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Executive Summary

The series of trials carried out over recent winters has enabled experience to be gained in the
use of brine only and higher brine share pre-wetted salt across a range of conditions on the
Scottish Trunk Road network. For the 2019/20 winter season further spreading was carried
out on the A835 trial route using pre-wetted salt with a 50:50 ratio of dry salt:brine.

Sensor measurements and records of road conditions were used to assess the conditions
under which effective treatments were carried out and to provide a comparison with the
current standard pre-wetted treatments. Data was collated from all previous trial phases to
enable comparison of residual salt measurements (from embedded road sensors) and
freezing point temperatures (from active road sensor) between different treatment methods
at the same sensor location. Because of the large number of treatments now carried out, a
comparison can be made from analysis of the sensor data from multiple treatments for each
treatment method under similar conditions.

Over the trial phases the following treatment methods have been used on the same trial route:
e Standard pre-wetted (FS 30) using a 70:30 ratio of dry salt:brine
e High brine share pre-wetted (FS 50) using a 50:50 ratio of dry salt:brine
e High brine share pre-wetted (FS 70) using a 30:70 ratio of dry salt:brine
e Brine only (FS 100)

The measurements indicated that comparable freezing point temperatures were achieved by
the FS 30 and FS 50 pre-wetted salt, with a minimum freezing point around -20°C achieved
on damp roads (<0.05mm) and -15°C on wet roads (<0.1mm). The amount of salt that can be
spread by FS100 provides effective treatments to -5°C on wet roads, and much lower on dry
and damp roads. FS 70 provides effective treatments down to around -7°C on wet roads.

The road surface wetness is a key factor influencing the effectiveness of treatments. For dry,
damp and wet roads i.e. water thickness less than 0.1mm for the duration of the treatment,
FS50 provides very similar performance to FS30 while spreading around 20% less salt.

Because brine is spread with a maximum of 23% concentration, there is a limit on the amount
of salt that can be retained on the road after brine only spreading even with very low losses.
In comparison the FS 30 is spreading over 3 times the amount of salt.

As road wetness increases, all treatment types show reduced freezing points of the road
surface moisture, tending towards very low suppression at around 0.5mm water thickness
and 2mm of precipitation (water equivalent).

The A835 trial route can provide a severe challenge irrespective of the treatment method
applied, with precipitation, high winds and very wet road surfaces occurring during many of
the treatments carried out. On a number of occasions this resulted in the need for follow up
treatments, either for the full route or targeted treatments from the patrol spreaders. This
was the case both for standard FS30 pre-wetted spreading and the FS 50 high brine share
treatments during the 2019/20 season.
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With regard to the pros and cons of solid and liquid treatments, higher brine share treatments
which involve the simultaneous spreading of solid salt (pre-wetted from a spinner) and a
liquid only treatment (applied directly to the road surface from a spray bar) can offer the
benefits of both approaches while mitigating against the disadvantages of any one approach
in isolation.

The embedded road sensors are detecting the amount of salt in solution, and the higher liquid
share pre-wetted salt and brine only treatments provided immediate freezing point
depression, an advantage in the first hour or two after spreading in low traffic conditions or
for treatment of thin layers of ice/frost.

In the low traffic morning treatments FS 50 shows the highest initial salt level and freezing
point reduction, with FS 30 exhibiting greater salt and lower freezing point after
approximately 3 hours and longer.

While all treatment methods showed low effectiveness for more than 0.5mm water thickness
and 2mm of precipitation, higher solid share treatments (FS50 and FS30) showed some
advantage over higher liquid shares treatments (FS70 and brine only) in the very wet
conditions leading up to these limits.

For all treatment methods, the freezing point behaviour tends to show a much flatter
response as compared to the residual salt. The initial dissolution of salt will decrease the
freezing point. This depression appears to be maintained over the duration of the treatment
for damp and wet roads. Salt may be lost as solution, resulting in the reduction in salt amount
shown by the sensors, however the freezing point of the solution remaining is maintained,
except on very wet roads where precipitation or heavy dew formation will dilute and/or wash
away the salt solution.

Guidance has been developed on limiting factors (e.g. minimum temperatures, amount of
precipitation etc.) for different road conditions including very wet roads and precipitation,
very light traffic after spreading, high wind speed when spreading.
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1 Introduction

The series of trials carried out over recent winters has enabled experience to be gained in the
use of brine only and higher brine share pre-wetted salt across a range of conditions.

The 2018/19 trial results showed that higher brine share pre-wetted treatments, using a ratio
of 30:70 dry salt: brine, provided improved performance over brine only spreading on very
wet roads and before precipitation events and snow conditions. It was further concluded that
spreading at a 50:50 ratio of dry salt:brine might offer further improvements in severe
conditions from increased residual salt levels.

