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1 INTRODUCTION

1.1 General
The Burfell Hydroelectric Project Extension® has to do with the proposed construction of a second
power station at the Burfell-site, bPjérsardalur (Thjorsardalur), South Iceland. The older hydroelectric

power station and project will be referred to as Barfell Station.

Refer to Figure 1-1 below for aerial view of the close surroundings, Drawing 01 for a general
location map, Drawing 02 for a close-up map of the construction site of the two alternatives of the

Burfell HEP Extension and the same on aerial photo in Drawing 03.

Figure 1-1 Viewing from southwest to northeast with the current Burfell Station by Fossa under
Samsstadamuli mull and the proposed Burfell Extension site right of Samsstadaklfi’> . Photo: Emil Pér
Sigurdsson 16 August 2012.

1.2 Burfell Station and Burfell HEP Extension

For detailed description of the project, refer to Almenna verkfraedistofan (2012A and 2012B). Below

is the background of the project described:l

The construction of hydropower plants at the bjérsa and Tungnaar watershed commenced with the
construction of the Barfell Station (1966-1972, 210 MW) and the bdérisvatn Reservoir (1970-1972).

Following years two hydropower plants were built in the Tungnaar river; the Sigalda Station

! Also called Burfell HEP Extension or Burfell Extension for short. In some of the reports from 1980-1990 the
Eroject is frequently called Burfell II.

The name Samsstadaklif (Samsstada-cliff) is used for the N60°E-trending fracture and the gully at the
southern end of it, as well as the hillside on each side of it.

Almenna verkfraedistofan hf. 1
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(1973-1978, 150 MW) og the Hrauneyjafoss Station (1977-1981, 210 MW). Later the Sultartangi
Dam (1982-1984) and the Kvislarveita Diversion (1980-1985) were built.

In 1980 it appeared that the Burfell Station would become a bottleneck in the hydropower chain
when the above mentioned projects were completed. Large amount of unharnessed water would
flow past the station and there would be mismatch in the rated power between the Burfell Station at
the one hand and Hrauneyjafoss Station and Sigalda Station at the other hand. Therefore,
Landsvirkjun sought ways to increase the rated power of Burfell Station. The company concluded
initially that the most feasible project would be a new powerstation near the Samsstadaklif hill, in
the vicinity of the existing station. The proposed project consisted of a new headrace canal on the
top of Samsstadaklif hillside, a penstock down the hill, a surface powerhouse housing two 70 MW
Francis turbines and a 2 km long tailrace canal with its downstream end about 1 km away from the

Burfell Station.

Already in 1981 the excavation of the tailrace canal had begun. During the summers 1981 to 1985,
1988 and 1989 some 1,4 million m3 of material was excavated. In addition, the site for working

camps was prepared.

In the end of the 90s a revised design of a smaller extension of the Burfell Station was prepared
and tender design of 100 MW extension was initiated. In 1992 the project was put on hold due to
changed market conditions. At that moment about 0,5 million m3 of material had yet to be

excavated in the tailrace canal.

During 1997 and 1998 new turbines were installed in the existing Burfell Station, increasing rated
power from 210 MW to 270 MW. The net rated head is 115 m and the rated discharge was

increased to 280 m3/s.

Today, 60 % of the time the Burfell Station is working close to its rated power. During the winter
months on average 30 m3/s of discharge passes by the station and more than 100 m3/s from May

to September.

With this in mind Landsvirkjun has now decided to revive the plan to build a new hydropower plant
in the Samsstadaklif hill, with the intension to harness more water and have the chance to reduce
the load on the Burfell Station. The rated power can be as high as 140 MW.

Two schemes are being studied. The first alternative is the above mentioned scheme with a
surface powerhouse and a penstock down the Samsstadaklif hillside. The second alternative is to
build underground powerhouse in the hill. Previous studies by Landsvirkjun indicate that the
undergrond scheme is an economical solution and possibly more environmental friendly (Almenna
verkfreedistofan (2012A and 2012B)).

1.3 The investigation and report

The geological investigation for the Burfell Extension was performed by Almenna verkfraedistofan

hf. (Almenna Consulting Engineers Ltd.) for Landsvirkjun in the summer of 2012.

Almenna verkfraedistofan hf. 2
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Two alternatives or options for the Bdarfell Extension are considered, called Underground

powerhouse alternative and Surface powerhouse alternative.

In the report, the dot (.) is used for separation of thousands and for decimal places the comma (,) is
used.

For investigations in 2012 and other recent ones, the coordinates in planview are either the
geographic longitudes and latitudes or they are the Icelandic ones with ISN93 as reference
(Umhverfisraduneytid (1999)) “with coordinates in Lambert's conformal conical projection with
standard parallels 64°15'N and 65°45'N and central meridian 19°W. False eastings and northings
are both 500.000,00 at 65°N and 19°W” (Landmeelingar islands (1997)).

For elevation ISH2004 is used as reference (Umhverfisrdduneytid (2011)).

Almenna verkfraedistofan hf. 3
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2 GEOLOGICAL BACKGROUND INFORMATION

2.1 General geology of Iceland

On the general geology of Iceland, reference is made to a special issue, The dynamic geology of
Iceland, of the journal Jokull in the year 2008 (Freysteinn Sigmundsson et al. (2008)) and related

literature. Some of it is presented in Appendix A.

For the geology of the area around Burfell HEP Extension, reference is made to a journal article
(Elsa G. Vilmundardattir et al. (1985)).

For the more detailed engineering geological/geotechnical work, the reader is referred to the

reports presented in Section 2.2 below.

2.2 Engineering geological investigations
Research has been ongoing in the area around Burfell Station and Burfell HEP Extension for
decades as described in section 1.2. Below reports are listed in chronological order for most of the

important geological investigations from that time:

e Harza Engineering Company International (1963):
o Burfell project. Project planning report.
= Volume | — Summary Letter and Report.
= Volume Il — Appendices.
e Haukur Tdmasson (1967):
o Jardfraedirannsoknir virkjunarstadarins vid Burfell. (In Icelandic).
e Ingibjorg Kaldal (1980):
o Buarfell Il. Laus jarélég. (In Icelandic).
e Snorri Pall Snorrason (1981):
o Jardfreedi Samstadaklifs. (In Icelandic).
e Pétur Pétursson (1982):
o Buarfell ll. Loftboranir a stodvarhlssteedi. (In Icelandic).
e Almenna verkfraedistofan (1982):
0 Staekkun Barfellsvirkjunar. Rannsoknir a jardlogum og byggingarefnum.
e Agust Gudmundsson, Elsa G. Vilmundardoéttir and Snorri P. Snorrason (1983).
0 Geological map of bedrock. Scale: 1:50000. Name: Burfell — Langalda. Number:
3540 B.
o0 Published by Orkustofnun — Vatnsorkudeild and Landsvirkjun.
e Bjarni Bjarnason (1983):
o Barfell Il. Adrennslisskurdur, stddvarinntak og stédvarhdsgrunnur. Kjarnaborun
1983. (In Icelandic).
e JOn Ingimarsson (1985):

0 Mat & lekt jardlaga a stoédvarhassteedi. (In Icelandic).

Almenna verkfraedistofan hf. 5
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Appendix B shows the bedrock map of the area from 1963 (Harza Engineering Company
International (1963)) and Drawing 14 shows a part of the bedrock map of the area from 1983
(Agust Gudmundsson et al. (1983)).

Almenna verkfraedistofan hf. 6
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3 GEOLOGICAL INVESTIGATIONS IN 2012

3.1 Introduction

In June 2012, three cored boreholes were drilled at the site of the planned Burfell Extension and six
boreholes were drilled in the same campaign with rotary pneumatic percussion drilling, see Table
3-1.

Drawing 04 and Drawing 05 show the boreholes from previous investigation campaigns as well as
the ones from 2012 in connection with the Surface powerhouse alternative and the Underground

powerhouse alternative, respectively.

Table 3-1 Exploration holes drilled in the campaign of 2012.

Borehole Depth of Coordinates with ISN93 | Elevation with ISH2004 | Length of Range of

number hole as reference® as reference” 3” ODEX- NQ-size
casing core
(m) North or X Eastor Y At top of | At ground
i (m) (m)
(m) (m) casing | (mas.l)
(ma.s.l)

Cored boreholes

2,30 to
BF-30 1741 460998,08 | 400336,45 268,39 268,18 2,30

174,10
BF-31 48,18 461096,89 | 400469,09 266,71 266,53 2,60 2,60 to

48,18
BF-32 84,3 460809,06 | 400131,84 181,87 181,57 3,0 3,0to0 84,3

Rotary pneumatic percussion drilled boreholes (coordinates taken by hand-GPS and elevation from map)

BF-33 3 461038 400469 No casing 252 No casing No core
BF-34 3 461030 400447 No casing 254 No casing No core
BF-35 3 461013 400413 No casing 254 No casing No core
BF-36 3 460998 400441 No casing 251 No casing No core
BF-37 3 461011 400461 No casing 251 No casing No core
BF-38 3 461024 400472 No casing 251 No casing No core

3 Refer to Section 1.3.
4 Refer to Section 1.3.

Almenna verkfraedistofan hf. 7
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3.2 Exploratory drilling

Exploratory drilling was carried out by Reektunarsamband Fléa og Skeida ehf (RSFS). Each of the
three cored holes is cased with 3" ODEX drilled-casing (Atlas Copco (2008)), 2-3 m long. The core
was recovered with Longyear NQ triple tube equipment (Boart Longyear Ltd. (2012)), giving cores
of 45 mm diameter. The 3" rotary pneumatic percussion drilled holes were drilled with the same drill

rig using 76 mm drill bit.

3.3 Logging of boreholes

Detailed graphic logs of cored-boreholes from 2012 are shown in Appendix C, graphic logs of
cored-boreholes from earlier campaigns are presented in Appendix D and pictures of the cores in

Appendix E. Interpretation of the rotary pneumatic percussion drilling 2012 is shown in Appendix F.

The regular Rock Quality Designation, RQD, i.e. for core pieces longer than 10 cm, is shown, as
well as values for 30, 50 and 100 cm pieces, where RQD is the percentage of core pieces longer

than 10 cm (or 30, 50 or 100) of the core interval assessed.

Also on the logs are results on ground water table, core recovery (in percentage; can be more than
100% due to slight inaccuracy in the measurements on the core lengths and recovery), point load

tests (see Section 3.4) and Lugeon or packer permeability tests (see Section 3.5).

The rock mass quality presented is “Qc” (or “Qcore”) rather than the traditional Q as the results are
mainly based on observations of the core rather than the whole rock mass. The Q-system was
defined in Norway (Norwegian Group for Rock Mechanics (2000)) and has been adapted for use in
Iceland over the years with experience from tunneling (Vegagerdin (2009)). The core from BF-1,
BF-18, BF-19, BF-20 and BF-21 was logged anew and the Qc value rated according to practice of

today in Iceland.

Support of structures is not dealt with in this report but for reference purposes Figure 3-1 is

presented.

Almenna verkfraedistofan hf. 8
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Figure 3-1 Rock mass quality. From Palmstrom and Broch (2006).

3.4 Point load tests

Point load tests were carried out as soon after drilling as possible on the D = 45 mm core (+/- 0,5
mm) in a diametral setup, i.e. with force applied perpendicular to the length of the core. The test
procedure and calculation of results shown in Table 3-2 follows operating instructions of the point
load test apparatus (ELE International (2003)) and description of the Norwegian Group for Rock
Mechanics (2000):

P (N) ) i (D (mm) )0'45

Lo =1 xF =
s50 = %5 ¥ (Dz(mmZ) 50 (mm)

Here, Is is the point-load strength index and 50 refers to a 50 mm core; F is a core-size correction
factor; P is the measured load at failure, and D is the measured diameter of the core being tested.

In the current case this becomes:

P (N) >* (45 (mm)>°'45 _ ( P (N)

lco =1, %«F = —_— 0,954
s50 = s * (452(mm2) 50 (mm) 452(mm2)> *

Almenna verkfraedistofan hf. 9
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Table 3-2: Results of point-load testing.
Point load measurements
Borehole | Depth Stratigraphic | Number | Average measured | Point load strength | Comments
(m) member of tests load at failure, P index, lsso
(\) (MPa)
18,20-
BF-30 18.60 Conglomerate 2 4700 2,2
31,27-
BF-30 3154 Conglomerate 4 9700 4.6
BF30 | ST Andesite 4 23400 11,0
75,49- .
BF-30 75.66 Andesite 3 19900 9,4
Br30 | 83,55 Andesite 3 13000 6,1
83,8
95,30- .
BF-30 95.60 Andesite 4 31000 14,6
96,85- .
BF-30 97,07 Andesite 3 27000 12,7
104,3- .
BF-30 104,47 Tholeiite 3 27300 12,9
115,75- .
BF-30 116,02 Tholeiite 3 19900 9,4
116,3- - .
BF-30 116.6 Tholeiite 4 1300 0,6
118,30- .
BF-30 11857 Tholeiite 3 19,5 9,2
120,04- *
BF-30 120,27 Conglomerate 4 3,4 1,6
126,6- .
BF-30 127.0 Olivine basalt 5 7,7 3,6
138,25- ,
BF-30 138.60 Tholeiite 5 16,6 7,8
152,3-
BF-30 1526 Basalt 4 16,4 7,7
160,3- .
BF-30 160.6 Olivine basalt 4 13,8 6,5
164,5- L
BF-30 164,85 Olivine basalt 4 7,3 3,4
165,36- .
BF-30 165.6 Olivine basalt 3 13,4 6,3

* Strength is below range of advisable use of point load testing (Norwegian Group for Rock Mechanics (2000)
and is not included in Table 4-1.

3.5 Packer tests for hydraulic conductivity

Hydraulic conductivity tests (or permeability tests) were performed in most of the cored holes, the
so-called Lugeon test or packer test, using single packer method (Arni Hjartarson et al. (1983)).
The results are expressed as lugeon, LU, where one (1) LU “is empirically defined as the hydraulic
conductivity required to achieve a flow rate of 1 liter/minute per meter of test interval under a

reference water pressure equal to one (1) MPa” (Quinones-Rozo (2010)).

Geological and engineering geological investigations at the Barfell Station site started soon after
1960 as discussed in Sections 1.2 and 2.2 and many layouts of the project were investigated and

several boreholes drilled to investigate each layout. Below are presented permeability tests in

Almenna verkfraedistofan hf. 10
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holes directly relevant to the present project, i.e.: BF-1 from 1980, BF-18 to BF-21 from 1983, and
BF-30 to BF-32 from 2012.

The testing intervals along the depth of the borehole depend on conditions in each hole and

therefore they are of variable length.

