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Abstract

This document reports the results gained from the interpretation of borehole geophysical
logging data from the ¢ 100 m deep percussion drilled part of the borehole KSHO1A

in Simpevarp. The major aim of the project is to create pseudogeology (lithology) and
pseudofracture loggings (position of large fractures and estimated fracture frequency) based
on geophysical logging data. Since this is the first interpretation of borehole geophysical
data during the Oskarshamn site investigation, another purpose of this project is to evaluate
the technique of establishing pseudogeological loggings.

In general there is a good correlation between the geological mapping (Boremap) and the
geophysical pseudo rock type logging. Most of the borehole is classified as quartzmonzonite
to monzodiorite. One exception occurs along the uppermost ¢ 10 m section of the borehole,
which is “geophysically” classified mainly as mafic volcanite, in contrast to the geological
mapping that indicates quartzmonzonite to monzodiorite. The reason for this discrepancy
is high densities of 2,800-2,900 kg/m® in combination with low magnetic susceptibilities
along the borehole section. On basis of the magnetic susceptibility logging it appears as if
the quartzmonzonite to monzodiorite rock type can be divided into two groups represented
by high and low magnetization respectively. The low susceptibility group may possibly be
related to alteration (oxidation). The estimation of fractures indicates increased fracturing
along the sections 12.5-22.5 m and 37.5-47.5 m. It is recommended that the lateral
resistivity logging is excluded when interpreting fractures in percussion drilled boreholes
due to an inverted anomaly patterns across indicated fractures.

This investigation, together with a compilation of petrophysical data, indicates that it should
be possible to use the maximum likelihood method to statistically classify geophysical
loggings into pseudo rock types and pseudo fracture loggings.



Sammanfattning

Foreliggande rapport presenterar tolkning av borrhalsgeofysiska data fran den
hammarborrade delen av KSHO1A (0-100 m) pa Simpevarpshalvon. Huvudsyftet med
projektet &r att ta fram s k pseudogeologiska loggar (litologi och sprickor) baserade pa
geofysiska loggningsdata. Eftersom denna tolkning av geofysiska data frain KSHO1A é&r
den forsta som utfors inom Oskarshamns platsundersokning, presenteras dven en kort
utvirdering av metoderna for framstéllning av s k pseudogeologiska loggar.

Generellt sett dr dverensstammelsen relativt god mellan pseudogeologisk bergartslogg
(litologi) och den geologiska karteringen (Boremap). Den storsta delen av halet klassificeras
som kvartsmonzonit till monzodiorit. En storre avvikelse upptriader lings de oversta

ca 10 m av borrhélet som geofysiskt klassificeras som basiska vulkanit men som vid den
geologiska klassificeringen anges vara kvartsmonzonit till monzodiorit. Den frimsta
orsaken till denna skillnad &r att densiteten langs namnda borrhalssektion &r relativt hog,
i snitt 2 800-2 900 kg/m?, samtidigt som den magnetiska susceptibiliteten dr 1ag, en
kombination som statistiskt sett (i relation till framriknade bergartssignaturer) stimmer
bittre for t ex en amfibolit dn for kvartsmonzonit till monzodiorit. Sprickberdkningarna
indikerar okad sprickfrekvens ldngs sektionerna 12,5-22,5 m och 37,5-47,5 m. Vi
rekommenderar att loggen lateral resistivitet utesluts vid sprickberdkning eftersom det
verkar som om metoden uppvisar positiva anomalier 6ver sprickor, nagot som inte anses
vara rimligt.

Denna understkning indikerar att det bér vara mojligt att statistiskt (med maximum
likelihoodmetoden) klassificera geofysiska loggar till s k pseudogeologiska loggar vilka
indikerar bergarter och sprickor/sprickfrekvens.

Ett biresultat av undersokningen #r att bergarten kvartsmonzonit till monzodiorit verkar
kunna delas in i tva skilda grupper, en med h6g och en med lag magnetisk susceptibilitet.
Lag susceptibilitet kan mojligen kopplas till omvandling (t ex oxidering).
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1 Introduction

SKB performs site investigations for localization of a deep repository for high level
radioactive waste. The site investigations are performed at two sites, Forsmark and
Simpevarp. This document reports the results gained from the interpretation of borehole
geophysical logging data from the ¢ 100 m deep percussion drilled part of the borehole
KSHO1A in Simpevarp.

Pseudo bedrock loggings and pseudo fracture loggings were created by a combined
statistically based interpretation of the different geophysical logging data. Porosity, silicate
density, vertical temperature gradient and salinity were also calculated.

The different geophysical logging methods used for the interpretations are density
(gamma-gamma), magnetic susceptibility, natural gamma radiation, lateral resistivity,
short normal resistivity (16N), single point resistance (SPR), caliper (borehole diameter),
fluid resistivity and fluid temperature. The measurements were performed by Mala
Geoscience AB/Raycon in September 2002 /1/.

The interpretation presented in this report is performed by GeoVista AB in accordance with
the instructions and guidelines from SKB (activity plan AP PS 400-03-008 and method
description MD 221.003, SKB internal controlling documents) and under supervision of
Leif Stenberg, SKB.



2  Objective and scope

The purpose of geophysical measurements in boreholes is to gain knowledge of the
physical properties of the bedrock in the vicinity of the borehole. A combined interpretation
of the different logging methods (in this case density, magnetic susceptibility and natural
gamma radiation), together with petrophysical data and/or data from the bedrock mapping,
makes it possible to estimate the physical signature of different rock types. This allows a
statistically based bedrock classification (pseudo bedrock logging) of the borehole. The
location of fractures is estimated by interpretations of the resistivity loggings (lateral and
short normal resistivity (N16)) and single point resistance (SPR) together with the caliper
logging data, which results in a so called pseudo fracture logging and a pseudo fracture
frequency logging.

The main objective of deriving pseudogeology loggings is to create a tool to be used

as supportive information during the geological bedrock logging (Boremap) (rock

type, fractures, alteration etc) and as an input parameter in the so called “single-hole
interpretation”, which is a combined borehole interpretation of geological logging data
(Boremap), geophysical data, radar data and FZI (fracture zone index). A compilation of
petrophysical data and their correlation to the logging data of KSHO1A (percussion drilled
part) is given in Section 5.1. This compilation and evaluation is performed in order to try
to establish petrophysical signatures of certain rock types and investigate the possibilities
of distinguishing different rock types based on their petrophysical properties. It is also
performed in order to compare the logging data of specific rock types to their petrophysical
signatures.

Since this is the first interpretation of borehole geophysical data during the site
investigation in Simpevarp, another purpose of this project is to evaluate the technique

of establishing pseudogeological loggings and also to help implementing the results
from this investigation with the tools used for geological bedrock logging (Boremap) and
“single-hole interpretation” later on.



