of the dense matrix: IT*

*Hardness scale ISRM (1975)

Table 1: Comparison of typical characteristic of Tholeiite and Olivine basalt [Contract Documents KAR-14,
2003].

Hallgrimur Orn Arngrimsson 3 DTU-Byg & HI 2009

Porri Bjorn Gunnarsson






Master’s Thesis 2. Appendix — Budarhals project overview

2. Appendix — Budarhals project overview
This appendix contains information on the Bidarhéls hydropower project and geology.

+ Overview of Budarhals project area.

+» Budarhals project area, overview with boreholes.

¢ Headrace tunnel -Tectonic fractures and boreholes.

% Headrace tunnel — Geology —Boreholes map and longitudinal section.
+» Headrace tunnel — Geology — Stratigraphy of boreholes.

+ Headrace tunnel — Geology — Stratigraphy of boreholes.

*» Designed rock support classes for Budarhals headrace tunnel.

[Contract documents BUD-01-Draft, 2009]
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OVERVIEW OF BUDARHALS PROJECT AREA

Budarhalsvirkjun 80 MW

arhis &

e

Hrauneyjar

Figure 2-1. [Landsvirkjun, 2009]
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Figure 2-2. [Landsvirkjun, 2009]
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Figure 2-3. Budarhdls project area, overview with boreholes [Hénnun, 2001].
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Figure 2-4. Headrace tunnel -Tectonic fractures and boreholes [Hénnun, 2001].
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Figure 2-5. Headrace tunnel — Geology —Boreholes map and longitudinal section [Contract documents BUD-01-Draft, 2009].
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Figure 2-6. Headrace tunnel — Headrace tunnel — Geology — Stratigraphy of boreholes [Contract documents BUD-01-Draft, 2009].
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Figure 2-7. Headrace tunnel — Headrace tunnel — Geology — Stratigraphy of boreholes [Contract documents BUD-01-Draft, 2009].
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Figure 2-8. Headrace tunnel — Designed rock support classes for Bidarhéls headrace tunnel [Contract documents BUD-01-Draft, 2009].
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Figure 2-9. Headrace tunnel — Designed rock support classes for Badarhdls headrace tunnel [Contract documents BUD-01-Draft, 2009].
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3. Appendix — Previous test results and core logs

This appendix contains results from previous investigation done in Budarhéls. Rock
quality evaluation, Point load tests from Hoénnun 2001 and additional test results from
2002. Also core logs from boreholes used in the investigation are presented here.

¢ Rock Mass Classification and Point Load test results at Budarhals.

+¢ Uniaxial Compression test results from Budarhals 2002.

% Core logs —from boreholes BH-9, BH-11, BH -12, BH-15 and BH-16.
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ROCK MASS CLASSIFICATION AND POINT LOAD TEST RESULTS AT BUDARHALS

Borhola nr: BH-9

Dpi (m) Berggerd Q-gildi Puint load Anisotropy Reiknadur eindsa Slake-
préfanir (MPa) Studull styrkur (= K * 1g) Durability
ROD Ju 3, J, I SRF [ Tsor  Ysoll Lspmeon fy Kso o) oy (ein umferd)
934 - 100,7 Sandsteinn/Siltsteinn 25 - 33] W% l 9 ] 1,0 30 -40010)] 10
984 - 989 Sandstvolub, med storum volum. Skolvatn vid 5D profun verdur josgritt en gegnsatt. 24 26 25 1.1 14 33 i 98,8%
100,7 - 1049 Basalt 40 - 600 9% | 9 - 12|20 4.0 1.0 ] LU
1049 - 1072 Sandsteinsviluberg 21 - 28] 75% 9 1.0 30 -40] 1,0 1.0 fSkolvatn verdur graskyjad vid SD profun,
1051 - 1054 Adalega sandsteinn i grunni. Greimlegie leirfyiltic uimmyndunarbrestic | smaum malikvarda. 22 20 11 0.9 14 E] | 27 97.2%
107.2 - 1090 Kargi 6.3 90% a 72 4.0 1,0 1.0
109.0 - 1130 Basalt 42] 100% | 12 2,0 4.0 1.0 ] L0
113.0 - 1135 Kargi 40 B0% |15 3.0 4.0 10| 1.0
1135 - 1142 Rautt millilag 4.7] 85% | 9 2,0 4,0 10| 10
1142 - 1154 Kargi 4.5] 90% |15 3,0 4,0 1,0 1,0
1154 - 1280 Basalt sol oow |12 2,0 3.0 10| 1.0
128.0 - 1298 Kargi 6,00 90% | 15 3,0 3.0 1.0 1,0
129.8 - 1326 Sandsteinsviluberg 45 - 6,0] B0 | 9 2.0 30 -40( 10 1,0
13,8 - 1320 0.9 14 13
1326 - 1406 Basalt 33 - T 95% |9 - 12120 3.0 Lo Lo
1384 - 1386 74 20 148
1406 - 1424 Kargi 6,3 95% | 15 3.0 3.0 1.0 1.0
1424 - 1435 Basalt 8.0 90% | 9 2.0 2,5 1.0 10
1435 - 1440 Rautt millilag 1L7] 40% | 9 1.5 4,0 1.0} Lo
1436 - 1437 07 07 07 1.0 i4 9 10
1443 - 1464 Kargi 4,7] 85% | 15 25 3.0 1.0 1,0
1464 - 1531 Basali 2.5 90% |12 1.0 3.0 1.0 L0
153,1 - 1556 kargi 04] 23% 15 1.0 4.0 1.0) 1,0
1556 - 1565 Basali 1.5] 90% {15 1.0 4.0 L0} L0
1565 - 1640 Voluberg S6) 100% 9 1,5 3.0 1.0 1.0
1605 - 1608 2.6 14
1653 - 1656 Adalega sandsteinn i grunni. Skolvatn verdur graskyjad vio SD profun, 27 33 30 1.2 14 37 46 97,8%
164.0 - 1760 Sillsteinslinsur 220 100% | 9 1.5 3.0 10] 25
176,0 - 1774 Voluberg 5.6 100% | 9 1.5 3.0 1.0] LO
1774 - 1807 Kargi 2,00 60% |15 2.0 4.0 1.0] LO
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Borholanr: BH-9

D¥pi (m) Berggerd Q-gildi Point load Anisotropy Reiknadur cindsa Slake-
préfanir (MPa) Stubull siyrkur (= Ksg * 1so) Durabiliy
ROD 3. J. Ju  SRF | b sl Msomesa [ Ksg L ﬂ'” (ein umferd)
178.6 - 1789 Sundurlaus og morkinn kargi med einum heilum bita 26 28 27 1,1 14 36 39
180,7 - 1879 Basalt I 42 - 30) 60% | 9 30 -25]40 1o Lo
1874 - 1876 Sterklegt smékornott basalt og litill leir spaanlegur 0 71 70 1,0 20 140 142
1879 - 1926 Kargi 22) 40% | 9 2,0 4,0 10| Lo
1926 - 199.5 Basalt 500 90% | 9 2,0 4.0 Lo 1o
1995 - 2024 Kargi Da) 208 | 12 20 4.0 Lo Lo
2003 - 2006 Mjog morkinn og ummyndadur, mestur hluti kjarna molnar i sundur dn nokkurs vidnams. 0.5 14
2024 - 2087 Basall [24 - a7] 5% | o [ 20 10 -80[10] 10
2046 - 2050 Nokkud heillegt og ummyndad basalt med penjanlegum leir & sprunguflétum. 27 24 15 0.9 14 38 33
2087 - 2099 Kargi 1] 0% |12 20 40 L0 Lo
2005 - 2096 Morkinn og ummyndadur kargi. 1.7 14
2088 - 2124 Basalt 2,1 - 42) % 9 20 40 - 80| 1,0 1,0
2124 - 2135 Kargi 1.7 40% |12 2.0 4.0 0] Lo
2135 - 217.9 Basalt 24 - 47 8% [ 9 2.0 40 - 80] 101 L0
2179 - 2184 Kargi 03] 5% |15 3.0 4.0 1,01 Lo
2184 - 2220 Basalt 56 - T 80% | 9 2.5 30 -400 10) 1,0
2203 - 2206 Bzdi heillegt og sterklegt berg. 41 40 40 1.0 6 63 36
2220 - 2228 Kargi 31 s0% |12 3.0 4.0 1o 10
2204 - 2026 24 23 23 1.0 14 34 32
2228 - 2260 Basalt 6 70% | 9 0 4.0 Lo 1.0
2260 - 227.0 Kargi 01f 5% |15 1.0 4.0 1.0] Lo
227.0 - 2400 Basalt 33 - 44] 60% | @ 2.0 30 -4001.0) 10
2400 - 2414 Kargi 330 30% | 9 3.0 3.0 1.0 Lo
2414 - 2436 Voluberg LI 40% | 9 1o 4.0 o] Lo
2430 - 2434 Aoallega siltsteinn. Skolvatn dokkbrint ad lit, pykkt lag af bergmylsnu i botni. 05 05 05 11 14 ¥ 7 52,5%
= ST e o i Onreur umferd == 25%

