
Unlocking Tight Oil:Unlocking Tight Oil:

Selective MultiSelective Multi--stage Fracturingstage Fracturing

in the in the BakkenBakken ShaleShale

�� John Paneitz & Brent Miller, Whiting Petroleum Corp.John Paneitz & Brent Miller, Whiting Petroleum Corp.

�� Sean Yakeley & Kent Evans, Baker Hughes, Inc.Sean Yakeley & Kent Evans, Baker Hughes, Inc.



BakkenBakken Development AreaDevelopment Area



BakkenBakken CrossCross--SectionSection



BakkenBakken IntervalInterval



Design Goals of Design Goals of BakkenBakken

Completion StrategyCompletion Strategy

�� Mechanical Fracture DiversionMechanical Fracture Diversion
•• Sand slugs, frac balls largely ineffectiveSand slugs, frac balls largely ineffective

�� Maximize Reservoir ExposureMaximize Reservoir Exposure
•• Intersect natural fracturesIntersect natural fractures

�� Simple and Cost EffectiveSimple and Cost Effective

•• Time savings = $ savingsTime savings = $ savings



Well Configuration?Well Configuration?

Or

Or 

640 acres 1280 acres



Original TriOriginal Tri--lateral Designlateral Design



SingleSingle--leg Horizontalleg Horizontal

Sliding Sleeves (10)

Swell Packers (9)



Components of SystemComponents of System

�� Oil Swelling openOil Swelling open--hole packershole packers
•• 3’x5.75” tools in 6.00” hole3’x5.75” tools in 6.00” hole

�� Sliding Sleeves (ball actuated)Sliding Sleeves (ball actuated)
•• Slotted frac portsSlotted frac ports

•• Spaced 900’ apartSpaced 900’ apart

�� Double FloatDouble Float--shoe and Float collarshoe and Float collar
•• For For wellborewellbore isolationisolation

•• Could use PCould use P--sleevesleeve

�� Liner hanger/packerLiner hanger/packer



OilOil--Swelling, Swelling, 

OpenOpen--hole Packerhole Packer

3’x 5.75” element3’x 5.75” element



Swell Packer PredictorSwell Packer Predictor





1.50” 1.75” 2.00”





Typical Typical BakkenBakken Frac DesignFrac Design

1.8 Million lbs proppant

600,000 lbs 100 mesh

1,200,000 lbs 20/40 sand

18,000 barrels fluid

30-40 BPM

Continuous 10-12 hrs. pumping

“Hybrid” Frac design



8 stage frac8 stage frac
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Two Frac stages Two Frac stages 

with varying treating Pressureswith varying treating Pressures
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Typical Typical BakkenBakken ProducerProducer



18

30- and 60-day Average Production Rates for Whiting 
Operated Sanish Field Wells in 2008 and 2009

N/AN/A3,54702/04/0958%71%2)    Niemitalo 11-35H

N/AN/A1,76502/18/0981%99%1)    Fladeland 12-18H (Infill)

8089542,31667%83%Averages

9231,1202,53801/24/0867%81%25)  Liffrig 11-27H

4375511,08803/19/0875%91%24)  Peterson 11-34H

8691,0412,13204/23/0868%84%23)  Maynard Uran Trust 11-24H 

1,2681,5062,99705/23/0878%97%22)  Braaflat 11-11H

7559301,71905/31/0863%78%21)  Locken 14-28H

8901,0101,95906/16/0880%99%20)  Abbott 11-18H

9701,3733,24506/20/0844%54%19)  Behr 11-34H

7929782,33007/01/0870%86%18)  Lacey 11-1H

718905 (3)3,04407/06/0859%73%17)  Stenseth Trust 11-5H

642673 (3)2,06907/27/0875%93%16)  Littlefield 11-29H

758725 (3)2,42107/31/0856%69%15)  Smith 11-7H

1,018956 (3)2,22608/09/0877%95%14)  Kannianen 11-4H

5296781,29809/04/0881%99%13)  Brehm 44-5H

9121,0722,16909/10/0854%67%12)  Nesheim 1-24H

5857151,47309/20/0854%66%11)  Pennington 11-3H

7819531,81109/29/0859%73%10)  Lacey 11-10H

5537301,95010/13/0864%78%9)    Roggenbuck 11-25H

1,1951,2744,570 (2)10/22/0869%85%8)    Richardson Federal 11-9H

1,2371,4763,64610/29/0842%52%7)    Kinnoin 11-14H

877 (1)1,097 (1)3,40511/05/0880%99%6)    Smith 11-20H

357 (1)494 (1)1,32511/18/0876%93%5)    Bartleson 11-19H

715 (1)737 (1)2,17012/06/0873%90%4)    McNamara 42-26H (Infill)

N/AN/A1,00512/31/0879%97%3)    Braaflat 21-11TFH

Average 1st 
60 Days 
(BOE/d)

Average 1st 
30 Days 
(BOE/d)

IP (BOE/d) 24-hr. 
TestComp. DateNRIWIWell Name

(1) Daily crude oil volumes were affected by winter weather in North Dakota, which caused delays in trucking operations.
(2) The Richardson Federal 11-9H recorded the highest initial rate for any Bakken well drilled to date, according to the NDIC.
(3) The first 30-day average production rate was restricted due to maintenance on the Enbridge crude oil line.





Sanish & Sanish & ParshallParshall FieldsFields



Conclusions:Conclusions:

(or)(or)

Benefits of Swell/Sleeve DesignBenefits of Swell/Sleeve Design

�� Positive frac diversionPositive frac diversion

�� Rapid completionRapid completion

�� RigRig--less completionless completion

�� Low mechanical riskLow mechanical risk



Contact Information:Contact Information:

John M. PaneitzJohn M. Paneitz
Sr. Operations EngineerSr. Operations Engineer

Whiting Petroleum CorpWhiting Petroleum Corp

1700 Broadway1700 Broadway

Denver, CO 80290Denver, CO 80290

(303) 390(303) 390--49214921

JohnP@whiting.comJohnP@whiting.com


