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The general meaning of the term logging is making a list of certain 

piece or pieces of information in sequence (ordered list). The 

product of this activity (logging) is a log.

Borehole geophysical logging

Several types of logs are 

produced by the 

geoscientists to summarize 

the results of different 

activities.

e.g. fieldwork logs, core 

logs, (drill) cuttings logs, 

mud logs, borehole

geophysical logs, (it is 

known as well log in the field 

of fluid exploration and 

production) and 

petrophysical logs.

An example of graphic fieldwork log

Maurice E. Tucker: Sedimentary Rocks in the field, 

Wiley-Blackwell, 2014, ISBN 978-0-470-68916-5



A short definition of well logging:

a measurement technique which is used for recording data of 

physical quantities primarily measured as a function of depth.

The main objectives of its application is to determine certain  

properties of rock formations and certain parameters of the 

boreholes or wells. 

A well logging operation is performed in a borehole or a well 

and it requires special equipment with measurement devices.

History

Borehole logging was initially developed for the hydrocarbon 

exploration by Conrad et Marcel Schlumberger (1927, 

Pechelbronn).

In the beginning the French name carottage électrique

(electric coring) was used for it.

Well logging



In the beginning, well

logging was used for

identifying the reservoir

zones and correlating the

similar patterns of the

same log curves from one

well to another. The aim of

this qualitative analysis of

well logs was to delimit the

reservoirs both horizontally

and vertically.

Well logging

Telford et.al.: Applied Geophysics, Cambridge 

University Press 1990



Later, the improvement of existing methods and the

development of new methods supported the evolution of

quantitative well log analysis (empirical methods for the

estimation of shale volume, porosity, water saturation and

permeability).

Several empirical relationships have been found between the

measured quantities and the reservoir parameters. But most

of them are applicable to only sedimentary rocks with

intergranular porosity.

Well logging



Currently, two versions (or techniques) of well logging are used in 

the oil industry (from the perspective of technical implementation):

• wireline logging (traditional way of well logging),

• logging while drilling (LWD) technique.

For wireline logging the data acquisition is implemented after the drilling 

string has been run out of the borehole. 

In the process of the operation a logging tool (or a logging tool string) is 

lowered into a borehole (or a well) by means of logging cable (wireline) 

and winch system. 

A logging tool measures the value of a  physical quantity. 

The position of the tool is being changed in the hole by lowering or 

hoisting up the logging cable.

In most cases, the measured quantity is recorded as a function of 

depth. 

The printed or displayed form of the measured quantity as a graph is 

called log curve, which visually represents the variations of the physical 

quantity along the logged interval. 

Well logging



Wireline logging

http://www.frontier-cf252.com/oil-well-logging.html
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Logging while drilling (LWD)

http://www.aps-tech.com/products/lwd-systems



The main components of a wireline logging system (from the 

borehole to the surface):

• logging tool (or probe) is able to measure the value of 

some physical quantity,

• armoured logging cable provides the mechanical and 

electrical connection between the logging tool and the 

surface while the measuring device is being lowered and 

hoisted up from the borehole,

• data acquisition system (on the surface) collects, stores 

and displays the measured data transmitted along the 

shielded insulated wires of the logging cable.

Wireline logging



Schlumberger 1989
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Wireline logging operations can be divided into two main groups:

• open hole logging,

• cased hole logging.

An open hole logging operation is performed in a portion of a well 

after it has been drilled, cleaned, stabilized and the drilling string 

has been extracted from the well. 

Then the logging tool is being moved along the bare rock sides of 

the formation. 

The borehole is filled with drilling mud during the logging operation.

The main objectives of open-hole logging are the following:

• lithological identification of the formations,

• determination of the bed boundaries and the interesting zones 

(e.g. reservoirs or mineralized zones),

• estimation of certain parameters of these zones (e.g. shale 

volume, porosity, water saturation, permeability or volume 

fractions of mineral components).