Rock Mass Classification, Point Load and Slaking Durability tests. The Point Load is achieved using an average of 10 samples which are both tested
perpendicular and parallel to the core. The point load tests are converted to Uniaxial Compression strength according to Norsk Bergmekanikk Gruppe
(NBG 200). The multiplication factor K is higher as the rock gets stronger.
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Borhola nr: BH-10
ll)fpi (m) Berggerd -gildi Point load Anisotropy |Reiknadur einisa Slake-
préfanir (MPa) Studuil styrkur (= Kg * Isg) Durability
ROQD Js Je 3, Jy SRF Lsg; Lol spumensd LFY Ksp Le ) ﬁ'“ (ein umferd)
73,8 - 849  Voluberg 25 - 38 ] 45% 9 1.5 20 -30]1.0f1.0
0.4 - 80.7 0,9 0.9 0.9 1.0 14 13 13
849 - 865 Kargi 27 40 | 15 3.0 3.0 Loj 1,0
86,5 - 91.6  Basall 1.9 - 29 35% | 12 30 -20]30 Lo] 1.0
9.6 - 928 Kargi 20 0 30 | 15 3.0 3.0 1Oy 1.0
028 - 956 Voluberg 25 - 44| 6% o 1.5 - 20]30 -40]10] 10
94,7 - 949  Voluberg med sand og silt { grunni. Skolvatn dokkbrint, skitugt og dzegnsatt. 0.9 14 13 1] 08,00
956 - 960 Kargi 6,7 | 100% | 15 3.0 3.0 Loj 1.0
96,0 - 102,2 Basalt 300 45% | 12 2.0 25 1LO] 1.0
102.2 - 1053 Kargi 27 - 33 ) 4% | 12 - 15 3.0 3.0 1,00 1,0
105,32 - 107,1  Basalt 28 | 0% | 12 2,0 3.0 1,01 1,0
1071 - 1077 Voluberg 2,7 | 65% 9 1.5 4.0 Lol 1,0
1074 - 1074 Grofsandsteinsvaluberg. Sundurlaus mulningur og brotnar audveldlega nidur vid SD profun. 0.2 14 3 65,1%
107.7 - 110,0 Basalt 1.7 - 28 ) 25% 9 -12 |20 20 -25(1,0] 10
1100 - 111,1 Kargi 1.4 25% 12 2.0 3.0 1,0] 10
1101 - 1152 Voluberg 3.1 - 41 ] 55% 9 20 30 -40(10] 10
1118 - 12,1  Sandsteinn { grunni, Vatnid litast dokk gratt og er ogegnsett, Bergmylsna i botni kassa 20 14 28 05,1%
93.6%
115.2 - 121.6 Basalt 28 | 40% 12 2.5 3.0 1.0 10
121.6 - 1236 DBasalt 1.1 ) 40% 12 235 30 1,0 235 Tektoniskar spr.
123,6 - 1273 Basalt 28 | 40% 12 25 3.0 1.0 10
127.3 - 1310 Kargi JE | 55% | 12 25 1.0 1.0] 1.0
131,0 - 131.8 Basalt 5.6 | S0% el 15 2,5 1.0 1.0
131,8 - 1320 Kargi 13,3 ] 100% 9 3.0 2,5 1O 1o
1320 - 132.5 Basalt 13.2] 95% g 2.5 2.0 1.0f 1.0
132,5 - 1352 Kargi 1,7] 70% El 3.0 2,0 1.0] 1.0
1352 - 1430 Dilabasalt 33 - 44 ] 60% g -12 |20 3.0 1.0f 1.0
143,0 - 1582 Viluberg 6,7 | 80% 9 1.5 2,0 1.0 1.0
147,1 - 147,3  Sandsteinn i grunni, Vatnid litast dokk gratt og er dgegnsatt vid SD profun, 24 23 24 1.0 14 34 33 94,8%
92, 8%
1582 - 1592 Leirlinsur 2,7 | 80 9 1.5 2,0 L0 2,5
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Master’s Thesis 3. Appendix — Previous test results and core logs

Borhola nr: BH-10

|Djrpi (m) Berggerd -gildi Point load Anisotropy Eh:llmaanr eindsa Slake-
profanir (MPa) Studull tyrkur (= Kgy * lgg) Durability
ROD s I 4 dy SRF| s bsoil Dsnaneas fa Key G g (cin umferd)
1592 - 1657 Voluberg 6,7 | 80% 9 1,5 2,0 1.0] 1.0
165.7 - 1720 Basalt 66 - 95 ] 95% | 12 3.0 -25 25 -30]|L0] 1,0
1720 - 1730 Kargi 26 - 38 95% | 12 30 -25 25 -30|1,0] 25
Med silisteinslinsu (15 cm)
1730 - 1796 Basalt 79 - 051 95% | 12 3.0 25 -30]1,0] 1,0
1796 - 2003 Voluberg 53 | 95% 9 1.5 3.0 1,0 1,0
1849 - 1853 Haw hlwtfall siltsteins § sandsteinsvalubergi. Dokkbrint skyjad vain, dgegnsaetl. 20 1,7 (] 0.9 14 27 24 99.3%
196,2 - 1965 Vid S prof verdur skolvatn morautt, 0.7 0.6 .6 0.8 14 10 8 97.8%
2003 - 2013 Leirlinsur 2.1 ] 95% 9 1,3 3.0 1,0] 25
201.3 - 206.2 DBasall 11,1 - 1398 100%| 9 2.5 20 -25(10] 1,0
2062 - 2069 Kargi 133 1008 | 12 4.0 2.5 1.0] 1,0
2069 - 2076 DBasall 132 95% 9 s 2.0 1.o| 1.0
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Master’s Thesis 3. Appendix — Previous test results and core logs

Borhola nr: BH-11

|Ils'p& {m) Berggerd |Q~—gildi Point load Anisotropy |Reiknadur eindsa Slake-
préfanir (MPa) Studull styrkur (= Ksg * 1) Durability
ROD o Jy Jo Ty SRF| lso  looin  Lsomeow fy Ksp Lo} 0'|| (ein umferd)
28 - 6.1 Liparit 0,3 S 15 1.5 2.0 1.0] 1,0
8.8 - 139 Liparit 54 65% 12 2.0 2.0 1,0 1,0
139 - 230 Liparit 33 60% 12 2.0 30 1.0] 1.0
16,2 - 164 5.4 16 86.4
23,0 - 30,7 Liparit 39 - 58 | 710% 12 20 20 -30 1,0 10
30,7 - 39,7 Liparit 36 - 54 65% 12 2.0 20 -30 1ol L0
36,8 - 37.1 1.3 14 18,2
39,7 - 51,6 Liparit 33 - 50 6% 12 2.0 2.0 - 3.0 1.0] 1,0
51,1 - 51,3 1.9 14 26,6
Borhola nr: BH-12
IDS'pi {m) Berggerd lQ-gi-ldi Point load Anisotropy [Reiknadur eindsa Slake-
profanir (MPa) Studull styrkar (= Ks * o) Durability
ROD Y. Je Jq 4o SRF| b0t lsoin  Dsomesut Ty Ks o O | (ein umferd)
6,0 - 10,6 Basalt 9.4 B5%% 9 3.0 -20 3,0 1,00 1,0
10,6 - 20,0 Viluberg 5.6 T5% o 2,0 30 1,01 1,0
11,8 - 12,0 Mébrautt skolvatn 1,5 14 21 96,2%
20,0 - 21.0  Basalt innskot 4.0 - 50 60% 12 - 15 235 15 10| L0 IMjée brotid berg,
21,0 - 243 Sandsteinsvdluberg 04 - 06 5% 9 2.0 20 -30 Loy 1,0
21,7 - 21,8 Tilwlulega hreint skolvain, 0,8 14 11,2 96,7%
243 - 30,7 Liparit 0,3 - 04 10% 15 - 20 20 -1,5 3,0 1,01 1,0 |Mjog brotid berg.
30,7 - 340 Liparit 0,7 - 0.7 15% 15 20 - 1.5 3.0 -3.0 L0} L0 |Bergid verdur heillegra.
41,5 - 41,8 Dulkorna liparit, mjog laust { sér, Vatnid verdur hvitt og dgegnsett vid SD profun 07 06 0,7 1.0 14 9.4 9 95,3%
34.0 - 604 Liparit 27 - 36 80%% 15 20 -1.5 0 1,0 1.0 |Enn minna brotid en ofar,
60,0 - 60,3 ' 08 | 14 112
Borholanr: BH-13
0¥ pi (m) Berggerd Q-gildi Point load Anisotropy Emlmaﬂnr eindsa Slake-
profanir (MPa) Studull tyrkur (= Ky * Isg) Durability
ROD Ja J 4, bo srF| 1. Dol Lsgmessl fy Ks o T | (ein umferd)
3,0 - 956 Basalt 47 - 62 T0% 92 - 12 2.0 24 1.0] 1,0
9.6 - 11,2 Basalt 84 | 95% 9 2,0 2.5 1.0] 1,0
11,2 - 13,2 Basalt 36 § 40% 9 2,0 2,5 1,0] 1.0
134 - 27.7 Basall-Dilabasalt 10 90% 9 2.0 2,0 1.0] 1.0
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Master’s Thesis 3. Appendix — Previous test results and core logs

Borhola nr: BH-14
Dy pi (m) Berggerd Q-zildi Point IReilmao 0 | Eindsa- Slake-
Hoad = Ko * Lsg brothol | Durability
RQD Ja J, J, I, SRF |leMPa) | Ko o uves |moexda)

2.5 - 17,5 Rasali ] - 7 100% | 10 1,5 - 20130 1.0 1,0
17,5 - 17,8 Sand/siltsteinn 100%

17,8 - 19,0 Basalt 10 100% | 10 3.0 3,0 1,0 1,0
19.0 - 22.1 Basalt 3] 5% | 10 2.0 3.0 1.0 1.0
22.1 - 226  Kargi 5 55% | 12 3.0 3.0 1.0 1.0
226 - 22,9 Sand/siltsteinn 2 45% 9 1.0 3.0 1,0 1,0
2249 - 248 Voluberg 7 95% 9 2,0 3.0 1,0 1,0
248 - 254 Kargi 7 100% | 9 2,0 3,0 1,0 1,0
254 - 26,1  Basalt 6 B0% | 12 2,5 3.0 1,0 1,0
26,1 - 28.2  Basalt 3 60% | 12 2.0 3, 1,0 1.0
28,2 - 290 Sandsteinsviiluberg 6 5% | 9 2.0 3.0 1,0 LO
29.0 - 30,0 Basalt ) 85% | 12 2.0 4.0 1.0 1.0
30,0 - 30,7 Kargi 5 - 6 Q0% | 12 25 30 - 40f 1,0 1,0
30,7 - 337 Basalt 5 o0% | 12 2,0 30 1,0 1,0
37 - 33,9 Setfyllt sprunga 5%

