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ABSTRACT 

Applications and programs for the use of processing and interpreting well log data are 

costly as well as rarely easy to use. This fact makes it difficult for students of the field to acquire 

and utilize the said applications and programs. Not only is the cost of the tools a hurdle but even 

if overcome the second hurdle of learning these complex tools is a larger hurdle right after. 

 

This study focuses on the showcase of an application developed by myself, utilizing matlab 

programming that is able to perform basic processes of well log processing and hence can be 

used as a tool for basic interpretation of well logs. It should however be duly noted that the 

created program is made using self-taught knowledge of matlab programming and hence is highly 

constrained by my personal knowledge of programming and coding abilities as well as the 

allotted time for the thesis. 

 

The well used as an example for the showcase of the GUIs capabilities was BALKASSAR-OXY-01 

well and for comparison purposes the IHS Kingdom software was used. 
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Chapter 1: 

Introduction 

1.1 Importance of well logs 

 Many different modern geophysical well logs exist. They are records of sophisticated 

geophysical measurements along a borehole. These may be measurements of spontaneous 

phenomena, such as natural radioactivity, which requires a tool consisting simply of a very 

sensitive radiation detector; or they may be induced, as with the formation velocity log(sonic 

log), in which a tool emits sound into the formation and measures the time taken for the sound 

to reach a receiver at a set distance along the tool.  

Geophysical well logging is necessary because geological sampling during drilling, 

‘cuttings sampling’, leaves a very imprecise record of the formations encountered. Entire 

formation samples can be brought to the surface by mechanical coring, but this is both slow and 

expensive. The results of coring are unequivocal. Logging is precise but equivocal, in that it needs 

interpretation to bring a log to the level of geological or petrophysical experience. However, logs 

fill the gap between ‘cuttings’ and ‘cores’, and with experience, calibration and computers, they 

can almost replace cores. As they certainly contain enough information to put outcrop reality 

into the subsurface 

As Logging tools and interpretive methods are developing in accuracy and sophistication, 

they are playing an expanded role in the geological decision-making process. Today petrophysical 

log interpretation is one of the most useful and important tools available to a petroleum 

geologist. 

 Besides their traditional use in exploration to correlate zones and to assist with structure 

and isopach mapping, logs help define physical rock characteristics such as lithology, porosity, 

pore geometry and permeability. Logging data is used to identify productive zones, to determine 

depth and thickness of zones. To distinguish between oil, gas or water in a reservoir. And to 

estimate hydrocarbon reserves. Also, geologic maps developed from log interpretation help with 

determining facies relationships and drilling locations. 

 A geologist’s first exposure to log interpretation can be a frustrating experience due to its 

lengthy and unfamiliar terminology as well as the required knowledge of many parameters, 

concepts and measurements needed in order to gain an understanding of the logging process. 

The same can be said for applications developed for use in well log interpretation i.e. they are 

complex and need the guidance of an experienced user in order to fully grasp leading to an 

intimidating and frustrating first exposure. 
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1.2 Aim for this thesis 

This thesis aims to create a user friendly Graphical User Interface (GUI) application 

through the use of matlab programming. It also aims to explain the coding methods used in the 

development of this application so that this paper can be used as a form of reference for any 

students of geophysics aspiring to create their own similar GUI application.  

The focus of this study has been to create a GUI application that fulfills the two following 

criteria above all: 

1. User friendly easy to understand interface 

2. Ability to perform basic well log processes. 

The Balkassar area of the upper Indus basin is used as an example to showcase the GUIs 

abilities and is compared to results using similar method in commercial software, namely 

IHS Kingdom Software. 

 

The processes that the program can competently perform are namely: 

 Display of individual well logs. 

  

 Display of all well logs side by side. 

 

 Calculation and display of Density porosity, using user input values of Matrix 

density and Matrix Fluid Density. 

 

 Calculation and display of Sonic Porosity, using user input values of Matrix transit 

time, Fluid Transit time and Compaction factor. 

 

 Calculation and display of volume of shale, using Larionov (1969) formulas for 

Tertiary and older rocks. 

 

 Calculation and display of Saturation of water (Sw), using user input values of 

Matrix Density, Matrix Fluid Density, Cementation Factor, Saturation exponent, 

Rw and user selection of Larionov equation for Tertiary or Older rocks. 

 

 Calculation and display of Vp and Acoustic Impedance. 

 

 Calculation and display of Vs calculated using Castagna (93), Castagna-mudrock 

line (85) or Han-Empirical Relation (86) Equations utilizing Vp. 

 

 Calculation and display of Young’s Modulus, Poisson’s Ratio and Brittleness index. 
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 Ability to display scatter type Cross-plot of any two selected logs. 

 

A workflow of the general wireline logs interpretation is given below in figure 1.1. 

 

Figure (1.1) workflow of general wireline logs interpretation 

1.3 Example Well Data. 

 The well data includes the following files: 

 Balkassar OXY-01.las 

These files store all the information about the logs run in the well and well tops. The 

technical information of the well data along with the information of the formation top 

name is present in following table. 
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Te-chnical We-II Data 

0pfl"ator OXY PrOlince Punj a b 

Type- Explora lOiT Sta tm Abandone-d 

Well Bore :"ame BALKASSAR-OXY - Concrss ion 

01 

Longitude 72' 39' 52.50" Latitude 32' 56 ' 38.80" 

Spud Da te 20-Ju ne 1981 Complet ion Dale 26-Sep 1981 

Dt'p th Reference 535.53 Total Depth (m) 3130.60 

Ele '·alion (m) 

Dt'pth Reffl"en re KB Formation Top Salt Range 

Logging Sta rt 360.8103 Logging E"d 3132.8103 

Dt'plh KB (m) Dt'pth KB (m) 

