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      The following briefly describes the necessity to use salt for removing snow

      and ice from highway surfaces. Supporting data can be found in various 

      engineering studies such as found in the publications of the “Highway Institute”

      and the “Snow and Ice Institute”.  None of these studies nor their accompanying 

     data is necessarily supported by, nor the opinion of, this author.

The Science

Temperature

Snow and/or ice melt at various temperatures. These temperatures necessary to melt, vary due to the amount of heat generated by passing tires, or wind speed and direction, pavement temperature prior to beginning of storm and often seemingly due to a mysterious unexplained, unknown factor that I will refer to as “Bananas”.

Equipment

Equipment used to spread material and plow snow has changed little shortly after the beginning of automobile travel at the start of the 20th century. 

Some minor efforts have been made to substitute for salt or reduce its’ use, i.e. high discharge lamps to melt snow and ice, salt brine mixed with salt crystals and salt alternatives such as urea. None have proven more satisfactory than spreading salt to soften and melt snow and ice and a plow to scrape off the remainder. 

Considering the cost in terms of material, equipment, vehicle, bridge and other highway facility damage one might expect that large sums of money would have been spent by now in an attempt to improve snow and ice removal. It hasn’t!

Today’s equipment including the trucks and spreaders used to plow snow and spread material could be altered from their original configuration to improve efficiency. For the greatest part however, little has been done and few understand adequately the problems 
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and requirements needed to improve the situation. In public works departments particularly at local levels and even at most State levels, the assumption is made, “the manufacturers know what they are doing so we will follow their instructions without altering their equipment”. Little scientific curiosity exists at any location to initiate any changes to equipment or procedures that might increase the efficiency of snow and ice operations. No legislation has forced changes in equipment or operations.

Operations have also changed little from early 20th century operations. There is still no method or apparatus on the market to keep track of (measure) the amount of material being spread per mile of highway. 

In the early 1980’s I developed a simple mechanism to make these measurements and a few N.Y. State operating centers began using this technique. With changes in personnel and no regulations requiring such measurements, doing so fell by the wayside and I expect no one performs these tasks today.

At Town, City and County operations, no interest or knowledge exists to gather data and/or evaluate equipment and personnel. This is not to say no one has improved their operations. Since the 1980’s most operations have improved their ability to lessen the amount of salt used while keeping roads more clear than ever.

Due to this as yet inability of manufacturers, buyers and end users to understand the true problems and requirements there seems little possibility for improvement excepting on a local basis, i.e. someone comes up with a better idea but the idea does not go national.

Personnel
The type of individual, their intelligence, general ability and training greatly affect the quality of snow and ice operations will those involved in Snow and Ice work be prepared mentally and physically for the task that awaits them? Are there enough personnel to operate in shifts around the clock allowing time to off to rest? If not are operations prepared legally, politically and the event of adverse media reporting to shut down operations thus allowing the roads to become increasingly worse until adequate crews are again available?

Are people sufficiently trained? Were operators instructed by trained teaching personnel or by their fellow workers? Out of ten employees, one will be the best and one the worse. Have the plowing and salting schedules and routes been laid out to make best use of this knowledge.
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Preparation

A knowledge of the peculiarities of various sections of road is required i.e., a rapid drop in temperature accompanied by a N.W. wind over 10 mph indicates that Tudsbury Road

will freeze prior to any other section of pavement. To spread salt on other roads first leaving Tudsbury (all names are fictitious) to be attended to perhaps an hour later, may mean unnecessary accidents.

Is salt only to be used? Will sand and salt be used or simply salt or sand. If sand only, do the temperatures require additional salt to be added as it goes into the truck to prevent the sand freezing. If sand only, are there priority roads that will be sanded first? It will take you approximately 6 times longer to cover the roads with one pass of sand than if using salt. Have plans been developed determining which sections of road to spread first? Will hills and curves be sanded first? Will the decision be based upon traffic volume, school bus routes or perhaps the number of steep sections?

What is the rate at which you will apply the material? Is that rate based upon published literature or local knowledge? Can that decision be defended in court? 

