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Abstract

Limited experience (mainly of Scandinavian and other European countries) has shown that
applying a chemical freezing-point depressant on a highway pavement prior to, or very quickly
after, the start of frozen precipitation minimizes the formation of an ice-pavement bond.
Potentially, this anti-icing practice reduces the task of clearing the highway to bare pavement
conditions and requires smaller chemical amounts than are generally required under
conventional deicing practices. Nine state highway agencies conducted anti-icing experiments
when possible during the 1991-92 and 1992-93 winters. These tests were used to develop a
better understanding of both the conditions under which anti-icing will be effective and how
to conduct anti-icing efficiently to ensure the greatest success. Prewetted salt and liquid
chemicals were used during the anti-icing experiments. The project also involved evaluating
of specialized equipment for applying controlled quantities of solid, prewetted, or liquid
chemicals at minimum application rates required for effective anti-icing treatment. Limited
field tests were conducted with some Department of Transportation spreaders to determine
important variables associated with evaluating spreader application rates and distribution
patterns. A proposed American testing protocol for evaluating winter maintenance spreaders
was developed based on foreign protocols.

A limited cost-benefit analysis was performed, comparing anti-icing effectiveness with deicing
operations, considering such factors as accidents and material, equipment, and labor costs.
Finally, the report contains a preliminary manual of practice for an anti-icing treatment
program. The report also presents meteorological criteria and support items that are important
for anti-icing operations at potential test sites.



Executive Summary

Limited experience (mainly of Scandinavian and other European countries) has shown that
applying a chemical freezing-point depressant on a highway pavement prior to, or very shortly
after, the start of accumulation of frozen precipitation minimizes the formation of an ice-
pavement bond. This anti-icing practice reduces the task of clearing the highway to bare
pavement conditions and requires smaller chemical amounts than are generally required under
conventional deicing practices. State highway agencies (SHASs) in the United States generally
have not adopted anti-icing practices in spite of the potentially greater effectiveness and
reduced costs associated with the practice. The main reasons for the lack of acceptance
concern the uncertainty about the conditions most favorable for anti-icing and how to conduct
anti-icing. The imprecision with which icing events can be predicted, the uncertainty about
the condition of the pavement surface, and the public’s perception of wasted chemicals further
complicate the situation. Some early anti-icing attempts in the United States have failed
because of these uncertainties.

Technological developments in forecasting weather and in assessing pavement surface
conditions now offer the potential for successfully implementing anti-icing treatments. Sensors
embedded in the pavement surface are able to measure the temperature representative of the
surrounding pavement and detect the presence of water or ice and a chemical freezing-point
depressant. Signal information coming from these sensors has given maintenance managers
the means to observe real-time pavement surface conditions; and when used with available
algorithms, the information provides a reasonable prediction of pavement surface conditions
for a period of up to 24 hours. Improved weather forecasting targeted specifically to local or
regional road conditions also provides the maintenance manager with the means to predict
pavement surface state. In addition, better communications rapidly relay this information to
both maintenance forces and the public.



Highway agencies need a better understanding of both the conditions under which anti-icing
will be effective, and how to conduct anti-icing efficiently to ensure the greatest of success.
Several hurdles standing in the way of successful implementation of anti-icing need to be
investigated and overcome. For example, the use of chemicals in solid form for anti-icing
treatments demands precise timing of the application to minimize loss from traffic action. The
use of prewetted salt has reduced loss during application due to particles bouncing off the
pavement; prewetted salt may also be effective in reducing the amount of material that is
blown off the road by traffic. In addition, the influence of the time between an application of
salt and the onset of freezing precipitation is not fully understood.

European and Scandinavian experience has shown that as little as 5 to 10 g/m* (65 to
130 Ib/lane-mile) of salt is needed for preventive salting treatment for frost, black ice, and light
snow. There appears to be no consensus among European countries regarding the rate of salt
spreading during continuous snowfalls. Estimates of application rates under these conditions
range from 10 to 60 g/m* (130 to 780 Ib/lane-mile). Highway agencies in the United States
have found that reducing the conventional application rate to quantities on the order of 4 or
5 g/m’? (42 or 65 Ib/lane-mile) is not generally possible with current equipment that is designed
for deicing application rates of 23 to 38 g/m? (300 to 500 1b/lane-mile) and higher.

Liquid freezing-point depressants offer the advantage of precise and uniform application over
a wide range of rates. In Scandinavia, liquid salt solution has proven successful as an anti-
icing treatment under certain conditions. Scandinavian maintenance personnel have also found
liquid salt is most effective when used for black ice and for preventive operations in the fall
and spring. Furthermore, their experience also indicates that liquid salt should not be used
when the pavement temperature is less than —5°C (23°F), nor should it be used with freezing
rain or applied on compacted snow. Effective techniques for using liquid chemicals have not
been developed in the United States.

In early 1991, the Strategic Highway Research Program (SHRP) of the National Research
Council funded a multiyear study entitled "Development of Anti-Icing Technology" under
Project H-208. The objectives were to develop a better understanding of the conditions under
which anti-icing will be effective and to investigate various anti-icing techniques that will have
the greatest potential for success over a range of conditions.

The research was both experimental and analytical in nature. Because traffic was expected to
influence the effectiveness of anti-icing treatments various treatment programs were evaluated
in field tests on in-service highways. The field tests were conducted in a number of geographic
locations to include the influence of a wide number of variables. These tests were performed
in cooperation with state highway agencies (SHAs) during the first part of this project,
designated as H-208A. Also performed as part of this contract were analyses of the relative



costs of anti-icing and deicing, considering such factors as accidents, time delays, and material,
equipment, and labor costs.

The second part of this project, H-208B, involved developing of methods for measuring
residual chemicals on treated pavements. This also involved a survey of the worldwide
equipment market for specialized apparatus used to apply controlled quantities of liquid or solid
chemicals at the minimum application rates required for effective anti-icing treatment. The
effectiveness of selected equipment in achieving specified application objectives, such as
precise control of the spreading or spraying pattern and of the quantities applied, was
investigated during appropriate outdoor tests.

Nine SHAs participated in testing in-service highways: California, Colorado, Maryland,
Minnesota, Missouri, Nevada, New York, Ohio, and Washington. A total of 14 test sites were
selected in the nine states. The individual test sites consisted of a test (experimental) section
and a control section. The test sections selected were segments of highways that were close
to a maintenance truck station and could be used for the anti-icing experiments. A segment
of highway in close proximity to each test section was also selected to serve as a control for
the experiment. Each control section matched its associated test section as closely as possible,
in regard to area type, pavement type, and volume of average daily traffic (ADT). The control
sections were to be treated in accordance with the conventional snow and ice control policy
of the particular state. A treatment strategy, consisting of the type of chemical to be used and
the treatment timing, was selected for each test section in cooperation with each SHA. The
types of chemicals used were prewetted solids and a liquid. Liquid chemical was used at one
test site in California and one in Nevada. The treatment timing included both prior to the
storm and at the beginning of the storm.

In planning the study, it was decided that pavement friction and salinity measurements should
be made on the test and control sections throughout the winter testing period. It was important
that the devices used to make the measurements be suitable for use by maintenance personnel
during adverse weather conditions. The devices also had to provide meaningful results.
Separate investigations were conducted in selecting techniques for measuring pavement friction
and salinity.

The Coralba Friction Tester was selected for making pavement friction measurements based
on a comparison of field test measurements with ASTM E274 skid trailer results. The Coralba
is a Swedish instrument used to measure friction on some European and Scandinavian airport
runways. The device can be installed in a pickup or passenger vehicie and is connected to the
brake system. The system measures the friction between the tire and pavement by monitoring
the speed reduction over time of one of the vehicle’s wheels during a braking operation. The
friction value obtained from a test is displayed on a dash-mounted unit.



An extensive investigation was made to determine what equipment and procedures were
suitable for use by maintenance personnel to measure residual anti-icing chemicals on
pavement surfaces during the field experiments. A review of information collected on potential
devices indicated the SOBO-20 salinity tester, manufactured by Boschung Company of
Switzerland, was the most promising candidate for a salinity tester. This device has a built-in
conductivity cell and is specifically designed for the quantitative measurement of chloride
solutions on roads. Laboratory experiments conducted with a borrowed unit showed the device
had applicability to the study. "

Some equipment and support items were provided to the participating SHAs where necessary
for full participation in the anti-icing experiments:

ground-oriented spreader controls;

« prewetting equipment for spreader trucks;

+ fixed liquid spray systems and associated tanks for prewetting truck loads;

« storage tanks, pumps, and liquid deicing chemicals;

« a Road Weather Information System (RWIS);

» a system upgrade for an existing RWIS;

« local weather forecasting service;

» Coralba friction testers;

« SOBO-20 chloride measuring instruments; and

 infrared radiometers;

In general, RWIS pavement and atmospheric sensors were incorporated in each test section
except for the one in Maryland. The RWIS provided information needed for informed

decisions regarding pretreatment timing and application rates. Maryland was provided with
a hand-held radiometer with which to measure pavement temperature.



It was necessary to develop training materials and to train the maintenance personnel in the
nine participating SHAs before the anti-icing experiments began. Winter maintenance training
materials were obtained from various sources, including Minnesota Department of
Transportation (MNDOT), New York State Department of Transportation (NYDOT), and
manufacturers and vendors of road weather information systems.

Materials assembled from the various sources were combined into manuals for training the
winter maintenance personnel. Portions of the training manuals varied from state to state,
incorporating specific state requirements for winter maintenance activities, and reflecting site-
specific geographic and climatic considerations and the specific type of chemical (solid,
prewetted, or liquid) spreaders to be used in the testing.

The training materials covered all aspects of the H-208 program including background on the
scope of the project, basic meteorology, and snow-and-ice control chemicals; a description of
the design, operation, and use of RWISs; and information specifically related to the
implementation of the study in each jurisdiction, including the role of supervisory and
operating personnel, data collection, etc. Hands-on training was also furnished for both the
SOBO-20 chloride measuring instrument and the Coralba friction tester.

Operation, calibration, and maintenance instructions were also prepared for the SOB0O-20 and
Coralba instruments. These instructions were intended to simplify the data collection during
winter storm events and to ensure the quality of the information collected.

State maintenance personnel were trained in the use of a series of data recording forms
designed specifically for the research program. These forms provided the proper format in
which to record weather and pavement conditions, spreader equipment operation, and SOBO-20
and Coralba readings. Suitable forms were also prepared for instrument calibration and, in the
case of Maryland, the recording of radiometer measurements.

The nine SHAs conducted anti-icing experiments when possible during the 1991-92 and
1992-93 winters. The first was run in Nevada in mid-December 1991. The official end of the
anti-icing experiments for the 1991-92 winter was the end of March 1992. At that time,
57 storm events had been recorded by the nine participating states, in spite of the late start of
the anti-icing experiments during the 1991-92 winter. Over 70% of the events were recorded
by Maryland Department of Transportation (MDDOT), Nevada Department of Transportation
(NDOT), MNDOT, and NYDOT maintenance personnel. No storm events were recorded at
four sites because of the extremely mild winter after the program became operational.



One-day refresher training sessions were held at the appropriate maintenance facilities in
preparation for the anti-icing experiments conducted during the 1992-93 winter. The refresher
training was conducted from mid-October to early November 1992.

During the retraining, a review of the anti-icing testing procedures and reporting requirements
was presented, along with the findings from the first winter’s testing. Problems reporting the
1991-92 winter field data were discussed in detail, as were any particular requirements or
changes the maintenance personnel wanted to make in the 1992-93 field testing procedures.
Minor changes were made in some states regarding test or control section boundary limits,
application mixtures, and type of deicer used.

The first anti-icing experiments of the 1992-93 winter were conducted in Minnesota at the
beginning of November 1992. Data collection continued until the end of March 1993. At that
time, 110 storm events had been recorded by the nine participating states. Approximately 66%
of the events were recorded by MNDOT, NDOT, and NYDOT maintenance personnel. Storm
events were recorded at all 14 test sites in the nine states.

Coordination with the participating SHAs continued frequently throughout both winters.
Winter maintenance field data were collected to determine the effectiveness of anti-icing
treatments relative to conventional deicing. Data for each storm event in the two winters were
analyzed in a similar manner. The procedures provided a chronological history of the
meteorological events, pavement conditions, and maintenance activities associated with the
storm, including the amount of material applied to each traveled lane. Coralba friction
measurements and SOBO-20 readings were identified by location. The pavement type was
identified for each Coralba and SOBO-20 reading, where possible.

A number of quality control checks were imposed on the data as they were entered into a
spreadsheet database. These checks identified numerous field recording errors and reporting
inconsistencies which were subsequently clarified by the responsible maintenance personnel.

Graphical presentations were also generated, when possible, of the weather, pavement
conditions, and air temperatures as a function of time for the test and control sections. A
summary was made of the total material (chemical and abrasives) applied to the test and
control sections during the storm events. Also, summaries of each storm event were developed
to provide an overview of the event, the test and control section pavement conditions at the
first winter maintenance treatment, and a brief history of both the test and control section
pavement conditions during the storm. Finally, summary tabulations were made of the
maintenance activities on the test and control sections and the savings achieved on the test
sections in each state.



Of the 57 storms recorded during the 1991-92 winter, only 42 could be analyzed; there was
insufficient data for the other 15 storms. The major causes for rejection were incomplete or

missing operator activity data, missing weather and pavement condition information, or missing
RWIS data,

During 21 out of 42 (50%) storms, less chemical and abrasive material were used on the test
sections than on the control sections. The rate of chemical reduction achieved on the test
sections during the 1991-92 winter was 23% in New York, 30% in Ohio, and 49% in Nevada.
The other states reported increased chemical usage. Nevada also reported a 74% reduction in
abrasive used over the winter on the test section as compared to the control section. Various
combinations of anti-icing and deicing operations were used during these 21 storm events.
Their successes resulted from better timing of the treatment applications, more sensible deicing
operations, and a better awareness of the pavement conditions during the storm events on the
part of maintenance personnel

Five storms during of the 1991-92 winter were analyzed in which anti-icing operations were
used on the test sections while deicing operations were used on the corresponding control
sections. During two of these (40%), less chemical was used on the test section than on the
corresponding control section. Abrasives were used during three of these five storms.
Reduced amounts of abrasives were used on the test section (as compared to the control
section) during all three events. No maintenance passes were saved during the first winter
through anti-icing operations.

Of the 110 storms recorded during the 1992-93 winter, 102 (or 93% of the total) could be
analyzed. This percentage is much higher than that achieved for the first winter (74%). The
major reasons why the other eight storms could not be analyzed are the same as were noted
for the 1991-92 winter.

During 64 out of 102 (63%) storms, less chemical and abrasive material was used on the test
sections than on the control sections. The rate of chemical reduction achieved on the test
sections during the 1992-93 winter was 50% in Missouri, 14% in Ohio, and about 41% in New
York. The other states reported increased chemical usage.

The 50% reduction in chemical use recorded by Missouri during the second winter is in
contrast to a 102% increase recorded during the first winter. A possible explanation for this
radical reversal was that more events were recorded in Missouri during the second winter (11)
than were recorded during the first winter (3). This increased number of events provided
maintenance personnel with the opportunity to successfully experiment with the testing
procedures.



Reduction of chemical use in the test site, as compared with the control zone, in Ohio during
the second winter (14%) was about half that achieved during the first winter (30%). No clear
explanation could be found for this increased use.

The 41% reduction in chemical usage recorded by New York during the second winter was
almost double that recorded during the first winter (23%). This significant reduction was due,
in large part, to the increased awareness on the part the maintenance personnel of the operating
conditions of the test section before and during the many storm events recorded (36).

The increased chemical use recorded by Nevada during the second winter (37%) was
considerably different from the 49% reduction achieved during the first winter. The overall
increased chemical use resulted primarily from activities during four storms during which much
greater amounts of chemicals were used on the test section than on the control section. During
three of these storms, snow and ice pack and icing conditions developed on the test pavement
as a result of relatively low pavement temperatures —4.4°C (24°F) and below. The other storm
involved freezing rain and sleet along with snow showers. The pavement temperature during
this storm was around —1.7° to —1.1°C (29° to 30°F). These four storm events suggest that
the liquid chemical used was not adequate for the lower pavement temperature —4.4°C (24°F)
and for freezing rain conditions. The same temperature limitation for use of liquid chemicals
has also been identified by the Finnish National Road Administration.

The success of the 64 trials during the 1992-93 winter, as was the case during the first winter
of testing, resulted from better timing of the treatment applications, more sensible deicing
operations, and a better awareness on the part of maintenance personnel of the pavement
conditions before and during the storm events.

Combinations of anti-icing operations on the test section and deicing operations on the control
section took place during 13 of the 102 storm events analyzed. Less chemical was used on the
test section than on the corresponding control section during eight of the 13 (62%) storms.
Abrasives were used during eight of these 13 storm events. Reduced amounts of abrasives
were used on the test section (as compared to the corresponding control section) during seven
of the eight events. One maintenance pass was saved through anti-icing operations during
these 13 storm events.

The various states conducted successful anti-icing and sensible deicing operations during the
1991-92 and 1992-93 winters. These were accomplished by maintenance personnel closely
monitoring the pavement conditions before and during the storms. Some experiments were
~ unsuccessful. The lessons learned are given below.

10



Generally, the liquid chemical magnesium chloride (MgCl,) was successful as an anti-icing
agent when applied at the rate of about 7.7 g/m* (100 Ib/lane-mile equivalent dry chemical) and
when the pavement temperature was above —5° to —4.4°C (23° to 24°F). The liquid chemical
was much less effective when applied during freezing rain or drizzle. It definitely should not
be applied on compacted snow. When liquid chemical is used with falling snow, continuous
visual observations are required so that refreezing of the road surface can be detected and the
chemical reapplied. During prolonged snowfall, it is necessary to plow the accumulation
repeatedly following each time with an application of liquid chemical. Under these conditions,
it may be necessary to increase the application rate to 15 g/m* (200 1b/lane-mile) or higher.
Extreme care should be used in applying the liquid chemical under high wind and drifting
snow conditions.

The use of prewetted salt in anti-icing operations has the potential for reducing the amount of
dry salt required because the prewetted salt is not blown off the traveled surface as easily as
dry salt by traffic action. Prewetted salt also facilitates formation of a brine.

When prewetting was done at the spinner, the amount of liquid chemical used in the prewetting
experiments ranged from 0.021 to 0.025 L/kg (5 to 6 gal/ton) of saturated salt solution. Twice
this amount of liquid was used when salt was prewetted in the truck bed. It was observed that
these amounts of liquid prewetting were too low and that, perhaps, 1.5 times as much liquid
should have been used for better surface coating of the dry salt.

Prewetted salt appeared to be an effective anti-icing agent when applied at the rate of about
7.7 g/m* (100 1b/lane-mile) and when the pavement temperature was above —9.4° to —6.7°C
(15° to 20°F), depending on the type of liquid used for prewetting. The use of prewetted salt
during prolonged rain or freezing rain required frequent observation and sometimes increased
application rates of 15 g/m* (200 1b/lane-mile) or higher.

The project also involved evaluating specialized equipment for applying controlled quantities
of solid, prewetted, or liquid chemicals at the minimum application rates required for effective
anti-icing treatment. The effectiveness of achieving specified application characteristics, such
as precise control of the spreading or spraying pattern and of the amounts applied, was
investigated. This involved conducting a worldwide survey of spreader equipment; selecting
equipment to be tested; selecting an appropriate field test site; identifying measures of
effectiveness; and finally, conducting very limited field tests of a few anti-icing application
units.

U.S. and foreign manufacturers of highway spreader equipment were asked how they test their

equipment’s performance. This information was used to develop testing protocols for the
equipment evaluation. These inquiries revealed that the highway spreader industry in the
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United States does not test equipment operating characteristics. Consequently, the researchers
performed field tests with some spreaders to determine important variables associated with
spreader application rates and distribution patterns in order to develop their own protocol.
However, European protocols do exist for testing spreader capabilities; in fact, some European
governments require spreader manufacturers to demonstrate compliance with the protocols
before the equipment can be accepted for use in that country. Researchers visited several
European and Scandinavian manufacturing and research facilities to obtain spreader testing
protocols for potential use in the United States and to review various anti-icing studies. The
British, Danish, and German protocols were obtained and are given in the report, along with
detailed information collected during the visits. A proposed American testing protocol for
evaluating winter maintenance spreaders was developed from the foreign protocols and is also
presented in the report.

A limited cost-benefit analysis was performed, comparing anti-icing effectiveness with deicing
operations, considering such factors as accidents and material, equipment, and labor costs.
Estimates of accident rates under dry, wet, and ice- and snow-covered pavement conditions
were determined from accident, weather, and traffic volume data for several winters for
selected sites in New York. The required material, equipment, and labor costs and the
estimated effectiveness for anti-icing operations were based on the experience of the
participating states in conducting anti-icing operations during the 1991-92 and 1992-93 winters
as part of this study. These data were then combined in a cost-benefit analysis of pretreatment
strategies. The results of the analysis indicate that under certain conditions anti-icing
operations can result in cost savings to highway agencies and reduce accidents.

The report contains a preliminary manual of practice for an anti-icing treatment program. It
also presents meteorological criteria and support items that are important for conducting anti-
icing operations at potential sites.

Conclusions and Recommendations.

Some of the states conducted successful anti-icing operations during the 1991-92 and 1992-93
winters. There is clearly a learning curve associated with the use of anti-icing technology.
Initial application rates of 7.7 g/m? (100 Ib/lane-mile) of salt appear to be adequate for anti-
icing operations, if applied at the appropriate time and not under severe storm conditions of
extremely cold pavement temperatures and high winds. Weather forecasting specific for the
highway system environs is essential to the success of anti-icing. The Coralba friction tester
and the SOBO-20 salinity tester, when used correctly, have the potential of providing winter
maintenance personnel with timely information needed for treatment application decisions.
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Finally, no U.S. manufacturer could be found that makes highway spreaders specifically
designed to distribute prewetted material or liquid deicing chemicals. Such spreader equipment
is currently manufactured in European and Scandinavian countries. The equipment can
dispense small amounts of salt and can control the distribution pattern of the applied material.
Some of the equipment is capable of dispensing all three types of material: dry, prewetted
solids, and straight liquid.

Additional winter testing of anti-icing technology should be conducted in the United States to
supplement the knowledge gained from the two winters of testing. Anti-icing operations
should be conducted using liquid chemicals under a variety of winter storm and traffic
conditions. The role of traffic volume in these anti-icing operations needs to be assessed.
Finally, anti-icing experiments should be conducted using similar salt gradations and prewetting
proportions similar to those used in Europe.
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Introduction and Research Approach

Introduction

The impact of snow and ice storms has long concerned the traveling public. Prior to the
development of the automobile, travel during winter weather was somewhat limited. The
automobile and all-weather roads led to in the development of improved snow-and-ice removal
techniques that replaced the slow and labor-intensive use of hand tools so prevalent in the early
1900s.

The years between 1920 and 1929 witnessed the most rapid change in snow-removal
technology on highways. The demand for complete removal of snow from the all-weather
roads grew yearly, and the need for bigger, more capable equipment and better removal
techniques became apparent. During these years, blade plows became bigger and heavier, truck
plowing speeds increased from something less than 5 mph to 30 mph or faster as truck power
and weight increased, and trucks became the most important tool in snow removal'.

Deicing salts, primarily sodium chloride, have been applied to highways control snow and ice
since early in this century. Prior to 1941, very little straight salt was applied to the roadways;
most was mixed with sand or other abrasives to freeze-proof stockpiles and to treat locally
hazardous highway locations such as curves, hills, and intersections. Experiments began in
New England in 1941 using sodium chloride alone as a snow- and ice-control chemical. The
total amount of sodium chloride applied across the country remained relatively low until the
mid-1950s when usage surged dramatically to around 1 million tons annually, partially in
response to the public demand for better all-weather roadway conditions. This demand
eventually led to the adoption of a bare pavement policy by the highway departments in the
snowbelt states?.

Currently, the economic well-being, livelihood, and strategic defense of the United States
depends to a large extent on the year-round mobility of trucks, buses, and passenger cars on
the nation’s highway network. Winter conditions of ice and snow still cause serious
disruptions in the economies of nearly all states. Our great dependence on highway
transportation for the movement of goods, services, and people has resulted in the demand for
more rapid and effective clearance of ice and snow from the highways. As a result, highway
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agencies have increased the use of chemicals and abrasives to assist in providing a clear
roadway.

