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Literature Search: March 21, 2022   Prepared by: Jim Byerly 
 
Resources searched: ASCE Library, MnDOT Library Catalog, TRID, Web 
Summary: Results using the following terminology: winter maintenance, salt, chlorides, deicing chemicals, 
environmental impacts, environmental quality, best practices. 
 
More Relevant Results 
TRID Database (Includes RiP): 

1) Smart Chloride Mitigation System. [Project].  Maine Department of Transportation. Start date: 31 Mar. 
2022. 
https://trid.trb.org/view/1895369 
Description: Chloride has been identified as a stressor impairing stream water quality in Maine. Salt 
application due to winter maintenance of the impervious surfaces is the leading chloride source in the 
stream watersheds. Chloride is a challenging stormwater contaminant since: (1) Chloride cannot be 
removed from the stormwater by the existing treatment measures due its high solubility, (2) Unlike most 
stormwater contaminants, stormwater infiltration into soil is not a removal mechanism for chloride. 
Chloride stored in the soil column and shallow groundwater persistently contaminate the streams via 
baseflow: high chloride concentrations are commonly observed in the streams during summer months, (3) 
Chloride source control is proven to be difficult since public safety, level of service concerns often outweigh 
the benefits of reduced winter salt application. Considering the limitations of the current winter 
maintenance practices, new best management practices (BMPs) are desperately needed to alleviate the 
chloride pollution in the streams. Furthermore, MaineDOT is required to implement BMPs in seven chloride-
impaired stream watersheds under the new Transportation Municipal Separate Storm Sewer System (MS4) 
General Permit issued by the Department of Environmental Protection (DEP). A Smart Chloride Mitigation 
System has potential to provide a more controlled BMP. The proposed desktop research will answer the 
following questions using specialized software in the order given below: (a) What will be the SCMS design 
criteria? “Continuous” stormwater models including snowmelt process (e.g. SWMM) will be used to develop 
the SCMS design criteria (e.g. detention volume criterion) and simulate SCMS performance as a function of 
logic control, salt application rate, and weather. (b) Where can SCMS be implemented? Potential locations 
in seven chloride-impaired urban stream watersheds will be evaluated using GIS for the pilot SCMS 
implementation. Major evaluation criteria are the paved area that can be treated by SCMS, the area 
available for SCMS, the grade availability for positive drainage. 
 

2) Clear Roads Winter Highway Operations Pooled Fund. [Project].  Alaska Department of Transportation and 
Public Facilities, Arizona Department of Transportation, Colorado Department of Transportation, California 
Department of Transportation, Connecticut Department of Transportation, Idaho Department of 
Transportation, Illinois Department of Transportation, Indiana Department of Transportation, Iowa 
Department of Transportation, Kansas Department of Transportation, Maine Department of Transportation, 
Michigan Department of Transportation, Minnesota Department of Transportation, Missouri Department of 
Transportation, Montana Department of Transportation, Nebraska Department of Transportation, New 
Hampshire Department of Transportation, North Dakota Department of Transportation, Ohio Department 
of Transportation, Oregon Department of Transportation, Pennsylvania Department of Transportation, 
South Dakota Department of Transportation, Utah Department of Transportation, Vermont Agency of 
Transportation, Virginia Department of Transportation, Washington State Department of Transportation, 
Wisconsin Department of Transportation, Wyoming Department of Transportation, Delaware Department 
of Transportation, West Virginia Department of Transportation, New York State Department of 
Transportation, Massachusetts Department of Transportation. Start date: 14 Oct. 2021. 
https://trid.trb.org/view/1366544 
Description: The objectives of this ongoing pooled fund project will include: (1) Conduct structured field 
testing and evaluation across a range of winter conditions and different highway maintenance 
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organizational structures to assess the practical effectiveness, ease of use, optimum application rates, 
barriers to use, durability, safety, environmental impact and cost-effectiveness of innovative materials, 
equipment and methods for improved winter highway maintenance. (2) Establish industry standards and 
develop performance measures for evaluating and utilizing new materials and technologies. (3) Support 
technology transfer by developing practical field guides and training curriculum to promote the results of 
research projects. (4) Conduct cost-benefit analysis to ensure that new technologies, materials or methods 
contribute to operational efficiency. (5) Support the exchange of information and ideas via peer exchanges 
and collaborative research efforts that provide opportunities for winter maintenance specialists to share 
experiences related to winter maintenance. (6) Promote public education and outreach related to winter 
maintenance and winter driving safety. (7) Conduct state of the practice surveys to share best practices on 
current operational issues (for example salt shortages, level of service requirements or other hot button 
issues). 
 