Based on these results, and other reported research in Europe with higher brine share pre-
wetted salt, it was proposed to carry out further trials with 50:50 salt:brine ratios to provide
a comparison between the treatments and suitability for typical conditions on the Scotland
network.

Data was also collated from previous trial phases on the A835, to enable comparison of
residual salt measurements (from embedded road sensors) and freezing point temperatures
(from active road sensor) between all the different treatment methods used at the same
location under similar conditions. Because of the large number of treatments now carried out,
a comparison can be made from averaging of the sensor data from multiple treatments for
each treatment method and condition grouping.

2 Trial Site

Following the same procedure as the previous trial phases, treatments were carried out as
part of the routine winter treatments on Precautionary Treatment Route 20-8 within the
North West Trunk Road Unit, the location shown in Figure 1.

The route has a treatment length of 79km and an average width of 6.5m.
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Figure 1: Route 20-8 and other precautionary routes operating from Bridgepoint Depot
(Inverness) — taken from North West Unit Winter Service Plan 2019/20
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3 Trial methodology

Brine spreading was carried out using a Schmidt Stratos Combi Flex Spreader, the same
vehicle as used in the previous phases of the A835 winter trials as shown in Figure 2. Further
details of the spreader are available in Evans (2019).

Figure 2: Schmidt Stratos Combi Flex Spreader

Treatments were carried out in accordance with the standard decision matrix shown in
Figure 3.

Spread rates for precautionary treatments and snow clearance are shown in Table 1.

Records of treatment timings and spread rates were obtained from the Vaisala RoadDSS
Manager system.
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Decision Matrix

Predicted Road Conditions

Road Surface

Temperature Wet Wet Patches Dry
May fall below 1°C Salt before No action likely,
frost monitor weather
Salt before frost (see Note A) (see Note A)

Salt before frost
(see Note B)

Expected1t;:)Cfall below Salt after rain stops

Salt before frost and after rain stops
(see Note C)

Monitor weather

Salt before frost conditions

Expected snow Salt before snow

Salt before rain (see Note C)
Freezing rain Salt during rain (see Note C)

Salt after rain (see Note C)

Figure 3: Decision matrix - taken from North West Unit Winter Service Plan 2018/19

The decision to undertake precautionary treatments may be adjusted to take account of
residual salt or surface moisture.

Note A: Particular attention should be given the possibility of water running across
carriageways. Such locations will be monitored and treated as required.

Note B: When a weather warning contains reference to expected hoarfrost close monitoring
will be required, with particular attention given to timings of precautionary treatments as salt
deposited on dry roads may be dispersed before it can become effective.

Note C: Under these circumstances rain will freeze on contact with running surfaces and full
pre-treatment should be provided even on dry roads, with continuous monitoring throughout
the danger period.
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Table 1: Spreading rates for precautionary treatments

Road surface condition Frost Susceptible/surface water Road Surface Wet
run-off area

A. RST higher than plus 1°C 0 0
B. RST lower than or equal 10 20
to plus 1°C but higher than

minus 2°C

C. RST lower than or equal 10to 20 20

to minus 2°C but higher
than minus 5°C

D. RST lower than or equal 10 to 20 20
to minus 5°C
E. RST lower than or equal 20 30

to plus 1°C but higher than

minus 2°C following rain

(see note 1)

F. RST lower than or equal 30 30
to minus 2°C but higher

than minus 5°C following

rain (see note 1)

G. RST lower than or equal 30 30
to

minus 5°C following rain

(see note 1)

H. Hoar Frost 20 20

I. Freezing Fog 10 20

J. Freezing Rain 30 30

K. Snow Accumulations up 30 30

to

30mm

L. Snow Accumulations over 30 30

30mm

M. Hard Packed Snow/Ice See clearance matrix See clearance matrix

Note 1 Treatments will be carried out after water has dispersed and road surface classed as
damp.
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4 Monitoring of road conditions

4.1 Fixed monitoring sites

The Braemore, Aultguish and Brahan fixed weather stations were used to monitor road
surface conditions on the A835. The locations of the weather stations are shown in Figure 4.
Monitoring equipment included:

e Non-invasive DSC111 and DST111 sensors to remotely monitor road condition
(wetness, snow, ice) and surface temperature (Aultguish only)

e Road weather station including wind speed, embedded DRS 511 sensor (road
condition and temperature), CCTV

e Addition of an active freezing point sensor at Aultguish

The road condition from the fixed sensors was continuously and automatically monitored
every 10 minutes and the data collated and analysed.

