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ABSTRACT


As we drill deeper, the tendency to encounter formations that are difficult to drill increases. It is therefore important to 
proactively identify and characterize these types of formations and put in place appropriate measures to overcome the 
drilling difficulty that this presents. Inability to proactively identify these formations and select appropriate bit and 
optimized drilling practices may lead to down time, increased well costs, or even inability to achieve geological target 
objectives. The essence of this paper is to do a post mortem of Deep water-02 well and draw inferences that would help 
improve drilling practices and optimum bit and reamer selection for future wells. The well log and drilling data within the 
well section with drillability challenges were analyzed using the appropriate well log data and drilling parameters; 
geological and mechanical properties were established, and trends were observed. The environment of deposition of 
these difficult-to-drill formations were weakly confined channel systems with a mass transport deposit system 
characterized by formation heterogeneity. These heterogenous formation are difficult to drill and cause a lot of damage to 
bit and reamers leading to increased hole section runs. The traditional thinking that rock hardness and abrasiveness 
contribute more to drilling difficulty is challenged as rock heterogeneity is seen as the primary contributor to drilling 
difficulty. In order to mitigate the negative effects of rock heterogeneity and other factors that contribute to drilling 
difficulty, a good understanding of the rock and drilling mechanics is more effective than just changing the bits. 
Recommended best practice will be to identify hard and heterogeneous formation at depth in offset wells and develop a 
bit selection and operational plan across these intervals based on a robust formation drillability analysis.
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Figure 1: Well Summary Data.


Figure 2: Pictures of bits and reamers before and after Run1.
19 


Formation Related Drilling Difficulty







20


Abdullahi et al. / NAPE Bulletin 29 (1); (2020) 18-27







Figure 3a: Parameter Trend Analysis for Bit Run #1 (11,966-13100)-This plot shows the relationship between drilling 
                  parameters and the rate of penetration while also incorporating Geologic information and mechanical properties 
                  deduced from well logs.


Figure 3b: Parameter Trend Analysis for Bit Run #1 (13,101-14,260)-This plot shows the relationship between drilling 
                   parameters and the rate of penetration while also incorporating Geologic information and mechanical properties 
                   deduced from well logs.
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Figure 4: Results Of Formation Drillability Analysis for Run 1 (14,268' – 14,675').
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Figure 5: Parameter Trend Analysis for Bit Run #2 (14,268'-14,675)-This plot shows the relationship between drilling
                parameters and the rate of penetration while also incorporating Geologic information and mechanical properties
                deduced from well logs.


Figure 6: Results Of Formation Drillability Analysis for Run 2 (14,268'-14,675).
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Figure 7: Parameter Trend Analysis for Bit Run #3 (14,675'-15,319)-This plot shows the relationship between drilling 
                parameters and the rate of penetration while also incorporating Geologic information and mechanical properties
                deduced from well logs.


Figure 8: Results of Formation Drillability Analysis for Run 3 (14,675'-15,319').
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Figure 9: Parameter Trend Analysis for Bit Run #4 (15,319'-15,685')-This plot shows the relationship between drilling 
                parameters and the rate of penetration while also incorporating Geologic information and mechanical properties 
                deduced from well logs.


Figure 10: Results of Formation Drillability Analysis for Run 4 (15,319'-15,685').
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Figure 11: Composite plot of Formation Drillability Analysis Of Entire Hole section Showing The Different runs and 
                  formation characteristics.
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Run 2 


QD506X 


-6 bladed 


Run 3 


MDi716 


Run 4 


MDi716 


Run 1 


MDi716


-7 bladed


SHALE: Dark grey, moderately hard 


to hard, subblocky to blocky, slightly 


calcareous. 


SANDSTONE: Quartz, clear to 


offwhite, transparent to 


translucent, fine to medium 


grained, moderately sorted, 


subangular to subrounded, 


subspherical, poorly cemented  


SILTSTONE: Cream to offwhite, 


moderately indurated, waxy, 


subblocky, non calcareous 


SHALE: Dark grey, moderatel


11,960-12,660 


SHALE: Dark grey, 


hard to very hard, 


subblocky, silty, 


slightly calcareous. 


SANDSTONE: Quartz, 


clear to offwhite, 


transparent to 


translucent, fine to 


medium grained, 


moderately sorted, 


subrounded to 


subangular, 


13,650-14,040 


SHALE: Dark grey, 


hard to very hard, 


subblocky to blocky, 


slightly calcareous. 


SANDSTONE: Quartz, 


clear to offwhite, 


transparent to 


translucent, very fine 


to fine grained, well 


sorted, subangular to 


subrounded, 


subspherical, poorly 


SHALE: Dark


14,040-15,685 (TD) 


Mudlog 


Descriptions
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