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Part 1¢ Log analysis and processing functions

1.1Log analysis and processing in Cyclolog

CycloLogontains a wide range of functions for analysing and processing log data. Here we describe how
to use the more basic functions; the use of some of the more advanced functions is described in the parts
that follow.

M®H | AAYy3 /280t2[23Qa lylfteara FdzyOuAazzya

Under the rightclick menu of the log data panthe following three functionsin the Analysismenuare
found:

1 Accumulated thickness
1 Log statistics

1  Histogram

Secaling »
Break Manager
Reservoir Manager

Nl] Reposition

Display 4
Processing 4
| Analysis b” Accumulated Thickness

Transparent Log Statistics

Histogram

TheHistogramfunction is not discussed here. Refer to the Tutori@llusteringand Lithology, part 2.

The Accumulated thicknessunction is used to calculate the total thickness of a section where the log
value lies in a usespecified range. This function can be used for calculations of, for exampl®-gebss.

In the examplen the next pageshe user is interested in the cumulative thickness of sand in the interval
between the two markergl0004100and 50005100 The user has decided to take a-odft value of 60

API. The task, then, is to calculate the depth interval for which the value of the GR log is less than 60. To
do this:

1  Open the log to be analgd (in this case, the GR log).
1  Place the cursor on the log, open the rigtick menu and selée@nalysisiThAccumulated thickness

1  The following dialog box opens:

\\
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Accumulated Thickness @

Input parameters

@ Depth
() Break

Top depth: 3200

Bottom depth: 3663,8

Minimum log: i} |
¥ Interval |
]
Cut-off log: ]
¥ Interval
Maximum log: 150
I
Analysis results
Accumulated thickness interval 1 0 m 0 Yo
b Accumulated thickness interval 2 410,407 m 884878 o ]
[ Recalculate l [ Close l

e ¥

1  The default depth interval is the entiteg: to change this, enter th€op and Bottom depthsof the
interval to be analysed.

1  Enter theCutoff logvalue(60 in this example).

1 The Minimum and Maximum log values (here set to 0 antb() allow the user to exclude any
unwanted outlying values.

1  ClickRecalculate TheAnalysis resultdox gives the cumulative thickness of the intervals for which
the log value is below (interval 1) and abougdrval 2) the cuoff value.The results are given both
in depth units, and as percentages.

If one or more sets of breaks (s&atorial¢ Base Module, part)phave been defined, it may be easier to

specify the interval to be analysed in terms of defined breaks, as follows:

1  Open the log to be analysed (in this case, the GR log).

1  Place the cursor on the log, open the rigiick menu and selée@nalysisiThAccumulated thickness

1  Atthe top of theAccumulated Thicknesdialog box, click th8reakbutton.

1 Forthe breaks that define thEopandBottom depths of the interval to be analysed, select the break

set and break, as in the example below:

\
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v N
Accumulated Thickness @
Input parameters
() Depth
@) Break
Top depth: [Defﬁult break set v] [3308,68 Break 1 v]
Bottom depth: [Defﬁult break set - ] [33?2,18 Break 2 v] i
Minimum log: a i
¥ Interval i
Cut-off log: ] i
¥ Interval
Maximum log: 150
Analysis results I
Accumulated thickness interval 1 0 m 0 Yo
Accumulated thickness interval 2 63,6002 m 100,318 o I
Hl
[ Recaloulate § [ Close
L A

1  Click Recalculate, and read the results as described above

Thelog statisticfunction calculates fronthe minimum and maximum log data values taeerage, root
mean square (RMS), and standard deviation in a-dséined depth interval

Open the log to be analgd (in this case, the GR log).
Place the cursor on the log, open the rigtitk menu and selé@nalysisihLog Statistics
Enter the TopandBottom Depthintervals (default = whole log).

dick RecalculateThe statistic results will be

= = ==| | A

Note that the calculated values cannot be saved.

1.2 Log calculations

A number of basic mathematical functions are available in Log Calculations. Mathematical operations can
be performed for each log Data Pane. The basic mathematical operations available appear in the log data
pane rightclick menu; seledProcessingblLogCalculations

\\
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Scaling »
Break Manager
Reservoir Manager
N1 Reposition
Display 4
I Processing )|| Log Calculations bH Normalize Log
Analysis 14 Log Filters 4 Add Logs
Transparent Log Attributes 4 Siiiractags
Spectral Attributes 4 Multiply Logs
Seismic Calculations » Divide Logs
~hiftleg Integral
Erode Window Derivative
Deposit Logarithm
Add Synthetic Exponent

All Log Calculation operations can be undone (and redone) using any of the following actions:

1  EditfbUndo(Redo); the menu shows the nametbé last action

1 Undo (Redo) icon on the Standambibar

1 ALT + backspace

Several successive actions can be undone/redone (the number is more or less unlimited), and CycloLog

maintains a separate record of actions for edmipdata @ne. This informaon is retained, both when you
save the project, and also if you close and theropen the data pane without saving the project.

Normalize Log Using this option, logs can be normalized as a preparation for@ugstering.