All weather station and patrol data were fed back to the Operating Company control centre
and access to weather station data was available through the Vaisala RoadDSS system.

: --.__Plﬂbﬁho Ban Mor OKI'IEICHEI'I

s . ey Lairgs.
olgash
Rl Ovkel Bridge, __Achinduich,
Afcmair .
A 4 Achnahanat i
Badluchrach Scoralg Ullapoal Croick o
Achagarve'aol'a":'e “Badcaul ° Litthe Cre
Lultgrishin LESRNy nard : rolcharnich
. ]  Tuirrisig ar Dear
VErradale paust = _Ben Dearg -
Gailoch - Poof AG3S BRAEMORE Szl Stitter
(-]
R, , SCOTLAND .+ L%
Kerrysdale Letter sy Beinn Deam Garbat
AG35 AULTGUISH o
b o = ’
Ernmore JLovver Disbaig ¢ e
-]
Cusig’ JArdheslaig . Achnasheen
Shicldald Craig, Scardro
i Kilmorack @
Applecross Cuulag‘su o Bea
nmd 4 Q‘?’I e L

Figure 4: Weather station locations — taken from North West Unit Winter Service Plan
2017/18

4.2 Patrols

The trial site was a Category B patrol route. Category B Patrols are designed to monitor
conditions, provide salt treatments and plough as required with a 3 hour cycle: once during
the 00.00 — 03.00, 03.00 — 06.00 and 06.00 — 09.00 periods specified.
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5 Treatment method terminology

In this report, the different treatment methods are referred to as FS 100, FS 70, FS 50 and FS
30. The proportion of dry salt and brine making up each treatment are shown in Table 2.

Table 2: Relative amounts of salt delivered by each treatment method

FS 30 70% 30% 14.26 100
(Standard pre-
wetted)

FS 50 50% 50% 115 81
(High brine

share)

FS 70 30% 70% 8.74 61
(High brine

share)

FS 100 0 100 4.6 32
(Brine only)

6 Review of 2019/20 spreading events — FS50 and FS30

Sensor measurements and records of road conditions were used to assess where treatment
effectiveness limits had been reached for the FS50 and FS30 treatments carried out during
the 2019/20 season.

Details of weather and road conditions are provided in Appendix A for spreading events
where one or more of the following conditions was observed or measured following the
treatments:

e Ice and low ‘Grip’ reported (non-invasive sensor)

e Road surface temperature measured to be lower than freezing point temperature
(active sensor)

e |Ice reported from embedded passive sensors
e Ice reports from spreader drivers/public/police

e No freezing point suppression — treatment diluted from wash off

These events have been classified into different categories depending on spread rates, road
and weather conditions with the categories explained in Table 3.
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Table 4 provides a summary of the duration of treatments and temperature limit of
effectiveness for these events.

The A835 trial route can provide a severe challenge irrespective of the treatment method
applied, with precipitation, high winds and very wet road surfaces occurring during many of
the treatments carried out. On a number of occasions this resulted in the need for follow up
treatments, either for the full route or targeted treatments from the patrol spreaders. This
was the case both for standard FS30 pre-wetted spreading and the FS 50 high brine share
treatments.

Where treatment effectiveness limits were reached this was in nearly all cases where very
wet roads and some degree of precipitation occurred.

The temperature limit of effective treatments was seen to be above -5°C in a lot of these
events, and for a number of treatments above -1°C, and this was the case for both the FS30
and FS50 treatments.

Where the temperature limit fell was above -2°C this was predominantly where high winds
occurred during spreading (around 20mph average or higher)

Table 3: Spreading event classification

Spread rate 10, 20, 30, 40 g/m?
Time of spreading Afternoon 12pm to 7pm
Evening 7pm to 12am
Morning 12am to 9am
Road wetness Dry 0 mm Water thickness
Damp 0 < Road wetness <=
0.05mm
Wet 0.5 < Road wetness <=
0.1mm
Very wet <0.5 0.1 < Road wetness <=
0.5mm
Very wet< 1 0.5 < Road wetness <=
Imm
Very wet > 1 1mm < Road wetness
Precipitation amount (water  None Amount = 0mm
equivalent)
Low 0 < Amount <= 1mm
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Medium

Heavy

1 < Amount <= 2mm

2mm < Amount

1.0
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Table 4: Summary of treatment events

