P-04-113

Svensk Karnbranslehantering AB
Swedish Nuclear Fuel
and Waste Management Co
Box 5864
SE-102 40 Stockholm Sweden
Tel 08-459 84 00
+46 8 459 84 00
Fax 08-661 57 19
+46 8 661 57 19




ISSN 1651-4416
SKB P-04-113

Forsmark site investigation

Boremap mapping of percussion
boreholes HFM16-18

Christin Nordman, Eva Samuelsson, Geosigma

May 2004

Keywords: Geology, Fractures, BIPS, Boremap, Percussion drilling, Drilling rate,
Geophysical logs, Field note no Forsmark 321, AP PF 400-03-102.

This report concerns a study which was conducted for SKB. The conclusions
and viewpoints presented in the report are those of the authors and do not

necessarily coincide with those of the client.

A pdf version of this document can be downloaded from www.skb.se



Abstract

This report presents the Boremap mapping of three percussion drilled boreholes: HFM 16,
HFM17 and HFM18. This activity is one of many performed within the site investigation
program in Forsmark.

HFM16 was drilled in order to provide the flushing water for drilling the core drilled
borehole KFMO06A, while HFM17 and HFEM 18 were drilled in order to check up two
lineaments. The percussion drilled boreholes were investigated with several logging
methods, for example, conventional geophysical logging, borehole radar and TV-logging.
This report includes interpretations of BIPS-images from TV-loggings, supported by
geophysical logs. As requested by SKB no investigations of drill cuttings were performed,
although this was included in the original activity plan.

In HFM16 a medium grained metagranite-granodiorite dominates (64.5%). This is cut by
several thin rock occurrences; several generations of fine- to medium grained granitoid
rocks (26.6%), pegmatites and amphibolites. One densely fractured section was observed
between 16.8 and 18.0 m. Six thin crushed sections were observed at following borehole
depths: 24.27-24.36 m, 35.11-35.20 m, 41.30-41.40 m, 59.05-60.15 m, 69.19-69.52 m
and 70.35-70.52 m.

In HFM17 a medium grained metagranite-granodiorite dominates (91.9%), cut by
pegmatites, thin fine- to medium grained granitoids and amphibolites. One crushed
section was observed at 31.02-31.55 m, but no densely fractured section was observed.

Also in HFM 18 a medium grained metagranite-granodiorite dominates (67.6%), cut
by pegmatites (10.5%), amphibolites (7.6%) and different generations of fine- to
medium grained granitoid rocks (11.5%). Three densely fractured sections occur at
10.0-10.8 m, 140.5-141.7 m and 144.3—-146.7 m, while two crushed sections were
observed at 37.57-37.79 m and 46.72-46.91 m.



Sammanfattning

I denna rapport presenteras Boremapkartering av tre hammarborrade hal: HFM16,
HFM17 och HFM18. Denna aktivitet dr en av manga som utfors inom ramen for
platsundersdkningar i Forsmark.

HFM16 borrades for att tillgodose vattenforsorjningen vid kdrnborrningen av teleskopborr-
hélet KFMO6A, medan HFM17 och HFM 18 borrades for att kontrollera tva lineament.

De hammarborrade borrhalen undersoktes med flera loggningsmetoder, bl.a. konventionell
geofysisk loggning, borrhalsradar och TV-loggning. Denna rapport innefattar tolkningarna
av BIPS-bilderna frdn TV-loggningarna med stod av geofysikloggar. Enligt onskemal

frdn SKB utfordes ingen kaxkartering dven om detta inkluderades i den ursprungliga
aktivitetsplanen.

HFM16 domineras av metagranit-granodiorit (64,5 %) som skérs av flera tunna
bergartsinslag, frimst av olika generationers fint-medelkorniga granitoida bergarter
(26,6 %), men ocksa av pegmatiter och amfiboliter. En sprickrik sektion observerades
mellan 16,8 och 18,0 m. Sex tunna krossektioner observerades vid foljande borrhélsdjup:
24,27-24,36 m, 35,11-35,20 m, 41,30-41,40 m, 59,05-60,15 m, 69,19-69,52 m och
70,35-70,52 m.

HFM17 domineras av metagranit-granodiorit (91,9 %) som skirs av pegmatiter, tunna
fint-medelkorniga granitoider och amfiboliter. En krossad sektion observerades vid
31,02-31,55 m, medan inga sprickrika sektioner observerades.

Aven HFM18 domineras av metagranit-granodiorit (67,6 %) som skiirs av pegmatiter

(10,5 %), amfiboliter (7,6%) och olika generationers fint-medelkorniga granitoida bergarter
(11,5 %). Tre sprickrika sektioner forekommer pa djupen 10,0-10,8 m, 140,5-141,7 m,
samt 144,3-146,7 m medan tva krossade sektioner observerades pa 37,57-37,79 m och
46,72-46,91 m.
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1 Introduction

This document reports the data gained by the Boremap mapping of three percussion
boreholes, drilled within the site investigation at Forsmark. The work was carried out in
April and May 2004 in accordance with activity plan SKB PF 400-03-102. In Table 1-1
controlling documents for performing this activity are listed. Both activity plan and method
descriptions are SKB’s internal controlling documents.

Table 1-1. Controlling documents for the performance of the activity.

Activity plan Number Version

Boremapkartering av AP PF 400-03-102 1.0
hammarborrhdlen HFM 16-18

Method descriptions Number Version

Metodbeskrivning fér SKB MD 143.006 1.0
Boremap-kartering

HFM16 is located at drill site 6 (DS 6, Figure 1-1). The purpose was mainly to provide
flushing water for the core drilling, but also the occurrence of a gently dipping fracture zone
(A2) was investigated. HFM17 is drilled to study the possible gentle dip of a north-easterly
oriented lineament (code XFM0062A0/B0) located northwest of the borehole. HFM18 is
drilled to study a north-easterly oriented lineament (code XFM0065A0/B0) located north of
the borehole, as well as the occurrence of a gently dipping possible fracture zone (A4). The
percussion drillholes HFM16-18 will also be used for groundwater level monitoring and

to gain hydrogeochemical data.

The percussion drilled boreholes were after completion of drilling investigated with
several logging methods, for example, conventional geophysical logging, borehole radar
and TV-logging. The latter method implies logging with a colour TV-camera to produce
images of the borehole wall, so called BIPS-images (Borehole Image Processing System).
The method is described in SKB MD 222.006 Metodbeskrivning fér TV-loggning med
BIPS (SKB, internal controlling document).

Mapping of percussion boreholes according to the Boremap method is based on the use

of BIPS-images of the borehole wall, supported by, for example, the study of drill cuttings,
drilling penetration rate and geophysical logs. In this work the mapping was supported with
drilling penetration rate and geophysical logs.

The BIPS-images enable the study of the distribution of fractures along the borehole.
Fracture characteristics like aperture, colour of fracture minerals etc are possible to study
as well. Furthermore, since the BIPS software has the potential of calculating strike and dip
of planar structures such as foliations, rock contacts and fractures intersecting the borehole,
also the orientation of each planar structure is documented with the Boremap method.
Important to keep in mind is that the mappings only represent the thin lines of boreholes
that intersect the rock body.
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2  Objective and scope

The aim of this activity was to document lithologies, ductile structures and the
occurrence and character of fractures and fracture zones in the bedrock penetrated

by the three percussion drilled boreholes HFM16—18. Data were collected in order

to obtain a foundation for a preliminary assessment of the bedrock conditions adjacent
to the telescopic drilled borehole KFMO6A and to study some lineaments (code
XFMO0062A0/B0 and XFM0065A0/B0). Other data obtained from the percussion
drilled boreholes, such as thickness of soil cover, soil stratigraphy, groundwater level
and groundwater flow, will not be treated in this paper.