Wireline logging



A cased-hole logging operation is executed in a portion of a well 

after its casing string has been run in and cemented.

In this case, the logging tool is isolated from the rock formations by 

the casing string and the cement sheath.

Cased-hole logging is used to provide additional information from a 

well or reservoir that has already been completed. 

The set of logging methods used in production wells is called 

production well logging (PWL).

It can help determine what hampers the flow in a well. 

In some cases, a decision must be made to plug and abandon the 

well or recomplete it, and the log can help us to identify what lies 

beyond the casing of the well.

Cased-hole logging can also be used to monitor the formation and 

its fluid content beyond the casing, as well as to determine the 

quality of the cement bond, the casing (corrosion) and the 

perforation..

Wireline logging



A logging tool or probe is actually a measurement device applied in 

borehole environments.

Varied types of logging tools are used in the practice of wireline 

logging in order to measure different physical quantities as a function 

of depth (and/or time).

The construction and form of a logging tool is fundamentally 

dependent of the well logging method  for which it was developed. 

The so-called passive methods (e.g. natural gamma ray) are based on 

measuring the responses of rock formations to natural physical or 

physicochemical processes (spontaneous phenomena). In this case 

the logging tool measures the physical quantity considered to be the 

response of rock formations to the natural effect.

On the contrary,  the active methods rest on measuring the reactions 

of rock formations to artificially generated processes (induced 

phenomena).  In this case the logging tool does not only measure the 

response but also provides the  necessary excitation which may be 

continuous, or impulsive (e.g. electric current, EM field, gamma ray or 

elastic waves).

Logging tool or probe



The most important component of a logging tool is the sensor 

which is able to detect some physical effect and convert it into 

electric voltage.

An unambiguous relationship can be established between the 

value of electric voltage or the rate of voltage impulses and the 

magnitude of the physical effect by means of calibration.

The measured voltage signal is usually amplified, filtered, digitized

and stored in the tool memory or transmitted to the surface along 

the logging cable.

Different terms are used for the sensor depending on the well 

logging method:

method designation of sensor

electric potential electrode

electromagnetic receiver coil

radioactive or nuclear detector

sonic or acoustic receiver

Logging tool or probe



The logging tools of active logging methods contain one or more 

exciting (or active) units beside the sensor(s). These components 

are responsible for generating the necessary physical effects in a 

controlled way. These effects are the inputs for the environment of 

the logging tools. The environment is regarded as a system under 

investigation, and its responses are the outputs, which are 

detected by the sensors of the logging tools. The aim of this 

process is obtaining information on the environment.

The type of generated effect depends on the applied method of 

measurement:

method excitation designation of exciting unit

electric electric current current electrode

electromagnetic EM field transmitter coil

radioactive or gamma radiation gamma ray source

nuclear neutron radiation neutron source

sonic or acoustic elastic waves transmitter

Logging tool or probe



Logging tools

http://www.e-tyhoo.com/Tyhoo/datatemplate/product/p00435.aspx

Usually an antimagnetic stainless steel case called housing encapsulates all the 

internal component parts of a logging tool (sensors, exiting units, electric circuits 

and other electro-mechanical component parts).

The housing isolates the internal parts of the tool from the borehole and bears the 

pressure burden. The shape of a logging tool is typically elongated and 

cylindrical. 

Their lengths are very different, and depend on the number of sensors, exiting 

units, the spacing between them (tool geometry)  and the complexity of required 

electronics. 



Each type of logging tool has a so-called measure point. 

Its position along the tool axis depends on the arrangement 

of the internal components having key role in the 

measurement (sensor(s) and exciting unit(s)), and often 

indicated on the tool housing in the form of a visible mark.

The actual position of the measure point in the borehole 

gives the depth level to which the measured value is 

assigned under logging operation.

As the tool is moving in the borehole, the depth level of its 

measure point is also changing.

So, the values measured in different positions of the measure 

point are assigned to different depth levels.

