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Abstract - The purpose of this paper is to calculate the forces that are effective in drilling from the point of view of 
mathematics and physics. With precise mathematical calculations, the drilling process can be optimized. Drilling operation. 
Optimization of drilling could save time and cost of operation and increases the profit. In present experimental investigation 
analyses the physical effect of various machining parameters i.e. cutting speed, the feed rate and the drill diameter on the 
quality of the drilled holes. Hole delamination of each hole is measured with help of radiography. Taguhi's and Anova 
Technique have been employed to study the effect of the interactions between different drilling parameters on delamination 
of holes. After experiments suggests the optimal conditions for minimum hole delamination and surfaceroughness. 
 
Keywords - Best angle, Composition operator, admissible weight 
 
I. INTRODUCTION 
 
Development of oilfield is subject to drill in cost 
efficient manners. For that reason, oilfield drilling 
operations will face hurdles to reduce overall costs, 
increase performances and reduce the probability of 
encountering problems. The increase in complexity 
for drilling operation has increase many problems 
thus result in critical cost consideration. Different 
methods from different disciplines are being used 
nowadays in drilling activities in order to obtain a 
safe, environmental friendly and cost effective well 
construction. Optimization of drilling operation can 
be obtained by increasing drilling speed. In the 
drilling industry, the first well drilled in a new field 
generally will have the highest cost. With increasing 
familiarity to the area, optimized drilling could be 
implemented those decreasing costs of each 
subsequent well to be drilled until a point is reached 
at which there is no significance improvement. Major 
drilling variables considered to have an effect on 
drilling rate of penetration are not fully comprehend 
and complex to model. There are many proposed 
mathematical models which attempted to combine 
known relations of drilling parameters. The proposed 
models worked to optimize drilling operation by 
mean of selecting the best bit weight and rotary speed 
to achieve minimum cost. Considerable drilling cost 
reductions have been achieved by means of using the 
available mathematical models. 
 
The aims of this study is to determine the drilling 
parameters constants (a1 until a8) that represent 
several drilling parameters for the field such as 
formation strength, normal compaction, pressure 
differential, weight on bit , rotary speed, bit tooth 
wear and hydraulic. Secondly, is to predict rate of 
penetration versus depth for the filed base on the 
constants that have been determine. Lastly, to 
determine optimize value of weight on bit specifically 

for certain depth in order to have optimum drilling 
operation. 
 
II. METHOD 
 
BOURGOYNE AND YOUNGS method is the most 
important drilling optimization method. It is based on 
statistical synthesis of the past drilling parameters. A 
linear penetration model is being introduced and 
multiple regression analysis over rate of penetration 
equation is being conducted. For that reason this 
method is considered to be the most suitable method 
for drilling optimization. The model proposed by 
Bourgoyne and Young has been adopted for this 
project in order to derive equations to perform the 
ROP estimation using the available input data. This 
model has been selected because it is considered as 
one of the complete mathematical drilling models in 
use of the industry for roller-cone type of bits. 
Equation 1 gives the linear rate of penetration 
equation which is a function of both controllable and 
uncontrollable drilling variables. When the multiple 
regression process is performed the model has been 
modified based on controllable parameters. 

 
The coefficient for the effect of formation strength is 
represented by a1. It has been considered that the less 
the value for this constant, the less the penetration 
rate. The coefficient includes also the effects of 
parameters not mathematically modeled such as; the 
effect of drilled cuttings. Other factors which could 
be included for future  consideration but known to be 
under this function could be drilling fluid details, 
solids content, efficiency of the rig 
equipment/material, crew experience, and service 
Contractors efficiency The equation for the formation 
strength related effects are defined as in equation 2. 
The f1 term is defined in the same unit as rate of 
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penetration, for that reason it is called drillability of 
the formation of interest. 

 
Formation Compaction Function, a2 There are two 
function allocated for the consideration of the 
formation compaction over rate of penetration. The 
primary functions for the effect of normal compaction 
trend defined by a2. The primary effect of formation 
compaction considers an exponential decrease in 
penetration rate with increasing depth, as given in 
equation 3. This function assumes increasing rock 
strength with depth due normal compaction. 

 
The additional function considered to have an effect 
over the penetration rate in regards of the formation 
compaction is defined by the coefficient a3. This 
function considers the effect of under compaction in 
abnormally pressured formation. Within over-
pressured, formations rate of penetration is an 
increased behavior. There is an exponential increase 
in penetration rate with increasing pore pressure 
gradient as shown in equation 4. 

 
Differential Pressure in the Bottom hole Function, a4 
The function for the pressure differential is defined 
by coefficient a4. Effect of differential pressure in the 
bottom hole is considered to reduce penetration rate 
with decreasing depth. Whenever the differential 
pressure between the bottom hole and formation is 
zero the effect of this function is going to be equal to 
1 in the overall process as shown in equation 5. 

