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Module 1.Basics: Why Should | Redif¢mter Salt Use?

Learning Objectives:

1. Learn about the history of salt
2. Summarize the impacts these materials have on our health, infrastructure, and the
environment

Background

Winter salt

During the winter, @icers areused to melt iceand snowon our roadways, parking lots, and sidewdltks
maintain public safety12]. Salt, or sodium chloride, is thrrostcommonand cheapestieicing agent
[8,14]. Whilewinter salt helpsnake roads safer to travel, overapplication of salt lefaddrinking water
contamination,stream pollution,and corrosion of infrastructure such as cars and brid@&p This
manual provides information abowtinter maintenance practice known asSmart Saltingthat save
money and reducéhe impacts of winter salt use

Salt can be applied in a solid fofike rock salt or in a liquid form by being mixed into a brine solutibn.
can be used to prevent the accumulation of snow and ice on hard surfaces by being applied prior to
winter storm events (antiicing) and/or can be used during and after the storm eveatmelt ice and
snow (deicing)14].

Salt needs moisture to begin melting snow and ice. When salt is firs
applied, it draws moisture from the surrounding snow or ice so it ca
become a salt and water solution. The salt dissolves into the water
becomes salt water, also known as brinas lthis brine that does the
work to melt snow and ice to create safer driviengd walking
conditions.While granularsalts can be applied to the pavement, they
R2yQd &Gl NI G2 YStd ay2é YR A fgyer Example ofwiner € d2y G A
solution. Prewetting rock salt can jumpstart the melting process by  salt application. Imagéy

providing that initial bit of moisture needed to bring rock saltinto a  JerzyGoreckiom Pixabay.

brine solution. 9]

History of winter salt use

Salt application on roads and paved surfaces for public safety has increased in the $taiteslsince

the 1930s [14]. The fastest increase in winter salt application in the United States has occurred from the
1960s to present [14] and has doubled since 1975 [7]. This increase in salt use mirrors an increase in
human population [8], the numbeaf vehicles on the road [8], and the nhumber of roads and paved
surfaces that need maintenance during winter storms [7].
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What issalt?

Winter Maintenance Options

Any contractor will teliyou that having the right tool for the job is a key to success. While sodium

chloride is the cheapest deicing ageh®], having access to a variety of deictoglsallows the

response to be tailored to the situatioBl]] Some situations will respond liet using a traction agent

while other times using a deicing agent will be most effective. Sometimes, only a broom is needed to get
the job done right!

Deicerswhichinclude chlorides and acetatesid can be
granular or liquidare used to melt snow and i¢8].

They workby lowering the freezig pointof water to a
temperature below 32ZF[10]. They can be harmful wher
washed into our waterways.

Abrasiveslike sandare used to increase traction on tog
of snow and ice but do not melt the snow or [&}.
Also, like sand, it can add sedimentrtmoff, which
impacts water clarity and wildlife habitat. This is
especially important to consider in areas where there i
already excess sediment in local waterways. In additio
abrasives can get in the air and create air quality issue

and may lead tdhe release of heavy metals into the ~ F19ure2. Example of liquid deicer (salt brine)
. and solid/granular deicer (rock salt). Image
environment [10].

from McHenry Countj11].

Organic compoundssuch as beet juice, molasses, or
acetatesJower the freezing point of deicers and alter
the formation of ice crystalS hese are often
agricultural byproducts andan besticky[3]. The
organic nature of thesadditives means that they carry
nutrients that end up in streams and rivers leading to
changes in the aquatic plant and animal communities
and increased frequency of algal blooms [10].

Acetateshave the downside of being manade, which

means that adding them to the environment adds

chemicals thado not naturally occur [1]. Additionally, , ,

they are corrosive with certain types of metals and cau FigureS. Example of an abrasive (sand) used
- increase traction. Image from Fortin Consultir

react with concrete [14]. In water, acetates compete .. (2019)3).

with vegetation and aquatic wildlife for available

oxygen and may contribute additional nutrients that

can lead to algal blooms [10].
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Deicer chemistry basics

Different deices melt different amounts of
snow and ice. To optimize the use of a deicer,
is important to consider these two factors [5]:

Ice melt capacityy how much snow and ice a
given amount can melt.

Ice melt speed how fast the deicing agent
works to melt the snow and ic&][ This
depends on several elements:

1 the temperature of the pavement and
whether it is getting warmer or colder;

1 which deicing agent is used; Figure4. Example of Organic Treated Salt. Salt can b
1 the precipitation type; and Treated with Organic Materials such as Beet Juice.
f  whether the deicing ageris in the Image from Fortin Consulting Inc. (2013 [

liquid or granular form.

* List derived from%).

Addingmorea I £ (i ¢ 2 y Q landsholv Seltiakt&d A

If the appropriate amount of salt is already applied, adding more will not melt snow and ice any faster
nor increasesafety. When temperatures are too cold, chemical deicers no longer work and adding more
will not change that.3]

Despite the higheice melt capacityf granular deicers, they melt snow and ice more slowly and sit on
the surface after application. Whemamular deicers sit on the surface they are frequently removed from
their intended location by wind or foot traffic prior to ever melting snowce. b]

Liguid deicers melt snow and ice faster than granular deicers, reduce the amount of salt entering the
environment, and tend to stay where they are placBH Theyalsosave money because less product is
used overall.

Smart Saltingvinter maintenance professionaladaptto specific winter storm conditions and use the
most appropriate material for the sitation T liquid, granular, or both Taking an adaptive approach to
winter maintenance improves the efficiency and effectiveness of winter maintenance operabpns. [
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Anti-icing before the winter storm is the most cestfective and

environmentallyfriendly way to maintain safe winter conditions!

Deicing chemicals

By decreasing the freezing point of
water, deicers make it possible for snow
and ice to transition to a liquid state evel
when the temperature outside is lower
than 32F. The chemical composition of
each deicer is respoiide for

determining the ice melt capacity and
the speed at which the deicer work$] [

Not all deicers work in every situation,
thus it is important to pay attention to

what you are purchasing. This can be
difficult because there are no deicer

EXPECTING
10V CONDITIONG?
1 - 7 ¥ & T B > 3 - e

NO NEED TO BE SALTY.

E tokeep your home and community safe from
slippery situations this winter without adding
nnecessary salt pollution to waterways:

% SHOVEL WELL =

Shoveling is the best thing you
can do to prevent ice. Ice often
forms when snow is neglected
or ineffectively removed. But
there won't be any ice if there is

1 -
N\

nothing to freeze. Keep up with the snowfall and save
yourself time and energy later.

RSN T 3 P T

labeling aws. b e
RV AR I LUA N THIS MEANS:

Just 12 ounces of salt for 10
For areas that are more sidewalk squares (or a 20 foot
prone to freezing, apply driveway), spread evenly with
the appropriate amount. 1-3 inches between granules
Salt granules need to be

confusing. Frequently, packaging lists th
: 10 sidewalk
spread out in order to melt

eutectic temperature which isthe squares
. . ice. If you use too much,
lowest possible temperature at which Hi car reates thidi %
the deicer can melt ice. Using this hazard.
time for the given deicer to melt ice at _ _ _ _ _
this temperature. Insteadhe lowest Figure5. Example educational material showing the ideal orc
p ) of winter maintenance. Note that snow removal is first. Imag

temperature for guidance is impractical
because it would take an extremely long

practicalmelting temperatureshould be  ptained from Mandnd Department of the Environment.
used.[1]

In addition the melting temperatures
listed on deicer packaging can be

The table below showthe following information for common deicersutectic temperature, lowest
practical melting temperatureandthe optimal concentration While there is no standard in
determining thelowest practical melting temperature, it cabe obtained by asking the supplier for the
practical melting temperature of the given deicer ahe time the deicer takes to melt ice at said
temperature or by using the table beloyd]
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Chemical Ll\a\(Ievlttai?ltgp'ltfaur:rtlip(:.a | Eutectic Temp. COSCF:ir:?rZItion
NaCl (Sodium Chloride) 15°F -6°F 23%
MgCI2 (Magnesium Chloride) -10°F -28°F 27 to 30%
CaCl2 (Calcium Chloride) -20°F -60°F 30%
KAc (Potassium Acetate) -15°F -716°F 50%
Blends Variabledepending on chemicals in blend X
Winter Sand/Abrasives Never melts; provides traction only X

Tablel. Table of Lowest Practical Melting Temperature, Eutectic Temperature, and Optimal Concent
for Common Deicersdapted from McHenry County (201QP[.

Thepractical melting temperaturesefer to real world conditionswhile the eutectic temperatures
indicate the lowest possible temperatued which adeicer will work{1]. The table below shows how
long it will take one pound abcksalt (NaCl) to melt differing amounts of iddake sure to note that
different pavement temperatures influence the tirmeededfor deicers to work.

Pavement Temperature One Pound OBOCKS?“ (Nach) Melt Time
aSftuoax
30°F 46.3 Ibs. of ice 5 min.
25°F 14.4 Ibs. of ice 10 min.
20°F 8.6 Ibs. of ice 20 min.
15°F 6.3 Ibs. of ice 1 hour
10°F 49 |bs. of ice L . .
o : Dry salt is ineffective and will
5°F 4.1 Ibs. of ice )
. blow away before it melts
0°F 3.7 Ibs. of ice anythin
-6°F 3.2 Ibs. of ice 9

Table2. Table of Melt Times and Amounts for Rock Salt (NaCl). Reprinted from McHenry CountytQR010)

5NE al f da R2 yRappliaatbnslpelow ghis 2 &

temperature wastes time and money!
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Impacts

While winter salisgreat at deicing and
increasing public safety during winter
storm events, tle following €ction
presents concerns associated withover-
application and incorrect us@]. Theae is a
limited amount of usable, accessible
freshwater on earth[3].

-
w
T

When snav and ice melts, it flows to local
waterways. In urban areas, water flows
over roads, parking lots, and other
impervious surfaces into storm drains and 1940 1950 1960 1970 1980 1990 2000 2010

. . Source: Salt Instifute
eventually into streams and river8][

Yearly U.S. Highway Salt Sales
(million tons)

Figure6. Trend in salt sales in the United States (194

Protecting public drinking water sources 2010) Reprinted from14].

from accumulating excassalt is a big job.

The Maryland public obtains drinking

water from multiple sources groundwaterwells local streams and rivers, and reservoirs. For example,
the Potomac River provides drinking water for over five million people. In 2015, the Potiveah&d
sodium levels that were three times greatdan just 25 years earlie8]

/ ',77%

97.47% ——mll 2.53%

1.76%

® Fresh = Saline ® Fresh - Available Fresh - Unavailable

Figure7. Pie charts depicting the amount of freshwater available on Earth. Only a fraction of the 2.5% o
freshwater on Earth iavailable for humanuse. Image from ICPRBvelopedvith data from USGS article,
G2 KSNB Aa 9IFNIKQa 2 iSNKe

Deicers should be used byeak the bond between the pavemen

or road and ice, not to melt snow and ice off a surface
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By flowing intoour waterways, theexcess saltan
impacthuman health,nfrastructure,and the
environment [8]

LGQa y20 2dzad NAGSNE |yl
use.Groundwater wells can be contaminated with sal /“i
due to natural recharge processes during the winter |
About half ofpeople inthe United States rely on
groundwater for their drinking watd3].

StG A& OFftftSR || d&a#BNBIS |
eadly removed onceit entersthe environment

g

Figure8. Example of excess salt pile naaurb
The degree to whicburlocal surface and growh ona Marylandsidewalk.Image from ICPRB.

water are impacted depends on the type of winter sa
where and how they enter the environment, and how
fast the salt travels to local waterways4].

FinancialCosts

Winter salt use comes at eost to our infrastructure, automobiles, vegetation, and the environment
Estimated damagesan range from approximately $800 to $3300 per ton of salt applibd total cost
includesinfrastructure damagecost of materials, and labor and equipment of applicat[éh

The table below shows how damage is the greatest portion of the true coghtdr saltuse[6].

Table3. Total Costs Associated with Using Winter Deicing Salts. Adapted@adim & Mulhern2013) [6].

ltem Cost
Materials (salt) $55/ton
Labor and Equipment to Apply Salt $100/ton
Damages from Usef Salt $800/ton - $3300/ton
Total Costs $955/ton - $3455/ton

Winter saltapplied to Maryland roads in response to winter ﬂ{:% A
stormevents are important for public safety but can damage Y
infrastructure in both the public and private sectars
including bridges, cars, stormwater treatment facilities, road
and tunnels 8,14]. Overapplication and incorrect use can
potentially lead to adster rate of damage to infrastructure
corrodingmetals used in bridges, culverts, and pipasd
deteriorating concrete[8]. It canincrease the number and siz¢

of cracks in concrete due to more frequent freeze/thaw cycl Figure9. Example of corroded public
[14] use infrastructure. Imagbky Brett

Sayledrom Pexels.
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In bridges, the corrosion and rust that occurs in respon g
to winter salt leads to an increase in the volume of the t

metal components. This leads to excess pressure on tt
non-metal components, or concrete, which can '
eventually result irconcretecracking[8]

Chloridescanlead to deterioration ofoads and
sidewalks, making themneven and full of potholefs].
Waterthen makes itsvay intothe cracksandfreezes
creatingexcessive pressure on the concregteaking the
problem worse This occurs in a cyehl process
throughout the winter season, leading to what is called
the freeze and thaw cyclg]. Eventually, theeoncrete

will need to be replacefB].

Estimating thetrue cost ofwinter salt to metal
reinforced concrete is difficylhowever the beg way to
ensure cost savings is to prevent the issues from the
beginning [13]

Chlorides corrode the metal ulverts ancpipesused Figure10. Example ofar (top) and metal
reinforced concrete (bottom) corrosion. Top

for drinking waterand may lead tq toxins.makin.g their imageby ICPRBBottom image from McHenry
way intothe water. Sodium @ssociated with sodium County courtesy of Scott Kuykendall.
chloride used as winter deicing sdltsnalsocorrode

drinking water pipesleading to higlkr sodium levels in

our drinking water [8]

Salts are especially damaging to vehithed drive on treated roadwayf8]. Other personal property
that is subject to corrosion from chlorides include household appliances that use water such as washing
machines, water heaters, shower heads, and even coffee mdi&rs.

Figurell Example of the freeze/thaw cycle. (1) Wataterssmall cracks in rocks, coete, and other
impervious surfaces. (®yater freezes, increasy pressure on the surrounding area leading to (3) The extra
pressure causes the cracks to enlalgeage from ICPRB.
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Maryland waterways.

Health

Overapplication and incorrect use of winter salt can be
associated with increased sodium leviel®ur sources of
drinking water{8]. People can taste chlorides in dringiwater
at levels of 250 mg/L or abov8][ Additionally, high sodium
levels in public drinking water contribute to an increase in the
rate of cardiovascular, kidney, and liver diseases in the
population and are associated with high blood press@teAs
of 2018, over 30% of Maryland adults have been diagnosed
with high blood pressure8]. Exacerbating high blood pressure
can lead to a higher risk of stroke and heart dise8e [

A study that looked at the sodium concentrations of different
wells in Newyork found drinking water sources that were
around30 mg/L, but some were as high as 860 mg/L. Thisis Figure12. Saliimpactscardiac health,

significant amount to ingest for people on sodium restricted  kidney and liver function, and can leac
diets. [7] to stroke. Image from ICPRB.

In addition, children and pets who ingest water high in sodit
are at risk of becoming il8[.

Winter salt poses a risk to pets.There are no standards in
place to guide the labeling of winter salt, which means that
GLISG FTNRSYRE &£ Oloydifférént pAckddyés
[6]. Not only are pets at risk if they ingessidiumrich water,
but they may ingest the salt itself that appliedo the ground
by eating salty snow or licking their feet to relive the irritatio
from walking on winter sali8]. In fact, some pets namely
certain bird species can die when they ingestinter deicing

salts[6]. Figurel3. Paws can become dry and
cracked afteexposure to winter salt on
Environment sidewalks. Image by Helgy from Canva

Winter salt appied to Maryland roads, sidewalks, and parking lots can impact the local environment on
multiple levels. When salts, especially excess salts tied to incorrect use and overapplication, make their
way into local lakes and streams, it is a permanent pollutat cannot be removedL]. It impacts
waterbodies by impairing the natural turnover processes in ponds and lakes, aquatic life health, and
harming aquatic vegetatior8].

Currently there are 28 rivers and streams in Maryland that are impaired by chis{@].

Module 1. BasicsVhy Should | Reduce Winter Salt Llseg?



It onlytakes 1 teaspoon of road salt to pollute 5 gallons of wate

While winter salt that migsinto wateris permanently tied to
the water, local water haa residence timgthis ishow long
the water remains local before moving on in the global water §
cycle. As more salts are applied and enter theal watershed,  #
the time between application and when the subsequent salty
water is flushed from the watershadcreasesilt is estimated :
that salt levels may take decades to stabilizeanr
freshwater as long as salt application does not increaBgen ~ F19urel4. Example otorroded
after the rate ofsalt application is reduced, salt levelur .manhOlecover andstormwater

i e U ] infrastructurefrequentlyexposed to
streams and rivers magtill rise becausef existingwinter salt-rich stormwater. Image fron{3].
deicing salts that have not made it to waterwapes, such as
those mixed in soilg7]

Aquatic Life
LiQa y2id 1 aNRaIK KIdivd NJAT Ayavater, Bithef. QG t A1 S alt f @

In a typical water cycle, lockdkes are subject to seasonal turnoyee.,vertical mixing of watérwhich
cycles nutrients and oxygen through the various depths of the lake. Water high in salts andieshikori
heavier than freshwaterandsinks to the bottom of lakeglisruptingthe natural turnover cycles. This
change in turnover prevents the bottom salty layers from mixing in and traps nutrients while also
limiting the amount of oxygen available for aic life.[3]

The United State Environmental Protection Agency has established a chronic chloride concentration
limit of 230 mgLiter. Water concentrations higher tha230 mg/Lcan negatively affect the survival,
growth, and reproduction of fish, amphibias, aquatic macroinvertebrates, and even insedi3]

Every species has a range of salinity that they can tolerate. While it is uncommon for watsrtaodie
reach lethal levels of salinity for long durations, lethal levels may occur in some waterbodies in urban
areas or temporarily during the period right after winter storm salt applicatich

Figurel5. Image depicting the difference in seasonal turnover in agadty lake (left) anca saltylake (right).
Reprinted from Fortin Consulting, Inc. (201)) [
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It is easier to apply less salt or sand than to recohematerial

after it is applied.

