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3. Pre-wetting materials
The most commonly used solid materials in the pre-wetting practice are dry salt and abrasives

(Fay et al., 2015). Salt brine is the most commonly used liquid material to pre-wet dry salt or
abrasives (Kaur, 2018). Sodium chloride (NaCl) has a eutectic temperature of —6°F at 23.3%
concentration (Nixon and Williams, 2001). The term “eutectic temperature” is defined as the
lowest freezing point for a chemical at a corresponding eutectic concentration (Keep and
Parker, 2000). This can be seen through a phase diagram of the NaCl—-water system, as shown in
Figure 2.1. The dip in the figure called the eutectic point corresponds to the lowest freezing
point at the optimal concentration. The freezing point of the brine decreases as the
concentration increases until the eutectic concentration is reached. After that, the freezing
point increases sharply with an increase in the solution’s concentration. The different phases of
brine solution, separated by the eutectic curve in Figure 1 can be summarized as: above the
curve—melting action; below the curve—refreezing due to colder temperature; left of the curve—
refreezing due to not enough salt; and right of the curve—crystallization due to too much salt
(Salt Institute, 2016). In practice, the larger difference between eutectic temperature and
ambient temperature, the faster the snow and ice melt (Fischel, 2001). Therefore, the ideal
liquid chemicals used for pre-wetting are the solutions with lower eutectic temperatures that
more effectively melt snow and ice at lower temperature (Kaur, 2018). The eutectic
temperatures for the common chloride pre-wetting materials are shown in Table 2.1.

Figure 2.1. Phase diagram of the NaCl-water system (Du et al., 2019)

Chloride brines can be diluted by precipitation and melting of snow, resulting in an increase in
the freezing point due to the decrease in concentration (Salt Institute, 2016). As a result,
chloride chemicals cease to be effective before the eutectic temperature is reached. For
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instance, NaCl is rarely used by DOTs when the ambient temperature is below 15°F, even
though its eutectic temperature is —6°F (Nixon and Williams, 2001). Thus, it is necessary to
introduce the effective temperature, which is used to describe the lowest temperature for
chemicals in practical use (Fischel, 2001). Nixon and Williams (2001) suggested that the lowest
effective temperature of salt is the temperature on the phase diagram corresponding to a
solution concentration that is half of the eutectic concentration (11.65% and 18°F for NaCl).
This is true by and large, but this relationship depends on the dilution ratio occurring typically
within the first hour of salt application. The 1:1 dilution ratio assumption could become
inaccurate as the pavement temperature fluctuates beyond the typical range, or as additives
are incorporated into NaCl. Note that for chemicals other than NaCl, the effective temperature
may not correspond to 50% of the eutectic concentration, because the dilution of the chemical
depends on the amount of ice melt as a function of time, pavement temperature, etc. The
lowest practical pavement temperatures for common chloride chemicals as reported by many
sources are also shown in Table 2.1.

Table 2.1. Eutectic and lowest effective working temperatures of chloride-based pre-wetting materials
(Du et al., 2019)

Materials Eutectic temperature  Lowest working Reference
(°F) temperature (°F)
NaCl -6 15 Salt Institute (2003),

MN PCA (2016), MnDOT
(2010), Ketcham et al.
(1996), Fischel (2001)

17.6 Norem (2009)
18 Nixon (2008)
MgCl, -28 -10 MN PCA (2016)
-4 Resource Concepts Inc
(1992)
0 MnDOT (2010)
5 Salt Institute (2003), NH
DoES (2016), Fischel
(2001)
CaCl; -60 =31 Resource Concepts Inc.
(1992)
-25 Fischel (2001)
-20 Salt Institute (2003), NH
DoES (2016), MN PCA
(2016)
-5 Nixon (2008)
0 MnDOT (2010)
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Compared with salt brine, more effective pre-wetting materials, such as magnesium chloride
(MgCl,) and calcium chloride (CaCl;), work faster in ice melting when pre-wetting solid salt,
especially at cold temperatures (Koefod et al., 2015; Koefod, 2017). Field studies in Ontario of
pre-wetted salt with liquid CaCl, and MgCl,, as expected, outperformed dry saltin most test
cases, with CaCl, outperforming MgCl, (Fu et al., 2006). However, there is a study showing that
pre-wetting salt with liquid MgCl; requires more overall salt than pre-wetting by liquid NaCl, to
achieve the desired effect (Vaa, 2004a). In this study, the author also found that liquid MgCl; as
a pre-wetting material provided better friction on the road than liquid NaCl. Relative to NaCl,
MgCl, and CaCl, feature eutectic temperature of —28°F and —60°F, at the concentration of 23%
and 30%, respectively (Kaur, 2018). Both the eutectic and lowest effective working
temperatures of MgCl,and CaClz are listed in Table 2.1.

Other liquid chemicals, such as corrosion inhibitors and agricultural by-products, have served as
additives to salt brine (Fu et al., 2012; Kaur, 2018). A case study focusing on the beet molasses-
based materials indicated that agricultural by-products were generally more expensive than
normal chloride chemicals (Fu et al., 2012). However, admixing agricultural by-products into
salt brine has been found to lower freezing point, provide enhanced ice melting capacity, reduce
corrosivity, and/or extend action time once applied on pavement (Fischel, 2001; Kahl, 2002;
Muthumani et al., 2017). For instance, agricultural by-product additives in NaCl brine for pre-
wetting solid salt is reported to significantly reduce the corrosivity to carbon steel (Muthumani
and Shi, 2017). Some chemicals commonly used as food additives, such as disodium succinate
hexahydrate and sodium propionate, have also been studied and recommended to be used as
pre-wetting materials due to their better performance in snow melting, less corrosion to metal,
and less negative impacts to natural environment (Takahashi et al., 2018, 2017).