3 Equipment

3.1 Description of interpretation tools

Mapping of BIPS-images was performed with the software Boremap v. 3.4.2. The
Boremap software calculates actual directions (strike and dip) of planar structures
penetrated by the borehole (foliations, fractures, fracture zones, rock contacts etc). Data
on inclination, bearing and diameter of the borehole are used as in-data for the calculations
(Table 4-1). The BIPS-image lengths were calibrated (see Chapter 4.2). The Boremap
software is loaded with the bedrock and mineral standard used for surface mapping at

the Forsmark investigation site to enable correlation with the surface geology.

Stereographic projections were plotted in StereoNet, while schematic presentations of the
boreholes were presented in WellCad.

3.1.1 BIPS-image quality
The BIPS-image quality of HFM 16 is excellent.

The BIPS-image of HFM17 is excellent to good. In the end of the borehole a thin layer of
mud covers approximately 40% of the borehole wall, but most geological features are still
visible through the mud layer.

The BIPS-image of HFM18 is generally good. In HFM 18 there are some suspensions in the
borehole water that have precipitated on the lower side of the borehole wall. From about
149 m borehole length the precipitated mud is so thick that it covers approximately 50%

of the borehole wall. This does slightly disturb the mapping.
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4 Execution

41 General

Boremap mapping of the percussion drilled boreholes HFM16-18 was performed and
documented according to activity plan AP PF 400-03-102 (SKB, internal document), with
the exception that the drill cuttings were not investigated. Instead, geophysical logs of the
boreholes were available. The mapping was performed in accordance with the SKB method
description for Boremap mapping (SKB MD 143.006, Version 1.0, Metodbeskrivning for
Boremap-kartering, SKB, internal controlling document).

4.2 Preparations

The lengths of the boreholes are listed in Table 4-1. Length corrections of the BIPS-images
were made for all the boreholes. The BIPS-image of HFM16 was originally 128.88 m long
but was corrected to 129.47 m long. The corresponding corrections for HFM17 and HFM 18
were 208.23 to 209.21 m and 179.44 m to 180.34 m, respectively. The corrections were
made since it is known that the registered length in the BIPS-images in general deviates
with approximately 0.5 m per 100 m from the real length, and that the last 30 cm of the
boreholes cannot be logged with BIPS.

Background data collected from SICADA prior to the Boremap mapping included:
* borehole diameter (Appendix 8),

* total borehole length (Appendix 8),

* borehole deviation data (Appendix 9),

* drilling penetration rate (Appendix 10).

Geophysical logs from Geovista AB were used as supporting data for the boreholes
HFM16-18 (Appendix 11).

Measurements of borehole directions were refined using deviation data from the SKB

SICADA database (field note no Forsmark 216, 256, 257). Geometric data for boreholes
HFM16-18 are given in Table 4-1.

Table 4-1. Borehole data for HFM16-18 (values from starting point).

ID-code Northing | Easting | Bearing | Inclina- | Diameter | Borehole | BIPS-image End of Appr.

(degrees) tion (mm) |length (m)| interval (adj. casing depth to

(degrees) length in m ) bedrock

surface
(m)
HFM16 6699721 | 1632466 327.9 -84.2 140 132.50 12.0-129.47 12.0 2.6
HFM17 6699462 | 1633261 318.6 -84.1 137 210.65 8.0-209.21 8.0 0.5
HFM18 6698327 | 1634037 3133 -59.4 139 180.65 8.0-180.34 9.0 1.7

13




4.3 Execution of measurements

Available geological information is more limited for Boremap mapping of percussion
drilled boreholes than core drilled boreholes, where the drill core can be directly compared
with BIPS-images of the borehole wall. During mapping of percussion boreholes, fractures
and rock types can only be seen on the BIPS-images. As solid rock samples are not
accessible, certain assumptions and simplifications have to be made during mapping.
These are described below.

4.3.1 Fractures

As fractures could be studied only in the BIPS-image they could not be confidently
classified as rough, smooth or slickensided, nor could their mineralogy or alteration
be reliably determined. Hence, classifications of fracture minerals in the percussion
boreholes should be treated with caution. The following assumptions were made:

* Width of very thin fractures (< 1 mm) were impossible to measure accurately and
was therefore, as a rule, interpreted as 0.7—1 mm thick or, if only partly or vaguely
observed, as 0.5 mm thick.

* Fractures were assumed to be open if not clearly observed to be sealed.

* Dark coloured fractures were interpreted to contain some amount of chlorite (such
colouration may, however, also be caused by shadows in the fracture walls or by other
dark coloured minerals).

* Bright white (commonly sealed) fracture fillings were interpreted to contain calcite.
*  White to slightly greyish fracture material was interpreted as quartz.
» Light green or grey fracture fillings were interpreted as prehnite or epidote.

* The fracture minerals in fractures that were only indicated by shadows were mapped
as unknown mineral.

* Fractures with reddish rims were mapped as “oxidized walls”.

4.3.2 Rock colour and oxidation

Rock colours in the BIPS-images appear somewhat modified and bleached, and the
classifications of the colours are therefore likely to be less accurate.

The varying exposure of the BIPS-camera as well as suspensions in the borehole water
complicates the interpretation of oxidized sections, since sections with higher exposure are
less reddish than sections with lower exposure and sections rich in suspensions look more
brownish/reddish in BIPS than other sections.

4.3.3 Rock contacts

Orientation of irregular or diffuse rock contacts may be difficult to observe and measure
with the Boremap method, since only planar and discrete features can be accurately
measured.

14



4.3.4 Lithologies

Lithological classifications were sometimes difficult, since the boreholes consist mostly
of different granitic rocks. From the BIPS-image and the geophysical logs it is not easy
to determine whether fine- to medium grained granites are “granite, granodiorite and
tonalite, metamorphic, fine- to medium grained” (C-type, code 101051) or “granite,
metamorphic, aplitic” (C-type, code 101058). If the granitic occurrence is thin it is not
certain that “granite, fine- to medium grained” (D-type, code 111058) is indicated by
higher gamma-radiation and then it can be difficult to separate it from the others. Even
very thin occurrences of pegmatite (code 101061) can sometimes be difficult to separate
from the rock occurrences mentioned earlier. Therefore some misinterpretations must
be accounted for.

Some medium-grained white rock occurrences with biotite could not be determined for
sure, and were therefore mapped as metagranitoid (code 111051) (HFM18, 168—172 m).

No drill cuttings were used for classification of rocks.

4.3.5 Grain size

Classification of grain size can be difficult, especially for minor rock occurrences of fine-
or medium grain size. This is due to the pixel resolution of the BIPS-image and the dif-
ficulty to measure the width of grains less than 2 mm. When the rock is composed of
minerals of similar colours, the grain size can be overestimated when relying too much
on the BIPS-images, since single grains are hard to distinguish.

4.3.6 Foliation and lineation

Foliation and lineation are difficult to separate from each other in the BIPS-image,
unless the deformation is strong. Some attempts have been made to separate the two in
the Boremap mapping, but usually moderately dipping deformation has been interpreted
as lineation, while steeply dipping deformation has been interpreted as foliation. This
relation has been observed during regional mapping but the relationship is not definite
and therefore some misinterpretations may occur.

The Boremap software does not yet calculate trend and plunge of linear features. Therefore
the strike in Boremap for lineations should be recalculated with 490 in order to get the trend
of the lineation. The dip in Boremap is equal to the plunge of the lineation.

4.3.7 Supporting data

Schematic presentations of geophysical logs (Appendix 11) were used to support the
classifications of rock types. Silica density is good for separating tonalites from granites,
while natural gamma radiation is good for recognizing younger granitic occurrences.
P-reports of the bedrock mapping in Forsmark /1, 2/ were also helpful when interpreting the
lithologies.