319 = 41,8 Basalt i 85% | 10 20 30 1.0 1,0
41,8 - 424  Kargi 8 65% | 12 3.0 2,0 1.0 1,0
424 - 432 Sandsteinn 5 90% 9 1.5 30 1.0 1,0
43,2 - 43,9  Voluberg 7 90% | 9 20 3.0 10] 1.0
4319 - 446  Kargi 6 55% | 10 3.0 3.0 1,0 1,0
44,6 - 447 Sand/siltsteinn 85%

44,7 - 46,7 Kargi 2 60% | 10 1.0 4.0 1.0 1,0
46,7 - 494 DBasalt 3] 95% | 10 2.0 3.0 1.0 1,0
494 - 49.5  Sand/siltsteinn 5%

49,5 - 564 DBasalt 3 - 9 85% | 10 15 - 30130 -40] 10 [.0
56,4 - 56,5 Kargi 100% 1,0 1.0
56,5 . 57,1 Rautt millilag f 5% | 12 4.0 3.0 1,0 1,0
57.1 - 598  Kargi 8 85% | 15 4.0 3.0 1.0 1.0
508 - 61,0 Basalt 1 50% | 12 1.0 4.0 1,0 1.0
61,0 - 63,5 Basalt 4 Bl | 10 1.5 3.0 1,0 1,0
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Master’s Thesis

3. Appendix — Previous test results and core logs

Borhola nr: BH-14
Dypi (m) Berggerd Q-gildi Point Reiknad O | Eindsa- Slake-
load =k gy brotpol | Durability
ROD I, i % J, srFllePa) | Ko ol uves |inpexda)
63,5 - 66,5 Basalt 3 75% | 10 2.0 1.0 1.0 1.0
66,5 - 67.5  Basalt 6 - 10 93% | 10 2.0 30] 3.0 1,0 1,0
67,5 i 68,0 Kargi 7 1008 | 10 2.0 3.0 1.0 1,0
68,0 73.0 Basalt T 95% 9 2,0 3.0 1.0 1,0
73.0 - 77.0 3 0% | 12 25 10 1.0 1o
1.0 1.0
77.0 - 79,1 10 - 1.3 40% |12 - 15] 1.5 4.0 1.0 1.0
79,1 - 79,3 Sandsteinn 0%
793 - 80,1  Basalt 11 100 | 9 2.0 20 1,0 1,0
80,1 - 1.0 Voluberg 6 T5% 9 2.0 3.0 1.0 1.0
81,0 - 81,4  Basalt 7 100% | 9 2.0 3.0 1.0 1.0
4.4 - 81.5  Woluberg 5%
Bl.5 - 87.9  Basalt 5 95% | 12 2.0 3, 1,0 1.0
87,9 - B9.9  Sandsteinn (m. siltst. og volum] 5 93% 9 1,5 3.0 1,0 1.0
809 - Q0,2 Sandsteinn 2 95% | 9 1,5 3.0 1L0] 25
90,2 - 9.6 Sandstemnn 1,2 80% 1.0 3.0 Lo 25
91.6 - 92,6 Sandstemsvoluberg 3 9% 2,0 3.0 1.0 25
92,55-93 20 siltlinsa i vtlubergi, veikari en voluberg 0.9 14 13
932 - 96,8 Sandstemnsvoluberg 3 - 7 90% 9 1,0 2,01 3.0 4.0 1,0 1.0
96,2 Vel samlimt 34 14 48
96,8 - 102,0  Siltsteinsviluberg 7 100% | 9 2.0 3.0 1,0 1.0
100,08-100.61 vel samlimt 14 23
101,62-102,03 Vel samlimt ks 14 il
1020 - 108,3 Basalt [(')Iivinhasal'lj 5 - 8 0% | 10 2.0 2.0 0l 1.0 1.0
1083 - 1103 Basalt (Olivinbasalt) 5 5% | 12 2.0 3.0 1.0 1.0
103 110,7  Kargi 0,5 T 15 1,0 4,0 1,0 2,5
10,7 - 1126 Basalt (Olivinbasalt) B 05% | 12 3.0 3.0 1.0 1,0
1126 - 1140 Sandsteinsvoluberg ] 5% | 9 2.0 1.0 1O 10
113,20-113,76 Vel samlimt 1.9 14 27 95 0%
1140 - 1145 Viluberg 3 40% 9 2.0 3.0 1.0 1,0
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Master’s Thesis

3. Appendix — Previous test results and core logs

Borhola nr: BH-14
Dpi (m) Berggerd Q-gildi Point  |Reiknad O | Eindsa- |  Slake-
load = Rsg * Ley brotpol Durability
ROD J, i 3, J, SRF [lwMPa) | Ko o] wves |iwvpexddy
114.5 1186 Voluberg 6 80% | 9 2.0 30 - 101 1,0
118,09-118,63 1.2 14 17 92,0%
118.6 1189  Basalt (Olivinbasalty 75%
118.9 119.0  Sandsteinn 100 %%
119,0 1205  Basalt (Olivinhasalt) 4 60 | 10 2.0 3.0 1.0 ] 10
120,5 1225 Basalt (Olivinbasalt) 2 - 3 60% | 12 15( 2.0 30 - 400 10] 10
122,5 1243 Basalt (Olivinbasalty 5 H5% 12 3.0 30 1.0 1.0
124.3 124.6  Sandsteinn 100%
124 .6 1256 Basalt (Olivinbasalt) 1 35% | 12 1.0 4.0 1,0 1,0
125,6 1317 Basalt {Olivinbasalty 6 - & T8% | 9 10| 2.0 3.0 3.0 1.0 1,0
131,7 1330  Sandsteinn 4 80% | @ L5 3.0 1.0 ] 1.0
1330 1335 Sandsteinn (illa samlimdur) 0,1 5% ] 1,0 4.0 1.0 1,0
1335 1371 Sandsteinn < 0% | 9 1,0 20| 3.0 Lo 1,0
135,27-135.60 . 1,3 14 18 88 4%
1360 93,9%
137.1 140.6  Basalt (Olivinbasalty T - 9 @5% | 9 2.5 30 - 400 10| L0
1406 141,6 Kargi 7 85% | 9 3, 4.0 Lo 10
141.6 1449 Basall (Olivinbasali) 9 B0% | 9 3.0 3.0 1.0 1.0
1449 147.6  Basalt (Olivinbasalt, beltad) 7 G0)1% ] 2.0 3.0 1.0 1.0
147 & 1494  Sandsteinsviluberg (Komboridg 3 65% G 2.0 3, 1.0 1.0
149.4 150.5  Sandsteinsvluberg (Grunnborih 6 L00% | @ 1.5 .0 Lol 1o
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Master’s Thesis 3. Appendix — Previous test results and core logs

Borhola nr: BH-15
Dy pi {m) Berggerd : Q-gildi int Reiknad o | FEindsa- Slake-
oad = Ksp * Igg brothol | Durability
ROD I . J, J, SRF fluMPa) | Ko o] ves |ipExda
872 - 97.9|Basalt 0.8 - 2 3% |12 - 15] 1,5 - 20] 3.0 - 40][066] 1.0
979 - 99 2| Sandsteinsviluberg 3 - 4 5% | 9 - 12] 2.0 3.0 10 1o
99,2 - 106, [ Basalt { dilabasalt) 5 T | 12 2.5 3.0 1.0 L0
1068 - 110,8]Sand- og siltsteinn 5 9 | O 1,5 3.0 1,0 1,0
108,4 1,7 14 24
1108 - 112,8|Basalt 3 - 4 5% | 12 20 - 23] 3.0 10| LD
1128 - 113,2|Kargi - 0%
113,2 - 119.4|Basalt 7 - 11 B5% | 10 2,5 20 -30] 1,0 1.0
1194 - 123,7|Kargi 7 B5% | 12 30 3.0 1.0 1.0
123,7 - 129,3 | Basalt 3 60% | 12 2.0 3.0 1.0 1.0
1293 - 133.2 Valuberg 6 85% | 9 2,0 3.0 1.0 10
132,2 4.8 16 7
133,2 - 135, 1 |Kargi 7 85% | 12 30 3.0 1.0 1.0
1351 - 1448 |Basalt(dilabasalt) 4 6% | 12 2.5 3.0 1.0 1,0
1448 - 146.6|Kargi 7 95% | 12 2,3 3.0 1.0 1.0
146,6 - 151, 1| Basalt(dilabasalt) 3 - 7 B5% | 12 20 20 -30]1L0) L0
151,1 - 153,2|Kargi 5 0% | 12 25 3.0 1.0 1.0
153,2 - 156,2 |Basalt{dilabasalt) ] = 11 Bi% | 10 - 12] 2.5 2.0 1,0 1.0
1562 - 171,8]andsteinsvoluberg ] 85% | 9 2.0 3.0 1,0 1,0
166,94-167 45 2.3 14 32
171,44-171.66 34 16 54 97.1
171.8 - 174.0(Kargi(Siltfylltur) 11 95% 9 3.0 3,0 1.0 1.0
1740 - 178, 7| Sandsteinsviluberg [} = 7 100% | 9 1.5 - 20| 3.0 1.0 1.0
178.7 - 185.8 Yoluberg 5 - 6 85% | 9 1.5 - 20| 30 Lol Lo
1788 Vel samlimt 1.8 14 25
179,0 Illa saml., vantar finefnabindingu. Brotnar nidur i SD-profi og grunnmassi skolast alveg burt 0,2 14 3 {82%)
179.2 Illa samlimt voluberg, vantar finefnabindingu. 0.7 14 10
I82.0 Vel samlimt I 4.8 16 7 97,5
81,1 Voluberg, grofsandsteinn i grunni I vinnslu 4 RB
1§58 - 194,1 Sandsteinsviluberg ) - 5 90% | 9 1.5 - 20| 4.0 1o LD
193,8 Vel samlimt 2.2 14 3l 99%
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Master’s Thesis

