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Introduction 

     As we begin to rely more heavily on alternative forms of energy, we must consider the 

three L’s; Location, Location, and Location.  For many alternative forms of energy, their overall 

effectiveness may be directly correlated to where the system is implemented.  For instance, tidal 

energy would require areas along large bodies of water while wind energy would need an area 

with a certain average wind speed.  One such form of alternative energy, Geothermal has 

experienced a resurgence in use, in both industrial and smaller scale systems, the latter of which 

is the focus of this review. 

 

      Small scale geothermal systems, known as Ground Source Heat Pumps (GSHPs), rely on 

the Earth’s constant temperature at certain depths.  During the winter months this temperature is 

warmer than at the surface.  During the summer months the temperature is cooler than the 

average surface temperature (Omer 2008).  As a result, GSHPs are a twofold system, providing 

both heating and cooling depending on the time of year.  GSHPs are further broken down into 

two main categories, either open or closed loop systems.  Open loop systems are open to the 

environment and use ground water as the heating medium.  Closed loop systems are separated 

from groundwater and rely on the thermal conductivity of the surrounding material (Omer 2008).   

     

Due to natural environmental variations, you must consider what geological factors 

influence a site's suitability for the use of geothermal heating.  Geothermal heating might be 

more effective in some regions than others, based on their underlying geology.  This literature 

review will be primarily focused on the reasons why a developer should review the geology and 

hydrology of potential sites during the planning stages of new construction.  
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Ground Temperature 

One of the influencing factors when designing systems that utilize geothermal energy is 

the average ground temperature below the frost line.   Ground temperature variations occur due 

to both location and depth.  Larger industrialized applications of geothermal, such as those that 

provide electrical generations, drill to upwards of 3 to 10 Kilometers below the surface, where 

the ground temperature is well over 100 degrees Fahrenheit (Reber 2014).  However, a system 

installed in individual buildings at Penn State would use a ground source heat pump, which relies 

on the ground temperature differential closer to the Earth’s surface. 

 

Whether you plan to implement either an open or closed loop system, each will rely on 

the principle of the neutral temperature zone.  At a depth of roughly 50-60 feet, the ground 

temperature will remain constant throughout the year (Omer 2008).  In a study primarily focused 

on the transfer of heat between the Earth and heat pump systems, it was found that the optimal 

ground temperature for winter geothermal heating was 19 degrees Celsius, or approximately 66 

degrees Fahrenheit (Hongwen 2006).  Therefore, when determining if GSHPs would be an 

effective alternative option for heating and cooling, you must consider your region's average 

ground temperature.   

 

While a ground temperature of 19 degrees Celsius would be optimal, the actual 

temperature here at University Park is slightly cooler.  The Nittany Valley has an estimated mean 

annual ground temperature of 11 to 12 degrees Celsius (Waltman 1997).  When compared to the 

western portion of Centre County, however, University Park is situated in one of the warmer 
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portions of the County.  Although the ground temperature here at University Park may be cooler 

than the optimal temperature, the heat pump portion of the geothermal system is designed to 

offset this difference in temperature by concentrating the heat (Omer 2008). This enables ground 

source heating to remain a viable option here at University Park. 

   

Site Geology 

     A potential site’s underlying geological structure can also affect its suitability for both 

types of GSHP systems.  The two geological aspects of greatest concern are: the bedrock’s 

thermal conductivity and diffusivity, and the composition of the bedrock structure.  Thermal 

conductivity is defined as “the capacity of a material to conduct or transmit heat” while 

diffusivity is “the rate at which heat is conducted through a medium” (Busby 2009).  Since 

closed loop systems are completely isolated from the environment, the only method for heat 

transfer to occur would be through the medium in which the pipes are encased.  For this reason, 

thermal conductivity would be the most important factor when considering a site's suitability.  

     

With a recent resurgence of GSHPs in the United Kingdom, the British Geological 

Survey conducted a study in 2009, on the effects of bedrock composition on thermal 

conductivity.  The results of the study indicated that saturated sandstone and limestone had the 

highest conductivity, at 6.5 w/mk “watts per meter kelvin” (Busby 2009).  Shale and clay had the 

lowest conductivity, at 1.2 w/mk (Busby 2009).    

 

With these results in mind, the bedrock composition here at University Park appears to be 

favorable for a closed loop system.  According to the PA Department of Conservation and 
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Natural Resource’s PA geology map, University Park is situated upon two bedrock formations 

that primarily consist of coarse limestone and dolomite (Berg 1980).  This coarse limestone 

would help to promote groundwater saturation, in turn increasing our area’s thermal 

conductivity.  

 

On the other hand, the same bedrock composition which makes University Park suitable 

for a closed loop system would cause us to be unsuitable for an open loop system.  Our area’s 

limestone bedrock is highly susceptible to erosion caused by groundwater.  This typically results 

in the development of hollow underground pockets, which open up as sinkholes (Fennessey 

2008).  Over the past few years, a number of these sinkholes have opened up in multiple 

locations on campus.  Open loop systems rely on the movement of water through permeable rock 

in order to transfer heat (Omer 2008).  As a result, if an open loop system were installed on 

campus the potential would exist for the creation of artificial sinkholes. These findings reinforce 

University Park’s suitability for a closed loop system 

 

Groundwater Quality 

   In addition to increasing the potential for sinkholes, carbonate type bedrock such as 

limestone can cause a significant decrease in the output of open loop systems.  This decrease will 

cause a loss of efficiency.  As the water travels through the limestone, the dissolved calcium 

carbonate will travel back into the system with the heated water (Rafferty 2003).  Consequently, 

the calcium builds up on the inside of the return piping, leading to a fouling of the systems.  
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The National Groundwater Association (NGWA), published in 2003, a series of 

recommendations for groundwater quality for open loop heat pumps.  Based on their findings, 

they state that ground water containing more than 100 ppm of calcium will cause severe scaling 

within the heat pump piping (Rafferty 2003).  Furthermore, the association lists iron and 

hydrogen sulfide as dissolved minerals capable of causing premature system failure.  Both of 

these recommendations are concerning for University Park, as all of these minerals could be 

present in the Centre County groundwater supply.   

 

In 1980, the US Geological Survey completed a summary of Centre County’s 

groundwater resources.  They note that the primary issue affecting wells in the Nittany 

Formation is water hardness, a result of the high concentrations of calcium carbonate from 

dissolved limestone (Wood 1980).  Other regions of the county are affected by a high iron 

content due to the numerous iron ore deposits while some areas are affected by hydrogen sulfide 

from the process of mining coal (Wood 1980).  

     

The combination of these groundwater quality factors further emphasize why University 

Park would be unsuitable for the implementation of an open loop heat pump system.  The system 

would become occluded by dissolved minerals, and cause a loss of efficiency and funds. 

 

Conclusion 

     Present literature regarding GSHPs seems to highlight three key environment 

considerations when determining an area’s suitability for geothermal heating.  The 

environmental factors of ground temperature, site geology, and ground-water quality all have an 
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effect on the type of heat pump system suitable for installation.  These factors may also dictate 

the potential effectiveness of a GSHP, in relation to the area where the GSHP is being installed.   

 

Presently, there are no published studies on the viability of ground source heating here in 

Centre County, in particular, University Park.  However, research has been done by both Penn 

State and The Department of Conservation and Natural Resources focusing on each of the three 

environmental suitability factors.  This research allows us to better understand why a closed loop 

system would be the most viable option at University Park, due to our cooler ground 

temperature, limestone geology, and poor groundwater quality.   
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