3 Equipment

3.1 Description of equipment

The software used for the interpretation are WellCad v3.2 (ALT), which is mainly used
for plotting, Grapher v4 (Golden Software), mainly used for plotting and some statistical
analyses, and a number of in-house software developed by GeoVista AB on behalf of
SKB AB. A description in Swedish of the in-house software is given in Appendix 2.
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4 Execution

The execution of the interpretation can be summarized in the following five steps:

1. Preparations of the logging data (calculations of noise levels, error estimations,
re-sampling, drift correction, length adjustment, correction of resistivity loggings for
fluid resistivity and borehole diameter, calculation of salinity, calculation of vertical
temperature gradient).

2. Interpretation of rock types (classification to pseudo bedrock logging based on
analyses of the density, magnetic susceptibility and natural gamma radiation loggings.
Calculation of silicate density). Co-variance matrices (rock type signature) are calculated
for each rock type respectively. The calculations are performed by using logging data
from sections of a mapped borehole as reference. Petrophysical data are also used
to support the calculations. The rock type classification is performed by use of the
Maximum likelihood method. See Chapter 5 for details regarding KSHOTA.

3. Interpretation of fractures (classification to pseudo fracture logging based on analyses
of the lateral and normal resistivity, caliper and single point resistance loggings,
calculation of apparent porosity). The position of large fractures is estimatedcalculated
by applying a second derivative filter to the logging data and then locating maxima (or
minima depending on the logging method) in the filtered logging. Maxima (or minima)
above (below) a certain threshold value are selected as probable fractures. The result
is presented as a “mud logg” (column diagram) where column height 0 = no fracture,
column height 1 = fracture indicated by one logging method, column height 2 = fracture
indicated by two logging methods and so on. The estimated fracture frequency is
calculated by applying a power function to the weighted sum of the maxima (minima)
derivative loggings. See Chapter 5 for details regarding KSHO1A.

4. Report evaluating the results and comparison to data from the preliminary geological
bedrock logging (Boremap), (this report).

5. Support during implementation of the results into the software tools used during
geological bedrock logging (Boremap) and “single-hole interpretation”.

4.1 Handling and preparations of the logging data

All logging data were downloaded from the SKB database SICADA via the internet. Data
from each method were stored on tab-separated ASCII-files and the two columns containing
section coordinate and the corresponding data values were then saved separately as standard
ASClI-files. The data processing was performed on the latter files (Figures 4-1a and b).
Rock type information from the preliminary geological bedrock logging (Boremap) was
delivered via email.

The data were checked for spikes and/or other obvious incorrect data points. No such data
were detected. According to information from the performance of the logging measurements
the depth from the ground surface down to solid rock is ¢ 12 m, i.e. casing length. Logging
data from the uppermost 14 m of the borehole were therefore excluded to avoid erroneous
results.

13
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Noise levels for all logging methods were calculated over the entire borehole-length and in
40 m long sections. The results are presented in Table 4-1. The density and natural gamma
radiation loggings have noise levels above the recommended maximum level, but after
median filtering of these loggings the noise levels decrease significantly (density noise after
median filtering = 10 kg/m’ and natural gamma noise after median filtering = 0.8 pR/h.
Both values were calculated for the entire borehole).

An ocular inspection and comparison of the depth of significant anomalies in the data
clearly indicates that the there is a depth mismatch between the magnetic susceptibility
logging and the density and natural gamma radiation loggings. The mismatch is depth
dependent and averages at ¢ 0.2 m. A depth correction of the susceptibility logging was
performed in WellCad with the natural gamma radiation logging as reference. There are
also indications of a slight mismatch between anomalies in the geophysical loggings and
rock boundaries indicated in the geological bedrock logging (Boremap). No correction was
however made for this possible mismatch since the geological bedrock logging (Boremap)
is only preliminary.

Table 4-1. Noise levels in geophysical logging data from the percussion drilled part of
the borehole KSHO1A.

Logging method Noise level Noise level Recommended max
(entire hole) (40 m sections) noise level
Density (kg/m?) 23.2 10-50 m = 23.1 3-5
50-90 m=21.8
Magnetic susceptibility (SI) 9*10-5 10-50 m = 9*10-5 1*10—4
50-90 m = 8*10-5
Natural gamma radiation (uR/h) 2.0 10-50m=1.8 0.3
50-90 m=2.0
Lateral resistivity (%) 0.6 10-50 m=0.7 2
50-90 m=0.4
Normal resistivity (%) 1.0 10-50m=1.6 2
50-90 m=0.5
Single point resistance (%) 0.2 10-50 m=0.3 No value
50-90 m =0.1
Fluid resistivity (%) 0.1 10-50 m = 0.1 2
50-90 m =0.1
Fluid temperature (°C) 0.01 10-50 m = 0.02 0.01
50-90 m = 0.01
Caliper (m) 0.00014 10-50 m = 0.00016  0.0005

50-90 m = 0.00014

16



5 Results

5.1

Comparison between logging and petrophysical data

A preliminary compilation of some petrophysical parameters for a selection of rock types
was performed on data from the petrophysical sampling executed by GeoVista AB 2002 /2/,
on data from a SKB-report by Nisca /3/ and on data from core samples from the two cored

boreholes KLLX01 and KASO02 /4/ (Table 5-1).

The density and the porosity data agree fairly well for each rock type respectively between
the four samplings, ref A—D in Table 5-1. The magnetic susceptibility data from the two
surface samplings (ref A and B) are consistent. Significantly lower values, approximately
one order of magnitude, are seen in the magnetic susceptibility measured on mafic volcanite
samples from KLX01 and KASO2 compared to the surface samplings. However, these
differences may partly be explained by the uncertainty in composition of these rocks. The
“mafic volcanic” rock samples from KLXO1 indicate both diorite and basaltic mineral
compositions when plotting them in a density — susceptibility classification diagram. Their
magnetic susceptibilities vary greatly and the magnetization of some samples is completely
governed by paramagnetic minerals (no presence of magnetite, pyrrhotite or hematite),
whereas others have susceptibilities corresponding to a magnetite content of as much as
1-10 volume percent. The mafic rock samples from the surface sampling during 2002 seem
to have a more pure basic composition and they most likely originated from a gabbroic rock.
The data from the resistivity measurements agree fairly well within each rock type since the
values generally fall within the same order of magnitude.

Table 5-1. Petrophysical parameters for a selection of rock types in the Simpevarp area.
Reference A = sampling 2002 /2/, reference B = sampling Nisca /3/, reference C = data
from KLXO01 /4/ and reference D = data from KAS02 /4/.