Drilling penetration rate was used as supporting data for the geological interpretation
(Appendix 10). For example, faster drilling penetration correlates well with crush zones,
densely fractured sections and pegmatites, while slower drilling penetration rate correlates
with amphibolites.
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4.4 Data handling

The Boremap mappings of HFM16-18 were performed on a local computer disk, while

a back-up of the Boremap mapping was saved on Geosigma’s network before each break
exceeding 15 minutes. When the mappings were finished and quality checked by the author
and by a computer routine in Boremap, the data was submitted to SKB for exportation to
SICADA.

All data are stored in the SKB database SICADA under field note no Forsmark 321.

4.5 Nonconformities

Investigations of drill cuttings were not performed because this was not requested for in
the order from SKB, even though it was requested for in the activity plan.

No other nonconformities exist.
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5 Results

The Boremap mapping of HFM16-18 are stored in SICADA (field note no Forsmark 321)
and it is only these data that shall be used for further interpretation and modelling. The
interpreter should be aware of the assumptions mentioned in Chapter 4.

Results from the Boremap mapping are briefly described in Sections 5.1-5.3 below
and the graphical presentations of the data are given in Appendices 1-6 (WellCad- and
BIPS-images). Equal area stereo diagrams showing fractures are shown in Appendix 7.

5.1 HMF16

Lithologies

The dominant rock type of HFM16 is a medium-grained, lineated, reddish grey to greyish
red, metagranite-granodiorite (64.5%). This is cut by several minor rock occurrences of
pegmatite (5.7%), amphibolite (3.3%), fine- to medium grained aplitic metagranite (10.8%),
fine- to medium grained granite (13.1%) and a fine- to medium grained metagranite,
-granodiorite to -tonalite (2.7%).

Fractures

Frequency of interpreted open fractures in HFM16 is calculated to ¢ 2.2 open fractures/m
from BIPS-images of the borehole (available between 12.0-129.3 m). 44% of the mapped
open fractures have very uncertain apertures and were only indicated by shadows or mapped
as having a possible aperture of 0.5 mm. One densely fractured interval was observed:
16.8-18.0 m (7.5 fractures/m). The dominating fracture set has an orientation of 005°/15°
while the less pronounced fracture sets strikes 235°/80° and 030°/80°. The orientation
pattern for one of the two dominating sets of interpreted sealed fractures coincides with

one of the open fracture sets (030°/80°), the other sealed fracture set has an orientation of
030°/30°. The orientations of fractures are shown in Appendix 7.

Six crushed sections were observed; the first at 24.27-24.36 m having the orientation
220°/25°, the second at 35.11-35.20 m having the orientation 115°/10° and the third at
41.30-41.40 m having the orientation 020°/15°. The fourth crush zone is situated next to a
cavity; this cavity is visible between 59.05 m and 59.80 m and the crush is visible between
59.80 m and 60.15 m. It is not known how large the cavity originally was, and how much
crushed material has fallen out into the borehole. The orientation of this fourth crushed
section is uncertain. The fifth crushed section is situated at 69.19—69.52 m having an
uncertain strike though a dip between 20-30°, while the sixth crushed section is observed
at 70.35-70.52 m striking 000°/25°.

17



5.2 HMF17

Lithologies

The dominant rock type of HFM17 is the same medium-grained, lineated, light pinkish grey
to greyish red, metagranite-granodiorite (91.9%) as in HEM16. This is cut by several minor
rock occurrences of pegmatite (4.4%), amphibolite (0.7%), fine- to medium grained aplitic
metagranite (0.8%), fine- to medium grained granite (0.5%) and a fine- to medium-grained
metagranite, -granodiorite to —tonalite (1.7%).

Fractures

Frequency of interpreted open fractures in HFM17 has been calculated to ¢ 1.0 open
fractures/m from BIPS images of the borehole (available between 8.0-210.6 m). 25%

of the mapped open fractures have very uncertain apertures and were only indicated by
shadows or mapped as having a possible aperture of 0.5 mm. No densely fractured intervals
were observed. Five sets of open fractures were observed. The two dominating orientations
are 230°/80° and 130°/30°. Less pronounced sets of open fractures are orientated

190°/85°, 350°/35° and 295°/75°. The dominating sets of interpreted sealed fractures

have the orientations, in order of abundance, 225°/80°, 210°/10°, 175°/80° and 285°/75°.
Less pronounced sets of sealed fractures are orientated 130°/50° and 120°/30°. Fracture
orientations are shown in Appendix 7.

One crushed section was observed at 31.02-31.55 m with the orientation ~220°/05°.

The conclusion of the mapping is that the borehole has probably not reached the lineament
it was supposed to intersect.

5.3 HMF18

Lithologies

The dominant rock type of HFM18 is a medium-grained, lineated, light pinkish grey

to reddish grey, metagranite-granodiorite (67.6%). This is cut by several minor rock
occurrences of pegmatite (10.5%), amphibolite (7.6%), fine- to medium grained aplitic
metagranite (4.4%), fine- to medium grained granite (4.5%), metatonalite to —granodiorite
(2.8%) and a fine- to medium grained metagranite, - granodiorite to -tonalite (2.6%). Less
than 0.1% of the borehole consists of a possible metagranitoid.

Fractures

Frequency of interpreted open fractures in HFM18 has been calculated to about 2.1 open
fractures/m. 36% of the mapped open fractures have very uncertain apertures and were
only indicated by shadows or mapped as having a possible aperture of 0.5 mm. Three
densely fractured intervals were observed: 10.0-10.8 m (17.6 fractures/m), 140.5-141.7 m
(10 fractures/m) and 144.3—-146.7 m (8.9 fractures/m). In the last densely fractured interval
downward directed red coloured outflow from the fractures can be observed, although
most fracture apertures are too thin to be visible in the BIPS-image (see Figure 5-1). Two
dominating fracture sets were observed having the orientations 030°/90° and 050°/20°. The
mapped sealed fractures show the following preferred orientations: 175°/80°, 030°/90°,
035°/20° and 030°/50°. The orientations of fractures are shown in Appendix 7.
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Two crushed sections were observed: one at 37.57-37.79 m having the orientation
025°/10° and one at 46.72-46.91 m having the orientation 040°/20°.

Figure 5-1. Downward directed outflow from fractures in HFM1S, ca 146 m borehole length.
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Appendix 1
BIPS-images of HFM16

Project name: Forsmark

Image file : ¢:\304224~1\hfm16.bip
BDT file : ¢:\304224~1\hfm16.bdt
Locality : FORSMARK

Bore hole number : HFM16

Date : 03/12/04

Time : 10:50:00

Depth range :12.000 - 128.879 m
Azimuth : 325

Inclination : -85

Diameter : 140.0 mm

Magnetic declination : 0.0

Span - 4

Scan interval : 0.25

Scan direction : To bottom

Scale : 1/25

Aspect ratio :90 %

Pages : 6
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27.069

28.000 |
28.075

29.000—
29.080

30.000
30.086

31.000-
31.091

32.000
32.007

Aspect ratio: 90 %



32.000
32.097

33.000
33.103

34.000
34.108

35.000
35.114

36.000
36.119

37.000
37.125

Project name: Forsmark

Bore hole No.: HFM16

Azimuth: 311

Depth range: 32.000 - 52.000 m

37.000
37.125

38.000
38.131

39.000

39.136| |

40.000
40.142

41.000
41.147

42.000
42.153

(2/6)

