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Abstract

Shale-gas well productivity estimates in USGS assessments from 1995 to present are based on studies that require decline curve fits and
analysis to a large sample or to all wells within a particular assessment unit. Probabilistic type curves can be created on nearly any size well
group and were designed for use within a resource context. The probabilistic type curve was designed to improve on the familiar format of
a deterministic type curve by showing the full range of production possibilities for a given group of wells. Additional information was
added to make certain components, such as data density and nonproducing wells, more explicit.
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USGS Assessment Methods

Well productivity estimates in USGS
assessments from 1995 to present are based
on studies that require decline curve fits and
analysis to a large sample or to all wells
within a particular assessment unit

An assessment unit is a mappable volume of rock within a total petroleum
system that encompasses fields and wells that share similar geologic
characteristics.



Advantages

Captured components of a decline curve, such g
as initial production and decline rates, can be
used to calculate derivative products — for
example, estimated ultimate recovery (EUR)

Disadvantages

Time and labor intensive
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Shale Gas EUR
Input for USGS Assessments

Estimated Ultimate Recovery
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USGS Assessment Unit Code

This figure was constructed using USGS shale-gas input parameters from the
National Oil and Gas Assessment Project for shale-gas units during the past
decade. X-axis labels designate the specific unit using the National Oil and Gas
Assessment numbering system.



Data Analysis Goals

Provide more automation
Make applicable to large or small data sets

Produce readily understandable results and
comparisons

Maintain high degree of dependency on
actual production data

Incorporate multiple data types and streams
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Probabilistic Type Curves (PTC)

« Can be created on nearly any size well
group

» Results are displayed in the same general
form as a regular type curve

« Automation allows creation and comparison
between multiple well groups in a timely
fashion

» Uncertainty in both decline rates and EUR
is already built-in

ZUSGS



Type Curve Construction

Natural Gas Flow Rate for Six Wells and the Mean
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Normalized Month of Production

The first thirty months of natural gas production from six Barnett Shale vertical
wells were normalized to the first full month of production for each well and
then used to construct this figure. A central tendency (mean) of these six wells
was included.



Forecasting a Type Curve

Mean Natural Gas Production Rate Curve Fit
and Forecast
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Normalized Month of Production

A hyperbolic decline curve was fitted to the mean production decline of the six
Barnett Shale gas wells shown in the previous slide. This example demonstrates
a calculation of estimated ultimate recovery based on a 90 month forecast of the
expected decline.



Type Curve + “Anomaly”

Natural Gas Production Rate for Seven Wells and the Mean
of the First Six Wells
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Normalized Month of Production

This slide demonstrates a common issue with type curves. The addition of an
anomalous well, such as well 7, can affect the validity of the type curve as well
as any calculations performed. The decision to include, or exclude, the
anomalous well is based on the professional judgment of the person constructing
the type curve. This decision may be based on criteria other than trying to
construct the most reasonable measure of central tendency. This slide is critical
to explaining why a regular type curve may not be a reasonable construct for
resource assessments. A resource assessor needs to understand the behavior of
an entire group, and this includes wells that might otherwise be considered
engineering or geologic failures.



Type Curve + “Anomaly”

Natural Gas Production Rate for Seven Wells and the
Mean of the First Six Wells
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Normalized Month of Production

The boxed area designates the particular month chosen for a more detailed
examination.



Single Month, Many Wells

First Month of Production for
Fayetteville Shale Horizontal Wells
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Box-Whisker Plot Histogram
+ First Month Production
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This figure has three different representations of the same monthly production
data for the same group of wells. The far left example most closely resembles
the prior slide where all data are plotted for a given month. The box-whisker
plot and the histogram utilize the same information. A thin red line outlining the
shape of the histogram is a best fit for the data using the Anderson-Darling test.



Woodford Shale, Arkoma Basin
Horizontal Well Probabilistic Type Curve
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Normalized Month Of Production

This slide contains a complete probabilistic type curve (PTC). Each box-
whisker plot represents sequential single months of normalized production data
for a group of wells. Additional information collected includes the data density
in each box-whisker plot and the number of wells in each month that were not
producing. From this graph one can calculate: (1) probabilistic estimates of
decline rate between any two normalized months, (2) probabilistic estimates of
ultimate recovery, and (3) economic potential.



Barnett Shale
Horizontal Well Probabilistic Type Curve

Well Count
7343 5856 447 3,168 2,168 1,550 1,031
100

Percent Nonproducers

a2
]
8
3
3
2
o
£
]
-4
€
]
2
]
o

T
A

3 5 7 9 1113 1517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59
Normalized Month Of Production

Millions Standard Cubic Feet Per Month




Production Rates From a Given Fractile at a

Given Time, Plus Forecast
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This figure demonstrates lines of perfect positive correlation (each line
following the same fractile of probability through different density functions)
for a particular probabilistic type curve. A best fit exponential, hyperbolic or
mixed decline is then calculated and forecast through a given amount of time to
create a single estimated ultimate recovery. A Monte Carlo simulator using these
basic principles repeats the process thousands of times and creates a
probabilistic estimated ultimate recovery.



Estimated Ultimate Recovery Comparison

Vertical Wells «——» Horizontal Wells

=
@
@
w
2
=
=
(5]
E
©
k-3
c
©
5
w
w
c
S
@
o
p=1
w

Each group in this figure was analyzed using its unique probabilistic type curve
and the process described on the previous slide and forecast over a thirty year
well lifespan. These estimated ultimate recoveries are not comparable to the
input parameters within any evaluated National Oil and Gas Assessment Unit
but were created during the course of testing the probabilistic type curve
concept.



Final Thoughts

» The PTC was designed for use within a
resource context

The PTC was designed to improve on the
familiar format of a deterministic type curve by

showing the full range of production
possibilities for a given group of wells

Additional information was added to make
certain components, such as data density and
nonproducing wells, more explicit
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Current Progress

Publications on the PTC results are in review
and upon completion will be located at the

following USGS National Oil and Gas
Assessment link:

http://energy.cr.usgs.gov/oilgas/noga/methodology.html
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http://energy.cr.usgs.gov/oilgas/noga/methodology.html



