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FOREWORD

We are gradually gaining an understanding of the way in which de-icing chemicals are
dispersed into the environment after they have fulfilled their vital role of controlling
ice and snow on highway pavements. Although other trouble spots have been noted, the
most serious problems have occurred near unprotected stockpiles with migration of
chemicals from the stockpile to underground water, thereby polluting nearby wells.
Some evidence indicates that chlorides in underground waters tend to move horizontally
more than they do vertically. However, much more information is needed to resolve
questions about long-term effects of chemicals on groundwater supplies and the long-
term effect of small quantities of chlorides intermittently applied on freshwater aquatic
plants.

In the meantime public agencies are not waiting for answers to all of these questions;
instead they are increasing their efforts to use chemicals more wisely and sparingly.
They are assisted by educational efforts of such agencies as the Salt Institute in its
""sensible salting'' program and the Environmental Protection Agency, the Highway Re-
search Board, and the National Science Foundation.

Readers of this RECORD will find information about the effects of de-icing chemicals
on surface and underground water supplies and on plant life, and they will read an ex-
position that describes salt balance in the environment and lists de-icing chemicals as
only one, albeit controllable, of a number of variables involved in the cycle involving
the movement of salt from ocean to surface to air and water and back to the ocean.

In addition, Hode Keyser provides a concise summary of the subject of de-icing chem-
icals and abrasives. This will be supplemented in months to come by research applica-
tion efforts by various agencies.

Finally, specific suggestions are offered to maintenance managers on how to control
chemical use, how to store chemicals safely, and how to minimize harmful effects by
considering the way in which plants, soils, and water are affected by de-icing chemical
applications.

Maintenance engineers, environmentalists, administrators, and concerned citizens
will find this publication an aid in ongoing cooperative efforts to preserve and enhance
the environment.

The introductory remarks by Minsk and the papers by Adams, Rich, Pollock and
Toler, Diment et al., and Walker and Wood were presented at the 5th Summer Meeting
of the Highway Research Board held in Madison, Wisconsin, in August 1972, The papers
by Brandt and Chandler and Luoto were presented at the 52nd Annual Meeting in January
1973, The state-of-the-art report by Hode Keyser was presented in summary form at
the January 1973 meeting of HRB Committee on Snow and Ice Control.



USE OF DE-ICING SALT—
POSSIBLE ENVIRONMENTAL IMPACT

I.. David Minsk, U.S. Army Cold Regions Research and Engineering Laboratory

oSTEP with me for a moment through a warp in the space-time manifold. The date—
morning of a day early in March 1984. The place—an apartment in METRO RING D.

It rained last night, a bone-drilling rain that froze and coated everything—roads, walk-
ways, structures-—with skating-rink smooth ice. Suddenly the satfax on the desk comes
to life. BLUE FLASH. The message silently forms on the CRT: ALPHA INDEX 105.
PV's PROHIB METRO RINGS A-F. This messageis nolonger cryptic; it has occurred
several times the last three winters. You know it means delay in getting to work in
Metrocenter, for, even though you have the required four riders in your PV pool to
pass the Ring C barrier, the flash has just told you that the weighted average of the
chloride ion content at the 150 monitoring stations within the Metro Rings is above the
maximum allowable concentration; therefore, no more ICC (ice control chemicals) can
be used, and ice will remain until the impulse scrapers or the sun can remove it—some-
times a 2-day job—and all personal vehicles are banned. So you are resigned to taking
the tube or the tracked ACV to work, but you know how jammed it will be. You reflect
on the events of the last few years that led to this situation. Back "1 the early 1970s
the plant pathologists, limnologists, public health authorities, and others raised the
first questions about the long-term effects of rising chloride concentration in surface
water and groundwater. Reaction was slow: More research was needed was the reason
given in retrospect.

Then, in 1976 Ms. Whistle, president of the National Association of Clergymen's
Wives, riding the crest of the great environmental surge, obtained an injunction against
the use of any chloride-containing ICC on federal-aid highways and any highways carry-
ing interstate commerce. A desperate search for alternatives ensued. Abrasives were
used in tremendous quantities even though the hard, sharp granular material was soon
exhausted, and slippery high-clay-content material began appearing. But then the same
Ms. Whistle blew the whistle on abrasives and obtained an injunction against their ap-
plication. The great clouds of dust that traffic kicked up from the piles lining the road-
sides exceeded the particulate limit of the Clean Air Act and was injurious to health.
Any conceivable chemical was pressed into service in 1978—urea, calcium formate,
para-aminophenol, B8-lactose, polyvinyl pyrrolidone. Someone even suggested in a
letter to the editor of Better Urban Roads, you recall with a rare smile in this mirth-
less age of Big Brother, that hot, farm-fresh cow manure be rushed to the city for ice
control. But all these chemicals had their own form of alpha pollution and had to be
discarded.

You recall another instance of the desperation of just those few years ago when
farmers suddenly began noticing the mysterious disappearance of salt licks from their
fields, and grocery stores could not keep the shelves stocked with table salt. Salt was
being bootlegged. Quickly, legislation banned the possession by an living unit of more
than 2 pounds of salt, either iodized or plain. Then in 1980 a modus vivendi evolved
whereby the alpha index proposed several years earlier was enacted into legislation.
This was based on the steady-state concept of a salt tolerance level in the environment.
Salt could be used for ice control until the monitoring stations detected an alpha index
approaching 100. Then the BLUE FLASH and no more fast ice control until the alpha
dropped, which in 1981 took 3 months, in 1982 took 4 months, last year took 6 months.

But there's a way out! Find that space-time warp and step back onto the firm earth
into 1972. Maybe you can taste the salty sweat of the portent of the future. Is this
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flight along time's arrow crooked? Is the picture merely the distortion of a fun-house
mirror ? But what will be the consequences of our present dependence on chemicals for
ice control—as well asthe use of pesticides and herbicides? Do we know where we
stand today ? Is there a need for alternatives? The papers in this Record will not
answer all these questions, but they will make an attempt to tell it like it is and get

you thinking.



HIGHWAY SALT: SOCIAL AND ENVIRONMENTAL CONCERNS

Franklin S. Adams, Pennsylvania State University

*AMERICANS use 6 million tons of salt every year to make winter driving safer, but
nobody knows if it really does. Recent evidence suggests that the assumed positive
relationship between highway salt and safety may be, to a significant degree, false (1).
Yet, because of management decisions at local, state, and federal levels of government
in part founded on this questionable assumption, America has become deeply committed
to a ""bare roads philosophy,' a philosophy that will require an even greater reliance
on the use of salt in the future if it is to be successfully implemented.

Upon completion of the federally financed Interstate Highway System and reconstruc-
tion of numerous primary and secondary roads already under way or planned, the use
of salt in the United States could conceivably exceed 12 million tons by 1975. That is
a lot of salt to be strewn about the environment relatively indiscriminately, perhaps a
potentially dangerous amount considering that scientists know very little about the fate
of salt in the environment. On the other hand, a great deal is known about the chemical,
physical, and biological characteristics of salt that, if properly applied to what has
already been learned about the technical applications of salt on highways, can provide
extremely useful insights.

What I am suggesting is that, although much new information is needed, we already
know enough to make viable interim decisions now. And what is even more important,
a proper statement of what is already known will provide a firmer foundation for decid-
ing the kind of scientific questions that need to be asked in the future.

What follows is a first attempt to point the way. What must follow, if we are to avoid
what in my judgment appears to be the very real potential for prematurely causing yet
another ecological crisis, is at least a massive research effort, perhaps even a mora-
torium against the continued use of salt, but most certainly serious efforts to hold the
line until certain absolutely essential questions can be answered. My arguments
against persistent efforts to expand the use of highway salt as an assumed most effi-
cient, safe, and cheap alternative method of snow removal proceed from a systematic
analysis of the following fundamental questions:

1. What is salt physically, chemically, and biologically?

2. Why does salt melt ice and snow ?

3. What is the fate of salt in the environment?

4. What is the relationship between salt, safety, and economics?

Finally I will attempt to provide several specific recommendations that, if judiciously
applied to current management practices, possess the potential for significant relief of
existing environmental problems. Such recommendations should in no way be con-
sidered final answers. They are at best tentative and must remain constantly subject
to continuing review and reevaluation.

PHYSICAL, CHEMICAL, AND BIOLOGICAL MAKEUP OF SALT

Salt used on highways is generally limited to either sodium chloride (NaCl), a min-
eral called halite, or calcium chloride (CaCl:), designated hydrophylite. (Other chloride
salts have been used but are generally too expensive or too inefficient to receive seri-
ous consideration.) Both substances dissolve freely in water and dissociate (i.e., they
ionize, yielding charged ions) according to the following equations:

NaCl + water SS0EBlion, Nat + CI”



ionization catty ClIm+ CL-

CaCl; + water

Because these chloride salts dissociate freely in water yielding charged ions and
because the charge (electric potential) borne by the dissociated ions is essentially equiv-
alent, NaCl and CaCl; are called neutral salts. Neutral salts are defined as substances
that ionize in water to yield the equivalent of hydrogen (H") and hydroxyl (OH") ions or
to react with neither (H') or (OH") ions. The charges between salt ions and water ions
are essentially equivalent and are, for all practical considerations, nonreactive. This
means that salt ions are free to react with water molecules rather than with water ions
(HOH rather than H* or OH™), which provides the key to salt's profound ability to lower
freezing points and thereby assist in melting ice and snow. The mechanism of freezing
point depression and melting will be discussed further along.

Biologically, pure water (water without salts or minerals—the equivalent of triple
distilled or deionized water) is homogenous water. Homogenous water reacts only with
itself. Pure water is then, in a biological sense, inactive. Water with small amounts
of salt present becomes biologically active. That is to say, salt ions break up the ten-
dency for water molecules to react only with themselves. Thus, water molecules be-
come available to participate in biological reactions. A measure of water's potential
for reacting biologically is osmotic pressure; the greater the reactive potential is, the
lower the pressure will be. On the other hand, water with too much salt becomes bio-
logically overactive. That is to say, very salty water interferes with normal biolog-
ical reactions in a kind of '"short-circuit."”

From biological studies of salt metabolism, scientists have learned that moderate
amounts of salt are absolutely essential to life. Primitive man, as his descendants
are in the Sahara Desert today, was tied to a source of salt for his very existence.
Recall the story of the recently discovered Japanese soldier who managed to survive
in relative isolation on the island of Guam since World War II (2). He was in good
health except for having become quite anemic, probably a condition known medically
as hypovolaemia. Hypovolaemia is in part caused by too little salt, a condition char-
acterized by a decrease in blood volume due to sodium deprivation. NaCl is also an
essential constituent of blood plasma (the fluid part of blood) and erythrocytes (red
blood cells). Although the soldier lived in a cave close to the sea where salt is perpet-
ually available, fear of discovery forced him to subsist on snails, insects, plant foods,
fruit, and leaves, with very low salt content.

All plants and animals require salt to live; every hunter knows the value of a stra-
tegically placed salt lick. One possibly very serious problem resulting indirectly from
the use of highway salt involves deer (3). Attracted to a wholly unnatural highway salt
lick, deer can be killed tragically by fast-moving vehicles often at the risk of injury and
death to the unsuspecting motorist as well.

Too much salt is a threat to all living creatures, even so to plants and animals
living in the oceans where salt is present on the average of about 3.5 percent or 35
parts per thousand. Ocean organisms are not poisoned by salt simply because each
species has evolved special structures, vacuoles or salt glands, that function to remove
excess salt absorbed directly from the water or assimilated in its food supply. It is
important to realize that most freshwater organisms have no special organs to protect
them from excess salt. With the exception of certain organisms that have evolved the
ability to tolerate both freshwater and saltwater environments, such as eels and salmon,
all freshwater plants, invertebrates, fish, and aquatic mammals will die when placed
in ocean water to the extent that acutely toxic amounts of salt are assimilated internally.
Salt concentrations greater than 1 percent (1 gram/100 grams of water) endanger
health, reproduction, and longevity in all species adapted to fresh water environments,
including man.

Clearly, living organisms survive in a precarious balance between too little, just
right, and too much salt, each in accordance with its genetic limitations and special
adaptations. What we need to know most of all about the effects of highway salt in the
environment is what is happening to this critical balance in organisms exposed to ex-
cess salt and, in a larger sense, what is happening to the continuing evolution of all
species thus affected.



HOW SALT MELTS ICE AND SNOW

Recall that earlier we said that pure water reacts first of all with itself, molecule
to molecule. The bonds formed between water molecules are called hydrogen bonds

H H H H
OH---OH---OH---OH

indicated here by the dashed lines. Hydrogen bonds are relatively weak bonds that are
easily influenced by the presence of competing substances. Even so, these weak bonds
are sufficient to give water its characteristic density and specific gravity, either one
of which provides a measure of hydrogen bonding. By convention, pure water is as-
sumed to have a specific gravity of 1.00 at 4 C (maximum density) and standard pres-
sure (sea level),

Remember also that salt dissociates easily in water; salt ions are thereby set free
to react with water molecules:

H
OH
H S
Na---OH or Ca
\\
OH
H

Each interacting ion-water molecular bond formed disrupts prior existing hydrogen
bonds. Salt ions interfere with hydrogen bonds because the bonding potential of salt
ions exceeds the strength of the hydrogen honds, and salt ions are favored preferen-
tially. As the number of broken hydrogen bonds increases, the characteristics of den-
sity and specific gravity change proportionately and water becomesless dense. Changes
in hydrogen bonding can also be caused by varying temperature or pressure.

For example, pure water at 100 C or 212 F and at standard pressure boils and evap-
orates rapidly. Evaporation occurs because at that temperature all hydrogenbonds are
broken. At 40 C or 104 F, 50 percent of the hydrogen bonds are broken. At 0 C or 32 F
(water), only 15 percent of the hydrogen bonds are broken. At 0 C or 32 F (ice) all hy-
drogen bonds are joined, and water has assumed a crystalline (solid) structure. It is
important to note here that for each gram of water a change of 1 deg of temperature
requires the loss or gain of 1 calorie of heat energy. To change water to ice (32 F
water to 32 F ice) requires the loss of 80 calories of heat energy per gram, This is
why ice, once formed, is difficult to remelt; a great deal of energy is required.

Salt plays a vital role in melting ice precisely because it changes the inherent struc-
ture of water, a process of interfering with hydrogen bonds, thereby lowering the freez-
ing point. Yet, no matter how much salt is added, no melting of ice can occur without
the addition of heat energy. The heat energy required for melting may be obtained from
the atmosphere above the highway surface and the pavement or from subsurface ma-
terials in the form of latent heat or in the form of pressure and friction exerted by the
tires of moving vehicles, At low environmental (ambient) temperatures (15 F and be-
low) a phenomenal number of moving vehicles are required to maintain any significant
amount of melting. What usually happens is that the partially melted snow and salt
become mixed in a meal or grist-like consistency and the highway surface beneath be-
comes glazed, thereby creating unusually slippery conditions. What may also happen,
if the amount of snow is excessive and ambient temperatures are low, is that the par-
tially melted snow will bond to the highway surface, the remaining snow will pack, and
its surface will become glazed with ice. A combination of alternating glazed and mealy
driving surfaces is unusually hazardous; extremely dangerous driving conditions of this
sort should be avoided if at all possible. Occasionally, public officials will actually
close dangerous highways to the motoring public; it is ironic that most of the danger
could have been avoided had salt not been used at all.



CaClz, because one calcium ion (Catt) can interfere with two hydrogen bonds simul-
taneously, is approximately twice as efficient in lowering freezing points as NacCl,
especially at low temperatures (below 15 F or -9 C). Conversely, sodium ions (Na")
can associate with only one molecule at a time, but sodium is more efficient at lowering
freezing points at relatively high temnperatures (32 to 15 F) than calcium. Differences
in the molecular structure of water at different temperatures also affect the way (Nat)
and (Ca'*) ions can react with water molecules, which accounts for some of the dif-
ferences of efficiency in freezing point depression between CaCl. and NaCl. These
concepts are rather complicated, and, because they do not bear directly on the question
at hand, further discussion is deferred.

The practical question of how salt lowers freezing points and the importance of heat
energy to melting can be best answered by analogy. What happens when salt is mixed
with ice or snow is precisely what happens in an old fashioned ice-cream maker. Re-
member that an ice-cream maker consists of two chambers, a large outer chamber
containing a mixture of salt and ice plus an inner canister, usually made of tin or alu-
minum (metals of high conductivity), containing the ice-cream mix. The salt lowers
the freezing point, and the ice begins to melt. Because melting absolutely requires a
source of heat energy to occur, the latent heat of the ice-cream mix is quickly conducted
to the melting ice. In time, the temperature of the ice-cream mix falls below freezing
and the mix partially solidifies, or at least it is supposed to solidify. On occasion an
afternoon's work is rewarded only with iced soup.

Most of us are perhaps too young to remember, but Grandad knew best when he would
admonish, ""Not too much salt now!" Grandad knew what we either have forgotten or
perhaps have never known, i.e., that too much salt poisons the ice-melting reaction.
Because NaCl and CaCl; possess a finite ability to lower freezing points, the amount
of salt required to lower the freezing point of water to the lowest possible temperature
is called the eutectic concentration. Salt concentrations in excess of the eutectic con-
centration begin to raise the freezing point. Hydrogen bonds reform, the salt-laden
icy water (brine) becomes slushy (with unmelted snow), and the demand for heat energy
is short-circuited. Too much salt thereby impedes melting.

Under winter conditions at very low temperatures (-7 F and below for NaCl and
-59 F for CaCl;), too much salt inhibits melting and may, under certain conditions, aid
the formation of ice. Fortunately, these conditions occur only rarely on highways in
the United States. In regions of Canada and Alaska where such conditions can occur,
the use of salt is limited to CaCl;, or salt is not used at all. At very low tempera-
tures, heat energy required for melting is simply unavailable.

FATE OF SALT IN THE ENVIRONMENT

The question of what happens to salt in the environment has received only limited
attention in professional biology and ecology journals. Most biological investigations
have been limited to studies attempting to determine the effects of salt on roadside
vegetation. However, the number of articies dealing with salt effects of a more gen-
eral environmental nature appearing in technical journals, trade publications, and spe-
cial symposium reports is on the increase. A comprehensive review of all literature
references suggests that there are significant and perhaps critical unknowns that have
not been fully investigated.

If we are to gain useful insights into the difference between what is known and what
is yet unknown about the fate of salt in the environment, it is useful to construct a hy-
pothetical model (Fig. 1). The model is based in part on information obtained from
the general literature and in part on research conducted by the author. It appears
probable that all possible alternative pathways for dispersal of salt in the environment
have been identified, and, in that sense at least, the model may be considered relatively
complete. Yet, it is in no final way possible to quantify the model in terms of how much
salt will be found at a particular place in the environment at a particular moment in
time. The kind of research necessary to enable such calculations has simply not yet
been done. The model is valuable, despite obvious quantitative deficiencies, because
it represents the first known attempt at a comprehensive synthesis of available infor-



mation. In addition, it is now possible to plan a coordinated research effort whereby
quantitative unknowns may be systematically determined. What follows here is a first
effort to identify research areas of greatest need based on an overall analysis of the
model.

When salt or a salt-aggregate mixture is spread into the environment, it may be
reasonably assumed that the salt will end up at some specific place in the environment,.
This assumption is based on the fundamental principle of physics that matter can neither
be created nor destroyed. Salt is made up of elemental matter, sodium or caleium and
chlorine, and thereby subject to all physical and biological laws governing the natural
world. The elemental constituents of salt casually or quite deliberately cast into the
environment must, at a later time and place, be accounted for.

Because salt is readily dissolved in water and snow or ice is the solid form of water,
any salt-snow mixture will ultimately result, to a lesser or greater degree, in the dis-
appearance of salt into solution. At the time of environmental distribution salt, snow,
and salt in solution will enter into any one or combination of the following three possible
alternative pathways:

1. Salt may dissolve in the melting snow and run off directly;

2. Moving traffic may splash salt or salt in solution onto the adjacent roadside en-
vironment where salt may percolate downward into the soil and become available to
plant roots or the underlying water table or be deposited directly on roadside vegeta-
tion; or

3. Salt-laden ice and snow may be picked up, hauled away, and eventually discarded.

The ultimate fate of all salt liberated into the environment will be to enter the oceans
or an equivalent reservoir such as fossil geologic water supplies (underground pools of
water formed only during interglacial intervals called pluvials). At all other times,
salt is free to become involved in all manner of living and nonliving environmental pro-
cesses, many of which possess the potential for causing significant ecological altera-
tions.

Direct Runoff of Dissolved Salt

Dissolved salt entering streams, rivers, ponds, and lakes acts as a weak electrolyte,
thereby changing the electrical conductivity of the aquatic system. In concentrations
greater than 1 percent, all freshwater species of bacteria, algae, invertebrates, fish,
and higher plants are placed in immediate jeopardy. Science simply does not know
what the long-term effects of small amounts of artificially induced salt are on species
of freshwater organisms. We need to know which species are relatively resistant and
which species are slightly or seriously affected, and most of all we need to know the
effect of salt on fundamental evolutionary processes of selection and adaptation. It
appears possible, if not entirely probable, that small concentrations of salt may act as
an effective agent for natural selection much in the way that DDT and other chlorinated
hydrocarbons were able to select and favor the survival of resistant varieties of mos-
quitoes and flies,

Salt in solution also affects the physical characteristics of small bodies of water
such as ponds and lakes. In studies of Irondequoit Bay, New York (4), and First-Sister
Lake, Michigan (5), the delay or failure of seasonal mixing due to salinity-induced
stratification has been observed. Because the quantity of oxygen in the hypolimnion
(lower depths) is directly affected by seasonal mixing, it is well within the realm of
possibility that the addition of significant amounts of salt could contribute to the bio-
logical process of aging in lakes called eutrophication.

[G. Feick and his associates (12) presented evidence that the contamination of fresh-
water environments by the runoff of CaCl, and NaCl used for de-icing roads can acer-
bate contamination by mercury and undoubtedly by other toxic heavy metals as well.
Highway salts act to increase the relative amount of mercury in equilibrium with the
sediments by two to five or more orders of magnitude. Salts thus interfere with the
ability of bottom sediments to bind mercury and other heavy metals in vivo. This
evidence tends to confirm my suggestion that contaminating highway salts may contrib-
ute to the biological process of aging in lakes called eutrophication. ]



The presence of salt in major river systems has apparently not yet reached critical
proportions; the amount of dilution contributed by uncontaminated tributaries and pre-
cipitation is adequate to maintain extremely low levels of salt. However, there is no
reason to conclude that, in the event of severe drought conditions or with significant
increases in the use of salt, future problems will not emerge.