25

42.000
42.153

43.000
43.159

44.000
44.164

45.000
45.170

46.000
46.175

47.000
47.181

Scale: 1/25

Inclination: -86

DLURD

47.000
47.181

48.000
48.187

49.000
49.192

50.000
50.198

51.000
51.204| ¢

52.000
52.209

Aspect ratio: 90 %



Project name: Forsmark
Bore hole No.: HFM16 Azimuth: 175 Inclination: -88

Depth range: 52.000 - 72.000 m

DLURD DLURD
52.000, 57.000 ;: 62.000 : 67.000—
52.209| § 57.237 62.265 67.293 |
53.000— - 58.000 63.000 68.000
53.215| | 58.243 63.271 68.299
54.000 59.000 64.000 69.000
54.220 59.248 64.276 69.304
55.000 60.000* ; 65.000 70.000
55.226 60.254 65.282| | 70.310
56.000 61.000— 66.000 71.000
56.232 61.260 66.288 71.316
57.000 62.000—"" 67.000 72.000
57.237 62.265 67.293 72.321

(3/6) Scale: 1/25 Aspect ratio: 90 %
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72.000
72.321

73.000
73.327| §

74.000,

74.333

75.000

75.338| |

76.000
76.344| |

77.000
77.349

Project name: Forsmark

Bore hole No.: HFM16

Azimuth: 151

Depth range: 72.000 - 92.000 m

77.000
77.349

79.000
79.361

80.000
80.366

81.000
81.372

82.000
82.377

DLURD

78.000 |
78.355 #

82.000,
82.377| [

83.000-
83.383| |

85.000—
85.394/ |

87.000
87.405

(4/6) Scale: 1/25

27

Inclination: -87

87.000
87.405

88.000
88.411

89.000
89.417

90.000
90.422

91.000
91.428

92.000
92.433

Aspect ratio: 90 %



92.000
92.433

93.000
93.439) [

94.000
94.445

Project name: Forsmark
Bore hole No.: HFM16

DLURD

95.000

95.450

96.000
96.456

97.000
97.461

Azimuth: 136

Depth range: 92.000 - 112.000 m

97.000
97.461

98.000
98.467

99.000
99.473

100.000

100.478| |

101.000

101.484 |

102.000-*

102.490

(5/6)
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102.000
102.490

103.000
103.495

104.000
104.501

105.000

105.506| |

106.000

106.512|

107.000
107.518

Scale: 1/25

Inclination: -85

DLURD
107.000—
107.518

108.000—
108.523

109.000
109.529

110.000 .
110.534

111.000
111.540

112.000—
112.546

Aspect ratio: 90 %



112.000
112.546

113.000
113.551

114.000
114.557

115.000
115.562

116.000

116.568| |

117.000
117.574

Project name: Forsmark
Bore hole No.: HFM16

DLURD

Azimuth: 131

Depth range: 112.000 - 128.879 m

117.000
117.574

118.000
118.579

119.000

119.585| |

120.000
120.590

121.000
121.596

122.000
122.602

DLUR

(6/6)

29

122.000
122.602

123.000
123.607

124.000
124.613

125.000
125.619

126.000
126.624

127.000
127.630

DLURD

Scale: 1/25

Inclination: -80

DLURD
127.000
127.630

128.000
128.635

Aspect ratio: 90 %



Appendix 2
BIPS-images of HFM17

Project name: Forsmark

Image file : €:\304224~1\hfm17.bip
BDT file : ¢:1304224~1\hfm17.bdt
Locality : FORSMARK

Bore hole number : HFM17

Date : 04/03/10

Time : 16:43:00

Depth range : 7.000 - 208.225 m
Azimuth : 316

Inclination : -85

Diameter :137.0 mm

Magnetic declination :0.0

Span : 4

Scan interval :0.25

Scan direction : To bottom

Scale : 1/25

Aspect ratio :90 %

Pages - 11

Color I T

+0 +0 +0
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Project name: Forsmark
Bore hole No.: HFM17 Azimuth: 316 Inclination: -85

Depth range: 7.000 - 27.000 m

DLURD DLURD
7.000 12.000 | 17.000 22.000
7.000 12.021| | 17.047 22,073
8.000 = 13.000 18.000 /1 23.000
8.000 13.026| § 18.052) [ 23.078
9.000 14.000 19.000- 24.000
9.005 14.031 19.057) | 24.083
10.000 15.000 20.000 | 25.000 &
10.010 15.036 20.062 25.088 g5
11.000 16.000 21.000 26.000
11.016 16.042 21.068 26.094
12.000 17.000- 22.000 27.000
12.021 17.047 22.073 27.099
(1/11) Scale: 1/25 Aspect ratio: 90 %
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Project name: Forsmark
Bore hole No.: HFM17 Azimuth: 324 Inclination: -85

Depth range: 27.000 - 47.000 m

27.000
27.099

32.000
32.125

37.000
37.151

42.000
42177

28.000
28.104

33.000
33.130

38.000
38.156

43.000
43.182

29.000
29.109

34.000
34.135

39.000
39.161

44.000
44.187

30.000
30.114

35.000
35.140

40.000
40.166

45.000
45.192

46.0001
46.197

31.000
31.119

41.000
41171

36.000 -/ .
36.145| juE

32.000 37.000 42.000 47.000
32.125 37.151 42177 47.203

(2/11) Scale: 1/25 Aspect ratio: 90 %

33



47.000
47.203

48.000
48.208

49.000
49.213

50.000
50.218

51.000
51.223

52.000
52.229

Project name: Forsmark

Bore hole No.: HFM17

DLURD

Azimuth: 333

Depth range: 47.000 - 67.000 m

52.000
52.229

53.000
53.234

54.000
54.239

55.000
55.244

56.000
56.249

57.000
57.255

(3/11)

34

57.000
57.255

58.000
58.260

59.000
59.265

60.000
60.270

61.000

61.275

62.000
62.281

DLURD

Scale: 1/25

Inclination: -85

62.000
62.281

63.000
63.286

64.000
64.291

65.000
65.296

66.000
66.301

67.000
67.307

Aspect ratio: 90 %

DLURD



67.000
67.307

68.000
68.312

69.000

69.317

70.000
70.322

71.000
71.327

72.000
72.333

Project name: Forsmark
Bore hole No.: HFM17

Azimuth: 10

Depth range: 67.000 - 87.000 m

72.000
72.333

73.000
73.338

74.000
74.343

75.000
75.348

76.000
76.353

77.000
77.358

(4711)
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77.000
77.358

78.000
78.364

79.000 |

79.369

80.000
80.374| £

81.000
81.379

82.000
82.384

DLURD

Scale: 1/25

Inclination: -84

82.000
82.384 & A

83.000
83.390

84.000
84.395

85.000
85.400|

86.000
86.405

87.000
87.410

Aspect ratio: 90 %



87.000
87.410

88.000
88.416

89.000
89.421

90.000

90.426| |

91.000
91.431

92.000
92.436

Project name: Forsmark
Bore hole No.: HFM17

Azimuth: 34

Depth range: 87.000 - 107.000 m

92.000

94.000—
94.447

95.000—
95.452

96.000
96.457

97.000
97.462

92.436 | =

93.000
93.442| o

97.000
97.462

98.000
98.468

99.000
99.473

100.000
100.478

101.000
101.483

102.000
102.488

(5/11)