High salt concentrations in local waterways
can impact important interndunctionsof
aquatic life. For example, freshwater fish
exposed to water with high salinity can have
trouble with osmoregulation (the regulation
of water and salt concentrations witnthe
FAAKQa 02Re03X RAFTFAC
reduced eating habitd-ishusemore energy
for survival and less for digestion and growtt
Migratory fish may be forced to find
alternative spawning grounds that are easiel 0 Salinity
for fish and egg survival.

azis uone|ndod

_ _ Figurel6. Example of a giverpscies' tolerance range.
Even lowsaltconcentrations can impa@ggs  The species can survive, grow, and reproduce in the
and smalkquatic lie. They may be low on darkest blue range. It doesn't reproduce as well in the
the food chain but they are vital to a healthy middle blue range and has limited survival in the lightes

ecosystem, including the fish and birds that blue range. Outside of the blue ranges the given specie
cannotsurvive. Image from ICPRB.
prey on them]3]

Saltier habitatsmay lead to reductions in
local Marylandfish populations and the
diversity of the fish community[8]

Diversity and population siz# fish species in urban areas are already recorded to be less than that of
non-urbanized areaslfl]. Theimpact of winter deicing salts maxacerbate that diffeence.

Certain pecies that live on the bottom of streayiike benthic macroinvertebratesgre alscsensitiveto
increased salt concentration8][ Benthic populations mayot have the ability to escapghen there is a
change in seasonal turnover as yheannot leave the lower zones where the salty, less oxygenated
water is trapped.

Salt spray can damage branches and buds of trees.

Vegetation

Have you ever wondered why there are often patches of dead grass along the sidSattie® impact
vegetaion 1 both aquatic and terrestriaLawns and landscaping agspecially susceptible to drying
out and salt burnsExcess deicers sprayed during applicationranoff with melting snow can damage
or kill plants. With enoughsaltaccumulation the plant wikventuallydie. [3]
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Aquatic vegetation may be subject to a similar fate as terrestrial vegetation. They are exposed to salty
water that can accumulate in plant leaves, stems, and roots and eventually lead to plant 8leath [

Native plant species that are not tolerant to high salt concentrations may completely die/nich
couldallow nonnative salttolerant species to take hold].

Saoil
The addition of sodium can changei structure, leading tocompactionand poor drainage. Soil

chemistry can changeith the addition of sodiumcausng arise in pH This reducethe amount of
nutrients readily available for plant growtfg]

Steve Adams

Figurel?7. Example of the water cycle depicting multipghs water can move. Note that in this watershed,
water can enter through precipitation, groundwater, or surface water. Water can also exit the watershed
same way. Imagby Steve Adams and obtained from MCPA.
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Module 2. Smart Salting

Learning Objectives:

1. Recognize the many ways tHahart Salting can improve winter operations while saving
money, time and effort

2. List the main practices that are involvedSmart Salting.

3. Learn more about site drainage and facilities maintenance strategies

What is Smart Salting?

Smart Salting is an integration of both science and best practices in winter maintenance decisions. It is
an opportunity for winter maintenance professionals, those who hire them, and the public to reduce salt
use, save time and money, and help the envinamt.

More salt does not mean more safefymart Salting maintains public safety on roads, sidewalks, and
parking lots, while reducing the amount of overall salse to protect aquatic life, infrastructure, and
our drinking water.

The Maryland Smart Salting training materials provides proactive,
costeffective, and environmentally conscious choices and techniq
for winter maintenance of noiighway pads, parking lots, and
sidewalks.

As with most situations, one size does not fit all. There are a range
circumstances, winter storms, and experiences. Winter maintenan
professionals will find a variety of options for Smart Salting in this
material ard are encouraged to experiment, adapt, and refine their
own practices.

Focus orManualRemoval vsMaterialUse :
Removing snow early and often can reduce compaction and reduc '
the amount of salt needed to maintain safety.

Applying the right amount of #zor brine prior to a storm can aid .
mechanical removal byreventing the snow from bonding to the Figure18. Manual snow

pavement.This practice is known as aditing. gggg\?\/l'sg?r%;bg;iﬁ“na

Module 2. Smart Saltirlg 13



Mecharical removal on sidewalks

Depending on the amount of snowfall, a winter maintenance
professional may utilize th®nePassr TwoPassmechanical
removal method[4]

Lighter snow: onpass
A onceover with a broom or shovel may be all that is needec
to fully remove the snow during a lighter snowstorm.

Heavy snow: twpass

The twopass method is effective during heavier snowstorms
This involves using two different tools for better snow
removal. The initial pass removes the bulk of the snow (using a plow, for example), then the second pass
removes the snow closer to the sidewalk. Tools used for the second pass could be a broom or shovel.

Figurel9. Mechanical snow removal. Image
by Lauren Hedges from Pexels.

Use the OndPass or Tw#ass Removal Methdzeforeadding a

deicer.

Best practices for sidewalks]{

1 Always remove snow mechanically first. This reduces the chances of refraed slush build
up. This also allows you to better identify and selectively address problem areas.

1 Use drop spreaders, nottary spreaders. If you must use a rotary spreader, adjust the opening
to limit dispersion or install shields to restrict the spread pattern.

1 Using heated or textured mats on sidewalks or steps can reduce the need for deicers in small
problem areas. Be sute test them Avoid using deicers on heated sidewalks.

1 Look for opportunities to close extra entrances during the wirltéany slip and fall incidents
happen within ten feet of the curb. Aniting and aggressive mechanical snow removal can
create a safewalking surface.

1 Keep in mind that salt and sand on sidewalks get tracked into buildings. This leads to slippery
areas inside the building.

1 Consider using alternative, plabtised deicers. These may be effective for you, depending on
your situation, andhiey have reduced environmental impacts when compared to salt. As with
any new material or strategy, be sure to test any alternative deicers first and follow
YI ydzZFlF OGdzZNENEQ F LI AOFGA2Yy 3FdzZA RSt AySao

Although property managers may need to adjust staff timemtya snowstorm to apply these best
management practices, they will see a benefit from less product used, less infrastructure damage, and a
healthier environment.
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Use Existing and New Equipment
The right tool for the job can mean the differenc
between wasted time and materials, and a job
well done. Properly working equipment is equally  Case Studyvillages of Shorewood Hills
crucial for winter maintenance success, especially |earned that the same equipmetype
when it comes to reducing themount d wasted could have drastically different salt outpu
salt during a winter storm. The organization saw significant salt use
reduction after correctly calibrating each
piece ofequipmentseparately

1Y%

Some types of equipment can be retrofitted or
calibrated for a more consistent rate of
application, which reduces salt usage, spillage,
and cleanup. (See the calibration section for more
information on correct calibradn of specific
equipment types.)

In some cases, it is economical to purchase new equipmeninvestment in new, innovative
equipment can be recouped through increased efficien®is is particularly true for equipment that is
used for the applicatioof liquid deicers (i.e., brine).

The following list provides suggestions for new equipment or retrofittihgxisting equipment that will

help winter maintenance professionals reduce their material use while providing a safe and economical

service (reprited from [3]):

1 Purchase a pavement sensor.

1 Buy equipment that can deliver very
low rates of granular products.

9 Ouitfit larger trucks with ground speed
controls so that the application rate
changes automatically as the speed
changes.

1 Modify existing equipment so that it
can discharge the applicaticates
described in theCalibration Rates
section of this manual. Older

equipment often applies more salt Figure20. Mechanical snow removal. Image by Tim G
than is recommended. from Pexels.

1 Investin equipment that can deliver
liquid deicers.

9 Ouitfit sidewalk spreaders with shields
to better direct the spread patter.

9 Obtain a tank for liquid storage or find
a nearby source of liquids to fill up
trucks.
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Equipment upgrades are not the only path to Smart Salting. Instituting these practices will help reduce
the amount of salt used while protecting the environment amdir bottom line (reprinted from3]).

1

=A =4 -4 4

Anti-ice before the storm.

Remove snow from surfaces as quickly as
possible to reduce compaction.

Plow beforeapplying deicers to avoid

dilution of the salt.

Minimize deicer use during the storm.

Never plow or blow snow into bodies of
water, wetlands, traffic or into streets.
Minimize backup maneuvers to reduce the
chance of accidents.

Limit use of salt and sardlring the storm;
use only to reduce bonding.

Do not use salt to burn off snow.

Use application rate chart to determine how
much salt to use.

52y Qi I LISbdaum ehNiEde) delotv (i
15° F pavement temperature. It will not melt
fast enough to help.

Below 15° F, use wetted salt.

For extreme cold, skip melting and use sand.@
Clean up spills. '
Accurately record the material used at each
site.

Pay attention to its e#fctiveness and recor
observations. (Find templates in the
Documentation of Applicatiogection of this
manual.)

Use only what is needed based on proper
application rates for the conditions.

Put extra back in salt pile or return extra
bags.

Figure21. Salt on a parking lot surface. Image
from ICPRB.

d Figure22. Rusted grocery cart corral. Image fron
ICPRB.
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Why Salt Smart?

Smart Salting combines best management
practices and science to lead winter
maintenance professionals to the best
decisionsThere are many different views and
opinions that winter maintenance professials
must naviga¢ when it comes taoing their job
Some of those views include the idea that
feeling thecrunch of salunderfootmeans that
sidewalks are safe for foot traffic. Others
support less salt application for clean parking
lots and sidewalks and less environren
impacts [5]

As we saw in the previous sectiohgtrise in
winter salt applicatios has been the subject of
many research studiga recognition of the
environmental and infrastructural impaci9],
many focused on developing thest methods
for ensuing safe roads during winter storms
[9]. The increased research efforts have ted
enhancedmedia attention and public outreach
[5]. Public opinion is shifting from the idea that
more salt is safer tbelievingthat excess salt is
not environmentally friendly antboks
unprofessional5]. Frequently, companies are
looking to hire winter maintenance

professionals that have local Smart Saly Figure23. Example of dead vegetation due to winter
.. . deicing salts applied to parking lots (top) and roads
training and certification[5]. (bottom). Top image from McHenry County Courtesy ¢

Michael Adams and Lake County Health Department.
Bottom imageby Famartinfrom Wikimedia Commons.

Plantbased deicers contain phosphorus. The addition of just

pound ofphosphorus to water can lead to a 5@ound increase in
algae growth.
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Smart Salting for Property Management

This is to certify that
[Name]

completed requirements of the MPCA Smart Salting
Training for Property Management on behalf of

Minnesota Pollution Control Agency

and for committing to reduce their salt use

ot C AL

Brooke Asleson
Resource Management and
Assistance Division

Your actions will help protect
Minnesota lakes, streams and

groundwater.
Issued: 07-01-2020

SMA RT SALTER Certification valid for 3 years

m1 MINNESOTA FOLLUTION
CONTROL AGEHCY

Figure24. Example of Smart Salting Snamnd Ice Certificatiosifrom McHenry County (Top) and Minnesota
Pollution Control AgenciBéttom).
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By educating customers an@nantson sustainable winter maintenance practicegou can help
expedite the shift in public perception and increase public support bmtter practices[5].

There are several best management practices avaitlableduce winter salt use

1 Anti-icing with brine prior to the winter storm

Prewetting salt bebre application to the roads

Calibrating equipment to prevent inefficient application

Usingvariable application rates in automated spreaders to change the speed of application with
the speed that the vehicle is traveling

Storing salt properlyninimizesproduct loss and pollution

Allotting time to clean up unintended spills

Staying up to date on road conditians

Understanding and using the ideal plow type

Using the pavement temperature and pavement temperature sensors to guide decisions
Adjusingthe level of service of winter maintenance to current conditions

Identifying areas that should have ror low- salt application based on the surrounding
environment

= =4 =
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Know the pavement temperatures to know the right rate of

application.

Save moneyjre, and effort

Addingtoo much saltisjust a waste oftime, money, and salt By using alternative deicers and best
management practices, we can reduce the costs to the environment and infrastructure, therefore saving
money, while still maintaining safety.

In addition to the costs associated with direct damage due to corrosiormginer drinking water

treatment costs, there are indirect costs associated with the application of winter salt. These include
public health costs and costs to the drinking water suppliers (outside of the need for extra chemicals or
damages to infrastructe) [8].

Overall, the damage to local infrastructure including roads, bridges, stormwater infrastructure,
culverts, pipes, and appliancas can cost up to five times as much as the initial cost of purchasing the
winter salt[4].

Contracts based ofee-per-pound of deicing materials used can

lead to excess material application and threaten Maryland wate
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More effective and safe for clients

Communicating with clients prior to the winter season can help to ensure a smooth transition to new
productsand practices and ensure that client and applicator expectations @rsync[7]. Be sure to
express the time and money saved by adopting best management practitess indoor and outdoor
cleaning costs for the customer and reduced maintenance and ptashsts for the applicatos].

In areas where the client is associated with tenants, such as apartment buildings and neighborhoods,
getting residents involved in Smart Salting principles can ease any tenant concerns associated with the
reduced use of salProviding tenants with a list of best practices that they can use that promote

efficient and effective salt application and explaining the benefits of each best management practice
(both economic and environmental) can lead to reduced resident conegmthdead to an increase in

public support for Smart Salting practices.

Examples of best practices for the publi€]f

1 Shovel early and often to prevent the need for salt.
1 Plan to stay home until the sun naturally melts the snow.
1 Use a blend of native lirseed for traction.

.dzaAAySaa 2¢gySNAEX LINBLISNI& YIyFr3aSNBRZI yR gAYGSNI YI
needle further by helping to educate and inform the public on the reasons behind Smart Salting
techniques.

t NPGSOG &2dzNJ Oft ASyG&aQ LINRLISNI&E | yR &
By adopting Smart Saltipginciples equipment damage and client property damage can be reduced.
(10

Some methods for protecting equipment include:

9 using application rate charts;

9 calibrating equipment;

9 using antiicing prior to a winter storm; and

9 staying informed aboupractical melting
temperaturesassociated with each deicet]].

Some methods thahtelp protect client property include:

1 plowing before deicer application;
1 using prewetted deicing materials;

9 cleaning up excess deicer after winter storm

events: Figure25. Example of closed stairway to
avoid adding excess salt whemain
stairway is available. Image from MR[5].

9 ensuring proper disposal of excess materialg;[
and

1 closing additional entrances/exitsidng the
winter season or even just during winter storm
events [1].
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In addition to the above practices, having a clear
contract and communication plan between client and Case study vided:he Bruce Company

applicator can help ensure that best management saw a reduction in materials cost
practices are used correctly and therefore protect without compromising customer
property and equipmentq]. Best managenent senice or safety.

practicesLINR 1 SOl 620GK (GKS Of ASyidQ&a LINPLISNI& | yR|GKS
F LILJXE A OF G2NXRa SljdzA LIYSy (o

While using more advanced equipment and adjusting application procedures may have a higher upfront
cost, the case studies make it obvious that the practices save money in the long run.

Tracking the return on investment will help make the casa those waried about the bottom line.
Find templates for tracking in tHBocumentation of Applicatiogection of this manual.

Using the correct amount of the ideal material at the correct tin

will save time and money.

Tap into the ecaninded businesmarket

Advertising the use of Smart Salting techniques can help applicators communicate with clients (and their
tenants) and bring in new customers who wish to supportg@ndly businesses. Advertising efforts

can range from large campaigns to offerangd posting fliers with key information. For example,

2 Aa02yary {FtGsgrasS KlFra GKS af20S (KS tAySa¢g atz23l
anti-icing will appear as lines on roadways [4].

Sharing what to expect during a winter storm andentcustomers should use extra caution can also
increase client and associated tenant confidence in winter maintenance operations.

To furthe build trust between winter maintenance operations and customers, including residents, it is
AYLRNIFYyG G2 dzyRSNEGFYR (GKS Of ASyiQakNBaiARSyidQa O
GFAE2NI STTF2NIa G2 GKS tadhskByind@siandNdbat BVl Shadvertising@uilkNINS vy
be most effective. Some simple facts and phrases can be extremely effective. Using posters that
FROSNIAAS FIFOGa &adzOK |asx am GSFHaLR2y 2F aant d Aa |
convey the need for Smart Salting practicé$. [

Love the Lines

= Stripes on roads before a storm are anti-icing.
They show that your professional maintenance
crew is concerned about safety and is saving
money, time and protecting our environment!

Graphic from Wisconsin Saltwise

Figure26. Love the Lines advertisement from Wisconsin Saltwise. Reprinted from [4].

Module 2. SmarBalting] 21


https://youtu.be/vNihwQ5LMYU

The Virginia Salt Management Strategy (SaMS) Toolkit
recommends focusing advertising efforts on the following
five topics:

1. The importance of public safety.

2. The unintended environmental impacts of salt use §

3. Why minimizing salt application matters.

4. The pos and cons of winter salt use (keeping in
mind the concerns of all stakeholders).

5. Information on ways the target audience can

address the issue. Figure27. Outdoor staircase. Image by
Nguyen Lam from Pexels.

