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Reading instruction

The revised report presents updated identification codes from rock units, in accordance with
the revised method description for single-hole interpretation. The term “confidence level”
also replaces the term “uncertainty” in accordance with the revised method description.
Adjustments of borehole length for rock units and possible deformation zones have been
made in order to fit corresponding values in SICADA.

Appendices 1-6 are updated.



Abstract

This report constitutes geological single-hole interpretations of the percussion boreholes
HFM11-13 and HFM16-18 in Forsmark. The geological single-hole interpretation
combines the geological core mapping, interpreted geophysical logs and borehole radar
measurements to interpret where lithological rock units and possible deformation zones
occur in the boreholes.

The geological single-hole interpretation shows that two lithological rock units occur in
HFM11. The extensions of the units are based on degree of homogeneity. Fine-medium
grained metagranite-granodiorite dominates in the borehole. Subordinate rock types

are amphibolite, pegmatitic granite, fine-medium grained metagranitoid and aplitic
metagranite. One possible deformation zones have been identified in HFM11.

The percussion borehole HFM 12 is dominated by fine-medium grained metagranite-
granodiorite. Subordinate rock types are amphibolite, pegmatitic granite and aplitic
metagranite. One small section with an ultramafic rock type also occurs. One possible
deformation zones have been identified in HFM12.

Two rock units is interpreted in the percussion borehole HFM13. The upper part of the
borehole display a higher fracture frequency compared with the lower part. The borehole
is dominated by fine-medium grained metagranite-granodiorite. Subordinate rock types
are pegmatitic granite, medium grained metagranite-granodiorite, amphibolite and aplitic
metagranite. One possible deformation zones have been identified in HFM13.

Two rock units are interpreted in the percussion borehole HFM16. Due to repetition of

RUI (RUla and RU1Db), the borehole is divided into three rock sections. The borehole is
dominated by fine-medium grained metagranite-granodiorite. Subordinate rock types are
amphibolite, pegmatitic granite, fine-medium grained metagranitoid and aplitic metagranite.
One possible deformation zones have been identified in HFM16.

The percussion borehole HFM17 is dominated by fine-medium grained metagranite-
granodiorite. Subordinate rock types are pegmatitic granite, fine-medium grained
metagranitoid, amphibolite and aplitic metagranite. No possible deformation zones
have been identified in HFM17.

Two rock units are interpreted in the percussion borehole HFM18. The upper unit is a mix
of mainly pegmatitic granite and medium grained metatonalite-granodiorite. In most parts
of the borehole medium grained metagranite-granodiorite dominates with pegmatitic gran-
ite, amphibolite, aplitic metagranite and fine-medium grained metagranitoid as subordinate
rock types. Three possible deformation zones have been identified in HFM138.



Sammanfattning

Denna rapport behandlar geologisk enhdlstolkning av hammarborrhalen HFM11-13 och
HFM16-18 i Forsmark. Den geologiska enhélstolkningen syftar till att utifran data fran
den geologiska karteringen, tolkade geofysiska loggar och borrhdlsradarméitningar indikera
olika litologiska enheters fordelning i borrhdlen samt mojliga deformationszoners lige och
utbredning.

Denna undersokning visar att det i HFM11 finns tva litologiska enheter. Generellt sett
dominerar fint medelkorning metagranit-granodiorit. Amfibolit, pegmatitisk granit,

fin- medelkornig metagranitoid, och aplitisk metagranit forekommer i mindre omfattning.
Enheterna har delats in pa grund av deras homogenitet. En mojlig deformationszon har
identifierats i HFM11.

Hammarborrhdl HFM12 domineras av fin- medelkorning metagranit-granodiorit. Amfibolit,
pegmatitisk granit och aplitisk metagranit forekommer i mindre omfattning. Ultramafit
forekommer 1 ett parti i borrhalet. En mojlig deformationszon har identifierats i HFM12.

