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TEACHING OUTLINE

Week 1/2

Tutorial 1 – Introduction, teaching overview, and assessment

Tutorial 2 – Well log definition, history, log format, types, units 

Tutorial 3 – Borehole effects, environmental impacts
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AGENDA

 Tool geometry 

 Borehole effects

 Speed of the logging tool

 Environments 
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DIGITAL LOG FORMAT - LAS
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BOREHOLE EFFECTS

Ref: Won, Alpak, Liu 

and Santamarina 
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DRILLING MUD

 Influence of the drilling mud on log response depends 

upon:

 A: Diameter of the wellbore
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Schlumberger, 2021 

[extracted from website]



DRILLING MUD

 B: Type of mud and density

 Two categories of mud: 

1. Water-based 

2. Oil-based

 For oil-based mud - acoustic signal propagation is poor 
and non conduct of electric current

 Water-based mud with added salinity affects electric 
property measurements and hydrogen index

 Mud density influences absorption of gamma rays
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INVASION

 Main functions of the drilling mud are: 

1. Cooling down of drill bit 

2. Avoid borehole collapse 

3. Prevent blow-out 

4. Allow flow of cuttings to the surface

 Mud density depends upon formation 

pressure to make a safer drilling 

scenario [ranges from 1 to 2.4 g/cm3]
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Ma et al., 2020; OILFIELD Team, 2021



INVASION

 Mud is kept slightly higher than formation 
pressure, which causes mud to infiltrate 
porous and permeable beds

 Solid particles in the mud are slightly larger 
than pores, therefore only liquid content 
can invade

 Mud cake will form during drilling wherever 
mud filtrate infiltrates. Therefore with time 
an impermeable membrane form which 
prevents further invasion

 Mud-filtrate displaces some of the 
interacting formation fluids.

 Following factors define the depth of 
invasion (i) porosity (ii) permeability (iii) 
water loss factor of mud (iv) pressure 
difference
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Ma et al., 2020; OILFIELD Team, 2021



INVASION

10
Serra, 1985; Schlumberger, 

2013



CASING & CEMENT

 Casing followed by cementing is 

required for a safer well bore 

design. 

 Design of casing is the beyond the 

scope of this unit

 Casing and cement prevent certain 

logging measurements (resistivity)

 Nuclear measurement can be done 

Example of a casing setup 11



FLUID MOBILITY

 Saturation - ratio of pore volume occupied by fluid to the 
total pore volume

 Invasion can be used as an indicator of mobility of the 
reservoir fluids

 We need to derive saturations from invaded Sxo and virgin 
zones Sw

 𝑃𝑂𝐼 = ∅ (𝑆𝑥0 − 𝑆𝑤), producible oil index (POI) can be act 
as an indictor of recoverable hydrocarbon

 Recoverability factor is defined as 𝑓 =
(𝑆𝑥0 −𝑆𝑤)

(1 − 𝑆𝑤)

Sw = water saturation 
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LOGGING SPEED

 The speed of the logging tools are 
not same

 Natural and radio-active phenomena 
are random in nature, therefore 
necessary to accumulate count data 
over a period of time and compute 
the average to obtain a 
representative reading. 

 Sufficient period of time to obtain a 
reading is required. It referred as 
“Time constant” (TC)

 Other factors such as uniformity of 
cable tension and risk of damage of 
pad type equipment are also 
considered

Example of a logging setup
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WORKING ENVIRONMENTS

 Subsurface pressure (~10 MPa/km) and temperature ( 

~25 -30 0c /km) normally increase with depth

 Logging companies provide operating conditions of the 

tools. Beyond that scenario, it is not recommend to run 

any of those logs
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Example of a particular tool’s environment specification 



END OF LECTURE

Thank you
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