3. Appendix — Previous test results and core logs

Borhola nr: BH-15
Dypi (m) Berggerd Q-gildi Point |Reiknas o | Eindsa- Sluke-
load = Ry * Ly brothol Durability
RQD ¥ 4y d.  SRF [l (MPa) Ke © vcs  JINDEX (fd2)
194,1 - 1998 Sand- og silisteinn 0.8 - 1,1 65% | 12 1,5 30 -40110] 25
196.7 Veikur siltsteinn, allur mikrésprungin og molnar i sand vid SD-prof. 0,2 14 2 33%
197.8 Vel samlimt 23 14 32 6%
1998 - 201,2 Sand- og siltsteinn 0.3 - 041 25% | 9 1,0 30 - 40010 25
2012 - 2053 Sandstcinn i - 5 95% | 9 1,0 15030 - 4110 L0
203.6 25 14 35
202.2 Vel samlimdur 62,6
2053 - 2064 Viluberg (ummyndad) 0.4 10% | 15 2,0 3.0 1o 10
W64 - 207,5 Olivinbaslt (ummyndad) 04 - 09 63% |12 1.0 201 4.0 033 1.0
2075 - 2103 l:JJivinhath{umm)'nda:‘n} 0,1 2% (] 1.5 4.0 033 235
2103 - 213 4 Olivinbaslt (ummyndad) 0.2 - 041 40% |12 1,5 20| 4,0 033] 25
2134 - 218,5 Olivinbaslt (ummyndad) 10 - 13] 70% |12 2.0 10 - 40033 10
2185 - 2193 Siltsteinn %
219.3 - 2216 Basaltiummyndad) 002 - 0,03] 20% |20 1,5 201 40 0,33] 5.0
2216 - 224 4 Basalt{ummyndad) 22 - 291 0% |12 1,5 30 - 401,00 1,0
2244 - 226.4 Basalt (sterkl. ummyndad) 001 - 002] 20% | 15 0,5 1.0 40 - 80]033] 50
2264 - 227.2 Basalt {sterkl. ummyndad) 001 - 0.04] 40% | 15 0,5 1O 40 - 80]033] 5.0
2212 - 2286 Basalt (sterkl. ummyndad) 0001 - 001 5% 15 0,5 10 40 - 80]033] 50
2286 - 2306 Basalt 06 - 0% | 12 I3 4,0 I %A
2306 - 2313 Basalt (sterkl. ummyndad) 5%
2313 - 2330 Rautt millilag %
2330 - 2354 Basalt (sterkl. ummyndad) 0.2 S0% | 15 1.5 4.0 0,331 2.5
2354 - 236,5 Kargi (sterkl.ummyndadur) 00,001 10% | 20 1.0 12,0 0,33] 20,0
236,5 - 238,6 Basalt 0.6 0% | 12 2.0 3.0 033] 2.5
2386 - 239.4 Karg (sterkl. ummyndadur) 0,0003 5% | 20 1,0 12,0 0,33] 20,0
2394 - 239.8 Basalt 1,2 65% | 12 20 3.0 033] 1.0
239.8 - Holubotn
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Master’s Thesis

3. Appendix — Previous test results and core logs

Borhola nr: BH-16
Dy pi (m) Berggerd Q-gildi Point Reiknad G | Eindsa- Slake-
load =Ky * Iy brothal Durability
RQD J, I J J, SRF filoMPa) | Ko o] ues | inpExday

24 4 - 31,2  Bdlstraberg og Kubbaberg 0,1 200 | 15 1 5.0 De6l 1,0
31.2 - 34,5 Sandsteinn 25%

345 - 34,7  Kubbaberg 4 - 55% | 15 20 - 30]20 1.0 1.0
34,7 - 36,1 Kubbaberg 4 - 55% | 15 20 - 30120 1.0 1,0
36,1 - 366 Sandsteinsvoluberg 3] 85% | 9 2.0 3,0 1Lo] 1,0
36.6 - 36,7 Sandsteinsvoluberg 7 95% | 9 2.0 3,0 1.0 1.0
36,7 - 376 Sandsteinsvoluberg 6 B80% | 9 2,0 3.0 1.0 10
37.6 - 37,7 Sandsteinsviluberg [i] Bi% 9 2,0 3.0 1,0 1,0
377 - 380  Sandsteinsviluberg 50

38.0 - 39,2 Basalt 16 - 23] 35% | I5 2,0 20 -30[10] L0
392 - 41,5  Basalt 3 60% | 12 2.0 3,0 1,0 1,0
41.5 - 42,1 Setfylltur kargi 02 - 03 30% |12 - 15] LD 4.0 10| 25
42,1 - 48,7  Basalt 9 - 13 80% 9 20 - 30120 1.0 1,0
48,7 - 493 Sandsteinn 0,1 5% 15 1,0 4.0 1.0 1.0
493 - 50,0 Setfylltur kargi 5 60% | 12 30 3.0 1.0 1.0
50,0 - 50,3 Sandsteinsviluberg 5 65% | 9 2,0 3.0 1.0 10
303 - 50,7 Sandsteinsviluberg [ 90% | 9 2,0 3; Lol Lo
0.7 - 39,00 Basalt (dilabasalt) 7 - 10 )] 90% | 9 2,0 20 - 300 L0| 10
590 - 63,7  Kargi 0,2 10% | 15 1.0 40 - Lo Lo
63.7 - 64.9  Basalt (dilabasalt) 1.3 - 200 20% |15 30 20 - 30| 1,0 1,0
64.9 690 Basalt 8 - 11 75% | 10 3.0 20 - 30 1,0 1.0
69.0 - 693 Setfvlltur kargi %

69,3 698 Basalt 03 - 1 5% 15 3.0 20 - 30] 1,0 1.0
69,8 = 69.9  Sandsteinn 75%

69,9 - 704 Setfyllur kargi 65%

0.4 - 706 Rautt millilag 0%

70,6 - 73.3  Basal (dilabasalt) fi 75% |12 - 30 - 30 - 1.0 1,0
733 - 733 Sandsteinn 5%

733 - 763 Setfyllur kargi 6 755, | 12 10 30 - 0] 1o
76,3 - 86,3  Basalt 4 - 5 65% | 12 - 20 - 2.0 - 390 1O 1.0
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Master’s Th

esis

3. Appendix — Previous test results and core logs

Borhola nr: BH-16
Dy pi {m) Berggerd Q-gildi |l'uinl Reiknad O | Eindsa- Slake-
load = Ky * Lgp brotpol Durability
RQD I, J, T J, SRF |l (MPa) K o] ves |mpexdaz)
86,3 - 874 Kargi 0,6 2.0 0% |12 15] 1,0 4,0 | 4.0 1.0 1,0
87,4 - 92,1 Viluberg 2 6% 9 2,0 3.0 1] 235
92,1 - 9277 Basalt 6%
92,7 - 933  Serfylltur kargi 3 5 95% | 12 1,0 2, 3.0 1,0 1,0
933 - 939  Kargi 0,6 11 200 | 12 1.0 201 3.0 1.0 1.0
939 - 105,0  Basalt 4 5 65% | 12 2.0 3010 3.0 1.0 1,0
102,0 8.5 20 170
1020 ablodrott 178.4
1050 - 1098 Viluberg ] ) 0% G 2.0 20 300 1,0 1,0
1050 Vel samlimt 2.3 14 32
107,0 208
108,0 Vel samlimt 4.4 16 70
1098 - 116,9  Voluberg, illa samlimt 0,3 308 112 151 1,0 1.0 1,0 25
1169 - 123,1  Hasalt f 9 T0% | 12 3.0 2.0 3.01 1.0 1,0
123,1 - 126,6  Kargi 7 2% | 12 3,0 3.0 1.0 1.0
1266 - 133,7  Kargi B 85% 9 2,0 3.0 1.0 1,0
1337 - 1385 Gangur 0.8 s |12 3,0 10 03 1.0
1385 - 1393 kargi 7 B5% | 12 3.0 3.0 1,0 1.0
1393 - 1421  Sandsteinsviluberg f 7 1000 | 9 1.5 201 3.0 1.0 1.0
142,1 - 143,5  Hnullungaberg 2 40% | 12 2,0 3.0 101 1.0
1435 - 1455  Basalt 7 I B5% | 12 3,0 2.0 301 1,0 1,0
1455 - 146,1  Sand-/silisteinn T5%
146,1 - 146,5  Basalt T3%
146,5 - 1470  Setfylltur karpi 0%
1470 - 1476  Sandsteinn 200%
1476 - 1506  Basalt 5 55% | 12 3.0 3.0 1.0 1.0
1506 - 1507 Sandsteinn %
150,7 - 160,7  Basalt ] T5% | 12 3.0 3.0 1.0 1,0
160.7 - Holubotn
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Master’s Thesis 3. Appendix — Previous test results and core logs

Borhola nr: BH-17
Dy pi (m) Berggerd Q-gildi Point Reiknad O | Eindsa- Slake-
load = Koy * Iy brotpol Durability
ROD J, J J 3, srFflovPe) | Ko o ves |moexda

