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Heterogeneity and its impact on Bakken production

Identification of Heterogeneity




Heterogeneity can have a strong impact on ‘basin scale’ production quality
It can also be significant over the ‘well scale’ requiring control
Heterogeneity is variations in

Lithology

Porosity

Permeability

Ability of the rock to fracture and

Ability to retain an effective fracture aperture over time




- Better porosity and permeability are known to relate to better production

- Larger pore size is the key
Lithology

- Clay & Limestone tends to kill porosity and permeability in the Bakken
- Dolomite & Quartz tends to improve porosity

- Fracture initiation is also easier in low clay rock
Natural Fractures

- When connected to existing fractures, bigger surface area can be accessed
- Pre-existing fracture frame work facilitates frac. Initiation
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- Creates TIV Anisotropy, which results in significant differences in horizontal
vs vertical resistivities

- Determination of true resistivity and hence a correct Sw is challenged by
laminations

Changes in Rw

- Lodgepole exhibits sharp abrupt changes in connate water resistivity ‘Rw’
Differential Horizontal Stress

- High stress contrast tends to create bi-wing fractures vs complex fractures




How does the lithology of my zone vary?
What Is the distribution of the porosity?
How IS pore size varying?

What combination of properties will lead to the best Frac.
Performance?




ogen-Rich Upper Bakken Shale

Middle
Bakken

ogen-Rich Lower Bakken Shale
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Analysis Using NMR and
Spectroscopy

So are there porosity
trends related to the
lithology?




- Clay
- Limestone

- Bakken lithologies that tends to improve porosity:
- Dolomite

- Quartz




Analysis Using NMR and
Spectroscopy
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-So which zones have
good perm?

- Where is the “sweet
spot™?
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- NMR perm agrees with core.




Other Released Bakken Log Data




Conventional versus NMR Data




Petrophysical Analysis using Conventional Logs,
NMR and Spectroscopy




Petrophysical Analysis using Conventional Logs, NMR
and Spectroscopy

Lateral
Target







Another NMR Example




NMR Field Print

pper Bakken Kerogen-Rich Shale

ower Bakken Kerogen-Rich Shale

Capillary Free Fluid
Small Bound Porosity

Pore . Porosity -
Porosity Fluids)




- This well has no recorded production
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measurements, requiring NMR log data to accurately evaluate.
- Placing well laterals in zones of highest permeability results in faster drilling rates

and better well production.
- Quartz and dolomite are associated with better porosity. Clay and limestone tend

to kill porosity.

- NMR perm agrees with core.

- NMR free fluid porosity and permeability are predictive of well production.

- 3D Anisotropic Resistivity evaluation will help achieve a more accurate Sw which

leads to a more accurate reserve estimate.




Thank you




