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Drilling and Completions Changes from Conventional                                 
to Unconventional Developments – Part Two 

Part One – Conventional Well Design
• Targets permeable reservoirs with technologies of the day
• Within a traditional mineral leasing structure
• To develop a conventional field, vertically or directionally 

Part Two – Unconventional Well Design
• Targets very low permeability rock with new technologies
• Within a relatively new mineral leasing structure
• To develop an unconventional field, horizontally 

Part Three – Regulatory Response to Unconventionals
• Increased focus on protection of workers, public health, the 

environment
• Maintain protection of mineral ownership and prevents waste  
• Adapting or replacing older paradigms to embrace new 

technology 
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Rock



All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Thinking

George P. Mitchell
https://energyfactor.exxonmobil.com/news/george-mitchell/

https://energyfactor.exxonmobil.com/news/george-mitchell/
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1,280

Unconventional Leasing Framework

Drilling Unit

Development Wells

First “parent” Well
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Horizontal Development

Trapping Formation
Has

Relatively High 
Permeability

Source Formation
Has

Relatively Low 
Permeability
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Horizontal Development
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Drilling
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trouble
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pay zone

Drilled, Completed and Producing Horizontal Well
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Drilling
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pay zone

Drill the Vertical Section, Same for Vertical or Horizontal Well
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Drilling
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pay zone

At the "KOP" Steer the Bit from Vertical to Horizontal
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Drilling
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At the "KOP" Steer the Bit from Vertical to Horizontal
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Drilling
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Drill and Slide the Horizontal Lateral
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All drone pics were taken during one of the wettest periods in recent Oklahoma history
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All drone pics were taken during one of the wettest periods in recent Oklahoma history
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All drone pics were taken during one of the wettest periods in recent Oklahoma history
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All drone pics were taken during one of the wettest periods in recent Oklahoma history
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Drilling
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Run and Cement the Production Casing
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Drilling
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zone

trouble

zone

pay zone

Drilling Ops Done, Rig Moves off Location
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Unconventional Drilling Stategies

Directional Survey for “Horizontal” Lateral 
that follows formation dip @ average 91.5⁰ 

DSU
Setback line

DSU
Boundary

DSU
Center line

DSU
Boundary

DSU
Setback line

Target Zone 
Entry Point
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Completions
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zone

pay zone

Frac Spread Arrives, Completions Ops Begin
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Completions
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Perforate or "Perf" Stage 1
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Completions
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Hydraulically Fracture or "Frac" Stage 1
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Completions
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Plug Stage 1 and Perf Stage 2
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All drone pics were taken during one of the wettest periods in recent Oklahoma history
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Completions
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Plug Stage 2 and Perf Stage 3
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All drone pics were taken during one of the wettest periods in recent Oklahoma history
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Completions
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Completions

protected

zone

trouble

zone

❹ ❸ ❷ ❶

pay zone

Frac Stage 4



29

All drone pics were taken during one of the wettest periods in recent Oklahoma history
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All drone pics were taken during one of the wettest periods in recent Oklahoma history
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Completions
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Plug Stage 5, then Frac Spread Moves off Location
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Completions
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Move in Workover Rig or Coiled Tubing, Drillouts Begin
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All drone pics were taken during one of the wettest periods in recent Oklahoma history
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All drone pics were taken during one of the wettest periods in recent Oklahoma history
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All drone pics were taken during one of the wettest periods in recent Oklahoma history
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All drone pics were taken during one of the wettest periods in recent Oklahoma history
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All drone pics were taken during one of the wettest periods in recent Oklahoma history
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Drillout Plug for Stage 1, Rig Moves off, Flowback Begins
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All drone pics were taken during one of the wettest periods in recent Oklahoma history

Unconventional Completions
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Producing Horizontal Well
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Unconventional Completion Strategies



Water Delivery Tied to Development Strategy—One Pad at a Time

given calc'ed calc'ed

gal / ft bbl / ft bbls/10,000'

1,900 45.24 452,381

given calc'ed calc'ed

laterals/pad bbl / ft bbls

3 45.24 1,357,143

given calc'ed calc'ed

pads/DSU bbl / ft bbls

3 45.24 4,071,429

Water per 10,000' lateral

Water per 3 well drilling pad

Water per 3 pad DSU

4 mm bbls
needed over 
an ~ 9-week

period

2 Miles

1 Mile

100 Feet

1 Mile

100 Feet

100 Feet

Unconventional Completion Strategy: 1 spread



Water Delivery Tied to Development Strategy: Outside—
Inside

given calc'ed calc'ed

gal / ft bbl / ft bbls/10,000'

1,900 45.24 452,381

given calc'ed calc'ed

laterals/pad bbl / ft bbls

3 45.24 1,357,143

given calc'ed calc'ed

pads/DSU bbl / ft bbls

3 45.24 4,071,429

Water per 10,000' lateral

Water per 3 well drilling pad

Water per 3 pad DSU

4 mm bbls
needed over 
an ~ 6 week

period

2 Miles

1 Mile

100 Feet

1 Mile

100 Feet

100 Feet

Unconventional Completion Strategy: 2 spreads



Water Delivery Tied to Development Strategy: All Pads at Once

given calc'ed calc'ed

gal / ft bbl / ft bbls/10,000'

1,900 45.24 452,381

given calc'ed calc'ed

laterals/pad bbl / ft bbls

3 45.24 1,357,143

given calc'ed calc'ed

pads/DSU bbl / ft bbls

3 45.24 4,071,429

Water per 10,000' lateral

Water per 3 well drilling pad

Water per 3 pad DSU

4 mm bbls
needed over 
an ~ 3-week

period

2 Miles

1 Mile

100 Feet

1 Mile

100 Feet

100 Feet

Unconventional Completion Strategy: 3 spreads
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Contact Information

Lloyd H. Hetrick, P.E., C.S.P
East Shore Investments, LLC

The Woodlands, TX
lloyd.hetrick@eastshoreinv.com

Cell 281-630-6571

D. Steven Tipton, P.E., SPEC
Senior Consulting Engineer

ALL Consulting
Tulsa, OK 

stipton@all-llc.com
Cell 918-230-2161

Jesse M. Sandlin, J.D.
Senior Regulatory Policy Advisor

Noble Energy
Denver, CO 

Jesse.Sandlin@nblenergy.com
Cell 281-414-2828
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