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1 Introduction

This document reports data gained during geophysical logging, which is one of the
activities performed within the site investigation at Forsmark. The logging operations
presented here include borehole radar (RAMAC) and TV-logging (BIPS) and were carried
out in the percussion drilled boreholes HFM11 and HFM12. The two boreholes are inclined
(50 degrees from horizontal) and have a length of 182 and 210 metres respectively. The
purpose of the boreholes was to investigate the Eckarfjdrden fracture zone (see Figure 1-1
and 1-2). The radar and BIPS measurements in HFM11 were made from 10 m to a depth of
approximately 180 m and in HFM12 from 10 to approximately 205 m.

The borehole radar measurements and BIPS measurements were conducted by
Mala Geoscience AB / RAYCON during October 2003 according to activity plan
AP PF 400-03-87 (SKB internal controlling document).

The applied investigation techniques comprised:
* Borehole radar with dipole radar antennas.

* Borehole TV logging with the so-called BIP-system (Borehole Image Processing
System), which is a high resolution, side viewing, colour borehole TV system.

Figure 1-1. Drill sites in the Forsmark site investigation area.



Figure 1-2. Percussion borehole HFM11 and HFM 2.



2  Objective and scope

The objective of the radar- and BIPS-surveys was to achieve information on the borehole
conditions (borehole wall) as well as on the rock mass around the borehole. Borehole
radar was engaged to investigate the nature and the structure of the rock mass enclosing
the boreholes, and borehole TV for geological surveying of the borehole including
determination of fracture distribution and orientation.

This report describes the equipment used as well the measurement procedures and data
gained.



3 Equipment

3.1 Borehole radar - RAMAC

The RAMAC GPR system owned by SKB isfully digital, and emphasis has been laid
on high survey speed and smooth field operation. The system operates dipole and
directiona antennas (see Figure 3-1). A system description is given in the method
description “Metodbeskrivning for borrhalsradar” (SKB MD 252.020, Version 1.0).

The borehole radar system consists of a transmitter and a receiver. During operation, an
electromagnetic pulse, within the frequency range 20 to 250 MHz is emitted and penetrates
the bedrock. The resolution and penetration of the radar waves depend on the antenna
frequency used. A low antenna frequency resultsin lower resolution but higher penetration
rate compared to a higher frequency. If afeature, e.g. awater-filled fracture, with anomalous
electrical properties compared to the surrounding is encountered, the pulse is reflected back
to the receiver and recorded.

A

Receiver (Rx)

,ﬁ."l'f Glass fiber rod separating the
two antennas

Transmitter
(Tx)

L

Figure 3-1. Example of a borehole antenna.



3.2 TV-Camera - BIPS

The BIPS 1500 system used is owned by SKB and described in the method description
“Metodbeskrivning fér TV-loggning med BIPS’ (SKB MD 222.006, Version 1.0). The
BIPS method for borehole logging produces adigital scan of the borehole wall. In principle,
astandard CCD video cameraisinstaled in the probe in front of a conical mirror (see
Figure 3-2). An acrylic window covers the mirror part and the borehole image is reflected
through the window and displayed on the cone, from where it is recorded. During the
measuring operation, pixel circles are grabbed with aresolution of 360 pixels/circle.

The BIPS images can be orientated by means of to two aternative methods, either with a
compass (vertical and sub-vertical boreholes) or with a gravity sensor (inclined boreholes).

CCD

Figure 3-2. The BIP-system. Illustration of the conical mirror scanning.
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4 Execution

4.1 Data aquisition
RAMAC

For the borehole radar measurements, dipole antennas were engaged. The dipole antennas
used have central frequencies of 20 MHz, 100 MHz and 250 MHz, respectively.

During logging, the dipole antennas (transmitter and receiver) were lowered continuously
into the borehole and the data recorded on a field PC. The antennas are kept at a fixed
separation by glass fibre rods according to Table 4-1 to 4-2. See also Figure 3-1 and 4-1.