119.5 - 128.4  Basalt {dilabasalt) ] 85% 9 2 - 3 3 1 |

128.4 - 1234 mekanisk brot

1294 - 133,06 6 75% 9 2 - 3130 1,000 1,0

133.6 - 1346 Sandsteinn 5 - 65% 9 2,0 3.0 1,00 1,0

134.6 - 1356 Kargi 4 - 5 90% | 12 2.0 30 - 40]1,00] 1,0

135.6 - 141.5 Basalt (dilabasalt) 4 - 6 T0% | 12 20 - 30| 3, Loof Lo

141,5 - 151.6 6 - 9 B5% 9 20 - 3.0] 30 1,001 1,0

151.6 - 151.9  Kargi 0%

1519 - 1535  Rautt millilag 0%

153,5 - 1539  Kargi 100%

1539 - 155,8 1.3 15% || 12 30 30 1.0 1.0

155.8 - 161,3 Basalt 4 T0% | 12 2,0 30 1.0 1.0

1613 - 161.8 2 40% |12 2,0 30 1.0 1.0

163.8 - 1654 3 55% | 12 2,0 30 1.0 1.0

165.4 - 167.6 5 95% | 12 20 3, 1.0 1.0

1676 - 168.4  Viluberg 3 65% | 13 20 30 1,0 1.0

168.4 - 171.5 4 55% 9 2.0 30 1,0 1,0

171.5 - 1719 4 55% 9 2.0 30 1.0 1,0

177.9 - 1788 2 25% 9 2,0 3,0 1.0 1.0

178.8 - 1832  Kargi B - 10 60% | 12 30 - 4020 1.0 1.0

183.2 - 1859  Basalt (smastudad 1.1 20% | 12 20 ENI] 1,0 1.0

186,9 - 189,6  Voluberg &} £85% 9 20 30 1,0 1.0

189.6 - 191,5 Sandsteinn 3 - 6 £5% 9 1.0 - 20] 30 1,0 1.0

191,5 - 1988  Voluberg 7 100% | 9 2.0 3.0 1.0 1.0

1980 Vel samlimt 2.6 14 6
19%,0 482

198,38 - 201,5 Basalt 2 .- 3 Qs |12 1o - 20130 - 40] 1,0 (]

201,5 - 207,2 1 - 2 T0% | 12 1.0 - 20130 - 40| 1.0 1.0

2072 - 2083  Kargi Q0%

208,3 - 2105 Sandsteinn 3 75% 9 1,0 3.0 1.0 1.0
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Borhola nr: BH-17
Dy pi (m) Berggerd Q-gildi Point [Reiknad T | Eindsa- Slake-
load = Wy * Lsp brotpol Durability
ROD 4, J, . J, SRF|la™MPa) | Ko o ves |iNpExda
2085 Vel samlimt 2.7 14 38
2085 Vel samlimdur 532
2105 - 2135 2 55% | 9 ()] 3.0 10| Lo
213,5 - 2154 3 Q% | 9 1.0 3.0 10| Lo
2154 - 221,2  Viluberg i - & 85% | 9 10 - 20|30 Lo Lo
221,2 - 2215 02 - 04 3% 9 Lo - 20130 1o Lo
21,5 - 2252 i - 6 80% | 9 L0 - 2030 Lol L0
2225 Vel samlimit 1,8 14 25
2225 21,2
2252 - 2299  Basalt (0livin) 6 85% | 9 2.0 3.0 1.0 Lo
2199 - 2382  Basalt (6livin) 2 45% | 12 1,5 30 - 401010 10
231,5  Bladrott og ummyndad 3.6 16 58
2315  Blodrow og ummyndad 282
2382 - 2435 1.3 3 |12 1.5 3.0 Lol Lo
2435 - 2493  Sand- og siltsteinn 15 0% | 9 2.0 10 Lol Lo
244,1 Vel samlimt 1.2 14.0 17
244,1 33,0
2493 a 2523 Basalt {ummyndad) N 0% | 12 2.0 30 - 40) 10 1.0
25000 Vel samlimit 2.6 14,0 36
255,5 - 260,5  Voluberg i - 4 5% | 9 1,5 3.0 - 40)10] 1,0
261.5 - 264.5  Sand- og silisteinn f 100% | 9 e 3.0 Lo Lo
264.5 - 267.8 4 B0% | 9 1,5 3.0 Lo 1.0
267.8 = 270,5  Siltsteinn 05 - 07) 65% | 9 - 12] 1.5 10 10| 50
270,5 - 2735 06 - O8] 70% | 9 - 12] 1.5 3.0 Lo 50
- 2723 - 0.6 14 )
2735 - 276,5 05 - 07] 65% | 9 - 12] 1,5 3,0 10| 50
270,5 - 2806 04 - 05)] 45 | 9 - 12] 1,5 3.0 10| 50
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3. Appendix — Previous test results and core logs

Budarhals Hydroelectric Project
Rock Cores - Laboratory Testing /15.04.02

IBRI Project no. H01-1049

IBRI Core Depth | Description Length Diam. L/D uCS Youngs | Youngs | Poission| Density | Moisture
No Hole (m) Average UCS E-ax E-dia ratio Ssd
Average axial E-modulus| (mm) (mm) (MPa) (GPa) (GPa) (kg/m3) (%)
1|BH-15 181,1|Conglomerate 100,01 44,56 2,24 26,44 34,29 95,81 0,36
2 d 26,4) 98,25 44,58 2,20
3 i 34,3 99,86 44,37 2,25
4|BH-15 202,2|Sandstone -massive 99,52 44,64 2,23 56,62 23,1 89,9 0,26 2.296
5 i 60,6 100,14 44,67 2,24 74,49 2.208 19,2
6 i 23,1 99,25 44,66 2,22 50,73 2.203 18,9
7|BH-16 107,0|Conglomerate 100,14 44,66 2,24 39,81 30,4 95,9 0,32 2.461
8 i 33,2 92,51 44,66 2,07 27,08 2.478 11,5
9 i 30,4 96,71 44,64 2,17 32,59 2.477 11,7
10|BH-17 198,0{Conglomerate - angular pebbles 100,20 44 64 2,24 47,13 87,1 133,0 0,66 2.287
11 i 47,9 99,98 44,64 2,24 58,14 2.374 12,9
12 i 87,1 99,47 44,64 2,23 38,39 2.290 15,7
13|BH-17 208,5|Sandstone - coarse, layered 99,65 44,61 2,23 72,18 60,0 80,1 0,75 2.148
14 i 61,8 99,78 44,60 2,24 59,97 29,4 68,2 0,43 2.131
15 i 4477 100,03 44,64 2,24 53,12 2.235 19,0
16/BH-17 222,5|Conglomerate 96,76 44,58 2,17 35,74 35,7 91,2 0,39 2.358
17 i 29,1 98,78 44,56 2,22 30,38 45,3 93,9 0,48 2.327
18 i 40,5 99,30 44,55 2,23 21,24 2.339 15,5
19|BH-17 231,5|Basalt - vesicular 99,33 44,64 2,23 35,42 61,7 2.515
20 i 38,3 100,30 44,60 2,25 51,22 47,3 69,6 0,68 2.593
21 i 54,5 99,41 44,66 2,23 28,18 2.488 11,6
22|BH-17 244,1|Sediments - altered 95,06 43,47 2,19 56,70 40,6 85,0 0,48 2.090
23 i 54,3 99,35 43,04 2,31 53,25 35,6 99,0 0,36 2.017
24 i 38,1 93,23 43,71 2,13 52,95 2.101 26,2
25|BH-16 102|Basalt 97,86 44,72 2,19 169,69 51,6 88,0 0,59 2.930
26 " 175,5 98,64 44,72 2,21 161,45 2.923 1,2
27 51,6 98,60 44,76 2,20 195,29 2.931 1,1
Figure 3-1. [Steingrimsson, 2009]
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4. Appendix — Selected rock cores
This appendix contains pictures of rock cores from Budarhéals boreholes.

L)

% Pictures of core boxes BH-9, BH-11, BH -12, BH-15 and BH-16.

¢ Pictures of selected rock cores for the laboratory tests.
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PICTURES OF CORE BOXES BH-9, BH-11, BH -12, BH-15 AND BH-16

Figure 4-1. Core boxes BH-9, K11-12. Red markings show core samples selected for lab testing. White
marking shows placement of core samples tested in 2001.

Figure 4-2. Core boxes BH-9, K13-14.
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Figure 4-4. Core boxes BH-11, K3-4.
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Figure 4-6. Core boxes BH-15, K13-14.
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svirkjun | BH-15

Figure 4-7. Core boxes BH-15, K15-16.

e ey

<

Figure 4-8. Core boxes BH-15, K17-18.
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Figure 4-10. Core boxes BH-16, K9-10.
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Figure 4-11. Core boxes BH-16, K11-12.
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Borehole BH15
Sandstone/Conglomerate

Borehole BH15 Borehole BH15
orehole
Sandsto
Altered Olivine Tholeiite ne/Conglomerate

Depth(m] | Box | Length(m] R - | Length [m) —Jeptiin) [ Box | Lengthim)
2137 | 21409 | K15 | 039 1933 | 19369 | K13 0,39 188,75 | 18914 | K13 0.39
55 DTU-Byg & HI 2009
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Borehole BH9 — Borehole BH9 Borehole BH9
Altered Olivine Tholeiite Scoria iScnrua
|
Depth [m] 7: B || Length [m] Depth [m] | Box 7'} Length [m] Depth [m] | Box | Length [m]
2102 | 21057 | K13 | 37 192,92 | 19334 | K1 0,42 191,28 | 19157 K11 0,29
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Depth [m] Box | Length[m]
195,2 1993 K11 0,1
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Borehole BH9 Borehole BH9

— —-.:--?

Borehole BH16
Altered Olivine Tholeiite Altered Olivine Tholeiite Conglomerate
Depth [m] " _Bou Length [m] } Depth [m) Box Length [m] | Depth [m] Box Length [m]
198,95 1992 | K11 0,25 198,65 | 198,95 K11 2,3 | 108,09 [ 108,39 K10 03
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5. Appendix — Laboratory test results

This appendix contains results from laboratory tests on selected rock cores from
Budarhals, performed at GEO and DTU.

«» Tables showing all laboratory test results.

+ Pictures of samples after Brazil test.

+» Pictures of samples after Uniaxial Compression test.

+ Plots from Unconfined Compression test.

% Pictures of samples after Triaxial test and failure stresses.

« Plots from triaxial test.