One alternative to salt at very cold temperatures is the use of abrasives. Dry abrasives are
applied onto roadways to increase friction coefficient, especially at low temperatures when
chemical action is slow and in conditions where strongly bonded snow and ice is hard to
remove. Generally, increase in friction coefficient due to the use of abrasives features a short-
term effect, resulting from the fact that traffic will rapidly disperse abrasives (Levelton
Consultants, 2007). Additionally, abrasives have their limitations such as negative impacts on
water quality and aquatic species, air quality, vegetation, and soil and the cost of cleanup
(Staples et al., 2004). As a result, many U.S. agencies are reducing or eliminating the use of dry
sand. For pre-wetting abrasives, liquid chemicals used to pre-wet abrasives melt just enough of
the snow pack to allow the abrasives to embed into the surface (Nixon, 2001) to provide arough
sand-paper-like surface. Pre-wetted abrasives can also reduce the amount of material applied by
as much as 50% compared with dry abrasives in low temperatures (Williams, 2003). Field tests
showed that the pre-wetted sand resulted in higher friction improvement (as high as 187%) than
dry sand when used at the same application rate (Usman et al., 2017).
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An alternative to liquid chemicals for pre-wetting abrasives has been demonstrated in some
Scandinavian countries and Canada is heated water (Dahlen and Vaa, 2001a). Typically, pre-
wetting sand with hot water is used for deicing operation as the pre-wetted sand adheres
immediately to packed snow or ice (Figure 2) and stays on the road surface for a longer time
(Perchanok et al., 2010). Spreaders are equipped with tanks that heat water to 203°F and then
the heated water is mixed with sand at the spreading disk (Perchanok et al., 2010; Vaa, 2004b;
Wisconsin TIC, 2005). The heated abrasives can melt a small quantity of snow or ice as the
material hits the pavement (Nixon, 2001). Hot water sanding (HWS) technology prevents the
sand from being blown away from the road surface by traffic and reduces the quantity of salt
and sand needed, compared with conventional methods. A test conducted in Norway showed
that pre-wetting abrasives with hot water maintained higher friction even after the passage of
2,000 cars (Dahlen and Vaa, 2001b). However, special equipment and operational and safety
issues must be addressed when implementing this new technology (Nixon, 2009). For example,
the fog cloud formed around the spinner during the HWS operation could significantly reduce
visibility, resulting in a safety concern for following traffic (Perchanok et al., 2010), as shown in
Figure 2.3.

Figure 2.3. Fog cloud following the hot water sanding spreader (Perchanok et al., 2010)

15|Page



4. Pre-wetting application rate of liquid-to-solid
In theory, only enough liquid to wet every particle of a dry material is required for pre-wetting.

The actual rate to achieve this wetting will vary with the particle size distribution of the solid, but
8-12 gal/ton is common. Pre-wetting at rates of 8—30 gal/ton of sand or other abrasives has
proven effective (Kummer, 2005). To minimize bounce-and-scatter, the suggested application
rate for pre-wetting was 1012 gal/ton (Blackburn et al., 2004). Ice melting test on much higher
pre-wetting rates for salt (32— 38 gal/ton) shows that there is no benefit when increasing pre-
wetting rates to such a high value, suggesting that pre-wetting rates higher than that needed
for salt—ice contact/coating are unnecessary (Koefod et al., 2015). In practice, it has been found
that 10 to 12 gallons of 23 wt.% of NaCl solution will be sufficient for 1 ton of dry materials of
coarse gradation (Blackburn et al., 2004). However, a case study consisting of field tests at
three sections of Ontario highway reported that the pre-wetting application of 40 gal/ton
resulted in higher friction and lower overall material application than application rates of 10 or
20 gal/ton (Usman et al., 2019).

Suggested application rate for the most common liquid pre-wetting materials (NaCl, MgClz, and
CaCl2) to pre-wet the solid material is shown in Table 2.2. These ranges are a synthesis of
practices derived from guidelines and experiences used by various state DOTs (Kaur, 2018). It
should be noted that a larger value in the application rate range should be used when there is a
lower temperature or a more severe snow event. Field tests have suggested that pre-wetting is
not necessary at relatively high pavement temperatures and a low application rate is preferable
if pre-wetted salt is used under this condition (Sooklall et al., 2006). Table 2.3 lists the guideline
for the use of pre-wetted salt in various road and weather conditions.

Table 2.2. Pre-wetting application rate of liquid-to-solid (Kaur, 2018)

Pre-wet material

Pre-wetting material

Application rate (gal/ton)

23% NaCl 5-15
Salt 22% MgCl2 5—13

30% CaCl2 6—10
Sand 23% NaCl 20-22

22% MgCl2 13-20
Salt-Sand mix 23% NaCl 0 -16

Current pre-wetting practices, especially the application rate of liquid- to-solid, lack scientific or
guantifiable evidence of effectiveness. Most practices have been primarily based on trial-and-
error or observations by the agencies. A laboratory test confirmed that the pre-wetting
application rate range of 8—16 gal/ton was reasonable for increasing the ice melting capacity of
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solid salt and reducing the snow—pavement bond (Akin et al., 2018). However, a limitation of
this test is that it did not mimic the bounce-and- scatter; as a result, the pre-wetted salt did not
show better friction performance than dry salt. Field tests conducted in Ontario utilized visual
assessment to compare the performance between applying pre-wetted sand at a lower rate
and applying conventional dry sand at a higher rate (Usman et al., 2017).

Table 2.3. Guideline for the use of pre-wetted salt in various road and weather conditions
(Hanke et al., 2019)

When/What  Anti-icing De-icing

vs. How

Road and Super cooled or

weather Dry road Moist road  |Wet road rain on cold Thin ice or [Thick ice or
condition surface surface surface pavement snow snow

Pre-wetted
salt

Our recent laboratory tests confirmed that the pre-wetting liquid-to-solid application rate in the
range of 8-16 gal/ton (33-67 L/ton) is reasonable for increasing the speed and total ice melting
capacity of solid salt (Zhang et al. 2021). Furthermore, pre-wetting significantly reduced snow—
pavement bond strength but did not increase friction more than dry salt (Zhang et al. 2021). It
should be cautioned that there are key limitations in the laboratory tests, i.e., bounce-and-
scatter from realistic application speeds was not included and only slow, light traffic was
simulated.

