WINTER ROAD MAINTENANCE: THE ENVIRONMENTAL AND ECONOMIC IMPACT OF USING ROAD SALT AND HOW ALTERNATIVE MATERIALS OFFER COST-EFFECTIVE SOLUTIONS
One of the most important factors in winter road maintenance overseen by the Colorado Department of Transportation (CDOT) is the type of de-icing material used. As the state budget faces enormous financial constraints, CDOT is considering increasing the consumption of commodity road salt because it seems to deliver effective results at a reduced upfront cost. However, the use of commodity road salt needs to be reviewed carefully to determine the true costs from both an environmental and financial perspective. Other alternative road treatment materials exist and have proven solutions that are more cost-effective than road salt and minimize environmental impact while still delivering top performance to ensure road safety.


Commodity Road Salt is a Substantial Threat to the Environment

Numerous studies have proven that the use of large amounts of commodity road salt has severe negative effects on the environment that lead to long-term problems. 
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Source: Report of the Salt Use Subcommittee to the Commission on the Environment on Road Salt Use and Recommendations, City of Madison, Wisconsin, 2006
	Area of Impact
	Examples of Impact

	Vegetation
	· Large amounts of sodium create osmotic imbalance in plants, inhibiting water absorption and root growth
· Salt-tolerant invasive plant species thrive while native plant life is diminished

	Soil
	· Excess sodium inhibits the growth of natural soil bacteria, which can lead to increased erosion and reduced soil fertility over time

	Groundwater
	· Soil degradation caused by excess sodium decreases the ability of roadside areas to act as buffer zones to slow the runoff of contaminants into the watershed
· Excess sodium in drinking water contributes to hypertension

	Aquatic Life
	· Increased salinity in water has a negative impact on aquatic life, and the use of road salt can also result in large amounts of silt being washed into streams





Key research details the negative impact of road salt
“It should also be noted that magnesium chloride is the least damaging chloride ion to vegetation and aquatic wildlife. This is due to its capacity to become diluted many hundreds of times in a short distance from its site of deposition. Magnesium chloride remains in solution much more readily than other chlorides such as sodium chloride (rock salt) which tend to precipitate out of solution and accumulate as a solid along the surface of the ground…So in short, while chloride ions as a rule are not good for the infrastructure or the environment, the magnesium chloride ion is the least destructive to both our infrastructure and to the environment that is available today.”—CDOT Responses to Joint Budget Committee Hearing Followup Questions, 12/8/08

“Road salt comes with enormous costs to the environment and to society due to polluting wells and ground-water sources, increases in chloride content of streams and rivers, salt-induced vegetation die-off, and corrosion to roads, bridges and vehicles.”—State of Vermont, Agency of Transportation, October 2009 
	 
“Nothing can be done to remove salt and its compounds once they get into water supplies, so the management focus is on reducing or eliminating salt in point and nonpoint sources before stormwater becomes a carrier of pollution to groundwater and surface waters.” —Salt: No Easy Answers, Stormwater magazine, October 2009

A September 2009 study released by the U.S. Geological Survey (USGS) showed that chloride levels above the recommended federal criteria set to protect aquatic life were found in more than 40 percent of urban streams tested (the study covered 19 states and included 1,329 wells and 100 streams). Elevated chloride can inhibit plant growth, impair reproduction, and reduce the diversity of organisms in streams. “These findings are not surprising, but rather remind us of the unintended consequences that salt use for deicing may have on our waters.,” said Matthew C. Larsen, USGS Associate Director for Water.

A University of Minnesota study published in winter 2009 estimated that 70 percent of the deicing salt used on metro-area roadways gushes into area wetlands and lakes, and seeps into groundwater.—Road Salt May Be Hurting Aquatic Life, Star Tribune, 9/16/09

Canada’s Ministers of the Environment and Health organization has recommended that road salts be added to the list of toxic substances under the 1999 Canadian Environmental Protection Act (CEPA). Under CEPA, considerations for further action included the reduction of the overall use of chloride salts in areas of high salt use and high road density via the use of alternative products or of appropriate practices of technology.


