Effectiveness of Pre-wetting Strategy for Snow and I ce Control on Highways

Rudolph Sooklall, Research Assistant
Department of Civil Engineering, University of Wdt®
200 University Avenue West
Waterloo, ON, N2L 3G1
Email: rbsookla@engmail.uwaterloo.ca

Liping Fu, Ph.D., P.Eng., Associate Professor
Department of Civil Engineering, University of Wdt®
200 University Avenue West
Waterloo, ON, N2L 3G1
Email: lfu@uwaterloo.ca

Max S. Perchanok, Research Co-ordinator
Construction and Operations Branch
Ontario Ministry of Transportation
301 St. Paul Street St. Catharines
Ontario L2R 7R4
Email: Max.Perchanok@mto.gov.on.ca

Paper prepared for presentation
at the Success in Road Salt Management Session
of the 2006 Annual Conference of the
Transportation Association of Canada
Charlottetown, Prince Edward Island



ABSTRACT

Maintaining bare pavement conditions under wint@rmss is critical to the safe and
expedient flow of road traffic in Canada. One lod principal snow and ice control methods is
the application of salt. While salt remains to the most cost-effective de-icer for road
maintenance, its excessive use may have a detaineifiéct on the environment and highway
infrastructure.  Improved maintenance techniqueshsas pre-wetting and direct liquid
application (DLA) have therefore gained increaspmpularity as a means of reducing the
guantity of salt used. Past research has indic#tetl while pre-wetted salt generally
outperforms dry salt for snow removal, its effeetiess depends on the types and proportion of
pre-wetting agents used and the road weather ¢ongliinder which it is applied. The primary
objective of this research is therefore to invegggthe effectiveness of different pre-wetting
techniques under specific road weather conditiofise ultimate goal of this effort is to identify
the optimal pre-wetting design (e.g. pre-wettingraigand ratio) for particular ranges of road
weather conditions. Data collected by Ontario liryi of Transportation (MTO) through a large
scale field experiment called De-icing/Anti-icingggponse Treatment (DART) was used in this
analysis. This data consisted of measurementas@n sover, weather and pavement conditions,
and treatment operations at 10-minute intervalg twe winter seasons. The paper details an
analysis of the snow melting trends on the testl mrader various road weather conditions and
treatments, and summarizes the major findingse@lad the effects of pre-wetting chemical, pre-
wetting ratio, and application rate.
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INTRODUCTION

Modern highway systems play an important role maintenance and growth of the Canadian
economy by facilitating the efficient movement eople, raw materials, components, and goods
from origins to desired destinations. Thus, maiatee of bare pavement conditions on
highways during or soon after winter storms isicaitto maintaining the economic flow of
traffic. Accumulation of winter contaminants suas frost, slush, snow and ice reduces traffic
flow and increases the risk of accidents on higlsaay reducing the average friction level and
increasing the variance of traction between theickehtires and the pavement [13].
Conventionally the contaminants are removed by pigviollowed by the application of granular
rock salt. However, by the 1970’s many highwayrafm@s recognized that the application of
salt had adverse effects on highway infrastructuedjcles and the roadside environment [11],
and improved application methods were developeddace the overall quantities of salt needed.
Principal among these is the use of liquid salthiee as an additive to conventional rock salt
(pre-wetting) or applied on its own in advance rmdw accumulation (Direct Liquid Application)
[6, 8].

Pre-wetting is a technique which coats the surf#csalt particles with water or chemical
agents to accelerate the process of melting snalvic This initial liquid coating also helps
salt particles adhere better to pavements thasalty Pre-wetting salt has been widely accepted
as an effective technique for improving the degcaapability of salt because it accelerates the
start of the melting process by directly providthg necessary initial moisture, and it also assists
salt particles to adhere to the pavement. Themeténg of salt is a tool advocated by the Salt
Institute, the Transportation Association of Canaalad Environment Canada as a recognized
best management practice [4, 14, 15]. It is howéugely unknown how much more effective
pre-wetted salt is over regular dry salt. Thislygsia attempts to shed some light on this question
using the data from the DART test.