\\
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Normalize GR X

Specify Interval
(® Depth Values Reservoirs

Top
Use depth ~

Depth: 3000

Bottom
Use depth ~

Depth: 3458.8

GR

Minimum: ‘ 0 ‘

Maximum: ‘ 150| ‘

In theNormalize GRnenu aboveMinimum andMaximum/log values are shown. These are the minimum
and maximum measured values of a certain property (e.g., GR) that were measured within the depth
interval specified further down the menu. Even though different values foMimemum and Maximum

can be entered, these manual entries are not applied in any calculations.

The depth interval that you want to use for norngalion can be specified by:

1  Providing depth values for the top and bottom of the interval, or

1  Specifying a complete interval (Reservoir) at once.

To provide depth values, check the buttbepth Values To specify the top of the inteal you want to
use for normaliation, either selectUse depthor Use breakrom the dropdown menu. Wherdsebreak

is selected, an interval can be selected that is added above the breapecifithe bottom of the interval
follow the same workflow as fapecifying its top.

When you cliclOK the normalised log will be saved to the workspacaasn ¢ <name log>

To use a reservoir interval for normali®n, selectthe button Interval and specify a reservoyou defined
earlier (see Tutoriat Base Module, part 6)t is optional to add an interval above and below the specified
reservoir.

\
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Normalize GR X

Specify Interval
() Depth Values (@) Reservoirs

Interval above upper boundary: | ‘

Reservoir: Default reservoir set: Unnamed r v~

Interval below lower boundary: | ‘

GR
Minimum: ‘ 0 ‘
Maximum: ‘ 50 ‘

OK Cancel

The log value at the Top depth will be used as the minimum for ncsatialn, the log value at the Bottom
will be used as the maximum for nornsaion.

Next to normalisation, CycloLog can perform some basic binary mathematical operations on log data.
These are launched from the Processing dialog, which is accessed from the log display.

Add Loggadd one log to another).
SubtractLogs(subtract one log from another).
Multiply Logs(multiply one log by another).
Divide Loggdivide one log by anotr).

Integral (calculde the integral of a log curve).
Derivative (calculatethe derivative of a log curve).

Logarithm(calculate the logaritm of all data values in a log).

= . . a4 _—a _—_a _a _a

Exponent(calculate the inverse logarithm of all data values).

These functions are straightforward in their use in CycloLog analysis and will not be further discussed here.
They are all launched from tiferocessingnenu, which is accessed from the log display Fgitk menu.
In the CycloLog Help manual you can find more details of these functions.

1.4Lo0qg filters

Filtering of log data has a variety of applications, such as smoothing the logs, and entantairy
wavelengths in the datdltering may also be useful in conjunatiavith frequency analysis (sean 2).

To use log filters, you should first make a duplicate of the log to be processed, in order to keep a copy of
the original data.

1 Rightclick over the name of the log in theorkspace

\\
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ClickDuplicate

(To move the new log up the list, drag it to the required place in the list.)

Acopyof the log is added to the list in the workspace; doublick on the log to open it.

Rightclick over the loglata pane andselectProcessingblLog Filters

Select the type of filter to be used: in the illustrated example, Medlian Filterwas used.

In the dialog box, enter the length of the window of analysis to be used (5 was used in the example;
the default is 3), and clidRK

In the processed log, each log value is now replaced with (in this case) the median of the 5 values in
a window centred at that depth.

All log processing operations, including filtering, can be undone: clickUtigo button on the
Standard oolbar. The Undo operation will apply to the currently active log display pane.

If you plan to keep the result, rename the processed log: fidjlok over its name in thevorkspace

selectRename type the new name, and press tkmterkey.

GR - Filtered - Depth domain - .. [ = |[ & [ £2 | GR - Unfiltered - Depth domai... [ = || & |23
Depth domain Depth domain
iell A el A
o -
3250 3260
3270 3270
3280 3280
3230 = 3230 =
3300 3300
3310 3310
3320 3320
3330 3330
3340 3340
jS—
3350 3350 ——
3350 3380
3370 3370
3380 3380 il
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1.5Usingthe Erode and Deposit functions

TheErodeand Depositfunctions respectively remove section from a log, and add synthetic section to a
log. They can be useful for comparing logs from wells in which the succession is similar, but part of the
section in one of the wells is missing (because of faulting, saygredeposition).

¢t2 WSNRRSQ aS0GA2y FTNRY F f23Y

1 In case you want to keep both a copy of the original and the newly created log, make a duplicate of
the originallog.

Open the duplicate log.

Rightclick over the loglata pane andselectProcessingbErode Window

In the dialog box, enter th&éopandBottom depths of the interval to be removed

ClickOK

¢2 dzyR2 G(GKS WSNE RUGob@tdDNhelSiagdgrd tholbdd.fThe@hdo tpkration

= = | = A

will apply to the currently active log display pane.

The result is shown below: the shaley intalhbetween 347gh and 3482mhas been removed, and the
lower part of the log has been moved up to close the gap.