Hammarborrhalet HFM 13 bestar av tvé litologiska enheter. Den 6vre delen visar en
hogre sprickfrekvens relativt till den undre delen. Héalet domineras av fin- medelkorning
metagranit-granodiorit med mindre inslag av pegmatitisk granit, medelkornig metagranit-

granodiorit, amfibolit och aplitisk metagranit. En mgjlig deformationszon har identifierats
i HFM13.

Hammarborrhal HFM16 indelas i tva litologiska enheter. Genom att RU1 upprepas (RUla
och RU1Db), kan borrhélet delas in i tre sektioner. Halet domineras av fin- medelkorning
metagranit-granodiorit med mindre inslag av amfibolit, pegmatitisk granit, fin- medel-

kornig metagranitoid, och aplitisk metagranit. En mojlig deformationszon har identifierats
i HFM16.

I hammarborrhdl HFM17 forekommer huvudsakligen fin- medelkorning metagranit-
granodiorit. Pegmatitisk granit, fin- medelkornig metagranitoid, amfibolit och aplitisk
metagranit forekommer i mindre omfattning. Ingen deformationszon har identifierats
1 HFM17.

Hammarborrhal HFM 18 indelas i tva litologiska enheter. Enheten i den 6vre delen
innehaller en blandning av huvudsakligen pegmatitgranit och medelkorning metatonalit-
granodiorit. Den storre delen av borrhdlet domineras av medelkorning metagranit-
granodiorit med inslag av pegmatitisk granit, amfibolit, aplitisk metagranit och fin-
medelkornig metagranitoid. Tre mojliga deformationszoner har identifierats 1t HFM18.
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1 Introduction

Much of the primary geological and geophysical borehole data stored in the SKB database
SICADA need to be integrated and synthesized before they can be used for modeling in
the 3D-CAD system Rock Visualisation System (RVS). The end result of this procedure is
a geological single-hole interpretation, which consists of an integrated series of different
loggings and accompanying descriptive documents.

This document reports the geological single-hole interpretation of six percussion-drilled
boreholes in the Forsmark area. These include boreholes HFM11, HFM12, HFM13,
HFM16, HFM17, and HFM18 (Figure 1-1).
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Figure 1-1. Map showing the position of the percussion-drilled boreholes HFM11-13 and HFM16-18.



2  Objective and scope

A geological single-hole interpretation is carried out in order to identify and briefly describe
the major rock units and possible deformation zones within a borehole. The work involves
an integrated interpretation of data from the geological mapping of the borehole (Boremap),
different borehole geophysical logs and borehole radar data. The results from the geologi-
cal single-hole interpretation are presented in a WellCad plot. A detailed description of the
technique is provided in the method description for geological single-hole interpretation
(SKB MD 810.003, internal document).



3 Data used for the geological
single-hole interpretation

The following data are used for the geological single-hole interpretation:
* Boremap data (including BIPS and geological mapping data) /1, 2 and 3/.
* Generalized geophysical logs and their interpretation /4, 5 and 6/.

* Radar data and their interpretation /7, 8 and 9/.

The material used as basis for the geological single-hole interpretation was a WellCad plot
consisting of parameters from Boremap-mapping, geophysical logs and borehole radar. An
example of a WellCad plot used during the geological single-hole interpretation is shown in
Figure 3-1. The plot consists of ten main columns and several subordinate columns. These
include:

1: Depth
2: Rock type
2.1: Rock type
2.2: Rock type structure
2.3: Rock type texture
2.4: Rock type grain size
2.5: Structure orientation
2.6: Rock occurrence (< 1 m)
2.7: Rock alteration
2.8: Rock alteration intensity
3: Unbroken fractures
3.1: Primary mineral
3.2: Secondary mineral
3.3: Third mineral
3.4: Fourth mineral
3.5: Alteration, dip direction
4: Broken fractures
4.1: Primary mineral
4.2: Secondary mineral
4.3: Third mineral