Treatment Surface Precipitation Low Duration (hrs)  Other factors
temperature
(°c)
P50 10g/m? Evening Wet Low -1.4 9
P50 10g/m? Evening Wet Max wind
speed
24.2mph at
time of
treatment,
average speed
15.4 mph
P 20g/m? Afternoon Damp Low -2.9 7.5 High humidity
and RST<Dew
point for
duration
P50 20g/m? Afternoon V Wet<0.5 Low -1.9 9
P50 20g/m? Afternoon V Wet < 0.5 Low -1.9 5.5 High Wind
P50 20g/m? Afternoon V Wet < 0.5 Low 0 2.5 Max wind
speed
18.6mph at
time of
treatment,
average speed
13.9 mph
P50 20g/m? Afternoon V Wet < 0.5 Low -1.5 4.5
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P 20g/m? Afternoon V Wet <0.5 Low 0 3.5
P 20g/m? Afternoon V Wet <0.5 Low -35 5.5
P50 20g/m? Afternoon V Wet <1 Low -3.3 9
P50 20g/m? Afternoon V Wet <1 Low -0.3 2
P50 20g/m? Afternoon V Wet <1 Medium -2 8 High Wind
P 20g/m? Afternoon Wet Low -1.3 4 Max wind
speed
23.3mph at
time of
treatment,
average speed
15 mph
P50 20g/m? Evening V Wet>1 Heavy -1.3 6
P50 20g/m? Evening Wet Low -0.7 4.5 Max wind
speed
21.3mph at
time of
treatment,
average speed
13.6mph
P 20g/m? Morning Damp None -7.1 0
P50 20g/m? Morning V Wet<0.5 Low -4.2 1.5
P 20g/m? Morning VWet<1 Low -0.5 3.5
P 30g/m? Afternoon V Wet <0.5 Low -1.9 3
1.0 13 PPR1002
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30g/m?

30g/m?
30g/m?

30g/m?

Afternoon

Evening

Evening

Morning

V Wet <1

V Wet <0.5
V Wet <0.5

V Wet >1

Low

Low

Low

Low

-0.8

-0.2
-0.4

-0.2

2 Max wind
speed
23.3mph at
time of
treatment,
average speed
15 mph

3 High Wind

4.5 Max wind
speed 21mph

at time of

treatment,
average speed

14.3 mph
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7 Comparison of sensor data — all year summary

7.1 Data consolidation

Data was collated from all trial phases on the A835, to enable comparison of road sensor
measurements (from embedded and remote road sensors) for the different treatment
methods across the range of conditions encountered on the trial site.

As has been noted before, some caution is needed when drawing conclusions from
measurements from sensors. Only a small area is measured which might not be
representative of the conditions across the full carriageway width or along the length of road
at that location. The embedded road sensors also require moisture to provide a
representative reading.

Spreading events were grouped into similar conditions, using the categories outlined in Table
3. Because of the large number of treatments now carried out, a comparison can be made
from averaging of the sensor data from multiple treatments for each treatment method and
comparison made between the different treatment methods for a range of different factors
including:

e Road surface wetness
e Precipitation amount
e Time of spreading (traffic level)

These plots show the trend line fitted to the sensor data. The shaded area shows the full range
in the readings at each time after spreading.

The effect of different road and weather conditions on the relative performance of the
different methods is discussed in the following sections.

7.2 Freezing point suppression

Figure 5 and Figure 6 summarise the road wetness and freezing point measurements taken at
Aultguish for each of the treatment methods, spreading at 10 and 20g/m? respectively. For
each point on the plots, the road wetness reported is the maximum value that occurred at
any time between spreading and the time of the freezing point measurement.

Figure 7 and Figure 8 summarise the amount of precipitation that occurred and freezing point
temperatures, spreading at 10 and 20g/m? respectively. For each point on the plots, the
amount of precipitation reported is the total amount measured between spreading and the
time of freezing point measurement.

The measurements indicate that comparable freezing point temperatures were achieved by
the FS 30 and FS 50 pre-wetted salt, with a minimum freezing point around -20°C achieved
on damp roads (<0.05mm) and -15°C on wet roads (<0.1mm).

For the FS70 pre-wetted salt, lower freezing points were measured, with a minimum around
-7°C measured for wet roads.
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For the brine only, the lowest freezing point suppression was measured, with a minimum
around -5°C measured for damp and wet roads. Lower freezing points were measured on
drier roads down to below -10°C.

As road wetness increases, all treatment types show reduced freezing points of the road
surface moisture, tending towards very low suppression at around 0.5mm water thickness
and 2mm of precipitation (water equivalent).
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Figure 5: Freezing point change with water thickness, 10g/m?
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7.3 Residual salt and freezing point longevity

7.3.1 Effect of road wetness

For spreading at 20g/m?, Figure 9 summarises the variation in salt amount and Figure 10 the
variation in freezing point temperature with time after spreading, showing the comparison
between the different treatment methods for different road wetness levels.