5. Pre-Wetting Equipment

The effectiveness of pre-wetting practice depends on the selected materials and, just as
importantly, on the treatment technique (Cui and Shi, 2015). Michigan DOT examined the effect
of different delivery systems on the amount of salt bounce-and-scatter (Michigan DOT, 2012),
and concluded that the most effective way to deliver pre-wetted salt is a cross conveyor while
the truck travelsat 25 mph.

The truck-mounted brine spraying equipment is typically comprised of a liquid tank, pump
system, spray bar, and controller. Usually, tanks for pre-wetting operation are smaller than
those used in direct brine applications for anti-icing and deicing operations (DRISI, 2019). Pre-
wetting systems are available as either tailgate mount or hopper-side mount tanks (Figure 4).
For the hot water sander, a tank that heats the water is usually mounted on the tailgate of the
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vehicle and the pre-wetted sand is applied using a side-discharge spreader located between the
front and rear wheels of the vehicle (Perchanok et al., 2010).

NN
;

Figure 2.4. Hopper-side mount pre-wet tank and liquid tank for direct liquid application (North Dakota
DOT)

Figure 2.5. Hot water sander (Perchanok et al., 2010)

Pre-wetting equipment can involve a variety of liquid delivery systems and spreader
configurations. Some systems rely on electric pumps and others use hydraulic pumps, and in
practice both systems require calibration and constant maintenance (Stantec Consulting, 2012).
Spreader configurations include nozzle selection, optimum pressure, screen size, hose diameter
and flow meter design. The easiest on-board pre- wetting process is spraying or streaming
liquid material onto the spinner plate, as shown in Figure 2.6. The spinner plate, liquid
application nozzles, and controller capabilities can be modified or adjusted to achieve the
optimal efficiency of the pre-wet process (DRISI, 2019). The solid material can be pre-wetted as
it passes over the spinner casting disk. Another type of on-board pre-wetting process entails the
spreading of solid and liquid materials simultaneously before they hit the road (Figure 2.7). The
liquid emitter tubes have a directional valve to control the spray pattern. Also, the liquid
emitter tubes revolve in sync with the spinner disk thus creating a more uniform mixing of
liguid and solid materials as they are applied (Chebot et al., 2015).
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Figure 2.7. Liquid tubes mounted to the bottom of the spinner disk (Caltrans)

New on-vehicle tools (e.g., zero-velocity spreaders and modified spinners) facilitate precise and
effective applications of both solid and liquid materials. Zero-velocity spreaders, as shown in
Figure 8, apply material rearward to offset the forward velocity of the vehicle and ultimately
reduce bounce-and-scatter loss (TAC, 2013). Using a zero-velocity spreader with pre-wetted salt
increases the percentage of applied material retained on the road when applied at high speeds
(TAC, 2013). Aresearch reported that zero-velocity spreaders and pre-wetting techniques yielded
bare pavement in half the time of standard methods, while reducing salt use by 70% and salt
cost per mile by about 50% (Mitchell et al., 2006). However, there is no good way to spread sand
with zero-velocity spreaders (TAC, 2013).
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Figure 2.8. Zero-velocity spreader equipped on a truck (Thompson Engineering Company, 2014)

In recent years, a new technique emerges in some Scandinavian countries, such as Norway, is
the use of pre-wetted fine graded salt (Hanke et al., 2019), as shown in Figure 9. The spreader
mounted on the truck is able to crush or mill salt in ordinary size into fine size. Compared with
ordinary pre-wetted salt, salt application with fine graded pre-wetted salt has a substantially
longer durability, especially on dry or moist road surfaces. Actually, the time the fine graded
salt stays on the pavement can be as long as brine (Hanke et al., 2019).

Figure 2.9. Spreading of pre-wetted fine graded salt in Norway (Hanke et al., 2019)
6. Conclusions
This extensive review of several recent decades of literature highlights current practices,
innovative techniques, and trends related to materials, the liquid-to-solid application rate, and
the equipment for on-board pre-wetting. Based on the literature review, the key findings are
summarized as follows.

1) The pre-wetted material stays on the surface longer, bounces less, and resists traffic
action. For example, one field test showed 80% of pre-wetted salt remained on a road
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2)

3)

4)

5)

6)

surface after 100 vehicles traveling at 38 mph, while only 15% remained for dry salt.
Field experience suggested typical savings of 25—-30 percent less salt required when
using the pre-wetted salt. Pre-wetted abrasives can reduce the amount of material
applied by as much as 50% compared with dry abrasives in low temperatures. Field tests
showed that the pre-wetted sand resulted in higher friction improvement (as high as
187%) than dry sand when used at the same application rate.

Salt brine is the most commonly used liquid for pre-wetting. The other two chloride-
based materials, MgCl, and CaCl,, are popular alternatives in low temperatures when
salt brine becomes less effective. Other additives (e.g., corrosion inhibitors and
agricultural by-products) can be admixed into chloride brines to reduce the corrosivity
of the brine or enhance the snow/ice control performance of the pre-wetted salt.

A recent trend for pre-wetting abrasives is the use of hot water, especially in the very
cold regions. How water sanding help melt just enough of the snow-pack so that the
abrasives stay on the road longer. But this technology could significantly reduce
visibility, resulting in a safety concern for following traffic.

Pre-wetting salt with liquid chemicals can be used in both anti-icing and deicing
operations, while the hot water sanding is used only in the deicing operation.

In theory, only enough liquid to wet every particle of a dry material is required for pre-
wetting. The actual rate to achieve this wetting will vary with the particle size distribution
of the solid, but 8-12 gal/ton is effective and 8—16 gal/ton is reasonable for increasing
the speed and total ice melting capacity of solid salt and reducing the snow-pavement
bond. A higher application rate should be used when there is a lower pavement
temperature or a more severe snow event. Field tests have suggested that pre-wetting
is not necessary at relatively high pavement temperatures and a low application rate is
preferable if pre-wetted salt is used under this condition. A greater pre-wetting
application rate may be needed for abrasives than for salt.

