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	Title: A Feasibility Study of Road Culvert / Bridge Deck Deicing Using Geothermal Energy
	TopicStatement: Adverse winter weather conditions have a significant impact on the safety, operation, and maintenance of transportation infrastructure. Snow accumulation on roads and bridges reduces their capacity, decreases safety and increases travel delays. Ice accumulation in and around culverts may adversely affect fish movement, and causes flooding and extensive economic losses. Ice accumulation can also lead to propagation of the freezing front into the soil around the culvert and increase the risk of frost heave in the frost susceptible subsoil in road sections adjacent to the culvert. Therefore, deicing bridge decks and culverts is a major maintenance concern in areas with extreme cold weather. Reduction of ice and snow on bridges also leads to safer roadways and enhances winter traffic mobility. The most common deicing solution for bridge decks is the use of salts and other debonding chemicals. However, salt is ineffective for snow melting or de-icing for temperatures below -3.9 °C. Long-term use of salts and deicing chemicals also increases the maintenance and repair cost for reinforced concrete (RC) bridges. It accelerates the corrosion of the steel reinforcement used in reinforced concrete, reduces the available reinforcement area over time, and could result in the collapse of RC bridge decks and concrete culverts. The removal of problematic culvert ice is usually accomplished by the application of heat or other mechanical means to remove the ice after it has developed. The proposed research program will investigate the feasibility of the use of a ground-coupled system that utilizes heat energy harvested from the ground as an alternative for deicing bridges and culverts. The ground-coupled system relies on circulating water through pipes, placed underground (either vertically or horizontally), to utilize the natural heat retained by the earth.
	T15: Previous experimental and numerical studies found by MDT staff demonstrate that this technology has significant potential to reduce the use of salts and deicing chemicals for bridge de-icing. While there are several studies that address aspects of geothermal design for pavement deicing that will be beneficial in the development of this study, there is a lack of information on: 1) the feasibility of using this type of system in Montana, 2) the feasibility of using geothermal energy for culvert deicing, and 3) methods that can improve the efficiency of geothermal systems such as bio-cementation.  The use of geothermal energy for culvert deicing is a novel application of this technology. One study that was reviewed includes a case study in which geothermal energy was used to heat tunnels. This study may contain elements that will be helpful in developing geothermal energy techniques for culvert deicing but this aspect of the project is ultimately not represented in the literature. Moreover, previous studies have indicated that if the soil particles are cemented together by bio-cementation, the thermal contact between the particles is significantly improved due to precipitation of calcite crystals in the contact areas between the soil particles. Bio-cementation could lead to a significant increase in soil thermal conductivity, and therefore, improve efficiency of geothermal systems. 
	T17: The proposed research program will leverage laboratory experiments and numerical modeling simulations to: 1) investigate the feasibility of the use of a ground-coupled system that utilizes heat energy harvested from the ground as an alternative for deicing bridges and road culverts (with both internal and external heating systems), 2) study the potential use of bio-mediated soil improvement, such as Microbially-Induced Calcite Precipitation (MICP), to improve the efficiency of ground source heat pump systems, and 3) define important design requirements and operational considerations. The subtasks to achieve these research objectives are threefold. First, a series of model-scale, instrumented experiments on both culvert and bridge deck systems will be performed in the Subzero Research Lab at Montana State University to investigate snow and ice accumulation, and the efficacy of geothermal energy as a deicing alternative. The experiments will incorporate environmental field data from a site in Montana where icing and maintenance are known to be a problem. Second, the experimental results coupled with numerical simulations will be used to quantify and optimize heat transfer within the experimental concrete bridge deck and culvert. Third, the results from experiments and numerical simulations will be used to design a geothermal bridge deck/culvert heating system for future field pilot studies. We will also perform geochemical and geotechnical laboratory experiments to investigate the effect of bio-cementation on soil thermal conductivity and temperature gradients in soil.
	T19: The project duration is 36 months including one month for MDT review of the final project report. 
	T21: N/A
	T24: As discussed in Section III, many studies have established the feasibility of this technology. With respect to bridge decks, the major questions in this study pertain to the configuration of design components pertinent to Montana’s winter weather conditions. There is a high degree of confidence associated with assembling existing design components to accomplish heating of bridge decks to prevent ice build-up. The prevention of ice build-up in culverts has not been studied as extensively. The work proposed in this study is aimed to establish the feasibility of this application. The technology appears to be well-suited for this application, meaning the probability of success is high. The risk associated with this less studied application, however, is greater than that for bridge decks
	T26: Improving highway safety has been an utmost priority for MDT and is critical for progress towards the Vision Zero goals embraced by the agency.  The proposed research is expected to help MDT move towards this goal on high-risk bridges in Montana by reducing snow and ice accumulation on the bridge deck.  Additionally, the development of improved winter culvert maintenance techniques supports the 2021 Biennium Maintenance Program goal to provide consistent levels of winter maintenance service and to optimize MDT resources.  Ultimately this research is intended to improve the maintenance services that contribute to safe and reliable transportation infrastructure.
	T32: The final report for this project will include material detailing the design requirements and operational considerations for the use of geothermal energy in Montana as it relates to bridge decks and roadway culverts. This information will be used to design a bridge deck and/or roadway culvert pilot study for an existing site within MDT’s network. The pilot study will be identified and designed in cooperation with the applicable MDT districts and departments. The pilot study may be designed at the end of this project with construction taking place thereafter. It is anticipated that the pilot study will be monitored for one winter season after construction. Full implementation of the project findings will be dependent on the outcome of the pilot study.
	T37: 
	T43: The total project cost is $210,739.
	T46: SPR 
	T48: Civil Engineering Department - $30,000 fee for the use of Subzero Research Lab (15% match funding)
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