Rock type Reference Density Magnetic Electric resisti-  Porosity (%)
(kg/m?) susceptibility vity (kQm) std std in decades
(Sl) std in in decades
decades

Porphyritic granite A 2,690 std =35 0.024 std = 0.20 16.2std =0.2 0.6 std =0.1

B 2,700 std =40 0.020 std = 0.34 no data no data

C 2,670std=10 0.022 std = 0.10 10.7 std = 0.1 0.3std=0.1

D no data no data no data no data
Quartzmonzonite to A 2,790 std =33 0.036 std = 0.14 15.4std =0.2 0.5std =0.1
monzodiorite B 2,780std=30 0.035std=0.73 nodata no data

C no data no data no data no data

D 2,780std=20 0.021std=0.2 7.2std=0.2 0.3std=0.2
Metavolcanic rock A 2,800std=52 0.033std=0.84 54.6std=04 0.3std=0.2
(Simpevarp peninsula B 2,810std=70 0.009 std = 0.53 no data no data
ref 1) C no data no data no data no data

D no data no data no data no data
Gabbro/mafic rock A 2,967 std =33 0.037 std =0.75 19.9std =0.2 0.3 std =0.1
(interm. to mafic B 2910std=60 0.058 std = 0.41 no data no data
volcanite ref 3 and 4) C 2,930 std=50 0.003 std = 0.60 25.4std=0.2 0.1std=0.2

D 2,900 std=60 0.004 std =0.7 10.0std =0.8 0.2std=0.7
Fine grained granite A 2,620 std=6 0.005std=0.25 27.9std=0.2 0.6 std =0.1
(aplite dykes in ref 1 B 2,640std=20 0.002 std = 0.85 no data no data
and 4) Cc no data no data no data no data

D 2,640std=20 0.004 std = 0.6 14.7 std = 0.3 0.3std=0.3
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According to the preliminary geological logging (Boremap) of the percussion drilled part
of KSHO1A the bedrock of the borehole is completely dominated by quartzmonzonite to
monzodiorite, with the exception of a few ¢ 0.1-1.0 m wide aplite dykes and one pegmatite
dyke that crosscuts the investigated section. An inspection of the density, magnetic
susceptibility and natural gamma radiation loggings however seems to indicate that the
“quartzmonzonite to monzodiorite” displays two significantly different signals in magnetic
susceptibility (Figure 5-1). During “training” of the rock classification software and when
comparing logging data to petrophysical data the quartzmonzonite to monzodiorite is
therefore divided into a “low magnetic” and a “high magnetic” part. If desirable, these

two parts can be plotted as one and the same rock type after the performance of the
classification. However, without this kind of division the magnetic susceptibility logging
would be more or less useless as a rock type indicator in this and in future investigations.

It is also possible that the difference in magnetic susceptibility within the quartzmonzonite
to monzodiorite may be of geological significance. It could, for example, indicate chemical
alteration or low degree of deformation

The density and magnetic susceptibility data from the two surface samplings /2/ and /3/
and logging data from KSHO1A show only moderate correlation between the different data
sets (Figure 5-2). The density of the “high magnetic” quartzmonzonite to monzodiorite
(geophysical logging data) is in good accordance with the petrophysical measurements,
but the magnetic susceptibility is ¢ four times lower. The “low magnetic” quartzmonzonite
to monzodiorite has c eight times lower susceptibility than the “high magnetic” and note
that also the density is clearly lower (phighmag = 2,785 kg/m?, plowmag = 2,700 kg/m?).
It appears as if by shifting the logging data to higher susceptibilities (3—4 times higher)
and higher densities (+ 30-60 kg) we could increase the correlation between logging and
petrophysical data. One reason for the discrepancies may possibly be the unusually wide
borehole diameter, which may affect the signals read by the logging tools.

(|
? |
68.0 E/B ()
14
i ) 7 |
700 H <] \5'
720 [ _ / :
Quartzmonzonite to E R — 4
[ ility 1 i -
monzodiorite Q—‘:) E ihility logging %
740 H 1 s
{Boremap) l g =
L | Matural gamma
76.0 I 8
2 Density logging q i
78.0 b { |
: < ) il
] i \K "
il |
g0.0 T { i
i = <
2 I
82.0 H 5 I

Figure 5-1. Geophysical logging data and preliminary geological logging (Boremap) data from
the section 68—83 m of KSHOIA (percussion drilled part).
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Figure 5-2. Diagram presenting petrophysical data (crosses) and logging data (rings KSHOIA
and triangle KLX02) for some rock types related to the investigation of the borehole KSHOIA.

5.2 Correction of resisitivty loggings and apparent porosity

The data of the resistivity loggings are corrected for the influence of the borehole diameter
and the borehole fluid resistivity. Corrected normal and lateral resistivity loggings are
shown in Figure 5-3 (top graph). The average level of the corrected normal resistivity is
=500 Qm and for the lateral resistivity it is = 8,300 Qm. The corrected lateral resistivity
agrees well with the petrophysical data that indicate ¢ 7,000-15,000 Qm for the
quartzmonzonite to monzodiorite, whereas the normal resistivity is significantly lower.

The lateral and normal resistivity loggings show almost perfect negative correlation before
as well as after the performance of the correction, i.e. positive anomalies in the lateral
resistivity logging corresponds to negative anomalies in the normal resistivity logging.

The reason for this is not fully understood. In the “normal” case both loggings should have
minima at, or near, a low resistivity zone, for example a water-filled fracture (even though
the anomaly of the lateral resistivity is asymmetric). In this case one of the loggings seems
to indicate maxima instead. When comparing the position of caliper anomalies to anomalies
in the lateral and resistivity loggings, it appears as if the normal logging identifies the
position of a fracture with a minimum and the lateral with a maximum.
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In resistivity logging measurements it is important that the measurement probe is positioned
in the centre of the borehole, and this becomes even more important if the borehole diameter
is large and the electrode distance is comparatively short, which is the case for percussion
drilled boreholes. A deviation in the probe position may in such cases give rise to erroneous
data readings.

The apparent porosity is calculated during the correction of the lateral and normal resistivity
loggings. The calculation is based on Archie’s law (63 = a 6,, 0™ + G,,,). A least squares
curve fit on resistivity and porosity data measured on the rock samples is required to
determine the three unknown constants “a”, “m” and “c,”. A curve fit was performed on

the data from the petrophysical sampling 2002 /2/ and the constants were estimated at

a=20
m=1.7
6s =10-5S/m

The estimated porosity loggings are presented in Figure 5-3 (bottom graph). The apparent
porosity based on the lateral resistivity data is in fairly good accordance with petrophysical
data (0.5-1%). At 95 m depth the apparent porosity drops to zero as a result of a major
peak in the corrected lateral resistivity (cut out in Figure 5-3), which is created by the large
decrease in fluid resistivity at that depth (Figure 4-1b). This decrease is most likely caused
by the presence of saline water in the borehole. The drop in resistivity is so large and occurs
over such a short distance that the correction method does not manage to compensate for it.
The porosities estimated from the normal resistivity logging are 3—8 times larger than those
estimated from the lateral resistivity logging and measured on petrophysical samples.
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5.3 Vertical temperature gradient

The vertical temperature gradient was calculated from the fluid temperature logging for
9 m sections /5/ (Figure 5-4). The data are rather noisy, which may indicate that the
borehole was not in thermal equilibrium when the measurements were performed. The
gradient anomaly at ¢ 45 m depth may be related to the increased fracturing which is
indicated for this section of the borehole. The average temperature gradient over the
entire borehole is close to zero.