While these improved methods have been widely implged, assessment of their
performance in comparison with conventional rock, smd estimation of the overall potential
for salt reduction, is an unresolved issue becalisig effectiveness is influenced by a large
number of uncontrolled variables during winter ni@nmance operations. The primary objective
of this research is to quantify and compare thectitffeness of rock salt with and without pre-
wetting liquid and possibly identify the optimalepwetting design under specific road weather
conditions. This research involves a statisticadlysis of data collected by the Ministry of
Transportation of Ontario (MTO) through a largeledzeld experiment called De-icing/Anti-
icing Response Treatment (DART) [12]. First anreiev of the test sites and the data collected
from the tests is discussed and this is followedlmase by case comparison of pre-wetted salt
versus dry salt used for snow control. Lastly,atasions are summarized and future research
directions are highlighted.
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DESCRIPTION OF STUDY SITE AND DATA

The data used in this analysis were collectedeaDIART field site by MTO forces in the winter
seasons of 2001-2002 and 2002-2003. The tesissie50 kilometre maintenance route on
Highway 21 located in the Great Lakes-St. Lawretlogeatic region of south-western Ontario,
Canada (Figure 1). Due to its proximity to Lakerétuand Georgian Bay, the route is subjected
to frequent lake effect snowfall with normal wintenow accumulation of 2.8 m over 75-80
snowfall days. The mean daily temperature (MDTthi area is below°C for the period from
December through March and the coldest month igalgrwith a MDT of -7C. The topography
of the route comprises of rolling farmlands and dlots with a combination of open and
sheltered terrain [12].

Highway 21 is a Service Class 2 highway with anrage daily traffic volume of
2,000~6,000 vehicles per day during a winter seastnch required ploughing when snow
accumulation was 20 mm and recovery of bare pavemighin eight hours after a storm [12].
A 42 km segment of the 50 km test route was divigad eight sections, labelled sequentially
from #1 to #8, with lengths varying between 2 tkil@metres as shown in Figure 1. Sections #1
to #7 are two-lane, two-way highways while secti@is a 4-lane collector with 2 lanes in each
direction. All sections are paved with asphaltarete.

Different chemical application protocols, varying material type, application rate and
application method, were tested. The pre-wetthenucals included near-saturation solutions of
CaCl (calcium chloride brine with corrosion inhibitiredditives marketed as Corguard), and
MgCl, (magnesium chloride brine with corrosion inhibgtiadditives marketed as Freezeguard).
All tests were conducted as part of the normal evimbaintenance operations while the highway
was open to traffic. All test sections were plovpeidr to chemical application, and chemicals or
winter sand was re-applied if the surface was tedred within the maintenance circuit time of
approximately 1.5 hours. Each pass of the plogpoeader across each test section was recorded
either manually or with an Automated Vehicle Looat{AVL) system, providing records of the
time and direction, chemical type and applicatiate [12].

A video surveillance camera was installed neardbeter of each test section to record
pavement snow coverage at a pavement marking d¢uadl divided the pavement into 3
consecutive, 1.3 m squares across each lane. &naw fraction, defined as the fraction of area
covered by snow (0.0-1.0), was estimated visuatignfthe recorded video and tabulated for each
square at a 10-minute interval over the duratioa stform event.

Air and pavement temperature, wind speed, and gitaton were obtained from a Road
Weather Information System (RWIS) station locatedleenford (Figure 1). Daily snowfall was
obtained from the nearest Environment Canada oipgemstations and was used to estimate
snowfall rate during each storm (total snowfallided by storm duration). Storm duration was
defined as the time from onset of snow accumulatiotil the restoration of bare pavement
(<=5% snow cover).
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Data from all test sections covering both winteasses were used in this study with three
exceptions due to unavailable data, including S#2sand #8 for 2001-2002 and Site #4 for
2002-2003. Each direction of a highway sectiocoissidered as a separate analysis unit and the
snow cover measurements at all test sections vastepgpocessed to determine the average snow
cover in each direction. Preliminary analysis sedwhat there were significant differences in
snow cover between the three observation blockssadhe lanes in Sections #1 to #7, likely due
to the effect of blowing snow. For example, thewrcover along the right wheel track was
several times higher than the snow cover alondetthevheel track. To avoid bias due to across-
lane variation in snow cover, only the middle dsldck of the lane was considered in calculating
the average snow cover of Sections #1 to #7 whalka drom all three blocks were used for
Section #8 (Each direction of Section #8 was digideo three observation blocks even though
the highway at this section consists of two lamesach direction).

