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Abstract 

 

In the mid 1990's Platte River Associates pioneered a technique of applying uncertainty to the inputs of a basin simulator, hence providing 

distributions of results rather than discrete output values. This study presents an approach for using an uncertainty-based assessment method for 

estimating the recoverable reserves and Yet-To-Find reserves from the Bakken and Three Forks reservoirs in North Dakota. 

 

The Bakken is regarded as an unconventional tight oil play with the characteristic of a continuous type basin-centered accumulation. 

Production data reveals, however, that not all areas are equal and that certain regions stand out as sweet spots while others exhibit fairly high 

water cuts. The project is based on 28 well models, which have been porosity-calibrated and adjusted for the prevalent thermal regime. A 

geothermal anomaly in the deep part of the basin has been described by Price et al. (1984). Regional grids were used to capture as much 

geological detail as possible and served as input for a 3D surface model and play fairway analysis. 

 

An uncertainty assessment approach was utilized for calculating the recoverable reserves and Yet-To-Find reserves from the Bakken and Three 

Forks reservoirs. The method used in this case study is built on placing uncertainty on various input parameters influencing the volumetric 

calculation. Often, critical values such as initial hydrogen index and thus initial TOC are based on educated guessing. In fact, there many 

values which are not absolutely known. By placing a range of uncertainty on each of the variables, hundreds to thousands of simulations can be 

run, using either the Monte Carlo or Latin Hypercube sampling methods. The results are displayed in reverse cumulative probability plots and 

tornado charts, as well as maps of the P10, P50, and P90 values. This study is an extension to the work presented by Theloy et al. (2015). 
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modified from Sonnenberg and Pramudito (2009) 
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Theloy (2014),  
modified from  
Sonnenberg et  
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The Source Kitchen 

modified from Theloy (2014) 

Map of converted or ‘consumed’ TOC during hydrocarbon generation shows the mature 
source pod. Geothermal gradients are higher in the center of the basin.  
“Line of Death” stems from oil and water production data (on next slide).  
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Oil/ (Oil + Water) Ratio from Cumulative Production Data 

Bakken production – sweet spots 

Theloy (2014) 

Illustration  
of oil-rich  
sweet spots  
in the basin 
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Estimates for recoverable resources 

Time 

Theloy et al., 2015 
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USGS Bakken-Three Forks Assessment 

Gaswirth et al. (2013) 

In 2013, the USGS 
estimated that about 
7.4 billion barrels 
could be recovered 
from the Bakken- 
Three Forks system 
with existing  
technology. 
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Spacing Optimization 

Continental’s completion strategy  

Multi-well spacing design by Continental Resources for Middle Bakken 
and Three Forks benches in a 1280 acre unit.  

Continental claimed 
that with improving 
drilling and completion 
technology as much as 
20 billion barrels could 
be recovered. 

Wilmoth, 2014 

EERC, 2013 



© 2016 Platte River Associates, Inc. All rights reserved 

Outline 

 Bakken Overview 

 Bakken Production and Resource Estimates 

 Workflow and Data Input 

 Construction of 28 well models 

 Defining Play Extents 

 Uncertainty Assessment  

 Summary 



© 2016 Platte River Associates, Inc. All rights reserved 

Uncertainty Assessment 

Workflow for 
determining 
recoverable  

reserves 

modified from Theloy et al., 2015 
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Data  
Input 

Formation tops / isopachs 
Geochemical data 

Temperature Sea level / sea depth 

Theloy (2014) 

Construction of 28 well models 
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Porosity Calibration 

Porosity calibration of  
lithologies with core 

and log data 
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Thermal calibration  
with Tmax and BHT data 

Thermal Calibration 

Calibration of well models 
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Burial History 

Burial history with maturity 
overlay. Rapid burial during 
Pierre deposition pushed 
Bakken into oil window 

Modeling Results 
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Oil/ (Oil + Water) Ratio from Cumulative Production Data 

Defining the core play extents (ND) 

Theloy (2014) 

 State Line 

 Production data 
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Middle Bakken Thickness (feet) 

68 0 

Defining the core play extents (ND) 
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Average maturation path for kerogen type II Bakken source rocks.  
based on USGS data 

Bakken maturity 

Theloy (2014) 
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Beginning of intense oil generation based on Tmax and HI  
constraints of both Upper and Lower Bakken shales 

 State Line 

 Production data 
 

 Reservoir limits 

 Maturity limits 

Defining the core play extents (ND) 
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Uncertainty Assessment Area 

