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Research Results Implementation Update

Completed Projects
Identifying Characteristics, Benefits, and Mechanisms of Commonly Used Agricultural and Mineral By-Products in the Deicer Industry (November 2015) 
Results: The final report contains a Best Practices manual which includes, 1) parameters for effective use of agricultural and mineral by-products, 2) specifications that can be used in the procurement for each product, and 3) guidelines for application and storage. 
Implementation & Benefit Opportunity: The project furthers knowledge of how nine commonly-used non-chloride liquid agricultural products and one solid complex chloride/mineral product perform, and the environmental impact of these chemicals, so as to guide the states in their use.  

Roadway Salt Best Management Practices (November 2015) 
Results: A manual of best management practices for procurement, storage, and use of salt. 
Implementation & Benefit Opportunity: The manual describes each BMP on a single page, front and back. Researchers organized it this way so that information about each BMP could be separated from the manual and shared with relevant personnel or placed in a break room so staff could review and consider the information in easily digestible chunks. 
Use of Equipment Lighting During Snowplow Operations (September 2015) 
Results: A summary of best practices by state DOTs regarding their use of headlights, work lights, and warning light technology in snowplow operations. 
Implementation & Benefit Opportunity: The synthesis makes recommendations regarding the optimum use of various lighting technologies, including mounting techniques and location guidelines. 
Cost Benefit Analysis of Various Winter Maintenance Strategies (September 2015) 
Results: An assessment of the costs and benefits of three winter maintenance strategies to better understand the safest and most cost-effective approach based on the desired level of service.
Implementation & Benefit Opportunity: The outcome of this project includes a matrix of strategies and impacts that is concisely and clearly written for a broad audience of stakeholders, including winter maintenance professionals, DOT management, legislators and the public. This should help agencies gain consensus on the most effect approach to winter maintenance. 
Snow and Ice Control Environmental Best Management Practices Manual (July 2015) 
Results: A national Snow and Ice Control Environmental Best Management Practices Manual that provides the most up-to-date recommendations, based on a foundation of leading research and resources nationwide.
Implementation & Benefit Opportunity: This resource helps to articulate responsible snow and ice control practices for DOT staff, legislators and other interested parties, so that the priorities of safety, efficiency, cost, and environmental protection can be appropriately balanced. 

Best Practices for the Prevention of Corrosion to DOT Equipment: A User’s Manual (May 2015) 
Results: An easy-to-use guide that summarizes in layman’s terms the best practices to prevent corrosion to maintenance equipment.
Implementation & Benefit Opportunity: Guidelines for corrosion management on highway maintenance equipment for use by fleet managers, garage supervisors, and staff that will minimize the costs and impacts of corrosion. 
Winter Severity Mapping Enhancement (March 2015) 