The truck-mounted brine spraying equipment is typically comprised of a liquid tank,
pump system, spray bar, and controller. The most effective way to deliver pre-wetted
salt is a cross conveyor while the truck travelsat 25 mph.

Pre-wetting equipment can involve a variety of liquid delivery systems and spreader
configurations. The easiest on-board pre- wetting process is spraying or streaming liquid
material onto the spinner plate, where the spinner plate, liquid application nozzles, and
controller capabilities can be modified or adjusted to achieve the optimal efficiency of
the pre-wet process. The solid material can be pre-wetted as it passes over the spinner
casting disk. Another type of on-board pre-wetting process entails the spreading of solid
and liquid materials simultaneously before they hit the road. The liquid emitter tubes
have a directional valve to control the spray pattern. Also, the liquid emitter tubes
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revolve in sync with the spinner disk thus creating a more uniform mixing of liquid and
solid materials as they are applied.

8) New on-vehicle tools (e.g., zero-velocity spreaders and modified spinners) facilitate
precise and effective applications of both solid and liquid materials. Zero-velocity
spreaders and pre-wetting techniques yielded bare pavement in half the time of
standard methods, while reducing salt use by 70% and salt cost per mile by about 50%.
However, there is no good way to spread sand with zero-velocity spreaders.

9) Yet another new technique is the use of pre-wetted fine graded salt, i.e., the spreader
mounted on the truck crushes or mills salt in ordinary size into fine size. Compared with
ordinary pre-wetted salt, salt application with fine graded pre-wetted salt has a
substantially longer durability, especially on dry or moist road surfaces. Actually, the
time the fine graded salt stays on the pavement can be as long as brine.

The scientific or quantifiable evidence of effectiveness underlying the specific pre-wetting
operation, especially the pre-wetting application rate, is lacking and there is an urgent need to
study and optimize both the appropriate pre-wetting rate of liquid-to-solid and the appropriate
application rate of the pre-wetted salt for the typical road weather scenarios. Looking to the
future, such knowledge gaps should be addressed by experiments in the laboratory as well as
field operational tests.
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Chapter 3. Summary of Pre-wetting Survey Results

The objectives of the online survey in this project were to compile a summary of pre-wetting
practices, including equipment, materials, methods, and application rates and to identify the
successes and failures that contributed to the current practices. Pre-wetting refers to the on-
board application of liquid products, such as brines, to solid material (primarily salt, abrasives or
a combination of these) as the materials are spread on the road.

1. Respondents
A total of 34 respondents participated in the survey with two from Canada and the rest

representing 25 different U.S. states and agencies (Figure 3.1). In some responses of the survey,
the answer to some questions (e.g., winter maintenance operation vs. pre-wetting equipment)
was blank because of the lack of available data or experience from the respondents. Therefore,
the summaries in these cases used the information provided by fewer than 34 respondents.

Figure 3.1 Map of the U.S. with 25 surveyed states highlighted in green.

2. Materials used in snow/ice control operations
All the respondents reported their most commonly used solids, liquids, and corrosion inhibitors

in snow/ice control operations. The most mentioned solids used are rock salt and abrasives.
Salt brine with the composition of 23% salt and 77% water (by weight) is the most commonly
used liquid. 30% magnesium chloride and 32% calcium chloride are also frequently used,
especially in some extreme cases. One important note is that the liquids are often mixed with
beet juice, which is used as a performance enhancer. For example, 90% salt brine with 10%
beet juice is applied in the anti-icing operation and 70% salt brine with 30% beet juice for
deicing and pre-wetting operations. Almost two-thirds of the respondents said they use
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corrosion inhibitors, with the most common scenario being that the liquid is inhibited and the
solid salt is pre-wet with inhibited liquid.

3. On-board pre-wetting

All 34 survey respondents completed the winter maintenance operation section. All survey
respondents reported that their agencies use an on-board system to apply liquids to solids.
From the survey responses, the most frequent location where the pre-wetting occurs is “at the
spinner”, followed by “in the chute” and “at the auger”, as shown in Figure 3.2. One trend in
recent years is that more agencies are trying to retrofit their trucks to apply pre-wetting at the
auger to obtain a slurry mixture of solid material and liquid material. In this way, it can reduce
the splatter caused by pre-wetting material “at the spinner” and increase mixing of materials.
Oregon DOT reported their recent experience of pre-wetting the salt on top of the chain before
the salt enters the chute and this minimized the risk of salt dust plugging the nozzles. Oregon
DOT auger sanders apply the pre-wetting liquid above the auger in the hopper.

To clarify, the nozzles are typically placed close where the dry material is deposited onto the
spinner; the actual placement will vary according to systems, equipment, agency, and mechanic
and operator preferences. As such, the term “just prior to the spinner” is more accurate than
“at the spinner”.

70

60

30
20
0 L

At the spinner In the chute At the auger On the chain  Just prior to the
spinner

Freguency (%)

Figure 3.2. Frequency of different locations of the occurrence of pre-wetting mentioned by the survey
respondents

When pre-wetting practice is used, the most common reported advantage over other WRM
practices is that it can prevent bounce and scatter of the solid materials. Pre-wetting helps
granular products stay on the roadway. Besides, for solid salt, a faster activation can be
observed since pre-wetting can speed up the process of rock salt turning into a brine and jump-
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start the ice melting process. For abrasives, pre-wetting helps it “burn” into the pack for higher
friction coefficient. Another benefit of using pre-wetting mentioned by the respondents is the
reduction of the amount of materials needed.

When asked to rank some factors in their agencies’ priorities to pre-wet, 29 survey respondents
gave the following order from the most important to the least important:

e reduce material loss

e activate salt

e improve performance

e mitigate environmental impacts

e reduce corrosion

e reduce or control costs

e other

Specifically, pre-wetting allows for lower application rates than dry material application only,
according to almost all the survey respondents. On average, an approximately 30% reduction in
salt usage is found and documented by the agencies who track granular use. In other words,
the application rate (lb. per lane-mile) of material is lowered by 30% when pre-wetting practice
is used.