3) Virtual Public Involvement: A Manual for Effective, Equitable, and Efficient Practices for Transportation 
Agencies. [Project].  National Cooperative Highway Research Program, American Association of State 
Highway and Transportation Officials (AASHTO), Federal Highway Administration. Start date: 21 Sep. 
2021. 
https://trid.trb.org/view/1707207 
Description: Public involvement processes for transportation planning and project development require 
active participation to ensure that many points of view are taken into consideration. Although 
transportation agencies strive to ensure that a wide cross-section of people is included, people who want to 
participate may be unable to do so because of schedule conflicts or logistical challenges, such as physical 
disability, childcare needs, or transportation inaccessibility. Using today’s communication technologies for 
virtual public involvement can overcome challenges of travel and time as well as enable outreach activities 
during an emergency, such as a natural disaster or pandemic. At the same time, these technologies may not 
provide equitable access for all. This is a concern for communities with limited access to high-speed 
internet, households in which individuals must share a computer, and individuals who do not have 
smartphones. The Federal Highway Administration defines virtual public involvement as “the use of digital 
technology to engage individuals or to visualize projects and plans” 
(https://www.fhwa.dot.gov/innovation/everydaycounts/edc_5/docs/vpi-slides.pdf). The  Council on 
Environmental Quality recently updated regulatory guidance on the use of virtual tools and techniques in 
the transportation decision-making process. State departments of transportation (DOTs), metropolitan 
planning organizations (MPOs), rural planning organizations (RPOs), and other transportation agencies have 
adopted a range of virtual tools and techniques as part of their public involvement programs. As 
documented in NCHRP Synthesis 538: Practices for Online Public Involvement, among state DOTs the most 
commonly used virtual tools are websites, social media campaigns, electronic surveys, informational videos, 
and digital newsletters. These tools are largely used for one-way communication with the public, allowing a 
state DOT to provide information about plans, programs, and projects. Far less commonly used are tools 
and techniques that support two-way interaction, which is a hallmark of meaningful engagement where 
public participants have voice and power. While virtual tools and techniques have been available for more 
than a decade, several issues have slowed their full adoption by transportation agencies. One question is 
whether and under what conditions virtual outreach fulfills federal and state requirements for public 
involvement. Staff capacity and knowledge is also a consideration: those selecting virtual tools need to 
understand how the tools work, technology requirements and costs, how a virtual tool complements other 
public involvement activities, and preferences and needs of participants. Public involvement staff need to be 
skilled and confident with the functionality of selected tools and in techniques for moderating and 
facilitating virtual exchanges. A further challenge is that digital tools and technology constantly change and 
proliferate. Selecting a tool or technique requires looking beyond platform-specific characteristics and 
instead considering the principles and essential considerations of successful virtual public involvement. 
Agency leadership also need to understand how to integrate virtual public involvement into the decision-
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making processes of the transportation agency to optimize the quantity and quality of engagement (e.g., 
matching tools and techniques with phases of the decision-making process). In 2020, the COVID-19 
pandemic prompted stay-at-home orders and physical distancing guidelines that are limiting transportation 
agencies’ ability to conduct public hearings and meetings for transportation plans, projects, and programs. 
As a result, many transportation agencies made a rapid shift to adopt or increase the use of virtual public 
involvement. This recent experience offers an opportunity to identify successful practices in virtual public 
involvement from many agencies and a wide range of decision-making contexts. In particular, the events of 
2020 can reveal important lessons on fair and full access to the transportation decision-making process and 
how equitable participation can lead to the equitable distribution of benefits and burdens. Although there 
has been research on guidelines for engaging the public in traditional, in-person public involvement 
activities, these guidelines are not fully and directly applicable to virtual public involvement tools and 
techniques. Understanding that online communication and exchange does not replace traditional, in-person 
activities, state DOTs and other transportation agencies need guidelines and best practices to efficiently and 
effectively integrate these two approaches in their public involvement plans (PIPs) and programs.  The 
objectives of this research are (1) to evaluate the recent experience of transportation agencies in using 
virtual public involvement with a particular focus on equity; and (2) to develop a manual for selecting, 
creating, and using virtual public involvement tools and techniques for each phase of transportation 
decision-making process. The manual will be relevant for communication directors; decision- and policy-
makers; and public involvement, planning, environmental, and project development staff at state DOTs and 
other transportation agencies.  The manual will describe how to efficiently and effectively use virtual public 
involvement to expand the reach and impact of public involvement activities through meaningful, on-line 
engagement. 

 
4) Sparacino, Holden; Stepenuck, Kristine F; Gould, Rachelle K; Hurley, Stephanie E. Review of Reduced Salt, 

Snow, and Ice Management Practices for Commercial Businesses. Transportation Research Record: 
Journal of the Transportation Research Board, 2021 
https://trid.trb.org/view/1887449 
Abstract: Chlorides (frequently sodium chloride) are used to improve safety and access to roads and other 
surfaces in winter. However, chlorides also pose risks to aquatic life and raise human health concerns as 
they move to surface waterbodies and infiltrate groundwater. In response, many government bodies have 
adopted winter maintenance best management practices (BMPs) that reduce the amount of chlorides used 
while providing service and safety. Commercial businesses maintaining parking lots, driveways, and other 
surfaces have been shown to contribute as much as 50% of the chloride loads to local waterbodies in some 
areas, but less is known about the potential benefits of private contractors to implement similar BMPs. In 
addition, many existing resources on the topic are designed for municipal audiences, creating a knowledge 
gap about the feasibility of private companies to adopt these practices. The authors identified 14 BMPs 
common to municipal plans with the potential to be adopted by private contractors through a literature 
review. These practices aim to increase the efficiency of salt applications, and/or decrease environmental 
impacts while delivering a similar level of service and cost over time. The authors considered potential 
barriers and benefits to private contractors adopting and using these BMPs. Benefits included reduced 
liability (e.g., risk of lawsuits), costs, environmental impacts, and improved service. Barriers included 
additional staff time and training, increased materials, equipment, and maintenance costs. Additional 
research is needed to ground-truth these predicted motivations and barriers; a greater understanding of 
private contractor behaviors can enhance educational efforts that promote reduced salt practices. 
 

5) Minnesota Snow and Ice Field Handbook for Snowplow Operators Update. [Project].  Local Road Research 
Board. Start date: 27 Jul. 2020. 
https://trid.trb.org/view/1724640 
Description: The purpose of this project is to edit and update the content in the Minnesota Snow and Ice 
Field Handbook for Snowplow Operators and print for distribution to local agencies. The field handbook 
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helps promote the understanding of tools, best practices and limitations for snow and ice control 
maintenance operations in the areas of pavement and weather conditions, determining the best 
maintenance practice and examples of recommended application of chemicals used. 
 