For results, refer to Table 3-3 and Table 3-4 and the borehole logs in Appendix C, Appendix D and
to Figure 3-2 to Figure 3-5.
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Table 3-3 Single packer tests in boreholes drilled in the Older Burfell formation (OB).
Borehole Geological Depth of packer Bottom of borehole Packer test LU
formation in borehole during packer test interval or length ((/miny/m)
(m) (m) (m)

BF-1 OB 5 151 146 2
BF-18 OB 9 20 11 5
BF-18 OB 20 40 20 1
BF-19 OB 9 20 11 4
BF-19 OB 20 40 20 6
BF-20 OB 19 30 11 5
BF-20 OB 35 40 5 15
BF-20 OB 40 50 10 7
BF-21 OB 9,5 16 6,5 8
BF-21 OB 18,5 41 22,5 5
BF-21 OB 41 50 9 25
BF-30 OB 7,2 33,6 26,4 0,75
BF-30 OB 33,6 42,13 8,53 2,7
BF-30 OB 42,13 54,6 12,47 6
BF-30 OB 54,6 63,6 9 20
BF-30 OB 63,6 75,42 11,82 9
BF-30 OB 73 82,62 9,62 3
BF-30 OB 85,75 93,6 7,85 45
BF-30 OB 91,6 102,56 10,96 43
BF-30 OB 96,6 111,6 15 10
BF-30 OB 108,6 120,6 12 14
BF-30 OB 117,6 129,6 12 6
BF-30 OB 129,6 144.6 15 6
BF-30 OB 138,6 153,6 15 4
BF-30 OB 153,6 174,1 20,5 12
BF-31 OB 12,6 42,18 29,58 3,5
BF 32 OB 3 21,7 18,7 2
BF 32 OB 52,2 65,13 12,93 2,3
BF 32 OB 61 84,32 23,32 3
BF 32 OB 3 84,32 81,32 3

Almenna verkfraedistofan hf. 12
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Table 3-4 Packer tests in holes drilled 1962 in the Samstadaklif Basalt formation (SB).
Borehole Geological Depth of packer Bottom of borehole Packer test LU
formation in borehole during packer test interval or length ((/miny/im)
(m) (m) (m)
PT-8 SB 1,5 4 2,5 1
PT-8 SB 4 6,8 2,8 200
PT-8 SB 6,8 8,7 1,9 30
PT-8 SB 8,7 11,7 3 120
PT-8 SB 11,7 16,2 4,5 1
PT-8 SB 16,2 20 3,8 30
PT-9 SB 3 6 3 1
PT-9 SB 6 9 3 20
PT-9 SB 9 12 3 1
PT-9 SB 9 12 3 20
PT-10 SB 0,8 21,2 20,4 40
PT-10 SB 21,2 40,5 19,3 25
Figure 3-2 Packer tests of holes drilled 1980-1983 (BF-1 to BF-21) and in 2012 (BF-30 to 32) in the

Older Burfell formation (OB). Test interval is in meters and LU is in litres/minute per metre along the test
interval.
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Figure 3-3

Packer tests in Samstadaklif Basalt formation (SB). The holes were drilled in 1962.

Figure 3-4

Overview of packer tests in both geological formations
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Figure 3-5 Distribution of LU values lower than 50 LU. Two packer tests yielding 120 and 200 LU in PT-
8 are omitted in the graph.

3.6 Pumping test for hydraulic conductivity

Pumping test was performed in 1984 (Jén Ingimarsson (1985)) at the powerhouse site of the then
proposed Burfell Extension - Surface Powerhouse Alternative. The rock formation tested is the
Older Burfell. The results are in good concordance with the packer tests and the report summarizes
the results of the test as follows:

e Transmissivity, T = 1,0v10-5 m?/s

e  Storage coefficient, S = 4*10™ (-)

e K=(0,5-1,0*10° m/s
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4 LITHOLOGY

4.1 Introduction

In the chapter the stratigraphy and lithology at the site of the Burfell Extension is described.

4.2 Lithostratigraphic units and properties

When describing the lithostratigraphic units in Table 4-1 below, the terminology from the earlier
geological investigation reports discussed in Chapter 2 are used, and results are presented from
the investigation in 2012. Besides, the International Stratigraphic Guide (Murphy and Salvador
(1994/1999)) has been referred to.
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Lithostratigraphic units at Burfell Extension and properties of the units

Stratigraphy Properties

Formation® Member® | Bed or Point load Range of Qc at Permeability, LU
Flow strength index, each location ((1/min)/m)

1s50 ()

Samsstadaklif 0,1-0,37 2-3

glacial till /

moraine (GT)*

Samsstadaklif 1-200

basalt (SB)

Continued

*In Icelandic called jokulberg or jokulrudningur

> Myndun in Icelandic.
6 Syrpa in Icelandic.

Almenna verkfraedistofan hf.
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Formation Member Bed or Flow Point load Range of Qc at | Permeability, LU
strength index, each location ((min)/m)
Is50 ()
Older Barfell
(OB)
Conglomerate 2,2 2,4-6,5 0,75
4,6 4,3-5,8
3,9-5,2
Olivine basalt Vesicular part 3,9-8,7
of lava-flow
Complex part 2,7-10,7 2,3
of lava-flow
Tholeiite basalt Vesicular part 0,7-2,8
of lava-flow
Dense part of 12,9 3,1-9,3 4
lava-flow 9,4 1,3-5,0
9,2 2,4-54
7,8 1,7-3,8
Complex part 1,5-4,6 10
of lava-flow 4,5-10,0 14
1,4-7,0 3
2,0-8,1
Porphyritic Lava-flow 3,6 6,6-14,8
olivine basalt 12,7 1,5-5,7
Basaltic andesite | Lava-flow 11,0 1,0-2,1
9,4 0,8-1,4
14,6 0,7-2,6
12,7 1,1-4,0
2,6-5,8
2,0-4,6
Vesicular part 6,1
of lava-flow
Complex part 0,7-2,6 6
of lava-flow 1,3-3,9 20
9
45
43
Scoria 1,2-2,0 3
4,5-11,9
0,2-0,3
0,3-1,0
Acid tuff 3,0-7,9

Almenna verkfraedistofan hf.
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5 EARTHQUAKES AND FRACTURES

5.1 Introduction

Only a brief discussion of some tectonic aspects of the Burfell area, i.e. seismicity, fractures and

faults, will be given in this chapter.

5.2 Earthquakes and seismic zoning

The Burfell Extension-site is less than 5 km north of the South Iceland Seismic Zone (SISZ), see

Figure 5-1, Appendix A and Khodayar et al. (2010).
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Fig. 1. The computational area including the South Iceland seismic zone (SISZ). Its location on Iceland is
shown as inset. Also indicated are: Western (WVZ) and Eastern Volcanic Zone (EVZ); branches of the mid-
Atlantic ridge (dashed lines); the position of the volcanoes Hengill, Hekla, and Katla (from west to east;
triangles; positions from National Geophysical Data Center (NGDC) http://www.ngdc.noaa.gov and
topographical maps). Ruptures (Roth, 2004; solid lines) and epicentres (Einarsson, pers. comm.; stars) of the

13 M=6 earthquakes from 1706 to 2000 are also shown.

Figure 5-1 Large earthquakes in the South Iceland Seismic Zone (SISZ). From Richwalski and Roth
(2008) with the location of mountain Burfell added. Missing in this figure is the M>=6 earthquake doublet in
2008 (Decriem et al. (2010)) in the west and the 1987 Vatnafjoll M=5,9 earthquake in the east believed to
show the extension of the SISZ to the Eastern Volcanic Zone (EVZ) (Aglstsson et al.(1999)).

According to IST EN 1998-1:2004 Eurocode 8 (Stadlarad islands (2005 and 2009)), section “3.2.1
— Seismic zones”, “... national territories shall be subdivided by the National Authorities into

Almenna verkfraedistofan hf. 21




Landsvirkjun Burfell HEP Extension — Geological Report

seismic zones, depending on the local hazard. By definition, the hazard within each zone is
assumed to be constant. ... For most of the applications of EN 1998, the hazard is described in
terms of a single parameter, i.e. the value of the reference peak ground acceleration on type A
ground, agR. ...” By “type A ground” is meant “rock or other rock-like geological formation,

including at most 5 m of weaker material at the surface.”

Icelandic authorities have subsequently subdivided Iceland into seismic zones and published in the
National Annex to IST EN 1998-1:2004 Eurocode 8 (Stadlarad islands (2010)). The Burfell
Extension lies within the zone of highest “horizontal reference acceleration for earthquakes in
Iceland”, as shown on Drawing 15 that shows part of the “hazard map for Iceland”, with “10%
probability of exceedence in 50 years ... i.e. with a mean return period of 475 years” of agR = 0,50

g.

Besides, in section 4.2.5 - Importance classes and importance factors of IST EN 1998-1:2004
Eurocode 8 (Stadlarad Islands (2005 and 2009)) it says: “Buildings are classified in 4 importance
classes, ...."” and importance class IV is described as “buildings whose integrity during earthquakes
is of vital importance for civil protection, e.g. hospitals, fire stations, power plants, etc.” And in
section 10.6 - Seismic action: “In buildings of importance class 1V, site-specific spectra including
near source effects should also be taken into account, if the building is located at a distance less

than 15 km from the nearest potentially active fault with a magnitude Ms >=6,5.”

Based on this, in the National Annex to IST EN 1998-1:2004 Eurocode 8 (Stadlarad islands
(2010)), it says: “In those areas, where the distance to the closest potential fault is less than 15 km
and agR =0,5g ..., the Tc(S) parameter for ground type A should be increased from 0,4 sto 0,5 s.
... In the South Iceland lowland the near fault area may be defined with a quadrangle whose sides
are Hellisheidi in the west, Hekla in the east and the latitudes 64°8’ in the north and 63°48’ in the
south.” The above “near-fault-area” has been added to Drawing 15 and on to it has also been
added data on fractures from Professor Pall Einarsson of University of Iceland (pers. comm.,
August 2012).

The fault of the M=7 earthquake of 1912 is closest to the Burfell HEP Extension in the southwest
as seen in Figure 5-1, and the M=5,9 earthquake of Vatnafjoll just south of mountain Hekla

(Agustsson et al.(1999)) is closest in the southeast.

The earthquakes in SISZ typically occur in episodes, on the average every 80 years (Khodayar et
al. (2010)), with each episode lasting from days to years (Bryndis Brandsdéttir et al. (2010)). During
current episode, starting in year 2000, if not 1987, three earthquakes over six in magnitude have
occurred with epicenters 30 to 60 km away, or 25 km if the 1987 Vatnafjoll earthquake of M=5,9 is

counted.

5.3 Joints, faults and other discontinuities

Generally speaking, joints, faults, fissures and fractures are types of “discontinuities”, i.e. “any

mechanical discontinuity in a rock mass having zero or close to zero tensile strength” (Norwegian
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Group for Rock Mechanics (2000)). Fractures are seen on the surface and sometimes in
boreholes, but a fault need not show up on the surface until after erosion has worked down upper
layers. For general discussion of the fractures and faults in the Barfell area, refer to Snorri Pall
Snorrason (1981) and Elsa G. Vilmundardottir et al. (1985).

Most of the joints observed in the basaltic lava pile and seen in the cored boreholes are caused by

cooling of the lavas in question and show no displacement.

It is known from previous research at Sandafell, some 10 km north of Burfell Station, that open
fractures are found in the area (Snorri P. Snorrason, personal communication, November 2012)
and a few cases of fractures where found in the cored boreholes of 2012 but without any active

movement.

A very clear fracture is visible just north-west of the Burfell Extension site, the Samsstadaklif-
fault/fracture, and it meets the northern end of the headrace canal. The fault/fracture has direction
of N65°A and fracture of that and similar direction are known to be strike-slip faults but no active

displacement or movement have been observed at this fracture.

Three sets of faults/fractures are to be found in the vicinity of Burfell, see Drawing 16.

One and probably the oldest set has orientation of N30°A to N60°A and it appears to be to be
related to volcanic buildup of the general area. The rocks near or at these faults are expected to be

more jointed than elsewhere. No sign of recent activity has been observed near these faults.

Second set of faults with orientation from NO°A to N20°A. These faults are quite prominent in the
field as visible depression has been eroded along most of them. The orientation is similar to the
strike-slip faults that are presently active in the South Iceland seismic zone but are obviously older
as the erosion reveals. No signs of recent activity have been observed at or near these faults. A
fault of this set seems to lie from the surface powerhouse site and in northerly direction towards
cored hole BF-1. Rocks in both places are very jointed, possibly because of the fault. This fault will

cross proposed access tunnel for the Underground powerhouse variant of this project.

The third set of faults have orientation of N60°A to N70°A and some of them have been mapped as
strike slip faults. Signs of activity related to them (open fissures) have been observed north of the
project site, in Sandafell. A fault of this set is to be found just north of the project site, the
Samstadaklif fault/fracture mentioned before. It cuts through the current headrace canal but will

probably not affect the headrace canal proposed in this paper.
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6 GEOLOGICAL CONDITIONS FOR UNDERGROUND POWERHOUSE

6.1 Introduction

Below follows a description of the geological conditions at different structures of the Burfell
Extension - Underground powerhouse alternative. The layers discussed all belong to the Older
Burfell formation (OB).

Refer to Drawing 05 for the layout of the Underground powerhouse alternative, to Drawing 06 for a
geological section, Appendix C and Appendix D for the logs of the holes for the relevant structure,
and Appendix E for pictures of the cored boreholes 2012, and Table 4-1 for properties of the

lithostratigraphic units.

In the description, reference is made to the design presented in a report by Almenna
verkfraedistofan (2012B).

6.2 Headrace canal and intake

The headrace canal will be partly excavated in a layer of conglomerate, see log of the cored
borehole BF-31 in Appendix C and Figure 6-1 and Figure 6-2 below. The same holds for the intake
to the pressure shaft; most of the excavation is in the same conglomerate but the lowest part of the
intake hits the olivine basalt below the conglomerate. The conglomerate is rich with rhyolite sand
and angular rock fragments. The rounded pebbles are however of basalt origin. The layer is
reasonably well cemented but with weak lenses, and somewhat jointed but some of the supposed
joints are caused by drilling operation and handling. For the properties of the conglomerate layer,
see Table 4-1. Two point load tests were obtained from the layer and they yield 2,2 MPa and 4,6
MPa; the Qc-value (Qcores-value) is 2,4 to 6,5. Permeability is low and the packer tests yields
0,75-3,5 LU.

The intake will be founded on the layer of olivine basalt layer just below the conglomerate. The
layer is somewhat jointed but not unduly so, with the lower part dense and reasonably competent
rock. The Qc value is in the range of 2,7-10,7, and permeability is low as the packer tests yielded
2,3-3,5 LU; see Table 4-1.

The uppermost 15 m of the conglomerate layer yielded poor core recovery and the recovered rocks
are mostly pebbles and stones and the groundmass has eroded away due to weak cementing, but

the intake and headrace canal appear to be excavated mostly below this weak zone.
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Bjarnaloén

Figure 6-1 Looking northwest over Samsstadaklif with Bjarnalén in the upper right and the headrace
canal of the Burfell Station. The site of the headrace and tailrace canals of the underground alternative of the
Barfell Extension is shown. Photo: Emil bor Sigurdsson 16 August 2012.