Each year about $1.5 billion is spent on highway snow-and-ice control programs in the United
States. Apart from plowing, the most important element of these programs is chemical deicing,
which represents about one-third of winter maintenance expenditures. Since 1970, the annual
salt usage by highway agencies has fluctuated from 8 million to 12 million tons; year-to-year
variations depending mainly on winter conditions. The current usage of salt averages 10
million tons per year’.

Sodium chloride has become the chemical of choice because it is effective at subfreezing
temperatures (eutectic temperature of -21°C (—6°F), has low first costs, and is readily
available. At temperatures not far below freezing, salt is effective for combating ice and light
snow and greatly enhances the effectiveness of plowing under heavy snow conditions.

Concern has been steadily voiced over the last few years about the effects of heavy salt use
on the roadside environment, water supplies, vehicles, and highway structures. The direct cost
of the current national salt usage is about $500 million. However, the effective cost of its use
is many times higher. A 1981 report by the National Bureau of Standards and Battelle
Laboratories* concluded that the automobile corrosion costs attributable to salt use were about
$1.2 billion per year. Estimates made by Murray and Ernst’ in 1976 indicated that the cost of
salt damage to bridges is even larger than the cost of automobile corrosion.

A recently completed study performed by a special committee of the Transportation Research
Board (TRB) indicated that the annual costs for motor vehicle and infrastructure damage from
continued salting could range from approximately $2 billion to $4.5 billion per year’.
Including other cost items could increase the damage estimate to a range of $3.5 billion to $7
billion per year. These additional items include damage to roadside objects, corrosion of
underground materials and structures, and costs incurred by motorists who are inconvenienced
by bridge and parking garage damage and repair work. Thus, an apparently inexpensive
highway deicing method is, in reality, quite expensive, possibly more than 10 times the cost
of the material itself.

In addition, the extent and cost of environmental pollution are now manifesting themselves.
Although there has not yet been a nationwide estimate of the costs arising from environmental
pollution (particularly the salination of water supplies), the number and cost of local problems
are beginning to paint an alarming picture. At a meeting of the Winter Maintenance
Committee of TRB®, presentations included reports of additional construction costs of
$2.5 million for a quarter mile segment of an interstate route to avoid direct salt run-off;
$1.5 million to provide city water to a small community whose water supply had been
contaminated by sodium chloride; and $4 million to develop protection wells and drainage
systems to safeguard another community’s water wells. These are just a few of the many
environmental problems which are arising from the heavy use of salt.
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Removal of ice (and compacted snow) from highway surfaces has been accomplished in part
by mechanical means (scraping) and in part by use of deicing chemicals or, in many locations,
by a combination of these techniques. Neither the combination of these methods nor their
independent use is completely satisfactory. The heavy dependence on chemical methods (salts)
has the problems described above, and the mechanical method does not provide adequate ice
removal.

Limited experience in Europe™'* and North America has shown that applying of a chemical
freezing-point depressant on a highway pavement prior to, or very quickly after, the start of
ice or snow minimizes the formation of an ice-pavement bond. This anti-icing practice reduces
the task of clearing the highway to bare pavement conditions and requires smaller chemical
amounts than is generally required under conventional deicing practices. State highway
agencies (SHAs)in the United States have not adopted anti-icing practices, in spite of the
potentially greater effectiveness and reduced costs associated with the practice. The main
reasons for the lack of acceptance concern the uncertainty about what conditions are most
favorable for anti-icing and how anti-icing should be conducted. The imprecision with which
icing events can be predicted, the uncertainty about the condition of the pavement surface, and
the public’s perception of wasted chemicals further complicate the situation. Some early anti-
icing attempts in the United States have failed because of these uncertainties. Technological
developments in weather forecasting and in assessing pavement surface conditions now offer
the potential for successfully implementing anti-icing treatments. Sensors embedded in the
pavement surface are able to measure the temperature representative of the surrounding
pavement and of detecting the presence of water or ice and a chemical freezing-point
depressant. Signal information coming from these sensors has given maintenance managers
the means to observe real-time pavement surface conditions; when used with available
algorithms, the information provides a reasonable prediction of pavement surface conditions
for up to 24 hours Improved weather forecasting, targeted specifically to local or regional road
conditions, also provides the maintenance manager with the means to predict pavement surface
state. In addition, better communications rapidly relays this information to maintenance forces
and the public.

Highway agencies need better understand the conditions under which anti-icing will be
effective and how to conduct anti-icing efficiently to ensure the greatest success. Several
hurdles standing in the way of successful implementation of anti-icing need to be investigated
and overcome. For example, the use of chemicals in solid form for anti-icing trcatments
demands precise timing of the application to minimize loss from traffic action. The use of
prewetted salt has reduced loss during application due to particles bouncing off the pavement.
Prewetting the salt also may be effective in reducing the amount of material that is blown off
the road by traffic. In addition, the influence of the time between an application of salt and
the onset of freezing precipitation is not fully understood.

Limited experience has shown that as little as 10% to 20% of the normal application rate of

deicing chemicals is required for anti-icing. Highway agencies have found that reducing the
conventional application rate to quantities on the order of 4 g/m? (50 Ib/lane-mile) is not

17



generally possible with current spreading equipment that is designed for deicing application
rates of 23 to 38 g/m? (300 to 500 Ib/lane-mile) and higher.

Liquid freezing-point depressants enable precise control of uniform application over a wide
range of rates. However, effective techniques for using liquids remain to be developed in this
country.

In early 1991, SHRP funded a multiyear study entitled "Development of Anti-Icing
Technology" under Contract SHRP-90-H208. The study was designed to identify solutions to
overcome the above obstacles for successful implementation of anti-icing practices in winter
maintenance operations. This report documents the methodology used in that study, along with
the findings, application of findings, conclusions, and recommendations.

Research Objectives and Scope

The overall objectives of the research program were to develop a better understanding of the
conditions under which anti-icing will be effective and to develop various anti-icing techniques
that have the greatest potential of success over the range of expected conditions. Embedded
within these overall objectives were four supplemental objectives:

. to determine the most appropriate application rates for anti-icing treatments over a range
of traffic and environmental conditions and the capabilities of application equipment in
achieving these rates.

«  to investigate the effectiveness and cost of salt and nonchloride chemicals, in both solid
and liquid form, as anti-icing treatments. The anti-icing approach includes the use of
state-of-the-art technology to measure pavement surface condition and relies on improved
weather prediction capabilities.

. to conduct a cost-benefit analysis of precautionary chemical application (anti-icing) versus
conventional deicing in maintaining a pavement safe for traffic. The effects of the anti-
icing treatments on the environment and vehicles are considered in the analysis, if
possible.

. to predict the effect anti-icing treatments may have on long-term accident rates for
selected road sections.

The research was both experimental and analytical in nature. Because traffic is expected to
influence the effectiveness of anti-icing treatments, various treatment approaches were field
tested on in-service highways. The field tests were conducted in a number of geographic
locations to evaluate the influence of a wide number of variables. These tests were performed
in cooperation with SHAs during the first part of this contract, designated as H-208A. Also
performed as part of this contract were analyses of the relative costs of anti-icing versus
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deicing, considering such factors as accidents; time delays; and material, equipment, and labor
costs.

A second part of this contract involved developing of methods to measure residual chemicals
on treated pavements. This second part also involved a survey of the worldwide equipment
market for specialized apparatus for applying controlled quantities of liquid or solid chemicals
at the minimum application rates required for effective anti-icing treatment. The effectiveness
of selected equipment in achieving specified application objectives, such as precise control of
the spreading or spraying pattern and of the quantities applied, was investigated during outdoor
tests.

The results of the multiyear research study included
* a determination of the effectiveness of anti-icing compared to deicing;

* asurvey of chemical spreading equipment and an evaluation of appropriate equipment used
for anti-icing treatments; and '

* amanual of practice for an anti-icing treatment program, in sufficient detail to enable a SHA
to implement an effective anti-icing program.

Research Approach

The research objectives were met through a two-part, multiyear, multitask effort by means of
field testing on in-service highways. Part 1 of the study consisted of three tasks:

Task 1—Research Design
Task 2—Field Observations
Task 3-—Analysis of Anti-Icing Effectiveness

The evaluation of anti-icing technology included evaluating the effectiveness of prestorm
treatment (pretreatment or anti-icing) strategies and evaluating of the operational usefulness of
existing technology for weather forecasting, pavement sensing, and thermal mapping in
determining when pretreatment strategies should be applied. The evaluation of pretreatment
strategies addressed their effectiveness in reducing the difficulty of clearing roads to bare
pavement during the subsequent storm; reducing the total amount of chemicals needed (pounds
per lane-mile for pretreatment, during-storm and poststorm treatment combined); reducing the
number of passes and the amount and type of equipment needed; and reducing the duration that
pavements are ice-covered and consequently reducing the frequency of ice and snow-related
accidents. The evaluation of technology for determining when to apply pretreatments
considered the effectiveness of approaches to minimize errors, both of applying pretreatments
when they are not needed and of not applying pretreatments when they are needed. These
evaluations were based on operational field data. Consequently, the results document the
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practical and achievable benefits of using anti-icing technology in the actual operating
environment of a highway maintenance organization.

Part 1 of the research focused on the use of chemicals and equipment which the participating
SHAs consider sufficiently proven technology and appropriate for application on in-service
highways. Part 2 of the research involved evaluation of specialized equipment. Part 2
investigated of approaches to measuring the chemical residue on in-service pavements during
winter maintenance operations and assessed innovative approaches for dispensing chemicals
for anti-icing treatments. This second part consisted of two tasks:

Task 1—Residual Chemical Measurement
Task 2—Equipment Evaluation

The research approach is outlined below, together with a brief description of the activities in
each step. The activities are discussed without reference to the part of the study in which they
took place.

Research Review

Two literature searches were conducted at the beginning of the study, one for data on anti-icing
technology, the other for information about spreader equipment and associated controls. Each
is briefly described below.

Search topics included anti-icing, snow and ice detection, thermal mapping, and weather
forecasting or prediction. Data bases searched included those of the U.S. Army Cold Regions
Research and Engineering Laboratory (USACRREL), the National Technical Information
Service (NTIS), and the Transportation Research Information Service (TRIS). Approximately
130 citations covering a period of 20 years were found. Abstracts of the citations were
reviewed, and selected references were ordered for further review. Very little pertinent
information on anti-icing was found.

Letters were sent highway agencies in Sweden, Finland, and Norway explaining the project and
requesting copies of any pertinent information in their files. Responses were that the
information needed was from ongoing studies and not published at that time, but would be
available in the near future. The researchers were also encouraged to visit the Scandinavian
countries to learn firsthand from local roadmasters of their experiences with anti-icing.

Requests were sent to manufacturers of road weather information systems (RWISs), pavement

friction measurement devices, and salinity measurement instruments for any information on
their equipment that would have applicability in the program.
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A literature search was made for references to spreader equipment and associated controls.
Data bases searched included USACRREL, NTIS, TRIS, and COMPENDEX. The key words

used were:

. Chemicals
. Liquid salt and spreader
. Prewetting at:

* spinner

e load

* pile
. Salt and spreader
. Snow and ice control
. Spreader and chloride
. Spreader and controls
. Spreader and sand
. Spreader and spinner

Approximately 190 citations were found covering a period of about 35 years. No equipment
for use in anti-icing treatments was identified in the literature.

Initial efforts were made to identify worldwide sources of information concerning specialized
equipment for applying controlled quantities of liquid or solid chemicals at minimum
application rates required for effective anti-icing treatment. Names and addresses of equipment
suppliers, material vendors, and contacts in Sweden, Finland, Denmark, and England were
generated from contacts MNDOT has made over the last several years.

Manufacturers of spreader controls, aggregate (including solid deicer) spreaders, and fertilizer
spreaders were for information on equipment that could be used to apply controlled quantities
of solid, prewetted solid, and liquid deicing chemicals at application rates required for effective
anti-icing treatments. They were also asked to identify any procedures that have been
developed for evaluation of spreader controls and the spreading pattern. The only test
procedure found in the United States was for evaluating the application rate and spreading
pattern for agricultural spreaders of solid fertilizers.

Research Design

A research design was developed for testing anti-icing technology on in-service highways.
This design consisted of these steps:

. selecting participating SHAs and evaluation sites;
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e  determining variables to be evaluated, including anti-icing strategies and site
characteristics; and

. selecting and purchasing equipment needed by the participating SHAs to conduct the anti-
icing experiment.

SHRP identified nine SHAs as interested in participating. Each agency was contacted by
telephone to determine the extent of cooperation and participation in the study. Information
was also obtained on the winter maintenance treatment strategies currently used, spreader
equipment available, weather forecasting services used, and the locations of any RWIS’s. Each
of the nine state agencies was visited following the initial contact. During these visits, specific
information was obtained on the current snow- and ice-control practices used by the agency,
the proposed test and control sections, the type of material and spreader equipment typically
used in the study area(s), the frequency of storm events, and the meteorological support and
pavement sensors available at each site. Documentation was also obtained from each state on
its snow- and ice-control practices, and photographs were taken of the proposed test and
control location(s).

The test sections selected during the state visits were segments of highways that were close to
a maintenance truck station and could be used for the anti-icing experiments. A segment of
highway in close proximity to each test section was also selected to serve as a control. Each
control section matched the test section as closely as possible in regard to area type, pavement
type, and volume of average daily traffic (ADT). The control sections were to be treated in
accordance with the conventional snow and ice control policy of the state.

A summary of the state visits is provided in tables A-1 through A-10 (Appendix A). The
information includes the standard snow and ice-control strategy used by each agency, the
location and characteristics of candidate test sites, the frequency of storm events, local
meteorological support (including RWIS’s), and any spreader equipment available for use in
the program. Also included is an assessment of the obstacles which could hinder
implementation of the study and the recommended technical approach, equipment, and
associated costs.

Nineteen potential test sites located in nine different states are listed in Appendix A. Each site
had an experimental section and a control section.

Data collected during the state visits were analyzed and assembled into a recommended
research design for testing various anti-icing treatment strategies. This research design was
presented to a SHRP advisory committee. As a result of the review and an analysis of
equipment costs, it was decided to drop the US-40 site in Ohio from the study. Table 1
presents the final geographic distribution of test sites as approved by SHRP. This table does
not include one of the two potential Nevada sites and the three sites in the maritime area of
Maryland. These latter four sites were not recommended for use in the study for several
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reasons. Consequently, only 14 of the possible 19 test sites were selected in the nine
participating states.

Table 1. Geographic distribution test sites.

Geographic Area State No. of Test Sites
Mountain states California 2
Maryland 1
High plains states Colorado 2
Nevada 1
Plains states Missouri 2
' Ohio 2
Lake effect states Minnesota 2
New York 1
Maritime state Washington 1
Totals ' 9 14

The information obtained from the various surveys (telephone, site visits, and literature) is
summarized in the research design in table 2. This table lists the independent
variables—geographic area, state, area type, pavement type, and ADT—and the estimated
number of winter events at each site. For each unique combination (total of 23), the
recommended treatment strategy, (that is the type of chemical to be used and the treatment
timing) is provided. Eight of the 23 were to be treated prior to the storm: 3 on portland
cement concrete (PCC) pavement and 5 on dense-graded asphalt (DGA) pavement. Fifteen
were to be treated at the beginning of the storm: five on PCC pavement, nine on DGA
pavement, and one on open-graded asphalt (OGA) pavement. Due to practical restrictions and
safety considerations, the research design could not be balanced with respect to pavement type
and treatment strategy.
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Some equipment and support items were provided to the participating SHAs where necessary
for full participation in the anti-icing experiments:

e ground-oriented spreader controls;

» prewetting equipment for spreader trucks;

* fixed liquid deicer spray systems and associated tanks;
+ storage tanks, pumps, and liquid deicing chemicals;

* a RWIS;

» a system upgrade for an existing RWIS;

* local weather forecasting service;

¢ friction testers;

« salinity detection instruments; and

* infrared radiometers.

In general, each test section (except the one in Maryland) contained RWIS pavement and
atmospheric sensors so that informed decisions could be made regarding pretreatment timing,
application rate, etc. Maryland was provided with a hand-held radiometer with which to
measure pavement temperature. The intention here was to see if decisions regarding the timing
of anti-icing treatment applications could be made with a relatively inexpensive device for
sensing pavement temperature.

Vendors were quickly located and purchase orders issued for the above items, except the
radiometers, after SHRP approved the allocation of funds. The radiometers were transferred
from SHRP Contract No. H-207.

Most of the equipment was scheduled for delivery in mid-December 1991, about one month
after it was ordered. Numerous delays were encountered in the receipt of certain equipment
which were beyond the project team’s control. Delivery dates promised by vendors were not
met, and shipping of equipment for some items slipped considerably. Every attempt was made
to follow up on these delayed shipments in order to expedite delivery to the participating
SHAs.

Pavement friction and residual chemical measurements were chosen as two measures of
effectiveness. It was important that the devices for measuring them be suitable for use by
maintenance personnel during adverse weather conditions. The devices also had to provide
meaningful results. The next two sections describe the selection of techniques for measuring
pavement friction and residual chemicals.
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Pavement Friction Measurement

At the beginning of the study, various means for measuring pavement friction were investigated
by reviewing whatever information could be gathered on existing systems. Most systems were
not suitable for the study because they required considerable support equipment, had to be
specially towed or mounted, were very expensive. One system, the Coralba friction tester, was
identified as having the potential for making the desired measurements.

Prior to the project, the Minnesota Department of Transportation (MNDOT) began investigating
the usefulness of the Coralba friction tester for making pavement friction measurements. The
Coralba is a Swedish instrument used to measure friction on some European airport runways".
The device can be installed in a pickup or passenger vehicle, connected to the brake system.
The system measures friction between the tire and pavement by monitoring the speed reduction
over time of one of the vehicle’s wheels during a braking operation. The friction value
obtained from the test is displayed on a dash-mounted unit.

MNDOT performed a limited amount of testing with the device prior to this study. After the
study began, a protocol was developed for friction testing to determine if a correlation could
be established between the Coralba friction tester measurements and ASTM E274 skid trailer
results. It was necessary to determine if the Coralba Friction Tester could give results
equivalent or comparable to skid numbers measured with ASTM E274 for two reasons. First,
the Coralba is mounted in a vehicle with conventional tires which typically have higher friction
levels than skid trailer tires. Second, the system operates in a controlled braking mode rather
than a locked-wheel mode. The test protocol was designed to address these concerns by
specifying the need to conduct paired (Coralba/skid trailer) tests on as many different highway
segments as possible, with a range of skid numbers for a given type of pavement (asphalt
concrete (AC) and PCC).

The testing with both systems was conducted in the summer of 1991 at the St. Cloud,
Minnesota, test track and on I-35 and TH53 in the Duluth, Minnesota, area, generally following
the procedure outlined in the test protocol. Replicate tests were made at 40 mph and at other
speeds (20 and 30 mph). A majority of the tests were made on wet pavement. Tests were also
to be made on dry pavements. The results of these tests and the correlation of the Coralba
friction tester with ASTM E274 skid measurements are given in Section 2 of this report and
in Appendix B.
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Salinity Measurements

An extensive investigation was made to determine if there were equipment and procedures
suitable for maintenance personnel to use to measure residual anti-icing chemicals on pavement
surfaces. Three manufacturers of conductivity meters were identified.

* Presto-Tek Corporation manufactures two types of conductivity meters: a portable battery-
powered laboratory unit (Model SM-10) and a hand-held salt analyzer for field use (Model
SM-8). Although both units have desirable features, neither model has a field-sampling
capability.

* Cole-Parmer Instrument Company manufactures has a pocket-size conductivity tester with
automatic temperature compensation over the range 32° to 122°F. However, the instrument
does not provide field sampling.

* Boschung Company manufactures the SOBO-20. This instrument is specifically designed
for the quantitative measurement of chloride solutions on roads. The instrument has a
sampling head, a built-in conductivity cell, and electronic display.

The SOBO-20 was selected as the most promising candidate for testing salinity. The primary
reasons for this choice were that the SOBO-20 has a built-in conductivity cell and that the unit
was specifically designed for the quantitative measurement of chloride solutions on roads. A
SOBO-20 unit was obtained from MNDOT for evaluation.

The SOBO-20 was evaluated for the semiquantitative measurement of several ice control
chemical solutions. The type of response and range of detection for solutions of five different
chemicals were determined:

* Sodium chloride (NaCl)

* Magnesium chloride (MgCl,)

* Calcium chloride (CaCl,)

 Potassium acetate (KOOCCH,; more simply KAc)

 Calcium magnesium acetate (Ca/MgOOCCH ;; more simply CMA)

To make a measurement, a precise volume of a solvent (liquid for dissolving the residual
chemical) is pumped into a measuring cell in contact with the road surface. The conductivity
measures the quantity of salt, expressed in ounces per square yard. The apparatus is calibrated
for measurements of sodium chloride and calcium chloride at all temperatures.
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The instrument consists of three parts: a storage chamber for the solvent; the measuring
chamber, with built-in conductivity cell, which confines the solvent to a fixed area on the road;
and the electronic processor, which displays and stores the measurements.

The solvent is 85% distilled or demineralized water, plus 15% technical acetone. Its freezing
point is approximately —5°C (23°F). This mixture, required for accurate measurements, may

be prepared by the user or purchased at a drug store. The experimental work and a discussion
of the results are presented in Section 2 of this report.

Field Observations

Field observations of the anti-icing operations were made at the selected test sites in the nine
states. Both the experiments and observations were conducted by the state maintenance
personnel during the winters of 1991-92 and 1992-93. A number of activities were performed
in preparation for, and in support of, the field observations:

 developing training materials;

* training maintenance personnel;

« establishing meteorological criteria and support for the test sites;

+ documenting the test conditions, treatments, and results; and

 coordinating with participating SHAs.

Each of these activities is described below.

Procedural manuals were prepared for training the maintenance personnel in the nine
participating SHAs before the anti-icing experiments began. Portions of winter maintenance

training materials obtained from various sources, including MNDOT, New York Department
of Transportation (NYDOT), and manufacturers and vendors of RWISs were incorporated.
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Appropriate materials assembled from the various sources were combined into the manuals.
Portions of the training manuals varied from state to state, incorporating specific state
requirements for winter maintenance activities, site-specific geographic and climatic
considerations, and specific the type of chemical (solid, prewetted, or liquid) spreaders to be
used in the testing.

The training materials covered all aspects of the H-208 program including background on the
scope of the project, basic meteorology, and snow and ice-control chemicals; a description of
the design, operation, and use of RWIS; and information specifically related to implementing
the study in each jurisdiction, including the role of supervisory and operating personnel, data
collection, etc. Hands-on training was also furnished for both the SOBO-20 chloride
measuring instrument and the Coralba friction tester. An outline of the training materials
provided to the maintenance personnel for all participating state agencies is shown in figure
1. The training material developed for Maryland was different from the other eight states
because that state did not have a RWIS.

Operation, calibration, and maintenance instructions were prepared for the SOBO-20 and
Coralba instruments.  Also, operating instructions for several types of spreader control
equipment were obtained during the state visits. These documents were reviewed for their
applicability to the study. Finally, various forms and procedures for documenting winter
maintenance activities and pavement sensor readings, were obtained and reviewed. The forms
and procedures incorporated many of the features found in the materials collected.

The data recording forms designed specifically for use in the research program were also
included in the training. These forms provided the proper format in which to record weather
and pavement conditions, spreader equipment operation, and SOBO-20 and Coralba readings.
Forms were also prepared for instrument calibration and, in the case of Maryland, the recording
of radiometer measurements. Examples of each form are shown in Appendix C.

On-site training was provided to all state agencies participating in the project. Although
modified in certain cases, the training was originally designed for a 1.5-day period with
classroom work on the first day and hands-on training on the second day. Figures 2 and 3
show a typical agenda for each training course given.
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Section

30

10

11

12

13

Outline of H-208 Training Course

Title

Introduction to Project

Benefits to Agency and Public

Overview of Course

Basic Meteorology

Characteristics of Snow- and Ice-Control Chemicals

RWIS Components and Functions

Pavement Temperature Forecasts: Their Uses and Implications
Decision-making Process in Snow and Ice Control Using RWIS Information
Overview of Anti-Icing Study

Role of Supervisory Personnel in Study

Role of Operators in Study

Spreader Equipment Operation

Documentation of Anti-Icing Test Conditions, Treatments, and Results

Figure 1. Outline for H-208 training course.