The most commonly mentioned pre-wetting rates (liquids to solids) range from 7 gallons per
ton to 15 gallons per ton. For instance, the Oregon DOT has calibrated all the equipment to pre-
wet at 15 gallons per ton for both salt and sand. For trucks equipped with pumps to make salt
slurry, a higher pre-wetting rate can be achieved. In this case, the pre-wetting rate of 30-50
gallons per ton is usually used depending on granular size of solid material.

Of the total 33 responses, 19 respondents said that their agencies always used the current pre-
wetting rate. Thirteen survey respondents mentioned that a lower pre-wetting rate was used
earlier and now their agencies have switched to a higher rate. Only one agency lowered its pre-
wetting rate. Those respondents who reported a higher pre-wetting rate than before adjusted
their rates mainly because better operational results have been usually observed with higher
rates. For example, at the pre-wetting rate of 10 gallons/ton, the salt is still pretty dry, while the
salt pre-wetted at 20 gallons/ton is noticeably wetter and stickier. In this context, higher pre-
wetting rates have proven to reduce the bounce-and-scatter of the salt and speed up the salt
activation. The practitioners also reported that a higher rate has the ability to reduce the
amount of granular salt needed, save money, and reduce chloride loading into the
environment.
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The majority of the survey respondents reported that their agency switched from electric pump
to hydraulic pump so as to allow for the application of higher rates. Some DOTs (e.g., Oregon,
Vermont and Massachusetts) prefer the use of hydraulic pumps over electric pumps, because
they have been easier to calibrate (for better spreader control, especially when varying the pre-
wetting rate!) and/or less prone to corrosion issues (and thus require less maintenance or
spreader down time). The Washington State DOT brings a quite different position, with the
preference of electric pumps and successful user experience of approximately 10 years; relative
to hydraulic pumps, these electric pumps provide more volume and are less expensive, easier
to maintain, and easier to adjust?. Some DOTSs (e.g., North Dakota and Massachusetts) now use
gravity feed system for pre-wetting, so that no pumping is needed and no more concern over
the maintenance of pumps.

About half of the respondents reported that their agencies determine the pre-wetting rates
based on the tank capacity (Figure 3.3) or the truck’s capacity. Sometimes the pump capacity is
also a limitation. The other half mentioned that the pre-wetting rate is based on many factors,
such as road temperature, traffic volume, precipitation rate and type, cycle time, and other
operation conditions. The tank capacity is usually not a limitation; sometimes the saddle tanks
are even sized for the required pre-wetting rate. In other words, the pre-wetting rate is first
determined by the research guidance and best practice, then the saddle tank capacity is
determined by the liquid requirements.

1The Oregon DOT experience has been as follows. All of the electric pre-wet systems were controlled
independently from the spreader controller, i.e., with their own controller; as such, the pre-wetting rate (by time)
did not change with the actual material rate being applied. So if it's set at x gallons per hour, it just stays at that
rate regardless whether the truck is going slow or fast. The hydraulic pumps apparently are ground speed
controlled, which provides the ability to vary pre-wetting rate (by time) to stay a consistent 15 gallon/ton of salt
applied.

2 The Washington State DOT experience has been as follows. They are literally using 5 GPM pumps that are most
often used in RV’s to pump water. They are attached to the hydraulic controller through a rheostat that allows for
variable volume to be supplied via the electrical pump. The rheostat is adjusted by the hydraulic controller when
properly calibrated, as a result the pump motor turns at different rates to provide variable flow rates.

The hydraulic controller monitors the cycles of the flight chain or auger along with the speed of the truck and
provides the appropriate amount of material based on the set rate (operator’s desired

rate). The pump method, hydraulic or electrical, relies on the same type of hydraulic controller to accomplish
variable rates. The DOT trucks have very complex hydraulic systems on them operating front plows, belly plows,
spreaders etc.; if a lot of load is put on the system the hydraulic pump does not always deliver sufficient flow. This
can be accounted for by increasing capacity but is significantly more expensive than simply using an electric pump.
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Figure 3.3. Tank with 400 gallons capacity (courtesy of North Dakota DOT)

4. Equipment for on-board pre-wetting

Fewer survey respondents answered the questions in the equipment section. Only 27 survey
respondents (from VT, WA, Ontario, MT, IA, OR, MI, ND, AZ, OH, KS, DE, MA, MI, ME, MN, AL,
IL, WI, ID, PA, WV, and MD) answered the question about the wet liquid delivery system (pump
size and type). 16 of them use hydraulic pumps while only 10 of them reported that electric
pumps are used. Generally, old trucks are equipped with electric pumps, whose size is about 5—
7 gallons per minute. Hydraulic-driven pumps with a 10-18 gallons per minute (GPM) capacity
are usually used in newer trucks, such as those for slurry applications3.

To put these into an operational perspective, if an agency aims to apply a high rate of 500 Ib.
salt per lane mile (i.e., 2,000 Ib. or 1 ton per mile of four-lane highway), and a pre-wetting rate
of 16 gallons per ton, then a pre-wetting rate of 16 gallons per mile is needed. With a truck
speed of 30 mph, this translates to a (liquid) pumping rate of 8 GPM.

For the spreader configurations, 24 out of 34 respondents provided feedback. The spreaders
commonly used in their agencies include:

e front discharge with conveyor chain

e wheel track sprayer

e tailgate spreader

e v-box spreader with chain conveyor

e rear discharge spinner

e zero velocity spinner

e center discharge spinner with V-hopper

3 The Washington State DOT reported that their old hydraulic pumps were only able to achieve 10-12 gallons per
minute at best.
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e saddle tank gravity to spreader spinner

Twenty-five survey respondents reported information about the nozzle type in this survey. The
most common used nozzle is the fan nozzle. The reason for choosing the fan nozzle is mainly
that it can lead to a more uniform coverage. Many agencies also use stream nozzles, because
they allow the liquids to be more focused on solids and thus are perceived as more effective.
For pre-wetting, only 1-4 nozzles are needed for the solids on the chute or spinner.