A total of 15 and 17 storms were recorded durimgwinter seasons of 2001-2002 and 2002-
2003, respectively, with average snowfall rateha tange of 0.01~3.53 centimetres per hour.
Different chemical protocols were used, with drglkk@alt and fine gradation salt applied at rates
varying from 50 to 85 kilograms per lane kilometa@d the granular rates for pre-wetted salt
ranged from 37 to 90 kilograms per lane kilometfavo pre-wetting agents, namely, Ca@hd
MgCl, were applied at 7 or 15% of the granular mass B228003 and MgGlwas applied at a
rate of 38% in 2001-2002. The rock salt used aonéal to MTO standard specification [3]
which specifies at least 96% by mass sodium chéoridd0% smaller than 9.5 mm sieve and
maximum 65% passing 2.36 mm sieve. The gradagosimilar to coarse sand. Fine salt
consisted of 100% grains smaller than 4.75 mm atehat 35% smaller than 1.18 mm.

Winter sand was applied to provide immediate taactwhen snow could not be removed by
plowing or salting. It was pre-mixed with granulsalt at a rate of 5% by mass to prevent
stockpile freezing and is referred to as dry sandistinguish it from sand that was pre-wetted
with chemical agents in some tests. A sand/saltaonsisting of 20% by mass of rock salt was
also used during the tests. The spreaders disthangterial from the left side of the hopper
between the front and rear wheels. Spreading spaedspecified by Maintenance Best Practice
#702 as 32-48 km/h and during operations speedad@sted to maintain a constant centreline
windrow spreading pattern.

COMPARATIVE ANALYSIS

This section presents the results of a comparainadysis on the effectiveness of pre-wetted salt
application protocols on snow removal versus tiat protocol using dry salt. Data obtained at

the test sections described previously were usé#ismanalysis. The performance of a treatment
is measured by the fraction of pavement coveredsrmw (snow cover). Two measures of

effectiveness were used:

= Change in snow cover over time

= Average snow cover
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The first measure — change in snow cover was etauasually by graphing snow cover
against time. Average snow cover is used as agate for level of service (LOS) achieved by
each particular chemical application protocol.isltalculated as the average of all snow covers
measured over the snow storm, starting from thet themical application to the end of the
storm (or the end of the observation period). Adowalue of average snow cover can be
translated as a higher LOS experienced by drivers.

To ensure the validity of the comparative analyse;h comparison is formed with cases
that had similar storm characteristics, locatior d@raffic. For example, in comparing the
effectiveness of pre-wet salt and dry salt, we kh@elect cases in which the two types of
materials are applied with similar amount (dry satéo the similar highway sections (e.g.
geographical features) under similar weather candht In the case that differences did exist, we
provide a detailed description of these differencé&ir-wise comparisons of pre-wetted salt
versus dry salt were done for both winter seasodsage detailed in the following section.

Data from the DART tests for two winter season€)120002 and 2002-2003 were used for
the intended comparison. The two winter seasopgrenced a noticeable difference in daily
snowfall, pavement temperature, and humidity lewssshown in Table 1. A total of twenty
cases, eleven from winter season 2001-2002 and frome winter season 2002-2003, were
identified and are shown in Tables 2 and 3 respelgti The temporal variation of snow cover
for two example cases is shown in Figure 2. TaBlasd 3 also have the relative effectiveness
of pre-wetted salt over dry and visual represematifor both seasons are provided in Figures 3
and 4.

Based on the results shown in Tables 2 and 3, andds 2 to 4 we can observe that pre-
wetted salt was less effective than dry salt incaty average snow cover during the 2001-2002
winter season (eight out of eleven cases with imgmeents ranging from -93.5% to -8.3%), but
outperformed dry salt in 2002-2003 (six out of nicesses with improvements ranging from
14.8% to 37.9%). This contradiction in the resistsinexpected since most literature confirms
the benefit of the pre-wetting strategy [e.g. 5, Bpwever, the differences in conditions between
the two winter seasons as shown in Table 1 carsbd to explain the conflicting effectiveness
for pre-wetted salt with support from relevantriteire [e.g. 1, 7].

