
Recent developments in the availability of fossil fuels 
have led researchers and scientists to explore new 
methods of extracting natural gas from the earth. One 
of these new techniques is hydraulic fracturing 
(fracking), where large quantities of water are 
pumped into horizontal wells to open up cracks in the 
earth and extract the gas. This technique now allows 
companies to access gas stores that were previously 
inaccessible. Some of the richest resources for frack-
ing exist in the Marcellus Shale formation, which co-
vers most of western Pennsylvania. The rapid expan-
sion of fracking has faced strong opposition for mul-
tiple reasons, including the possibility of contaminat-
ing groundwater or surface water with methane and 
radioactive material. 

Although there are regulations for placement of 
fracking wells near water sources, the rapid rate of 
well development and the lack of knowledge sur-
rounding the possible extent and impacts of such con-
tamination mean that this problem has not been fully 
explored. This project attempts to locate areas where 
there is risk of water contamination from fracking ac-
tivity. Rather than the entire Marcellus formation, Al-
legheny County in Pennsylvania was chosen for anal-
ysis because it is the second most populous county in 
the state and contains over 60 oil well sites. A vulner-
ability map was created by ranking several variables 
and calculating their proximity to oil wells. The fac-
tors included rivers, lakes and other water bodies, 
reservoirs, public water sources, and population. 
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To determine the vulnerability of areas to water con-
tamination, five factors were considered: rivers, lakes, 
reservoirs, public water systems, and the population . 
Shapefiles and metadata for all of these features was 
found online and projected to “NAD 1983 State Plane 
Pennsylvania South FIPS 3702.” Once all the factors 
were imported, buffer zones were created surrounding 
each type of water source based on recommendations 
from the 2011 Governor’s Marcellus Shale Advisory 
Commission Report. The buffer zones are as follows: 

Rivers, streams, and lakes: 300 feet 

Public Water Systems & reservoirs: 1000 feet 

A score of 1-3 was given to each feature based on their 
importance and potential use as 
drinking water. A score of 1 
was least important and a score 
of 3 was most important. Once 
every feature had a score, the 
buffers were overlapped with 
known oil sites to see where 
these factors converged. To cal-
culate vulnerability, the scores 
of overlapping features were 
added together to assign a final 
value. 

 

Water Bodies + Rivers + Reservoirs + Public Water 
Systems = Total 

Hence, if an area had two river buffers, a PWS buffer, 
and a lake buffer that all overlapped, the vulnerability 
score would be: 1 + 1 + 3 + 2 = 7  

 

Factor Score 

Proximity to 
River 

1 

Proximity to 
Water Body 

2 

Proximity to 
Public Water 
System 

3 

Proximity to 
Reservoir 

3 

Population  3 
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If that area also overlapped a census tract of high popu-
lation (greater than 50,000) then a score of 3 would be 
added, bringing the total to 10. In this manner, areas of 
high population are highlighted as more vulnerable than 
less populated areas. The final result is a map with 
scores from 0-12, with 12 being the most vulnerable to 
water contamination from a fracking site. 

 2010 Population Oil Fields Water Body Buffer Zones 

Results  
For this analysis, a total score of 9 or 
higher was considered highly vulnerable 
to water contamination. In total, 153 
sites can be counted as highly vulnera-
ble using this method of analysis. The 
northern central section of Allegheny 
County in particular shows a cluster of 
high vulnerability areas, as does the 
western edge of the county. The western 
edge of Allegheny contains Plum City, 
which has a population of almost 30,000 
and is close to several areas with high 
vulnerability, demonstrating a location 
that could experience significant health 
effects from water contamination. 

Limitations 
This project demonstrates an effective 
method of conducting vulnerability anal-
ysis using vector data and the buffer 
tool. However, there are limitations that 
must be considered in examining the re-
sults of this exercise. Most notably, this 
project was very limited in its analysis 
of water use. A greater understanding of 
how the streams, lakes, reservoirs and 
public water systems are used would 
contribute to a more comprehensive 
analysis. Specifically, knowing the num-
ber of people served by each resource 
would be very useful. Additionally, the 
size, specific geographic location, and 
age of each fracking operation changes 
the possibility of water contamination.  
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U.S Energy Information Administration (2011), 
Pennsylvania Spatial Data Access (2012), Tufts 
GIS M Drive (2010) 
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