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Introduction 

ÅAn approach for using a comprehensive, cross-
domain collaboration across your asset team 

ï¸ƻǳǊ ŎƻƳǇŀƴȅΩǎ ǇŜǊǎƻƴƴŜƭ and your service providers 
 

ÅReview full well life-cycle and field life 

ïPlanning thru cƻƳǇƭŜǘƛƻƴ Χ ŦƻǊ ŜƴƘŀƴŎƛƴƎ  ǇǊƻŘǳŎǘƛƻƴΗ 

ïContinually learning, refining processes for improvement 
 

Å¦ƴŘŜǊǎǘŀƴŘƛƴƎ ŜŀŎƘ ǘŜŀƳ ƳŜƳōŜǊΩǎ ŘǊƛǾŜǊǎ 

ï²Ƙŀǘ ŀǊŜ ǘƘŜ ŎƻƳǇǊƻƳƛǎŜǎ Χ and what is the payback? 

The Tradeoffs of Drilling the Perfect Horizontal Well 



The Benefits of Collaboration 

Safer, Lower Cost Wells 

Less NPT 

Faster ROP 

Exceptional IP 

Rewarding EUR 

1 
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Through team collaboration the payback is significant 



Each operating company is different 

Benchmarks EUR 
Barrels 

IP 
Barrels/Day 

Drilling  
Cost 

Completion 
Cost 

ROI  
% 

Your Company? 437,000 861 $2.3 Million $3.8 Million 545 

Fox Oil & Gas 400,000 790 $2.5 Million $4.0 Million 454 

Trotter E & P 350,000 682 $2.8 Million $4.2 Million 
  

350 

Pep Step 
Resources 

300,000 580 $3.0 Million $4.5 Million 260 

Bovine 
Exploration 

200,000 430 $3.7 Million $5.0 Million 107 

How do you compare against your peers? 



Goldman 
Å"Approximately 60% of 

current Haynesville 
production is attributable to 
well and rig productivity 
gains made over the past 
three years ΧϦ  
 
Å"Increased well productivity 

has been the largest driver of 
overall productivity gains, 
accounting for about two-
thirds, led initially by higher 
initial production (IP) rates 
and more recently by 
improved decline ratesΦά 
 

Haynesville Shale 
Does a Lot More 
with Less 

{ƻǳǊŎŜΥ bDLΩǎ {ƘŀƭŜ 5ŀƛƭȅ όaƻƴŘŀȅΣ 5ŜŎΦ мнΣ нлммύ 



Goldman 
ÅάRig [and drilling best 

practices] increases over the 
last three years account for 
20% of current production, 
1.8 Bcf/d or one-third of the 
total productivity gain Χέ 
 
Åά¢Ƙƛǎ ƛǎ ŘǳŜ ǘƻ faster drilling 

times and reduced downtime 
between the drilling of wells, 
thanks to pad drilling 
ǘŜŎƘƴƛǉǳŜǎΦέ 

Haynesville Shale 
Does a Lot More 
with Less 

{ƻǳǊŎŜΥ bDLΩǎ {ƘŀƭŜ 5ŀƛƭȅ όaƻƴŘŀȅΣ 5ŜŎΦ мнΣ нлммύ 
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Drilling the perfect horizontal well 

ÅάHorizontal drilling is a lesson in humility for the 
entire asset teamέ 
ïKen Bowdon, founder of Horizontal Solutions (HSI) 

 

ÅWhen a pre-drill model that has been worked on for 
months proves incorrect before the well is even out 
of the curve, it can be very frustrating for everyone 
 

ÅThe only way to prevent frustration from leading to 
poor decisions is to plan for the unexpected 
ïdefine critical decision points and create possible 

contingencies in advance 

 

¦ƴŎŜǊǘŀƛƴǘȅ ǇƭŀƴƴƛƴƎ Χ ƻǊ ǇƭŀƴƴƛƴƎ ŦƻǊ ǳƴŎŜǊǘŀƛƴǘȅ 



THE AGONY OF DEFEAT 

The Agony of Defeat 

Second Sidetrack 
Original Hole 

First Sidetrack 



What did we learn? 