The following are possible explanations why pretegsalt was outperformed by dry salt
during the winter season of 2001-2002 and the amposs observed in 2002-2003:

» Pavement temperatures during the snow storms df-2002 were relatively high (>-
6.0°C) compared to 2002-2003 (<-&d). It is well known that dry salt is an effective
de-icer up to -7.XC [6, 8];

* Initial moisture necessary to trigger dry salt irgosolution was readily available
through high total daily snowfalls (>5.0 cm) comdmnwith high humidity levels
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(>85%) during snow storms in 2001-2002. Ketcharal ef1996) stated that dry NaCl
can absorb moisture from air at a relative humidfty6% or higher; and

* The dilution potential of pre-wetted salt underrhigtensity snowfalls could reduce
it's effectiveness for snow removal over time. dklaurn et al. (2004) developed
guidelines for snow and ice control based primadly the dilution potential of
different winter precipitation events of varyingtensity. Since pre-wetting salt
accelerates the solution process it theoretically & higher potential for dilution than
dry salt. As a result, the higher pre-wettingaatsed in 2001-2002, combined with
high temperatures, may have contributed to higltidih.

A combination of the three points listed above isatvprobably influenced dry salt to
outperform pre-wetted salt during 2001-2002 sincealnost opposite scenario of weather and
pavement conditions were experienced during 20@B20Random measurement errors for
snow cover estimated from the surveillance videta dauld influence the results obtained; this
effect is however expected to be minimal as thewrhof data we used is sufficiently large to
smooth out most of these measurement errors. And#ttor which may have impacted the
results is the variation in traffic intensity acsdbe test sections. While the traffic volume glon
the test road is quite uniform, further researchdeded to understand the combined effects of
salt and traffic with detailed traffic data.

CONCLUSIONS

Determining the relative effectiveness of the pedting strategy and the conditions under which
it is most effective is a challenging goal duertgdhe uncontrollable observational environments
such as weather, traffic and location. This rede&ias made an attempt to compare the effects
of treatments involving pre-wetting of salt. A sysiatic statistical analysis was performed on the
observational data with the goal of identifying gtitive effects of weather and maintenance
operations on snow melting trend. The followingaidist of major conclusions and findings
obtained from this analysis:

» It was observed that the performance of pre-wettdtiappears to be dependent on the
pre-wetting ratio used and the existing pavemedtva@ather conditions. Pre-wetted salt
was outperformed by dry salt in most test cases tduction in snow cover from -8.3%
to -93.5% during 2001-2002 but in 2002-2003 preteeesalt was more effective with
improvement in snow cover reduction from 14.8% 709%6. In 2001-2002 pre-wetting
ratios of 15 and 38% by mass were used to treatrpants subjected to heavy snowfall
(>5.0cm) at temperatures within the effective ramgedry rock salt (>-7C). The
opposite conditions were experienced in 2002-20G8 lew temperatures (<°€) and
light to moderate snowfall (<5.0cm), and the preting ratios used were 7 and 15% by
mass. This seems to suggest that pre-wettingtiseuessary during heavy snowfall and
at relatively high pavement temperatures and agmwetting ratio is preferable if pre-
wetted salt is used under these conditions.
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The identification of an optimal pre-wetting raticas not possible for the two distinct
prevailing conditions since the 7% ratio was netdd in 2001-2002 and the 38% ratio
was not tested in 2002-2003.

The potential of the comparative analysis framewaskd in this study is positive for
qguantifying the effectiveness of alternative chahipplication protocols used in snow
control. It provides a sound methodology for conmgathe performance of alternative
treatments under an environment with uncontrollabteatic and pavement conditions.
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Table 1: Summary of Observations for Winter Sea&fid -2002 and 2002-2003

Number Total
Winter Snowfall o
of Snowfall Application Protocols
Season Rate (cm/hr)
Storms (cm)
- Dry Rock Salt;
- Rock Salt Pre-wetted with MgEC@ 38%
2001-2002 15 0.2~30.0 0.03~3.53 - Sand, Sand/Salt Mix (20% Salt)
- Pre-wetted Sand and Sand/Salt Mix with 38
MgC|2
- Dry Rock and Fine Salt
- Rock and Fine Salt Pre-wetted with CaCl
NaCl and MgC] @ 7 and 15%
2002-2003 17 0.2~25.0 0.01~3.33

- Sand, Sand/Salt Mix (20% Salt);

- Pre-wetted Sand and Sand/Salt Mix with 7 ¢

15% CaCJ and MgC}

11

! Only storms with available total daily snowfalbfn Environment Canada’s weather stations were imstts study.
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Table 2: Summary of Treatment Cases and Effectagrfere-wetted Salt vs. Dry Salt for 2001-2002