Logging tool or probe



Logging tool string

In practice, logging tools are generally not used alone.

They are usually connected in suitable combinations (each tool has 

a male threaded end (at its upper end) by which it can be driven 

into the female end of another one).

This connected combination of logging tools is called logging tool 

string. A tool string can be as long as 100 ft (~ 30.5 m).

The most significant advantages of using logging tool strings are 

the following:

• saving the rig time (because more physical quantities can be 

measured simultaneously)

• improved depth correlation of all measured quantities (there is a 

common depth reference for all the recorded logging curves)

• facilitation of decision-making at well site (the quick-look 

evaluation of simultaneously recorded curves enables the 

necessary decisions to be made on the further operations).



Logging tool string

http://www-odp.tamu.edu/publications/204_IR/chap_02/c2_f26.htm



The term wireline refers to the armoured cable which is primarily 

used for lowering and pulling up the measurement devices in the 

borehole or well.

The logging cable provides a mechanical support for the tool and a 

communication channel for data transmission.

Logging cable

O. & L. Serra 2004: Well Logging Data Acquisition and Applications

The cable is wrapped with a two-

layered, galvanized (protection 

from corrosion) steel armour.

Both of these layers are formed 

by twisted steel wires.



The wires in the two layers are twisted in opposite directions 

to prevent the wires from getting loose.

The steel armour has enough strength to bear the tool weight

and provides some more strength to pull on the tool in case 

of sticking in the borehole.

The interior of the cable contains one or more shielded (for 

electrical noise reduction) insulated conductors (teflon is 

used for insulation).

These copper conductors provide electrical connection 

between the downhole logging tools and the computerized 

data acquisition system located on the surface.

The core of the logging cable may also contain an optical 

fiber cable, which provides much higher rate of data 

transmission.

Logging cable



The communication between the surface equipment and the 

downhole devices is duplex:

• the voltage signals of measured data are transmitted from the 

tools to the surface,

• electrical power as well as control signals are transmitted from 

the surface logging unit to the measurement devices. 

Logging cable

http://www.slb.com/~/media/Files/resources/oilfield_review/ors14/win14/2_cables.pdf

For open hole logging operations, 

seven-conductor cables 

(heptacables) are generally used 

(but there are three- and four-

conductor cables as well).

Single-conductor cables (or 

monocables) with smaller 

diameter are applied to cased 

hole measurements. 



A logging tool string is connected to the logging cable by means of 

a cable head.

A cable head provides both electrical and mechanical contacts 

between the cable and the tool string.

A cable head used in open hole logging (left side).

Cable head

http://www.weatherford.com/en/standa

rd-cable-head

https://www.geoilandgas.com/oilfield/wireline-

technology/wireline-cable-heads

A cable head used in cased hole logging (right side).



The logging cable with the logging tool string is moved by means of 

a motorized winch on the surface. 

The winch is attached to a (winding-)drum and the logging cable is 

wound around the drum. 

So, the cable is stored on a drum.

Winch

http://ivyzhang918.en.made-in-china.com/product/SBjQJUCEOmWY/China-

Geophysical-Winch-Well-Logging-Winch-Wireline-Winch-Cable-Winch.html

The cable can be lowered or pulled 

up by controlling the angular speed 

and direction of rotation of the 

drum.



A winch-man operates the winch by means of a control panel, and 

the winch is driven by a motor.

Winch

http://earthsky.org/earth/susan-hovorka-on-carbon-capture-and-storage



The direction of the logging cable is changed at two points 

between the winch and the borehole by means of two sheaves. 

A shave is a grooved wheel. The logging cable fits into the groove.

Both sheaves are fixed to the drilling rig.
While the upper sheave is hanged on the rotary hook, the lower 

one is fastened to the rotary table.

Sheaves

http://www.tis-manufacturing.com/products/wireline.php



A logging system set up to a drilling rig

http://www-icdp.icdp-online.org/news/training/Shimabara/Kueck/1_LOG_%20Basics.pdf



The surface equipment of a wireline logging system is the so-called 

surface logging unit. 

