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Transportation Department. Martha Sherman, the Academy’s Managing Editor edited the
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Executive Director

Disclaimer

The contents of this report reflect the views of the authors, who are responsible for the facts and
accuracy of the data presented herein. The contents do not necessarily reflect the official views
or policies of the Connecticut Department of Transportation or the Federal Highway
Administration. The report does not constitute a standard, specification, or regulation.

The US Government and the Connecticut Department of Transportation do not endorse
products or manufacturers.
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LIST OF ACRONYMS AND ABBREVIATIONS

°F Degrees Fahrenheit

2009/2010  Winter season crossing two calendar years

uS/cm Electrical Conductivity (micro siemens per centimeter)

10:1 10 parts mixed with 1 part

AASHTO American Association of State Highway and Transportation Officials
ACI American Concrete Institute

ACR Alkali Carbonate Reaction

AOT Agency of Transportation (Vermont)

ASCE American Society of Civil Engineers

ASR Alkali Silica Reaction

ASTM American Society of Testing and Materials

ATATMC  American Trucking Association Truck Maintenance Council
AVL Automatic Vehicle Location

BOD Biochemical (or Biological) Oxygen Demand

Ca(l, Calcium Chloride

CASE Connecticut Academy of Science and Engineering

CASHO Connecticut Association of Street and Highway Officials
CGA Connecticut General Assembly

COD Chemical Oxygen Demand

CRCOG Capital Region Council of Governments

CMA Calcium Magnesium Acetate

C-S-H Calcium Silicate Hydrate

CTCDR Connecticut Crash Data Repository

CTDOT Connecticut Department of Transportation

CTI Connecticut Transportation Institute, UConn

CY Calendar Year

DAS Connecticut Department of Administrative Services

DEEP Connecticut Department of Energy and Environmental Protection
DOD US Department of Defense

DOT US Department of Transportation (also referred to as USDOT)
DPH Connecticut Department of Public Health

EMS Emergency Medical Services

EPA US Environmental Protection Agency

FAA Federal Aviation Administration

FHWA Federal Highway Administration

F/T Freeze-thaw Cycling

GIS Geographic Information System

GPS Geographic Positioning System

HMWM High Molecular Weight Methacrylate

IPRF Innovative Pavements Research Foundation

KABCO Injury classifications system for crash victims (see Glossary of Terms)
KAc Potassium Acetate

Lbs. Pounds
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LD,, A lethal dose at which 50% mortality occurs

L Liters

(LMC/OBPE) Liquid Magnesium Chloride/Organic-based Performance
Enhancers

MaineDOT  Maine Department of Transportation

MAIS Maximum Abbreviated Injury Scale (see Glossary of Terms)

MassDOT Massachusetts Department of Transportation

MCL Maximum Contaminant Level

MgCl, Magnesium Chloride

MSDS Material Safety Data Sheet

M-S-H Magnesium Silicate Hydrate

NaCl Sodium Chloride

NACE National Association of Corrosion Engineers

NCHRP National Cooperative Highway Research Program

NHDOT New Hampshire Department of Transportation

NHTSA National Highway Traffic Safety Administration

NJDOT New Jersey Department of Transportation

NYSDOT New York State Department of Transportation

OE Original Equipment

PCA Portland Cement Association

PCC Portland Cement Concrete

PNS Pacific Northwest Snowfighters Association

ppm Parts per Million

QALYs Quality-Adjusted Life-Years

Ref. Reference

RCI Road Condition Index

RIDOT Rhode Island Department of Transportation

RWIS Road Weather Information System

SAE Society of Automotive Engineers

sq-mi Square miles

STD Standard (Volvo)

TMDLs Total Maximum Daily Loads

TRB Transportation Research Board

USDOT US Department of Transportation (also referred to as DOT)

USGS United States Geological Survey

uv Ultra-violet light

VAOT Vermont Agency of Transportation (also referred to as AOT
and VTrans)

VMT Vehicle Miles Travelled

W/D Wet-dry Cycling

WSI Winter Severity Index

WTI Western Transportation Institute, Montana State University
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EXECUTIVE SUMMARY

At the request of the Connecticut Department of Transportation (CTDOT), the Connecticut
Academy of Science and Engineering conducted this study on Winter Highway Maintenance
Operations. The study addresses the issues identified in Section 6 of Public Act 14-199 that
directed the Commissioner of Transportation to conduct an analysis of the corrosive effects of
chemical road treatments on 1) state snow and ice equipment vehicles, 2) state bridges, highways and
other infrastructure, and 3) the environment; The analysis shall determine the cost of corrosion created by
road treatments, and shall include an evaluation of alternative techniques and products, such as, but not
limited to, rust inhibitors, with a comparison of cost and effectiveness.

BRIEF STATEMENT OF PRIMARY CONCLUSION

Ensuring the safety and mobility of the traveling public requires the most effective winter
highway maintenance practices possible. This is a shared responsibility —to achieve
comprehensive and sustainable success, competing factors must be considered, including
safety; cost; corrosion; operating practices; materials and equipment; environmental and
economic impacts; and communication with the general public, stakeholders, and government
leaders. Balancing these factors presents a challenge that can be met through ongoing
monitoring and continuous improvement based on evolving best practices.

CTDOT winter highway maintenance operations are consistent with the practices of other states
with similar weather conditions. Additionally, the department engages in an ongoing process of
monitoring current practices, identifying areas for improvement, and instituting improvements
based on best practices to increase mobility, safety and overall roadway conditions while
reducing the amount of deicing chemicals used. CTDOT has been proactive by testing new
technologies and implementing those shown to be effective. Additionally, municipalities can
benefit from CTDOT’s experience with implementation of state-of-the-art technologies shown
to be effective — providing opportunities for achieving higher levels of service to the traveling
public.

It is noted that while use of chloride-based deicing chemicals for winter highway maintenance
has raised concerns regarding impacts on vehicles, infrastructure and the environment,
alternative products also have environmental, corrosion and expense impacts. Although
corrosion inhibitors are available for use with deicers, evidence of their effectiveness in the
field based on literature reviewed was not found. Research is needed to confirm their
effectiveness before considering use.

Further, CTDOT's participation in national initiatives, and ongoing communication with
neighboring states, Connecticut municipalities, and other stakeholders, should be continued
and strengthened to help balance the competing factors by using the most effective practices.
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OVERVIEW

The study report includes the following chapters:

xii

Chapter 1: Background and Introduction - presents the purpose for the study and an
outline of the report.

Chapter 2: Overview of Snow and Ice Control Operations on Connecticut Roadways:
CTDOT and Municipalities — includes a summary of a CTDOT report (Appendix

C) providing information on the mission and operations of the department’s winter
highway maintenance program, practices, types and quantity of materials used,
operational coordination, training and outreach, advances in technology, and operational
improvements. Additionally, an analysis of responses from a survey of municipalities
(Appendix D) on their winter highway maintenance practices is provided.

Chapter 3: Deicing Chemicals Currently in Use in North America — provides a
summary of deicing chemicals primarily used in North America, including their
advantages and disadvantages, and approximate costs.

Chapter 4: Winter Highway Maintenance Practices in Surrounding States — provides

a five-year summary of winter highway practices that are used in neighboring New
England states, New York and New Jersey, including a comparison of these practices to
those used in Connecticut.

Chapter 5: Environmental Impacts and Mitigation of Deicing Chemical Applications for
Winter Highway Maintenance — discusses environmental impacts of deicing chemicals
on soils, surface waters, groundwater and biology, as well as techniques to mitigate the
impact of these materials.

Chapter 6: Effects of Deicer Corrosion on Infrastructure and Vehicles — provides a
technical overview and assessment of corrosion due to use of chemical deicers. The
costs of corrosion, prevention options, and the condition of Connecticut’s infrastructure
and winter highway maintenance equipment are included. State of the art techniques
for reducing and preventing vehicle and infrastructure corrosion are also addressed.
Further, corrosion inhibitors and their advantages and disadvantages are also
discussed.

Chapter 7: Best Practices and New Technologies — presents new technologies and best
practices as found in the literature and/or practiced in Connecticut and other winter-
weather states.

Chapter 8: Winter Highway Safety Analysis and Overview of Economic and Societal
Impacts —includes information regarding highway safety, statistics and analysis of
crash rates in Connecticut during winter weather conditions, economic impacts of
winter weather events, and societal impacts of mobility during and after events.

Chapter 9: Summary of Findings -- provides a summary of findings for winter weather
practices.

Chapter 10: Conclusions and Recommendations -- provides conclusions and
recommendations for consideration to help guide effective and efficient winter highway
operations.

CONNECTICUT ACADEMY OF SCIENCE AND ENGINEERING



WINTER HIGHWAY MAINTENANCE OPERATIONS: CONNECTICUT
EXECUTIVE SUMMARY

RECOMMENDATIONS

CTDOT should continue to participate in groups such as Clear Roads, the American Association
of State Highway and Transportation Officials (AASHTO), National Cooperative Highway
Research Program (NCHRP) and Transportation Research Board (TRB) to remain current on
best practices for snow and ice control. Participation in these groups will enable CTDOT to

be aware of emerging best management practices and to adopt those that provide improved
strategies that lead toward optimizing the department’s winter highway maintenance
operations (i.e., maximize impact of chemicals and minimize excess use of chlorides). CTDOT
should also work to ensure that successful technology and operation improvements are shared
with municipalities for their consideration and implementation. CTDOT should seek assistance
from organizations such as the Connecticut Technology Transfer Center at UConn and the
Connecticut Association of Street and Highway Officials, Inc. (CASHO), among others, for
sharing winter highway operations practices and advancements with municipal transportation
agencies.

The following recommendations are provided for consideration by CTDOT and Connecticut’s
municipalities. Some of the suggested recommendations have already been implemented by
CTDOT and some municipalities.