Salt entering potable water supplies, either directly as runoff contamination or in-
directly via normal groundwater recharge aquifers and rapid percolation of C1™ ions
through the soil, can accumulate in sufficient quantities to render wells entirely use-
less (6). Numerous public and private wells in the northeast region of the United
States have already been destroyed by salt at considerable expense to state and local
governments.

Splash and Percolate

Dissolved salt and salt residues splashed onto roadside soils may percolate down-
ward depending on the amount of runoff versus the amount of retention or adsorption
onto roadside ice, snow, aggregates, exposed soils, or vegetation. Assuming percola-
tion, the cations Na* and Ca** will be captured by the anionic properties of clay par-
ticles in the soil. Only in very sandy soils will these cations migrate significant dis-
tances. It is important to note that in sodium- or calcium-deficient soils small amounts
of salt will actually improve soil fertility. Yet, the small number of salt-deficient
roadside soils in the United States can in no way justify massive applications of highway
salt. The anion C1~ percolates quite rapidly through the soil primarily because the
clay particles in soil bear the same negative charge. Elemental chlorine thereby
rapidly enters normal channels of groundwater migration.

The most obvious effect of salt on roadside vegetation is that susceptible species
such as white pine, hemlock, sugar maple, red maple, and most ornamentals respond
with symptoms of chronic foxicity, burned or browning foliage. Salt apparently inter-
feres with normal photosynthetic and respiratory processes and, at acute levels of
toxicity, will kill the leaves directly. Small amounts of salt absorbed through roots
or exposed vegetation will lead to premature coloration of leaves and early leaf fall in
the next year. With acutely toxic doses, the plant dies, and, unless the dead portions
are removed, the salts contained therein will be recycled to the roadside environment.

A great deal is known about chronic and acute toxicity of sall in most sensitive
plants (7). Very little is known about the subtle effects of low levels of salt contamina-
tion on so-called "'resistant" species over long periods of time. It seems prudent to
caution once again that in all probability salt has the potential for acting as a selection
agent in the natural environment. The need for adequate research in this area is indeed
critical.

Pickup and Discard

Problems associated with discarded salt-laden snow and ice scooped up from high-
ways, sidewalks, and parking lots have been almost entirely ignored. Similar problems
related to the storage of unused salt have been extensively treated. Why this disparity
of understanding exists can be explained on the basis of ignorance and neglect: Dis-
carded salt is essentially out of sight and out of mind; no problem is seen to exist.

Salt storage piles are large, conspicuous, hardly avoidable structures that are often
sited adjacent to potable water supplies. Perhaps here lies an acceptable explanation.
The enormous cost of developing new water supplies to compensate for salt contamina-
tion has forced local and state agencies to better protect the environment from salt con-
tamination. All manners of covered or otherwise enclosed waterproof storage sheds
have been invented and tried. In most instances the designs are quite functional and
environmental contamination is entirely avoided. Yet, one cannot see dissolved salt in
water, and, in the case of tarpaulin-covered storage piles, rainstorms followed by hot
dry weather often tell a different story (Fig. 2).

Discarded piles of salt-laden snow, black and dirty, show little evidence of the salt
within. Dumped wholesale into streams and rivers or piled in open fields, the salt
within is instantly free to affect the environment. Figure 3 shows one such discard



Figure 1. Fate of salt in environment.
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Figure 2. Pennsylvania Department of Transportation
tarpaulin-covered salt storage area: (a) winter
conditions, no apparent contamination; (b) fall
conditions, evidence of salt contamination of roadside
environment.

Figure 3. Discarded salt-laden snow and ice located on groundwater recharge

aquifer.
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area that is surprisingly located on a groundwater recharge aquifer. All of the salt
leaching from these piles enters directly into underground water supplying unknown
numbers of area wells. It is only a matter of time until the contaminating salt reaches
chronic proportions and another source of water will have been destroyed. There is
simply no excuse for such careless management of waste salt.

The question of what happens to salt that evaporates along with ice and snow under
conditions of high wind and low relative humidity has not been examined experimentally.
Preliminary observations and information extrapolated from related studies (8) involv-
ing atmospheric redistribution of ocean salts and sewage treatment effluents Suggest
that very large amounts of salt may be redistributed generally throughout the environ-
ment. Unfortunately, no quantitative estimates of amounts of salt involved or environ-
mental effects are yet available. Clearly, there is a critical need for thorough re-
search in all of the areas herein discussed if another potential environmental crisis
is to be successfully avoided.

RELATIONSHIP BETWEEN SALT, SAFETY, AND ECONOMICS

Spokesmen for the Salt Institute make the rather bold claim that salt and safety are
synonymous (9). Most arguments purporting to show a positive relationship between
the use of salt and a decline in the frequency of highway accidents are based on statis-
tics compiled by federal, state, and local government agencies. Depending on who in-
terprets the statistics and for what purpose, many points of view may be developed.

It is especially difficult to determine precise cause and effect relationships from non-
specific statistical data. Yet, from precisely this kind of second-hand general statis-
tical data, the Salt Institute concludes that salt means increased safety.

It is the author's divergent opinion that these so-called ""convincing' statistics have
not been properly corrected for the probable influence of alternative causal factors.
In other words, the extent to which highway accidents have decreased in response to
engineering improvements has not been properly accounted for as regards (a) improve-
ments in the design of automobiles, (b) improvements in tire quality and efficiency,

(c) improvements in driver performance resulting from expanded driver education
programs, and (d) improvements in highway design, engineering, and construction.

Perhaps the most damaging argument against the Salt Institute's position is that in-
surance underwriters, using essentially the same basic data, have managed to convince
federal and state insurance commissions that highway accidents are on the increase,
not on the decrease. And, because accident rates are increasing, a corresponding in-
crease in premium rates is justified. As a matter of fact, the average American mo-
torist is paying higher insurance premiums today than at any prior time in history.

The question of salt and safety may also be examined experimentally. It is now
known that under certain meteorological conditions the presence of salt may actually
encourage the formation of ice or at least greater than normal slippery conditions (1,
10). Salt, especially CaCl,, is deliquescent; that is to say, salt can attract water., At
Tow temperatures and high humidity, the presence of salt favors the deposition and
retention of moisture on highway surfaces. The questions that need most of all to be
answered experimentally are to what extent does salt-induced ice formation occur
within the north temperate zone, and to what extent can winter accidents be directly
attributed to the presence of salt?

Questionable Economics

The terms salt and snow are rapidly becoming synonymous in Europe, Canada, and
the United States. Inthe 15 years from 1950 to the mid-1960s, the use of salt increased
in England fivefold. In 1968, 1%, million tons of salt were used in Canada; nearly 6
million tons were applied to roads in the United States. Two years later, consumption
of salt in the United States increased to 9 million tons; approximately one-third of this
increase can be accounted for as CaCl,. The salt industry has grown correspondingly,
and the selling of salt has become quite literally a highly profitable business. As the
marketplace expands (recall the projection of 12 million tons by 1975), competition
will increase and the pressures to sell salt will become irresistible, especially if the
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public, through effective advertising campaigns, becomes convinced that salt is the only
practical answer to snow removal problems.

According to Adrian Clary (11), the pressures on public agencies to use salt have
increased significantly in recent years. Even the courts have joined the controversy
saying in effect that, once a road authority maintains a road in a certain condition, it
must continue that condition or warn against a change. To violate this precedent means
that public officials are immediately exposed to the risk of liability suits. Unfortu-
nately, juries have been entirely generous in awarding substantial damage claims in
suits involving liability or negligence.

The problem is made even more serious by convincing estimates of economic losses,
associated with inefficient snow removal strategies, based on the use of highly ques-
tionable statistics. For example, in New York City, a commuter's time is valued at
$2.82 per hour. The loss of 1 hour's travel time per storm during an average winter
is calculated to cost the city of New York $30 million annually. In Detroit, savings to
business resulting from the liberal use of salt were calculated to equal $55 million
saved against potential work losses, $7 million saved against late delivery of goods,
$426 million saved against potential losses of consumer sales, and receipts of approxi-
mately $67 thousand per day in public transportation.

These are strong economic arguments. After all, what public official in his right
mind would intentionally assume responsibility for such staggering losses. The use of
salt, if not environmentally justified, can at least be understood to have an irresistible
economic justification. The pressure to buy salt has increased beyond rational con-
trol. The only way these irresistible economic arguments can be effectively countered
is for the public to demand rational cost-benefit analyses. Any adequate cost-benefit
analysis will include such externalities as the following:

1. The cost of salt's corrosive action on highway surfaces, especially to unseasoned
concrete;

2. The cost of salt's corrosive action on structures, including bridge railings, bridge
decks, and supportive framework; and

3. The cost of salt's corrosive action on metal and rubber automobile parts, in-
cluding body parts, brakes, wheel cylinders, and steering mechanisms.

It will be interesting to see the contrast between assumed benefits and the true costs of
salt use, costs that may be calculated finally only in response to significant new en-
vironmental research.

Despite the obvious need for viable research, the kinds of decisions needed to im-
plement new research programs are simply not forthcoming. Why? The problem is
essentially one of misplaced priorities. Despite the good intentions of many public
officials, not one penny of federal research money was spent on salt research prior to
1963, and only a dribble of money has been invested officially in subsequent years.
Conversely, the Salt Institute spends thousands of dollars annually on advertising,
lobbying, and sponsored research, all of which is understandably pro-salt.

In addition, ecologists and conservationists who have dared to question the propriety
of using salt in the environment have been summarily dismissed as "hysterical eco-
nuts." One can only ask, What is the real source of hysteria? The average citizen
confronted with slick advertising and misleading statistical propaganda can hardly be
expected to form anything less than a strong emotional attachment to highway salt, an
attachment exemplified by the emotional words of a young mother who said, '"As long
as salt guarantees the safety of my children, I could care less what happens to the en-
vironment." The power of American advertising should never be underestimated, but
advertising costs money, which is of course no real problem for those engaged in a
disproportionately profitable business.

One way that the problem of environmental unknowns associated with new technol-
ogies, such as highway salt, could conceivably be solved is to finance the necessary
research with an appropriate tax on the profits of the offending industry. At least in
this way, a potential polluter would be forced to make a positive contribution to the
discovery and implementation of viable alternative solutions.
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Recommendations

Until a suitable physical or chemical alternative for salt is invented or until the true
environmental costs of a salt-based technology are determined, there are several ways
whereby public officials and highway maintenance personnel can make a positive contri-
bution to the relief of existing environmental problems. One of the most serious prob-
lems involves relatively unrestricted spreading of excessive quantities of salt. The
accidental or careless dumping of salt in piles on highway surfaces and the spreading
of salt at maximum possible rates far in excess of actual need are not only economically
wasteful but also environmentally destructive. Carefully controlled applications of salt
according to calculated need by skilled operators will minimize environmental con-
tamination. The additional problem of determining how much salt is required to melt
a given amount of snow is skillfully explained in an article entitled Understanding the
Action of Salt (13).

It makes litiTe sense to spread salt where salt is not needed. A functional survey of
local streets to determine the location of troublesome hills and intersections and the
application of just the right amount of salt in the most advantageous location can si-
multaneously save money and protect the environment. As sound snow removal strate-
gies are developed and implemented, public officials would be well advised to keep the
public fully informed about goals and objectives.

Controlled applications of salt require that spreading equipment be maintained in
excellent repair. Careful calibration of salt spreaders will ensure correct delivery
rates. The employment of trained operators, especially those with a conscience, will
more than compensate for higher pay rates in real savings; every pound of unnecessary
salt saved is the equivalent of money in the bank.

Salt storage piles, properly contained and protected from wind and rain, will elim-
inate losses due to leaching. Remember, too much salt is a potential biological poi-
son; handle salt accordingly.

The cautious discarding of salt-containing wastes is essential if environmental
damage is to be minimized. If wasting is necessary, use only those methods that will
maximize dilution. Waste dumps must be located outside known aquifer recharge
areas. An alternative method of disposal would be to store waste salt in dry, non-
leaching holding beds; the dry residue conceivably has the potential for reuse. 1n-
fortunately, the concept of recycling salt has never been examined experimentally.
Perhaps some enterprising public official will endeavor to develop a demonstration
proposal involving recycled salt.

Most of all, public officials need to keep informed about recent scientific and tech-
nical developments. This will require a conscious commitment to read scientific and
technical journals as well as trade magazines. Remember, whatever the official learns
that is new and useful deserves to be shared with the public at large. A properly in-
formed public is not only appreciative but, more importantly, quite willing to actively
support positive programs.

CONCLUSIONS

There is little question that under many meteorological and environmental conditions
chloride salts are effective agents for melting ice and snow. Yet problems of manage-
ment, safety, and potential environmental damage are obviously more serious than
simply melting snow. To calculate the true costs and real benefits of an expanding
salt-based technology requires that a great deal of vital research be conducted. In the
meanwhile, persistent efforts to expand the use of salt as an assumed most efficient,
safe, and cheap alternative method of snow removal need to be strenuously questioned.
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SOME EFFECTS OF DE-ICING CHEMICALS ON
ROADSIDE TREES

Avery E. Rich, New Hampshire Agricultural Experiment Station

oUSE OF SALT as a highway de-icing compound has gained wide acceptance during

the past 25 years. For example, the amount of salt used on highways in the United
States has increased from ‘4 to 6 million tons during the past 20 years. Its use appears
to be increasing at the rate of about 1 million tons per year, and predictions are that

it may level off at 10 to 12 million tons (12). It is estimated that 95 percent of the salt
used is sodium chloride (NaCl) and 5 percent is calcium chloride (CaClz).

New Hampshire has been a leader in the use of salt in its winter highway maintenance
program. In 1957 the state highway department used 75,000 tons of salt, mostly NacCl,
on 3,700 miles of state highways or approximately 20 tons per mile. Ten years later
(1966-67) 113,000 tons of salt were applied on 7,700 lane-miles of highway, with a total
of 115 applications. This is almost 30 tons per two-lane mile or 5 to 6 pounds per foot
per lane. A survey of the other five New England states showed that their use of salt
was comparable to that of New Hampshire.

In 1957, the New Hampshire highway department reported 13,997 dead trees along
3,700 miles of highway. The cause of death of these trees was not specified. The esti-
mated cost of removal was $1,000,000.

At that time, highway department officials sought our help in determining the effect
of salt on roadside trees. Research reports prior to 1957 were either irrelevant or
inconclusive. Most of the research on salt injury had been done with crop plants and
had been done in connection with the saline or alkaline soils in the western United
States. Considerable work had been done in Holland also where the land had been
flooded from time to time with seawater. Most studies conducted in the eastern Uni
States dealt either with CaCl:; applied in summer to reduce dust on unpaved roads (
or with salt spray from the Atlantic Ocean as a result of storms.

The first report of injury to roadside trees from winter use of salt appears to be
from Minnesota (2).

Experiments were started in Massachusetts during the winter of 1952-53. Initial
reports indicated no injury to trees from salt applications (5, 9). However, a later
and more detailed report stated that injury to roadside maples was correlated with high
chloride levels, presumably from uptake of chlorides applied to roads in winter (4).
This confirmed an earlier report from Connecticut (1). -

We started our research on the decline of roadside trees about 15 years ago. The
writer moved out of the state in 1943 and returned in 1951. During that time something
had obviously taken place that was affecting the health and vigor of roadside trees,
especially sugar maples. Preliminary studies indicated that a few trees were infected
with Phytophthora cactorum, the causal agent of bleeding canker. A few others had
Armillaria root rot, caused by Armillaria mellea; an occasional tree was suffering
from Verticillium wilt (Verticillium alboatrum); but most trees were apparently free
from pathogenic fungi.

Norman Lacasse, a former graduate student at the University of New Hampshire,
and the writer made a careful study of 550 sugar maple (Acer saccharum Marsh.) trees
along US-4 in Northwood, a heavily traveled and salted highway. Trees within 30 ft of
the highway were usually moderately to severely affected, whereas trees more than 30
ft away were almost always healthy. Symptoms of affected trees included marginal leaf
scorch, late summer coloration and early autumn defoliation, reduced shoot growth,
dying of twigs and branches in the crown, and ultimate death of severely affected trees.

ted
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Injury was not correlated with size or age of trees, soil type, soil fertility, or parasites
including nematodes. Analyses of foliage and twigs from injured trees showed ab-
normally high sodium levels (748 and 681 ppm respectively), and sap from injured
trees tested high in soluble salts (8). We observed that the 30-ft strip along each side
of the highway was the area where the snow, slush, and salt were deposited by the
snowplows. Soil samples taken in the spring from areas near the highway contained
more soluble salts than samples 50 ft or more from the highway. However, the salts
were leached rapidly by melting snow and spring rains.

Another study by Kotheimer, Niblett, and Rich (7) showed that sugar maple trees
along salted state roads in three townships (Barrington, Kensington, and East Kingston)
were injured considerably more than maple trees along unsalted town roads in those
townships (Table 1).

These results suggest that salt is an important contributing factor to the decline of
roadside maple trees. Other factors such as drought, pavement, mechanical root
damage, and possible air pollution should have remained relatively constant for the
salted and unsalted roads.

Further work at the New Hampshire Agricultural Experiment Station (6) showed that
Cl~ level was a better indicator of salt injury than was Na+ level. In one study, the Na+
levels in foliage for healthy, moderate, and severe injury classes were 0.02, 0.03, and
0.17 percent respectively. The corresponding C1~ levels for the same classes were
0.06, 0.28, and 0.42 percent respectively. These results agree in general with those
of Holmes and Baker (4), but they observed little injury at chloride levels below 0.5
percent while injury was common at the 1 percent level.

The shoot growth of injured sugar maple trees is greatly reduced. The mean annual
shoot growths for normal, slight, moderate, and severe injury classes were 9.4, 7.0,
4.4, and 3.0 cm respectively. The corresponding mean foliar C1~ levels were 0.08,
0.13, 0.26, and 0.35 percent. Many terminal buds were dead, and the injured shoots
had a "stag horn" appearance as a result of abnormal growth form.

Tolerance to salt varies considerably with both coniferous and deciduous species (10).
Coniferous species that are intolerant to salt include Canadian hemlock (Tsuga cana-
densis), balsam fir (Abies balsamea), white pine (Pinus strobus), and red pine (Pinus
resinosa). Deciduous species that are sensitive to salt include sugar maple (Acer
saccharum), red maple (Acer rubrum), bass wood (Tilia americana), and American
elm (Ulmus americana).

Tolerant species include red oak (Quercus rubra), white oak (Quercus alba), white
ash (Fraxinus americana), black locust (Robinia pseudo-acacia), quaking aspen (Populus
tremuloides), black cherry (Prunus serotina), black birch (Betula lenta), gray birch
(Betula populifolia), paper birch (Betula papyrifera), yellow birch (Betula alleghani-
ensis), Norway maple (Acer platanoides), and red cedar (Juniperus virginiana).

A greenhouse experiment indicated that white pine was injured by applications of
salt to either the foliage or the roots. Observations of injury to nondeciduous roadside
trees support these findings. Sensitive trees subjected to wind-blown salt spray from
passing cars and trucks are often injured severely (3).

Calcium chloride is less toxic than sodium chloride to roadside vegetation, but very
little is used on New Hampshire highways in winter. Calcium chloride is effective in

Table 1. Vigor of sugar maple trees along salted and unsaited town roads
in three townships in southeastern New Hampshire.

Unsalted Salted
Township Total Healthy Rating® Total Healthy Rating®
Barrington 27 26 0.04 51 8 2,33
Kensington 51 48 0.16 45 5 1.86
East Kingston _30 48 0.15 38 3 1.43
Total 108 101 0.11 134 16 1.87

2Average rating: O = healthy; 5 = dead,
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ice removal, but it is more expensive and more difficult to store and handle than sodium
chloride.

Applications of gypsum (CaSO4) to the soil have a tendency to improve soil structure,
reduce the uptake of sodium, and reduce the visible injury to foliage. However, it is
difficult to incorporate the gypsum into the soil around growing trees.

Sodium chloride, applied to the highways in winter to prevent ice formation and to
aid in snow and ice removal, is an important contributing factor to the decline of road-
side trees. Trees within 30 ft of the edge of the highway are affected most frequently
and most severely. Probably other contributing factors include drought, low soil fer-
tility, soil compaction, mechanical injury to roots, and possibly air pollution.

Although research data indicate that salt is harmful to roadside vegetation, it is
unrealistic to advocate discontinuation of its use. We are dependent today on safe high-
way travel for business, pleasure, work, and transportation. No inexpensive, readily
available, convenient, and effective substitute for salt has been found. Human life and
safety must be given priority over roadside trees, many of which should not be so close
to the highway anyway.

So what can we do? Use salt with more discretion. Be sure that salt spreaders on
highway trucks are properly calibrated. Mix sand with salt where feasible. Construct
new highways so that salt will drain into a ditch between the edge of the road and the
nearest row of trees. Select tolerant tree species such as oaks for new plantings.
Avoid intolerant species such as hemlock, balsam fir, white and red pine, and sugar
and red maple. Mix gypsum with the soil at planting time. It will improve soil struc-
ture and reduce salt injury.
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EFFECTS OF HIGHWAY DE-ICING SALTS ON GROUNDWATER
AND WATER SUPPLIES IN MASSACHUSETTS

S. J. Pollock and L. G. Toler, U.S. Geological Survey, Boston

*RECENTLY, Boston area newspapers have carried articles and editorials with such
titles as Town Fights Road Salting to Protect Water Supply, Vermont Conservationists
Attack Use of Road Salt, and Voters Ban Road Salt in Victory for Ecology. Why is
there such public awareness of the problems that can be caused by highway salting
practices? The answer is that the concentration of chloride in some public water
supplies has increased significantly during the last few years. This increase corre-
sponds to the increased use of salts for de-icing highways, and this correspondence
has not gone unnoticed.

In some localities, the concentration of chloride has increased beyond the 250 mg/
liter recommended by the U.S. Public Health Service (3) as an upper limit for drinking
water supplies. Where this has happened, local public health authorities have some-
times condemned the supply, and the practice of highway salting has thus received
much criticism.

According to data furnished by the Massachusetts Department of Public Works, the
use of highway de-icing chemicals, mainly sodium chloride and calcium chloride, on
state highways in Massachusetts has increased nearly eightfold in the last 15 years.
In the winter of 1954-55, 26,000 tons of sodium chloride and calcium chloride were
applied to state highways at the rate of about 4.2 tons per lane-mile (Fig. 1). During
the winter of 1970-71, a record high of 209,000 tons was applied at about 22.4 tons per
lane-mile. In addition, de-icing salts were applied to local streets by most of the
cities and towns in Massachusetts.

The U.S. Geological Survey and the Massachusetts Department of Public Works
foresaw a need for data concerning the dispersion of salt in the environment. In 1965,
a cooperative program was begun to monitor the concentration of chloride in ground-
water along state highways.

