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Proven EcoProven Eco--Friendly WaterFriendly Water--Based
DrillingBased Drilling

Fluid Technology For HostileFluid Technology For
HostileUnconventional Shale ApplicationsUnconventional Shale
Applications

Del Leggett
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Water-Based Drilling Fluids System

The Most Widely UsedThe Most Widely Used

WaterWater--Based Drilling Fluids SystemBased Drilling Fluids
SystemFor Unconventional Shale ApplicationsFor Unconventional Shale
Applications

In the WorldIn the World
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Unconventional Shale and Tight SandUnconventional Shale and
Tight Sand

ApplicationsApplicationsSpecialized Fluid Formulations Target
Unique Demands of Specific Fields:Specialized Fluid Formulations
Target Unique Demands of Specific Fields:

Haynesvilleshale gas play

Cotton Valleysandstone gas play

Barnettshale gas play

Eagle Fordshale gas play

Woodfordshale oil play Austin Chalktight gas play

Bone Spring Shaleshale oil play

Granite Washtight gas play

Niobrara Shaleshale oil play

Bakken Shale/Williston Basinshale oil play

Worsley and Cardium FieldsAlberta, Canada
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WHAT OPERATORS SOUGHTWHAT OPERATORS SOUGHT

In a WaterIn a Water--Based Drilling FluidBased Drilling
FluidFor Horizontal Production IntervalsFor Horizontal Production
Intervals

WBM should:WBM should: Match ROP, wellbore management, days on
well, logging and casing

operations

Improve wellsite cuttings and waste management options Minimize
liquid mud/transportation

Recycle/re-use fluid

Improve HSE factors Address environmental responsibility and
liability
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Hostile HaynesvilleHostile Haynesville DemandsDemands

Robust Drilling Fluid CapabilitiesRobust Drilling Fluid
Capabilities

High mud weight:High mud weight: 15.0-17.5 ppg

High temperature:High temperature: 400F

Contaminant resistance:Contaminant resistance: CO2, solids,
cement

Solids tolerance:Solids tolerance: Density, CO2, temperature

Wellbore stability:Wellbore stability: ROP, trips, logging,
casing

Lubricity:Lubricity: Sliding/running casing, ROP

ROP & bit life:ROP & bit life: PDC bits
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Typical Well Design:Typical Well Design:

Haynesville ShaleHaynesville Shale
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Traditional HPHT

Water-Based FormulationsClay-based formulation

Inhibitive mechanism

Fluid loss control additive

uspens on a ves

HTHP lubricant

Thinners

EXPENSIVE AND DIFFICULT TO MAINTAIN!(Brutal combination of
temperature, CO2, high density)
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Conceived for the DemandingConceived for the Demanding

Haynesville ShaleHaynesville Shale Application-specific design
and formulation

Addresses relevant performance criteria for this use

Non-relevant Haynesville criteria received secondary focus

Contains no commercial clays

Temperature Contaminants

Extreme HTHP tolerance WBM polymer and lubricant stable to
400F

OBM-like lubricity

Lubricant performance achieved with 2-4% by volume

Contaminant resistant

Withstands all Haynesville-specific contaminants
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Designed From the Ground UpDesigned From the Ground Up

Intense, in-depth R&D program

Strict adherence to scientific method Characterize Haynesville
and Bossier shales

Identify Haynesville operational criteria

Conceptualize design Identify components

Examine and validate formulations for application

Exhaustive HPHT rheological & contaminant testing

Stress system: Design for most hostile conditions Validation:
DSC testing
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DownholeDownhole Simulation CellSimulation Cell

Downhole simulation

Duplicates downhole conditions inwells to 10,000 ft (3,000
m)

Used in shale stability testing andformation damage
assessment

Available for private testing and jointindustry projects

Drilling fluid and drilling fluidproduct evaluation
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Aggressive Formulation TestingAggressive Formulation Testing
Pilot tests: compared over 100 iterations; established base

formulation.

Intensive Fann 75 & Grace 7500 testing: downhole conditions
HTHP Testing

Static age @ 350oF/24 hours and retest

Test at various temperatures

Coefficient of friction testing

CO2 tolerance: static age fluid; contaminate with CO2 Treat with
lime and compare to non-treated samples

Use GGT to measure CO2 equivalent

Solids: 27 ppb Haynesville shale added to all lab mud samples
Fluid loss control: not a target, but reasonable control

achieved 2-4 API, 18-20 HPHT @ 300oF
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Simplicity:Simplicity:

Three Unique Central ComponentsThree Unique Central Components
ViscosifierViscosifier

Rugged polymer viscosifier/coating agent eliminatesclay in
formulation

Performance EnhancerPerformance Enhancer

Extremely effective blended HTHP lubricant/ROPenhancer

LowLow--EndEnd RheologyRheology ModifierModifier

Effective low-end rheology modifier enables
hydraulicsoptimization and promotes drilling efficiency
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Lubricity onLubricity on

par or betterpar or betterthan oilthan oil--

LUBRICITY RESULTSLUBRICITY RESULTS

0.09

0.12

0.15

efficient

Range of Lubricity Results

0.03

0.06

OBM LabResults

SBM LabResults

PolymericHPWBM Lab

Results

PolymericHPWBM Field

Results

Lubricity

C
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Typical Fluid FormulationTypical Fluid FormulationBBARITEARITE
394 ppb