*List reprinted from [8]

Good communication with customers, residents, and visitors w

help establish trust and rapport between the two groups

These core ideas should be conveyed to customers and the public using a positive tone and with
action-oriented phrasing Additionally, sticking with a key phrase throughout all outreach products and
adveatisements can help to maintain the same message and increase education on Smart Salting. For
example, using the same slogan on all visual advertisements and as hashtags in social media platforms
can increase the number of views and people that are expts&inart Salting concepts. [8]

g “'le
‘.\‘ 0’0@9
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) Salt pollutes %
éi“ lakes and creeks %
- & kills plants and trees %
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$\CAUTION|:
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. - Shovel or snowblow first 3
. ¥
* - Salt only icy spots ‘#‘ . G“ C ‘“
.. ) . \ L at
% Sweep up excess salt 5 LT |\ : p
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Figure28. Sticker from Minnesota Parks & Recreation Board (left) and smart salter graphic and winter cli
(right). Images frontortin & Jacobso(2020) [5].
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How Smart Saltingnprovesyour Bottom Line

Salt is cheap but salt damage can be expensiecording to Fortin Consulting Inc., 2024 pne ton of

salt inflicts $806$3,300 in infrastructure damage annually. Sidewalks, railings, steps, landscaping,
vehicles, and roads naall be damaged by salt. When the salt is tracked inside a building it can do
further damage to walls, carpets, and maintenance equipment, creating costly maintenance and repairs
for property managers.

Operations (materials, labor and equipment) Combined Operations-Plus-Damages
Reduction
in Salt Use’ Potential Savings Potential Cost Savings (millions) per Year'
Thousands of
Percentage Tons/yr Direct Cost (millions)/yr”~ | Low Damages Basis High Damages Basis
10% 35 48 $36 $124
20% 70 S16 572 $249
30% 105 $23 $107 $373
40% 140 $31 $143 $497
50% 174 $39 $179 $622
60% 209 S47 $215 S746
70% 244 454 $251 $870

* TCMA baseline salt use is approximately 349 thousand tons/yr (Sander 2007).

** Estimated based on $73/ton material cost (Schaefer 2012, MnDOT ca 2012, U.S. Salt 2012), and $150/ton labor
and equipment cost (Stefan et. al 2008).

" TCMA estimated baseline combined cost is $358 million/yr on low overall damages basis and $1,243 million/yr on
high overall damages basis (Table 3).

Figure29. PotentialAnnual Cost Savings from Reduced Deicing Salt Use in the TCMA. Reprinted from Fo
Consulting, 2014 [2].

I O2y UGN} Ol2NN& LISNBRLISOUGADSY

J. Swope of Chesapeake Bay Landscape Professional,

Brine applications provide an opportunity fopntractors to provide
profitable, additional preactive services for their client while also reducing
the potential for excessive ice melter to be applied during and after a
weather event. By combining brine pteeatment pricing with per
application pritng, the contractor can be profitable while also being smart
about how much salt is applied. It creates awiim situation for the
contractor and property manager.

N
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Saving Money

Costbenefit analysis

When considering which Smart Salting practices to implement, some practices provide higher potential
cost savings than others.

The following listontainsplanning practices with the highest return on investmgsijt

develop awinter Maintenance Plan;

acoountability for Smart Salting at all levels;

Smart Saltingraining;

proper storage of deicer piles;

establish a calibration process;

calibrate equipment;

weather forecasting;

know the surface temperature;

use enhanced equipment and technology (e.g., apgegs that can deliver low rates, collect data,
and/or are ground controlled/speedynchronized)

perform antkicing;

plow early and often;

use the right tool for the job (i.e., choose the right plow, shovel, pusher, blower, blade, or
broom for theproperty);

vary application rates depending on conditions;

use prewet deicers;

direct liquid application; and

measure and record deicer use.

=A =4 =4 4 -4 -4 -8 4 4
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Percentage Reduction in Deicing Salt Use

Potential Annual Cost Savings (millions)

'
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Salt, Labor, & Equipment Overall Damages, Low Estimate === Total Savings

Figure30. TCMA Potential Cost Savings from Reduced Deicing Salt Use. Reprinted from Fortin Consultin
[2].
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Fine tuning your program

Make use of

7/?@\
4

n Application Rate Check Weather Track &
Calibrate |:> Guidelines & & Pavement Evaluate
Yearly Best Practices Conditions

Adjust
Rates &
Methods =

Figure31. Reprinted fronMcHenry County, Snow & Ice Control Handbook for Sidewalks and
Parking Lots, page 248].

The sampleanti-icing andde-icing tracking form# this manual can be used document the process.
Make sure to discuss the results with the property managers and other maintenance workers.

C2NJ Yl y& 0dzaAySaas a-BendiitirsiNss than jugt 2hsl Bottoin Zind/iieik SnovD 2 a U
contractorsand property managers work closely together to develop and implemerwinter
maintenanceplan based on Smart Salting concepthey develop a collaborative relationship based

on mutual trust and respect which benefits both parties in the long run.

How much can be saved a year and or season when applying savvy salt oper&tioag?Salting

operations can lead to significant annual savings for the winter maintenance operators, property
managers, and even individuals who visit the site of interedthile there may be upfront costs, savings
can be seen in as little as one yeaor example, th University of Minnesota, Twin Cities saved $55,000

in the first year of adopting best management practices. While the new equipment purchased to enable
the application of the best management practices cost $10,000, the overall savais§g 5000 .[4]

Realucing salt application by just one ton per year can sawavhere from 2 to 4 figures per ton of salt
not applied (reduced). For instance, Fortin Consultitog(2014)[2] showed savingbetween $600
1,460 in infrastructure damages and $287 in enviromental damages.

Infrastructure Damage Environmental Damage
Estimates Road Infrastructure Ecosystem
. Tree Damage
Maintenance Damage Damage
Low Estimate $600 X $75 $172
High Estimate $615 $1460 $110 $227

Table4. Estimated Savings in Damages in $USD per 1 Ton Reduction in Salt Applied for Winter
Maintenance Estimated by Fortin Consulting.,(2014). Adapted from Virginia SaN&s.
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Savings associated with reduced salt application can \

also benefit individuals. Michigan estimated the Case StudyC&W Servicesorked

costs of vehicular corrosion associated with various  collaboratively with the site manager at
deicing products for the year 1993 and found CUNA Mutual to reduce their bulk salt
estimated costs to car owners ranging frompt usage by 14% and their bag salt usage
ton of deicer applied to $715 per ton of deicer by 35% while still providing the service

applied.The table below shows estimated costs du¢ and safety their client had come to
to vehicular corrosion in Michigan in 1993 for vario exped.

deicing products (adapted fromEQ, 2021 Public “5\
Sector Consultants 199[].

Y%

Deicing Produt Low Estimate ($USD/ton) High Estimate ($USD/ton|
Sodium Chloride $321 $715
2:1 SaltSand Mixture $214 $476
Calcium Magnesium Acetate (CMA $19-$32 $17-71
Calcium Chloride $241 $457

Tableb. Table of Estimated Vehidkorrosion in Michigan Per Ton of Applied Product in 1993 Dollars. Adaptetiaibent
in Virginia SaMSDEQ, 202[8].

MS4 language/Maryland policies

Many states, including Maryland, are starting to requi
specific winter salt maintenance Best Management
Practices in the National Pollutant Discharge
Elimination System (NPDES) Municipal Separate Sto
Sewer System (MS4) Pernfits some jurisdictions
(e.g., section 4.d. dfermit 26DP-33200f Montgomery
County, Maryland). Maryland, which has 28
waterbodies with chloride impairmen{8], has a
vested interest in reducing winter salt application
without compromising public safety.

{YFNI {lFtdAay3a algSa Gl EL o~ Jinches ‘ RdzOA y 3
material costs and reducing infrastructure damage, al @) m f

while protecting our natural resources and drinking '
water. TheSate of Maryland sees the benefits in

: Figure32. Smart Salting techniques redute
reducing the amount of salt we use, and they wantto  ,\ount of productised. Image from ICPRB.

help you see it, too.

SuccesS§iories

The entities listed itthe table belowwere able to save significant amounts of money aiteplementing
practices tley learned ira Smart Salt traininguch as the one offered liie Minnesota Pollution
Control AgencySimilar moneysaving tips and tricks can be found in this Maryland Smart Salting
training material. Additional information on each case study can be fiban the Minnesota
Stormwater Manual Success Stories: Salt Reduction and Cost Savings Ewainsiies
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Salt

and created their own brinenaking

equipment.

. Time . . .
Entity . Main Actions Implemented Redu Cost Savings
Period )
ction
University of & oL i < ¢ & A New equipment cost
Minnesota, | Start2006| ~ >3 'Y YF1AY3 Al €U G 450 | 410000855000 cost
S adopted several other salt reduction BMP, ; :
Twin Cities savings first year
Switch from 1:1 sand:salt to straight salt &
City of ' Start 2010 liquid ant.l-lcmg; cqllbratlon; equipment 42% $8,600 yearly cqst saving
Waconia changes; use of air and yament ($1.80 per lanemile)
temperatures.
Upgrade to precision controllers & sander $2,0® per event
anti-icing & prewetting; use of ground estimated cost savings;
City of Prior 2003 temperatures, best available weather datg 420 20-40 mg/L decrease in
Lake 2010 on-site premix liquid & bulkingredient ? receivingwater chloride
storage, mixing & transfer equipment; sta (liquid apponly
education. watershed).
Rice Creek S .
Watershed ggg StiT tr;a;rrllltng, purchased shared aitting 32% | $26,400 in one winter
District Cities quip '
City of 2011 Not
Cottage Staff Training availa | $40,000 in one winter
2012
Grover ble
Stopped using a salt/sand mixture and
moved on with straight salt; set up all its
large plow trucks with state of the art salt
spreading controls, prevetting tanks and
controls and pavement sensors; use of
City of calcium chloride in the prevetting tanks 44%
. Start 2006 | reducedthe amount of rock salt as well; al| since | $24,468 in 2014
Shoreview : .
applicators and supervisors annually atter 2006
training; crews attend an annual snowplo
meeting to review procedures and talk
about salt use and conservation methods
trucks set up for anticing main roads with
calcium chloride.
w2 $Qa [ Start Owner & stafttraining; purchase. of new $77_0 est_mated cost
spreader, temperature sensors; equipmer savings in 2014
Snow, 2013 A ) 50%
: . calibration; use of temperature data; en Expected to use 20 tons,
Minneapolis 2014 . . :
going experimentation. only use 9 tons
Purchasing less salt at the start of the
season; invested in mechanical removal .
Edina Public equipment; training for staff and crew Went from using 45
! 0,
School Start 2014 starting in 2016; incorporated saitine 60% | pallets of saltto 16

pallets.

Table6. Success stories (adapted from MPCA, 2016 [1], with additions from Fortin & Jacobson, 2020 [5] and Fortin,

2015[4]).
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Modules3 and 4 PreSeason PreparationSite Planningand
Contracts
Learning Objectives:

1. Prepare staff and equipment for winter operations (e.g., calibration, repairs, trainings)

2. Calculate area treated for your property and the amouninaiterial using Smart Salting
BMPs

3. Describe proper site drainage and storage of onsite material, and why they are
important.

4. Develop sitespecific service agreements and maintenance operation policies

5. Identify the different types of materials used durimgnter maintenance and how they
work.

6. Understand the steps for pretreatment and when/ where to use which kind
(pretreatment)

7. Understand the steps for pretreatment and during the storm application

Understand pavement vs air temperature and speed of mgltin

9. Determine the correct usage of salt for sidewalks, building entrances and parking lots
(e.g., how much is just right/ too much)

o

Preparation is an important Smart Salting practi@etting ready for winter operations includes general
pre-season activities like creating a winter maintenance operations policy, trainings, calibration, and
repairs as well as sispecific planning activities and developing winter maintenance contraats th
promote costeffective and environmentally friendly salting strategies.

Preseason Prgpations
OperationsPolicy

The first step in preseason preparations is to create a winter maintenance operations phéppalicy
shouldidentify the rolesand responsibilities of all staffThis includeschedules, equipment
assignments and maintenance, and routes where appkcaliie policy shodlalso outline the
strategies and resources that will be used during snow fighiireduding[3,9]:

1 chemical and/or abrasive materials that will be used;

9 location of shortand longterm storage for particulate and liquid products;

1 how spillage and overapplication will be handled,;

 thewhenandhow2 ¥ G NBF GYSy Gy FLILX & ONARYyS o6SF¥
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1 snow and ice disposal locations should beetally selected (see subsecti@mow pile
locationg; and

1 snow removal procedures for loading and hauling when sufficiersitmnstorage is lacking.
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Maintain Safety During Winter Events

Property managers and winter maintenance professionals should begin
discussions about safety and expectations well before the first snowflake
falls.Public safety is the primary goal for all parties during a snowstorm.
However, it is a misconception that more salt means more safety.
Together, they can develop a plan to reduce salt use while still ensuring
safety and service.

Avoiding lawsuits is typically the number one reason for overapplication.
Addressing this issuguring your preplanning process can put everyone al
ease. A Winter Maintenance Plan will help guide winter operations and  Figure33. Handheld
RSOA&AA2yad | GSYLdntba& bHr ShdiehdSceat / | Temperature Sensor.
Management Servicesafety clause, can be used to address many areas Image from [3].
concern.

The following steps can hesed by property managers to ensure all
parties are wetprepared for winter maintenance (reprinted frorf]]: .

1 Review the maintenance policy/plan with staff and inform
customers of your highevel plan.

9 Establish a clear level of serviegpectations and education
for staff and building users.

1 Incorporate certification training into contracts and/or require Figure34. Mechanical snow

it of their staff. removal. Image by Lauren
1 Follow the plan. Hedges from Pexels.
1 Fully document maintenance activities to prove you followec

the plan.

1 Review and update the maint@nce policy and plan each year.
1 Understand your regulatory obligations and the effects of esadting on the environment.

Figure35. The sidewalk on the left with excess salt is no safer than the stairs on the right cleared of snow
ice without excess salimages from [5].
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Staff training

Having a knowledgeable staff will help ensure the job is done professionally and correctly. Site
managers, equipment operators, and contract or seasa@new members should receive the

appropriate trainingA basic course in winter maintenance is suggested for all staff and a more
advanced level for manager3.opics of classroom and hands training include material properties,
material selection appnariate for a given weather condition, timing of applications, application rates,
proper materials storage, record keeping and analysis, environmental impacts, snow and ice removal
procedures, as well as equipment choices, maintenance, and calibration.

Provding training prior to the winter season ensureaafsare knowledgeable abol@mart Salting

conceps and @erators are well versed in how to operadaed maintairtheir assigned equipmeri.2].
TheMinnesota Pollution Control AgendyPCA) provides a shdwo-part video series that introduces

the concept of Winter Maintenance Training For Small SRest (landPart 9, and was produced by

the Mississippi Watershed Management Organization, University of Minnesota, and Fortin Consulting

Materials

Get to know your material

A variety of chemicals are available to fight ice and sridwetype, form, and application rate of the
materials dependon the prewiling weatherconditions(i.e.,snow, ice, sleetlas well as on pavement
and air temperaturesMaterials fall intofour categories abrasives, deicers, artiers, and organics
Theycome in either granular or liquid form. Abrasives do not melt snow nor ice, rather they provide
traction. Antiicers prevent adhesion and ice formatiddeicersmelt existing snow and ic§4]

Although some deicers (e.g., acetates) cost more than othémngy still may be more economical
during certain weather conditions because less material may be required to do the job.

Test your materials

Especially when using an unfamiliar product, small amounts should be tested to verify that it is
performing as claimed by the manufacturer or vendor. Tests should be done under various conditions,
and the results should be recorded. If the product performs differently than expected, the manufiacture
or vendor should be contacted for advice.

Store youmaterials properly

Proper storage of all winter maintenance materials is imperative. It will reduce impacts to natural
resourcesand infrastructureand save money because loss of material due to rain, leaching, or wind will
be minimized (se@nsite storage of deicemnd Drainagebelow for more details)

When choosing a chemical, the potential adverse impacts to tl

environment and infrastructuwe should be considered.

Modules 3 and 4: Ps8eason Preparations, Site Planning, and Conllra’ﬁﬂs


https://youtu.be/rqdR4PDgl3I
https://youtu.be/P61CxJIKXwg

Whichmaterialsto buyand why

Materialsthat can be used in winter maintenance programs include physical abrasives, deicers, ant
icers, and organics/carbohydratehysical abrasives (e.g., sand, gravel, slag, cinders) do narmoelt
and ice, but rather provide traction. Sand, the most used abrasias,improvesafety on icy sidewalks
on hills, in curves, or on packed snow that is too deep for chemicals to melt. However, it works only
when it is on top of snow or ice and is ffextive on slush. Mixing sand with salt or other winter
chemicals may not provide added benefit as these materials can work against eactSatheand

other abrasives are best reserved for cold temperatsra which deicers are ineffectivd2]

Inlarge quantities, sand can adversely impact water quality and aquatic species and their habitat. When
sand is not swept up after the winter event or season, it can be washed into streams, stormwater ponds,
lakes, etc. where it causes sedimentation and ding of the water column. In addition, sand can

become contaminated with motor oil and other substances and may have to be disposed of as a
hazardous waste when it is swept up at the end of the seq&pn.

Deicers and anticing products come in granulana liquid forms and fall into two broad categories:
chloride-based (e.g., sodium chloride, calcium chloride, magnesium chloride, adaris®} and non
chloride based (e.g., acetates, formates, glycols, succinates, urea). Deicers work by loweringihg free
point of water. The proper choice depends on the pavement temperature and pavement temperature
trend (i.e., is the pavement getting warmer or colder?). For example, the commonly useddeioek

saltt works to a pavement temperature e °F, although its melting capacity is greatly reduced below
15°F The speed of melting is also influenced by the size (gradation) of the material. In general, liquid
deicers, either alone or mixed with granular materials, speed up me[&hg.

Anti-icers help prevet ice and frost formation on pavement and keep things from getting slippery. They
also absorb moisture before it can freeze but may fail to perform satisfactory after absorbing a certain
amount of moisture.