8:30 AM

9:00 AM

9:30 AM

10:00 AM

10:30 AM

11:00 AM

11:30 AM

12:00 PM

1:00 PM

1:30 PM

2:00 PM

2:30 PM

3:00 PM

3:30 PM

4:00 PM

Course Outline for SHRP Project H-208:
First Day of Training

Introduction to Project and Course Overview

Basic Meteorology

Break

Characteristics of Snow-and Ice-Control Chemicals

RWIS Components and Functions

Pavement Temperature Forecasts: Their Uses and Implications

Decision-making Process in Snow- and Ice-Control Using RWIS
Information

Lunch

Overview of Anti-Icing Study

Role of Supervisory Personnel in Study

Role of Operators in Study

Break

Spreader Equipment Operation

Documentation of Anti-Icing Conditions, Treatments, and Results

Adjourn

Figure 2. Typical agenda for first day of training course.
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8:30 AM

9:30 AM

10:00 AM

10:30 AM

11:00 AM

12:00 PM

32

Course Outline for SHRP Project H-208:
Second Day of Training

Hands-on Tfaining on Use of SOBO-20 Salinity Tester and Coralba
Friction Tester

Break

Demonstration of RWIS Computer System and Data Outputs
Review of Supervisor and Operator Roles

Review of Documentation and Data Submittal to MRI

Adjourn

Figure 3. Typical agenda for second day of training course.



The training of the winter maintenance personnel in the nine participating SHAs began near
the end of November 1991 and was completed early in January 1992.

During the first training provided to state winter maintenance personnel, some adjustment of
the test and control sections was necessary to conform more closely to their routine treatment
practices. A "first cut" was made during the initial state visits to select appropriate test and
control sections. The boundaries of these sections were further refined during the training
session.  Also, discussions were held with supervisory personnel to identify the specific
equipment to be used for anti-icing on the test section and deicing on the control section. In
general, each test section (except in Maryland) contained RWIS pavement and atmospheric
sensors to help make informed decisions regarding pretreatment timing, application rate, etc.

Table 3 provides an overall summary of the test and control sections used during the study, the
application parameters employed, and the types of data collected during the first winter testing.

The first anti-icing experiment was run in Nevada in mid-December 1991. Data collection for
the 1991-92 winter continued to the end of March 1992. At that time, 57 storm events had
been recorded by the nine participating states, in spite of the late start of the anti-icing
experiments. Data on 52 storm events were received for review within a relatively short time
after the events. Data on five storm events were not received until almost one year after they
took place. Over 70% of the events were recorded by Maryland Department of Transportation
(MDDOT), Nevada Department of Transportation (NDOT), MNDOT, and NYDOT
maintenance personnel. No storm events were recorded at four sites because of the extremely
mild winter after the program started.

The coordination with the SHAs continued on a regular basis during the winter. The main
thrust was to encourage each state to conduct the anti-icing experiment for each storm event
and to resolve any operational problems. Offers were made to be on-site during a forecasted
storm event, if possible. One on-site visit took place during an extended storm event on I-80
in California. No other on-site visits took place during storm events because of scheduling
difficulty.

Although at the time of the contract award SHRP had specified completion of a draft final
report by November 1992, the project team was notified in June 1992 that the SHRP Executive
Committee approved a no-cost extension to the end of July 1993. This extension was granted
to allow continued anti-icing experiments during a second winter (1992-93).
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Each of the nine cooperating SHAs was contacted by telephone to ascertain the state’s interest
in participating in a second winter of anti-icing experiments. Each state reiterated its continued
support for the study and agreed to participate in the data collection during the 1992-93 winter.
A follow-up letter was sent to each of the nine states thanking them for their past and
continued support for the program. The letter stated the same study sites and equipment used
during the 1991-92 winter would be used during the second winter,and that the project team
would hold a one-day refresher training session at the appropriate maintenance facility.

Material for the refresher training included an overview of the project; a summary of the
overall findings from the first winter’s testing; a review of the specific anti-icing study
developed for each jurisdiction; a review of the role of the supervisory and operating personnel
for each jurisdiction; a review of the documentation needed of the anti-icing test conditions,
treatments, and results; and a review of the recording problems noted with the maintenance
data collected during the 1991-92 winter anti-icing operations. Material was also assembled
for the refresher training associated with the operation of the SOBO-20 chloride measuring
instrument, the Coralba friction tester, and the radiometer.

The refresher training was conducted from mid-October to early November 1992. Reporting
problems with the 1991-92 winter field data were discussed in detail. Participants also
discussed any particular requirements or changes the maintenance personnel wanted to make
in the 1992-93 field testing procedures. Minor changes were made in some states regarding
test or control section boundary limits, application mixtures, and type of deicer used.

A major enhancement was made at test and control sections used on New York SR 104 in
Monroe County. A manufacturer installed prototype pavement sensors at two locations on the
test section and at two locations on the control section. Traffic loops were installed at all four
locations. Thermocouples were also installed near the pavement surface at two locations on
the test section and two locations on the control section. An instrumentation trailer was located
in the median close to the four prototype sensors, and a new meteorology tower was built for
instruments to sense air temperature, relative humidity, wind speed and direction, precipitation
type and amount, and visibility range. Specific locations on both the test and control sections
also were established for SOBO-20 and Coralba measurement observations and for
photographing the pavement condition throughout storm events.

The first anti-icing experiments of the 1992-93 winter were conducted in Minnesota at the
beginning of November 1992. Data collection ceased at the end of March 1993. At that time,
110 storm events had been recorded by the nine participating states. Approximately 66% of
the events were recorded by MNDOT, NDOT, and NYDOT maintenance personnel. Storm
events were recorded at all 14 test sites in the nine states.

Coordination with the participating SHAs continued frequently throughout the 1992-93 winter
after the refresher training.

Weather forecasting specific for highway segment areas is important to the success of anti-icing

trials. One final activity in connection with the field observations was establishment of the
requirements for meteorological criteria and support for the test sites. Tailored weather and
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pavement forecasts were available for all test sites except MD 495 in Maryland and SR 88 in
California. The forecasts were furnished either by contract with a RWIS vendor or, in the case
of MNDOT, through a private weather forecasting service. The availability of weather and/or
pavement forecasts for a majority of the test sites at or before the beginning of the anti-icing
experiments made it unnecessary to establish the meteorological criteria and support at that
time. Instead, the meteorological support for potential test sites was established after the start
of the first winter testing, from a review of the work performed under SHRP Contract H-207
and from practical experience in working with state Department of Transportation (DOT)
operational maintenance personnel. The meteorological support developed for potential test
sites is given in Appendix D and discusses six areas:

. meteorological service to DOT maintenance personnel;
. road-weather meteorology;

. procedures for selecting a private meteorological service provider for road-weather
forecasts;

. specific criteria for a road-weather forecast service;
. specific forecast requirements; and

. utilization of road-weather forecasts and other meteorological information by maintenance
decision makers.

No attempt was made to apply these criteria in the study. The results are presented to guide
state and local DOTs in future implementation of anti-icing strategies.

Analysis of Anti-Icing Effectiveness

The objective of this part of the research was to analyze the effectiveness and the cost-
effectiveness of anti-icing treatments. Activities directed toward this particular objective

included

- analyzing the maintenance field data on anti-icing treatments (and conventional deicing
treatments) collected by the nine cooperating SHAs;

- collecting and analyzing accident data for one site;

» collecting and analyzing of weather information related to the accident data;

- analyzing cost-effectiveness of anti-icing treatments in comparison to conventional deicing.
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These activities are discussed in two categories: the analysis of maintenance field data and the
accident and cost-effectiveness study.

Analysis of Maintenance Field Data

The maintenance field data from the participating states were reviewed as they were received.
The main purpose of this review was to monitor the completeness of the data reported and to
call any deficiencies to the attention of the participating maintenance personnel. In addition,
the monitoring process provided both an opportunity to discuss and correct any operational
problems, and a preliminary indication of how well the anti-icing was working.

A complete analysis of the maintenance field data was begun at the end of the 1991-92 winter.
This analysis was completed before the refresher training was given to maintenance personnel
for the second winter testing. The 1992-93 winter data analysis continued throughout that
winter as the Midwest Research Institute (MRI) received data. The purpose of the analysis was
to estimate the effectiveness of anti-icing treatments compared to conventional deicing.

The analysis of the field data for each storm in the two winters was conducted in the same
manner. This provides for each test and control section a chronological history of the
meteorological events, pavement conditions, and maintenance activities associated with the
storm, including the amount of material applied to each traveled lane. Graphs were created,
showing the weather, pavement conditions, and air temperatures as a function of time. ( See
figure 20 in section 2 for an example of these graphs.) A summary was made of the total
material (chemical and abrasives) applied to the test and control sections during the storm
events. Also, summaries of each storm provide an overview of the event, the test and control
section pavement conditions at the first winter maintenance treatment, and a brief history of
both the test and control pavement conditions during the storm. Another summary records the
maintenance activities on the test and control sections and the savings achieved on the test
sections in each state.

Accident and Cost-Effectiveness Study

A limited analysis was performed, comparing the effectiveness of anti-icing and deicing,
considering such factors as accidents and material, equipment, and labor costs. This analysis
included the collection of accident data for several winters at selected sites in New York,
pavement sensor data, weather data for several winters for New York SR 104 in Monroe
County, and selected traffic and winter maintenance data for SR 104 during the 1992-93
winter. These data were combined in an accident analysis of the effectiveness of anti-icing
treatments. Winter maintenance cost information was then combined with various factors in
a cost-effectiveness analysis of pretreatment strategies.
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Equipment Evaluation

The objective of the equipment evaluation was to evaluate specialized apparatus for applying
controlled quantities of solid, prewetted, or liquid chemicals at the minimum application rates
required for effective anti-icing treatment. The effectiveness of spreader equipment in
achieving specified application characteristics, such as precise control of the spreading or
spraying pattern and of the amounts applied, was also investigated. This involved a worldwide
survey of spreader equipment; selection of the types of equipment to be tested; selection of an
appropriate field test site and of the measures of effectiveness; and, finally, limited field tests
of some anti-icing application equipment.

U.S. and foreign manufacturers of highway spreader equipment were asked how they test
equipment performance. This information was needed to develop testing protocols for the
equipment evaluation. These inquiries revealed that highway spreader manufacturers in the
United States do not test their equipment’s operating characteristics.

The Salt Institute has a procedure for measuring the application rates of a salt or abrasive
spreader in a stationary mode'* . Although suitable for obtaining general calibration
information, this was not useful in the equipment evaluation because of the need to operate the
spreader equipment while in motion, not while stationary.

The only standard test method found in the literature for evaluating spreaders was that
developed by the American Society of Agricultural Engineers under ASAE Standard §341.2
entitled "Procedure for Measuring Distribution Uniformity and Calibrating Granular Broadcast
Spreaders." This procedure also is not applicable because it is used for fertilizers which have
a density and gradation band different from that of salt. In addition, the standard does not
apply to material application on a hard surface, such as a highway pavement.

These results made it necessary to develop a protocol which could be used to test and evaluate

spreader equipment. A number of variables and concepts were investigated in the development
process, as described in section 2.
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Findings

Summary of Foreign Experience with Anti-Icing Operations

In recent years, a number of highway authorities in the Scandinavian and other European
countries have been warned of the dangers inherent in the overuse of deicing chemicals. These
dangers include damage to the environment as well as to vehicles, roads, and bridges.
Historically, Scandinavian and other Northern European countries have applied a substantial
amount of salt to their roadways to combat the frequent occurrences of black ice, frost, and
roadway freezing after precipitation. A number of these countries have been experimenting
with new and highly promising techniques and systems, which could lead to substantial savings
in deicing chemicals without sacrificing the level of roadway service during wintertime.

It has been demonstrated in some countries that salt usage can be reduced and the level of
service maintained by applying small quantities (5 to 10 g/m? 65 to 130 Ib/lane-mile) of salt
to the roadway surface prior to the formation of a strong ice-pavement bond. Once a bond has
developed, it is very difficult to remove. If a road is presalted, snow will not bond strongly
to the surface. Typically, the brine formed at the beginning of a snowfall is absorbed as snow
continues and produces very little free moisture. The snow can be removed by plowing,
leaving a slush that traffic may disperse, rather than a compacted snow-ice layer.

Salt should usually be applied immediately before snow begins for optimum effect and
economy. The amount of chemical required prior to snowfall depends on the anticipated
amount of snow and the temperature, but it is generally a smaller amount than is necessary for
treatment during or after a storm. European highway maintenance workers have not
determined the amount of salt application, the timeliness of the applications, and the form of
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the salt (dry, prewetted, or liquid required during prolonged snowfall or snow that requires
repeated plowing. Changes in their winter maintenance practices relative to these issues have
been made as a result of research findings. The changes have improved the efficiency of
winter maintenance operations and reduced the amount of salt needed to keep the highways
free of ice.

United Kingdom

The Transport Research Laboratory (TRL) in Crowthorne, England, has calculated theoretical
rates of salt application based on the concentration of aqueous solutions. TRL has observed
that the thickness of a water film may typically vary between 0.08 and 0.5 mm (0.003 and
0.02 in.) on a well-drained roadway during and after rain. Thin films of ice formed by the
freezing of water on the road surface are usually less than 0.25 mm (0.01 in.) thick, which is
equivalent to approximately 0.25 kg/m’ (0.5 Ib/yd®) of ice. An application of 10 g/m’
(130 Ib/lane-mile) of salt is sufficient to completely melt an ice film less than 0.25 mm
(0.01 in) thick at temperatures above —2.4°C (28°F). Applying this quantity before the onset
of freezing will prevent the formation of ice.

TRL has tabulated the freezing point depression for a range of water film thicknesses and for
different applied quantities of salt. This information is presented below.

. The freezing point of a water film with 10 g/m? (130 1b/lane-mile) of salt added:

Film Thickness Freezing temperature |
mm in. °C I °F I
0.08 .003 -8.6 16.5
0.10 .004 -6.5 20.3
0.20 .008 -3.0 26.6
0.25 .010 -2.4 27.7
0.30 012 -2.0 28.4
0.50 .020 -1.2 29.8

«  The amount of salt required to prevent a specified water film thickness from freezing at
—5°C (23°F) is
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| Film thickness

Amount of salt required

mm in. g/m? 1b/lane-mile
0.08 .003 7 91

0.10 .004 8 104
0.20 .008 16 208
0.25 .010 20 260

Crossfall and super elevation on motorways usually ensure that the road is well drained.
Once rain has ceased to fall, traffic quickly reduces the water film on the road.
Assuming, therefore, that the water film thickness will generally not be greater than
0.25 mm when precautionary salting is being considered, it is possible to specify
application rates for temperature bands:

l Forecast temperature Amount of salt required l

2

°C

oF'

g/m

Ib/lane-mile

-2.5 27.5 10 130

-4.0

24.8

16

208

-5.0

23.0

20

260

When ice has formed, an application rate of 10 g/m* (130 1b/lane-mile) is not sufficient
to achieve the required increase in skid resistance in a reasonable time. Under this
condition, a deicing application rate of 40 g/m? (520 Ib/lane-mile) of salt is required.

The density of fresh untrafficked snow is about one-tenth that of ice so that a 10-mm
depth of snow over a 1-m’ area is roughly equivalent to 1 kg/m’ of ice. In practice, one-
half the quantity of salt required for complete melting will reduce the snow so that it can
be dispersed by traffic, and about 6 g/m? (78 1b/lane-mile) of salt is required per 10 mm
of fresh snow for each degree Celsius that the air temperature is below the freezing point.
When snowfalls of 10 mm or more occur, the temperature is usually higher than —3.0°C
(27°F). Note that this calculation assumes no plowing.
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The current UK Department of Transport’s "Code of Practice for Winter Maintenance on
Motorways and Trunk Roads""® recommends that salt be spread before ice forms or snow
settles on the road for maximum efficiency. The Code specifies application rates for a range
of conditions:
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For frost and light snow, salt shall be spread at 10 g/m* (130 Ib/lane-mile).

If freezing conditions are expected after rain, salt shall be spread at 20 to 40 g/m* (260
to 520 Ib/lane-mile), according to the amount of moisture present and the temperature
expected. Unless freezing conditions coincide with rainfall, salting shall be delayed as
long as possible to reduce loss of salt by run-off.

If continuous snow is forecast, salt shall be spread at 20 to 40 g/m? (260 to
520 1b/lane-mile), according to the anticipated severity of the snowfall. It is essential that
enough salt is applied before snow bonds with the pavement so the salt will melt the
initial snowfall, providing a wet surface beneath subsequent snow. This wet layer makes
plowing much easier.

If ice has formed, salt shall be spread up to 40 g/m? (520 1b/lane-mile), depending on the
amount of ice present and the air temperature to ensure a rapid melt. (The Code of
Practice does not specify the amount of ice or air temperature.)

The best way of removing moderate accumulations of snow after precautionary salting
is by plowing. This shall take place when snow depths exceed 30 to 50 mm (1.2 to
2.0 in). Each pass of the plow shall be supplemented by salt spread at 10 g/m?
(130 lb/lane-mile), as this will prevent snow from compacting and ease subsequent
plowing.

If the temperature drops and the need for plowing continues, it is important to monitor
the air temperature and to increase the salt spread up to 40 g/m? (520 1b/lane-mile), if
necessary.

During prolonged snowfall, it is useful to plow continuously from the onset to prevent
buildup and compaction by traffic. This can be supplemented by simultaneous salting at
20 to 40 g/m? (260 to 520 lb/lane-mile).

Plowing or snowblowing is not always possible in all areas, such as high traffic volume
urban areas. In these cases, the maximum salt spread for melting up to 40 mm (1.6 in)
of fresh snow at 0°C (32°F) shall be 40 g/m® (520 lb/lane-mile). Repeated applications
can remove a heavy accumulation of snow; this method is useful where plowing or
snowblowing is impractical, but heavy salting is not otherwise recommended.



If the recommendations are followed, hard-packed snow and ice should be rare. But if snow
is heavy, provided it is no more than about 20 mm (0.8 in) thick and the air temperature is not
below —5°C (23°F), then removal is possible by using successive salt spreads at 20 to 40 g/m?
(260 to 520 Ib/lane-mile). Below —10°C (14°F), or where the snow or ice is more than 22
mm (0.9 in) thick, salt use alone can result in an uneven and slippery surface. In those
exceptional circumstances, a single-sized abrasive aggregate of particle size up to 6 mm
(0.24 in) or a 5-mm (0.2-in) sharp sand having a low fine content, should be added as
necessary to the salt.

Sustained low temperatures are rare in the United Kingdom. For each degree below —5°C
(23°F), the amount of salt needed to maintain the equivalent melting effect increases by about
14 g/m® (182 Ib/lane-mile). But where traffic is reasonably heavy, little or no increase is
needed until sustained temperatures fall below —10°C (14°F). It should be noted that due to
the atmospheric conditions in the United Kingdom, British salt has a normal moisture content
of 5% or greater. As a result, the British road administrators do not prewet their salt during
spreading operations. Also, the gradation of the salt is much finer than that used in the United
States (see Appendix E).

European and American Studies

Various studies have been conducted to determine the amount of dry versus prewetted salt that
remains on the road after a given amount of traffic has passed. Studies conducted in
Switzerland at the end of the 1960s'® with vehicles passing the test section at 65 km/hr
(40 mph) found the following:

Amount Percent material retained on road
of during tests in Switzerland
traffic

Dry salt(%) Prewetted salt (%)

After 5 vehicles 30 93
" After 100 vehicles 15 80 I

Studies conducted in Germany with vehicles passing the test section at 90 km/hr (56 mph)
found the following:
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Amount Percent material retained on roadway during
of tests in Germany
traffi
raffic Dry salt Prewetted salt | Prewetted salt
(%) with NaCl (%) | with CaCl, (%)
After 100 vehicles 20 80 80
| After 1000 vehicles 10 40 60 l

A study was conducted in Michigan in 19627 to determine the amount of salt retained on a
7.3-m (24-ft) wide portland cement concrete pavement during spreading operations. The study
found that 70% of the salt spread was retained on the roadway when the salt was dry.
However, 95% of the salt spread was retained on the roadway when the salt was prewetted.
The study did not identify the moisture content of the prewetted salt nor how the salt residue
was determined.

Liquid salt solutions have been used for a number of years to prevent slippery roads. The
method is probably most common in Italy, where road maintenance personnel have used liquids
on roads for several years. The Italians have primarily used a 27% calcium chloride (CaCl,)
solution. When the solution is used as a preventive treatment, 18 to 37 g/m®> (234 to
481 Ib/lane-mile) of brine is spread, which corresponds to 5 to 10 g/m? (65 to 130 Ib/lane-mile)
of dry CaCl,. When liquid material is spread to melt a thin layer of ice or snow, 74 to 92 g/m’
(962 to 1196 1b/lane-mile) of brine is applied, which corresponds to 20 to 25 g/m? (260 to 325
Ib/lane-mile) of dry material. These quantities are known "norms," which are found in reports
dating back to 1985."®

Scandinavia

The practices in the Scandinavian countries differ substantially from those in Italy in that
Scandinavians use a 23% solution of sodium chloride (NaCl). A liquid salt solution has proven
successful as a preventive treatment against slippery roads. However, spreading salt brine on
compacted snow of variable thicknesses, results in different degrees of success.

For example, using liquid salt in Norway during the past two winters has produced conflicting
results.’? In 470 snow occurrences, 51% of the results were reported as good, 10% were not
acceptable, and 14% were poor; the remaining 25% were unknown. Friction measurements
were made to evaluate road condition, however, no information was provided on how or when
friction measurements were conducted. The friction values used for reporting acceptance were
40 for good, 30 to 40 for not acceptable, and less than 30 for poor.
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Some possibilities for the negative results may include unfamiliarity by personnel with how
much brine should be spread. Therefore, underdosage applications may account for some of
the poor results. This was demonstrated during the winter of 1992-93 in Tromso6, when
1,400 m’* (370,000 gal) of liquid were spread. Positive results of using salt brine on snow were
reported only after the maintenance personnel had shortened their application routes in order
to make the liquid suffice. This indicates that in previous tests too little material was being
applied."®

The use of liquid or dry salt affects the freezing point of material on the roadway, as seen in
the following examples. These data were obtained from reports gathered from Vigverket,
Sweden, and Statens Vegvesen, Norway.

In Example 1, there were 15 g/m® (195 Ib/lane-mile) of water on the roadway surface, which
makes the road appear moist but not wet. It is assumed that when liquid salt is spread, it all
remains on the road. When 5 g/m’ (65 1b/lane-mile) of dry salt are spread, the freezing point
is lowered to —21°C (5.8°F). When 5 g/m? (65 1b/lane-mile) of saturated liquid salt solution
are spread, the freezing point is lowered only to -11°C (12.2°F).

Example 2 features the same elements in Example 1 except that there are 60 g/m’
(780 Ib/lane-mile) of water on the road surface, which makes the surface appear wet. The
freezing point for dry salt usage is lowered to —6°C (21.2°F) and for liquid salt to —5°C
(23°F).

Example 3 features the same elements in Example 1, but because of the influence of traffic,
the quantity of salt is reduced. After 500 vehicle axles passed, the quantity of dry salt is
reduced to 0.5 g/m’ (6.5 Ib/lane-mile) and the quantity of liquid to 4 g/m? (52 Ib/lane-mile).
With this reduction, the freezing point for dry salt is lowered to —3°C (26.6°F) and for the
liquid salt to ~10°C (14°F).

The Finnish National Road Administration has conducted a number of studies throughout
Finland using liquid salt as an anti-icing method. Based on these findings and the experience
of Finnish road masters, liquid salt appears to be the material of choice for roads in Finland.
The liquid salt is manufactured at each roadmaster station. Water is mixed with dry salt until
a 23% salt concentration is obtained. The brine is stored in tanks inside buildings and is used
either as an anti-icing treatment or for prewetting dry salt. Liquid salt is most effective when
used for black ice and for preventive treatments in the fall and spring. It is also most effective
as a preventive treatment when the pavement temperature is between 0° and —3°C (32° and
26.6°F). It was emphasized that it is important to apply only small amounts of liquids (most
often 10 g/m* [130 Ib/lane-mile]) and then to allow traffic action to dry the pavement. If the
road surface remains wet during periods of low traffic, such as at night, the risk of refreezing
increases. If traffic can dry the road surface, it is possible to use liquid salt even at
temperatures as low as —7° to —10°C (19.4° to 14°F). However, use at these low
temperatures is not normally recommended.  Generally, liquid salt should not be used when
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the pavement temperature is less than —3°C (26.6°F), nor should it be applied on compacted
SNOw.