With the equivalent spread rate, the data shows very similar response for FS 30 and FS 50,
with both methods showing higher residual salt levels and lower freezing points than FS 70
and FS 100 treatments. This difference is more pronounced on the wet roads in comparison
to the damp conditions.

Because brine is spread with a maximum of 23% concentration, there is a limit on the amount
of salt that can be retained on the road after brine only spreading even with very low losses.
In comparison the FS 30 is spreading over 3 times the amount of salt.
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Figure 9: Salt amount variation after spreading
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Figure 10: Freezing point variation after spreading
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7.3.2 Time of spreading (traffic levels)

Figure 11 summarises the variation in salt amount and Figure 12 the variation in freezing point
with time after spreading, showing the comparison between the different treatment methods
for the different times of spreading.

The results highlight some effects of time of treatment on the residual salt and freezing point
behaviour.

For afternoon treatments, there will be greater trafficking and loss of solid salt immediately
after spreading, and as shown in Figure 11 there is a clear decrease in the residual salt levels
over the duration of the treatment. The maximum duration before repeating after an
afternoon treatment on the A835 is 12 hours if freezing conditions persist, and the results
support this decision, with significantly reduced salt and freezing point after this period.

For morning treatments, there will be very low traffic and loss of solid salt. The treatments
with higher solid salt share show a much flatter response in the residual salt behaviour with
a less pronounced reduction. The sensors are only picking up the amount of salt in solution,
and the lower losses of the solid salt allow the salt to dissolve over the treatment period.

In the low traffic morning treatments FS 50 shows the highest initial salt level and freezing
point reduction, with FS 30 exhibiting greater salt and lower freezing point after
approximately 3 hours and longer.

The freezing point behaviour tends to show a much flatter response as compared to the
residual salt. The initial dissolution of salt will decrease the freezing point. This depression
appears to be maintained over the duration of the treatment for damp and wet roads. Salt
may be lost as solution, resulting in the reduction in salt amount shown by the sensors,
however the freezing point of the solution remaining is maintained, except on very wet roads
where precipitation or heavy dew formation will dilute and/or wash away the salt solution.
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Figure 11: Salt amount variation after spreading
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Figure 12: Freezing point variation after spreading
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8 Treatment method suitability for different conditions

8.1 Basis for the performance of different treatment methods

The effectiveness of a treatment will depend on two key factors:

1. How much salt remains on the road surface after spreading

2. How much of this salt has dissolved to form a salt solution

Table 5 provides a summary of the relative advantages and disadvantages of spreading a solid

and liquid de-icer.

Table 5: Advantages and disadvantages of solid and liquid de-icer

Solid salt

Brine

If retained on road surface,
can provide larger amounts
of chemical on road surface
(>10g/m? of sodium chloride)

More resilience to dilution
and wash off

Larger particles dissolve
slowly to provide long lasting
treatment (if retained on
road surface and sufficient
humidity (greater than 75-
80%) and surface moisture.

Large particles less affected
by wind.

Less loss from trafficking - in
particular for heavier traffic
conditions.

Can more precisely treat full
carriageway width without
overspreading to verges

Effective immediately
without time required for
dissolving of salt - particularly
for low traffic situations.

More susceptible to loss from
vehicle and wind effects —
more pronounced on heavier
trafficked roads and drier
road surfaces

Harder to treat full width
without overspreading
(particle bounce)

Time required to dissolve and
become effective

Dilution on very wet
roads/snow — shorter acting
treatments

Limit on amount of chemical
that can be applied, even
with lower losses (<10g/m? of
sodium chloride)

More affected by wind during
spreading

1.0
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8.2 Overall assessment of performance

It is clear that no single treatment method is the most effective solution across all of the
winter conditions experienced. The spreading of solid and liquid de-icers, and the
combination of solid and liquids either through pre-wetting of salt or from simultaneous
spreading of liquid only and solid salt treatments, offer different advantages and
disadvantages affecting the suitability of the treatments for different road conditions.

With regard to the pros and cons of solid and liquid treatments, higher brine share treatments
which involve the simultaneous spreading of solid salt (pre-wetted from a spinner) and a
liquid only treatment (applied directly to the road surface from a spray bar) can offer the
benefits of both approaches while mitigating against the disadvantages of any one approach
in isolation.

The road surface wetness is a key factor influencing the effectiveness of treatments. For dry,
damp and wet roads i.e. water thickness less than 0.1mm for the duration of the treatment,
the amount of salt that can be spread by FS100 provides effective treatments to -5°C on wet
roads, and much lower on dry and damp roads. FS 70 provides effective treatments down to
around -7°C on wet roads.