ÅThe Bottom Hole Assembly (BHA) will most likely not 
perform exactly as expected 
ïFormation heterogeneity will affect the BUR of the BHA 

ïOverly aggressive BHAs may create more drilling problems 
 

ÅWellbore position uncertainty exacerbates the 
problem 
ïAll spatial measurements in a wellbore introduce intrinsic 

error into the spatial position calculation of the wellbore 

ïuncertainty of offset pilot wells can affect geomodel 
positioning  and subsequent targeting of horizontal wells 

ïWell spotting errors on  geologic maps can yield  
targeting  placement errors in  horizontal wells 

 

[ŜǘΩǎ ŜȄŀƳƛƴŜ just two ΨƭŜǎǎƻƴǎ ƭŜŀǊƴŜŘΩ ŦƻǊ ƴƻǿ 



Bottom Hole Assembly Selection 
Understanding Mechanical Uncertainty 

ω The Bottom Hole Assembly (BHA) will most     

 likely not perform exactly as expected 

 

Å Formation Heterogeneity will affect the  

 Build-Up Rate (BUR)  of the BHA 



Understanding Wellbore Position 
Ellipses of Uncertainty ς systematic errors 

Magnitude of error for well 
maintained survey instruments: 

 Inclination:  0.25Á to 0.75Á 

 TVD: +/- н ǘƻ пΩ ǇŜǊ млллΩ 

 Azimuth:  0.75Á to 2.0Á 

 E/W: +/- оΩ ǇŜǊ млллΩ 
 N/S: +/- сΩ ǇŜǊ млллΩ 
 

Greater error in azimuth 

And human-introduced errors  
can ŦŀǊ ŜȄŎŜŜŘ ǘƘŜ ǎǳǊǾŜȅ ǘƻƻƭΩǎ ƛƴǘǊƛƴǎƛŎ ŜǊǊƻǊΗ 

Used by Permission - based upon 
SPE 79917 Stockhausen and Lesso 



Wellbore Position Uncertainty 
Survey positioned at START of the slide section 

Rotate Actual 

Well 

Calculated Path 

A slide section with a short radius of curvature is followed by a rotary 
section (no curvature).  The actual wellbore  
position will be shallower than calculated. 
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Survey  
Position 
Model 1 

Used by Permission  based upon 
(SPE 79917 Stockhausen and Lesso)  



Wellbore Position Uncertainty 
Survey positioned at END of the slide section 

Actual 

Well 

Calculated 

Path 

Rotate 

A rotary section is drilled first, followed by a slide section 
The actual wellbore position will be  
deeper than calculated. 
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Survey 
Position 
Model 2 

Used by Permission  based upon 
(SPE 79917 Stockhausen and Lesso)  



Wellbore Position Uncertainty 
Survey positioned symmetrically on either end of slide 

Actual 

Well 

Calculated 

Path A slide section is placed between two rotate sections. 
The actual wellbore position will be close to the calculated. 

Rotate 
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Survey 
Position 
Model 3 

Rotate 

Used by Permission  based upon 
(SPE 79917 Stockhausen and Lesso)  



Recommended Best Practices 

ÅThe Bottom Hole Assembly (BHA) will most likely not 
perform exactly as expected 

ïBHA selection/modeling is critical 

ïCareful matching of bit and hydraulics is paramount 
 

ÅWellbore position uncertainty exacerbates the 
problem 

ïBe sure you use the best possible survey program 

ïLeverage all of your survey data to improve wellbore 
position accuracy 

ï5ǊƛƭƭƛƴƎ ΨōŜǎǘ ǇǊŀŎǘƛŎŜǎΩ Ŏŀƴ ƛƳǇǊƻǾŜ ŀŎŎǳǊŀŎȅ 

 

¢ǿƻ Ψ[Ŝǎǎƻƴǎ [ŜŀǊƴŜŘΩ ς Review 
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Team Personas 

Tracker 

Retriever 

Herder 

Pointer 

Guard Dog 

Racers 

Does it All 



  CTO/IT Mgr. ς Find, protect & deliver the data 

 

CEO/Asset Mgr. ς Cƻƭƭƻǿ ǘƘŜ ǘǊŀƛƭ Χ ǿƘŀǘΩǎ ƳƛǎǎƛƴƎΚ
  

Geologists/Geophysicists ς Pointers staying in zone 
   

Drillers, DD ς Stay on plan, Reduce drilling time 
   

Rig Super./Mudloggers ς Rig safety and danger alerts 
  

Co. Man ς Keep everyone communicating  
                   and moving in the right direction 