6) Mericas, Dean; Astfalk, Tim; Sims, Rob; Seal, Devon; Arendt, Tim; Pace, Chuck; Cahoon, Eric; Miller, Karen. 
Deicing Planning Guidelines and Practices for Stormwater Management Systems, Second Edition. ACRP 
Research Report, Issue 14, 2020, 79p 
https://trid.trb.org/view/1700470 
Abstract: This report provides practical technical guidance for the cost-effective control of runoff from 
aircraft and airfield deicing and anti-icing operations. This second edition reflects the latest advancements in 
the state of practice, given the significant advancements in technologies, practices, and products that have 
been achieved and regulatory and industry developments that have occurred.  The report offers guidance to 
help practitioners develop a framework for their deicing runoff control program based on aircraft and 
airfield deicing requirements (e.g., safety issues, FAA regulations, SAE International deicing standards, and 
available deicing products), environmental concerns (pollutants and monitoring), and environmental 
regulations). The report then offers guidelines for selecting individual practices focused on source reduction; 
collection and containment; treatment, recycling, or disposal; storage; and other factors. Updated fact 
sheets complement the report by offering detailed descriptions of a comprehensive collection of best 
management practices, including source reduction techniques, collection/containment practices, treatment 
and recycling alternatives, and information on storage options, diversion controls, and monitoring 
technologies. 
 

7) Guide for Snow and Ice Control Operations. [Project].  National Cooperative Highway Research Program, 
Federal Highway Administration, American Association of State Highway and Transportation Officials 
(AASHTO). Start date: 1 Jul. 2019. 
https://trid.trb.org/view/1516153 
Description: The objective of this research is to develop a guide that will serve as the primary source for 
guidance on all aspects of snow and ice control operations. The guide is intended for adoption/publication 
by AASHTO and will supersede the 1999 AASHTO Guide for Snow and Ice Control, and other guidance on 
snow and ice control operations.  
Accomplishment of the project objective will require at least the following tasks. 
Phase I: (1) Review the AASHTO Guide for Snow and Ice Control, related literature and research findings, 
and other information relevant to snow and ice control operations (e.g., equipment, materials, technology, 
and strategies) to identify a scope for the proposed guide. This information may be obtained from published 
and unpublished sources and contacts with practitioners. (2) Based on the information gathered in Task 1, 
propose an updated research plan to be executed in Phase II to develop a guide that addresses all aspects of 
snow and ice control operations and serves as the primary source of guidance to the winter maintenance 
community. The plan shall include a tentative outline of the proposed guide. (3) Prepare an interim report 
that documents the research performed in Tasks 1 and 2 and includes the updated research plan for Phase 
II. Following review of the interim report by the panel, the research team will meet with the project panel. 
Work on Phase II of the project will not begin until the interim report and the Phase II research plan are 
approved by the NCHRP. The decision on proceeding with Phase II will be based on the contractor’s 
documented justification of the updated research plan. Phase II: (4) Execute the plan for developing the 
guide.  Develop a draft version of each chapter and submit, as they are completed, for NCHRP review. (5) 
Assemble all chapters in a coherent document to serve as a draft version of the proposed guide. (6) Prepare 
and submit a final deliverable that documents the entire research effort and includes (1) a research report 
documenting the work performed in the project and used to develop the guide and (2) a stand-alone 
proposed Guide for Snow and Ice Control Operations. 
 

https://trid.trb.org/view/1700470
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8) Jergens, Sean; Marti, Mike; Buehne, Nicole. Best Practices for Boulevard Turf Design Maintenance.  SRF 
Consulting Group, Incorporated; Local Road Research Board; Minnesota Department of Transportation, 
2019, 8p 
https://trid.trb.org/view/1675118 
Abstract: Boulevards are the vegetated area, often dominated by turfgrasses, located just behind the curb 
along a roadway. Often, they are the grassy buffer space adjacent to the roadway. Boulevards serve the 
essential functions of providing snow storage space for roads and sidewalks, a place for rain and runoff to 
soak into the ground, and attractive green space in our neighborhoods and cities. However, boulevards are 
often a difficult place for grass to grow because of the harsh environment with exposure to sun, foot traffic, 
and salt residue from winter maintenance. Turfgrass installation is often the last item completed during a 
road construction project. Residents and business owners may be especially concerned that boulevards are 
properly restored because they lie adjacent to private yards and lawns. City officials, residents, and the turf 
installer all desire that boulevards be restored to healthy, lush turfgrass. The following best practices are 
recommended for the successful establishment of healthy turfgrass in boulevard locations. 
 

9) Burghgraeve, Ludovic. Environmental impact of practices and storage protocols relative to deicing agents. 
Routes/Roads, Issue 380, 2019, pp 43-48 
https://trid.trb.org/view/1641399 
Abstract: Cerema (acronym for the Center for Studies and Expertise on Risks, the Environment, Mobility and 
Development) has initiated a study on the environmental impact due to practices for applying and storing 
salt used as a deicing agent across the Maintenance and Operations Units (or CEI) within France’s Northern 
Region Roads Directorate (DIR Nord). 
 

10) Lawson, William D; Jackson, W Andrew; Rainwater, Kenneth W; Senadheera, Sanjaya; Liang, Dan. 
Guidelines to Facilitate the Evaluation of Brines for Winter Roadway Maintenance Operations.  Texas 
Tech University; Texas Department of Transportation; Federal Highway Administration, 2017, 42p 
https://trid.trb.org/view/1491295 
Abstract: This document presents guidelines to facilitate the evaluation of brines for winter weather 
roadway maintenance applications in Texas. The following topics are covered: An introduction to brines and 
to this winter weather research study; Pre-approved brines including products on the PNS qualified products 
list, TxDOT pre-qualified products, pre-blended chemicals for anti-icing, other pre-blended brine products, 
and homemade salt brine; Guidance on natural, manufactured, and oilfield brines; Corrosion, corrosion 
inhibitors, environmental impacts; Operational best practices. Expressed within the broader context of snow 
and ice operations, the guidance on brines presented herein is intended to help TxDOT maintenance 
professionals address the challenges of winter roadway maintenance in order to better provide safe and 
reliable transportation solutions for Texas. 
 