FS50 provides very similar performance to FS30 while spreading around 20% less salt and
effectiveness to around -15°C on wet roads.

As shown from the plots of freezing point in Figure 5 and Figure 7, above a water thickness of
approximately 0.5mm, and precipitation amounts more than 2mm, all treatment methods
show very limited freezing point temperature suppression of the road surface. Comparison of
the FS50 and FS30 performance with FS70 and brine only shows some advantage for high
solid salt share treatments over the higher liquid share treatments in the conditions leading
up this range.

Based on the analysis, the key parameters that have an impact on treatment effectiveness
have been identified and limiting values for the effectiveness of treatments assessed. A
summary is presented in Table 6.
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Table 6: Key parameters and limiting values for precautionary treatments

Condition

Damp Roads or wet roads

Very wet roads and precipitation

Treatment method performance

For FS30 and FS50 pre-wetted salt, minimum
freezing point -20°C on damp roads (<0.05mm)
and -15°C on wet roads (<0.1mm).

For the FS70 pre-wetted salt, minimum
freezing point -10°C on damp roads and -7°C
on wet roads.

For FS100, minimum freezing point -7°C on
damp roads and -5°C on wet roads.

In normal traffic (e.g. afternoon) 12 hours
confirmed to be suitable maximum treatment
effectiveness time

As road wetness increases, all treatment types
show reduced freezing points of the road
surface moisture, tending towards very low
suppression at around

Limits for effectiveness for FS50 and FS30:
(for RST to -5°C):
e (0.2mm water thickness

e 0.5mm of precipitation (water
equivalent)

Limits for effectiveness for FS70:
(for RST to -2°C):
e (0.2mm water thickness

e 0.5mm of precipitation (water
equivalent)

Limits for effectiveness for FS100
(for RST to -2°C):
e 0.2mm water thickness

e 0.2mm of precipitation (water
equivalent)

1.0
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Very light traffic after spreading — RST
to-7°C

High Wind Averaging over 20mph when
spreading

Hoar Frost and Freezing Fog

De-bonding Layer Before Snow

In the low traffic morning treatments FS 50
shows the highest initial salt level and freezing
point reduction, with FS 30 exhibiting greater
salt and lower freezing point after
approximately 3 hours and longer.

All treatment methods show effect and must be
carefully monitored

FS 50 effective for treatment of frost or thin ice
(than 0.1mm) in early morning very low traffic
FS 50 and 70 effective.
FS70 for temperatures >-5°C
FS100 marginal temperatures >-1°C