In contrast to calcium and sodium, which may be sorbed by soils, chloride enters
into solution in the hydrologic system and may act as a tracer of water movement (2,
p. 23). As snow and ice on highways and snowbanks alongside highways melt, the de-
icing salts dissolve and move with the meltwater. Some of the meltwater leaves an
area as surface runoff, and some percolates to the water table. After reaching the
water table, the salt-bearing water moves downgrade with respect to the water table.
The concencentration of chloride in groundwater may be responsive to many factors
including (a) rate of application of de-icing chemicals, (b) type of soils and geologic
materials, (c) type, intensity, and quantity of precipitation, and (d) highway drainage
design.

Initially, 10 sites were selected to represent various types of geologic materials
along old and new highways. At most sites, two wells were installed, one at 15 ft and
one at 30 ft from the highway. At one site, 12 wells were installed at several depths
and distances from the highway. All wells were on the downgrade side of the highway
with respect to the water table. Samples were collected from each well periodically
and analyzed for chloride.

Along with monitoring the chloride levels at the test sites, we set out to investigate
complaints against the Department of Public Works alleging contamination of water
supplies by de-icing chemicals, either from the highway or from the salt handling and
storage areas. Five chloride contamination complaints of municipal and industrial
water supplies were investigated between 1965 and 1969; in 1970, six complaints were
investigated.
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The concentration of chloride in normal, uncontaminated groundwater in eastern
Massachusetts is about 5 to 15 mg/liter, based on published analyses of public water
supplies by the Massachusetts Department of Public Health. Chloride concentration
in the aquifers at the test sites near highways and analyses of water from wells near
heavily salted highways and salt storage sites indicate that a significant part of the
salt applied to roadways is entering the groundwater system.

The test site at Chelmsford is alongside Mass~3, which was opened to traffic in
1946. Well spacings of 15 and 30 ft from the highway were selected to detect any
chloride percolating downward from salt-laden snowbanks. The water table is about
18 ft below land surface in sand and has a gradient of 0.1 percent from the road toward
the wells. The wells are screened just below the water table (Fig. 2).

Before 1968, the concentration of chloride in all three wells at Chelmsford showed
only a small increase. In early 1968, the concentration of chloride began to increase,
and since then it has continued upward (Fig. 3). The following observations about
Figure 3 may help to explain some of the apparent discrepancies between the increase
in concentration of chloride and the application of chloride shown in Figure 1.

1. Before 1968, peak concentrations may have been missed because of infrequent
sampling.

2. During the drought of 1963 to 1967, much of the chloride may have concentrated
in the unsaturated zone. Increased groundwater recharge resulting from normal rain-
fall in 1967 may have flushed the salts from the unsaturated zone.

3. During 1968 and 1969 more frequent sampling shows that the peak concentration
in water from well 389 (Fig. 2), which is 26 ft deep, lags a few months behind the peak
concentration in water from well 387, which is 22 ft deep. Both wells are 15 ft from
the highway, so this lag should represent vertical travel time in the saturated zone.
We are not yet sure how long the travel time in the unsaturated zone may be. The peak
concentration observed in 1968 may have been caused by salt applied during the winter
of 1967-68 or perhaps during some previous winter.

Water from well 386 has a lower concentration of chloride because it is farther
from the source and has been diluted by dispersion and by direct recharge from precip~
itation.

Another test site at Wenham shows the same general fluctuations in concentration
(Fig. 4) of chloride in water from wells located 15 and 30 ft from Mass-128. Here,
the materials are fill and swamp deposits over sand and gravel. The water table is
about 3 ft below land surface.

Because the water table at the Wenham site is near the land surface, it may be
safe to assume that salt from any winter application reaches the water table before
the next salt season. However, if from the example at Chelmsford (Fig. 3) we can
expect a vertical travel time of 3 to 4 months for peak concentrations between wells
at depths of 22 and 26 ft, then at Wenham there may be a much longer time between
the time the chloride reaches the water table and the time it reaches the well screens.
The minimum travel time from application of de-icing chemicals to the highway and
their appearance in the Wenham test wells is 6 to 12 months.

The rate at which chloride contamination moves is illustrated (Fig. 5) by changes
in the concentration of chloride in samples from a Reading municipal well, which is
located about 1,100 ft from a salt storage pile. The aquifer in which the well is
screened apparently extends beneath the salt storage pile. Salt was first stored at
Reading in 1959, the year the well was installed. From 1959 to 1966, large quantities
of salt were stored outdoors, where precipitation could dissolve the salt and carry it
downward to the water table. The salty groundwater moved through the aquifer from
the storage area to the well in about 6 years or at a minimum rate of about 200 ft per
year. This movement is probably much faster than at the test sites because the natural
hydraulic gradient is increased by pumping in the vicinity of the wells.

Since 1967, when the salt pile was covered, the concentration of chloride has con-
tinued at a gradual increase. It will probably be several years before the salty water
has passed the vicinity of the wells or is pumped from the aquifer, and the concentra-
tion will decrease significantly.
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Figure 1. Amount of de-icing salts applied on state highways in
Massachusetts.
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Figure 5. Chloride concentration in samples from Reading municipal well.
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Increasing concentration of chloride (Fig. 6) has also been observed at the main
pumping station in Burlington. This station pumps from a group of 70 interconnected
wells in sand and gravel. In 1949 the well field was installed, and Mass-128, approx-
imately 3,500 ft upgrade from the well field, was opened (Fig. 7). In 1961, when the
Burlington Town Highway Department began storing salt, uncovered, approximately
400 ft upgrade from the well field, the concentration of chloride in water from the well
field was less than 15 mg/liter. The concentration of chloride began to increase nota-
bly in 1963 during a period when sources of salt included that applied to Mass-3 and
Mass-128, applied to town streets, and stored at the Burlington Highway Department.
Remedial measures by Burlington included construction of a salt storage shelter in
1968, when the concentration of chloride reached 170 mg/liter, and banning the use of
de-icing chemicals on town streets in 1970, when the concentration of chloride exceeded
the 250 mg/liter upper limit recommended by the U S. Public Health Service.

To answer some of the problems associated with the release of highway de-icing
chemicals in the environment requires more factual information on the dispersion of
the chemicals after application to the highway. Toward this end, the U.S. Geological
Survey, in cooperation with the Massachusetts Department of Public Works, in 1970
expanded its study of highway de-icing chemicals in the hydrologic environment.

One aspect of the study is to determine how much of the de-icing chemicals leaves
the application site via surface runoff. Specific-conductance recorders have been
installed at stream-gauging sites near highways. Analysis of water samples for
chloride will be made to establish a relationship with specific conductance and the
cloride load in the stream calculated from concentration and discharge. Kunkle (1)
calculated that as much as 90 percent of salt applied to roads in a small drainage
basin in Vermont leaves the basin in surface runoff.

Six sites will be selected for monitoring the movement of de-icing chemicals in the
ground and will include a variety of hydrologic conditions and highway management
practices. Fourteen wells will be installed at each site, at several depths, at distances
ranging from 15 to 1,000 ft from the highway. At first, these wells will be sampled
monthly and more or less frequently later, as determined by the results. The rate of
application of de-icing chemicals and snow removal practices for each test site will be
documented by the Massachusetts Department of Public Works.

Each of the test sites will provide data useful for analysis and understanding of the
factors that influence the migration of de-icing chemicals under field conditions. From
this information, it is anticipated that more knowledgeable decisions can be made re-
garding the following:

1. Location of highways to avoid areas of greatest potential danger to water sup-
plies and the environment,

2. Design of highway drainage systems to divert de-icing chemicals along the least
hazardous route,

3. Selection of optimum application rates of de-icing chemicals to ensure adequate
de-icing with minimum deterioration of water supplies, and

4., Prediction of maximum or minimum effect on the environment under various
conditions.
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SOME EFFECTS OF DE-ICING SALTS ON
IRONDEQUOIT BAY AND ITS DRAINAGE BASIN

W. H. Diment, R. C. Bubeck, and B. L. Deck, Department of Geological Sciences,
University of Rochester

Monroe County, New York (population 712,000), used 2.5 percent of the salt
used for highway de-icing inthe United States during the winters of 1969-70
and 1970-71. The Irondequoit Bay drainage basin (population 206,000),
which is primarily within the county, received about 1 percent. The dis-
proportionate use of de-icing salt reflects the high frequency of small
snowfalls, winter temperature ranges, and the vigorous implementation of
a bare pavement policy in a populous region. A study of the Irondequoit
Bay drainage basin revealed that the concentration of chloride during the
summer in Irondequoit Creek (the principal input to Irondequoit Bay) and
that the surface waters of the bay have risen fourfold since use of de-icing
salts has become widespread. Winter concentrations of chloride in Iron-
dequoit Creek reach 600 mg/liter, and maximum concentrations in 10
small creeks flowing into the bay range from 260 to 46,000 mg/liter of
chloride during winter. Saline runoff imposes a sufficient density gradient
on Irondequoit Bay that it does not mix completely during the spring; more-
over, the period of summer stratification has been prolonged a month, as
compared with 1939, by the density gradient imposed by the salt runoff.
Less than one-half of the salt used for de-icing during a winter is removed
by surface runoff, the remainder being stored in the soil and groundwater.
Chloride concentrations in wells that have been monitored over the years
have risen; however, interpretation is difficult because some natural
groundwater in the area is known to be salty.

e ANOMALQUSLY high use of de-icing salts in the Irondequoit Bay drainage basin makes
it a good place to study the effects of salts. So far we have been primarily concerned
with the chloride concentrations in surface water and groundwaters, and little attention
has been given to the effects of the salt on biota (1, 2, 3) or to complex geochemical
reac)tions that may influence nutrient and heavy metal concentrations in the water (4,

5, 6).

" The effects of de-icing salts on the physical behavior of Irondequoit Bay for 1969-70
have been reported by Bubeck et al. (7). They also attempted to estimate the fraction
of salt that remains stored in groundwater. Data were also acquired in 1970-71 and
1971-72 (8), and the program was expanded to include more intensive monitoring of
Irondequoit Creek, smaller streams, and some wells. The results are reported here,
although field monitoring and analysis continue.

In recent years, at least, all of the salt used for de-icing has been nearly pure NaCl
with small amounts (<0.25 kg/MT) of Prussian blue (ferric ferrocyanide) used as a
decaking agent (2, 9). We write mainly in terms of chloride because this was the sub-
stance measured. In most cases sodium is present in nearly stoichiometric propor-
tions, but this is not necessarily so, especially in groundwater (3, 10).

CHARACTERISTICS OF THE DRAINAGE BASIN

The area of the Irondequoit Bay drainage basin (Fig. 1) is approximately 396 km?,
whereas that of Irondequoit Creek is 340 km® (11). The average precipitation (all forms)
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is 83 cm and is roughly equally proportioned among the months (12). Significant
amounts of snow fall between mid-November and mid-April with a rather gradual
trend into, and out of, the months with snow cover. Lake Ontario remains mostly un-
frozen throughout the winter; consequently, cold air masses moving across it acquire
moisture and heat, which, upon reaching the shore, cause cloudiness and frequent but
small snowfalls. Another reason that anomalously high amounts of de-icing salt are
used is that salt is particularly effective in the winter temperature ranges encountered
in Monroe County. Sodium chloride is not an effective de-icer below about -6 C (13);
however, the temperature at the Monroe County airport rarely remains below this for
more than a few days at a time (12; see also Fig. 5).

The basin is mantled with a thin veneer of glacial debris that is rarely more than
100 m thick except in the buried valley of the preglacial Genesee River. The northern
section of the buried valley is the site of the present-day Irondequoit Creek. Some of
the Paleozoic sedimentary rocks underlying the glacial debris contain minor lenses of
salt, and in a few regions saline groundwater has been tapped in both Paleozoic rocks
and overlying glacial debris. Moreover, some saline springs have been reported (14,
15). These naturally saline waters are not significant contributors of chloride to the
major streams or the bay. However, the possibility of their presence must be con-
sidered when contamination of groundwater is ascribed to de-icing salt.

The population of the drainage basin is about 206,000 and expanding. The southern-
most part of the basin is largely rural, but population density increases rapidly to the
north, from patches of suburbia to densely suburbanized and urbanized areas. The
basin is laced with limited-access highways that receive large applications of de-icing
salts.

SALT USAGE

National use of de-icing salt has increased exponentially with a doubling time of 5
years since 1940 (Fig. 2). Locally the rate of increase was greatest during implemen-
tation of the bare pavement policy (about 1960 to 1965) and somewhat less rapid there-
after.

Salt statistics were compiled for the various towns in the county and drainage basin
for the winters of 1965-66 through 1971-72 (Table 1). For a given winter there is a
hich degree of correlation in salt usage among the varicus towns. The correlation ol
salt usage with total snowfall is poor simply because one or several unusually heavy
snowfalls strongly bias the results.

IRONDEQUOIT CREEK

Summer chloride concentrations near the mouth of Irondequoit Creek (average annual
flow ~5 m®/sec) have increased tenfold since 1913 and about fourfold since the wide-
spread use of salt for de-icing (Fig. 3). Summer concentrations in the surface waters
of the bay behave similarly, although the curves cross in the late 1950s, which indicates
that creek concentrations are higher in the winter or that other saline sources enter the
bay. Both statements are true as will subsequently become evident. These curves,
when compared with the salt usage curve, sirongly suggest that the main increase in
chloride is a consequence of runoff of de-icing salt.

Inspection of the summer chloride data for various positions along the creek (Table
2) indicates that the creek becomes progressively more salty downstream. This sug-
gests that at least some of the smaller streams must be quite salty. It is also notable
(Table 3) that the upland lakes have rather low chloride concentrations. Taken as a
whole, these data also suggest that the main source of chloride is de-icing salt. A plot
of the creek discharge, chloride concentration, and NaCl transport near the mouth of
the creek from November 1970 to December 1971 (Fig. 4) proves the point. Figures 4
and 5 show several aspects of salt runoff. Most of the salt runoff occurred during the
winter during thaws, although there was substantial runoff of salt during April, May,
and June. Chloride concentration frequently exceeded 250 mg/liter (the U.S. Public
Health Service recommended limit for drinking water) during the winter. During the
nonsalting seasons, salt removal gradually declined approximately in proportion to
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Figure 1. Map of Irondequoit Bay drainage basin area.
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Table 1. De-icing salt used in Monroe County
and Irondequoit Bay drainage basin.

Table 2. Summer chloride concentration in
Irondequoit Creek and its principal tributaries.

Total Monroe Irondequoit Range Mean
Snowfall® County Bay Drainage No. Location (mg/liter) (mg/liter)
Year (em) (MT) Basin (MT)
S1 Irondequoit Creek
1965-66 262 108,200 30, 800 (Mile Square Road) 36-84 50
1966-67 188 148,400 47,400 s2 Irondequoit Creek
1967-68 195 156,900 49,300 (Thornell Road) 36-49 43
1968-69 203 151,500 49,600 83 Thomas Creek
1969-70 304 224,000 76,600 (Baird Road) 70-147 107
1970-71 362 214,600 73,500 sS4 Allens Creek
1971-72 267 196,800 68,900 (Nalge County) 87-207 132
S5 Irondequoit Creek
Source: Salt statistics mainly provided by International Salt Co. (Blossom Road) 76-125 105
{1965-72) and Morton Salt Co. {1971-72) s6 Irondequoit Creek
®Recorded at Monroe County Airport. (Empire Blvd., near
mouth) 73-185 110
Figure 4. Discharge, chloride ion concentration, and NaCl transport for Irondequoit Creek.
{Temperature and precipitation measured at Monroe County Airport.)
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Table 3. Chloride concentration in upland lakes o i .
oncentration
and shallow holes. No. Location Date (mg/liter)
L1 Crossmans Pond May 14, 1971 4-5
L2 Devils Bathtub Oct. 1, 1971 2-3
L3 Deep Pond April 1, 1971 13-23
L4 Round Pond July 2, 1971 6-13
L5 Clover Gravel Pit April 23, 1971 62-64
L6 Rush Landfill Site April 28, 1971 29-32
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runoff. During this period chloride concentrations decreased, but only slightly, and
their variation was slight except at times of high discharge when they are low.

Although the chloride discharge in the winter is mainly from de-icing salts, the
summer values (low flow) may be significantly influenced by other factors including
chlorides discharged by the sewage treatment plants and diversion of Genesee River
water into Barge Canal and thence into the Irondequoit Creek drainage basin. It is not
clear what the quantitative effects are, particularly on the chloride concentrations in
the creek. It is clear, however, that, if this chloride is subtracted, the estimate of
the amount of de-icing salt remaining in the drainage basin will increase.

SMALL STREAMS

Ten small streams flowing directly into Irondequoit Bay and two wells close to the
bay were sampled biweekly from July 5, 1970, to August 7, 1971 (Fig. 6). Although
small, these streams are the largest in that part of the basin not drained by Irondequoit
Creek; thus, their combined flows represent close to the total for this region (8).

The average chloride concentration (Table 4) for each stream is high in each season.
Indeed they are all higher than either Irondequoit Creek or the surface waters of the
bay for the same season. During the salting season all of the small streams exhibit
anomalously high concentrations and some extraordinarily high values at times.

GROUNDWATER

Aside from the base flow data for the streams, we have little information on the salt
content of groundwater. Only a few residential areas use groundwater; most are sup-
plied from Lake Ontario or Hemlock Lake, 24 km south of the drainage basin.

The two shallow wells that we monitored exhibit anomalously high chloride. It is
notable that the concentrations in both are significantly lower during the salting season
than at other times. We take this to mean that the frozen ground impedes the penetra-
tion of the salty runoff.

The Monroe County Health Department monitors wells used to supply water to the
public. Although all of these wells show an increase in chloride, the increases are
generally small. However, the water-producing strata in most of these wells are rela-
tively deep, and salty groundwaters may not have reached them yet. The great in-
creases in chloride exhibited by a few of the wells are most likely not the result of
contamination by de-icing salts but the result of inclusion of naturally saline waters by
sustained high production.

The base flow data for the streams, particularly in the northern part of the basin,
suggest that much of the shallow groundwater exceeds 250 mg/liter in chloride and that
in places it is much higher. How high will the chloride concentrations go? One way to
get a notion of this is to calculate a steady-state concentration based on the assumption
that present salt usage continues indefinitely and that the salt is uniformly distributed
over the basin. After a time the concentration of salt will equal the amount of salt that
infiltrates the ground divided by the quantity of water that percolates into the ground.

Huling and Hollocher (16) did this for a suburban-urban area of Boston and found a
steady-state chloride concentration of about 100 mg/liter based on an average applica-
tion rate of 107 MT of salt/km%year. Assuming the same hydrologic conditions for the
Irondequoit Bay drainage basin where the average application rate of salt for the 1965-66
through 1970-71 winters was 137 MT /km%year, the steady-state chloride concentration
would be slightly higher (128 mg/liter). If the usage for the peak salting winter (1969-70)
is used (76,600 MT /year or 193 MT/km*year), a steady-state value of 180 mg/liter
would result. In view of the rapid suburbanization of the rural parts of the basin, it is
likely that a steady-state value will exceed 200 to 300 mg/liter, as it already has in the
base flows of the small streams of the northern part of the basin. This is a greatly
simplified argument for many reasons. The salt is not uniformly distributed, and we
should expect to find a complex arrangement of high- and low-salinity zones in ground-
water.
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Figure 5. Average monthly NaCl and creek
discharge from Irondequoit Creek, November
1970 to November 1972.

Figure 6. Sampled streams and
wells. (X = deepest point in bay.)
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IRONDEQUOIT BAY

Irondequoit Bay (with an area of 6.7 km®, volume of 0.046 km®, and maximum depth
of 23 m) provides a rather striking example of salt accumulation (Fig. 7) because of the
high salt input and because its outlet to Lake Ontario is restricted to a shallow (~2 m)
channel that permits little exchange of the deeper bay waters with the lake.

From the chloride, electrical conductivity, and temperature isopleths for 1970-71
(Fig. 8), it is evident that cold, salty water begins to accumulate on the bottom as the
salting season begins. Similar isopleth diagrams for the year 1969-70 may be found in
the report by Bubeck et al. (7). Salinity increases throughout the winter, and in the
spring its gradient is sufficient to prevent mixing completely to the bottom as is evident
from the continuity of the isopleths. The bay mixed completely in the spring of 1940
(17). The maximum depth of vernal mixing has decreased for the past 3 years: 18, 15,
and 12 m for 1970, 1971, and 1972.

It is also notable that salt transport out of the bottom waters is more rapid as long
as the temperature remains below that of maximum density (a few tenths of a degree
below 4 C depending on salinity and pressure). Under such conditions, a destabilizing
gradient due to temperature exists, and, at least at times, thermohaline convection
results. This is particularly well illustrated by the temperature and electrical con-
ductivity profiles obtained 2 weeks after ice departure in 1972 (Fig. 9), which show an
isohaline-isothermal zone below 18.5 m. Evidently as the water at the top of the zone
is warmed by conduction from above, it sinks, thus causing the convection. The pro-
cess can be maintained because the diffusivity of heat from above is much greater than
that of salt. Although this phenomenon has been produced in the laboratory by heating
from below (18, 19, 20) and observed in Lake Vanda in the Antarctic (21), in the Red

Sea (22), and in Green and Round Lakes, Fayetteville, New York (23), it does not seem
to have been reported previously for the condition where the convecting layer is below
the temperature of maximum density.

Another effect of the density gradient imposed by the salt runoff is the prolongation
of the period of summer stratification. Tressler, Austin, and Orban's data for 1939
(17) indicate that the bay mixed to the bottom at 12 C in early October. During the last
4 years it mixed completely at 9to 8, 8to 7, 5to 4, and 5 to 4 C on November 13, 1969,
November 25, 1970, December 10, 1971, and December 1, 1972 respectively. This
progression suggests that in the future the bay may not mix completely in the fall if use
of de-icing salt continues to increase. However, lacking a complete therory describing
the descent of the thermocline in the fall, we cannot predict this with certainty. Evi-
dently many factors are involved, two of which are the increase in salinity of the bottom
waters in recent years and the decrease in temperature of the bottom waters. Both tend
to prolong the period of stratification. The temperature of the bottom waters in the fall
mainly depends on the maximum depth of mixing in the spring, i.e., the thickness of the
cold (<2 C) layer of water that remains on the bottom. For the years 1939, 1970, 1971,
and 1972, these thicknesses were 0, 5, 8, and 11 m in early spring, and the bottom
temperatures at the end of September of each year were ~8.0, 6.9, 5.6, and 5.0 C re-
spectively.

During the winter the distribution of dissolved oxygen is different from what it would
be if the inputs were not salty. The inputs vary considerably in salinity (depending on
whether freeze or thaw conditions prevail), and the incoming water seeks an appropri-
ate density level within the bay; thus, dissolved oxygen in the winter is more deeply
distributed within the bay than it would be if the inputs and the bay waters were of equal
salinity (assuming the salinity is low enough that the temperature of maximum density
is above the freezing point).