Results: A set of state-specific maps tailored to each member state’s interest. 
Implementation & Benefit Opportunity: This project provides a state-focused version of each of the five weather severity maps (hours of blowing snow; hours of freezing rain; hours of snowfall; inches of snow and overall severity) to facilitate more detailed comparisons of weather and operations between states.
Establishing Effective Salt and Anti-icing Application Rates (February 2015) 
Results: Detailed overview of liquid and solid chemical usage, including comparative tables for chemical performance; tables for minimum temperature bands for solid and liquid applications, chemical characteristics for most common anti-icers, and state practices regarding chemical usage (weather, costs, application rates).
Implementation & Benefit Opportunity: Provides a basis for pursuing an in depth synthesis of current practice in the field of anti-icing. 
Comparison of Materials Distribution Systems (December 2014)
Results: A photographic catalog of all the different types of material distribution systems identified throughout the project.
Implementation & Benefit Opportunity: This is a great resource for DOTs that want to improve their bounce and scatter performance, improve their pre-wetting systems, or add features to their current systems. The catalogue includes agency contact information for each item pictured to facilitate follow-up connections.
Development of a Totally Automated Spreading System (May 2014)
Results: Three guides to help agencies assess the automation technology available and how best to implement the latest components into DOT fleets: Best Practices and Functions of Automated Spreading Systems, Levels of Automation, and Challenges and Currently Available Systems. 
Implementation & Benefit Opportunity: This is a resource on the state-of-the-art for a totally automated spreader system. It will help agencies improve the effectiveness of their material spreader operations by reducing the potential for human error.
Environmental Factors Causing Fatigue in Snowplow Operators (March 2014)
Results: Recommendations on some cost-effective solutions to mitigate driver fatigue and potential avenues for further research.
Implementation & Benefit Opportunity: The potential to reduce fatigue-related incidents by snowplow drivers through better training and/or some policy changes. It also offered avenues for further research to fine more and betters ways to reduce fatigue. 
Determining the Toxicity of Deicing Materials (January 2014)
Results: A final report and a concise quick-reference guide that summarizes the toxicity rankings of deicing chemicals and helps winter highway maintenance managers consider both expected levels of service and potential harm to the environment when selecting a deicer to use.
Implementation & Benefit Opportunity: The results can help agencies balance both cost and environmental impacts of winter maintenance as much as possible. 
Mapping Weather Severity Zones (September 2012) and Understanding the True Costs of Snow and Ice Control Operations (January 2014)

Results: As a first effort, the weather severity project produced a series of maps that depict winter weather severity across the U.S. in a manner similar to the plant hardiness zone maps used for agriculture. The follow-up project on the true costs of winter operations resulted in a tool that allows users to analyze and compare the labor and material costs of up to four different storms or time periods. This tool leverages the weather maps developed to facilitate comparisons among states with similar climates.

Implementation & Benefit Opportunity: If implemented, the True Cost Tool enables what-if testing on unit costs; helps practitioners communicate cost drivers in winter maintenance to policymakers and the public; allows managers to better understand and manage costs; simplifies the comparison of costs across storms, districts or regions, and states; and simplifies comparison of winter maintenance costs over time.

Cost-Benefit Analysis Toolkit (Phase I: November 2010, Phase II: June 2013)
Results: A standard Web-based tool and manual for cost-benefit analysis of specific winter maintenance practices, equipment and operations. Phase II included enhanced features and expanded functionality to address additional materials, equipment and methods.

Implementation & Benefit Opportunity: Many DOTs have put this to good use. For example, it helped Iowa DOT demonstrate that it could achieve significant savings in the purchase of automatic vehicle location and geographic positioning systems. Massachusetts DOT used the toolkit to assess alternatives for salt spreader controllers and to help support capital spending decisions. 

Snow Removal at Extreme Temperatures (March 2013)
Results: A compilation of strategies for winter maintenance during extreme cold that have been used by DOTs and other jurisdictions.
Implementation & Benefit Opportunity: This project confirmed current practices.  
Effectiveness of Deicing Materials and Procedures (December 2009) and Training Video for Field Testing of Deicing Materials (December 2011)

Results: The first project on deicer materials and procedures resulted in a practical field guide for testing the effectiveness of deicers. The follow-up project then produced a training video that explains the testing methodologies outlined in the field guide.
Implementation & Benefit Opportunity: DOTs have broadly adopted this testing method, integrated it into training and distributed the video to their districts.  
Standardized Test Procedures for Carbide Insert Snowplow Blade Wear (September 2010)