36

Scale: 1/25

Inclination: -82

DLURD
102.000
102.488

103.000
103.494

104.000
104.499

105.000
105.504

106.000
106.509

107.000—"
107.514

Aspect ratio: 90 %



Project name: Forsmark
Bore hole No.: HFM17 Azimuth: 42 Inclination: -81

Depth range: 107.000 - 127.000 m

D DLURD DLURD DLURD
107.000; 112.000 117.000 122.000
107.514| & 112.540 117.566 122.592
108.000— 113.000— 118.000— 123.000
108.520 113.546 118.572 123.597
109.000— 114.000— 119.000— 124.000
109.525 114.551 119.577 124.603
110.000— 115.000— 120.000— 125.000
110.530 115.556 120.582 125.608
111.000- 116.000 | 121.000- 126.000
111.535 116.561 121.587 126.613
112.000- 117.000 122.000- 127.000
112.540 117.566 122.592 127.618
(6/11) Scale: 1/25 Aspect ratio: 90 %
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127.000
127.618

128.000
128.623

129.000
129.629

130.000
130.634

131.000
131.639

132.000
132.644

Project name: Forsmark
Bore hole No.: HFM17

DLURD

Azimuth: 49

Depth range: 127.000 - 147.000 m

132.000
132.644

133.000
133.649

134.000
134.655

135.000
135.660

136.000
136.665

137.000
137.670

DLURD

137.000
137.670

138.000
138.675

139.000
139.681

140.000
140.686

141.000
141.691

142.000
142.696

(7/11)

38

Scale: 1/25

Inclination: -79

142.000
142.696

143.000
143.701

144.000-
144.707

145.000—
145.712

146.000-
146.717

147.000—
147.722

Aspect ratio: 90 %



Project name: Forsmark
Bore hole No.: HFM17

147.000
147.722

148.000
148.727

149.000—
149.733

150.000
150.738

151.000
151.743

152.000
152.748

Azimuth: 55

Depth range: 147.000 - 167.000 m

152.000
152.748

153.000
153.753

154.000
154.759

155.000
155.764

156.000
156.769

157.000
157.774

DLURD

157.000
157.774

158.000
158.779

159.000
159.785

160.000
160.790

161.000
161.795

162.000
162.800

(8/11)

39

DLURD

Scale: 1/25

Inclination: -78

162.000
162.800

163.000
163.805

164.000
164.811

165.000
165.816

166.000
166.821

167.000
167.826

Aspect ratio: 90 %

DLURD



Project name: Forsmark
Bore hole No.: HFM17 Azimuth: 57 Inclination: -77

Depth range: 167.000 - 187.000 m

DLURD DLURD DLURD DLURD
167.000— 172.000- 177.000- 182.000
167.826 172.852 177.878 182.904
168.000 173.000- 178.000 183.000
168.831 173.857 178.883 183.909
169.000- 174.000 179.000 184.000
169.836 174.862 179.888 184.914
170.000- 175.000- 180.000 185.000
170.842 175.868 180.894 185.920
171.000 176.000- 181.000 186.000
171.847 176.873 181.899 186.925
172.000 177.000- 182.000— 187.000
172.852 177.878 182.904 187.930

(9/11) Scale: 1/25 Aspect ratio: 90 %
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187.000
187.930

188.000
188.935

189.000
189.940

190.000
190.946

191.000
191.951

192.000
192.956

Project name: Forsmark
Bore hole No.: HFM17

DLURD

Azimuth: 61

Depth range: 187.000 - 207.000 m

192.000
192.956

193.000
193.961

194.000
194.966

195.000
195.972

196.000
196.977

197.000
197.982

DLURD

197.000
197.982

198.000
198.987

199.000
199.992

200.000
200.998

201.000
202.003

202.000
203.008

(10/11)

41

DLURD

Scale: 1/25

Inclination: -77

DLURD
202.000
203.008

203.000
204.013

204.000
205.018

205.000
206.024

206.000
207.029

207.000
208.034

Aspect ratio: 90 %



207.000
208.034

208.000
209.039

Project name: Forsmark
Bore hole No.: HFM17

DLURD

Azimuth: 63

Depth range: 207.000 - 208.225 m

(11/11)

42

Scale: 1/25

Inclination: -76

Aspect ratio: 90 %



Appendix 3
BIPS-images of HFM18

Project name: Forsmark

Image file : ¢:\304224~1\hfm18.bip
BDT file : ¢:1304224~1\hfm18.bdt
Locality : FORSMARK

Bore hole number : HFM18

Date : 04/01/15

Time : 09:07:00

Depth range :8.000 -179.441 m
Azimuth : 315

Inclination : -58

Diameter :139.0 mm

Magnetic declination :0.0

Span : 4

Scan interval :0.25

Scan direction : To bottom

Scale : 1/25

Aspect ratio :90 %

Pages : 9

Color Bl T e
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8.000
8.000

9.000
9.010

10.000
10.015

11.000

11.020

12.000
12.026

13.000
13.031

Project name: Forsmark
Bore hole No.: HFM18

Azimuth: 315

Depth range: 8.000 - 28.000 m

13.000
13.031

14.000
14.036

15.000
15.041

17.000
17.052

18.057

16.000
16.047 |

18.000—"

(1/9)

44

18.000 pa-

18.057

19.000
19.062

20.000
20.067

21.000
21.073

22.000-/

22.078

23.000
23.083

Scale: 1/25

Inclination: -58

DLURD
23.000
23.083

24.000
24.088

25.000
25.094

26.000
26.099

27.000
27.104

28.000
28.109

Aspect ratio: 90 %



28.000
28.109

29.000

Project name: Forsmark
Bore hole No.: HFM18

20.114| 5%

30.000
30.120

31.000
31.125

32.000
32.130

33.000
33.135

Depth range

33.000
33.135

34.000
34.141

35.000
35.146

36.000
36.151

37.000
37.156

38.000
38.161

Azimuth: 310

: 28.000 - 48.000 m

(219)

45

38.000
38.161

39.000
39.167

40.000
40.172

41.000

41.177)| §

42.000
42.182

43.000-"

43.188

Scale: 1/25

Inclination: -57

43.000
43.188

44.000
44.193

45.000
45.198

46.000
46.203

47.000
47.208

48.000
48.214

Aspect ratio: 90 %



48.000 - mwn
48.214| | o

49.000
49.219 [N

50.000—

50.224

51.000
51.229

52.000
52.235

53.000
53.240

Project name: Forsmark

Bore hole No.: HFM18

Azimuth: 307

Depth range: 48.000 - 68.000 m

53.000
53.240

54.000
54.245

55.000
55.250

56.255

57.000
57.261

58.000
58.266

56.000—/

DLURD

(3/9)

46

58.000
58.266

DLURD

59.000—

59.271

60.000
60.276

61.000—" e

61.282

62.000
62.287

63.000
63.292

Scale: 1/25

Inclination: -57

63.000—
63.292

64.000
64.297

65.000 |-
65.302| |

66.000 |1
66.308

67.000—
67.313

68.000—
68.318

Aspect ratio: 90 %



68.000
68.318

69.000
69.323

70.000
70.329

71.000
71.334

72.000
72.339

73.000
73.344

Project name: Forsmark
Bore hole No.: HFM18

DLURD

Azimuth: 306

Depth range: 68.000 - 88.000 m

73.000
73.344

74.000
74.349

75.000
75.355

76.000
76.360

77.000
77.365

78.000
78.370

DLURD

(419)
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78.000
78.370

79.000
79.376

80.000
80.381

81.000
81.386

82.000
82.391

83.000
83.396

Scale: 1/25

Inclination: -56

DLURD
83.000
83.396

84.000
84.402

85.000
85.407

86.000
86.412

87.000
87.417

88.000
88.423

Aspect ratio: 90 %



Project name: Forsmark
Bore hole No.: HFM18

DLURD
88.000
88.423

89.000—
89.428

90.000
90.433

91.000—
91.438

92.000—
92.443

93.000—
93.449

Azimuth: 304

Depth range: 88.000 - 108.000 m

93.000
93.449

94.000
94.454

95.000
95.459

96.000
96.464

97.000

DLURD

97.470| |

98.000
98.475

(5/9)
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98.000
98.475

99.000
99.480

100.000
100.485

101.000
101.490

102.000
102.496

103.000
103.501

DLURD

Scale: 1/25

Inclination: -55

DLURD
103.000—
103.501

104.000
104.506

105.000—
105.511

106.000—
106.517

107.000—
107.522

108.000—
108.527

Aspect ratio: 90 %



Project name: Forsmark
Bore hole No.: HFM18

DLURD
108.000-
108.527

109.000
109.532

110.000
110.537

111.000-
111.543

112.000-
112.548

113.000—
113.553

Azimuth: 305

Depth range: 108.000 - 128.000 m

DLURD
113.000—
113.553

114.000
114.558

115.000
115.564

116.000—
116.569

117.000—
117.574

118.000—
118.579

(6/9)