SALT BUDGETS

To determine such quantities as the amount of de-icing salt that remains stored in
the soil and groundwater of the drainage basin requires that a number of factors be
considered (Fig. 10) if for no other reason than to show whether they are significant.

Although there are natural salt lenses in some of the Paleozoic sedimentary rocks
underlying the drainage basin and although high chloride concentrations in certain wells
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Table 4. Chloride concentration of streams flowing into Irondequoit Bay and two wells near bay.

Concentration Range (mg/liter) Concentration Mean (mg/liter)
Sample 7/5/10- 12/5/70- 5/24/71- 7/5/70- 12/5/70- 5/24/71-
No. Sample Location 11/22/70 3/28/71 8/1/71 11/22/170 3/28/71 8/7/71
S7 Southwest 261-364 281-1,668 307-585 305 1,250 409
S8 Snider Island 95-324 491-2,122 223-360 272 967 291
S9 Densmore Creek 159-380 431-2,502 251-445 224 1,328 373
S10 Northeast Storm Drain 163-507 478-46,000 92-699 268 8,937 467
S11 Helds Cove 1 89-258 281-13,300 234-555 189 2,508 432
s12 Helds Cove 2 218-276 245-400 - 244 304 -
S13 Glen Edith 193-411 248-6,796 323-546 342 1,327 438
S14 Penfield STP 144-266 141-261 171-201 203 207 185
S15 Buckaneer Restaurant 108-216 164-227 121-185 160 192 156
S16 Rochester Canoe Club 144-198 - 160-243 176 - 182
w2 Kress's Well 545-650 345-395 350-548 575 367 429
wi 68 Schnackel Drive 201-252 150-251 174-273 234 184 234

°Not sampled

Figure 8. Temperature, dissolved oxygen, electrical conductivity at 25 C, and chloride isopleths for 1970-71 at
deepest point of Irondequoit Bay.
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and springs in both the basement rocks and the overlying glacial debris are probably
the result of the leaching of these deposits, the contribution of the natural salt to Iron-
dequoit Creek and Bay is probably negligible because the early creek and bay chloride
concentrations are so low.

Sewage contributes considerable chloride to the system, but the amount is small
compared with de-icing salt. Each person contributes about 12 kg/year of salt to sew-
age (excluding salt for water softening, industry, and de-icing) (3, p. 28). A population
of 200,000 would contribute about 2,400 MT of salt per year or less than 5 percent of
the de-icing salts applied in the drainage basin.

Now let us try to estimate the amount of salt that remains stored in the soil and
groundwater (Table 5). Two different approaches might be used. One is to examine
the salt output of the creeks (a rapidly varying quantity); the other is to examine the
salt content of the bay (a more slowly varying quantity).

The salt output of Irondequoit Creek at Browncroft Boulevard was determined every
other day in 1970-71 and daily in 1971-72, the monthly means were computed (Fig. 6),
and salt discharges for the salting season (December-March) and nonsalting season
{(April-November) were determined (B and D of Table 5). These numbers were then
increased to include the rest of the bay drainage basin (14 percent) by increasing the
salt discharges by 30 percent (salting season) and 10 percent (nonsalting season). The
reasons for the different percentages are that the rest of the drainage basin is more
heavily salted and the flow from the barge canal in winter, although salty (Fig. 11), is
negligible. During the nonsalting season the canal contributes roughly 1.3 m®/sec (8)
of Genesee River water to the creek, say a half or less of the total flow, depending on
flow conditions.

Not all of the salt discharged by Irondequoit Creek is de-icing salt. The sewage
treatment plants contribute about 2,400 MT /year, perhaps more, and the Genesee
River, through the canal, contributes about 2,700 MT during the nonsalting season (as-
suming a chloride concentration of 60 mg/liter). This reduces the percentages (F in
Table 5) to 41 and 60 percent A.

It is notable that much more salt was removed during 1971-72 than in the previous
year and that the time of the excess removal was during the nonsalting season (Fig. 6),
It is also notable that salt concentrations in the creek were equal or greater than they
were during the preceding year. The rainfall in spring and summer of 1972 was unus-
ually high (52 and 71 c¢cm, April and November).

The same conclusions regarding salt runoff could be made by considering the changes
of salt content in the bay, provided little fresh water from Lake Ontario enters and
mixes with the bay waters. Indeed a discrepancy in the two approaches would be a
measure of the amount of lake water entering and mixing with the bay water. The dis-
crepancy for the nonsalting season is small (L in Table 5), but that for the salting sea-
son is large. The most probable reason is that the method for caluclating the salt out
of the bay is not adequate for the winter months. This amount of salt out is simply the
salt concentration (averaged by months) at the surface at one location times the flow of
Irondequoit Creek (averaged by months) increased by 15 percent to account for the other
streams. Inspection of the isopleth diagrams for conductivity and chloride (Fig. 8) in-
dicates that the bay is highly stratified near the surface under ice cover, particularly
late in the winter. The relatively fresh water just under the ice is mostly creek water
that flows over the more saline water in a sheet or a "'stream,'" then out into the lake.
Inasmuch as sampling was limited to fewer than five times a month and at only one
locality, the average value could be much in error. The calculation works for the ice-
free months probably because the upper waters are more thoroughly mixed and the con-
centrations more accurately reflect flow out to the lake.

Another way to determine how much lake water flows into and mixes with the bay
water is to examine the change in concentrations in the epilimnion (water above the
thermocline) when it is well mixed (late August through the fall). During this period
the concentrations in the epilimnion decrease slowly and then rise slightly (Fig. 7). If
one corrects for the entrainment of the salty waters from below as the epilimnion
thickens in response to autumnal cooling, the decrease in concentration with time is
greater and the rise replaced by a slight decrease. Once this correction is made, the
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change in concentration in a well-mixed epilimnion can be described by the relation

where C is the concentration at time t, C, is that at t =0, C; is the concentration
of the inputs weighted for their relative volumes of flow, R is the volume of flow
of inputs per unit time, and V is the volume of the well-mixed epilimnion. At

two different times (1 and 2) the difference in concentration (AC) of the epilimnion would
be

aC=- (0, - ¢,) B

provided that the exponent RV 'At is small, which it is for a At of less than a month,
which we shall consider. It is convenient to separate C, and R into parts due to Ironde-
quoit Creek (subscript ¢) for which we have concentration and flow data and all other
sources (subscript x) for which we wish to estimate concentration and flow data. For
this purpose a convenient form for the expression is

ACT
(Cl - Cx)_R’_xg iy

R AR (C - Co)
where V is the average volume of the epilimnion between the two times.

The results are given in Table 6 for six intervals of time during the falls of 1971 and
1972. AC’ is the difference in chloride concentration between the two times, and AC is
this difference corrected for chloride advected from below. The quantity (C, - C,)
(Rx/R.) is negative for five of six cases. This indicates that additional flows into the
bay must have a higher chloride concentration than the bay. If one assumes that R./R,
is 0.165 (the ratio of the areas drained by the small streams to the area drained by
Irondequoit Creek) and that the chloride concentration in these streams (Table 4) is 150
mg/liter higher than that of the bay, the additional chloride can be accounted for. From
these considerations it can be concluded that a significant quantity of Lake Ontario water
(chloride concentration about 30 mg/liter) does not flow into and mix with the waters of
Irondequoit Bay, unless there are other chloride-rich sources to the bay that we have
not taken into account. It should be noted also that this calculation is quite approximate
because AC is small and thus quite uncertain. However, the result of the salt balance
exercise (Table 5) for the nonsalting months supports the conclusion.

CONCLUSIONS

The data clearly show that de-icing salts have a notable effect on the physical be-
havior of Irondequoit Bay. The ecological effects are unknown. Continued heavy use
of de-icing salt will impair groundwater resources of the Irondequoit Bay drainage
basin and of Monroe County. The time scale is a few years to a few tens of years, de-
pending on the locality and the details of the groundwater reservoir.
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Figure 9. Temperature and electrical conductivity
profile of lrondequoit Bay, April 30, 1972.

Figure 10. Sources of salt and water in Irondequoit Bay.
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Table 5. Sources and amounts of salt in Irondequoit Bay and Creek.
Amount (MT)
Source 1970-71 1971-72
A. De-icing salt applied in bay drainage basin 72,900 68,900
B. Salt digcharged by Irondequoit Creek (Dec.-March) 17,700 18,300
C. B+ 0.3B salt discharged by all creeks (Dec.-March) 23,000 23,800
D. Salt discharged by Irondequoit Creek (April-Nov.) 10,800 20,800
E. D+ 0.1D salt discharged by all creeks (April-Nov.) 11,900 22,900
F. C+ E salt discharged by all creeks (year 34,900° 46,700°
G. Salt increase in bay (Dec.-March) 8,700 9,100
H. Salt decrease in bay (April-Nov.) 5,800 8,300
I. Salt out of bay (Dec.-March) 117,500 -
J. Salt out of bay (April-Nov.) 17,400 31,800
K. Imbalance of C =1 + G (Dec.-March) 3,200 -
L. Imbalance of E =J - H (April-Nov.) 300 600
M. Imbalance of C+ E =1+ J+ G - H (year) 2,900 -
448 percent A Y68 percent A.
Figure 11. Chloride concentration in Genesee Table 6. Results of chloride difference calculation.
River and New York State Barge Canal.
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DE-ICING CHEMICALS AND ABRASIVES:
STATE OF THE ART

J. Hode Keyser, Control and Research Laboratory, Montreal

*THIS PAPER establishes the state of the art of de-icing chemicals and abrasives for
winter road maintenance. The paper was prepared to facilitate the application of re-
search results.

With a comprehensive knowledge of the relevant properties of de-icing chemicals
and abrasives, the practitioner whose responsibility is to maintain roads in a safe and
ridable condition at all times at the lowest possible cost can optimize operations to
achieve objectives by considering the prevailing environmental conditions and the avail-
ability of funds, materials, equipment, and labor.

The purpose of de-icing chemicals and abrasives for winter road maintenance is
(a) to ensure that the roadway is safe, i.e., to eliminate slippery and hazardous driv-
ing conditions, and (b) to allow an acceptable flow of uninterrupted traffic during peri-
ods of inclement weather. Figure 1 shows the increase in the coefficient of sliding
friction as ice is being melted by the action of sodium chloride and calcium chloride
(120). Table 1 gives the decrease in stopping distance of an automobile by sanding the
pavement surface and by completely melting the ice or snow (wet surface) (136). In
each example the relation is valid for the conditions that prevailed during the tests.

The suitability of the various types of chemicals and abrasives is given in Table 2.
Essentially, the abrasive will provide immediate traction and increase skid resistance,
whereas chemicals will principally act to control snow and ice conditions by (a) pre-
venting the formation of ice films, (b) weakening the bond between the snow and the
road surface, (c) melting the fresh snow as it falls, and (d) melting compacted snow
that remains after plowing.

PROPERTIES OF DE-ICING CHEMICALS

A chemical suitable for snow and ice control on roads must (a) lower the freezing
point of water to normal winter temperatures; (b) melt the snow or ice within a rea-
sonable time interval; (c) penetrate snow and ice layers and break the bond with the
pavement; (d) have a nonlubricating effect on the road surface when spread on a dry
pavement or when in solution; (e) be available in bulk quantities at low cost; (f) be easy
to store, handle, and spread; (g) not be toxic to people, animals, and plants; and
(h) have a minimum damaging influence on metallic structures, pavements, and cloth-
ing (22, 26, 217, 586).

Of the—scveral chemicals and mixtures that have been tried (26 40, 43, 82) calcium
chloride, sodium chloride, and their mixtures offer, within certain I 11m1tat10ns, the
best combinations of useful physical properties and reasonable cost. Other more ex-
pensive chemicals have also been found suitable for use on special conditions. For
example, a mixture of 75 percent Formamide and 25 percent tripotassium phosphate
has been proposed for use on runways to reduce stress corrosion of aircrafts (40).

A composite de-icing agent of urea and calcium formate has been suggested to reduce
the rate of corrosion of highway structures (43).

Sodium Chloride

Sodium chloride is supplied as rock salt, evaporated salt from mines, and solar
salt by evaporatlon of seawater (56). The characteristics of sodium chloride are de-
scribed in the standard specifications of ASTM D 632 (94). The properties of sodium
chloride are given in Table 3 (Q(_S_) Sodium chloride with a moisture content of less

36




Figure 1. Effect of de-icing salts on improvement of
coefficient of sliding friction with time.
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Table 2. Suitability of chemicals and abrasives.

Table 1. Effect of salting and sanding on vehicle

stopping distance.

Percentage
of Road Stopping Distance
Pavement Having Icy —_—
Condition Condition Feet Meters
Icy (at 30 F or
-1C) 100 4178 143
Sanded (at 30
For-1C) 38 183 55
Bare, wet 14 66 20

Material

Main Purpose

Suitability for Use

Principal Advantages

Principal Disadvantages

Sodium chloride

Calcium chloride

Mixtures of CaCl:
and NaCl

Mixtures of abra-
sives and salt

Abrasives

Melt snow and
ice

Melt snow and
ice

Melt snow and
ice

Increase sliding
friction imme-
diately

Increase sliding
friction imme-
diately

Very effective above 25
F; effective between
15 and 25 F; marginal
between 10 and 15 F;
not effective below 10
F

Normally used below 10
F; effective to -20 F;
marginal between -20
and -30 F; not effec-
tive below -30 F

In cold weather (to 0 F)
when snow and ice
must be melted in a
short time

In very cold weather
when salt is not effec-
tive or where clean
plowing is impossible
if immediate protec-
tion is necessary

Provides immediate
traction; salt parti-
cles bore, penetrate,
and undercut ice layer;
freezes dry on pave-
ment surfaces; low
cost

High rate of solution;
liberates heat when
going into solution;
effective at low tem-
peratures

High rate of solution;
effective at low tem-
perature; more stable
on the road

Free flowing material;
no freezing of stock-
piles; abrasives more
stable on road; quick
anchoring of abrasive
to road; skid resistance
improved immediately

Skid resistance immedi-
ately improved

Low rate of solution; use-
less at very low tem-
peratures

Higher cost; melting action
takes place at ice sur-
face; pavement remains
wet

Higher cost; pavement wet
longer than with NaCl

Creates spring clean-up
problems; does not re-
move ice or snow, caus-
ing slipperiness; may
damage vehicles travel-
ing at high speeds

As above; easily brushed
off road by tires

Table 3. Properties of sodium chloride and calcium chloride.

Property

Sodium Chloride

Calcium Chloride

Eutectic temperature

Rate of solution (rate
of ice melting)

Ice melting capability
given unlimited time

Moisture attraction
for solution

Heat of solution

Characteristics of the
salt in solution
Cost

-6 F (-21 C)
Lower

More down to 10 F
(-12 F)

Will not attract
moisture

Takes on heat when
going into solution

Recrystallizes

Lower

-59 F (-50.6 C)
Considerably higher

Less

Will attract moisture

Liberates heat when
going into solution

Remains in solution

Two to three times
that of NaCl
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than 2 percent can be considered as being dry (36). There is never a problem when
the moisture content is less than 1 percent (78).

Sodium chloride is generally used at temperatures above 10 F (-12 C); at lower
temperatures, the amount of salt that would be required becomes prohibitively large.
Because of its weight and relatively slow rate of solution, the individual coarse

particle of sodium chloride will bore and penetrate the ice surface and eventually
weaken the bond between the road surface and the layer of ice. This will allow the
traffic or plow to break up the compacted snow or ice crust and cast it to the side of
the road (22).

Calcium Chloride

Calcium chloride is supplied in the form of flakes or pellets. Flakes contain 77 to
80 percent CaCl: by weight, the remaining being mainly water or crystallization. Pel-
lets contain approximately 95 percent CaClz by weight (56). Specifications covering
calcium chloride for snow and ice control on roads are given in ASTM D 98. The prop-
erties of calcium chloride are also given in Table 3.

Stored calcium chloride must be protected from moisture and the weather. The use
of calcium chloride is generally limited to temperatures above -30 F (-34 C).

The cost of calcium chloride is two to three times that of sodium chloride. How-
ever, due to its rapid rate of solution, less CaCl; is wasted during frequent plowing
operations (42).

Sodium Chloride and Calcium Chloride Mixtures

The two chemicals complement each other advantageously. Calcium chloride at-
tracts moisture and dissolves when exposed, thus speeding up its melting action. So-
dium chloride does not absorb moisture but takes on heat as it dissolves. When calcium
chloride and sodium chloride are combined, the deliquescent calcium chloride supplies
the triggering action to provide rapid melting action at all temperatures. Its speed of
action produces a brine that sets off and sustains the melting action of sodium chloride
over a longer period for prolonged protection (38, 62)

Experiences of road maintenance organizations have shown (Fig. 2) that with de-
creasing temperatures the relative broportions of CaCl, and NaCl in mixture shounld
tend toward a ratio of 1:1 in lieu of 1:3 (56 62,78). At the end of a storm and at tem-
peratures in the mid-20s, the pavement can be cleaned in 15 to 20 min after spreading
of chemical mixture (18).

A satisfactory mixing operation can be achieved by feeding both salts to a conveyor
belt and adjusting the hopper gates to obtain the desired proportion (56). The cost of
mixing varies between 10 and 30 percent of the materials cost (E).

ABRASIVES

Aprasives are natural sand, manufactured sand, crushed slag, or cinder. Abrasives
are generally used to obtain an immediate increase in the skid resistance of a thick mat
of snow or ice or both. Abrasives are especially useful at very low temperatures when
de-icing chemicals are not active (5,7). The desirable characteristics of abrasives are
as follows (20):

Characteristic Benefit
Great resistance to com- Resists degradation under the
pression, crushing, im- action of traffic; avoids blow-
pact, and grinding away; can be recovered in spring
Angular shape Provides greater stability; pre-
vents its being blown away
Darkish color Absorbs heat to melt itself into
the surface of ice
Uniform grain size Provides uniform spreading pat-

tern; is less likely to damage
equipment
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The maximum aggregate size is generally limited to % in. because of risk of dam-
age to vehicles and injury to pedestrians (5). Fine particles passing the No. 50 sieve
should be eliminated because they contribute almost nothing to the increase in skid
resistance (61).

To obtain a good skid resistance requires a high rate of application of abrasives.
Spreading rates varying from 2 to 4 tons per mile on a two-lane highway have proved
to be effective. Spreading rates below 1 ton per mile were not effective (20).

Abrasives Treated With De-Icing Chemicals

Experience has shown that, on heavily traveled highways, untreated abrasives will
be whipped off the road and that even moderate winds will sweep the material from the
surface (6). Schneider found that the initial slippery condition could be reestablished
after only 10 to 15 passes of an automobile traveling at a high speed (20).

The treatment of an abrasive with about %o of its weight of salt (i.e., 50 to 100 1b
of salt per ton of abrasive) will prevent the abrasive particles from forming frozen
lumps and will help the particles penetrate and anchor themselves to the surface of the
hard snow or ice. Treatment will stop the abrasive from being swept off by wind or
traffic. It will also facilitate loading from stockpiles and improve the uniformity of
distribution by mechanical spreaders (2). The methods of preparation and storage of
treated abrasives are described elsewhere (2, 6, 24, 56).

Mixtures of Abrasive and De-Icing Chemicals

Several organizations have been known to use mixtures of either calcium or sodium
chloride with abrasives to decrease the slipperiness of the road and to melt the snow
as the temperature rises. Experience has shown that, to be effective, the mixtures
should be prepared with coarse-graded rather than fine-graded salt. Coarse salt par-
ticles will penetrate individually into the snow and ice layer without carrying with
them an appreciable quantity of sand, thus leaving the latter on the surface to fight
slipperiness (17). If the salt particles are too fine, the salt will soften the snow and
ice surface, thus allowing the abrasive to penetrate the ice layer under the action of
traffic and to lose its antiskid effect.

As shown in Figure 3, the melting of snow and ice will be delayed by using a mixture
of salt and sand (17, ﬂ). Some authors recommend the use at low temperatures of
coarse salt alone, which will initially serve as an abrasive and later activate melting
when the temperature increases. This will eliminate the cleaning of streets and catch
basins in the spring (56).

In a study by the New York State Thruway Authority, it was found that a satisfactory
mixture for almost all storm conditions was two parts mixed chemicals (1:3 calcium
chloride to sodium chloride by weight) and one part abrasives. This mixture was found
to be nearly as effective in melting action as the chemicals alone and in addition pro-
vides abrasives for skid protection (18).

FACTORS INFLUENCING THE MELTING RATE OF SNOW AND ICE

Physical Characteristics of Snow and Ice

The rate of removal of solid ice and snow is greatly influenced by their physical
characteristics, particularly density, thickness, and uniformity of the ice or snow
layer.

As shown in Figure 4 (§§), the density of snow depends mainly on the air temper-
ature during the snowstorm. The snow that a plow fails to remove varies in nature
from day to day depending on the weather, kind of precipitation, and traffic density
(120).

" The thickness of ice may vary from a scarcely visible film formed by the precipi-
tation of supercooled fog to a thick layer of ice resulting from the freezing of rain or
meltwater. Varying thicknesses of ice crust may also build up by freezing rain, by
rain falling on a cold surface, by freezing of a wet snow surface, or by freezing of a
thin liquid film formed by pressure exerted by tires against the ice crystals (20).
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If compaction and bonding of snow to the pavement surface by traffic are to be pre-
vented, an application of salt to the road surface should be made as early as possible
during the storm or preferably prior to the storm (1, 22, 56). Weak brine left from a
previous salting tends to free the compacted snow from the road surface (1).

When a thick layer of ice or compacted snow is bonded to the pavement surface,
greater quantities of chemicals and a longer period of time are required to remove it
(56). Field tests indicate that the rate at which both calcium chloride and sodium chlo-
ride will effectively remove ice is inversely proportional to the ice thickness (31).

Type of Chemical

The characteristics presented earlier are the main factors influencing the amount
of ice that can be melted by a chemical. Sodium chloride has a slow rate of solution
and a high eutectic temperature (-6 F or -21 C), whereas calcium chloride is readily
soluble and has a very low eutectic temperature (-59 F or -51 C).

When a solid chemical is spread on the ice and while chemical particles are going
into solution, the resultant melting rate depends on the rate of solution of the chemical
and the rate of ice solution (22). The rate of solution of the chemical depends on sol-
ubility and grain size. The rate of ice or snow solution into the existing brine depends
on diffusion of ions from the concentrated portion of the brine to the less concentrated
portion at the ice or snow contact surface. The rate of diffusion depends on the con-
centration gradient, the mobility of the ion, and the temperature (g).