Deicing Chemicals and Application Techniques

DEICING CHEMICALS

Currently, chloride-based snow and ice control chemicals are the most effective and economical
treatments readily available, and will be the most commonly used deicing chemicals for the
foreseeable future.

a. CTDOT should continue to use sodium chloride as the primary deicer; it remains the
most economical inorganic chemical and is an effective deicer under most conditions
above 20°F. While typically temperatures in Connecticut under most winter weather
conditions are above 20°F, for lower temperatures, materials application rates may be
varied due to conditions.

b. CTDOT should continue to mix brine (sodium chloride in solution with water) in-house,
rather than purchase mixed materials containing unspecified additives.

c. While organic chemicals (i.e., potassium acetate, sodium formate and propylene glycol,
among others) can potentially be used in very specialized circumstances or unique
situations for snow and ice control, availability, cost and unintended environmental
consequences from the breakdown of organics may be problematic.

PRE-WETTING

Pre-wetting is an effective practice that is used to moisten salt or sand (where still in use) prior
to application. It reduces the tendency of these materials to bounce off the road and activates
faster melting. CTDOT should continue, when feasible, to use sodium chloride solution for
pre-wetting at the beginning and end of seasons and magnesium chloride solution during the

CONNECTICUT ACADEMY OF SCIENCE AND ENGINEERING xiii
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coldest months, to assist in lowering the temperature at which the solid sodium chloride is
effective.

a. The chloride-based chemical selected for the pre-wetting solution ideally should be
determined based on forecasted temperatures during periods within the winter season.
For example, sodium chloride solution can be used for pre-wetting during the warmer
months at the beginning and end of the winter season, with magnesium chloride
solution used generally mid-December through the end of February.

b. If uninhibited liquid calcium chloride solution is available and cost-effective, it should
be considered for the pre-wetting solution in lieu of liquid magnesium chloride solution;
while all chlorides are corrosive to metals, calcium ions are less damaging to Portland
Cement Concrete (PCC) than magnesium ions.

PRE-TREATING

CTDOT should continue the use of sodium chloride solution for pre-treatment of bridges and
known problem areas. Pretreating bridge decks, hills and shaded, north-facing roadways is an
effective strategy for enhancing safety and reducing callout of maintenance personnel after
hours, resulting in a reduction of overtime costs.

a. CTDOT’s strategy of using sodium chloride solution as pre-treatment appears to be
successful. Switching to a calcium chloride or magnesium chloride-based pre-treatment
does not appear to be warranted in Connecticut’s climate.

b. CTDOT should promote the use of sodium chloride solution pre-treatment in larger
municipalities for problematic areas.

c. CTDOT should promote the use of solid proprietary salt or pre-wetted salt for
pretreating in smaller municipalities.

ANTI-ICING STRATEGY

CTDOT should continue with the anti-icing strategy that was initiated during the winter of
2006/2007 to shorten the period of time that roads are snow or ice covered, to ease removal of
snow and ice, and to assist in reducing winter weather-related vehicle crashes.

CORROSION INHIBITORS

Corrosion inhibitors may assist in delaying the onset of corrosion for spreading and plowing
equipment. However, for proprietary salts that include a corrosion inhibitor, in many cases the
additive is not disclosed, and therefore its effect on the surrounding environment is not known.
Based on the reviewed literature, evidence of effectiveness of corrosion inhibitors outside of the
laboratory is inconclusive, and it is noted that the dilution of concentration of a corrosion
inhibitor occurs rapidly with the melting of snow and ice. As the effectiveness of corrosion
inhibitors for the motoring public was not found, the practice of introducing additional
chemicals to the environment is questionable, especially when their exact composition is
unknown. Additional study regarding the effect of the use of corrosion inhibitors to reduce
corrosion to infrastructure and vehicles is suggested. CTDOT should continue to monitor the
tindings of other agencies and future studies on effectiveness of corrosion inhibitors before
implementing their use.

xiv CONNECTICUT ACADEMY OF SCIENCE AND ENGINEERING
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Infrastructure

PROTECT STRUCTURES

All chloride-based deicing chemicals cause corrosion. Therefore it is very important to promote
the use of materials that reduce or prohibit chloride penetration into concrete and steel
structures. This includes the following:

a. Use low-permeability concretes for new bridge decks

b. Use sealers and crack sealers on new bridge decks and appropriate components to slow
chloride penetration

c. Ensure proper curing of concrete to minimize micro-cracking that results in pathways
for the chlorides to penetrate into a structure

d. CTDOT should re-establish a bridge painting (coatings) program for steel structures

BRIDGE CLEANING

It seems obvious that the removal of salt deposits from bridge structures would be beneficial
for minimizing the impacts of these chemicals. It is noted that the literature reviewed for this
study did not provide consistent conclusive evidence that cleaning bridge decks and structures
is cost-effective. This may be due both to the difficulty in quantifying the benefits of removing
the salts and the long-term study periods required to validate the benefits. Therefore, the
following focused approach for bridge cleaning is recommended.

a. Develop and fund a long-term bridge rinsing/cleaning program to remove chlorides as
well as any debris that may hold moisture, particularly for steel portions of structures.
Particular attention should be paid to parts of the structure most prone to corrosion such
as joints, support ends, fasteners, drainage structures and steel components.

b. Remove a majority of the chlorides during the spring, when stream flows are typically
higher than other times of the year, to minimize environmental impacts.

BRIDGE MAINTENANCE

CTDOT and municipalities should continue to utilize best management practices for bridge
maintenance, including the following:

a. Maintain bridge joints to limit water infiltration into bridge structures.
b. Minimize runoff containing chlorides from penetrating the bridge structures.

c. Perform periodic bridge inspections in accordance with the National Bridge Inspection
Standards 23 CFR 650 and schedule maintenance to address deficiencies such as cleaning,
minor repairs, and maintenance of proper coatings on bridge steel in a timely manner.

d. Encourage use of bridge preservation and preventive maintenance strategies. CTDOT
should provide technical guidance to municipalities to assist with implementing bridge
preservation programs.
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CORROSION-RESISTANT DESIGNS

During the design of bridges and for bridge rehabilitation projects, consider the use of anti-
corrosion materials such as

a. epoxy-coated reinforcing steel in structure elements coming in contact with deicing
materials such as bridge decks, concrete barriers, and drainage structures;

b. stainless or galvanized steel rebar in critical concrete structures; and

c. corrosion-resistant materials in curbs, median barriers, catch basins.

Vehicles

VEHICLE WASHING

An April 2015 National Highway Traffic Safety Administration (NHTSA) Safety Advisory
recommended that vehicles older than the 2008 model year be washed as soon as possible
after exposure to salt and chemicals. This safety advisory was considered in developing the
following recommendations.

a. Vehicle washing be performed on all classes of vehicles, from commercial trucks to
motorcycles, to dilute the effects of residual deicing chemicals. Washing should assist
with the prevention of corrosion for all vehicles, regardless of age.

b. If salt neutralizers are used to wash vehicles, select products that have proven to be
effective. Caution should be exercised in product selection, as research reviewed for
this study found that some neutralizers used at the manufacturer’s recommended
concentration actually increased corrosion of some metals.

c. An emphasis should be placed on rinsing/washing the undercarriage of the vehicle.

COMMERCIAL CAR WASHES

Commercial car washes should be encouraged to voluntarily disclose/post information
regarding whether recycled water or fresh (clean) water is used for the car wash, particularly for
undercarriage washes. If recycled water is used, then the percent of recycled water used, what
cycles the recycled water is used for, and any additives used should be disclosed. Additionally
it is suggested that the Connecticut General Assembly and/or Connecticut Department of
Consumer Protection and Connecticut Department of Energy and Environmental Protection
(DEEP) consider regulations requiring the disclosure and posting of information on the use of
recycled water for car washes.

a. Use of fresh water is encouraged for the final rinse - both on the surface and
undercarriage washes.

b. Research is needed to identify acceptable salt concentrations of recycled water - that
which would not be detrimental to vehicles.

Additionally, the development of additional commercial large truck/vehicle washing stations
open to the public should be encouraged, as only one or two commercial large truck/vehicle
washing stations are currently available in Connecticut.
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WINTER HIGHWAY MAINTENANCE OPERATIONS: CONNECTICUT
EXECUTIVE SUMMARY

CORROSION-RESISTANT TECHNOLOGY

The purchasers of commercial vehicles need to encourage vehicle manufacturers to continue to
improve corrosion resistance of vehicles. This includes the use of composites, aluminum, paints
and coatings, fasteners, and shrouding of critical electrical or mechanical vehicle components.

a. Use improved coatings for vulnerable components, including undercoating
technologies.

b. Improve designs to eliminate known corrosion problems and areas where deicing
chemicals can collect.

c. Eliminate areas where dissimilar metals come into contact with each other.

VEHICLE INSPECTIONS

There is a need for periodic voluntary undercarriage inspections of all vehicles (including
passenger and commercial vehicles), particularly as vehicles age. This could possibly be
performed during oil changes or other standard vehicle maintenance procedures. Other states
have safety inspection programs that are required as part of the registration renewal process.
Inspections could help prevent vital component failures such as brake lines or parts of the
suspension system.

Environment

GENERAL CONSIDERATIONS FOR CHLORIDES

The use of deicing materials for winter highway maintenance has a variety of environmental
impacts, some of which are more manageable than others. Some impacts are short term or
seasonal, such as sudden spikes of chloride levels in soils, shallow groundwater or streams due
to the flushing of deicing materials from those environments over time. Some impacts from
chlorides are longer term, such as the increasing levels of chloride observed in groundwater
over the past several decades. The impacts on roadside vegetation are very difficult to mitigate.
Therefore any plantings (preferably native) along roadsides should have a tolerance for salt.