For detailed information see the SKB MD 252.020 for method description and MD 600.004
for cleaning of equipment.

Information on the system settings for the different antennas used in the investigation of
HEM11 and HFM12 is presented in Table 4-1 to 4-3 below.

Figure 4-1. The principle of radar borehole reflection survey (left) and a resulting radargram
(right).
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Table 4-1. Radar logging information from HFM11.

Site: Forsmark Logging company: RAYCON

BH: HFM11 Equipment: SKB RAMAC

Type: Dipole Manufacturer: MALA GeoScience

Operators: CG Antenna

250 MHz 100 MHz 20 MHz

Logging date: 03-10-23 03-10-23 03-10-23
Reference: T.0.C. T.0.C. T.0.C.
Sampling frequency (MHz): 2588 951 257
Number of samples: 619 518 518
Number of stacks: Auto Auto Auto
Signal position: -0.317 -0.32 -1.43
Logging from (m): 11.5 12.6 16.25
Logging to (m): 178.5 175.4 174.6
Trace interval (m): 0.1 0.2 0.25
Antenna separation (m): 2.4 3.9 10.05

Table 4-2. Radar logging information from HFM12.

Site: Forsmark Logging company: RAYCON

BH: HFM12 Equipment: SKB RAMAC

Type: Dipole Manufacturer: MALA GeoScience

Operators: CG Antenna

250 MHz 100 MHz 20 MHz

Logging date: 03-10-22 03-10-22 03-10-22
Reference: T.0.C. T.0.C. T.0.C.
Sampling frequency (MHz): 2588 951 257
Number of samples: Auto Auto Auto
Number of stacks: 619 518 518
Signal position: -0.317 -0.32 -1.43
Logging from (m): 11.5 12.6 16.25
Logging to (m): 206.5 205.4 201.4
Trace interval (m): 0.1 0.2 0.25
Antenna separation (m): 2.4 3.9 10.05

BIPS

For detailed information on BIPS measurements see the SKB MD 222.006 for a method
description and MD 600.004 for cleaning of equipment.

During the measurement, pixel circles with a resolution of 360 pixels/circle were recorded
and the digital circles were stored at every 1 millimetre on a MO-disc in the surface unit.
The maximum speed during data collection was 1.5 metre/minute.

As HFM11 and HFM12 have an inclination of 50 degrees, the gravity sensor was used for
the orientation of the BIPS images.
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Depth measurements

The depth recording for the RAMAC and BIPS systems is taken care of by a measuring
wheel mounted on the cable winch. During logging in core drilled boreholes, reference
marks in the boreholes are visible on the BIPS image. To control the depth recording
during the RAMAC logging, the logging cable is marked with a piece of scotch tape for
every single depth mark. These marks are then used for depth controlling of the BIPS and
RAMAC loggings in percussion drilled boreholes, where there are no reference marks.

As both the measured boreholes are less than 210 m deep, the divergencesin depth
measurements are assumed to be very small.

4.2 Analyses and Interpretation
Radar

The results from radar measurements are commonly presented in the form of aradargram,
where the position of the probesis displayed along one axis and the propagation along the
other. The amplitude of the received signal is shown with a grey scale where black colour
corresponds to the large positive signals and white colour to large negative signals. Grey
colour corresponds to no reflected signal.

The data presented in this report is related to the “ measurement point”, which is defined to
be the central point between the transmitter and the receiver antenna.

In the reflection mode, borehole radar primarily offer a high-resolution image of the rock
mass, visualizing the geometry of plane structures (contacts between rock units of different
lithology, thin marker beds, fractures, fracture zones etc), which may or may not intersect
the borehole, or showing the presence of local features (cavities, lenses etc) around the
borehole.

The distance to areflecting object or plane is determined by measuring the differencein
arrival time between the direct and the reflected pulse. The basic assumption is that the
speed of propagation is consistent in the rock volume investigated.

