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Reading instruction

For revision no. 1 of this report a recalculation of the oriented radar data has been carried
out.

The strike and dip of the oriented radar data are now recalculated using the right-hand-rule
method, e.g. 040/80 corresponds to a strike of N40°E and a dip of 80° to the SE. The new
values for strike and dip are updated in Chapter 5.1 as well as in Appendix 1.

The revised report also 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.

Appendices 14 are updated.



Abstract

This report contains geological single-hole interpretations of the cored borehole KFMO05SA
and the percussion boreholes HFM14—15 and HFM19 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 four rock units (RU1-RU4) occur in
KFMOS5A. The borehole can be divided into seven separate units along the borehole length
due to the degree of fracture frequency as well as the repetition of rock units RU1-RU4.
Medium-grained metagranite-granodiorite and fine- to medium-grained occur in the
borehole. One section contains a mixture of amphibolite and fine-grained material with
diorite to quartz-dioritic composition. Fine- to medium-grained metagranitoid, pegmatitic
granite and amphibolite occur in small sections. Five possible deformation zones have been
identified in KFMO5A (DZ1-DZ5).

One rock unit is interpreted in the percussion borehole HFM14 (RU1). The unit is
dominated by medium-grained metagranite-granodiorite with subordinate occurrences of
pegmatitic granite, amphibolite, aplitic metagranite and one section of fine- to medium-
grained metagranitoid. Two possible deformation zones have been identified in HFM 14
(DZ1-DZ2).

The percussion borehole HFM 15 is dominated by medium-grained metagranite-granodiorite
with subordinate occurrences of amphibolite (RU1). In the lower part of the borehole

occur subordinate occurrences of pegmatitic granite and aplitic metagranite. One possible
deformation zone has been identified in HFM15 (DZ1).

One rock unit is interpreted in the percussion borehole HFM19 (RU1). The unit is
dominated by medium-grained metagranite-granodiorite with subordinate occurrences
of pegmatitic granite, aplitic metagranite, amphibolite and fine- to medium-grained
metagranitoid. Two possible deformation zones have been identified in HFM19
(DZ1-DZ2).



Sammanfattning

Denna rapport behandlar geologisk enhalstolkning av kdrnborrhdl KFMO5A samt
hammarborrhdlen HFM 14, HFM15 och HFM19 i Forsmark. Den geologiska
enhdlstolkningen syftar till att utifrdn data fran den geologiska karteringen, tolkade
geofysiska loggar och borrhélsradarmétningar indikera olika litologiska enheters
fordelning i borrhdlen samt mojliga deformationszoners lage och utbredning.

Denna undersokning visar att det i KFMOS5A finns 4 litologiska enheter. Baserat pa graden
av sprickfrekvens samt repetition av vissa enheter kan borrhalet delas in i 7 sektioner.
Medelkorning metagranit-granodiorit samt en fin- till medelkornig variant av denna bergart
forekommer 1 storre delen av borrhalet. Ett parti i borrhalet innehéller en blandning av
amfibolit och finkornigt material med diorit till kvartsdioritisk sammanséttning. I mindre
omfattning forekommer dessutom fin- till medelkornig metagranitoid, pegmatitisk granit
och amfibolit. Fem mdjliga deformationszoner har identifierats i KFMO5SA.

Hammarborrhdl HFM14 domineras av medelkornig metagranit-granodiorit med mindre
inslag av pegmatitisk granit, amfibolit, aplitisk metagranit och en férekomst av fin- till
medelkornig metagranitoid. Tva mojliga deformationszoner har identifierats i HFM 14.

Hammarborrhdl HFM15 domineras av medelkornig metagranit-granodiorit med mindre
inslag av amfibolit. I den nedre delen av borrhélet forekommer dessutom mindre méngder
av pegmatitisk granit och aplitisk metagranit. En mdjlig deformationszon har identifierats 1
HFMI5.

Hammarborrhal HFM19 domineras av medelkornig metagranit-granodiorit med mindre
inslag av pegmatitisk granit, aplitisk metagranit, amfibolit och fin- till medelkornig
metagranitoid. Tvé mdjliga deformationszoner har identifierats 1 HFM19.
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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 modelling 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 logs
and accompanying descriptive documents.