11) Watkins, Eric; Trappe, Jon. Best Management Practices for Establishment of Salt-Tolerant Grasses on 
Roadsides.  University of Minnesota, St Paul; Minnesota Department of Transportation, 2017, 74p 
https://trid.trb.org/view/1480373 
Abstract: Turfed roadsides make up a significant portion of the urban and rural landscape. Roadsides are a 
unique growing environment for turfgrasses and can be a challenge to establish and maintain. The 
University of Minnesota turfgrass research program has been investigating low-input turfgrasses that are 
better adapted for roadsides and our previous research project identified a new mixture for use on 
Minnesota roadsides that was able to perform adequately under pressure from road salt. As this new 
mixture (MNST-12) was used, it became apparent that more research was needed to better understand how 
to improve establishment and performance by adjusting typical roadside maintenance practices. Therefore, 
in this project, the authors first assessed a number of roadsides to determine why they might be failing. 
Then, using information gleaned from these observations, they developed a series of experiments 
addressing three areas: (1) pre-establishment soil amendments; (2) planting date; and (3) watering during 
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https://trid.trb.org/view/1641399
https://trid.trb.org/view/1491295
https://trid.trb.org/view/1480373


NS690-Winter Maintenance versus Environmental 
Concerns: Literature Search   
 
  

6 of 12 
 
 
 

LRRB-4 

establishment. The authors provide specific recommendations to hasten establishment and improve 
management of turfed roadside locations. This research highlights best management practices towards 
limiting installation failures and reducing maintenance inputs for future installations, providing both an 
economic and environmental positive impact on the Minnesota green industry. 
 

12) Shi, Xianming. Recent Advances in Sustainable Winter Road Operations – A Book Proposal.  University of 
Alaska, Fairbanks; U.S. Department of Transportation, 2017, 32p 
https://trid.trb.org/view/1479138 
Abstract: Investing in winter transportation operations is essential and beneficial to the public and the 
economy. The U.S. economy cannot afford the cost of shutting down highways, airports, etc., during winter 
weather. In the northern U.S. and other cold-climate areas, winter maintenance operations are essential to 
ensure the safety, mobility, and productivity of transportation systems. Agencies are continually challenged 
to provide a high level of service and improve safety and mobility in a fiscally and environmentally 
responsible manner. To this end, it is desirable to use the most recent advances in the application of 
materials, practices, equipment, and other technologies. Such best practices are expected to improve the 
effectiveness and efficiency of winter operations, to optimize material usage, and to reduce associated 
annual spending, corrosion, and environmental impacts. Currently, no professional societies, scientific 
journals, or textbooks are dedicated solely to sustainable winter road operations, and key information is 
scattered across a variety of disciplines. The objective of the proposed book is to summarize the best 
practices and recent advances in sustainable winter road operations for the purposes of education and 
workforce development. This book is now in press and can be cited as follows: Shi, X., Fu, L. (2017). 
Sustainable Winter Road Operations (Eds.). ISBN: 978-1-119-18506-2. Wiley-Blackwell. 
 

13) Jackson, Andrew; Rainwater, Ken; Lawson, William; Senadheera, Sanjaya; Liang, Daan; Surles, James; 
Morse, Audra; Yan, Weile. Snow and Ice Control Materials for Texas Roads: VOLUME 2, Field Trials and 
Laboratory Study.  Texas Tech University, Lubbock; Texas Department of Transportation; Federal Highway 
Administration, 2017, 549p 
https://trid.trb.org/view/1490048 
Abstract: This report provides findings from a four-year research study of snow and ice control materials for 
winter weather roadway maintenance applications in Texas. The report is presented in two volumes. 
Volume 1 is a literature review and best practices review of snow and ice control materials both nationally 
and statewide, addressing material application and effectiveness, the availability and usability of Texas 
brines, durability impacts (corrosion) on infrastructure, environmental impacts and regulations, and a 
detailed cost analysis of Texas Department of Transportation's (TxDOT’s) current usage of snow and ice 
control materials. Volume 2 presents findings from side-by-side comparison of selected snow and ice 
control chemicals through field trials and laboratory testing. Key findings are (1) the effectiveness of 
TxDOT’s maintenance response to winter weather is a direct function of TxDOT having a clearly-articulated 
strategy for responding to winter weather, both for typical climate and extreme winter storm events for all 
regions of the state; (2) geologic brines for snow and ice control include natural brine, manufactured brine, 
and produced brine related to oilfield operations, and all three must be tested and approved to be 
considered for widespread use; (3) TxDOT’s current snow and ice control chemicals include granular road 
salt, salt brine, MeltDown 20®, and MeltDown Apex™, all of which are chlorides, and, notwithstanding 
TxDOT’s comparatively low application rates and application frequencies, may potentially cause long-term 
infrastructure durability impacts; (4) environmental regulations and literature suggest minimal added risk to 
the environment associated with TxDOT’s current usage of snow and ice control chemicals; (5) under typical 
Texas winter weather and road conditions, at manufacturer’s recommended application rates, granular road 
salt performed comparably to or better than MeltDown 20® at lower cost per lane mile and similarly, salt 
brine performed comparably to MeltDown Apex™ with the added benefit that salt brine does not create a 
slick pavement surface for anti-icing when applied at temperatures above freezing; and (6) cost savings 
associated with TxDOT’s snow and ice operations can be achieved through standardized selection of 

https://trid.trb.org/view/1479138
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materials, improved operational efficiency, better risk management practices, and use of performance-
based models for snow and ice control. 
 

