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Fig 14. Point Density Map of Drilled Horizontal Wells in West Virginia
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Producing Horizontal Marcellus Wells, West Virginia
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Fig 15. Point Density of Producing Marcellus Wells in West Virginia
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RESULTS

The statistical analysis of the correlation between leased acres and
number of drilled and producing wells demonstrates a moderate to strong
positive correlation between the number of acres a company has leased and
the number of wells they have. The correlation results, which were 0.59348
for drilled wells and 0.60292 for producing wells, are similar for both drilled
and producing wells. This demonstrates the importance of the land grab
aspect of the industry. The companies with the largest amounts of leased
acres also had the most drilled and producing wells. This places an
importance on acquiring land as a premise to being a top operator in the
Marcellus Shale in West Virginia. To better visualize the positive correlation,
see figures 16 and 17 for scatterplot diagrams showing the general trend of

companies with more leased acreage also having more wells.
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Fig 16. Scatterplot of Drilled Wells to Leased Acres
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Fig 17. Scatterplot of Producing Wells to Leased Acres

A positive correlation like this also demonstrates the importance of
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having money to lease land. You are more likely to be successful if you have

alot ofland, therefore you need to have the money upfrontto buy or

acquire leases. While a moderate to strong positive correlation certainly does

not mean thatleasing lots of land will ensure drilling success, the more land

you have the more opportunities you have to drill and the more

opportunities you have to get wells to the production phase.

The spatial analysis reiterates the areas of geospatial interest for

drilling the Marcellus Shale in West Virginia. While having a large number of

leased acres is clearly beneficial, if the acreage leased is noteconomical for

drilling or production, the acreage is notbeneficial to gains for the company.

The spatial analyses demonstrate the areas with the highest densities of

drilled and producing wells, which are also most likely the areas that are
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most desirable for oil and gas drilling and production. The point and spatial
analyses show the areas with the greatest and least drilling activity. To
better analyze the areas with the most drilled and producing wells, I chose
to furtherexamine the wells thatare within the top two classifications for
point density and kernel density. This is to examine the differences between
the two spatial analysis methods, the differences between drilled and
producing wells and to analyze which companies are operating these wells
and if they are the same companies thatare also the top 10 drillers and
producers. See Fig 21 and 22 for a breakdown of the wells within the top

two classifications.

Table 4. Drilled Wells Analysis Table 5. Producing Wells Analysis
Drilled Wells Producing Wells
Point Density Kernel Density Point Density Kernel Density
AEP 35 23 AEP 13 11
Antero 146 71 Antero 178 185
Consol 8 19 Consol 6 N/A
EQT 88 199 EQT 46 124
Gastar N/A 5 Gastar N/A 42
Noble 8 8 PDC N/A 2
PDC N/A 1 Statoil 4 N/A
Stone 5 4 Stone 10 4
SWN 5 11 SWN 9 22
Triad N/A 16 Triad N/A 16
Total 295 357 Total 266 406
# of wells, # of wells,
non-top 10 43 32 non-top 10 17 11
operators operators
# of wells, top 950 395 # of wells, top 949 395
10 operators 10 operators
% of wells, % of wells,
top 10 85.42% 91.04% top 10 93.61% 97.29%
operators operators
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Severalconcluding points can be made after analyzing the drilled and
producing wells in the top two classifications for point and kerneldensity. My
initial observation after doing a well count for each of the four analyses was
that the number of wells included in the top two classifications is much
larger for KernelDensity than for Point Density, despite using identical
inputs. This is simply a demonstration in the difference in the methods of the
tools, rather than something noteworthy about the data. The most
significant finding seems to be the companies that predominately operate in
these “hot spots”. While there are 38 companies with locations in the
Marcellus, the companies with wells in the top two classification areas are
predominately the same companies that are on my top ten lists for number
of drilled and producing wells. If you look at the bottom line of table 4 and 5,
you will see thatthe percentage of wells operated by top ten drillers and
producers account for 85-97% of the wells in the top two classifications.
That shows that the areas most ideal for drilling are dominated by the
higgest companies in the area. You will also notice that Antero and EQT are
the biggest players in these areas as well. For every type of analysis and
well status, those two companies account fora minimum of 75% of the
drilling & production in these “hot spots” of activity (see table 6). This is
noteworthy, because Antero is the number 1 driller and producer and EQT is

the number 2 driller and number 3 producer. Essentially, the companies that
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are the most successful overall are also the companies that are most

dominate in areas with the highest density of drilled and producing wells.

Table 6. Percentage of well operated by Antero & EQT in “Hot Spots”

DISCUSSION

Drilled Wells

Point Density Kernel Density

Antero 49.49% 19.89%
EQT 29.83% 55.74%
Total = 79.32% 75.63%

Producing Wells

Point Density Kernel Density

Antero 66.92% 45.57%
EQT 17.29% 30.54%
Total = 84.21% 76.11%

In conclusion, to be successful in a new shale play, leasing large

quantities of land is the best way to start because it is directly correlated

with drilling more wells and getting more wells into the production phase.