49

118.000
118.579

119.000
119.584

120.000
120.590

121.000
121.595

122.000

122.600

123.000
123.605

DLURD

Scale: 1/25

Inclination: -54

DLURD
123.000-
123.605

124.000—
124.611

125.000
125.616

126.000—
126.621

127.000—
127.626

128.000—
128.631

Aspect ratio: 90 %



Project name: Forsmark
Bore hole No.: HFM18 Azimuth: 305 Inclination: -54

Depth range: 128.000 - 148.000 m

DLURD DLURD DLURD
128.000 133.000 138.000 143.000
128.631 133.658 138.684 143.710
129.000 134.000 139.000 144.000
129.637 134.663 139.689 144.715) |
130.000 - 135.000 140.000 | 145.000~
130.642 135.668 140.694| | 145.720
131.000 136.000 141.000— 146.000
131.647| | 136.673 141.699| | 146.725| |
132.000 137.000 142.000 147.000
132.652 137.678 142.705 147.731
133.000— 138.000— 143.000 148.000—
133.658 138.684 143.710 148.736

(719) Scale: 1/25 Aspect ratio: 90 %
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Project name: Forsmark
Bore hole No.: HFM18 Azimuth: 305 Inclination: -52

Depth range: 148.000 - 168.000 m

DLURD DLU DLURD DLURD
148.000- 153.000 158.000— 163.000—
148.736 153.762 158.788 163.814
149.000— 154.000— 159.000— 164.000—
149.741 154.767 159.793 164.819
150.000— 155.000— 160.000— 165.000—
150.746 155.772 160.798 165.825
151.000— 156.000— 161.000— 166.000—
151.752 156.778 161.804 166.830
152.000— 157.000— 162.000— 167.000—
152.757 157.783 162.809 167.835
153.000- 158.000- 163.000- 168.000-
153.762 158.788 163.814 168.840
(8/9) Scale: 1/25 Aspect ratio: 90 %
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168.000
168.840

169.000
169.845

170.000
170.851

171.000
171.856

172.000
172.861

173.000
173.866

Project name: Forsmark

Bore hole No.: HFM18

Azimuth: 303

Depth range: 168.000 - 179.441 m

173.000
173.866

174.000
174.872

175.000
175.877

176.000
176.882

177.000
177.887

178.000
178.892

(9/9)

52

178.000
178.892

179.000
179.898

Scale: 1/25

Inclination: -50

Aspect ratio: 90 %



Appendix 4
WellCad diagram of HFM16

Title Geological legend for the percussion drilled borehole HFM16 at Forsmark

SKB

ROCKTYPE FORSMARK

Site FORSMARK
Borehole HFMI16
Plot Date 2004-06-20 21:01:56

MINERAL

JRUNannnnneuuen

Granite, fine- to medium-grained
Pegmatite, pegmatitic granite

Granitoid, metamorphic

Granite, granodiorite and tonalite, metamorphic, fine- to medium-grained

Granite, metamorphic, aplitic

Granite to granodiorite, metamorphic, medium-grained
Granodiorite, metamorphic

Tonalite to granodiorite, metamorphic

Diorite, quarts diorite and gabbro, metamorphic

Ultramafic rock, metamorphic

Amphibolite

Calc-silicate rock (skarn)

Magnetite mineralization associated with calc-silicate rock (skarn)
Sulphide mineralization
Felsic to intermediate vol

ic rock, phic

Mafic volcanic rock, metamorphic

Sedimentary rock, metamorphic

STRUCTURE STRUCTURE ORIENTATION
kg cataclastic Cataclastic
Schistose
Gneissic O/ Bedded
E Mylonitic
a Ductile Shear Zone ./ .
N\\\J Brittle-Ductile Zone Gneissic
Veined
lil Banded ./ Schistose
|:| Massive
1 Foliated @ Brittle-Ductile Shear Zone
E Brecciated
TEXTURE ./ Ductile Shear Zone
Hornfelsed
Porphyritic O/ Lineated
Ophitic
Equigranular
Augen-Bearing O/ Banded
Non_equigranular
Metamorphic ./ Veined
l%lm'ziphanitic ./ Brecciated
l:l Fine grained
Fine to Medium Grained ./ Foliated
Medium coarse
Coarse grained ./ Mylonitic

Medium grained

ROCK ALTERATION
B Oxidized
XX Chloritisized
[ Epidotisized

Weathered
Tectonized
Sericitisized
Quartz dissolution
Silicification
Argillization
Albitization
Carbonatization
Saussuritization
Steatitization

Uralitization

INTENSITY

I:l No intensity
I:l Faint
l:l Weak

[ ] Medium
l:l Strong

ROUGHNESS

El Planar
l:l Undulating
El Stepped
El Irregular

F— Slickensided

CRUSH ALTERATION

Slightly Altered
Moderately Altered
Highly Altered
Completley Altered
Gouge

Fresh

Epidote
Calcite
Chlorite
Quartz
Unknown
Prehnite

Oxidized Walls

FRACTURE ALTERATION

./ Fresh

Gouge
Completely Altered
Highly Altered

Moderately Altered

o« o a e e

Slightly Altered

FRACTURE DIRECTION
STRUKTURE ORIENTATION

Dip Direction 0 - 360°
0/360°

270°

90°

180°
Dip 0-90°
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Title  Geological mapping of the percussion drilled borehole HFM16 at Forsmark

Site FORSMARK Coordinate System  RT90-RHB70
Borehole HFM16 Northing [m] 6699721.10
Diameter [mm] 139 Easting [m] 1632466.18

Length [m] 132.500 Elevation [m.a.s.L| 3.21

Bearing [°] 327.96 Drilling Start Date 2003-11-04 07:00:00
Inclination [°] -84.21 Drilling Stop Date 2003-11-11 16:00:00
Date of mapping  2004-06-14 13:55:00 Plot Date 2004-06-20 21:01:56
Rocktype data from p_rock XXXXX Fracture data from p_fract core

ROCKTYPE SEALED FRACTURES OPEN AND PARTLY OPEN FRACTURES CRUSH
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E
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WellCad diagram of HFM17

Appendix 5

Title

Geological legend for the percussion drilled borehole HFM17 at Forsmark

SKB

Site FORSMARK
Borehole HFM17
Plot Date 2004-06-20 21:01:56

ROCKTYPE FORSMARK

Granite, fine- to medium-grained
Pegmatite, pegmatitic granite
Granitoid, metamorphic

Granite, gr ite and tonalit:

phic, fine- to medium-grained
Granite, metamorphic, aplitic

Granite to granodiorite, metamorphic, medium-grained

NPT IRE {1 10 T

Granodiorite, met: phic

Tonalite to granodiorite, metamorphic

Diorite, quarts diorite and gabbro, metamorphic

Ultramafic rock, metamorphic

Amphibolite

Calc-silicate rock (skarn)