Pellets of calcium chloride melt ice more rapidly than flakes. Because pellets
have a higher concentration of CaClz, they melt about 20 percent more ice than an equal
weight of flakes (56).

Field and laboratory studies indicate that a mixture of three parts sodium chloride
and one part calcium chloride has a much faster melting action than sodium chloride
alone and will melt a greater quantity of ice than either of the two chemicals alone
of calcium and sodium chloride will melt ice to a greater depth in 2 hours at all tem-
peratures down to -10 F (-23 C) than will either of the two chemicals alone.

The color of a chemical and impurities may influence the melting action, but the
importance of these factors is not yet known (56).

State of De-Icing Chemical

Chemical de-icing salt can be supplied as either an aqueous solution or a granulated
solid. An aqueous solution can be used very effectively on thin layers of ice or snow
as a preventive and maintenance treatment before and during snowstorms (@) and es-
pecially during cold, dry periods (117). Efficiency is greatly improved by a better
distribution and a closer contact with the pavement (§g). Aqueous solutions are not
suitable for treatment of thick layers of pure ice or hardened or packed snow.

The effectiveness of granulated de~icing chemicals depends on grading. In general,
field tests have shown that the finer the salt is, the greater is the melting action because
of its greater specific area (}'). To be efficient, salt for ice and snow removal must be
composed, on the one hand, of fine particles to initiate fast melting at the surface and,
on the other hand, of coarse particles to penetrate the ice crust by slow melting and to
break the bond between the pavement and the ice so that traffic can break up the ice
sheet and cast it aside. Coarse particles will also act as an abrasive for a limited
period of time immediately following the application (56).

Fine powder is undesirable because it is easily removed by traffic. It can also
form a film of brine on the ice surface and thereby create hazardous traffic conditions.
Fine powdered salt will cake more easily when left in the spreader or stored for long
periods of time (56).

Effect of Concentration

Variations in the concentration will affect differently the de-icing chemicals (17) as
shown in Figure 6. When the concentration is increased, more calcium chloride
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dissolves at a relatively uniform rate, whereas the rate at which sodium chloride dis-
solves decreases with increasing concentration. At low concentrations, the mean
melts of all de-icing chemicals do not differ appreciably. As shown in Figure 7, the
greatest melting efficiency occurs at low concentration (ﬂ).

A typical relationship between the application concentration of de-icing chemicals
and the quantity of ice melted during a given time is shown in Figure 8, which indicates
that a maximum total melt occurs for each reaction time and that a concentration in
excess of this maximum would be truly wasteful (17).

Two undesirable phenomena can be observed when either too much or too little
chemical is used (27). In the first case, the excess salt does not undergo reaction,
and, in the second case, the ice is not completely melted. Schneider suggests use of
the eutectic properties of the salt so that the prevailing temperature need not be taken
into account and the melting will take place at maximum speed.

Effect of Time of Solution

In general, the longer the de-icing chemical is permitted to act, the greater the
amount of melt is. The rate of melting by chloride is initially rapid, followed by a
subsequent slowdown. With sodium chloride, the rate is initially slow and then in-
creases, and a time could be reached when the rate with sodium chloride equals or be-
comes greater than that with calcium chloride (14, 15, 31). As shown in Figure 9, the
exact comparison depends on temperature (15). In practice, when it is possible to
permit a relatively longer reaction time a saving on chemical is possible (17).

Effect of Temperature

The temperature of the pavement is the principal factor influencing the amount of
chemical required and the associated rate of melting (22, 56). The phase diagram
(Fig. 10) indicates that the amount of chemical required to melt a given quantity of ice
increases almost linearly with decreasing temperature. A typical relationship between
reaction temperature and amount of ice melted is shown in Figure 11. It is interesting
to note that the rate of melting increases rather rapidly with increasing temperature
for each of the reaction times studied. In addition, as the reaction time increases,
the effect of increasing temperature also becomes more pronounced (17).

Effect of Weather Conditions

As the pavement receives radiant heat from the sun, melting is accelerated and
smaller amounts of chemical are required. Radiant heat from the sun can cause the
pavement temperature to be as high as 10 F (6 C) higher than the surrounding air (56).

If chemicals are applied to roads during periods of strong winds and drifting snow,
they will cause the snow to stick to the pavement, whereas an untreated surface may
be swept clean by the wind.

Pavement temperatures are lower in shaded areas, and, consequently, greater
quantities of chemical should be applied at such locations. The rate of ice melting
may be decreased by factors such as evaporation, radiation due to clear skies at night,
and prior cold periods (56).

Effect of Humidity

Calcium chloride melts ice at a faster rate partly because of its moisture-attracting
ability. The presence of moisture initiates the ice-melting process. Calcium chloride
will attract moisture easily at a relative humidity of 46 to 60 percent and at tempera-
tures of 15 to 32 F (-9 to 0 C) (16).

Effect of Type of Road Surface

The melting process is more rapid on concrete surfaces than on asphalt surfaces
(27) because a concrete surface gives up the necessary heat more rapidly (Fig. 12).
However, asphalt pavements absorb more of the sun's radiation than do concrete, snow,
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or ice surfaces. This phenomenon is demonstrated by the sometimes rapid disappear-
ance of snow adjacent to bare pavement areas.

Effect of Topography

The topographic environmental conditions most likely to favor ice formation are
those that screen the road surface from the sun: The more prolonged is the screening,
the greater is the potential danger. The comparative screening effect at different sites
can be assessed by determining the mean daily duration of direct sunshine available to
the road surface under clear skies (77). The effect of ""screened areas' could be min-
imized at the design stage of road construction by a design giving the side slopes the
lowest possible gradient.

Effect of Traffic

Traffic helps in the removal of snow and ice by exerting pressure on the pavement
where the melting system is at near equilibrium conditions. An increase in pressure
will lower the melting point of ice and increase the rate of heat transfer to the melting
system (1), Traffic also supplies heat from the automobile and tire friction (38), and
it mixes the chemicals with the snow and breaks up ice layers that have been weakened
by salt (56). Traffic aids the mechanical formation of slush, which is readily removed
from the pavement surface by additional traffic (1).

The effect of traffic on snow removal depends greatly on the free water content of
the snow (113). This effect can be seen in the following:

Free Water

Content (percent) Effect

<15 Compaction of snow into ice crust
15-30 Snow stays in a soft loose state
30 Adhesion of snow to tire

>30 Slush is easily removed by traffic

Note that only about 30 to 50 percent of the ice needs to be melted for traffic having
a density of more than 30 vehicles per hour to cast the slush away from the pavement
surface (7, 14, 17, 31).

Effect of Width of Application

In general, it was found that, for a given amount of salt, the rate of melting is
greater when salt is applied in narrow strips. However, the amount of snow melted
over a period of time is the same regardless of the width of application. An advantage
of concentrated spreading is early exposure of a portion of road surface to the sun
with the resulting absorption of heat and consequently increased melting rate (1). After
a road is plowed, chemicals are usually applied on the middle third of the pavement
(24, 28,31) over a 1- to 3-ft narrow strip (17, 53, 59). However, when chemicals are

spread before a snowfall or freezing rain, they should be applied uniformly over about
15 ft of road (53).

Time of Application

The most important factor contributing to the success of a salt treatment for snow
clearing is timing (7). De-icing work in the first 30 min of a storm can be significant
(22). A small amount of chemical mixed with loose snow will melt some of the snow.
The wet, almost granular snow that results will not be packed by traffic and can be
easily removed by plows. About 15 percent of the snow must be melted to preserve it

in this loose state.

Combined Effects

The interaction of factors influencing the rate of melt was, for the most part, found
to be highly significant (ﬂ). Therefore, no single variable could be considered
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separately; i.e., the effect of each variable on the rate of melt is only valid at some
fixed levels of other variables.

EFFICIENT SNOW AND ICE CONTROL BY USE OF CHEMICALS

For efficient snow and ice control,1 it is necessary (a) to determine the optimum de-
sired service level at which costs to the user (in terms of losses arising from acci-
dents, delays, and immobilization) and to government (i.e., maintenance costs) are at
a minimum and (b) to establish the type of organization required for a control system
that will yield maximum effectiveness at minimum cost.

The system should encompass purchasing and storage methods, types and number
of machines, and types and quantity of de-icing compounds and abrasives to be used.

It should also give personnel qualification and training programs, application proce-
dures and methods, standards for minimum performance, and methods for control of
operation costs and quality of service.

RATE OF APPLICATION OF DE-ICING CHEMICALS

Because no two storms are alike, no single set of standards can be written for
spreading rates to satisfy all storm conditions. As a general rule, chemicals should
be applied only in quantities sufficient to produce a 30 percent melt condition within a
maximum of 30 min for light traffic conditions (113, 120). With this amount and in-
creasing traffic, the time of solution will decrease accordingly. An adequate spreader
should have a feeder capable of spreading chemicals at a rate ranging between 200 and
3,000 1b/lane with a precision of 50 1b (63).

Main roads and arteries carrying a daily vehicular traffic of 1,000 or more generally
require bare pavement conditions; this involves snowplowing, spreading of different
combinations of chemicals and abrasives, and removal of partially melted snow and
ice (24).

Quantities of chemicals recommended for ice control and snow removal are given
in various reports (1, 5, 20, 24, 31, 38, 53, 56, 59, 63,78, 113, 120). The given rates for

30 min. References are given by subject area in the following listing:

1. Objectives, 3, 22, 25, 46, 56, 61, 76, 106, 120, 136;

2. Detection and sensing system, 83, 85, 86, 87, 106, 133;

3. Classification and properties of snow and ice, 8, 20, 23, 32, 38, 45, 65, 133;
4, Sodium chloride, 15, 20, 22, 25, 56, 94, 115, 117;

5. Calcium chloride, 13, 15, 20, 49, 56, 63, 75, 89, 96, 116;

6. Sodium and calcium chloride mixtures, 14, 15, 28, 31, 36, 54, 56, 62, 79, 120;
7. Treated and untreated abrasives, 2, 5, 6, 7, 17, 20, 54, 61;

8. Other chemicals, 26, 27, 40, 43, 95;

9. Comparative tests, 14, 17, 26, 30, 31, 82, 106, 117;

10. Specifications, 63, 64, 94, 111, 112, 115, 116;

11. Sampling and Testing, 14, 45, 64, 72, 106, 120;

12. Factors influencing the rate of melting, 1, 14, 17, 27, 56, 76, 77, 106, 120,

13. Storage, handling, and mixing, 15, 20, 24, 31, 48, 71, 73, 114, 123, 132;

14. Snow and ice control, 7, 17, 20, 27, 29, 37, 42, 90, 118, 125, 126;

15. Rate of application, 1, 5, 7, 17, 24, 27, 31, 56, 120,

16. Recommended practice, 7, 17, 53, 59, 62, 74, 76, 80, 110, 130, 138;

17. Effect of salt on environment, 52, 67, 81, 102, 104, 119, 124, 139;

18. Effect of salt on materials and structures, 9, 11, 21, 41, 43, 47, 91, 92, 106;

1The original manuscript contained an appendix available in Xerox form at cost of reproduction and handling
from the Highway Research Board. When ordering, refer to XS-43, Highway Research Record 425.
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Figure 11. Effect of mean temperature on mean total meit.
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Table 4. Recommended application rates for de-icing salts.

Rate of Application (lb/mile of two-lane road)

Before Snowfall or
Freezing Rain

To Melt 1 In.
of Loose Snow

Removal of Thin

Air Temperature Crusts After Plowing

Thick Crust of Hard-
Packed Snow and Ice

200 to 400 1b of NaCl
or 200 to 400 1b of
1:3 mixture of CaCl.
and NaCl if NaCl is
removed by wind or
traffic

200 to 400 Ib of NaCl
or 200 to 400 1b of
1:3 mixture of CaCl,
and NaCl if NaCl is
removed by wind or

25 F or higher in shade
or 20 to 25 F in sun
and on warm pavement

1,000 1b NaCl or
600 1h of 1:3
mixture

300 1b NaCl or 150 1b

of 1:3 mixture

25 F and higher if tem~
perature is falling, 20
to 25 F in shade, or
10 to 20 F in sun or on
warmer pavement

1,500 to 2,000 1b
NaCl or 1,200 1b
of 1:3 mixture

300 to 500 1b NaCl or
300 1b of 1:3 mixture

traffic
20 to 25 F with falling 250 to 500 1b NaCl of 1,500 1b of 1:3 500 1b of 1:3 mixture
temperature, 10 to 20 1:3 mixture mixture

F in shade, or 0 to 10
F in sun or on warmer
pavement

Below 10 F in shade No application

No application 600 1b of 1:3 mixture

600 1b NaCl or 300 1b

600 to 1,000 1b NaCl
or 600 1b of 1:3
mixture

1,000 1b of 1:3 mix-
ture

1,200 1b of 1:3 mix-
ture

Editor's Note: Although at one time, to avoid snowplowing during a snowfall, chemicals
were applied alone, Committee A3E04 no longer recommends this practice in light of
current knowledge ot the ettects of high concentration levels on the environment.
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19. Effect of salt on soils and vegetation, 12, 33, 58, 97, 99, 100, 121, 134, 140;
20. Effect of salt on corrosion and inhibitors, 9, 10, 19, 25, 34, 42, 43, 44, 51,
60, 68, 69, 82, 105, 106;

21. Cost analysis and economics, 7, 42, 46, 125, 127, 131, 138;

22. Nonchemical methods, 35, 70, 93, 108; and

23. General, 4, 22, 37, 38, 46, 50, 56, 66, 73, 74, 76, 79, 88, 93, 106, 107, 109,

112, 122, 127, 128, 129, 135.

10.
11.
12,
13.
14.
15.
16.
17.
18.
19.
20.

21.

23.

24.

25.
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POTENTIAL IMPACT OF SODIUM CHLORIDE
AND CALCIUM CHLORIDE DE-ICING MIXTURES
ON ROADSIDE SOILS AND PLANTS

G. H. Brandt, Dow Chemical Company, Midland, Michigan

De-icing salts are applied to highways at rates as high as 30 tons/lane-
mile/year or 120 tons/mile of four-lane highway. The quantity of salt
required to maintain bare pavement can be minimized partly by applying
chemicals, such as sodium chloride and calcium. chloride mixtures, that
melt ice faster per unit applied and by allowing adequate time after appli-
cation for bare pavement. At high salt loadings, salt pollution is being
traded for time to bare pavement at the rate of two or three times more
salt than is required for slower de-icing. Laboratory data indicate that
NaCl, if used between 0 and 10 F for de-icing within 1 hour, can introduce
fivetimes more C1~ than CaCl. and 10 times more moles of Na* than moles
of Ca** from CaCl.. However, both can melt roughly similar quantities of
ice if sufficient time is allowed for equilibrium. Potential salt loadings
in roadside soils and drainage waters were compared with published field
data by use of hypothetical constructs, and potentials for producing saline
(high salt) and alkali (high sodium) soils were estimated. Although con-
siderable de-icing salt damage to plants is reported in the literature, the
damage does not appear to be so extensive as guidelines for agricultural
soils in the arid West tend to suggest. Use of CaCl; and NaCl mixtures
should avoid the need for adding materials like gypsum to periodically de-
crease the Na* content of roadside soils and at the same time should offer
the potential for improved de-icing efficiency.

*THREE MAJOR STUDIES have been published recently on the environmental impact
of highway de-icing (1, 2, 3). Taken together, these studies represent a fairly com-
plete and comprehensive analysis of the problem. The specific characteristics of
calcium chloride for de-icing, however, are not considered in detail by these reviews
because calcium chloride commands less than 5 percent of the total de-icing salt mar-
ket, the rest being sodium chloride.

This paper was prepared to identify differences between CaCl, and NaCl in terms of
their potential environmental impaect and to further understand environmental effects of
de-icing salt. The potential for broadscale contamination of the environment is con-
sidered along with the comparative amounts of CaCl; and NaCl necessary to perform
equivalent tasks. Hypothetical constructs are devised to compare potential salt load-
ings in roadside soils and drainage waters with published field data and to relate these
salt loadings to established guidelines used in agriculture.

SALT LOAD FROM DE-ICING

Hanes, Zelazny, and Blaser (1) conclude that chloride concentration in major rivers
in northcentral and northeast United States is not seriously affected by de-icing salts
applied to highways and that it is the immediate roadside areas that are most seriously
affected by salt., They present data for the chloride content of major rivers draining the
portion of the United States receiving the bulk of de-icing chemicals. Approximate
total annual salt loads as calculated from their chloride data and approximate average
flow data are given below for the Delaware, Hudson, Mississippi, Missouri, Ohio, and
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Potomac Rivers for 1958 through 1963. (Cl~ concentration values were converted to
NaCl equivalent.)

NaCl/Year
River (million tons)
Delaware 0.122
Hudson 0.122
Mississippi at East St. Louis, ILl. 1.810
Missouri at Kansas City 0.967
Ohio at Cairo, I11. 0.725
Potomac at Great Falls, Md. 0.181
Total 3.927

The total of 3.927 million tons of NaCl equivalent per year omits some drainage from
the northcentral and northeast United States, notably the St. Lawrence River, but in-
cludes a major portion of the runoff from the area.

Use of NaCl for de-icing within the region during the winter of 1966-67 is reported
as 1,975 and 2.146 million tons for the northeast and northcentral United States respec-
tively. Combined, this is approximately 4.12 million tons. However, reported use is
estimated to represent about 75 percent of the total de-icing salt usage in the region (2).
This cursory analysis indicates that the amount of salt being lost from the northeast —
and northcentral United States in drainage waters is somewhat less than the amount of
salt added annually for de-icing purposes in the same region. Because de-icing salts
represent only 11 percent of the salt introduced into the environment (2), a substantial
quantity of salt appears to be accumulating somewhere within this region, apparently in
roadside areas and in groundwater. This proportion of salt retention is considerably
greater than has been reported in the literature (2). Obviously, salt distribution and
movement through the environment will have to be more thoroughly understood in the
near future.

The quantity of salt required to maintain bare pavement can be minimized partly by
applying chemicals that melt more ice in less time. This can be accomplished by mix-
tures of CaCl, and NaCl, particularly at low temperatures. But we need to know the
characteristics of each and the number of ions of the mixtures necessary to accomplish
equivalent de-icing jobs.

Dickinson (4) compared the ice-melting capacities of NaCl and CaCl; at times rang-
ing from 15 min to equilibrium and at temperatures ranging from 0 to 26 F. His data,
as adapted for use in this analysis, are plotted in Figures 1to 4. One gram of ice can
be melted by varying millimolar quantities of NaCl. Time elapsed and temperature
significantly influence the quantity of salt required (Fig. 1). A single curve in Figure 1
represents the millimolar concentration of NaCl or of the individual Na* or Cl1~ ions.
Data are presented for elapsed times of 15 min, 30 min, 1 hour, and 6 hours and for
equilibrium. Similar data are shown for CaCl, in Figure 2, except that the millimolar
concentrations of Cat* and C1~ ions are represented by separate curves and the CaCl.
concentration corresponds to the Cat* curves. Furthermore, only 15-min and equilib-
rium data are plotted for Ca**. At 0 F, between two and three times more CaCl; is
required to melt 1 gram of ice than is required at 25 F. At temperatures below 10 F
and elapsed times of less than 1 hour, NaCl melts ice very inefficiently, whereas at
equilibrium it is nearly equivalent to CaCl,. Calcium chloride melts ice faster at lower
temperatures because it can attract hygroscopic water at the low partial pressures of
water in equilibrium with ice at 0 F and also because it produces considerable heat when
dissolved. Sodium chloride, on the other hand, is unable to attract hygroscopic water
at low partial pressures of water and absorbs heat while it is being dissolved.

The influence of elapsed time on the quantity of CaCl. required is shown by the in-
sert in Figure 2. The vertical axis of that insert represents the increase in CaCl, re-
quired to melt 1 gram of ice in 15 min, 30 min, 1 hour, and 6 hours as compared to the
quantity required at equilibrium. The time effect is more pronounced than the tem-
perature effect noted above: three times more CaCl: required at 15 min and two times
more at 1 hour as compared to the equilibrium melting capacity.
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Figure 1. Amount of Na* and CI’
interjected into environment when NaCl
meits 1 gram of ice (4).

Figure 2. Ca*™ and CI interjected into
environment when CaCl, melts 1 gram of
ice.
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The differences between NaCl and CaCl; can be elaborated further by comparing the
ratio of chloride introduced from the two different sources at varying melting times
and at varying temperatures (Fig. 3). At temperatures below 10 F and times of less
than 1 hour, much more chloride is introduced into the environment from NaCl than
from CaCl.. Above 20 F the reverse is true; NaCl contributes less chloride than
CaClz. The temperature effect for 1 hour's de-icing is shown by the insert in Figure 3.

The molar ratios of sodium to calcium can also be compared (Fig. 4). Less calcium
than sodium is introduced into the environment on a molar basis regardless of melting
time and temperature. However, if the ratio were expressed on an equivalent charge
basis, the relationships between Nat and Ca** would be the same as for chloride from
the two sources shown in Figure 3. Nonetheless, at short times and cold temperatures,
CacCl: interjects much less total salt into the environment than NaCl.

The relationships described were determined under ideal laboratory conditions and
can be extrapolated to the field only if the same relative de-icing activity of CaCl; and
NaCl also applies to the field environment. Major differences between field and labo-
ratory appear to be heat contributed by radiant energy, heat loss due to chill winds,
heats of solution, and solubility as a function of temperature. The effect of these vari-
ables needs to be assessed in future work.

The above analysis demonstrates that there is a trade-off between the amount of
de-icing salt applied and the time that elapses between spreading and ice breakup—the
less salt used, the more time required. If conditions are such that bare pavement is
not required for 6 hours after spreading, then nearly equivalent amounts of CaCl: and
NaCl can be introduced into the environment. However, if bare pavement is required
in less than 1 hour after spreading and the temperature is below 10 F, CaCl; is prefer-
able to NaCl. At temperatures between 1 and 10 F, five times more C1™ and 10 times
more Nat than Catt can be introduced into the environment on a mole-for-mole basis.
At temperatures above 10 F, more Cl~ is introduced by CaClz, but more Na* is con-
tributed by NaCl than Cat* by CaCl,. So there is an additional trade-off if Na* and Cl1~
are equally harmful.

POTENTIAL FOR SALINIZATION AND ALKALIZATION OF SOILS

For many years, agricultural scientists (5, 6) have studied soils affected by salt.
Salt-affected (halomorphic) soils develop under imperfect drainage conditions in arid
regions. In nature, salt accumulates in soils when water is lost primarily through
evaporation rather than drainage. This natural process is quite different from the
process of de-icing salt accumulation along highways in the northcentral and northeast
United States because rain moves salts away with surface runoff and through soil pro-
files. Nonetheless, many useful concepts and benchmarks can be borrowed from the
natural salt-affected soil technology and used to understand the de-icing salt problem
along highways. This section reviews characteristics of naturally saline and alkali
soils, estimates the potential salt accumulation in soils along highways from de-icing,
estimates the potential salt content of drainage waters, and examines the potential
benefits from use of varying mixtures of NaCl and CaCl, for de-icing.