Sodium chloride, a.k.a. rock salt, is the mog&tely used winter maintenance material because of its low
cost as compared to other deicefShloridebased materials, however, can impact water quality, be
toxic to aquatic species, damage vegetation, and corrode vehicles and infrastructure.

Non-chloride-based deicers are generally only used in very cold temperatures due to their higher cost
and potential lack of availability. However, they may be a good option in areas where protecting bridges
or buildings from corrosion or reducing impact to aquaticorgses are the goal.

Chemical deicer packaging can often be a mystery that is made even more difficult when comparing
products.There are no labeling laws that apply to deicd®. Therefore, it is on the customer to
decipher what the ingredients meanrfthem {4].

When looking at bagged deicer blends, a good rule of thumb is that less expensive blends tend to have
more sodium chloride (NaCne benefit of bagged blends is that the granules are generally smaller in
size and can move through a spreadepr consistently [4]

The best way for winter maintenance operations staff to ensure they have all the relevant information
to make the best decision possible is to contact the vend@jrBly contacting vendors, winter
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maintenance professionals can obta full ingredient list and relative quantities, best storage and
handling practices, and even the practical melting temperature for the deicing product [6]. Remember, it
is important to use the lowest practical melting temperature when deciding prodaotshe eutectic
temperature [15]. This is because the lowest practical melting temperature tells you the lowest real
world temperature that the product can realistically work [3]. More information on eutectic

temperatures and lowest practical melting t@eratures can be found iModule 1:BasicsWhy Should |
Reduce my Salt UsaAdModule 5: Storm Operations

Although carbohydrates, which include agricultural products such as beet juice, molasses, and corn
syrup, do not melt snow or ice on their own, they can be added to deicers to improve their
performance. Positive attributes include increased (i A O Hdejt8si rdduce@ffeezing point of
brine, and interference with ice crystal formation. Their addition may also rethecamount ofdeicer
requiredand lower corrosion potential. However, due to their high organic matter conteetse
additives mayadverselyimpact aquatic resourcdsy increasing oxygen demand and causing nutrient
enrichment(phosphorus and nitrogen » , ;

whichmay trigger algal blooms and fish kills.

A summary of winter maintenance materials
is provided in the table below. Fodditional
informationrefer to Understanding the
Effectiveness of Non Chloride Liquid
Agricultural Byproducts and Solid Complex
Chloride/Mineral Productavailable at the

ClearRoads website Figure36. Brine trucklmage fromJason Swope

Thepractical melting temperatures the lowest temperature at

which the product will still work.
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Sodium Chloride ) ) Acetates
Material Magnesium Calcium Calcium Abrasives
Rock Salt Salt Brine Chloride Chloride . Sodium Potassium
Magnesium
Typical Form| Solidgranular Liquid Solid or liquid | Solid or liquid |  Solid or liquid Solid or liquid Liquid Granular*
(mixed with salt)
Equipment Spreader Sprayer Spreader Sprayer Sprayer Sprayer Spreader
Lowest
Practical 15 F 15 F 10F 20°F 200F 0 F A5 F N/A
Melting
Temperature
Deicin Prewettin el
Usage -Icing wetting prewetting Deicing Anti-icing Anti-icing Anti-icing Temporary traction
anti-icing anti-icing o
anti-icing
Cheaper than | Compared to rock
Cheaper than | other salt: Less product| Compared to
other products; No needed;Better rock salt: Good for spot
Positive products; granular meltl_ng capacity; | Less product Less corrosive Less corrosive treatments
. Excellent scatter; Persiston needed; ) . Effective at very low
Attributes ; . than chlorides than chlorides
melting Prevents pavement Better melting temperatures
capacity bonding of ice | Longer capacity Useful in no salt zone
and snow to prevention of
pavement black ice
Higher cost than . Compared to Com.pare.d 9 | RGPS e [l
. Higher cost L Compared to chlorides: passes and
. rock salt; .| chlorides: T = e
Corrosion to . than rock salt; = chlorides: Expensive; applications than
. . More corrosive . Expensive; o S
infrastructure | Corrosion to . More corrosive Expensive; More product | chemicas;
. . - than sodium . More product . . .
Negative and vehicles; infrastructure L than sodium . More product need; | need; Nodeicing
; . chloride; L need;Performs
Attributes Pavement and vehicles chloride; Performs worse Performs Must be cleaned up
. . Pavement worse below 8
deterioration . . Pavement below 2 F, for worse below 5 | after season
deterioration; N F, for heavy - .
- deterioration heavy snow fall and| F, for heavy | Corrosive when mixed
Leaching/runoff snow fall and . . .
. . . freezing rain snow fall and | with salt
from stockpiles freezingrain . - .
freezing rain Can clog drains
Excessive Impactswater
Impacts to . . . )
chloride Excessive quality/ aquatic
water ) : Increased .
. loading, metals| chloride Increased oxygen Increased speciesy
quality/ L . oxygen . —
. contamination | loading, metals| demand oxygen demand| sedimentation;
aquatic . L demand . .
species ferrocyanide contamination When nixed with

additives

saltbehavedike salt
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Impacts to
soil and
vegetation

Sodium
accumulation
breaks down
soil structure;
decreases
permeability
and soil
stability; may
mobilize
metals.

Causes osmotiq system and .
- . vegetation except
stress inroot | chloride .

S osmotic stress at
system and toxicosis. Spray high levels
chloride damages 9
toxicosis. Spray foliage.
damages
foliage.

May improve
soil structure;
increase
permeability
may moblize
metals.
Causes osmotiq
stress in root

May improve soil
structure;
increase
permeability
may mobilize
metals.

Little impacts to

High aquatic
toxicity

Table7. The table below provides a summary of the properties of the more commonly usédrantind deicing products (adapted fr@ity of River Falls

Winter Maintenance Operations Poliagd theMinnesota Stormwater Manugl

Modules 3 and 4: PfSeason Preparations, Site Planning, and ConIIraMs



https://icprb.sharepoint.com/sites/MDSaltMgmt/2022%20-%20Modules/FinalModules_SectionsA%26B/City%20of%20River%20Falls%20Winter%20Maintenance%20Operations%20Policy
https://icprb.sharepoint.com/sites/MDSaltMgmt/2022%20-%20Modules/FinalModules_SectionsA%26B/City%20of%20River%20Falls%20Winter%20Maintenance%20Operations%20Policy
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Removing the snow first will mean you can use less deicer.

How much material to buy
How much winter products will be needed for a season depends on:

9 the size of the area to be treated;

1 weather conditions (e.g., temperature, ice versus snow); and
1 number of winter events anticipated.

Additionally, the lower the temperature, the more materials are needed to melt snow and/or ice.
These items are treatkin more detail irModules 1, 2, and.5

The following is a handy table that summarizes deicing application rate guidelines for various winter
maintenance materials and pavement temperatures. The table is reprinted from the Wisconsin Salt Wise
website: Application Guidelines & Calculatavhich also supplies an interactive online version.

Deicing Application Rate Guidelines

for Parking Lots, Sidewalks and Trails

Application Rate in lbs/per 1000 square foot area
Wet at & to 12 gallons per ton Apply with calibrated eqguipment
Rock
Rock Salt Salt Winter
Pavement
= Bagged Blend Bagged ol i Rock Salt Sand
Temp. (%F) Mostly Sodium | MgClor | ™ T | wet with ol
Chioride CaCl, Bri other liquids
289%t0329 23 23 16
23910289 | 2345 2345 1632
15°t0239 2.3-68 2.3-6.8 1.6-4.8 1.6-4.8
0%115° 2.3-68 32-48 312-48
Spot treat
{-5¢

If the temperature isncreasing, apply at theeer end of the rangelfthe temperatureis
decreasingapplyat the higher end of the range.

Figure37. Deicing Application Rate Guidelines for Parking Lots, Sidewalks, and Trails. Reprinted from
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Example of how to calcukathe amount of salt needed:

You can calculate the material needed for a 2,500 square foot parking lot’&t 30

weather with lightto-moderate snow fall by using the chart above. It recommends 2.3

Ibs. of salt per 1,000 sq ft under these conditions. means 5.75 Ibs. of salt per snow
event. If there are ten snow events in a year, a total of 57.5 Ibs. of salt would be needed
to treat the parking lot for the entire season. If the same parking lot were treated with
GNRO1 alfd ¢Si oh0IKs. wolld bé needddifof e seasen. (2 4 | €

Please refer t€Calculating size of area treatéuthe SectionSite Plannindor instructions on how to
calculate area size.

Below are a few tips that should be considered when estimating how much materialsy to

1 When applicable, pretreat the surface with a brine solution because thisagilice the amount
of salt usecand be more costffective (seeModule 5: Storm OperatiopsOf coursethis
guantity must be added to the amount of materials to buy.

1 Plow, shovel, or otherwise remove snow mechanically before applying deicersedinissthe
amount of chemicals needed. More information about this can be fouManual/Mechanical
Removal Equipmernd inModule 5: Storm Operations

1 Prewetting salt wilalso lower the quantity needed to do the job right.

1 When temperatures are lower than expected, more salt or other chemicals are needed to
maintain safe surface conditions.

1 Because winter weather is often unpredictable armudlies from year to year and lhycation
(e.g., in mountainous versus coastal areds$, advisable tgurchase morenaterialsthan
anticipated,provided that any excess can bafelystored for the next seasort may be more
expensive to order them later in the season when stoclefgeted.

Equipment checklist

Smart Salting goals mean usihg least amount of material necessary to provide a high level of public
safetyY all while minimizing environmental impacts and saving mofiée following are a few tips that
may aid in reaching thigoat

1 Investin road pavement sensors or infed thermometers to obtain accurate, reaime surface
temperature information.

91 Ensure tots for mechanical removal are available and in good condition.

1 When purchasing new equipment, prioritize spreaders that can deliver very low amounts of
product.

1 Modify existing equipment to discharge less product.

Ouitfit sidewalk spreaders with shieldsitaprove their spread pattern [10].

91 Decide on the right equipment to do the job based on the type and amount of winter
precipitation and the size of the site to be treated.

=

Sidewalk equipment includes brooms, power brooms, snow shovels/pushers, and Ewvesvdas well
as handheld, backpack, and walkehind sprayers and spreaders. Smaller blades and tanks can also be
mounted on ATVs, SUVSs, tractors, etc.
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Larger equipment typically employed in the private sector to clear parking lots indludesquarter
ton plow trucks equipped with blades or wings, front end loaders with blades or pushersteéid
loaders, snow blowers, and liquid aiting tanks mounted on trucKg].

Searclonlinefor informational and howto videos on winter

maintenance equipment.

Manual/mechanical removal equipment

Broom andoowerbroom

Apush broom is the simplest tool to remove light, fluffy snow from smaller areas. It is also appropriate
for snow removal fronsurfaces that may be damaged by shovels or other {eaigkd tools.

Walkbehind and vehiclenounted power brooms are
available to treat larger areas. Because tneomsclear
snow down to the surface, deicers or abrasives may not b
needed to further treat the area. Depending on the model,
power brooms are suited to clear sidewalks, parking lots, «
roads. One advantage of power brooms is that they do no
damage surfaces baase they adjust to surface
imperfections. Wallbehind types are als@ss strenuous to
use than snow shovels and pushegspecially for larger
areas. As an additional benefit, they can be used for other

purposes throughout the seasons such as sweepingsgra Above is a small hand-
clippings, leaves, and dirt. held anti-icing sprayer

Snow shovel, pusher, and thrower

Other simple, mechanical tools useful for removing snow
from staircases, sidewalks, and other small areas include
snow shovels, snow pushers, and snowplows, as well as
power assisted snowhrowers and power shovels.

Snow blowers and snowplows
Other mechanical options include snow blowers and snow
pushers, which artess strenuous to use #n snow shovels

and pushersespecially for larger areas. Above an ATV is applying
deicer in a welddry spread

Spreaders and sprayers pattern

Both spreaders and sprayers come in various shapes and

sizes to accommodate different application needand Figure38. Spreaders and sprayers. Imagt

held, backpack, and waloehindequipmentis more from [4].

suitablefor smalkr areas and where maneuverability is an
issuelike stairways and sidewalkgehiclemounted
equipment is best deployed on parking lots and service roads.
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Spreaders are used to dispensamulated materials
suchassalt and sand. These materials are put into
hopper, which tapers downward. As the material is
released, a spinning disk spreads an even layer ov
the area being treatedSpreaders can be outfitted
with deflection shields for wre precise application.
Common pedestrian spreaders include push
broadcast and wallalong types. \box and tailgate
spreaders are examples of vehictounted
equipment.

s b imol hdvadt] Figure39. Combination sidewalk plow and salt
prayers can be as simple as pump spreader outfitted with deflection shieldsnage

sprayers. Vehiclenounted spraying equipent from Jason Swope

includes booms with holes or nozzles, hoses, and

tanks that hold salt brine and other liquids. Sprayers should be designed such that they create a solid
stream rather than a fan stream to achieve a wet/dry spread pattern and avoid slippery conditions.
Stream nozzles may be constructed or purchased and should have the appropriate number of holes
spaced eight inches apart, and the bar height should be 12 to 14 inches above the Qjrface |

Using calibrated equipment ensures accurate application rates

no wasted materials.

Equipment

Inspect all equipment
During late summer or early fall, all equipment should be inspected and repaired if necessary. To ensure
uninterrupted service, parts that are not readily available should be ordaredrestocked as needed.

Calibration of equipment

Equipmentcalibration involvesmeasuring the amount of chemicals or abrasives applied to a known
area size at varying equipment settings and speeds over a specifiedimalibrated equipment can
be messy and wastefuCalibration of all winter maintenance equipment, incluglirehiclemounted,
manual spreaders, and sprayers, is an essential component of the Smart Salting ciosteptid be
done annually before the start of the winter season to ensure accurate application Patgser
calibration allows for better trackingf materials and prevents overapplication, which can reduce
costs and minimize impacts to the environment while still maintaining public safety.

Offer a variety of tools to staff so that they can use the right to

for the job.
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Calibration tips[5,9]
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1 Keep a copy of the calibrated application rate chart with the equipment or in the shop.

1 Each piece of equipment should be calibrated separately because/ibetave differently due
to wear and tear.

1 All equipment that is not dispensing material at the correct application rate should be
readjusted.

1 Equipment should be recalibrated after major services or adjustments.

1 Different granular materials (e.g., safnd, granular blends) dispense at different rates, so
equipment should be calibrated for each material that will be used during the winter season.

1 Equipment should be recalibrated after receiving a new shipment of salt because its gradation
may have chaged.

9 If applicable, the auger should be in place during calibration.

9 Sprayers should be calibrated for each acitig and deicing product that will be used.

I 02y iGN} OG2NDa LISNBRLISOGAGSY

J. Swope of Chesapeake Bay Landscape Professional,

Reviewingcdl 6 N} A2y RANBOGf & 6AGK WYX AN@ILIS?
of training. There may be an opportunity to partner with a local vendor or
manufacturer representative to assist with this training. By partnering with a
vendor/manufacturer, we may be abte include information on the latest

technology with salt spreaders, such as remote tracking, metering, variable speed
controls, etc.

N

During the calibration process, make sure to review application charts that provide information about
application rates based on temperature, timing, materials, and other factors. These charts should be
placed in each vehicle, attached to manual equipmentye available in the shop.

Short instructional videos for calibration of salt trucks and drop spresateravailable at th&Visconsin
Salt Wise websiteAdditionally, avideoshowing the calibration of a drogpreader can be fouhinthe
Winter Operations Training Seriprpoduced by tle lowa Department of Transportation. @Rass the
Salt: Winter Maintenance Training viddiscusses calibration starting at 41 minutEgamples oproper
andimproper material applications are provided Module 5: Storm Operations

Videos are available online that show proper calibration techniq

for a variety of equipment.
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To make the calibration process easier, the Minnesota Pollution Control Agency created a flowchart for
augers and conveyor systems. Following the flowctegtires a calibration worksheet/form like the
one below.

It should benoted that calculated calilation rates are starting points and should be adjusted based on
experience and for current conditions. This includes the timing of the application, the type and rate of
the winter precipitation, air and pavement temperatures and trends, sun angle, dew, gaiiace
material, wind, material lost during plowing, et8).[Application rates, conditions, and results should be
recorded and analyzed to determine what went well and what could be improved. Records of the
equipment maintenance and repair shouldalse kept.

Overall, good documentation will aid in identifying equipment problems needing corrective action and
may improve snow and ice control, reduce waste of materials, minimize impacts to the environment and
infrastructure, and lower costd [3].

Bebw are examples of a blank calibration form for auger or conveyor systems andiagtapplication
rate guidelines that were adapted fror][ Additional forms can be found in the last section of this
document,HandsOn Classes

Anti-icing Application Rate Guidelines

Condition for Gallons/1,000 sq. feet Other Materials
Application Calcium Chloride Magnesium Chloride
Regularly scheduled 0.2¢0.4 0.3¢ 0.6

Prior to forecasted
frost or black ice event
Prior to light or
moderate snowfall
Table8. Antticing Application Rate Guidelines. Adapted from [3].

0.2¢04 0.3¢0.6 cz2tt2go Yl Yy
guidelines

0.2¢0.4 0.3¢0.8

To use the chart

1. Determine the size of the area to be treated in square feet and dividle 1,000 $ee Section
Calculating size of area treated

2. Choose the row of the appropriate condition and the column of the material to be used.

3. Multiply the result of #1 by the application rate of #2.

Example calculation for a parking lot measuring 20 &fitare feet to be treated prior to light to
moderate snow with magnesium chloride brine:

1. Divide the parking lot size by 1,000 (20,000/1,000 = 20)
2. Choose the application rate (0-3.8)
3. Calculate how much brine is needed (20 x 0.5 = 10 gallons)

Modules 3 and}: PreSeason Preparations, Site Planning, and Contlraﬁ;@s



Calibration Charfor Auger or Conveyor Systems

Date: Spreader #: Material: Rock Salt

Setting Pou_nds per 5 MPH 10 MPH 15 MPH 20 MPH
Minute (x12) (x6) (x4) (x3)

* * * *

1 ** ** ** **

* * * *

2 ** ** ** **

* * * *

3 ** ** ** **
Example 10 120 60 40 30
1.9 1.0 0.6 0.5

Table9. Calibration Chart for Auger or Conveyor Systems. Adapted from [3].