Li~t of Well Tops 

Formalion Formation Age Top (m) Thi rlmess (m) 

!\"AGRI PLIOCE:"oT 0.00 478.82 

CHI!\"JI :\IIOCE:"oT 478.82 929.29 

KA..' D..L-U. :\IIOCE:"oT 1408. 11 106.68 

:\ l llRREE :\IIOCE:"oT 1514.78 906.74 

CHORG.-U.I LO""ER EOCE!\"E 45.72 

(BHADRAR) 2421.52 

SAKESAR EOCE!\"E 2467.24 135.63 

PAT.-U.A P.-U.EOCE!\"E 2602.87 21.J4 

LOCKHART P.-U.EOCE!\"E 2624.20 35.05 

H A....'\"Dll P.-U.EOCE!\"E 2569.25 27.43 

SARDHA.I EARL Y PER'IL-\J. .... 2686.68 109.72 

W ARCHA EARL Y PER'IIA ....... 2796.40 141.73 

D.-\J.'\"DOT EARL Y PER'IL-\J. .... 2938. 13 60.96 

TOBR\. EARL Y PER'IIA ....... 2999.09 51.81 

KHEWRA EARLY 3050.90 78.33 

SA.!'\"DSTO!\"E CA.'IBRIA.! .... 

SALT 3129.229 0.77 
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Chapter 2: 

Petrophysical Analysis 

2.1 Introduction 

 Well logging is a tool to measure the subsurface properties of earth. The physical and the 

chemical properties of the rock explained existence and behavior of the rocks, fluids and soils 

(Rider, 1996). Well logs used by the petrophysicist are caliper, resistivity, gamma ray (GR), sonic 

(DT), density (RHOB), and neutron (NPHI) logs etc., and all other desired information is obtained 

from these logs. Significance of each log cannot be ignored as they play vital role in quantifying 

reservoir parameters such as porosity, permeability, net pay zone, fluid content, and shale 

volume. Petrophysical interpretation generally has little concern with seismic, while offers 

detailed information about borehole measurements, ultimately contributing in reservoir 

characterization (Krygowski et al., 2004). 

 

2.2 Reservoir Petrophysical Properties 

 Most petrophysicist are employed to compute what are commonly called reservoir 

petrophysical properties which include the following. 

2.2.1 Lithology 

 When combined with local geology and core study, geoscientists can use log measurements 

such gamma, neutron, density, photoelectric, resistivity or their combination to determine the 

lithology down hole. 

2.2.2 Porosity (ɸ) 

 The amount of pore (or fluid occupied) space in the rock. This is typically measured using 

an instrument that measures the reaction of the rock to bombardment by neutrons or by gamma 

rays. Sonic wave speed and NMR logs are also used to measure and derive rock porosity. 

2.2.3 Water Saturation (Sw) 

 The fraction of the pore space occupied by water is water saturation. This is typically 

measured using an instrument that measures the resistivity of the rock. However, in this paper 

the archie equation is used to calculate Sw which is explained further in chapter 3. 

2.2.4 Hydrocarbon saturation (Sh) 

The fraction of pore space occupied by the hydrocarbon is known as the hydrocarbon 

saturation. This is typically measured by subtracting the water saturation from one. 
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2.3 Classification of Geophysical Well Logs 

 Well log is a profile showing different properties of formation, which is measured through 

wells. Every log gives some information about the subsurface. Some logs are correlated with 

other log to assure our prediction of lithologies. Geophysical well logs can be classified into three 

categories. 

 Lithology logs. 

 

 Resistivity logs. 

 

 Porosity logs. 

2.3.1 Lithology logs 

Lithology logs are mostly used to identify the boundaries between permeable and 

impervious layers, extracted information about permeable formations assist in correlation with 

other wells. Lithology logs are caliper (CALI), spontaneous potential (SP) and gamma ray (GR). 

a) Caliper (CALI) log 

Caliper log is used to measure the diameter of the borehole. Moreover, it provides 

detail information about the formation’s cavities portraying loose lithology along with 

presence of dense rocks where caving is absent. In porous layers, formation of mud cake 

reduces the diameter of borehole and these variations in diameter influence the logs 

measurements (Bjorlykke et al., 2010). 

b) Gamma Ray (GR) Log 

Natural radioactivity of a formation is measured by using the Gamma-ray logs, also 

known as the lithology logs. The radioactive materials have high concentration in shale 

while shale free sand and carbonates have low gamma-ray reading. 

c) Spontaneous Potential (SP) Log 
The spontaneous potential log measures the natural or spontaneous potential 

difference that exists between the borehole and the surface in the absence of any 

artificially applied current. It is a very simple log that requires only an electrode in the 

borehole and a reference electrode at the surface. These spontaneous potentials arise 

from the different access that different formations provide for charge carriers in the 

borehole and formation fluids, which lead to a spontaneous current flow, and hence to a 

spontaneous potential difference. The SP log has four main uses: 

 The detection of permeable beds. 

 Determination of Rw. 

 Indication of the shaliness of a formation. 
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 Correlation 

2.3.2Resistivity logs 

Resistivity logs provide details about formation thickness, accurate value for the true 

formation resistivity and used for correlation purposes. Resistivity logs are plotted on the 

logarithmic scale due to more variation in resistivity (0.2 to 2000 ohm) with depth.  

Resistivity well logs are: 

 Deep Laterolog(LLD) 

 Shallow Laterolog(LLS) 

 
a) Deep Laterolog (LLD) 

Deep laterolog also termed as electrode log, mostly incorporate in measuring salt 

water muds filled boreholes resistivity (Rmf). The surveying current basically controls the 

effective depth of this log investigation (Krygowski et al., 2004).  

b) Shallow Laterolog (LLS)  
 

Shallow laterolog measures resistivity of fluids present in invaded zone (Rt). In 

water beating zone, the shallow laterolog records a low resistivity because mud filtrate 

resistivity (Rmf) is approximately equal to mud resistivity (Rm) (Krygowski et al., 2004). 