CHLORIDE-SENSITIVE ENVIRONMENTS

CTDOT as well as local municipalities need to periodically consult with the Connecticut
Department of Public Health (DPH) and DEEP to identify sensitive environments or drinking
water sources that are at risk of impairment due to chlorides. After identifying these locations,
CTDOT and the local municipalities can work to reduce the application rates of chlorides in
these areas. In these identified areas, it is suggested that signs be posted for safety purposes that
identify areas where application rates of deicers will be reduced for environmental or public
health reasons.

MULTI-CHEMICAL APPLICATION

Although other states such as Minnesota have developed the capability to switch chemicals on
the fly, typically for applying alternative chemicals in environmentally sensitive areas, no
current need for this was identified in Connecticut. This technology, however, should be
monitored for possible future implementation in specifications for purchase of new winter
maintenance vehicles.
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SALT STORAGE

Covered salt sheds have been implemented statewide by CTDOT and virtually all
municipalities. However, commercial salt storage may be an issue that deserves continued
attention by DEEP or DPH.

SHARED RESPONSIBILITY

CTDOT in collaboration with DEEP should inform all parties involved with winter weather-
related maintenance (i.e., state, municipal, commercial, private, and consumers) of and use best
management practices to protect the environment.

REPORTING OF DEICERS APPLIED

Each transportation agency within Connecticut responsible for applying deicing chemicals
should be required to report the quantity of materials applied during each winter season, and
this information should be made available to the public. This will enable the public to better
understand the types and quantities of materials being applied. By making this information
public, it will allow municipalities to see how they compare to other municipalities that they
would consider comparable in both size and climate. Disparities can be identified and used as a
guide to improve practices and performance.

Outreach and Education

PUBLIC INFORMATION CAMPAIGN

CTDOT should develop a public service campaign that utilizes web-based and social media
tools along with printed materials to educate the motoring public about winter highway
maintenance operations and practices. This information would help explain

a. anti-icing procedures
b. chemicals in use (and why they are used)

c. level of service goals by road type (drivers typically have an expectation that roads
will be clear several hours after a storm ends, but there are conditions for some winter
weather events when this is not possible)

Additionally, CTDOT, with assistance from DEEP, should develop a handbook that provides
guidance for best practices for winter maintenance of sidewalks and parking lots for the general
public, businesses, and private winter maintenance service companies. Consideration should
also be given to limiting liability for property owners when they have followed the established
best practices pertaining to slip and fall accidents. Currently, the financial cost for applying
copious amounts of deicing chemicals is far less than the costs associated with a single slip and
fall injury claim.

MEDIA

The media is a source of information for the general public. However, the information
shared with the public needs to be accurate. Informal information indicates that the general
public believes that pre-treatment chemicals applied on roadways prior to winter weather
events by CTDOT contain something other than what is actually used — a 23% solution of
sodium chloride in water. Both natural processes and events cause corrosion to vehicles
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and infrastructure as well as chemicals used for winter highway maintenance by CTDOT,
municipalities, and private winter maintenance activities.

Annual informational sessions conducted in advance of the winter season for the media about
winter maintenance practices, and materials that will be used for pre-treatment and anti-icing,
would help to dispel misconceptions. Informational sessions with the media, along with the
availability of public information, will be useful in assuring factual information is distributed
to the public. This will help to inform and clarify misconceptions regarding winter highway
maintenance practices and materials that are used by CTDOT and municipalities.

RECORDKEEPING AND TRANSPARENCY

CTDOT and municipalities should each prepare an annual summary that accurately documents
winter maintenance practices and the type of materials and quantities used for each winter
season. The annual summaries should be publicly available and easily accessible.

a. CTDOT should make winter maintenance information readily available to the public via
CTDOT’s website. Other states, such as Maine, Minnesota, and Vermont, should be used
for examples of best practices for transparency and information dissemination.

b. CTDOT should provide technical assistance and guidance to assure that the state’s
municipalities implement winter maintenance best practices for the 82% of the state’s
road network that is maintained by the municipalities.

c. Accurate recordkeeping is paramount to optimizing the use of deicers. Municipal data
collected as part of this study indicates that it is possible that the towns are using greater
amounts of magnesium chloride per ton of solid deicer than CTDOT. However, since
there is no single repository or common format used for data collection, total material
usage is not readily available. A repository for the collection of winter maintenance
practices and material usage using a common reporting format should be developed.

d. Annual CTDOT and municipality winter maintenance information and data will
provide an opportunity for comparisons and benchmarks between agencies for the
purpose of continually improving operations throughout the state.

VOLUNTARY CERTIFICATION OF PRIVATE CONTRACTORS APPLYING DEICING
CHEMICALS

The development of a voluntary certification program for private contractors who apply
de-icing chemicals will be an opportunity to provide information and training to private
contractors about best practices, including application rates. Certification programs of others
such as the New Hampshire Department of Environmental Services” voluntary certification
program for private contractors or the American Public Works Association program could

be used as models for developing a Connecticut program. This certification could be used by
private contractors to promote their business as being environmentally friendly regarding the
application of deicing chemicals, and could be useful to businesses and the public in selecting
contractors who are sensitive to the environmental issues. This certification could also be a
requirement as part of limiting liability associated with slip and fall injury claims, as it is in New
Hampshire.
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The actual quantity of deicing chemicals applied by private contractors in Connecticut is
unknown. However, information for New Hampshire indicates that the quantity of deicing
chemicals used by private contractors in New Hampshire may approach half the total deicing
chemicals applied in the state. With private contractors representing such a large percent of
material being applied, private contractors represent a significant opportunity to reduce the
quantity of salt material used in Connecticut.

COMMUNICATION

CTDOT should continue to communicate with neighboring states regarding winter highway
maintenance best practices and operations. CTDOT should also continue its practice of
communicating with neighboring states with regard to approaching winter weather events in
order to provide as much lead time as possible for staging personnel and equipment.

Also, CTDOT should seek to communicate with municipalities with regard to information on
weather, equipment, technology and best practices. In addition to CTDOT, organizations that
can help to maximize outreach include the Connecticut Technology Transfer Center at UConn,
CASHO, and others.

TRAINING

Initial and ongoing annual training on the best practices and methodologies should be
provided for all CTDOT and municipal employees, and contractors involved in winter highway
maintenance operations. This training should include

a. current state-of-practice
b. information about new technology
c. forums to discuss successes and problems encountered

This training can be provided by the Connecticut Technology Transfer Center at UConn, as well
as in-house by CTDOT and others.

General

CTDOT should continue to monitor state-of-the-art techniques for winter maintenance and
communicate with surrounding states about their winter maintenance practices. CTDOT should
be cognizant of alternative chemicals that become available that might become acceptable
substitutes for chlorides. Approaching any changes in the use of deicing chemicals regionally
may help vehicle manufacturers design and modify their products to be more corrosion
resistant, since each type of deicing chemical may have different effects on the various metals
that are used in a vehicle.

LEVEL OF SERVICE

CTDOT should consider revising their definitions of levels of service for winter weather events
on the three classes of state roadways that are maintained by CTDOT. Defining the level of
service for the different roadway classes provides an opportunity for CTDOT to re-evaluate

its policy of using a standard deicer application rate of 200 Ibs./lane-mile. Utilizing variable
application rates under differing conditions and roadway classifications may ultimately be more
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cost-effective and useful in helping to mitigate the negative impacts of using chloride-based
deicers. Communicating with the public about road condition expectations following a winter
weather event for the different classes of roadways, setting goals, and posting achievements
may be useful for maintaining reasonable public expectations.

PERFORMANCE MEASURES

CTDOT should monitor in-process studies being undertaken by NCHRP Project 14-34 “Guide
for Performance Measures in Snow and Ice Control Operations” [152] and Clear Roads Project
14-05 “Snow Removal Performance Metrics” for use in developing winter highway maintenance
performance measures on mobility, chemical use, and cost similar to that done in some other
states. A review of performance measures implemented by other states is also recommended.

WEATHER MONITORING

Road Weather Information Systems (RWIS) are in use and assist CTDOT with storm monitoring
throughout Connecticut. CTDOT plans to add an additional 23 RWIS stations to its RWIS
network of stations over the next two to five years. CTDOT should

a. continue sharing weather data with/from surrounding states (MA, NY, RI);

b. share RWIS data and other information about weather events with Connecticut
municipalities;

c. consider making RWIS data available to the public via a website; and

d. consider working with other states in the Northeast to provide RWIS data online using a
system such as the Meteorological Assimilation Data Ingest System (MADIS) maintained
by the Federal Highway Administration and the National Weather Service, as this may
benefit municipalities that are located near state borders.

WINTER SEVERITY INDEX (WSI)

CTDOT should develop a WSI. While this is a challenging task, it provides a method to
compare winter seasons and develop performance measures. States that have developed a WSI,
including Massachusetts and Utah, can be used as references for CTDOT.

ROAD CONDITION INDEX (RCI)

CTDOT should consider developing a RCI that would be available on a regional basis during a
winter weather event for state roads. This would allow CTDOT to provide information directly
to the public. One of the most important and difficult aspects of this would be the need to keep
the information current during a winter weather event. Utah DOT has a RCI that could be used
as a guide for CTDOT.

CLEAR ROADS CONSORTIUM

CTDOT should continue their participation in the Clear Roads consortium pooled fund
project. Participating in these groups enables CTDOT to be aware of ongoing research and new
products. CTDOT should participate in Clear Roads field trials if possible and appropriate.
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Equipment

GROUND SPEED CONTROLLERS

The inclusion of ground speed controllers for deicing chemical application on all new equipment
purchases should be considered standard practice to ensure that the desired application rates are
achieved. Ground speed controllers are installed on virtually all of CTDOT’s material spreading
equipment, and it is recommended that municipalities do the same.

CALIBRATION OF SPREADERS

The calibration of material spreaders should be performed at least on an annual basis or as
required, which is the current practice of CTDOT and many municipalities. Accurate record
keeping will be useful for determining if a specific piece of equipment is applying a radically
different amount of material than expected. This may be an indication that the spreader needs to
be recalibrated. It is also suggested that spreaders should be calibrated two to three times during
the winter season, as well as after any repairs are performed.

