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 Borehole geophysics
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Give accurate and representative data on the physical properties 
of the rock formations and fluids encountered in a borehole.

 Borehole geophysics
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A log is a continuous recording of a geophysical 
parameter along a borehole.

 logging
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Physical parameters =f(z)

basic physical parameters that can 
be measured down-hole with 
(a)size of the borehole
(b) orientation of the borehole
(c)temperature, 
(d) pressure, 
(e)natural radioactivity of the rocks, 
(f) acoustic properties of the rocks, 
(g)attenuation offered by the rocks 

to radioactivity generated from 
the tool

(h) electrical properties of the rocks.

 logging
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1911: first measure of electrical 
conductivity at the surface

1927: first measure of electrical 
conductivity in a borehole

Objective: identification of the geological formations + fluid  (oil)

 A bit of history
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• First electrical log at Pechelbronn (Fr) , 1927

(cf. Schlumberger)

 A bit of history
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Drill bit

Casing
Well

 Definition
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When:
• 1) in between drilling episodes (open-hole logs) 
• 2) before casing (open-hole logs) 
• 3) at the end of drilling ((open-hole logs)
• 4) after casing (cased-hole logs).

Recent developments also allow some measurements to be made 
during drilling.
• Measurement while drilling (MWD) low band-width radio 

communication
• Logging while drilling (LWD) 

Best data quality

 Logging
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 Experimental arrangement
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 Experimental arrangement
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 JOIDES Resolution (IODP)
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 JOIDES Resolution (IODP)
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There are a plethora of logging 
tools now available. There can 
be split into the following
types:
- Standard open-hole tools                                                                                                      
(diameter 3 to 4 inches)
- Slim hole tools (diameter 

1.6875 to 2 inches)
- Cement-logging tools (work

through cement casing)
- Production tools ( pressure 

flow rate, used during
production

- LWD tools

 Tools
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 Tools
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 LWD tools
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Drilling muds are used during drilling for at least 4 reasons:
• To lubricate the drill bit.
• To remove drilled material away from the drill bit and transport 

them to the surface.
• To counteract the fluid pressure in the rock.
• Stabilize the wellbore.

 Mud invasion

-Drilling muds > fluid pressure
• Mud flow into the formation 

=invasion (mud filtrate)
• Mud left at the surface = mud 

cake

 Disturb rock properties
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 Mud invasion
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• The depth of invasion is related to the permeability of the 
rock.

 Mud invasion
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High K

Low K



 Physical parameters influcenced by mud invasion
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The Caliper Log is a tool for measuring the 
diameter and shape of a borehole. It uses a 
tool which has 2, 4, or more extendable arms. 
The arms can move in and out as the tool is 
withdrawn from the borehole, and the 
movement is converted into an electrical 
signal by a potentiometer. 

 Caliper log
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 Factors influencing caliper responses
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The commoner uses of the caliper log are as follows:
- Contributory information for lithological assessment 
- Indicator of good permeability and porosity zones (reservoir 

rock) due to development of mudcake in association with 
gamma ray log.

Calculation of mudcake thickness, 𝒃𝒊𝒕 𝒉 , where h 
stands for the hole, in inches.

- Measurement of borehole volume, 𝒉
𝟐

in litres 
per metre.

- Measurement of required cement volume, Vcement ~ 0.5 X 
( – d2 casing) + 1%, in litres per metre.

• Indication of hole quality for the assessment of the likely 
quality of other logs whose data quality is degraded by holes 
that are out of gauge.

 Uses of the Caliper Log
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 Uses of the Caliper Log
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• Scalar data (1D) (m- scale resolution)
• Geophysical images (3D) (cm- scales resolution)

 Others logs
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 Scalar data (1D)
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 Borehole Images
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• Nuclear logs (Porosity)

• Sonic logs (acoustic properties)

• Resistivity logs (electrical properties)

 The course!
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