Economic Costs Need to Include Both Price and Application Rate
The true cost of winter road maintenance takes into account several factors: materials, labor, and equipment and fuel costs. In its February 2009 report, “Evaluation of Alternate Anti-icing and Deicing Compounds Using Sodium Chloride and Magnesium Chloride as Baseline Deicers”, CDOT lists deicers by CDOT respondents according to the specifics of each region, delivery costs to these regions, and typical application rates. 

	 
	Type
	Cost
	Avg. Application rate
	Per lane mile cost

	IceSlicer 
	Solid - Premium
	$ 92.00/ton 
	200 lbs per lane mile
	$ 9.20

	Road Salt
	Solid - Commodity
	$ 42.00/ton 
	500 lbs per lane mile
	$ 10.50

	Cold Temp. Modified Caliber 
	Liquid - premium
	$ 0.73/gal 
	40 gallons per lane mile
	$ 29.20

	MgCl2 
	Liquid - premium
	$ 0.55/gal 
	40 gallons per lane mile
	$ 22.00

	Apex
	Liquid - premium
	$ 0.71/gal 
	25 gallons per lane mile
	$ 17.62







Using the cost and average application rate, the estimated material cost of road salt to treat one lane mile of road, at 500 lbs per lane mile is:

Road Salt: 


Correspondingly the estimated material costs to treat one lane mile of road using premium materials such as Ice Slicer at an average of 200 lbs per lane mile is:

Ice Slicer: 

important conclusions that one can gather from the estimated material costs: 
1. Road salt on average is cheaper on a per ton basis when compared to Ice Slicer. However, due to the fact that more than twice the amount of road salt is used to treat roads, the cost per lane mile of road salt ($10.04) is considerably higher than that of Ice Slicer ($8.99). The material cost savings just by using Ice Slicer over road salt would be ($10.50 - $9.20 = $1.30 per lane mile). The savings to treat 427,200 lane miles just in Denver alone would be $ 555,360!
2. In addition to road salt and Ice Slicer, CDOT and other agencies use additional liquid de-icers to treat the road based on the weather conditions, road temperature and the amount of snow/ice on the road. On an individual basis the cost per lane mile using these liquids is higher than that of road salt or Ice Slicer but they are not always used as standalone products. The usage of liquids is mainly for anti-icing and pre-wetting.  They are used in conjunction with road salt or Ice Slicer and the cost per lane mile when using all these materials together is even lower at $5.89 in 2007 and $9.16 in 2008 (the increase in cost is due to the harsh winter conditions in 2008 when compared to 2007 – CDOT 2009 Strategic Roadmap report).
3. Thus if CDOT and other agencies decide to increase the use of road salts purely on the basis of lower upfront material purchase cost, then the total cost per lane mile would be even higher.
4. In addition, these costs do not factor in the increase in:
· fuel costs due to increased road salt usage (more trips to clear a road would result in more fuel costs)
· labor costs (more trips may result in overtime costs)
· environmental costs (the damage to the water systems due to increased consumption in road salt is a well know fact)

To summarize:
 “The hidden costs of road salts to the infrastructure and surrounding environment can be substantial; such costs are often ignored in formulating highway winter-maintenance strategies. Some products for snow and ice control may cost less in regard to materials, labor and equipment, but cost more in the long run as a result of their corrosion and environmental impacts.”—Evaluation of Alternate Anti-icing and Deicing Compounds Using Sodium Chloride and Magnesium Chloride as Baseline Deicers, final report for CDOT, February 2009

In 2009, the Montana Department of Transportation did an independent study on actual winter roads to compare side-by-side performance results of Ice Slicer and white salt. The report noted that, “purchasing a product with superior performance at an elevated cost may be in the best interest of the Department, if increased level of service, lower application rates or less environmental loading is taken into consideration.”
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