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Introduction

The Tradeoffs of Drilling the Perfect Horizontal Well

A An approach for using a comprehensive, cross
domain collaboration across your asset team
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A Reviewfull well lifecycle andield life
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I Continually learning, refining processes for improvemen
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The Benefits of Collaboration

Through team collaboration the payback is significant

@ Safer, Lower Cost Wells
© Less NPT

© Faster ROP
© Exceptional IP

©® Rewarding EUR /\




Each operating company Is different

How do you compare against your peers?

Benchmarks EUR IP Drilling Completion ROI
Barrels Barrels/Day Cost Cost

Your Company 437,000 $2.3 Million $3.8 Million

Fox Oil & Gas 400,000 790 $2.5 Million $4.0Million 454
Trotter E & P 350,000 682 $2.8 Million $4.2 Million 350
Pep Step 300,000 580 $3.0 Million $4.5 Million 260
Resources

Bovine 200,000 430 $3.7 Million $5.0 Million 107

Exploration




A "Approximately 60% of

Goldman

Haynesville Shale
Doesa Lot More
with Less

current Haynesuville
production isattributable to
well and rig productivity
gainsmade over thgast
three yearsX h

A "Increasedvell productivity
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has been the largest driver of
overall productivity gains
accountingfor about two
thirds, led initially bynigher
initial production (P) rates
and more recently by
improved decline rate® o
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A 0Rig [anddrilling best
practiced increase®ver the
Goldman last three yearsiccount for
H ille Shal 20% of current production
D?elgzsli/ cl)teM Or: °  1.8Bcfd or onethird of the
T | Ll total productivity gainX €

Ad ¢ KA A fasier dRltiz
times andreduced downtime
between the drilling of wells,

thanks topad drilling
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Agenda

A Pitfalls of a NorOptimized(
A Asset Team Personas

A Collaboration is Key

A See the Difference
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Drilling the perfect horizontal well
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A dHorizontaldrilling is a lesson in humility for the
entire asset teams

I Ken Bowdon founder of Horizontal Solutions (HSI)

A When a predrill model that has been worked on for
months proves incorrect before the well is even ou
of the curve, it can be very frustrating feveryone

A The only way to prevent frustration from leading to
poor decisions Is to plan for thenexpected

I definecritical decision points and create possible

contingencies in advance {@



The Agony of Defeat
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What did we learn?
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A The Bottom Hole Assembly (BHA) will mistly not
perform exactly agxpected

I Formation heterogeneitwill affect theBUR othe BHA
I Overly aggressive BHAs may create more drilling proble

A Wellbore position uncertaintgxacerbates the
problem

I All goatial measurements a wellbore introduce intrinsic
error into the spatial position calculationof the wellbore

I uncertainty of offset pilot wells can affegeomodel
positioning and subsequent targetinfhorizontal wells

I Wellspotting errors on geologic maps can yield {@
targeting placementerrorsin horizontal wells



Bottom Hole Assembly Selection

Understanding Mechanical Uncertainty

wThe Bottom Hole Assembly (BHA) will most

likely not perform exactly as expected

AFormation Heterogeneity will affect the
Build-Up Rate (BUR) of the BHA




Understanding Wellbore Position

Ellipses of Uncertaintg systematic errors

Magnitude of error for well
maintainedsurvey instruments:

[\, Greater error in azimuth  Inclination: 0.25Ato 0.75A
' ——

O TVD: +H (2 Mo n

Azimuth: 0.75Ato 2.0A

E/W: +/-0 Q MJISMNG Q
N/S:+/-c Q LISNJ ™

Used by Permissiorbasedupon
SPE/9917 Stockhausen angsso

And humanintroduced errors . .
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Wellbore Position Uncertainty

Survey positioned abTARDf the slidesection

Pl

ainyeAIn) Jo snipey pare|noed

Survey
Position
Model 1
Rotat Actual
o, Well

Calculated Pat

A slide section with a short radius of curvature is followed by a rotar
section (no curvature). The actual wellbore —

. I Used by Permission based upo
positionwill be shallowerthan calculated. (SPE 79917 Stockhausen &ess)




Wellbore Position Uncertainty

Survey positioned aENDof the slidesection

O
-
O
c
2
8
Survey D
Position S
Model 2 o
Rotate 0
5
C Calculated
®  Ppath
Actual
Well
A rotary section is drilled first, followed by a slide section
The actual wellbore position will be
Used by Permission based upon

deeperthan calculated. (SPE 79917 Stockhausen &eds)



Wellbore Position Uncertainty

Survey positioned symmetrically on eithend ofslide

Survey
Position
Model 3 Rotate

Actual
Well

nreAlnd JO snipey pare|ndfe)d

S/,'o,e

c%-:‘
Hiethie Calculated

A slide section is placed between two rotate sections. Path

The actual wellbore position will be close to the calculated. @,
Used by Permission based upon
(SPE 79917 Stockhausen &mds)




Recommended Best Practices
¢cg2 W[ SaazoRravief SIF NYySRQ

A The Bottom Hole Assembly (BHA) will mistly not
perform exactly agxpected

I BHA selection/modeling is critical
I Careful matching of bit and hydraulics is paramount

