Well Log Exercise                                            Borowski                                            Eastern Kentucky University

Introduction to Well Logs for Use in the Petroleum Industry
Wells are drilled to evaluate and use subsurface resources such as fresh water or petroleum, and well logs are used to reveal the stratigraphic section in the subsurface. This exercise is designed to examine common well logging tools, well logs, and basic interpretation of lithology and formation fluids.

   
The lithologies we will observe are unconsolidated sandstone, cemented sandstone (usually with CaCO3), shale or mudstones, and gradational lithologies between these end members. A simplifying aspect of this exercise is that there are no limestones within the stratigraphic section revealed by the borehole.

   
Our subject well logs will be 1-inch and 5-inch wells logs from the deep-water of the Gulf of Mexico, offshore Louisiana. The logs are from the wells of Ram-Powell field (Viosca Knoll Blocks 912 and 956), which was one of the first fields developed in deeper waters. 
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                                                                                              Modified after www.matthieuthery.com

Log #1 – GR-ILD-Sonic (depth interval 11,050 – 11,800 feet)
1. Look at the depth track of the log. 


Is this a 1-inch or 5-inch log? 



1-inch

What length does each horizontal line represent?

depth of 10 feet
2. Using the labels and scale at the bottom of the log, identify location of the curves. Using your notes and 
    instructor, determine name of each log type, the units of each log type (both abbreviated and written 
   out), and what each log type measures.



         Name                                   Units                                         Measurement
SP
     spontaneous potential   
    millivolts (mv)                       electrical potential between borehole

     ______________________   ______________________       and formation fluids
GR
     gamma ray   

    API gamma ray units           natural gamma ray radiation

     ______________________      (GAPI)   


    __________________________________
SFL          spherically focused log        ohm-meters (OHMM)              resistivity of formation fluids

     ______________________   ______________________           shallow reading
ILD          induction log - deep               ohm-meters (OHMM)        resistivity of formation fluids - deep

     ______________________   ______________________   __________________________________
CILD
     conductivity of formation     meter-ohms (MMHO)    
   conductivity of formation fluids

         fluids - deep   

   ______________________   __________________________________


DT
     sonic log   


   microseconds per foot 
   travel time of sound waves

         (delta time)        
       (US/F or S/FT)                 __________________________________
DTL        sonic log - deep   

     microseconds per foot 
   travel time of sound waves

        (delta time)        

         (US/F or S/FT)              __________________________________
3. Lets turn our attention to the GR curve in track 1.


Higher GR readings are to the right, which indicate higher amounts of natural 



radiation.


Therefore deflections to the right (toward higher values), indicate shale lithology.

Opposite deflection to the left (toward lower values), indicate non-shale lithology.

    Using your notes as a guide, use a colored pencil to draw the shale baseline on the log.

Deflections to toward lower values to the left of the baseline, indicate non-shale.
4. Lets turn our attention to the SP curve, also in track 1. 


What do you notice about the relationship of the SP and GR curves?

These curves largely track one another.

Draw the shale baseline on the SP curve. 



What lithology lies at the baseline?    
shale



To the left of the baseline?     

non-shale
5. On to track 2! Look at the labels and the scale at the bottom of the log. The ILD and SFL curves are 
     too close together on this log to interpret them fully, but we will examine them especially in the 
      interval 11,150-11,365 ft later in this exercise.

What is the difference between the SFL and amplified SFL (SFLA) curves?



The scale of the SLFA curve is 0 – 2 ohm-meters, whereas the SFL is 0 – 10 ohm-meters so 
that the SFLA curve is amplified or enlarged.

Why do we have these two renditions?
To look at finer variations at higher resolution in the 

SFLA curve.
6. Let’s examine track 3, which contains the DT, DTL, and conductivity curves.


What does the DT curve measure? 
   Travel time of sound waves

For what rock parameter do we use the measurement? 

Porosity

What is the difference between the DT and DTL curves?  
DTL is deep reading

Why would one want to use both curves?
The shallow-reading measurement provides higher 

resolution, whereas the deeper-reading measurement examines travel time over a thicker interval.

Describe the conductivity scale and its relationship to the resistivity curves in Track 2.



The conductivity curve is the reciprocal if the resistivity curve, and is amplified in order to 
resolve finer variations in conductivity.
Log #2 – GR-ILD-Sonic (depth interval 11,198 – 11,370 feet)
7. Look at the depth scale of the log. 


Is this a 1-inch or 5-inch log? 



5 inch

What length does each horizontal line represent?

2 feet
8. Look at the GR and SP curves in track 1, at the specified intervals below. What are the lithologies?


Interval
11,301 – 11,321



non-shale - sand

Interval
11,321 – 11,326



shale

Interval
11,326 – 11,336



non-shale - sand

Which tool is more sensitive to lithology changes? 
Gamma ray

Looking at the interval 11,300 -11,370, how would you describe this stratigraphic section in terms 


   of lithology, imagining that you are looking at an outcrop of the same section?


Mostly sandstone with shale or mudstone interbeds
9. Look at track 2; the log curves have changed in this version of the log. Using your notes and 

    instructor, determine name of each log type, the units of each log type (both abbreviated and written 

   out), and what each log type measures.