This document reports the geological single-hole interpretation of four boreholes at
drill-site 5 (DSS5) in the Forsmark area. These include the cored borehole KFMO5A and
the percussion-drilled boreholes HFM 14, HFM15 and HFM19 (Figure 1-1).
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Figure 1-1. Map showing the position of the boreholes KFM054 and HFM14, HFM15 and HFM19.



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 and, when available, reflection
seismic anomalies. The results from the geological 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 single-hole interpretation of the boreholes at drill site 5:
* Boremap data (including BIPS and geological mapping data) /1 and 2/.

* Generalized geophysical logs and their interpretation /3, 4 and 5/.

» Radar data and their interpretation /6, 7 and 8/.

The material used as a 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 along borehole

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
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

11



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 mark (not used for percussion-drilled boreholes)
10: BIPS
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. The rock with high
natural gammaradiation has been included in the younger, Group D intrusive suite /9/.

Possible alteration: This parameter has not been used in the geological single-hole
interpretation in the Forsmark area.

Silicate density: This parameter indicates the density of the rock after subtraction of
the magnetic 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.

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.

12
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Figure 3-1. Example of WellCad plot used as a basis for the 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 (see above) 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 for the WellCad picture.

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 picture.

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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4.1 Nonconformities

In some cases alternative orientations for oriented radar reflectors are presented. One of

the alternatives is considered to be correct, but due to uncertainty in the interpretation of
radar data, a decision concerning which of the alternatives that represent the true orientation
cannot be made.
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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 KFMO5A, Appendix 2 for HFM 14,

Appendix 3 for HFM15, and Appendix 4 for HFM19). The confidence in the interpretation
of rock units and possible deformation zones is made on the following basis: 3 = high, 2 =

medium and 1 = low.

5.1 KFMO5A

The borehole can be divided into four different rock units, some of which are recurrent in
the borehole. For this reason, the borehole is divided into seven rock sections:

102-237m  RUI: Fine- to medium-grained variety of the otherwise medium-grained
metagranite-granodiorite, with minor occurrences of pegmatitic granite and
amphibolite, and one occurrence of fine- to medium-grained metagranitoid.
Generally increased fracture frequency relative to the remaining part of the
borehole, outside possible deformation zones. Confidence level = 3.

237-286 m  RU2: Fine- to medium-grained variety of the otherwise medium-grained
metagranite-granodiorite, with minor occurrences of pegmatitic granite and
amphibolite. Confidence level = 3.

286-349 m  RU3a: Medium-grained metagranite-granodiorite, with minor occurrences
of pegmatitic granite and amphibolite. Confidence level = 3.

349-362m  RU4: Heterogeneous mixture between amphibolite and fine-grained
material with dioritic to quartz-dioritic composition. Subordinate
occurrences of medium-grained metagranite-granodiorite and pegmatitic
granite. Sub-parallel radar reflector 30—40 m from the borehole axis. Low
magnetic susceptibility. Confidence level = 3.

362-676 m  RU3b: Medium-grained metagranite-granodiorite, with minor occurrences
of pegmatitic granite, amphibolite and in the interval 570-620 m fine- to
medium-grained metagranitoid. Also two 1-2 m wide occurrences of
felsic to intermediate metavolcanic rock at ¢ 507 and 538 m. Sub-parallel
radar reflector 30—40 m from the borehole axis, visible down to 430 m.
Confidence level = 3.

676720 m  RUS: Fine- to medium-grained metagranitoid of granodioritic to tonalitic
composition with subordinate medium-grained metagranite-granodiorite and
pegmatitic granite. Amphibolite is absent in the fine- to medium-grained
metagranitoid. Contacts between the fine- to medium-grained metagranitoid
and the medium-grained metagranite-granodiorite are gradual and the two
rocks are often difficult to separate in the contact zone. Anomalous high
silica density and low susceptibility. Confidence level = 3.

17



720-1,000 m RU3c: Medium-grained metagranite-granodiorite with subordinate

occurrences of pegmatitic granite and fine- to medium-grained
metagranitoid. Lower frequency of amphibolite compared to the remaining
part of the borehole. Sub-parallel radar reflector 30—50 m from the borehole
axis, from 840 m to the end of the borehole. Confidence level = 3.