4.4: Fourth mineral

11



4.5: Aperture (mm)
4.6: Roughness
4.7: Surface
4.8: Alteration, dip direction
5: Crush zones
5.1: Primary mineral
5.2: Secondary mineral
5.3: Third mineral
5.4: Fourth mineral
5.5: Roughness
5.6: Surface
5.7: Crush alteration, dip direction
5.8: Piece (mm)
5.9: Sealed network
5.10: Core loss
6: Fracture frequency
6.1: Open fractures
6.2: Sealed fractures
7: Geophysics
7.1: Magnetic susceptibility
7.2: Natural gamma radiation
7.3: Possible alteration
7.4: Silicate density
7.5: Estimated fracture frequency
8: Radar
8.1: Length
8.2: Angle
9: Reference marks. (Not used for percussion-drilled boreholes).

10: BIPS

12



The geophysical logs are described below:

Magnetic susceptibility: The rock has been classified into sections of low, medium, high,
and very high magnetic susceptibility. The susceptibility measurement is strongly connected
to the magnetite content in the different rock types.

Natural gamma radiation: The rock has been classified into sections of low, medium, and
high natural gamma radiation. Low radiation may indicate mafic rock types and high
radiation may indicate younger fine-grained granite or pegmatite. All these rocks have been
included in the younger, Group D intrusive suite /10/.

Silicate density: This parameter indicates the density of the rock after subtraction of
the magnetite component in the rock. It provides general information on the mineral
composition of the rock types, and serves as a support during classification of rock types.

Estimated fracture frequency: This parameter provides an estimate of the fracture frequency
along 5 m sections, calculated from short and long normal resistivity, SPR, sonic as well as
focused resistivity 140 and 300. The estimated fracture frequency is based on a statistical
connection after a comparison has been made between the geophysical logs and the mapped
fracture frequency. The log provides an indication of sections with low and high fracture
frequencies.

Possible alteration: This parameter has only been used slightly in the geological single-hole
interpretation in the Forsmark area.

Close inspection of the borehole radar data was carried out during the interpretation process,
especially during the identification of possible deformation zones. The occurrence and
orientation of radar anomalies within the possible deformation zones are commented upon
in the text that describes these zones.

13
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Figure 3-1. Example of WellCad plot used as basis for the geological single-hole interpretation.



4 Execution of the geological
single-hole interpretation

The geological single-hole interpretation has been carried out by a group of experts
consisting of both geologists and geophysicists. Several of these participants previously
participated in the development of the source material for the single-hole interpretation.
All data to be used are visualized side by side in a borehole document extracted from the
software WellCad.

Stage 1 in the working procedure is to study the rock type related logging data and to
merge sections of similar rock types, or sections where one rock type is very dominant,
into rock units (minimum length of ¢. 5 m). Each rock unit is indicated and provided with
a description from the WellCad plot.

Stage 2 is to identify possible deformation zones by visual inspection of geological mapping
(fracture frequency, alteration, etc.), geophysical data, and radar data. The section of each
identified possible deformation zone is indicated and described in the WellCad plot.

Geophysical Petrophysical
data data

Generalized
Boremap data geophysical Radar data

logs

Single-hole interpretation

1. Rock units
2. Possible deformation zones

Figure 4-1. Schematic block diagram of geological single-hole interpretation.
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5 Results

The detailed results of the geological single-hole interpretations are presented as print-outs
from the software WellCad (Appendix 1 for HFM11, Appendix 2 for HFM12, Appendix 3
for HFM13, Appendix 4 for HFM 16, Appendix 5 for HFM17 and Appendix 6 for HFM18).
The confidence level for interpretation of rock units and possible deformation zones have
been made on the following basis: 3 = high, 2 = medium, 1 = low.

51 HFM11

The borehole can be divided into two rock units:

12.0-83 m

83-182.23 m

RU1: Fine- to medium-grained metagranite-granodiorite with subordinate
occurrences of amphibolite (down to 54 m), pegmatitic granite and

fine- to medium-grained metagranitoid. Locally, up to a few metre wide
intervals of oxidation. Slightly higher fracture frequency relative to the
lower part of the borehole (below 116 m). One fracture with an aperture
wider than 10 mm at 25 m. Medium to high magnetic susceptibility.
Confidence level = 3.