2.3.3 Porosity logs 

Porosity logs are used to measure water saturation in a formation, furthermore, it provides 

reliable information about lithology and porosity along with discrimination of oil and gas bearing 

zones.  

Porosity well logs are: 

 Sonic/Acoustic (DT) 

 Neutron Porosity (NPHI) 

 Density (RHOB) 

  

a) Sonic/Acoustic(DT) log 

Sonic logs measure the in

through the formation. The interval transit time is related to the porosity of the 

formation. The interval transit time is related to the porosity of the formation. The unit 

of measure is the microseconds per feet (Krygowski et al., 2004). Porosity of the formation 

can be calculated by using equation below. 

ɸs=
Δt𝑙𝑜𝑔−Δt𝑚 

Δt𝒇−Δt𝒎
 

where, ɸs represents the calculation that is derived from the sonic log, Δtm is the 

interval transient time of the matrix, Δtlog is the interval transit time of formation 
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represents the transient time of the fluid (salt mud=185 and fresh mud=189). The interval 

transient time of the formation depends upon the matrix material, its shape, and 

cementation (Wyllie et al., 1956). If fluid (hydrocarbon or water) is present in the 

formation, transient interval time is increased, and this behavior shows increase in 

porosity which can be calculated by using sonic log (Krygowski et al., 2004). 

b) Neutron Porosity (ɸn) log 

Neutron porosity log is also termed as porosity log; basically, it is used to measure 

the hydrogen ion (HI) concentration in the formation (Krygowski et al., 2004). The neutron 

log gives value of water filled porosity if the shale free formation is filled with water. In 

gas reservoir, porosity measured by the neutron log is low then formation true porosity 

as the hydrogen ions concentration are less in gas reservoir than that of oil and water 

(Krygowski et al.,2004). It is the one limitation of neutron log that is known as the gas 

effect. 

c) Density (RHOB) log 

This log is also known as porosity log that is used to measure electron density of 
the formation, (Krygowski et al., 2004). Formation electron density is related to bulks 
density of formation. The density logs are used with other logs and separately or different 
purposes (Tittman and Wahl, 1965).  

Density log can be used to find out the correct porosity of the formation (Asquith 

and Gibson, 2004). The rock type of my research work is shale. By using following 

equation, density porosity can be calculated as. 

 ɸd=
ρ𝑚−ρ𝑏 

ρ𝒎−ρ𝒇
 

Where, ɸd represents porosity derived from the density log, ρb represents bulk 
density of formation derived from the RHOB log, ρm represents matrix density, ρf 
represents the density of fluid. The main purpose of present petrophysics is to obtain 
calculation about porosity, saturation of water and hydrocarbon. 

 

 2.3.4Average Porosity (ɸt) 

 The total porosity is calculated by adding all three porosity values. Average porosity can 
then be calculated in order to get the effect of all the pores. Average porosity is measured by 
adding neutron porosity and density porosity values. Whereas, the number of interconnected 
pores give effective porosity. The calculation of average porosity can be done by using following 
equation  

ɸt=
(ɸ𝑁+ ɸ𝐷)

2
, 

where, ɸt is average porosity, ɸD is density porosity and ɸN is neutron porosity. 
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2.4 Well Log and Total Organic Carbon (TOC) Content Estimation. 

 2.4.1 Gamma Ray (GR) Log 

 The GR log is used to measure the radioactivity of the formation. This log is also known to 

be the lithology log. This log shows high value where there is shale, because shale consists of 

more radioactive elements. Therefore, shale free sand has low gamma ray readings (Krygowski 

et al., 2004) 

 Organic rich rocks have high values of GR log. The use of the gamma ray log has been used 

now a days as an empirical relationship which is observed between the radioactive material and 

the organic matter (Swanson, 1960). There is no other tool present that gives information about 

the relation between organic matter and radioactive material, so this too may prove to be of 

significant value (passey et al., 1990). 

  

 2.4.2 Density (RHOB) Log 

 As the solid organic matter are less dense than that of the surrounding rock matrix, the 

density log estimates organic matter content (Schmoker, 1979). Although density log application 

is slightly more accurate than that of the gamma-ray log, but its usefulness is decreased in well 

bore where shale is washed-out (Passey et al., 1990). 

 2.4.3 Sonic (DT) Log 

 Average transit time of 180 μs/ft. is suggested for organic matter. The acoustic log 

response to organic matter is the increasing of the transit time over 140 μs/ft depending upon 

the distribution of organic matter in the matrix (Aadil et al., 2014). The DT log is used to further 

generate another track of P-wave velocity (Vp) which is later used to generate the S-wave velocity 

log, since the given data is usually not provided with additional logs such as DT4P and DT4S.  

Calculation of Petrophysical and Petro-Elastic Properties 

 Shale oil zone quality can be evaluated with the help of mineral constituents, 

concentration of oil/gas content, level of organic maturity and petrophysical and petro-elastic 

properties. This information about the shale oil/gas reservoir give insight to evaluate the well 

location, hydraulic fracturing, and well drilling design. Examples of calculations are the Young’s 

Modulus , Poisson’s Ratio and Brittleness Index. These are further discussed in Chapter 3. 
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Chapter 3: 

Methodology 

 

 This chapter explains the methodology and code behind the designed application. 

3.1 Use of global variables 

 Global variables are a type of variable used in programming which can, unlike local 

variables, carry values stored in it over to other functions as well. In the code used the global 

variables were used to store the values of the different well logs. This allowed the use of the 

stored well log values without the need to reload the well log data. 