     “Your Honor, as you can see by our presentation marked number 3, the Federal  

     government in their most recent publication, recommend spreading salt at 500 

     pounds per lane mile. The Town of Fraud has testified that the decision to spread 

     400 pounds per mile comes about from years of experience. They cannot however, 

     point to any records, experiments or other scientific testing or data to back up their 

     reasoning. I therefore ask for a settlement of Many Billions of Dollars for my client”. 

Are the trucks/spreaders calibrated each year? Can the rate at which each spreader places material on the pavement be adjusted? Do you keep track of this spread, i.e. prove by some manner that for example; on February 13, 2004 during the hours of 0100 – 0500, 8 tons of salt was spread on the section of route 30 between Tupper and Selvor Roads? Are records kept that show which pieces of equipment and which personnel are operating out of specifications?
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The Art  

Personnel

Good supervisors and equipment operators for the most part, have the kind of knowledge and experience that allows them to look at a section of pavement and determine for example; it will freeze over within the next 30 minutes. 

Supervisors and operators must be able to determine when spreading material will harm the situation by causing snow to begin sticking to pavement? 

No set of rules, regulations or operating procedures can be written to cover all circumstances. The operator of the truck driving down that snow covered road must be able within reason to make his/her own judgment as to what must be done.

Think clearing roads during the winter is easy work. Perhaps you believe these people are less motivated, caring, intelligent and wise as yourself. How many times has what you have done or not done at work saved a life or caused someone to die. Put yourself in an operator’s position. This fellow didn’t spread any salt on a particular stretch of road due to the large amount of adverse publicity during this winter season. “These people are wasting our tax dollars”, states a letter to the editor. Just after having not salted that section of road however, the operator learns that a family lost their lives when moisture flash froze (often referred to as black ice) a portion of that road. These people, these supervisors and operators live with those circumstances every year summer and winter. No one escapes the fact of someone dying on his or her beat.

Abrasives (sand)

When referring to abrasives today, it is most common this material will be sand. Sand meeting a particular grade (passing through appropriate sieve sizes) with a specific hardness and sharpness to the edge of each granule is used in fighting snow and ice. Common sand is not as effective, is too soft and is more likely to contain contaminants such as soil, causing the sand to freeze inside the trucks and spreaders.  

Commonly when an individual states that he or she prefer to have sand alone used to control snow and ice, they mean just that, pure sand. In the past, abrasives such as cinders from coal-fired plants were used exclusively or mixed with sand. Today, the efficiency of such plants produces a cinder too soft for snow and ice use.

In fact one cannot spread only sand, there must be an accompanying percentage of salt. To begin, the sand is stored in a pile in preparation for an “event”. Even sand that has been dried (costly) and then stored indoor will soon freeze into blocks within the spreaders during a storm thereby halting all operations for a significant amount of time. 
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Commonly, 10 percent of the weight of a sand pile is salt mixed in to prevent freezing. Therefore, when you are “sanding” roads, you are at the same time also salting them. Once a storm begins, it takes a certain amount of salt to rid the roads of a specific amount of snow and/or ice. If the snow is allowed to turn to ice, it will take a greater amount of sand (and therefore salt) to displace this ice. Since a truck can travel some six times less distance when spreading sand some section of roads will have material spread on them six times later. That means more dangerous roads more of the time. It also means more likelihood of ice forming again making the roads even more dangerous. It also means that in the end it will require more salt (being placed with the sand) to clear the roads than if salt alone were used.

Since snow becomes packed and ice is more likely to form when using abrasives, it takes even more salt to melt this snow and ice and more time to eventually clear the roads. 

To put it another way; during a particular storm, it requires a certain amount of salt to remove snow. It requires even more salt to remove that snow when it becomes packed. It requires a much greater amount of salt to remove ice during that storm.

When using abrasives only (again, salt is combined with the sand), one has to keep sanding the highways until enough salt has been applied to remove the snow and ice. 

Simply put, one cannot stop the use of salt without degrading hugely the driving quality during wintertime. If one uses sand, one uses salt.

Perhaps most important is understanding that one fact. One uses just as much salt (and usually more) when using abrasives, than when using only salt. And, the driving conditions will be worse and for a longer period of time.