         Name                                   Units                                         Measurement
SFL
     spherically focused log        ohm-meters (OHMM)          resistivity of formation fluids

     ______________________   ______________________       shallow reading
ILM
     induction log - medium         ohm-meters (OHMM)        resistivity of formation fluids - medium

     ______________________   ______________________   __________________________________

ILD          induction log - deep               ohm-meters (OHMM)        resistivity of formation fluids - deep

     ______________________   ______________________   __________________________________


Why would one want shallow, medium, and deep reading resistivity tools?


The shallow, medium, and deep-reading tools will give an idea of the amount of invasion from 

borehole fluids, hopefully giving a clear idea of the character and resistivity of fluids in the wall 

rock.
10. Look specifically at the interval from 11,326 to 11,350.

Which curve is reading the lowest resistivity?

ILD – curve is farthest to the left



     An intermediate resistivity?

ILM



   
 The highest resistivity?

SFL – farthest to right

Please explain your observations above in terms of invasion and fluid content of the rock.

The ILD curve is reading deepest into the wall rock registering low resistivity (high conductivity) 

fluids consistent with brine. The medium reading tool is somewhat influenced by invasion as the resistive borehole fluids are diluting the rock’s brine, and the SFL is reading mostly borehole fluids that have invaded the wall rock.
11. Now let’s look at the interval 11,332 - 11,338 feet.


What is the dominant lithology of the interval?
non-shale - sandstone

What does the resistivity do in this interval?   
resistivity is high

What is a possible interpretation?

      
hydrocarbons??
Now note the sonic curve within the same interval. Note that the DT and DTL are atop each other.


In what direction does the sonic curve move in this interval?
right, toward decreased travel 

time

Is the movement toward increased or decreased porosity?
decreased

Why does the resistivity increase in this interval?


pore space is decreasing, likely











    due to cementation 
Log #3 – GR – ILD – Sonic (depth interval 11,970 – 12,650 feet)
12. Look at the depth track of the log. 


Is this a 1-inch or 5-inch log? 




1 inch
13. Look at the interval from 12,235 – 12,430 feet.

Identify the two main intervals of sand lithology by depth:















12,248 – 12, 260’










12,365 – 12, 412’

What is the major difference between this interval and the interval 11,235 – 11,370 of Log #1?








Resistivity is very high, even from ILD

What working hypothesis might account for this difference?

Hydrocarbons are contained within the sand

How would we test our hypothesis?

Check porosity logs – high  = hydrocarbons








Check porosity logs – low  = tight, cemented

Let’s test our hypothesis!
Log #4 – GR-ILD-Sonic (depth interval 12,280 – 12,450 feet)
14. Look at the depth track of the log. 


Is this a 1-inch or 5-inch log? 



5 inch
15. Look at the interval of 12,360 – 12,415 feet.

What is the main lithology of this interval?

sand

Describe the resistivity characteristics of the interval.
High resistivity within sand, lower 

   resistivity within shale.

What is your interpretation of the fluid content of the rock? Review supporting evidence.


The fluid could be hydrocarbons as the resistivity is high; alternatively the high resistivity 

   could be due to cementation.
16. Now look at the sonic log. Note that the DT and DTL curves lie atop one another. 

In what direction does the sonic curve move in this interval?
left

Is the movement toward increased or decreased porosity?
Increased porosity

Is your interpretation above consistent with these data? Why or why not?



Resistivity seems increased because of rock fluids as travel time is low suggesting good 

porosity with little cementation or occlusion of pore space. Looks like hydrocarbons!
Log #5 – GR-FDC-CNL (depth interval 12,240 – 12,425 feet)
Additional information about fluid content is contained with density and neutron logs. 

17. Look at the depth track of the log. 


Is this a 1-inch or 5-inch log? 



5 inch
18.  Look at track 2; the log curves have changed. Using your notes and  instructor, determine the name 
of each log type, the units of each log type (both abbreviated and written  out), and what each log type measures.



         Name                                   Units                                         Measurement
DEN
     Density                                  per cent (%)                           per cent pore space

     ______________________       DPHI (density )               __________________________________
NEU
     Neutron                                 per cent (%)   

    per cent pore space

     ______________________      NPHI (neutron )   
    __________________________________

19. Again, look at the interval of 12,248 – 12,360. Match, or correlate, the GR and SP curves between this 
     log and the 5” GR-ILD-Sonic logs.


Describe what happens to the density and neutron curves within the interval.


Density curve moves strongly left toward higher porosity, whereas the neutron curve 

moves strongly right – the curves cross over in the sand.
Note the region of overlap or crossover in the two curves and shade-in or color (in red) those zones.

Zones with cross over indicate rocks containing 

gaseous hydrocarbons, i.e. methane

Why does the neutron response go higher, though the response is toward lower porosity? 

   Recall that the sonic log shows good porosity in these zones.

The neutron log is tuned to emissions from H atoms in pore-filling water, here CH4 gas fills the 
pores so the tool reads lower amounts of water, usually equivalent with lower porosity (right kick).


Why does the density log move so strongly toward lower porosities?

The pore space is filled with gaseous methane, which is MUCH lower in density than water.
20. What is the CAL curve in track 1? Why is it important?  Caliper log-  shows smooth or rugose 

boreholes -  the latter can skew log readings. Readings in wash-out zones are suspect.
21. What is the TENS curve in track 3? Why is it important? Tension log. Logging tools are sensitive to 

velocity of wireline movement. If the tools catches on the borehole wall tension increase then sharply decrease when the tool snaps loose. Readings of herky-jerky logging are suspect.
End exercise
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