1.0
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Appendix A Summary of spreading events for 2019/20
Maximum Ice reports
Time and Minimum Precipitati FPT>RST .
. layer . Grip General
Date Location type of surface thickness on before (Active descriotion
Treatment | temp (°C) event Patrol | Embed Non — sensor) P
(mm) . . .
public ded invasive
police | sensor sensor
0.01mm
at time of
Standard 0.1
rea-\r/:/e:tred 2.99C at treatment rain r:f:;r From 00:50 RST less than dew
P N B t0 01:10 point from 16.30
12/11 Aultguish . 0.04 mm . Icy 0.80
16.40 ice at . before ice . .
20g/ m? 00:10 maximum Patrol High humidity
' after treatment around 100%
treatment
before ice
Max wind speed
0.12mm <10mph at .tlme of
. From 18:00 spreading
at time of
-1.9°Cat | treatment to 18:25
15.30 or;set of 0.6mm Slushy/Ic Slushy road
14/11 Aultguish 20g/m? ice at 0.22 mm rain after Wtrd v 20:30to reported from
— treatment y 01:00 (Time 23:40 until 00:40
00:30 maximum . .
before ice of follow up (One ice report
after .
treatment) 00:30, Grip =0.6) —
treatment
before ice before follow up
treatment at 00:50
0.07mm lcy Snowy/S .
- (o]
17/11 Aultguish 15:40 422'1(1:0at at time of 00:30 lush 21:10to betvsll_(lege:tggzv(\)/ and
g 20g/m? ' treatment 0.1mm to 00:20 to 00:30 02_0'
from light 00:50 01:20 '
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-3.3at 0.54mm snow after <0.6 between Max wind speed
00:40 (ice | attime of | treatment 00:20 and <5mph
reported) | icereport | beforeice 00:50
-2.9°C at 0.1.7mm 03:30to
03:30 at time of 06:50
. 02:00 ’ treatment <0.1mm Intermittent light
18/11 Aultguish ) .
20g/m -6.7°C at light snow Patrol snow
68'00 0.19mm treatment
' at 02:10 at 06:36
0.18 mm
14.00 at time of 2 3mm FP=-0.1 at
20g/m? o treatment e 17:35
11/12 | Aultguish 04°Cat | ) 45 | Precpitati
23.30 onto
Standard 23.30 01:50to
pre-wetted 2.57mm ) 02:30
at 01:50
02.30 0.5 t
20g/m2 | 02Cat tinr:en:)?
& 02.30 0.7mm Slushy . .
. treatment 06:00 to >0.7 Intermittent light
12/12 Aultguish Standard before 05:40 to 06:40 show
-0.5°C at 06:00 06:30 '
pre-wetted 06.00 0.82mm
) at 04:50
0.04 mm
at time of
19.40 treatment
-1.4°C at 04:30 to Intermittent light
H 2
13/12 Aultguish 10g/m 04.40 0.1mm 05:00 rain
0.08mm
at 23.00
0.09mm
225'/122 at time of 0.3mm 21:30to
15/12 Aulteuish & -3.5°Cat | treatment b.efore Icy 21:30 | 02:20 (time <0.6 from Light snow at time
& 21:30 t0 02:30 | of follow up | 22:30to 02:20 of treatment
Standard 21:30
re-wetted 0.19mm treatment)
P at 16:10
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0.06mm
tti f
15:40 tarealtmmeeit Ic Average wind
20g/m? -1.9°C at 0.4mm ¥ Icy speed 24mph at
t of in aft 19:55t ti f treat t
08/01 | Aultguish ONSELOt | g.1gmm [ ramarer 21:20 935t0 | 5 623:3010 | Hmeoftreatmen
Follow up ice . treatment 21:50 to 23:10 (Gust to 37mph)
maximum . to 03:00
treatment before ice 23:00 .
after 23:00 (Time of
at 22.50
treatment follow up
before ice treatment)
0.06mm Intermittent light
-0.7°C at at time of rain
11/1 Aulteuish 19:40 00:00 treatment 0.3mm 00:00 to
& 20g/m? ’ light rain 01:30 Max wind speed
21.3mph at time of
treatment, average
speed 13.6mph
0.17mm
i f
ta rzg:nee?\t 4.9mm
1.39C at rain after Medium/heavy
19.00 ' treatment rain after
11/1 Brahan 2 onset of 1.04mm . lcy -
20g/m . . before ice treatment before
ice maximum . .
after reported freezing conditions
at 00:50
treatment
before ice
0.3mm . .
. 0.09mm light 18:10 to Intermittent light
-0.9°C at . . rain/snow.
19:10 at time of | rain/snow 21:35
' treatment | to 18:10 .
. 15:30 Max wind speed
12/1 | Aultguish 20g/m?> | -0.3°Cat 23:30 to 18.6mph at time of
& ' 0.46mm | 0.5mm 00:30 (Time -omp
23:40 . treatment, average
at 17:50 light of patrol
. speed 13.9 mph
rain/snow treatment)
to 23:30
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FP=0at
18:10
23:30 0.0?mm 0.4mm Max wind speed
30g/m? o at time of . .
-0.2°Cat light 32mph at time of
. treatment . 02:35to
13/1 Aultguish 02:30 rain/snow treatment, average
Standard to 02:30 03:20 speed 21 mph
pre-wetted 0.13mm )
salt at 02:30
Intermittent light
18:47 0.03mm rain
30g/m? . attimeof | ) 23:30 to .
-0.4°Cat | treatment light rain 00:30 Max wind speed
17/1 Aultguish Standard 23:30 before 21mph at time of
pre-wetted 0.16mm 23:30 treatment, average
salt at 02:30 ) speed 14.3 mph
15:57 0.11mm
30g/m? at time of
o treatment 0.2mm ) Intermittent snow
27/1 Aultguish Standard -11.2;03’( before 128‘_230 during and after
pre-wetted ) 0.27mm 18:40 ’ treatment
salt at 17:00
0.4mm
rain and
-0.3°C at 0.2.6mm snow
16:25 at time of before 16:25 to
treatment 16:25 17:40 Light rain/snow
2/2 Aultguish 14:40 -0.2C at during and after
20g/m? 1'9_50 0.57mm 0.5mm 19:50 to treatment
' at 16:25 rain and 21:50
snow
before
19:50
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Intermittent snow