Five possible deformation zones are indicated in KFMO05A:

102-114 m

416436 m

590-796 m

892-916 m

DZ1: Marked increase of flat-lying, open fractures, with apertures ranging
up to more than 1 cm. Two crush zones. Mostly clay minerals, calcite and
some fractures filled with fine-grained, clay-dominated material, inferred
to be a clastic sedimentary rock. Faint oxidation throughout the interval.
Low resistivity, which is apparent down to 125 m. No indication in the
sonic and susceptibility data. One oriented radar reflector at 111.3 m with
the orientation 192/53 or 100/20 and one non-oriented at 103.4 m with the
angle 37 degrees to the borehole axis. Confidence level = 3.

DZ2: Increased frequency of mostly sealed, steeply dipping fractures.
Apertures generally less than 0.5 mm. Predominant fracture minerals

are calcite, prehnite, chlorite, epidote and laumontite. Faint to medium
oxidation. Low resistivity. No indication in the sonic and susceptibility
data. Four oriented radar reflectors at 417.3 m (011/80), 424.2 m (151/88),
424.7 m (166/72 or 299/9) and at 427.6 m (092/24 or 200/65). Two non-
oriented radar reflectors occur at 427.5 m and 431.1 m with the angle to
borehole axis 35 and 53 degrees, respectively. Confidence level = 3.

DZ3: Increased frequency of mostly sealed, steeply dipping fractures, with a
sharp contact on both sides to a very little fractured bedrock. Two distinctive
intervals, 609—616 m and 712720 m, with dense fracture network and faint
to weak oxidation. Faint to medium oxidation is locally observed along

the whole interval. Predominant fracture minerals are laumontite, calcite,
chlorite and hematite staining. Laumontite is prominent in the dense fracture
network intervals. Apertures are generally less than 1 mm, with one ranging
up to 4 mm. Low resistivity in the densely fractured intervals. Moderate
resistivity anomalies in the remaining part. Susceptibility and sonic velocity
seem to be unaffected. Totally 49 radar reflectors in the interval. Six radar
reflectors in the upper of the densely fractured interval, and one at 610.9 m
yield a more confident orientation of 232/25. Four radar reflectors in the
lower of the densely fractured interval; three are oriented 123/71, 063/80
and 338/37. Confidence level = 1 for the whole interval and 3 for the
densely fractured intervals.

DZ4: Increased frequency of mostly sealed, steeply dipping fractures.

Open fractures with apertures less than 1 mm and faint to weak oxidation
are concentrated in the lower part of the interval. Predominant fracture
minerals are laumontite, calcite and chlorite. Moderate resistivity anomalies.
Susceptibility and sonic velocity seem to be unaffected. Two oriented radar
reflectors at 903.2 m (086/48) and 909.3 m (041/26). Six non-oriented

radar reflectors with angle in the interval 8-41 degrees to borehole axis.
Confidence level = 2.

18



936950 m

DZ5: Increased frequency of both open and sealed, steeply dipping fractures.
Part of the interval shows faint to weak oxidation. Predominant fracture
minerals are laumontite, calcite and chlorite. Apertures less than 1 mm.
Three radar reflectors; two oriented 282/65 and 299/81. Moderate resistivity
anomalies. Susceptibility and sonic velocity seem to be unaffected. Two
oriented radar reflectors at 932.9 m (001/33 or 005/75) and 946.1 m
(258/65). Confidence level = 2.

5.2 HFM14

The borehole consists of one rock unit:

3-149m

RU1: Medium-grained metagranite-granodiorite with subordinate
occurrences of pegmatitic granite, amphibolite, aplitic metagranite and one
occurrence of fine- to medium-grained metagranitoid. Weak oxidation has
affected the bedrock, more or less along the whole borehole length. In the
upper 50 m, there are two crush zones and two fractures with apertures
wider than 1 cm. These are also indicated in the radar measurements and as
narrow geophysical anomalies. Confidence level = 2.

Two possible deformation zones are indicated:

68—76 m

92-104 m

DZ1: Increased frequency of open, flat-lying fractures, some with apertures
wider than 1 cm. Mostly chlorite and unknown fracture filling minerals.
Four radar reflectors with an intersection angle of 16-80° to the borehole
axis. Low magnetic susceptibility and resistivity. Several caliper anomalies.
Confidence level = 3.

DZ2: Slight increase of open, flat-lying fractures, with apertures less than
2 mm. Five crush zones (5-32 cm wide) in the lower half of the interval.
Fracture filling minerals include quartz and chlorite. Four radar reflectors
with an intersection angle of 50-63° to the borehole axis. Generally

low magnetic susceptibility and resistivity. Several caliper anomalies.
Confidence level = 3.