3.2 The GUI 

 Figure 3.1 shows the designed GUI interface for the main screen, the buttons for different 

processes to be executed are organized into corresponding button groups. The push buttons 

used to display individual logs are categorized in the ‘logs’ button group, velocity analysis tools 

are organized into the ‘velocities’ button group, and similarly so with rock physics, porosity and 

volume of shale and water saturation.  

If any user input variables are required then they are placed in the corresponding button 

group’s text box e.g. for display of density porosity log the variable values for matrix density and 

matrix fluid density are required which must be written within the assigned text boxes. However, 

if matrix density and matrix fluid density values are entered into the text boxes of ‘Volume of 

Shale & Sw’ then the log of density porosity will fail to load in the axes 

The radio buttons in the ‘velocities’ and ‘volume of shale &Sw’ are used to select one of 

two options. For the velocities they are used to select the units of the DT log and for the Volume 

of shale & Sw they are used to select the variant of the Larionov formula. 

At the top left of the GUI the tool bar is visible which is used to interact with the axes, it 

can be used to pan the graph, select data cursor, zoom in, zoom out, print, save figure, place 

point, draw line, draw rectangle. At the top right of the GUI the three large push buttons from 

left to right are used to load data from wells in ‘ *.xlsx’ format, access the Cross-plot GUI and 

access the GUI to display all logs side by side. 

 It should be noted that when zoom in is selected the axes can be right clicked to open a 

menu where horizontal only zooming and vertical only zooming are available for selection. 
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Figure (3.1) WellGUI.m interface 
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3.3 Data Loading 

 For any processing or interpretation to be done the data must first be loaded into the 

software. The data is loaded from an excel file using the following code. 

Figure (3.2)-code block for data loading and removal of -999.25 values 

 

 In the figure (3.2) 419-432 are used to initialize global variables which will store the values 

of their corresponding logs. 
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 In line 436 the function “uigetfile” opens a browser UI (User Interface) which is used to 

navigate to and select the appropriate excel file containing the well log readings. The function 

however, will not load the file it will merely store the name of selected file in variable ‘filename’ 

and store the selected files directory in the variable filepath 

 Line 437 will be the used to load the data of the file selected by line 436, the ‘xlsread’ 

function will go to the selected file and store the any numeric values in the variable ‘well’ and 

store any string values in the variable ‘LogName’. If a single variable was used in place of 

‘[Well,Logname,~]’ the entire data of the file would have been stored in the single variable 

instead of being separated into string and numerical data. This separation aids us in further 

processing of data as well as the separation of the logs by their names string. 

Line 440-444 the for loop is used to replace all -999.25 with NaN which indicates that the 

value is null or invalid. This is done in order to avoid unnecessary errors in further calculations 

and plots.  

In figure (3.3) on the following page the IF statement covering line 447-489. Is used to 

distinguish and separate the different log data available. It will identify the name of the logs and 

according to which column of the excel file contains the name of the log the program will assign 

the log data into its appropriate variable in the program for further use. This is achieved simply 

by using matrix indexing options. E.g. If Depth is stored in the first column then the program will 

detect the string in the cell which has its title as ‘DEPTH’ or ‘Depth’ it will not however detect the 

column title if it is written as ‘depth’. Next, once the program has detected that the depth logs 

presence and its column location in the excel file then it will use the column number (i) and use 

it to assign the log values to the variable ‘Depth’ using ‘well (: , i)’. The ‘well’ as described above 

contains the data of all the well logs and the ‘(: , i)’ is used to signify that only the column ‘i’ is to 

be singled out. This is repeated will all logs with following names (any log names not listed are 

ignored. These names are case sensitive):  

Depth or DEPTH  LLD or ResD                                                                                         

NPHI or PHIN  DRHO                                                                                                 

CALS    RHOB                                                                                                 

GR    MSFL or ResM                                                                                                                                                                                  

CALI     PEF                                                                                                     

SP    LLS or ResS                                                                   

DT    Temp   
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Figure (3.3) code block for separation of well data into respective logs. 

Now the data has been loaded into matlab and is ready for further calculation and processing. 

... .. , ... ... 
'" '" ... 
'" '" '" ... 
m ... 
'" '" '" ... .. , ... 
'" ... .. , 
m 
on 
on 

'" '" m 

'" on 

'" '" ... ... 
'" '" ... 
m ... 
'" ... 
m 

1 t co .. nt (Loqlla=e (1 ) , " o..pth · ) I I count (1.0<]11= (' ) , " DEPTH " ) ~ -O 

Depth-llell ( :,i ) : 

'"' if coun~ILovIl....e ( i ) . " LU}· ) II c:oWlt (LoqN....., ( l ) , ·R~~D· )--O 
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Teaop-1lle 11 ( : , II : 

'"' 



20 

Figure (3.4). display of LLD log 

3.4 Singular log Display 

The block of code in figure 3.4 from line 116-124 shows how the graph for the LLD log is 

created. All other log graphs are created using the same method changing only the variables 

used. First the logs of depth and LLD are plotted using the plot function after which the x and y 

labels are added and the minor and major grids are activated. Once activated the axis is adjusted 

using the “axis tight” which moves the axis borders to the minimum and maximum values from 

the logs. Examples of other log creation codes are shown below in figures 3.5 and  

Figure (3.5) code block for Display of NPHI log 
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Figure (3.6) Code block for display of PEF log 

 The simultaneous plots for RHOBxNPHI and LLDxLLS are done slightly different due to 

constraints imposed by my personal lack of knowledge in matlab programming. These are shown 

in figure (3.7) and figure(3.8). 