14) Jackson, Andrew; Rainwater, Ken; Lawson, William; Senadheera, Sanjaya; Liang, Daan; Surles, James; 
Morse, Audra; Yan, Weile. Snow and Ice Control Materials for Texas Roads: VOLUME 1, Literature and 
Best Practices Review.  Texas Tech University, Lubbock; Texas Department of Transportation; Federal 
Highway Administration, 2017, 549p 
https://trid.trb.org/view/1490047 
Abstract: This report provides findings from a four-year research study of snow and ice control materials for 
winter weather roadway maintenance applications in Texas. The report is presented in two volumes. 
Volume 1 is a literature review and best practices review of snow and ice control materials both nationally 
and statewide, addressing material application and effectiveness, the availability and usability of Texas 
brines, durability impacts (corrosion) on infrastructure, environmental impacts and regulations, and a 
detailed cost analysis of Texas Department of Transportation's (TxDOT’s) current usage of snow and ice 
control materials. Volume 2 presents findings from side-by-side comparison of selected snow and ice 
control chemicals through field trials and laboratory testing. Key findings are (1) the effectiveness of 
TxDOT’s maintenance response to winter weather is a direct function of TxDOT having a clearly-articulated 
strategy for responding to winter weather, both for typical climate and extreme winter storm events for all 
regions of the state; (2) geologic brines for snow and ice control include natural brine, manufactured brine, 
and produced brine related to oilfield operations, and all three must be tested and approved to be 
considered for widespread use; (3) TxDOT’s current snow and ice control chemicals include granular road 
salt, salt brine, MeltDown 20®, and MeltDown Apex™, all of which are chlorides, and, notwithstanding 
TxDOT’s comparatively low application rates and application frequencies, may potentially cause long-term 
infrastructure durability impacts; (4) environmental regulations and literature suggest minimal added risk to 
the environment associated with TxDOT’s current usage of snow and ice control chemicals; (5) under typical 
Texas winter weather and road conditions, at manufacturer’s recommended application rates, granular road 
salt performed comparably to or better than MeltDown 20® at lower cost per lane mile and similarly, salt 
brine performed comparably to MeltDown Apex™ with the added benefit that salt brine does not create a 
slick pavement surface for anti-icing when applied at temperatures above freezing; and (6) cost savings 
associated with TxDOT’s snow and ice operations can be achieved through standardized selection of 
materials, improved operational efficiency, better risk management practices, and use of performance-
based models for snow and ice control. 

 
Web: 

15) ENVIRONMENTAL IMPACT OF WINTER MAINTENANCE … 
https://eusalt.com/_library/_files/Road_salt_and_Environment-Final_report.pdf 

   
16) Alternative Methods for Deicing - Clear Roads 

https://clearroads.org/wp-content/uploads/dlm_uploads/FR_CR.18-05.pdf 
  

17) Chloride Free Snow and Ice Control Material - LRRB 
https://lrrb.org/media/reports/TRS1411.pdf 

  
18) Salt Use Standards For Winter Weather Cleanup Revisited 

https://facilityexecutive.com/2017/02/86221/ 
  

19) Sustainability Analysis of the Commercial Winter Management ... 
https://dash.harvard.edu/bitstream/handle/1/33826971/SEXTON-DOCUMENT-
2017.pdf?sequence=1&isAllowed=y 

  

https://trid.trb.org/view/1490047
https://eusalt.com/_library/_files/Road_salt_and_Environment-Final_report.pdf
https://clearroads.org/wp-content/uploads/dlm_uploads/FR_CR.18-05.pdf
https://lrrb.org/media/reports/TRS1411.pdf
https://facilityexecutive.com/2017/02/86221/
https://dash.harvard.edu/bitstream/handle/1/33826971/SEXTON-DOCUMENT-2017.pdf?sequence=1&isAllowed=y
https://dash.harvard.edu/bitstream/handle/1/33826971/SEXTON-DOCUMENT-2017.pdf?sequence=1&isAllowed=y
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20) Northern Virginia Salt Management Strategy Toolkit - Friends … 
http://www.accotink.org/2021/SaMS_Toolkit_011521.pdf 

  
21) Anti-Icing in Winter Maintenance Operations - LRRB (2009) 

https://www.lrrb.org/pdf/trs0902.pdf 
  

22) Winter Maintenance Guide - Western Connecticut 
https://westcog.org/wp-content/uploads/2019/01/Winter-Maintenance-Guide_Final.pdf 

 
Less Relevant Results 
TRID Database (Includes RiP): 

23) Designing and Implementing Maintainable Pedestrian Safety Countermeasures. [Project].  Minnesota 
Department of Transportation. Start date: 4 Jun. 2021. 
https://trid.trb.org/view/1764338 
Description: In recent years, negative trends have emerged in pedestrian safety. According to the National 
Highway Traffic Safety Administration (NHTSA), there were 6,283 pedestrian fatalities in 2018 (NHTSA 
2020). This represented 17 percent of all traffic fatalities, and an increase of 208 fatalities from 2017 (NHTSA 
2020). Winter pedestrian fatalities have also been trending upward in the Midwest, with an average of 
255.3 pedestrians killed in the winter months of each year in the 10-state region, including an average of 
14.9 is Minnesota. Transportation agencies have sought to address these issues by implementing various 
pedestrian safety countermeasures at crosswalks and other conflict points. While effective at improving 
safety for pedestrians, treatments can present a challenge to winter maintenance operations based on their 
designs and characteristics. The use of pedestrian safety countermeasures can introduce challenges to snow 
removal and winter maintenance operations, but misconceptions also exist. For example, one 
misconception is that people in the suburbs do not walk, and so keeping locations like median refuges clear 
of snow and ice is a lower priority for agencies. Unfortunately, research has not helped in addressing these 
issues. Instead, it has largely focused on the mechanics of snow and ice removal: the equipment to use, 
material application rates, etc., and not the impacts of designs on maintainability and pedestrian safety. 
There remains a research need to investigate the best practice guidance and solutions for the design, 
installation, and maintenance of pedestrian safety features for year-round maintenance. With this in mind, 
the specific objectives of the proposed research include: 
• Identify current best practices for designing and implementing pedestrian safety countermeasures for 
year-round maintainability;  
• Document the design characteristics that make pedestrian safety countermeasures easier to maintain 
during the winter while using existing MnDOT and local agency equipment;  
• Review MnDOT and select local agency winter maintenance plans, polices, maintenance agreements, and 
procedures regarding the safety and accessibility of pedestrians and recommend options for agencies to 
deal with winter maintenance of pedestrian infrastructure. 
 