Additionally, the companies that have heen able to saturate the areas that
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are presumably most ideal for drilling and production tend to also he the top

drillers and producers in the region, based on spatial analysis of the areas
with the highest well densities. While success stories related to the
development of the Marcellus Shale are varied, it's clear thatleasing lots of

land gives an operator an immediate advantage but the money needs to be

available, presumably obtained from prior operations in other plays, from

investors or both. Additionally, it seems that the most dominant companies
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in the area also dominate the “best” areas or the areas with the highest
density of wells. This could easily be explained by the fact thatif a company
is able to lease a large block of land, they can more easily develop the area,
than if the same block of land was leased to multiple companies with smaller
chunks of land here and there attempting to develop the area. This
demonstrates that purchasing large blocks of land is probably a better
development tactic than leasing the same amount of acres in small,

discontiguous blocks of land.

AREASFOR FURTHER RESEARCH

There are several different types of analysis thatcould help furthermy
research, namely other types of spatial analysis. The WV-DEP well data
obtained from RigData has numerous other attributes that were not
examined in this analysis but could easily have value for other types of
analysis. Thatis the best area to furtherresearch related to spatial analysis
and spatial patterns. In regards to production results, furtheranalysis could
be done in regards to production volume of wells and economic output of a

well.

Line Density Analysis

The Point Density Tool can also he used to analyze line density. I used
point density to analyze the bottom hole locations of wells, but I could have

gone another way with this analysis and looked at the horizontalwell bores,
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which are lines. It would be interesting to see if there are any differences
between the point analysis of bottom hole locations and the line analysis of

the corresponding horizontalwellbores.
Hot Spot Analysis

Hot Spot Analysis is an ArcGIS tool in the spatial statistics toolbox. It
is used to identify statistically significant clusters of high values, called hot
spots, and low values called, cold spots, using Getis-Ord Gi statistic. It
creates an output feature class with a z-score and p-value for each feature.
The z-score and p-values indicate whether the spatial clustering is more
prominent than you would expect in a random distribution. The further the
z-score is from zero, the more intense the clustering is. A z-score of zero
indicates no obvious spatial clustering. This toolcould be used as an
additional method to identify significant spatial clusters of high values. The
resultant raster of hot spots could bhe used to compare against the results
from the point density and kerneldensity analyses to further assess

significant spatial patters and clusters.*’
Time Analysis

Time, or the “when” aspect of the Marcellus Shale boom, is another
variable thatcould be investigated further to better understand the role time

played in success stories. Were the companies thatdrilled and completed the

A6 IS Resources, “How Hot SpotAnalysis Works,” Accessed October 28,2015, http://resources.arcgis.com/
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first horizontal wells also the companies who have been the most successful?
Initially, 1 hoped to examine this variable as well but chose not to hecause of
discrepancies in the data. The well data I acquired from RigData is attributed
with permit data, spud date (date drilling starts) and completion date. W hile
most wells I examined were attributed with this data, not all were. Most
wells had at least one date attributed but the analysis would nothe complete
unless every well was attributed with at least one of those dates that !l could
then use for analysis. It is possible that these dates would be available
through the WV-DEP, but that would involve a fair amount of leg work. The
date I would be more interested in analyzing would be the SPUD date, or
date drilling commenced. It would be interesting to create an animation in
ArcGIS based on this date with well locations symbolized by operator.
Horizontal drilling of the Marcellus Shale has only been occurring for
approximately 10 years, so an animation that shows wells drilled at 3-6
month intervalover the last 10 yearswould be quite interesting. Examining
the timing when wells were drilled in comparison to spatial and statistical

patterns for drilled wells would be interesting.

Big Picture Analysis and Other States

It would be interesting to do this same study for the Marcellus Shale
as whole, doing the same analysis but for the entire play. Or do additional
case studies on other states experiencing Marcellus Shale development, such

as Pennsylvania and New York.
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Corporate Website Sources for Leased Acreage Numbers

Antero Resources - www.anteroresources.com

Chesapeake Energy - www.chk.com

Consol Energy (CNX) - www.consolenergy.com

EQT Corporation - www.eqgt.com

Gastar - www.gastar.com

Jay-Bee - www.jaybeeoil.com

Magnum Hunter (Triad) - www.magnumhunterresources.com/

Noble Energy - www.nobleenergy.com

PDC Energy - www.pdce.com

Southwestern Energy - www.swn.com

Stone Energy - www .stoneenergy.com/appalachia

XTO Energy - www.xtoenergy.com
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