SALT SLURRY SPREADERS

Salt slurry spreaders have been successful at improving the application of salt materials.
CTDOT purchased salt slurry spreaders to test this technology in Connecticut. Initially, the
testing involved setting up the equipment to apply the desired amount of material. It is
expected that these spreaders will be tested in operation in the winter of 2015/2016.

Similar to the process noted above, an example of a process or steps suggested for
implementation of other new technologies is as follows:

* First, demonstrate the product.
* Next, test the product in operation under actual conditions typically experienced.

* Finally, follow with operational implementation and monitoring to assure that the
results are those that are expected.

GPS AND MATERIAL DATA LOGGERS

The technology exists to track the location of deicing chemical-spreading vehicles via GPS while
at the same time recording spreading equipment settings. This data can be used to develop

a very detailed material application tracking system. These types of systems require analysis

of the data and can generate a great deal of data depending on how they are configured.
Therefore, before implementing this type of system, it is necessary to determine how this data
will be managed, as well as how it will be used for monitoring and improving performance, as
well as decision making.

MULTI-SECTIONAL PLOWS AND UNDERBODY SCRAPERS

Multi-sectional plows improve plowing performance on uneven roads. Underbody scrapers are
useful for maximizing snow removal on roadways with packed snow and ice. These technologies
should be considered for plowing operations since plowing is the most environmentally friendly
method for snow and ice removal — the more snow and ice that is removed mechanically, the
less deicing chemicals needed. Currently, CTDOT uses underbody scrapers on a limited basis,
and reportedly underbody scrapers and multi-scetional plows are used by several municipalities.

xxii CONNECTICUT ACADEMY OF SCIENCE AND ENGINEERING



WINTER HIGHWAY MAINTENANCE OPERATIONS: CONNECTICUT
EXECUTIVE SUMMARY

APPLYING AND VERIFYING APPLICATIONS

Technological improvements that should be considered for winter maintenance operations to
maximize deicing chemical application efficiency include:

a. measuring and weighing loads of deicing chemicals and abrasives to accurately track
the amount of materials used; and

b. pavement and air temperature sensors for all trucks that can be used for decision
making for varying application rates based on current and forecasted conditions.

SUMMARY

Sustainable winter maintenance operations are achieved by balancing the demands of the users,
the available budget, and the environment. Chloride-based deicing chemicals will continue to
be the most common deicer used for winter highway maintenance operations. While chloride-
based deicers are effective at helping transportation agencies remove snow and ice from
roadways, which assists in providing the traveling public with safe roadways and mobility

as soon as possible following a winter weather event, their use also contributes to increased
corrosion of infrastructure and vehicles, as well as possible environmental impacts.

Therefore, under the assumption that safety and mobility of the traveling public are key
goals of winter highway maintenance operations, it is necessary for everyone to recognize
that minimizing the negative impacts of the use of chemical deicers is a shared responsibility.

* For transportation agencies, this includes achieving the maximum benefit from the least
amount of chemical deicer application, and assuring that best practices are utilized for
operations.

* For the general public and commercial vehicle owners and operators, this includes
washing vehicles after each winter weather event to remove as much deicing chemical
as possible; inspecting the undercarriages of vehicles periodically for damage due to
corrosion of critical safety components; and having reasonable expectations for the
return of roadways to a safe condition following a winter weather event.

As previously noted in this report, the DOTs of the states surveyed for this study are
responsible for maintaining different types of roadways, with different levels of service being
required. Additionally winter weather events vary from state to state. These factors make state
to state comparisons of deicer chemical usage and practices useful only as a frame of reference
for use by each state in seeking to continually improve winter maintenance operations. Taking
this into consideration, CTDOT’s total application of chlorides per lane-mile is typically lower
than that of the other surveyed northeastern states.

It is important for CTDOT to continually monitor, review and implement winter highway
mainteance best practices including operations, technological advances, and use of improved
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deicing chemicals to maximize efficiency and reduce adverse effects on infrastructure,
vehicles, and the environment while maintaining public safety and mobility.
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1.0 BACKGROUND AND INTRODUCTION

1.1 BACKGROUND

In 2005, the Connecticut Academy of Science and Engineering (CASE) conducted a study,
Improving Winter Highway Maintenance: Case Studies for Connecticut’s Consideration [1] on behalf
of the Connecticut Department of Transportation (CTDOT) for improving winter highway
maintenance. The Connecticut Transportation Institute (CTI) at UConn was engaged by
CASE as the research team to conduct the literature-based best practices/case studies review.
Following completion of the project in April 2006, CTDOT changed their winter highway
maintenance practices to follow the study’s recommendations that were based on the best
practices identified through the research. This included essentially eliminating the use of sand
and using rock salt as the primary treatment for deicing and anti-icing.

Prior to 2006, CTDOT’s practice could be characterized as a deicing approach — allowing snow
to accumulate on the roads, then plowing the roads while spreading a mixture of sand and
salt to provide traction. While this approach was generally effective, it often resulted in “snow
pack” —snow and ice that bonded onto the road. Snow pack would often last for many hours,
and sometimes days, after the end of a storm event, requiring significant staff labor, large
quantities of salt and the use of equipment to remove it.[2]

Starting in the winter of 2006/2007, CTDOT implemented anti-icing to improve the
effectiveness of its winter highway maintenance practices. Anti-icing consists of using carefully
pre-calibrated equipment to spread salt that has been pre-wetted with chloride-based liquid
deicer early in a storm, and as necessary throughout, to prevent the snow and ice from bonding
to the road. Anti-icing is a proactive approach to maintaining roads during snow and ice events.
It does require using a more technical methodology, with the end result being bare pavement
much sooner after a storm has ended. In most situations, the application of sand is not part of
this approach to fighting winter storms.[2]

As noted in the 2006 CASE study, winter highway maintenance evolves over time, and CTDOT
has recognized the need to periodically evaluate current procedures and identify possible areas
for change and improvement.

Recently, concerns have been raised regarding corrosion to vehicles, as well as the impact of the
use of salt on highway and bridge infrastructure. As a result, in 2014 the Connecticut General
Assembly (CGA) adopted Public Act No 14-199, Section 6 that directed the Commissioner

of Transportation to conduct an analysis of the corrosive effects of chemical road treatments on (1)

state snow and ice equipment vehicles, (2) state bridges, highways and other infrastructure, and (3) the
environment. Such analysis shall determine the cost of corrosion created by chemical road treatments
and shall include an evaluation of alternative road treatment techniques and products, including, but not
limited to, the addition of rust inhibitors to current chemical road treatments, and a comparison of costs
and effectiveness.
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1.2 INTRODUCTION AND OBJECTIVES

This study was conducted for CTDOT by CASE to address the issues specified in Section 6 of
Public Act 14-199, which required the Commissioner to submit a final report (i.e., report on
the findings, conclusions and recommendations of the analysis) to the CGA’s Transportation
Committee. The study provides:

* An update of the study on Improving Winter Highway Maintenance: CASE Studies for
Connecticut’s Consideration (April 2006).

* Anexamination of a range of winter maintenance areas based on the issues raised in
Public Act 14-199, as well as other areas, for use in framing expectations and outcomes
of the state’s winter highway maintenance operations and practices.

* A summary of past and current practices.

* Recommendations are based on the research conducted, including a literature review,
interviews, and presentations to the CASE Study Committee that examined the effects
of various deicer materials on vehicles, infrastructure and the environment.

The report includes the following chapters:

e Chapter 2: Overview of Snow and Ice Control Operations on Connecticut Roadways:
CTDOT and Municipalities

* Chapter 3: Deicing Chemicals Currently in Use in North America
e Chapter 4: Winter Highway Maintenance Practices in Surrounding States

* Chapter 5: Environmental Impacts and Mitigation of Deicing Chemical Applications for
Winter Highway Maintenance

e Chapter 6: Effects of Deicer Corrosion on Infrastructure and Vehicles
* Chapter 7: Best Practices and New Technologies

e Chapter 8: Winter Highway Safety Analysis and Overview of Economic and Societal
Impacts

e Chapter 9: Summary of Findings
* Chapter 10: Conclusions and Recommendations

For reference, technical definitions regarding winter highway maintenance terminology are
provided in Appendix A: Glossary of Terms. Appendix B provides a listing of CASE Study
Committee meetings, including guest speaker presentations.
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2.0 OVERVIEW OF SNOW AND ICE CONTROL OPERATIONS
ON CONNECTICUT ROADWAYS:
CTDOT AND MUNICIPALITIES

CTDOT, like many other state transportation departments, has incorporated the use of various
chemical deicers into snow and ice control operations. A report published fourteen years ago
for the Colorado Department of Transportation identified several reasons for using chemical
deicers for snow and ice control operations.

“Chemical Deicers are used...:

* To keep roads open ... by preventing ice and snow from bonding to the pavement

* To increase the safety of the driving public by reducing the likelihood of vehicular accidents
*  To allow for higher traffic speed and traffic volume

*  To minimize the need for sand, thereby improving air quality

*  To reduce the time and personnel needed for snow and ice removal

» Toincrease the level of service provided by the Department of Transportation, and

* To save on vehicle fuel consumption.” [3]

These reasons for using chemical deicers are as applicable today as then, not only for Colorado,
but for Connecticut and all snow-belt states. Effective snow and ice control operations are a
common goal for transportation agencies, who need to balance a variety of factors including
budgets, personnel, and impacts on the environment, infrastructure and vehicles. Also, the
frequency (quantity), severity, and temperature variations of winter weather events are typically
taken into consideration to refine localized strategies that are needed to combat such events.