There are several ways to determine the radar wave propagation velocity. Each of them
has its advantages and its disadvantages. In this project, the velocity determination was
performed by keeping the transmitter fixed in aborehole at drill site No. 1 (the percussion
drilled borehole HFM03) while moving the receiver downwards in the borehole. The result
is plotted in Figure 4-2. The calculation shows a velocity of 128 m/micro seconds. The
velocity measurement was performed with the 100 MHz antenna /1/.

The visuaization of datain Appendix 1 to 2 is made with REFLEX, a Windows based
processing software for filtering and analysis of radar data. The processing steps are shown
in Table 4-3 to 4-4.

For the interpretation of the intersection angle between the borehole axis and the planes
visible on the radargrams the RadinterSK B software has been applied. The interpreted
intersection points and intersection angles of the detected structures are presented in
Tables 5-3 and 5-4 and also visible on the radargrams in Appendix 1 and 2.
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Figure 4-2. Results from velocity measurements in HFMO3 /1/.

Table 4-3. Processing steps for borehole radar data from HFM11.

Site: Forsmark Logging company: RAYCON

BH: HFM11 Equipment: SKB RAMAC

Type: Dipole Manufacturer: MALA GeoScience

Interpret: JA Antenna
250 MHz 100 MHz 20 MHz

Processing: DC removal DC removal DC removal

Move start time Move start time Move start time
Gain Gain Gain
Mean filter

Table 4-4. Processing steps for borehole radar data from HFM12.

Site: Forsmark Logging company: RAYCON

BH: HFM12 Equipment: SKB RAMAC

Type: Dipole Manufacturer: MALA GeoScience

Interpret: JA Antenna
250 MHz 100 MHz 20 MHz

Processing: DC removal DC removal DC removal

Move start time Move start time Move start time
Gain Gain Gain

BIPS

The visualization of datais made with BDPP (see Appendix 3 and 4), a Windows based
processing software for filtering, presentation and analyzing of BIPS data. No fracture
mapping based on the BIPS images was performed.
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5 Results and data delivery

The results from the radar and BIPS measurements were delivered to SKB as raw data
(*.bip-files) on CD-ROMs together with printable BIPS picturesin *.pdf format before the
field crew left the investigation site. The information of the measurementsisregistered in
SICADA, and the field data, VHS-tapes, MO-disks and CD-ROMsiis stored by SKB.

RAMAC radar data have been delivered as raw data (fileformat *.rd3 or *.rd5) with
corresponding information files (file format *.rad), whereas the data processing steps
and results are presented in this report. Relevant information, including the interpretation
presented in this report, has been inserted into the SKB database SICADA.

The SICADA reference to the BIPS and RAMAC logging activitiesin HFM 11 and HFM 12
is Field note Forsmark No. 193.

5.1 RAMAC logging

The results of the interpretation of the radar measurements are presented in Table 5-1 to 5-4.
Radar datais also visualized in Appendix 1 to 2. It should be remembered that the imagesin
Appendix 1 to 2 are only composite pictures of all events, 360 degrees around the borehole,

and do not reflect the true orientation of the structures.

Only the mgjor, clearly visible structures are interpreted in RadinterSKB. A number of
minor structures were also encountered as indicated in Appendix 1 to 2.

The data quality, as seen in Appendix 1 to 2, isrelatively satisfying, except for HFM 12
where the lack of depth penetration is very clear. The measurements suffer from deteriorated
quality mostly due to increased electrical conductivity in the rock or borehole fluid but

also because of the large borehole diameter. A conductive environment entails attenuation

of the radar waves, resulting in decreased penetration. See for example Appendix 1 and 2,
especialy data obtained with the 250 MHz antenna. This conductive environment of course
also affects the possibility to map the different structures in the borehole.

Asalso seen in Appendix 1 to 2, the resolution and penetration of the radar waves depend
of the antenna frequency. A high frequency will result in a high resolution but a lower
penetration rate compared to alower frequency.