RU2: More heterogeneous mixture dominated by fine-grained meta-
granite-granodiorite with subordinate occurrences of amphibolite, aplitic
metagranite and pegmatitic granite. Also a 1 m wide occurrence of
ultramafic rock at 97.5-98.5 m. Low magnetic susceptibility. Confidence
level = 3.

One possible deformation zone is indicated in HFM11:

83-160 m

DZ1: Occurrence of brittle-ductile shear zones and strongly foliated
bedrock between 105-160 m, and high frequency of sealed fractures
between 83-116 m. Fractures sealed by calcite. Also high frequency of
weak to medium oxidation zones. Several radar reflectors 22-74° (mainly
c. 60°) towards the borehole axis. Low resistivity in the upper part (above
116 m). Confidence level = 3.

5.2 HFM12

The borehole consists of one rock unit:

14.91-208.55 m RUI: Fine- to medium-grained metagranite-granodiorite with subordinate

occurrences of amphibolite, pegmatitic granite, aplitic metagranite and
fine- to medium-grained metagranitoid. Also an ultramafite occurrence at
92-97 m. Magnetic susceptibility between 56 and 89 m higher than in the
remaining part of the borehole. Confidence level = 3.
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One possible deformation zone is indicated:

91-170 m

DZ1: Occurrence of brittle-ductile shear zones throughout the zone and
a mylonite at the top of the zone at 91-92 m. Increased frequency of
fractures, especially steep fractures in the interval 147-170 m. Mostly
sealed by calcite, and quartz in the 147-170 m interval. Two fractures
with apertures wider than 10 mm. Several radar reflectors 35-75°
(mainly c. 50°) towards the borehole axis. Low resistivity below 147 m.
Low magnetic susceptibility in the entire zone, and a number of sonic
anomalies. Confidence level = 3.

5.3 HFM13

The borehole consists of two rock units. The upper part of the borehole displays a slightly
increased fracture frequency relative to the lower part:

14.90-93 m

93-175.30 m

RUI: Fine- to medium-grained metagranite-granodiorite with minor occur-
rences of amphibolite, pegmatitic granite, fine- to medium-grained meta-
granitoid and aplitic metagranite. Slightly increased fracture frequency
relative to the section between 93 and 162 m. Whole interval shows weak
oxidation. Distinct, sub-parallel radar reflector 6-12 m from the borehole.
Lower magnetic susceptibility relative to the lower part of the borehole.
Confidence level = 3.

RU2: Fine- to medium-grained metagranite-granodiorite with minor
occurrences of amphibolite, pegmatitic granite, fine- to medium-grained
metagranitoid and aplitic metagranite. Distinct, sub-parallel radar reflector
0-6 m from the borehole. Confidence level = 3.

There is one possible deformation zone in the borehole:

162-175.30 m  DZI: Increased frequency of steep fractures filled or coated by calcite and
chlorite. Weak oxidation. One fracture with aperture wider than 10 mm at
162 m. Three radar reflectors 47-58° towards the borehole axis. Slightly
decreased background resistivity and sonic velocity. Confidence level = 2.
54 HFM16

The borehole consists of two rock units, divided into three rock sections:

12.04-18.07 m RUla: Medium-grained metagranite-granodiorite with minor occurrences

of pegmatitic granite and aplitic metagranite. Confidence level = 3.

18.07-35.04 m RU2: Pegmatitic granite with subordinate occurrences of medium-grained

metagranite-granodiorite. High gamma radiation and low magnetic
susceptibility. Sub-parallel radar reflectors 18-30 m from the borehole.
Confidence level = 3.

18



35.04-129.47 m RU1b: Medium-grained metagranite-granodiorite with subordinate occur-

rences of pegmatitic granite, amphibolite, aplitic metagranite and at the
bottom of the hole fine- to medium-grained metagranitoid. Low magnetic
susceptibility and zones of oxidation above 100 m. Sub-parallel radar
reflectors 18-25 m from the borehole. Confidence level = 3.