 

Figure (3.7) Code block for display of RHOBxNPHI simultaneous plot 

In figures 3.7-3.8 instead of the plot function the plotyy function is used. This specific plot 

function allows for the simultaneous plotting of two y-axis variables alongside a single x-axis 

variable. As it only allows for two y-axis variable and not two x-axis variables To overcome this 

hurdle the view ([90,90]) function is used. This rotates the view angle of the plot to be rotated so 

visually the y-axes appears as the x-axis and vice versa. This rotates the view angle of the plot  
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Figure (3.8) Code block for simultaneous display of LLDxLLS log 

This rotates the view angle of the plot to be rotated so visually the y-axes appears as the x-axis 

and vice versa. Also an addition to be noted is the “@semilogy, @semilogy” at the end of line 

666 and [AX,H1, H2] at the start. The start simply means that the variable AX will hold the axes 

properties for both y-axes, while H1 and H2 will hold the values of the said axes. Following this, 

in line 667 and 668the linkaxes () function is used along with “set (AX (2),’XTickLabel’,[]);” and 

will ‘link’ both x-axes or merge them so there are no inconsistencies of the x-axes with either of 

the y-axes.  

In addition to this change, for the RHOBxNPHI simultaneous plot in figure 3.7 the values 

of NPHI could not be reversed also due to my lack of knowledge in matlab programming, hence 

all values of NPHI log are made negative values so that visually the plot appears as it should.  

Figure 3.9 shows the code used to generate the Density porosity log. In the “get 

(handles.Pm,’string’)” function the get() function is used to retrieve values from the GUI that can 

be edited. This specific get function retrieves the contents of the text box which will contain the 

matrix density entered. It does so by first locating the textbox with the tag ‘Pm’ signified by 

‘handles.Pm’ then continues to retrieve the ‘string’ section of the selected text box via ‘string’.  

As the value retrieved is a of the string type it must be changed into a number so that it 

can be properly calculated further. This is done using the conversion function ‘str2num()’. This 

function as its name suggests converts the string inside the function parenthesis into a numerical 

values. 

The formula used to calculate the density porosity is PhiD=(RhoM-RhoB)/(RhoM-RhoF). 

The RhoM is the matrix density, RhoF is the matrix fluid density RHOB is the density log and PhiD 

is the density porosity. The plotting for the density porosity x depth is done in the same method 

as that for other logs.In Figure 3.10 the sonic porosity is calculated using PhiS=(DT-DTma) / (DTfld 
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– Dtma) * (1/cp). Where PhiS is sonic porosity, DTma is matrix transit time, DTfld is fluid transit 

time and cp is compaction factor. Other aspects of this code block are the same as in figure 3.9. 

    

 

Figure (3.9) 

code block 

for 

calculation 

and display 

of PHID 

 

 

 

 

 

 

 

 

 

 

 

 Figure (3.10)

 code block 
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Of sonic 

porosity 
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3.5 Volume of Shale 

Volume of shale can be calculated using multiple methods, namely: Linear scaling, Clavier 

shale correction (1971), Steiber shale correction (1970), and Larionov shale correction formulas 

for Consolidated and Unconsolidated (1969).  

A comparison of the methods is given in figure 3.11 observing this figure we can see that linear 

method overestimates the volume of shale while the two Larionov formulas give a more accurate 

general trend of volume of shale for their corresponding rock ages as compared to Steiber (1070) 

and clavier (1971). Hence, in the program the Larionov equations are used. Which are as follows: 

(a) Larionov (Tertiary rocks):  𝑉𝑠ℎ = 0.33[2(2∗𝐼𝑔𝑟) − 1] 

 

(b) Larionov (Older rocks): 𝑉𝑠ℎ = 0.083[2(3.7∗𝐼𝑔𝑟) − 1] 

The implementation of this formula in matlab code is done as shown in figure 3.12 and 

figure 3.13. First Igr is calculated in Line 349 and line 371 after which the formula for the 

corresponding equation is applied using the Igr value, the calculated vales of the consolidated  

and unconsolidated rocks are then stored in the variables of Vsh_old and Vsh_ter.  
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Figure (3.11) 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.12) Code block for calculation and display of Vsh Larionov eqution for older rocks 
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Figure (3.13) Code block for calculation and display of Vsh of tertiary rocks 

The implementation of this formula in matlab code is done as shown in figure 3.12 and 

figure 3.13. First Igr is calculated in Line 349 and line 371 after which the formula for the 

corresponding equation is applied using the Igr value, the calculated vales of the consolidated 

and unconsolidated rocks are then stored in the variables of Vsh_old and Vsh_ter. Then the lines 

352-360 and 375-383 show how the values of the calculated volume of shale will be plotted onto 

the axes.   
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Figure (3.14) Code block for calculation and display of Sw 

 

1109 'calcuhunll Oen~HY Pozonty 
1110 RhoHa _ lIet(hancllu . RhQHa , '~Ui"II' ) : 

1111 RhoHa _ ~UZn""'(RhQHiO): 
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3.6 Saturation of water 

Water saturation is the percentage of pore volume in rock that is occupied by water of 

formation. If it is not confirmed that pores in the formation are filled by hydrocarbons. It is 

assume that these are filled with water. To determine the water and hydrocarbon saturation is 

one of the basic goals of well logging. To calculate saturation of water in the formation a 

mathematical equation known as the Archie equation is used which is given below. 

 

 

Where, F is formation factor,𝐹 =
a

∅m
, Rw represents resistivity of water, Rt represents the 

true formation resistivity which is applied in use of the lateral log deep (LLD), n represents the 

saturation exponent with its value varying from 1.8 to 2.5, a is constant and its value is assumed 

as 1, ∅ represents effective porosity, m represents the cementation factor. 

