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Conclusions 

 

 A “giant” continuous accumulation is present in the Bakken and Three Forks of the Williston Basin. 

 Sophisticated completion technology and geological factors have a large impact on productivity. 

 Sweetspots influenced by hydrocarbon generation, pore overpressure, inferred oil saturations and productivity, net pay, 

facies, natural fractures, etc. 

 Optimal completion design depends on area and field maturity: 

o 40-stage completions may not be economic in low-productivity areas. 

o Simpler (cheaper) completions may be preferable for infill wells at late development stage. 

 Multistage hydraulic fracturing and horizontal drilling are game changers for tight oil systems. 
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Meissner, 1978 

“Relationship between source-rock 
maturity, hydrocarbon generation, 
geopressuring and fracturing suggest 
an opportunity in exploration for 
unrecognized and unlooked-for 
“unconventional” accumulations of 
potentially very large regional extent” 
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Modified from LeFever 1992; Anna, 2009 

USGS 2013 Bakken PS Assessment 
7.4 BBO 
6.7 TCFG 

Bakken Petroleum System 



Unconventional, Continuous  
Tight Oil Accumulations 

• Pervasive accumulations that are hydrocarbon-saturated 
 

• Not localized by buoyancy 
 

• Abnormally pressured (high or low) 
 

• Commonly lack downdip water 
 

• Updip contact with regional water saturation 
 

• Low-permeability and low-matrix porosity reservoirs 
 

• Reservoirs may be single or vertically stacked  
 

• Commonly enhanced by fracturing 
 

• Associated with mature source rocks that are either actively generating or have 
recently ceased generation 

• Hydrocarbons of thermal origin 
 

• Fields have diffuse boundaries 
 

• Inverted Petroleum Systems 
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Blakey, 2007, <http://jan.ucc.nau.edu/~rcb7/namD360.jpg> 
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Bakken Petroleum System Basics 

• Upper & lower black shales 
• ‘World Class’ Source Rocks 

• Hard, siliceous, pyritic, fissile, organic-rich 
• TOC’s average wt. 11% 
• High OM indicates anoxic conditions (amorphous-sapropelic OM) 
• HC Generation: 10 to 400 B bbl oil 

• Middle member (target of horizontal drilling) 
• Dolomitic siltstone to a silty dolomite 
• Low porosity and permeability 

• Upper & Middle Three Forks dolostones (target of horizontal 
drilling) 

• Pronghorn dolostones (new target!) 
• Abnormal pressure and hydrocarbon generation (> 0.5 

psi/ft) 
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What factors influence productivity? 

Theloy, 2013 

• Reservoir quality • Well type 

• Reservoir thickness • Lateral length 

• Oil & water saturations • No. of hyd. fracturing stages 

• HC generation potential • Proppantvolume & type 

• Maturity • Proppant loading 

• Overpressure • Fluid volume & type 

• Structure and lineaments • Fluid / proppant ratio 

• Regional stress regime • Injection rate 

• Mechanical stratigraphy • Treatment pressure 

• Natural fractures • Choke size 

• Migration • Plug & perf; sliding sleeves 

• Traps • Well spacing 
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Log suite, BN 9-27, Richland Co., MT (Cramer, 1991) 
Note mud log shows in Middle Bakken. 
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KELLY I PROSPECTOR ALBIN-FLB 2-33 MUD LOG 
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Kelly/Prospector 
(Enerplus Resources) 

Albin Fib 2-33 
Sec. 33-24N-57E 

Pfs: 10,451-463 
IP: 73 SOPO 

Flowed 2,191 barrels oil in the first 
30 days beginning March 20, 1996 

Treatment: 
Water sand frac with 80,260 gallons 

water & 151,800 Ibs sand 

Cum: Cum: 
92,119 BO; 56,607 MCFG; 10,674 BW 
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Middle Bakken Reservoir Data 

• Formation type: Fractured Silty Dolomite 
• Vertica l Depth: 8,500' to 10,500' 
• Vertica l thickness: 8' to 14' 
• Porosity: 8 to 10% 
• Permeability: 0.05 md average 
• Oil Saturation: 75% average 
• Spacing Units: Primaril y 640 to 1280 acres 
• Stimulation: Gelled water, sand Irac 
• Initial Production: 200 to 1900 BOPD; 100 to 900 Mcld 
• Oil Gravity: 42' API @ 60'F 
• Bottom hole temp: 240'F 
• GOR: 500 CFG/Bbl 
• Oil in Place (BO/section): 5,000 MBO 
• Primary Recovery Factor: 10% 
• Primary Oil Recovery: 500 MBO 
• Well Cost: - $4,500,000 

Walker, 2006 
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Salcron 44-24 Vaira 
(Sec. 24-T24N-R54E, Richland County, Montana) 
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Core description of the Balcron #44-24 Vaira 

Upper Bakken LITHOLOGY 

shale EZl ~ • .-. - -
Mudstone Siltstone Dolostone 

SEDIMENTARY STRUCTURES 
Sandy #"~ ~ I;;;:;J In"l Dolostone -- " 

1!4 P"r"lIellamir"lalion Ripple lami""lion Bioturbated 

#" TRACE FOSSILS 

Middle Bakken ,J¥ ~ I!iI 
Bioturbated #" Phycosiphon Planoliles Zoophycos 

dolostone Dolostone 1!4 FOSSILS 

#" • Brachiopod 

#" 

Lower Bakken • 
siltstone 



Vaira 44-24

9980

9990

10000

10010

10020

10030

10040

10050

0 0.05 0.1 0.15 0.2 0.25

Permeability (md)

De
pt

h 
(ft

)

0 1 2 3 4 5 6 7 8 9

Porosity (%)

Permeability
Porosity

Vaira 44-24

9980

9990

10000

10010

10020

10030

10040

10050

020406080100

Water saturation

De
pt

h 
(ft

)

0 20 40 60 80 100

Oil saturation

Water Saturation

Oil Saturation



Vaira - 10011 

I I 

O.5MM 



Bakken Type Log 
Richland County, Montana 

Sec. 16-T23N-R57E 
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Modified from Dumoncaux, 1984; Berwick; 2009; Gantyno, 2010; Franklin and Sonnenberg, 2012 
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Results – Kerogen type (majority Type I/II) 
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From Theloy, 2013 
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From Theloy, 2013 
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Maturity Boundary 
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Faults & Fractures 
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Conclusions  
 
 A “giant” continuous accumulation is present in the Bakken and Three Forks of the 
Williston Basin 

 
Sophisticated completion technology and geological factors have a large impact on 
productivity 

 
Sweetspots influenced by hydrocarbon generation, pore overpressure, inferred oil 
     saturations and productivity, net pay, facies, natural fractures, etc. 
 
 Optimal completion design depends on area and field maturity 
 - 40-stage completions may not be economic in low-productivity areas 
 - Simpler (cheaper) completions may be preferable for infill wells at late 
   development stage 
 
 Multistage hydraulic fracturing and horizontal drilling are game changers for tight 

oil systems 
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