24) RES2019-25: Improving Winter Maintenance for Open Graded Friction Course (OGFC) Pavements in 
Tennessee. [Project].  Tennessee Department of Transportation. Start date: 1 May. 2019. 
https://trid.trb.org/view/1851965 
Description: This study is conducted by the University of Tennessee at Chattanooga (UTC) on behalf of the  
Tennessee Department of Transportation (TDOT) with the objective of improving winter maintenance of 
open graded friction course (OGFC) pavements in Tennessee. 
 

25) Du, Sen; Akin, Michelle; Bergner, Dave; Xu, Gang; Shi, Xianming. Synthesis of Material Application 
Methodologies for Winter Operations.  Washington State University, Pullman; Minnesota Department of 
Transportation, 2019, 108p 
https://trid.trb.org/view/1646530 

http://www.accotink.org/2021/SaMS_Toolkit_011521.pdf
https://www.lrrb.org/pdf/trs0902.pdf
https://westcog.org/wp-content/uploads/2019/01/Winter-Maintenance-Guide_Final.pdf
https://trid.trb.org/view/1764338
https://trid.trb.org/view/1851965
https://trid.trb.org/view/1646530
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Abstract: Winter roadway operations, commonly known as snow/ice control operations, are one of the 
most critical functions of state, provincial and local transportation agencies in cold regions.  These 
operations aim to provide safety and mobility by timely and effective application of materials and plowing.  
The most common materials used are salt (sodium chloride, solid and brine), magnesium chloride-based, 
and calcium chloride-based deicers, agro-based additives and blends, and abrasives, with the specific choice 
and application method and rate dependent on temperature, precipitation type, level of service goals, 
budget, and environmental sustainability. Best practices of material application are designed to apply the 
right type and amount of materials in the right place at the right time.A companion document to this report, 
the “Material Application Methodologies Guidebook,” synthesizes the use of materials, including application 
strategies, application rates, and application equipment.  This report documents the literature review and 
agency interviews that were conducted to assemble the information for the Guidebook. 

 
26) Material Application Methodologies Guidebook.  Washington State University; Clear Roads, 2019, 59p 

https://trid.trb.org/view/1646529 
Abstract: Winter road maintenance materials and application methods have significantly improved in the 
last 10–20 years due to advances in the science and technology related to materials, equipment, and 
weather forecasting. This guidebook will aid superintendents and supervisors in determining the most 
sustainable and effective material types, application timing, methods and rates for the particular snow and 
ice conditions they encounter. Additionally, operators can refer to the singlepage handouts that are 
provided for guidance. This guidebook is based on best practices from interviews with state and local 
agencies. 
 

27) Hanke, Horst; Nutz, Peter; Maier-Farkas, Heimo; Neuhold, Josef; Rizzardo, Frank; Jezek, Pavel; Stulirova, 
Jana; Sustr, Pavel; Petersons, Andris; Lysbakken, Kai Rune; Oystein, Larsen; Rodriguez, Luis Azcue; 
Herranz, Jorge Enrique Lucas; Alverez, Jose Carlos Valdecantos; Eriksson, Dan. International Development 
of Application Methods of De-Icing Chemicals - State of the Art and Best Practice.  World Road Association 
(PIARC). Technical Committee on Rural Roads and Earthworks (D.4), 2019, 40p 
https://trid.trb.org/view/1632661 
Abstract: Fighting snow and ice on roads with de-icing chemicals is a major task in winter maintenance. On 
the main road network usually sodium chloride is used all over the world. Various studies and practical 
experiences have proven the high efficiency of sodium chloride treatments on traffic safety and national 
economy.  The application methods have been enhanced worldwide in the recent few years. Pre wetted 
salting and applications of only brine are more and more established on roads and also on bicycle lanes.  
The World Road Association (PIARC) technical committee Winter Service conducted a survey of winter 
maintenance in the countries represented in PIARC. Scopes were winter maintenance standards, type of de-
icing chemicals and application methods. Besides current development also research projects and guidelines 
have been compiled.  The paper sums up the most important findings and analyses, the different winter 
maintenance standards and techniques. The paper discusses also open questions such as the limit of brine 
at low temperatures and gives an outlook on future developments. 

 
28) Qi, Yan; Bergner, Dave; Cui, Na; Mane, Theo. Manual of Best Practices and Techniques for Clearing 

Intersection Layouts.  Minnesota Department of Transportation, 2018, 50p 
https://trid.trb.org/view/1570684 
Abstract: The purpose of this manual is to present best practices and techniques for snow plowing various 
intersection layouts in a format that is easy to use and access. While it is understood that different agencies 
have different vehicles and equipment and their experience of clearing a certain type of layout varies, this 
compilation represents the best practices as determined from a nationwide survey with responses and 
inputs from a wide group of state agencies, municipal public works, federal agency, tribal and territorial 
agencies, and metropolitan airport agency. Accompanying with the manual, a training video with animations 
and a set of reference cards were also developed. Using the snapshots of training video animations, the 

https://trid.trb.org/view/1646529
https://trid.trb.org/view/1632661
https://trid.trb.org/view/1570684
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manual will show the key vehicle maneuver and plowing pattern of the best practice for clearing various 
layouts. 
 