Erode Window | X J

Select window to erode;
Top window: 3472

Bottom window: 3482

Ok ] [ Cancel

\\
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=

GR - Unfiltered - Depth domain .| o || B || 2 | GR - Eroded - Depth domain - W...| o || @ || 28 |
Diepth domain Diepth domain
el A el A
3390 4 i 3350 pis
3400 3400
3410 3410 3
3420 — 3420 —
3430 — 3430 —
3440 — g’ 3440 —
3450 — A 3450 — L
3460 3450 3
3470 3 < 3470 3 <
E —_ E/ %
3450 — 4_,4{—;
3430 — 3490 — ;
- _E - _E %

W R 8deificn withiQ a log:
In case you want to keep both a copy of the original and the newly created log, make a duplicate of
the original log
Open the duplicate log.
Rightclick over the loglata pane andselectProcessinghDeposit
In the dialog box, enter the depth athich section is to be added, and the thickness of the section to
be added.
ClickOK
¢2 dzyR2 (GKS WSNE RUGob@tdDNhelSiaddgrd taolb&d.fThe@hdo dpkration

will apply to the currently active log display pane.

In the example below,dm of section has been interpolatedto the log at a depth of 3472m. Note that
this adds 1fn to the depths of all datpoints below this point.

\

PanTerra; ENRES Technical Allianc€ycloLog Version 282 Petrophysics Module Pagel2



Deposition thidkness: 10

3390
3400 —
3410 —
3420 _
3430 —
3440 —
3450 —

2460 3

3470 3
3430 3

3480 3

3500 3

(%]
o
=]
[=}

3480

2500
-

—_—
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Part 2- Log spectral analysis functions

2.1 Log spectral analysis in CycloLog

/ & Of 2upiqud citributions to well log analysis Ireits spectral functionsSpectral analysis exploits
methods that are commonly referred to asme-series analysisTimeseries (waveform) data have
properties ofwavelength ¢r frequency), amplitudend phase.(Frequency is the inverse of wavelength.)

A well log, treated as a composite waveform, has properties of wavelength, amplitude and phase that can
be analysed through the methods of spectral analysis.

This approach also underlies the calculation of the PEFA and INPEFA curves, as desieeifedadrialg
Base Module, part 3ndeed, the Prediction Error Filter exploited by PEFA and INPEFA is directly related
to the power spectrum calculated using the Maximum Entropy method, as outlined below.

The main purpose of spectral analysis of well log data is the search for stratigraphic cyclicity. In favourable
circumstances, stratigraphy may respond to climatic change. An important driver of climate change is the
periodic changes in insolation cause&@l b LINS RA Ol I 6 f S O K the sB&bed Milgnkd¥itciNIi K Q &
cyclicity. CycloLog has special tools to assist the detection of such cyclicity in log data.

22LYGNRRdAzOGAZ2Y (G2 /@0f2[23Q& aLISOUNIt Iyl fea.
Spectral analysisecomposes a composite waveform into a set of simple sine and cosine waves.

Because the spectral properties of geological data are not constant throughout a well, it is appropriate to
use asliding-window approach. This means that the analysis is performed repeatedly for successive, and
dza dz £ £ & 2@SNIFLIWAY3IZ WgAYyR26aQ 2F (GKS RIGFE® ¢KS
default value in CycloLog is 40m, though this can be changduehyser). Starting from the bottom, the
analysis is performed on the lowest (say) 40m of the data, then the window is movég usay, 1m) and

the analysis is repeated, all the way up to the top of the data.

The oldest andnost familiar spectral analysis method is Fourier Analysis. Téthads available are in
CycloLogre:

- Fourier Transform

- Maximum Entropy
- Wavelet (Gabor)

- Wavelet (Modified)

- Walsh Transform

TheFourier Transfornmof a waveform is its exact equivaleint the frequency domairFourier analysis is
appropriate for datag such as radio wavesthat can be expected to conform to continuous sine and
cosine waves.

TheMaximum Entropyapproach is different and is often referred to as speatistimation (Theentropy

of a dataset is related to itmformationcontent.) However, the results can be expressed in the form of a
power spectrumin exactly the same way as the results of a Fourier analysis. Thus, the difference of
approach need not concern the average user of CycloLog.

\
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1  The Maximum Entropy approach is more appropriate to stratigraphic data, (which is much less likely
to conform to regular sines and cosines) and we recommend its use in most cases.

1  The method is also called MESA fftaximumEntropy Soectral Analysis).

Wavelet approaches to spectral analysis attempt to model the power spectrum at a single point. In
practice this is not possible, but the concept is obviously relevant to stratigraphic data, in which the
properties can be expected to change abruptly, at hiatuseslmundaries for example. CycloLog includes
two different wavelet methods, the details of which (and the differences between them) are not likely to
be important to the average user.

TheWalsh Transforntreats the dataseries as the composite of a number of square waves, which is a
rather different approach to the other methods, and its use is too specialized to be described in detail
here. However, the resulting Walsh power spectra are similar to theepcspectra from the other
methods, and there is no reason why the interested user should not experiment with the method.

2.3 Using spectral analysis in CycloLog

The use of spectral methods in Cycloisdlustrated here with the Maximum Entropy method, which is
the one recommended for general use. While some of the details are different for the other methods,
most of the following applies equally to all methods.

To launch any of the spectral methods, go to the main menu bar and gelabtsis hFrequency Analysis
This opens the Frequency Analysis dialog box:

Method | Parameters

Source

wel: [ wel A

Diomain: [DEFIth domain

Log: [GF‘.