Normally, liquid salt is not a good material to use with freezing rain, but at times it has been
used with application rates increased to 40 to 60 g/m” (520 to 780 Ib/lane-mile). It was
reported that liquid salt does not appear to be effective on roads with low traffic volume (less
than 2,000 average daily traffic, ADT). Traffic action is required to dry the pavement after the
application of the liquid. Finnish roadmasters do not recommend liquid salt application for
snowfall. However, if liquid salt is used, the suggested application rate is 25 g/m* (325
Ib/lane-mile) per each 10 mm (0.4 in.) of snow. Finnish roadmasters state that one major
drawback of using liquid salt is that continuous visual observations are required to anticipate
refreezing of the road surface. Also, salt brine corrodes spreading equipment more than
granular salt does, especially electrical connections. Another concern expressed when working
with liquid salt is the attitude of the equipment operator. Operators may be reluctant to accept
reduced application rates and to reapply liquid salt after dilution.

The advantage of liquid salt is that it can be applied up to 3 hours before the beginning of
freezing precipitation. Thus, small quantities of salt can be applied under controlled conditions,
and the material is not blown off by traffic. Use of liquid salt decreases the total amount of
salt used, and provides instant melting action when precipitation falls. Furthermore, a small
amount of liquid salt used does not splash onto car windshields and it remains on the roadway
and does not spread to the road shoulders. The material can be applied at a higher rate of
speed (60 to 70 km/hr [37.2 to 43.4 mph]) than dry or even prewetted salt. Also, the
equipment cost of liquid spreaders is less than that of solid spreaders.

When the pavement temperature is —3° or —5°C (26.6° to 23°F) and —7° to —10°C (19° to
14°F), it is recommended that prewetted salt be used. The salt is prewetted with 23% salt
brine at the spinner at the rate of 30% by weight. This mixture has the consistency of oatmeal,
which helps the material stay in place on the road surface. Again, when using prewetted salt
for preventive treatment, traffic action is required. Using prewetted salt reduces the amount
of salt required because it does not blow away, and it starts to work more quickly than dry salt.

In Finland, no chemicals are generally applied to the roadway when the pavement temperature
reaches —7°C (19°F). The snow and ice operations consist of snow plowing and at the most
critical spots. The Finnish National Road Administration had 80 liquid salt spreaders in 1992
and is purchasing more each year. Two types are used. One is a spray bar with nozzles to be
used for the driving lane, and three nozzles for applying chemical to the left lane; either one
or both lanes can be treated using this type of spreader. The other type features two spinners.
The Finnish fleet has approximately equal numbers of each type of spreader. The salt used in
Finland is much finer (all smaller than 5 mm [0.2 in]) than that used in the United States (see
Appendix E). This provides for more uniformity of material and is easier to prewet.
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The Swedish National Road Administration (SNRA) conducted its MINSALT project® to find
out if the harmful effects of salt from winter road maintenance could be reduced without a
deterioration of traffic safety. The study indicated that the harm caused by salt can be reduced
by methods and materials, both chemical and mechanical, which more effectively counteract
existing or probable slippery conditions.

Swedish preventive salting operations use either salt brine or prewetted salt. Salt brine is
optimally used to prevent black ice and on highways with large traffic volumes, such as those
over 6,000 ADT. For safety, night applications are generally recommended, when traffic
volume is diminished. The Swedes also recommended not using salt brine during precipitation.
The SNRA has 100 salt brine units.

When a storm is approaching, the SNRA recommends using prewetted instead of liquid salt.
It can be prewetted at the spinner at the rate of 30% of the amount of dry salt, or water can
be applied after loading in the truck at a rate of 80 to 100 L per metric ton of salt. The
recommended maximum volume of salt prewetted is 2 to 3 m’ (2.6 to 3.9 yd®). The
application rate for preventive salting is 10 to 20 g/m, (130 to 260 Ib/lane mile) of liquid,
corresponding to 2.5 to 5 g/m, (33 to 65 Ib/lane-mile) dry material, depending on pavement
temperature and humidity. The same quantity is also used to remove a thin layer of ice or
rime. Prior to or during snowfall, 40 to 60 g/m, (520 to 780 Ib/lane-mile) of liquid is spread,
which corresponds to 12.5 to 15 g/m, (163 to 195 Ib/lane-mile) dry material.

With a few exceptions, preventive salting on dry or wet roads in Sweden has shown positive
results. On rime (frost) or thin ice layers, the results are generally good, and "full friction" can
be obtained in less than 1 minute. The results varied during snowfall when the roads were
covered by slush or loose snow. Liquid salt worked well during short snowfalls, but during
long or intense snowfalls, several reapplications were necessary to obtain good results. On
hard-packed snow, liquid salt was unsuitable and showed poor results. Therefore, it is
important to clear snow with a plow and/or sweeper before spreading liquids.

Table 4 displays the liquid quantities recommended by the SNRA.

The SNRA has determined that application rates above 60 g/m* (780 Ib/lane-mile) are not
effective and waste salt. The effective minimum temperature for prewetted salt is between
—8°C and —10°C (17.6° to 14°F). At times, the prewetted salt has worked at temperatures
as low as —12°C (10.4°F). Various gradations of salt have been tested in Sweden. It was
found that a maximum size of 3 mm (0.12 in.) is the optimum. A gradation with a maximum
size of 2 mm (0.08 in) was tried, but without much success.
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Table 4 Application rate of liquid NaCl recommended by the Swedish National Road

Administration.
Weather Liquid quantity’ ‘
and 2 .
road conditions g/m 1b/lane-mile

Preventive against ice:
Dry road, humidity below 85% | 10 to 15 130 to 195
Dry road, humidity above 85% 15 to 20 195 to 260
Wet road 15 to 20 195 to 260

Preventive against snow:
On dry road 40 520
On frost 15 to 20 195 to 260

On snow and during snowfall 40 to 60 520 to 780
1 g/m? = 13 Ib/lane-mile

"

In Denmark, the roadmaster determines the application rate of salt. The amount depends upon
the actual and forecasted pavement temperatures. The Danes use both prewetted and liquid
salt. The road weather station system provides an alarm for the roadmaster 2 hours before an
event, enabling winter maintenance personnel to apply liquid salt before the beginning of a
storm. The application rate is normally 10 g/m? (130 Ib/lane-mile) with a maximum of 25 g/m’
(325 1b/lane-mile). It was found that 5 g/m? (65 1b/lane-mile) was too small a quantity to work
effectively. Generally, one application is required for frost or black ice at the rate of 7.5 to
10 g/m® (98 to 130 Ib/lane-mile) of equivalent dry salt. During a snowstorm, only snow
plowing is performed, and no salt is applied. After the snow ends, 15 to 20 g/m’ (195 to
260 Ib/lane-mile) of salt is applied.

Typical of Danish winter weather, the county of Vajen experiences temperatures that fall below
—6°C (21.2°F) only about 10 nights per year. This county experiences snow serious enough
for salting operations approximately 60 times per year. Most of the time, however, the
temperature during the Danish winter season will fluctuate around 0°C (32°F).

52



Netherlands

In the Netherlands, slipperiness is caused mainly by the freezing of wet sections of the road
surface and by frost or freezing drizzle. Precipitation in the form of glaze ice or snow occurs
rarely. If the temperature falls following a period of prempltatlon the areas of the road that
are still wet may freeze. Preventive salting uses 7 g/m? (91 lb/lane-mlle) of prewetted salt.
This is composed of 5 g/m* (65 Ib/lane-mile) of dry NaCl and 2 g/m? (26 1b/lane-mile) of
liquid solution (16% CaCl, solution or 20% NaCl solution). If the solvent (water) is not
counted, this represents about 5.5 g/m? (72 1b/lane-mile) of prewetted salt.

Under certain temperature and humidity conditions, ice may form on the road surface as a
result of condensation and freezing. Following a cold period in particular, condensation forms
rapidly, owing to the "cold buffer" that has built up in the subgrade. This type of slipperiness
occurs at unexpected moments and is difficult for drivers to see. Preventive salting using the
prewetted method (7 g/m’ [91 Ib/lane-mile]) is used on highways that have sufficient traffic.

The application is repeated depending on the quantity of freezing fog or condensation. In
addition, if traffic intensity is minimal, such as at night, it is generally necessary to carry out
spreading operations more often. In the event of snowfall, action is taken to prevent snow
adhering to the road by applying 15 to 20 g/m” (195 to 260 Ib/lane-mile) of prewetted salt.

During the snowfall, the road is kept as clear as possible by plowing and by spreading 15 to
20 g/m* (195 to 260 Ib/lane-mile) of salt using dry salt. After the snowfall, the remaining
snow is generally easy to remove with plows and by spreading 15 to 20 g/m2 of salt (195 to
260 Ib/lane-mile). Conditions such as traffic intensity, the quantity of salt, and the quantity of
precipitation, determine the surface conditions of the roadway. In applying the prewetted salt,
the maximum application speed is 40 km/hr (24.8 mph) so that air turbulence does not blow
the material off the road. It was also noted that maintenance personnel use prewetted salt at
temperatures as low as —15°C (5°F), and dry salt at temperatures down to —7°C (19°F).

Summary

In general, most of the aforementioned European countries determined that approximately 5
to 10 g/m® (65 to 130 Ib/lane-mile) of equivalent dry salt is needed for preventive treatment
for frost, black ice, and light snow. Application rates for continuous snowfall vary from 10
to 60 g/m* (130 to 780 Ib/lane-mile). No consensus exists on how much salt should be applied
during snow plowing operations or other conditions. The Swedish MINSALT project,
concluded that spreading liquids during a snowfall is of doubtful merit. In contrast, this
method was reported to be successful in Norway. In the United Kingdom, plowing is
supplemented by spreading salt at 10 g/m?® (130 Ib/lane-mile) to prevent the snow from
compacting, while in Denmark, no salt is spread until after the snowfall. Therefore, there
appears to be no consensus regarding salt spreading during snowfalls. Table 5 summarizes
each country’s findings.
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Table 5 Summary of European findings

Country

Dry salt (g/m?)

Brine (g/m?)

United Kingdom
Frost and light snow

Freezing conditions after rain

Continuous snow forecast

During prolonged snowfall

Italy
Preventive treatment

Thin layer of ice or snow

Finland

Preventive treatment
Freezing rain

Snowfall for each 10 mm

Sweden
Preventive treatment

Continuous snow forecast

Denmark
Preventive treatment

During prolonged snowfall

10
20 to 40
20 to 40
10 to 40

5to 10
20 to 25

2.5
9to 14

25t05
125 to 15

7.5 to 10
None

18 to 37
74 to 92

10
40 to 60
25

10 to 20
40 to 60

33 to 44

Dry salt (g/m?)

Prewetted salt (g/m?)

Netherlands
Preventive treatment
Snow forecast
During snowfall

1 g/m? = 13 Ib/lane-mile.
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Comparison of Coralba and Skid Measurements

Pavement friction testing was conducted to determine if a correlation could be established
between the Coralba friction tester measurements and ASTM E274 skid trailer results. Both
systems were tested in July and August 1991, at the St. Cloud, Minnesota, test track and on
I-35 and TH 53 near Duluth, Minnesota. This section describes the results of the tests and the
correlation of the Coralba Friction Tester with ASTM E274 skid measurements.

The skid trailer determines a level of friction between a tire on a locked wheel and the
pavement. This level of friction is specified in terms of a nondimensional skid number (SN)
between 0 and 100. The Coralba friction tester also measures friction between a conventional
tire on a pickup or passenger vehicle and the pavement. This value is also nondimensional and
ranges from 0.0 to 1.0.

A total of 106 individual measurements were made with the Coralba and 41 with the skid
trailer. These were taken at three sites on three pavement types (asphalt concrete [AC],
portland cement concrete [PCC], and new PCC). Measurements were made at 20, 30, and 40
mph (32,48, and 64 kph) on wet pavement; three measurements were made on dry pavement
but were not included in subsequent analyses. The Coralba was used in two modes—with and
without lockup—resulting in 58 and 48 measurements, respectively. The study design is
summarized in table 6. The individual measurements are shown in Appendix B, and their
averages are plotted in figures 4 through 7.

For each of the 24 unique combinations (site, pavement type, speed and device), the mean,
standard deviation, and coefficient of variation were calculated for SN and the Coralba
measurements in both modes. These statistics are shown in the last three columns of table 7.

Data obtained at 20 mph (32 kph) with the Coralba could not be compared with skid data
because the skid trailer was not used at that speed. However, Coralba measurements in the
lockup and no lockup modes were compared at this speed.

Pairs of Coralba and skid measurements are summarized in table 8. They are also plotted in
figures 4 through 7. These plots show a direct relationship between skid and Coralba measure-
ments. However, since most of the measurements were made at higher skid numbers (over 53
SN) and only two were made at less than 18 SN, a linear regression would be misleading and
therefore was not performed. Instead, the Spearman nonparametric rank correlation coefficient
was calculated for each of the three possible comparisons.
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Table 6 Skid and Coralba study design.

Pavement  Speed

Obs. Site type (mph)  Device  Lockup ?  N°
1 1-35 New conc. 30 Coralba no 6
2 I-35 New conc. 30 Coralba yes 5
3 1-35 New conc. 30 Skid yes 5
4 1-35 New conc. 40 Coralba no 6
5 I-35 New conc. 40 Coralba yes 6
6 I-35 New conc. 40 Skid yes 5
7 I;I:?L" TH Asphalt 30 Coralba no 11
8 NBL TH 53 Asphalt 30 Coralba yes 2
9 NBL TH 53 Asphalt 30 Skid yes 5
10 NBL TH 53 Asphalt 40 Coralba no 13
11 NBL TH 53 Asphalt 40 Coralba yes 4
12 NBL TH 53 Asphalt 39 Skid yes 5
13 NBL TH 53 Concrete 20 Coralba no 3
14 NBL TH 53 Concrete 20 Coralba yes 5
15 NBL TH 53 Concrete 30 Coralba no 6
16 NBL TH 53 Concrete 30 Coralba yes 14
17 NBL TH 53 Concrete 30 Skid yes 5
18 NBL TH 53 Concrete 40 Coralba no 2
19 NBL TH 53 Concrete 40 Coralba yes 10
20 NBL TH 53 Concrete 41 Skid yes 5
21 St. Cloud Asphalt 30 Coralba yes 5
22 St. Cloud Asphalt 30 Skid yes 5
23 St. Cloud Asphalt 40 Coralba yes 5
24 St. Cloud Asphalt 40 Skid yes 6
25 NBL TH 53 Asphalt 40 Coralba® no 1
26 NBL TH 53 Concrete 40 Coralba’ yes 2
All sites 147

—

* N = Number of individual measurements.
® NBL - Northbound lane.
© Measurements made on dry pavement. (All other measurements made on

wet pavement.)
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Table 7 Skid and Coralba measurements—statistics.

Pavement  Speed Std cv®
Obs. Site type (mph)  Device Lockup? Pvt Mean Dev  (100%)
1 I-35 New conc. 30 Coralba no wet 0.51 0.04 8.65
2 I-35 New conc. 40 Coralba no wet 0.55 0.03 6.08
3 1-35 New conc. 297 Skid yes wet 65.92 1.26 1.91
4 I-35 New conc. 30 Coralba yes wet 0.46 0.05 10.06
5 I-35 New conc. 40 Coralba yes wet 0.50 0.04 8.58
6 1-35 New conc. 40.4 Skid yes wet 62.26 1.35 2.17
7 NBL®" TH 53  Asphalt 30 Coralba no wet 0.44 0.04 8.13
8 NBL TH 53 Asphalt 40 Coralba no wet 0.42 0.04 9.63
9 NBL TH 53  Concrete 20 Coralba no wet 0.33 0.07 19.97
10 NBL TH 53  Concrete 30 Coralba no wet 0.36 0.06 15.78
11 NBL TH 53  Concrete 40 Coralba no wet 0.39 0.06 14.50
12 NBL TH 53  Asphalt 30 Coralba yes wet 045 0.03 6.29
13 NBL TH 53 Asphalt 303 Skid yes wet 57.66 2.63 4.56
14 NBL TH 53  Asphalt 39.0 Skid yes wet 5932 233 3.94
15 NBL TH 53 Asphalt 40 Coralba yes wet 0.47 0.03 5.57
16 NBL TH 53  Concrete 20 Coralba yes wet 030 010 3323
17 NBL TH 53  Concrete 30 Coralba yes wet 0.35 0.04 12.12
18 NBL TH 53  Concrete 303 Skid yes wet 58.14 1.90 3.27
19 NBL TH 53  Concrete 40 Coralba yes wet 0.32 0.04 13.74
20 NBL TH 53  Concrete 40.9 Skid yes wet 53.28 3.21 6.02
21 St. Cloud Asphalt 30 Coralba yes wet 0.25 0.02 9.80
22 St. Cloud Asphalt 30 Skid yes wet 17.74 0.96 5.40
23 St. Cloud Asphalt 40 Coralba yes wet 0.22 0.03 11.87
24 St. Cloud Asphalt 40 Skid yes wet 15.10 0.94 6.21

* CV = Coefficient of variation = 100 x standard deviation/mean.
® NBL = Northbound lane.
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Table 8 Coralba—skid measurement comparison.

Coralba

Pavement Speed Skid
Site type (mph)* number Lockup No lockup
I-35 New conc. 30 65.92 0.46 0.51
I-35 New conc. 40 62.26 0.50 0.55
NBL® TH 53 Asphalt 30 57.66 0.45 0.44
NBL TH 53 Asphalt 40 59.32 0.47 0.42
NBL TH 53 Concrete 20 0.30 0.33
NBL TH 53 Concrete 30 58.14 0.35 0.36
NBL TH 53 Concrete 40 53.28 0.32 0.39
St. Cloud Asphalt 30 15.10 0.22
test track
St. Cloud Asphalt 40 17.74 0.25
test track

’——

* 1 mph = 0.62 km/hr.
® NBL = Northbound lane.

These Spearman correlation coefficients and their critical values (in parentheses) are

® Skid versus Coralba lockup mode (N = 8) R = 0.905 (critical R = 0.714)
® Skid versus Coralba no-lockup mode (N = 6) R = 0.657 (critical R = 0.886)
® Coralba lockup vs no-lockup mode (N = 7) R = 0.857 (critical R = 0.750)

To test whether these correlation coefficients are significantly different from zero, the
calculated coefficients were compared with the corresponding tabulated coefficients with N - 2
degrees of freedom and a two-sided significance level of 5%, assuming a 95% confidence
level. If the calculated R exceeds the tabulated R, one concludes that the correlation coefficient
is significantly different from zero.

62



The results are summarized as follows:

* The correlation between skid and lockup Coralba measurements is significantly different
from zero at the 95% confidence level; i.e., Coralba and skid measurements increase or
decrease together.

* The correlation between lockup and no lockup Coralba measurements is significantly
different from zero at the 95% confidence level.

* The correlation between skid and no lockup Coralba measurements is not significantly
different from zero.

Based on these results, it was decided that the participating SHAs would use Coralba friction
testers during the winter testing. The testers would be operated in a lockup mode at 40 mph
(64 kph). However, testing could not be conducted at 30 mph (48 kph) for safety considera-
tions. It was also decided that the testers should not be operated at 20 mph (32 km/hr) because
of the high variability in the Coralba measurements obtained at that speed (see the coefficients
of variation in table 7).

Laboratory Evaluation of SOBO-20 Salinity Tester

Laboratory studies were conducted to evaluate the utility of the SOBO-20 salinity tester for the
semiquantitative measurement of chemical solutions applied to surfaces. The studies consisted
of evaluating the type of response and range of detection for five different chemicals:

* sodium chloride (NaCl);

* magnesium chloride (MgCl,);

* Calcium chloride (CaCl,);

* potassium acetate (KOOCCH,; more simply, KAc); and

* calcium magnesium acetate (Ca/MgOOCCH;; more simply, CMA).

Five series of tests were conducted to determine the SOBO-20 meter readings for selected
surface chemical concentration levels. The test consisted of the following steps. First,
carefully weighed amounts of a 20 % chemical solution by weight were applied to the surface
of a stainless steel pan. The amounts of chemical solution applied to the test surface were
selected to yield the following equivalent chemical concentration levels of 0.05, 0.10, 0.25,
0.50, 0.75, 1.00, and 1.50 oz/yd®. The required amounts of 20 % chemical solution (20, 40,
100, 200, 300, 400, and 600 mg) were then applied to attain the chemical surface concentration
levels specified. After application of the proper amount of concentrated chemical solution on
the stainless test surface, the sampling/testing chamber of the SOBO-20 was placed over the
chemical sample. The measuring fluid was forced then into the measuring chamber, and the
SOBO-20 displayed a reading on its electronic meter. After the measurement was completed,
the solution was collected and the conductivity was measured with an ElectroMark Analyzer
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Model 4400 (Markson Science) conductivity meter. Technical grade chemicals typical of those
used for snow and ice control were used in these experiments.

Multiple tests were run using a chemical concentration level of 0.50 oz/yd’ to test the effects
of the scale factor.

The results of the SOBO-20 tests and the conductivity measurements for the five chemical
solutions are presented in tables 9 through 13. In addition, a composite presentation of the test
data is set forth in figure 8. Comparative evaluations of test results revealed interesting
information concerning the intensity and linearity of SOBO-20 response and chemical weight
relationships according to chemical type and concentration range.

Table 9 SOBO-20 readings and conductivity values of sodium chloride solutions.

Applied chemical
SOBO meter surface concentration Conductivity"

Observed Scale factor Actual (oz/yd®) (g/m*)  (Ib/lane-mile) 1S)
reading” reading”

1.0 x 1/2 0.5 0.05 1.70 22 180

1.0 x 1 1.0 0.10 3.39 44 308

5.0 x 12 25 0.25 8.48 110 767

4.8 x 1 4.8 0.50 17.0 220 1,517

10.0 x 12 5.0 0.50 17.0 220 1,567

15.0 x 12 7.5 0.75 254 330 2,500

10.0 x1 10.0 1.00 339 440 3,250

15.0 x1 15.0 1.50 509 660 4,767

* Average of three determinations.
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Table 10 Readings and conductivity values of magnesium chloride solutions.

Applied chemical

SOBO meter surface concentration Conductivity®
Observed reading®  Scale factor Actual (oz/yd®) (g/m?) (Ib/lane mile) (1S)
reading”
1.00 x 12 0.50 0.05 1.70 22 135
1.00 x1 1.00 0.10 3.39 44 250
2.75 x 12 1.38 0.25 8.48 110 602
5.25 x 1 5.25 0.50 17.0 220 1,185
10.00 x 12 5.00 0.50 17.0 220 1,222
13.38 x 1/2 6.69 0.75 254 330 2,712
7.25 X 1 7.25 1.0 33.9 440 3,500

10.00 x 1 10.00 1.50 50.9 660 5,075

* Average of three determinations.

Table 11 Readings and conductivity values of calcium chloride solutions.

Applied chemical

SOBO meter surface concentration Condu'ctivity
Observed reading®  Scale factor  Actual reading® | (oz/yd?®)  (g/m?) (Ib/lane mile) (uS)
1.00 x 12 0.50 0.05 1.70 22 132
1.00 x1 1.00 0.10 3.39 44 255
4.90 x 12 245 0.25 8.48 110 589
3.90 x1 3.90 0.50 17.0 220 1,132
8.80 x 12 4.40 0.50 17.0 220 1,197
10.00 x 172 5.00 0.75 254 330 2,025
5.75 x1 5.75 1.00 339 440 2,750

50.9

660

3,825

8.00 x 1 8.00 1.50
EEE———————— A NN,

* Average of three determinations.
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Table 12 Readings and conductivity values of potassium acetate solutions.

Applied chemical
SOBO meter surface concentration Conductivity®
Observed reading®  Scale factor  Actual reading’ (oz/yd® (g/m?)  (Ib/lane mile) 1S)
0 x 12 0 0.05 1.70 22 106
0 x1 0 0.10 3.39 44 147
2.80 x 12 1.40 0.25 8.48 110 374
2.50 x1 2.50 0.50 17.0 220 776
5.00 x 12 2.50 0.50 17.0 220 762
8.25 x 172 4.13 0.75 254 330 1137
5.00 x1 5.00 1.00 339 440 1675
6.25 x 1 6.25 1.50 50.9 660 2450

* Average of three determinations.