5.3 HFM15

The borehole consists of one rock unit:

4-99 m

RUI: Medium-grained metagranite-granodiorite with subordinate
occurrences of pegmatitic granite and aplitic metagranite, predominantly in
the lower half of the borehole, and four minor (< 2 dm wide) occurrences of
amphibolite. Weak oxidation has affected the bedrock, more or less along
the whole borehole length. Generally increased fracture frequency relative to
the remaining part of the borehole, outside the possible deformation zone, in
the length intervals 4-27.5 m and 63.5-75 m. These are also indicated in the
radar measurements and as narrow geophysical anomalies. Two crush zones
(14 and 60 cm wide) in the upper 11 m of the borehole. Confidence level
=2.
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There is one possible deformation zone in the borehole:

8696 m

DZ1: Increased frequency of open, flat-lying fractures, with apertures less
than 2 mm. Mostly chlorite and unknown fracture filling minerals. Two
radar reflectors with an intersection angle around 50° to the borehole axis.
Low magnetic susceptibility and resistivity. Several caliper anomalies.
Confidence level = 3.

54 HFM19

The borehole consists of one rock unit:

11-185m

RU1: Medium-grained metagranite-granodiorite with subordinate
occurrences of pegmatitic granite, aplitic metagranite, amphibolite and

fine- to medium-grained metagranitoid. Locally weak oxidation. Two ¢ 3 m
wide occurrences of amphibolite in the lowermost part of the borehole. High
magnetic susceptibility in the uppermost 50 m of the borehole. Generally
increased fracture frequency relative to the remaining part of the borehole,
outside the possible deformation zone, down to 26 m. One 10 cm wide crush
zone at 12.5 m. Confidence level = 2.

Two possible deformation zones are indicated:

121-148 m

168-185 m

DZ1: Increased frequency of predominantly open fractures. Fractures in the
lower 10 m of the interval are steeply dipping. Mostly chlorite, calcite and
unknown fracture filling minerals. Except for one fracture with an aperture
wider than 1 cm in the uppermost part, all apertures are less than 3 mm.
Locally weak oxidation. Four radar reflectors with an intersection angle of
10-76° to the borehole axis. A few sonic and moderate resistivity anomalies.
Confidence level = 2.

DZ2: Marked increase of both open and sealed fractures. Identified fracture
minerals include chlorite, calcite, quartz, hematite and prehnite. Apertures
generally less than 2 mm, except for one fracture with an aperture wider
than 10 mm in the uppermost part. Generally weak oxidation. Low magnetic
susceptibility and resistivity. Confidence level = 3.
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6 Comments

The results from the geological single-hole interpretations of KFMO05A, HFM 14, HFM15
and HFM19 are presented in WellCad plots (Appendices 1-4). Each WellCad plot consists
of the following columns:

1: Depth along borehole

2: Rock type

3: Rock alteration

4: Sealed fractures

5: Open fractures

6: Silicate density

7: Magnetic susceptibility

8: Natural gamma radiation

9: Estimated fracture frequency

10: Description: Rock unit

11: Stereogram for sealed fractures in rock unit (blue symbols)

12: Stereogram for open fractures in rock unit (red symbols)

13: Description: 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)
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Appendix 1