There are other serious drawbacks to the use of abrasives. It is obvious that “abrasives” will wear out equipment more quickly than using salt alone. Loads on trucks when using abrasives are usually greater. The trucks must operate longer hours (more wear and tear, and more fuel) than with salt. Abrasives get into culverts, storm drains and drop inlets (catch basins) requiring special equipment, time and labor to clean each year. Abrasive use builds up the shoulder edge requiring regular maintenance operations to cut and remove the berm formed.  Abrasives are simply dirty and mean more equipment washing for operations and for vehicles driven by motorist over those roads.

     Rate: Abrasives are normally applied at 1500 pounds per centerline mile.
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Plow Only
The case is sometimes made for plowing level roads only. Sand would be applied only on those hills where it is too slippery for vehicles to make the grade.

When we only plow or use sand and/or salt sparingly, the roadway quickly becomes a hazardous, auto shaking surface where only the brave and those who “absolutely, positively have to be on time”, venture. We saw these conditions early on in automobile travel and in Tompkins County again in the 1960’s when the use of salt was replaced by a sand program.

Plows cannot completely remove the snow and by the time the plow comes through again, that remaining snow has become packed by traffic and is beginning to turn to ice. Due to various causes, this packed snow does not adhere to all sections of pavement equally. “Potholes” begin to appear in the packed snow and ice which eventually becomes anywhere from one to several inches in thickness. Where there are no “potholes”, the road surface (which is now the top of this snow and ice layer) undulates depending on the thickness of the packed material. Traffic slows in a major way and chains are required to allow most motorists to get to their destination.

     At this point, I should make the point that if in the past, regulations had required 

     the discontinued use of salt, all vehicles would by today be all wheel drive. This

     would eliminate the use of chains as I have discussed in the proceeding paragraph.    

     This situation would have caused its own problems such as lower fuel mileage, great   

     discomfort, significantly slower speeds and  higher vehicle and maintenance cost.

Could we “live” under such conditions? Certainly but, life as we know it would change and perhaps some would say for the better. People would make fewer trips, only driving when absolutely necessary. Slower speeds may not lessen vehicle accidents but would lessen impacts. Cost of goods, all of which are delivered via the highway would increase. Snow and Ice removal cost would escalate as crews would be on the road much longer for each storm and equipment cost would rise due to the damage caused by rough roads and the necessity for more trucks. Personal vehicle use would plummet and initial price and maintenance cost rise significantly.

Safety

Whether today’s winter roads are safer due to salt use is a question only answered by scientific study. Many such studies have been accomplished and each individual will have to determine if the parameters and goals lead adequately to the conclusions drawn. These studies do claim that clearer roads mean safer roads. I would agree that clearer roads mean fewer slipping accidents but traffic flows at a faster rate making those 
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accidents that do occur more violent. We could lessen accident violence by reducing speed limits so that factor may be moot. On the other hand, traffic will move as quickly as the drivers’ assumption that the road is safe.

The Law
One of the problems with liability (and many would say the value of such laws) is; “when related to safety, one can never go backward”. Once a municipality upgrades the safety of their highways i.e., new guide rail, wider pavement, or in this case, keeping the roads more clear of snow and ice than in the past, they must provide at least that quality of driving experience or better. Such cases are lost in the courts in every instance. A municipality could never go from using only salt to using abrasives, or salt and abrasives. Nearly every accident could be sued successfully.

The Case For Salt Alone
Salt

Salt is also an abrasive; it therefore provides some traction without the use of sand. This occurs of course only when the salt is in a crystalline state.  