Table 5-3 to 5-4 summarises the interpretation of radar data from HFM 11 and HFM 12.
Many structures can be identified in the data from more than one antenna frequency.
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Table 5-1. Identified structures as a function of depth in HFM11.

Depth (m)  No. of
structures

10-30
30-40
40-50
50-60
60-70
70-80
80-90
90-100
100-110
110-120
120-130
130-140
140-150
150-160
160-170
170-180
180-190
190-200
200-

AN 22 NDNW oW

N = DN NN =2 ODN

Table 5-2. Identified structures as a function of depth in HFM12.

Depth (m)  No. of

structures

0-30 2
30-40 4
40-50 1
50-60 2
60-70 2
70-80 -
80-90 4
90-100 1
100-110 2
110-120 2
120-130 1
130-140 3
140-150 1
150-160 4
160-170 -
170-180 3
180-190 1

16



Table 5-3. Model information from dipole antennas 20, 100 and 250 MHz, HFM11.

RADINTER MODEL INFORMATION
(20, 100 and 250 MHz Dipole Antennas)

Site: Forsmark
Borehole name: HFM11
Nominal velocity (m/us): 128.00

Object type Name Intersection Intersection
depth angle

PLANE D 9.2 34
PLANE A 29.3 36
PLANE AA 31.7 28
PLANE B 32.6 42
PLANE C 37.6 48
PLANE J 38.9 34
PLANE K 46.2 32
PLANE E 54.5 30
PLANE O 56 26
PLANE G 65.9 50
PLANE F 66.4 26
PLANE H 80.9 25
PLANE L 83.7 43
PLANE M 88 40
PLANE I 88.1 22
PLANE N 97.5 35
PLANE NN 100.5 56
PLANE P 106.2 47
PLANE Q 110.5 62
PLANE R 118.9 72
PLANE S 125.7 61
PLANE T 130.8 61
PLANE U 135.6 56
PLANE \% 139.9 56
PLANE X 143.8 67
PLANE Z 151.3 59
PLANE 4 152.9 52.3
PLANE w 153.4 41
PLANE Y 1567.2 73.5
PLANE 1 172.5 52
PLANE 2 173.7 53
PLANE 3 176.9 74
PLANE 5 186.1 51

Names in table according to Appendix 1.
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Table 5-4. Model information from dipole antennas 20, 100 and 250 MHz, HFM12.

RADINTER MODEL INFORMATION
(20, 100 and 250 MHz Dipole Antennas)

Site: Forsmark
Borehole name: HFM12
Nominal velocity (m/ps):  128.00
Object type Name Intersection Intersection
depth angle
PLANE S 11.7 17
PLANE A 18.7 52
PLANE B 23 48
PLANE C 30.5 65
PLANE D 35.3 28
PLANE E 36 62.8
PLANE G 394 26
PLANE F 39.7 58
PLANE H 45.7 57
PLANE I 50.9 61
PLANE J 556.5 55
PLANE K 59.7 54
PLANE L 63.8 70
PLANE M 67 48
PLANE O 72 50
PLANE P 79 33
PLANE N 84.8 16
PLANE Q 90.7 47
PLANE R 94.5 47
PLANE T 113.3 46
PLANE 9 121.7 41
PLANE U 123.6 57
PLANE \Y 1334 65
PLANE w 136.2 68
PLANE X 139.9 75
PLANE 10 142.5 38
PLANE Y 150.7 50
PLANE 4 151.5 63
PLANE 11 166.5 57
PLANE 1 169.2 35
PLANE 2 172.3 43
PLANE 3 1791 63
PLANE 4 182.1 62
PLANE 5 189.1 63
PLANE 6 194.3 70
PLANE 7 204.6 52.7
PLANE 8 206.4 53

Names in table according to Appendix 2.
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In Appendix 1 and 2, the amplitude of the first arrival is plotted against the depth, for the
250 MHz dipole antennas. The amplitude variation along the borehole indicates changes of
the electrical conductivity of the material. A decrease in this amplitude may indicate frac-
ture zones, clay or rock volumes with increased water content. The decrease in amplitude is
seen for the following sections in HFM11:

Depth (m)

25
30-35
80-90
95-100
105-110
110-115
125
130
135
145-150
155
165
170-

And for HFM12:

Depth (m)

20
30-35
40
45
50
55
65
90-95

105

120-125

135-140

150160

165-170

175-180

185

190
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5.2 BIPS logging

To get the best possible depth accuracy, the BIPS images are adjusted to the reference
labels on the logging cable. During previously performed logging in core-drilled boreholes,
reference labels are attached to the logging cable according to the reference marks on the
borehole wall. In percussion drilled boreholes these labels are used as a reference for the
depth adjustment. The experience during the IPLU work is that these labels differ very little
compared to the results from operations in core drilled boreholes. At present, the cable is
labelled at 110, 150 and 200 meter.

In order to control the quality of the system, calibration measurements were performed in

a test pipe before logging the first borehole and after logging of the borehole. The resulting
images displayed no difference regarding the colours and focus of the images. Results of the
test loggings were included in the delivery of the raw data.

The logging in HFM11 was performed 03-10-23. The water conditions was good along the
borehole. The only quality problem is mud that covers the lowermost part (10 last meters) of
the borehole wall. See Figure 5-1 below.

The logging in HFM 12 was performed 03-10-22. The water quality and the visibility of
the borehole wall is good along the borehole down to 140 meter. From that point, mud that
covers the borehole wall increases down to the bottom of the borehole. Still there is no
problem to interpret the structures intersecting the borehole, see Figure 5-2 below.

There is some distortion of the images due to unsynchronised movement of the cable
measuring device at surface and the borehole probe. This phenomena is related to the
increased friction of the probe/cable and the borehole wall in inclined boreholes, as
compared to vertical or sub-vertical holes.
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Figure 5-1. Differences in the image quality between the top and bottom part of borehole HFM1 1.
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Figure 5-2. Differences in the image quality between the top and bottom part of borehole HFM 2.
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Appendix 1

Radar logging of HFM11. Dipole antennas 250, 100 and 20 MHz
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Appendix 2

Radar logging of HFM12. Dipole antennas 250, 100 and 20 MHz
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FORSMARK HFM12 with interonretation
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BIPS logging in HFM11

Project name: Forsmark

Image file

BDT file

Locality

Bore hole number
Date

Time

Depth range
Azimuth
Inclination
Diameter
Magnetic declination
Span

Scan interval
Scan direction
Scale

Aspect ratio
Pages

Color

: h:\work\hfm11\hfm11.bip
: h:\work\hfm11\hfm11.bdt
: FORSMARK

: HFM11

: 03/10/23

: 15:10:00

: To bottom
:1/25
:100 %
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:11.000 - 181.323 m (red figures = corrected values)
: 60

: =50

: 140.0 mm
: 0.0
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:0.25



Project name: Forsmark
Bore hole No.: HFM11

11.000~
11.000

12.000
12.005

13.000
13.009

14.000—
14.014

15.000—
15.019

16.000—
16.023

Azimuth: 60

Depth range: 11.000 - 31.000 m

16.000
16.023

17.000
17.028

18.000
18.033

19.000
19.038

20.000
20.042

21.000
21.047

DLURD
S

(119)

21.000
21.047

22.000
22.052

23.000
23.056

24.000
24.061

25.000
25.066

26.000
26.070

34

DLURD
S

Scale: 1/25

Inclin

26.000
26.070

27.000
27.075

28.000
28.080

29.000
29.085

30.000
30.089

31.000
31.094

ation: -50

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM11

31.000-
31.094

32.000-
32.099

33.000-
33.103

34.000—
34.108

35.000
35.113

36.000
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Azimuth: 60

Depth range: 31.000 - 51.000 m
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DLURD
N
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41.000
41141
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42.146