Results: The report identifies lab tests that could be used to predict field performance of carbide insert snowplow blades, provides recommendations for developing a national standard, and provides recommendations for implementing a purchasing approval framework. 
Implementation & Benefit Opportunity: If an agency adopts the recommended process for testing and acceptance of carbide inserts, poor performance of carbide-insert blades should be minimized. The carbide inserts will last longer, which will reduce replacement costs, and will also reduce the time, cost and equipment downtime associated with changing plow blades. These benefits would expand if the procedures are accepted as a national standard or are developed into model specifications that any agency could implement. Using standardized tests would improve agencies’ purchasing processes, reducing management time and validating purchase decisions.
Identifying Parameters for Effective Implementation of Liquid-only Plow Routes (September 2010)
Results: The report identifies parameters for the safe and effective use of liquid-only routes during winter storm events and provides an assessment of the viability of field testing.
Implementation & Benefit Opportunity: This project identifies the best circumstances to use the innovative technique of direct liquid applications during winter storm events. It also provides a quick-reference guide that makes it easy to implement. 
Correlating Lab Testing and Field Performance for Deicing and Anti-icing Chemicals: Phase I (August 2010)
Results: The report provides recommendations for how to proceed with lab and field testing that measures performance characteristics of deicing and anti-icing chemicals. 

Implementation & Benefit Opportunity: This project confirmed current practices.  
Development of Interface Specifications for Mobile Data Platforms on DOT Vehicles (April 2010)

Results: The report provides communication and data format specifications that support a “plug and play” approach to integrating sensors and other devices with mobile data platforms used by state DOTs. 
Implementation & Benefit Opportunity: The implementation efforts for this project have continued in the Clear Roads Plug and Play Initiative, which involves collaborating with the vendor community to develop a protocol that would support a “plug-and-play” approach to integrating electronic devices and sensors on plow trucks.  Establishment of this protocol will mutually benefit Clear Roads member states and their vendors by standardizing how critical operational data is shared on modern snow and ice vehicles, namely between compatible Automatic Vehicle Location (AVL) devices and anti-icing/deicing Joystick and Spreader Controller systems.
Development of Standardized Test Procedures for Evaluating Deicing Chemicals (March 2010)

Results: The report identifies standardized tests and procedures that help states determine the relative performance of deicers. 
Implementation & Benefit Opportunity: This project confirmed current practices.  
Developing and Evaluating Safe Winter Driving Messages (March 2010)

Results: Public service announcements and Internet banner ads targeted at high-risk demographics to change their winter driving behavior.

Implementation & Benefit Opportunity: Almost every Clear Roads member and many other states have adopted the use of these collaborative materials and saved the money, time and resources that would have been necessary to develop this campaign. 

Calibration Accuracy of Manual and Ground-Speed-Control Spreaders (February 2008)

Results: The report provides guidelines to help snowplow operators establish and maintain accurate calibration of ground speed controllers. The project also included the development of a Calibration Guide for use in the field. 

Implementation & Benefit Opportunity: Member states are reporting reduced net salt usage between 4% and 10% by implementing updated calibration strategies and techniques.  For example, if a Clear Roads member state uses 600,000 tons of salt each year at $50 per ton for an annual cost of $30,000,000, a 5% savings in material would result in a savings of $1,500,000 each year.

Research in Progress
Understanding the Chemical and Mechanical Performance of Snow and Ice Control Agents on Porous or Permeable Pavements
Expected Results: Best practice guidelines to help determine the optimum winter maintenance strategies for porous or permeable asphalt pavements.
Expected Completion Date: February 2017 
Anticipated Implementation & Benefit Opportunity: This project could be used to help construction staff understand the maintenance cost impact of porous and permeable pavements or help maintenance staff identify the most efficient ways to safely clear those pavement types during winter events. 
Snowplow Operator and Supervisor Training

Expected Results: Winter maintenance training materials for operators and supervisors that includes presentations, course guides, exams and other supporting materials. 
Expected Completion Date: September 2016
Anticipated Implementation & Benefit Opportunity: This curriculum should be an easy, low-cost way to fill any gaps in an agency’s training program. Presentations, course guides and exams will be available to all member states to modify or update as needed, saving agencies time on developing effective training materials.
Synthesis on GPS/AVL Equipment Used for Winter Maintenance

Expected Results: A “consumer reports” type of digest analyzing the different GPS/AVL systems in winter maintenance, including how well each one performs and systems requirements and constraints.  
Expected Completion Date: May 2016

Anticipated Implementation & Benefit Opportunity: The results of this project will help states better understand the options available (systems and components) for varying situations and truck configurations and identify the best solutions for their circumstances. It will also help states learn from the lessons of those agencies on the cutting edge of the technology. 
Quantifying the Impact that New Capital Projects Will Have on Roadway Snow and Ice Control (RSIC) Operations
Expected Results: An automated method of quantifying the anticipated impact that new capital projects will have on the costs for winter maintenance. 