The most tried and true rule for obtaining the most snow and ice-free roads during any storm is, “get salt on the pavement before it is needed”. If there is already snow covering the road even in a very small manner, “it is too late”! Of course the salt placed anytime during a storm will still eventually perform its’ task of removing snow and ice. Spreading it too late after start of a storm means:

1. More salt will be required during that storm and, 

2. The roads will be in worse condition during the entire period of that storm. 

To most effectively keep snow from accumulating on the road and most importantly to prevent ice forming, a brine of salt and water needs to be formed between the road surface and the layer of snow and/or ice. If this “brine sandwich” can be formed early, maintained and not overwhelmed by the rate of snowfall. No other means (plows, etc.) need be used during the storm to provide a clear, safe pavement. In most instances the snowfall rate “does” overwhelm the ability of the brine to remove the snow by itself. A plow is then used to push off the overburden allowing the “salt brine sandwich” to continue its work.
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While the usual rate of spreading salt is 300 pounds per mile, experiments have been conducted spreading 1500 pounds per mile for the first pass during a storm. The thought here is that by getting lots of salt on the roadway early, less salt will be needed later. Under such circumstances one may use less salt during a storm, have better quality driving conditions early, or both. The State of Pennsylvania did try this approach in some locations. I have never seen the results from this study.

     Rate: Salt is normally applied at a rate of 300 - 500 pounds per centerline mile.

Plowing

Once snow fighting has been overwhelmed by the rate of snowfall, or very low temperatures (and lack of heat producing means) plowing must be commenced to remove snow. This removal by plowing renders the roadway smooth enough for traffic to move at a safe speed and reduces the volume of snow and/or ice to a point where salt is effective in finishing the removal. 

To efficiently and effectively remove snow by plowing, the snow must be in at least a “mealy” condition. This mealy snow is brought about by the application of salt. The concern with plowing always has been, “we are plowing off some of the salt already applied”. If there is a way around this, no one has yet proposed such a solution. Salt must be there to keep the snow from becoming ice and that means some of it will be plowed off the roadway.

Spreading

Placing material upon the highway is pretty much straight forward. One tries to spread the salt or abrasives as evenly as possible across both lanes (or one lane if you are plowing), as quickly as possible. The greater the truck speed the more likely the material will run (bounce) off the pavement onto the shoulder and roadside. 

Most spreaders in use today conform to a design that is a V shaped box 

(Figure 2, page, 10) using a moving chain to draw the material being spread to the rear of the box. At this point the material falls onto a revolving (spinning) disk that throws the material generally in the direction desired and as evenly across the pavement as that technology will allow.

The problem with these spreaders begins in a design that drops the material at the centerline of the truck and therefore the single roadway lane upon which the truck is traveling (Figure 1, page 9). When the truck is plowing, it is doing so of course in one lane. In such a case, the material can be spread rather uniformly over that single lane.
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Figure 2
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When the truck is not plowing but only spreading material, the spreader design presents a problem. Even if the driver hugs the center of the road when there is no oncoming traffic, the operators’ spreader is still dumping material out of the hopper near the centerline of the lane in which he is driving. The spinner at the rear of the spreader then, must be altered (sped up and deflectors adjusted) to enable material to be thrown further to the left across the oncoming lane (Figure 1, page 9). All this, prevents the spreading of material evenly and exacerbates efforts to keep it on the roadway.

Desired
          Under perfect circumstances, one wants the material to be spread in a manner in 

          which most of this salt or sand lies near the centerline of the road with the amount 

          per square foot lessening as it progresses toward the shoulder. This is desired 

          because along a straight section of highway, each lane slopes (drains) away from 

          the centerline toward the shoulder. Therefore, after application, abrasives will 

          migrate downhill toward the shoulder. In the case of salt, the brine formed by salt  

         and water will flow downhill toward the shoulder.

          To put it more simply think of two grains of salt lying on the pavement. One crystal is near the center of the highway the other only one foot from the shoulder. As these salt crystals mix with the snow or ice brine is formed. In the case of the crystal lying near the center of the road, its’ brine runs across the entire lane, creating more and more brine, melting more and more snow or ice. As for the salt crystal lying only one foot from the shoulder, its’ brine has an effect on only the one foot width of pavement.

During this time, the tires of vehicles are attempting to throw the salt crystals off the road. The next pass of a plow removes much of these salt crystals from the roads surface. Therefore in general, the more salt one concentrates near the highways’ center the more effective is that salt.