43.000
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44.000
44,155

45.000
45.160

46.000
46.164
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DLURD
N

Scale: 1/25

Inclin

46.000
46.164

47.000
47.169

48.000
48.174

49.000
49.179

50.000
50.183

51.000
51.188

ation: -50

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM11

51.000
51.188

52.000
52.193

53.000
53.197

54.000
54.202

55.000
55.207

56.000
56.211

Azimuth: 60

Depth range: 51.000 - 71.000 m

56.000
56.211

57.000
57.216

58.000
58.221

59.000
59.225

60.000
60.230

61.000
61.235

DLURD
N

(3/9)

61.000
61.235

62.000
62.240

63.000
63.244

64.000
64.249

65.000
65.254

66.000
66.258

36

DLURD
N

Scale: 1/25

Inclin

66.000
66.258

67.000
67.263

68.000
68.268

69.000
69.272

70.000
70.277

71.000
71.282

ation: -50

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM11

71.000-
71.282

72.000-
72.287

73.000-
73.291

74.000—
74.296

75.000
75.301

76.000
76.305

Azimuth: 60

Depth range: 71.000 - 91.000 m

76.000
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(419)

81.000
81.329

82.000
82.334

83.000
83.338

84.000
84.343

85.000
85.348

86.000
86.352

37

DLURD
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Scale: 1/25

Inclination: -50

86.000
86.352

87.000
87.357

88.000
88.362

89.000
89.366

90.000
90.371

91.000
91.376

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM11

91.000
91.376

92.000
92.381

93.000
93.385

94.000
94.390

95.000
95.395

96.000
96.399

Azimuth: 60

Depth range: 91.000 - 111.000 m

96.000
96.399

97.000
97.404

98.000
98.409

99.000
99.413

100.000
100.418

101.000
101.423

DLURD
N

(5/9)

101.000
101.423

102.000
102.427

103.000
103.432

104.000
104.437

105.000
105.442

106.000
106.446

38

DLURD
N

Scale: 1/25

Inclin

106.000
106.446

107.000
107.451

108.000
108.456

109.000
109.460

110.000
110.465

111.000
111.470

ation: -50

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM11

111.000~
111.470

112.000 -
112.474

113.000—
113.479

114.000—
114.484

115.000
115.489

116.000
116.493

Azimuth: 60

Depth range: 111.000 - 131.000 m

116.000
116.493

117.000
117.498

118.000
118.503

119.000
119.507

120.000
120.512

121.000
121.517

DLURD
Sl

(6/9)

121.000
121.517

122.000
122.521

123.000
123.526

124.000
124.531

125.000
125.536

126.000
126.540

39

DLURD
N

Scale: 1/25

Inclin

126.000
126.540

127.000
127.545

128.000
128.550

129.000
129.554

130.000
130.559

131.000
131.564

ation: -50

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM11

131.000
131.564

132.000
132.568

133.000
133.573

134.000
134.578

135.000
135.583

136.000
136.587

Azimuth: 60

Depth range: 131.000 - 151.000 m

136.000
136.587

137.000
137.592

138.000
138.597

139.000
139.601

140.000
140.606

141.000
141.611

DLURD
N

(719)

141.000
141.611

142.000
142.615

143.000
143.620

144.000
144.625

145.000
145.629

146.000
146.634

40

DLURD
N

Scale: 1/25

Inclin

146.000
146.634

147.000
147.639

148.000
148.644

149.000
149.648

150.000
150.653

151.000
151.658

ation: -50

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM11

151.000
151.658

152.000
152.662

153.000
153.667

154.000
154.672

155.000
155.676

156.000
156.681

Azimuth: 60

Depth range: 151.000 - 171.000 m

156.000
156.681

157.000
157.686

158.000
158.691

159.000
159.695

160.000
160.700

161.000
161.705

DLURD
Sl

(8/9)