5.4 Salinity

The water salinity is calculated as ppm NaCl in water following the simple relation from
Crain’s Petrophysical Handbook where:

400000

WS =
(1.8¢+32)08 p

WS = Water salinity (ppm NaCl), ¢ = temperature (°C) and p = resistivity (Q2m). The
estimated salinity (Figure 5-5) averages at ¢ 270 ppm NaCl for the uppermost 80 m of
the borehole, and at ¢ 90 m depth it increases rapidly to ¢ 1,100 ppm NaCl, most likely
indicating the presence of saline water.

5.5 Interpretation of rock types

The interpretation of rock types was performed by the use of so called maximum likelihood
classification. The thresh-method was excluded due to the rather poor correlation between
geophysical logging and petrophysical data. As stated before the quartzmonzonite to
monzodiorite was divided into a low magnetic and a high magnetic part. Co-variance
matrices were calculated by the use of so called training sections, which means that the
signature of different rock types is defined by letting the software “practice” on “known”
rock types along a certain section of a borehole. The selected training sections for KSHO1A
were

* High magnetic quartzmonzonite to monzodiorite: 27.5-31 m, 51-53 m, 60.5-63 m and
80-84 m.

* Low magnetic quartzmonzonite to monzodiorite: 67.5-69.5 m and 72-74.5 m.

* Aplite dyke (fine-grained granite): 47.5-48.2 m.
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Figure 5-4. Vertical fluid temperature gradient and borehole fluid temperature for KSHOIA
(percussion drilled part).
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Figure 5-5. Calculated salinity in ppm NaCl for the percussion drilled part of KSHOIA.
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This means that the above listed rock types are the only possible rock types that can come
out of the classification. To allow a possible classification of a more mafic rock type a
co-variance matrix was therefore also calculated for mafic volcanite rock of KLX02. The
training sections of this rock were chosen on the basis of the rock classification (geological
mapping), which was downloaded together with the geophysical logging data from
SICADA. The calculated co-variance matrices for all used rock types are listed below.

Quartzmonzonite to monzodiorite

0.052486 0.196834 —-0.241074
0.055284 0.024614 —0.034032
0.024614 0.233199 0.000391
—0.034032 0.000391 0.073852
Quartzmonzonite to monzodiorite (low magnetic)
—1.803361 —0.712372 0.136903
0.025008 0.018734 —0.033255
0.018734 0.175232 —0.041362
—0.033255 —0.041362 0.125991
Fine-grained granite
—1.876511 —2.535494 4.316596
0.089125 0.189585 —0.388281
0.189585 0.449777 —0.739472
—0.388281 —0.739472 2.025803
Mafic volcanite
—1.277308 1.141177 0.135216
0.483601 0.024566 —0.046657
0.024566 0.30584 —0.157647
—0.046657 —0.157647 0.161276

The results of the maximum likelihood classification are presented in Figure 5-6 toget
her with the calculated silicate density and the preliminary geological (Boremap) rock
classification. The colors of the rock types follow the SKB standard, except that the
occurrence of low magnetic quartzmonzonite to monzodiorite is indicated by blue dots.
Unclassified sections are indicated by white color.

Almost the entire borehole has been classified and only a few short none-classified
sections appear in scattered places. In general there is a good accordance between the
preliminary geological (Boremap) logging and the geophysical pseudo bedrock logging,
even though the pseudo logging shows a more varying pattern. Most of the borehole is
classified as quartzmonzonite to monzodiorite, see also Appendix 1. The most obvious
exception occurs along the uppermost ¢ 10 m section of the borehole, which is classified
mainly as mafic volcanite, in contrast to the preliminary geological (Boremap) logging that
indicates quartzmonzonite to monzodiorite. The geophysical classification solely depends
on the high density values of 2,850-2,900 kg/m’ that rule out any other rock type than
mafic volcanite. The high densities along this section are also the reason for the failure of
identifying the three uppermost occurring aplite dykes, even though the dykes give rise

to significant positive anomalies in the natural gamma logging. The following two dykes,
at ¢ 45 m and 48 m depth are correctly identified. The thin pegmatite dyke at depth

94 m can not be identified since no covariance matrix exists for this rock type. It should
be noted that there is an obvious correlation between “wrong” bedrock classification and
the occurrence of fractures (the interpretation of fractures is presented in section 5.6).
Fractures will of course alter the physical properties of the rocks (lower density and
generally lower magnetic susceptibility), which then affects the result of the geophysical
classification. The geophysical pseudo bedrock classification logging should therefore
always be viewed together with the pseudo fracture logging.
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5.6 Interpretation of fractures

The interpretation of large fractures (pseudo fractures) was performed by identifying
anomalies in the normal resistivity logging, the caliper logging and the single point
resistance (SPR) logging respectively (the lateral logging was excluded due to the results
presented in section 5.2). The position of large fractures is estimatedcalculated by applying
a second derivative filter to the logging data and then locating maxima (or minima
depending on the logging method) in the filtered logging. Maxima (or minima) above
(below) a certain threshold value (Table 5-2) are selected as probable fractures. The result
is presented as a “mud logg” (column diagram) where column height 0 = no fracture,
column height 1 = fracture indicated by one logging method, column height 2 = fracture
indicated by two logging methods and so on. The estimated fracture frequency is calculated
by applying a power function to the weighted sum (Table 5-2) of the maxima (minima)
derivative loggings. The power function used for KSHO1A is:

Pseudo fracture frequency = 2.2 *weightsum®°

The result is presented as a litho-logging in WellCad where the fracture frequency is divided
into three different levels indicated by colors:

White = 0-3 fractures/m (see note below)
Light grey = 3-6 fractures/m
Dark grey = More than 6 fractures/m

The width of the colored section also indicates variation in pseudo fracture frequency within

each level (Figure 5-6, column Integr. Pseu. Fract, see also Appendix 1).

Table 5-2. Threshold values and weights used for estimating position of fractures and
calculate pseudo fracture frequency, respectively.

Parameter SPR Normal resistivity Caliper
Threshold value 0.3 1.5 0.2
Weight 1.0 0.1 Not used
NOTE!

The estimation of pseudo fracture frequency requires a calculation of the relation (a power
function) between the estimated fracture frequency (from geophysical loggings) and the
true fracture frequency from geological mapping. This relation has been established by the
use of existing data from KLXO01. However, KLLXO1 is a cored borehole with a significantly
smaller diameter than KSHO1A, and KLXO01 is situated in a slightly different geological
environment. The pseudo fracture frequency presented in Figure 5-6 must therefore be
regarded as a qualitative indication of how the fracture frequency varies with depth along
the investigated section of KSHO1A. A calculation of a power function valid for percussion
drilled boreholes will be performed as soon as geological fracture frequency data (from e.g.
BIPS-logging) are available.