 
Bit Diameter and Weight Function, a5 The function 
for the bit diameter and weight is defined by 
coefficient a5. The bit weight and bit diameter are 
considered to have direct effect over penetration rate, 

 
the threshold bit weight, which ranging from 0.6 to 
2.0. The magnitude for these parameters has been 
determined specifically based on the characteristics of 
the formation. The force at which fracturing begins 
beneath the tooth is called the threshold force. The 
given function is normalized for 4000 lbf per bit 
diameter. 

 
Rotary Speed Function, a6The function for the rotary 
speed is defined by coefficient a6. Direct relation of 
bit weight on penetration rate the rotary speed is also 
set to have a similar relation as shown in equation 7. 
The normalizing value to equalize the rotary speed 

function to 1 is taken to be an appropriate magnitude 
based on the actual rotation of the bit. 

 
Tooth Wear Function, a7 The function for the tooth 
wear is defined by coefficient a7. The tooth wear 
function is used to determine the fractional tooth 
height, the highest tooth wear the less the penetration 
rate as shown in equation 8. In order to calculate the 
respective tooth height, a bit record for similar bit 
type that has been used within the same formation 

 
Hydraulic Function, a8 The function for the hydraulic 
effect is defined by coefficient a8. The hydraulics 
function represents the effects of the bit hydraulics. 
Jet impact force was chosen as the hydraulic 
parameter of interest, with a normalized value of 1.0 
for f8 at 1,000 lbf, as given in equation 9. 

 
 
III. MULTIPLE REGRESSION TECHNIQUE 
 
Equation 3 through 9 define the general functional 
relations between penetration rate and other drilling 
variables, but the constants a1 through a8 must be 
determined before the equations can be applied. The 
technique used to determine constants a1 through a8 
are through multiple regression analysis of detailed 
drilling data taken over short depth intervals. 
 
CONCLUSION 
 
The results of optimization show the significance of 
this study. Determination of optimum weight on bit 
was very important in Page 60 JURNAL APTEK 
Vol. 4 No. 1 Januari 2012 drilling operation as this 
parameter can be change during drilling operation. 
The optimization of weight on bit will optimize the 
whole drilling operation. Increasing rate of 
penetration will reduce the time need for drilling 
those reduces the cost for drilling operation.  
1. The constants a1 until a8 which represent 
Formation Strength, Under Compaction, Normal 
Compaction, Pressure Differential, Weight On Bit, 
Rotary Speed, Bit Tooth Wear and Jet Impact Force 
had been achieved using Multiple Regression. 
2. Bourgoyne and Young Model produce reliable 
Rate of Penetration model. Data number 
9,10,12,15,16,20,23 and 25 predicted accurate Rate of 
Penetration compare with the actual Rate of 
Penetration obtained from the field. 
3. Optimization for Weight on Bit found that for 
depth at 6592ft optimize Weight on Bit was 23888lb 
compare to 30000lb, at 6679 ft optimize value of 
Weight on Bit was 23888lb compare to 5000lb. For 
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9660ft optimize value was 8575lb compare to 
30000lb. The result of this study provides guidance 
for next drilling operation near the drilled well. The 
optimize values can be used as reference to obtain 
optimum drilling performance and reduces drilling 
cost. 
 
RESULTS 
 
The results of eight equations were solved for eight 
unknowns and the constants, a1 through a8, are 
obtained. After obtained the constant of a1 until a8, 
the rate of penetration model was constructed for the 
field. The prediction of rate of penetration using the 
constructed model and the actual rate of penetration 
taken from the actual drilling report was shown in 
Figure 1 (Appendix-1). Data number 1 until 8 of the 
penetration rate shown in Figure- 1 was not accurate, 
due to during the statistical analysis, the data was still 
not represent the exact condition of the field. 
However, as more data were obtained, the values of 
rate of penetration become more accurate. This is 
shown at data number 9, 10, 12, 15, 16, 20, 23 and 25 
in Table- 1. 
 
Prediction result of the data number 9, 10 and 15 
shown in Table-1can be optimize using equation 10 
and the 
results were shown in the Table 2. 

 
Figure 1: Simulation at 6592ft 

 

 

Figure 2 illustrated the simulation 
For data number 10 with depth of 6679 feet, the 
optimum value of 23888 lb or 1950 lb/in of weight on 
bit can be use to have optimized drilling operation. 
This was very contrast with the value during actual 
drilling operation which is only 5000 lb or 408 lb/in 
of weight on bit. The value of 23888lb is accurate due 
to the rate of penetration was still at high value. 
However it could be seen that the rate of penetration 
slowly increased when higher weight on bit 
increased. This phenomenon occur due to reason that 
in soft type formations, excessive weight will only 
bury the teeth into the rock and cause increased 
torque, with no increase rate of penetration. 

 
Figure 3: Simulation at 9660ft 

Data with depth of 9660 feet until 10662 feet the 
optimized bit weight was 8575 lb or 700lb/in in 
comparison to actual bit weight of 30000 lb during 
drilling operation. In 9660- 10662 ft depth, the 
optimized bit weight was low due to formation high 
in strength. High value of bit weight in hard 
formation could reduce bit life which would reduce 
the optimization operation. 
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