5 O2 0.07mm during and after
30g/m at time of treatment
-0.8°C at treatment 0.5mm Slushy 17:40 to
12/2 Aultguish Standard 17:40 before 19:10to 2'0_40 >0.7 Max wind speed
pre-wetted 0.52mm 17:40 20:30 ’ 23.3mph at time of
salt ai 17:50 treatment, average
' speed 15 mph
710
03:34 Zi';ecjft 0.05mm
) .
208/m* 4 e atment f;;'::neeii
. 00:00 t
13/2 Aultguish Standard o ©
-7.3°Cat 05:00
pre-wetted 04:50 0.04mm
salt ’ at time of
treatment
a(z.'f‘i(r)nrztf Light rain during
treatment 1.5mm 00:30to and after
20C at rain after 03:00 treatment before
16.4 f i iti
14/2 Aultguish 6 02 onset of 0.58mm treatm(.ent Icy Moist . reezing conditions
20g/m . . before ice (Time of
ice 01:50 | maximum .
after reported patrol Max wind speed
at 00:50 treatment) 30mph at time of
treatment
. treatment
before ice
Exarl‘r;s\lle of Max wind speed
0.1mm at 24.2mph at time of
. 20:50 . response
15/2 Aultguish 10g/m? time of (wind?) treatment, average
& treatment ) speed 15.4 mph
RST >0
03:38 -0.2°C at a(i‘f’ii:;mof 0.5mm Slushy 0550 to
15/2 . 30g/m? 05:50 after 05:50 to :
Aultguish treatment 08:00
treatment 08:10
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Standard 1.59mm before
pre-wetted at 05:00 05:50
salt
Intermittent rain
15:30 0.04mm during and after
2 . 0.2mm . treatment
20g/m o at time of . lcy 19:20 to
-1.3°Cat rain after )
. treatment 20:50 23.25 (Time .
23/2 Aultguish 19:20 treatment Max wind speed
Standard to of follow up .
before 23.3mph at time of
pre-wetted 0.1mm at 21:20 treatment)
19:20 treatment, average
salt 15:50
speed 15 mph
Continuous light
snow/rain after
treatment before
freezing conditions
0.28mm
at time of 0.6mm Max wind speed
-1.5°Cat | treatment | rain after 13mph at time of
. 17.30 onset of treatment Icy 22:00 21:00 to spreading
Aul h T
03/03 ultguls 20g/m? ice at 0.37mm before ice race to 00:00 00:20
22.00 max after reported Follow up
treatment at 22.00 treatment at 23.50
before ice immediately
restores Grip and
wet road state (ice
layer was <0.1mm)
0.12mm Light rain during
. 1.3mm treatment
attime of rain after
23.20 -0.2°Cat | treatment 02:50 to
1 . .
4/03 Aultguish 20g/m? 02:50 treatment 04:00 Spells of'med'lum
before intensity rain
0.72mm 02:50 before freezin
at 01:40 ' reezing
conditions
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18/03

Aultguish

22.00
20g/m?

-0.4 at
03:20

0.05mm
at time of
treatment

0.23mm
at 02:00

0.5mm
rain after
treatment

before

03:20

Icy
04:20
to
04:30

03:20to
04:40

Intermittent light
rain after
treatment

Max wind speed
22mph at time of
treatment, average
speed 15 mph

14/11 Aultguish

Road conditions at time of treatment:

EPTDE N

BT 15:39:92

Road conditions at 20:00:
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Road conditions at 00:30:

17/11 Aultguish

Road conditions at time of treatment:

Road conditions at 00:00:
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8/01 Aultguish

Road conditions at time of treatment:

Road conditions at 22:50:
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East
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Road conditions at time of treatment:
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Trials of higher brine share pre-wetted treatments

Sensor measurements and records of road conditions were used to assess the conditions
under which effective treatments were carried out using pre-wetted salt with a 50:50 ratio
of dry salt:brine and to provide a comparison with standard pre-wetted treatments. The
measurements indicated that comparable freezing point temperatures were achieved by
the FS 30 and FS 50 pre-wetted salt, with a minimum freezing point around -20°C achieved
on damp roads (<0.05mm) and -15°C on wet roads (<0.1mm). The amount of salt that can
be spread by FS100 provides effective treatments to -5°C on wet roads, and much lower
on dry and damp roads. FS 70 provides effective treatments down to around -7°C on wet
roads. As road wetness increases, all treatment types show reduced freezing points of the
road surface moisture, tending towards very low suppression at around 0.5mm water
thickness and 2mm of precipitation (water equivalent). For all treatment methods, the
freezing point behaviour tends to show a much flatter response as compared to the
residual salt. The initial dissolution of salt will decrease the freezing point. This depression
appears to be maintained over the duration of the treatment for damp and wet roads. Salt
may be lost as solution, resulting in the reduction in salt amount shown by the sensors,
however the freezing point of the solution remaining is maintained, except on very wet
roads where precipitation or heavy dew formation will dilute and/or wash away the salt
solution.
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