Characteristics of Saline and Alkali Soils

Saline soils contain soluble salts in the surface horizons that compete with plants
for available water. Salts common in saline soils include sodium, calcium, magne-
sium, and potassium in the form of chlorides, sulfates, bicarbonates, and carbonates.
The exchangeable ions are dominantly calcium and magnesium with small amounts of
sodium. As a result, saline soils generally have a pH below 8, and the high salt con-
tents prevent dispersion of soil grains. Saline soil is also called solonchak or white
alkali that often has white, salty crusts. Salinization refers to the process of accu-
mulating soluble salts in the surface soil layers.

Alkali soils, also called solonetz soils or black alkali, can be formed by leaching
soluble salts from saline soils that use sodium-rich irrigation waters; this causes the
exchange capacity to become predominantly saturated with sodium and depleted of
calcium and magnesium. The pH of alkali soils sometimes increases to as much as 10.
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Figure 3. CI” pollution potential for CaCl,
as compared to NaCl expressed as melting
rate and temperature-dependent function (4).

Figure 4. Na* and Ca*™™ pollution potential
for CaCl, and NaCl (4).
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The high sodium content and high alkalinity disperse both inorganic and organic col-
loids, which tend to move down the soil profile. Soluble organic matter also moves to
the soil surface from evaporation, making the soil surface dark and contributing the
term black alkali. These soils have very poor aeration and low water availability be-
cause their structure is destroyed.

Alkali soils can be subdivided into two categories, saline-alkali and non-saline-
alkali. Saline-alkali soils are high in soluble salts and exchangeable sodium, whereas
non-saline-alkali soils are low in soluble salts but contain over 15 percent exchange-
able sodium on the colloids. A further description of saline and alkali soils is given
elsewhere (5).

Alkali soils can be reclaimed by adding soluble calcium salts like CaCl, and gypsum.
Of these two additives or amendments, gypsum is preferred because of low cost; how-
ever, CaCl: is much more soluble and, as a result, should replace sodium more rapidly.
Several other amendments can be used to reclaim alkali soils including sulfur, sulfuric
acid, iron sulfate, aluminum sulfate, lime sulfur, and ground limestone (5).

The salt content of saline soils is determined by measuring the conductivity of soil
extracts and relating this to standard solution concentrations. Accordingly, the osmotic
pressure of soil solutions can be determined from conductivity of the extract. Plant
response is then related to salt levels in soils as shown in Figure 5, which interrelates
conductivity of saturation extracts, osmotic pressure, percentage of salt in soil, and
soil moisture content. The reference conductivity along the horizontal axis in Figure
5 is determined on saturation extracts from soil, i.e., extracts taken from soils with
pores completely filled with water. A saturation extract producing a conductivity of
3 millimhos per centimeter indicates that the soil contains 0.2 percent salt. At that
salt level and saturation, only a few crops are affected detrimentally. However, for
a soil that will retain only 25 percent of saturation moisture content under field con-
ditions, 0.2 percent salt produces a conductivity of about 12 millimhos per centimeter
at 25 percent of saturation and would be very detrimental to crop growth. These plant
responses are described in the salinity scale shown in Figure 5.

Potential Salt Levels From De-Icing

Data can be extracted from existing publications on de-icing salts and their environ-
mental effects to determine how much salt might potentially accumulate along roadways
as compared to how much has been observed in some cases. Then, these salt levels
can be compared to the tolerance levels shown in Figure 5 for saline soils.

The quantities of de-icing salt applied per single lane-mile per year by state highway
departments and toll authorities are presented by Hanes, Zelazny, and Blaser (1). The
average salt use was calculated for key states during five winters. Average application
rates range between 3 tons per single lane-mile for Virginia and as much as 28 tons per
single lane-mile for Pennsylvania.

The potential salt levels that could accumulate in roadside soils are given in Table 1.
The salt levels in soils were calculated by assuming that all the salt for one winter
season stays on site, when, in fact, much of the salt will be carried away in runoff
waters. The resulting salt concentrations in that table only indicate a maximum
achievable salt level.

Potential salt levels were calculated for varying roadside areas along two- and
four-lane highways treated with as much as 30 tons of salt per single lane-mile. The
table lists the pounds salt applied per acre per year and the resulting percentage of salt
that could accumulate in soil. Roadside widths of 30 and 60 ft were assumedto calculate
total roadside areas. The percentages of salt from Table 1 are shown in Figure 6 for
three roadside widths. Also, states are grouped by average level of salt use (1). The
figure can be used to estimate the salt that might be expected in roadside soils under
the assumptions used in this hypothetical construct. For example, the Massachusetts
highway department uses 10 to 15 tons of salt/lane-mile/year (1), which converts to
0.1 to 0.3 percent salt in roadside soils. Salt levels of this magnitude will produce
varying plant responses, depending on the soil-water content and plant sensitivity. For
example, at 100 percent saturation, crop responses are expected to range from A to C
on the salinity scale (Fig. 5), whereas at 25 percent of moisture saturation the same




Figure 5. Plant response related to salt level, soil moisture, and
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2 ki 60 5 10 2,850 0.07 16.0
10 20 5,700 0.14 32.1
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salt concentrations are expected to produce plant responses ranging from C to D on
the salinity scale and to significantly inhibit plant growth.

Salt levels actually measured in the field by investigators fall within the range in-
dicated as achievable by this construct. Zelazny, Hanes, and Blaser (7) reported so-
dium levels ranging from below 0.01 percent to about 0.1 percent for a roadside area
in Vermont. They measured sodium and chloride levels at varying times and depths
in soils on each side of a highway, one side being uphill and the other collecting the
drainage water on the east side of the highway. They reported decline of silver maples
on the downhill side, whereas trees were quite healthy on the uphill side. When these
sodium concentration levels are converted to total salt (NaCl) concentrations in the soil,
the maximum salt concentrations observed by Zelazny, Hanes, and Blaser (7) approach
0.25 percent, fully within the range predicted by the above construct. However, they
reported gradually increasing salt levels with time as well as considerable leaching of
salt from the profile, neither of which was considered in the construct.

Nonetheless, the predicted salt levels approach those observed in the field and the
construct apparently can be used to approximate the salt levels that can be expected in
roadside soils. Additionally, salt levels comparable to those reported by Zelazny,
Hanes, and Blaser are clearly indicated as being harmful by previously established
guidelines for salt levels in arid western soils.

Potential Runoff Composition and Impact on Soils

The above analysis has serious limitations, so it is desirable to approach the prob-
lem of salt impact on roadside areas from a different direction to further elaborate the
potential impact of salts on roadside soils and crops. This can be accomplished by
estimating the salt content of runoff waters from salted roadways and then applying
water quality criteria to irrigation waters to predict the potential long-term impact of
these salt-laden waters on roadside soils.

Potential salt levels in runoff water are estimated for varying right-of-way widths
and salt application rates as given in Table 1. These concentrations were calculated
by assuming that the applied salt is dissolved by 9 in. of water dropped on the roadway
and roadside areas. This precipitation level was determined as nearly average for
Michigan, New York, Maine, Chicago, and Minneapolis during the months of December,
January, February, and March (1). The salt concentrations in the runoff range from
about 10 to a high of 110 meq NaCl per liter.

Sodium adsorption ratios (SAR) are given in Table 2 for various NaCl and CaCl;
formulations covering the range of total salt (CaCl: + NaCl) levels up to 120 meq per
liter. SAR is a major criterion for irrigation water quality and can be determined
from nomograms (5). SAR is calculated by the equation
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The concentrations of sodium and calcium in the drainage water as given in Table 2 are
used in conjunction with the nomograms to determine the SAR.

Conductivity was estimated for the various solutions in Table 2 by using established
relationships between salt concentration and conductivity (5). In this way, SAR and con-
ductivity were determined for five salt formulations including NaCl containing only
CaCl, as an impurity; mixtures containing 1:3, 1:2, and 1:1 blends of CaCl; to NaCl; and
an anhydrous CaCl; containing NaCl as an impurity.

SAR and conductivity are shown in Figure 7 for each of the above formulations to
demonstrate the potential impact of de-icing salt mixtures on plants and soils. For ex-
ample, for NaCl containing only CaCl: as an impurity, SAR increases rapidly as salt
concentration increases. The curve for NaCl intersects four hazard zones, the hazard
changing with salt level or the quantity of water available for diluting the salt. High
runoff and low salt applications create the least hazard. Similarly for blends of CaCl:
and NaCl, the plots for SAR and conductivity will be followed as salt levels and dilutions
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Table 2. Sodium adsorption
ratios for various NaCl and
CaCl, formulations.

Figure 7. Irrigation water
quality criteria adapted to
characterize drainage waters
from roads treated with
various de-icing formulations.

Table 3. Composition of
drainage water in the field.
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change. The anhydrous CaCl: alone contains very little sodium and will increase
salinity but not contribute to SAR. Consequently, it falls along the horizontal axis.

Water quality zones are superimposed on Figure 7 to indicate the suitability of water
for irrigating crops (5). Waters in the first zone are generally suitable for irrigation.
Waters in the second zone require special management for their use, whereas waters
in the third zone can be used only in special cases and under special management. The
last zone contains waters largely unsuitable for irrigation anduse by plants except under
unusual circumstances.

The potential impact of various salt usage levels is also shown in Figure 7 for the
various de-icing formulations. Average drainage water composition was calculated
for applications of 2.5, 5, and 10 tons per lane-mile, which can be expected along a
standard four-lane highway (30-ft roadside, median, and pavement widths, receiving
9 in. of rainfall during 4 winter months of December, January, February, and March).
Even at 2.5 tons per lane-mile, NaCl cannot be applied alone to such a highway without
producing drainage water that is highly unsuitable for roadside areas. The potential
hazard to roadside areas is considerably reduced by applying blends of CaCl. and NaCl.
This contention is further supported by the fact that CaCl; is considered to be a suitable
amendment for reclaiming alkali (sodium-rich) soils (5).

The drainage water compositions developed by this hypothetical construct need to be
compared to salt levels measured in drainage water from snowmelts in the field
(Table 3). Many of the values given in the table are reported in the literature as chlo-
ride, so the sodium levels were assumed to be similar on an equivalent-for-equivalent
basis. These measured values are both lower and higher than the values given in
Tables 1 and 2 of the hypothetical construct, suggesting that the analysis presents a
reaonably valid approximation of average salt levels in roadside runoff.

DISCUSSION AND CONCLUSIONS

All of the preceding analyses indicate salt damage should be observed along almost
all roads on which de-icing salts are used. This is obviously not the case. Even
though roadside damage to plants is reported in the literature, the damage is not so
extensive as suggested by the constructs developed in this paper. Consequently, we
have to conclude that the criteria developed for the arid West regarding irrigation
waters and salt accumulation levels do not directly apply to soils located along highways
in more humid and colder regions.

Several major differences are apparent. First, infiltration of salt waters is signif-
icantly impeded during the winter months when soils are frozen. Second, the criteria
were established for long-term agricultural productivity. Third, much of the salt is
carried away in runoff water and does not affect the soils on site but rather collects in
nearby water bodies and is carried away in streams. Each of these would tend to
Jdiminish the observed damage to roadside vegetation. On the other hand, damage to
roadside areas would seemingly be enhanced by the fact that drainage waters will alter-
nate from brine to fresh throughout the winter months and will be quite low in salt
through the summer months. Such variation of salt levels in the water would tend to
disperse soils more strongly than a constant quality of water. Furthermore, salt dis-
solved in the soil solution would become concentrated in the unfrozen phase as soils
are frozen. This phenomenon may expose perennial plant roots to disproportionately
high osmotic forces in the soil solution.

Obviously, more detailed knowledge of the processes of salinization and alkalization
as they apply to the use of de-icing salts in the northcentral and northeast United States
is needed before roadside salt damage can be accurately understood. Nonetheless, one
can conclude that mixtures of CaCl, and NaCl will decrease the potential for damage,
particularly to soil physical properties.
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DISCUSSION

F. E. Hutchinson, University of Maine

The hypothesis studied in this paper is a significant factor in projecting future use
of de-icing compounds on highways, and the conclusion that mixtures of calcium chloride
and sodium chloride will decrease the potential for damage to physical properties of
soils as compared to application of sodium chloride singly is valid. The data presented
in the report thoroughly justify this conclusion.

The implication of this conclusion is primarily of significance for those situations
where de-icing compounds are applied long after a snow or ice storm begins, because
under those conditions the chemical agent is used to melt ice that has already formed
and that is strongly bonded to the pavement. This situation might most frequently occur
in small towns and cities where the municipal capacity for snow removal is limited.

Most highway departments plan to apply the de-icing chemical to the pavement when
precipitation begins, thereby preventing the bonding of snow to the pavement. Thus the
snowplow is able to push the unfrozen mass to the side of the highway. Under this latter
condition the potential difference between sodium chloride and calcium chloride in en-
dangering environmental contamination is minimized because the time factor is less
important. One is not attempting to melt a 1-in. layer of ice in less than 1 hour.

Technically, any soil that has more than 15 percent of its cation exchange capacity
occupied by sodium is termed alkali (8). In a recent study conducted in Maine (9) only
one soil site out of 27 sampled randomly along major highways contained enough sodium
to be properly termed alkali. However, it was also noted that at most sites sodium and
chloride values decreased consistently with increasing distance from the edge of the
highway over a distance of approximately 40 to 50 ft. Also, sodium and chloride levels
in the soil increased with number of years over which highway salting had occurred.
These data are in general agreement with the assumption made in Table 1 of this paper,
where salt concentration on bands of 30 to 60 ft on both sides of the highway were cal-
culated for several rates of application.

The assumption made in Table 1 that the salt applied to a highway is dissolved in the
precipitation occurring during the winter months may not be entirely valid because
much of the salt is frozen into the snowbank at the edge of the road and is not released
to the surrounding environment until snowmelt occurs at the end of the winter period.
Published data (9) indicate that most of the salt is contained in the snow within 10 ft of
the edge of the pavement.

It appears valid to conclude that salt toxicity to some plant species can be predicted
by interpreting data from several publications produced in the arid western areas of
the United States. However, there are not yet sufficient data on conditions in the
northeastern and northcentral states to safely predict when toxicity levels will be
reached at a given site unless soil and water samples are monitored frequently. Some
of the variables that negate a generalization on this point are as follows:
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Texture of surface soil and subsoil,
Surface and internal drainage,

Rate and repetition of salt application, and
Type of vegetation on the site.

O N

Reference is made in this paper to a number of compounds that have been used to
replace sodium ions in alkali soils in order that they may be leached from the profile.
Most of those chemicals, namely gypsum, calcium chloride and various sulfate com-
pounds, have been proved successful. However, it does not appear that ground lime-
stone is a suitable material, although it would be much cheaper than gypsum in many
of the northeastern states. The calcium from gypsum or limestone is equally effective
in entering the cation exchange sites of a sodium-affected soil, but the resulting so-
dium sulfate formed from gypsum is highly soluble, and the sodium carbonate formed
from limestone is relatively insoluble. In one recent experiment (11) where limestone
and gypsum were applied to high sodium soils along three highways, the latter com-
pound reduced the sodium level by one-third, whereas the limestone was ineffective.

In summary, the data and conclusions presented in this paper are pertinent to the
present issue confronting highway departments concerning the potential hazard of add-
ing greater quantities of both sodium and chloride ions to the environment. Proper
interpretation of these findings made at the local level in accordance with existing con-
ditions could well decrease the environmental threat to some degree.

My comments are intended as an additional interpretation of the findings rather than
as criticisms.
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Robert L. Westerman, University of Arizona

Salt-affected soils develop not only under imperfect drainage conditions but also
with poor management. In the Southwest, evaporation can cause significant accumula-
tion of salts, but salts accumulate in many soils as a result of leaching inadequate to
move the harmful salts out of the root zone. This often occurs because of the poor
quality or amount of irrigation water used. The only difference is that in northcentral
and northeastern United States rainfall is adequate for leaching of soluble salts through
the profile. During periods of rainfall, the drainage ways collect water from the paved
surfaces, which increases leaching of soils. As suggested by the author, the soils are
frozen during the winter, and most of the salt is lost in runoff waters, which leaves very
little to move through the soil profile. During spring more rain falls and leaching ap-
pears to be adequate.

The guidelines that have been established for crops grown in the arid Southwest are
based on the electrical conductivity of the soil extract, and I disagree with the author's
statement that the levels do not apply in soils located along highways in more humid
and colder regions. These criteria were established to preserve agriculture and are
conservative, but the basic guidelines do apply. In the author's case very little of the
salt load is passing through the soil profile. If, however, salts were accumulating in
the soils, the rise in the salinity level in the soil solution would affect plant growth.
The extent of damage to the plants would depend on the plant's tolerance to salinity and
the osmotic pressure in the soil solution.
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However, I do agree with the author that mixtures of NaCl and CaCl, would reduce
the potential pollution hazard from de-icing solutions.

E. J. Rubins, University of Connecticut

Brandt's thesis is that salt mixtures containing calcium chloride not only are supe-
rior to sodium chloride alone for de-icing purposes but also have the additional advan-
tage of providing calcium ions to overcome the deleterious effect of sodium on con-
taminated roadside soils. Arguments in favor of anhydrous calcium chloride as a
component of highway de-icing mixtures are based on the observation that heat is
evolved when it dissolves and that it can attract hygroscopic water to form a brine at
low partial pressures of water. But these advantages are often Inst in the translation
from laboratory to field.

It has been pointed out (12) that partial hydration of calcium chloride during handling
will reduce the exothermic etfect when it reaches the road surface and that wind chill
can remove heat otherwise available for the melting process, particularly when appli-
cation is made at the onset of a storm and there is no opportunity for the calcium chlo-
ride particle to become embedded in ice or packed snow. When embedment does occur,
the favorable effect of a calcium chloride brine in triggering solution of sodium chlo-
ride will be lost if the distribution pattern of the brine is such that dry sodium chloride
does not fall within its effective radius.

The dual problem of a high level of soluble salt (salinity) and a buildup of exchange-
able sodium (alkali) is of serious concern wherever soils of arid regions are irrigated
for crop production. This problem is not general to humid regions such as the north-
eastern United States, but it can assume local importance where soils are being re-
claimed from the sea, where brackish water has been used for supplemental irrigation,
or where excessively high rates of fertilizer have been applied. Roadside soils sub-
jected to salt from de-icing operations can also be presumed to be vulnerable.

Criteria for irrigation water quality have been based on two measurements: the so-
dium adsorption ratio (SAR) derived from molar concentration values for sodium, cal-

+
___N_a__) and the soluble salt concentration mea-
VCat+ + Mg+t
sured by electrical conductivity. The former provides an estimate of sodium (alkali)
hazard, the latter an estimate of salinity hazard. An overall estimate of water quality
is based on the interaction between the two (5).
This approach has been used widely in arid regions. The pH value of these soils is
7 or more, and the only exchangeable cations that need be considered are sodium, cal-
cium, and magnesium. But the application without modification to salt-containing run-
off waters in the humid regions is open to serious question. In the humid regions soils
are acid to varying degrees, and as the pH value falls aluminum takes over from cal-
cium as the predominant exchangeable cation. It is relatively difficult for a monovalent
cation like sodium to exchange divalent calcium, although, of course, this does take
place. It is even more difficult for sodium to exchange the trivalent aluminum ion. If
Nat

cium, and magnesium (SAR =

SAR is to be considered for soils of the humid regions, molar relations such as

should also be considered.

Figure 7 of Brandt's paper has been adapted from another publication (5) in which
water quality zones are identified on a plot of sodium (alkali) hazard against salinity
hazard. The zones defined in this version are far from identical to those in the original
publication, but the rationale and the details of the derivation are not given.

Both versions do show clearly that the presence in water of calcium ions from what-
ever source will lower sodium (alkali) hazard to soil through which it percolates by
lowering SAR. Plots for various calcium chloride-sodium chloride ratios are given
in Figure 7, but the plot for sodium chloride used alone is unrealistic. Because the
SAR of pure sodium chloride is infinite, it has been necessary to assume a small im-
purity of calcium in order to make the plot!
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Actually in humid regions a pure solution of sodium chloride percolating through the
soil would not remain so very long. There would be some exchange by sodium ions of
various ions such as calcium and aluminum. A series of ratios between sodium and
these ions would be quickly established in the percolate depending on salt concentration
and soil pH value. It is not unreasonable to speculate that the actual plot for sodium
chloride solutions in Figure 7 would be different from that given.

Soil application of relatively inexpensive gypsum is a favored treatment for soils
adversely affected by sodium in both the arid and the humid regions. Some experimental
work has been carried out on the use of gypsum on soils bordering highways (11). If
the use of gypsum is clearly indicated for this purpose, further studies including cost
analyses should be established to compare this material applied to the soil with calcium
chloride applied in de-icing operations.
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Avery E. Rich, University of New Hampshire

Brandt's paper is of great interest to me, and I am sure that others will find it equally
interesting. I do not claim to be a chemist, and some of the paper delves into chemis-
try a bit too deeply for me to comprehend completely. However, I understand most of
it and agree with a good portion of it.

The University of New Hampshire initiated research on the effect of de-icing com-
pounds on roadside vegetation about 12 years ago. Until that time limited observations
and research reports indicated that salt caused little if any harm to the vegetation. No
one seemed to know or care what became of the salt after it performed its task of melt-
ing the ice and snow except for the constant complaints of car owners concerning their
rusted and corroded automobiles. However, about that time our state highway depart-
ment and others started receiving complaints about salt from the highways contaminat-
ing wells that were in close proximity to the highways. When samples of water from
the wells were tested, some of the samples were found to be too salty to drink. While
we continued our investigations on vegetation, Fred Hutchinson of Maine and others
studied the movement of salt into and through the soil and into the water.

I am afraid I must question Brandt's statement that '"Even though roadside damage
to plants is reported in the literature, the damage is nowhere so extensive as would be
indicated.” I can only conclude that we have done a poor job of publicizing our research.
We have shown that NaCl is very injurious to roadside trees and that CaCl; is slightly
less toxic.

Brandt has made a good case for using a mixture of 1 part CaCl: and 3 parts NaCl.
Our research has shown that NaCl is more toxic to tree seedlings than CaCl.. How-
ever, CaCl: alone at high rates is rather toxic. He states that 2.5 tons of NaCl per
lane-mile may produce unsuitable water quality but the same rate of 1:3 CaCl, to NaCl
mixture can produce acceptable drainage water. What happens if the amount of the
mixture is increased, due to frequency or severity of storms or faulty equipment? Will
the water still be potable? I doubt it.