Figure 6-2 Closer look of headrace canal site. Viewing northeast with Skélarfell in the background.
Cored borehole BF-30 being drilled close by the cable tunnel-location and showing location of BF-31 east of
the headrace canal. Photo: Snorri Pall Snorrason 3 July 2012.
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Figure 6-3 The drilling contractor at the site of borehole BF-30. Photo: Aki Thoroddsen 26 June 2012.

6.3 Pressure shaft and cable tunnel

Refer to Figure 6-2 for drilling of BF-30 and the log of that hole in Appendix C and to Drawing 06

and Drawing 07 and Drawing 08 for a geological section of these structures.

The cable tunnel starts at top in thin overburden and then goes through a 32 m thick layer of the

conglomerate discussed in Section 6.2.

Below the intake structure a 60 m thick series of several basalt andesite layers are to be found.
They reach down to elevation of 168 m a.s.|. The basalt andesite is generally dark, hard, dense
and very jointed with irregular, often thin scoria layer at top. The scoria is filled with silt or opal and
the fillings are substantial part of the rocks. The Qc value is estimated in the range 0,7-5,8 but the
most common values are 1-3. The point load test yielded some 9,4-12,7 MPa. One scoria layer

was thick enough to be evaluated separately, giving a Qc value as low as 0,3-1,0.

Below the basalt andesite a series of basalt layers are to be found and they reach to the bottom of
BF-30 at elevation of 94,3 m a.s.l. The basalt is mostly tholeiite basalt very jointed and rather hard,
and vesicular and dense rocks alternate. The core recovery is rather good. The Qc value ranges
from 1,3-10 in the tholeiite and point load tests give 7,8 to 12,7 MPa. The Qc value of thickest

scoria layer was evaluated separately and it ranges from 4,5-11,9.

In the middle of the tholeiite series described above is a sequence of cemented conglomerate,
porphyritic olivine basalt layer, and a cemented layer of volcanic acid tuff. This 10 m sequence, at
elevation 138-148 m a.s.l., has a very good core recovery, is little jointed and has Qc values from

2,4 to 14,8 and a common Qc value around 6-7.
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Permeability varies considerably from low values of 6 LU up to moderate values of 45 LU for the

pressure shaft and cable tunnel.

6.4 Powerhouse

Refer to Figure 6-2 for drilling of BF-30 and the log of that hole in Appendix C and to Drawing 08 for
a geological section of this structure.

The powerhouse cavern is proposed from elevation of 108 m a.s.l. to 145 m a.s.l. and it will cut
through several basalt layers. For the Qc values and point load tests and permeability see the log
for BF-30 in Appendix C.

The layers at the powerhouse can be subdivided into four sections:

Crown layers at elevation 156 m a.s.l. down to 144 m a.s.l.: Consist of two heavily jointed tholeiite
basalt layers and a 2 m layer of coarse conglomerate in between. The permeability test of the
sector indicates 14 LU. The tholeiite basalt is jointed and the layers have Qc value in the range of
1,3-5,0. The joints appear to be predominantly caused by cooling of the lava. The lower tholeiite
layer shows a fine pattern of healed joints which could be of tectonic origin. Some point load tests
were made but the basalt layers are so jointed that the tests are difficult.; the highest value was 9,3
MPa but one sample yielded only 0,6 MPa. The 2m layer of conglomerate is rather coarse with
angular stones of various origin, the Qc value is in the range of 4,3-5,8 and point load strength 1,6
MPa.

Upper layers near crane beam section at elevation 144 m a.s.| down to 129 m a.s.l.: A 5m thick
sound and little jointed porphyritic olivine basalt with Qc value of 6,6-14,8 and point load strength of
3,8 MPa. Below is a thin tuff and sandstone layer somewhat jointed at top and horizontally layered
and Qc is estimated to be 3,0-7,9. Lowest of the upper layers is a 9 m tholeiite basalt layer
including scoria on top, moderately jointed and long vertical joints toward the bottom indicate
possibly columnar jointing. The Qc value is given in the range of 4-10 and the point load strength
7,8 MPa. The scoria on top of the layer was filled with silt and reasonably well cemented. The
upper layers have good core recovery and RQD of 68-89%. Permeability was measured 6 LU in

two tests.

Lower part at elevation 129 m a.s.l. down to 118 m a.s.l.: Intensely jointed upper 11 metres of a 14
m thick layer of tholeiite basalt, including scoria on the top, partly crushed, and with a pattern of
healed joints visible in the lower part. The Qc value is 1,4-7,0. Some of the joints are filled with

thick brownish secondary minerals. The layer is weakly flow-banded.

Foundation layer at elevation 118 m a.s.l. down to 110 m a.s.l.:The topmost layer (118 — 115 m
a.s.l.) is a bottom of 14 m thick tholeiite also found in basalt layer. The layer is moderately jointed
and flow-banded. Point load strength is 12,7 MPa. Directly under this layer a 4 m thick tholeiite

basalt layer is to be found with Qc value of 2,0-8,1.
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6.5 Tailrace tunnel

Refer to Drawing 06 for a geological section of tailrace tunnel and Appendix C and Appendix D for

the logs of the holes and Figure 6-4, Figure 6-5 and Figure 7-7 for drilling of the BF-32.

Several boreholes have been drilled near the proposed tailrace tunnel. The present evaluation is
primarily based on information in BF-20, BF-21, BF-30, BF-32 and SO-01. BF-20 and BF-21 were
drilled at the then planned surface powerhouse site in 1983 and SO-01 was drilled near end of
possible access tunnels in 1962. BF-30 and BF-32 were drilled in 2012.

The tailrace tunnel will be excavated in heavily jointed tholeiite basalt and basaltic andesite lava-
layers of various rock quality and often including scoria. The lava pile dips a few degrees toward
north east (approximately 2°). The Qc value of the basalt layers seem to be in the range of 0,5-8

with the most common range 1-4 or thereabout.

Point load test was made in BF-30 of the 14 m thick layer of tholeiite basalt, discussed in Section
6.4 above for the lower part and foundation layer of the powerhouse, and it shows a strength of
12,7 MPa. Point load test are not available from other holes. Permeability in the tholeiite series is
rather low, with BF-1 displaying 3 LU and some other holes showing 5-6 LU. Holes BF-20 and BF-

21 give values 15-25 LU in some part of the holes.

Borehole BF-32, located right on the west side of the tailrace tunnel, starts at 187 m. a.s.l. on
moraine or glacial till (called tillite in some of the former investigations, i.e. a sedimentary rock) and
the moraine extends down to about 140 m a.s.l.; underneath is andesite and basalt with scoria. The
crown of the tailrace tunnel will be at about 120 m a.s.l. and boreholes BF-02 and BF-09 to BF-17
close to the exit of the tunnel show the moraine with lowest level at 134 m a.s.l., in BF-10. Further
away, 35 metres west of the tunnel is the moraine at eleveation 117 m a.s.l. in hole SO-1.
Therefore it cannot be ruled out the the tailrace tunnel hits the moraine in some parts. Refer to

Appendix G showing the extent of the moraine according to Pétur Pétursson (1982).

In 1962, an exploration-tunnel was excavated with the plan to hit the site of a then planned
underground powerhouse (Haukur Témasson (1967)). Refer to Drawing 05 and Appendix G and
Figure 7-7 for the location of this tunnel and Appendix G for the location (“Mynd 1”) and a
longitudinal geological section (“Mynd 7”) of the tunnel and Appendix H for a text (part English, part
Icelandic) on the progress of the excavation (Haukur Tdmasson (1967)).
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Figure 6-4

Figure 6-5

Drilling of BF-32 in progress. Photo: Snorri Pall Snorrason 15 July 2012.

Drilling of BF-32 in progress - closeup. Photo: Snorri Pall Snorrason 15 July 2012.
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6.6 Access tunnel

Refer to Drawing 09 for a geological section of the access tunnel and Appendix D for the logs of

the holes.

The rock pile at the access tunnel is the same as for the tailrace tunnel and the most of rock quality
and permeability parameters are similar, refer to Section 6.5. No drilling was done at the site in
present drill campaign. The access tunnel will lie close to and below an unconformity just north of
it, see Drawing 09. The rocks north of the unconformity are different from the tholeiite suite on the
south side and possibly more permeable. The access tunnel will cross a possible vague fault line
near borehole BF-1, see Drawing 16. No indications of active or recent movements have been

observed near this fault.

Figure 6-6 Samsstadaklif-fracture meeting the headrace-canal of Burfell Station in the centre. Location
of access tunnel entrance for Burfell Extension — Underground alternative. Photo: Emil bor Sigurdsson 16
August 2012.

6.7 Tailrace and side canal

Refer to Section 7.5 for a description, as the design of the tailrace canal and the side canal is

identical for the Underground and Surface powerhouse alternatives.
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7 GEOLOGICAL CONDITIONS FOR SURFACE POWERHOUSE
ALTERNATIVE

7.1 Introduction

Below follows a description of the geological conditions at different structures of the Burfell

Extension - Surface powerhouse alternative.

Refer to Drawing 04 for a plan view of Surface powerhouse structures and investigation boreholes;
Drawing 10 for a geological section along headrace canal to beginning of tailrace canal and
Drawing 11 for a geological section across the powerhouse pit. In Appendix C and Appendix D are
the borehole logs shown, in Appendix E pictures of available cores from boreholes, and Table 4-1

shows the properties of the lithostratigraphic units.

In the description, reference is made to the same stations (in metres) given along the structures as

in the report by Almenna verkfreedistofan (2012A)).

7.2 Headrace canal and diversion dike

The headrace canal starts at the south-side of the canal for the older Burfell Station, itself starting
from the southwest of the man-made intake-lake Bjarnarlon. At about station 0+350 of the new
canal, a dike starts on the right or west bank, meeting up with the old dike, and at about station
0+570 the canal ends at the intake to the penstock. The dike swings around the end of the canal

and intake in the south, with an access road at the south slope of the dike.

The new canal is excavated on the south or left bank of the older canal and on the south side of the
Séamsstadaklif-fracture see Figure 7-1. Counting from northeast to southwest, the following

boreholes cover this structure of the Burfell Extension or give a likely situation:

e PT-9 at about station 0+120, left of centreline.
0 Excavation for canal starting in SB-formation.
= Lithology: Hyaloclastite or volcanic breccia.
0 Excavation for canal finishing in OB-formation.
= Lithology: Conglomerate with a thin sandstone layer in between.
e PT-8 at about station 0+320, right of centreline.
0 Excavation for canal starting in SB-formation.
= Lithology: Thin overburden on top of hyaloclastite or volcanic breccia.
0 Excavation for canal finishing in OB-fomation.
= Lithology: Thin sandstone layer with conglomerate underneath.
e PT-10 at about station 0+430, right of centreline.
0 Excavation in SB-formation.
= Lithology: Olivine basalt intermixed with hyaloclastite.
e BF-18 at about station 0+460 on centreline.

o Excavation in SB-formation.
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= Lithology: Cube-jointed tholeiite basalt mainly in one layer but probably just
hitting scoria at bottom and a second basalt layer of same type.
e BF-19 at about station 0+570 left of centreline.
o Excavation in SB-formation.
= Lithology: Thin overburden on top of tholeiite basalt layers and

conglomerate layers.

The logs of the boreholes are found in Appendix D and a longitudinal section in Drawing 10.

Bjarnalon

Figure 7-1 Samsstadaklif-fracture meeting the headrace-canal and diversion dike of Burfell Station in
the centre-right. Location of penstock for Burfell Extension. Photo: Emil Pér Sigurdsson 16 August 2012.

Almenna verkfraedistofan hf. 34



Landsvirkjun Burfell HEP Extension — Geological Report

Bjarnalon

Figure 7-2 Viewing north from mountain Burfell over headrace canal of Burfell Station in the lower
centre, connected to Bjarnalén Reservoir to the right. Photo: Snorri Pall Snorrason 12 June 2012.

Hagafjall Samsstadamuli
Headrace canal
Figure 7-3 Viewing west to Sdmsstadamuli. Headrace canal for the Burfell Station turning right to the intake. The

headrace canal of the Burfell Extension starts on the nearbank and the pipe in center left passing underneath the diversion
dike is located at what will be the right bank of the new headrace canal at about station 0+350. Photo: Steinar |. Halldérsson

3 May 2011.
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7.3 Power intake structure and penstock

Counting of stations along the intake and penstock starts at the intake at the end of the headrace
canal and the penstock pipe starts at station 0+292 (m) and ending at 0+431 by the surface

powerhouse.

The cored borehole closest to the power intake structure is BF-19, see Drawing 04, Appendix D
and Drawing 10 and Figure 7-4 to Figure 7-6:

e BF-19 at about “imaginary station 0 minus 008" and 28 m left of centreline.
o Excavation in OB-formation.
= Layers from top to bottom of power intake structure pit:
e 0,5 m of overburden
¢ 5 m of tholeiite basalt
e 2 m of conglomerate
e 12 m of tholeiite basalt in two layers including 2 m of scoria in
between

¢ 1 m of sandstone
e Atleast 1m excavation into a 6 m conglomerate-layer.

The cored borehole BF-1 is near the beginning of the penstock and by the first anchor block with

rock-anchors underneath, see Drawing 04, Appendix D, Drawing 10 and Figure 7-4:

e BF-1 at about station (0+066) and 10 m right of centreline.
o Excavation in OB-formation.
= Layers from top to bottom:
e 2 m of overburden
e 31 m of jointed and flow-banded basaltic andesite in three layers
including up to 4 m thick scoria at top or bottom of layer
At about station 0+120 the penstock-excavation hits a layer of moraine (glacial till; often called tillite

in earlier investigations) and this layer gets thicker to the south.

The cored borehole SO-1 is near the end of the penstock and by the second anchor block with

rock-anchors underneath, see Drawing 04, Appendix D and Drawing 10:

e SO-1 at about station (0+365) and 7 m right of centreline.
0 Excavation in sediments.
= Layers from top to bottom:
e 5 m of overburden mainly of pumice
e 39 m of moraine
o Excavation in OB-formation.

e More than 3 m of tholeiite basalt
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Trjavidarleekur

Borehole BD-1

— Borehole BF-1

Figure 7-4 Viewing south-southwest with cored borehole BF-1 from 1980 in the foreground and
pumping well BD-1 from 1984 at proposed surface powerstation lot. Trjavidarleekur and other streams opening
out to the tailrace canal-to-be. Photo: Steinar I. Halldoérsson 2 March 2011.