What are your !ǎǎŜǘ ¢ŜŀƳΩǎ tŜǊǎƻƴŀǎΚ 



ÅOverall Company Objectives 
 

ÅGeologists & Geophysicists 
 

ÅDrilling Department 

Asset Team Personas 

Differences in motivational drivers 



ÅCEO, COO, BoD, investors and you 

ïMeet gas/oil delivery commitments 

ïMaintain Reserves Replacement Ratio (RRR) > 1 

ïAttain highest IP among peer group 

ïHold the best average  
EUR in the play 

ïMaximize your  
ƛƴǾŜǎǘƻǊΩǎ whL 

Motivational Drivers 

Every company's objectives 



ÅGeologists & Geophysicists 

ïLŘŜƴǘƛŦȅ ǘƘŜ άǎǿŜŜǘ ǎǇƻǘέ 

ÅDetermine the best targets geographically 

ÅDetermine the extent of pay, maximize well locations 

ÅDefine the best petrophysical marker 

ïIdentify geohazards/structure 

ïPlan the optimal well path 

ïLeverage your investment in seismic 

ïKeep up with the rig! 

 

Motivational Drivers 

Geosciences Team 



ÅDrilling Manager, Co. Man, 
Directional Driller, Rig Personnel 

ïBeat the plan! 

ïStay on target 

ÅPick up the right BHA to achieve BUR, make corrections 

ïFastest ROP 

ÅBest bit/BHA combination; hydraulics are key 

ïReduced NPT 

ÅNo unnecessary trips 

ïWell delivered on budget! 

 

 

Motivational Drivers 

Drilling & Completions Team 



DOG - Drilling Optimization & Guidance 
 

Vά[ŜŀŘŜǊǎ ƻŦ ǘƘŜ ǇŀŎƪέ 
V Understand the overall 

company objectives 
V Embraces divergent drivers 
V Aggregates all input and review  

to meet common end goals 
V Constantly reminding all of the well 

and field development objectives 
V Coordinates planning and action  

with the entire asset team 
ά{ǳǇŜǊ 5hDΗέ 

Winning Team Persona 



The DOG Team 
            (really) 
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Å Drilling and Completions 
Engineers 

Å Directional Drillers 

Å Company Man 

Å Field Operations Geologists 

Å Service Company Personnel 

Å Mud-Loggers and Mud Engineers 

Å Office Development Geologists 

Å Production Engineers 

Å Reservoir Engineers 

28 

Collaboration 

Pre-Spud 
Planning 

Post-Well 
Completion 

Post-Drill / 
Pre-

Completion 

Spud to TD 

Collaboration Between All Parties 

Collaboration across the asset team is key 

Well defined processes ensuring collaboration across the 
entire asset team stakeholders to ensure optimal results 

Learn from experience and repeat best practices in future wells  



Å/ǊŜŀǘŜ ŀƴ ŀǘƳƻǎǇƘŜǊŜ ƻŦ ΨǘǊƛōŀƭ ǎǳǊǾƛǾŀƭΩ ŀƴŘ ǎƘŀǊƛƴƎ 
information to leverage individual knowledge and skills 
 

ÅA free exchange of all data and information 
 

ÅEncourage/Reward displays of individual thinking/expertise 
 

Åά90% of the hours spent planning and executing on drilling 
ǇǊƻƧŜŎǘǎ ŀǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ōȅ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ǎŜǊǾƛŎŜ ŎƻƳǇŀƴƛŜǎΤ 
ƴƻǘ ōȅ ǘƘŜ ƻǇŜǊŀǘƛƴƎ ŎƻƳǇŀƴȅΩǎ ƻǿƴ ŘǊƛƭƭƛƴƎ ŜƴƎƛƴŜŜǊǎέ 
 

ÅYet the success of all projects is being directly attributed to 
upfront planning and design work 
 

ÅDrilling engineers have become project managers! 