*Top half of each row = lbfane mile. To get this number multiply pounds/min by the factor show

for the speed.
**Bottom half of each row = 1h&.000 sq. feet. To find this, divide the number in the top half by 62

What if calibration is not practid@

The amount of material needed to treat an area can be determined even whgnipment is not

calibrated. You will still need to know the size of the area, pavement temperature, and the application

rate (from an application rate chart that can be obtaineahfi the vendor or manufacturer). Even
RAAGNROdzIA2Y A& AYLRNIIFIYyGEZ NBIIFNRfSada 2like OF t A6 NI
application method may work well for stairways and sidewadks [

Example on how to calculate the right amount cditerial (adapted from3]):

9 The areato be treated is a 2,000 sq foot sidewalk.

1 The pavement temperature is 26 and rising.

1 The material is dry salt.

1 The recommended application rate for this condition is 2.25 Ibs./1,000 sq. ft.
1 The amount of salt needed 4.5 Ibs.

Establish an equipment maintenance routine
To be ready for each winter event, it is essential to keep all equipment in good repair. Therefore, it is
advisable to establish a regular maintenance routine to be followed throughout the winter season.

Keep records

It is essential to keep accurate reats of how much materials were used for each winter event and
then to analyze and adjust application rates as necessary for future evenlisswill ensure that the
proper amount ofdeicingproduct will be applied and may reduce costs while maintainingla leivel of
safety.

To ensure that preparations for the winter season are completed in a timely manner, it may be helpful
to fill out a check listlikethé { y2 6 | yR LOS /2y GNRBf / KSO1 {KSSi¢
Handbool{12].

NE |

Modules 3 and 4: PfSeason Preparations, Site Planning, and Contlraﬁ;ls



SNOW AND ICECONTROLCHECKSHEET

(Answer YES or NO except where more information is requested) Lq_l
A d
Salt Institute
Organization:
Please completesign, and return this form to by Date)
Miles on Clear Estimated Winter Salt SaltOnHand SaltOn Order AbrasivesOn Hand AbrasivesOn Order
PavementStandard Requirement (Tons)

TYPE NUMBER CAPACITY (TONS) TYPE NUMBER CAPACITY (TONS)
BUILDINGS BUILDINGS
CRIBS CRIBS
PADS PADS
GRAVITYBINS GRAVITYBINS
TOTAL TONS TOTAL TONS

1.1f cover material needed: Type

2.Condition of salt on hand: WDry W Wet

3. All mechanicalparts, storage facilities, such ashinges, slides, conveyors areperating properly and ready for winter O O A ..8.8.8........... W.Yes W No

4.1f no, explain neededrepairs:

5. Area lights are in WOrking CONGItION .........c..eeeeierieeeeeeee e et e e e et e e e e etee e e ettt e e et e e e e aeeeeeeaaeeeeeaaeeeeans W.Yes.. W No
6. Storage areasare clean and cleared of items that might causeaccidents or impede OPErations ...........ccuuvuuiireeeieiiiiineeeeeeiiii e e eeeeaand \W.Yes... W.No
7.Drainage is adequate at StOTAE SIES .........eei.veeereeeeeeeiteeeetieeeteeeeate e et e e eee et et e et et e s eneeenaeeas WiLYes. W No
8.Have there been public complaints ahOUt NY SLOFAJE IEAP .........eeeeeeriieeee ettt ettt e e e e e e et e e e e e en e e e eeeme W.Yes...\WW.No...........

9.1f so,please explainand give dates.

10. Traffic warning or control signs are posted at entrances and exits t0 SLOrage AreaS ..............ccvereeveeerueeeereeereeseeeeeeeseeeeeeeenne oA YeS O WLNO. L

11. Engine heaters and shed facilities are available. .............ee it ———) \iL.Yes...\W.No
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EQUIPMENT

1. LOADERS:

A.Loaders of all types have been checked and needed repairS MAE ... .....ieiiiiiiiiiie it e e Yes.......] Na.........

B.Describe repairs not yet completed:

2. SPREADERS
A. All spreaders have been calibrated and needed rePaIrS MATE .......c.uuuuneiee ittt e e e et e e e e e eeeet e e e e e e eeena e eees Yes....... No..........
B.Spreading rates posted in cab; spinners checked for width of SPread ..........ccoieuuuiiiii e YBSe No.........

C.Following items have been inspected and tested on all spreaders:

L. SPINNEISANG BUGE'S ... eeeeeeeeetttt e e e e ettt e e et e eee e e e e et ettt e e e e et abaaa e e e e e e eetaaa e o4 £ ¢ et e ot £ 4458444112444 Yes...... No
B2 1= S P U PR Yes........ No
3.GASONNEENGINES ..vvvtieee ettt e YBS No
4.Caband Other OPErator CONMOIS .......u.uu eeieeeetie e e et e ettt e e et e e e e eebaae e e e e e e eeeee e e e e eeeeennan s ...Yes.. No
5.Number of spreaders ready for operation:
6. HYATAUNIC SYSEEIMS ... eeetie ettt et e+ ————————_ 1441111111 e e e tennnnnneeeeennnsnnaneeee s YESarreen ] Na..
a.Filter elementin SyStems (TEPIACE IMECESSANY ......eviurutie et eeieit ettt e e et et e ettt e e e e e ettt aa e e e e e e et et sm——— Yes....... No
b. Oil-drain and flush hydraulic system, fill with oil of manufacturer & reCOMMENALION. .........cceuvreeeeiiereeeirrieeeetieeeeeteeeeeereeeeeereeeeeans Yes........ No
3. SNOWPLOWS &NDERBODYBLADES
A. All plows have been checked and needed repairS MAAE ........ieeeneeii et e e e e e e eee e e ereeeeen e e eeen e eeeen s e s cmermmmsmm s TES . NOL L
B.Blade edgeschecked and replaced if NBCESSAIY ... .. it ceeeieeeeeeeetiae e e et e et e e eeettt e e e e e eetaba e e e e eeeeab e e e e eeees bt e eeeeees s e o s Yes....Na........
C.Plows have been placedon trucks to be sure all attachmentsand fittings are available ..............oooiiiiiiii e Yes....Na.....
D All hoses, cylinders and fittings have been inspected and teSBAB 8 B.8.8......ccoiiirmiii i e Yes....NO.............
E.Reversibleplows work properly and frEEIY ..........uneeiieeiii e e Yes No
F. Plow endsare marked With flAgS. .......uuu ieeeeeeiiiie e e vieeeenYes... NO
G.An adequate stock of all types of blades and BOItS iS 0N NANG ...........ii i Yes....No..........
H. Number of plows ready for operation.
4. SAFETY DEVICES
A. All winter maintenance vehicles are equipped with lights accordingto official QUIdENINES .........ceieeiiieiiiei e Yes.....Na.....

B.If not, describe preparations:
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C.Wiring and connectionshave been INSPECLEH .........ccuuei it e e e e e e e e e a e e eeans Yes. No

D.Following items have been inspected on all equipment:

HeadlightS ......coovvviiiiiiiiiiii e Yes.... No TUn TGS e Yes....No
TAllIGNLS v Yes....No Rearé. side view mirmors ........................... Yes No
SEOPHGNES e Yes.... No

E. All trucks are equipped with:

Flares......cooovviiiiiiieiieececeeeaa) Yes... No Tire Chains......cevniiieeie e Yes.. No
SafetyVestS . .ccuu e Yes. No

F. Following items have been inspectedand found in working order:

Windshield wipers ..........c.ccccees e eeeeeen. YeS  NO Flashlight..........ccooiiimiiiiiiieci e Yes... No

TITES e e Yes No First @id kit ..o Yes.... No

DEffOSEEr .....vvvvrrerreenrreeneee e Yes No TOW ChaIN ... Yes.. No
EXhaustSyStem .........ccooeeeevmmmnnimnneeees Yes No Wiper blades ..........ccoovviiiiiiiiiiiiiiiienns Yes. No

Rotary lights ......oooeeieeiiiii e Yes No [0 o U] RPN Yes No
Flashinglights ..........cooviiiiiiicmmmneiinennn. Yes No Fuelgaue8 8 8 8 8 888888 8¥8s88\888 8 838
Instrument ightS ........vueeeiiiiiiimmeeeeees Yes No Frontend alignment 8 8 8 8 8 8 8 8 8Y8s8 $& 8
DomelightS......cceeeeeeeeviiineeiieciiiienne.. Yes.... NO
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Site Planning

Proactive site planning is a key elementdperational succesd ailoring snow management tthe

needsoffr LINP LISNI & YI yI I3SNI 2 NJ | LighbkcQdfely andFrducshdg8i@r TA O a |
environmental impacts Specifically, site planning reduces product usage, reduces material and labor

costs, minimizes impacts to the environment, and lessens damage to infrastructure all while maintaining
reliable service, safety, and mobility. Fortunately, tools are readajlable to make this a standardized,

yet sitespecific and flexible, process that is readily adoptable at any location. Practices should be

documented, and effectiveness should be evaluated each season to improve over time.

Site planning involves multipkteps including itemizing your property and calculating the treatment

area; developing a plan for any onsite snow and salt storage; evaluating ingress and egress issues and
considering closure of unused areas onsite; and identifying drainage problenselatidns. Developing

a sitespecific map of each component is also an essential step in the process. Each of these are
discussed in more detail below, followed by a site planning form.

Good site planning means you will be prepared with the corre:

materials, equipment, and knowledge.

Calculating size of area treated

The quantity of deicing materials heeded at any given site is a function of many factors including the
desired level of service, surface temperature, and the size of the area beingdréaie section

provides instructions on calculating the size of the area being treated to inform decisi@king and

site planning.

Input measurements for calculating area can be obtained using a map or plan, an internet mapping tool
(e.g.,Google Eartlor similar), or by measuring in the field using a handheld Global Positioning System
(GPS) or other measuring tool.

Formulas for calculating the area are as follo@js [

The areaf a rectangle is The area of a circle is The area of a triangle is
length*width. 3.14*radius*radius. The radius is,  length*width divided by 2.
the distance from the center of theg
L circle to the edge of the circle.
W B -
L
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Irregular shaped areabat cannot be adequately
estimated using the basic formulas above can be broke
into regularlyshaped sections whose areas are summec
to obtain a total.

Examples of how to calculate regularly and irregutarly
shaped areas can be found below. =

Calculée the parking lot area for a rectangular
shaped lot

We are going to calculate a reguladlgaped parking lot
area by using thi§&oogleEartht image ofa parking lot in
Frederick County, Maryland

First, @lculatethe area by measuring length anddth in
Google Earth using the Line tab of the Ruler tdbkn,
apply the equations presented above to calculdie
area. Note that the Polygon tab can also be used to

demonstrated in the next>ample.

Length = 163 feet (rounded to nearest foot)
- - n

Ruler

Line | Path Polygon | Crce 3Dpsth | 3Dpoh | P |, -
| M g L
Measure the distance between two points on the ground '

Map Length: 163.24 | Fest v ||

Ground Length: 163.24
Heading: 143.80 degrees

’1
|
/

1 GoogleEarth is used in this example; however, it is only one of multiple optiorthifotype of analysis. Use for
this purpose does not imply endorsement.
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Width = 159 feet (rounded to nearest foot)
SRR R i

S J‘ . :
SN AR

Measyure the distance betwean two points on the ground

1 Map Length: 158,58  Fest -

Ground Length: 158,98
Heading: 5,39 degress

v | Mouse Navigation

¥

Final Calculation:
Area = length*width
Area = 163*159 = 25,917 square feet

Calculad theparking lot area for an irregularly shaped lot
We are going to calculate an irregulagigaped parking lot area by using tisogleEarth image o&
parking lot in Frederick County, Maryland

First, dvidethe parking lot area into
regular shapes for ¢eulations. Note
that this example assumes that the
entire parking lot area will be treated.
Seethe sectionClosure of unused area
onsitefor a discussion on identifying
site areas for seasonal closure.

Then, e the Ruler tool in Google

Earth to estimag area of each shape
using the Polygon tab. Note that this
automatically calculates the area of thg
polygon, rather than requiring the use
to calculate the geometry from the

dimensions as in the previous example®
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Ruler n

tne | Path | Polygon | Grde | 30path | 30poh [P
Measure the distance or area of 2 geometric shape on the ground

Parimeter: 463.87 | Fest -

Area: 10,785.72 | Square Feet -

v | Mouse Navigation Save Clear

Area 2 (yellow) = 17,797 square feet

Ruler

lne Path | Polygon | Grde | 3Dpath | 3Dpoh ' [P
Measure the distance or area of a geometric shape on the ground

Perimater: 55080 | Fest v
Area: 17,797.12 | Square Feet -
v | Mouse Navigation Save Clear

Area 3 (red) = 221,160 square feet

;i t | 1T
Ruler n
Une | Path | Poyson | Grde  3Dpsth | 3Dpoh [P
Mezsure the distance or area of 2 geometric shape on the ground

Perimeter: 2,304.09 | Feet -

221,159.92 | Square Fest

Ruler

| une | path | Povgon | crew | 10puh | 30poy < [P
‘muumuwd-wmmmgm

L.707.72 | Feat -

152,000.47 | Square Fest -
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Area 5 (black) = 2,551 square feet

......

tne  Path | Poygon | Grde | 3Dpath | 3Dpoh ‘|||
Measure the distance or area of 2 geometric shape on the ground

20621 | Feet

2,551.29 | Square Feet

M Ruler

Lne | Path | Povgon | Grde  3Dpath | 3Dpoh |
Measure the distance or area of a geometric shape on the ground

342,82 | Fest

3,504.27 | Square Fest

V| Mouse Navigation Save Clear

Area 7 (light blue) = 4,938 square feet

B Ruler

line | Path | Poygon | Circe | 3Dpath | 30poh [P | R
Mezsure the distance or area of a geometric shape on the ground

31261 | Fest

4,937.72 | Square Feet

Finally, he total area can then be calculating by summatighe parts:

Total Area Area 1 + Area 2 + Area 3 + Area 4 + Area 5 + Area 6 + Area 7
Total Area =10,786 + 17,797 + 221,160 + 152,030 + 2,551 + 3,904 + 4,938 = 413,116 square feet

TRAININ@CTIVITNUsethe map created irModule 3/4: Drainagéo show how Google Eartor other
applicationd can be used to calculate square footage of a parking lot, driveway, or sidewalk.
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Snow pile locations

The proper location osnow pileswill reduce produt loss,assist in effective and efficient site
planning and aid in environmental protection efforts.

Tips for snow storag@ist adapted from City of Madison, 2014J:[

1. Potential water contamination can occur if snow is stored near surface or grouratsyab locate
snow piles way from surface water bodies (lakes, rivers, wetlands, ponds) or rain gardens as it may
contain sand, trash, or other unwanted materidis addition, consider protecting drinking water by
storing snow:
9 at least 75 feet from norcommunity water supply
9 50 feet from private water suppjyand
1 200 feet from community water supply we[H].
2. Trash can cause environmental and ecological damage and pollute land and water, so locate snow
piles in an area here trash can beecovered after it melts
3. Surface runoff from melting snow piles can carry the salt away, so store dmowmhill of salt
storage to avoid melt water from running into the salt pile
4. Store snow on the downhill side of parking lots so that melting snow doésn NEFNBE ST S | yR
dangerous driving conditions or create the need for additional deicing applicdtliesexample
provided in MPCAJ[ 13].
5. Vegetation can be harmed by the snow pile so store snow dreay sensitivevegetation.

TheBoston Snow Farm Melt, March -2dly 6, 2015imelapse videaf a melting trash/snow pilenay be
an extreme caseyut smaller snow piles caasisocontain trash that shoultbe dealt with responsibly.

Onsite storage of deicers

Proper storage of deicersaves money by reducing
product loss ands important to protect plants,
animals, and surface and ground water quality.

The type of storage needed wasdepending on the
situation. Contractors may needtpmanent structures
for multi-year storagevhile property managers may
only need temporary slutions or smaller, orsite
storage needsChoose the right solution for your B
situation.

=
Storm drain cunnscliq!u
surface water i

TheSalt Storage Handbodkom the Salt Institute
coined an easyo-remember acrostic for
considerations for ossite storage of deicer materials ~ Figure40. Parking lot or sidewalkmage fron3].
using the abbreviation-8-L-T-ED.
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https://www.youtube.com/watch?v=-2KdwdMzxBg&t=44s
http://www.nwpa.us/uploads/1/2/9/8/129889926/salt-institute-salt-storage-handbook.pdf

Sfety

Glftelea YI1S alFrfFSde F2NI 62N]ISNE FyR {KubpmehSy SNI £ LI
operators need good visibility in all directions. Access roads should not open directly into heavily

0N} St SR NRdziSaxal 1S adaNB GKS FNBF A& aS0Odza2NBI LINB
LISNE2Yy & dé

Accessibility

G{ G2NI 3S pgemi &sy accdé2byAruBks and other equipment entering and leaving these
areas during storms, when visibility is low. Plan accordingly. The storage area must be large enough for
front-end loaders to maneuver freely, safely, and expediently. If storadbimilding, make sure the

doors and openings are large enough to prevent interference with loading and unloading. Provide easy
accessibility for delivery trucks, keeping in mind the prevailing wind and webtheti G S NI/ ® ¢

Legality

G, 2dz Ydza i I&al xohiig&equirdmirits, as well as local, state, and federal regulations,
IJ2PSNYAyYy3d SYyBANRBYYSyGlrt O2yOSNyao®é

For example, thélaryland General Discharge Permit for industrial activifetudes Stormwater
Pollution Prevention Plan Section B.1.b.vii that describes conditions for enclosing or covering stored
piles ofdeicing materials.