The delivered data have been inserted in the database (SICADA) of SKB. The SICADA
reference to the present activity is field note no 264.
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Figure 5-6. Preliminary geological (Boremap) bedrock logging, geophysical pseudo bedrock
logging (Maximum likelihood method), pseudo fracture logging, pseudo fracture frequency logging
and silicate density for the percussion drilled part of KSHOIA. See also Appendix 1.
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6 Discussion

The compilation of petrophysical data from previous investigations /2, 3 and 4/ shows a
fairly good correlation between the different data sets, and it indicates that fine grained
granite dykes (aplites), basic (mafic) volcanites and porphyritic granites should be

possible to identify on basis of their differences in physical properties. Quartzmonzonite

to monzodiorite and meta-volcanite from the Simpevarp peninsula should also be able

to identify, but these two rock types can not be separated from each other. However, the
comparison between logging data from KSHO1A (percussion drilled part) and petrophysical
data indicates a rather poor correlation. It is possible that the wide borehole diameter in
combination with a coarse inner surface created by the percussion drilling technique leads
to uncertain data reading since the logging equipment used for these investigations was
developed for narrower diameters and cored boreholes. We therefore suggest that in the
interpretation of future percussion drilled bore holes the main emphasis should be put on
signature differences in logging data created by the use of training sections, and less

weight is put to the true petrophysical signature of each rock type. This means that the
classification procedure requires training sections as soon as a new rock type occurs in a
borehole. However, the number of “unknown’ rock types is probably limited and ought to
be covered after a few more boreholes. As a result of this investigation signatures already
exist for aplite dykes, mafic volcanic rocks and quartzmonzonite to monzodiorite (including
meta-volcanite from the Simpevarp peninsula).

Since the lateral resistivity logging indicates positive anomalies when passing over fracture
zones and it is also negatively correlated to the SPR and normal resistivity loggings we
suggest after discussions with SKB that the lateral resistivity logging is excluded when
interpreting fractures in percussion drilled boreholes. However, the lateral resistivity logging
seems to indicate the correct level of resistivity of the bedrock, which the normal logging
does not, and is therefore needed in estimating the average porosity of different sections of
the borehole. Care must thus be taken when looking at high frequency variations in porosity
since porosity peaks probably correspond to lower true porosity values, and vice versa, due
to the inverted behavior of the lateral resistivity logging discussed above.

A suggestion of improvement for future classifications is to add a manual interpretation as a
last stage before delivering the results. In such interpretation, which must be brief, obvious
miss-interpretations due to shortcomings of the automatic classification should be manually
corrected. One such example is the failure of identifying thin aplite dykes due to the inertia
of the density logging in spite of the clear radiation signature of these rocks.
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Pseudogeological interpretation of geophysical borehole
logging data in the percussion drilled part of KSHO1A
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Appendix 2

Kort manual for program utvecklade av GeoVista AB for
tolkning av geologi fran geofysiska loggar

GeoVista AB Hans Thunehed
Allmént:

Programmen &r skrivna i Fortran 90 och kompilerade och linkade med Compaq Visual
Fortran version 6.6. Programmen &r utvecklade som s.k. Quick-Win-applikationer och
startas darfor lampligen fran ett kommandofonster (DOS-Prompt) genom att namnet pa
programmet skrivs. For att detta ska fungera maste programmet finnas pa aktuell filkatalog
eller (bittre) sa kopieras alla program till en katalog som anges i PATH-variabeln i
autoexec.bat. Indata och utdata fran programmet 4r i huvudsak namn pa datafiler. Dessa
maste anges med fullstindig sokvig (t.ex. c:\data\testomrade\bearb\ABCO1\sonic.dat) eller
(bittre) sa kors programmet fran den katalog dar datafilerna finns.

Nedan f6ljer en kort beskrivning och instruktion for respektive program (i bokstavsordning).
4thdiff

Detta program uppskattar brusnivaer i data genom berdkning av normerad fjardedifferens.
Berikningen kan goras for delsektioner av borrhalet. Anvindaren anger langden pa
sektionerna i antal métpunkter (t.ex. 500 punkter och 0.1 m punktavstand ger sektionslangd
50 m). Indatafilen ska vara en ASCII-fil i tabellformat dir den forsta kolumnen utgor
sektionskoordinat. Ekvidistant sampling dr underforstadd. Godtycklig kolumn i datafilen
kan hanteras. Eventuella textrader i filen ignoreras. I en utdatafil skrivs foljande

ut: sektionernas start-, slut- och mittkoordinat samt fjardedifferensens varians och
standardavvikelse.

Average

Detta program medelvirdesfilterar data och uppskattar dessutom brusnivaer i data genom
berdkning av residualen efter filtrering. Brusuppskattningen kan goéras for delsektioner av
borrhalet. Anvindaren anger lingden pa sektionerna i antal matpunkter (t.ex. 500 punkter
och 0.1 m punktavstand ger sektionsldngd 50 m). Filtrering i linjér eller logaritmisk skala
anges. Vid filtrering i logaritmisk skala fas variansen i dekader och standardavvikelsen i % i
utdatafilen.

Det dr mojligt att undvika att kraftiga geologiska anomalier och outliers paverkar
brusuppskattningen genom att ett visst antal % av de storsta och minsta (negativa)
residualvirdena stryks. Filtrets lingd anges av anvéndaren. Filtret kan antingen vara

ett rent medelvirdesfilter eller ett filter med hogre vikt for centrala punkter (“tapered filter”,
relativa vikter = 1,2,3 ... (filterlingd/2+0.5) ... 3,2,1).

Indatafilen ska vara en ASCII-fil i tabellformat dir den forsta kolumnen utgor
sektionskoordinat. Ekvidistant sampling &r underforstadd. Godtycklig kolumn i datafilen
kan hanteras. Eventuella textrader i filen ignoreras. Tva utdatafiler anges. I den ena hamnar
den filtrerade datakolumnen. I den andra utdatafilen skrivs foljande ut: sektionernas start-,
slut- och mittkoordinat samt residualens varians och standardavvikelse.
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Calib

Detta program kalibrerar métdata genom att ett regressionssamband mellan loggdata och
petrofysiska (eller andra tillimpbara) métningar berdknas. Indatafilen ska vara en ASCII-fil
i tabellformat dir den forsta kolumnen utgor sektionskoordinat. Eventuella textrader i filen
ignoreras. Godtycklig kolumn i datafilen kan hanteras. Dessutom anges en kalibreringsfil.
Denna utgors av en ASCII tabellfil dir den forsta kolumnen utgors av okalibrerade loggdata
vid provtagningspunkter och den andra kolumnen utgors av petrofysiska métningar pa
kdrnan (eller motsvarande). Anvindaren anger om minsta-kvadrat-summa eller minsta-
absolutvidrde-summa ska anvindas som norm vid anpassningen av kalibreringssamband.
Den senare dr mer okénslig for outliers. Dessutom véljer man mellan linjér, linjdr genom
origo eller kvadratisk (endast minsta-kvadrat) anpassning. Regressionskoefficienternas
varde skrivs ut pa skarmen och darefter kalibreras angiven kolumn i indatafilen och
resultatet skrivs ut pa en utdatafil. Notera att kalibreringsfilen kan bygga pa mitdata

fran ett annat borrhal.