Collaboration is key 

Foster a culture of sharing across all disciplines 
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ÅEngineering and geoscience fusion 

Å[ŜǾŜǊŀƎŜ ŜǾŜǊȅ ƛƴŘƛǾƛŘǳŀƭΩǎ ŜȄǇŜǊǘƛǎŜ across every domain 

ïTo meet common team objectives: 
ÅPad location and well spacing 

ÅLease boundary considerations 

ÅDrainage area radius 

ÅAnti-collision analysis 

ÅGeologic features/hazard impact 

Well Trajectory Planning 

Collaborative and Comprehensive from the Start 



ÅwŜǾƛŜǿ ŘƛǊŜŎǘƛƻƴŀƭ ŎƻƳǇŀƴȅΩǎ ǇǊƻǇƻǎŀƭ 
 

ÅRefine the plan to meet overall objectives 
 

ÅScan for potential  
risks, problems 
 

ÅEstablish Alert  
Parameters 
 

ÅaǳǊǇƘȅΩǎ [ŀǿ ƛǎ ŀƭƛǾŜ 
and well 

 

Well Trajectory Planning 

Aggregate all data sources, review and optimize 



Well Trajectory Planning 

Plan well in advance and establish contingency plans 

ÅaǳǊǇƘȅΩǎ Law Prevails: 
 

ï²Ƙŀǘ Ŏŀƴ Ǝƻ ǿǊƻƴƎ Χ  
 will go wrong! 
 

ïDWOP ς άDrill the Well  
on Paperέ Χ ŦƛǊǎǘΗ 
 

ïDelineate mitigation  
 parameters 
 

ïIdentify Risk and Establish  
 contingency plans 
 



Plan Trajectory Geometrically  

Well Trajectory Planning 

Image courtesy of Dynamic Graphics Inc. software 



Add Uncertainty Analysis 

Well Trajectory Planning 

Image courtesy of Dynamic Graphics Inc. software 



Refine plan ς reduce uncertainty 

Well Trajectory Planning 

Image courtesy of Dynamic Graphics Inc. software 



Plan ahead to mitigate risk 

Collision 
avoidance 

Well Trajectory Planning 

Image courtesy of Dynamic Graphics Inc. software 



²ƘŜƴ ǇƻǎǎƛōƭŜΣ Ǉƭŀƴ ƎŜƻƭƻƎƛŎŀƭƭȅ Χ 

Well Trajectory Planning 

Image courtesy of Dynamic Graphics Inc. software 



Χ ŀƴŘ Ǉƭŀƴ ŎƻƭƭŀōƻǊŀǘƛǾŜƭȅ 

Well Trajectory Planning 

Image courtesy of Dynamic Graphics Inc. software 
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Well Plan Optimization 

ÅwŜǾƛŜǿ ƻŦ ŀƭƭ ǎŜǊǾƛŎŜ ǾŜƴŘƻǊΩǎ ƛƴǇǳǘ 

     - Optimize Bottom Hole Assembly, bit designs 

     - Review mud/hydraulics 
 programs 

Aggregate all data sources and optimize to plan 



ÅReview prior well history & establish benchmarks ς
identify safety issues, NPT, hydraulics, ROP targets 

ÅRecommend plan improvements to align with 
established company and industry best practices 

     

Well Plan Optimization 

Aggregate all data sources and optimize to plan 



ÅDWOP first! 

ïID risks and define contingency plans  well in advance 

ïDelineate mitigation measures for pro-active     
 intervention 

      

Well Plan Optimization 

Plan in advance and establish contingency plans 
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ÅTimely data aggregation and distribution 

ÅCommon visualization environment 

ïRig site to your offices, between the field, among 
key contractors and your team members 

ïRiteTimeϰ Řŀǘŀ  
distribution of 
relevant information 
for actionable and  
accurate decision 
support 
 

TrueTimeϰ 5ǊƛƭƭƛƴƎ {ǳǊǾŜƛƭƭŀƴŎŜ 
Real time data hub and user portal 

Image courtesy of Pason 



ÅLeveraging your vendors data portal (Pason, NOV, etc.) 

ïShared Visualization for true collaboration (UCWWC) 
 

ÅTimely Drilling Reports 

ïtwice daily reporting 

 

Common Data Display and Reporting 

TrueTimeϰ 5ǊƛƭƭƛƴƎ {ǳǊǾŜƛƭƭŀƴŎŜ 

Image courtesy of Pason 



Real time data hub and user portal 

ÅSeamless integration across domains 

ïShared geosteering views and drilling 
services to include all team members 

ïEnhance active  
collaboration  

ïUse of vital drilling  
analysis software 

ïProvide reliable,  
actionable data 
for analysis and 
positive results 
 

TrueTimeϰ 5ǊƛƭƭƛƴƎ {ǳǊǾŜƛƭƭŀƴŎŜ 



wŜŀƭ ǘƛƳŜ ŀƴŘ !ƭƭ ¢ƛƳŜϰ ǎǳǊǾŜƛƭƭŀƴŎŜ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ 