Table 13 Readings and conductivity values of calcium magnesium acetate solutions.®

%—

Applied chemical
SOBO meter surface concentration Condubctivity

Observed Scale factor  Actual reading® | (oz'yd®) (g/m’) (Ib/lane mile) (us)
reading®

0 x 172 0 0.05 1.70 22 59

0 x1 0 0.10 3.39 44 144

2.0 x 172 1.0 0.25 8.48 110 354

2.0 x1 2.0 0.50 17.0 220 711

45 x 172 23 0.50 17.0 220 710

6.0 x 172 3.0 0.75 254 330 1031

3.3 x1 33 1.00 339 440 1335

49 x1 4.9 1.5 50.9 660 2075

* Jce-B-Gon®, 91% CMA (Chevron Chemical Co.)
® Average of three determinations.
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Conductivity (in SOBO-20 Readings)

15.0 NaCl
10.0 — x MgCl,
9.0 -
8.0 CaCl,
7.0 -
¥ KAc
6.0 —
50 7 CMA
4.0 -
3.0 -
2.0 -
1.0
0 I T T | I T ]
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Chemical Surface Concentration (in Ibs. per lane mile)

| Figure 8 SOBO-20 readings versus chemical surface concentration.
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NaCl gave the highest SOBO-20 conductivity readings per surface concentration unit and the
most linear response. In addition, the results obtained during this study were in agreement with
the values reported by the manufacturer for NaCl

The four other chemicals (MgCl,, CaCl,, KAc and CMA) gave nonlinear SOBO-20 readings
per chemical weight relationships at surface concentration levels of 330 lb/lane-mile or greater.

The intensity of the SOBO-20 response per surface concentration unit varied by chemical type
in the following order: NaCl > MgCl, > CaCl, > KAc > CMA. Generally, the order of the
degree of response was expected. However, this study did not validate the equivalency of
NaCl and CaCl,, the conductivity of both these chemicals on the same surface concentration
basis should be the same.

The analytical range of the SOBO-20 varies according to the ionic strength of the chemical
electrolyte. The strong electrolyte chemicals (NaCl, MgCl,, and CaCl,) gave SOBO-20
readings at the lowest concentration level tested (22 Ib/lane-mile); for the weak electrolyte
chemicals (KAc and CMA), the lowest detectable concentration level was 110 Ib/lane-mile.
Accordingly, the analytical ranges of SOBO-20 for the five target chemicals are as follows:

» NaCl, MgCl,, and CaCl,:
Half scale: 22 to 330 lb/lane-mile

Full scale: 44 to 660 Ib/lane-mile

« KAc and CMA.:
Half scale: 110 to 330 lb/lane-mile
Full scale: 220 to 660 Ib/lane-mile

Since the standard analytical range of the SOBO-20 lacked the sensitivity to detect and analyze
KAc and CMA at surface concentration levels below 110 Ib/lane-mile, the manufacturer was
contacted to determine if a meter could be developed with a more sensitive range. The
manufacturer indicated a modified electronic meter with an expanded scale could be produced
to an estimated analytical range of from 4.4 to 66.0 Ib of NaCl/lane mile.

Based on the results of the laboratory studies of test methods and apparatus, the SOBO-20
salinity meter appeared to be the most promising device for measuring residual anti-icing
chemicals on pavements. Several initial conclusions were drawn regarding certain features and
limitations of the SOBO-20:
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. The main advantage of the SOBO-20 is that the device was designed for fairly rapid
sampling and analysis of salt on pavement surfaces at temperatures near or below freezing
in a highway environment.

. Although the device was designed for sampling and analyzing NaCl, the unit can be used
for testing other conventional salts, such as CaCl, and MgCl, at application rates
comparable to those of NaCl.

. The device can be used for testing KAc and CMA, but only at application rates greater
than 110 Ib/lane-mile.

. A more sensitive electronic meter is needed to measure weak electrolytes (namely, KAc
and CMA) at surface concentration levels below 110 Ib/lane-mile.

Based on the above initial conclusions and considerations, the following decisions were made:

. The present configuration of the SOBO-20 would be used during the winter testing by
those SHAs using NaCl, CaCl, and MgCl,, or mixtures of these strong electrolytes.

. A modified electronic meter with increased sensitivity for lower concentration levels of
KAc and CMA would be obtained, evaluated, and supplied to those SHAs using KAc and
CMA.

Six SOBO 20 Chloride Measuring Instruments were ordered in November 1991, and were
received about one month later. Prior to being shipped to the various transportation agencies,
the operation of each unit was verified by a single point calibration check using a saturated
NaCl solution and the procedure outlined in the training materials. The results of the
calibrations (table 14) indicated that all of the instruments appeared to be in proper working
order and that the readings were within reasonable operating limits. A maximum variation of
+1 unit from the true value was observed, which was deemed acceptable, given the limitations
of the instrumentation involved.

After calibration, the six instruments (along with their associated maintenance and calibration
equipment) were shipped to the various transportation agencies at the end of December 1991.

69



Table 14 Results of SOBO calibration check.
—-

State Serial SOBO reading SOBO reading Solution

agency number (full scale)® (half scale)® volume
(mL)
CA 1475 5 10 420
MD 1476 5 9 41.6
MO 1477 5 9 422
OH 1478 6 11 424
NY 1479 6 11 422
WA 1480 5 10 422

|
* Rounded to nearest whole value.

An expanded electronic readout for the SOBO instrument owned by the State of Minnesota was
ordered in November 1991 and received by MRI in mid-December 1991. Calibration curves
were developed for this meter using stock solutions of reagent grade chemicals. Curves
relating the SOBO reading to the equivalent pounds of chemical/lane mile were developed for
NaCl, CaCl,, MgCl,, KAc, and CMA. The range of concentrations tested varied from 4.4 to
330 Ib/lane-mile with data collected at several of the chemical concentrations used in previous
calibrations. The data obtained during calibration of the expanded meter for Minnesota
Department of Transportation (MNDOT) are shown in figure 9.

After the above calibration was completed, the meter with expanded readout was shipped to
the MNDOT in mid-January 1992.

Finally, about mid-December 1991, the Strategic Highway Research Program requested that
another SOBO instrument with an expanded electronic readout be supplied to Michigan
Technological University (MTU) for use in their anti-icing experiments. This unit was ordered
and, upon receipt, calibrated in an identical manner to that described above for the MNDOT
meter. The calibration data for this instrument are shown in figure 10, with a comparison of
data obtained for the MTU instrument versus that for the MNDOT instrument shown in figure
11.
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Evaluating the slopes of the two data sets as shown in figure 11 reveals that the MTU
instrument reads about 15% higher than the MNDOT unit. This indicates the presence of a
systematic variation between two seemingly identical SOBO instruments. However, it is not
known whether the variation in readings results from differences in the meter themselves, the
instruments to which they are attached, or both. Ideally, the two meters should be tested on
the same SOBO in order to isolate the exact source of variation. This was not possible,
however, given the time constraints involved in implementing of the experimental program.
The SOBO unit was shipped to MTU in mid-January 1992.

Analysis of Maintenance Field Data

Field observations were made of the anti-icing operations at the selected test sites in the nine
participating states of California, Colorado, Maryland, Minnesota, Missouri, Nevada,
New York, Ohio, and Washington. Both the experiments and observations were conducted by
the state maintenance personnel during the winters of 1991-92 and 1992-93. A series of data
recording forms was designed specifically for use by the maintenance personnel. These forms
provided the proper format for maintenance personnel to record weather and pavement
conditions, spreader equipment operations, and SOBO-20 and Coralba readings during each
storm event. Examples of each form are given in Appendix C.

Winter maintenance field data were collected to estimate the effectiveness of anti-icing
treatments relative to conventional deicing. The analyses of the field data for each storm event
in the two winters were conducted in about the same manner. These provide for each test and
control section a chronological history of the meteorological events, pavement conditions, and
maintenance activities associated with the storm, including the amount of material applied to
each traveled lane. Coralba measurements made in the various traveled lanes and SOBO-20
readings identified by wheeltrack or centerline measurement location are also included in the
chronological history of each storm event. The pavement type is identified for each Coralba
and SOBO-20 reading.

A number of quality control checks were made on the data as they were entered into a
spreadsheet.  These checks identified numerous field recording errors and reporting
inconsistencies which were subsequently clarified through contacts with the appropriate
maintenance personnel.
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When possible, graphs were prepared of the weather, pavement conditions, and air temperature
as a function of time for the test and control sections. A summary was made of the total
material (chemical and abrasives) applied to the test and control sections during each storm
event. Also, summaries of each storm event were developed to provide an overview of the
event, the test and control section pavement conditions at the first winter maintenance
treatment, and a brief history of both the test and control section pavement conditions during
the storm.

The first treatment application for each storm event made by the maintenance forces on the test
and control sections was classified as either an anti-icing or deicing operation. In general, an
anti-icing operation is one where a chemical is applied to the highway before a bond is
established between frozen precipitation or frost and the pavement surface. Conversely, a
deicing operation is one where a chemical is applied on an accumulation of snow, ice, or frost
that is bonded to the pavement surface. The exact point at which frozen precipitation is either
bonded or not bonded is very difficult to establish. In theory, a friction measurement (Coralba
reading) could help define that point in the development of a storm. However, the Coralba
measurements were generally not made in the field at the appropriate time or were not reliable
enough to assist in this determination for all storms. Consequently, it was necessary to develop
criteria for classifying of the first maintenance treatment (table 15). The first maintenance
operation designation depends on pavement temperature, pavement condition, and type of
precipitation. Air temperature is not directly included in the criteria, but is assumed to be
below 40°F (4°C). Pavement conditions appropriate for anti-icing operations are dry, wet, and
minor accumulation of snow or sleet on the shoulder and roadway. Pavement conditions
appropriate during deicing operations include slush, snow or ice pack, and ice. The above
criteria, along with ancillary information (such as Coralba readings, SOBO-20 readings, and
maintenance personnel observations), were used in classifying the first maintenance treatment
of each storm.

Summary tabulations were made of the maintenance treatment activities on the test and control
sections in each state. These tabulations also include the savings achieved in terms of material

applied and passes made on the test sections compared to the control sections.

The findings from the winter 1991-92 tests are presented next, followed by those findings from
the winter 1992-93 tests.
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Table 15 Criteria for determining anti-icing or deicing conditions at time of first

treatment application.
5 Y S S

Classification of Pavement
maintenance operation temperature Pavement condition Type of precipitation
Anti-icing 36° to 33°F and Dry None, but precipitation
falling below 32°F forecasted
Anti-icing 36° to 33°F and Wet None, rain, freezing rain,
falling below 32°F sleet, snow, or blowing snow
Anti-icing < 32°F and falling Dry None, but precipitation
forecasted
Anti-icing < 32°F and falling Wet None, rain, freezing, rain,
sleet, snow, or blowing snow
Anti-icing < 32°F and falling Very minor accumulation  None, sleet, snow, or blowing
of snow/sleet on shoulder  snow
and road
Deicing < 32°F Slush None, rain, freezing rain,
sleet, snow, or blowing snow
Deicing < 32°F Snow pack None, sleet, snow, or blowing
snow
Deicing < 32°F Ice None, rain, or freezing rain

[

Winter 1991-92 Results

The first anti-icing experiment during the 1991-92 winter was conducted in Nevada in
mid-December 1991. Data collection continued to the end of March 1992. At that time, a
total of 57 storm events had been recorded by the nine participating states, in spite of the late
start of the anti-icing experiments. The number of storm events reported by each state is given
in table 16. Over 70% of the events were recorded by Maryland Department of Transportation
(MDDOT), Nevada Department of Transportation (NDOT), MNDOT, and New York
Department of Transportation (NYDOT) maintenance personnel. No storm events were
recorded at 4 of the 14 sites in the nine states because of the extremely mild winter after the
anti-icing experiments began.
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Table 16 Number of storm events recorded and analyzed for 1991-92 winter.

No. of storm No. of events No. of events with
Geographic area State events recorded analyzed reduced material application®
Mountainous states California 9 0 0
Maryland 11 11 2
High Plains states Colorado 1 1 0
Nevada 8 8 7
Plains states Missouri 3 1 0
Ohio 3 3 2
Lake effect states Minnesota 8 4 0
New York 14 14 10
Maritime state Washington 0 0 0
Total 9 57 42 21

R,

* These events are defined as ones where lesser amounts of material were used on the test section than on
the control section.

Of the 57 storm events recorded, only 42 could be analyzed because there was insufficient data
on the other 15 events. The number of storm events analyzed for each state is also given in
table 16. The major reasons the 15 events could not be analyzed are incomplete or missing
operator activity data, missing weather and pavement condition information, or missing Road
Weather Information System (RWIS) data.

Examples of the analyses conducted of the maintenance field data are given in figures 12
through 17. These figures pertain to storm event Number 8 recorded on February 16, 1992,
for U.S. 395 in Nevada. Figures 12 and 13 provide a chronological history of the meteorology,
pavement conditions, and maintenance activities associated with the storm, including the
amount of material applied to the driving lane (DL) and passing lane (PL). Figure 12 is for
the test section, and figure 13 for the control section. Figures 14 and 15 are graphs of the
weather, pavement conditions, and air temperature as a function of time for the test and control
sections, respectively. Time in these and associated figures is expressed in terms of a 24-hour
clock. Figure 16 is a composite plot of Figures 14 and 15 and shows the road conditions for
both the test and control sections as a function of time and treatment applications. When the
condition of the test section is better than the condition of the control section the experimental
maintenance treatment is considered successful. The experimental maintenance treatment has
failed whenever the test section road condition is worse than the control section road condition.
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Figure 17 is a summary of the total material (chemical and abrasives) applied to the test
and control sections during the event. For Nevada storm event 8, over 2.6 times as much
chemical was applied to the control section as was applied to the test section (3,235 kg
[7,133 1b] NaCl versus 1,237 kg [2,727 1b] MgCl,). On a total material basis, including
sand, over 15 times as much material was applied to the control section as was applied
to the test section (19,027 kg versus 1,237 kg [41,956 Ib versus 2,727 1b]).

Similar tabulations and plots for Maryland storm event 6 are given in figures 18 through
22. During this storm, 1.6 times as much chemical was applied to the test section as was
applied to the control section when the chemical amounts were normalized with section
length (130 kg/km [461 1b/mile] NaCl versus 79 kg/km [280 lb/mile] NaCl). However,
on a total material weight basis, about 20 times as much material was applied to the
control section as to the test section when the material amounts were normalized with
section length (2,675 kg/km [9,492 Ib/mile] versus 130 kg/km [461 Ib/mile]).

Some interesting comparisons can be drawn between the Maryland test and control
sections, even though more salt was used on the test section than on the control section.
For instance, five passes of a maintenance truck had to be made on the control section,
compared to only three passes on the test section. Also, the pavement condition of the
test section only deteriorated to a slush state, while the pavement of the control section
deteriorated to a snow-covered condition. The salt application rate of 5.9 g/m’
(77 Ib/lane-mile) applied to the test section was apparently enough to prevent the
pavement from reaching a snowy state. However, the 25 kg (55.1 Ib) of salt plus 60 kg
(132.3 1b) of abrasives applied per lane-mile on the control section did not prevent the
pavement from reaching a snowy state.

Tabulations and plots similar to those displayed in figures 12 through 22 were developed
for many of the other storm events recorded during the 1991-92 winter.

A summary of the material applied to the test and control sections during the 1991-92
winter is given in Appendix F. The data are for the 42 storm events analyzed from
Maryland, Colorado, Nevada, Missouri, Ohio, Minnesota, and New York. Summaries
of the maintenance activities on the test and control sections and the savings achieved in
material and passes on the test sections in the seven states are also presented in tables 17
through 23. In computing the percentage of material saved, the material amounts applied
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to the test and control sections in Maryland (MD 495) and Minnesota (I-35) were
normalized by section lengths.

During 21 out of 42 (50%) storm events, less chemical and abrasive material was used
on the test sections than on the control sections. The distribution of these 21 events by
state is also given in table 16. During another three events, about the same amount of
material was applied to both the test and control sections. Thus during 24 out of 42
(57%) storm events, smaller or equal amounts of material were used on the test sections
than on the control sections.

The rate of chemical reduction achieved on the test sections during the 1991-92 winter
was 23% in New York (table 23), 30% in Ohio (table 21), and 49% in Nevada (table 19).
The other states reported increased chemical usage. Nevada also reported a 74%
reduction in abrasive used over the winter on the test section, as compared to the control
section. In only 2 of the 11 storm events recorded in Maryland was less material used
on the test section than on the control section. The reason for these discouraging results
in Maryland was the use of a truck on the test that had difficulty in maintaining low
application rates. The truck used on the control section was able to use, and frequently

did, small application rates.
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Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes 4
Material used Liquid MgCl,
Application rate per pass 102 1bs/In-mi
Total material applied (all passes combined) 2,727 1bs

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes 4
Material used sand/salt mix’
Application rate per pass 1,385 - 2,126 lbs/ln-mi
Total material applied (all passes combined) 41,956 lbs
Total salt applied (all passes combined) 7,133 lbs
Total sand applied (all passes combined) 34.823 1bs

"Sand/salt mix is 83% sand, 17% salt.

Figure 17. Summary of material applied to the test and control sections during
Nevada storm event number 8.
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STATE OF MARYLAND
Storm #6 - February 4, 1992

Test Section - 11 miles (Two-lane, two-way highway)

Number of passes
Material used
Application rate per pass

Total material applied (all passes combined)

Control Section - 10 miles (Two-lane, two-way highway)

Number of passes

Material used

Application rate per pass

Total material applied (all passes combined)
Total salt applied (all passes combined)

Total sand applied (all passes combined)

3

100% rock salt

77 lbs/In-mi

5.069 lbs

S

70:30 sand/salt mix

188 1bs/ln-mi
9.400 Ibs
2.820 lbs

6,580 lbs

Figure 22. Summary of material applied to the test and control sections

during Maryland storm event
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The above figures for reductions achieved on the test section in Maryland do not consider the
classification of maintenance operations during the first treatment application of each storm on
the test and control sections. These maintenance operations were classified as either anti-icing
or deicing, as shown in table 24, according to the criteria in table 15. The results of these
classifications are given in tables 25 through 30 for the storm events analyzed Colorado,
Nevada, Missouri, Ohio, Minnesota, and New York.

Table 24. Classification of maintenance operations during the first treatment
application on test and control sections in Maryland during 1991-92 winter.
X

Maintenance operations

Storm No. Storm date Test section Control section
MD 495
1 1/14/92 Anti-icing Anti-icing
2 1/15/92 Deicing Deicing
3 1/20/92 Deicing Deicing
4 1/23/92 Deicing Deicing
5 1/31/92 Anti-icing Anti-icing
6 2/4/92 Anti-icing Anti-icing
7 2/13/92 Deicing Deicing
8 2/16/92 Deicing Anti-icing
9 2/28/92 Deicing Deicing
10 3/14/92 Deicing Deicing
11 3/15/92 - 3/16/92 Anti-icing Deicing

Table 25. Classification of maintenance operations during the first treatment
application on test and control sections in Colorado during 1991-92 winter.
—

Maintenance operations

Storm No. Storm date Test section Control section
CO 470
1 3/9/92 Deicing Deicing
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Table 26. Classification of maintenance operations during the first treatment
application on test and control sections in Nevada during 1991-92 winter.

Maintenance operations

Storm No. Storm date Test section Control section
US 395

1 12/18/92 Deicing No treatment

2 12/28/92 Anti-icing Deicing

3 1/2/92 - 1/3/92 Deicing Deicing

4 1/5/92 Anti-icing Deicing

5 1/6/92 - 1/7/92 Anti-icing Anti-icing

6 2/11/92 No treatment  Anti-icing

7 2/15/92 Anti-icing Anti-icing

8 2/16/92 Deicing Deicing

Table 27 Classification of maintenance operations during the first treatment
application on test and control sections in Missouri during 1991-92 winter.

Maintenance operations

Storm No. Storm date Test section Control section
129
2 3/18/92 - 3/19/92 Anti-icing Anti-icing

Table 28. Classification of maintenance operations during the first treatment
application on test and control sections in Ohio during 1991-92 winter.

Maintenance operations

Storm No. Storm date Test section Control section
1-70
1 2/8/92 Deicing Deicing
2 2/13/92 Deicing Deicing

2/14/92 Anti-icing Anti-icing
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Table 29. Classification of maintenance operations during the first treatment
application on test and control sections in Minnesota during 1991-92 winter.

Maintenance operations

Storm No. Storm date Test section Control section
1-35
1 2/10/92 Anti-icing Anti-icing
3 2/17/92 Anti-icing No treatment
4 2/20/92 Anti-icing Deicing
US 53
4 2/20/92 Anti-icing No treatment

Table 30. Classification of maintenance operations during the first treatment
application on test and control sections in New York during 1991-92 winter.
—

Maintenance operations

Storm No. Storm date Test section Control section
SH 104
1 1/23/92 Anti-icing Anti-icing
2 2/1/92 Anti-icing Anti-icing
3 2/4/92 Anti-icing Anti-icing
4 2/8/92 - 2/9/92 Deicing Deicing
5 2/11/92 Anti-icing Anti-icing
6 2/12/92 - 2/14/92 Deicing Deicing
7 2/16/92 Anti-icing Anti-icing
8 2/20/92 - -
9 2/22/92 Anti-icing Anti-icing
10 2/24/92 Anti-icing Anti-icing
11 2/26/92 - 2/27/92 Anti-icing Anti-icing
12 2/28/92 - 2/29/92 Deicing Deicing
13 3/11/92 - 3/15/92 Deicing Deicing
14 3/17/92 Anti-icing Deicing
15 3/22/92 Anti-icing Anti-icing

* Storm 8 was not classified as a storm event because there was no

maintenance activity and no precipitation.
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The test plan called for an anti-icing treatment to be applied to the test section while the
control section was allowed to undergo conventional deicing. The classification of mainte-
nance operations showed that the parameters of the test plan were more the exception than the
rule. Almost all the possible combinations of maintenance operations took place on the test
and control sections. Anti-icing operations on the test section and deicing operations on the
control section took place during only 5 of the 42 storm events: once during the 11 events in
Maryland (storm 11); not at all during the 1 event in Colorado; twice during the 8 events in
Nevada (storms 2 and 4); not during the 1 event in Missouri; not during the 3 events in Ohio;
once during the 4 events in Minnesota (storm 4 on [-35); and only once during the 14 events
in New York (storm 14). The other times when anti-icing occurred on the test sections, either
anti-icing or no treatment took place on the control sections. A few times, anti-icing operations
were recorded on the control section while deicing or no treatment operations took place on
the test section.

Anti-icing operations took place on the test sections during two storms in Minnesota when no
treatment was necessary on the corresponding control sections. The remaining treatment
combinations mainly involved the conservative approach of using deicing operations on both
the test and corresponding control sections.

Table 31 presents the savings achieved during the five storm events in which anti-icing
operations were used on the test sections while deicing operations were used on the
corresponding control sections.

Table 31 Summary of savings achieved on test sections during anti-icing operations in
the 1991-92 winter.

Percent material saved on test section Passes saved

State Storm No. Chemical Abrasive Total material on test section
MD 11 -312.6 100.0 —23.8 0
NV 2 -0.9 100.0 829 -2
NV 4 475 77.0 72.0 0
MN . 4 —-293.7 - —-293.7 0
NY 14 229 - 229 2

A smaller amount of chemical was used on the test section than to the corresponding control
section during two of the five (40%) storm events in which anti-icing operations occurred on
the test section and deicing operations were used on the control section. Abrasives were used
during three of these five storm events. Smaller amounts of abrasives were used on the test
section than on the control section during all three events. No maintenance passes were saved
through anti-icing operations.
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During 21 out of 42 (50%) storm events, less chemical and abrasive material was used on the
test sections than on the control sections. The success of these 21 trials cannot be totally
credited to anti-icing operations. Various combinations of anti-icing and deicing operations
were used during these 21 storm events. Success can be attributed to better timing of the treat-
ments, more sensible deicing operations, and better awareness on the part of maintenance
personnel of the pavement conditions during the storm events.

Coralba Friction Measurements

Five states made Coralba friction measurements during 27 of the 42 storm events analyzed for
the 1991-92 winter. States supplying the friction measurements were Maryland (11 storm
events), Nevada (1 storm event), Ohio (3 storm events), Minnesota (2 storm events), and New
York (10 storm events). Summaries of the Coralba friction measurements made by the five
states are given in tables 32 and 33 for the test and control sections, respectively. The data are
presented for each state and associated route identification by pavement condition and type of
pavement (open-graded asphalt, dense-graded asphalt, and portland cement concrete). The
friction measurements made under the various pavement conditions on the three pavement
types are presented in terms of the number of measurements (N), the minimum (min) and
maximum (max) values, the mean, and the standard deviation (STD).

Some of the states made friction measurements before the first maintenance (anti-icing or
deicing) treatment, but most measurements were made after the first or subsequent treatment.
Some of the states made selective friction measurements at times preceding deicing
applications. It is not known if these selective measurements were made to help decide on the
need for additional deicing treatments, or if they were made simply to satisfy the need to
collect data during the storm. On numerous occasions, multiple friction measurements were
made in succession and no treatment application was made, even when the friction values were
low. This latter finding suggests that a majority of the friction measurements were made as
part of the storm documentation and not as part of a decision making process concerning the
reapplication of deicing or abrasive materials.