Let's look at the arguments for the use of CaCl, over NaCl:

1. More effective ice melter at certain critical temperatures,
2. Less injurious to physical structure of soil,

3. Slightly less injurious to vegetation, and

4. Less objectionable as a pollutant of drinking water.

Now let's look at the arguments against the use of CaCl,:

1. Much more expensive to purchase,
2. Much more difficult to store,
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3. More difficult to handle and apply, and
4. May be irritating to handler.

I am not sure which side wins. I am very much in favor of using a mixture of the
two salts if the mixture will do what Brandt suggests, if economics will allow it, and if
the mechanics of storage and application can be worked out. I think more research,
development, and testing are needed, but the bright hope is worth the effort.

AUTHOR’'S CLOSURE

Exchangeable aluminum content certainly ranks among major differences in soils of
the humid regions and of the arid West, as pointed out by Rubins. This point alone may
explain why Hutchinson found only one soil in 27 samples from Maine highways that con-
tained over 15 percent exchangeable sodium or could be termed alkali. The exchange-
able aluminum content will tend to be more significant for older, more highly weathered
residual soils but less significant for geologically younger alluvial soils or glacial de-
posits. However, of equal significance is the fact that most soils along highways are
subsoils or parent material rather than weathered A or B horizons as classified by
agronomists. Subsoils in humid regions frequently are calcareous rather than high in
exchangeable aluminum. Nonetheless, Rubins' point that all the exchangeable cations
must be considered to properly apply the sodium adsorption ratio (SAR) concept is
certainly valid.

Water quality zones in Figure 7 were drawn to approximate those from the original
plot (5). The zones identified in the original plot are not meaningful to most people
dealing with highway de-icing salt. Consequently, the simplified version was devised
for this paper. It should not be used by more serious investigators in place of the
original version. The plot for NaCl was derived from a typical analysis for com-
mercially available NaCl rather than arbitrarily assuming an impurity level.

Rubins first points out that trivalent aluminum ions will be difficult for sodium ions
to replace but later contends that specific ratios will be established in the percolate,
and he is right in both cases. However, we must also remember that salt loadings can
range between 1 and 10 tons of salt per roadside acre per year, assuming 11 acres of
affected roadside per mile of four-lane freeway. Such high salt loadings strongly sug-
gest that we need to quantify the exchange equilibria. It may be that exchangeable
aluminum effectively prevents formation of alkali soils or that excessive exchangeable
Na' in the presence of exchangeable Al*** does not destroy soil structure or that cal-
careous subsoils areonly very slowly converted to alkali soils. Extensive tree damage
reported by Rich and others suggests that we need to work toward quantifying the hazard.

Adams pointed out in the oral discussion that ions retained by bed load sediment
escape detection when only water analyses are used to calculate totai sait ieaving a
watershed as was assumed in the paper. The exchangeable salt transported with sedi-
ment can account for a significant portion of the suggested deficit. Adams indicated
that the salt transported as bed load is very hard to quantify. This is obviously a very
important consideration in examining total salt movement through the environment.



ROAD SALT USE AND THE ENVIRONMENT

William H. Walker, Illinois State Water Survey; and
Frank O. Wood, Salt Institute

®USE of dry salt in the United States increased from just over 4 million tons in 1935

to more than 19 million tons in 1969. 1In 1935 more than 55 percent of all salt used was
evaporated, whereas in 1969 only 30 percent was evaporated; the remainder was rock
or solar salt used primarily for ice and snow control, special chemical processing,
and water conditioning. If the present salt use patterns hold true in future years, it
appears likely that 7 million tons of evaporated and 22 million tons of rock salt may be
needed by 1980 to satisfy all demands. Projections of established trends indicate that
about 60 percent of all salt consumed in 1980 may be rock salt applied to northern
roads.

At the present time, salt use cannot be seriously restricted; it is far too essential
in snow and ice control, and there are no readily available substitutes. Alternative
materials generally are prohibitive in cost and may have much worse environmental
effects than salt.

However, as more salt is required for winter maintenance of streets and highways,
there have been localized incidences of water pollution, mostly in the vicinity of large,
poorly located or improperly covered salt piles. Such pollution must be kept to a min-
imum in the future if maximum benefits from de-icing salts are to be maintained.

THE NATURE OF ROAD SALT POLLUTION

Most recorded incidences of serious road salt pollution have occurred along arterial
roads and streets near major centers of population or in the vicinity of large, uncovered
salt storage piles. In areas of large exposed salt accumulations, salt is readily dis-
solved in the precipitation that falls during those months when salt is present, and this
salt is carried by runoff water to nearby surface water courses or surficial ground-
water aquifers. Chloride concentration in runoff water may vary considerably from
storm to storm depending primarily on the quantity of salt available and weather con-
ditions before and after application. If the snow cover from an individual storm melts
and runoff occurs prior to the next snowfall, in all probability that runoff will contain
in solution practically all of the road salt that had been applied before the snow melted.
This is due to the fact that salt is very soluble in water and in solution is in a very
stable form. The recommended application rate for salt is 500 1b per two-lane mile of
road. An average total per storm may be as much as 1 ton of sodium chloride per mile
of two-lane highway, which could result in runoff from such an occurrence of several
hundred ppm pounds of runoff water. If, on the other hand, no runoff occurs during the
entire winter snowfall period, early spring runoff would be expected to carry in solution
all of the salt applied during that winter. The chloride concentration of such runoff
water might be considerably less than that of the first example because of additional
dilution made possible by precipitation that fell as rain after the salting season ended.

A meaningful order-of-magnitude evaluation of runoff chloride concentration per
storm or salting season in any given area can be made providing the total winter pre-
cipitation, the number of ice storms and snowstorms, and the quantity of salt applied
per storm and per season are known. An illustration of one method of evaluation used
in Illinois is shown in Figure 1. The approximate number of salting days is obtained
by adding the number of snow and ice days extrapolated from the contour lines shown
in Figure la, and the average precipitation during the salting season is estimated from
those average totals shown for the various regions of the state. These values, and the
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total tons of sodium chloride used per mile of two-lane road per salting period, are
entered into the graph shown in Figure 1b to obtain a rough estimate of the chloride
concentration that can be expected to be contained in runoff water leaving the road or
street right-of-way at any given point. In cases where the exact quantity of road salt
applied is not known, a reasonable estimate of this value usually can be made using
the salt industry recommended application rate of 1 ton per mile of two-lane road per
storm.

It should be pointed out that the graph in Figure 1b is designed for a 100-ft right-of-
way. Also, in compiling this graph the assumption was made that all snow or ice falling
on the entire right-of-way would be available from dilution of the road salt applied only
on the two-lane paved surface. Thus, the chloride concentration values obtained from
Tigure 1b must be considered as that concenlralion tuv be expected in runoff water flow-
ing in roadway ditches not receiving overland flow from adjacent private lands that have
not been salted. Naturally, further dilution will occur after the runoff leaves the high-
way right-of-way.

Runoff chloride concentrations obtained from the graph in Figure 1b must be adjusted
if the right-of-way width is other than 100 ft. If the case in question is for only a 40-ft
right-of-way, the value shown in Figure 1b would have to be divided by 0.4. By the
same token for a 200-ft right-of-way, the value from Figure 1b would have to be divided
by 2.0 to obtain the proper runoff chloride concentration value. As an example, assume
that 10 tons of sodium chloride were applied to a two-lane, 60-ft right-of-way in an area
that had a total of 10 in. of precipitation during the salting period. The values in Figure
1b show that for a 100-ft right-of-way the runoff chloride concentration should be about
450 ppm and that for the 60-ft right-of-way in question the concentration should be 450
ppm + 0.6 = 750 ppm.

After salt-laden runoff leaves a road right-of-way following thaw periods, it enters
nearby streams, turbulent flow action of the current usually blends and dilutes the salty
runoff almost immediately, and, even in cases where only slight mixing occurs, the
bulb of salty water generally flows downstream out of the area of application in only a
few hours or days. In groundwater reservoirs, on the other hand, little if any dilution
and mixing with native groundwater occur because of the laminar, nonturbulent flow
conditions that prevail in such earth materials. Several months may be required for
the salty recharge to percolate only a few hundred feet through an aquifer to some
nearby discharge point such as a river, lake, or pumping well.

Surface Water Pollution

Road salt pollution of streams usually is observed first as an abrupt salt level in-
crease in the stream during major spring thaw periods. This increase, which may peak
and begin to recede in less than a week, is caused primarily by direct overland flow of
high salt-content water from the drainage basin into the water course. Recession in
stream salt content, characterized by several secondary reversals of ever-diminishing
magnitude during subsequent spring and early summer rains, generally reaches and
fairly well maintains a constant base level during late fall and early winter of each year.
If the stream receives significant flow from adjacent shallow groundwater reservoirs
adversely affected by road salt pollution, this relatively subdued effect usually is dis-
cernible only by a persistent increase in yearly minimum chloride levels over base
chloride levels recorded prior to the beginning of heavy road salt use within the drain-
age basin.

The nature of overland runoff and groundwater chloride pollution derived primarily
from rock salt sources is shown in Figure 2. Yearly maximum chloride levels in the
Illinois River at Peoria generally occur between January and March following the major
period of spring thaw. From this yearly peak, chloride concentration levels recede to
a yearly minimum (base level) usually by August. Base level chloride concentrations
(Fig. 2) generally reflect the salt pollution level of groundwater outflow to a stream.
Obvious persistent increases in yearly maximum and minimum chloride levels, as well
as a corresponding increase in the mean salt concentration level in the stream, appear
to closely parallel the graph of rock salt use for snow and ice control within the state.




Figure 1. Method of evaluating runoff chloride concentration: (a) precipitation during salting
period and number of salting days per year and (b) probable average chloride concentration in
right-of-way runoff.
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A direct correlation is not possible from the data shown in Figure 2 because the Illinois
River basin above the Peoria gauge receives flow from only about 25 percent of the
total land area of Illinois. However, when it is considered that approximately 75 per-
cent of the state's population live in this part of Illinois, the seemingly excellent cor-
relation inferred from these data may prove to be real once additional salt use data are
assembled.

Groundwater Pollution

Salt-laden runoff from poorly protected salt piles or heavily salted arterial roads
and streets enters surficial aquifers with precipitation recharge in the early spring
juot after the ground thaws. Somctimces such pollution may move overland several
hundred feet on impermeable clay or shale before entering surficial aquifers through
overlying permeable beds of silt or sand in areas where the impermeable formations
are missing.

If the salty recharge water enters an aquifer within the cone of influence of a pump-
ing well, in time it will move through the aquifer to that well as shown in Figure 3a.

In unpumped aquifers, the salty water moves through the water-bearing material to
some nearby surface water body (Fig. 3b), blends with water from that stream, and
perhaps leaves the area undetected several months or years after its initial entry into
the aquifer. The only evidence of its entry usually is a persistent yet subtle rise in
base chloride levels of that stream as is apparent in the Illinois River yearly minimum
chloride level (Fig. 2). An example of de-icing salit pollution effects in a developed
surficial aquifer at Peoria in west-central Illinois illustrates this point.

In recent years, periodic cyclic increases in the chloride content of groundwater
from several industrial and municipal wells at Peoria have been traced to calcium and
sodium chloride used by the city of Peoria for winter street de-icing. The aquifer in
this area is a very permeable sand and gravel formation about 60 ft thick contained in
a partially buried bedrock trough associated with the present-day Illinois River Valley.
The upper part of the water-bearing material lies at or near land surface over much of
the southern part of Peoria.

Recharge to the aquifer is derived primarily from precipitation and from the Illinois
River through recharge pits and by induced infiltration through the bed of the stream.
A significant quantity of additional recharge is received from adjoining glacial drift or
shallow bedrock aquifers and from street storm runoff through leaks in the old brick
sewer system that serves this portion of town.

Graphs of groundwater chloride concentrations in some of the affected wells (Fig. 4)
show two sources of salt pollution. Prior to 1959, the source of pollution proved to be
sodium chloride wastewater from a packing plant located in the vicinity of wells D and
C. Pollution from the packing plant entered the aquifer through leaky brick sewers.
Chloride levels in the aquifer receded for a time after the plant was abandoned in 1959
but then began o increase foliowing the location of a large sait storage facility about
2,000 ft north of the old packing plant. Cyclic increases in salt concentration evident
since about 1960 have been attributed to this salt pile. Some of the pollution from this
source enters the aquifer through the leaky brick sewers in this part of the city; a sig-
nificantly large quantity also is carried to the aquifer with precipitation recharge in the
vicinity of the salt storage facility. Because wells A and B are situated adjacent to the
salt pile, they receive a greater concentration of the high chloride content recharge and
at an earlier time than do other, more distant wells. The exact reverse of this was
true when the packing plant waste in the vicinity of wells C and D was the primary pol-
lutant.

Salt storage at this location began in 1955. Initially, salt was merely piled on the
ground, but in time a concrete slab base and tarpaulin cover were used to protect the
salt piles from the weather. A Peoria Street Department garage, including partially
enclosed concrete salt storage bins covered with a permanent roof, was constructed in
1963. The concrete-slab floor of these bins extended out beyond the roof line by about
5 ft until about 1967 when a 30-ft floor slab extension was added. Salt generally was
stored in the bins for an average of 120 days, from about November through February.



Figure 3. Nature of salt movement near surface sources.
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After 1960, the total quantity of salt stored during any given year ranged between 2,000
and 3,000 tons. This material consisted of a 4:1 mixture of sodium and calcium chlo-
ride. Prior to about 1965 little if any salt remained in the bins during the summer
months. However, following the winter of 1965-66, there was a sizable carry-over of
salt each year. It is estimated that the yearly carry-over during 1966, 1967, and 1968
was 175, 500, and 350 tons respectively. During an inspection of the storage bins in
July 1968, it was observed that the land surface was practically covered with salt pre-
cipitate for a distance of several feet beyond the concrete-slab floor. It was also ob-
served at this time that small trickles of salt-saturated water were flowing from some
of the storage bins into the brick-lined storm sewers that underlie this property.

In recent months this particular salt storage facility has been abandoned, and salt
pollution from that source is abating. However, a new privately owned salt storage
pile in the general area has begun to seriously pollute another nearby well field. Al-
though a detailed investigation of this new salt pollution source has not been completed,
data thus far obtained indicate that no impermeable bottom pad was provided at the site;
this permitted leachate of concentrated brine to enter the aquifer beneath the facility.
It is significant to note that, in this particular case, the salt pile reportedly always
has been protected from precipitation by some kind of impermeable cover.

POLLUTION CONTROL

In the cases discussed, as in practically every incident of road salt pollution that
has occurred in the past, several primary controlling factors seem to have always been
ignored or at least not considered in their proper perspective. Some of the more im-
portant of these are that road salt is very soluble in water, in solution it is very stable,
in high enough concentrations salt is a pollutant, and dilution is about the only economi-
cal solution to salt pollution. If we consider these and other factors previously dis-
cussed, it follows that minimal water pollution effects from road salt use can be re-~
alized only if salt is wisely stored, handled, and applied.

Storage Facilities

Siting—Ideally, a salt storage site should be readily accessible to major points of
need and to the transportation systems that supply and use it. The site should be located
away from homes and factories to avoid damage caused by salt dust. It should be sit-
uated on relatively flat yet well-drained ground that is easily protected from overland
runoff. Also, the site should be mantled by impermeable deposits of shale or clay thick
enough to effectively seal any underlying water-bearing formations from possible pollu-
tion from the salt storage area.

From a pollution standpoint, considerable geohydrologic exploratory work may be
needed to prove the acceptability of a potential storage site prior to the actual construc-
tion of the salt storage facility. Such work usually is justifiable, if considered in the
light of possible adverse effects on nearby water supplieg and the potential costs of
storage facility relocation that might arise if actual pollution damages ever occured in
the future. In this regard, it is always advisable when a site is being considerd to ob-
tain a few shallow groundwater samples for chemical analysis. Such background data
may prove to be invaluable from a legal standpoint in cases of unjust groundwater pollu-
tion accusations that sometimes arise following the installation of a hew salt storage
facility.

Desirable Construction Features—After a proper site has been selected, only the
most functional, economical, and pollution-free storage facility possible should be con-
structed. ""The Snow-Fighter's Salt Storage Handbook' published by the Salt Institute
contains much helpful information concerning salt storage facilities. This handbook
should be consulted before a facility is designed or constructed. The following discus-
sion, which primarily considers pollution control, is intended as a supplement to that
publication.

Salt storage facilities generally considered best from a pollution standpoint are listed
below in their relative order of desirability:




73

1. Permanent structure with doors,

2. Permanent structure with open face positioned away from prevailing winds,

3. Three-sided concrete or wood bunker with permanent or temporary cover, and
4, Canvas, vinyl, polyethylene, or plastic-laminated burlap enclosures.

In all of these facilities, a structurally adequate and waterproof base pad is consid-
ered mandatory. The pad should be large enough to contain all salt, including scatter
that might occur during loading and unloading operations, and strong enough to support
the weight of the salt plus that of any salt handling equipment that might be used. The
total thickness of the storage and loading pad depends largely on subgrade conditions
and the pad material used. Bituminous or reinforced concrete pads in storage areas
served by large trucks and loading equipment may have to be 12 or more inches thick.
Concrete pads should be constructed with air-entrained cement and treated with linseed
oil, mineral spirits, tung oil, or an equally effective sealant. Convex crown pads
should be used so that brine does not collect or flow under the pile. The pad should be
sloped 1 to 2 percent for drainage control; slopes much steeper than this make salt
handling equipment unstable and for this reason are not recommended.

Experience indicates that conical piles should be avoided because they are difficult
to cover. Instead, windrow storage is recommended.

Uncovered salt storage piles should not be tolerated, except perhaps at small-volume
outpost areas for short periods of time. Even those should not be stocked until after
the ground is frozen in the fall, and all salt should be removed before the spring thaw.
All primary salt storage facilities should have a waterproof cover that will provide con-
tinuous isolation of precipitation from stored salt. All of the salt placed in storage at
such sites must be covered promptly and must remain covered until it is removed for
distribution or spreading. By so doing, maximum protection of the environment is en-
sured, and the moisture content of the salt will be minimized, thereby guaranteeing
that subsequent caking and freezing will be slight. Furthermore, stockpiled dry salt
is capable of holding large amounts of moisture acquired from the air or from precipi-
tation entering through leaky covers, thereby lessening the quantity of brine runoff that
normally might occur.

When salt is removed from covered storage, it should be taken from only one end
so that exposure of the pile to the weather is minimized. And at the finish of each load-
ing day, routine maintenance of the pile should include sweeping the work area clean of
salt, pushing all scattered salt to the middle of the work face as the pile is reshaped,
and finally covering the pile completely until its next period of use.

A two-ditch water and brine collection system surrounding the base and loading pad
of salt piles is advisable in cases where nearby water supplies may be adversely af-
fected. In such cases, an outside ditch is provided to divert unpolluted overland runoff
from adjacent land and precipitation that strikes the covered area into some nearby
storm sewer or natural drainage way. An inner sealed ditch and leakproof brine holding
vault is located inside the freshwater ditch work to premit capture and storage of any
brine that may originate from the pile or salt handling area. Sufficient width between
the two ditches must be provided to permit placement of an effective anchoring system
for the cover material. Brine storage vaults usually are positioned as far as possible
away from the work face of the pile, and each vault is equipped with a self-priming
pump capable of efficiently filling tank spreader equipment.

Salt Handling Equipment—One of the primary complaints received from people who
load, unload, or move salt is that readily available equipment usually is not designed
to handle salt easily and quickly without excessive scatter and waste. New, specialized
salt handling equipment definitely appears to be needed, especially a compact and ef-
ficient conveyor assembly patterned after the conveyor machinery used on self-loading
salt boats.

Salt Spreading

Rock Salt—Spreading equipment currently available for road snow and ice control
generally uses the old fertilizer-disk spinner principle on tailgate or hopper spreaders.
With this type of equipment, road salt waste and resulting water pollution easily can
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occur unless extreme care is taken in calibrating and operating the spreader equipment
and the truck.

Spreader calibration often is done prior to the salting season by using dry rock salt
of a certain particle size. However, at times during storms only high-moisture content
salt with perhaps a different particle-size distribution may be available for spreading,
and this material may not flow at the same rate of consistency as the dry salt formerly
used. This sometimes causes excessive salt application that could result in water pol-
lution. Even if dry salt is available, spreader equipment must be continually checked
to ensure that proper calibration is maintained.

The speed of the spreader engine and truck also must be maintained at the correct
rate if salt waste is to be minimized. In some of the newer equipment now on the
market these factars are largely antomatically cantrolled if aceurate calihration is
maintained. However, throughout the country many salt spreader trucks still are
equipped with mechanical controls that rely on the driver for these functions, and the
chances for possible operator error are great. Wasteful salt use caused by operator
error always must be of major concern to those responsible for maintaining maximum
salt benefits and minimum salt pollution. In most cases of this type, wise salt use and
conservation practices generally are understood and adhered to by engineers and super-
visory personnel of state, county, and city highway maintenance departments. Unfor-
tunately, most maintenance personnel actually handling or spreading the salt usually
are not made fully aware of possible harmful effects of the salt they use. For this rea-
son, informing this ever-changing group of people should be a major and never-ending
undertaking using all available means of communication.

Research and development of more efficient, economical, and dependable rock salt
spreading equipment should be expedited. The equipment developed should be capable
of distributing the minimum quantity of salt required for maximum de-icing benefits
regardless of what the moisture content of the salt or the speed of the spreading motor
or truck is. Equipment and methodology for applying road salt in the form of brine
rather than rock salt also should be developed for use where applicable. Such applica-
tion appears to be most worthwhile for the disposal of brine derived from pollution con-
trol measures employed at large salt storage facilities.

Brine—Rock salt's ability to melt ice and snow can be greatly enhanced by the con-
current use of brine. This is normally accomplished by placing a small tank of brine
on spreader trucks and discharging it at the spinner as it is distributing rock salt. The
rate of application is approximately 10 gal of brine per ton of salt. Accelerated ice
melting can also be achieved when brine is sprayed over the open truckload of salt
prior to spreading. In this method, care must be taken to ensure that the moisture
content of the truckload is not made excessive by the addition of the brine. If the brine
collected in the sump is in excess of the amount needed to fill the tanks on spreader
trucks or the amount sprayed on open truckloads, this excess could be used on secon-
dary roads or streets where salt is not ordinarily spread.