There is one possible deformation zone in the borehole:

12.04-71 m

DZ1: High frequency of both flat-lying and steep fractures with apertures
filled or coated by calcite and chlorite. Six crush zones. In the interval
57-71 m there is an increased frequency of fractures with wider apertures,
occasionally wider than 10 mm. Several, up to a few metre wide zones of
oxidation. Several flat-lying radar reflectors 51-76° towards the borehole
axis. Distinct resistivity and sonic anomalies between 57 and 71 m.
Confidence level = 3.

5.5 HFM17

The borehole consists of one rock unit:

8.01-209.21 m

RU1: Medium-grained metagranite-granodiorite with minor occurrences
of pegmatitic granite, fine- to medium-grained metagranitoid, amphibolite
and aplitic metagranite. Locally, up to a few metre wide intervals of weak
oxidation. One crush zone at 31.5 m. Corresponds to a flat-lying radar
reflector 88° towards the borehole axis at 32 m. Sub-parallel radar
reflector 15-24 m from the borehole, distinct in the upper part of the
borehole. Increased frequency of minor resistivity anomalies between

90 and 150 m. Confidence level = 3.

There is no possible deformation zone in borehole HFM17.

5.6 HFM18

The borehole consists of two rock units:

8.99-29.71 m

29.71-180.34 m

RU1: Mixture of pegmatitic granite, medium-grained metatonalite-
granodiorite, amphibolite and fine- to medium-grained metagranitoid
(silicate density suggest a tonalitic to granodioritic composition). Minor
occurrences of aplitic metagranite. Except for the pegmatitic granite, low
magnetic susceptibility and gamma radiation. Confidence level = 3.

RU2: Medium-grained metagranite-granodiorite with subordinate occur-
rence of pegmatitic granite, amphibolite, aplitic metagranite and fine- to
medium-grained metagranitoid. Locally, up to a few metre wide intervals
of weak to medium oxidation. Sub-parallel radar reflector ¢. 25 m from
the borehole. Confidence level = 3.
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There are three possible deformation zones in the borehole:

8.99-11 m

36-49 m

119-148 m

DZ1: Increased frequency of fractures with apertures up to 7 mm.
Quartz and chlorite filling/coating. Low resistivity and sonic velocity.
Confidence level = 2.

DZ2: Two crush zones and two fractures with apertures of 4 and >10 mm.
Fractures mainly coated by chlorite. Three radar reflectors 68-82° towards
the borehole axis. Distinct resistivity and sonic anomalies. Low magnetic
susceptibility and weak oxidation below 42 m. Confidence level = 2.

DZ3: Slightly increased fracture frequency, especially in the lower part.
Fractures mainly coated by chlorite. Several radar reflectors, one 27° and
five 55-90° towards the borehole axis. Low resistivity, especially below
136 m. Low magnetic susceptibility throughout the zone and weak to
medium oxidation below 130 m. Confidence level = 3.
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6 Comments

The results from the geological single-hole interpretations of the HFM11, HFM12, HFM13,
HFM16, HFM17 and HFM18 are presented in WellCad plots (Appendices 1-6). Each
WellCad plot consists of the following columns:

1: Depth
: Rock type
: Rock alteration
: Sealed fractures (blue symbols)

: Open fractures (red symbols)

2

3

4

5

6: Silicate density
7: Susceptibility
8: Natural gamma radiation

9: Estimated fracture frequency

10: Comment: Rock unit

11: Stereogram for sealed fractures in rock unit (blue symbols)
12: Stereogram for open fractures in rock unit (red symbols)
13: Comment: Possible deformation zone

14: Stereogram for sealed fractures in possible deformation zone (blue symbols)

15: Stereogram for open fractures in possible deformation zone (red symbols)
Nonconformities:
Fractures not visible in BIPS are included in the stereo diagrams.