+» Comparison of laboratory test results and other test results from Iceland.
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TABLES SHOWING ALL LABORATORY TEST RESULTS

Sample | Bore Water Tensile

nr. hole | Depth Lithology Height Diameter D/H |Bulkdensity | content [Porosity|Voidratio| strength ucs Brazil Uniax | Triax
[-] [-] [m] [ [em] [em] [-] [g/cm3] [%] [%] [-] [MPa] [MPa] [-] [-] [
42 |BH16| 121,89 |Tholeiite (Vesicular) 2,284 4,456 1,95 2,665 3,11 0,09 0,09 8,513 X

43 |BH16| 121,86 |Tholeiite (Vesicular) 2,251 4,454 1,98 2,678 3,00 0,08 0,09 8,706 X

44 |BH16| 121,83 |Tholeiite (Vesicular) 2,269 4,453 1,96 2,647 3,16 0,09 0,09 6,567 X

45 BH9 | 199,02 |Altered Olivine Tholeiite 2,190 4,488 2,05 2,690 2,92 0,08 0,09 5,935 X

46 BH15| 214,03 |Altered Olivine Tholeiite 2,306 4,455 1,93 2,670 3,08 0,08 0,09 8,351 X

47 BH15| 213,7 |Altered Olivine Tholeiite 2,325 4,467 1,92 2,685 3,06 0,08 0,09 7,096 X

48 BH15 214 Altered Olivine Tholeiite 2,249 4,459 1,98 2,657 3,22 0,09 0,10 7,104 X

49 BH15| 214,06 |Altered Olivine Tholeiite 2,213 4,459 2,01 2,653 3,17 0,09 0,10 8,984 X

50 BH9 | 210,47 |Altered Olivine Tholeiite 2,251 4,482 1,99 2,616 3,74 0,10 0,11 2,776 X

51 BH9 | 210,44 |Altered Olivine Tholeiite 2,298 4,481 1,95 2,583 4,07 0,11 0,12 5,466 X

52 BH9 | 210,41 |Altered Olivine Tholeiite 2,273 4,466 1,96 2,535 4,85 0,13 0,15 3,603 X

53 BH9 | 193,34 |Scoria 2,309 4,501 1,95 2,475 5,52 0,14 0,17 0,929 X

54 BH15| 188,81 |Sandstone 2,263 4,464 1,97 2,245 8,99 0,22 0,28 3,540 X

55 BH15| 188,78 |Sandstone 2,334 4,466 1,91 2,165 10,55 0,26 0,34 3,104 X

56 BH16| 107,72 |Conglomerate 2,274 4,467 1,96 2,251 8,59 0,21 0,27 2,583 X

57 BH15| 189,05 |Sandstone 2,308 4,465 1,93 2,189 9,72 0,24 0,31 3,470 X

58 BH15| 189,02 |Sandstone 2,304 4,465 1,94 2,186 9,84 0,24 0,31 3,542 X

59 BH9 | 193,05 |Scoria 2,272 4,490 1,98 2,397 6,22 0,16 0,19 1,066 X

60 BH9 | 193,08 |Scoria 2,369 4,494 1,90 2,452 5,79 0,15 0,18 0,728 X

61 BH9 | 193,31 |Scoria 2,326 4,505 1,94 2,380 7,01 0,18 0,22 0,483 X

62 BH9 | 199,26 |Scoria 2,295 4,492 1,96 2,216 9,36 0,23 0,30 0,607 X

63 BH9 | 199,29 ([Scoria 2,261 4,502 1,99 2,359 7,26 0,18 0,23 0,895 X

64 BH9 | 191,39 [Scoria 2,282 4,497 1,97 2,228 8,69 0,21 0,27 0,914 X

65 BH9 | 191,42 [Scoria 2,278 4,495 1,97 2,251 7,43 0,18 0,22 0,837 X

66 BH9 | 199,23 [Scoria 2,301 4,494 1,95 2,275 8,51 0,21 0,27 0,513 X

67 BH9 | 198,65 |Altered Olivine Tholeiite 2,258 4,481 1,98 2,692 2,75 0,08 0,08 5,375 X
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Sample | Bore Water Tensile
nr. hole | Depth Lithology Height Diameter D/H |Bulkdensity [ content |Porosity|Voidratio| strength ucs Brazil Uniax | Triax
[ [-] [m] [ [em] [em] [ [g/cm3] [%] [%] [-] [MPa] [MPa] [ [-] [
68 BH9 | 198,77 |Altered Olivine Tholeiite 2,310 4,485 1,94 2,696 2,72 0,08 0,08 5,184 X
69 BH9 | 198,89 |Altered Olivine Tholeiite 2,228 4,493 2,02 2,676 3,14 0,09 0,09 6,778 X
70 BH16| 85,52 |[Tholeiite 2,258 4,478 1,98 2,940 1,66 0,05 0,05 10,260 X
71 BH16| 85,55 |[Tholeiite 2,348 4,476 1,91 2,843 1,89 0,05 0,06 10,815 X
72 BH16| 85,58 |[Tholeiite 2,335 4,480 1,92 2,807 2,07 0,06 0,06 8,747 X
73 BH12| 30,61 [Rhyolite (inhomogeneous) 2,302 4,470 1,94 1,911 11,31 0,24 0,32 2,312 X
74 BH12| 38,68 [Rhyolite (inhomogeneous) 2,263 4,471 1,98 1,943 10,71 0,23 0,30 3,064 X
75 BH12| 38,71 |[Rhyolite (inhomogeneous) 2,262 4,470 1,98 1,947 10,89 0,24 0,31 1,627 X
76 BH12| 38,74 |Rhyolite (inhomogeneous) 2,209 4,471 2,02 1,984 10,08 0,22 0,29 3,662 X
77 BH12| 42,01 |Rhyolite (inhomogeneous) 2,285 4,472 1,96 2,044 8,72 0,20 0,24 2,156 X
78 BH12| 42,31 |[Rhyolite (inhomogeneous) 2,298 4,473 1,95 1,825 13,27 0,28 0,39 1,005 X
79 |BH12| 43,77 |Rhyolite (inhomogeneous) 2,263 4,475 1,98 1,821 13,41 0,28 0,39 1,557 X
80 |BH12| 43,8 [Rhyolite (inhomogeneous) 2,262 4,477 1,98 1,802 13,84 0,29 0,41 2,121 X
81 |BH12| 43,95 [Rhyolite (inhomogeneous) 2,292 4,478 1,95 1,855 12,16 0,26 0,35 1,457 X
83 |BH11| 30,02 [Rhyolite (homogeneous) 2,218 4,477 2,02 2,145 6,41 0,15 0,17 4,546 X
84 |BH11| 30,15 [Rhyolite (homogeneous) 2,240 4,484 2,00 2,134 7,03 0,16 0,19 4,792 X
85 |BH11| 30,18 [Rhyolite (homogeneous) 2,296 4,486 1,95 2,133 7,26 0,17 0,20 3,921 X
86 |BH11| 30,21 [Rhyolite (homogeneous) 2,284 4,487 1,97 2,123 7,46 0,17 0,21 4,378 X
88 |BH16| 107,69 [Conglomerate 2,291 4,464 1,95 2,202 10,01 0,24 0,32 1,928 X
89 |BH16| 108,09 [Conglomerate 2,231 4,464 2,00 2,323 6,12 0,15 0,18 1,898 X
90 |BH16| 107,93 [Conglomerate 2,238 4,466 2,00 2,148 10,89 0,26 0,36 2,177 X
91 |BH16| 107,9 [Conglomerate 2,308 4,469 1,94 2,205 9,96 0,24 0,32 2,874 X
92 |BH16| 107,75 |Conglomerate 2,330 4,471 1,92 2,389 7,13 0,18 0,22 1,566 X
93 |BH16| 107,78 |Conglomerate 2,306 4,479 1,94 2,223 9,37 0,23 0,30 2,304 X
94 BH15| 193,37 |Sandstone 2,291 4,468 1,95 2,158 10,46 0,25 0,34 2,856 X
95 BH15| 193,49 |Sandstone 2,297 4,467 1,94 2,182 9,37 0,23 0,29 3,353 X
96 BH11| 30,08 [Rhyolite (homogeneous) 2,276 4,481 1,97 2,141 6,84 0,16 0,19 4,159 X
97 BH16| 107,95 |Conglomerate 2,268 4,469 1,97 2,147 11,04 0,27 0,36 2,710 X
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Elasticity |Poisson ratio
Boreho Water Void Tensile modulusE v
Sample nr. le Depth Lithology Height Diameter D/H Bulk density content |Porosity| ratio strength ucs (50%) (50%) Phi c Brazil Uniax | Triax

[ [ [m] [ [em] [em] [ [g/cm’] [%] [%] [ [MPa] [MPa] [GPa] [ '] [MPa] [ [ [
1 BH16 | 121,92 |Tholeiite (Vesicular) 9,039 4,460 0,49 2,670 3,08 0,08 0,09 89,4 15,21 X

2 BH16 | 122,01 |Tholeiite (Vesicular) 9,003 4,459 0,50 2,625 3,64 0,10 0,11 94,2 15,53 X

3 BH16 122,1 |Tholeiite (Vesicular) 9,014 4,459 0,49 2,575 3,61 0,10 0,11 78,6 17,72 X

4 BH9 199,11 |Altered Olivine Tholeiite 9,010 4,492 0,50 2,686 2,93 0,08 0,09 79,3 22,08 X

5 BH9 | 210,23 |Altered Olivine Tholeiite 9,025 4,477 0,50 2,594 3,99 0,11 0,12 55,5 18,67 X

7 BH9 | 199,2 |Altered Olivine Tholeiite 9,033 4,485 0,50 2,624 3,78 0,10 0,11 48,2 17,71 X

8 BH15 | 213,91 |Altered Olivine Tholeiite 9,031 4,466 0,49 2,674 3,23 0,09 0,10 93,5 43,48 0,182 78,2 46,2 X
9 BH15 | 213,73 |Altered Olivine Tholeiite 9,077 4,469 0,49 2,698 2,97 0,08 0,09 91,4 25,00 X