161.000
161.705

162.000
162.709

163.000
163.714

164.000
164.719

165.000
165.723

166.000
166.728

41

DLURD
N

Scale: 1/25

Inclin

166.000
166.728

167.000
167.733

168.000
168.738

169.000
169.742

170.000
170.747

171.000
171.752

ation: -50

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM11

171.000
171.752

172.000
172.756

173.000
173.761

174.000
174.766

175.000
175.770

176.000
176.775

Azimuth: 60

Inclination: -50

Depth range: 171.000 - 181.323 m

176.000
176.775

177.000
177.780

178.000
178.784

179.000
179.789

180.000
180.794

181.000
181.799

DL
o

R D
[

(9/9)

181.000
181.799

42
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BIPS logging in HFM12

Project name: Forsmark

Image file

BDT file

Locality

Bore hole number
Date

Time

Depth range
Azimuth
Inclination
Diameter
Magnetic declination
Span

Scan interval
Scan direction
Scale

Aspect ratio
Pages

Color

: h:\work\hfm12\hfm12.bip
: h:\work\hfm12\hfm12.bdt
: FORSMARK

: HFM12

: 03/10/22

: 15:02:00

: 14.000 - 207.604 m (red figures = corrected values)
: 240

: =50

: 140.0 mm
: 0.0

14

:0.25

: To bottom
: 1/25

: 100 %

110

' T .

+0 +0 +0

43
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Project name: Forsmark
Bore hole No.: HFM12

14.000
14.000

15.000
15.007

16.000
16.014

17.000
17.022

18.000
18.029

19.000
19.036

Azimuth: 240

Depth range: 14.000 - 34.000 m

19.000
19.036

20.000
20.043

21.000
21.051

22.000
22.058

23.000
23.065

24.000
24.072

DLURD
N

(1/10)

24.000
24.072

25.000
25.080

26.000
26.087

27.000
27.094

28.000
28.101

29.000
29.108

44

DLURD
N

Scale: 1/25

Inclin

29.000
29.108

30.000
30.116

31.000
31.123

32.000
32.130

33.000
33.137

34.000
34.145

ation: -50

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM12

34.000
34.145

35.000
35.152

36.000
36.159

37.000
37.166

38.000
38.174

39.000
39.181

Azimuth: 240

Depth range: 34.000 - 54.000 m

39.000
39.181

40.000
40.188

41.000
41.195

42.000
42.202

43.000
43.210

44.000
44.217

DLURD
N

(2/10)

44.000
44.217

45.000
45.224

46.000
46.231

47.000
47.239

48.000
48.246

49.000
49.253

45

DLURD
N

Scale: 1/25

Inclination: -50

49.000
49.253

50.000
50.260

51.000
51.268

52.000
52.275

53.000
53.282

54.000
54.289

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM12

54.000
54.289

55.000
55.296

56.000
56.304

57.000
57.311

58.000
58.318

59.000
59.325

Azimuth: 240

Depth range: 54.000 - 74.000 m

59.000
59.325

60.000
60.333

61.000
61.340

62.000
62.347

63.000
63.354

64.000
64.362

DLURD
N

(3/10)

64.000
64.362

65.000
65.369

66.000
66.376

67.000
67.383

68.000
68.390

69.000
69.398

46

DLURD
N

Scale: 1/25

Inclin

69.000
69.398

70.000
70.405

71.000
71.412

72.000
72.419

73.000
73.427

74.000
74.434

ation: -50

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM12

74.000
74.434

75.000-
75.441

76.000-
76.448

77.000—
77.456

78.000
78.463

79.000
79.470

Azimuth: 240

Depth range: 74.000 - 94.000 m

79.000
79.470

80.000
80.477

81.000
81.485

82.000
82.492

83.000
83.499

84.000
84.506

DLURD
N

(4/10)

84.000
84.506

85.000
85.513

86.000
86.521

87.000
87.528

88.000
88.535

89.000
89.542

47

DLURD
N

Scale: 1/25

Inclin

89.000
89.542

90.000
90.550

91.000
91.557

92.000
92.564

93.000
93.571

94.000
94.579

ation: -50

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM12

94.000
94.579

95.000
95.586

96.000
96.593

97.000
97.600

98.000
98.607

99.000
99.615

Azimuth: 240

Depth range: 94.000 - 114.000 m

99.000
99.615

100.000
100.622

101.000
101.629

102.000
102.636

103.000
103.644

104.000
104.651

DLURD
N

(5/10)