Despike

Detta program soker efter outliers i data och ersitter dessa med interpolerade virden fran
omgivningen. Indatafilen ska vara en ASCII-fil i tabellformat dér den forsta kolumnen utgor
sektionskoordinat. Ekvidistant sampling &r underforstadd. Godtycklig kolumn i datafilen
kan hanteras. Eventuella textrader i filen ignoreras. Algoritmen baserar sig pa berikning

av andraderivata (krokning). Flera pa varandra foljande felaktiga men ungefir lika stora
matvirden hanteras darfor inte. Den filtrerade datakolumnen skrivs ut pa en utdatafil.

Drift_susc

Detta program uppskattar drift i susceptibilitetsloggdata orsakad av t.ex. temperatur-
variationer och korrigerar for denna drift. Indatafilen ska vara en ASCII-fil i tabellformat dér
den forsta kolumnen utgor sektionskoordinat. Godtycklig kolumn i datafilen kan hanteras.
Eventuella textrader i filen ignoreras. Algoritmen forutsitter att petrofysiska data finns
tillgédngliga. Dessa ska finnas 1 en fil med tre kolumner: 1/ sektionskoordinat 2/ Uppmatt
susceptibilitet pa kidrnan 3/ Virde fran susceptibilitetsloggen. Programmet forutsitter att
loggen redan &r kalibrerad. Den korrigerade datakolumnen skrivs ut pa en utdatafil. Notera
att loggen kan vara kalibrerad med hjilp av data fran ett annat hal. For att algoritmen ska
lyckas identifiera driften &r det viktigt att petrofysiska data fran lagmagnetiska prover finns
fran olika delar av hélet.

Fract_det

Detta program identifierar anomalier som kan vara orsakade av sprickor. Det kan
anvindas pa loggar dér sprickor ger upphov till mer eller mindre symmetriska anomalier
som sammanfaller med sprickan i friga. Exempel pa sddana loggar &r sonic, caliper och
single point resistance (SPR). Resistivitetsdata ska inte vara logaritmerade. Indatafilen

ska vara en ASCII-fil i tabellformat dir den forsta kolumnen utgor sektionskoordinat.
Ekvidistant sampling dr underforstadd. Godtycklig kolumn i datafilen kan hanteras.
Eventuella textrader i filen ignoreras. Algoritmen baserar sig pa berdkning av andraderivata
(krokning). Algoritmen arbetar i foljande steg dir delresultaten skrivs ut pa en utdatafil: 1/
Andraderivatan berdknas genom filtrering och normeras mot sin egen standardavvikelse 2/
Virdena filtreras med ett medelvérdesfilter 3/ Alla punkter i nirheten av (+4 métpunkter)
lokala maxima siitts till noll. 4/ Lokala maxima jamfors med ett troskelvirde. Om

virdet dr storre dn troskelvirdet blir resultatet 1 annars 0. Utdatafilen har kolumner {fo6r
sektionskoordinat, originaldata samt resultaten av de fyra stegen ovan.
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Fract_group

De sprickor som identifierats med hjilp av fract_det, fract_latres och fract_normres vigs
samman med detta program. I en listfil anges indata som: en rad med namn pa utdatafil

fran nagot av ovanstaende program och en rad som anger i vilken kolumn binira sprickdata
finns och vilket viktfaktor som ska multipliceras med dessa binéra data. Dessa uppgifter kan
sedan upprepas ett godtyckligt antal ganger. Det &r t.ex. mojligt att anvdanda sonicloggen

tva ganger med olika troskelvirden och eventuellt med olika vikter for att skilja kraftiga
anomalier fran svagare.

Exempel pa listfil:

sprl_5.dat - namn pa indatafil

6 - kolumnnummer med binira sprickdata
1 - viktfaktor

spr2_0.dat - namn pa nésta indatafil osv...

Filerna behover inte ticka exakt samma del av borrhélet. Den forsta filen i listan anvénds
dock for initiering av vissa interna parametrar och maste darfor tiacka storre delen av
aktuellt omrade i halet. Om sprickidentifiering har gjorts pa narliggande (+2) métpunkter
slas de samman till den mittersta positionen.

Fract_latres

Detta program identifierar anomalier i lateral resistivitet som kan vara orsakade av
sprickor. Denna logg ger upphov till asymmetriska anomalier och ett dekonvolveringsfilter
har berdknats. En forutsittning for att filtret ska fungera &r att avstandet mellan
stromelektroden och den ndrmaste potentialelektroden dr 16 ganger métpunktsavstandet.
Nya filterkoefficienter maste berdknas for andra geometrier. Indatafilen ska vara en ASCII-
fil i tabellformat dér den forsta kolumnen utgor sektionskoordinat. Ekvidistant sampling &r
underforstadd. Resistivitetsdata ska inte vara logaritmerade, detta gors internt i programmet.
Godtycklig kolumn i datafilen kan hanteras. Eventuella textrader i filen ignoreras.
Algoritmen arbetar i féljande steg dér delresultaten skrivs ut pa en utdatafil: 1/ Filtrering
sker och resultatet normeras mot sin egen standardavvikelse 2/ Virdena filtreras med ett
medelvérdesfilter 3/ Alla punkter i nirheten av (+4 métpunkter) lokala maxima sétts till
noll. 4/ Lokala maxima jamfors med ett troskelvirde. Om vérdet &r storre dn troskelvirdet
blir resultatet 1 annars 0. Utdatafilen har kolumner for sektionskoordinat, originaldata samt
resultaten av de fyra stegen ovan.

Fract normres

Detta program identifierar anomalier i normal resistivitet som kan vara orsakade av sprickor.
Denna logg ger upphov till anomalier som bestar av dubbla kurvaturmaxima. Kurvatur
(andraderivata) beriknas genom filtrering. De virden som motsvarar ett avstand lika med
elektrodavstandet multipliceras sedan med varandra. Indatafilen ska vara en ASCII-fil i
tabellformat dir den forsta kolumnen utgor sektionskoordinat. Ekvidistant sampling &r
underforstadd. Godtycklig kolumn i datafilen kan hanteras. Eventuella textrader i filen
ignoreras. Algoritmen arbetar i foljande steg dér delresultaten skrivs ut pa en utdatafil:

1/ Filtrering och multiplikation sker och resultatet normeras mot sin egen standardavvikelse
2/ Virdena filtreras med ett medelvérdesfilter 3/ Alla punkter i ndrheten av (+4 métpunkter)
lokala maxima siitts till noll. 4/ Lokala maxima jamfors med ett troskelviarde. Om

virdet dr storre dn troskelvirdet blir resultatet 1 annars 0. Utdatafilen har kolumner {for
sektionskoordinat, originaldata samt resultaten av de fyra stegen ovan.
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Integr_fract

Detta program tar fram sektioner med likartad sprickfrekvens fran identifierade sprickor
med Fract_*-programmen (kolumn 5) via sumImsect. Minsta sektionsléangd ir 5 m varfor
indata ska vara medelvirdesbildade till samma ldngd. Kalibreringssambandet mellan indata
och karterad sprickfrekvens beskrivs med en power-funktion:

Sprickfrekv = A -indata®

Koefficienterna A och B dr hardkodade i nuvarande version av programmet. Indatafilen dr
en ASCII-fil dér den forsta kolumnen utgor koordinat och den andra kolumnen ir indata.
Indata kan vara ett viktat medelvérde fran flera loggmetoder. Utdatafilen &r anpassad for
plottning i WellCad.