Tidiness

dal 1S adG2Nr3S FILOAfAGASE o0fSYR ¢gAGK f20If &dzNNE dzy
They should be well kept, with no junk or scrap material piled around that would give an impression of
sloppinessorwaste Yy R I £ f2¢ (GKS LlRaaAoAftAdGe 2F 3ISGOAYy3T FT2NB

Economics

G[ 20FGS FTYR RAAGNAOdzGS &aA0G2NI 3S TFTI-OEERAASAYAZ2RAUKG I
reload. This reduces operating costs and speeds up spreading ope@ations

Drainage

G[20FGS ff &ad2NF3S a0NHzOGdz2NBa (2 LINPGARS 3I22R RN
slope of ¥ inch per foot away from the center. Pads, aprons, and other adjacent work areas should be

capable of supporting the stockpile and @gment. Ensure that your storage area does not accidentally

drain into a freshwater reservoir, well, or groundwater supply. If needed, curbs can be installed around

the storage area to direct drainage or roff. All drainage/runoff should be properly cained. The

brine collected can be reapplied to the stockpile during dry seasons or applied to spreader loads prior to
AONBSG LW AOFGA2yadé
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https://mde.maryland.gov/programs/permits/WaterManagementPermits/Documents/GDP%20Stormwater/Modification%20A%20(2018)/12SW-Permit-w-ModA.pdf

Salt storage should be sturdy, undercover, and on a pad.

The{ I £ {1 L gat GtardpddaSd@amletails the importance of putting salt on a pad, putting it
under cover, and building it strong.ithout a pad, salt can more readily contaminate groundwater.
Without a cover, wind and water can cause the salt to be transported into the environ®tonhg
storage buildings withstand harsh winter working conditions.

Figured2. Improper salstorage due to lack of Figure4l. Improper salt storagdmage from
containmentimage fromFairfax County, Va Lake County,.lI

Pads
1 Use mrmanent, covered storager outdoor stockpiles on bituminous or concrete pads
9 It should bedcated away from wells, reservoirs, and groundwater supplies
9 If concrete,it must be high quality, aentrained,plustreated to keep salt ouprevent

fracturing

1 It should be slopéto let surface water drain awayith aminimum slope of one to two percent;
it may be necessary to install pipes, tiles, or berms to promote good drainage

1 Padscan beframed on three sides to form a bin or storage buildings may be erected on top.

Covers

1 Materialsincludepolyethylene, polypropylene, Hypalon, polyurethane foam, watsistant
canvas, or other waterproafovers

9 Flexible coverings can be joined usargewing machine or adhesive tape.

1 Weigh down flexible covers with lashed old tires or sandb@lgs base of the cover also needs
to be weighed down.

1 Small piles can be covered using ground level storage sheds, buildingsfabncated
buildings; any magrials should be treated and/or sealed.

f Designthe buildingfor® Q RSSLJ ay2¢ YR yn YLK G6AYyRa®

1 Design should accommodate internal wind pressure.

1 Trees may block strong winds and snow but putting a building too near the trees may cause
snow to accmulate around the building.

9 Buildings must be anchored securely as strong winds can lift roofs and collapse walls.

9 Poor construction can cause the building to fail.
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http://www.nwpa.us/uploads/1/2/9/8/129889926/salt-institute-salt-storage-handbook.pdf
https://www.fairfaxcounty.gov/publicworks/sites/publicworks/files/assets/documents/pdf/factsheets/salt-sand-storage.pdf
https://www.lakecountyil.gov/2284/Winter-Maintenance-Best-Practices

Correct: Incorrect:
Covered, impermeable floor Uncovered deicer

"

L - - - = - g - - = - ]
Licer slorage shownd e CoVensg LACOVvarad decar Wi DoLule wWaler

Fam

fi ¥ 3 s e o e ke e =
F-MOLMg SNd DECOoMe NfeELW [0 LSS

L -
[57]

Figure43. Correct vs. incorrect deicstorage Image from [4].

Some oher pointsto remember wlile designing orsite saltstorage are the importance of consulting
any local visual screening ordinances; ensuring that the floor is sloped away from the door [3jgkeepi
the buildings, pavement, and covers in good repair; and cleaning up excess salt or spills in a timely
manner f].

Storage of Liquid Deicer

Liguid deicers have many benefits as discussed throughout these modules; however, storage of liquid
deicing matefdls requires special considerations, includifig [

i Tanks should have secondary containment for recovery and containment of leaks. This could be
a doublewalled tank or a capture area.

1 Know the freezing point of the liquid before storing it outside.

9 Labelall containers and/or tanks.

1 Agitate liquid mixes that are stored for long periods of time.

Salt storage and snow piles are just some of the preplanning activities to explore when looking at the
property where you will be performing winter maintenance. Heill you handle entrances and exits on
the property (these are sometimes calledjressandegres3? Where does the melting snow drain and
how will that change your winter maintenance activities? These questions, and more, are answered in
the next section
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Ingress and egress of property

Site accessibility before, during, and after winter storm
events can be important for public health agdfetysuch
asallowing access to emergency vehiclainter
maintenance activitieke getting access to equipment
andkeeping businesses active and thriving

While it is important to maintain access to the site, some
areas of the site may be more cciil than others. For
example, some areas of the site may be able to be clos
Other areas are essential for winter maintenance
operations like clear and open access to onsite winter Figure44. Closed stairwayimage by Jay
maintenance material storages well asequirements set " a/kerfrom Flickr Creative Commons.
forth in the Ameicans with Disabilities Act (ADA).

Closing unnecessary entrances and exits during a winter storm

save time, money, and help the environment.

Closure of unused areas onsite

Closingunused, high risk, and/or high maintenance areas is amay to reduce the amount of time
needed for winter maintenance and the amount of deicers needed for application while maintaining
safety[4].

Areas to consider closing]{

9 low-use sidewalks
1 duplicate staircasesand
1 remote parking lots.

When closing etnances and exits, it may be important for the door to still be usable in the event of an
emergency. Check fire codes and city ordinances st [

TRAINING ACTIVIPYovide example site layout plans and discuss/brainstorm areas for possible
season/eventlosure.
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The offseason is a good time to address winter drainage proble

Drainage

Drainage is an important consideration at deicer
storage locations and wheronducting site planning
for winter maintenance activities. Each of these is

considered in turn below. S I D EWA L K
Site Drainage at Storage Facilities
Proper site drainage is just as important as proper C L 0 S E D

storage of ddcing materials to safeguarthtural
resources.

Tips for drainage Best Management Practices for ~ Figure45. Sidewalk closed sign, generic.
storage facilitieg11]:

1 Drainage, including runff from roofs, should be directed away from the storage facilities and
loading pads
9 Storage sites should be graded so that drainage is directed awaydfsam gradient
groundwater wells, storm sewers, and sailtinerable areasncluding farmlands and freshwater
streams, ponds, lakes, and wetlands
i Saltladen drainage should be intercepted and managed by directing it via tile ditches or pipes
into lined detntion ponds or holding tanks
0 Any material left on the floor of the storage facility after the winter season should be
rinsed into the drainage and holding system
0 When appropriate, these holdingystemsshould be drained and the material disposed
of accading to Maryland regulations.

Figure46. Example of best drainagenagefrom Figure47. Example of good drainagenagefrom
McHenry, IR017 Salting Workshop Presentation. McHenry, 112017 Salting Workshop Presentation
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Figure48. Exampls of improper drainagelmages from McHenry, 12017 Salting Workshop Presentation

Site Drainagen Properties

Drainage problems should also be addressed by property mandgensdrainage can create

hazardous, icy conditions during the winter season and lead to injuries. Drainage problems can be due
to poor site design, broken infrastructure, roafrroff onto sidewalks or steps, improper winter
maintenance, and other factorfg]

It is advisable to identify and repair problem areas before the winter season and to note the location
of icy spots during winter to be addressed latdexamples of drainage problems and solutions are
provided in the table below.

Location Problem Possible solutions

Front steps | Roof drips onto steps Add gutters to roof over the steps
Downspout - Divertdischarge to grassy area.

Sidewalk | discharges directly - Burry downspout under sidewalk.
onto sidewalk - Close off during winter.

, Water pools in - If melting snow creates a problem, change its locati

Parking lot . . )

handicap spot - Change location of handicap spot.

Tablel0. Table adapted from Smart Salting for Property Management Manual [6].

Suggested maintenance plan template

The maintenance plan templaten the following pageés lightly adapted fronMPCA fronthe Hennepin
County Chloride Initiativel'he information becomes increasingly complex to obtain when proceeding
through the list Therefore, it may be necessary to build this inforroatover time The information
should be reviewed annually and shared with the site manager and winter maintenance crew as
appropriate.[6]

Detailed salt Best Management Practice (BMP) tracking forms and instructions were also developed for
the northern Virginia region as part of ti@&alt Management Strateqy Toolkit, AppendiXiose
resources may serve as examples for even more detailed rdemping.
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https://www.bassettcreekwmo.org/download_file/view/4954/545
https://www.bassettcreekwmo.org/download_file/view/4954/545
https://www.novaregion.org/DocumentCenter/View/13054

Maintenance Plan Template
Basicinformation:

C Individual responsible for the winter maintenance at this site

o Name

o Phone number

o Email

C Completion of Maryland Smart Salting trainfgat least one person involved in winter
maintenance operations at this site
o Name

Company

0]
o Phone number
0]

Email

Choose fronthe recommended fields:

Easy to verify:

% of winter maintenance crew have completed the Maryl&mdart Saltinggrogram
Easy to observe:

C No granular salt on surfaces after the event

C Proper storage of granular deicers

C Proper storage of liquid deicers

C Proper storagef snow (notnear surface wateps
C Educational signs on property

Choose from the recommended list

C Documentation
C Map or spreadsheet
C Size of entire maintenance area
C Estimated amount of deicer per pass*
C Size of each maintenance area (¥l Ay LI NJ Ay 3 20X FNRY
C Level of service for each area
C Estimated amount of deicer needed per pass for each area
C Annual report
Total deicer use (in fygal)
Challenges in reducing salt use
Successes in reducing salt use
Plans forSmart Salting next year

O O OO
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Choose from the list of best practices:

C Remove snow before applying deicer
C Snow removal early and often to prevent compaction
C Better andor more snow removal tools (brooms, segment#ddes, blowers,
underbody blades, shovels by salt bucket...)
C Measure pavement temperature and trend, use this information to guide deicer selection and
application rates.
C Have available a variety of deicer/abrasive materials so you can select the ptoauwill work
best in the lowest commodity depending on the conditions.
C If deicers are being use, they should include liquid deicers
C Improve salt bucket situation (educate users, provide alternatives like shovels and brooms,
provide application rategdance, restrict use, provide small scoops)
C Calibrate spreaders, put calibration card on spreaders.
C Use equipment capable of spreading at Jmentrolledrates or work towards this goal
as you acquire new equipment.
C Create application rate charts so digators can see calibration card, and application
rate guidance and be able to choose most appropriate setting on their spreaders.
C If your application rate charts atggher than recommended values¢plain why this is
necessary
The Virginia Salt Management Strategy (SaMS) Toolkit provides the following example
application rates for property management operationstinpendix D.d

Rates derived from the Sustainable Salt Initiative'
Dry Rock Salt (NaCl)
Pavement Temperature (°F) | Surface Condition
and Trend (1)) and LOS Pounds per 1000 fi* Pounds per acre
1520 1 B 14 610
-]
15-20 | g & 135 588
S Q
20-251 é 28 13.25 577
v = )
20-25 | =8 % 12.75 555
25-30 1 == 8 125 545
&
25-30 | T . 11 479
)
]
30 2z 11 479
1 g g
=30 ] - 10 436

'The Sustainable Salt Initiative (SSI) rates are representative of the average of total rates collected from winter management
companies participating in the Snow and Iee Management Association’s SSI during 2015-2016 and 2016-2017 winter seasons. For
more information and to access “Sexton, Phillip Charles. 2017. Sustainability Analysis of the Commercial Winter Management
Industry’s Use of Salt. Master's thesis, Harvard Extension School” visit https://dash.harvard. edu/handle/1/33826971.

Figure49. Application Rates for Property Management Operations. Virginia SaMS.

Sweep up extra salt after events

Hold post storm meetings or debrief with maintenance crew on what went well amdtb
continue to work towardSmart Salting goals

Educate building and groundsers orSmart Salting and the role they play wth safe driving and
walking practices

Close areas not needed in winter so there is less surface area to salt

Consider areas whie you might changhe level of service from bare pavement to not bare
pavement (Salted walking path ta nosalteco-path for dog walkers)

Other.

O 00 0 00
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Step by step guide for how to plan winter operations for any given site

Carefully consider the characteits of each site by completing the six sections of the site planning
checklist below6]. The form should be revaluated each year before the winter maintenance season at
each site to ensure accuracy and to account for changing site conditions. Théstheokided below

may be used as a reminder for the six different-sipecific considerations.

C Itemize your property
C Review potential snow storage problems on your property
C Review salt st@ge areas and methods
C Winter closures
C Find drainage problems armblutions
C Create a map
1. Itemize your property

Site Name: Date:

Area, square feet (see area calculation description in SeSii@Planning

Purpose (What are you trying to accomplish? Circle one):

Compact snow ok, could put

' ?
Bare pavement (if sdyow fast?) Patches of bare pavement sand on top for traction

What is the best time of day for snow maintenance? (Daytime, Evening)

2. Review potential snow storage problems on your property

Site Name: Date:

Consider whether the following apply to this site and add notes orsgigzific considerations if needed:

Avoid pushing snow into wetlands, ponds, lakes, rain gardens, or rivers.

Avoid snow pile(s) that melt and ratross surfaces causing slippery areas where people walk or drive.

Avoid snow pile(s) that melt and run into salt storage areas.

Avoid damaging trees, flowers, and/or grass.

What other snow storage problems could occur on your site and how can they be avoided?

3. Review salt stoage areas and methods

Site Name: Date:

Modules 3 and 4: PfSeason Preparations, Site Planning, and Contlraﬁﬁs



If salt is stored on site, it is important to have a storage plan and strategically |beastarage location.
Use the table below to describe salt storage. As a reminder, helpful storage tigsail@&ble in Section
Site Planning

Winter Storage Summer Storage
Type of Salt Where How Where How

Bulk salt

Bulk
sand/abrasives

Bulk sand/salt mix

Packaged deicer

Liquid deicer

Other

4. Winter closures

Site Name: Date:

Are there areas of the site that are low use or high risk that could be closed for the winter season? If so,
list them here.

Low use maintenance areas that could be closed for the winter season:

High risk maintenance areas that could be closed for the winter season:

5. Find drainage problems and solutions

Site Name: Date:
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Identify anddescribe any drainage problems and possible solutions in the table below.

Location Problem Solutions

6. Create a map

Site Name: Date:

When finished completing the above assessmentsy{integrate the following into the map gbur

property:
9 Size of maintenance areas
9 Level or service goals
1 Snow storage areas
i Salt storage areas
M Winter closures
1 Drainage problems
1 Special site considerations (e.g., porous concrete, fire hydrants)

TRAINING ACTIVID¢évelop a realvorld siteexample using a Google Earth image to clearly mark
storage areas, snow pile areas, étc.

2 Communication fromdason Swope, CBL&ril 15, 20226Some of these items on a site plan might not directly
affect how much ice melter is applied, but they do help limit potentrajpgrty damagé &
3Recommended by Jason Swope, CBLP, via email on April 15, 2022.
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Contracts

Careful consideration should be given to the design of winter maintenance contracts that support
multiple objectives including maintaining public safeigtimizing costs, anthinimizing environmental
impacts.

Contracts should be advocatéal allow (and egourage) use of best practices rather than chardarg
the amount of deicing material applied, all while maintaining appropriate levels of se#jice [

Contracts should be based on agreedon level of service thaaddresgssafety concerns, traffic
patterns, environmental factors, cost, and other items includifiig

1

= =4 =4 =4

= =4 =4 4 =4

Start date and length of service

Location of and access to the site

Hours of operation

Location of priority access points and all areas that should be maintained

Times when the area needs be cleared (evening versus daytime, ewwhether some
entrances, parking areas, sidewalks, or paths can be closed during winter weather events or for
the season

Whetheran area needs to be maintainechly at certain times (during the holiday shopping
season, on weekdays only, etc.)

Locations where passive techniques such as snow fencing may be installed to prevéhddrift
Types of specialized surfaces that must be treated (e.g., heated synf@remus asphalt,
concrete, pavers) and which method®auitable to treat these surfaces to avoid damab4 [
Triggers for service (i.e., zero tolerance, certain depth of snow fall, icy conditions)

Types othemicals and/or abrasive materials that will be used

Thewhenandhow of treatment (such as, apply brine before a winter event, treat chemically
2yte 4G mé 2F ayz2g¥Fltft IyR dzeRPNE LI 26 | YR
Suitable location(s) for snow piles if snow is not hauled off premises

Steps taken to contain or collecontaminated melt watefrom snow storageareas If

applicable, these steps should be documented itoanswater pollution preventionplan
(SWPP)g]

Snow removal procedures and costs for loading and hauling when sufficiesiieostorage is
lacking

Liability in case of damage to property, surfaceslandscape features

Liability in case oinjuries due to accidents

Insurance

Indemnification

Owner responsibilities
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Example Contracts

Several example contracts are available that provide a starting point for proactive, sustainable
contracting while broader regional efforts are underway to develop and adopt standard contracting
models to promotethe use of better practices (see VirgineMs, 2021)15]:

9 City of Edina, Minnesota example contracts availabl®atel ContractsWww.wisaltwise.com
1 Minnesota model exhibit for private snow and ice service contraeiv(.pca.state.mn.us

Convincing clients to adopt Smart Salting Concepts
Conmmunicaing theimportance ofSmart Saltingvork with property owners, site managers, and
contractorswill increase their buyn to youreconomically and environmentally friendbyactices

To promote adoption obestpractices for businesses and contrad(it6,17]:

1
1

Complete theMaryland Smart Salting training

Communicate concerns about oversalting, including reaching out to proper entities when
oversalting is observed

Advertise use of Smart Salting practices on the property

Use contracts that are based on getting the job done rather than the amount of salt applied.