Since it is often required to be transported from one wellsite to 

another, it is enclosed into a weather-proof and transportable

cabin.

The cabin is separated into two parts:

• the drawworks area contains the winch assembly,

• the operator’s cab or logging cab houses the control panels of

the winch and other downhole instruments, as well as the 

computerized data acquisition and processing system. 

The surface logging unit is sometimes called mobile laboratory, 

because it can be considered as a laboratory where the results of 

the well logging operations are produced.

Surface equipment



Some of the logging units are equipped with two drums (dual drum) 

to carry different types of cables. 

The main winch has a seven-conductor logging cable, and the 

smaller winch at the rear generally bears a slim monoconductor

cable for cased hole logging operations.

Surface equipment

Log Interpretation Principles/Application, Schlumberger 1989



Most of the logging tool measurements are performed as the tool 

string is being pulled up slowly toward the surface.

The advantages of logging in the upward direction are 

• a taut cable 

• and better depth measurement.

Logging speed is the speed of cable movement during the logging 

operation.

The selection of logging speed depends on the measurement 

method and the type of device.

Logging tools which measure statistical processes (nuclear 

interactions and gamma radiation) or require mechanical contact 

between the sensor and the formation have to be pulled up very 

slowly: between 3 m/min and 10 m/min.

Some acoustic and electrical devices can be raised at much 

greater speeds during the measurement (15 – 25 m/min).

Logging speed



Recommended maximum logging speeds for some frequently used 

measurements:

measurement maximum logging speed (m/min)

spontaneous potential 30

induction log 25

acoustic travel time 18

laterolog 15

microlaterolog 10

microlog 10

neutron logging 9

natural gamma ray 6

density logging 4.5

borehole wall imaging 4.5

Logging speed



Effect of drilling mud on the borehole environment

The so-called rotary method is generally used for drilling boreholes in 

the oil industry, which applies mud circulation between the surface and 

the bottom of hole.

Scheme of the direct circulation mud 

rotary drilling

The most important consequence 

of that method is the invasion of 

mud into reservoir formations.

Dr. Léczfalvi Sándor: Kútépítés, Műszaki Könyvkiadó, Budapest, 1971



Effect of drilling mud on the borehole environment

The invasion process

During the drilling process, the hydrostatic pressure of the mud column 

has to be kept greater than the pore pressure of the formations 

(Pmud > Ppore).  This pressure difference prevents the well from blowing 

out. At the same time, it also causes the infiltration of liquid component 

of the mud, the so-called mud filtrate (mf), into porous and permeable 

formations when the drill bit penetrates  them.

After the infiltration has been started, the solid particles of the mud 

begins to form a deposit called mud cake (mc) on the porous and 

permeable surface of the borehole wall. Its thickness is gradually 

increasing, which results in decreasing rate of invasion.

Once a thick enough mud cake has developed, it usually has a very low 

permeability (of the order of 10-2-10-4 md) so it considerably reduces or 

stop the further mud filtrate invasion.



Effect of drilling mud on the borehole environment

The figure demonstrates the 

degradation of the formation caused 

by the drilling process. 

The over-pressured mud is infiltrating 

into the porous and permeable sand 

formations while mud cake  layers are 

depositing along the borehole wall.

The mud filtrate invasion does not take 

place at impermeable beds.

But the mud circulation often 

produces borehole wash-out (or 

cavern) in the shale zones having less 

mechanical stability.

Darwin V. Ellis, Julian M. Singer: Well logging for Earth Scientists



Effect of drilling mud on the borehole environment

The depth of invasion, the rate of invasion and the mud cake thickness are 
closely related characteristics of the invasion process, and depend on the 
time elapsed since the penetration.  
In the beginning the invasion dynamically progresses. 
As the mud cake is getting thicker and thicker, the invasion is gradually 
slowing down. 