 

29) Qi, Yan; Bergner, Dave; Cui, Na; Mane, Theo. Developing a Training Video and Manual for Best Practices 
and Techniques in Clearing Different Interchange Configurations and Other Geometric Layouts.  
Minnesota Department of Transportation; Southern Illinois University, Edwardsville; Western 
Transportation Institute; MLT Group; Monte Vista Associates, LLC, 2018, v.p. 
https://trid.trb.org/view/1574661 
Abstract: Innovative interchanges and intersections handle higher traffic volumes more efficiently and 
safely than older designs but present challenges for clearing snow and ice. The goal of this project was to 
determine best practices for clearing various interchange and intersection configurations. The products 
developed available at the provided URL include: (1) Best Practices & Techniques for Clearing Intersection 
Layouts training video (1:06:20); (2) Video of the final webinar that took place October 18, 2018 (1:08:45) 
presented by Yan Qi; (3) Manual of Best Practices and Techniques for Clearing Intersection Layouts (50p.) 
prepared by Yan Qi, Dave Berner, Na Cui, and Theo Mane; and (4) Intersection and Interchange Clearing and 
Instructions reference cards (27p.). 
 

30) CEDR-PIARC Winter Maintenance Workshop: Users' Needs at the Heart of Winter Service.  Conference of 
European Directors of Roads, 2018, 51p 
https://trid.trb.org/view/1539629 
Abstract: Conference of European Directors of Roads (CEDR) working group 3.4 Winter service was tasked 
with preparing a programme for the workshop on the topics of winter maintenance and service. The 
workshop was to be organized at the occasion and in parallel with World Road Association (WRA-PIARC) 
15th International winter road congress in Gdansk, Poland in February 2018. The official title of the 
workshop was drafted as Users’ needs at the heart of winter service and its intention was: (1) to exchange 
best practice in addressing users‘ needs in winter conditions, (2) provide examples and solutions for road 
infrastructure owners and managers in their interaction with different categories of road users, (3) ensure 
added value by collaboration with WRA-PIARC experts, and (4) encourage other CEDR working groups and 
PIARC technical committees and task forces to enhance the cooperation between the two associations. 
After the consultation within the working group and coordinated with PIARC Technical committee B.2 
Winter service, it was decided that the topics of the workshop should be dealing with: (1) interaction with 
road managers (NRAs and other), (2) operational issues of different types of road users, and (3) standards in 
winter service. The workshop was operationally carried out on the 22nd February 2018 at the Amber Expo 
conference centre in Gdansk as planned. Speakers came from Germany, Italy, Hungary, Poland, Slovenia and 
Spain. This document includes their presentations. The presentations were: (1) New developments 
concerning winter maintenance on bicycle lanes; (2) Winter road maintenance 4.0: how the technology 
improves safety and efficiency of drivers; (3) Road users’ expectations and opinions: a survey concerning 
winter road service in Hungary; (4) Winter maintenance of national roads in Poland - methods and forms of 
effective communication; (5) Winter maintenance on roads and railways in Slovenia; and (6) Determining 
the standards in winter service. 
 

31) Lee, Ming-Shiun; Nelson, Dan. Utilization of AVL/GPS Technology: Case Studies.  AECOM; Minnesota 
Department of Transportation, 2018, 133p 
https://trid.trb.org/view/1570687 
Abstract: Winter road maintenance accounts for roughly 20 percent of state department of transportation 
(DOT) maintenance budgets. State and local agencies spend over $2.3 billion on winter operations annually. 
As such, effective winter maintenance operations incorporating smart uses of methods, techniques, 
technologies, equipment and materials becomes essential. Among various winter maintenance 
technologies, automated vehicle location (AVL) and global positioning system (GPS) have been widely used 

https://trid.trb.org/view/1574661
https://trid.trb.org/view/1539629
https://trid.trb.org/view/1570687
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by transportation agencies to monitor vehicle locations and equipment operational status for winter road 
maintenance operations. This report summarizes the information gathered during the study conducted for 
the Clear Roads project entitled "Utilization of AVL/GPS Technology: Case Studies." The research team 
surveyed multiple state DOTs on the current state of AVL/GPS system usage for the purpose of gathering 
information on the planning, processes, steps, and results observed by agencies with their respective 
systems. Six state DOTs (Utah, Washington State, Michigan, Wisconsin, Nebraska, and Colorado) were 
selected to conduct detailed case studies. The case studies were performed through in-person interviews 
with multiple levels of DOT staff involved in AVL/GPS system planning, procurement, implementation, 
management and operations. This final report summarizes the key results, findings and lessons learned from 
the case studies. It also identifies best practices and provides a series of recommendations for winter 
maintenance agencies to consider in the procurement, deployment and integration of an AVL/GPS system 
for winter maintenance operations. 

 
MS4 (Municipal Separate Storm Sewer System) Addendum 
TRID Database: 

32) Smart Chloride Mitigation System. [Project].  Maine Department of Transportation. Start date: 31 Mar. 
2022. 
https://trid.trb.org/view/1895369 
Description: Chloride has been identified as a stressor impairing stream water quality in Maine. Salt 
application due to winter maintenance of the impervious surfaces is the leading chloride source in the 
stream watersheds. Chloride is a challenging stormwater contaminant since: (1) Chloride cannot be 
removed from the stormwater by the existing treatment measures due its high solubility, (2) Unlike most 
stormwater contaminants, stormwater infiltration into soil is not a removal mechanism for chloride. 
Chloride stored in the soil column and shallow groundwater persistently contaminate the streams via 
baseflow: high chloride concentrations are commonly observed in the streams during summer months, (3) 
Chloride source control is proven to be difficult since public safety, level of service concerns often outweigh 
the benefits of reduced winter salt application. Considering the limitations of the current winter 
maintenance practices, new best management practices (BMPs) are desperately needed to alleviate the 
chloride pollution in the streams. Furthermore, MaineDOT is required to implement BMPs in seven chloride-
impaired stream watersheds under the new Transportation Municipal Separate Storm Sewer System (MS4) 
General Permit issued by the Department of Environmental Protection (DEP). A Smart Chloride Mitigation 
System has potential to provide a more controlled BMP. The proposed desktop research will answer the 
following questions using specialized software in the order given below: (a) What will be the SCMS design 
criteria? “Continuous” stormwater models including snowmelt process (e.g. SWMM) will be used to develop 
the SCMS design criteria (e.g. detention volume criterion) and simulate SCMS performance as a function of 
logic control, salt application rate, and weather. (b) Where can SCMS be implemented? Potential locations 
in seven chloride-impaired urban stream watersheds will be evaluated using GIS for the pilot SCMS 
implementation. Major evaluation criteria are the paved area that can be treated by SCMS, the area 
available for SCMS, the grade availability for positive drainage. 
 