AO 2 vy (i NIpebspeztNdD &

One contracting option is to price per application rather than per quamitgording to J.
Swope 6 Chesapeake Bay Landscape ProfessiongIlA & | LILINE | OK X

XReduces the incentive to ovapply, helps define exactly how much material
should beapplied, provides a better level of confidence and trust for the
property manager, and motivates the contractor to reduce waste and be mindful
2F K2g YdzOK &l t0 Aa | LI ASRoplicatidnipK WL
ice melter is not rewarded, butctually costs the applicator money because they

are applying extra product that they are not being paid for. A range of application
rates could still be used with per application priciogt dzZOK | & Wf A 3K
WKSI @&,2a0 fWRINRIXBX di &y St 23 F GIAd/ AiDK 234 S | L.
the recommended rates as conditions dictate. Per application pricing would also
make it easier for contractors to track and record salt usdpe costs in ice

melter applications are more about the labor, equignt, and mobilization costs

and less about the amount of material applied.
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To promote adoption obestpractices for det-yourselfers:

1 Shovel before snow turns toe. The more snow removed by shoveling, the less salt needed.

1 A 12 oz. cup of salt will treat a 200t driveway or 10 sidewalk squares. Scatter,da#tving
space between grains.

1 Sweep up excess salt after a snow event, especially bedoriall to prevent salt from washing
down the storm drain into waterways.

1 When pavement temperatures drop below °E5 sodium chloride no longer works. Switch to
sand or a different deicer designed to work at lower temperatufie1[7].

Free outreach matéals from MDE

t S2LX S YIre SELISOI GKS oBuntdyadik éf A21FS &8k2fdia Re2yy QilK S5 |ayAlR
of salt in your food, the sidewatitunchcan be a sign of ovesalting This can leatb negative human

health, environmental health, and infrastructure impacts. Therefore, effective education and outreach

at all levelst from elected officials to property managers and applicators to the general pukican

essential component needed teansition to more sustainable salt use strategies.

Effective message strategies include several common components: the importance of public safety; the
unintended environmental impacts of salt use; why minimizing salt application matters; the pros and
cons of winter salt use (keeping in mind the concerns of all stakeholders); and information on ways the
target audiences can address the iss8edtion 6 of the ndhern Virginia Salt Management Stratggy

Existing outreach materials aasailable from MDE, includirie following brochures:

T Common salting mistakes

Expecting ice

Official attack the snow like a pro

{rtd R2a IFyR R2yQla
Salt savvy neighbor checklist

Smart salt recipe

1 Winter professionals

=A =4 -4 -4 A

Outreach materials are available from plenty of existing
programsand can be obtained and used with appropriate
permissions. A few examples incluglel vV Sa2 (| Qa
Chloride Resource¥oulube (e.g.Snow and Ice Clearing for
HomeownersWatershedc the Hypoxic PunBsand Appendix
| of thenorthern Virginia Salt Management Strategy Toolkit

Figure50. City of Baltimore Saltboknage
by Colin Ford frorklickr Creative Commons

Example outreach efforts in Maryland include theak Walton Leaguefo | YSNRA Ol Qa 2 Ay 4 SNJ {
programa 2 Vi 32 YSNE MWhkelpdnipaigpthe/ {AlGfed 2 F DI A G KS NEhedzZNBQa t I A
InteNBE G GS /2YYA&a&aA2y 2y GKS t2G§2YF O whindhkeMthe  aAy Q& ¢
[ AGe 27F . | f { &ndheCBe@apeakelBayFauadat@oname a few.

Find these online resources by using the termedabove on your preferred search engine
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https://icprb.sharepoint.com/sites/MDSaltMgmt/2022%20-%20Modules/FinalModules_SectionsA%26B/Snow%20and%20Ice%20Clearing%20for%20Homeowners
https://www.youtube.com/watch?v=pfJFCBNkqOs
https://www.novaregion.org/DocumentCenter/View/13054/SaMS_Toolkit_final?bidId=
https://www.iwla.org/water/stream-monitoring/winter-salt-watch
https://montgomerycountymd.gov/water/education/winter-salt-management.html
https://www.iwla.org/water/stream-monitoring/winter-salt-watch/saltwatchgaithersburg
https://www.youtube.com/playlist?list=PL_p_cMBPpo9Sr4iUNbYqGcFXNtA72T4y_
https://baltimoresaltbox.com/
https://www.cbf.org/news-media/multimedia/video/road-salts-and-the-bay.html

Module 5.Storm Operations

Learning Objectives:

1. Demonstrate spill and equipment cleap procedures.
2. Review use of best practices.
3. Evaluate successes and lessons learned, prepare documentation and records.

Stepby-Step Guide

The list of things to do to prepare for a winter storm can be overwhelming, especially if you are new to
{YFENI {FfdAYy3 LINIOGAOSad CKR2E2KEARMMDY ¥YSSILBIIKAG2 @Y
read through therest of the module.

At the begnning of each storm event, you should:

Make sure all equipment is dp-date on maintenance.

Have all winter maintenance materials, including deicers, ready to go.

Stay current on weather conditions.

Communicate the maintenance plan for the storm wigam members and staff.

Determine if rain is anticipated before the winter storm.

I. If there is no rain in the forecast, paved surfaces can be pretreated withcamgi liquids
anywhere from one hour to days prior to the winter stort@].

II. If rain is anticipted days prior to the winter storm, pretreat paved surfaces after the
pavement is dry (from the rain) and at least one hour prior to the winter stdi@h [

lll. If rain is expected to come in the beginning of the winter storm and transition into snow later,
do not pretreat with antticing methods.

6. Determine the type of snow occurring during the winter storm. Depending on the type of snow,
remove snow using the one or twmass method:
I. If the snow is light and fluffy, employ a epass snow removal method by ugia broom or

shovel to expose pavement.
II. If the snow is heavier and dense, use a{pass method, where the first pass will remove the
bulk of the snow (i.e., a snowplow) and the second pass exposes pavement (i.e., a broom).

7. Repeat step 6 frequently to premt excess ice formation.

8. Apply deicers, such as granular salt, in areas susceptible to additional ice buildup, concentrating
on the center onehird of the pavement.

9. After the storm is over, remove excess deicers from pavement and surrounding areas.

a ks wnpE

Winter Maintenance Basics

Deicers are applied during winter storms to improve the safety of Marysatelvalks, parking lots, and
roads. They do this by breaking the bond that occurs between the ice and snow and the surface of the
road [6]. The use of deicers is often the best way to increase safety during a winter storm in Maryland.
Understanding the basics of winter maintenance leads to safe and efficient winter storm response.
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Presstorm treatment
Prestorm treatment involves liquid deers, and those deicers can be used in several {2ys

1 Pretreated stockpilesre granular deicer stockpiles that have a small amoutitjoid deicer
mixedin prior to winter storm events.

1 Prewetting deicerdhappensight as the deicers are beingpled. In prewetting, liquid deicers
are mixed with granular deicers at the time they are exiting the truck or equipment and being
applied to pavement.

9 Anti-sicingoccurs when only a liquid deicer is applied to pavement prior to a storm event to
prevent ce and snow from bonding to the pavement.

Using a liquid deicer as paf the winter maintenance process can reduce the amount of product used
because liquids stay in place better than granular deicer8[@@jrcing, wind, foot traffic, and vehicular
traffic moves rock salt all over the plaf®. Deicers with even a smalmount of liquid, like pre

treated stockpiles, stick to where they are applied.

A benefit of using liquid deicers is that they begin to melt snow and ice faster than their granular
counterparts B]. As salt is often over applied in hopes of making icesmmav melt faster, using liquid
deicers saves time and reduces the amount of product used.

Guidelines for Liquid Deicers
The guidelines for liquid deicers are dependent on the format of liquid deicer used.

Salt brine (NaCl) is the most common liquid delaut is not suitable for préreating stockpiles. When
salt brine is mixed with a granular deicer, it melts the granular deicer and forms a hard crust when it
dries. This decreases the effectivendg$

z

On the other hand, salt brine is a great optiam prewettingandantA OAy 3 A F (G KS (SYLISNI |
anticipatedtogobelow & ® { I f 0 OoNAY ST fA1S RNEPRINRO]l alfidxz R2S

After salt brine, the next most common liquid
deicers used are Magnesium Chloride (MgClI
CalciumChloride (Cag)l and brine blend<?].
Magnesium Chloride and Calcium Chloride have t
added benefit of working at significantly colder
temperatures than the common rock salt, Sodium
Chloride (NaQ[4]. They work at temperatures
above-10°F and-20°F, espectively 4]. If you are
working at very low temperatures, consider using
blend of these options.

More information on prewetting, pretreating, and
anti-icing can be found in other areas of this
manual undeiPrestorm TreatmenandPre

wetting and Pe-treating with Salt and Sand FigureS1. Example of anicing applied to

roadways. Notice the ideal application is with bare
pavement between lines. Imadgy MPCArom
Flickr Commons.
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Mechanical snow removal

Mechanical snow removal is the process of moving snow from one location to another using manpower
or vehicles, not chemicalslechanical snow removal should always be the first step in winter
maintenance operations before any chemical deicers are app|i&d By removing snow and ice
mechanically first, it is less likely that chemical deicers will get diluted by the snow aBliace [icy
compaction of snow is avoided][ To ensure the mechanical snow removal plays a main role in winter
maintenance, stdfschedules and hours may need to be adjusted accordiggly [

There are two methods for mechanical snow remaval
the one pass and two pass methods. The one pass
removal method is ideal for lighter snows where a broo
or shovel will &pose bare pavemenf2]

In situations where one pass is not enough due to hea\
snow, a twepass removal method is ideal. This calls for
two different tools to clear an area. The first tool is usec
to remove most of the snow while the second tool is
usedto expose bare pavement. For instance, a {pass
snow removal would plow an area to mon®st of the
snow and then use a broom to remove the rest to expo
pavement[2]

When selecting the appropriate tool and method of
snow removal (one pass or two pak the goal should

be to ultimately reduce the amount of salt needed
afterwards[2]. In some instances, this may require
investing in newer or more efficient equipment, but in
the end, this will increase efficiency and reduce the

2 LISNI G A 2y Qa@ntsPl SidewakSdhdiwaiNs
can easily be cleared using brooms or snow blowers,
especially when the snow is light and flufg}. [Scoop
shovels and plows are needed to efficiently remove we
and heavy snow4]. When it comes to compacted show,
rubber orplastic plow blades and handheld scrapers or
shovels with flexible blades are the ideal tools of choice

Figure52. Examples of mechanical snow

They can get under the compacted ar@@thout removal. The top image shows a plow

damaging the sidewalk or trai] removing snow while the bottom shows a
) ] ) woman using a snow shovel. Top inedny

All winter maintenance operations should be ReinhardThraineirom Pixabayand bottom

coordinated to ensurghat one LIS NE@ FRANI 7 imageby Nataliya Vaitkevich from Pexels
removing deicers leady applied by someone eld&].
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Early and aggressive mechanical snow remsirallld be the first

step in winter maintenance.

New technology and plow blades are available to improve the efficiency of plowing and clearing
pavement. One type of plowladeis thesegmented blade/hich involves multiple smaller blades that
can move independently and allow for plowing to contour te favement betterZ].

When snow is removed from the paved surfaces, it must be put somew8amv should never be
moved into nearby water bodies, wetlands, local traffic, or streeté snow piles become too large to
safely store on site, they may negalbe trucked elsewherd3]

Apply salonlywhere needed
When applyingock salt and other granular deicers, you should consider how foot and vehicle traffic is
going to impact the spread of the salt. When people walk or drive over salted areas, the granules get
pushed toward the outer edges of the paved surfaces. To kdemdhe area it was intended,

application needs to be concentrated with a narrow
spread pattern in the center of the paved area. By
focusing on these areas, less salt can be applied for th
same level of safety to the public. Using a calibrated dr
spreader is a great way to reduce salt and keep a
narrow-spread pattern. If you only have a broadcast
spreader, add a shield to keep the salt from spreading
the grass, treesr other unintended areag?2]

How do you know if too much salt has been applied? A
visual inspection is a great way to determine if the
correct amount of salt is applie®ock salt should be
applied so that there are8-inch spaces between each
individual granule Can individual granusebe

RAAGAY3IdZA aKSRK LT AYRADA Figures3 Example of the ideal salt 1 0S

because there are piles or thick layers of salt, this mea application on pavement. There is space

too much salt has been applied and the excess needs Petween the granules and no piles. Imane
be cleaned up(2] MPCA Photoom Flickr Commons.

Plenty of space between salt granules is saffgctive, and smart.

Remove excess

Cleaning up after winter storm events involves the removal of excess salts, sand, and even snow. Train
your crew to clean up salt spills and overapplication. This can help avoid customer complaints and
improve customerand operator relations. Clean up actions are also necessary after snow piles have
melted. More information on posstorm cleanup can be found Module 68 Poststorm and End of

Season Action$2]
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Poststorm cleanup keeps sidewalks clean and unnecgssat out

of storm drains.

Weather and Temperatures

Weather and pavement temperatures

Efficient winter maintenance operations require accurate and updated weather informa&jon [
Weather conditions play a key role in deciding what winter maintenanceaségies to use and when

to implement them|[2]. For example, knowing when a winter storm will start, the relative temperature
range during the storm, and whether precipitation will start as snow or rain, can determine-iCaugfi

is a good strategy to uder that storm event. Weather data for decision making should include:

1 Type of precipitation

Expected amount of precipitation
Pavement temperature

Air temperature

Wind speed

I Wind direction

= =4 =4 =4

* List adapted from City of MadiserWisconsin Winter MaintenamcManual: Parking Lots, Sidewalks
and TrailsZ]

The strategy chosen to address a storm depends on the type and predicted amount of precipitation,
intensity of the precipitation event, temperature trends, and the winds anticipated with the storm
event. Forexample, prestorm treatment such as aniting is not an option when the winter storm
event starts with rain that eventually transitions to snow or there are strong winds occurring with the
snow. [2]

In winter road maintenance there are two types of temperature
that are often recorded pavement temperature and air
temperature. Aitemperature is largely the same for a particular
city and is the temperature that is reported by local weather
stations P]. Alternatively, pavement temperature is more variabl
than air temperature due to small variations in shading, sunligh
and pavemehcomposition from one area to the nexX2][ In fact,
pavement temperatures can be as much as 10 td&frees
different than air temperaturesl].

Figure54. Ever heard of the phrase
"hot enough to fry an egg?".
Image by Pockafwye from Flickr
Commons.

Think about it this way, on a hot summer day, a light gray
pavement will be warm, but you can still walktside barefoot to
grab something from your car. However, if your driveway is blac
top, you would probably put your flip flops on before stepping
outside.

Module 5. Storm Operatiorls 69



Pavement temperatures are more important to consider when deciding which deicer, the amount of
deice, and the application rate. For example, as pavement temperatures fall into the extremely cold
range, chemical deicers are no longer a viable option for winter maintenazjce. [

Frost will begin to form when pavement temperature is below or equal to freggiand below the dew
point. By monitoring the dew point, winter maintenance operations can predict frost formation and
proactively treat it. §]

Measuring pavement temperature does not need to be complicated. An infrared temperature sensor
can give you &ast and accurate reading. They can be found as Htd devices or mounted devices
that can be fixed to a vehid®sideview mirror. [2]

When using infrared temperature sensors, here are some guidelines to consider, ensuring your crew
stays safe whilgetting accurate readings:

9 Calibrate temperature sensors by setting them outside for at least 10 minutes prior to use.

1 You can test hantield sensors prior to use by measuring the temperature of ice water, which
should read at 3F.

1 Do NOT use a harteld sensor while driving.

1 Mirror-mounted sensors provide continuous temperature data and are a good option for
drivers.

*List derived from City of MadisoqWisconsin Winter Maintenance Manual: Parking Lots, Sidewalks,
and TrailsZ]

The Maryland Department dfransportation (MDOT) provides local weather data, including pavement
temperature, precipitation type, dew point, wind speed, and wind direction through the online MDOT
Coordinated ftihways Action Response Te@@HAR)Tfor several locations across the state.

It is important for winter maintenance operations to have more than one reliable source for weather
information. This allows winter maintenanpeofessionals to double check predictions and ensures that
information is still available if one location is not reporting d&tare area few options.

1 Maryland Department of Transportation (MDOT) Coordinated Highway Action Response Team
(CHART) localeather station data

1 National Oceanic and Atmospheric Association (NOAA) National Weather Service

Personal infrared thermometer to measure pavement temperature

1 Any weather app available on a smartphone

=
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Figure55. Example of the local weather data available through MDOT CHART. Image from maryland.g

Application rates for various precipitation types

There are several factors to think about when determinjogr application rate These fators include

the level of service goal, pavement temperature, type of pavement, products available, and the type of
precipitation. With so many factors going into determining the ideal application rate, it is important for
each operator to have the tool® tmake the most informed decisiortdaving all available information
allows operators to choose the best strategy and timeline that is within their capabilitigs3]

One of the tools that allow for the best decision possible is an easily accessibtatgpliate chart

that considers pavement temperature, weather conditions, multiple maintenance actions, and multiple
chemical deicers3]. Charts are available in the appendices of this manual that show ideal deicing
application rates for various pavement temperatures during snow, icg fii@zing rain and antting
application rate for salt brine when the predicted weather is frost/sleet, black ice, freezing rain, light
snow, and heavy snov J3].