Figure 3.14 shows the code used in the button for calculating Sw in the volume of shale 

& Sw button group. Lines 1110-1113, 1135-1136 and 1141-1144 are used to retrieve the string 

input then change it into numerical values from the text boxes containing values of matrix 

density, matrix fluid density, cementation factor, Rw and saturation exponent respectively and 

must be all input by the user into their respective text boxes. Once the user selects which formula 

of Vsh to apply using the radio buttons the code will identify the selected radio button using lines 

1123-1128. The program first calculates the density porosity which is used in order to calculate 

effective porosity. Then calculates Vsh using selected formula followed by the calculation of 

effective porosity and formation factor which is finally used in calculation of saturation of water. 

Lastly, the calculated Sw values are plotted as shown in lines 1149-1157. 

 

Figure (3.15) Code for identification of selected unit and calculation of Vp log 

3.7 Velocity analysis 

 After generation of the three petrophysical logs and the volume of shale calculated we 

then use the DT log to generate the compressional wave velocity within the zone of interest. 

Velocity is the reciprocal of the sonic transit time. Even on logs with a metric depth scale, the 
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transit time is mostly still given in µs/ft. The necessary conversions must be applied to extract the 

metric velocity thus the following equation is used if the DT measurement is in µs/ft. 

 𝑉𝑝 =
1 ×1,000,000

𝐷𝑇 ×3.28
 

Where, DT is the sonic log. This calculation is done as shown in figure 3.15, where the 

units of the DT are first selected by identifying which radio button has been selected and the 

appropriate formula is used i.e. the units are converted into metric units if they are in µs/ft or 

are unchanged if already in µs/m. this is then plotted in similar way as other plots shows prior. 

 Acoustic impedance is a layer property of a rock and is equal to the product of 

compressional velocity and density (Onajite, 2014). The density log and the compressional wave 

velocity log generated from the DT log are used to compute the acoustic impedance log by 

following equation 

 𝐴𝐼 = 𝑉𝑝 × ρ
𝑏

  

 Where, ρ𝑏 is the density of the formation taken from the RHOB log and Vp is the 

compressional wave velocity calculated from the DT log. In the code this is done as shown in 

figure 3.16 where lines 961-968 are the exact same and serve the same purpose of calculation 

Vp as in figure 3.15 and line 970 is the acoustic impedance formula. Once calculated it is plotted 

using lines 972-980. 

 After the calculation of the compressional wave velocity log in the zone of interest the 

shear wave velocity log calculation is the next step for which proper empirical relations are to be 

considered to be used, considering the lithology of the study zone. There are three key empirical 

relations, namely: 

 

 Castagna et al., (1993). Least square linear fit to the data  

 

Vs=0.804Vp−0.856 (km/s)  
 

 Famous “mudrock” line derived from in-situ data by Castagna et al., (1985)  

 

Vs=0.862Vp− 1.172 (km/s)  



 
 Empirical relation of Han (1986)  

 

Vs=0.794Vp− 0.787 (km/s)  
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 Of these three relations, those by Han (1986) and Castagna et al., (1985) are essentially 

the same and give the best overall fit to the sandstones. The mudrock line predicts systematically 

lower Vs because it is best suited to the most shaley samples, as seen in Figure 3.17. Castagna et 

al., (1993) suggests that if the lithology is well known, one can fine tune these relations to slightly 

lower Vs/Vp for high shale content and higher Vs/Vp in cleaner sands. When the lithology is not 

well constrained, the Han and Castagna et al., (1985) lines give a reasonable average (Mavko et 

al., 2009). Figures 3.18-3.20 show the implementation of the three formula into their 

corresponding push button 

 

 

 

  

Figure (3.16) Code block for calculation and display of Acoustic Impedance log 
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Figure (3.17) 

 

Figure (3.18) Castagna et al. (1993) 
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Figure (3.19) Mudrock line (1985) 

 

Figure (3.20) Han(1986) 
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3.8 Young’s Modulus 

 This Modulus is obtained to measure the stiffness of the material. The relation between 

the density, compressional wave velocity, young’s modulus, and shear wave velocity is given in 

the following equation. 

  

 Where, ρ is the density that is obtained from the density (RHOB) log, Vs and Vp are the 

shear wave and compressional wave velocity respectively which are obtained from the sonic log 

(DT). The code for the applications push button of young’s modulus is given in figure 3.21 below 

                
Figure (3.21) Code block for calculation and display of young’s modulus 
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3.9 Poisson’s Ratio 

 The Poisson’s ratio is used to indicate the maturity of the shale oil/gas zone. The low value 

of poisson’s ratio will indicate the mature oil/gas shale zone. The relation between the poisson’s 

ratio, compressional wave velocity, and shear wave velocity is given in following equation (Mavko 

et al., 2009). 

 

Where, Vp/VS is the ratio of compressional wave and shear wave velocities. Figure 3.22 shows 

the implementation of the formula into the matlab code 

 

Figure (3.22) Code block for calculation and display of Poisson ratio 

3.10 Brittleness 

 This is used to measure the energy that can be stored in the rock before the rock is going 

to fracture. This property is dependent on the lithology, texture, effective stress and some other 

important parameters. To estimate this parameter, the poisson’s ratio and the young’s modulus 

are the main key parameter. The brittleness index (B) can be estimated by using the relationship 

of Rickman et al., (2008) from the well log data. 
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 Where,   

 

Implementation of the Brittleness index formula in the applications corresponding push 

button is shown in the block of code below (figure 3.23). 

 

Figure (3.23) Code block for calculation and display of Brittleness Index 
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This concludes the code used in the main GUI named “WellGUI.m” now the two secondary GUIs 

shall be discussed starting with the simple method of accessing them from the main 

“WellGUI.m”. This is done simply by calling the name of the target gui in the callback for the 

corresponding push button as shown below in figure 3.24. it shows that only a single word need 

be written to open the corresponding GUI which is the name of the “.m” file containing the code 

for the GUI. 