Case| Date of Weather and Chemicals and/or Abrasives Ustd LOS Relative Effectiveness of
u Event Surface Pre-wetted Dry wZ?e_d Dry Pre-wetted Salt
Conditions Salt and/or Sand with Mggl Salt and/or Sand Salt Salt (%)
-5E -4E
1 | 1/17/2002 _%Oé(f,g?z(lséokhf)) - Rock salt 70 kg/lane-km at 15%2/2) - Rock salt 70 kg/lane-km (2/2) 020 | 0.22 9.1%
) ~KP1 Rock salt 65 kg/lane-km (1/6) - Rock salt 65 kg/lane-km (1/0)
“6E 7E
2 | 11712002 _%Oé(f,g?z(lséokhf)) -Rock salt 70 kg/lane-km at 15% (2/2) - Rock salt 70 kg/lane-km (2/2) 020 | 027 25.9%
' = ¥P)| Rock salt 65 kg/lane-km (1/6) - Rock salt 65 kg/lane-km (1/0)
20.0 cm (8.0 hrs)| ~8W AN
3 1/17/2002 -0.3°C (21.9 kph) -Rock salt 70 kg/lane-km at 15% (2/1) -Rock salt 70 kg/lane-km (2/0) 0.44 0.33 -33.3%
) -~ KP - Rock salt 65 kg/lane-km (1/0) - Rock salt 65 kg/lane-km (1/0)
“5E
10.0cm (8.0 hrs)| i o -4E g 20
4| MABI2002) 3 00C (24.5 kphy | TROSK A TO tg;:gﬂzm P /gim (472) | 'Rock salt 70 kg/lane-km (1/2) 0.52 | 0.48 8.3%
-6E 7E
5 | 1/18/2002 _g%?,g?zf'sokhf)) -Rock salt 70 kg/lane-km at 38% (1/2) -Rock salt 65 kg/lane-km (1/2) 055 | 0.38 44.7%
: =¥ Rock salt 65 kg/lane-km (1/6) -Rock salt 65 kg/lane-km (1/0)
10.0 cm (10.0 hrs) -6E -7E o
6 | 2/1/2002 | ; goc (13.9 kph) | - Rock salt 65 kg/lane-km at 38% (3/0) -Rock salt 65 kg/lane-km (3/0) 033 | 021 ~57.1%
10.0 cm (7.5 hrs)| -5E -3E o
7| 212120021 "5 e 2 3 kphy) | - Rock salt 65 kg/lane-km at 38% (1/2) -Rock salt 65 kg/lane-km (1/2) 027 | 014 ~92.8%
“5W 3w
8 | 222002 12;’%”2;2?(“;? -Rock salt 65 kg/lane-km at 38% (1/1) -Rock salt 65 kg/lane-km (1/1) 019 | 0.30 36.7%
) = Kp - Sand/Salt Mix 270 kg/lane-km at 38%1/0) | - Sand/Salt Mix 270 kg/lane-km (1/0
“5W 3w
9 | 2/312002 ioz'%énggfkhrs)) -Rock salt 65 kg/lane-km at 38% (1/1) -Rock salt 65 kg/lane-km (1/0) 060 | 031 -93.5%
) P sand/salt Mix 270 kg/lane-km at 38% (1/0) - Sand/Salt Mix 270 kg/lane-km (1/0
“6W W
10 | 2/4/2002 _%_)Oi(f,g?zgsfkhf)) -Rock salt 65 kg/lane-km at 38% (1/0) -Rock salt 65 kg/lane-km (1/0) 051 | 0.44 -15.9%
) “XP) | sand/Salt Mix 270 kg/lane-km at 38% (2/0) - Sand/Salt Mix 270 kg/lane-km (2/0
“6W W
11 | 2/26/2002 (1)53;9;?1‘(18451(“[]3)) - Rock salt 50 kg/lane-km at 38% (2/0) - Rock salt 50 kg/lane-km (2/0) 019 | 0.3 -46.1%
) 4 Kp - Sand/Salt Mix 148 kg/lane-km at 38% (1/0) - Sand/Salt Mix 148 kg/lane-km (1/0

3 total daily snowfall (storm duration)/average paest temperature (average wind speBdjte/material/granular application rate in kg/lme (number of
applications runs plus plow/plow only run$jgverage snow covetpercentage of Mgghdded to granular magsipplication broadcasted from opposite lane.