Method Scaling
(@) Maximum Entropy @) Linear
~) Fourier Transform () Logarithmic
) Wavelet (Gabar)
) wavelet (Modified)

Smoothing

Enable

() Walsh Transform
Width | O

1 In the Method tab, check that the correct well and log are selected from the ddmvn lists, and
selectMaximum Entropyfrom the list of Methods.

1 Inthe Parametergab, youhave toset some important parameters for the analysis:
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Frequency Analysis A &J

Parameters
Window: 40| Min, wavelength: 1
Start depth: 3220 Max. wavelength: 40
End depth: 3643,8 Nr. of wavelengths: 400
Step size: 1 Vertical scaling: 1
Auto corr.: 9

["|Enhance small wavelengths

oK l [ Cancel

It will be necessary to experiment with the parameters; the following guidelines may help:

1 Window is the length of the analysis window in depth units: start by using the default value (40m).
(Note: when your data is in feet, use 120ft)

1  The defaultStartandEnd depthsnclude the entire log: change the depths if you wish to analyse only
a part of the data.

1  TheStep sizeis the amount (in depth units) by which the window is moved at each step in the
calculation. Start with the default value (1niiNote: when your data is in feet, use 3ft)

1  TheAutocorrelation lengthshould be set to approximately a quarter of the window length. (The
default value for window length 40m is 9nflNote: when your data is in feet, use 27ft)

1  The values oMinimum and Maximum Wavelengthdefine the range of values shown on the
horizontal scale of the finished power spectrum. Start with the defaults and adjust to different values
if the results are not satisfactory.

1  Vertical scalings best kept to the default value of 1.

7 Inmany cases, the power of the smaller wavelengths will be swampeckibgrtie ones: in such cases

check theEnhance small wavelengthsox to correcffor this effect.

When all parameters are set, cli€in the Frequency Analysis dialog box.

CycloLog runs the spectral analysis, and adds thdtresthe list of logs in the wrkspace. The name of
GKS ySg af 23¢ @GREMESA ISyDu rdinza NecddEdnalyki¥, i& hame wildig MESA
(2).

\

PanTerra; ENRES Technical Allianc€ycloLog Version 282 Petrophysics Module Pagel6



To open the MESA resultyuble-click on its name in the evkspace. The example below shows the result
of a MESA analysis (Right pane) on the GR log displayed in the left pane. The vertical axis of the MESA
display is depth, and the display scrolls with other logs from the same well.

~

GR - Depth domain-WellA | o || = |[ & | GR - MESA - Depth domain - Well A (o l®@ =]

Depth domain Depth domain

Well A Vel A

3410 A 3410

3420 % 3420

3430 3430

_—
3440 i 3440
_—

3450 3450
3460 % E 3460
3470 3470
3480 E; . 3480

3500 f 3500

3510 3510

3520 : 3520
3530 S 3530

3540 3540

m

3550 3550

3560 3560

To interpret the results, remember that the method uses a moving window of analysis. The power spectra
resulting from analysis of each window are stacked up, such thape¢la&sin successive spectra line up

to form ridgesin the stack. The peaks are coloured to represent their relative h€ightamplitude) so

that higher spectral ridges appear as brightly colowsgéakson the display.

The horizontal scale of the display represents wavelength, decreasing logarithmically from left to right.
(Longer wavelengths on the left; shorter wavelengths towards the right.) A vertical streak of bright colour
indicates a wavelength that is persistgnresent through that interval of the log data.

Although no horizontal scale is shown on the display, the wavelength of any peak at any depth can be
found by using the cursoas follows:

1 To view the power spectrum at a single depth, move the cursor over the MEgPAne. The cursor

changes into a horizontal line with fitiek marks

\\
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GR- Depth domain-WellA -] - 3. || @ GR - MESA - Depth domain-Wel A [ [ @[] ]

mdomm \m®main

3410 ‘ = 3410 =
3420 3420

3430 3430

=

3440 E 3440

3450 3450

3460 3450

3470 3470

3480 3480 1
3430 | 5190

3500 ‘ri iE 3500 ¥
3510 E%=E 3510

t

3520 - N 3520 B
3530 3530

3540 3540

3550 i 3550 =

| ;ijlﬁformatior;ijiogging Sheet| f_:_]”Memo Sheet|
Depth = 3490,250 meter / 11450,951 feet | Lambda = 5,59 m | Magn. = 222 | Recent | N = 0,0559 m/Ka | Dom. freq. = 100,0000 | Mila = 0304

E|l vertical Scale
Break Manager
Reservoir Manager
Analysis Parameters

1] Reposition
Geological Period 4

Toggle Average Spectrum
Smoothing Width

Pick Depth-Wavelength Curves
Snap to Maximum

Generate Time-Depth Curve

Select Spectrum

Optimal MilaSum

From this menu, seledoggle Average Spectrum

\\
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Average Amplitude Spectrum

20000 A

13000 H
@
=]
3
=
=
E
<L

10000

5100

000 = r r

10.00 500 i 25 200 157 1.43 125 i1 100

5352.179 Wavelength

TheAverage Spectrunwindow opens. Thisvindow shows theAverage Amplitude Spectrum, power
spectrum at a single depth pointin the image above, at dep®352.179n); the spectrum changes as the
cursor is moved up and down tlg&R- MESAdata pane

TheAmplitudeis scaled verticallythe Wavelength (m)s shown on the horizontal axis, where it is plotted
logarithmically, from higher values on the left, to lower values at the right.