Magnetite mineralization associated with calc-silicate rock (skarn)
Sulphide mineralization

Felsic to inter Vi ic rock,

phic
Mafic volcanic rock, metamorphic

Sedimentary rock, metamorphic

STRUCTURE STRUCTURE ORIENTATION
kb o] catadastic & Schistose
Schistose
+ "+ | Gneissic ./ Gneissic
E Mylonitic
a Ductile Shear Zone O/ Bedded
Brittle-Ductile Zone
VA Veined (/
l:l Banded Cataclastic
:l Massive
F——1 Foliated @ Ductile Shear Zone
E Brecciated
TEXTURE ./ Brittle-Ductile Shear Zone
Hornfelsed
Porphyritic ./ Veined
Ophitic
Equigranular
Augen-Bearing O/ Banded
E Non_equigranular
IZ—] Metamorphic O/ Lincated
I%lws‘ziphanitic ./ Brecciated
[ Fine grained
Fine to Medium Grained ./ Mylonitic
Medium coarse
Coarse grained ./ Foliated

Medium grained

ROCK ALTERATION

Oxidized
Chloritisized
Epidotisized
Weathered
Tectonized
Sericitisized
Quartz dissolution
Silicification

Argillization

Albitization
Carbonatization
Saussuritization

Steatitization

Uralitization

INTENSITY

I:l No intensity
I:l Faint
I:l Weak
l:l Medium
l:l Strong

ROUGHNESS

El Planar
l:l Undulating
£ Stepped
El Irregular

SURFACE

F—— Slickensided

CRUSH ALTERATION

Slightly Altered
Moderately Altered
Highly Altered
Completley Altered
Gouge

1

Fresh

FRACTURE DIRECTION
STRUKTURE ORIENTATION

MINERAL

Epidote
Calcite
Chlorite
Quartz
Unknown

Oxidized Walls

FRACTURE ALTERATION

s

Slightly Altered
Moderately Altered
Highly Altered
Completely Altered

Gouge

« o o a @

Fresh

Dip Direction 0 - 360°
0/360°

270"

180"

Dip 0-90°
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Title  Geological mapping of the percussion drilled borehole HFM17 at Forsmark
Site FORSMARK Coordinate System  RT90-RHB70
Borehole HFM17 Northing [m] 6699461.95
Diameter [mm] 136 Easting [m] 1633261.31
Length [m] 210.650 Elevation [m.a.s.l.]  3.75
Bearing [°] 318.58 Drilling Start Date ~ 2003-12-01 14:30:00
Inclination [°] -84.18 Drilling Stop Date 2003-12-08 19:00:00
Date of mapping  2004-06-14 13:59:00 Plot Date 2004-06-20 21:01:56
Rocktype data from p_rock XXXXX Fracture data from p_fract core
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WellCad diagram of HFM18

Appendix 6

Title

Geological legend for the percussion drilled borehole HFM18 at Forsmark

SKB

Site FORSMARK
Borehole HFM18
Plot Date 2004-06-20 21:01:56

ROCKTYPE FORSMARK ROCK ALTERATION
[ Granite, fine- to medium-grained XY Oxidized
[ Pegmatite, pegmatitic granite KX Chloritisized
1 Granitoid, metamorphic s Epidotisized
[ 1 Granite, gr ite and 1 t phic, fine- to medium-grained 3077 Weathered
I:l Granite, metamorphic, aplitic Tectonized
"] Granite to granodiorite, phic, grained Sericitisized
1 Granodiorite, metamorphic Quartz dissolution
I Tonalite to granodiorite, metamorphic Silicification
I piorite, quarts diorite and gabbro, metamorphic Argillization
I uitramafic rock, metamorphic Albitization
[ Amphibolite Carbonatization
] Calessilicate rock (skarn) Saussuritization
[ Magnetite mineralization associated with calc-silicate rock (skarn) Steatitization
"1 Sulphide mineralization Uralitization
l:l Felsic to intermediate volcanic rock, metamorphic
l:l Mafic volcanic rock, metamorphic
I:l Sedimentary rock, metamorphic
STRUCTURE STRUCTURE ORIENTATION INTENSITY
ko] cataclastic ./ Schistose [ ] No intensity
Schistose [ 1 Faint
Gneissic ./ Gneissic 1 Weak
E=—= Mylonitic [ 1 Medium
E=] Ductile Shear Zone O/ [ ] strong
Bedded
N\\\| Brittle-Ductile Zone
ROUGHNESS
_— Veined
Pl
l:l Banded O/ Cataclastic El anar
] Undulating
[. .1 Massive [ Stepped
Foliated ./ Ductile Shear Zone
E——1 Foliate F—— Irregular
@ Brecciated
./ . . SURFACE
TEXTURE Brittle-Ductile Shear Zone
Hornfelsed — Rough
L. Smooth
Porphyritic ./ Veined
Ophitic El Slickensided
Equigranular
quig & Banded CRUSH ALTERATION
9 A -Beari
ugen-Bearing I siightly Altered
E Non_equigranular O/ Lineated - Moderately Altered
[ Metamorphic [ ] Highly Altered
GRAINSIZE - Completley Altered
. ./ Brecciated
l:l Aphanitic - Gouge
l:l Fine grained - Fresh
Fine to Medium Grained ./ Mylonitic
Medium coarse
Coarse grained ./ Foliated

Medium grained

MINERAL

Calcite
Chlorite
Quartz
Unknown
Prehnite

Oxidized Walls

FRACTURE ALTERATION

./ Slightly Altered
Moderately Altered
Highly Altered
Completely Altered

Gouge

« o e a e

Fresh

FRACTURE DIRECTION
STRUKTURE ORIENTATION

Dip Direction 0 - 360°
0/360°

270° 90°

180°
Dip 0-90°
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Title

Geological mapping of the percussion drilled borehole HFM18 at Forsmark

SKB

Site
Borehole
Diameter [mm]
Length [m]
Bearing [°]
Inclination [°]
Date of mapping
Rocktype data from p_rock XXXXX

FORSMARK
HFM18

138

180.650

313.30

-59

35

2004-06-14 13:57:00

Coordinate System  RT90-RHB70
Northing [m] 6698326.86
Easting [m] 1634037.37

Elevation [m.a.s.l.] 5.04

Drilling Start Date ~ 2003-12-10 12:30:00
Drilling Stop Date 2003-12-16 20:00:00
Plot Date 2004-06-20 21:01:56
Fracture data from p_fract_core
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ROCKTYPE

SEALED FRACTURES

OPEN AND PARTLY OPEN FRACTURES CRUSH
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2
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Appendix 7

Stereographic projections showing fractures, HFM16-18

1%
2%
3%
4%
5%
6%
7%

8%

HFM16 - Contoured pole to plane diagram HFM16 - Contoured pole to plane diagram
showing open fractures (N = 257) showing sealed fractures (N = 106)

HFM17 - Contoured pole to plane diagram HFM17 - Contoured pole to plane diagram
showing open fractures (N =203) showing sealed fractures (N = 60)

HFM18 - Contoured pole to plane diagram

: HFM18 - Contoured pole to plane diagram
showing open fractures (N = 358)

showing sealed fractures (N = 78)
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Appendix 8
In data: Borehole length and diameter, HFM16-18

Hole Diam T - Drilling: Borehole diameter

HFM16, 2003-11-04 07:00:00 - 2003-11-11 16:00:00 (0.000 - 132.500 m)

Sub Secup Sub Seclow Hole Diam Comment

(m) (m) (m)
0.000 12.020 0.195 RX-drilling
12.020 82.000 0.140 59-61m;krosszon,risk for ras
82.000 132.500 0.139

Printout from SICADA 2004-03-17 10:54:51.