10 BH15 | 213,82 |Altered Olivine Tholeiite 9,009 4,468 0,50 2,676 3,11 0,09 0,09 65,0 13,24 X

11 BH9 193,28 |Scoria 9,116 4,510 0,49 2,346 7,33 0,19 0,23 7,6 1,36 X

12 BH9 191,51 |Scoria 9,071 4,497 0,50 2,257 8,61 0,21 0,27 9,3 2,79 X

13 BH9 198,68 |Altered Olivine Tholeiite 9,040 4,487 0,50 2,711 2,55 0,07 0,08 80,7 21,38 X

14 BH9 | 198,8 |Altered Olivine Tholeiite 9,074 4,489 0,49 2,703 2,72 0,08 0,08 78,6 21,91 X

15 BH16 85,4 |Tholeiite 9,048 4,477 0,49 2,860 1,93 0,06 0,06 135,7 13,18 X

16 BH16 85,49 |Tholeiite 9,021 4,477 0,50 2,866 1,71 0,05 0,05 146,6 14,20 X

18 BH15 | 188,93 |Sandstone 9,040 4,465 0,49 2,212 9,55 0,23 0,30 33,3 6,03 X

19 BH15 | 193,6 |Sandstone 9,046 4,467 0,49 2,202 9,82 0,24 0,32 35,4 6,85 X

20 BH15 | 193,51 |Sandstone 9,027 4,468 0,50 2,248 9,50 0,24 0,31 34,7 6,44 X

21 BH16 | 108,12 |Conglomerate 9,001 4,467 0,50 2,084 12,11 0,29 0,40 18,2 5,22 X

22 BH11 7,77 |Rhyolite (homogeneous) 9,029 4,478 0,50 2,387 3,32 0,08 0,09 125,2 22,60 X

23 BH11 30,46 [Rhyolite (homogeneous) 9,043 4,483 0,50 2,067 8,70 0,20 0,25 52,4 16,95 0,155 67,9 25,2 X
25 BH12 | 42,04 [Rhyolite (inhomogeneous) 9,022 4,475 0,50 1,983 10,31 0,23 0,30 16,8 5,41 X

26 BH12 | 38,65 |Rhyolite (inhomogeneous) 9,011 4,475 0,50 2,007 9,94 0,22 0,28 24,3 5,98 X

27 BH12 | 43,92 [Rhyolite (inhomogeneous) 8,999 4,482 0,50 1,761 15,20 0,32 0,46 7,1 3,07 X

28 BH12 | 39,15 |Rhyolite (inhomogeneous) 9,008 4,476 0,50 1,903 12,14 0,26 0,36 28,3 7,58 X

29 BH12 43,83 |Rhyolite (inhomogeneous) 9,052 4,476 0,49 1,843 13,49 0,29 0,40 8,8 3,45 X

30 BH12 42,22 |Rhyolite (inhomogeneous) 9,027 4,470 0,50 1,878 12,87 0,28 0,38 9,0 3,74 X

31 BH12 43,68 |Rhyolite (inhomogeneous) 9,044 4,466 0,49 1,783 14,75 0,31 0,45 8,9 3,41 X

32 BH12 42,13 |Rhyolite (inhomogeneous) 9,013 4,478 0,50 1,880 12,59 0,27 0,37 19,0 5,77 X

33 BH12 30,52 [Rhyolite (inhomogeneous) 8,999 4,473 0,50 1,918 11,93 0,26 0,35 36,0 11,76 0,163 63,4 17,0 X
34 BH11 | 7,86 |Rhyolite (homogeneous) 9,020 4,480 0,50 2,380 3,49 0,09 0,09 116,2 27,09 X

35 BH11 | 7,95 |Rhyolite (homogeneous) 8,984 4,480 0,50 2,376 3,42 0,08 0,09 135,6 11,50 X

36 BH15 | 193,4 [Sandstone 9,014 4,470 0,50 2,213 9,72 0,24 0,31 32,7 7,36 X

37 BH16 | 107,51 |Conglomerate 9,059 4,459 0,49 2,224 9,91 0,24 0,32 19,1 6,91 X

38 BH16 107,6 |Conglomerate 9,044 4,466 0,49 2,134 11,35 0,27 0,38 10,7 4,21 X

39 BH16 | 107,81 |Conglomerate 9,008 4,469 0,50 2,301 8,99 0,23 0,29 39,4 16,13 0,116 64,6 18,7 X
40 BH16 | 108,04 |Conglomerate 9,044 4,465 0,49 2,199 10,40 0,26 0,34 20,7 7,22 X

4T BHI6 108;3—Congtomerate 504% 74465 0749 27108 16 0,28 0738 5 3728
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PICTURES OF SAMPLES AFTER BRAZIL TEST

Nr. 46: Altered olivine tholeiite o; = 8,351 MPa. Nr. 47: Altered olivine tholeiite o; = 7,10 MPa.

Nr. 48: Altered olivine tholeiite or = 7,10 MPa. Nr. 49: Altered olivine tholeiite o = 8,98 MPa.
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Nr. 52: Altered olivine tholeiite o; = 3,60 MPa. Nr. 53: Scoria or = 0,929 MPa.

Nr. 56: Conglomerate o; = 2,58 MPa. Nr. 57: Sandstone o, = 3,47 MPa.
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Nr. 59: Scoria o; = 1,07 MPa.

Nr. 62: Scoria or = 0,61 MPa.

Nr. 64: Scoria or = 0,91 MPa.

Nr. 65: Scoria or = 0,84 MPa.
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Nr. 66: Scoria o = 0,51 MPa. Nr. 67: Altered olivine tholeiite o; = 5,38 MPa.

Nr. 68: Altered olivine tholeiite o; = 5,18 MPa. Nr. 69: Altered olivine tholeiite o; = 6,78 MPa.

Nr. 70: Tholeiite o = 10,26 MPa. Nr. 71: Tholeiite o = 10,82 MPa.

Nr. 73: Rhyolite (inhomogeneous) or = 2,31 MPa.

Nr. 72: Tholeiite o; = 8,75 MPa.
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Nr. 75: Rhyolite (inhomogeneous) or = 1,63 MPa.

P

i

Nr. 77: Rhyolite (inhomogeneous) or = 2,16 MPa.

Nr. 80: Rhyolite (inhomogeneous) or = 2,12 MPa. Nr. 81: Rhyolite (inhomogeneous) or = 1,46 MPa.
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Nr. 82: Rhyolite (inhomogeneous) Test failure. Nr. 83: Rhyolite (homogeneous) o = 4,55 MPa.
S —

Nr. 84: Rhyolite (homogeneous) or = 4,79 MPa.

Nr. 88: Conglomerate o; = 1,93 MPa.

Nr. 89: Conglomerate o; = 1,90 MPa.
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Nr. 92: Conglomerate or = 1,57 MPa. Nr. 93: Conglomerate o; = 2,30 MPa.

Nr. 95: Sandstone o, = 3,35 MPa.

Nr. 96: Rhyolite (homogeneous) o; = 4,16 MPa. Nr. 97: Conglomerate o; = 2,71 MPa.
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PICTURES OF SAMPLES AFTER UNIAXIAL COMPRESSION TEST

Nr. 4: Altered olivine tholeiite o. = 79,3 MPa.

*‘.

Nr. 5: Altered olivine tholeiite o, = 55,5 MPa. Nr. 6: Altered olivine tholeiite o = 29,3 MPa.
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——

Nr. 12: Scoria o. = 9,3 MPa. Nr. 13: Altered olivine tholeiite o. = 80,7 MPa.
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Nr. 20: Sandstone o. = 34,7 MPa. Nr. 21: Conglomerate o. = 33,3 MPa.
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s A
Nr. 25: Rhyolite (inhomogeneous) o. = 16,8 MPa. Nr. 26: Rhyolite (inhomogeneous) oc = 24,3 MPa.

Nr. 27: Rhyolite (inhomogeneous) o. = 7,1 MPa. Nr. 28: Rhyolite (inhomogeneous) o. = 28,3 MPa.
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?.; &

Nr. 31: Rhyolite (inhomogeneous) o. = 8,9 MPa.

Nr. 36: Sandstone o = 32,7 MPa. Nr. 37: Conglomerate o. = 19,1 MPa.
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Nr. 35: Rhyolite (homogeneous) o. = 135,6 MPa.

Nr. 34: Rhyolite (homogeneous) o. = 116,2 MPa.
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PLOTS FROM UNCONFINED COMPRESSION TEST

Stress[MHANZ] o

Strainr Stress behavior |
E-moddhus 8t 50% Ulimate Strergh |

ot 02 03 04 05 08 07 08 08 1
Stain{] ©

Nr. 1: Tholeiite (vesicular) o = 89,4 MPa,
E-modulus = 15,21 GPa.

StraiStress behavior
L E-nodus at 50% Ulmate Strength
(] a2 04 [ 08 1 12 14 15 18
Stan{] o

Nr. 3: Tholeiite (vesicular) o. = 78,6 MPa,
E-modulus = 17,72 GPa.
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®
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&
20+
10r
Stram Stress behmaor ]
E-odis 8t 50% Ulmate Sirengih |
T 04 08 a8 1 12 14 15
Stain% ¢

Nr. 5: Altered olivine tholeiite o. = 55,5 MPa,
E-modulus = 18,67 GPa.
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30!
201
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SiraiyStress behavior
E-modius sl 50% Uimate Sirength
0- \ | } ! e |
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Nr. 2: Tholeiite (vesicular) o = 94,2 MPa,
E-modulus = 15,53 GPa.

g

Stress[MNM] =
=

Sirain-Stress behavior ]
E-modius 8 50% Ulmate Strength |

o 05 1 15 2
Stain{] ©

Nr. 4: Altered olivine tholeiite o. = 79,3 MPa,
E-modulus = 22,08 GPa.
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Strainr Stress behavioe |
| — E-mocus st 50% Ulenate Streegth |
% a1 02 a3 0s 08 08 o7
Stain{] ©

Nr. 6: Altered olivine tholeiite o. = 29,3 MPa,
E-modulus = 14,11 GPa.