Geological single-hole interpretation for KFM05A

0002
'€ = [9A3] 92UBPLUOD
'S9U0Z uoljewloep 0064
a|qissod apisjno ‘sjoyaioq
ay} Jo ped Bujurewsls
ay} 0} aAnejas Aousnbaly 008
aJnjoel) pasealoul
Ajlelsuag) "pioyueibelow
pauelb-wnipaw
0} -8Ul} JO 82U81INIJ0 oozt
auo pue ‘a)ijoqiydwe
pue ayuesb opewbad
JO S92USLIND20 JOUIW YIMm 0091
‘g)liolpoueliB-ajueibelaw
paulelB-wnipaw
9SIMIBYIO0 8Y) JO AJoLeA
pauleiB-wnipsw 0} -aul- oost
00YLL Ny
'€ = [9A3] 92USPLUOD
‘SIXe 8|0ya10q 8y} 0} ook
soalbap /g abue ay) yum
w g0l 1e payusLio-uou
duo pue 0z/00L 00ek
10 €6/26| UonejusLo ayy
UYim w g7 || je Jojosjal
Jepel pajusaLo auQ ‘eyep
Aypgndaosns pue oluos 00zt
8y} Ul uopedlpul ON "W GZ|
0} umop jualedde si yoiym
‘KIALSISa1 MOT “JeAIB)ul oot
ay) Jnoybnouy) uonepixo
Jule oou Alejuswipas 00'Z0L
Ol}Se|0 B 8q 0} paiajul
‘|eusjew pajeulwop-Aeo 000t
‘paulesBb-auly
IM P3|} SaINjoel}
BwWos pue a)19[eo ‘s|esauiw 006
Aejo Ajso|y "sauoz ysnio
OM] WO | Uey) low 0}
dn Buibuels sainpade yum )
‘sainjoely uado ‘Buikl-ey o8
O asealoul payep
1za
0020L 00z
0 0 [ 0| og [
compers porl g sorbiaeioq oassod O ondinmea e o i wou oy Bt e oo ey e || s | ooy
0| e | pepes
S3ANOZ NOILYWYO43a 318ISS0d LINN MO0Y V1V TYDISAHdO3D Q3ZIV¥IANID v1va dvi3yos oo
udsq
(019qeD) 0687<SUSP [ —
[0<sns (21017) 0687>SUP>0087 M ==
['0>sns>10°0 I P>0€LT I =
€>wed>o¢ 10°0>$n8>100'0 =3 P>0897 [ —
cmv—:mw\xom — 100°0=sns ] RI10) 0897>SUdp [ ||
oz>wes payissepoun [ payissejoun W] 1pa 0} -o I [
VINNYO TV¥NLYN 1311M191L.d39SNS ALISN3Q 3LVOITIS MUVINSHOd  3dALMO0Y
TI:01:1T 026079007 eq 101d 08°01L1€91 [w] Sunsey 0608 Bunreog
ae( Suiforing S8°PPE6699 [w] Suraon 0122001 [w] y3uay
00:$€:80 91-T1-€00T apeq doyg Sunuq OLEHY-06.LY wsAS Aeurpa00) LL [w] pwerq
00:0€:71 £2-11-€00C ajeq 1S Sunuq 00:00:00 ¥T-S0-00C Surddew jo apeq VSOWAN aoydr0g
©jep pausis €5 6L°65~ lo] uopeuruy SVINSYOA Mns
VSOWAM NOLLV LHYJdYALNI I TOH A1 apLL

25




‘ajolyo ‘epuyaud ‘eyojed
ale s|elaulw ainjoely
JueUIWOPaId "WW G'0 Uey)
ss9| Ajjesouab sainuady
‘sainjoeyy Buiddip
Aldes)s ‘pajess Apsow
Jo Aouanbaly paseauou|
2za

0091l

00'29¢

081

081

00°29¢

@ouapyuo) A
onpubew moT “sixe
8|0yaJoq 8y} Wol w Oy-0€
1030821 Jepel |9]|eled-gng
“a)luelb onirewbad pue
ajuoipoueiB-ayueiBelaw
paulelb-wnipaw

JO S92UBLIN20
8jeulpIogng “uol
anuolp-zyenb o}
Yim [eusiew pauresb-auly
pue syjoqiydwe usamiaq
aInixiw snosuabolsjeH
Ny

00'6v€

00'6v¢

'S = |9A9)

9ouspyuo) "ajjoqydwe
pue ajuesb opewbad

JO S92UBLINOJ0 JoulW Yim
‘a)loipoueliB-ayueibelaw
paulesB-wnipsy

egny

0098¢

081

00'98¢

'S = |9A9)

9ouapyuo) "ayjoqydwe
pue ayuelb opewbad

JO S92UBLINOJ0 JoulW Yjim
‘ajoipouelB-ayueibelaw
paulesB-wnipaw
9sIMIBU}0 8y} Jo AjaLien
paulelb-wnipaw 0} -aul4
Ny