Core area shown with respect to well locations and depositional extents  
of the Bakken members. 
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Instead of using a single value enter a range of values  Latin Hypercube 

Uncertainty Assessment 

Leonard et al. (2007) 
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Apply Uncertainty to Charge Parameters 
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Uncertainty Assessment Input 

Apply Uncertainty to Trap Parameters 
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Uncertainty Assessment Scenarios 

Base Case Scenario 

(using core porosity) 

Higher Φ Scenario 

plus ~2% 
accounting for pressure  

induced fractures 
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P50 Lower Bakken Oil Generated = 101 billion bbls  
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Uncertainty Assessment Maps 
P50 Middle Bakken Oil Recoverable @ STP = 1.85 billion bbls 
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Area = 6,040,026 acres 
 

Base Case Scenario  
MB = 1,566 MMbbls 
PH = 114 MMbbls 
TF = 1,747 MMbbls 
Total = 3,427 MMbbls 
 
Higher Φ Scenario 
MB = 1,850 MMbbls 
PH = 118 MMbbls 
TF = 2,099 MMbbls 
Total = 4,067 MMbbls 
 
 

Area = 1280 acres 
 

Base Case Scenario  
MB = 441,300 bbls 
PH = 160,900 bbls 
TF = 587,700 bbls 
Total = 1.20 MMbbls 
 
Higher Φ Scenario 
MB = 634,400 bbls 
PH = 208,600 bbls 
TF = 856,700 bbls 
Total = 1.70 MMbbls 
 
(Erickson 11-1H) 

P50 Oil Recoverable @ STP for 1280 acres and ND core area 

How do scenarios compare? 
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    In North Dakota about 3.4 to 4 billion bbls of oil and 2.6 to 3.6 Tcf of gas seem to 
be reasonable estimates for technically recoverable reserves. 
 

    It is difficult to compare the USGS assessment results directly with the 
Uncertainty Assessment estimates due to different area sizes. Overall, they appear to 
be within the same ballpark range, with the Uncertainty Assessment results potentially 
being slightly lower. 
 

    Continental’s estimate would require extremely high recovery rates per  
area unit. 

Summary and Conclusions 



© 2016 Platte River Associates, Inc. All rights reserved 

Acknowledgements: I would like to thank the entire Platte River Team for their support, in particular 
Paul Ganster, Jim Newpower, Nancy Hunter, and of course, special thanks to Jay and China Leonard. 
 
 
References: 
 
Bottjer, R. J., R. Sterling, A. Grau, P. Dea, 2011, Stratigraphic Relationships and Reservoir Quality at the Three Forks-Bakken Unconformity, 
Williston Basin, North Dakota: in J. W. Robinson, J. A. LeFever, S. B. Gaswirth, eds., The Bakken-Three Forks Petroleum System in the 
Williston Basin: Rocky Mountain Association of Geologists, 2011, p. 173-228. 
 
Energy and Environmental Research Center, 2013, Program to Determine the Uniqueness of Three Forks Bench Reserves, Determine Optimal 
Well Density in the Bakken Pool, and Optimize Bakken Production. https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-
at-a-bakken-downspacing-pilot. Accessed, March 28, 2016 
 
Dow, W. G., 1974, Application of oil-correlation and source-rock data to exploration in Williston Basin: AAPG Bulletin, v. 58, p. 1253-1262.  
 
Gaswirth, S. B. et al., 2013, Assessment of Undiscovered Oil Resources in the Bakken and Three Forks Formations, Williston Basin Province, 
Montana, North Dakota, and South Dakota, 2013: U.S. Geological Survey Fact Sheet 2013–3013, 4 p., http://pubs.usgs.gov/fs/2013/3013/. 
 
Gaswirth, S. B. and K. R. Marra, 2015, U.S. Geological Survey 2013 assessment of undiscovered resources in the Bakken and Three Forks 
Formations of the U.S. Williston Basin Province: AAPG Bulletin, v. 99, no. 4, p. 639-660. 
 
Pollastro, R. M., T. A. Cook, L. N. R. Roberts, C. J. Schenk, M. D. Lewan, L. O. Anna, S. B. Gaswirth, P. G. Lillis, T. R. Klett and R. R. 
Charpentier, 2008, Assessment of undiscovered oil resources in the Devonian-Mississippian Bakken Formation, Williston Basin Province, 
Montana and North Dakota: USGS National Assessment of Oil and Gas Fact Sheet 2008-3021, 2 p. 
 