104.000
104.651

105.000
105.658

106.000
106.665

107.000
107.673

108.000
108.680

109.000
109.687

48

DLURD
N

Scale: 1/25

Inclin

109.000
109.687

110.000
110.694

111.000
111.701

112.000
112.709

113.000
113.716

114.000
114.723

ation: -50

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM12

114.000—
114.723

115.000 -
115.730

116.000—
116.738

117.000
117.745

118.000
118.752

119.000
119.759

Azimuth: 240

Depth range: 114.000 - 134.000 m

119.000
119.759

120.000
120.767

121.000
121.774

122.000
122.781

123.000
123.788

124.000
124.795

DLURD
Sl

(6/10)

124.000
124.795

125.000
125.803

126.000
126.810

127.000
127.817

128.000
128.824

129.000
129.832

49

DLURD
N

Scale: 1/25

Inclin

129.000
129.832

130.000
130.839

131.000
131.846

132.000
132.853

133.000
133.861

134.000
134.868

ation: -50

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM12

134.000
134.868

135.000
135.875

136.000
136.882

137.000
137.889

138.000
138.897

139.000
139.904

Azimuth: 240

Depth range: 134.000 - 154.000 m

139.000
139.904

140.000
140.911

141.000
141.918

142.000
142.926

143.000
143.933

144.000
144.940

DLURD
N

(7/10)

144.000
144.940

145.000
145.947

146.000
146.955

147.000
147.962

148.000
148.969

149.000
149.976

50

DLURD
N

Scale: 1/25

Inclin

149.000
149.976

150.000
150.983

151.000
151.991

152.000
152.998

153.000
154.005

154.000
155.012

ation: -50

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM12

154.000
155.012

155.000
156.020

156.000
157.027

157.000
158.034

158.000
159.041

159.000
160.049

Azimuth: 240

Depth range: 154.000 - 174.000 m

159.000
160.049

160.000
161.056

161.000
162.063

162.000
163.070

163.000
164.077

164.000
165.085

DLURD
Sl

(8/10)

164.000
165.085

165.000
166.092

166.000
167.099

167.000
168.106

168.000
169.114

169.000
170.121

51

DLURD
N

Scale: 1/25

Inclin

169.000
170.121

170.000
171.128

171.000
172.135

172.000
173.143

173.000
174.150

174.000
175.157

ation: -50

Aspect ratio: 100 %



Project name: Forsmark
Bore hole No.: HFM12

174.000
175.157

175.000
176.164

176.000
177171

177.000
178.179

178.000
179.186

179.000
180.193

Azimuth: 240

Depth range: 174.000 - 194.000 m

179.000
180.193

180.000
181.200

181.000
182.208

182.000
183.215

183.000
184.222

184.000
185.229

DLURD
N

(9/10)

184.000
185.229

185.000
186.237

186.000
187.244

187.000
188.251

188.000
189.258

189.000
190.265

52

DLURD
N

Scale: 1/25

Inclin

189.000
190.265

190.000
191.273

191.000
192.280

192.000
193.287

193.000
194.294

194.000
195.302

ation: -50

Aspect ratio: 100 %



Project name: Forsmark

Bore hole No.: HFM12

194.000
195.302

195.000
196.309

196.000
197.316

197.000
198.323

198.000
199.331

199.000
200.338

Depth range: 194.000 - 207.604 m

Azimuth: 240

199.000
200.338

200.000
201.345

201.000
202.352

202.000
203.360

203.000
204.367

204.000
205.374

DLURD
Sl

(10/10)

DLURD
204.000~' ' ! | |
205.374

205.000-
206.381

206.000-
207.388

207.000—
208.396

Scale: 1/25
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