Only seven respondents (from VT, MT, OR, MI, MA, MN, and IL) knew the screen size of the pre-
wetting equipment with values ranging from 16 mesh to 80 mesh. Half of the 34 respondents
knew the hose diameter. The most common used size for the hose is one-inch in diameter. A
survey respondent from North Dakota DOT increased the hose diameter in the tailgate tank
from %’ to 1” in order to regulate the flow, as shown in Figure 3.4.

Figure 3.4. The yellow hose with a diameter of 1”

Eighteen out of 28 respondents who answered the question about the reliability of pre-wetting
equipment thought it is just as reliable or more reliable compared with other winter
maintenance equipment. It should be noted that this is based on the regular maintenance and
calibration. 7 respondents reported pre-wetting equipment is less reliable since there are issues
with liquid delivery pumps. The others mentioned that the reliability of pre-wetting equipment
depends on operators or circumstances.

5. Recent development
Twenty-nine out of 34 respondents took the survey about the change in methods, equipment,

and materials during the past 10 years. The most common mentioned change is the increased
use of liquid. As a result, the liquid application equipment has also changed, such as larger pre-
wetting tanks, increased pump size, and increased flow rate. Most of the survey respondents
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reported that their agencies use technologies such as RWIS, AVL or MDSS to aid in determining
when and how to use pre-wetting.

Most respondents reported that pre-wetting can lower the total cost of WRM operations,
including material, equipment, and labor. However, the majority of them have not conducted
the cost-effectiveness analysis yet.

One thing the survey respondents learned during the pre-wetting operation is that pre-wetting
on top of the chain or in the auger (Figure 3) works better than at the spinner to activate salt,
although this can cause corrosion issues. In this way, it is easy for salt to achieve the saturation
condition. Another issue is keeping pre-wetting equipment maintained, especially at the end of
the season as well as calibrating at the beginning of season. For example, the nozzle tends to
plug and should be cleaned regularly.

Figure 3.5. Auger trough with a pre-wetting delivery pipe (courtesy of North Dakota DOT)

Almost all the survey respondents reported that their agencies have not conducted laboratory
tests or field trials to determine pre-wetting rates or the effectiveness of pre-wetted solid
materials. However, some pre-wetting guidelines, such as FHWA, Clear Roads, DOT guidelines,
are followed by agencies. About half of the respondents said their agencies are sticking to the
existing guidelines and the other half mentioned that their agencies are increasing the
application rate or switching the pre-wetting location from the spinner to the chain or auger.
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Chapter 4. Interviews/Case studies of Pre-wetting
1. Introduction
As WRM operations have significantly improved in recent decades, the experiences of
transportation agencies with pre-wetting practice have substantially evolved due to advances in
chemical products, delivery equipment and systems, and better empirical knowledge of
successful methods. For example, pre-wetting equipment can involve a variety of liquid delivery
systems and spreader configurations (Appendix B). Some equipment systems rely on electric
pumps and others use hydraulic pumps. Additional factors include nozzle selection, optimum
pressure, screen size, hose diameter and flow meter design. New technologies (e.g., zero
velocity spreaders, modified spinners, and other delivery mechanisms) facilitate precise and
effective applications of both solid and liquid materials. Furthermore, the prevailing climate,
topography, population, and traffic characteristics of individual jurisdictions influence the
selection and application of pre-wetting practices.

Agencies have long dealt with the challenges of sharply reduced budgets, loss of experienced
personnel, obsolete and worn vehicles and equipment, environmental regulation and
mandates, occasional shortages of materials, additional workload due to growth and
development, and omnipresent public scrutiny.

The objective of this task is to compile a summary of pre-wetting practices through interviews
and case studies of selected agencies, including equipment, materials, methods, and
application rates and identify the history of successes and failures that have contributed to the
current practices. The following synthesis of nine case studies of city, county, and state
transportation agencies summarize current knowledge, practices, and supporting evidence of
pre-wetting methods and procedures and identify specific gaps that can be addressed in future
field testing and experiments, thus enabling agencies to become more efficient and effective in
their practices.

2. Case Studies

The nine agencies chosen for interviews were identified from survey responses, research
reports, and recommendations from the project subcommittee. The interviews gathered
information from these agencies in the areas of pre-wetting materials, equipment, and
methods used in clearing roads during inclement weather and provide detailed examples of
successful practices useful for agencies to adopt new practices or modify their existing
practices. The case studies included city, county, and state agencies that use only solid salt as
well as agencies that use salt/sand blends as solid materials. The 20-question interview
(Appendix A) also included questions on a range of liquids, specifically salt brine as well as low-
temperature liquids. Some agencies specifically choose CaCl,, MgCl; or blends with agricultural
byproducts to improve the cold-temperature effectiveness of salt. The interviews also explored
the reasons and length of time that agencies have been practicing their current methods. In
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addition, agencies addressed their evolution of pre-wetting practices over the years, how the
public and elected officials have reacted, and any plans for future changes in practices.

3. Agency Characteristics
The nine case studies represent six states, two city agencies, and one county agency: Idaho

Transportation Department, Illinois McHenry County, Lexington, MA, Massachusetts DOT,
Farmington Hills, Michigan, Montana DOT, North Dakota DOT, Oregon DOT, and Vermont DOT.
Agencies that participated varied in area of jurisdiction, population, and miles and types of
roadways maintained during snow and ice events (see Table B.1 and B.2).

As expected, states that were predominantly mountainous (Idaho and Montana), experienced
snowfall much of the year, while most other agencies had first snowfalls in October - November
and last snowfalls in April - May. The average annual snowfall ranged from as little as five
inches in some areas to as much as 80-120 inches in the higher elevations of Montana and
Idaho. Other agencies reported average annual snowfalls statewide from 34 to 60 inches. While
three states do not track the number of snow and ice events requiring treatment, several
agencies reported a range of 25 to 60 snow events per year and ice events requiring treatment
much less, from 2 to 6 per year.

Agencies reported roadway miles divided into the following categories based on FHWA criteria:
interstate, freeways/expressways, principal arterials, minor arterials, collector, and paved
rural/urban.