2.4Interpretation of Milankovitch cycles

The result of a spectral analysis is a breakdown of the data into a set of simple (sine/cosine) waves.
Deciding whether or not these have any geological and/or climatic significence matter of
interpretation.

\
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| Depth domain
Well B

3400

|sajpadold I—i aoedsHIop, L

3420

3440

3450

3500

3520

3540

3560

3580
| (Dinformation|” Logaging Sheet| [£] Memo Sheet
Depth = 3480.027 meter / 11417.410 feet | Lambda = 5.51 m | Magn. = 220 | Recent | N = 0.0551 m/Ka | Dom. freq. = 100.0000 | Mila = 0264 Normal Normal CAP NUM SCRL

When the cursor is over the MESA display, it takes the form of a horizontal line with five tick marks, as in
the above figure. The relative positions of the ticks represent (in terms of wavelength) the ratios among
the principal predicted Milankovitch fregnciesFor different Periods, thebliquity and precession cycles
vary. For recent timethese are:

1 E1, long orbital eccentricity cycle: 413ka
1 EZ2, short eccentricity cycle: 100ka
1 O, axial obliquity cycle: 41ka
1 P1, precession cycle: 23ka
1 P2, precession cycle: 1%a

Note that the logarithmic scale makes the 413ka and 100ka tick marks appear closer together than the
23ka and 19ka ticks!

Note also that the relative positions of the predicted Milankovitch periods are also shown on the Average
Amplitude Spectrum display: see the figure above in part 3.2.

. @ RSFldzAZ G GKS wmnnllt GAOl A&a aStSOGSR a GKS aF
having acrossline through it. Tochangethe dominant frequencyseefurther below.

TheStatus Badisplays therequency Dom. freq) andamplitude (Magn.) of the power spectrum at the
LAY (G dzy RSNJ 4KS GR2YAYylFIydGaé GAO01 YIN] @

\\
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The Status Bar also provides two statistics designed to help in the identification of Milankovitch periods:

1 Sedimentation rate this is the net accumulation rate implied by the wavelength position
O2NNBaALRYRAY3I (G2 GKS LRaAGAZ2Y 2F (GKS AR2MAYLl yi
= 0.0551 m/kaon the figure above). This assumes, of course, that deposition was continuous and at
an unchanging rate, so must be used with care.

¢ MilaSumé daAtl ¢ 2y GKS {GFrddza . FNDL A& Fy I NBAGNI NE
predicted Milankovitch period ratios, and the ratios between the observed peaks, for the current
position of the Milankovitch cursor. This statistic should alsoised with care, but it may help with

choosing between different interpretations.

If a full suite of Milankovitch periods is perfectly represented in the stratigraphy, then the corresponding
peaks in the MESA spectrum should all lie under one of the ticks on the Milankovitch cursor. Moving the
cursor ticks with the mouse should indicatehether or not this is likely. Bear in mind that any
interpretation in terms of Milankovitch cycle periods must be consistent with available evidence for the
total duration of the succession.

It is very rarely the case that all Milankovitch periods are represented. The user will therefore have to
decide, (a) whether any of the spectral wavelengths are likely to represent Milankovitch periods, and, if
so, (b) which wavelengths correspond to whiaf the predicted cycle periods.

2.5Using the MESA menu

Placethe cursor over th&sR- MESAdata pane andight-clickwith the mouse to open a menu that contains
a number of special functions.

1 Analysis parametershows a record of the parameters used to generate the MESA display.

1 Toggle Average Spectruwas explained above; it can be toggled on/off.

1 Geological Periodillustrated below).The ratios between the Milankovitch periodicitiehange
through geological time; select the period most appropriate to the data being analysed. (See CycloLog
Help for further information.)

1  M-P Manageron theGeological Periothenu).Use this dialogpox to change the periodicity selected
a4 GR2YAYIlqLlWDka). 6 RSTF I dzf i

\
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Vertical Scale

Break Manager
Reservoir Manager
Analysis Parameters

Reposition

Geological Period

Toggle Average Spectrum
Smoothing Width

Pick Depth-Wavelength Curves

Snap to Maximum
Generate Time-Depth Curve

Select Spectrum
Optimal MilaSum

M-P Manager

Pick Characteristic Frequencies

. Recent

Tertiary
Cretacious
Upper-Jurassic
Lower-Jurassic
Triassic
Early-Permian

Carboniferous
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Part3 - Advancedog processing functions

3.1 Advanced processing functions in CycloLog

CycloLog has a number afdditional/advanced calculation and analysiunctions. Introductory
instructions for some of thesinctionsare given in this section of thestorial; others are explained in
CycloLog HelpThe tinctions covered here are:

1  Synthetic seismograng generatingsimple seismic traces from logs
1  Math Studiog defining arithmetical combinations ofds

1  Markov Chain Analysig analysing patterns of upward change

3.2Generating synthetic seismograms

Synthetic seismic traces can be generated in CycloLog, either automatically or manually. The automatic
method is described here; the manual method is describedyicdloLog Help

1 Go to the min menu bar and seledCalculationsi'h Synthetic SeismogramThe following dialog

window opens:

Synthetic Seismogram | 28 |
Data
well: [ well A -
Domair: [Dept‘n domain ']
Sonic: [ v]
Density: [ v]
Wavelet
Shape

(@) Minimum Phase

() Ricker Wavelet

Wavelength: 10

CK ] [ Cancel

1  Select thewWell you wish to calculate a synthetic seismogram. CheclDibimain

1 From theSonicand Densitydrop-down lists, select the sonic and density logs that you wish to use in
the calculation.

1  Select aVaveletg seebelow for information

1  Define theWavelength(default = 10m). Clic®K

\
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1 The Synthetic Seismogramgenerated, and added to theorkspace.
l:' [=][@ =] (=@ =] Synthetic Seismogram - Depth domain - ... EI@
E'é; Depth domain Depth domain Depth domain
B2 Well B well B well B
§ B Log appearance - ~ ~
Display mode Pseudo section
Line colour Il oooooo 3350 3380 3380
Line style Solid ]
Line thickness 1 pixel
Show breaks True 1
Show reservoirs True 3400 3400 3400
B Log Fill ]
Fill side Right
Fill with MNane ]
B Toning 3420 3420 3420
Use toning True ] 5
Toning side Megative
Tone color Il 000000 150 ses0 ses0 _)

Cutoff 0.010000
E Horizental Scaling
-0.045126

Madmum: 0.089623
B Additional settings

Minimum:

Depth bar True

Girid Falss

Grid line color [ 000
Grid line style Dotted

3460

3480

3500

3520

3460
3480 o
3500

3520

2460 o

3480

3500 o

3520

il

>

The above figure shows the synthetic seismogram displayed alongside the sonic and density curves from
which it was generated. The display initially shows only a single trace, without toning. This is converted to
a multiple trace display (as shown abovef@bws:

|

1l
i
Il

Make sure the synth& seismogram pane is open and the active pane

Open the properties pane.

UnderLog appearanceset theDisplay modeo Pseudo section

UnderToning setUse toningto Trueand set theToning side Tonecolor and Cutoffvalue.

Note: Wavelet types available in the Synthetics Seismogram dialog are:

1
1l
Il

3.3Using Math Studio

Minimum Phase Wavelet

Ricker Wavelet Type 1 (the standard Ricker wavelet)

wAOlSNI 2 @5 S

GeLisSa

HZ

o FYR n

OWAOL SN s 85t

TheMath Studioconsists of aange of calculations that can be performed on logs.

Several basic calculations can be performed without using the Math Studio. Theiragsgescribed in
part 1.3 of this aitorial, and they are:

\
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Add Loggadd one log to another)

Subtract Loggsubtract one log from another)
Multiply Logs(multiply one log by another)
Divide Loggdivide one log by another)

Integral (calculde the integral of a log curve)
Derivative(calculatethe derivative of a log curve)

Logarithm(calculate the logaritm of all data values in a log)

= =4 —a _—a _—a _a _a _a

Exponent(calculate the inverslogarithm of all data values)

For the above calculations, open the log that is to be the subject of the calcufatiggestion: use eopy
of the log) right-click over the opened log pane asdlectProcessinghlLog Calculationand then select
the required operation

For more advanced calculations eutie Math Studio, as follows:

1  From the main menu bar sele€bolsI'bMath Studio

1 TheMath Studiodialog boxopens. Ita number of tabs and other features, briefly explainedhe
following figurebelow.

1 TheMath Studiois used to set up formulas that will be applied to every depth point in a specified

interval.

The formulas can be set up by selecting the logs, the arithmetical operators, various available functions,
and a selection of constants, from standard lists.

\
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=

Math Studio l

well: w A P ]

Domain: [Depﬁ"n domain v]

Equations |Logs |Constants Operators | Functions

Interval

Bottom: 3663,8

Equation field:

Clear

Calculate

1  TheEquationstab is where you will set up a formula, as in the example described below.

1 ThelLogstab hasa list of all the logs of the selected well in thenkspace, includingpgsthat you
have createdsuch agluster logs or synthetic seismograms.

1  TheConstantgab lists four basic constants (DZ, Pl, ZMAX, and ZMIN).

1  TheOperatorstab lists ten basic arithmetical operators (add, subtract etc.).

1  TheFunctiongab liststwenty-six moreadvanced functions, including trigonometrical functions (sine,

cosine, etc.), logarithms (natural and base 10), and exponentiation.

To demonstrate how to set up an equation, the following example calculates shale separation from the
neutron and density curves, using the formula: 100*NPHI/0.6 + RHOB (This formula assumes that
NPHI is expressed as a ratio; where NPHI is a pegentze formula is NPHI/0.6 + RHOB7).

1  Go to theEquationstab.

1  Click in theequation field at the bottom of the dialog box.

1  The following sequence of operations will construct the equation:

7 TypelOQ

1 Go to theOperatorstab and doubleclick on the multiply operator*). Note that this operator is
added to the Equation field.

\
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Type0.6.

= = —a _a _a _a _a

Type2.7.

Go to theLogstab and doubleclick on the NPHI log.
Go to the Operators tab and doubtdick on the add operatov J.

Go to theOperatorstab and doubleclick on the add operatorH.
Go to theLogstab and doubleclick on the RHOB log.