The CTDOT Bureau of Highway Operations, Office of Maintenance, is responsible for response
to winter weather events on Connecticut’s state-maintained highways and facilities. The 2015
CTDOT report, “An Overview of Snow and Ice Control Operations on State Highways in
Connecticut” (Appendix C), provides an overview of basic information on advanced snow and
ice control operation practices.[4] While CTDOT is responsible for maintaining 3,734 centerline
miles (10,800 lane-miles) of Connecticut’s public roads, the remaining 17,339 centerline

miles (35,231 lane-miles), or roughly 82% (76% by lane-miles) of the roadway network, is the
responsibility of Connecticut’s 169 municipalities. The average daily vehicle miles of travel on
the entire Connecticut roadway network was 84,770,376 vehicle-miles in 2013.[5] Seventy-six
percent of daily vehicle miles of travel occur on the 18% of the roadway network maintained by
the state.

Since the winter season of 2006/2007, following the recommendations included in the previous

CASE study report [1], CTDOT has employed a snow and ice control practice commonly
referred to as “anti-icing.” The purpose of anti-icing is to prevent the bonding of snow or
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ice to the roadway surface. The preventive nature of anti-icing supports higher service level
objectives, such as CTDOT’s policy that “The Department shall provide a standard of winter
maintenance that provides for the motoring public reasonably safe roads during and after adverse weather
conditions throughout the winter season.” Anti-icing has the potential to improve traffic safety at
the lowest possible cost, and with less of an adverse environmental impact.[6]

This strategy contrasts with the traditional deicing strategy that CTDOT employed prior to the
2006/2007 winter season, where an inch or more of snow had to accumulate before plowing
and treating began. This frequently led to a compacted snow pack that bonded to the pavement
surface. The deicing response at that point required the application of larger quantities of
chemicals and abrasives, as well as additional plowing efforts, in order to remove the bonded
snow pack.

The following from the 2006 CASE report and other sources helps to define and differentiate
anti-icing, deicing, pre-wetting, brine and pre-treating processes.

Anti-icing is a non-mechanical process by which a liquid chemical, usually salt brine, is
applied to a roadway prior to or very early in a winter storm event. The chemical is ap-
plied to prevent bonding of snow and ice to the pavement surface by lowering the freezing
point at which this occurs (Blackburn et al. 2004). It is intended to substantially reduce the
amount of effort and material needed to achieve desirable road surface conditions during a
winter storm. Salt brine or other chemicals such as calcium chloride (CaCl, or magnesium
chloride (MgCl,) are common materials used in anti-icing. In many cases, calcium chloride
or magnesium chloride is used at colder temperatures (lower than the freezing point of the
salt brine solution).[1]

Deicing is a strategy by which ice and/or compacted snow is removed from the roadway by
either a chemical or mechanical means or a combination of the two. This includes chemical
treatments, such as salt, which are applied later in a winter storm and continued past the
end of the storm. De-icing generally requires more materials and effort than anti-icing to
achieve the same desirable road surface condition (Blackburn et al. 2004).[1]

Pre-wetting is the process by which a liquid chemical (usually salt brine or water) is
added to the [solid] salt prior to application to the road. This mixing pre-activates the salt
to begin de-icing much faster than non-pre-wetted salt in its solid state (Environment
Canada, 2005). Pre-wetting can occur at different points in the application process and
different equipment options are used on the trucks. Pre-wetting reduces the amount of
bouncing and scattering that takes place when the material hits the roadway. The city of
Toronto’s Department of Transportation Services states that application of solid crystal
salt to the roadway can result in up to 40% of the material being lost in ditches and gutters
(Environment Canada, 2005). They also found that pre-wetting reduces the amount of salt
needed by 10-20%.[1]

Salt brine is a liquid solution of salt, most commonly sodium chloride and water. Salt
brine is relatively commonly used by transportation agencies. In a liquid brine solution,
the salt has already been activated, which means that upon contact with the road surface,

it is already working to melt snow and ice. A high-speed brine stream is a delivery method
which may differ from pre-wetting applications in the mixture and application techniques.
In the use of brine, salt is not mixed with water immediately prior to application as it is in
pre-wetting, but rather mixed, in most cases, at a central facility, where it is then loaded
into a truck equipped with a tank. The trucks are outfitted with spray nozzles that dispense
the brine on the roadway. Brine streams are often used as an anti-icing measure. In some
locations, large tanker trucks are used in this process.[1]
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Pre-treating is a specific task that is used as part of an anti-icing program. Pre-treating can be
the application of either a liquid chemical such as salt brine, a dry solid chemical salt or a pre-
wetted solid mixture of chemicals to the pavement surface prior to the start of a winter weather
event. Pre-treating is a proactive preventive strategy to decrease the possibility of snow bond,
black ice from freezing rain or frost formation on the pavement surfaces.

21 CTDOT’S SNOW AND ICE CONTROL OPERATIONS

The material presented in this section of this report is excerpted and/or summarized from CTDOT’s
report “An Overview of Snow and Ice Control Operations on State Highways in Connecticut" [4] that
is contained in its entirety as Appendix C.

CTDOT’s winter maintenance responsibilities cover a roadway network of over 10,800 lane-
miles that are designated into three categories or classes: limited access highways (Class 1);
primary routes (Class 2); and secondary/miscellaneous routes (Class 3). These roadway classes
are used to define the level of service to be maintained during winter weather events. The
winter maintenance service level details that are provided for each class are included on page 2
of Appendix C. In addition, CTDOT is responsible for winter maintenance of commuter parking
lots and other state facilities.

It is noted that the general public only observes limited aspects of snow and ice control
operations. The elements of a winter maintenance operation include: planning and analysis
of plowing routes, acquisition of equipment and materials, annual snow plow operator
training, storm tracking and weather prediction, highway condition monitoring, a thorough
understanding of when to apply anti-icing or deicing techniques, the maintenance and
deployment of a current fleet of 632 plow trucks and other specialized equipment such as
loaders and snow blowers, coordination of approximately 200 supplemental contracted plow
trucks, and many other activities for preparation, deployment and post-cleanup operations.

The estimated annual winter maintenance budget, typically based on 12 storms per year, is
approximately $30 million. Winter weather events are defined by CTDOT as activities and storms.
Activities typically last less than six hours and involve less than 50% of the workforce. Storms

are of longer duration with more than 50% of the snow and ice control workforce activated. The
winter maintenance budget for 2014-2015 winter season was $32.8 million. However, due to the
unusually severe winter, actual expenditures for 2014/2015 will exceed $49 million.[7]

CTDOT reported that its winter maintenance strategy was developed to:

* Proactively utilize weather information, anti-icing methods and manpower
* Provide continuous plowing and critical operational support throughout storm events
* Balance effective treatment with public safety, environmental concerns and cost

* Prescribe road treatments, based on expected and actual conditions for the three
highway classes
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CTDOT’s deployment of the anti-icing approach actively utilizes weather information to
determine the methods and materials that will be used for road treatment based on specific
conditions. These conditions include strategic timing of both treatments and plowing based on
storm characteristics, treatment activation times, traffic patterns, and time of day. CTDOT reports
that this approach results in both an improved level of service and the efficient use of chemicals.

Truck routing, lane coverage and synchronization of truck formations (e.g., echelon plowing)

are planned in advance and practiced. Plow routes are established by each of the four CTDOT
maintenance districts based upon traffic volume, mileage and cycle times, and other priorities.
The routes are updated annually, as needed. All material spreaders are calibrated prior to the start
of the winter season, and validated periodically. Each truck is labeled with the calibration results.

CTDOT's general practice is to apply chemicals at one pass every three hours. However, while
not specifically stated in CTDOT's report, operationally, snowfall rates, traffic conditions, and
time of day and day of week are taken into consideration. Also, more materials are applied at
the beginning and end of events, and prior to rush hours. During heavy snowfall rates, plowing
is performed without applying materials. Various plow and blade configurations, spreading
patterns and application rates are used as necessary. Trucks contracted by CTDOT are used for
plowing only and do not apply chemicals.

In coordination with contracted weather services, CTDOT has divided the state into seven
geographic weather zones. Information about an impending winter weather event is provided
by these services for decision making purposes. CTDOT also has staff designated as “storm
monitors.” They serve as central points of contact for incoming winter weather events

and coordinators for staffing and equipment information. Storm monitors also collect and
disseminate field weather conditions during storms. During major storms, communication is also
maintained with the Department of Emergency Services and Public Protection. In severe winter
conditions, the governor may activate the Emergency Operations Center. The governor may also
declare a travel ban, under extreme conditions. Also, CTDOT discusses and coordinates travel
bans with neighboring states, including the Transportation Operations Coordinating Committee
(TRANSCOM), a coalition of 16 transportation and public safety agencies in the New York —
New Jersey — Connecticut metropolitan region.

CTDOT truck-mounted air and pavement temperature sensors, as well as information from 13
Road Weather Information Systems (RWIS) strategically located throughout Connecticut, are
used to collect field data. In addition to pavement surface and subsurface temperatures, the
RWIS stations can provide location-specific information on relative humidity, dew points, and
current precipitation type. An additional 23 RWIS stations are proposed for installation. Two
Highway Operation Centers (Newington and Bridgeport) provide real-time weather observation
as well as access to 324 highway traffic cameras. These monitoring operations also communicate
with the State Police on any weather-related incidents that occur and apprise the storm monitors
and the operation managers of real-time road conditions. To facilitate mobility, traffic signal
timing on specific routes is adapted to winter weather conditions to increase capacities during
the winter weather event. A CTDOT storm center, located at the department’s headquarters in
Newington, serves as a center of operations during all winter weather events.