Å24/7, eyes on all available data streams 

ï9ȄǇŜǊƛŜƴŎŜŘ Ψ²ŀǘŎƘ 5ƻƎǎΩ ƘŀǾŜ ȅƻǳǊ ōŀŎƪ 

ïAll day, all night, weekends and holidays 

 

TrueTimeϰ 5ǊƛƭƭƛƴƎ {ǳǊǾŜƛƭƭŀƴŎŜ 



ÅTimely data QC with flexible display options 

ÅException alerts based on pre-defined  
critical parameters 

ÅRight Timeϰ ƛƴǘŜǊǾŜƴǘƛƻƴ 
with a custom response  
protocol always ready 
to take action 

ïby your team and/or  
the service company  
personnel 

ïappropriate actions #1 

 

 

TrueTimeϰ 5ǊƛƭƭƛƴƎ {ǳǊǾŜƛƭƭŀƴŎŜ 
Real time operations center always watching your back 
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ÅActual versus Plan, progress review, analysis and 
reporting 

ÅActive Drilling Performance Optimization 

ïTorque & Drag, Critical Speed, ROP, Hole Conditions 

 

TrueTimeϰ 5ǊƛƭƭƛƴƎ hǇǘƛƳƛȊŀǘƛƻƴ 

Expert operations team leveraging your real time data 



ÅForward thinking, future impacts of current 
conditions and deviations 
from the plan 

ïRe-engineering contingency  
Ǉƭŀƴǎ Ψon-the-ŦƭȅΩ 

ÅInclusion of geological  
indicators in each analysis 

ÅProactive hazard avoidance 
and impact mitigation 

 

TrueTimeϰ 5ǊƛƭƭƛƴƎ hǇǘƛƳƛȊŀǘƛƻƴ 

Expert operations team leveraging your real time data 



ÅMitigate Risk ς be proactive vs being reactive 

ÅReduce NPT 

ÅExceed your  
benchmark 
goals 

ÅContinuous  
process  
improvement 

 

 

TrueTimeϰ 5ǊƛƭƭƛƴƎ hǇǘƛƳƛȊŀǘƛƻƴ 

Enhance safety and overall performance 
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Down dip 



ÅLeverage experienced geologists 
ïmaximize zone exposure 
ïgreater IP & EUR  
ïavoid costly re-drills 

ÅGeologic exception alerts  
ïAnticipate based upon on pre-spud models 
ïTrueTime evaluation of planned vs. actual 
ïIdentify possible faults, missed tops, stratigraphic flags 

ÅTimely reporting 
ïActive and on-demand 
ïCloud-based data management 

 
 

TrueTimeϰ DŜƻǎǘŜŜǊƛƴƎ 

Experts leveraging expertise and team collaboration 



TRUE STRATIGRAPHIC POSITION LOG 
WESTERN AUSTRALIA BIRDSONG SEQUENCE 

Stratigraphic Path Curve 

 VERTICAL OFFSET LOG 

TSP CURVE 



WELLBORE PLOT: VERTICAL SECTION VIEW  
WESTERN AUSTRALIA BIRDSONG SEQUENCE 



ÅCross-ŘƻƳŀƛƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ƛƴ ¢ǊǳŜ¢ƛƳŜϰ 

ïLeverage your experts, your field and operations 
geologists and your entire engineering team 

ÅEstablish seamless software integration 

ïYour real time data portal 

ïDrilling engineering software 

ïGeosteering software workflows 

ÅCloud based data I/O 

ïEntire team access to Ƴƻǎǘ ŎǊƛǘƛŎŀƭ Řŀǘŀ όά¦/²²/έύ 

ïCollaborative peer reviews 

ïmultiple working interpretations and scenarios 

 

 

TrueTimeϰ DŜƻǎǘŜŜǊƛƴƎ 

Leveraging Cross-Domain Collaboration Platforms 



TrueTimeϰ DŜƻǎǘŜŜǊƛƴƎ 
Visualization of the geomodel with measured results 

LƳŀƎŜ /ƻǳǊǘŜǎȅ ƻŦ [ŀƴŘƳŀǊƪΩǎ 5ŜŎƛǎƛƻƴ{ǇŀŎŜ 5ǊƛƭƭƛƴƎ ǎƻŦǘǿŀǊŜ 