Go to theOperatorstab and doubleclick on the subtract operator)(

The full formula now appears in the Equation field, as:

Equation field:

100" MPHI"f0.6+"RHOB"™-2.7

To save this formula:

1  Click theAdd button to open theSave Equation Dialolgox.

1  Type a name for the formula, and clioK

P

Save Equation Dialog

Equation name:

Shale Separation

Ok

[ Cancel

The formula has been saved for future use; it will now appear orEtigationstab evel time you open

the Math Studio.

\\
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Math Studio [ = ]

Well [well & =)

Domain: [Demh domain v]

Equations |Logs | Constants | Operators | Funcﬁons|

100*MPHI"/0.6 +RHOB™2.7

Interval

Bottom: 3663,8
Equation field:
100*NPHI"f0.64+ RHOB™-2.7 Clear
Calculate

To apply theformula:

1 Check that the corredivell is selectd at the top of the dialog box.

1  Check that the equation is listed Equation field(if not doubleOf A O1 2% LJI-GNIK Af 25y éa A
equation list.

1  Change the deptinterval if you do not want the formwa applied to the entire data set.

1  ClickCalculate

1  CycloLog runs the calculatipand adds the results to theoskspace as a new log with the name of
the formula (inthiscase (G KS ySg 2B LA NI QARYER ®a{ KI £ S {

To save the formula for importing to another CycloLog project:
1  Select the formula in the list on tHequationstab.
1  ClickExportand give the file a name (e,ghaleSeparation).

1 The file will be saved as (for exampB¥)aleSeparation.equ

\\
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3.4Markov Chain Analysis in CycloLog

Markov Chain Analysis in general looks for relationships between the current state of a process and its
previous state. In stratigraphy, it is used for testing the relationships between adjacent lithologies in a
stratigraphic succession: is the successiblithologies purely random, or is there some order to the way

in which lithologies succeed each other?

No single log has a direct relationship with lithology; it is therefore necessary to start by defining the
WEAGK2E23A8S4aQ GKFdG GKS alNJl2@ /KFEAY !ylrfeara oAt
starting point is a Cluster Analysis, &scribed in Tutoriat Clustering and Lithology, part 1

The following description of a Markov Chain Analysis in CycloLog is based on the result of the cluster
analysis that was used as an exampléhmTutorial¢ Clustering and Lithology, part 1

The native clustering was based on the combination of the GR, sonic, neutron and density logs; it defined
seven clusters.

1 Fromthemainmenubarseledt y I f @aAa M alNJ 2@ /KFEAYy !ylf@daraca
1  OntheGeneraltab of the dialog box, select th&/ell and theLogon which the analysis will be based;
in the example, this is th€luster Log
1  Define theTopandBottom depth interval for the analysis.
1 DefinetheStepsiz&§ (KA& Aad (GKS aAl S 2F (KS AyGSNBLta Ay

(1 meter in the example).

Markov Chain Analysis | Z8 |

General | Lithology

Source

well: [wEu A v]

Dormiain: ’Depth domain ']

Log: ['a‘.:lusber log ']

Interval

Top: 3200
Bottom: 36563,8

Step size: 1

oK ] [ Cancel

1 Now open thelithologytab.

\\
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1 Accept the default methodAutomatic. See below concerning the other methoBsedefined model
and Manual).

1 For the log on which the analysis is to be based, identifMiemum and Maximum values of the
log in the interval to be analysed. (In the example, the clusters are numbered from 0 to 7, so the
minimum is 0 and the maximum is 7.)

1 Define theNumber ofIntervals6 A @S d Wi AGK2f 23A85aQ0 Ayid2 6KAOK
example) ClickOK

1 The analysis runs, andMarkov Chain Logs added to the list in thevorkspace. (This depicts the
WEAGK2E 23AS4Q Ayil2 6KAOK (GKS OKz2aSy 23 KIFa 068

N

GR - Depth domain-Well A [ = |[&@ | = | Cluster log - Depth domain -W... [ = |[ & |[ £ |
Depth domain Depth domain
Well A Vil A

3280 3260

3270 3270

3280 3280

3290 3230

3300 3300 3300

3310 3310 3310

3320 3320 3320

3330 3330 3330

3340 3340 3340

3350 3350 3350

3360 3360 3360

2370 3370 3370

3380 F380 3380

3330 3330 3380

= .

=24nn 3400

3400 52

The figure above shows the Cluster log (middle pane) which was used as the basis for subdivision into
fAGK2f23ASad Ly GKS alNl2@ /KIFEAY [23 O6NRIKAG KI yE
in 1m steps. The Markov Chain Analysis categorizes every upward transition, at every 1m step, and counts
the resulting transitions.

