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Introduction
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• During drilling, monitoring and evaluation of multiple parameters ideally favor improved 
productivity and cost savings

• A method is needed to enable the intuitive interpretation of response parameters and is 
amenable to implementation in computational algorithms for real-time evaluation

• A method is demonstrated whereby drilling response parameters may be interpreted for 
improved drilling performance

• This analysis is not an exhaustive assessment but rather an overview of representative bit 
performance that demonstrates the application of the approach using rock reduction 
constraints

• Drilling data from the Utah FORGE site have been used for the analyses



Utah FORGE Drilling Program
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FORGE Well 16(A)_78-32
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FORGE Well 56-32
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Typical Drilling Parameter Data
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Rock Reduction Model Constraint (Detournay and Defourny, 1992) 
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e  intrinsic specific energy 
z  cutting force ratio 
m  friction coefficient 

Fn   vertical cutter force
Fs  horizontal cutter force
A  frontal area of cut



Single Cutter Data (Glowka, 1987) 
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Full Bit Model (Detournay and Defourny, 1992)
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r  bit radius
γ  unitless bit constant
δ  depth of cut per revolution 



Laboratory Validation
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Laboratory Validation (cont.)
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Utah FORGE Bit Evaluations - Formation intrinsic specific energy
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Utah FORGE Bit Evaluations – Bit Response
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Utah FORGE Bit Evaluations – Bit Response (cont.)
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Utah FORGE Bit Evaluations – Cutting Structure Damage

15

Cutting structure damage



Utah FORGE Bit Evaluations – Cutting Structure Damage (cont.)
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Utah FORGE Bit Evaluations – Drilling Vibration Detection
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Sandia Hard Rock Drilling Facility Simulations with Axial Drillstring Compliance
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Utah FORGE Bit Evaluations – Drilling Vibration Detection (cont.)

18

Sandia Hard Rock Drilling Facility Simulations with Rotational Drillstring Compliance



Utah FORGE Bit Evaluations – Drilling Vibration Detection (cont.)

19

locus locus

locus locus



Drilling Cost Constraints
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(Bourgoyne, A.J.T., et al, 1986)



Improve ROP or Footage?
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CPF’ Comparisons
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Conclusions
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• Bit performance metrics for Utah FORGE Well 16(A)_78-32 and Well 56-32 have been evaluated 
and reported

• A rock reduction model has been presented with laboratory validation
• This model may be used to provide insight into field drilling performance
• This model has been applied to the drilling response of bits from the FORGE drilling campaigns
• Examples presented allow insight into the methods used to evaluate bit response, formation 

hardness, wear rate, cutting structure damage, and drilling dynamic dysfunction conditions
• The analyses have been conducted post drilling yet may be applied to real-time evaluations for 

improved drilling performance
• The relative cost-benefit of improving the penetration rate response and bit durability has been 

evaluated
• In addition to bit design enhancements that may be evaluated using this method, the impact of 

ROP and bit life performance improvements on drilling cost savings can also be addressed
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