Figure (3.24) Code for opening the Wellprofile.m and CrossPlots.m 

Figure (3.25) GUI of wellprofile.m 
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3.11 Well Profile 

 The title and name of the “.m” file can prove to be very misleading as due to constraints 

on my programming knowledge they are not true well log profiles but only side by side displays 

of all logs which can be viewed in the main WellGUI.m as shown below in figure 3.25. 

 Much like in the main WellGUI.m the 

plots can be interacted with using the 

tools available in the tool bar at the top 

left of the window. At the center top is the 

“Load” button which uses the same coding 

as shown in figure 3.2 and 3.3. However, 

instead of simply loading in the data this 

will in addition plot all graphs onto their 

corresponding axes. This is done by simply 

adding a single line of code “axes 

(handles.axes1)” which is a function that 

changes the currently selected axes to the 

axes mentioned after “handles”. The axis 

is repeatedly changed for each plot and 

the code used for plotting purposes is the 

same as shown in figure 3.4.  

A very important and notable 

addition of code in the wellprofile.m is the 

inclusion of a series of existence checks 

shown in figure 3.26 that verify if a log 

exists in the given data or not. If the log 

does not exist then its values are replaced 

by “NaN” or a null value. If these checks 

are not put in place then the absence of 

any log listed will result in the termination 

of the running program and failure in 

plotting any logs ahead of the absent one. 

 

 

 

 

Figure (3.26) if statement chain used to check for variable existence 
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3.12 Cross-plots 

Figure 3.27 shows the GUI used for the cross-plots. At the top left the “Load Data” push 

button contains the same code as shown in Figure 3.2 and Figure 3.3. at the center top are two 

list boxed from which a log can be selected. Once the first and second logs are selected and the 

push button “Update Plot” is pressed the program will plot the selected logs as a scatter plot in 

the large axes to the left and plot the singular selected logs against depth on the two smaller axes 

to the right. 

 Figure 3.28-3.30 show the callback code for the “Update Plot” push button. In figure 3.28 

and figure 3.29 a switch statement is used to identify which log has been selected in each list box. 

First the selected ‘value’ or index of the selected log is identified which is then used to assign 

values to the ‘x’ variable and the ‘x-tag’ in figure 3.28 and ‘y’ variable and the ‘y-tag’ in figure 

3.29. The ‘x’ and ‘y’ variable contain the values of the selected log while the ‘xtag’ and ‘ytag’ 

variables contain the name of the selected logs.  

   

 

Figure (3.27) the GUI for the CrossPlots.m 
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 Next in figure 3.29 from line 321-328 the large axes to the right is selected and the 

selected logs are plotted in it as a scatter plot. Lines 330-350 the selected logs are plotted against 

depth on the two smaller axes on the right of the GUI. 

 

   Figure 3.28      Figure 3.29 

 

 

 

 

 

 



40 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.30 
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Chapter 4: 

Showcase/Example 

 

This chapter focuses on comparison of displayed results of similar well log processing 

techniques on the BALKASSAR-OXY-01 well using the professionally made program, IHS Kingdom 

and my own GUI. This is done by comparing the displayed results of both programs side by side. 

Two extremely key criteria for the comparision to be noted are as follows: 

1. The used well log is NOT conditioned and is used as was given. 

2. The comparison is limited only to the initially displayed results and not the 

interpretation of the results. 

The reason that these two are set as criteria is because if the displayed results using 

unconditioned well log data are the same then there is no reason to suggest that condition data 

would show differently. Secondly, if displayed results are the same despite the unconditioned 

data then it only further shows the similarity of the self-made GUI.  

Furthermore, the purpose of not performing interpretation of the well log results is simply 

because that is not the focus of this thesis. This thesis focuses on the creation of an accurate self-

made GUI for well log interpretation and if the displayed results are similar to a professionally 

made program then surely the interpretation of these similar results will also be similar. 

  

4.1 Display of all logs 

 Figure 4.1 and figure 4.2 show the result of displaying all logs side by side while using the 

HIS Kingdom software and the self-made GUI. As can be seen immediately at first glance there 

are more logs displayed in the IHS kingdom display than in the self-made GUI. This is because the 

GUI is not programmed to read those said logs.  

 

 4.2 Comparison of singular logs 

 Figures 4.3 to figure 4.20 show the result of singular well log displays side by side with the 

singular well log displays from the WellGUI.m program. Namely, figures 4.3, 4.5, 4.7, 4.9, 4.11, 

4.13, 4.15, 4.17 and 4.19 show results from the IHS Kingdom software while figures 4.4, 4.6, 4.8, 

4.10, 4.12, 4.14, 4.16, 4.18 and 4.20. The first visible difference in the logs are that of scale. This 

is especially prevalent in the LLD, LLS and MSFL logs as they are on a log scale which is heavily 

affected by the scaling of the axes. 
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Figure (4.1) display of all logs using IHS Kingdom 

 

 

Figure (4.2) display of all logs using self-made GUI 
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Figure (4.3) CALI from Kingdom     Figure (4.4) CALI from WellGUI.m 
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 Figure (4.5) DT from Kingdom    Figure(4.6) DT from WellGUI.m 
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 Figure (4.7) GR from Kingdom    Figure (4.8) GR from Kingdom 
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Figure (4.9) LLD from Kingdom    Figure (4.10) LLD from WellGUI.m 
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Figure (4.11) LLS from Kingdom    Figure (4.12) LLS from WellGUI.m 
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Figure (4.13) MSFL from Kingdom    Figure (4.14) MSFL from WellGUI.m 
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Figure (4.15)NPHI from Kingdom    Figure (4.16) NPHI from WellGUI.m 
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 Figure (4.17) RHOB from Kingdom    Figure (4.18) RHOB from WellGUI.m 
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            Figure (4.19)      Figure (4.20) 