To view the results of the analysis:
1 Open the newMarkov Chain Lag
1 Rightclick over theopened Markov Chain Log paaerdselectAnalysis Results

1 The followingMarkov Chain Analysis Resudtalog box opens:

—_—
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Markowv Chain Analysis Results x
Matrix  Significance
Ohserved transition probahility
1 2 3 4 50 [es
1 0.704 0.014 0.225 0.000
2 0.061 0.428 0.7 0.085
3 0.208 0.221 0.299 0.065
4 0.000 0.350 0,150 0.325
5 0.000 0.265 0.382 0.176
g 0.000 0.037 0.074 0.296 v
£ >
Markow chains
Min. Pr... Markow Chain &
0.208 3->1-»3
0.171 3-»2-23
0146 §-»2-25
0.146 §->3-22-25
0.146 3-»2-25-»3
0.146 3-22-253-24-23
0.146 F-24-22-253 W
< >
Annuleren

The analysis categoes and counts every upward transition from one lithology to the next. Note that,
becausd f f aidSLA | NB GKS alyYyS &aA1S omY Ay (GKS-SELF Y
GNFyarldAiazyasds |G ¢ KA CBaseddd hese dount,2he grababilityof dveérygpossieS  a
upward transition is calculated,; if the data are not random, then some upward transitions will be more
likely than others.

The results box presents this information in three parts, two onMiagrix tab and one on th&ignificance
tab.

On theMatrix tab, the table ofObserved transition probabilitieshows the relative probabilities of every
possible upward transition. (See the data on 8ignificanceab for the details of these results.) The table
should be read from row to column. A few of these results are now discussed, to suggest how the results
might be interpreted.

17 Inthe example, lithology 1 is succeeded by itself with a high probability800 Lithologyl has the
characteristics of e.g. fine-grainedd | YRa 2y ST (GKS KAIK LINRD aAfiA@:
means that such sandstones are likely to occur in units greater than 1m in thickness.

1 Lithologies 3 and 4 have lower probabilities of ¢edfsition, so are more likely to occur thinner
beds.

\
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Lithology5 has a high probability (882) of upward transition to lithology 3, buteroprobability of
upward transition to litholog¥l.

Lithology 4is quite likely (B50) to be succeeded by lithology l2ut lithology 2 is much less likely
(0.085) to be followed by lithology.4

Based on these transition probabilities, tivarkov chainsbox on theMatrix tab shows the possible
upwardchains2 ¥ f AGK2f 23A0Ff adl iSaz Ay RSONBIFaiAy3d 2NR
in that it starts and finishes with the same lithology. In the example, there is a large number of possible
chains, indicating that there is no one dominantlayor repetitive pattern. Lookingt the first few in the

example, and taking the Cluster Matrix of the Cluster Log analysis results intma¢see below):

1l

The chain 3>1 >3 occurs with the highest probability. Lithologig#sind 3 both havelow GR values,
so this chain expresses the moderate probability of switching betwaandstonesvith slightly higher
and slightly lower GR values.

The next three chains are 3 > 2 > 3 with probability 0.171; and & 2 35 (0.146). Theyepresent

variations on transibns among lithologies with mido high-range GR values.

The following two chains contain rather more abrupt transisob > 2 > 5 (0.146nd5 >4 > 25

(0.146). Lithologies @and5 are considerably more different in their GR values

\
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Part 4- Basic ptrophysical functions

4.1 Petrophysical functions in CycloLog

CycloLogncludes a number of basic petrophysical functions. Introductory instructions for thesgivan
in this section of theutorial. Functions covered here are:

Porosity calculation

Porosity calibration using core measurements
Permeability calculation

Water saturation calculation

Water resistivity calculation

= = . A _—_a _a

Creating a petrophysical summary report

4.2 Porosity calculation

In CycloLog, there are three differamfiysfor calculatingoorosityestimations, starting from the following
logs:

1 Density log
1  Sonic log
1  Density and neutron logs

You may wish to use more than one of these methods, depending on which logs are available, and to
compare the results.

Allthree options are selected from thieorositymenu:
1 Gotothe main menu bar and selettS i NP LIK@ aA Oa Mt 2NRaA(@
1 Move the cursor to thé’orosityitem you wish to use.

1  Select the required method.

Petrophysics
| Parosity 4 Use Density log
Calibrate Porosity Use Sonic log
Permeability Use Density and MNeutron log
Water Saturation 3

4.3 Porosity calculation from a density log

[ 1t Odzt I (i A 2 Yensid TFom BXeNsRydoy tses thie following formula:

» densiy] m@inG bukd  Katrix @ Tuid)

\\
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where,

T matrix = matrix (or grain) density

T buk = bulk density as measured by the logging tool

T fuid = density of fluid

Ast 2 y 3 6S OFy LINRODARS y.darolSWR &R I fiddhis BrmudaSIK & A &

[
gAff AANGS (GKS LENRaAlGe o6AY FTNI OhMzy 0SiG6SSy non

If the lithology of the matrix is known, use the following standard density values (irflg/cm

Sandstone (quartz) 2.648
Limestone (calcite) 2.710

Dolomite 2.850
Gypsum 2.351
Anhydrite 2.977
Halite 2.032

For the fluid density, use 1.0 g/éror freshwater, and 1.1 g/cifor brine.

Alternatively, the matrix density can be obtained directly from the log data, as explained below.

To start the calculation:
1 From the main menu bar, sele®etrophysicd hPorosity;
1  Then glectUse Density Lag

17  The following dialog box opens:

Calculate porosity using the density | 23 |
pmrr - Jr)!:
(pnf.-n -
J”um - -").f
Select the density log
Well: [WE" A ,]
Domain: [Depﬁ'1 domain V]
Density: ’RHDEI ,]
Interval Density parameters
Top: 3200 Matrix density: 0
Bottom:  3663,8 Fluid density: 0
0K ] [ Cancel

\
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