PPOLYMEROLYMER VVISCOSIFIERISCOSIFIER 2-4 ppb

LLUBRICANTUBRICANT/E/ENHANCERNHANCER 2-4 vol%

RRHEOLOGYHEOLOGY MMODIFIERODIFIER As required

FFLUIDLUID CCONDITIONERONDITIONER 1-1.5 ppb

CCAUSTICAUSTIC 9.5-10.5 pH
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Haynesville Shale

Barnett Shale

Cotton Valley
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Haynesville ShaleHaynesville Shale

Representative Well DesignRepresentative Well Design
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Haynesville Shale PerformanceHaynesville Shale PerformanceVersus
OilVersus Oil--Based MudBased Mud

Drilling DaysDrilling DaysSaved 8.9 days per well

ROPROPDrilled 19.27% faster than OBM Total Well CostTotal Well
Cost$501K less than OBM

LubricityLubricityC.O.F. decrease exceeded lab results

LogisticsLogisticsOBM-related transportation/disposaland cost
eliminated
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Haynesville ShaleHaynesville ShaleComparative ResultsComparative
ResultsVersus OBMVersus OBM

Total Well Cost 2,963,571.43$ per well 2,515,538.22$ per well
2,434,553.33$ per well

Average Spread Cost 60 ,000.0 0$ per day 60,000.00$ per day
60,000.00$ per day

Average Days 49.39$ days/lateral (avg) 41.93$ days 40.58$
days

AVERAGE OBM PERFORMANCE AVERAGE EVOLUTION PERFORMANCE NORMALIZED
FOR DEPTH

Average Total Mud Cost 269,653.93 mud cost 411,859.75 mud cost
411,859.75 mud cost

Fluids Handling Cost 129,800 .11$ per well 14,817.31$ per well
14,817.31$ per well-$ per well -$ per well -$ per well

448,033.21$ Days savings 529,018.10$ Days savings

3,093,371.53$ Est mat ed Well Cost 2,672,561.35$ Est mat ed Well
Cost 2,591,576.46$ Estmated Well Cost

420,810.18$ Estimated Savings 501,795.07$ Estimated Savings

ROI on total fluids investment: 102% 122%

ROI on incremental f luids investment: 296% 353%

Percent of original AFE: 14.20% 16.93%
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Barnett Shale PerformanceBarnett Shale PerformanceVersus
Conventional WBMVersus Conventional WBM

Days on WellDays on WellSaved 11.7 days per well

ROPROPDrilled 60% faster than offset WBMs

Fluid Cost per FootFluid Cost per FootEqual to offset WBM

w recyc ng actore Directional TimeDirectional Time62.5% time
reduction

building angle to horizontal

Total Well CostTotal Well CostSaved $785K per well
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Barnett ShaleBarnett Shale

ResultsResults

Drilling time

reduced by over

10 days as

compared to other

WBM applicationsin the area

62.5% reduction

in days buildingangle to horizontal
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Barnett Comparative Results:Barnett Comparative Results:

Days on WellDays on WellVersus Conventional WBMVersus
Conventional WBM

19.7

27.3

23.5

20.7

20

25

30

The Polymeric HPWBM System-Barnett ShaleDays Analysis

HPWBM

Conventional

WBM

Conventional

WBMConventional

13.3

10.8

0

5

10

15

Total Days on Well Production Interval Days Production Interval
Drilling Days

HPWBM

HPWBM
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Barnett ShaleBarnett ShaleFootage Per Day ComparisonsFootage Per
Day Comparisons

933'

1,042'

800'

1,000'

1,200'

The Polymeric HPWBM System-Barnett ShaleFootage per Day

HPWBM

HPWBM

418' 414'

0'

200'

400'

600'

Polymeric HPWBM Results Conventional WBM Offsets

Average Ft/day Total Well Average Ft/day in Production
Interval

ConventionalWBM

ConventionalWBM
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Cotton Valley PerformanceCotton Valley PerformanceVersus
Conventional WBMVersus Conventional WBM

ROPROP30-100% increase drilling and sliding

TorqueTorque30-50% reduction (6-10K in lateral)

CasingCasingRotating to bottom eliminated; faster

runn ng spee s; near y a runs reac e Interval Mud CostInterval
Mud Cost---$60-80K, depending on

lateral length; $10-15K reduction on

subsequent well (mud recycling)
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SummarySummary System offers both operationaloperational and

environmentalenvironmental management advantagesadvantages
UniqueUnique new polymer and performance

Capabilities thoroughly vettedvetted in laboratoryand
validatedvalidated in a variety of unconventional

shale applications Formulated for specific applicationsspecific
applications
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Thank you.Thank you.

u u s ng ompanyand

Attendees
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