Samsstadamuli

Hagafjall

Figure 7-5 Picture taken close to the end of the planned headrace canal at about station 0+530 with the
trench in the figure being where the left bank will be. The cut rock in the trench is probably the same as the 5
m thick uppermost tholeiite basalt seen in BF-19 at elevation 239 m a.s.l. to 243 m a.s.l. Viewing west-
southwest. Photo: Snorri P. Snorrason 10 July 2012.
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Figure 7-6 Bottom of the section of the trench in Figure 7-6 showing the conglomerate layer underneath
the tholeiite basalt seen in borehole BF-19 at elevation 237 m a.s.l. to 239 m a.s.l. Photo: Snorri P. Snorrason

10 July 2012.

Figure 7-7 Viewing north. Cored borhole BF-32 being drilled through the moraine. The NE-corner of the
surface powerhouse pit will be in the lower far left. The position of the penstock is shown. Photo: Steinar I.

Halldérsson 17 July 2012.
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7.4 Surface powerhouse

The surface powerhouse is to be located under the west side of mountain Skalarfell and south of
Samsstadaklif see Drawing 04 and Figure 7-8 and Figure 7-9. Several boreholes have been drilled
at the location in earlier campaigns see Drawing 04. Logs of the following cored boreholes are

shown in Appendix D:

e BF-10
e BF-20
e BF-21

Drawing 11 shows a geological section across the powerhouse pit based on a report prepared in
1983 (Bjarni Bjarnason (1983)).

The cross-sections number 10 to 13, presented in Appendix | with location shown on Drawing 12,
are from thrust rotary soundings by the powerhouse. The sections show the thickness of the
pumice (,vikur“ in Icelandic) on top of the moraine (termed ,jokulberg® on the sections)’. Much of
the pumice has now been excavated as can be read from ,present land elevation“ in graphic logs
og holes BF-02, BF-10, BF-20 and BF-21; this was done after 1982 when water was diverted from
the older headrace canal down to the Trjavidarleekur stream in order to widen and deepen it as a

tailrace canal (Almenna verkfreedistofan (1981)) for the proposed Burfell Extension.

The excavation mentioned removed much of the loose overburden and pumice and the peat seen
in the older borehole logs. Instead, the present proposed excavation will in most cases start in the
about 5-15 m thick layer of moraine (glacial till) of Holocene age as shown on the logs and in
Figure 7-12 and discussed in Section 7.3. This layer that is now called moraine or glacial till is in
many or majority of reports termed a sedimentary rock, tillite. It is not always clear which term is
correct. Results of measurements in the moraine in borehole BF-32 are shown in Table 4-1, giving

rock mass quality, Qc = 0,1-0,4 and permeability, LU = 2-3.

Below the moraine one enters the Older Burfell formation (OB) made of scoria and jointed tholeite
basalt or basaltic andesite members. The RQD shown on the borehole logs of BF-10, BF-20 and
Bf-21 in Appendix D is low and in line with the jointed structure of the rock. Permeability in the OB-
layers is low to moderate as shown by the packer test, with LU = 5 to 25, but a detailed study in

1984 (Jon Ingimarsson (1985)) gives more reliable information as discussed in Section 3.6.

A possible fault runs from cored borehole BF-1 down to the surface powerhouse site, see Drawing
16.

! Jokulberg means tillite, but now this layer is classified as moraine or glacial till.
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Bjarnalon

Figure 7-8 Viewing northeast towards Bjarnalon Reservoir and the headrace canal of Burfell Station by
and above Samsstadaklif. Trjavidarleekur stream entering from centre right and and meeting streams from
Skalarfell and turning west in the lower left. The light colour in the centre right and lower left is mainly
reflecting the pumice from Hekla in the overburden. Photo: Emil Pér Sigurdsson 16 August 2012.
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Figure 7-9 Viewing north-northeast with the headrace canal of the Burfell Station in the upper right. The
light and grey colours are mainly due to pumice from Hekla. Photo: Emil P6r Sigurdsson 16 August 2012.

Figure 7-10 Enlargement of part of Figure 7-9. Well BD-1 is located roughly at the middle of proposed
surface powerhouse. Borehole BF-32 is roughly 50 m east of station 0+300 along the proposed penstock and
on top of glacial till. Photo: Emil Pér Sigurdsson 16 August 2012.
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Burfell

Figure 7-11 Close-up of well BD-1 that was drilled for pumping test in 1984. As can be seen from the
height of the surveyor and the exposed casing the excavation at the place is 3-4 metres. Viewing south with
mountain Burfell in the background. Photo: Snorri P. Snorrason 10 July 2012.

Figure 7-12 Stream cutting through glacial till just north of planned surface powerhouse. Borehole BF-32
being drilled in the background. Photo: Snorri P. Snorrason 12 July 2012.
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7.5 Tailrace and side canal

Refer to Drawing 12 for planview of tailrace canal and location of boreholes. For a geological

section of this unit of the project refer to Drawing 13 (a and b).

The geology at the tailrace canal is as follows:

On top is a layer of light colored and unconsolidated pumice from Mt Hekla. The pumice layer is
several meters thick near the start of the canal where it can reach over 10 m in thickness, but it

only reaches half the way down to Foss4, the river that the canal opens into.

Below the pumice is a layer of peat. The peat layer can reach several meters in thickness but it

reaches about half the way from the beginning to end of canal.

Below the peat a thick layer of sand is found. The sand layer is of fini-glacial age and appears to
be volcanic in origin. It looks fresh, dark or black and is well packed (Almenna verkfraedistofan
(1982)), but in some areas the process of palagonitization has begun and has cemented the sand
together to some degree, see Figure 7-13, Figure 7-14 and Figure 7-15. A study of the sand layer
was performed by Almenna verkfraedistofan (1982) under supervision of Jon Skilason using
thrust/rotary soundings. The sounding rig was able to penetrate some 15 m into the sand or more
in some cases see drawings Drawing 13 (a and b). According to the sounding graphs the
penetration force varies substantially in the sand but variations from hole to hole appear to be
rather small. Most variations are recorded near the upper end of the canal near the Surface
powerhouse site. The present design of the tailrace canal does not reach below the sand except in
hole A7 see Drawing 13 (a) which is a thrust /rotary sounding where the drill reached glacial
till/tillite. This hole is some 300 m downstream from the Surface powerhouse. Apart from the
powerhouse and its surroundings and aforementioned hole the centreline of the tailrace canal will
be excavated in well packed dark volcanic sand with harder lenses of weak sandstone, most

prominent in the lower half of the present canal, see Figure 7-13, Figure 7-14 and Figure 7-15.
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Figure 7-13 The tailrace canal and Trjavidarleekur-stream in 2012. View to the west towards Fossa (not seen in
photo) and taken near the middle of the canal. Substantial chunks of the sandstone have been eroded in the flushing
operations performed in the area in the early nineteen-eighties. Photo: Snorri P. Snorrason 14 June 2012.

Figure 7-14 Tailrace canal - view to the east. Photo: Snorri P. Snorrason 14 June 2012.
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Figure 7-15 Close up look of the sandstone. The lens cap’s outer diameter is 68 mm The brownish colour is the
formation of palagonite in an early stage. Photo: Snorri P. Snorrason 14 June 2012.
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Appendix A Geology of Iceland and the Hreppar Block.

The Burfellsvirkjun Hydroelectric Project Extension area is on the Hreppar Microplate (Hreppar Block),
just west of the active Eastern Volcanic Zone including less than 10 km northwest of the very active

volcano Hekla.

Below are some citations and maps from the general geology literature.

Figure 1. Geological map of Iceland. From Magnis Tumi Gudmundsson et al. (2008). WVZ = Western
Volcanic Zone. EVZ = Eastern Volcanic Zone.



Figure 2. Tephra-fall in Iceland in historical and prehistoric time. From Magnis Tumi Gudmundsson et al.
(2008).



Figure 3. Lava-flows from mountain Hekla in historical time. From M.T. Gudmundsson et al. (2008).



Figure 4. Earthquakes in Iceland in the period 1994 to 2007. From Pall Einarsson (2008).

Iceland is a platform of dimensions 300x500 km situated astride a divergent plate boundary and on top
of a hotspot presumed to be fed by a deep mantle plume ... The eastern part of this mass sits on the

European Plate and the western part sits on the North America Plate. ...

The Iceland hotspot has a pronounced effect on the appearance and structure of the plate boundary
... The thick crust produced by the excess magmatism of the hotspot leads to a wider and more
complicated plate boundary deformation zone than is observed along normal oceanic plate
boundaries. Furthermore, the relative movement of the boundary with respect to the roots of the

hotspot leads to unstable boundaries and rift jumps, when crustal blocks or microplates are transferred



from one major plate to the other. The plate boundary zone can be divided into segments that are
physiographically relatively homogeneous and possess distinct tectonic characteristics. The segments
are more or less oblique to the relative spreading direction of the two major plates. The divergent
component of the movements is taken up by diking and normal faulting and is usually concentrated in
the fissure swarms of the volcanic systems. The transcurrent component of the movements is often
accommodated by strike-slip faulting on faults that are transverse to the plate boundary segment, so-
called bookshelf faults, witnessing to the transient nature of the segments. In highly oblique segments,
such as the Reykjanes Peninsula Rift and the Grimsey Oblique Rift, both types of active structures
occur superimposed on each other. In the South Iceland Seismic Zone, that is almost parallel to the
local spreading direction, the bookshelf faults dominate the structure, producing earthquakes as large
as magnitude 7. ... A ridge-jump appears to be in progress in South Iceland, where rifting is occurring
in two sub-parallel rift zones, the very active Eastern Volcanic Zone and the less active Western
Volcanic Zone. The block between them is seismically and volcanically inert and may be defined as a
microplate, the Hreppar Microplate. It is rotating in response to the southward propagation of the

Eastern Volcanic Zone and corresponding recess of the Western Volcanic Zone. ...

In Southern Iceland the plate boundary has two branches and the block between them does not show
evidence of active deformation or volcanism. Earthquake epicenters are almost completely lacking ....
This block appears to fulfill the criteria of a microplate and has been termed the Hreppar Microplate.
The southern boundary of the Hreppar Microplate is marked by the South Iceland Seismic Zone where
large, strike-slip earthquakes occur. The northern boundary is marked by diffuse volcanism of the
Central Iceland Volcanic Zone (CIVZ) and the relative movement across it seems to be slow.

(Pall Einarsson (2008)).

Sites west of the WVZ have velocities consistent with a location on stable North America, while sites
east of the EVZ have velocities consistent with a location on stable Eurasia. Sites located on the
Hreppar block, between the EVZ and WVZ, have velocities that are intermediate in rate and
approximately parallel to the plate motion direction, and thus show no evidence of internal deformation
of the block within uncertainties. ...

Our surface velocity data are well fit by a simple model of dike injection and deformation on the EVZ
and WVZ, with no permanent deformation in the intervening region, the Hreppar block. This suggests
that the velocity data in the Hreppar block fit a rigid microplate or block

model, with the block deforming only by elastic strain accumulation on its edges. ...

Figure 16 shows site velocities for south Iceland relative to the Hreppar block. The coseismic
corrected velocities are used here. The five sites used to define the Hreppar block fit the rigid block
model to better than 1 mm/yr. Studies of propagating ridges and overlapping spreading

centers predict that the overlap region (e.g., the Hreppar Block) will act either as a rigid block or
deform internally via shear ... Our data suggest that the Hreppar Block in fact is rigid, at least to the

level of our data uncertainty.

(LaFemina et al. (2005))



Figure 5. The Hreppar block or microplate in South-Iceland. From LaFemina et al. (2005).

Pall Einarsson argues “... that the South Iceland Seismic Zone is a transient feature, migrating
sideways in response to propagation of the Eastern Volcanic Zone.” (Einarsson (1991)). Khodayar and
Franzson (2007) further add to this: “The transform zone of the SISZ is 20-30 km wide and some 80
km long, with typical shear fractures. Such fractures are also observed in the Thjérsardalur volcano
and throughout the Hreppar rift-jump block ... We interpret the existence of a typical transform-zone
fracture pattern far away from the present location of the zone implies to mean that the transform zone
itself must have migrated southward by a distance corresponding to the current width of the SISZ ...

while Thjérsardalur was forming in the Eastern Rift Zone and shifting away from this rift zone.”

It believed that some northerly faults in the Hreppar Block connect to source faults of major
earthquakes within the active SISZ (Khodayar et al. (2010)).
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Appendix B

Bedrock map of Burfell-area from 1963 (Harza Engineering Company
International (1963)).
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Logs of cored boreholes 2012.
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- . [ ) | pebbles present. .
0 ‘R ° | —
34 . \ @ 34
7T 4 H 00 | 63/19/19/0
- o, ° Conglomerate - brownish gray ]
36 ° Q. (g Hyaloclastite in groundmass. 36
Oo (') 0 (\ q Rocky fragments mostly basalt up to 5 cm. -T-
- ?) - Semi angular, a few semi rounded. — 100 70/0/0/0
sdoa . \ @ ______ 38 o | 83/0/0/0
2282 T T a S | = = = = Conglomerate - groundmass sandstone 100 —I— 0/0/0/0
] Olivine Basalt - 78 | 51/0/0/0
40 Vesicular Medium grained. Vesicles filled or partly filled 40
with light minerals of opal and some brownish
1 clay minerals. Jointed, horizontal joints most - % 64/10/0/0
o] common - belted? 2] 52/7/0/0
B = == = |= =|=|= Lense of sandstone 10cm —-52,,23,1_ 100 == 0/0/0/0
| Qc =79 x23%71= 3,987 i 100 | 76/43/0/0
T——r-r-r--"-"""""~""~"">"">"~"">"~""™>">"">">™~>">"™"™">"™"™"™™7 89 [ 26/0/0/0
44— 44
S ) IS 94 45/0/0/0
] Dense 7 T
oT=-r-rcr """ " """~"~"~"~"¥"~>"~"~"~""~>"~>~">~"~7~"=7—7/—/°- 46— 88 56/0/0/0
| Vesicular | B €
2 Scoria of tholeiite basalt
202 28" N Filled with silt and sand sandstone. o4 25/0/0/0
218,5 — Z o 48—+ 4 -
Bottom 218,5
50 50




Burfell HEP Extension

Contractor:

Drill

RFS Einradur/HMH
Place: Drill thickness:
BF-32 Samsstadaklif NQ/3" ODEX 45 mm core
Cored hole Date of drilling: Dra’wrj:
. Jqu 2012 AOT/SPS
Coordnales'|SN93  X: 460809,06  Y: 400131,84  Elev.: 181,87 m.as.l. Prawing Approved:
1af2 SPS
Bt T | e [ Descripton i e I ol A
3
Overburden a
— — o
Man made fill of glacial till ®
2 2
178,6 ] T 4 i
J A A A TnGT |,
A A A
] 7 9/0/0/0
A A A “
6 6
A A A Glacial moraine 1
n A A A Stones and pebbles of various origin and size 7
8 | up to 10 cm. Lenses of silt found in various s _|
A A A places. Some layering visible. Core is partly 40 18/0/0/0
- A A A flushed to the surface during drill operation. 1
10_‘ A A Core recovery poor or very poor in the upper 10 -T-
L A_ _A_ _A _ _ part but it improves to some extent in the lower
A A AT Lens of silt gzgt.hl;/iagﬁf Iljgoints are due to drilling operation - " 12/0/0/0 3 -22Ijl,J7m
124 A A A Core erengtﬁ is low. 12+
A"A A i 1
wl A A A 1]
A A A | 6 0/0/0/0
16 AA AA AA 16 T
0/0/0/0
1A A A Qc = 2% x 2 x 1= 0,1-0,7 . N
A A A 18 s | o000
1. A A A : T
20—A A A 20
A A A | 24 0/0/0/0
A A A ) 1 |
T A A A 7 10 3/0/0/0
A A A : T
x|l A A A 21| 12 0/0/0/0
A A A i T
7/0/0/0
26 _AAAAAA 26
68 3/0/0/0
1AAA .
s fa— —4— — — —|Z Lensofsi 28 -
1A‘A A 0/0/0/0
ol A A 30 10 010/0/0
A A A | w | 0/0/0/0 3-g43m
32—A AA AA A 32
] A A A _ 62 0/0/0/0
u]! A A A 34 1
67 _|  0/0/0/0
_A A A ] 22 0/0/0/0
SG_AAAAAA 36— 50 0/0/0/0
TA A A ]
B0 A A % o 0/0/0/0
1.A A A n
wih A A 40 1T
A A A 47 0/0/0/0
42—“““ 42— 85 0/0/0/0
_A A A | 25 0/0/0/0
“{ A A A 44 1
A A A i s | 00/
46-] AA AA AA Bem GT 464 10 0/0/0/0
— Basaltic Andesite Top OB -
A A A P
48] Dark fine grained, hard, flow banded. Vesicles 48 100 0/0/0/0
A A A large but few. The layer breaks along the flowbanding.
133,0 | 3 i -— 37/0/0/0
5 | ® | | Qc =% x33x7=2,0-4,6 5 49 26/0/0/0




7 . Contractor: Drill
Burfell HEP Extension ore o aourHMH
Place: Drill thickness:

BF-32 Samsstadaklif NQ/3" ODEX 45 mm core
Cored hole Date of drilling: Drawn:
July 2012 AOT/SPS
Coordnales'|SN93  X: 460809,06  Y: 400131,84  Elev.: 181,87 m.as.l. Prawing Approved:
2af2 SPS
Elevati Depth i ) Depth Casin Core RQD % Q GWT [ Permeability (LU
masil| orole Sample Description (i BT | T | 10130/501100° rmeanilty L0)
| | | | Basaltic Andesite continued T
. - 64 44/0/0/0
130,4 r |- _ Seoria_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ 4
50 Olivine Basalt 50
] Vesicular Medium grained some plg phenochrysts ~2mm (3%). n 93 41/0/0/0
Silt/opal in vesicles and joints, up to Imm thick. . —
1 . . \ . Scoria Joints are coated or filled with secondary minerals. T
sale e ot Filled with s54_] 57 39/24/0/0
. silt/opal
1273 77—~ Tholeiite Basalt | -+ 21/6/0/0
. Fine grained, flowbanded, dark gray. & 1 0/0/0/0
56 Vesicular Joints filled with silt/opal in the upper part. 56 44 30/0/0/0 |
T 2,2462,1m
J _C (I - 45 0/0/0/0 3[LU
R —
X 37 0/0/0/0
%8 Reasonably Qc = %—1 X 2—3 X %= 1,1-2,6 58+ -
dense 86 47/0/0/0
_ - 73 = 33/0/0/0
83 11/0/0/0
60 60 €
. o y Scoria 6 | 55/0/0/0
121.0 J . | 62 _[  0/0/0/0
Vesicul Tholeiite Basalt
esicular
624 | | Al Dark gray, a bit flowbanded. 62 6/13/0/0 —
Vesicular. Joints sometimes filled with o 7
n Reasonably brownish secondary minerals up to 3cm thick. 7 47/6/0/0
dense T
64 - 64
Qc = %_715 X 2__2 X ;]|= 2,1-5,9 61 | 27/0/0/0
| B 77 17/0/0/0
N~V v . A 74 T 0/0/0/0
1so o6 ° Scoria Basaltic Andesite 6 §Z 0 ; ; ;
’ i e Dark, flowbanded, fine grained, spotty appearance. T 3 T 0/0/0/
| Joints coated with brownish secondary minerals. a 80 0/0/0/0
=10 23, 1_n1._ - 8/0/0/0
65 Qc =175 X34 x5 0,313 66 s | 30/0/0/0
ce . 0 0/0/0/0
1IN . o Scoria | -
g N ... Fillgd with silt arlld . s | 0/0/0/0
70 ¢ o . sandstone - poorly cemente _ 10 12 1_ 70| 0/0/0/0
o o . poor core recovery Qc = 15-20 X 2.3 X 1= 0,2-0,3 33 0/0/0/0
Ve o * e / - 62,13 F 84,8m
110,53 .55 ) £ 3L
72 ' T.holente Basalt 72| %0 37/0/0/0
Fine grained, dense, hard and heavy. 1
n Dark gray, spotty appearance. Joints 7 30/2/0/0
74 coated or sometimes filled. Dark clay 74 22 0/0/0/0
in the lowerpart but light in colour at 1
- top. 7 8 | 38/38/0/0
76 - 76 93 15/0/0/0
_ @ - 93 14/0/0/0
78+ 78
91 22/0/0/0
Qc=$xFx1=1,7-38 T
N 1272371 7 84 32/0/0/0
80 80
| | 94 44/0/0/0
82 82| =+
_ a 100 65/0/0/0
0rs 84 84— s6 | 16/0/0/0 |
| Bottom 97.5 -
86— 86—
88 | 88
90 90—
92 92—
94 94
96— 96—
98+ 98—
100 100




Appendix D

Logs of cored boreholes from previous investigations.



’ . Date:
Burfell HEP Extension March 2013
Designed:
Explanations AKS
Corehole logging Drawn by:
AKS

o

Y

),

Explanations of symbols

®/R)/®

15,5-24,7m
>100 LU

5,0 kN
11,0 MPa

3n
ODEX

NN AN
Overburden NATANINA
N AN\
NN, AN
Basaltic Andesite
N N NN
Scoria /\/\/\/\/\
RN

Olivine Basalt

Conglomerate

DR RN
...-u'. -
L]
as =l.. [l
a%as s *

Porphyritic Olivine Basalt i

Rock magnetisation

Normal / Reverse / Anomalous Q

Water level depth in meters (date)

Permeability
Interval ( in metres) and LU values

Point Load Test (PLT)
kN = average readings from

point load test
MPa = point load strength index IS 50

Cuttings samples

Qc=Jx

Casing

Explanations of formation

FG  Finiglacial

GT  Glacial till

SB  Samsstadarklif basalt

SM  Samsstadarmuli group

OB  Older Burfell group

Hyaloclastite

Peat

Tuff

Moraine

Tholeiite Basalt

Sandstone

Q - system of rock mass quality

-RQD,

n a

X

SRF

[

RQD (Rock Quality Designation)
Jn (joint set number)

Jr (joint roughness number)

Ja (joint alteration number)

Jw (joint water reduction factor)

SRF (Stress Reduction Factor)

RQD , J, _J
J X SRF

n

Jw and SRF are evaluated as 1/1 in the boreholes

Q. = Q evaluated from core sample from borehole




7 . Contractor: Drill
Burfell HEP Extension Jardboranir Nidandi (S5)
Place: Drill thickness:
BF-1 Samsstadir 55 mm/BQ 36,5 mm core
Cored Hole Date of drilling: Drawn:
2/6 - 8/7 1980 AKS
Coordnales'|SNG3  X: 460838,804 Y: 400321,516  Elev.: 223,40 m.ass.l. prawing e Approved:
10f4 SPS
Elevati Depth i e Depth Casi C RQD % Q GWT | P bility (LU
masil| ool Sample Description (i BT | T | 10130/501100° omeanilty L0)
3
i Overburden N ‘S
Rock fragments and pebbles, from the bedrock below. 'é 7 0/0/0/0
214 2 | 2 | 3 32 T §;§;§;§
- = T
i lVeswular Basaltic Andesite Top OB B 3 17254 T 0;0;0;0
| Strongly flowbanded, breaks along flowbanding. g T 23500
4 ] | Dark, very fine grained, hard and heavy, flowbanding 4 | 2 gz 0T g§;§;§;§ [L
:N> | irregular in the top, almost horizontal below 4 m. 8 108 T 34/0/0/0
7 I Dense Secondary mineral mostly opal. 3 joint directions, 1 T 27/6/0/0
6 | : joints coated/filled with opal and/or light colored 6 | 93 47/19/0/0
, secondary minerals. Q¢ =25 x5 x 1= 1,1-3
2166 I - 85 I 0/0/0/0 [+
P /. ° .| Scoria Reddish in color, vesicular, filled with silt/opal. s 60 0/0/0/0
. / : L. Highly jointed, slightly denser toward bottom. ] -~ 0/0/0/0
1 Qe = 3% x 3% x }= 0,5-1,1 y 79
213.4 1040 — &~ _ _ _ _ 10 _4
| Vesicular 91 39/0/0/0
| T X . — 4
12 I Dark, very ﬁria;;it;lce: Ijl(()iiilstlstf:o.alted 12 % 43/0/0/0 ]
] | ’ ’ ’ 7 T 27/0/0/0
|
1 | n 82 26/0/0/0
Dense .
14 GD | 14_] L
| 27 23 1 250 ==  0/0/0/0
_ | Qc=%x55x3=1,1-2,3 |
|
16 -] | 16 94 23/0/0/0
_ I _
| 87 ] 0/0/0/0
205,8 18] —~ 18
* . o \\ Core recovery poor, irregular fragments of scoria filled 39 0/0/0/0
e oo with silt. m T 0/0/0/0
20 /A | Scoria 20 16 0/0/0/0
1400 - Qc = 2% x 2 x 1= 0,5-0,8 - 4 Joom
224 N\ . 22| 8 0/0/0/0 1
s 1 N | 33 | 0/0/0/0
- T 0T T T T 50 |  0/0/0/0
24 | Basaltic Andesite 24
| Scoracious  Spotty appearance, dark, very fine grained, 62 9/0/0/0
N I flowbanded. Elongated vesicles, very jointed, B T
| L o 21 0/0/0/0
26 | — joints break along flowband direction. Upperpart 26 | £
L . . . 56 | 0/0/0/0
very jointed. Joints partly filled with opal/silt.
] :'\D Vesicular 7 66 | 22/0/0/0
67 0/0/0/0
28 — 28— —_
8 | 8 7/0/0/0
- | _| 85 21/0/0/0
| Slightly 62 /0/0/
30+ I vesicular Qc =13 x 3% x 1= 0,6-0,8 30| % 1+ 80008
| : | 82 0/0/0/0
| % o068
191,2 32 32+ T
’ < /L. of! . 61 0/0/0/0
e ° | Scoria ] €
A 28 | 0/0/0/0
34 ¢ R ° | 34
. .| Veryjointed A o 38 0/0/0/0
4o o \ | xesw}lljar, i;lllefi }\:/th ktl)pa(li/sﬂt, thick fillings. | 55 ==  0/0/0/0
. 06 - ery jomnted, light in hand.
SRR B 36 52 | 11/0/0/0
L 71 28/0/0/0
. / . . Vesicular 17 3 1 T 17/0/0/0
SRR T Qc =175 X34 x3=0,9-1,4 38|
. o o c | 85 47/0/0/0
1. N | | Very jointed N -+
s | 20 73 0/0/0/0
183.0 PSS ) A -
’ | | _ 93 | 0/0/0/0
[
Slightly
427 I vesicular Tholeiite Basalt 424 60 18/0/0/0
| Micro phenocrysts present, joints coated or filled —+
. | fine L . . 86 58/0/0/0
| . with light colored secondary minerals. 1
44 | vesicles 44 64 [ 22/0/0/0
| 35 0/0/0/0
IRCH 1| L
] | Qc =% x 33 x1=0,6-1,6 46 e T 20K
) | 1215 734 AT D | 82 12/0/0/0
| Dense 100 0/0/0/0
48-] | 48— —+
| 42 0/0/0/0
| | _ 1
50 | 50 15 0/0/0/0

Reference: Jardfraedi Samstadaklifs, Snorri Pall Snorrason, SPS-80/02.
Jardfreedi Samstadaklifs, Snorri Pall Snorrason, SPS-81/01.