4. Road Maintenance Materials Used

Agencies reported their standard practices for use of wet and dry materials on roadways during
snow and ice events. While most reported using rock salt, sand, and a salt/sand mix as dry
treatments, some reported that they reduced their use of salt on roadways in close proximity to
water bodies and used mixed materials only in extreme weather events. For example, McHenry
County (lllinois) uses only salt and treats it with Thawrox or Clearlane products.

Table 4.1. Dry materials used for winter road maintenance

Agency Rock Salt Sand Salt/sand mix
Idaho Transportation Dept. Used Used Used

Illinois, McHenry County Used Not used Used
Lexington, MA Used Not used Not used
Massachusetts DOT Used Used Used
Farmington Hills, Ml Used Not used Used

Montana DOT Used Used Used

North Dakota DOT Used Used Used

Oregon DOT Used Used Not used
Vermont DOT Used Used Used
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4.1 Pre-Wetting Practices

The majority of agencies (75%) use MgCl, as a preferred pre-wetting agent. Three of those who
use MgCl; also use straight salt brine. Three agencies use straight salt brine, two of which mix
their brine with other ingredients, such as Geomelt (which is a beet juice concentrate).
Michigan is the only case study state using CaCl,. North Dakota reported: “we started with just
salt brine, which tends to freeze at -6°F or so and (ended up) breaking the pump and valves. So
we started to add the Geomelt which brought the liquid’s freezing temperature down
(significantly); and we were not damaging our pumping equipment as much. Once we put it
down on the road, we started to see some of the other benefits, such as it is stickier, lowers the
working temperature.”

North Dakota and Vermont do not use corrosion inhibitors in their pre-wetting products. Idaho
reported that they do not use an inhibitor in the straight salt brine, but the MgCl; is purchased
with an inhibitor already added. Michigan is using an inhibitor as a pilot during the current
season, as time allows.

Table 4.2. Wet materials used for winter road maintenance

Agency CacCl, MgCl, Straight Salt ~ Brine Mix Inhibitors
Brine added
Idaho Transportation Not used Used Used Not used Used
Dept.
Illinois, McHenry Not used Not used Used Not used Used
County
Lexington, MA Not used Not used  Not used Used Used
brine/carbohydrate
Massachusetts DOT  Not used Used Not used Not used Used
Farmington Hills, Ml Used Used Used Used Used
Montana DOT Not used used Used Not used Used
North Dakota DOT Not used Not used Used Used Not used
Oregon DOT Not used used Not used Not used Used
Vermont DOT Not used used Used Not used Not used

All agencies except Oregon reported mixing their own brine using the Henderson Brine
Extreme, Brine Boss by VariTech Industries, or VanTech SB 600 brine makers. ldaho reported
using a variety of brine manufacturers in nine different locations statewide. Montana used the
VanTech before moving to the Henderson “as technology has advanced.” The brine storage
capacity varied across states, as shown in Table 4.3.
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Table 4.3. Brine storage capacity

Agency Brine Storage Capacity

Idaho About 1 million gallons

Transportation

Dept.

Illinois, McHenry 150,000 gallons

County

Lexington, MA 12,000 gallons of both brine and carbohydrate

Massachusetts DOT 310,000 gallons
Farmington Hills, Ml 3,000 brine, 12,000 Geomelt, 18,000 stored 32-38% calcium chloride

Montana DOT Varies per production site; 30-120,000 gallons
North Dakota DOT Close to 2 million gallons

Oregon DOT 0

Vermont DOT 810,000 gallons for reported district only

The methods that agencies used for pre-wetting roads included:

1) purchased already pre-wetted
2) pre-wet in stockpile
3) shower-spray at loading
4) on-board
No agency reported using method 1, although Vermont said it had considered using it,

especially for densely populated areas, but that cost was an issue. Vermont, Montana, and
Oregon use pre-wet in stockpile, and all other agencies use on-board. Idaho reported using
both shower-spray at loading and on-board methods. Most agencies (6 of 9) reported that all
spreader trucks in their fleet were equipped with on-board pre-wet capability. Massachusetts
reported that all of their contracted spreaders are equipped, and stated: “How effective is
stockpile pre-wetting, or shower-spray at loading vs. on-board pre-wetting? Many of our own
spreaders lack pre-wetting capability (and) we are trying to address this as an agency.”

The pre-wetting application rates for various road classifications (interstates/freeways, major
surface arterials, minor arterials, collectors, and low volume roads/streets) is fairly consistent
among agencies while allowing for variations per storm and conditions of the road surfaces.
Four agencies use pre-wetting for every winter event while five say it depends upon the
individual event. All states say their reasons for pre-wetting are: 1) reduces material usage, 2)
faster deicing action, and 3) reduces environmental impact, (Idaho did not report reducing
environmental impact as a reason for pre-wetting).

All case study agencies have been practicing pre-wetting for more than 10 years, and several for
more than 30 years. Their reasons for long-term use are to increase efficiency and
effectiveness, reduce bounce and scatter, activate salt crystals to create brine, reduce
environmental impacts, and save on material.
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Before implementing pre-wetting practices, some agencies conducted tests and trials and have
continued those tests through multiple years. For example, lllinois conducted a bounce-and-
scatter test on a remote roadway that had boxes painted on the surface; Idaho conducted
many tests throughout the years. Some respondents did not know if there had been tests and
trials performed as they were not with the agency at the time pre-wetting practices began.
However, agencies utilized various information sources about pre-wetting, as listed in Table 4.4.