Malcolm Rider: The Geological Interpretation of Well Logs

After some time the invasion 
process practically stops, because 
the mud cake has become 
impermeable.
(depth of invasion: the radial 
thickness of the interval disturbed 
by the mud filtrate in the 
formation.) 



Effect of drilling mud on the borehole environment

Very close to the borehole the movable part of the original fluid content 

(formation water and/or hydrocarbon) is flushed away by the mud filtrate. 

This zone is referred to as the flushed zone. 

If the formation was water-bearing, and the flushing process is complete, the 

mud filtrate occupies the place of the movable formation water in that zone. 

Only irreducible (or immovable) water bound to the grains and the pore walls 

remains in the flushed zone.

Going further from the borehole (behind the flushed zone), the mud filtrate is 

not able to completely displace the original fluid, and its ratio gradually 

decreases with the distance.

The zone in which both the mud filtrate and the movable original fluid are 

present is called transition (or mixed) zone.

The flushed zone and  the transition zone together forms the so-called invaded 

zone.

Beyond the transition zone the original fluid(s) fill(s) the pore space. The 

undisturbed part of the formation is called non-invaded or virgin zone. It is also 

known as  uncontaminated zone.



Effect of drilling mud on the borehole environment

The figure illustrates the  

invasion of mud filtrate in a 

borehole environment, as well as 

the meaning of the parameters 

characterizing the extent of 

invasion (depth and diameter of 

invasion). 

Malcolm Rider: The Geological Interpretation of Well Logs

The extent of the invasion is characterized by the diameter of invaded 
zone and the depth of invasion. 



Effect of drilling mud on the borehole environment

A cross sectional (left) and an axial view of a borehole at a porous and 

permeable bed with the zones and the parameters of the zones. 

Baker Hughes Inc., Introduction to Wireline Log Analysis



Effect of drilling mud on the borehole environment

Meanings of the abbreviations used in the notations of different 

quantities :

R: resistivity

S: saturation

s: shoulder (or adjacent) impermeable bed

xo: flushed zone, z: transition zone, i: invaded zone

o: non-invaded zone of a water-bearing formation (with a water 

saturation of 100 %)

t: non-invaded zone of a hydrocarbon-bearing formation (the water 

saturation < 100 %)

h: thickness, d: diameter

m: mud, mf: mud filtrate, mc: mud cake

w: formation (or connate) water



Effect of drilling mud on the borehole environment

The depth of invasion depends on several parameters among other 

things

• the type and the properties of the drilling mud (e.g. the viscosity), 

• diameter of the borehole,

• the formation porosity, 

• the formation permeability, 

• the pressure difference, 

• and the time elapsed since the drill bit penetrated the formation.

In general, the invasion is shallow in very porous and permeable 

formations, because the mud cake blocking the further filtration rapidly 

builds up. 

On the contrary, the invasion may be very deep (up to several metres) 

in poorly permeable zones, where the formation of mud cake is a slow 

process.



Effect of drilling mud on the borehole environment

The table shows how the depth of invasion changes with the formation 

porosity and the borehole size.

Borehole 

size (in)

17 ½

(44.45 cm)

12 ¼

(31.115 cm)

8 ½

(21.59 cm) Ratio of the 

invasion 

diameter to 

the 

borehole 

diameter

Porosity 

(%)

Depth of invasion (cm)

1 – 8 200 140 97 10

8 – 20 90 62 43 5

20 – 30 22.5 15.5 11 2

> 30  3  2  1.7 < 2

Malcolm Rider: The Geological Interpretation of Well Logs



Effects of drilling mud on the borehole environment

Sxo= Swirr + Smf =1 (or 100%) : water saturation of the flushed zone

Smf: mud filtrate saturation

Swirr : irreducible water saturation

Sw= Swirr + Swmov : formation water saturation

Swmov: saturation of moveable formation water

Invasion profile of a water bearing formation for water-based mud