Prior to any anticipated winter weather conditions, to help prevent or minimize unsafe road
conditions resulting from frost, freezing rain and snow, CTDOT employs pre-treatment at
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specific pre-determined locations. These locations include bridge decks, ramps, shaded, and
known areas of concern. A detailed decision flowchart provided on page 5 of Appendix C is
used to determine when pre-treatment is appropriate. A 23% brine (sodium chloride) solution
comprising rock salt (sodium chloride) and water used for pre-treatment is manufactured by
CTDOT at centralized department facilities. Upon field application, the brine solution dries
on the pavement surface and provides anti-icing treatment for up to five days before an event
occurs. It is not applied when temperatures are below 22°F. The amount applied is either 30
or 40 gallons per lane-mile, with air temperatures at approximately 32°F or 22°F, respectively.
According to CTDOT, the implementation of pre-treatment using brine solution has aided in
the prevention of black ice conditions, and improved mobilization time and efficiency during
traditional non-work periods.

During an actual winter weather event, CTDOT’s stated goal is to keep snow and ice from
bonding to the pavement surface. For most conditions above 20°F, sodium chloride is used,

and applied at a rate of 200 pounds per lane-mile, in accordance with a snow and ice guidelines
document published by CTDOT in October 2013.[8] A solution of liquid magnesium chloride

at 30% by weight with water is used to pre-wet the sodium chloride. Also, during certain
circumstances when temperatures are above 25°F, the sodium chloride brine solution may be
used for pre-wetting. The solid sodium chloride is pre-wetted at the rate of one gallon per lane-
mile during application to help keep the particles on the road, which results in 3.23 pounds of
magnesium chloride being applied per lane-mile. Pre-wetting also activates the sodium chloride
more quickly, and allows it to melt snow and ice at a lower temperature. Less bounce and scatter
on the road surface provides for more effective use of the material applied, and therefore less
material is needed. CTDOT reports having used calcium chloride for pre-wetting until 2012,
when it was phased out due to supply- and price-related issues and replaced with magnesium
chloride, which had previously been piloted by CTDOT with good results.

CTDOT performs post weather event cleanup where necessary with industrial blowers,
payloaders and the use of manual labor to clear pavement shoulders, bridges and viaducts,
ramps, gore areas, catch basins, signs, low visibility areas, median barriers and sidewalks. After
weather events, all equipment is cleaned, checked and repaired as necessary. Periodically, a salt
neutralizing agent is applied to all snow and ice equipment.

CTDOT maintains detailed records of material usage for each winter weather event. Chemical
material application rates are reviewed to ensure compliance with CTDOT guidelines.
Summaries of material used and labor employed during winter weather events (sodium chloride,
liquid magnesium chloride solution, person-hours, etc.), are created and summarized by district
and/or individual crew. In addition, the budget is tracked, and material supplies are inventoried
and re-stocked. Material usage is affected by characteristics of individual storms, such as
duration, intensity, wind speed, temperature, time of day, re-freezing, and ice accumulation.

Table 2.1 (Appendix C: Table 3) provides a history of storms, weather activities, total snowfall
range, usage of sand, sodium chloride, calcium chloride, magnesium chloride and total chlorides
for the winter seasons from 2000/2001 through 2013/2014. This table includes some data that are
referred to in other chapters of this report.
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TaBLE 2.1. ESTIMATED CONNECTICUT WINTER STORM AND CTDOT

MaTteriAL Usk ToraLs: 2001 - 2014 (Arpenpix C, TABLE 3)
NOTE: SHADING FOR SEASON (YEARS) 2000/2001 - 2005/2006 INDICATES SAND/ SALT
MATERIALS USED, WITH PRIMARILY SALT MATERIALS USED IN THE OTHER YEARS (NOT SHADED)

Total Snow- Sodium Calcium Magnesium Tatal
Season | Storms | Activities fall*** Sand . P gne " Chlorides
s Chloride | Chloride Chloride R
(Years) (No.) (No.) (Range, (Tons) (Tons) (Tons) (Tons) Applied
Inches) (Tons)
A 1 2571 307,310 | 140,850 - 140,850
2001
2001/
2002 9 5 5-26 94,260 40,220 - 40,220
AV g 10 5098 | 303,110 | 140,110 ; 140,110
2003
ZUB g 9 4679 | 225310 | 103,820 - 103,820
2004
A 4 5177 | 317,130 | 161,900 : 161,900
2005
A 6 2562 | 198310 | 107,930 : 107,930
2006
2006/ -1 g 6 6-30 6790 | 104,760 481 ; 105,241
2007
ol s 10 1370 2,860 | 185,000 1,240 - 186,240
2008/ 43 8 33-58 4230 | 179,710 1,492 - 181,202
2009
200971 45 5 22-67 60 | 131,040 1,333 ; 132,373
2010
s 5 52-87 10 | 179490 1,092 748 181,330
2011/
2012 6 4 9-31 - 62,550 141 422 63,113
2012/
2013 11 9 35-74 - 160,930 - 1,727 162,657
2013/ 1 4y 11 40-62 - 225,170 - 2,341 227,511
2014
Note: All materials applied as solids (sand and sodium chloride) are rounded to the nearest 10 tons; Shaded area
indicates seasons prior to deployment of anti-icing practices
*Applied in Solution: CaCl, (32%) Solution (3.54 Ibs/ gal); MgCl, (30%) Solution (3.23 Ibs/ gal)
** Activities are precipitation events; do not include applications from ‘re-freeze” events
***Snowfall amounts, as measured at CTDOT Maintenance Facilities

The tallies for storms and activities shown in Table 2.1 do not include isolated weather events
such as spot treatments in the case of a possible re-freeze. However, materials used during
isolated weather events are included in Table 2.1. Winter seasons have been quite variable over
the past 14 years. The number of storms in Connecticut has varied from a low of six to a high
of 18 during this period. CTDOT reports that during the winter of 2013 /2014 the average storm
was 20 hours in duration.
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The official winter weather season defined by CTDOT is November 1 - April 30. However,
annually CTDOT’s winter maintenance activities extend outside this period. During the “off-
season,” CTDOT performs the following activities:

* Equipment is cleaned and a neutralizing agent is applied
* Snow plowing routes are reviewed for the purposes of optimization and efficiency
* Potentially hazardous trees and brush are removed

e Structures, drainage areas and other roadside obstacles are identified and staked before
the next season

* Stockpiles are replenished
* Equipment and supplies are replaced
* New contracts are executed

Operational coordination and oversight are important additional activities required before,
during and after winter weather events. CTDOT reports that meetings, both during and after
the winter season, post-storm critiques, tailgate talks, weekly status reports on material usage,
contractor performance, weather reporting, and equipment performance are typical activities
and analyses used to gauge the status of winter operations. In 2006 CTDOT formed a Snow

and Ice Control Committee comprising staff members from its bureaus involved with finance,
planning, environmental issues, and maintenance. The committee meets monthly to discuss and
critique snow- and ice-related issues and concerns, environmental policy and materials. In 2015,
CTDOT made the Snow and Ice Control Committee a Standing Committee that will produce

an annual report describing the department’s activities and deliberations and information from
assessing the state-of-the-practice of ice and snow control.

Training and outreach are also important parts of winter maintenance. New as well as
experienced workers from CTDOT Maintenance and other areas of CTDOT and Connecticut
Department of Energy and Environmental Protection (DEEP) receive classroom and field
instruction, including field work area instructions for marking snowplow routes. In addition,
numerous educational programs are provided by UConn’s Technology Transfer Center for
municipalities and CTDOT employees involved with winter maintenance.

State of the art technologies and procedures are reviewed by CTDOT on a continuing basis.
CTDOT reports that over the past decade, important improvements to winter highway
maintenance have been made in Connecticut. Table 2.2 titled “CTDOT Snow and Ice Control
Maturity Chart” (Appendix C: Table 4) delineates the advances made between the period prior
to 2006, through 2013 /2014 and beyond. The most noteworthy changes include the following;:

¢ Conversion to anti-icing

* Elimination of the use of sand, which occurred gradually between 2006 —2011 (See Table 2.1)

* Adoption of pre-treating and pre-wetting practices and strategies

¢ Installation of additional RWIS sites
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Advancements in equipment (rear discharge chutes, belly scraper blades, composite
snowplow blades)

Data for decision-making, such as temperature sensors in vehicles
Weather forecasting tools

Most recently, CTDOT purchased industrial snowblowers, salt slurry generation
applicators, deicer applicators for multiple lanes, and is adding more salt brine
production facilities
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TaBLE 2.2. CTDOT Snow AND IcE CONTROL MATURITY CHART

Prior to 2006

2006 - 2013

2013-2014 Season and Beyond

Strategy: Deicing

Strategy: Anti-Icing

Strategy: Anti-Icing

e Sand & Sodium Chloride
(7:2 Ratio) Rate: 1564 Ibs./2-
lane mile (LM), (non-multi-
lane)

e Sodium Chloride
Rate: 432 1bs./2-LM

Sodium Chloride Rate: 200
Ibs./LM

Sodium Chloride Rate: 200 Ibs./ LM

CT Patent on Brine Truck
Technology; 1979

Programmed Pre-treating at
Select Locations: Brine Solution
(23% Sodium Chloride); 2007

- 2013

Programmed Pre-treating at Select
Locations: Brine Solution (23 %
Sodium Chloride)

Pre-treating and Brine Applica-
tion Field Trial; 1997 - 1998

Pre-Wetting: (All Pre-mixed,
uninhibited, unless indicated.)

e Inhibited Calcium Chloride
Solution (32%); 2006 - 2008

e Calcium Chloride Solution
(32%); 2008 - 2010

e Calcium Chloride (32%) or
Magnesium Chloride Solu-
tion 30%); 2010 - 2012

e Magnesium Chloride Solu-
tion (30%); 2012 - 2013

Pre-Wetting :

1 gallon Magnesium Chloride
Solution/LM;

Magnesium Chloride Solution (30%
by weight)