Finnish researchers'® 2 have attempted to correlate Coralba friction measurements with
wintertime pavement conditions. The Coralba friction tester ranges determined by Teppo and
Katko for different conditions on dense-graded asphalt are given in table 34. The ranges of
friction values measured during the 1991-92 winter by four states on dense-graded asphalt test
sections are presented in figure 23, along with the Finnish results, for conditions of dry, wet,
slush, snow, snow/ice pack, and ice. One New York friction measurement was made on damp
pavement. No data are presented for Maryland because those friction measurements were
made on open-graded asphalt. Individual measurements made by the states are indicated by
small crosses.
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Table 32. Summary statistics for Coralba friction measurements (1991-92 test section).

Pavement Open graded asphalt Dense-graded asphalt Portland cement concrete

State Route condition N Min. Max. Mean Std N Min. Max. Mean Std N Min, Max. Mean Std

MD 495 Dry 7 008 08 049 024
Wet 23 006 091 036 026
Damp
Slush 8 025 060 040 0.14
Snow 7 013 043 028 0.10
Snow/Ice Pack
Ice 1 017 017 0.17

NV 395 Dry
Wet 1 027 027 027
Damp
Slush
Snow
Snow/Ice Pack
Ice

OH 1-70 Dry 2 024 030 027 004
Wet 7T 024 036 031 0.05
Damp
Slush
Snow

o
e
o

030 025 008

Snow/Ice Pack

Ice 2 018 020 019 001
MN US 53 Dry
Wet 3 021 046 030 0.14 1 042 042 042
Damp
Slush
Snow 2 016 020 018 003 3 020 022 0.21 0.01
Snow/Ice Pack
Ice
I-35 Dry 1 028 028 0.28 1 024 024 0.24
Wet
Damp
Slush
Snow
Snow/Ice Pack
Ice
NY SR104 Dry 6 021 041 0.35 0.08 12 017 045 035 011
Damp 1 041 041 041
Wet 35 013 047 0.31 010 | 32 006 0.71 031 0.13
Slush 8§ 018 042 029 009 | 11 013 043 027 0.10
Snow 12 009 034 020 006 9 013 033 020 007
Snow/Ice Pack 10 009 024 0.15 0.04 9 004 016 014 004
Ice 1 012 0.2 0.12 1 012 012 0.12
Total No. Meas. 218 | 46 No. of Measurements 93 No. of Measurements 79  No. of Measurements
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Table 33. Summary statistics for Coralba friction measurements
(1991-92 control section).

Pavement Open graded asphalt Dense-graded asphalt Portland cement concrete
State Route condition N Min. Max. Mean Std N Min. Max. Mean Std N Min. Max. Mean  Std
MD 495 Dry 8 008 097 044 029
Wet 18 009 085 033 022
Damp
Slush
Snow
Snow/Ice Pack

013 060 033 017
0.19 051 029 0.10
018 018 0.8
020 020 020

- 00 =

Ice
NV 395 Dry
Wet
Damp
Slush 3 022 030 026 0.04
Snow
Snow/Ice Pack

Ice
OH 1-70 Dry
Wet 5 027 037 031 0.05
Damp
Slush
Snow

Snow/Ice Pack
Ice 4 016 032 023 0.08
MN US 53 Dry
Wet
Damp
Slush
Snow 2 016 043 030 019 5 015 046 022 0.4
Snow/Ice Pack

Ice
I-35 Dry
Wet 1 041 041 041
Damp
Slush
Snow
Snow/Ice Pack
Ice
NY SR 104 Dry 9 013 047 031 012 { 13 014 046 030 0.1
Damp 032 032 032
Wet 37 010 050 032 009 | 29 010 052 031 0.10
Slush 015 048 030 012 ] 12 016 042 025 011
Snow 0.17 043 030 0.08 8 004 031 0.21 0.09
Snow/Ice Pack 0.16 041 022 0.08 8 014 035 018 007
013 017 0.5 0.03 3 005 016 0.11 0.06

—

N O O o

Ice

Total No. Meas. 211 | 43 No. of Measurements 89 No. of Measurements 79 No. of Measurements

Some of the friction measurements made by the states fall within the Finnish range of values, while other measurements fall outside. Also, some of the states’
measurements are either too low or too high for the reported pavement condition, suggesting that the state operators were not always consistent in the procedure
used for measuring the friction.
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Table 34. Coralba friction tester ranges.

Friction number ranges and pavement description

0.00-0.15 0.15-0.25 0.25-0.30 0.30-0.45 0.45-1.0
Icy conditions  Dry, cold icy Coarse ice or Bare and wet or Bare and
Black ice condition or slush or very cold  patches of snow dry
Very slippery ~ compacted snow/ice snow patches between wheel

track

e

SOBO-20 Salinity Measurements

Four states made SOBO-20 salinity measurements during 24 of the 42 storm events analyzed
for the 1991-92 winter. These were Maryland (11 storm events), Ohio (3 events), Minnesota
(2 events), and New York (8 events). Nevada was the only one of the nine states not provided
a SOBO-20 instrument. During several storms, some states made salinity measurements before
the first anti-icing treatment. Most of the time, these pretreatment measurements resulted in
zero salinity values. However, in a few storms, the pretreatment measurements indicated a
small salinity level, possibly a carry-over from previous storm treatments.

Cases were noted where a low salinity measurement was followed by a chemical application.
Other cases were noted where a low measurement was not followed by an application. The
same treatment combinations were also noted for high salinity measurements. Thus, it appears
that the SOBO-20 measurements were not used consistently to make decisions concerning
reapplication treatments.

The SOBO-20 measurements made in Maryland, Minnesota, and New York were made in both
the right wheeltrack of the driving (slow lane) and in the centerline between two lanes. Ohio
made measurements only in the right wheeltrack of the driving lane. As expected, the
wheeltrack salinity values were generally lower than those in the centerline location.

Private Weather Forecasting Information

A private weather forecasting service weather forecasts during the 1991-92 winter for the two
test sites in Minnesota. Forecasts were also obtained from the National Weather Service
(NWS) for the general area of the two test sites. The private service generally provided very
conservative forecasts throughout the winter. No forecast was issued with a probability of
precipitation greater than 60% for any given hour. The NWS provided forecasts with 1 to
2 hours advance notice of the beginning of frozen precipitation, with probability of
precipitation values up to 100%.
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Figure 23. Comparison of Coralba friction measurements for the test sections on
dense-graded asphalt made during 1991-92 winter with Finnish results.
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No official analysis was made of the success and failure rates of forecasting services.
However, Minnesota maintenance personnel thought the NWS forecasts were just as reliable,
if not better, than the private service forecasts.

Winter 1992-93 Results

The first anti-icing experiment during the 1992-93 winter was conducted in Minnesota at the
beginning of November 1992. Data collection ended at the end of March 1993. At that time,
110 storm events were recorded by the nine participating states. Approximately 66% of the
events were recorded by MNDOT, NDOT, and NYDOT maintenance personnel. Events were
recorded at all 14 test sites in the nine states.

Of the 110 storm events recorded, 102 (93% of the total) could be analyzed. This percentage
is much higher than for the first winter’s testing (74%). The number of storm events analyzed
for each state is given in table 35. The major reasons the other eight storm events could not
be analyzed are the same as were noted for the 1991-92 winter.

Table 35. Number of storm events recorded and analyzed for 1992-93 winter.

0, TE———

No. of No. of No. of events
Geographic storm events events with reduced
area State recorded analyzed material application®
Mountain state  California 3 0 0
Maryland 4 4 0
High plains Colorado 7 6 3
state Nevada 14 14 11
Plains state Missouri 11 10 8
Ohio 10 10 4
Lake effect Minnesota 23 20 6
state New York 36 36 30
Maritime state ~ Washington 2 2 2
Totals 9 110 102 64

e e

* These events are defined as ones where smaller amounts of material are used on the test section than on
the control section.

105



\

6 £89€-  L'SEE- 0'90%- 6T  0SS'sE  Tol'6l 0st'91 8¢ 988‘v91 THY'T8  TYY'T8 reloy
T TES6-  0'TSY- 8'€S91- (4 $68°1  LTEl 695 4 89L°61 V886 ¥88°6  €6/10/T 4
s- s6sTl-  T1LS- LY91T- r4 69€T  8S9°T 1L L 668°1€  6¥6°S1 6¥6°ST  €6/6T/1 3
T- 865¢-  t'HOE- 6'TEr 9 S06'9  9T6°€ 6L6T 8 0SY'1E  STLST STLST €6/ST-YTUTL T
0 9'8€C-  9'8EC- 9'8€T- 61  18€¥T  161°TI 61T 61 69L18  v88°0y  v88°0b €6/11-8/1 1
uonIas 159) 1 QAISRIqQY Jest sassed I QAISBIQY [est sassed { JAISBIQY eot aep ‘ON
uo paAes eLISJRW -way)) ‘ON BLISRW -way) ‘ON eLIo)RW Riikllg) wIols uuol§
sassed e0L [e1I0L ewoL fewoL ewoL
Jo IdqunN
uonoas (qr) pasn [euaR (qp) pasn [euAte

153) UO P2ABS [BLISJBW JUD2IdJ

uond3s [0QuUo) uondIs 1591
\
“IUIM €6-766] SULIND PUEB[AIE]A] UI UOI)IIS }$3) UO
pasdIgdE SSUIABS pUB SUOI)IAS [0IJUOD PUE }SI) WO SINIAIPE dUEU)UIEW JO Aremwng ‘9¢€ dqeL

106



"uondas 1aipid o0} paijdde sem [erssjew ou IsNEISq PajRINOTES J0U ST STulARS W]

'SUONI3S [0NUOD PUE 153} Yioq 10} A[uo Suipues jods sem G WIOIS UO ANAMOE DOUBUMUIBIY .

I

14
8- TLL 8'69- ST81- [44 8SL°6S  TT6'ES 9€8's 0t 988°C01  Z0b'68  8¥9I [El0L
S T6/v0/T1
zi- 0°009- 0009 T009- (4 857°6 L 96L°1 14! 608v9  ET'TS  LSTI -Z6/17/11 [4
0Ly-D
4 7Te (333 881 9 0SI‘ST  8E6'El TIT1 14 9LT°01  T6T6 186 £6/01/C L
S 0001 0001 0°001 S ST9TL  SI9TL 010°1 0 0 0 0 £6/£0/T 9
0 q q q 0 0 0 0 0 0 0 0 [ ANArA B
1 0T 0'sT 0l 12 00101  Z6T'6 808 € 089°L 6969 I1L 26/S-¢€/T1 L4
I~ S'€0I-  0°001- 9'Evi- I $TST £TET 0T [4 8EIS W'y 6¥ TO/EUTT £
€ 0'8L- 0'sL- I'Ert- 14 00101  ZT6T'6 808 L €86°'L1 19791 LT TONT-0ULL I
ST10D
uonoas 159} 1 JAISRIQY CAll sassed 1 JAISEIqY  [ed! sassed 1 SAISBIQY  [e) Aep 'ON
U0 paAes  BLRW -way)) ‘ON  euorw -weyd)  CON  BuUsjewW -wsy) w0y Wwioy§
sassed 0L 10l [e10L 101 gL
Jo JaqunN

uono3s

1S3} UO paAeS [BLINBW JUIIIdJ

(qD) pasn feuep

(qn) pasn euse

Uond3S [oNUo))

EEEEEEEEE———,—,—_————————

TIJUIM €6-766] SULINp OPEIO[0)) UI UOIIIS )SI)}
U0 PIAdYIE STUIALS PUE SUOI)IIS [0J)UOD PUE )SI} UO SINIAIIE DULUIIUIEW Jo AlpwWwWNg ‘L€ Qe

uoI)das 183,

107



| —

“HONO3s JAIS 0) parjdde sem [BLISJEW OU ISNEBIIQ PAJR[NO[ED JOU SI SFUIARS JUNI]
“UOMO3Ss 359} Y UO A[UO PaIsn SBM [BIISjeW 3SNBd3q Paje[nofeod jou sSuraes Juadiad s0Up YN .

8¢- S SEL 6'9¢- SOL  0Z6°1Z9  OPI1°91IS  08L'SOl €91  TSEI8T  IES9ET  1T8'%¥I oL
9l- SLy 0001 9'80¢- L S6L'Sy 0108 S8LL €T 820%C 0 8T0'vT  E6ILTTUT Y1
or1- (1844 €65 0'1¢- 61  LIFITL  9LLOOY I¥9'0T  6C TT0°89  ¥86°0Y  BEOLT  €6/0T-SL/T €I
r WN q VN 0 0 0 0 4 LIT'E 0 LIT'E £6/11/2 4
€- 0'L8 0'001 8'€T L 6v6'cE  8LI'ST  ILL'S 01 86y 0 86€v  €6/LT-UT I
8 8'6b £LS Tel ST 1EES0T  STHL8  906°L1 LI 916CS  VLE'LE  THS'ST  €6/81-SL/T O
I T06 0001 9Ty €l $68'66  09s‘6L  S6T91 Tl 0s€6 0 0S€‘6  €6/FI-TI/ 6
12 T€6 0001 T09 ol 0L0'69  8TELS  THLIL 9 SLOY 0 SL9Y £6/01-6/1 8
9I- €Tl 9°6€ Tz o1 LOO'LS  9IELy 1696 9T 000°0S 9958  YEVIT £6/675/1 L
1- WN q YN 0 0 0 0 I 6LL 0 6LL £6/1/1 9
9 WWN q WN 0 0 0 0 9 €L 0 €6S°L  TOOE-8UTI S
9 66 €8¢ 008" 8 6TL'6Y  SLTIY  vS¥'8 ¥l 9T8vy  LO96T  6ITSI  TE/RI9LTL ¥
I- L08 0001 Tll- € 091°91  8SE'€T TO8'T ¥ Lir'e o LITE T6/11/T1 3
6 SvS 0001 ¥'L91- 4 pS8'81  6¥9'S1  S0TE 11 s 0 1L5°8 T6/L-9/C1 4
I 0001 0001 0001 I €5L8  S9TL 88yt 0 0 0 0 T6/61/11 1
uorndas 159 1 JAISRIqY Tean sassed 1 SAISRIQY ea sassed I SAISBIqY eat ajep ‘ON
uo paaes eLARW Rliitlijg} ‘ON vLIRW -way) ‘ON eueW -way) uumsg uuolg
sassed 0L 0L [@oL oL oy
J0 JaqunN
uoy103s (q) pasn [eusteN (q) pasn [eualey

1S3) UC PaAes [BLRW JUdIdJ

X —

WO paAdIYdE suiALs pue SUOHIIS [01IUOD PUE )SI) U0 SINIAIOE ddULUUIBW Jo Alewiming °§¢ d[qeL

uond3s [0NuoD

UoI103s 1S3,

“I9)UIM €6-766] SULIND BPBAIN UI UOIJIIS )SI)

o0
o

—



"uondas 1ayNd 0} parjdde sem [enIsjeWw ou asnesaq paje[no[ed Jou St STUIARS JUDISJ ,

e —————————————,———_——————————— e

s 9 LTy I'os Y4 S00°IS  16¥°€T h.ﬁm 6T IEV'LT  L89°EI Mﬁﬂ eloL
0 0 0 0 4 Ty 6vE'T £68°1 ¢ 0Ty 6VE'T €681 £6/S1/T 01
I- 8'9¢ I'Ls $'9¢ S 90501  €L8°S €9y 9 8ESY 8ISC 020°C £6/07/1 6
0 09 vov 9'sh £ YOE‘9 yzs'e 08LCT € £0v°E 068°1 €IS°I €6/81/1 8
0 09 o (Y 4 (4 0Ty 6V€T €8T T 697°C 09Z°1 600°T  £6/8-L/1 L
I- 0'LE vie §9¢ 9 L09'CT  L¥O'L 098's L 1v6°L o1’y 0ES'€  T6/9-5/T1 14
0 09 vov Y 4 4 4144 6ve‘T €681 T 69T°T 0921 600°T  TO/TUII [4
1L-SN
0 Lyl e Lyl 1 0zr'l 0 oTI'r 1 €87 0 €82 T6/0€/21 S
€ 0'sL € 0'SL I 708y 0 W08y b 9zI‘1 0 9TI'T  T6/9-S/T1 14
0 0 e 0 1 ozIl 0 0zTI‘T 1 AR 0 o0TI'T  TO/SUTT €
1 S'L8 e S'L8 4 ovT'e 0 A 08¢ 0 08¢ T6/L9/11 I
671
uonoas 159) I JAISRIqY Teot sassed I JAIselqy  [eor  sassed I JAISEIQY  [eOl Aep ‘ON
Uo paABsS  BLIRW -way) 'ON  eusew -wey)  ON  eudjew -wsy) unols uuol§
sassed el 0L el oL [el0L
Jo JaquInN
uondds (ar) pasn reusep (qn) pasn [euAeW

153) UO PIAES [BLISJRW JUDISG

uondas {onuo)

R,

IIJUIM €6-766] SULINp LINOSSI[A] UI WOI)IIS 59
WO PIAINYIE SIUIABS PUE SUON)IIS [0.JUOD PUE }5I) WO SIPYIAIIE IDULUNUILW JO Algmimng ‘€ AqEL

uondas 1531

109



“uon"3s 135 01 paipdde sem [ELIARW OU 3STEIIQ PJR[NO[ED JOU SI SBULARS JUIDIA]

\

b 4
I- 601 0 184! 34 syE'6L  v6I'81  SIT9 0§ 9TL'OL  P61'81  €5°TS 0L
(4
0 L1 0 ¢ (4 75861 9266 976'6 Tl 861°0Z 9766  LTOl  €6/9T-STT Ol
0 0 e 0 9 09€'6 0 09€'6 9 09€'6 0 09€'6  £6/17/T 6
0 L1 0 e 9 8978 YEI'Y vEl'Y 9 Ty's pElY 8LTY  €6/91/T L
0 L 0 S 9 8978 PEIY vEIY 9 TV PEL'Y SLTY  €6HI-ET 9
1l
0 (443 e (443 S 0006 0 0006 S v01'9 0 PO1‘9  €6/1TT 8
0
1- TTe e (443 S 00801 0 0801 9 sTEL 0 §TEL €601/ S
0 81- ® 81~ z 00¥T 0 00v'T ¢ wrz 0 Wwr'T  €6/80/1 4
0 L ¥43 ® 8¢ ¥ 00TL 0 00TL ¥ [42:3 200 WYy T6/OI/LI £
0 80" e 80- 1 00Z1T 0 00T1 1 01Tl 0 01T1  T6/T0/TT (4
0 £61 e £61 z 000 0 000 ¢ e 0 1T 68U 1
oL
uonoas 3 1 JAISRIQY est sassed 1 SAISRIQY Teat sassed 1 JAISBIQY eo1 aep ‘ON
uo paAes eUdRW -way) ‘ON eLI)RW Riikllig) ‘ON euew Riit) g} uwong uIms
sassed oL [0l [e0L oL oL
Jo JaquinN

uonIAs

1S3) UO PIAES [ELINBLI JUDIA

(qn) pasn [eLareW

(qD) pasn eLLERN

uonoas [0NuUo)

uonoas 1S9,

\
IJUIM €6-T66] SuLINp OIYQ Ul UOIIS )53}
U0 PIAINYIE STUIABS pUE SUOIIIIS [0IJUOD PUE )SI) U0 SIPIANDE JdUeUUIeW JO Arewmwng °0p dqelL

110



"UONO3S 19} 3Y) UO A[UO P3sn Sem [ELIABW ISNBIIQ PIIR[NOMed 10U sSulAeS Jud0Iad SAJOUP YN |
‘uonoas Jays o parjdde sem [eLSjEW OU 9SNEIIQ PIB[NO[ED JOU SI STULARS JUIS] ,
L |

L L't 0001 Lz 1§ S68°TLT  OITYT  S8Y'8YT 8§ 991°08T 0 991°082 =0,
0 T e T 1 0L08 0 0L0'8 I 978 0 9vT'8 £6/97/1 91
0 ¥'9- e ¥9- I So1'TI 0 (1] o4 G 088CL 0 088°C1 €6/£T/1 S1
0 68y 0001 T € 0Z¥'8y  0I1THPT  0ITHYT € WLYT 0 TSLYT €6/T1/1 vl
0 {a74 e LA74 4 ¥89'6 0 ¥896 T €EL 0 €TE°L €6/€1/T1 8
0 0 e 0 I wsy 0 ey I wsy 0 ey €6/10/Z1 S
1- L'6g- e L 6€- 4 ¥896 0 896 £ TESET 0 TES'EL  €6/0T-61/11 12
I- S'€T- ® S'€T- 9 WILE 0 wWrLe L W8Sy 0 TS8Sy  €6/L1-91/11 €
[ 0 e 0 4 95’9 0 95t'9 I 9%y'9 0 95+'9 €6/6-8/11 4
0 9°0- e 9°0- L 66567 0 665'6C L yoL'6T 0 YoL'6T  €6/TUTL 1
€5-SN
T €8¥T- e €8vT- 1 06T 0 206°C £ 91¥'01 0 91¥°01 €6/97/1 91
4 86Y e 86V L oLY'ze 0 oL¥'ze s LOB9T 0 LOS9T  €6/€T-0T1 S1
€ €0 e €0 9 LLo'sy 0 LLO'EY 6 LTV 0 PLTYY  €6/S1-TU/1 14
I- e e TTE- 4 $8€'9 0 S8E9 3 669'8 0 669°8 €6/€-U1 €l
T VN e VN 0 0 0 0 4 1L6°8 0 1L68 €6/SUTI Il
I 0001 2 0001 I 80T 0 780°C 0 0 0 0 £6/2U/T1 01
0 6T e 6T I €861 0 £86°1 I 06T 0 0T6'C £6/€0/T1 9
[4 $'L9 e $'LY € LoLs 0 LOL'S I 06T 0 0Z6C £6/T-1/71 S
0 S0€ e $'0€ I 96T 0 ¥96°C I w0 T €6/0T-61/11 4
I- €6l e £6Ie- € 09t 0 9% ¢ 8€881 0 8€881  €6/LI-ST/T1 €
(4 Yol e yoly 1 £36°1 0 £86°1 £ ss01 0 T7SS°01  €6/6-8/11 4
Se-1
UuoI}93s 159} 1 JAISRIQY [eat sassed I JAISBIQY eol sassed { JAISRIQY eat aep ‘ON
uo paaes eLIRW -wayn ‘ON BLIEW -way) ‘ON BLISJRW -wayD wiols wiol§
sassed [e10L, [e10l,  [EIog, [0l [Ee0L
30 15qHinN uonoas (q1) pasn [euaEy (qD) pasn [euEI
1S9) U0 PaAeS [eUdeW JUIdIdJ
uond3s [oQuo) uonoss 1s9],

L |
INUIM €6-7661 SULIND BIOSIUUIA] UI UOIPIIS }SI)

U0 PIAIIYOE SFUIABS pUB SUOIIIS [0.1JU0) PUE JSI) U0 SIPIAIIE DUBUI)UIERW JOo Alemmng ‘[ dqeL

111



T 8°0¢ e 80 0¢ SELLL 0 SEL'LL [44 ££7°8€ 0 £€T'8E £6/9-S/T 1T
1- T € T I Tws'e 0 [47%3 4 601°S 0 601°S £6/¥0/C 0¢
v 9'9¢ € 9'9¢ €T 9959 0 995°9 61 996°0F 0 9960 £6/T-1/ 61
1- €le L eIe Ie 0£999 0 0£999 [43 89L°y 0 89L°SY €6/1¢-LU1 81
0 £°6¢ e 6t €l 66V°LE 0 66V°LE £l LyLTT 0 LYLTT £6/9T-vU1 L1
0 e e e 4 0 0 0 [4 0 0 0 €6/€T-TU1 91
0 0'€9 © 0'¢9 S 6S8°€l 0 658°€1 S Ter’s 0 TeI's £6/61/1 S1
! 6T ® 6Tv 01 918°sT 0 918°ST 6 0SLv1 0 0SLYT  €6/81-L1/I1 141
0 £SL e £sL I 89¢°€ 0 89€°€ I 1€8 0 €8 £6/S1/1 £l
8 896 e 899 [44 TSPoL 0 sr'oL 14! (48113 0 ZIv'oE  €6/vI-TI/I A
0 961 © 96t 14! ovL1S 0 ovL'1S 14! 125434 0 pso‘ey  €6/11-01/1 11
I Sob L 114 S Tv8'91 0 891 14 £20°01 0 £20°01 £6/80/1 01
1 00T e 00T € £VL'S 0 13 7A] [4 v66°9 0 ¥66°9 £6/€0/1 6
(& 881~ e 8'81- L €1T°eT 0 €1T'ET 6 185°LT 0 185°LT £6/T-1/1 8
€ 9's¢S e 9's§ 11 6VhEE 0 6vy'EE 8 9€8°¥1 0 9€8Yl  TO/LT-9UTI L
I- VN e VN 0 0 0 0 I 0ZE1 0 0ZE1 T6/STUTL 9
I 768 e T6S 6 961'v¢ 0 961°vC 8 £88°6 0 £€88°6  TOVT-EUTL S
0 0'¢e e 0'¢T ST ¥9489 0 ¥9v'89 st 01LTS 0 01L°TS  T6/T1-01/CI L4
r £1e ® £1T 4 689°€€E 0 689°€E 91 £25°9¢ 0 €259 T6/6°LITL £
0 £9¢ e £9¢ L 10t 0 T10'vT L S8Y°01 0 S8Y°01 T6/S-v/C1 (A
0 0 e 0 1 19v°c 0 19v°€ I 19v°€ 0 19%°¢ T6/20/T1 1

uor29s 1591 1 JAISRIQY [eat sassed  [RLORW  JAISRIQY Teot sassed 1 SAISEIQY [est aep "ON

U0 PaABS  eLIIjEW -way) 'ON e -way) 'ON  euajewr -way) wIol§ ulo)§

sassed JeloL el =0l 1oL
30 BN uonsas (ar) pasn [eLsjey (qn pasn [eUIBK
159) UO PIAES [BLINBUI JUIDIDJ
uonoas [ORUO)D) UOn2as Is9]

]
INUIM €6-T661 SULINP YI0X MIN Ul UOI)IIS )SI)
U0 pIAdIYIe sJulALs pue SUOIJIIS [0IJUOD PUE }SI) WO SIANIAIJOE DUEBUI)UIRW JO Alewiwing °7p dqe]L

112



"SUOIO3S [OQUOD pue 153} Y1oq 10§ AJuo Sunjes jods sem 9# ULIOIS UO ANANDR dJURUINURI
"UOND3S 1533 SYI UO £JUO PIsn sem [eLdjew snedsq pajenofes jou sSuiaes jusosad sa0usp YN
‘uond3s JaINIe 0) paljdde sem [BLISJRW OU 3SNBOSQ Paje[nofed Jou S| STUIARS JUIA]

.

