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Outline

Introduction

Formation Tops Detection

Drilling Optimization Method

Results

Conclusion

Objective

 Optimization of drilling parameters using surface parameters, borehole assembly, and lithology information
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Project Philosophy
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ROP and Vibrations
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Lithology

Borehole Assembly

Overview

Offset Well Data

Subject Matter 

Expertise
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Techniques
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• The optimizer has been run on a number of the wells in the US with satisfactory results
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Inputs-Outputs

Offset Well Data

Formation Tops

Motor & Bit

Information

Start Depth

End Depth

Max Diff P

Max Torque

Perf. Curve

Rev/Gal

Bit Diameter

Recommend:

Opt ROP

Opt WOB

Opt RPM

Opt Bit RPM

Opt Flow Rate

Expected OXY 

MSE

…

Inputs Outputs

Block Diagram

Calculate 

Drillability/UCS

Calculate 

Drillability/UCS

Detect Minor Formation TopsDetect Minor Formation Tops

Detect Major Formation TopsDetect Major Formation Tops

Detect Rock Types 

from Pilot Well

Detect Rock Types 

from Pilot Well

Major Formation 

Agents

Major Formation 

Agents

Difference between 

long-term and short-

term moving 

averages
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term moving 
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Calculate CCSCalculate CCS

Calculate UCSCalculate UCS

Calibrate UCSCalibrate UCS
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Calculating UCS/Drillability

Region 1: Inadequate Depth of Cut

Region 2: Efficient Bit

Region 3: Founder

- Stick slip

- Bit Bounce

- Whirl

Potential Performance

Input Energy: WOB/RPM

ROP

Calculating UCS/Drillability

Drilling is in the efficient zone
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Motor Performance Curve Model
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Motor Performance Curve

High Flow Rate

Medium Flow Rate

Low Flow Rate

Sample Point Flow Rate

New Point

Actual

Motor 

Specifications

Max Diff P

Stall Diff P

Rev/Gal

6 Points from 

Graph

Flow Rate

Diff P

Drilling Data

Flow Rate

Diff P

Motor RPM

Outputs

Inputs

Calculating UCS from CCS

NOP �
OOP
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Step 1 : Calculate UCS

Step 2 : Calibrate UCS

The maximum possible UCS in every region is used for calibration.
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Identifying formation zones where 

non_drillibility is changed
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• When the difference between long term and short term non_drillibility is above this limit, it is 

considered a change in formation and TVD is recorded.

• Non_drillability_change_limit is a user defined parameter, default value is 20.
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Identifying Major formation zones

Detect Rock Types 

from Pilot Wells

Detect Rock Types 

from Pilot Wells

Agent 1Agent 1

Agent 2Agent 2

Agent 3Agent 3

Detect when UCS AVG increases

Detect when UCS AVG decreases

Detect when UCS STD changes

Agent 4Agent 4

Detect when GR changes

Agent 5Agent 5

Detect spikes

PEF
Density

Gamma Ray

Detect Major 

Formation Tops

Detect Major 

Formation Tops

Analysis of Formation Top Detection 

Results

GR

UCS Inverse

UCS Inverse (smooth 

short-term)

UCS Diff (smooth)
Young’s 

Mod

ROP

ROP (No Wear)

Density

Resistivity

Young’s Mod from Pilot
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Analysis of Formation Top Detection 

Results Cont.

GR

UCS Inverse

UCS Inverse (smooth 

short-term)

UCS Diff (smooth)
Young’s 

Mod

ROP

ROP (No Wear)

Density

Resistivity

Young’s Mod from Pilot

Analysis of Formation Top Detection 

Results Cont.

Rock Drillability Flow Unit

Non-Drillability Diff Rock Drillability vs. 

Young’s Modulus-1
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Find matched formation tops between 

multiple offset wells

a. Select the first offset well as the basis well.

b. Select formation change TVDs in all offset wells that are: 

a. Closest to formation change TVDs in the basis well.

b. Within a proximity limit (default 250ft).

Example Result

Well 1 Well 1 Well 1 Well 2 Well 2 Well 2 Well 3 Well 3 Well 3

T
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Formation Top Detection Features

• Can run in real time.

• Can run in horizontal section.

• Detects formation top using drilling data.

• Drillability/Calculated UCS can be a useful parameter for 

geologists in identifying formation tops.

Data Processing
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MSE Calculation

Motor RPM Calculation

Filtering

Divide into sections

Divide into subsections

Outlier Removal

Assign KPIs for

min, max, average of:

• ROP

• MSE

• DiffP

• Torque

• Flow Rate

• WOB

• RPM_TD

• RPM_Motor

• RPM_Bit
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Best Well Selection

sub-sec. KWell 1
MSE

ROP

sub-sec. KWell 2
MSE

ROP

sub-sec. KWell 3 MSE

ROP

sub-sec. KWell M
MSE

ROP

Section j

Section j

Section j

Section j

Well i

MSE lowest among wells

ROP highest among wells
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Planned Well

Suggested Drilling Parameters

Selected data

Min ROP Max 90 perc. 

ROP

Max ROP

Selected data

Min WOB Max 90 perc. 

WOB
Max 

WOB

Average Values

Select data from 

Max perc. ROP

Select data from 

Max perc. WOB

Delta AVG 

ROPs less 
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Select optimum 
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Algorithm Transition and Parameter 

Agreement

WOB Track ROP Track MSE Track

Formation X

Formation Y

Formation Z

Expansion of Trial Area

When

• Area is increased by 688%

• Raduis is increased four miles

• Sample size is increased 83%

Does Algorithm

• Maintain depth control?

• Retain best demonstrated data? 

- Initial population

- Expanded population

- Well surface location
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Retained Information Post Expansion

* Red color corresponds to wells which used wired drillpipe.

Intermediate Drilling Performance for 9-

7/8” Hole
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MSE Analysis of Past & Present Process

• Lowest cumulative MSE was achieved.

• Improved consistency.

• Minimal variability post trip.

• Wells optimized based on manual statistics 

method failed to match.

- Base population

- Outgoing process

- Algorithm well

Delaware Group ROP Analysis

• Retained cutting structure for the longest drilling 

duration.

• Used high peak ROP when advisable.

• Restrained ROP when warranted.

• Optimization can be further improved for 6,250-

7,000ft.

- Base population

- Outgoing process

- Algorithm well

Sharp cutting structure
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Conclusions

1. An optimization algorithm that utilizes 

MSE can be widely used and adopted 

by drilling experts.

2. Considering the effects of surface 

parameters, BHA, and lithology in 

optimization improves performance. 

3. The data-driven technique used for 

optimization is flexible and practical.

Thank You

Reza Asgharzadeh: reza_asgharzadeh@oxy.com

Derek Adam: derek_adam@oxy.com

Data-Driven Optimization of 

Drilling Parameters 