First Road Weather Information
System (RWIS) installed, Route

Additional RWIS Installed

RWIS Network

e Began installing air and tem-
perature sensors on mainte-
nance vehicles; 1999

2’ Lebanon, CT; 1997 e 13 Existing RWIS Systems
e 23 Additional Proposed
Fleet: Fleet/Facilities: Fleet/ Facilities:

e Acquired Trucks and up-
dated facilities for pretreat-
ing; 2006

e Continued to deploy air/
pavement temp sensors on
vehicles

e Trial Rear-Center Vehicle
Salt Application Spreader;
2009-2013

e Developed CT Rear Truck-
Mounted Discharge Chute;
2012

¢ Underbody scraper blades,
6 Trucks

e Increased salt brine capabilities
at various maintenance garages.

e Purchased Vehicles Rear-
Center Vehicle Salt Application
Spreader for use on multi-lane
highways

e Purchased industrial snow
blowers; 2013

e Composite blades

o Trial of Salt-Slurry Generation
Applicator; 2013

e Purchased three Salt-Slurry
Generators

CONNECTICUT ACADEMY OF SCIENCE AND ENGINEERING
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Of the items listed in Table 2.2, pre-treating and pre-wetting have had the most significant
impacts on CTDOT’s winter maintenance operations. CTDOT reported the following benefits of
pre-treating and pre-wetting:

Pre-treating
* Significantly reduces accidents on major river crossings
* Mitigates bonding of snow and ice to pavement
* Provides plow drivers more time at the onset of a storm
* Reduces deicer chemical use
* Promotes bare pavement sooner after winter weather events

* Reduces overall cost of snow and ice control operations

Pre-wetting
* Improves the effectiveness of the use of solid deicers
* Improves activation for melting
* Retains deicing materials on the road
* Reduces the total amount of material used

The conversion to pre-wetting in 2006 necessitated the installation of liquid storage tanks
at CTDOT facilities and retro-fitting of all older trucks with saddle tanks and pre-wetting
equipment. All new fleet purchases are equipped with pre-wetting equipment.

Initially, during the 2006,/2007 and 2007 /2008 seasons, the calcium chloride solution used by
CTDOT for pre-wetting contained corrosion inhibitors. These inhibitors proved to be problematic.
Settling and coagulation occurred in bulk storage and clogging of application nozzles occurred.
Additionally, there were concerns about the effect of corrosion inhibitors on the environment due
to potential degradation of water quality with an increase of Biochemical Oxygen Demand (BOD)
in waterways required for the breakdown of the inhibitors. The effectiveness of the inhibitors for
reducing or preventing corrosion was also questioned. As a result, the corrosion inhibitors were
eliminated from the calcium chloride product used by CTDOT.

CTDOT reported that a bridge rinsing pilot program was conducted in 2012 on 25 bridge
structures that did not span watercourses. The bridges included in this program did not contain
lead paint. This project was performed in cooperation with DEEP. CTDOT is considering
initiating an additional bridge rinsing program.

Connecticut is a member (along with 28 other states) of a national pooled funds study, “Clear
Roads,” under the lead of Minnesota DOT. This national research consortium focuses on testing
winter maintenance materials, equipment and methods for use by highway maintenance

crews. CTDOT maintenance also stays engaged with surrounding states, including New York,
Massachusetts and Rhode Island to maintain dialogue with practitioners who have similar
winter weather challenges.
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Other changes being implemented by CTDOT that could enhance winter maintenance practices
include a linear referencing system to provide an ability to spatially link routing and other
roadway attribute data for road network management. This will assist in snow plow route
optimization. Also, augmenting RWIS with non-intrusive sensor technology has the potential to
improve data collection.

As noted in the summary of CTDOT's reference [4]

Advancements in technology and knowledge gained from operations and research have
improved the state’s winter maintenance practices. These include the anti-icing approach,
pre-treating and pre-wetting methods, as well as new technologies for improved assessment
of road conditions, material placement and fleet operations. CTDOT has adopted
advancements and continues to actively seek improved practices to address the complex
challenges of winter highway maintenance.

2.2 MUNICIPAL CHEMICAL DEICER USE AND WINTER
MAINTENANCE PRACTICES

Although the primary purpose of this study is an evaluation of winter maintenance activities
on state-maintained roads, Connecticut’s municipalities were also surveyed to gain insights
regarding their winter maintenance practices, since municipalities are responsible for the
maintenance of 82% of the state’s centerline roadway network miles.[9]

The content of the survey was developed by the research team and reviewed by the

CASE Study Committee and CTDOT staff. The survey was conducted electronically using
SurveyMonkey®. Each of Connecticut’s 169 municipalities were asked to participate in the
survey. The municipalities were informed that the responses would remain anonymous so
as not to create undo pressure on any given municipality, and to avoid the perception of a
competitive or “report card” scenario.

The survey was composed of 24 elements or questions, including standard identifiers and
contact information (Appendix D). A primary purpose for conducting the survey was to
determine the quantity of deicers (sodium chloride, proprietary deicers, and sand) utilized

by the towns during the most recent five winter seasons (2009/2010 through 2013/2014). In
addition, the survey was used to identify the winter maintenance equipment and practices used
by the towns, including pre-wetting, pre-treating, temperature sensors, ground speed control,
the age of equipment fleets and observations on corrosion of equipment.

Sixty-nine municipalities responded to the survey, of which 47 completed at least a portion of
the survey in addition to contact information, with 46 of the 47 towns including quantities (tons)
of deicers and/or sand used for at least some of the winter seasons as shown on Table 2.3.

As shown in Table 2.3, over 50% of the towns responding to the survey used sand during this
five-year period. The number of responding towns using straight sodium chloride declined
from 54% to 46% during the first four seasons, and then increased to 56% in 2013/2014. The
number of responding towns using treated road salt, which is pre-wetted with magnesium
chloride and organic inhibitors increased from 54% in 2009/2010 to 65% in 2010/2011, and
remained steady through 2013/2014.
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TABLE 2.3. QUANTITIES OF SAND AND DEICER CHEMICALS USED
(REPORTED BY 46 RESPONDING MUNICIPALITIES)

2009/2010 201072011 2011/2012 2012/2013 2013/2014
Type of % of % of % of % of % of
Product Towns Towns Towns Towns Towns
Report (Tons) Report (Tons) Report (Tons) Report (Tons) Report (Tons)
Using Using Using Using Using
Sand 52 46,410 50 41,457 50 27,412 50 37,711 61 52,359
Solid Deicers
Sodium
Chloride (Rock 54 33,415 52 42,481 48 26,001 46 37,085 56 50,280
Salt)
g;ftated Road 54 58,647 65 65,061 65 35,816 65 61,877 65 86,557
Other Non-
specified Solid 4 1,773 7 3,384 7 1,621 7 3,274 7 4,470
Chloride
Deicer
Total Solid 93,835 110,926 63,438 102,236 141,307
Deicers

At least six towns responding to the survey reported using liquid deicers on some occasions
for pre-treating or during a winter weather event for anti-icing. Some of these towns reported
purchasing quantities of liquid Ice B Gone™ or Magic-0™ (Minus Zero) which is a liquid de-
icing agent made from a patented blend of magnesium chloride combined with an agricultural
by-product of the distilling process (i.e., grain and/or sugar based). However, none of the
towns reported using bio-based agricultural by-products exclusively. A couple of towns noted
that Ice B" Gone contains molasses or other organic biodegradable corrosion inhibitors.

Using the 46 town responses, an extrapolation was performed to estimate the amount of solid
deicers possibly used by all Connecticut municipalities during each of the past five winter
seasons for the state’s municipal roadway network. The extrapolation was based on a ratio of
the total centerline miles from the responding towns (5,077 miles) to the total centerline miles of
all 169 towns (17,339 miles). To obtain the estimated total tons of municipal deicer likely used
during each of the five winter seasons, the total deicers reportedly placed by the 46 towns is
simply multiplied by the ratio (17,339/5,077) 3.4152.

The results of this analysis are shown in Table 2.4. It should be noted that these values are
approximations because of some inconsistencies in reporting by the municipalities that
participated in the survey as well as the projection of these values for all 169 towns. Some towns
did not have salt and sand data for all five seasons due to recordkeeping or staff turnover. Other
towns only estimated the tons of sand and deicers rather than providing actual measurements.

The chloride deicers applied by CTDOT during these same five winter seasons are taken from
data shown in Table 2.1 and replicated in Table 2.4 for easy reference and comparison. The
estimated total solid deicers used by the state and towns by winter season based on CTDOT-
reported data and reported and estimated town data is shown in Table 2.4. These quantities do
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not include chemical deicer applications on private business parking lots, sidewalks or state
parking lots. It is noted that the State of New Hampshire estimated that salt applications on
municipal and state roads accounted for 51.6% of salt loads to the environment, whereas
another 35% was used for treating parking lots and private roads.[10] For Connecticut, data
for treating parking lots and private roads were not available nor estimated for this study.
However, based on the New Hampshire analysis, it is possible that the application of chemical
deicers and sand materials for parking lots, private roads, sidewalks and state parking lots in
Connecticut may be substantial.

TABLE 2.4. ESTIMATE OF ToNs OF ToTtAaL DEICERS USED STATEWIDE
DurING FiveE WINTER SEASONS

(NOTE: BLUE SHADING = REPORTED DATA;
RED SHADING = ESTIMATE BASED ON EXTRAPOLATION OF REPORTED DATA)

2009/2010 | 2010/2011 | 2011/2012 | 2012/2013 | 2013/2014

46 Survey Towns Reported Solid

Deicer Used (tons) (from bottom line | 93,835 110,926 63,438 102,236 | 141,307
of Table 2.3)

169 Town Estimate of Solid

Deicer Used (tons) 320,000 | 379,000 | 219,000 | 349,000 | 483,000

CTDOT Reported Actual Deicer
Used on State Roads (tons) (from 132,373 | 181,330 63,113 162,657 | 227,511
Table 2.1)

Estimate of Total Deicer Used on

Connecticut Public Roads (tons) | 459 373 | 560,330 | 282,113 | 511,657 | 710,511

(sum of 169 towns plus CTDOT not
including parking areas or private use)

The amount of deicers applied varies significantly from year to year depending upon the
severity of each winter and specific winter weather events. For example, the estimated
quantity of solid deicing chemicals used in Connecticut in 2013/2014 is approximately 252%
of the estimated quantity that was used in 2011/2012.

