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Goals of the Study
• To determine a petrophysical porosity/saturation 

model and compare with core measurements.  
Rocks are low porosity and very low permeability 
dolomitic limestones

• Examine if the reservoir is fractured
• Examine mechanical properties and define 

differences (if any) between the Bakken producing 
interval and intervals both above and below –
examine barriers to fracture propagation

• Evaluate the Bakken Shale for total organic 
carbon  and Pyrolosis S2 values – using the 
technique of Passey et al



Data Available
• Core Data

– Porosity
– Dry Bulk Density
– Grain Density 
– Gas Permeability
– Water Saturation 
– Oil Saturation 
– Comments – particularly 

whether or not the 
permeability 
measurements are valid

• Recent wells (lateral) in 
the area have produced 
342 BOPD and 480 
BOPD

• Logs
– GR
– Array Resistivity
– Acoustic Compressional 

and Shear
– Pe
– Density
– Neutron
– Microlog

• Formation Tops



Raw Data Logs



Core Data



Core Data - continued



Density/Neutron Density/Sonic



Umatrix vs. Rhomatrix Rhomatrix vs. Delta Tmatrix



Pickett Plot



Basic Petrophysical Interpretation and Core/Log 
Comparisons

• Good correlation between 
core and log porosity and 
grain density 

• Good correlation between 
log “unmoved oil” and 
core oil saturation 

• Core water saturation 
appears to be anomalously 
low



Fracture Analysis

• Based on abnormal rates of change of raw porosity log curves, 
and out of gauge hole

• Bakken shale appears to contain both open and closed fractures
• The only fracture indicator in the Bakken dolomite is out of 

gauge hole



Permeability Modeling

• Timur transform is:

And is a very poor predictor of permeability

• Timur Variable Exponent transform is:
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Permeability Modeling

Porosity
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Pseudo Logs and Mechanical Properties

• Pseudo logs are derived from a rock physics 
model using the geophysical Krief equation

• Good reconstruction of all porosity logs indicates 
data set has very good integrity

• Mechanical properties, derived from pseudo logs 
agree well with those calculated from measured 
logs

• Significant contrast between the Bakken shale and 
carbonates both above and below

• Contrast between the Bakken carbonates and the 
Three Forks carbonates is much more subtle



Pseudo Logs and Mechanical Properties



Comparison of Mechanical Properties

• Shows that part of the Bakken Shale and the 
Three Forks, are ductile, and the remainder 
of the sequence is brittle



Comparison of Mechanical Properties

Ductile

Brittle



Total Organic Carbon 

• Technique is based on identifying shale intervals 
to have very low TOC, and to compare resistivity 
of the organic thick shales with these low TOC 
Shales (∆R techniques) See AAPG December 
1990 p. 1777 – 1794

• Bakken shale shows a TOC of about 10%, 
assuming LOM = 11 i.e. good source rock 
potential



Total Organic Carbon 



Conclusions
• Petrophysical modeling gives good estimates of 

porosity, fluid substitution, and grain density when 
compared with core measured values

• Permeability of these Bakken dolomites are 
extremely low (less than 0.1 md).  Petrophysical 
models to predict permeability from other 
measurements (porosity, irreducible water 
saturation) are not very satisfactory

• Mechanical properties of the producing Bakken 
interval are quite different from the overlying 
Bakken shale, and subtly different from the 
underlying Three Forks

• TOC values of the Bakken shale are high (10%) 
indicating good source rock potential
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