No geophysical logging has been performed in HFM09.
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Appendix 2

Geological single-hole interpretation for HFM12
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Appendix 3

Geological single-hole interpretation for HFM13
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Appendix 4

Geological single-hole interpretation for HFM16
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Appendix 5

Geological single-hole interpretation for HFM17

39



saljewoue AyApsisal | 4
Jouiw jo Aouanbauy ! h
pasealou| ‘a|oyaioq T z q ooek
ay) jo ped seddn ayy ur | | | Z f
JoulsIp ‘e|0yaioq ay) Wouy 3 _m
= = W $Z-G| Jojosyjes jepes | | H o00zk
|olleJed-gns "w gg je sixe w
a|0yaloq ay} SpJemo} ,88 a/w =
10}03|j21 Jepel Bulh|-jey e ¢ o )
0} spuodselo) ‘wgleie [ || 4 b oort
8U0Z Ysnuo auQ “uonepixo | | |
3EAM JO S|EAIS)Ul SPIM . w
anpw maj e o} dn ‘Ajjeao] 7 0001
w‘ il
hid B
. % o 006
0} -auy ‘ejuelb onyewbad < =
O S9OUSLIND00 JOUIW YIM :
ajolpoue.b-a)ueIBElOW J q
paulesB-wnipajy E w 008
1Ny !
H
bl 1 .
= q 00z
. I
=]
5
¢ i 009
s
3
1 q
MV 0°0S
—_— m
i
3 oo
Ll 2
[
T 3 1 00¢
14 =i
- ¢
00z
| _M
10'8 | | 1 0oL
E G ® 0 ®  olw o
(w womoeoic) o0 voewojeq oo (i womoeloic) (w womeloid) wun ooy sonepey fsoq |~ | — | = honesony| sy
oy UoneiLojaG 5a1ss0 saInjoe14 pajeas aUOZ LOEUL0jaQ BIAISSOd uonduosaq sainoe3 usdo Aued pue USdo 11U ooy SIneI POIEaS U ooy uonduoseq emen eS| (42023 0 | o | oy s somesy ooy | o3
bus usdo
S3NOZ NOILVWHO043d 18ISSOd LINN %O0¥ V1V TYOISAHdO3O a3ZIVyaNID V1va dvw3yos oo
wdeq
(0199eD) 068Z<sup [
gs>wed>g¢ [ 1°0>S0s>10°0 [ (on[eu0) 0087>SUSP>0¢L7
9e>wed>07 1 10°0>S0s>100'0 =1 (duotpourin) 0€LT>SUp>0897 [
oz>wesS 100°0>Sns [ (anuein) 089Z>sudp [ pauteIs-wnipaw ‘onydiowr)ow ‘9)LI0IpouRIS 0) AURID [T
payr un [0 pe sun [0 payissejoun ] PazIPIXO RER anuesd onnewsdad mewssd
VINWYO TV¥NLYN 1311M191L.d39SNS ALISN3Q 31VOITIS NOLLVY3LIV X0y MUVINSHO4  3dALMO0Y
TITTHI-11-900T apeq 101d 1€°192€€91 [w] Sunsegy 8681€ Sunieog

vjEp pausdis

e Suiddaing

00:61 80-CTI-£00T
00-:0€:#1 10-TI-€00T
SL'g

eq doys Surpuq
e 1S Suuq

S6'19v6699
OLHHI-06LY
00:00:00 LT-¥0-¥00T

“erw| uoneAdq 8118~

[w] SuryaoN
w)SAS 2)BUIPI00)

Suiddew jo jeq

059'01T [w] wduay

9¢1 [ww] aa3owerq

LINAH aoydrog
SRIVINSIOA s

LTNAH NOILV LHIJHALNIT ATOH ATONIS aPLL

40



SS NS I .

NN 0091

005k

=l saepn

‘€ = [9A3] 82uspyuo)H
‘w NGl bue R UssMIBq

oorL

0oLz
12'602 == < {
= T 0002
S
0061
T |
- o 0081
| 3
= 0'0LL
1

41




Appendix 6

Geological single-hole interpretation for HFM18
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