00°/€2

00°.€C

00y

0°00¥

0°06€

0°08¢

0°0L8

009¢

00se

oove

ooee

0'0ze

ooLe

0°00¢

0062

0082

00Le

0092

0'0s2

oore

00ez

00zz

ooz

26



00°069

00°9¢¥
€ = [9A9)

aouapiuo) “AjpAoadsail
‘saalbap ¢g pue

G¢ sixe ajoyaioqg o} a|bue
|yl yum W L'LEY pue

W G*/Z{ e In220 s10j09)al
Jepel pajuslio-uou

om] *(59/002 40 ¥2/260)

w 9'/zy e pue (6/662 10
TL/991) W L'¥Zy (88/LG1)
W Zvey (08/L10) W e LLY
JE S10}08|j21 Jepel pajuslio
ino4 "eyep Ajjiqndaosns
PpUEB 2JUOS 8y} Ul uonedIpul
ON ‘ANAnsIsal moT
‘UolepIXo WnIpaw o} juleq
‘ajuowne| pue ajopida

'€ = [9AB] SOUBPKUOD "W
0E 0} UMOP B|qISIA ‘SIXe
9|0ya10q 8y} WOk W 0y-0¢
J10)09})01 Jepel [9|jesed-qng
‘W 8gg pue /05

*0 J& %004 DIUED|OAR}BW
sjeIpawIalul 0} 21|}

0 S92UBLIND0 SPIM W Z-|
omj} 0S|y “plojiueiBelaw
paulesB-wnipaw

0} -dul W 0Z9-0/G [eAsdjul
sy} ul pue ayjoqiydwe

| niewbad
JO S92USLINJD0 JOUIW UM
‘ajLIolpouelB-ayuelbelaW
paulesB-wnipapy

qeny

T

[

15 VWUV

=

0029

0049

0°009

0065

0089

0048

009s

008S

00vs

0°0€s

0028

00LS

0°00S

0°06¥

008¥

0oLy

009

0osy

ooy

00er

oozy

27



00'96.

‘sjeAsajul
painjoely Ajasusp ay}

10} € = |[9AS] S2USPYUOD
pue [BAJB}UI S]OYM B}

10} | = [9A3] 92USPYUOD
"L€/8EE PUB 08/€90
‘L2/€TL pajusLo ale

931U} ‘|eAIS)UI paINjoely
Kjasuap 8y} Jo Jomo|

8y} Ul SI0}08|)81 Jepel
4No4 'G2/2€eT J0 uonejuso
JUSPYUOD BJow & pIalA w
6°019 }e duo pue ‘|eAdjul
painjoely Ajasuap auyy

J0 Jaddn ay} ui sio}oa)al
Jepel XIS ‘|eAsjul

Sy} Ul SI0}03|)81 Jepel

6 Allejo "pajosyeun

8q 0} Waas A}00JaA 21UOS
pue Ayjgndaosng wed
Bujulewsal ay) ul saljewoue
A)AiSISal a1elapo
‘sleAlajul painjoely Ajpsuap
aU} Ul AJIADSISD MOT “WW
0} dn Buibues suo yym
‘ww | uey) ssa) Ajjesousb
ale sainpady ‘sjeasaiul
3}IOM}BU BINJOB.) SSUSP B}
ul jusujwold si ajuowneT]
‘Bululeys sjjeway pue
BJIO[YD ‘B}I0|eD ‘ajjuowne|
ale Ss|esaulw ainjoely
jueulWOpald [eAldul
ajoym ay} Buoje panlasqo
Alledo) si uonepixo
wnipaw 0} Jule "UolepIXo
3EaM 0} JUle) pue yJomjau
aInjoel) ASUSP YYIM ‘W
02/—Cl. pue w 919-609
‘s|eAsajul 9AlOUNSIP

OM [ "00.paq painjoely
| Aian e 0} sapis

4310q uo 1009 dieys

e yym ‘sainjoeyy buiddip
Aldaays ‘pajess Ajpsow

0 Aouanbaly pasealou|
€za

00°02.

081

00°02.
'€ = [9A9)
@ouapyuo) "Ajjiqndassns
MOJ| pue Aysusp eol|is
yb1y snojewouy ‘auoz
JOBJU0D 8U) Ul sjesedss
0} JNOIYIP USHO Ble SO0l
om} 8y} pue [enpeub aie
ajoIpouesb-a)iueibelaw
paulesB-wnipaw
8y} pue plojiuelbejaw
paurelb-wnipaw
0} -aulj dY) USBM}S]
sjoejuo) "plojuelbejaw
paulesb-wnipaw
0} -aul 8y}
ur Juasge s| ajjoqiyduty
‘a)iuelb onnewbad pue
a)uoIpouelb-a)ueiBelaw
paulesb-wnipaw
sje
Yim uo
21)i[euo} 0} dnuolpouelb
Jo plojiuesbejaw
paulelb-wnipaw o} -aul4
SNy