12




Table 3: Summary of Treatment Cases and Effectaserfere-wetted Salt vs

. Dry Salt for 2002-2003

: - c
Case| Date of Weather and Chenmicals and/or Abrasives Used LOS Relative Effectiveness of
u Event Surface Pre-wetted Dry wZ?e_d Dry Pre-wetted Salt
Conditions Salt and/or Sand with CagCl Salt and/or Sand Salt Salt (%)
2.2 cm (6.5 hrs) -1E 2B
1 1/24/2003 _11'1 1C (0.6 kph) -Rock salt 70 kg/lane-km at 15%1/1) -Rock salt 70 kg/lane-km (1/0) 0.54 0.41 -31.7%
) 0PV sand 279 kg/lane-km at 15%41/0) -Sand 279 kg/lane-km (1/0)
2.2 cm (6.5 hrs) W 2w
2 1/24/2003 _11'1 1C (0.6 kph) -Rock salt 70 kg/lane-km at 15% (1/1) -Rock salt 70 kg/lane-km (1/0) 0.58 0.87 33.3%
) O KPP sand 279 kg/lane-km at 15% (1/0) - Sand 279 kg/lane-km (1/0)
1.0 cm (6.5 hrs) -8E 8w
3 1/24/2003 _11'1 1°C (0.6 kph) -Rock salt 70 kg/lane-km at 15% (2/1) -Rock salt 70 kg/lane-km (2/1) 0.13 0.18 27.8%
) O KP - Dry Sand 285 kg/lane-km (2/0) - Sand 285 kg/lane-km (2/0)
25.0 cm (8.0 hrs)| “EE 8w
4 1/25/2003 6 i"C @7 9 kph) -Rock salt 70 kg/lane-km at 7% (5/3) -Rock salt 70 kg/lane-km (5/3) 0.18 0.29 37.9%
) = Kp - Dry Sand 285 kg/lane-km (2/0) - Sand 285 kg/lane-km (2/0)
-TW -6W
5 | 1/25/2003 _%i?,g?z(féokhrﬁ)) -Rock salt 70 kg/lane-km at 7% (2/0) - Rock salt 70 kg/lane-km (2/0) 022 | 0.30 26.7%
' = Kp - Dry Sand/Salt Mix 285 kg/lane-km (1/0) | - Sand 285 kg/lane-km (1/0)
-7E -6E
6 | 1/25/2003 _%i?,g?z(féokhrﬁ)) -Rock salt 70 kg/lane-km at 7% (2/0) - Rock salt 70 kg/lane-km (2/0) 022 | 017 -29.4%
) = Kp - Dry Sand/Salt Mix 285 kg/lane-km (1/0) | - Sand 285 kg/lane-km (1/0)
45cm (7.0 hrs) | -8E -8W o
7| V2712003| 15 goc (2.8 kph) | - Fine salt 56 kg/lane-km at 7% (4/2) - Fine salt 66 kg/lane-km (6/0) 023 | 027 14.8%
0.2cm (8.5 hrs) | -7E -6E o
8 | 2[1412008| " g joc (0 g kph) | - Fine salt 56 kg/lane-km at 15% (3/0) - Fine salt 66 kg/lane-km (3/0) 042 | 060 30.0%
0.2cm (8.5 hrs) | -7TW -6W o
9 | 211412008 g joc (0 g kph) | - Fine salt 56 kg/lane-km at 15% (3/0) - Fine salt 66 kg/lane-km (3/0) 063 | 056 ~12.5%

3 total daily snowfall (storm duration)/average paest temperature (average wind speBdjte/material/granular application rate in kg/lme (number of
applications runs plus plow/plow only runSjgverage snow covetpercentage of Cagadded to granular mass
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Pre-wetted Rock Salt vs. Dry Rock Salt at 70 kg/lane-km on 1/17/2002
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Figure 2: Temporal Variation of Snow Cover — Pretea Salt vs. Dry Salt

15




Fu, Perchanok and Sooklall

Relative Effectiveness (%)

60

40 -

20 A

-20 4

-40

-60

-80

-100

-120

Dry salt is bette

Pre-wetting is bette

Figure 3: Relative Effectiveness of Pre-wetted Satsus Dry Salt for 2001-2002
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Figure 4: Relative Effectiveness of Pre-wetted Satsus Dry Salt for 2002-2003
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