Maxlikely

Detta program utfor maximume-likelyhood-klassificering av loggdata. Programmet anvinder
sig av y—y-, naturlig y-, magn.susc- och soniclogg. Indata specificeras i en listfil. Ett
exempel pa en sddan kan ses nedan (rader som borjar med ** dr kommentarer). Indatafilen
ar en ASCII-fil med kolumner for loggarna ovan och dessutom sektionskoordinat i den
forsta kolumnen. Det kan vara en god idé att medianfiltrera loggarna innan klassificeringen.

For klassificeringen krévs att kovarianser mellan de olika loggtyperna finns berdknade.
Dessa kan fas genom att en fil med petrofysikdata anges i listfilen. Denna ska innehélla
kolumner for sektionskoordinat, magn. susc., densitet, naturlig y-stralning, sonic och
bergartskod. Om petrofysikdata inte finns for ndgon av loggarna (t.ex. naturlig y-stralning)
kan de ersittas med métvirden fran loggdata pa positioner med kidnda bergarter (“training
areas”). Programmet berdknar sedan skalerade kovariansmatriser for samtliga bergartstyper
och sparar dessa under ett filnamn som anges i listfilen. For att klassificeringar fran olika
borrhal ska vara helt jamforbara dr det dock att foredra att samma kovariansmatriser
anvinds for alla hdl. Om en existerande kovariansfil finns med det namn som anges i
listfilen sa ldses data fran denna.

Om kovariansdata ldses fran fil kravs inte nagon petrofysikfil. I sa fall anges den med
namnet None i listfilen. Om en petrofysikfil anda anges anvinds positionerna for
provtagning for att normera probability-virden. Detta kan krivas eftersom petrofysikdata
inte dr normalfordelade vilket egentligen dr en forutséttning for metoden. Programmet
kommer att uppdateras sa att denna normering gors pa samma sitt for alla hal i ett
undersokningsomrade. Detta kriaver dock utvérdering av ett eller ett par hal forst.

Probability (sannolikhets) virden skrivs ut kolumnvis for alla bergarter i den fil som anges i
listfilen. I den andra utdatafilen delas den loggande sektionen in i delar beroende pa vilken
bergart som har det hogsta probability-virdet. Om alla bergarter har laga virden anges
endast uncl (unclassified).

Exempel pa listfil:

klx01.dat - namn pa indatafil med loggdata

prob.dat - namn pa utdatafil med sannolik bergart

maxlikely.dat - namn pa utdatafil med bergartsklassificering

covar.dat - namn pa covariancematris-filen (skapas om den ej finns)

** Training data; petrophysical measurements on samples

*% or training sections in borehole:

*%* 1st column: coord, 2nd: susc, 3rd: dens, 4th: nat-gamma, Sth: sonic
samples.dat
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*# Column numbers in input file for density, suscept,
** nat-gamma and sonic logs. Coordinate is assumed to
** be first column

2,345

Median

Detta program medianvirdesfilterar data och uppskattar dessutom brusnivaer i data genom
berdkning av residualen efter filtrering. Brusuppskattningen kan goéras for delsektioner av
borrhalet. Anvdndaren anger lingden pa sektionerna i antal mitpunkter (t.ex. 500 punkter
och 0.1 m punktavstand ger sektionsldngd 50 m). Det d4r mojligt att undvika att kraftiga
geologiska anomalier och outliers paverkar brusuppskattningen genom att ett visst antal

% av de storsta och minsta (negativa) residualvirdena stryks. Filtrets lingd anges av
anvédndaren. Indatafilen ska vara en ASCII-fil i tabellformat dér den forsta kolumnen utgor
sektionskoordinat. Ekvidistant sampling &r underforstadd. Godtycklig kolumn i datafilen
kan hanteras. Eventuella textrader i filen ignoreras. Tva utdatafiler anges. I den ena hamnar
den filtrerade datakolumnen. I den andra utdatafilen skrivs foljande ut: sektionernas start-,
slut- och mittkoordinat samt residualens varians och standardavvikelse.

Rho3_appror

Detta program Korrigerar resistivitetsloggar for avvikelse fran den idealiserade geometri
som anvinds vid berdkning av skenbar resistivitet. Korrektion gors alltsa for sondens (p;)
och borrhalsvitskans (p,) resistivitet och att elektroderna dr ringformade och inte punkter.
Den verkliga resistiviteten av berggrunden (ps) berdknas alltsa. Ett par antaganden har
dock gjorts: 1/ Bergmassan betraktas som homogen och isotrop 2/ Cylindrisk symmetri
forutsitts, d.v.s. sonden &r centrerad i borrhalet och haldiametern 4r konstant. Med hjélp av
data om vétskans resistivitet beriknas dessutom en skenbar porositet med hjidlp av Archie’s
lag. Detta forutsitter att en anpassning till denna har gjorts med hjélp av petrofysikdata.
Programmet anvinder en enkel pol-pol-konfiguration for berdkningarna. Eftersom alla
andra konfigurationer kan fas genom superposition fran pol-pol har programmet forberetts
for att kunna rikna pa alla forekommande elektrodkonfigurationer. Tester har dock bara
kunnat goras pa normal och lateral konfiguration.

Programmet ldser information om métsystem och data fran nagra filer. Pa aktuell
katalog ska en fil med namnet log_electrodes.dat finnas. Den innehéller information om
elektrodkonfigurationen. Ett exempel foljer nedan:

1

0.0

1.0

2

1.6256, 1.7272
0.0437

Den forsta raden anger antalet stromelektroder i sonden medan den andra raden anger
positionen av dessa elektroder relativt en godtycklig referenspunkt (i meter). Den tredje
raden anger den relativa stromstyrkan for respektive stromelektrod (alltid 1.0 utom for
fokuserade loggar). Den fjdrde raden anger antalet potentialelektroder och den femte
positionen av dessa relativt samma referens som stromelektroderna. Den sista raden anger
sondens diameter (i meter).
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Pa aktuell katalog ska dessutom en fil med namnet datstruc.dat finnas. Exempel foljer
nedan

kixO1lat.dat

NP~

Den forsta raden anger namnet pa filen med matdata. Nésta rad anger antalet rader i
borjan pa métdatafilen som inte ska anvindas (kommentarer, métningar ovan gvy etc.).
Tredje raden anger antalet kolumner i métdatafilen och sedan foljer kolumnnummer for
skenbar resistivitet, vétskeresistivitet och borrhalsdiameter. Den forsta kolumnen forutsitts
ange sektionskoordinat.

