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Typical caliper log responses to various lithology 

 
 

Factors influencing caliper responses 
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Uses of the Caliper Log: 

1- Caliper logs can give us valuable information about the borehole 
size and shape. 

2- Contributory information for lithological assessment and used to 

aid in evaluation of rock properties of formations drilled 

3- indicator of good permeability and porosity zones (reservoir rocks) 

due to development of mudcake. 

4- Estimation of mudcake thickness, hmc = (dbit – dh) / 2 . dh is caliper 

reading. The existence of mudcake (when the borehole diameter is 

less than the bit size) is an indication of the infiltration of mud into 

the formation. 

5- Locate fracture zone and assess borehole quality and stability. 

6- Measurement of borehole volume, Vh = (dh 
2 / 2) + 1.2% , in litres 

per meter. 
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Electrical Logs: 

Electrical well logging was introduced to the oil industry over half a 

century ago. Electric logging for formation evaluation can be defined as 

recording of one or more electrical properties of rocks for use in 

estimating their fundamental properties (Porosity, Saturation, etc) 

 
The first electrical log was recorded the Schlumberger brothers 

(Conrad and Marcel) in 1927 in a well in the small oil field of 

Pechelbronn, in Alsace, a province of northeastern France. 

 
1- Self-Potential / Spontaneous Potential (SP) Log: 

 
The spontaneous potential (SP) log was one of the earliest 

measurements used in the petroleum industry, and it has continued to play 

a significant role in well log interpretation. It is very simple, requiring 

only an electrode in the borehole and a reference electrode at the surface. 

 
 
 

The SP log: is a record of direct 

current voltage (or potential) that 

develops naturally (or 

spontaneously) between a 

moveable electrode in the well 

bore and a fixed electrode located 

at the surface. It is measured in 

millivolts (mV). 

 
 

electrical voltages resulting from electrical currents in the borehole 

caused by the differences in the salinities (resistivities) of the formation 
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connate  water  (Rw)  and  the  drilling  mud  filtrate  (Rmf),  and  by  the 

presence of ion selective shale beds 

 

There are three requirements for the existence of an SP current: 

1- a conductive borehole fluid (i.e. a water-based mud), therefore 

the SP cannot be recorded in air or oil-base mud. 

2- a porous and permeable bed inserted between low porosity and 

impermeable formations 

3- a difference in salinity between the borehole, in most cases the 

mud filtrate and the formation fluid. 

 
 
 

The SP log is usually recorded on the left track of the log (track 1) 

and is used to: 

1. Detect permeable beds & Lithology 

2. Identify boundaries of permeable beds 

3. Determine formation-water resistivity (Rw) 

4. Determine the volume of shale (Vsh) in permeable beds 

5. Detection of hydrocarbons by the suppression of the SP curve. 

6. Correlation 
 
 

The Source (Origin) of SP: 

The SP is a good indicator of formation water salinity. The 

variations in the SP are the result of an electric potential that is present 

between the well bore and the formation as a result of differences in 

salinities between mud filtrate and formation water. 

 

The origin of the spontaneous potential has four different 

components. These are shown in figure bellow. 
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1- Electrochemical Components: 

These components arise from the electrochemical interaction of ions 

in the mud filtrate and formation fluids. 
 

 
 
 

The electrochemical contribution, itself, consists of two effects: 

1- Shale Membrane (Potential). 

2- Liquid-junction Potential. 

 

1- Shale Potential: 

• The shale, due to its predominant clay content, acts as a cationic 

membrane. It is permeable to cations (Na+), but not to anions (Cl-) 

due to an apparently high negative charge on the clay lattice. 

 

• The sodium ions (Na+) can flow from the more concentrated 

formation water through the shale into the less concentrated 

borehole mud sets up a positive charge (potential) opposite the 

shale in the borehole. 

• This movement of cations generates a membrane potential (Em) 

OR (Es). 

 
 



Dr. Maha Muneeb 36 

Well Logging 3rd year Mining Eng. Dep. 
 

 

 
 

 

• This membrane potential is created near the boundaries of shale 

beds and permeable beds. 

 

• In the permeable bed, there is the invaded zone, which contains the 

mud and mud filtrate (in this case the dilute solution), and the 

uninvaded zone, containing the formation water (here the 

concentrated solution). 

• So, a current will be created moving from the mud or mud filtrate 

to the uninvaded zone through the shale and back to the mud or 

mud filtrate. 
 
 
 

 
 

The Generation of the Spontaneous 
 
 
 

2- Liquid junction Potential (Diffusion Potential): 

In most borehole, mud filtrate is weaker solution and formation 

water is the more concentrated solution. The electric potential between 

the solution is called the liquid junction potential (Elj). 

 
• When two sodium chloride solutions differing in concentration are 

in  direct  contact  with  each  other,  a  semi-permeable  barrier  is 
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created. This allows ions to migrate from one solution to another, 

but keeps the solutions from mixing. 
 
 

• At the salt water (formation water) and fresh water (mud filtrate) 

contact, the Cl- ions (lighter) have greater mobility than the Na+ 

ions and thus move more rapidly. 

• This rapid movement generates a negative potential across the 

liquid junction. 

 

(negative charges is created in the less a concentrated solution as 

they pass from the more concentrated (which becomes more 

positive). 
 
 

 
 

 
 

The total SP (electrochemical) is sum of two components: 

Ec = Em + Elj 

 
 

Liquid junction effects. 
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The measured SP value is influenced by bed thickness, bed 

resistivity, borehole diameter, invasion, shale content, hydrocarbon 

content, and most important: the ratio of Rmf to Rw. 

 
1- Bed Thickness: 

 
In a thin formation (i.e., less than about 10 ft [3 m] thick), the 

measured SP is less than SSP. However, the SP curve can be corrected 

by chart for the effects of bed thickness. 

As a general rule, whenever the SP curve is narrow, rounded and 

pointed, the SP should be corrected for bed thickness before being used 

in the calculation of Rw. 

 
 

2- Bed Resistivity: 
 

Higher resistivities reduce the deflection of the SP curves. 
 
 

 
 

The Influence of Bed Thickness and Resistivity 
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3- Borehole Diameter and Invasion: 

• Hilchie (1978) indicates that the effects of borehole diameter and 

invasion on the SP log are very small and, in general, can be 

ignored. 

• For all bed thickness, as invasion increases, the SP log become 

more rounded and peak values are lower. 

 
 

4-Shale Content: 
 

The presence of shale in a permeable formation reduces the SP 

deflection. 

In water-bearing zones, the amount of SP reduction is related to the 

amount of shale in the formation. 

 
 

5- Hydrocarbon Content: 

• In hydrocarbon-bearing zones, the SP deflection is reduced. 

Hydrocarbons (non-conductors) in the permeable zone give 

higher permeable zone resistivity and correspondingly reduced 

SP. 

• This effect is called hydrocarbon suppression. Hydrocarbon 

suppression of the SP is a qualitative phenomenon, and cannot be 

used to determine the hydrocarbon saturation of the formation. 
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