A Wellbore position uncertaintgxacerbates the
problem
I Be sure you use the best possible survey program
I Leverage all of your survey data to improve wellbore

position accuracy
i ENAtfAYI WoSad LINI éﬁxé(@g




Agenda

A Pitfalls of a norOptimized Operation

A Collaboration is Keg'
A See the Difference”
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Team Personas

Herder




What areyour! 4 aSu ¢S Y

CEO/AssetMggC2f f 26 UKS (NI A

CTO/IT Mgrg Find, protect & deliver the data
Geologists/Geophysicists Pointers staying in zone
Drillers, DD¢ Stay on plan, Reduce drilling time

Rig Super./Mudloggerg Rig safety and danger alert

Co. Mang Keep everyone communicating @
and moving in theight direction N




Asset Team Personas

A Overall Company Obijectives
A Geologists & Geophysicists

A Drilling Department




Motivational Drivers

A CEO, CO®oD investors and yo
I Meet gas/oil delivery commitments
I Maintain Reserves Replacement Ratio (RRR) >
I Attain highest IP among peer group

I Hold the best average -“

EUR In the play Your Company?  437.000

I Maximize your B __
Ay®5au2Nné““ | Lo




Motivational Drivers

iLRSYGATe (KS aags
ADetermine the best targets geographically
ADetermine the extent of pay, maximize well locations
A Define the best petrophysical marker

I ldentify geohazardstructure
I Plan the optimal well path
| Leverage your investment in seismic

I Keep up with the rig! :




Motivational Drivers

A Drilling Manager, Co. Man,
Directional Driller, Rig Personnel
I Beat the plan!

I Stay on target
APick up the right BHA to achieve BUR, make correcti

I Fastest ROP
ABest bit/BHA combination; hydraulics are key

I Reduced NPT

ANo unnecessary trips b
I Well delivered on budget!
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DOG- Drilling Optimization & Guidance

[ SF RSNA 2F GKS |
Understand the overall
company objectives
Embraces divergent drivers
Aggregates all input and revi
to meet common end goals
Constantly reminding all of the well
and field development objectives
Coaorcinates planning and action

with the entire asset team




The DOG Tea




Agenda

A Pitfalls of a NorOptimized Operation
A Asset Team Personas

A See the Difference
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Collaboration across the asset team Is key

Well defined processes ensurimgllaboration across the
entire assetteam stakeholderdo ensureoptimal results

Planning
A Drilling and Completions
Engineers
A Directional Drillers
Spud to TD POSEWG.” A C.Ompany Man .
Completion A Field Operations Geologists
A Service Company Personnel
A Mud-Loggers and Mud Enginedrs
A Office Development Geologists
PostDrill / A Production Engineers
Completion A Reservoir Engineers

Learn fromexperience andepeat bespractices in future WeII

Copyright © 2012 HorizontalSl, LtCConfidential 28



Collaboration is key

Al NBFGS Fy dY2AaLKSNBE 2T Wi
Information to leverage individual knowledge and skills

A A free exchange of all data and information
A Encourage/Reward displays of individual thinking/expertise

A 0% of the hours spent planning and executing on drilling
LIN22S0O0a FNB OF NNASR 2dzi 6
y20 0& UKS 2LISNI GAy 3 O28Y LI

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

A Drilling engineers have become project managers!{@}



Agenda

A Pitfalls of a NorOptimized Operation
A Asset Team Personas

A Collaboration is Key
I Well Planning
I Well Optimization
I Drilling Survelillance
I Drilling Optimization
I TrueTimeGeosteering v}
I PostDrill Optimization -

A See the Difference
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Well Trajectory Planning

A Engineering and geosciendasion

A[ SOSN)Y IS SOSNE Aagréssewdiy Bodzhii QO
I To meet commorteam objectives:

A Pad location and well spacing

A Lease boundary considerations | § |~ """
A Drainage area radius o P
A Anti-collisionanalysis ; L e S
A Geologideatures/hazard impact s ‘_. pe._ '.' A @ —
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Well Trajectory Planning

AwWSOASE RANBOUGAZYI T O2Yl
A Refine the plan taneet overallobjectives

A Scarfor potential
risks, problems

A Establish Alert

Parameters =
Aa dzNLIK e Q& [ =
and well =

55 1 [ I N A 1




Well Trajectory Planning

A a dzN1IKav Rievaits

i2KFad OFry 32 gNRyYy3 X
will go wrong!

