Well Log Exercise                                            Borowski                                            Eastern Kentucky University

Using Well Logs in the Petroleum Industry
Well logs are used in the petroleum industry to evaluate reservoir rock and determine the fluids within subsurface strata. This exercise shows us how to determine both lithology and fluid type in rocks of an actual oil field - Chandeleur Sound Block 25 Field, St. Bernard Parish, Louisiana. Moreover, we’ll investigate the occurrence of oil within the reservoir. Our subject well logs will be 1-inch logs that occur within the oil field, highlighting the principle oil-producing unit, the BB Sand, seen on the type log below.
The field was discovered in 1965 within coastal waters of Louisiana, which are controlled by the states out to a distance of 3 miles. The map below shows the location of the field, situated below coastal marshlands developed on a portion of the subsiding Mississippi delta. Water depths in these areas are generally only tens of feet so that wells are drilled with jack-up rigs that are floated out over the drill locations. Chandeleur Sound Block 25 Field has produced over 40 million barrels of oil (MMBO) (John et al., 2003).

   
The lithologies we will observe are unconsolidated sandstone, cemented sandstone (usually with calcium carbonate, CaCO3), shale or mudstone, and gradational lithologies between these end members. A simplifying aspect of this exercise is that there is no limestone within the stratigraphic section revealed by the borehole. Pore spaces in the rock either contain brine (salty water), oil, or various amounts of calcareous cement that occlude pore space. The reservoir rock is Upper Miocene in age (Textularia “L”, a foraminifera) and were deposited within a deltaic system much like that see today in Chandeleur Sound.
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Use the cross section and your notes to answer the questions below.
FIRST STEP: your cross section comes in 2 parts, carefully tape these two halves together with tape 
affixed to the BACK SIDE of the paper. Then get some yellow, green, and blue colored pencils.
Each of these logs has been trimmed to take less space. Consequently, only a small portion of the total depth of each well is shown and only tracks 1 and 2 appear on the cross section. Track 1 contains the SP curve whereas Track 2 contains resistivity curves. One of the logs, the Atlantic S/L 4542 #17, still shows the log scales for your reference.
Note the vertical scale that separates the #14 and #4 logs that marks the elevation of subsurface strata. The sign of the scale is negative (-) because these elevations lie below sea level, the datum. Each of the well logs (excepting the #14) have been positioned according to their subsurface elevation, thus this is a structural cross section. This fact will become pertinent later in the exercise.
1. Refer to your notes: What is the SP curve and what does it measure? What are its units?
 SP means spontaneous potential and the log measures the difference in voltage or voltage potential between sensors on the logging tool in units of millivolts (mv). The higher the deflection of the curve to the left is means higher voltage difference.
The SP curve gives proxy information concerning lithology because higher negative values of voltage potential are expected in more permeable rock types like sand o sandstone. Recall that the rocks in this area are either mudstone (shale) or unconsolidated sand, or their admixtures.  

2. When the SP curve occurs at far right what is the lithology? 
__________________________









Mudstone or shale
    When the SP curve occurs at far left what is the lithology? 
__________________________









Non-shale, or unconsolidated sand in









This case
3.  What is a shale baseline? Draw the shale baseline on the well log at far left (Atlantic S/L 4542 #14). 


What do deflections of the SP curve to the left of the shale baselength mean?
   The shale baseline is formed by the SP reading of “pure” shale in the stratigraphic column.

   Sedimentary rocks to the left of this line contain more sand-sized particles than mud-sized grains. 

   Deflections farther to the left indicate more sand existing as admixtures of sand and mud particles, or as 

   thicker beds of sand intercalated with mudstone strata.

Resistivity curves measure resistivity to an electrical current within the borehole wall rock, and thus give proxy information about the type of fluid with the pore spaces of the rocks. In petroleum-producing sedimentary sections, the fluids contained within the pore spaces of rocks are usually salt-water or brine, i.e., pore water with high concentrations of dissolved ions.

4. Would brines have high or low resistivity? Why?    
Low resistivity. Brines contain concentrated 
    dissolved ions and are thus great conductors with high conductivity and low resistivity.

5. What would be the resistivity of hydrocarbons – high or low? Why?      High resistivity. Petroleum is not 

     conductive.
6.  If rocks contain brine, in which direction should resistivity curves move – left or right?

__________________
Left

If they contain petroleum?
__________________




Right
Look at the well log at far left (Atlantic S/L 4542 #14). The units in the depth track are in feet and note that the well logs starts at about 4880 feet in depth.
7.  What is the depth difference between successive horizontal lines?
___________________________











Ten (10) feet
This display is called a one-inch log because the vertical scale is 1 inch = 100 feet. [Verify this!]
Look in the depth interval between 5123 to 5200 feet.
8.  What is the dominant lithology? Give your reasoning.