Anti-icing preventghe ice from sticking, just like you grease the

LI y> &2 @2dz2NJ S33 R2S:E

PreStorm Treatment:

Antticing/deicing information
Anti-icing is a proactive practice that aims to avoid a bond| ~Find more information omvinter
forming between snovand pavement by applying liquid maintenance for small sitéa the
deicer prior to a storm. It can even be applied several dayp invideocheck out the Mississippi
advance, depending on the weather forecegjt By being WMO Winter Maintenance for
proactive, you can reduce the amount of product that is Small Sitesvebsite.

necessary while still ensuring safe drivingditions.
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Deicing, on the other hand, is a reactive practice
that works to break bonds betw@esnow and
pavement that have already formed. It generally
occurs during or after the storn8].

| SNBQa K26 Al Oby 0§ F

1 Anti-icing ¢ applying liquid deicers to
pavement prior to storm events to reduce
or prevent bonding between snow/ice anc =
the pavement.

1 Pretreated stockpilesg mixing liquid
deicers with granular deicer stockpiles.

1 Prewetting ¢ mixing liquid deicers with
granular ekicer as they are being applied.

f Direct Liquid ApplicatioffDLA) applying  Figure56. Liquid deicing equipment being used for

liquid deicers to pavement during or after ant-icing prior to a winter storm. Imagday Seth
the storm Granvillefrom Flickr Commons

*List adapted from City of MadisanWisconsin
Winter Maintenance Manual: Parking Lots,
Sidewalks and Trailg][

The use of liquid deicers can reduce the
materials used and the total workload in
general, but even more so when used as anti
icing. Anti-icing brine uses about oAurth the
material as deicing. Additionally, less salt is
needed later to keep paved surfaces safe, and I
manpower is needed to clear the surfaces after
the storm. p]

Figure57. Liquid deicer application during a winter
storm event. Image by Oregon DOT frBlickr
Commons.
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To help winter maintenance operations decide when -gitig is idea for implementation, the Michigan
Winter Mantenance Manual has created the following decision flow chart

Review/monitor weather forecast

Is snow or frost predicted within the next day?

Yes

Do NOT apply anti-
icing materials. »

Is rain predicted before the snow? Yes:

No

Do NOT apply anti-

Is the pavement temperature 15*F or greater? N e .
icing materials.

Yes

Do NOT apply anti-
icing materials.

Is the dewpoint at least 3*F below the air temperature? N

Yes

Do NOT apply anti-
icing materials.

Is the relative humidity level 70% or less? N

Yes

Do NOT apply anti-
icing materials.

Is the pavement dry? N

Yes

Do NOT apply anti-
icing materials.

Are winds less than
15 miles per hour if loose snow is present?

Yes

Do NOT apply anti-
icing materials.

Does sufficient time exist for pavement to dry before the
pavement tempreature falls below 20*F?

Yes

Do NOT apply anti-
material residue not exist on the pavement? icing materials.

Has a visual inspection confirmed sufficient anti-icing

Yes

Apply anti-icing material (brine or brine blend) at
suggested application rate

Figure58. Anti-icing decision flow chart to determine if aiting methods should be implemented. Image
adapted from Michigan Winter Maintenance Many8].
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Tips for antiicing:

1 Anti-icing is extremely effective in maintaining safety during heavy frost and light freezing rain
when applied early7].

1 Start with a slow application rate arndcrease the speed, if needed, to allow areas that may be
more hazardous than others to receive additional spot applicatibhs [

1 A slow application rate can avoid unnecessary slippery conditions. An overapplication of anti
icing products on dry roads camx with vehicular oils and create slippery surfacgs [

1 Anti-icingapplicationsshould be scheduled for each predicted storm evéht [

1 CaGor MgCk, products should not be applied to surfaces abové&F3is they are known to pull
moisture toward thepavement and become slicg][

1 Using dyed deicing products can show the public thatiairig actions have been taken but
may have negative health and environmental impacts, be sure to research what dye is being
used [L3].

9 Anti-icing products may stile on the pavement after several days, it is important to observe if
anti-icing products are still present and avoidagplication if they ared].

1 Anti-icing is not a viable option when rain is expected prior to snow. It will wash it &jay |[

Tips fordeicing:

1 As winter storm events are in progress or have already occurred;apmication of deicers is
more common with deicing than arting.

1 Use accurate weather information, calibration charts, and best practices to avoid over
application of deicig products.

f Give the applied deicdime to work Adding moredeicerg 2 y Qi YIF {S A G &2 NJ

1 Avoid application to surfaces that are already wet. This means the bond between snow and

pavement is already brokef8]

What brine is and how it works

Brine, or salt brine, is a mixture of water and rock salt (NaCl) that melts ice and snow in the same
temperature ranges as dry saff][ It can be used as an aiting product or during storm as a deicing
product.

Wdza G £ A1S NBO]l & bperyThed paderyicht tdtpeBatun<aiie baladBR]. LINJ

You can obtain salt brine by purchasing it from retailers or making your own by mixing rock salt with
water manually or with brine making equipmer§]. There are several companies available for
purchasing salt brine and other liquid deice®. [
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Making brinewith equipment

Brine making equipment mixes rock salt and waterinopper and stops
adding water oce the mixture reaches 23.3% salt concentration. The brine
then sent to an orsite storage tank to await being moved to the tanks on
maintenance vehicle$6]

Making brinemanually

Manually making brine requirgast rock salt andvater. You will need a
hydrometer to ensure the proper concentration of sadtwater. There needs
to be a 23.3% concentration of salt for the salt brine to be effective at the
coldest temperatures possible. At concentrations above or below 23.3% tt
brine will freeze at temperatures warmer than %5 [2]

' W %

With rock salt, water, and a hydrometer in hand, follow these directions:

1. Combine rock salt and water at approximately 2.3 pounds of salt tc

gallon of water. ‘
2. Stir thoroughly before testingoncentration, as brine can stratify in -
the tank.
3. Obtain a sample of the salt brine in a glass that is taller than the
hydrometer and over 2 inches in diameter.
4. Use the salt brine hydrometer to check the concentration of
the brine solution in the sample using the following procedur: ﬁ
a. Hold the top of the hydrometeand slowly put into the 4
center of the brine sample, -
b. Release the hydrometer,
c. Read the percent concentration where the hydrometer
meets the top of the sample.
5. Adjust concentration as needed:
a. If the concentration is below 23.3%, add more salt.
b. If the concetration is above 23.3%, add more water.

Figureb59. Example of
a hydrometer. Image
Qlaz fromWikimedia

* Directions adapted from City of MadisgnWisconsin Winter
Maintenance Manual: Parking Lots, Sidewalks and T8ils |

Recent developments in salt brine include adding other deicing
products into the salt brine mixre to lower the freezing point of the
solution. There are several additives that could make brine more
effective in colder temperatures. When adding other products to sall
brine, the vendor of the product should be consulted to ensure that
the products ae mixed using the proper procedures and in the corre( Figureé0. Example of
amounts. All brine additives should be tested using the proper proto hydrometer in salt brine.

. . . n Notice, the percet
prior to use. This protocol should be followed each time the additive concentraticF))n of the salt in

used. Not following the proper protocol may lead to quuient the solution is where the
damage and potentially harmful chemical reactiof23 dotted line meets the water.
Image from[2].
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The optimal concentration of rock salt brine is 23.3%, however, that is not true for all deicing products.
The table below compares the optimal concentrations of various deicers.

Deicer Optimal Eutectic Temperature/
Concentration Freezing Point
Sodium Chloride (NacCl) 23.3% -6°F
Calcium Chloride (CaCl2) 30% -60°F
Magnesium Chloride (MgCI2) 27-30% -28°F
Potassium Acetate (KAc) 50% -76°F
Calcium Magnesium Acetate (CMA 32% -17°F
Urea 33% +10F

Tablell. Optimal concentration of various deicers for winter maintenance and the associated freezing
point/eutectic temperature. Table adapted from NHRESow & Ice Fact #k8Chemical Concentration [10]
and City of Madison Wisconsin Winter Maintenanddanual: Parking Lots, Sidewalks and Tra®fs [

Understanding the ideal concentration of each deicer is important. They have different chemical
properties which means each deicer has a unique ideal concentration at which the freezing point of the
deiceris the lowest. This freezing point is also referte as thesutectic temperature The lower the

eutectic temperature is for a deicer, the lower theactical melting temperaturés, as well. When the
concentration of a given deicer is higher or lower than the ideal concentration, or magic number, the
eutectic temperature and practical melting temperature are higher than that of the magic

concentration [10]

It has been suggested that other waste stream products (such as pickle juice, cheese brine, water
softener discharge, and even soy sauce) can be asdiduid deicers, however, there is not enough
research on the use of these products yet. Using them without ample research may create bigger
problemsin thelongrun [2].

Regardless of the material used, equipment should be completely cleared out and routine maggenan
performed after each storm to stay in good working orddr [

Brine equipment

Brine and other liquid deicer application equipment requires an-&itig unit and a stream nozzle. The
anti-icing unit can be as simple as a hdredd pump or backpack sprar or as complex as a vehicle with
a tank and boom or sprayer attached. The stream nozzle directs the flow of the liquid deicer as it is
applied to the paved surfaces. Stream nozzles can be made or purchased from a S@pplier

A good stream nozzle cres a solid stream with at least 8 holes that arméhes apart. A good solid
stream nozzle should also have a psi of 30 to 35 at the bar and be roughly 12 to 14 inches above the
ground. A fan stream nozzle is not as effective at preventing slipperyisitaand should be done very

lightly. [8]

Additional equipment is needed if brine is being made and heldi@n In this case, operations also
need a mixing tank, a holding tank, pumps to move liquid from the mixing tank to the holding tank to
tanks onthe antkicing unit, and a way to measure the salinity concentration. Tahksld be double
walled to prevent leaks, otherwise operations need to invest in a secondary form of contairjf@nt
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While the additional equipment may be an initial investmehgy will lead to cost savings associated
with materials and manpower. Additionally, having brimeking equipment will increase the use of
liquid products for anticing, pretreating, deicing, and prevetting. All of whicHeadsto reduced sak

use and hus will lead to cost savings associated with the impacts the salt can have on public health,
infrastructure, and the environmenf13]

Why invest in brine equipment?
The use of brinenay come with an initial investment, bittcan bemore efficient thanother winter
maintenance strategieand can save you mon¢¥3].

Fay et al. (2015) found that salt brine was more a$tctive than the use of abrasives, dry rock salt,
and Magnesium Chloride (Mg{IL3].

Wlntersxj':g;inance Cost E)g&gg()a Mile Average Cost ($USD)
Salt Brine $37.92 (average) $0.16/gal.
Plowing $1,335.00 (average) N/A
Abrasives X $9.32/ton
Abrasive/Salt Mixtures X $20.86/ton
Solid Salt Aelsl (EVErRE Yol $71.04/ton
icing use)
Corrosionlinhibitors $695.55- $1,652.93 $1.18/gal.
Inhibited Salt Brine X $0.31/gal.
Inhibited solid $150.00/ton
Magnesium Chloride X Inhibited liquid- $1.00$1.50/gal.
Uninhibited liquid $1.20/gal.

Tablel2. Estimated cost ahaterials for winter maintenance in comparison to salt brine. Table adapted
from Virginiag SaMS 13], adapted from Fay et al., 2015. Box marked with x indicates no data.

Brine for private surfaces

Liguid deicer, especially salt brine, is not just fads. It can be used on any paved surface, such as
sidewalks, building entrances, and parking lots, especially foicang. ]

Bare pavement is frequently the level-service goal for areas that receive significant foot traffic or are
high risk mainteance areas. To achieve bare pavement, more manpower and chemical deicers are
needed than when nothare pavement is the level of service gda.achieve bare pavement as
efficiently as possiblethe ideal order shoulde anti-icing prior to storm events, rachanical snow
removal early and often, and finallydeicing.Additional chemical deicers should only be added if
needed.[4]
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Most efficient: Anti-icing followed by T2k T DSy
mechanical removal of snow

Less efficient: Mechanical removal ':\1;_'.;".'.-‘ ",

of most snow followed by deicer - Y S
application on a thin layer of snow or |
ice

Inefficient: Applying deicers without
removing snow

Figure 4-17 Efficiency of maintenance strategies.
Graphic credit: FCI

Figure6l. The efficiency of different maintenance strategies. Image from MPCA Smart Salingerty

Management Manualia FCI4].
The location and traffic need to be considered when deciding iflvame pavement is an appropriate
level of service goal siadt is typically the goal in areas where there is less traffic and a lower risk of
incidents. For this goal, snow and ice are removed mechanically and deicers or abrasives are only used if
needed. In this case, property managers and winter maintenanceatqrs need to communicate with
customers and residents how this level of service still maintains saféty. [

Limitations

While there are several advantages to adding btimgour toolkit, especially for anticing, there are
some disadvantages as with any deicing method.

The equipmeniheeds for the production, storage, and application of liquid deicers are different than

what is needed for granular deicers. For example;tpeating deicer stockpiles with liquid deicers,

including brine, can reduce the amount of material needed for application but requires additional
a02N)3S YSIadaNBa G2 SyadaNB GKI (-weltiNgyglQleidershdsdhg Qi f
disadvantage of investing in new equipment or retrafitf existing equipment. Additionally, the

equipment you already own may limit what liquid deicers may be used Hvpténg. [13]

Additionally, liquid deicers directly applied to paved surfaces may experience dilution as snow and ice
melt, requiring addional application of solid deicerd3]. Without the additional deicers, the diluted

brine and liquid deicers can refreeZ2]. Even so, this would still be fewer total deicers applied than
applying solely granular deice’/hile direct liquid applicatia of brine and other liquid deicers are

found to greatly reduce the amoumif salts applied, it is a relatively new method and may require more
trial and error than other practice4d §].
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How to build a successful brine applicator cheaply
Brine applicators can be pulled by
mounted on vehicles or carried and
operated by hand

While other spray equipment, such as
pesticide sprayers, can be used for brin
application, the salt will eventually
corrode components of the equipment.
Ideally, brine should be applied with
equipment designedor winter
maintenance because it is made to resi
corrosion. Regardless of the type of nor
vehicle equipment used, the sprayer
should create a solid stream, not a fan
shape. P]

20 minutes at 5 degrees

B u

Figure62. Salt that is already wet works faster at melting snov
and ice. Image frong].

Vehiclebased brine equipment needs to include tanks, hoses, and a boom with holes or nozzles.
Outfitting vehicles for brine equipment can be as simple as creating a boom out of PVC pipe or as
complex as purchasing a complete liquid deicer systeahoultl create a solid stream, not a famape.
Additionally, all nozzles or holes should be approximately 8 inches apart and the boom should be about
12-14 inches above the ground. All liquid deicers should be applied using a wet/dry spread patten where
there ae visible lines on the pavemeng][

Correct: Incorrect:
Wet/dry spread pattern Wet-only spread pattern

Figure63. Correct versus incorrect applicatiof liquid deicers for anicing. The correct application should
have wet/dry spaces. Image from City of Madis®isconsin Winter Maintenance Manual: Parking Lots,
Sidewalks and Trai[g].

All spray equipment should create a solid stream, not aslaape.
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Prewetting and Prdreating with Salt and Sand.:
Pretreating and prewetting reducesthe ability of dry

materials to bounce upon application olokv off the road.

This allows you to apply 20% to 30% less materials for the

same effectivenesg[.¢ KI 1 Qa | f 2 (cogad &

materials.

Mixing liquid deicers with granular material can justart the
RSAOSNRA& YSft Ay 3 effegfifenesisKk S NB -
Depending on the liquid deicer chosen as part of the mixtur:
the effective working temperature of salt may also be
lowered. This allows for melting at temperatures lower than

15°F, where salt is typically no longer effectivd. [ Figue 64. Example of préreated

stockpiles. Image from McHenry

Guidelines for préreating stockpiles County Untitled BwerPoint.

You can purchase ptteeated stockpiles or préreat them onsite. [2]

Purchased préreated rock sdlis less likely to leach (when the deicer leaves the stockpile as runoff)
than when mixed ossite. They are blended at specific ratios and with specific ingredients that have
been shown to avoid leaching. However, purchasedtprated stockpiles are oftelarger in quantity

than homemade ones and require proper storage to avoid excess moisture from making its way to the
stockpile and causing leaching. Homemade stockpiles are frequently created in smaller quantities for
one event at a time. This avoids theed for appropriate storage of the stockpileg] [

The most common liquid additions to salt stockpiles are-sodium deicing liquids, organic additives,
and dyes. Commonly added deicing liquids include magnesium chloride)(g€talcium chloride
(GaCt). Common organic additives include beet juice and corn sy2Jip. [

There are some liquids that should not be added to stockpikecaus¢hey evaporate before they are
applied. These include water and salt brine. Both will evaporate and form a cralse stockpile. 2]

General guidelines for creating pteated salt stockpiles

9 Start with untreated dry salt.

1 Perform mixing in an area with waterproof flooring.

1 Combine dry salt with a liquid deicer or additive by spraying the liquid on the dry salt and then
mixing. Do not mix with salt brine.

1 Mix salts with additives using the ratie&4gallons of additive for every 1 ton of salt.

o Start with lower amounts diquid as the dry product can only hold so much before leaching
occurs 8]. It is important to remember the more liquid used in the mixture, the greater the
risk of the stockpile leaching.

1 The best practice when using homemade stockpiles is to mix a niel bafore each storm to
avoid the need for storage.

*Lists adapted from City of MadisaiWisconsin Winter Maintenance Manual: Parking Lots, Sidewalks
and TrailsZ]
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