Hole Diam T - Drilling: Borehole diameter

HFM17, 2003-12-01 14:30:00 - 2003-12-08 19:00:00 (0.000 - 210.650 m)

Sub Secup Sub Seclow Hole Diam Comment

(m) (m) (m)

0.000 8.000 0.180 RX 140
8.000 120.500 0.137 0,1382 at 8.0m,0,137 at 120.5m
120.500 210.650 0.136

Printout from SICADA 2004-03-17 10:56:28.

Hole Diam T - Drilling: Borehole diameter

HFM18, 2003-12-10 12:30:00 - 2003-12-16 20:00:00 (0.000 - 180.650 m)

Sub Secup Sub Seclow Hole Diam Comment

(m) (m) (m)

0.000 9.000 0.179 Tabex 140
9.000 120.500 0.140
120.500 180.650 0.138

Printout from SICADA 2004-03-04 07:54:47.
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Appendix 9
In data: Deviation data for HFM16-18

Magnetic Acc Dev T - Magnetic accelerometer deviation measurement

HFM16, 2003-11-18 14:22:00 - 2003-11-18 14:45:00 (0.000 - 132.500 m)

Bhlen Magnetic Bearing Dip Northing Easting Elevation Locala Localb Localc
(m) (degrees) (degrees) (m) (m) (m) (m) (m) (m)
0.00 0.0 0.0
15.00 325.8 -85.8
18.00 319.9 -85.8
21.00 3157 -86.1
24.00 3127 -86.6
27.00 311.7 -86.8
30.00 307.9 -88.0
33.00 301.6 -88.0
36.00 285.9 -88.7
39.00 280.3 -88.9
42.00 190.3 -89.7
45.00 188.2 -89.5
48.00 182.5 -89.0
51.00 175.1 -88.2
54.00 172.7 -87.6
57.00 159.7 -87.8
60.00 158.1 -86.9
63.00 151.7 -87.6
66.00 163.4 -87.0
69.00 162.9 -86.8
72.00 161.7 -85.7
75.00 155.2 -86.8
78.00 149.2 -86.2
81.00 144.9 -85.9
84.00 141.3 -85.2
87.00 136.6 -85.0
90.00 136.3 -84.5
93.00 138.1 -83.9
96.00 137.9 -83.2
99.00 135.3 -82.7
102.00 135.6 -82.2
105.00 133.3 -81.9
108.00 134.1 -81.4
111.00 1314 -80.7
114.00 129.9 -80.1
117.00 126.9 -79.6
120.00 124.8 -79.2
123.00 125.9 -79.0
126.00 124.4 -78.0
129.00 124.3 -77.5
132.00 124.3 -77.5

Printout from SICADA 2004-04-26 14:24:18.
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Magnetic Acc Dev T - Magnetic accelerometer deviation measurement

HFM17, 2003-12-11

Bhlen Magnetic Bearing Dip Northing Easting Elevation Locala Localb Localc
(m) (degrees) (degrees) (m) (m) (m) (m) (m) (m)
12.00 316.1 -85.1
15.00 318.6 -85.4
18.00 320.9 -85.7
21.00 325.7 -85.7
24.00 324.8 -85.5
27.00 329.1 -85.3
30.00 329.0 -85.1
33.00 3314 -85.0
36.00 333.1 -85.1
39.00 3371 -85.1
42.00 3427 -85.3
45.00 344.6 -85.2
48.00 349.7 -85.1
51.00 357.5 -84.9
54.00 21 -84.9
57.00 5.1 -84.7
60.00 10.5 -84.6
63.00 14.4 -84.1
66.00 18.4 -84.1
69.00 23.2 -83.5
72.00 26.2 -83.3
75.00 24.8 -83.1
78.00 32.6 -82.6
81.00 33.9 -82.3
84.00 34.7 -82.2
87.00 36.8 -81.7
90.00 39.6 -81.5
93.00 39.4 -81.2
96.00 42.8 -81.1
99.00 43.1 -81.2
102.00 43.1 -80.9
105.00 44.6 -80.8
108.00 45.3 -80.5
111.00 47.7 -80.6
114.00 471 -80.1
117.00 47.4 -80.0
120.00 49.8 -79.8
123.00 50.4 -79.6
126.00 50.4 -79.4
129.00 52.8 -79.1
132.00 52.3 -78.9
135.00 53.5 -78.8
138.00 54.9 -78.4
141.00 55.1 -78.3
144.00 55.3 -78.1
147.00 55.4 -77.9
150.00 56.5 -77.5
153.00 56.3 -77.7
156.00 57.0 -77.8
159.00 56.8 -77.5
162.00 58.7 177
165.00 59.0 -77.5
168.00 59.4 -77.5
171.00 59.3 -77.4
174.00 59.6 -77.2
177.00 60.1 -77.0
180.00 61.7 -77.0
183.00 62.2 -76.9
186.00 62.9 -76.7
189.00 62.6 -76.6
192.00 62.4 -76.6
195.00 63.2 -76.2
198.00 63.3 -76.1
201.00 63.8 -76.2
204.00 64.3 -76.1
207.00 63.6 -75.8
210.00 59.1 -74.8

Printout from SICADA 2004-04-26 14:27:42.
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Magnetic Acc Dev T - Magnetic accelerometer deviation measurement

HFM18, 2004-01-12 00:00:00

Bhlen Magnetic Bearing Dip Northing Easting Elevation Locala Localb Localc
(m)  (degrees) (degrees) (m) (m) (m) m  (m  (m)
12.00 3152 -58.3
15.00 311.9 -58.0
18.00 311.3 -57.9
21.00 311.1 -57.6
24.00 310.3 -57.5
27.00 309.7 -57.4
30.00 310.0 -57.4
33.00 309.8 -57.3
36.00 304.3 -57.2
39.00 308.3 -57.5
42.00 306.9 -57.2
45.00 307.2 -57.3
48.00 307.7 -57.0
51.00 308.0 -57.0
54.00 306.7 -57.0
57.00 306.5 -56.8
60.00 306.7 -56.8
63.00 306.5 -56.6
66.00 305.9 -56.3
69.00 305.4 -56.2
72.00 304.8 -56.0
75.00 305.7 -55.9
78.00 305.9 -55.8
81.00 304.9 -55.8
84.00 304.6 -55.6
87.00 305.2 -55.5
90.00 304.7 -55.2
93.00 304.7 -55.1
96.00 305.5 -54.9
99.00 305.2 -54.8
102.00 305.0 -54.6
105.00 305.4 -54.6
108.00 305.7 -54.5
111.00 304.4 -54.4
114.00 305.1 -54.3
117.00 304.2 -54.2
120.00 305.5 -54.0
123.00 305.1 -53.8
126.00 304.8 -563.7
129.00 305.5 -63.5
132.00 304.5 -53.3
135.00 305.0 -53.2
138.00 304.0 -53.1
141.00 304.9 -52.9
144.00 305.0 -52.6
147.00 305.1 -52.4
150.00 304.2 -52.1
153.00 303.9 -51.9
156.00 304.1 -51.7
159.00 304.1 -51.3
162.00 303.9 -51.0
165.00 303.7 -50.8
168.00 303.3 -50.6
171.00 303.2 -50.3
174.00 302.5 -50.1
177.00 301.8 -49.9
180.00 302.9 -49.6

Printout from SICADA 2004-04-26 14:28:47.
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Appendix 10
In data: Drilling penetration rate, HFM16-18

Depth HFM16 HFM17 HFM18
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In data: Geophysical logs, HFM16-18

Appendix 11
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dens>2890 (Gabbro)

Interpretation of geophysical borehole logging data
Borehole HFM16

Natural Gamma Radiation Magnetic susceptibity Estimated fracture frequency
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