Unconsolidated sand. The SP curve plots mostly left; deflections to the right indicate shale interbeds.
Note that the first 2 resistivity curves in Track 2 plot to the left; the third curve to the right is the amplified resistivity curve, which are the same data plotted on an amplified scale (0 to 2 ohm-meters instead of 0 to 10 ohm-meters). We will generally use the first 2 curves.
9. What kind of fluid fills the pore spaces in the interval 5123 to 5200? Give your reasoning. 
Brine or salty pore water. The resistivity curves plot to the left indicating low resistivity (high conductivity).
Again refer to the well log at far left (Atlantic S/L 4542 #14). The arrow points to the BB Sand, the main reservoir in Chandeleur Sound Block 25 Field, whereas the sand unit 10+ feet above (5035’ measured depth) is the BB Marker. The marker stratum is somewhat sandy as indicated by the deflection of the SP curve intermediate between that of pure shale or unconsolidated sand. 
The top of the BB sand and BB Marker is where the inflection in the SP curve occurs during the transition from shale to sand (or sand to shale).
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10. Draw a line showing where each of these strata occur in all wells in the cross section, using the above 

     drawing as a guide. Label each stratum. 

     This process is called e-log correlation and mimics lithostratigraphic correlation although we are 

     inferring lithology by proxy using well logs rather than referring to actual lithology as determined by 

     rock specimen.
Now go to the next well in the cross section, the Atlantic S/L 4542 #4. Look at the top of the BB Sand (~5253 ft in depth). Note there is a depth interval of resistivity much higher than that in the BB Marker above, or most of the BB Sand below. The marker’s intermediate resistivity is due to partial cementation of pore space by calcium carbonate that increases resistivity of the unit by increasing the tortuosity of the path of the electrical current.

10. What fluid occurs below 5253 ft in the BB Sand? Give your reasoning.   

Hydrocarbons. The resistivity curves kicks rights toward high resistivity, which is consistent with oil in the pore spaces of the BB Sand.
11. At what depth does this depth zone of high resistivity end in the #4 well?  _______________________












~ 5288 feet measured depth

12. What fluid is contained in the BB Sand below this depth? Give your reasoning.
Brine or salty water. The resistivity decreases markedly consistent with the high conductivity of a fluid rich in dissolved ions.
13. How thick is the column of this fluid in the #4 well?



Bottom oil – top BB Sand =











5288’ – 5272’ = 16’
Draw a line from bottom of this fluid on the well log, analogous to the tops of the BB Marker and BB Sand done earlier. Do this for all the wells with this anomalous resistivity, and color-in the high and low resistivity zones green and blue, respectively, so that your well logs look like this:
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Note that the upper portion of the BB Sand is colored in yellow indicating sand; color each well log of the cross section in the same manner.
Now, using a straight edge connect the top of the BB Sand from well to well, not including the #14 well.

You have just drawn the top of the BB Sand reservoir across Chandeleur Sound Block 25 Field, constructing a structural cross section complete with lithostratigraphic correlations as do professional geoscientists working in the petroleum industry. Looking closely, one can determine that the highest elevation of the reservoir sand occurs in the Atlantic S/L 4542 #1 well, the discovery well for the field.
Let’s turn our attention to the distribution of petroleum in the field.

Looking at the wells containing petroleum, what is the pattern of oil occurrence in all the wells – which fluid is higher in elevation?

Oil is at higher elevation in all the wells, floating atop salty water or brine.

Why does this pattern occur in the BB Sand reservoir? [Think of salad oil and vinegar (~ water).]
Oil is less dense than water and thus floats on the much thicker column of salty water or brine below.

Let’s imagine a tub of water, place a clear bowl into it, and turn the bowl upside-down. Now let’s take a big, fat syringe full of salad oil and inject that oil under the lip of our inverted bowl. 

What happens to the oil? What is the relationship between the salad oil and water? Make a drawing!

The oil moves upward to the top of the inverted bowl due to its low density and displaces the more-dense water downward. The oil floats atop the water and forms an oil-water contact that is horizontal.
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This experiment is analogous to the nature of the relation of oil and water within the pore spaces of reservoir rocks. Many oil fields have a horizontal oil/water (O/W) contact throughout their extent.

A horizontal contact means that the elevation of the O/W contact should be at the same elevation in every well of the field where oil floats on water in the pore spaces of the reservoir rock.
Let’s investigate the elevation of the O/W contact in the BB Sand. Each well in our cross section is referenced to sea level by the Kelly bushing (KB) elevation, which is measured in feet above sea level. For example, the KB elevation of the #4 well is 25.0 feet above mean sea level. To calculate the elevation of the oil water contact, subtract the KB elevation from the measured depth elevation of the contact (25 feet – 5288 feet measured depth = -5263 feet subsea, or below sea level). The illustration below shows the rationale behind the calculation.
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Calculating the subsea elevation:  Subsea elevation = KB elevation - Measured depth.

Do this calculation for each well showing your work at the bottom of each well log, and giving an example of this calculation in the space below.

Atlantic S/L 4542 #3

KB elevation – bottom oil  =  Elevation of bottom of oil





27’ – 5297’ measured depth = - 5270 feet subsea

Are the O/W contact elevations across the field uniform?
_______________________

Examine in particular the 4542 #4, #3, and 4545 #4 wells.          No – they differ by as much as 24 feet.

Using your each other and your instructor as a resource and thinking stratigraphically about how sand bodies are deposited and their lateral continuity or connectivity, please list some reasons why O/W contacts are often not horizontal.

These are reasons why sedimentary geologists are needed in the petroleum industry. Reservoir sand units are not uniform and their thickness and connectivity vary laterally over the expanse of a petroleum field. Realizing that oil is distributed in many compartments within petroleum fields allows maximum recovery of petroleum through additional drilling and enhanced oil recovery projects.
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