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Utility of GIS

 How can GIS help us analyze petroleum production
trends in the Bakken Petroleum System?
« What are the practical applications of GIS in our study

area?
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Bakken Petroleum System
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+ Waste management

+ Hydrocarbon utilization
+ Water management

+ Process optimization and
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Bakken Production Optimization

Program Goals

* Maximize oil production from Bakken and Three Forks wells by
employing an “all-of-the-above” approach
— Advanced reservoir characterization
— Improve drilling/stimulation/completion/production techniques and
sequences
— Optimize wellsite surface operations
¢ Reduce costs

¢ Reduce development and operation impacts to surrounding
landowners

¢ Reduce demands on surrounding infrastructure and water
sources




Bakken Water Management

* Report updated
water management
taking place since
early Bakken activity
(~2008-2014).

e Bakken
development rapidly
changed the need
for increased water
supply and disposal
options.

 How can GIS be
used to answer
guestions about
water management?
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Data Acquisition

 North Dakota well data is
collected from North
Dakota Industrial
Commission (NDIC) web
site.

e |Includes:

— Monthly production
values

— Days of operation per
month

— Location
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Data Preparation

* Produced water:
— Assigned year based on first production date.

— Selected wells producing from Bakken or Three Forks (referred to
as “Bakken” wells).

— Data could be further divided depending on application.

¢ Examples include: Quarterly, 15t full 18 months, average daily
rates, etc.




Average Bakken Well Cumulative

Produced Water
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Water Trends

* Trends in produced water and water cut can be attributed
to several potential factors including:

— Improved well stimulation techniques and longer
laterals.

— Decrease in reservoir pressure over time.
— Three Forks generally has higher water content.
 What about location?




Bakken Produced Water

2010 2012

*1565 wells*

2008

*428 wells”

*777 wells*
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Bakken Water Cut

2008 2010 2012

*428 wells* *777 wells® *1565 wells*
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Digging Deeper

o ArcGIS
provides
geostatistical
tools to
analyze the
data.

 What are other
practical
applications
for the data?
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Geostatistical Analysis
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Practical Application

o Allows us
to predict
what may
happen
within a
region.

e Can be
tailored to
your
particular

application.
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d Gas Production

* Are there areas
of production
that are
statistically
significant? =

e Used 60-90 day P'i“i“di £ :
production i ¢

values.
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Areas of High Production

|
e Hot Spot Analysis
(Getis-Ord GI)
— |dentifies statistically -
significant clusters of
high/low values.
— Output creates a z-
score (standard o
deviation) indicating
whether the observed -
spatial clustering is = rsosons |
more pronounced o 1o 3 £ ==
than expected. g -
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Empirical Bayesian Kriging:
Using All Z-Score Information
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Using Only Positive Z-Score Information
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Top 10% of Production Wells

e Wells producing 90,000 or
more barrels in the first
60—-90 days of production.

 The outliers to the north
and south do not skew
the data overall
because of the use of
hot spot analysis prior
to kriging. 4
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Summary

ArcGIS geostatistical tools help with
several areas including:

« Exploration/Production
— Lower water cut
— High production

* Planning

— Pipelines, salt water disposal wells,
water treatment, etc.

— Infrastructure and population trends
— Economics

¢ With lower oil prices, helps target
activities.

* Geology

— Analyzing the production data and
trends can verify what we know
about the geology of the formation.
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Contact Information

Energy & Environmental Research Center
University of North Dakota

15 North 23rd Street, Stop 9018

Grand Forks, ND 58202-9018

World Wide Web: www.undeerc.org
Telephone No. (701) 777-5421
Fax No. (701) 777-5181

Kyle Glazewski, Senior Analyst
kglazewski@undeerc.org
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Disclaimer

“This report was prepared by the Energy & Environmental Research Center pursuant to an
agreement partially funded by the Industrial Commission of North Dakota and neither the Energy &
Environmental Research Center, nor any of its subcontractors nor the Industrial Commission of North
Dakota nor any person acting on behalf of either:

Makes any warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of any
information, apparatus, method, or process disclosed in this report may not infringe privately-owned
rights; or

Assumes any liabilities with respect to the use of, or for damages resulting from the use of, any
information, apparatus, method or process disclosed in this report.

Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the Industrial Commission of North Dakota. The views and opinions
of authors expressed herein do not necessarily state or reflect those of the Industrial Commission of
North Dakota.”
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