00929

00929

OCORK

00z8

ooL8

0°008

0062

0082

002

0092

0052

oovL

00eL

00z

00LL

0002

0069

0089

0029

0099

0099

00€9

28



00°056
2=
[9A8] ®dudpYUOD *(59/852)
W L"9y6 pue (52/500
10 €€/100) W 6°'2€6
Je S10}08|j2. JEpE. pajUBLIo
OM] "Pajoajeun aq
0} Wass AJI00JdA 1UOS pue
Ayngndeaosng ‘sajjewoue
AyAnsisal ajeisapojy
‘ww | ueyy ssa| sainpady
"9}LI0|yd pue 8)10[ed
‘ajjuowne| aJe sjessuIw
ainjoel) Jueulwopald
‘UOIEPIXO 3eam o} jJule}
SMOUS [BAJSJUI BU} JO Hed
‘sainjoely Buiddip Ajdes)s
‘pajeas pue uado yjoq
Jo Aouanbauy paseasou|
Gza

00'9€6

00916
T =19A8]
90UBpYUOY SIXE BjoysI0q
0} s9albap |{-g |enssiul
ay} ul a|bue yyum siojoa)4al
Jepel pajusiio-uou
XIS *(92/1¥0) W €606
pue (84/980) W Z'€06
Je S10}08|j2.] JEpE. pajuBLIo
OM| "Ppajosjeun aq
0} Wass AJI00JdA O1UOS pue
Ayjgndaosng ‘sajjewoue
AAisisal sjelopoy
"9}LI0|yd pue 8)10]ed
‘ajjuowne| aJe sjessulw
aInjoel) JueulWopald
‘|leaayul ay} jo ped
JBMO| BY} Ul PajeJjusduod
ale UOIJEPIXO Yeam 0}
jule) pue ww | uey) ss9|
sainpade yym sainjoely
uadQ "sainjoely Buiddip
A|dea)s ‘pajess Apsow
Jo Aouanbauy paseaiou|
¥za

00'268

00°000}

'€ = [9A8] 9OUBPLUOD
'9|0Ya10q 8Y} JO pus

9y} 0] W Qg Wodj ‘sixe
8loya10g 8y} Woy W 05-0¢
J10j08})81 Jepel [9|jesed-gns
‘a|0yaloq ay} Jo Jed
Bulurewa. ay) o} pasedwod
ajjoqiydwe jo Aouanbauy
Jamo “piojueiBejow
paulesb-wnipaw

0} -aulj pue ‘ajuelb
onnewbad Jo s92u8.1IN220
ajeulpiogns ypm
ajuolpouelb-ajuelbelow
paulesB-wnipapy

oeny

00001

0066

0086

0046

0°096

0056

006

0°0e6

0'0z6

00L6

0006

0068

0088

0048

0098

0058

0'0v8

0°0e8

29



310y210q oY} 0} ,£9-05 !
10 8|Bue uonossIauLl

53
s

%

%
2

5

588

00€L

S5

Appendix 2

0%

Ue UY)Im S10308|jal

Jepel IN04 "ajIo|yd pue -
zyenb apnjoul sjessuiw
Bujjy ainjoeld "JeAsiul BYy o
JO Jley Jamoy auj ul (apim -
W Zg-G) SeU0z ysnid anl4
‘ww Z ueyy ssa| sainuade
Uynm ‘sainjoeuy bui|-jey T =199
‘uado jo aseauoul Jybis 9d0Uspyuoy "soljewoue ||
2za |eaisAydosb moureu [

0026 SE pue sjuswainsesw [

- Jepels 8y} ul pajesipul

s os|e aJe 9say| ‘WO

35

SRR

s
S
3

o
38
R

s
35

3
5
3

o081

%
295

%5
5%

00zL

%
5
3
0203

S
oSS

Sorataiet
3

3
3
5
Ses

5
5
35
3
<5

35
5

5
5

00LL

s
0%
s

55

s

%
5

%
2

5
3%

o
%

5
58
5

%5
355
33555

000k

J
|
5%
55
o%0%

355
S

/|

HE ] fa

]
il A

'€ = [9A9)

| uey} Jepim sainpade
U)IM sainjoel) oM} pue ———
SBUOZ YSNIO OM} SJE 1Y)
w og Jaddn ayy u| "yibus|
ajoyaloq ajoym ay) Buoje
‘SS9 JO J0W ‘}o0Ipaq
ay) pajoaye sey uolepixo =
Yeap\ "plojuesbejow
pautesB-wnipaw