7 . Contractor: Drill
Burfell HEP Extension Jardboranir Nidandi (S5)
Place: Drill thickness:
BF-1 Samsstadir BQ 36,5 mm core
Cored Hole Date of drilling: Drawn:
2/6 - 8/7 1980 AKS
Coordinales' | SNQ3 X: 460838,804 Y: 400321,516 Elev.: 223,40 m.a.s.l. Drawing nr. Approved:
20f4 SPS
Elevati Depth i e Depth Casi C RQD % Q GWT | P bility (LU
masil| Soil. Sample Description (i BT | T | 10130/50/100° omeanilty L0)
77T
-+ /0/0)
_ INEEER |
1719 - - - —— T 0808
52 _| 52 _|
T 92 38/0/0/0
| £
! D
54| | ense 54| 102 43/0/0/0
|
1684 L 1 - £
O\ ., / Conglomerate 90 64/0/0/0
6 O f o -, Groundmass sandy, zeolites in micropores, pebbles 56 ] —+
. e | Fine 2-4 cm of various origin. Blend of rounded or 30/0/0/0
T o Q.. subrounded pebbles. Layer is jointed some core loss. 7
ss_| /" 4 [) | Upper part well cemented. 58| 92 23/0/0/0
1640 40; el = 00 Qo= x 2 x4=0,8-17
B ? 8 @ A “_ggfgjgpsc 4  Pebbles more angular, rock fragments 5-25 cm. Silt - -T
0 % after drilling lenses present, lower part seems to be more fragile. 99 23/0/0/0
1634 o f 20 | L — £ 0 100 == 0/0/0/0
. Scoria Filled with reddish colored sand. 84 0/0/0/0
162,3 T - 4 T -1
62 _| | Porphyritic Basalt 62| 85 60/52/0/0
| Sound 4-6% 1
— + Phenochrysts 1-2 mm plg. Variably vesicular, zeolites, — 36/17/0/0
I | Very joints coated or filled, sand lenses toward bottom. 4 71 47/15/0/0
| jointed Qc = %3 X % X %= 2-4 -+
] | 2 | 64 | 17/0/0/0
157,7 | | Acid Tuff Qc =42 x%52x3=0,51,3 87 _| 38/0/0/0
64> N0, / Light in hand, dark and light grains in upper part, 66 23/0/0/0
NN NN N vague layering, 40 cm weak layering. Bottom 30 cm 83 23/0/0/0
1562 RN A% sandstone. Poorly cemented, breaks in hand. _ 65 0/0/0/0
| . Tholeiite Basalt T
68 | Vesicular Dark brownish in color and very fine grained. 68
Vesicles up to 15 mm, joints coated with opal 74 51/17/0/0
154,1 T _ . and brownish sccondary mincrals. ] 1
70 | . / : Scoria Sandy fillings, light in hand, poorly cemented. 70 _| 62 14/0/0/0
. “
1527 rfrr—45-Ttr—-———-- QC:%X%’X%: 08-1,5 E T 0- 150m
Tholeiite Basalt 18/4/0/0 2L
724 Poor core recovery. Layer breaks up. Vesicular, 2 1 0/0/0/0
| jointed, core is eroded 73,8-74,1m. Coated/filled joints,| a
light colored secondary minerals.
74| | Core 74| 17 = 0/0/0/0
eroded 92 | 26/0/0/0
1484 - a 110 = 27/0/0/0
. . / . : We}l con§o!idated, j'ointed, co're eroded o 44/0/0/0
. . . during drilling. Vesicular, vesicles half filled
« 5| Scoria ith | and light d . Is. Light i 93 44/0/0/0
1457 4.« 1777 with opal and light secondary minerals. Light in N
hand. Qc=gHx53x31=1,949
78 - 78 £
@ . 93 34/15/0/0
- Vesicular Tholeiite Basalt —
esicula Fine to medium grained, dark gray. A bit brownish, 1
80 vesicular, with medium to fine vesicles, vesicles coated 80
n with opal and some zeolites or calsedony. |
93 37/14/0/0
82 | 82 | 21/0/0/0
- 21,23, 1_
Qc=1;x57x7=0,9-18 50 = 0/0/0/0
. 7 74 _|  0/0/0/0
84— 84 97 10/0/0/0
I _ 52 8/0/0/0
86 —| 86 — =+
82 _L  0/0/0/0
1363 _ _ 67 _| 0/0/0/0
. / : . Poorly cemented, fine vesicles, coated/filled joints, 27 0/0/0/0
8—e "« o4 | Scoria reddish in color. Large vesicles in the lower part, 8 0 T 12/0/0/0
1346 B e e e vesicles filled/coated. Qc =13%5 x 3% x = 0,6-1,0 _ - 35/0/0/0
Vesicular
90 90| 88 29/0/0/0
| .. - 50 == 0/0/0/0
_ Tholeiite Basalt . 93 | 0/0/0/0
0 Jointed, joints coated/filled with opal and brownish 92
secondary clay minerals. Fine grained, gray in color. 90 13/0/0/0
7] N 62 18/0/0/0
1296 75 o i By R 15 . 2.3 . 1 94— T
s Ll 1| || Scoracious Qc = T3 X ﬁ X 1= 0,6-1,3 55 | 0/0/0/0
%6 @ " 96| 15/0/0/0
Vesicular Tholeiite Basalt 89 21/0/0/0
— Fine grained, very jointed. —
98— 98— -T-
i | 79 0/0/0/0
124,0 . -+
wofp ¢ ° Scoria Reddish filled with silt. Core loss. Breaks in hand. 100 91 0/0/0/0

Reference: Jardfraedi Samstadaklifs, Snorri Pall Snorrason, SPS-80/02.
Jardfreedi Samstadaklifs, Snorri Pall Snorrason, SPS-81/01.



’ . Contractor: Drill
Burfell HEP Extension Jardboranir Nidandi (S5)
Place: Drill thickness:
BF-1 Samsstadir BQ 36,5 mm core
Cored Hole Date of drilling: Drawn:
2/6 - 8/7 1980 AKS
Coordinales' | SNQ3 X: 460838,804 Y: 400321,516 Elev.: 223,40 m.a.s.l. Drawing nr.: Approved:
30of4 SPS
Elevati Depth i e Depth Casi C RQD % Q GWT | P bility (LU
masil| ool Sample Description (i BT | T | 10130/501100° omeanilty L0)
1232 Seorta 91 0/0/0/0
121,9 I 7 T
102 Tholeiite Basalt 102 85 39/0/0/0
Vesicular Gray, joints coated, the dense part is heavy, -+
. fine to small grained. —
104 @ B 104 92 62/21/0/0
n Dense 1
174 106 P — b |- d [ - 106 _| 100 = 97/0/0/0
1169 W _ | _|_ _|_|_Scoria _ _ 17 0/0/0/0
n a 60 = 0/0/0/0
96 38/0/0/0
1% Tholeiite Basalt 18
Medium grained, flow banded, dark gray, bit —+
N brownish. Joints coated/filled with light or brownish n 37/12/0/0
secondary minerals. Considerably jointed.
110 4 104 93 42/23/0/0
I _37,23,1_ 7 4
c =35 X573 x3=1,5-3,1
112 | Q 12734 217 LY 112 |
B | 90 20/0/0/0
114 _| 114 1
B B 91 44/36/0/0
107,4 116 - — 116
Y4 92 [ 48/0/0/0
s N . . Scoria Reddish, vesicular, breaks between hands. 18— 28/0/0/0
° .\ . Joints filled with silt. 74 27/0/0/0
e . .« o __28 31— N
; e Qc =595 X34 X 7= 1,4-2,3
1032 0 et el 1204 77 T 0/0/0/0
| Olivine Basalt 7 86 22/0/0/0 gf pom
122 | Slightly Slightly porphyritic, phenochrysts plg, max 1mm. 122 93 T  0/0/0/0
flow banded  Medium grained. Joints coated to filled with clay T
| minerals. Light brownish secondary minerals. _ 89 _I  0/0/0/0
@ Gray in color. Joint fillings up to 1mm. 78 1 25/0/0/0
124 ] 124 _| 86 1 36/0/0/0
— Dense — 84 1 17/0/0/0
126 126 88 30/0/0/0
-+ 33/3/0/0
N B 70 12/0/0/0
128 | 128 |
Qc = %3 X 2_3: X %: 1,4-2,8 95 75/0/0/0
_ . 60 == 0/0/0/0
© 93 45/0/0/0
190 @ 10 92 41/0/0/0
] R _ .
o1 218 | 93/52/0/0
132 7/ . ® O . / 132
.o o Breaks between hands, filled with silt. 1 /0
4 .. / Scoria 62 3 1 - 92 %%;1 5%%
. . . . Qc =75 x5 x 1= 3,9-5,2
87,9 13 S 134 | 100 == 100/0/0/0
Tholeiite Basalt
] Scoracious  Fine grained, flow banded. 7 96 46/0/0/0
1367 136 T 37/15/0/0
. Qc =5 x 3% x 1= 2,3-4,1 - 81 29/14/0/0
138 138 —|
84.9 - 76 T 0/0/0/0
1 - . . Very jointed, filled with silt, basaltic stones up to n 20 _| .0/0/0/0
. N °| Scoria l?cm, joints coated/filled with thick silt fillings in o5 12 61//3(/)(/)010
140 - o aces. 140—
829 DAY I P Qc=Y¥x2x1=0912 4
] 7 % 20/0/0/0
142 @ Sparsl 142 =+
vesicular Tholeiite Basalt
= Dark gray, fine to medium grained. Slightly — 92 35/0/0/0
flowbanded, coated/filled joints. | 28/0/0/0
4 i 88 17/0/0/0
— - 40 == 0/0/0/0
@ Qc=%x%3x1=1,2-23
146 146 87 34/0/0/0
73 T & 1 h """ "ottt TTTTTooTTo 7 58 | 0/0/0/0
148 I Scoracious Tholeiite Basalt 148 76 14/0/0/0
@ | Scoracious 25 “[_ 0/0/0/0
- | m 52 12/0/0/0
150 ! 150 97 T 59/0/0/0

Reference: Jardfraedi Samstadaklifs, Snorri Pall Snorrason, SPS-80/02.
Jardfreedi Samstadaklifs, Snorri Pall Snorrason, SPS-81/01.



7 . Contractor: Drill
Burfell HEP Extension Jardboranir Nidandi (S5)
Place: Drill thickness:
BF-1 Samsstadir BQ 36,5 mm core
Cored Hole Date of drilling: Drawn:
2/6 - 8/7 1980 AKS
Coordinales' | SNQ3 X: 460838,804 Y: 400321,516 Elev.: 223,40 m.a.s.l. brawing nr. Approved:
4 of 4 SPS
Elevation| Depth Soil e Depth Casing Core RQD % Q GWT [ Permeability (LU)
masl]| [ml profile Sample Description [m] PLT %] 10/30/50/100° s 10 15 20
Tholeiite Basalt continued
. Vesicular, coated/filled with light colored secondary - 97 59/0/0/0
71,9 minerals. Slightly flowbanded. s

152 _] Bottom 71,9 152 _|

154 154

156 | 156 |

158 158

160 160

162 162

164 | 164 _|

166 166 |

168 - 168

170 170

172 4 172

174 4 174

176 176 -

178 178 —

180 - 180

182 182

184 184

186 — 186 —

188 — 188 —

190 190—

192 192+

194+ 194—

196— 196—

198 198—

200 200

Reference: Jardfraedi Samstadaklifs, Snorri Pall Snorrason, SPS-80/02.
Jardfreedi Samstadaklifs, Snorri Pall Snorrason, SPS-81/01.



’ . Contractor: Drill
Burfell HEP Extension Jardboranir rikisins | Drifandi (C1)
Place: Drill thickness:
BF-02 Samsstadir NQ 47,6 mm
Cored Hole Date of drilling: Drawn:
13/10-18/10 1981 | AKS
Coordinates: ISN93 X: 460714,32 Y: 400005’24 Elev.: 1 51 ’7 m.a.s.l. Drawing nr.: Approved:
1af1 SPS
Elevati Depth Soil ) Depth Casin Core RQD % Q¢ | GWT | Permeability (LU
masil| profile Sample Description (i BT | T | 10130/501100° rmeanilty L0)
- Overburden -
2 2
e 4
Peat
6 145 m.a.s.1. Present elevation of land 6 |
144,8 |
A A A Top GT
8 - Glacial moraine or till 8 —
A A
10 A A 10
12 A A 4 12
A A
14| 144 N/A
A A A Btm GT
136,6 - —
Top OB
164 Tholeiite Basalt 16
18] 18-
20 20
22 22
1284 ] N
244, -\ O Scoria 24
o % /
1264 e N
26 26
I Tholeiite Basalt _
28 28
304 304
32 32
34 34
36 36
38 38 -
40 40-]
110,7 ]
Bottom 110,7
42 42—
44 44—
46 46—
48 48]
50 Detailed log not found. Drawn up from simplified log, see reference. 50

Reference: Burfell Il, Bjarni Bjarnason, 0S-83059/VOD-29, July 1983.




Contractor: Drill

B u rfel I H E P EXte nsion Jardboranir rikisins | Percussion
Place: Drill thickness:
BF-10 Samsstadir
Percussion Hole Date of drilling: Drawn:
30/9 - 13/10 1982 AKS
Coordinates: ISN93 X: 460688,28 Y: 399988,09 Elev.: 148,1 m.a.s.l. Drawing nr.: Approved:
1af1 SPS
Elevati Depth Soil ) Depth Casin Core RQD % Q GWT [ Permeability (LU
masil| profile Sample Description (i BT | T | 10130/501100° rmeanilty L0)
Overburden
147,1 —
2 2
. Peat |
4 143 m.a.s.l. Present elevation of land 44
1432 — ]
5 _‘ A A ‘ Top GT 6
A A A Glacial moraine or till
A\ A A
8 8 |
A A A
1 A A .
1A A A 10
atata |
12 12
A\ A A
14 AAA Btm GT 14
1338 LA A A N/A
N e . ° N Scoria Top OB —
LX
16 .\ O ° o 16
{0 70 i
184 - '/ o o ° 18-
N . i \ -
1284 P o e e e e 20
Tholeiite Basalt
126,3
22+ Bottom 126,3 2+
24 24 |
26 26
28 28
304 304
32 32
34 34
36— 36—
38 4 38
40 40
42 42
44 44—
46 46—
48 48]
50 Detailed log not found. Drawn up from simplified log, see reference. 50

Reference: Burfell Il, Bjarni Bjarnason, 0S-83059/VOD-29, July 1983.



Burfell HEP Extension

Contractor:

Jardboranir rikisins

Drill
Dugandi (C2)

Place: Drill thickness:
BF-18 Samsstadir NQ 47,6 mm core
Cored Hole Date of drilling: Drawn:
3/6 - 7/6 1983 AKS
Coordinates: ISN93 X: 460947,63 Y: 400471 ’32 Elev.: 246,24 m.a.s.l. Drawing nr.: Approved:
1af1 SPS
Elevati Depth i e Depth Casil C RQD % Q GWT | Py bility (LU
masil| oratle Sample Description ol BT | T | 10130/501100° omeanilty L0)
2454 | i 4
| Top SB ? 100 54/0/0/0
2 ' Cube jointed Olivine basalt 2 -+ 0
| 95 23/0/0/0
| I . . . | -~ 19/0/0/0
| Dark grey, medllurr% gralned, micro phenocrysts 89 22/0/0/0 7l
4 | | <0,1 mm. Heavily jointed, seems almost fresh. 4| -T
| 78 0/0/0/0
N Dense -T-
N : 7 56 0/0/0/0
—19,1541 1_ _ 58 [~ 0/0/0/0
6 | Qe =7 x 733" x1= 0,6-2,1 6 100 = 0/0/0/0
| | | 84 14/0/0/0
I —_—
8 _| | 8 _| 92 29/0/0/0
1 —
2378 o Scoria Loose material, poorly cemented, 58 0/0/0/0,
2368 N - vesicular, filled with silt. ] 38 :0/0/0/00, 0/0/0
’ |
10 i P 10
| Vesicular . .Cube Jo.mted Olivine basalt 95 32/0/0/0
n | Medium grained, vesicular, very few |
1o <|> ?lg phenomiysts up(tio 21}111m it i 12 75 T 0/0/0/0
@) : domts mc:t ly coated with opal/silt in the 89 0/0/0/0
e ense part. _ 4
| Dense ’ 22/0/0/0 o-4om
12 | 14 92 34/0/0/0 il
|
1 t Qc=2x1541x1=0,7-2,4 n 75 | 15000
16 ] | 16—
| .
_ | Scoracious Filled with silt | 58 5/0/0/0
283 18 ' 18 100 I 75/0/0/0
Yellowish Hyaloclastite 102 79/35/19/0
20 Medium grained, coarse groundmass, fragments 20 H—
around 0,5 - lcm in a finer mass of sandy matrix. N 23 = 0/0/0/0
Most of the volume 50/50, well cemented. Stones
22 3 - 10cm scattered in the mass. 224
94 65/19/0/0
232 [~ ~Deformed . . ) 1
225 o4 _ _pillow _ _  Slightly but unevenly vesicular, vesicles up to 2cm. 4| 1
Exact location not known [——= _| 3§a
95 87/67/40/40
26 26
28 . 77/51/30/6
Qc =% x4 x1=6,4-171 | 94 | 96/76/48/0 20140n1
30 N
32| 99 95/75/60/0
34
| 99 89/68/22/0
36—
Btm SB N 95 77/55/55/0
2083 1 I Scoracious %8 T
100 0/0/0/0
- N -:- Tholeiite basalt Top OB - -T-
Dense very jointed 95 34/0/0/0
206,2 40 1 40
Bottom 206,2
42 42—
44 44—
46-] 46
48 48—
50 50

Reference: Burfell Il, Bjarni Bjarnason, 0S-83059/VOD-29, July 1983.