Expected Completion Date: January 2017 
Anticipated Implementation & Benefit Opportunity: Help maintenance and construction staff to better assess the financial impacts on winter maintenance of new construction projects before they are undertaken.

Developing a Training Video and Manual for Best Practices and Techniques in Clearing Different Interchange Configurations and Other Geometric Layouts 
Expected Results: A 15- to 20-minute video that showcases the most efficient pass sequences to properly clear various interchange and intersection layouts.
Expected Completion Date: July 2016 
Anticipated Implementation & Benefit Opportunity: The resulting videos should provide an easy way for agencies to train staff on the most efficient ways to clear challenging interchanges. 
Plug and Play Phase II
Expected Results: Further the goals of the Plug and Play initiative by standardizing transmission methods and protocols for the transmission of data from vehicle to point location. 

Expected Completion Date: August 2016 
Anticipated Implementation & Benefit Opportunity: Integration of new components onboard winter maintenance vehicles will be easier and cheaper for all states if the specifications and standards are adopted by Clear Roads members. 
Snow Removal Performance Metrics – Phase I: Synthesis
Expected Results: A matrix of agency goals, performance measures and costs associated with gathering various measures. 

Expected Completion Date: July 2016 
Anticipated Implementation & Benefit Opportunity: This project will help agencies learn from each other regarding successful performance metrics for assessing the efficiency and effectiveness of winter maintenance activities.  

Snowplow Route Optimization

Expected Results: This project will provide a synthesis of best practices for route optimization and facility placement, including a straightforward comparison matrix that illustrates the pros and cons of the RSIC optimization efforts that have been undertaken by winter maintenance organizations to date. 
Expected Completion Date: January 2017 
Anticipated Implementation & Benefit Opportunity: This project will identify effective approaches to route optimization to improve an agency’s efficiency. 
Synthesis of Material Application Methodologies for Winter Operations
Expected Results: A key deliverable of this project will be a handbook that is succinct, decisive in its instructions and recommendations, and professionally created. This handbook will provide winter maintenance professionals with the ability to access the needed information with ease and will be essential in driving the successful implementation of this project’s findings. 

Expected Completion Date: November 2017 
Anticipated Implementation & Benefit Opportunity: The guide will allow winter maintenance professionals to make decisions regarding material application rates, methodologies, and material usage. The guidance will help agencies optimize their winter maintenance processes to improve safety and save money.  

North American Study on Contracting Snow and Ice Response

Expected Results: The analysis will provide states with the information needed to modify and improve their own snow and ice control contracting practices to save money and managing resources. 

Expected Completion Date: February 2017 
Anticipated Implementation and Benefit Opportunity: This project will result in a document that compiles best practices, costs, benefits, and lessons learned by state DOTs when contracting for snow and ice control and will assist any states engaged in this endeavor. 
Research to Award
Developing Test Bed Software to Qualify Plug and Play Technology
Anticipated Implementation & Benefit Opportunity: This Test Bed will allow Clear Roads to easily and consistently identify vendors that are in compliance with the Plug and Play protocol developed via the Plug and Play Initiative. This should make it easy for states to select vendors that can support the “plug and play” approach to adding spreader controllers, sensors and other components. 

Identification and Recommendations for Correction of Equipment Factors Causing Fatigue in Snowplow Operators
Anticipated Implementation & Benefit Opportunity: This project intends to produce actionable and implementable improvements which can be applied to snowplow trucks. This will include recommendations that can provide quick turnaround and low cost solutions, which will be implemented by state DOTs and possibly shared with the trucking industry. 
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