0} -8Ul} JO 92UBLINIJ0 BUO
pue ayueibejsw onde
‘ayjoqiydwie ‘ayuelb
onrewbad Jo saouaund20

92UBpIUOY ‘Sljewoue
Jadied [eianag “AyAnsisal
pue Ayjiqndaosns
onsubew Mo 'sixe
8|0ya10q 8y} 03 ,08-91

1o a|Bue uonossIBUL

05 Loz ue Y)m siojoajjal
° Jepel uno4 ‘sjesauiw Buiyy
aInjoel) UMOUNUN pue
QYI0|Y0 ARSON “Wd | ueyy
19pIm sainuade yjm awos
‘saunjoely bulhj-jey ‘uado
Jo Aouanbauy pasealou|

o
L

.08t

M
N

L

S
3%
Sotots

W
M

™M
-
3

%

%
s
sSosnsusseststatl

\
Ty,
%
IS
s
555

%

55
5%

¥R2x
S
SIS
o

355
3
5555

NI
S
355

SR

%

D203000tetes
R

5
i

S

oS
S

%

5
%

X
XK
5%
3555

009

3%
L

T
s

S5

SjeuIpIOgNS YIm
ajuoipouelB-ayueibejaw
paulesB-wnipapy

LNy

%
55

3%
20K

B
SO0k

lza

%%

L

00'89

2500

s
%

223

oo
555

:
5
.

5

%

JAMIA Vv TR N Y

85

L5
S8

Jotetosetotes

25

5
XA

11
%%

I

s
5
5

|| | ol mwmmmmwﬂw‘hﬂm%!'ﬁﬂm

2
3
Joss

5

%5
55
555

%
o
2

2
S
5

3
S
o
%K

52
55
3

WL WY S S

3%
o005

%
oo

%
3
%

I

&
&
&
&

(3 ofoe o

uoneipey

ewwes
feinien

(i oposlosd) "
sanoesd usdo Aed pue uado s
5u07 Uonewsojaq 9(aIssod seimpoel3 pofees auoz

odhL
oo

oafos) au0Z uogewIojeq algissod (0 uopoalosg)
0880 ‘seines3 uedo Alied pue uado JuN %0y

pdeceng samoeis
usnig | uado Ajped
pos oo

uonduoseq

sainpesy
poras.

pojewns3

wioog )
S3INOZ NOILVINYO43a 378ISS0d LINN YO0d V1va TVIISAHdO3O A3ZITVIANID viva dvn3yoga

deg

(0199vD) 068T<sup [
WOI) 0687>5U9P>0087 EEE
0p>0¢LC I

go>weS>9¢
9¢>wes>(7
0g>wes
payjisse[oun
VNNV TvinL

10>SNs>10°0 [

10°0>SNs>100'0 e 0€LT>SU2P>039C
100°0>sns ]

) 0897>Su0p
payssseoun. [ POZIPIXO BR8]
131111811d39SNS ALISN3A 3LVOITIS NOLLVHALIV YO0

8000

12 02-60-900T aeq 10ld 65 PELIEI] [w] Supseq
apeq Suidaring P1I€1€6699 [w] Surpaon 00°0

I [w] yyBuay

00:00:ST 60-01-€00T aeq doyg Sunuq 0LEHY-06LY wsAS Aeurpa00) 9€1 [ww] syowerq
00:00:+1 90-01-€00T ayeq s Sunua 00:S€:€1 $0-20-P00T Suddew jo apeq PINIH aoyarog
wjep paudig 16¢ ['rse'w] woyesdly 08°65- o] wopeuypu] SIVINSYO ns

Geological single-hole interpretation for HFM14

PINAH NOLLV LAUdIALNI A'TOH A'1E

31




000}
‘¢ = [9AB]| 80UBPLUOD
‘sajjewoue Jadi|ed
|eJonas “AjAnsisal pue
Anjiqndeosns onsubew
Mol Aupiaiian "eiyp

00'6¥1

0051

oorL

32



Appendix 3

Geological single-hole interpretation for HFM15
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Appendix 4

Geological single-hole interpretation for HFM19
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