7 . Contractor: Drill
BU rfel I H E P EXtenS|On Jardboranir rikisins | Dugandi (C2)
Place: Drill thickness:
BF-19 Samsstadir NQ 47,6 mm core
Cored Hole Date of drilling: Drawn:
26/5 - 2/6 1983 AKS
Coordinates: ISN93 X: 460902,62 Y: 400380,69 Elev.: 244’32 m.a.s.l. Drawing nr.: Approved:
1af1 SPS
Elevati Depth i ) Depth Casin Core RQD % Q¢ | GWT | Permeability (LU
masil| ool Sample Description (i BT | T | 10130/501100° rmeanilty L0)
24372 Overburden |
. B —corcios— Top OB i 60 == 0/0/0/0
\ *ee o Scoria Filled with opal, stony, probably with weak matrix. 15 0/0/0/0
2420 e CEED SN Qc NA 2 0/0/0/0
’ 7T [ I T Tholeiite basalt ) T
m Weak flowbanding, slightly vesicular, fine vesicles. 7 99 34/0/0/0
4 Vesicles up to 4 mm. Clusters of slightly coarser 4 £
] vesicles visible. Joints are coated with brownish or 7 %8/[1 %%/0
| light colored secggdaryzn%igerags, some joints are ] 92 38
286 e filled. Qe ol X i X2 2,6-56 . 83 T 33000 |
2382 T .,_0_% o= _V_e ~  Groundmass in u]:(v)prel:g glr?teill;g s?n;ds-(s)i'llt?,wiﬂl small pebbles B 58/23/0/0
-° ry >1 cm well rounded. Groundmass in lower part coarse to 95 58/23/0/0
1° ©O | stony medium grained, blend of subangular and rounded stones 1
236,7 . S of various origin mostl basaltli;:, Qc =% x4 x 1= 3,6-6.4 1
8 | ivine basal 8 |
Medium grained, grey, plg and px micro 100 € 56/0/0/0
| Vesicular  phenochrysts. Vesicles are irregular up to 1 cm, a 68/41/27/0 |
2348 ] _@,] 3 some filled with silt. Joints are coated, sometimes
3l 10| Scoracious filled with light secondary minerals and silt, 10| 97 71/36/36/0
, - —| — = — 4+ — [— Healed joint 2 cm, filled with sandstone.
2337 = =| = = = F = [= 10cmjoint filled with sandstone QC = % X lf—f X ;1l= 2,8-1 7
2331 N ] £
’ ZRORE ) . . . 109 __ 86/0/0/0
124 ¢ , ¢ Reddish w. very thick silt/sandstone fillings, vesicular. 12
. ® / . Good core recovery, breaks between hands. Breaks 43/0/0/0
B Scoria during drilling/handling. _| 91 36/0/0/0
206 B L Qc=g5x23x1=1848 o 1 Sgom
88 0/0/0/0
1 Tholeiite basalt 1
y @ , 50/0/0/0
] Grey, flowbanded, fine grained. Joints filled/coated. B 92 71/0/0/0
B Joints moderate. |
18 18 T
QC = ?_O X 135‘-13 X ;]|= 1.6-4.2 128 32/0/0/0
2253 78 50/22/0/0
Redbrown sandstone 20+ —+ —
Conglomerate
Litght brown, groundmass fine sand or silt, -
a few subangular rhyolite pebbles. Light in hand,
my | 224878 " Jee sel breaks between hands, irregularly layered. 22 99 81/39/26/0
I 60/0/0/0
Groundmass medium to coarse grained, a few 24
basaltic pebbles/rock fragments of various origin a T
up to 5 cm. Irregularly layered. i
— — 58,153, 1_
ggg ~ “Stone _ _ Qc=%x345 x1=1,8-4,8 26 85 57/12/0/0
’ S Mostly acid tephra, light in hand, basalt pebbles
4~~~ | Reworked embe(i,ded in glf'oundn%ass. Erodes durin, pdrilling. — —+
y /\ rhyolitic tephra  Almost white; slight layering with dark bands.
z
2163 28 o Ly cemented, breaks hetween hands 28 98 41/0/0/0
215,6 ° various origin 1 20440m|
T 1T 17—~ Basaltic Andesite ] 6Ly
30 Very vesicular, most vesicles filled with opal/silt. 30 68 38/0/0/0
Scoracious ~ Dark grey, flowbanded. Joints coated/filled with
| GID opal/silt, 3-5mm. N -
48 13/0/0/0
212 I i e Qe = 55 x 12 x 1= 0,9-2.9 T
32 12-15 34 1 ’ ’ 32 35/0/0/0
N Vesicles irregular up to 2cm, filled with opal/silt. ] /0/0/
i Joints coatedgor filled. B 100 42/0/0/0
2108 -T
344 N . _ *| Scoria 34 9 16/0/0/0
210,0 oo o | T _ . . £
Basaltic Andesite
1 Beri vesimﬂar, gms(; \(/iesJic!es filled \g/iftvlhogal/_sillt. -
Scoracious ark grey, flowbanded. Joints coated/filled wit]
36 opal/s%lt, 3-5mm. 36 98 20/0/0/0
2077 l-—]-4-+F--——-- _
. D Qc=8x%2x3i=0,6-17 . - 20/0/0/0
N .
38 Slightl Vesicles irregular up to 2cm, filled with opal/silt. 38 98 35/0/0/0
vesicular Joints coated or filled. £
2036 oS .|, Scoria | 8 0/0/0/0
2043 401 = . I Core loss 40 1
Bottom 204,3
42 42
44 44-]
46-] 46
48 48—+
50 50

Reference: Burfell Il, Bjarni Bjarnason, 0S-83059/VOD-29, July 1983.



’ . Contractor: Drill
BU rfel I H E P EXtenSI()n Jardboranir rikisins | Dugandi (C2)
Place: Drill thickness:
BF-20 Samsstadir NQ 47,6 mm core
Cored Hole Date of drilling: Drawn:
8/6 - 19/6 1983 AKS
Coordinates: ISN93 X: 460674,67 Y: 400024,83 Elev.: 160,74 m.a.s.l. Drawing nr.: Approved:
1af1 SPS
Elevati Depth i e Depth Casi C RQD % Q GWT | P bility (LU
masil| ool Sample Description (i BT | T | 10130/501100° omeanilty L0)
Overburden (removed)
2 2
[L
4 | 4
6 | 6 | [
153,7 — [
s Peat (removed) s |
a 151 m.a.s.l. Present elevation of land |
150,7 10 | 10|
A A A Glacial moraine or till Top GT
12—A A A 124 2 0/0/0/0
7 A A A Co&'e regogery Ls low and the core broken N T
and eroded at the joints
14 | 14
A AA A A 35 4/0/0/0
13,153, 1_ -+
16| A Qc=#x153x1=13-26 16 13/0/0/0
| AA AA AA . 42 0/0/0/0
18- A — A —— 18 1
t ‘ ‘ Part of core reasonably well cemented but jointed
1A A A Btm GT . 92 0/0/0/0 Al
10 20 / Top OB 20 T
T 0 . . op I
C .. % Scoria - Stony 67 62/0/0/0
2 K ,\ * . Poor}iy cemented, vesicular, breaks between hands. 2 39 1 14/0/0/0
7] .\ . Filled with silt. Stony sectors in between up to 50cm 7 3/0/0/0
1. ¢ o0 a4 1 . 55 0/0/0/0
. : Qc = 7555 X 37 x 3= 0,4-0,9
24 . : . / 15207347 244 15 —= 0/0/0/0 ;Q-SOn
N o 44 0/0/0/0 i
1356 ] — £
69 0/0/0/0
26+ L . 26+ 80 [ 20/0/0/0
Tholeiite or intermediate basalt 42 T 17/0/0/0
- Dense - 25 = 0/0/0/0
5025 = 00009010
Fine grained, dark grey, a few plg phenocrysts 75> == 0/0/0/0
28 up to 2mm. Tectonic joints visible. Joints coated 28+ 56 19/0/0/0
with li%ht colored silt and greenish and dark 80 T  0/0/0/0
T mmerazs. 7 68 _  0/0/0/0
% 1 oggo ||
88 _|  60/0/0/0
] T 64 _|  42/0/0/0
wf | o] oswo
__16_ 153 ,1_( k. o]
] Qc =% x 123 x1=0,5-1,3 ] 7s T 1610/0/0
344 34— 96 20/0/0/0
1245 ] § 8 - Vo0
36 A e ] 36 0 1 0/0/0/0
1 .. Scoria Poorly cemented, breaks between hands, vesicular, 7 56 16/0/0/0
N . : /’ T a few stones, very jointed. Filled with silt. Joints -+ 10/0/0/0
— . filled with silt. - 55
. | Stony = 10 3 1040 12/0/0/0 35-40m
1226 38 o .\\ < Qc = 1535 X 34 X 1= 0,4-0,7 38 - 40 —— 0/0/0/0 15 LU
' Dense Tholeiite basalt 100 0/0/0/0
] Fine grained, dense, slightly flow banded, joints along flowbands, _ g% =5 0(}/8;%?0
a few scattered vesicles. Joints silt filled with light or greenish 1
CR: colored clay minerals 0,1 - 0,5mm. 15 153 . 1 gg :5%//%//%//%1 5/0/0/(
1206 40| g Qe =13 x 3% x7=0,5-1,3 40 100 = 45/0/0/0
I / oe .. : ° Scoria Poorly cemented, breaks between hands, vesicular, _ 53 17/0/0/0
42 Y4 a few stones, very jointed. Filled with silt. 42—
A L 8/0/0/0
T\ . _10 .34, 1 7
7 Qc =75 x 33 x1=0,5-0,9 aa 9 0/0/0/0
N
1158 i > i 4 40-50n
Dense Tholeiite basalt s
46 @ Fine grained, dense, slightly flow banded, joints 46 95 26/0/0/0
along flowbands, a few scattered vesicles. Joints 22/0/0/0
— silt filled with light or greenish colored clay mineral - 80 T  0/0/0/0
s sl L 0.1-03mm. qc=%x ¥ x1=07-1.8 io] 100 = 35/0/0/0
7l L. Poorly cemented, breaks between hands, vesicular, 62 19/0/0/0
| « o / . Scoria a few stones, very jointed. Filled with silt. | 11/0/0/0
° ° . =134, 1_ T
1107 s &t Qc =5 x 33 x1=0,6-1,0 50 67 0/0/0/0

Reference: Burfell Il, Bjarni Bjarnason, 0S-83059/VOD-29, July 1983.



7 . Contractor: Drill
Burfe” H EP EXtenSI()n Jardboranir rikisins | Dugandi (C2)
Place: Drill thickness:
BF-21 Samsstadir NQ 47,6 mm core
Cored Hole Date of drilling: Drawn:
20/6 - 2/7 1983 AKS/AOT
Coordinales'|ISN93  X: 460683,71 _Y: 399989,942 Elev.: 148,90 m.a.s.l. Braving nr. Approved:
1af1 SPS
Elevati Depth i e Depth Casi C RQD % Q GWT | P bility (LU
masil| ool Sample Description (i BLTe | T | 10/3050100° | ) omeanilty L0)
[L
. Overburden - o
146,9 2 2
Peat
— 145 m.a.s.l. Present elevation of land -
4 | —— _———— 4|
6 6
142,0 i _ -
Glacial moraine Top GT 40 - 0/0/0/0
8+ Pebbles upp to 6-7cm, fine grained moraine. 8+
| Groundmass silt or fine sand. Pebbles few, from a 99 13/0/0/0
1392 |l . — eei— — — 0,5-7cm, little layering. Considerably jointed.
138,6 A A A — wgytmnl m@&ﬂy st Reasonably well cemented Some joints coated 10+ L 9/o/0/0
_________ oreloss _ ith si — 10
1380 ] withsilt. Qe = 7% x %% x 1= 0,8-3,8 . 73 610/0/0
137.0 12.] - Btm GT 12 -+ 9,6-16Mm
. o o Scoria Poorly cemented, breaks between hands. 88 54/25/0/0 8Ly
1358 +--7F—"+--—-- Vesicular, vesicles ﬁlled/coated with opal and . g}g == 08/@80@0
14 probably silt. Q¢ = 15 X 2 X 1 =3,6-5,4 14 43 T_  0/0/0/0
78 [ 0/0/0/0
- — 42 | 0/0/0/0
© 6 10 | O;O;O;O
Tholeiite basalt 18; EE 8&%{&68 -
; - 75 = 0/0/0/0
8 Q) Dark gray, bit brownish, fine grained, heavy in hand. 18 64 1 ?;Ol 0/ 00
N dense, very jointed. A few micro phenochrysts ] gg A1 %%?)éo
— 0,5-1mm. Joints coated with silt and opal. - 63 1 17/0/0/0
63 _L  25/0/0/0
209 20 60 o0
1 : L
10 ,, 15-3 1 g SR AL
22 Qc =5 x—3°x1=0,3-0,7 22 29 0/0/0/0 1
80 " 25/0/0/0
| _ 1MoL 9 / )0
1253 100 _| 47/0/0/0
s N 7 30 9/0/0/0
i -\ ° . Scoria Vesicular, red in color, vesicles big at the top. Very N 1
e’ : / jointed, lower part filled with opal and silt. Upper 6/0/0/0
26 ° . * /. part stony, stones up to 20cm. 264 5 0/o/0/0
A 1| B g
. o ¢ T 18,5-4Im
1209 28,_\,__:___§ ______ QC—1520X34X1—0409 28| 67 _|  0/0/0/0 51U
N -\\ o Lower part weakly cemented, breaks between hands. n 59 6/0/0/0
304 - / 7 30 45 | 220000
17,7 -5 ----- salt Andesite 7] 8 1 8;858;8
Very jointed, dark almost black and fine grained. 2 1 0/0/0/0
32 Dense, heavy in hand, slightly flowbanded. A few 32 8 = ({B/%
Dense micropores present. Jomts coated w1th silt. 7§§ =+ é?é%/%(llom
. - 1 54 = n == droron
1152 Qc = 12 15X X1 03 1 1 108 I 40/0/0/0
344 ] . . 34+ 88 50/0/0/0
A « Scoria Flow banded, very jointed, reddish, vesicular. _
S Vesicles filled with opal/silt.
s \ . C Sound 36 93 58/13/0/0
i N e " 1 33/0/0/0
D Qc = 2 x £ x1=1,7-3,7 - 25 | 0/0/0/0
oo/ e Jointed 50 = 0/0/0/0
EEE Lower part very jointed, almost crushed. 38 - 61 11/0/0/0
109.8 o SRR EEE ] ?0(83 T gé%ﬁ%ég
20 Tholeiite basalt 20 T
Gray-dark gray, heavy, slightly vesicular, jointed, 86 43/0/0/0
] 3+ random joint sets. Joints coated with opal and | T
light colored secondary minerals. 82 24/0/0/0
] ] 8= g
94 36//0/49/{)0
1|1® Qc=%#x52x=1,1-23 ] 1
44 44 92 31/0/0/0
104,0 i _ gg T 8/8/8/8 41-50m
= 0 0T /0/0/!
e 24 T 0000000 2510
46 . ° . Scoria Vesicular, vesicles alongated in parts, vesicles 46 47 22/0/0/0
o /. coated/filled with opal. %Ilghly ]omted -
I = 70 |  0/0/0/0
SO i+ WH
48 . . _ 10 34 1_ 48— 1
N Qc = 72.95 X 35 x 1= 0,5-1,1 50 0/0/0/0
T 7] -~ 4/0/0/0
988 sol« * « < | Bottom50.Im 50 28 0/0/0/0

Reference: Burfell Il,

Bjarni Bjarnason, OS-83059/VOD-29, July 1983.