Table 4.4. Agencies utilization of information sources

Agency Clear Vendors/ Discussion APWA  AASHTO TRB NCHRP  PIARC
Roads manufact s with
Project  urers Peers
Reports
Idaho X X X X
Transportation
Dept.
lllinois, X X X X X X X X
McHenry
County
Lexington, X X X X
MA*
Massachusetts X X X
DOT
Farmington X X X X X
Hills, Ml
Montana DOT X X X
North Dakota X X X X X X X X
DOT
Oregon DOT X X X
Vermont DOT X X X

*Other: LTAP seminars

4.2 Pre-wetting Practices Changes

All responding agencies have changed their pre-wetting practices since first implementation
based on increased understanding, support, and better equipment and technologies.
Additionally, the agencies have increased capacity, better training, and positive community
backing. For example, a quote from the North Dakota agency says: “More acceptance since it’s
started. More compliance, more capability (equipment and knowledge), increased capacity. We
started slow but then once people see the value and they want to do it more and seek out
more equipment and capabilities. Building on that, they run out of capacity; then get more
equipment; a snowball effect in a positive way.” Other agencies also reiterated the snowball
effect of starting with experimental to optional operations to mandatory over the years that
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included an evolution of understanding of the positive outcomes of pre-wetting practices. For
the most part, these changes have been gradual, starting the practice in small areas and
eventually expanding statewide. Most agencies have also upgraded equipment to include larger
capacity, bigger volume and hydraulic pumps, spray nozzles, ground speed sensors, and live
bottom v-boxes.

Agencies reported some initial resistance from operations staff for pre-wetting, but once the
positive results became apparent, de-icing became more efficient, and comfort level increased,
staff became supportive. Additional training and information were required in most agencies to
gain acceptance from staff, accomplished by some during internal meetings and annual
maintenance conferences.

Initial resistance from higher-level and elected officials was also present in most agencies
because of concerns about the corrosive effects of deicing chemicals to equipment and
infrastructure and the environmental issues, particularly in Vermont and Montana. Providing
information where resistance and skepticism exist has helped alleviate the problem. In addition
to resistance from higher level officials, other obstacles and impediments existed for agencies
transitioning to pre-wetting such as cost, equipment, capacity, logistics of producing, and
workers. Massachusetts noted some negative opinions based on an earlier misapplication of
MgCl, on warm roadways, and Michigan stated that overspray on windshields hindered driver
visibility.

Massachusetts and North Dakota said that the public was not aware of their pre-wetting
methods; however, other agencies reported that the public reaction is favorable and positive.
Montana said that its public is still concerned about corrosion and the environment. Only one
state, Vermont, however, publicized its use of pre-wet materials on roads. Massachusetts,
Idaho, Montana, Oregon, and Michigan said they do not inform the public and media of the use
of pre-wetting. North Dakota sends out flyers, and McHenry County lllinois is starting to use
social media, while Idaho “talked generally” about the use of liquids.

Agencies provided their level of service (LOS) policies for this project, reporting that, though
their levels of services have not changed since they first implemented pre-wetting practices,
pre-wetting usually allows them to obtain their LOS quicker (as reported by Montana). Vermont
did increase its LOS but reported that it was not due to the use of pre-wetting practices.

All responding agencies recorded a positive evaluation/assessment of their pre-wetting
practices. Reasons include:

e better salt performance

e increased LOS provided

e improved performance of materials used
e abrasives last longer

35|Page

















http://www.epokena.com/products/
http://www.hendersonproducts.com/
https://www.snowexproducts.com/products/spreaders/
https://www.westernplows.com/products/pre-wet-system/
















































https://www.snowexproducts.com/product/helixx-poly-hopper/
https://www.snowexproducts.com/product/helixx-poly-hopper/
https://www.snowexproducts.com/product/helixx-poly-hopper/



http://www.hendersonproducts.com/
http://www.hendersonproducts.com/






























http://www.des.nh.gov/organization/commissioner/pip/factsheets/wmb/documents/wmb-



http://saltinstitute.org/wp-
http://saltinstitute.org/wp-






https://www.fhwa.dot.gov/planning/processes/statewide/related/highway_functional_classifications/section03.cfm
https://www.fhwa.dot.gov/planning/processes/statewide/related/highway_functional_classifications/section03.cfm






































































































mailto:kschallmo@wausauequipment.com
mailto:kschallmo@wausauequipment.com
mailto:tbeaver@monroetruck.com
mailto:tbeaver@monroetruck.com
mailto:craig.sandmann@hilltip.com
mailto:craig.sandmann@hilltip.com
mailto:mdean@newleader.com
mailto:mdean@newleader.com



























http://www.hendersonproducts.com/
http://www.hendersonproducts.com/



https://www.snowexproducts.com/product/helixx-poly-hopper/















https://www.snowexproducts.com/product/helixx-poly-hopper/
https://www.youtube.com/watch?v=rbsM9_yMR2g&feature=emb_logo




















































	FR_CR.18-04_Draft.2-508compliant - 7-29-21 - for final.pdf
	Executive Summary
	Chapter 1. Introduction
	Chapter 2. Literature review: pre-wetting practice for winter road maintenance operations
	1. Introduction
	2. Methodology
	3. Pre-wetting materials
	4. Pre-wetting application rate of liquid-to-solid
	5. Pre-Wetting Equipment
	6. Conclusions

	Chapter 3. Summary of Pre-wetting Survey Results
	1. Respondents
	2. Materials used in snow/ice control operations
	3. On-board pre-wetting
	4. Equipment for on-board pre-wetting
	5. Recent development

	Chapter 4. Interviews/Case studies of Pre-wetting
	1. Introduction
	2. Case Studies
	3. Agency Characteristics
	4. Road Maintenance Materials Used
	4.1 Pre-Wetting Practices
	4.2 Pre-wetting Practices Changes

	5. Equipment
	6. Conclusions

	Chapter 5. Outreach to Equipment Manufacturers/Distributors
	1. Introduction
	2. Equipment Capabilities
	3. On-Board Systems
	Question B: Optional Equipment
	Question C: Calibration
	Application
	Question E: Documentation
	Question F: Controller
	Feed Mechanism (solids)
	Weight and Material
	Warranty
	Cold Weather Operations
	Filtering/Screening
	Mixing solid material with liquid
	Training and Support
	Training Improvements?
	4. Conclusions

	Chapter 6. Conclusions and Knowledge Gaps
	1. Conclusions
	2. Knowledge Gaps

	References
	Appendix A. Project Interview Questions
	Appendix B. Case Study Questionnaire Answers
	Case Study Questions

	Appendix C. Questionnaire to Manufacturers/Distributors
	Appendix D. Manufacturer/Distributor Questionnaire answers