I DWOR; dDrill the Well
onPape¢ X FANBRGH

I Delineate mitigation
parameters

i ldentify Risk and Establish -
contingency plans




Well Trajectory Planning

Image courtesy of Dynamic Graphics Inc. software



Well Trajectory Planning

Image courtesy of Dynamic Graphics Inc. software



Well Trajectory Planning

Image courtesy of Dynamic Graphics Inc. software



Well Trajectory Planning

Image courtesy of Dynamic Graphics Inc. software



Well Trajectory Planning

Image courtesy of Dynamic Graphics Inc. software



Well Trajectory Planning

Image courtesy of Dynamic Graphics Inc. software



Agenda

A Pitfalls of a NorOptimized Operation
A Asset Team Personas

A Collaboration is Key
I Well Planning
I Well Plan Optimization
I Drilling Survelillance
I Drilling Optimization
I TrueTimeGeosteering
I PostDrill Optimization

A See the Difference
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Well PlanOptimization

Aggregate'all data sources and optimiZe to plan

AwSOASg 27

It f

aSNWAOS

- Optimize Bottom Hole Assembly, bit designs

- Review mud/hydraulics
programs
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Well PlanOptimization

A Review prior well history & establish benchmacks
identify safety issues, NPT, hydraulics, ROP target

A Recommend plan improvements to align with
established company and industry best practices
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Well PlanOptimization

Plan in advance and establish contingency plans

A DWOP first!

I ID risksand define contingency plans well in advance

I Delineate mitigation measures for paxctive
Intervention
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Agenda

A Pitfalls of a NorOptimized Operation
A Asset Team Personas

A Collaboration is Key
I Well Planning
I Well Optimization
-1 Drilling Surveillance
I Drilling Optimization
I TrueTimeGeosteering
I PostDrill Optimization

A See the Difference
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TrueTimet S5 NAf f Ay 3 { dzNIIS A

A Timelydata aggregation and distribution

A Common visualization environment
I Rig site to your offices, between the field, among
Key contractors and your team members

i RiteTimet RFOL___

LN I BT
(X e

distribution of L
relevant information..=- S

for actionable and
accurate decision
support
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Image courtesy of Pason




TrueTimet S5 NAf f Ay 3 { dzNIIS A

A Leveraging your vendors data portal (Pason, NOV,
I Shared Visualization for true collaboration (UCWWC)

A . ———

A Timely Drilling Reports =7 = = 7 ==
I twice daily reporting e - - -
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TrueTimet S5 NAf f Ay 3 { dzNIIS A

A Seamless integration across domains

I Shared geosteering views and drilling
services to include all team members
I Enhance active === - i
collaboration ) ==
I Use of vital drilling= =
analysis software _ -
i Provide reliable, - --
actionabledata

for analysis and
positive results




TrueTimet S5 NAf f Ay 3 { dzNIIS A

A 24/7, eyes on all available data streams
FTOELISNASYOSR W2 | §OK 52+
I All day, all night, weekends and holidays




TrueTimet S5 NAf f Ay 3 { dzNIIS A

A Timelydata QC with flexible display options
A Exception alerts based on pdefined

critical parameters <=

. . 2 -

ARight Timet A y 0 S SR s

with a custom response
protocol always ready
to take action

I by your team and/or
the service company
personnel

| appropriate actions #1




Agenda

A Pitfalls of a NorOptimized Operation

A Asset Team Personas

A Collaboration is Key
I Well Planning
I Well Optimization
I Drilling Survelillance
i Driling Optimization
I TrueTimeGeosteering
I PostDrill Optimization

A See the Difference
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A Actual versus Plan, progress review, analysis and
reporting

A ActiveDrillingPerformance Optimization
I Torque & DragCriticalSpeed, RQPole Conditions




TrueTimet S5 NAf € Ay3 hLIAYA

A Forward thinkingfuture impactsof current
conditions and deviations
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from the plan P e R e

I Reengineering contingency = == F = = ===
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A Inclusion ofgeological | S RN
indicators in each analysis  # “== =~ -
A Proactivehazard avoidance =~ == - | =

and impact mitigation
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TrueTimet S5 NAf € Ay3 hLIAYA

A Mitigate Rislkc be proactive vs being reactive

A Reduce NPT
A Exceed gur

benchmark
goals e -

A Continuous = § - .‘\\\ __
process =t 1N
mprovement | T 1
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Agenda

A Pitfalls of a NorOptimized Operation
A Asset Team Personas

A Collaboration is Key | puedE

Down dip

I Well Planning " 7ero dip

I Well Optimization & v

i Drilling Surveillance oy W

I Drilling Optimization { {

i ¢NHzS¢CAYSu D \1§wk

I PostDrill Optimization |

A See the Difference
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A Leverage experienced geologists
I maximizezone exposure
I greaterlP &EUR
I avoid costly redrills

A Geologic exceptioalerts

I Anticipate based upoon pre-spud models

I TrueTime evaluation of planned vs. actual

I Identify possible faultanissed topsstratigraphic flags
A Timelyreporting

I Active and ordemand

I Cloudbased data management {@
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WELLBORPLOT VERTICABECTIONIEW
WESTERMUSTRALIABIRDSONGEQUENCE

Wellbore Plot - Vertical Section View

BHP Petroleum: Griffin 5-H
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ACrossR2YIFAY O2ftl 02N O0AZ2Y AY
I Leverage your experts, your field and operations
geologistandyour entire engineering team

A Establistseamless software integration
I Your real time data portal
I Drilling engineering software
I Geosteering software workflows
A Cloudbased data I/0
i Entreteamaccess Y2 aid ONRARGAOIE RI

I Collaborativepeer reviews
I multiple working interpretations and scenarios @




TrueTimet DS23aU0SSNAY 3 \
Visualization of the geomodel with measured results
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