Price, L. C., T. Ging, T. Daws, A. Love, M. Pawlewicz, and D. Anders, 1984, Organic metamorphism in the Mississippian-Devonian Bakken 
shale, North Dakota portion of the Williston Basin, in J. Woodward, F. F. Meissner and J. L. Clayton, eds., Hydrocarbon source rocks of the 
greater Rocky Mountain Region: Rocky Mountain Association of Geologists, p. 83-134. 
 
Price, L. C., 2000, Origins and characteristics of the basin-centered continuous reservoir unconventional oil-resource base of the Bakken 
source system, Williston Basin, unpublished, <http://www.undeerc.org/Price/>. 
 

Acknowledgements and References 

https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
https://www.beaconreader.com/mason-inman/packing-in-the-wells-a-look-at-a-bakken-downspacing-pilot
http://pubs.usgs.gov/fs/2013/3013/


© 2016 Platte River Associates, Inc. All rights reserved 

Schmoker, J. W., and T. C. Hester, 1983, Organic carbon in Bakken Formation, United States portion of Williston Basin: AAPG Bulletin, v. 
67, p. 2165-2174. 
 
Sonnenberg, S. A., and A. Pramudito, 2009, Petroleum geology of the giant Elm Coulee field, Williston Basin: AAPG Bulletin., v. 93, p. 
1127-1153. 
 
Sonnenberg, S. A., and A. Pramudito, 2009, Petroleum geology of the giant Elm Coulee field, Williston Basin: AAPG Bulletin., v. 93, p. 
1127-1153. 
 
Sonnenberg, S. A., J. A. LeFever, and R. Hill, 2011, Fracturing in the Bakken Petroleum System, Williston Basin: in J. W. Robinson, J. A. 
LeFever, S. B. Gaswirth, eds., The Bakken-Three Forks Petroleum System in the Williston Basin: Rocky Mountain Association of Geologists, 
2011, p. 393-417.  
 
Theloy, C., 2014, Integration of Geological and Technological Factors Influencing Production in the Bakken Play, Williston Basin: PhD 
Dissertation, Colorado School of Mines, Golden, Colorado, p. 223. 
 
Theloy, C., J. E. Leonard, S. C. Smith, and W. M. Westerfield, 2015, Comparison of Yet-To-Find Methods for the Determination of 
Recoverable Reserves from the Bakken: An Uncertainty Assessment Approach. Poster session presented at: AAPG Annual Convention and 
Exhibition, May 31 - June 3, 2015, Denver, Colorado. 
 
Wilmoth, A., 2014:Test taking: Continental Resources completes key test in North Dakota’s Bakken shale: 
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1, 
Published March 13, 2014, Accessed Sept. 26, 2014. 
 

http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1
http://newsok.com/test-taking-continental-resources-completes-key-test-in-north-dakotas-bakken-shale/article/3943004/?page=1


© 2016 Platte River Associates, Inc. All rights reserved 

Bakken Petroleum System 

Source 

Source 

Seal 

Reservoir 

Reservoir 

Reservoir 

Hot Shale 

Hot Shale 

Ty
pe

 L
og

 

modified from Theloy et al., 2015 

Lodgepole 

Upper Bakken 

Lower Bakken 

Middle Bakken 

Three Forks 

Pronghorn 


	Platte_River_Bakken_Hedberg.pdf
	Slide Number 1
	Outline
	Location Map
	Williston Basin (ND)
	Bakken Petroleum System
	The Source Kitchen
	Bakken production – sweet spots
	Estimates for recoverable resources
	USGS Bakken-Three Forks Assessment
	Continental’s completion strategy 
	Outline
	Workflow for determining recoverable �reserves
	Well model locations
	Construction of 28 well models
	Calibration of well models
	Calibration of well models
	Modeling Results
	Modeling Results
	Outline
	Defining the core play extents (ND)
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Uncertainty Assessment Area
	Uncertainty Assessment
	Uncertainty Assessment Input
	Uncertainty Assessment Input
	Uncertainty Assessment Scenarios
	Uncertainty Assessment Results
	Uncertainty Assessment Maps
	Uncertainty Assessment Maps
	How do scenarios compare?
	Charge to Trap Volumes
	Summary and Conclusions
	Acknowledgements and References
	Slide Number 36
	Bakken Petroleum System