L1 iy e Ty 18€  TOP'E0T'I 0 TOP'E0T'T  H9E SOI‘LOL 0 SOT°LOL [e10L
0 V'es e v'es [ 89¢€°¢ 0 89€°E I 1281 0 L8 £6/9T/¢ 9¢
0 v6s € P'6s [4 YoL'L 0 YoL'L [4 STI'E 0 STI'E £6/TT-1T/E 133
0 1°9¢ e ['9s C v80°L 0 $80°L 4 LO1°E 0 LOT'E £6/07/t 143
[4 £EL e €€L 1 9€S°L1 0 9€S LT £ 6L9 0 6L9v £6/81-L1/€ £t
1- I'c e 1T S 80L'S1 0 80L°S1 9 6LE'ST 0 6LEST £6/ST-€1/€ [43
[4 v'sy e vsy L1 SLS'ES 0 SLSES ST SLT'6T 0 SLT6T £6/11-01/¢ I€
0 1'9¢ B 1'9¢ I Ts'e 0 Tys'e 1 vSsl 0 PSS £6/80/¢ 0€
[4 €0¢ e $'0¢ 61 77989 0 TT9'89 L1 LEG'EE 0 LE6'EE £6/9-v/€ 6T
0 {339 B €S [4 LEL'9 0 LEL9 [4 Ep1'E 0 344 £6/£0/t 8¢C
S 1344 e 138474 oy 965°6€1 0 965°6€1 SE S08°LL 0 S08°LL £6/VT-1UT Lz
I- 6T e 6'vC I (4284 0 91 [4 YARS 0 STI'E £6/02-61/T 9T
1- 1'es e I'es 124 7688 0 7£8°C8 4 £68°3€ 0 £58°8€E £6/81-91/T Y4
4 6ty B 6ty 8¢ 9pSPEl 0 ISheEl 9t £81°SL 0 £81°SL £6/v1-11/T 124
I- VN e VN 0 0 0 0 I 133! 0 PSSl £6/01/ 74
uoas 153} I SAISBIqY Ieat sassed  [eUSlRW  DAISBIQY 1eat sassed I JAISRIqY [eat ajep ‘ON
Uo poAeS  BLIRW -wsy) ‘ON felol -way) "ON BLISJEW -way) uuolg ulol§
sassed [e1o0L e el [e10L
JO pquInN
uonoIas (q]) pasn [eualely (q1) pasn LSRN
1S31 UO P3IAES [BLISJRW JUDIIJ
uond3s [o[uod uo1393s 189],

i
(psnunuo)) zi d1qeL

113



\

9 858 0°001 91t 11 8799  $96'0S  £99°C S 6108 0 6108 JeloL

4 €78 0001 $9L- L 87997  $96'€C €997 € 00LY 0 00LY  €6/L1/TI z

4 6'88 0001 901- ¢ 000°0€  000LT 000t T 61€°€ 0 61€°c  T6/01/CI I
uoIas 1591 I JAISRIQY Teat sassed 1 QAISRIQY et sassed 1 JAISRIQY eal aep ‘ON

uo paAes euaEW Riteliig) ‘ON euaRw -wayy ‘ON eLjRW -way) uolg wiols
sassed [e10L [l el [0l [eI0L
Jo IpquinN
uono9s (qr) pasn [eLRIN (qp) pasn [eLRRW

159) UO PAIABS [ELISJEUI JUI0Ia]
uondas [0[uo) UolI3S 1591,

\
UM €6-7661 SULINp U0)SUIYSEAA UI WOI)IIS )53}

U0 PIAIYIE STUIABS pUB SUO[IIS [0LJUOD PUE }§I) UO SAJIAIPDE dduUEUI)UIEUW JO Arewiming gy dqeL

114



A summary is given in Appendix G of the material applied to the test and control sections in
all nine states during the second winter testing. Summaries of the maintenance activities on
the test and control sections and the reductions in material use and number of passes in the
nine states are in tables 36 through 43. When computing the percent of material saved, the
material amounts applied to the test and control sections in Maryland and Minnesota (I-35)
were normalized with respect to section lengths.

During 64 of 102 (63%) storm events, less chemical and abrasive material was used on the test
sections than on the control sections. During another nine events, about the same amount of
material was supplied to both the test and control sections. Thus, during 73 out of 102 (72%)
storm events, less or equal amounts of material were used on the test sections as on the control
sections.

The percent of chemical reductions achieved on the test sections during the 1992-93 winter
were 50% in Missouri (table 39), 14% in Ohio (table 40), and about 41% in New York
(table 42). The other states reported increased chemical usage. Table 44 is a comparison of
the chemical reductions during the two winters in each state.

Table 44. Percent chemical saved on the test sections
during the 1991-92 and 1992-93 winters.
—

Geographic area State 1991-92 winter  1992-93 winter
Mountain states California - -
Maryland —-212.6 —406.0
High plains states Colorado —4.1 —182.5
Nevada 49.3 —-36.9
Plains states Missouri —102.1 50.1
Ohio 29.8 14.1
Lake effect states = Minnesota —248.5 —12.7
New York 23.2 41.2
Maritime state Washington — -41.6

b

The 50% reduction in chemical usage recorded by Missouri during the second winter contrasts
the increase (102%) recorded during the first winter. A possible explanation for this radical
reversal is that more events were recorded in Missouri during the second winter (11) than were
recorded during the first winter (3). This increased number of events provided maintenance
personnel with the opportunity to experiment with the testing procedures.

Reduction of chemical use in Ohio during the second winter (14%) was about half that

achieved during the first winter (30%). No clear explanation could be found for this increased
use.
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The 41% reduction in chemical usage recorded by New York during the second winter was
almost double that during the first winter (23%). This significant reduction was due, in large
part, to the increased awareness on the part of the maintenance personnel of the operating
conditions of the test section before and during the 36 storm events recorded.

The increased chemical usage recorded by Nevada during the second winter (37%) was
considerably different from the 49% reduction achieved during the first winter. This was
principally the result of four storm events (storms 2, 4, 7, and 14) during which much greater
amounts of chemical were used on the test section than on the control section. During three
of these storms, snow/ice pack and icing conditions developed on the test pavement as a result
of relatively low pavement temperatures of -4.4°C (24°F) and below. The other storm
(storm 2) involved freezing rain and sleet along with snow showers. The pavement
temperature during storm 2 was around -1.7° to -1.1°C (28.9° to 30.0°F). These four storm
events suggest that the liquid chemical used was not adequate for the low pavement
temperature -4.4°C (24.1°F) and for freezing rain conditions. The same temperature limitation
for liquid chemicals has also been recognized by the Finnish Road National Administration.

In none of the four storm events recorded in Maryland and in only three of six events analyzed
for Colorado was less chemical used on the test section than on the control sections. In fact,
chemical use increased in both states during the 1992-93 winter compared to the first winter.
The reason for the Maryland results was the continued use of a truck on the test section that
had difficulty in reducing the application rate to the prescribed level. On the other hand, the
application rates used on the control section in Maryland were much lower than used for
conventional deicing. The negative results experienced in Colorado were mainly due to
maintenance activities during three storms. During two of these, about twice as much chemical
was applied to the test section as was applied to the control section. During the third storm,
seven times as much chemical was applied to the test section as to the control section.

Minnesota experienced increased chemical usage during both winters. The results for the
second winter show a dramatic improvement over the first winter (—12.7% for the 1992-93
winter versus —248.5% for the 1991-92 winter).

Washington did not reduce chemical usage during the second winter. These results are not
unexpected because only two events were available for analysis. No data were available from
Washington for the first winter.

Table 45 presents a comparison of the abrasive saved during the two winters in each state.
Reduction in abrasives used during the second winter was about 74% in Nevada (table 38),
about 42% in Missouri (table 39), 100% in Minnesota (table 41), and 100% in Washington
(table 43). Maryland and Colorado reported increased abrasive usage. No abrasives were used
on either the test or control sections in New York. The 100% reduction in abrasives used in
Minnesota occurred during only one storm. The 100% reduction in abrasives used in
Washington occurred because abrasives were used on the control section, but not on the test
section.
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Table 45. Percent abrasive saved on the test sections
during the 1991-92 and 1992-93 winters.

Geographic area State 1991-92 winter  1992-93 winter
Mountain states California -* -
Maryland —88.1 —3357
High plains states  Colorado ~1.2 —65.8
Nevada 73.6 —-73.5
Plains states Missouri -° 41.7
Ohio -t 0.0
Lake effect states  Minnesota b 100.0
New York -95.1 =*
Maritime state Washington —€ 100.0

o ————————————— .

® Not analyzed.
® Abrasives not used during the experiments.
¢ No data.

The maintenance operations during the first treatment application on the test and control
sections were classified for each storm. These operations were classified as either anti-icing
or deicing, according to the criteria in table 15. Results are given in tables 46 through 53. The
classification again showed that the test plan was not generally followed. Almost all possible
combinations of maintenance operations on the test and control sections occurred. There were
numerous instances of anti-icing operations on both the test and control sections. However,
there was only one storm where anti-icing operations occurred on the control section and
deicing operations took place on the test section.

Combinations of anti-icing operations on the test section and deicing operations on the control
section took place during 13 of the 102 storm events analyzed. Table 54 presents the savings
achieved during these 13 events. Less chemical was used on the test section than on the
control section during 8 (62%) of the 13 events. Abrasives were used during 8 of these 13
storm events. Smaller amounts of abrasives were used on the test section than on the
corresponding control section during seven of the eight events. The second winter shows an
improvement over the first. One maintenance pass was saved through anti-icing operations
during these 13 storm events (table 54).

During 64 (63%) out of 102 storm events analyzed for the second winter, less chemical and
abrasive material was used on the test sections than on the control sections. Various
combinations of anti-icing and deicing operations were used during these 64 storm events. The
success achieved can be attributed to better timing of the treatment applications, more sensible
deicing operations, and a better awareness on the part of maintenance personnel of the
pavement conditions before and during the storms.
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Coralba Friction Measurements

Six states made Coralba friction measurements during 62 of the 102 storm events analyzed for
the 1992-93 winter: Maryland (3 storm events), Nevada (10 events), Missouri (3 events), Ohio
(7 events), Minnesota (12 events), and New York (27 events).

Summaries of the Coralba friction measurements made by the six states are given in tables 55
and 56 for the test and control sections, respectively. Much like the 1991-92 winter, some of
the six states made friction measurements before the first maintenance (anti-icing or deicing)
treatment, but most measurements were made after the first or subsequent treatment. Some of
the states made selective friction measurements at times preceding deicing applications. It is
not known if these selective measurements were made to help decide the need for additional
deicing treatments, or if they were made simply to satisfy the need to collect data during the
storm. On numerous occasions, multiple friction measurements were made in succession and
no treatment was made, even when the friction values were low. This latter finding again
suggests that a majority of the friction measurements were made as part of the storm
documentation and not as part of a decision-making process concerning the reapplication of
deicing or abrasive materials.

Table 46. Classification of maintenance operations during the first treatment
application on test and control sections in Maryland during 1992-93 winter.

Maintenance operations

Storm No. Storm date Test section Control section
MD 495
1 1/8-11/93 Anti-icing Anti-icing
2 1/24-25/93 Deicing Deicing
3 1/29/93 De-icing Deicing
4 2/01/93 Anti-icing Deicing

Maryland and Ohio (I-70 site) experienced limited success in using the Coralba in conjunction
with treatment application. In Maryland, the first Coralba measurements were taken as
precipitation began to fall. The subsequent readings were all made in conjunction with
applications (within 1 hr). For two storms in Ohio (I-70 site), most measurements were made
1/2 hr before a treatment, indicating that maintenance personnel were using the Coralba to
assess pavement conditions.

118



Table 47. Classification of maintenance operations during the first treatment
application on test and control sections in Colorado during 1992-93 winter.

e rEEEEE—"

Maintenance operations

Storm No. Storm date Test section Control section
I-25

1 11/20-21/92 Anti-icing Anti-icing

3 11/23/92 Deicing Deicing

4 12/3-5/92 Deicing Deicing

5 12/12-13/92 Spot sanding Spot sanding

6 2/03/93 Spot sanding Deicing

7 2/9-10/93 Anti-icing Deicing

CO 470
2 11/21/92-12/04/92 Deicing Deicing

Table 48. Classification of maintenance operations during the first treatment
application on test and control sections in Nevada during 1992-93 winter.

Maintenance operations

Storm No. Storm date Test section Control section
US-395

1 11/19/92 No treatment Anti-icing

2 12/6-7/92 Deicing Deicing

3 12/11/92 Deicing Deicing

4 12/16-18/92 Anti-icing Deicing

5 12/28-30/92 Anti-icing No treatment
6 1/01/93 Deicing No treatment
7 1/5-9/93 Deicing Deicing

8 1/9-10/93 Anti-icing Anti-icing

9 1/12-14/93 Anti-icing Deicing

10 1/15-18/93 Anti-icing Deicing

11 1/26-27/93 Deicing Deicing

12 2/11/93 Anti-icing No treatment
13 2/15-20/93 Anti-icing Anti-icing

14 2/22-27/93 Anti-icing Deicing

e - -
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Table 49. Classification of maintenance operations during the first treatment
application on test and control sections in Missouri during 1992-93 winter.

Maintenance operations

120

Storm No. Storm date Test Section Control Section
1-29
1 11/6-7/92 Anti-icing Anti-icing
3 11/25/92 Anti-icing Deicing
4 12/5-6/92 Deicing Deicing
5 12/30/92 Anti-icing Anti-icing
US-71
2 11/22/92 Anti-icing Anti-icing
4 12/5-6/92 Anti-icing Deicing
6 1/1-2/93 Anti-icing Anti-icing
7 1/7-8/92 Deicing Deicing
8 1/18/93 Deicing Deicing
9 1/20/93 Anti-icing Anti-icing
10 1/15-16/93 Anti-icing Anti-icing



Table 50. Classification of maintenance operations during the first treatment
application on test and control sections in Ohio during 1992-93 winter.

Maintenance operations

Storm No. Storm date Test section Control section

I-70

1 11/28/92 Anti-icing Anti-icing

2 12/1-2/92 Anti-icing Anti-icing

3 12/10/92 Deicing Deicing

4 1/08/93 Anti-icing Anti-icing

5 1/9-10/93 Anti-icing Deicing

8 2/21/93 Deicing Deicing
I-71

6 2/13-14/93 Anti-icing Anti-icing

7 2/16/93 Deicing Deicing

9 2/21/93 Deicing Deicing

10 - 2/25-26/93 Anti-icing Anti-icing

*
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Table 51. Classification of maintenance operations during the first treatment
application on test and control sections in Minnesota during 1992-93 winter.

Maintenance operations

122

Storm No. Storm date Test section Control section
1-35

2 11/8-9/92 Deicing Deicing

3 11/15-16/92 Deicing Deicing

4 11/19-20/92 Deicing Deicing

5 12/1-2/92 Anti-icing Anti-icing
6 12/03/92 Deicing Deicing
10 12/22/92 No treatment Deicing
11 12/25/92 Deicing No treatment
13 1/2-3/93 Anti-icing Anti-icing
14 1/12-15/93 Deicing Deicing
15 1/20-23/93 Anti-icing Anti-icing
16 1/26/93 Anti-icing Anti-icing

US-53

1 11/2-4/92 Deicing Deicing

2 11/8-9/92 Deicing Deicing

3 11/16-17/92 Deicing Deicing

4 11/19-20/92 Deicing Deicing

5 12/01/92 Deicing Deicing

8 12/13/92 Deicing Anti-icing
14 1/12/93 Deicing Deicing
15 1/23/93 Deicing Deicing
16 1/26/93 Deicing Deicing



Table 52. Classification of maintenance operations during the first treatment
application on test and control sections in New York during 1992-93 winter.

e

Maintenance operations

Storm No. Storm date Test section Control section
SH 104

1 12/2-3/92 Anti-icing Anti-icing

2 12/4-5/92 Anti-icing Anti-icing

3 12/7-9/92 Anti-icing Anti-icing

4 12/10-12/92 Deicing Deicing

5 12/23-24/92 Anti-icing Anti-icing

6 12/25/92 Anti-icing No treatment
7 12/26-27/92 Deicing Deicing

8 1/1-2/93 Anti-icing Anti-icing

9 1/03/93 Deicing Deicing

10 1/08/93 Anti-icing Anti-icing

11 1/10-11/93 Anti-icing Anti-icing

12 1/12-14/93 Anti-icing Deicing

13 1/15/93 Anti-icing Anti-icing

14 1/17-18/93 Anti-icing Anti-icing

15 1/19/93 Deicing Deicing

16 1/22-23/93 Anti-icing Deicing

17 1/24-26/93 Anti-icing Anti-icing

18 1/27-31/93 Anti-icing Anti-icing

19 2/1-2/93 Anti-icing Deicing

20 2/04/93 Anti-icing Anti-icing
21 2/5-6/93 Deicing Deicing

22 2/08/93 Anti-icing Anti-icing
23 2/10/93 Anti-icing No treatment
24 2/11-14/93 Anti-icing Deicing

25 2/16/93 Anti-icing Anti-icing

26 2/19-20/93 Anti-icing Anti-icing

27 2/21-23/93 Anti-icing Anti-icing
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Table 52 (Continued)

Maintenance operations

Storm No. Storm date Test section Control section
SH 104
28 3/03/93 Anti-icing Anti-icing
29 3/4-6/93 Anti-icing Anti-icing
30 3/08/93 Anti-icing Anti-icing
31 3/10-11/93 Anti-icing Anti-icing
32 3/13-15/93 Anti-icing Anti-icing
33 3/17-18/93 Anti-icing Anti-icing
34 3/20/93 Anti-icing Anti-icing
35 3/21-22/93 Anti-icing Anti-icing
36 3/26/93 Anti-icing Anti-icing

Table 53 Classification of maintenance operations during the first treatment
application on test and control sections in Washington during 1992-93 winter.

Maintenance operations

Storm No. Storm date Test section Control section
I-90
1 12/10/92 Anti-icing Deicing
2 12/17/92 Deicing Deicing
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Table 55. Summary statistics for Coralba friction measurements

(1992-93 test section).

Open-graded asphalt Dense-graded asphalt

Portland cement concrete

D,
ra

State Route condition Min. Max. Mean  Std N Min, Max. Mean  Std N Min, Max. Mean Std
MD 495 Dry
Wet 027 050 041 0.09
Damp
Slush 030 039 035 0.06
Snow
Snow/Ice Pack 021 021 0.21
Ice
NV 395 Dry 6 036 042 039 0.02
Wet 63 023 048 036 005
Damp
Slush 6 025 038 032 005
Snow 118 016 043 027 005
Snow/ice Pack 10 022 040 032 005
Ice
MO Us71 Dry 1 038 038 038
Wet 2 035 038 037 002
Damp
Slush 1 045 045 045
Snow 3 015 024 021 0.05
Snow/Ice Pack
Ice
OH I-71 Dry
Wet 4 056 096 08l 0.17
Damp
Slush 6 031 096 058 023
Snow 24 029 058 041 0.09
Snow/Ice Pack 19 010 054 045 0.09
Ice 6 028 060 040 0.2
-’70 Dry
Wet 5 031 044 039 005
Damp
Slush 3 021 041 029 0.1
Snow
Snow/Ice Pack 2 021 023 0.22 0.01

Ice

126



Table 55 (Continued)

Open-graded asphalt

Dense-graded asphalt

Portland cement concrete

Pavement
State Route condition N Min. Max. Mean Std N Min. Max. Mean  Std N  Min. Max. Mecan Std
MN US 53 Dry
Wet 8 022 043 029 007 17 020 038 02 005
Damp
Slush 14 011 025 018 004 24 005 029 016 005
Snow 25 009 021 015 0.03 45 008 023 016 0.04
Snow/Ice Pack 1 017 017 017 4 012 020 015 004
Ice 1 012 012 0.2
I-35 Dry 1 025 025 025 1 027 027 027
Wet 15 028 053 039 0.09 10 032 050 039 007
Damp
Slush 10 017 038 026 007 13023 050 032 007
Snow 1 021 021 021
Snow/ice Pack
Ice
NY SR 104 Dry 58 025 084 041 008 41 002 052 041 009
Damp 10 039 047 0.42 0.03 4 032 048 039 0.07
Wet 221 002 059 032 009 | 118 008 047 032 007
Slush 81 010 048 023 007 53 005 038 022 007
Snow 69 002 035 021 007 35 001 032- 019 006
Snow/Ice Pack 19 008 030 018 005 8 011 022 0.7 004
Ice 9 006 035 019 0.0 8 002 036 018 0.3
Total No. Meas. 1,214 | 11  No. of Measurements 821 No. of Measurements 382  No. of Mcasurements
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Table 56 Summary statistics for Coralba friction measurements
(1992-93 control section).