Hallgrimur Orn Arngrimsson 82

Porri Bjorn Gunnarsson

DTU-Byg & HI 2009



Master’s Thesis

5. Appendix — Laboratory test results

Tds 9.
o T %0/ f
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/
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oU_ U.-Z 04 0.-5 08 1 12 oU 02 04 06 oe 1 12 14 16 18 2
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Nr. 7: Altered olivine tholeiite o = 48,2 MPa, Nr. 9: Altered olivine tholeiite o. = 91,4 MPa,
E-modulus = 17,71 GPa. E-modulus = 25,00 GPa.
10.ds 11.ds
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sk 8 1
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2, / 24 -
& / & R /
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20! 3l /
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oU_ U.-Z 0.-1 . D:ﬁ og 1 12 14 oU 0z 04 06 0g 1 12
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Nr. 10: Altered olivine tholeiite o. = 65,0 MPa, Nr. 11: Scoria o. = 7,6 MPa,
E-modulus = 13,24 GPa. E-modulus = 1,36 GPa.
12.ds 13.ds
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oU_. o1 02 0.3 U:‘ 0‘5 U:E 0-? 08 08 9 02 04 06 08 1 12 14 16 18
Stair{%] ¢ Stair{%] =
Nr. 12: Scoria o. = 9,3 MPa, Nr. 13: Altered olivine tholeiite o. = 80,7 MPa,
E-modulus = 2,79 GPa. E-modulus = 21,38 GPa.
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Nr. 14: Altered olivine tholeiite o. = 78,6 MPa,
Nr. 15: Tholeiite o. = 135,7 MPa,
E-modulus = 21,91 GPa.
E-modulus = 13,18 GPa.
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Nr. 18: Sandstone o = 33,3 MPa, Nr. 19: Sandstone o = 35,4 MPa,
E-modulus = 6,03 GPa. E-modulus = 6,85 GPa.
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Nr. 20: Sandstone o. = 34,7 MPa, Nr. 21: Conglomerate o. = 33,3 MPa,
E-modulus = 6,44 GPa. E-modulus = 5,22 GPa.
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Nr. 22: Rhyolite (homogeneous) o = 125,2 MPa,
E-modulus = 22,60 GPa.

Stair{%] ¢

Nr. 24: Rhyolite (homogeneous) o = 41,9 MPa,
E-modulus = 10,18 GPa.
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Nr. 25: Rhyolite (inhomogeneous) o. = 16,8 MPa,
E-modulus = 5,41 GPa.
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Nr. 27: Rhyolite (inhomogeneous) o. = 7,1 MPa,
E-modulus = 3,07 GPa.

Stress[MNm2) o

Nr. 26: Rhyolite (inhomogeneous) o. = 24,3 MPa,
E-modulus = 5,98 GPa.
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Nr. 28: Rhyolite (inhomogeneous) o. = 28,3 MPa,
E-modulus =7,58 GPa.
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Nr. 29: Rhyolite (inhomogeneous) o. = 8,8 MPa,
E-modulus = 3,45 GPa.

Nr. 30: Rhyolite (inhomogeneous) o. = 9,0 MPa,
E-modulus = 3,74 GPa.
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Nr. 31: Rhyolite (inhomogeneous) o. = 8,9 MPa,
E-modulus = 3,41 GPa..

Nr. 32: Rhyolite (inhomogeneous) o. = 19,0 MPa,
E-modulus = 5,77 GPa.
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Nr. 36: Sandstone o. = 32,7 MPa, Nr. 37: Conglomerate o. = 19,1 MPa,
E-modulus = 7,36 GPa. E-modulus = 6,91 GPa.
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Nr. 38: Conglomerate o. = 10,7 MPa,
E-modulus = 4,21 GPa.
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Nr. 41: Conglomerate o. = 11,5 MPa,
E-modulus = 3,28 GPa.
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Nr. 34: Rhyolite (homogeneous) o. = 116,2 MPa,
E-modulus = 27,09 GPa.
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Nr. 40: Conglomerate o. = 20,7 MPa,
E-modulus = 7,22 GPa.
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Nr. 16: Tholeiite o. = 11,5 MPa,
E-modulus = 14,20 GPa.
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Nr. 35: Rhyolite (homogeneous) o. = 135,6 MPa,

E-modulus = 11,50 GPa.
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PHOTOS OF SAMPLES AFTER TRIAXIAL TEST

Nr. : Altered olivine tholeiite S . . SERTS A
Failure at: o, — 93,48 MPa and o5 = 1,00 MPa Nr. 23: Rhyolite (homogeneous)

Failure at: o, = 52,39 MPa and o; = 2,00 MPa

Nr. 33: hyolite (inhomogeneous) Nr. 39: Conglomerate

Failure at: o; = 36,04 MPa and o3 = 2,01 MPa Failure at: o, = 39,40 MPa and o; = 2,00 MPa
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RESULTS PLOTS FROM TRIAXIAL TESTS

Sample 8 - Altered olivine tholeiite:
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Sample 23 — Rhyolite (homogeneous):
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Sample 33 — Rhyolite (inhomogeneous):
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Sample 39 — Conglomerate:
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COMPARISON OF LABORATORY TEST RESULTS AND OTHER TEST
RESULTS FROM ICELAND.
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Figure 5-2. Brazil tests vs. bulk density for volcanic and sedimentary rocks in Iceland.
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E - modulus —
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Figure 5-3. E-modulus vs. bulk density for volcanic and sedimentary rocks in Iceland.
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6. Appendix — Numerical analysis
This appendix contains pictures further results from the numerical analysis as well as
some results from the sensitivity analysis.

+» Figures from the results of numerical analysis

¢ Discussion on results

s Sensitivity analysis, figures and results
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RHYOLITE

Results from the rhyolite numerical analysis are shown here in figures and tables.

Rhyolite RSC 3 RSC 2

Base GSI| Min GSI Base GSI | Min GSI
Total displacement 0,01609 0,01831 0,02436 0,02763
Yielded elements 216 291 256 325
Yielded bolt el. 50 60 48 66
Yielded liner el. 2 2 32 34

Table 2. Results from the rhyolite, total displacement is in meters.

The following 4 figures show results from using RSC2 to support the rhyolite section.
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Figure 6-1. Strength factor, GSI base, RSC 2.
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Figure 6-3. Total displacement, GSI base, RSC 2, max displacement is 24 mm.
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Figure 6-4. Total displacement, GSI min, RSC 2, max displacement is 27 mm.
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DEEPEST CROSS-SECTION

Results from the deepest cross-section numerical analysis are shown here in figures and

tables. Also shown are two results from the sensitivity analysis. The Poisson s ratio test

and the Elastic modulus test. In the Poisson’s ratio test the ratio in the tholeiite was set

to 0,25. In the Elastic modulus test the elastic modulus for the materials was set to twice

the used values.

Deepest RSC 3 RSC 2 RSC 3 extra
Base GSI| Min GSI Base GSI | Min GSI Base GSI
Total displacement 0,02565 0,02345 0,03419 0,03002 0,02197
Yielded elements 827 932 878 998 805
Yielded bolt el. 124 148 123 180 106
Yielded liner el. 14 16 40 56 2

Table 3. Results from the deepest cross-section, total displacement is in meters.

Deepest RSC 3 (poisson test) | RSC 3 (E test)
Base Base
Total displacement 0,02818 0,01331
Yielded elements 826 859
Yielded bolt el. 123 106
Yielded liner el. 14 0
Table 4. Results from the sensitivity analysis.
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The following 4 figures show an attempt to support this cross-section with RSC 2.

Figure 6-6. Strength factor, GSI min, RSC 2.
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Figure 6-8. Total displacement, GSI min, RSC 2, max displacement is 30 mm.
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The following 2 figures show how the cross-section was modeled with extra support in the
walls. Up to 200 mm thick shotcrete was used.
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Figure 6-10. Total displacement, GSI min, RSC 3 with extra support in tunnel walls (200 mm shotcrete)

max displacement is 22 mm.
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Figure 6-11. Strength factor, GSI min, load split 70-30 tested. It clear that the cross-section has collapsed in
several places.

TYPICAL ICELANDIC CROSS-SECTION

Results from the typical Icelandic cross-section numerical analysis are shown here in
figures and tables. Also some results from the sensitivity analysis on UCS and mi is
shown. In the UCS test the average values from the laboratory results were used. In the
mi test the default values recommended by Phase? were used.

Typical Icelandic RSC 3 RSC extra
Base GSI| Min GSI Min GSI
Total displacement 0,01542 0,014792 0,01352
Yielded elements 605 851 832
Yielded bolt el. 58 69 68
Yielded liner el. 4 6 0

Table 5. Results from the typical Icelandic cross-section, total displacement is in meters.
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Typical Icelandic RSC 3 (UCS test) RSC 3 (mi test)
Base GSI Base GSI
Total displacement 0,01319 0,01115
Yielded elements 800 796
Yielded bolt el. 64 37
Yielded liner el. 0 0

Table 6. Some results from the sensitivity analysis.
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Figure 6-12. Strength factor,GSI min, RSC 3 with extra support (150 mm shotcrete) in tunnel walls.
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Figure 6-13. Total displacement, GSI min, RSC 3 with extra support in tunnel walls (150 mm shotcrete)
max displacement is 13 mm.
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Figure 6-14. Strength factor, GSI min, RSC 3, mi tested with default values recommended by Phase?.
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Total
Displacensnt

Figure 6-15. Total displacement, GSI min, RSC 3, mi tested with default values recommended by Phase?,

max displacement is 11 mm.
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Here below are figures that show testing done with ko = 1. This was done to demonstrate
how important it is to choose this value correctly.
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Figure 6-17. Total displacement, GSI min, RSC 3, testing of ky = 1, max displacement is 11 mm.
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