Figures 2.1 through 2.3 graphically show the amount of solid deicers and sand applied by
towns and the state on a per lane-mile basis during the past five winter seasons (2009/2010 -
2013/2014). The ratio of state to municipal roadway network lane-miles is 0.31 (10,800 state
lane-miles /35,231 municipal lane-miles).

Figure 2.1 shows a graph of the amount of deicer applied for each winter season per lane-mile
based upon the reported amounts used for the roadway network lane-miles for the 46 towns

that responded to the survey.

Sand was used by 31 of the 46 responding municipalities with these amounts shown in Figure
22.
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Figure 2.3 shows the amount of deicer applied per lane-mile for each winter season, and the
minimal amount of sand used (no sand used after 2010/2011) during the same period for the
state-maintained roadway network by CTDOT.

Seasonal Application of Deicers as Reported by
46 Municipalities Responding to Survey
(Cumulative Tons per Lane-Mile per Season)

13.71

=0==46 Towns

Tons per Lane-mile

6.15

2009/2010 2010/2011 2011/2012 2012/2013 2013/2014
Winter Season

FIGURE 2.1. CUMULATIVE DEICERS APPLIED (TONS PER LANE-MILE)
BY 46 TowNs FOR FIVE WINTER SEASONS

Seasonal Application of Sand as Reported by
31 Municipalities Responding to Survey

(Cumulative Tons per Lane-Mile per Season)

25

20

15

10

6.93 =l=131 Towns
o 2 A_r/. 782
53
S .
4.1
0 T 1

2009/2010 2010/2011 2011/2012 2012/2013 2013/2014
Winter Season

Tons per Lane-mile

FIGURE 2.2. CUMULATIVE SAND APPLIED PER SEASON (TONS PER LANE-MILE)
BY 31 TOWNS FOR FIVE WINTER SEASONS
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Seasonal Application of Deicers and Sand as
Reported by CTDOT
(Cumulative Tons per Lane-Mile per Season)

25
20 21.07

15 7/ %1678 1506 =#=CTDOT
12.26 \ Chlorides
10
\/ == CTDOT Sand
5 5.84

— 0.0} - 0.091 . 0 0 0

Tons per Lane-mile

1 1
O - [ - L ! [ ! L1 1

2009/2010 2010/2011 2011/2012 2012/2013 2013/2014
Winter Season

FIGURE 2.3. CUMULATIVE DEICERS AND SAND APPLIED PER SEASON (TONS PER LANE-MILE)
BY CTDOT roRr FivE WINTER SEASONS

Figures 2.1 and 2.3 show that for the period referenced CTDOT applied approximately an
average of 43% more deicer per lane mile as compared on an annual basis than municipalities
(based on the data provided by municipalities that responded to the survey) for each winter
season. This occurs for a number of reasons.

* Municipalities use sand in addition to chemical deicers for snow and ice control,
whereas CTDOT does not use sand.

¢ CTDOT-maintained roadways are generally wider, with full shoulders.

e Many more state roadways are multi-laned and median-divided as compared to town
roadways.

* Greater traffic volumes and higher posted speed limits on state roads generally
necessitate a higher level of service during winter weather events. CTDOT’s
policy is to apply 200 lbs./per lane-mile of sodium chloride per pass.

The significant difference in the quantity of sand that was applied per lane-mile to roadways by
the towns that reported their usage and CTDOT during the last five winter seasons is shown in
Figures 2.2 and 2.3. This difference is due primarily to a CTDOT policy that eliminated the use
of sand after 2006, except for special conditions. Based on a review of typical material costs, a
cost analysis should be expected to indicate that the elimination of the use of sand provides
cost savings for the purchase, application, and storage of materials, and cleanup during the
spring and summer. It is noted that since deicers weigh less than sand and the application rates
(pounds per mile) for straight deicers are generally lower than for the sand-salt mixture, plow
routes can be expanded, thereby reducing the need to reload trucks as often.
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Additionally, based on analysis of data provided in Table 2.1, the average annual quantity

of chlorides used by CTDOT for the eight-year period (2006-07 thru 2013-14) following it’s
elimination of the use of sand is approximately 34% higher than for the prior six-year period
(2000-01 thru 2005-06). (This percentage does not take into consideration variations in the
winter weather between the periods. It is strictly a numerical difference.) Also, a comparison
of the same periods shows that the average annual quantity of total materials used (sand and
chlorides) by CTDOT was approximately 56% lower for the period when only chlorides were
used (2006-07 thru 2013-14) as compared to the period when sand and chlorides were used
(2000-01 thru 2005-06.)

While CTDOT does not use proprietary salt products (treated road salt), several municipalities
do use these products. In many cases, towns use treated road salt products because they do not
have the facilities for producing brine for pre-treating roadways or for storing materials that
can be used for pre-wetting solid deicer chemicals. Treated road salt products, depending on
the specific product used by towns, can potentially contain much higher levels of magnesium
chloride and calcium chloride than products used by CTDOT.

CTDOT uses sodium chloride that is pre-wetted on the dispensing truck at the time of
application with a 30% liquid magnesium chloride solution using the salt dispensing chute. It
is fairly easy to estimate the amount of magnesium chloride that is applied on roads from the
known capacity of the truck’s onboard holding tanks. For example, in the 2013 /2014 winter
season, a total of 2,341 tons of magnesium chloride was used, which is 1% of the total tonnage
of deicers used by CTDOT (see Table 2.1). When the CTDOT pre-wets sodium chloride on its
application trucks, the amount of magnesium chloride liquid solution (30% by weight) used is
one gallon per 200 pounds of sodium chloride.

The treated road salt products purchased by municipalities are pre-coated with magnesium
chloride liquid. As an example, the specification for treated road salt that is used by towns
comprising the Capitol Region Council of Governments (CRCOG) calls for a liquid magnesium
chloride and organic based inhibitor to be applied at eight gallons per ton of solid deicer,

with the solid material being at least 91% sodium chloride by weight. The remaining 9%

may comprise liquid magnesium chloride, calcium chloride, water or other additives such as
molasses [11]

Additional information provided by municipalities that responded to the survey is summarized
as follows:

* Pre-wetting and Pre-Treating
o 22% of responding towns pre-wet solid deicers
o 13% pre-treat roads with liquid deicers

o 56% pre-treat roads with solids before the start of a winter weather event
* Equipment Corrosion

o 32.2% of responding towns noted equipment corrosion has increased none or
very little in recent years
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0

0

25.6% noted equipment corrosion has increased moderately in recent years

41.9% of responses noted equipment corrosion has increased significantly in
recent years

*  Winter Maintenance Equipment

0

The average reported municipal winter maintenance equipment fleet age is 10
years

The average reported expected winter maintenance equipment service life is 14
years

Frequency of calibration of deicer spreading equipment: <1/yr 5%; annual 78%;
>1/yr17%

63% of responding towns use ground speed control for spreading sand or deicers

34% of municipal winter maintenance vehicles are equipped with ground surface
temperature sensors
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3.0 DEICING CHEMICALS CURRENTLY IN USE
IN NORTH AMERICA

This section of the report is based primarily upon a literature review. It describes and assesses
the chemicals that are currently used for deicing in the United States and Canada (Table 3.1). A
few of these chemical deicers have had only limited use on highways, but more extensive use at
airports. Also, some chemicals have had more use in Europe than in North America. This section
also discusses the use of abrasives for snow and ice control.

In this report, deicing chemicals are often referred to as “deicers.” Some deicers can be used for
anti-icing treatments, as well as for deicing activities to break the bond that occurs between the
roadway and snow/ice during a winter storm. Deicing, plowing, spreading of abrasives and
other methods comprise strategies used for winter maintenance to enhance the condition of
highways prior to, during, and after snow and ice events.

A deicing chemical may be available and used in either a liquid or solid state or both. Liquid
deicers have two advantages: they limit the amount of bounce and scatter during application,
thereby decreasing the amount of material that needs to be applied, and they do not require
moisture to be able to start working. However, typically liquid deicers are used in solution with
a lower concentration of the deicing chemical than in its solid state, so they cannot melt as much
snow and ice as solids. Liquid deicers also may run off of roads with significant cross-slopes or
super-elevations. Solid deicers will tend to bounce and scatter during application, which may
result in some of the product ending up in the shoulder or off the road. Since deicers applied in a
solid state have a much higher chemical concentration than liquid deicers, they will be effective
for a longer period of time. A disadvantage of solid deicers is that they require water to begin the
melting process.

The effectiveness of chemicals used for deicing is based on their ability to lower the freezing
point of water. The eutectic temperature for products used in snow and ice control is the lowest
freezing point depression of water that can be achieved at an optimum concentration. Chlorides
are inorganic chemicals while all other chemicals described in this section used for melting snow
and ice are organic. One major disadvantage of organic deicers is that during decomposition, the
microbes degrading the chemicals require a great deal of oxygen — otherwise known as Biological
Oxygen Demand (BOD). BOD can rapidly deplete the dissolved oxygen in bodies of water,
thereby negatively impacting aquatic wildlife. Generally abrasives used in Connecticut are sands
that contain very little organic matter, but they do not melt snow and ice.

There are at least 250 proprietary deicer products, as well. Most of these products contain a
combination of the same common chemical deicers that are described individually below, plus
corrosion inhibitors, anti-caking additives, and colorants. Due to the large number of products
and constant reformulation and remarketing, it is not practicable to list and discuss all of the
proprietary deicer products in this report. However, a few of these products that are commonly
used by several Connecticut municipalities are discussed in this chapter.

Appendix E includes a summary of the advantages and disadvantages of products typically u