SP se 
." , 
~ " 

., 
'" "" 

-? 17° ~ 
, 

, 

~ 
~ ~ 

"" 

-
3, 

1 ~oo '$ :.-

~ 
3i ~oo 

~ ~ 



52 

 4.3 Comparison of Calculated logs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.21) Sw from Kingdom         Figure (4.22) Sw from self-made software 
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Figure (4.23) left to right- Brittleness Index, Young’s Modulus and Poisson’s Ratio from IHS Kingdom 
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 Figure (4.24) left to right- Brittleness Index, Young’s Modulus and Poisson’s Ratio from IHS Kingdom 

Figure 4.21 and Figure 4.22 show the Sw logs calculated using the archie equation in the IHS 

Kingdom software and the WellGUI.m respectively. The difference in the graphs shape is mainly 

due to the difference in scaling, the WellGUI.m shows a magnified x-axis which is the cause of 

the difference in shape. 

Figure 4.23 and 4.24 show the brittleness index, young’s modulus and Poisson’s Ratio from the 

kingdom software and the WellGUI.m respectively. 

Similarly figure 4.25 and 4.26 show the Vp log display from the kingdom and WellGUI.m 

respectively. The Vs calculations are not shown as since they are done from the Vp they are have 

the same general trend. The same is the reason for the AI log. If the trend of the Vp log is the 

same then the AI log will show the same trend aswell. 
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 Figure(4.25) Vp as calculated from kingdom  Figure(4.26) Vp as calculated from WellGUI.m 
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Chapter 5: 

Limitations and Conclusion 

 

 As shown in chapter 4 the program can run simplistic processes for well log data and the 

results are comparable to the IHS kingdom software results of the same processes. It however 

has several limitations and areas that can be highly improved upon if given sufficient time and 

knowledge about matlab programming. 

5.1 Limitations 

 There are several limitations in the program mainly due to the constraints of time, 

knowledge of matlab coding and the criteria set at the start for the program to run a very user 

friendly and simplistic GUI for basic processing. 

 Firstly, and possibly most notably the log displays are always of the full log. The axes are 

set according to the ‘axes tight’ command which forces the x and y axes to be set according to 

their corresponding maximum and minimum values. Hence, the depth shown is always of the full 

log values. This means that user defined range of depth is not accepted and must alternatively 

be zoomed in to the desired depth range. For this the room in function has the ability to only 

zoom the vertical depth axes. 

Secondly, and also very notably the program can only run the following logs and no other 

logs. Additionally, the log titles in the excel sheet can also only be names as shown and are case 

sensitive.  

Depth or DEPTH  LLD or ResD                                                                                         

NPHI or PHIN  DRHO                                                                                                 

CALS    RHOB                                                                                                 

GR    MSFL or ResM                                                                                                                                                                                  

CALI     PEF                                                                                                     

SP    LLS or ResS                                                                    

Temp                                       DT  

 

Thirdly, the program cannot display formation tops. This is due to my personal lack of 

coding knowledge as I did not know how to add a superficial line that would denote the formation 

top.  

 The cross-plot program is also limited to utilizing the entire log and cannot display only 

the selected depth. As such it can only show the general trend of the entire selected logs. 

Additionally, the cross-plot program cannot make polygons which would highlight the area in its 
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corresponding log. This is completely due to my lack of knowledge is coding. Once again this 

limitation is only due to personal lack of coding knowledge.  

 Another limitation for the code is that users can only use the limited number of provided 

formulae. E.g. if a user wishes to use the Steiber or clavier formulae for Volume of shale, they will 

be unable to do so. Similarly if user will be unable to apply a different formula for calculation of 

saturation of water. This can be fixed if simply given more time. 

 This GUI is also limited to only the use calculated Vs and cannot read or calculate the logs 

for shear wave transit time. 

 

5.2 Possible Improvements 

 While this GUI has very significant room for improvement, it must be kept in mind that 

above all the purpose of creating this GUI is for a user friendly experience for simple petrophysical 

analysis and interpretation. Hence, to avoid complexity the number of possible improvements 

are reduced. Some of these improvements are discussed below. 

 A very important improvement that can be made in all three GUIs is the inclusion of 

displaying values from only a selected range of depth. This is doubly important for the cross-plots 

GUI as it will significantly improve interpretation capabilities. The cross-plots GUI can also be 

improved by adding a color bar which would show a changing gradient of color in the scatter plot 

according to a selected third log. 

 Another possible improvement can be made in the loading of data. Currently the program 

is only able to load log data if it is in the ‘.xlsx’ Microsoft excel format. So an improvement can be 

made such that the log data can be directly loaded from a ‘.las’ file.  

 As stated above, the program has many more areas for improvement and the above 

mentioned are only a handful that can be made. 

 

5.3 Conclusion 

 In a nutshell, the thesis shows that the program developed with constrained knowledge 

of matlab programming and limited time is able to competently show accurate, if constrained, 

results of well log petrophysical analysis which was proven via comparison with the IHS Kingdom 

software’s results of the same logs utilizing similar formulas. It should be noted that my focus in 

the programs development was a user friendly program that can perform basic petrophysical 

analysis for beginners in the field of geophysics and is by no means a replacement for professional 

software. It does however show that given enough programming knowledge it is very possible 

for geophysicists to compile blocks of codes for simple processes themselves which will provide 

competent and accurate results. 
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 This program was made to be used with any well however it is also possible to obtain 

more accurate results if the program is hard coded to provide results for a specific wells specific 

area of interest as well.  
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