33) He, Qiang. Modeling Pollutant Loading from TDOT MS4 Stormwater Discharges.  University of Tennessee, 
Knoxville; Tennessee Department of Transportation; Federal Highway Administration, 2018, 78p 
https://trid.trb.org/view/1845651 
Abstract: Current environmental regulations require the Tennessee Department of Transportation (TDOT) 
to develop and implement a stormwater management program (SWMP), characterize the contaminant of 
concern and reduce it to the extent practical for stormwater runoff from all portions of TDOT’s municipal 
separate storm sewer system (MS4) maintained within the State. Section 2.2 of the existing TDOT MS4 
Permit requires TDOT to determine if stormwater discharges from the TDOT MS4 potentially impact 
impaired streams in any Total Maximum Daily Load (TMDL) regulated watershed. A TMDL evaluation is a 
study that quantifies the amount of a pollutant, identifies the sources, and recommends regulatory or other 

https://trid.trb.org/view/1895369
https://trid.trb.org/view/1845651
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actions. Currently in Tennessee, over 1,200 impaired waterbodies have been evaluated in 109 separate 
TMDL evaluation documents. TDOT is required to characterize and map all of the stormwater outfalls and 
subsequently design and implement control measures. The overall cost to TDOT for TMDL regulated 
watersheds is estimated to be as much $15 million for sampling and mapping, and as much as $400 million 
for discharge control installations, representing a significant burden to TDOT. This project sought the 
development of an effective methodology to determine the relative pollutant contribution of TDOT MS4 to 
local watersheds through the modeling of pollutant loading from TDOT MS4 stormwater discharges. Results 
from this project were expected to help 1) rapidly identify critical watersheds with significant TDOT MS4 
impact and prioritize these watersheds as targets for more focused characterization and mitigation, and 2) 
eliminate the need to study a majority of TDOT storm discharges with minor contributions to the overall 
pollutant loading, which would optimize resource allocation and maximize the environmental benefits of 
stormwater best management practice (BMP) implementation. 

 
Web: 

34) Guidance for meeting chloride TMDL MS4 permit requirements 
https://stormwater.pca.state.mn.us/index.php?title=Guidance_for_meeting_chloride_TMDL_MS4_permit_
requirements 

35) MS4 fact sheet - Winter Road Materials Management 
https://stormwater.pca.state.mn.us/index.php?title=MS4_fact_sheet_-
_Winter_Road_Materials_Management 

36) MPCA Smart Salting News - Fall 2021 – GovDelivery 
https://content.govdelivery.com/accounts/MNPCA/bulletins/2f9b0d7?list=mnpca_380 

37) Impacts of stormwater infiltration on chloride in Minnesota .. 
https://www.mgwa.org/documents/whitepapers/impacts_of_stormwater_infiltration_on_chloride_in_min
nesota_groundwater.pdf 

38) Minnesota Smart Salting Update – Spring Edition 
https://knowtheflow.us/2021/04/minnesota-smart-salting-update-spring-edition-upcoming-trainings-
included/ 

39) Municipal Separate Storm Sewer System (MS4) https://www.plslwd.org/projects-and-programs/swppp/ 
40) MS4 Stormwater Permitting Guide https://www.nacwa.org/stormwaterguide 
41) MS4 Survey of Best Practices for Winter Maintenance ... 

https://owl.cwp.org/mdocs-posts/ms4-survey-of-best-practices-for-winter-maintenance-implemented-in-
maryland/ 
 

https://stormwater.pca.state.mn.us/index.php?title=Guidance_for_meeting_chloride_TMDL_MS4_permit_requirements
https://stormwater.pca.state.mn.us/index.php?title=Guidance_for_meeting_chloride_TMDL_MS4_permit_requirements
https://stormwater.pca.state.mn.us/index.php?title=MS4_fact_sheet_-_Winter_Road_Materials_Management
https://stormwater.pca.state.mn.us/index.php?title=MS4_fact_sheet_-_Winter_Road_Materials_Management
https://content.govdelivery.com/accounts/MNPCA/bulletins/2f9b0d7?list=mnpca_380
https://www.mgwa.org/documents/whitepapers/impacts_of_stormwater_infiltration_on_chloride_in_minnesota_groundwater.pdf
https://www.mgwa.org/documents/whitepapers/impacts_of_stormwater_infiltration_on_chloride_in_minnesota_groundwater.pdf
https://knowtheflow.us/2021/04/minnesota-smart-salting-update-spring-edition-upcoming-trainings-included/
https://knowtheflow.us/2021/04/minnesota-smart-salting-update-spring-edition-upcoming-trainings-included/
https://www.plslwd.org/projects-and-programs/swppp/
https://www.nacwa.org/stormwaterguide
https://owl.cwp.org/mdocs-posts/ms4-survey-of-best-practices-for-winter-maintenance-implemented-in-maryland/
https://owl.cwp.org/mdocs-posts/ms4-survey-of-best-practices-for-winter-maintenance-implemented-in-maryland/

	Summary: Results using the following terminology: winter maintenance, salt, chlorides, deicing chemicals, environmental impacts, environmental quality, best practices.