’ . Contractor: Drill
Burfe” H EP EXtenSI()n Jardboranir rikisins | Sullivan 1
Place: Drill thickness:
AT-1 Samsstadir 55 mm ?
Cored Hole Date of drilling: Drawn:
7/10 - 13/11 1962 AKS
Coordinates: ISN93 X: 460849 Y: 400434 Elev.: 241 ,9 m.a.s.l. Drawing nr.: Approved:
1af2 SPS
Elevation| Depth Soil g Depth Casin Core RQD % Q GWT | Permeability (LU
masl]| [ml profile Sample Description [m] B | 10/30/50/100° rmeanilty L0)
i Top SB |
Olivine Basalt
2 2
4 | 4
6 6
8 8 |
10 10
N AN S NS
ISR AN Hyaloclastite _
NN AN
NN A
124NN NN 12
0%
\\//\ N \\/
NN VAN n
\/\/\/ o /\\/\/
14 4 ) /\\ D - 14_] A
N X XN Btm SB
2269 — LN |
16 ° \ Conglomerate Top OB 16
>~ NG
m .° o b
c Slight Hydrothermal Alteration
18_’ N q 18|
0 o .
on. @ _
2224 /) ‘o [> _____
20 Basalt Andesite 20
22| Scoriaceous 22|
Slight Hydrothermal Alteration
24 24 |
26 26
28 28
30 304
32 32
34+ 34
36— 36—
2054 L e - - — — — —
Basalt Andesite
38 38
] Scoriaceous N
40 Slight Hydrothermal Alteration 40
42 42—
44 44—
46-] 46
48 48]
192,6 Tk d-d|- == —-—_ 7
50 Scoriaceous Hydrothermal Alteration 50

Reference: Burfell Project, Project Planning Report Vol. 2., Harza Engineering Company International, February 1963.




Contractor: Drill

Burfell HEP Extension Jardboranir rikisins | _Sullivan 1
Place: Drill thickness:
AT-1 Samsstadir 55 mm ?
Cored Hole Date of drilling: Drawn:
7/10 - 13/11 1962 AKS
Coordinates: ISN93 X: 460849 Y: 400434 Elev.: 241 ’9 m.a.s.l. Drawing nr.: Approved:
2af2 SPS
Elevati Depth Soil ) Depth Casin Core RQD % Q GWT [ Permeability (LU
masil| profile Sample Description (i BT | T | 10130/501100° rmeanilty L0)
52 4 Basalt Andesite 52
54 54 _|
56 56
184,4 _ 7]
58] Tholeiite Basalt 58+
60 Scoriaceous 60
Slight Hydrothermal Alteration
180,2 I Y I B I
62 62
Tholeiite Basalt
64 Hydrothermal Alteration 64 N/A
66 66 |
68 68
173,6 s — -
1 0 Q. 9 Congl t |
. onglomerate
70-,. & D Y & 70
70 ¥ ° o O
o \ @ ' (Sedimentary Breccia in original log) N
72—3., N / o . O‘ (Probably angular or 72
8 Dn - = subangular rock fragments)
7 o L 1 Slight Hydrothemal Alteration N
. 0 D L) 74
70 \ ° o Of
- o @ 0 _
76 -
Tuffaceous Sandstone
78
163,0 |
Conglomerate
80
(Sedimentary Breccia in original log) i
(Probably angular or
S D subangular rock fragments) 82
159,0 L ‘_ﬁ |
84+ Tholeiite Basalt 84—
86 86
153,7 88 88
Sandstone 1
90 Slight Hydrothermal Alteration 90—
150,4 7]
92 92
Tholeiite Basalt
147,7 L [ I I R N 94—
a Tholeiite Basalt |
96— 96—
Scoriaceous
] Slight Hydrothermal Alteration 7
143,9 98 98
Bottom 143,9
100 100

Reference: Burfell Project, Project Planning Report Vol. 2., Harza Engineering Company International, February 1963.



’ . Contractor: Drill
Burfell HEP Extension Jardboranir rikisins | Sullivan 2
Place: Drill thickness:
PT-8 Samsstadir 55 mm ?
Cored Hole Date of drilling: Drawn:
4/6 - 6/6 1962 AKS
Coordinates: ISN93 X: 461070,4 Y: 400584,1 Elev.: 245‘9 m.a.s.l. Drawing nr.: Approved:
1af1 SPS
Elevati Depth Soil e Depth Casin Core RQD % Q GWT [ Permeability (LU
masil| profile Sample Description (i BT | T | 10130/501100° rmeanilty L0)
- - Basalt blocks Ash Loess Overburden
H ANV, CANAN, _
/\//\/\//\/\\\ \/\// Hyaloclastite Top SB
2 /\\ N \/\//\\/\/\ 2
NO QN 5-4m
KNANX E LU
| X NS \\/ X L
4 X P \/\//\/\ /\/\ 4 |
PRSI NXK Btm SB
] > ¢ " _
2403 NN " 468
, i NS Sandstone 51 12001tV
2393 b0 ae’aastse Top OB
— D - C —
o : 6,8-87m
8 ¢ . ' [) 9 Conglomerate 8 101
~Xg@ i
10 .© o 10
2. . 8,7-111,7n
4% Q (] _ 20 Ju
0 o .
12 ° . ‘,' [} A 12
>N .
R .O o .
- V &8 14| N/A 17163m
231,1 A Q. .4 _ y
16 Tholeiite Basalt 16
184 18 6,2-20m
i i 0 LU
258 20 20
_ Bottom 225,8 |
22 22
24 24 |
26 26
28 28
304 304
32 32
344 34
36— 36
38 38
40 40
42-] 42
44 44—
46-] 46
48 48]
50 50

Reference: Burfell Project, Project Planning Report Vol. 2., Harza Engineering Company International, February 1963.



’ . Contractor: Drill
Burfell HEP Extension Jardboranir rikisins | Sullivan 2
Place: Drill thickness:
PT-9 Samsstadir 55 mm ?
Cored Hole Date of drilling: Drawn:
7/6 - 14/6 1962 AKS
Coordinates: ISN93 Y: 400651 ’7 Elev.: 246,6 m.a.s.l. Drawing nr.: Approved:
1af1 SPS
masn Sample Description o B | Sosoisomage | ST | Pomeat ()
Top SB
Hyaloclastite
2
“ 3-6
l -6m
Btm SB Ty
241,0
6
Top OB
Conglomerate 6-9m
8| 204U
2377
Sandstone L
104 9-12m
2357 o - 10U
o
©)° Q' D “ 12
ope L )
o ‘@ ° o
ﬂ . \ @o Conglomerate 1 "
5 ]
By AN
°.Q.. g
. 16+ 12-21m
4; ‘ D ‘ 1 20 LU
) "\."@0
o 18-
BY A
°.9.. 4
uﬂ. o D L 20|
o "\ ° o
o ; ) "@0 22
N O T 21-24m
s ° o A 40 U
' [ [ [ 1 Tholeiite Basalt
222,6 L

Bottom 222,6

26 -

28—

30—

324

34 -

36—

38

40

42—

44—

46

48]

50

Reference: Burfell Project, Project Planning Report Vol. 2., Harza Engineering Company International, February 1963.



’ . Contractor: Drill
Burfell HEP Extension Jardboranir rikisins | Sullivan 2
Place: Drill thickness:
PT-10 Samsstadir 55 mm ?
Cored Hole Date of drilling: Drawn:
15/6 - 29/6 1962 AKS
Coordinates: ISN93 X: 460944,8 Y: 40051 5’4 Elev.: 238,4 m.a.s.l. Drawing nr.: Approved:
1af1 SPS
Elevati Depth Soil e Depth Casin Core RQD % Q GWT [ Permeability (LU
masil| profile Sample Description (i BT | T | 10130/501100° ymeanilty L0)
Olivine Basalt Top SB
L
2
Hyaloclastite
234,1 44
Olivine Basalt N
6
8 |
Hyaloclastite 7] ,8-2/1,2n]
10 10
2275 ]
Olivine Basalt 12_|
14 N/A
16
18
Hyaloclastite 20
22
24
26
28
21,2-4D,5m
30 251U
207,2 —
32_] Olivine Basalt 324
34 34 ]
36 36
SR I D D B 38 -
Hyaloclastite -
1979 40 40—
. Bottom 197,9 -
42 42
44 44—
46 46
48— 48]
50 50

Reference: Burfell Project, Project Planning Report Vol. 2., Harza Engineering Company International, February 1963.



’ . Contractor: Drill
Burfell HEP Extension Jardboranir rikisins | _Sullivan 1
Place: Drill thickness:
S0O-01 Samsstadir
Cored Hole Date of drilling: Drawn:
1964 AKS
Coordnale|SN93  X: 460715,00  Y: 400056,75  Elev.: 161,1 m.a.s.. D'jwini 1 Apgfi;vesd:
a
oty o | e [ Description ol el Il I sl
- Overburden -
2 2
1 Pumice 1
4 _| 4 _|
155,9 — .
” [AAA Top GT N
i AA AA A‘ Glacial moraine or till ]
8 A A 4 8
1A A A i
101 A A ‘ 10
A A A
A A 4 ]
124 A A A 12
A A N
14 AAAAAA 14 N/A
1A A A )
16 -] A A ‘ 16
1siAAAAA‘ 18]
1A A A i
ZO:t A A ‘ 20
A A A i
A A4
22 A A A 22
{ A A | 7
24 A A A 24
A A 4 i
26 AAAAA‘ 26
133.1 ZBiA‘— ‘_A1 ______ 28|
n A A A Slight Hydrothermal Alteration 7
30{ A A 4 30
A A A i
129,1 32__‘él_A_A_‘ ______ 32
{ A A/ ]
34 A A A 34
A A i
36— A A A 36—
A A | i
38 AAAAA‘ 38
1A A A .
40{ A A 4 40
A A A -
42 A A ‘ 42—
A A A
44_‘ A A 4 Btm GT 44_
1169 '\ A |
i Tholeiite Basalt Top OB i
46 46—
_ Btm OB .
113,7
Bottom 113,7
48 48]
50 50

Reference: Burfell Project, The Modified Saetersmoen Scheme, December 1964.



Appendix E

Pictures of cores.


















































































































Appendix F

Logs of rotary pneumatic percussion drilled boreholes.



’ . Date:
Burfell HEP Extension March 2013
Designed:
Explanations AKS
Corehole logging Drawn by:
AKS

o

Y

),

Explanations of symbols

®/R)/®

15,5-24,7m
>100 LU

5,0 kN
11,0 MPa

3n
ODEX

NN AN
Overburden NATANINA
N AN\
NN, AN
Basaltic Andesite
N N NN
Scoria /\/\/\/\/\
RN

Olivine Basalt

Conglomerate

DR RN
...-u'. -
L]
as =l.. [l
a%as s *

Porphyritic Olivine Basalt i

Rock magnetisation

Normal / Reverse / Anomalous Q

Water level depth in meters (date)

Permeability
Interval ( in metres) and LU values

Point Load Test (PLT)
kN = average readings from

point load test
MPa = point load strength index IS 50

Cuttings samples

Qc=Jx

Casing

Explanations of formation

FG  Finiglacial

GT  Glacial till

SB  Samsstadarklif basalt

SM  Samsstadarmuli group

OB  Older Burfell group

Hyaloclastite

Peat

Tuff

Moraine

Tholeiite Basalt

Sandstone

Q - system of rock mass quality

-RQD,

n a

X

SRF

[

RQD (Rock Quality Designation)
Jn (joint set number)

Jr (joint roughness number)

Ja (joint alteration number)

Jw (joint water reduction factor)

SRF (Stress Reduction Factor)

RQD , J, _J
J X SRF

n

Jw and SRF are evaluated as 1/1 in the boreholes

Q. = Q evaluated from core sample from borehole




” . Date:
\ Burfell HEP Extension September 2012
1 Des.:
Drawing SPS/AOT
Simplified Borelogs Owerview Drawn:
AOT
BF-33 BF-34 BF-35
masi._Percussion hole Percussion hole Percussion hole
255
L1
254
Sand with Sand with
frostlifted frostlifted | 2
stones and stones and
2534 pebbles pebbles
Sand with - ‘ N @ ————————— = _ B
" -~ ° -
252 frostlifted _ — O" (o) S . i@ 0.
stobn;sand - £ . < Conglomerate Po ., é
pepbles : rich with rhyolite ° . Conglomerate
- o, C 5 [ rich with thyolite 4
Pad . Cuttings light or o o N o
T E— =8 s & o [ Cutlingslightor
0 °@o y Drills brownish
g \ @ fast
o s
N o . Conglomerate
250+ A £ rich with rhyolite
QL
o o - Cuttings light or |6
Drills brownish
2494 fast
Elevation from topographic map
BF-38 BF-37 BF-36

Mast. Percussion hole

Percussion hole

Percussion hole

251

Sand with
frostlifted
stones

250

29, 9z

‘ . ( Conglomerate
. @ o rich with rhyolite
PPl I B} s Cuttings light or

brownish

247 4

246 4

2454

Sand with

frostlifted

stones —
-~

—

_________ ~§

pg.o
° e " Conglomerate

Q [~ rich with rhyolite

OD'\

Cuttings light or
brownish

O o

} @
N
~
~ .
bo .

]

O Conglomerate
’ D S rich with rhyolite
& ° o 0
) : O«  Cuttings light or
o 0 ° ‘ brownish
————

-6

Elevation from topographic map




Appendix G

Mapping of glacial moraine according to (Pétur Pétursson (1982)).
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Appendix H

Exploration tunnel in 1962. Location and geological section (Haukur
Tédmasson (1963)) and studies of progress (Haukur Témasson (1967)).





















Appendix |

Surface powerhouse. Cross sections from thrust rotary soundings
(Almenna verkfraedistofan hf. (1982)).
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