     Alterations
          How better would it be then, given there are no foreseen changes coming in 

          spreader technology, to make some changes?  If instead of the spreader conveyor 

          dropping material onto a spinner, perhaps the material could be dropped onto 

          another conveyor. This second conveyor (or perhaps simply a trough) (figure 3,   

          page 12) would move the material to the left side of the truck/spreader and drop   

          that material by gravity onto the centerline of the highway.  Due to the natural 

          distribution imparted to the sand or salt by the materials striking the center of the 

          pavement at speed, this material would bounce around spreading itself naturally 

          over both lanes, with a greater (and desired) density near the center of the road.
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The Future

Nothing seems to be in the pipeline for change in the design of plows. These instruments have changed but little in the last century. As for removing snow 

and ice, some experimental work using heat sources and substitute materials 

have been tried with little success.

The obvious solution and therefore a principle problem for designers, is a plow (or device) that removes “all” the snow and ice from the highway during each pass leaving a dry surface behind. It requires funding to build such a prototype. Given the cost of snow and ice removal including damages to highway facilities and vehicles from salt use, injuries and deaths, accident damage to cars and injury to people, one would think that both State and Federal governments would be funding constant research along this line.

Environmental Damage

Besides the well-known damage to vehicles, bridges and other highway facilities, the environment takes a hit from the improper storage of salt and the after effects of placing this material along the highways.

During the 1970’s numerous locations were discovered where runoff from salt storage areas had polluted nearby drinking water sources primarily wells.

Certainly the best-known detrimental effects of placing salt on roads occurred prior to the 1980’s on the streets and roads in and around the City of Rochester. In that location, the persons responsible for clearing the roads of snow and ice made a seemingly obvious conclusion. Their job was to clear the roads making these highways safe for the traveling public. The more salt they spread on these highways, the quicker and longer they remained free from hazardous winter driving conditions. The money was available to purchase the amounts of salt required and huge amounts were spread during each storm. The salinity in Irondaquoit Bay rose to a high level. It took only a short time to remove these high salt concentrations once the area public works departments began a reasonable program of salting their roads.

In the past, salt piles or abrasives mixed with sand, often sat in the open with no cover. Precipitation easily caused brine to form, flowing toward the lowest point. Later we saw piles covered with tarps solving most of the problem. Suitable bases such as concrete on which to store the material added to the improvements. Today, as funding provides, more and more facilities store their salt in “approved” storage buildings.  These facilities allow the safe storage of salt and easy access by equipment to load trucks. The cost of these buildings is very high and there is no data on life span expectations.

                                                                                                                            Snow & Ice

                                                                                                                                   page 14

Other than a few articles that repeat work already done, I am not aware of any good (my term) studies regarding the effect on the environment of salt placed on roads. I have seen writings that claim a high percentage of salt in the crops of those birds pecking for grit along roadsides. It would be interesting to discover what percentage of salt gets to Cayuga Lake. How saline do the side streams, ponds and wetlands become during the winter? How does the lakes’ salinity change during the year and has the average total salinity changed?

The rock salt mine under Cayuga Lake in the Town of Lansing, disposed of the salt dust in the mine by mixing it with water and pumping the liquid up and into the lake. I believe it was circa 1970 when a student either hiking or for some reason testing the water in side streams discovered the fact. The dust is now stored underground I believe. A small accidental discovery can sometimes change the world (a little).

For whatever reason you may wish to accept, the fishing off shore at the point where the salt brine used to pour into the lake has never been as good.

We know that salt has some beneficial effects. Studies funded by salt interest have also claimed improvements to flora and fauna. I have noted myself that locations where the salt residue would logically be highest (outside edge of highway shoulders) still grow an abundant amount of grasses, flowers and weeds.

I believe that to be proper, a study would have to be carried out in artificial ponds and wetlands constructed along a specific section(s) of highway. Perhaps even better would be constructing both a road and wet areas in a protected area on property that can more easily be accessed and protected. Both scientist and engineers should be involved in such studies. Planting and stocking these study areas with wildlife would provide reliable results continuing over as great a time period as desired. Performing similar studies in an indoor laboratory environment in my opinion, would be useless.

Unfortunately, even results indicating severe degradation to the environment does not change the essentially underlying problem. How else can we remove snow and ice from our highways?
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