Agencies that apply brine directly to icy faces shou 0 so with caution an

should make sure that all brine apphed is concentrated and is spread often enough to
prevent a refreeze. Brine concentration should not exceed a specific gravity of 1.178.
At higher concentrations, precipitation of the salt and subsequent caking or plugging in
storage tanks, pumps, metering equipment, piping, and discharge orifices will occur.
Brine applications should be confined to the centerline of crowned roadway sections and
to the high side of superelevated curve sections. The rate of application should be ap-
proximately 175 gal of concentrated brine per mile. Such application can be accom-
plished by use of a straight discharge pipe that drains directly to the pavement or a
spray bar attachment provided with additional holes at the extreme end of the traffic
side of the spray bar. Tank trucks normally used for watering new landscape plantings,
gravel stabilization, or asphalt placement can be converted to brine spreaders in the
wintertime. Corrosion on such vehicles is not appreciably more than on any other
equipment handling dry chemicals, if the vehicles are thoroughly flushed with clean
water after each use. Rusting problems can be minimized by proper cleaning and oil
coating of the equipment at the end of each salting season. In flushing operations, care
must be taken to ensure that resulting wastewater will not become a serious pollutant.

road surfaces sho
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SUMMARY

Any actions taken to minimize road salt pollution must of necessity be closely coor-
dinated. Problems involved are far too complex and encompass too many areas of
speciality to permit any one discipline to solve them alone. Scientists such as geo-
hydrologists and chemical engineers and salt producers, equipment manufacturers, and
salt consumers all must work together if a quick, workable solution to this problem is
to be attained.

One of the first steps taken should be to inspect existing and proposed salt storage
sites to determine the pollution potential of each site and to devise means of pollution
prevention or elimination if the inspections prove such actions to be necessary. As a
general rule, uncovered salt storage piles should never be tolerated. Storage facilities
always should include a watertight pad strong enough to support the weight of the salt
and salt handling equipment and a waterproof system of ditches and sumps at the edge of
the storage pad to catch and hold for future use any brine outflow from the pile.

Concurrent with salt storage site pollution control measures, research and develop-
ment of more efficient, economical, and dependable salt handling and salt spreading
equipment should be expedited. A small-scale adaptation of the handling equipment used
on self-unloading salt boats is especially needed for waste-free fast loading and unload-
ing operations at most salt storage facilities. Also needed is spreading equipment
capable of distributing the minimum quantity of salt required for maximum de-icing
benefits regardless of the moisture content of the salt or the speed of the spreading
equipment. Equipment and methodology for applying road salt in the form of brine
rather than rock salt also should be developed for use where applicable. Such applica-
tion appears to be especially worthwhile for the disposal of brine derived from pollution
control measures employed at large salt storage facilities.

After salt pile sources of pollution have been eliminated and the best possible salt
handling and spreading equipment is commonly available, concerted efforts should be
directed toward correcting wasteful and improper salt handling or application practices
of major salt users such as highway maintenance departments. Wise salt use and con-
servation practices generally are understood and adhered to by engineers and super-
visory personnel in these departments. However, the maintenance personnel actually
handling and spreading road salt usually are not made fully aware of possible harmful
effects of the salt they use. For this reason, informing this group of people should be
a major and never-ending undertaking that makes use of all available means of com-
munication.

It is imperative that all people concerned with the processing, distribution, or use
of de-icing salt work together to ensure maximum benefits from this essential product
without causing adverse effects that could lead to bans or restrictions on its use. If
everyone in the field does his part, water pollution from de-icing salt use can be held
within acceptable limits for a long time to come.

REFERENCES

1. Dickinson, W. E. Snow and Ice Control—A Critical Look at Its Critics. Highway
Research Record 227, 1968, pp. 48-49.

2. Dickinson, W. E. Deicing Salts and the Environment. Public Works, Dec. 1971,
pp. 54-56.

3. Storm Water Pollution From Urban Land Activity. Environmental Protection Agency,
Water Pollution Control Research Series 11034FLK07/70, 1970.

4. Environmental Impact of Highway Deicing. Environmental Protection Agency, Water
Pollution Control Research Series 110400KK06/71, 1971.

5. Fitzpatrick, J. R. Beehives Protect Snow Removal Salt and Prevent Water Pollution.
The American City, Sept. 1970, pp. 81-83.

6. Hanes, R. E., Zelazny, L. W., and Blaser, R. E. Effects of Deicing Salts on Water
Quality and Biota—Literature Review and Recommended Research. NCHRP Rept.
91, 1970.

7. Kyser, J. O. Brine Solution Removes Stubborn Ice. Public Works, Jan. 1971, pp.
67-68.



76

10.
11.

12,

13.
14.

15.

16.

Mammel, F. A. We Are Using Salt—Smarter. The American City, Jan. 1972,
pp. 54-56.

The Snowfighter's Handbook—A Practical Guide for Snow and Ice Control. Salt
Institute, Alexandria, Va., 1967.

The Snowfighter's Salt Storage Handbook. Salt Institute, Alexandria, Va., 1968.
Proceedings of the Street Salting—Urban Water Quality Workshop. State Univ.

of New York College of Forestry at Syracuse, 1971.

Walker, W. H. Salt Piling—A Source of Water Supply Pollution. Pollution Engi-
neering, July-Aug. 1970, pp. 30-33.

Walker, W. H. Road Salt Pollution. Ground Water Age, Nov. 1970

Walker, W. H. Limiting Highway Salt Pollution of Area Water Supplies. Rural
and Urban Roads, March 1871, pp. 71-72.

Wood, F. O. The Role of Deicing Salts in the Total Environment of the Automobile.
Presented at NACE Symposium, March 1970.

Wood, F. O. Salt—The Universal De-Icing Agent. Proc. Street Salting—Urban
Water Quality Workshop, State Univ. of New York College of Forestry at Syracuse,
1971.



MANAGERIAL ASPECTS OF A
CHEMICAL REDUCTION PROGRAM

Patrick L. Chandler and Dennis S. Luoto, Minnesota Highway Department

Increasing public pressures on the use of chemicals on roadways has
caused a reassessment of the techniques in controlling usage. Previous
controls were designed primarily to achieve a road condition. New tech-
niques should be designed to produce levels of service with a minimum of
chemicals. The development of a reporting system to obtain this objective
is discussed, and conclusions are made on the success of the various man-
agerial devices used. Recommendations for research and development in
some of the most promising areas are given wherever possible. Full
analysis of cost factors was beyond the scope of this investigation.

®ANY ASSESSMENT of a managerial system must begin with an understanding of the
historical developments that brought the manager to the point of devising the system.
With this in mind, a brief background on winter chemical usage in Minnesota should
preface this report.

Within the present century heavy-duty trucks have replaced the use of horses with
sleds on roadways. With the advent of the automobile, the various governmental units
began first to remove snow from the roadway and, then, to apply an abrasive to provide
a nonskid surface for the new transportation mode.

The clearing of the roadways with the plow and the application of sand and cinders
became a quite common practice by the end of the 1920s, and by the beginning of World
War II it had spread through almost every system of roadways.

World War II brought with it demands to maintain factories and war production 24
hours a day. The first direct demand by the war industry was for 24-hour snow re-
moval coverage on certain key routes. Along with this expanded coverage came the
increasing use of sand and salt mixtures to provide the war workers with an accident-
free roadway network.

The post-war years showed an expanded round-the-clock service and the gradual
increase in the ratio of salt to sand. By the 1960s, the American society's dependence
on the rubber tire was generating demands for a bare pavement policy, which was
largely accomplished by the use of heavy applications of salt. Most management con-
trols used by the various maintenance departments were result-oriented. Environ-
mental factors were of lower priority. Levels of service required to attain the bare
pavement were not defined beyond the simple '"bare pavement' statement.

In the late 1960s, some highway districts in Minnesota began to search for a defin-
able statement measuring levels of service. These statements were included in annual
district snow and ice control plans, primarily in the two metropolitan districts in
Minnesota, climaxed in a statewide level of service policy in 1971 (Table 1).

As success in obtaining a bare pavement policy was reached, the highway department
began to receive criticism on the side effects of some of the chemicals. At first, most
of the criticism was general in nature and the complainants did not appear too knowl-
edgeable about the particular products they were discussing. The first large broad-
side on chemical use concerned the effect on vehicles. When answers to this criticism
were forthcoming, an attack on the environmental effects of chemical usage began.

The district began to receive numerous complaints in the form of letters, calls,
and newspaper articles. We found that response to the individual complaints had to be

1
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general in nature because we were unable to provide factual information about a specific
usage at a specific time and place.

By the 1970-71 season, it was apparent that we needed more accurate information to
respond to these critics. We then developed a simple chemical usage ticket that was
filled out by the truck operators and that provided us with the area, route, time used,
and the salt-sand ratio. It also gave us some general information on the application
rates and the effectiveness of various types of equipment. This reporting device was
an eye-opener. The actual users of the chemical recognized the need to inform the
supervisors of what they were actually doing, and what we were doing in the application
of the chemical varied considerably from theory.

The shift foremen or crew chiefs merely summed up the day's work without actually
trying to relate the chemical usage for that period. Consequently, they did not make
good use of the information. The district summed up the tickets at the end of the season
and was quite surprised by the reduction in use. A reduction of 26 percent from a
similar year had been realized.

The summary at the end of the first season was made too late for effective man-
agerial action. The massive amount of data and limited research capabilities of the
district also limited use of the information. The district did, however, decide that the
chemical usage ticket should be continued in a reduction program during 1971-72,

During the winter of 1970-71, our legislature was in session and a number of '"anti-
salt" bills were introduced. The debate over salt use continued to rage in the news-
papers and the political arena, and the legislature finally passed a bill that basically
requires the department to use reasonable prudence in its application of salt:

160.215 Snow removal; use of salt or chemicals restricted in order to:

(1) Minimize the harmful or corrosive effects of salt or other chemicals upon vehicles, road-
ways, and vegetation;

(2) Reduce the pollution of waters; and

(3) Reduce the driving hazards resulting from chemicals on windshields: road authorities,
including road authorities of cities, villages, and boroughs, responsible for the maintenance of
highways or streets during periods when snow and ice are prevalent, shall utilize such salt or
other chemicals only at such places as upon hills, at intersections, or upon high speed or
arterial roadways where vehicle traction is particularly critical and only if, in the opinion of
the road authorities, removal of snow and ice or reduction of hazardous conditions by blad-
ing, plowing, sanding, including chemicals needed for free flow of sand, or natural elements
cannot be accomplished within a reasonable time.

Approved June 1, 1971.

With the knowledge we had acquired from our research of 1970-71 and because of
the continuing interest of the legislature and the public in 1970-71, our district formal-
ized plans for a salt reduction program. The objectives of this program were as fol-
lows:

1. Reduce the amount of chemicals necessary and still maintain the recommended
levels of service (Table 1);

2. Study the efficiency of various types of sanders with particular emphasis on
ground-oriented sand spreaders versus the conventional for future possible reductions
in chemical usage;

3. Develop graphs and charts that relate chemical usage with time periods, storms,
and uniformity of one route to another; and

4. Establish uniform and practical reporting procedures for the control of salt use.

Because any managerial system is tailored around its particular organization and
its decision-making structure, a brief explanation of our district organization may be
of value. The district organization is structured as shown in Figure 1 and is described
as follows:

1. A route on our metropolitan freeways (some of which carry traffic volumes of
100,000 vehicles per day) should be manned so as to provide a 2-hour cycle time that
relates geographically to 30 lane-miles or a predetermined number of interchanges.
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2. A subarea is a combination of a number of routes whose geographic boundaries
are determined by some practical considerations such as turn-around points, traffic
characteristics, storage facilities, and number of men to be supervised.

3. An area consists of two to three subareas with common traffic characteristics.
This enables the district to provide more local supervision to the subareas.

4. The district itself is composed of five areas that report directly to the mainte-
nance operations engineer. This person maintains a radio-controlled operation center
during the winter season.

To provide assistance to the maintenance engineer in the second season of the con-
trol program, the district engineer assigned a graduate engineer to direct, monitor,
and analyze the system as it operated during the winter. Prior to the first storm, the
graduate engineer met with the operators in each subarea in a question-and-answer
session. This very informal approach proved to be extremely effective. The men
readily accepted the need for a reporting device and almost immediately obtained high
levels of accuracy in completing it.

The basic device used in the winter of 1971-72 was much the same as originally de-
signed (Fig. 2). It was slightly modified to provide all strata of supervision in the
maintenance district with first-hand knowledge of actual chemical use. Again, the
ticket was designed to provide information on the route, supervisor, time, and quanti-
ties and to maintain simplicity of reporting by the operator.

Among the measures taken in this reduction program, the maintenance engineer
established district parameters on salt-sand mixture ratios. The most effective of
these was a dictum that no more than 50 percent salt to sand could be applied without
specific permission from the operations center (Fig. 3). The extensive use of two-way
radios within the district simplified the communications of any variations in policies.
The resulting year's summary indicated acceptance by the operators of these parame-
ters, and it also highlighted the need for requirement setting by the managers. As long
as variable conditions can be recognized and flexibility can be built into the control
device, requirement setting will be quite easily accepted.

For comparative purposes, a pass mile was used as a common denominator. A pass
mile was defined as a mile of traveled roadway consisting of (totally or in combination)
turn lanes, acceleration and deceleration lanes, interchange ramps and loops, tapers,
truck climbing lanes, and through lanes. The term pass mile refers to the fact that a
truck must travel a certain number of vehicle-miles in making a continuous chemical
application. There are 2,018 pass miles in our district.

To maintain consistency, we published summarized reports listing all chemical and
sand use at 2- and 4-week intervals. The 2-week report was designed to provide the
first- and second-line supervisors with a comparison of data for their individual routes
and the usage by the shift foreman. The biweekly report (Fig. 4) was sent in by each
subarea and summarized for the maintenance engineer. This report provided a quick
overall look at the district average and the relationship of each subarea's use to this
average. After this summary, the entire report was sent to each subarea with no
comments made. Variations from one area to another at times were great and quite
apparent to the supervisors involved.

The 4-week report (Fig. 5) was quite similar in nature and was designed to be used
by the central office for analyzing statewide salt usage.

Because of the geographic size of the district and the turn-around points of the
routes, 25 chemical stockpiles have been maintained for the past several years. Be-
cause any one stockpile should be available to two or more routes, subareas, or even
areas, it is necessary to provide periodic inventories. These inventories provided us
with a means of monitoring the accuracy of the reporting system and a method by which
we can easily focus our energy on the exception.

An inventory analysis of each of the 25 stockpile locations was taken twice during
the winter. The midwinter inventory had a 4.44 percent discrepancy as compared to
the usage reports, and the year-end discrepancy was only 1.32 percent (Fig. 6).

Monthly weather summaries were obtained from the U. S, Weather Bureau and were
found to be essential. Amounts of precipitation (both snow and rain), flooding, ice
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Table 1. Recommended levels of service in Minnesota.

Road Classification ADT Level of Service
Urban commuter >10,000 Bare pavement within 6 hours
Rural commuter 2,000 to 10,000 Bare pavement within 24 hours
Primary 800 to 2,000 Intermittent bare pavement; clear wheel tracks
Secondary 400 to 800 Two bare wheel tracks and sanded hills and curves
Secondary 250 to 400 Bare left wheel track and sanded hills and curves
Secondary, including

gravel roads <250 Compacted snow acceptable

Figure 1. Organizational structure of highway district. A\
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Figure 4. Biweekly sand-salt usage summary.
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Figure 5. Four-week chemical use summary,
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pellets, hard glaze, and blowing snow are all recorded. We found that, although weather
conditions are extremely variable not only from one location within the district to an-
other but also from one storm to another, annual averages could be derived that are
applicable to chemical use analysis (Fig. 7). A quick view of this figure seems to in-
dicate the normal erratic pattern of weather. However, a closer look would indicate
that there has been some unexplained change occurring since 1960. A 10-year average
taken from 1961 to 1971 shows an increase of approximately 22 percent. In addition to
this unexplained increase, a monthly average (Fig. 8) indicates that the peak month for
snowfall moved from March in a 40-year cycle to December. This factor alone has
introduced new problems to the maintenance unit. More storage has to be found for
snow, and snow dump areas have to be increased. Types and numbers of equipment
also are subject to change.

Through the use ol these annual averages, the district developed a graph (kig. Y)
relating salt usage to snowfall frequency. The time period was deliberately kept short
(5 years) because salt use has been changing and will continue to change. Although this
graph may not fit technical research standards, it is accurate enough for managerial
decisions, such as budgeting of materials, equipment, and manpower. It does enable the
manager to budget for an average usage and to avoid the extremes that might have been
the case in the past.

We were able to measure accomplishment in the salt reduction program by relating
the 1971-72 use to this graph. We found that the reduction from a 5-year average and
from similar years dropped by 42 percent.

Public reaction to the subsequent use of an increased sand-salt ratio was excellent.
The decrease in adverse criticism from the public and the news media indicated that
they were favorably accepting our attempts to reduce chemicals by the use of more
abrasives. A review of the accident rates substantiated our visual observation that
the levels of service had not changed from those recommended.

Two experimental ground-oriented spreaders were assigned to the district in the
middle of the winter. Initially, mechanical malfunctions and operator inexperience
with the spreaders were the major problems. Despite some negative criticisms, the
data led to the conclusion that a ground-oriented sander is effective in reducing salt
use. The data input was limited, and the validity of the results thus obtained may be
questionable. The savings indicated from the limited input by the use of these ground-
oriented spreaders in comparison to a similar type of conventional unit was approxi-
mately one-third.

We also attempted in sampling various bodies of water to monitor the amounts of
salt reaching lakes and streams. The results obtained were erratic enough to indicate
a major problem in sampling techniques, especially during March and April, high run-
off months.

Because any reduction program must also include some measurement of levels of
service, an operations review team of maintenance supervisors was formed. Three
teams of two men, including one maintenance operations center man, were formed.

At the ouiset of a siorm, one or more of these teams were informed and alerted to duty.
Their instructions were to travel the entire district, make visual observations of the
roadways during one work shift, and observe variations in the levels of service as de-
termined by state policy and operational procedures as set by the district. No subarea
boundary lines were to be held sacred.

Every 2 weeks, these six men met in critique sessions that were completely unsuper-
vised by the next level of authority. Solutions or problems were brought from these
meetings to the maintenance operations center. We found that this "military critique'
procedure worked extremely well; first, it freed the supervisors from any adverse
criticism by eliminating the defense mechanism that usually springs up from an opera-
tional review team action. Second, it allowed them to be very free in their criticism of
non-uniform practices throughout the area, and the lack of a prescribed reporting form
seemed to encourage not only better communications among themselves but also much
more creative activity in problem solutions.

In addition to this district operational review team, a review team from our central
office visited the area several times during snowstorms. Their comments can generally
be summed up as stated in their last review, '"The district easily met the standards."



Figure 6. Midwinter and year-end salt inventory sheets.

STOCKPILE e o

TONS
TONS ON TONS RECORDED ON
HAND é\ HAND 2/1/72 USED TO SALT USAGE % SURPLUS (+)
LOCATION OELIVERED F'MAN EST. DATE LOG DIFFERENCE OR SHORTAGE (-}
ANOKA 2526.33 1305 1221.33 122086 -047 - 0%
SODERVILLE 625.77 290 33577 3ren +42.34 +13%
LADDIE LAKE  2440.15 7995 -1645.15 146015 ~177.00 1%
ETC.
TOTALS 26,933.60 10,919.00 18,014.60 17,214.44 -800.16 -444%
SALT INVENTORY FOR 1971-72
TONS ON HAND ~ TONS ON HAND  1971-72 TONS % SURPLUS (4)
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LADDIE LADDIE LAKE 2440.5 192.24 2247.91 2230.14 1777 -1%
ETC.
TOTALS 30,111.60 3739.09 26,37251  26,721.59 349.08 +1.32%

Figure 7. Total yearly snowfall.

TABULATED BY: D.S. LUOTO

REVIEWED BY: P.L.CHANDLER

Figure 8. Monthly snowfall.
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Figure 9. Relationship of snowfall frequency to salt use.
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Figure 10. Salt use versus time.
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CONCLUSIONS

Chemical use can be reduced without lowering existing levels of service. Levels of
service and weather conditions can be quantified to the point where a relationship with
chemical usage can be determined. This is quite clearly indicated by Figure 10, which
shows salt use versus time. In this figure, the year 1970-71 was plotted in relationship
to the study period of 1971-72, Our annual averages for the period 1970 indicated less
snowfall and lower frequencies of snowfall than occurred in the study period, and yet
the chart shows a very substantial reduction.

Any effective control mechanism must be based on the premise that responsibility
for chemical use remains largely in the hands of the individual operator. As a corollary
to this premise, it follows that responsibility or control methods must be completely
defined for each level of authority. The degree and success of controls can be directly
related to the clarity and understanding of the instructions.

First- and second-line supervisors must be provided with an effective management
reporting tool to give immediate knowledge of the salt use in their area. This tool or
device must be uniform and explicit and must cover the whole area to be controlled.

It should provide the manager with a means of comparison between the various sectors
of responsibility that he delegates to others, and it should provide him a means of com-
parison between his own area of responsibility and similar parallel areas. In effect,
we were convinced that any control system should be a comparison type.

Chemical use can be easily related to several key factors or barometric factors
(climatological conditions over a time period and in an individual storm period). Annual
frequency and snowfall charts do provide a manageable way for budgeting annual quanti-
ties of chemicals. (Intensity may be a factor in other geographic and climatological
areas.)

Although the input data were limited, we found there was considerable variation in
the efficiency of the different mechanical devices used for spreading chemicals. This
indicates that mechanical spreaders would be a fertile field for a future study.

RECOMMENDATIONS

Any managerial system for chemical usage control should be based on comparative
values. Accountability for the individual actions should be provided by the use of a
reporting device similar to the salt tickets. This device must be completed immedi-
ately following the expiration of the work shift. Training should be provided for shift
leaders, foremen, and supervisors in the use and assessment of this reporting device.
Training sessions should be held before, during, and after the winter season.

The use of the military critique method is highly recommended. An award system
for the best maintained system with the lowest salt usage could be added as an incentive.
Possibilities for such systems could be trophies, achievement awards, or promotional
points. All reports to the operational management must be concise and brief in order
to allow the manager to focus his time and attention on only the problem areas.

Meetings between the operation center managers and the area supervisors should be
held monthly to review policies and procedures to allow full expression to suggestions
and for improvement from the lower levels.

Practical periodic inventories of salt storage piles should be made during the winter.
Care should be taken that the degree of accuracy be only that required for managerial
purposes and not the decimal point accuracy needed for cost accounting purposes. Pa-
rameters of authority should be written in a clear, concise manner so that they may be
well defined and understood by each individual governed by them. A greater use should
be made of ground-oriented sanders, and continued research into their efficiency should
be encouraged. We would also recommend more research on the national level in the
development of a practical metering device for spreaders. And, finally, uniformity
should be encouraged within the district by interchanging supervisors laterally from
one area to another and providing a challenge to these supervisors by moving them
into the maintenance operations center during storm periods.
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