Pa aktuell katalog ska ocksa en fil finnas (inArchie.dat) som anger de konstanter i
Archie’s lag som erhallits vid anpassning till petrofysikdata. Filen har tre rader for a, o
och meter i Archie’s lag (se nedan). Virdet for 6, tas fran korrigerade loggdata och G, fran
vitskeresistivitetsloggen.

G,=a0,¢"+0, (Archie’s lag)

dér o, ér bergets bulkkonduktivitet (i den berérda volymen), G, dr porvitskans
konduktivitet, ¢ dr porositeten, G, dr ytkonduktivitet medan a och m &r konstanter.
Programmet riknar ut porositeten som kan betecknas som skenbar pa grund av de
forenklingar och anpassningar som gjorts.

Anvindaren anger en utdatafil dir korrigerade resistivitetsvirden och skenbar porositet
skrivs ut.

Resamp

Detta program samplar om data. Nya koordinater kan antingen anges som start- och
slutviarde och ekvidistant intervall eller sa kan koordinater ldsas fran en mall ("template”).
Efterfridgade koordinater som ligger utanfor det intervall som tidcks av indata ignoreras.

Programmet fragar efter en indatafil diar den forsta kolumnen utgors av sektionskoordinat
(forutsitts vara ekvidistant eller atminstone néra). Flera av de foljande kolumnerna kan
samplas om samtidigt. Sedan anges vilken av de tva optionerna ovan som Onskas. Om ett
“template” ska anvindas anges ett filnamn. Denna fil behover bara besta av en kolumn som
utgors av koordinater dir nya virden efterfragas. En utdatafil anges diar omsamplade data
skrivs ut.

Sildens

Detta program beréknar silikatdensitet utgaende fran y—y- och magnetisk
susceptibilitetsloggar. En indatafil och kolumnnummer anges. Silikatdensitet skrivs
ut pa en utfil.

Sumlmsect

Detta program medelvirdebildar och sektionerar virden i en kolumn i en indatafil och
skriver ut resultatet i en utdatafil. Medelvirdesbildningen gors i valfri sektionslingd. En
undre troskelgrins pa hur sma viarden som ska tas med i berdkningen kan anges. Den
typiska anvidndningen av programmet dr att preparera indata till Integr_fract.
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Thresh

Detta program utfor klassificering av loggdata baserat pa troskelviarden. Programmet
anvinder sig av y—y-, naturlig y- och magn.susc-logg. Indata specificeras i en listfil. Ett
exempel pa en sadan kan ses nedan (rader som borjar med ** dr kommentarer). Indatafilen
dr en ASCII-fil med kolumner for loggarna ovan och dessutom sektionskoordinat i den
forsta kolumnen. Det kan vara en god id€ att medianfiltrera loggarna innan klassificeringen.

** Input file name

kix01.dat

** Qutput file of threshold classification

pseudo_geol.dat

** File with threshold values

thresh.dat

** Column numbers for density, susceptibility and natural gamma logs in input file
** Coordinate is assumed to be in first column

2,34

Troskelvirdena specificeras i en textfil. Ett exempel kan ses nedan:

densmin densmax  suscmin suscmax gammamin  gammamax code
+2658 -2813 +0.004 null +10.3 -35.7 PSE
+2783 -2977 null -0.005 null -18.5 VB
+2571 -2704 null -0.005 +30.3 null HSC
null null null -0.004 null null PSEIm
null null null null null null uncl

Varje rad svarar mot en mojlig bergart. Ordningen i filen dr hierarkisk sé att en métpunkt
som uppfyller tva eller flera bergarters troskelvirden tilldelas den kod som star forst i listan
av dessa. Filen ska tolkas pa foljande sitt: Mitvirdet jamfors med respektive troskelvirde.
I detta fall ska densiteten vara storre dn (eller lika med) 2658 och mindre dn (eller lika
med) 2813 for att uppfylla densitetsvillkoret for granit, PSE. Om “null” dr angivet som
troskelvérde bortfaller motsvarande villkor. Om alla villkor &r uppfyllda fér den bergart
som star forst i listan tilldelas métpunkten denna kod, om inte gar man vidare till nista
rad i listan. Den sista raden i listan bor bestd av enbart null-virden och ha en kod for
oklassificerade data for att fanga upp matpunkter som inte passar ihop med nagon bergart
i listan. Métpunkter som grénsar till varandra och som har tilldelats samma kod grupperas
ihop till sektioner och dessa sektioner skrivs ut pa utdatafilen.

Train_sect

Detta program skapar kovariansmatriser for senare anvindning med Maxlikely. Dessutom
beridknas P-virden (sannolikhet) for att en viss bergartstyp ska finnas pa en viss position.
Den typiska anvindningen av detta program ir att ta fram petrofysisk information

direkt fran borrhalsloggar for bergarter, omvandlingar mm. som dir vanlig petrofysik
saknas. Programmet styrs med hjélp av en listfil enligt nedan (rader som borjar med **

ar kommentarer). En indatafil innehaller loggdata medan en annan anger en eller flera
sektioner liangs borrhalet dir aktuell bergart forekommer. En utdatafil med P-virden skapas
och i en annan utdatafil skrivs medelvirden och kovarianser ut (viktade). Dessutom skrivs
petrofysikdata for triningssektionerna ut for att mojliggdra uppritning av scattergram.
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Listfil:

st sfe st sheoste sfeosie sfeosie sk sk sk sk st s st seosie st seosie sk sk sk sk st st skt sk skoske skoskok

** File with borehole geophysical data:

kix01.dat

st sk sfe sie e st sk sfe sk sk sk s sfeoske st sk s sk sk st sk sk stk sk sk skt sk skokoteokoskeskokok

** File with secup, seclo for training sections:
PSEIm_train.dat

skt sie sk sk s sk sk sk s skeoskoste sk sk sk sk s sk sk st stk skeoskoskosioskokoskeskokokesk

** QOutput file for covariance and pseudo-petrophysical data:
PSEIm_cv.dat

st sk sfe sie e st sk sfe sk sk sk s sfeoske st sk sk sk sk st sk sk sk sk sk skt sk skokoteokoskoskokok

*% Output file for P-values:

P_PSElm.dat

skt sie sk sk s sk sk sk s skeoskoste sk sk sk sk s sk skoskoste stk skeoskokosioskokoskeskokoksk

** Column numbers in input file for density, suscept,
** nat-gamma and sonic logs. Coordinate is assumed to
** be first column

2,345
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