Pavement Open 1-1 graded asphalt Dense-graded asphalt Portland cement concrete
State Route condition N Min. Max. Mean Std
MD 495 Dry
Wet
Damp
Slush
Snow
Snow/Ice Pack
Ice
NV 395 Dry 2 023 041 032 013
Wet 56 0.19 043 033 0.06
Damp
Slush 15 018 037 026 007
Snow 116 012 037 021 0.04
Snow/ice Pack 7 015 0.24 0.18 0.03
Ice
MO US71 Dry
Wet
Damp
Slush 2 022 025 024 002
Snow 3 0.18 027 0.22 0.05
Snow/Ice Pack 2 0.14 020 017 004
Ice
OH 1-71 Dry
Wet 4 077 087 084 005
Damp
Slush 2 0.10 077 044 047
Snow 31 000 054 039 0.1
Snow/Ice Pack 8 044 0.52 047 0.04
Ice 5 026 055 039 014
1-70  Dry
Wet 9 033 046 040 004
Damp
Slush 2 026 044 035 013
Snow 2 028 030 0.29 0.01
Snow/Ice Pack
Ice
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Table 56 (Continued)

Pavement Open 1-1 graded asphalt Dense-graded asphalt Portland cement concrete

State Route condition N Min. Max. Mean Std N Min. Max. Mean Std N Min. Max. Mean Std
MN US 53 Dry

Wet 8 021 032 028 004 17 015 043 027 007

Damp

Slush 14 014 030 019 005 200 004 022 015 004

Snow 25 011 036 0.17 005 48 006 022 014 004

Snow/Ice Pack 1 0.19 019 0.19 2 0.18 018 0.18 0.00

Ice 1 014 014 014

1-35 Dry

Wet 10 027 045 037 006 13 020 048 032 008

Damp

Slush 4 025 032 028 003

Snow 1 015 015 015 1 017 017 0.17

Snowfice Pack

Ice 2 019 022 021 002
NY SR 104 Dry 24 024 053 040 007 30 025 048 038 006

Damp 13 033 050 0.40 0.05 7 024 042 032 0.06

Wet 144 012 052 033 008 | 110 002 043 027 008

Slush 45 012 046 029 0.08 46 001 039 022 008

Snow 48 004 040 023 008 40 009 033 0.19 005

Snow/Ice Pack 19 001 033 018 008 13007 029 017 0.07

Ice 5 022 038 030 007 6 003 024 0.14 008

Total No. Meas. 994 | 11  No. of Measurcments 624 No. of Measurements 359  No. of Measurements
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The ranges of friction values that five states recorded on dense-graded asphalt test sections
during the 1992-93 winter are presented in figure 24 along with the Finnish results. New York
provided friction measurements under damp pavement conditions. Again, no data are presented
for Maryland because their friction measurements were made on open-graded asphalt.
Individual measurements made by the states are indicated by small crosses. Two Coralba units
were supplied to Ohio Department of Transportation (ODOT), one each for I-70 and I-71.
Results achieved for these two sites are also shown in figure 24. Many of the friction
measurements fall outside the Finnish range. Also, some of the states’ measurements are either
too low or too high for the reported pavement condition, suggesting that the state operators
were not always consistent in the procedure used for measuring the friction. -

In summary, more states recorded friction measurements during the 1992-93 winter than during
1991-92. Also, two states experienced limited success using the Coralba as a tool to assess
appropriate application times. However, the problems of inconsistent measurements and lack
of understanding of the Coralba’s use and intent remained the same as during the previous
winter.

SOBO-20 Salinity Measurements

Five states made SOBO-20 salinity measurements during 17 of the 102 storm events analyzed
for the 1992-93 winter. These were Maryland (four storm events), Ohio I-70 site (four events),
Missouri US-71 (one event), New York (six events), and Washington (two events). Neither
Nevada nor the Ohio I-71 site had a SOBO-20 instrument. As was the case during the 1991-
92 winter, some of the states made salinity measurements before the first (anti-icing)
application treatment. Most of the time, these pretreatment measurements showed zero salinity.
However, in a few storms, the pretreatment measurements indicated there was some small
salinity, possibly a carry-over from previous storm treatments.

Much like the 1991-92 data, cases were noted where a low salinity value was followed by a
chemical application. Other cases were noted where a low salinity measurement value was not
followed by an application treatment. The same application combinations were noted also for
high salinity values. Thus, it appeared that the SOBO-20 measurement value levels were not
used consistently to make decisions concerning reapplication treatments.

New York experienced operational difficulty with its SOBO-20 instrument during the second
winter. The instrument was inoperable or under major repair for 29 of 36 storms. Numerous
attempts were made to repair the defective unit, including shipping it to the U.S. vendor and
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Coralba Friction Tester Readings
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Figure 24. Comparison of Coralba friction measurements for the test sections on
dense-graded asphalt made during 1992-93 winter with Finnish results.
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the manufacturer in Switzerland, with little success. Some of the SOBO-20 readings from New
York were inconsistent, and the defects of the SOBO-20 account for those readings. New
York did take special interest this winter in the SOBO-20 measurements, and developed unique

forms for recording the data.

Missouri also experienced some operational difficulty with its SOBO-20 instrument. Missouri
(US-71 site) and Washington submitted SOBO-20 data for the first time in the 1992-93 winter
and so did not profit from the experience of the 1991-92 winter. This fact may account for
the inconsistencies in the readings from these two states.

In summary, more states recorded SOBO-20 data during the 1992-93 winter than during the
1991-92 winter, but the total number of storm events with SOBO-20 data was fewer. The
SOBO-20 measurements made in Maryland, Missouri, and New York were taken in both the
right wheeltrack of the driving (slow lane) and in the centerline between two lanes. Ohio (I-70
site) made measurements only in the right wheeltrack of the driving lane. Washington made
measurements at several lateral locations on the road, including the wheeltrack of the driving
lane, the wheeltrack of the passing lane, the wheeltrack of the center lane, and in the centerline
between the slow and center lanes. As expected, the wheeltrack salinity values were generally
lower than those obtained at the other positions.

Cost-Benefit Analysis of Anti-Icing Operations

The preceding discussion has established that anti-icing operations can improve road surface
conditions during winter storms. In order to decide whether to use an anti-icing approach to
winter maintenance, highway agencies must be aware of the costs of implementing anti-icing
and must be able to determine whether a particular anti-icing strategy would be cost-effective
in their climate conditions.

A cost-benefit model for evaluating anti-icing strategies was developed as part of the research.
This model has been tested using benefit estimates determined from the maintenance field data
collected by the participating state highway agencies (SHAS). - The costs of anti-icing
operations have been estimated based on the experience of the MNDOT, and the costs of
capital equipment have been based on the equipment purchased for use by the participating
SHAs for this project. These example calculations serve to illustrate the cost-benefit
methodology.

The objective of this analysis is to compare the costs and benefits of anti-icing operations with
conventional deicing. This analysis focuses on two aspects of the cost-benefit comparison:

« Comparing of the direct costs and benefits to the highway agency between anti-icing
operations and conventional deicing.
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* Comparing the additional benefits to motorists from improved road conditions that result
from anti-icing operations and conventional deicing.

Each of these aspects of the cost-benefit analysis is discussed below.

The analysis is performed by the net-annual-cost method, in which all costs and benefits are
expressed on an annualized basis. Benefits to the public and reduced expenditures for the
highway agency are expressed as positive values; increased costs to the highway agency are
expressed as negative values. The net annual cost is their algebraic sum. A net annual cost
greater than zero indicates that anti-icing is a cost-effective alternative to conventional deicing;
a net annual cost less than zero indicates that anti-icing is not a cost-effective alternative. The
net-annual-cost method is entirely analogous to the net-present-value method, which is
recommended for highway applications in the Association of American State and Highway
Transportation Officials (AASHTO) Manual on User Benefit Analysis for Highway and Bus-
Transit Improvements™ , except that the costs and benefits are considered on an annual basis,
rather than as present values. This method was chosen because annual costs are generally more
familiar and more meaningful to highway maintenance engineers than their equivalent present
values.

The following discussion presents the cost-benefit methodology with of examples of typical
cost and benefit values. The cost-benefit model has been developed as a Lotus 1-2-3
worksheet, so that any highway agency can supply data to perform an analysis applicable to
its own conditions.

Direct Costs and Benefits to Highway Agencies of Anti-Icing Operations

The following discussion addresses the direct cost impact of anti-icing operations on highway
agencies. Benefits to the general public of anti-icing, in the form of improved travel
conditions, are considered in a later section.

Input Data to the Cost-Benefit Methodology

The cost-benefit methodology compares the costs incurred by highway agencies for anti-icing
operations with those for conventional deicing. This comparison is made for a single truck
route; i.e., the portion of the highway system assigned for treatment to a specific truck during
storm operations. Users can easily expand the results from one truck route to multiple routes
with similar conditions. By changing appropriate input parameters the methodology can also
assess truck routes with different maintenance priority levels or different treatment strategies.
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The following climate, treatment strategy, and treatment cost data are needed to apply the cost-
benefit methodology:

« number of storms per winter;
 number of storm hours per winter;
« number of lane-miles covered by truck route;

« average truck speed during treatment operations (including allowance for deadheading,
reloading material, and breaks);

« level of maintenance priority (treatment coverage time expressed in hours per day);
. conventional deicing strategy (amounts and types of material per lane-mile);

« anti-icing strategy (amounts and types of material per lane-mile);

« maintenance worker (i.e., truck driver) labor cost per hour;

« truck operating cost per hour (depreciation, fuel, tires, repairs, etc.); and

cost of additional capital equipment required for anti-icing operations.

Each of these cost items is discussed below in more detail.

Climate Data

Climate data are represented in the model by the number of storms per winter and the total
number of hours during those storms. The number of storm hours per winter represents the
total duration of the time during which winter maintenance operations would be underway.
Obviously, many winter maintenance costs are directly proportional to the number of storm
hours; the latter consist of a number of discrete storm periods. The number of storms affects
the costs of anti-icing operations because each storm, no matter how short or long, requires one
pretreatment pass to apply a small amount of chemical (typically, a solid chemical prewetted
with a liquid chloride solution).

Example cost-benefit calculations have been performed for a range of climate conditions
ranging from 100 to 900 storm hours per winter. This represents the typical range of climate
conditions for the states that participated in this project. A total duration of storm operations
of 100 hours per winter might represent a plains state, such as Missouri, in a relatively mild
winter; 900 hours per winter would represent a mountain or lake-effect state in a normal to
severe winter. The duration of storms per winter for each climate was determined on the
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presumption that as the number of storms increases, the average duration per storm is also
likely to increase. Thus, we assumed an average duration per storm of 20 hours for a climate
with 100 storm hours per winter, increasing to 30 hours per storm for a climate with 900 storm
hours per winter. Five typical combinations, representing a range of climate conditions that
were considered in the example applications, are shown:

Number of storm hours Number of storms
per winter per winter
100 5
300 12
500 18
700 25
900 30

Highway agencies can use the example computations for this range of climate conditions to
consider the cost-effectiveness of anti-icing for their particular climate. The cost-effectiveness
of anti-icing may change from year to year as the severity of the winter climate varies. To
interpret the results of the example applications of the cost-benefit methodology, highway
agencies can select the combination of conditions from the above list that most closely matches
their own climate. And, of course, agencies that assemble their own data can apply the cost-
benefit methodology directly.

Typical Truck Routes and Maintenance Priority Classifications

The truck routes used by highway agencies are assigned various maintenance priority
classifications. High priority routes require a shorter treatment cycle, and thus fewer lane-miles
can be assigned to one truck. Table 57 shows the maintenance priority levels used by the
MNDOT, together with the number of lane-miles, cycle time, average truck speed, and
treatment coverage time for each.
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Table 57. Length and treatment coverage of MNDOT truck routes based on
maintenance priority classification.

Maintenance Typical ADT Assumed Treatment
priority range Lane-miles average truck Cycle time coverage time
classification (veh/day) per truck speed (mph)® (hr) (hr/day)
Urban commuter Over 10,000 315 15 2.1 24
Rural commuter 2,000—10,000 48.0 15 32 20
Primary 800-2,000 67.5 15 4.5 18
Secondary Under 800 90.0 15 6.0 12

| S
® 1 mph = 1.609 km/hr.

Source: MNDOT Maintenance Manual.

The table shows the distance typically assigned to each truck under each maintenance priority
classification, ranging from 50.7 to 144.8 lane-km (31.5 to 90.0 lane-miles). An important
parameter representing the productivity of winter maintenance operations is the average truck
speed in treatment operations. Typically, maintenance trucks travel at approximately
48.3 km/hr (30 mph) when plowing and spreading; they may go faster when just plowing.
However, an allowance has to be made for deadheading to and from the garage, turning
around, reloading material, and breaks. MNDOT assumes a net average speed of 24.1 km/hr
(15 mph), including the items listed above. The cycle time, which represents the time required
for the truck to make one pass over each lane-mile for which it is responsible, is calculated as
the ratio of the number of lane-miles to the average travel speed. Highway agencies typically
treat high-priority routes on a 24-hr/day basis and lower-priority routes for fewer hours per day.
The treatment coverage time in hours per day has been included as an input variable in the
model.

For illustrative purposes, the example calculations used below are based on a truck route of
64.4 lane-km (40.0 lane-miles), which is approximately halfway between MNDOTS practice
for urban commuter and rural commuter routes. The same average speed of 24 km/hr
(15 mph) as used by MNDOT has been used in our sample calculations. For our example,
64.4 lane-km (40.0 lane-miles) at an average speed of 24 km/hr (15 mph) implies a cycle time
of 2.67 hr. Thus the truck could cover its full assigned route nine times in a 24-hr day.
Expressed another way, the truck has a productivity rate of 0.042 hr/lane-km (0.067 hr/lane-
mile).
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Treatment Strategies and Costs

The cost-benefit methodology requires users to specify the treatment strategies used both for
conventional deicing and for anti-icing. The strategies are specified in terms of the application
rates for chemicals and abrasives in pounds per lane-mile, and the prewetting rate used is for
anti-icing expressed in gallons per ton. Currently, the methodology allows the user to specify
each strategy in terms of the application rates and costs for three materials: solid NaCl,
abrasive (sand), and liquid CaCl, for prewetting.

The example computation is based on a conventional deicing strategy involving the application
of 19.2 g/m* (250 Ib/lane-mile) of solid NaCl per pass. No abrasives or prewetting are used
in the conventional deicing strategy. The anti-icing strategy is based on the application of
7.7 g/m* (100 Ib/lane-mile) of solid NaCl per pass, prewetted at the spinner with liquid CaCl,
at the rate of 21 L/metric ton (5 gal/ton). This is the same anti-icing strategy some of the
states used during the experiments. A higher rate of wetting could be used in alternative
strategies. No abrasives are used in the anti-icing strategy.

Based on data provided by the MNDOT, the treatment costs are estimated as $32.52/metric ton
($29.50/ton) for solid NaCl and $0.14/L ($0.53/gal) for liquid CaCl,. The cost of abrasives,
if used, is estimated as $9.1/metric ton ($8.26/ton).

Based on these cost data and on the application rates presented above, the material cost per
lane-mile for one pass is $3.69 for the conventional deicing strategy and $1.61 for the anti-
icing strategy. This reduced material cost per pass is one of the benefits to highway agencies
of employing an anti-icing strategy. Anti-icing strategies should also result in cost savings due
to a decrease in the number of passes during storm periods, since road sections are not
retreated until a need is identified based on pavement sensor data, friction tests, residual
salinity tests, or visual observations. However, anti-icing operations do involve the cost for
a pretreatment pass that would not be required for conventional deicing.

The cost-benefit methodology is based on the assumption that a truck plows and applies
chemicals to one lane at a time. However, the costs are essentially no different if two trucks
plow and apply chemicals in tandem over a truck route twice as long, or if a truck plows one
lane without applying chemicals to that lane and then, in the next pass, plows the adjacent lane
while applying chemicals to both lanes.

Maintenance Worker and Truck Operating Costs

The cost-benefit methodology requires data on the cost per hour for a maintenance worker (i.e.,
truck driver) and for the operating cost of the truck. Based on MNDOT data, the labor cost
for a maintenance worker is estimated at $25.50 per hour, including salary, fringe benefits,
overhead, and overtime differential. This is based on the assumption that 2/3 of the hours
worked are paid as straight time and 1/3 as overtime. Based on the assumed net speed of
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24.1 km/hr (15 mph), this corresponds to a labor cost of $1.06 per lane-km ($1.70 per
lane-mile) treated.

The cost of truck operation is estimated at $24.00 per vehicle-hour, based on current equipment
charges in Minnesota. This includes depreciation of the vehicle, plow, spreader, and operating
costs such as fuel, lubricants, tires, and repairs. Based on an assumed net speed of 15 mph,
this corresponds to a vehicle cost of $0.99 per lane-km ($1.60 per lane-mile) treated.

Capital Equipment Costs for Anti-Icing Operations

Anti-icing operations require expenditures for capital equipment that are not required for
conventional deicing. These include

« improved spreaders for applying smaller and more carefully controlled amounts of
chemicals;

« ground-oriented spreader controls that maintain a constant application rate as the speed of
the truck varies;

« prewetting equipment (tanks, hoses, nozzles, etc.) to coat the solid chemical with liquid
chemical at the spinner;

« a RWIS consisting of pavement sensors, weather station, communications, and computer
hardware and software, to process and display the data;

« a Coralba friction meter for determining whether an additional treatment should be made;
and

« a SOBO device for measuring the residual chemical on the pavement to assist in determining
whether an additional treatment should be made.

The improved spreader tailgate, ground-oriented controls, and prewetting equipment are
required for each truck used in anti-icing operations. The RWIS is a fixed-site installation; it
is estimated that one RWIS system, with multiple sensors, can provide data to a supervisor
responsible for approximately 10 truck routes. Similarly, the Coralba and SOBO equipment
can provide data for approximately 10 truck routes.

Table 58 provides estimated costs for these capital items, based on the costs of similar items
purchased in this project. No additional expenditure would be required for ground-oriented
controls by highway agencies that already use them for conventional deicing. The table
includes the estimated service life of each item, the number of trucks served by the item, and
the annual cost per truck. Annual costs have been computed based on a discount rate or
minimum attractive rate of return of 4%. The total capital cost of equipment required for anti-
icing operations is estimated at $1,977 per truck per year.
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Table 58. Estimated cost of capital equipment required
for anti-icing operations.

%

Estimated Number of  Annual cost
Initial cost service life trucks served per truck

Equipment ® (years) by one unit €3]

Improved spreader 4,000 10 1 493
Ground-oriented spreader controls 1,800 7 1 300
Prewetting equipment 2,800 3 1 178
Road weather information system 40,000 5 10 899
Coralba friction tester 1,800 5 10 40
SOBO salinity tester 3,000 S 10 67
Total 53,400 1,977

§

Effectiveness of Anti-Icing Operations

As explained above, anti-icing operations involve costs for a pretreatment pass prior to each
storm, and for capital expenditures of nearly $2,000 per truck per year to obtain the specialized
equipment needed. Benefits to highway agencies result from decreased material application
rates and from a decrease in the number of passes over each roadway section during any given
storm.

One benefit of effective anti-icing is a reduction in the number of passes required during each
storm. This reduction can be realized by delaying retreating a roadway section until pavement
sensors, friction tests, residual salinity measurements, visual observations, or some combination
of these indicates a need.

One way for highway agencies to achieve cost savings from reducing in the required number
of passes is to use the personnel and vehicles that are no longer required on a given truck route
on other routes. In other words, highway agencies can achieve benefits from highway
operations by increasing the average length of truck routes.

The data for the 1991-92 winter indicate that anti-icing operations reduced the number of
passes over each road section during storms by an average of 22.3%. Extensive experience
with anti-icing operations in New York during the 1992-93 winter found a comparable
reduction in the number of passes of only 6.5%. Thus, experience during these two winters
indicates that the effectiveness of anti-icing operations in reducing the number of passes can
vary substantially as a result of climate conditions and highway agency practices. Our example
cost-benefit calculation has been based on an average reduction of 15% in the number of
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passes during storms due to anti-icing operations. We have also performed a sensitivity
analysis of the cost savings due to anti-icing operations over the range of reductions from 5%
to 30%. This analysis covers the most likely range of effectiveness in reducing the frequency
of during-storm passes that might be expected from anti-icing operations in actual practice.
The results of both the example calculations and the sensitivity analysis are presented in the
next section.

Summary of Highway Agency Costs and Benefits

Table 59 summarizes the results of the example application of the cost-benefit methodology
for climates ranging from 100 to 900 storm hours per winter for one truck route consisting of
64.4 lane-km (40.0 lane-miles) of road treated continuously on a 24-hr/day schedule. The
assumptions concerning climate, truck operations, treatment strategies and costs, and capital
equipment requirements on which this table is based are presented in the preceding sections.
The table shows the labor, vehicle operation, and material costs for one pretreatment pass prior
to each storm; the reduced costs for during-storm treatment due both to the decreased number
of passes and the lower material application rates; and the increase in annual capital costs for
the additional equipment required for anti-icing.

This calculation indicates that anti-icing operations can result in net cost savings to highway
agencies over the full range of climate conditions considered. However, it is important to note
that the primary source of cost savings from anti-icing is the reduced material costs associated
with both the lower chemical application rates for each pass and the fewer number of passes.
Since the effectiveness of prestorm treatment may only extend for the first few hours of each
storm, these findings suggest that cost savings similar to those from anti-icing may also be
realized through sensible deicing (i.e., reducing application rates and using new technology to
hold off retreatment until necessary, but not using a pretreatment pass).

Table 60 presents a sensitivity analysis of the net cost savings from anti-icing operations based
on the percent reduction in the number of passes required for each road section for during-
storm treatment. The assumptions are the same as those used in table 59 (including the
assumed reduction in chemical application rates for anti-icing operations) except that the
percent reduction in the number of during-storm passes is varied. The range considered for
the reduction in number of passes is 5% to 30%, which includes the estimate of 15%
effectiveness used in table 59. The table shows that anti-icing operations are cost-effective
under the climate conditions and effectiveness estimates considered. Although the net cost
savings from anti-icing become very small for mild winter climates (such as 100 storm hours
per winter) and low effectiveness estimates (such as a reduction of only 5% in the required
number of passes during storms), the net cost savings are still greater than zero. It is likely
that similar cost savings can also be obtained from sensible deicing.
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Table 59. Annual benefits and costs to highway agencies per truck route
for anti-icing operations.

T

Winter Climate Conditions
Storm hours per winter: 100 300 500 700 900
Storms per winter: 5 12 18 25 30

Annual Benefits and Costs per Truck Route

Additional cost for pretreatment passes ($)

Labor -340 —816 -1,224 —1,700 —2,040
Vehicle operations -320 ~768 -1,152 —1,600 -1,920
Materials -322 =772 -1,157 -1,608 —-1,929

Reduced cost due to decreased number of
passes and decreased application rate per pass

®
Labor 383 1,148 1,913 2,678 3,443
Vehicle operations 360 1,080 1,800 2,520 3,240
Materials 3,482 10,445 17,408 24372 31,335
Additional cost for capital equipment (8) -1,977 -1,977 -1,977 -1,977 -1,977

(see Table 58)

Total Cost Savings per Truck Route ($) 1,266 8,340 15,611 22,685 30,152

Summary of Benefits and Costs ($)

Labor 43 332 689 978 1,403
Vehicle operations 40 312 648 920 1,320
Materials 3,160 9,673 16,251 22,764 29,406
Equipment -1,977 -1,977 ~1,977 -1,977 -1,977
Total Cost Savings per Truck Route ($) 1,266 8,340 15,611 22,685 30,152

Note: Positive amounts represent cost savings or benefits to highway agencies from anti-icing operations.
Negative amounts represent increased costs to highway agencies from anti-icing operations. The
table is based on analysis of one maintenance route covering 64.4 lane-km (40.0 lane-miles) of
freeway, assuming 15% reduction in number of passes during storms. This maintenance route
receives continuous 24-hr/day treatment at an assumed net speed of 24 km/hr (15 mph). Other
assumptions on which the table is based are discussed in the preceding section.
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Table 60. Sensitivity of annual benefits and costs to highway agencies for anti-icing
operations as a function of percent reduction in number of passes during storms.

Winter Climate Conditions
Storm hours per winter: 100 300 500 700 900

Storms per winter: 5 12 18 25 30

Anti-icing Effectiveness
(percent reduction in number of passes

during storms) Total Annual Cost Savings per Truck Route ($)
5% 529 6,131 11,930 17,352 23,526
10% 898 7,236 13,770 20,108 26,839
15% 1,266 8,340 15,611 22,685 30,152
20% 2,633 9,444 17,451 25,411 33,464
25% 2,002 10,548 19,291 27,838 36,777
30% 2,370 11,652 21,131 30,414 40,089

————
Benefits to Motorists from Anti-Icing Operations

Winter travel conditions improved by anti-icing operations can benefit the general public by
decreasing the potential for accidents, reducing delays, and reducing the likelihood that
motorists will have to forgo trips because of poor road surface conditions. These benefits are
discussed in this section, with emphasis on the effect of anti-icing operations on accidents.

Effect of Anti-icing Operations on Accidents

Anti-Icing has the potential of reducing the amount of time during which motorists are exposed
to ice and snow-covered pavements. Since lower accident rates would be expected on wet or
dry pavements than on ice and snow-covered pavements, reducing the number of hours when
pavements are covered with ice and snow should reduce in the frequency of traffic accidents.

Maintenance data for storms in the 1991-92 winter provided by participating SHAs were
reviewed to determine what improvement in pavement condition can be expected from anti-
icing operations. Five storms from that winter had enough data to compare the maintenance
history of the test section (treated with an anti-icing strategy) and the control section (treated
with a conventional deicing strategy). Two of these storms occurred in Nevada, two in
New York, and one in Ohio. These data indicate the control sections had ice and snow-
covered pavements for approximately 50% of the time during storm periods and that the
duration of ice and snow conditions on the test sections was reduced by 5% to 35%. The
average reduction in ice and snow exposure on the test sections was 20%; this is equivalent
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to a reduction in exposure to ice and snow-covered pavements of 10 hr per winter in a climate
that experiences 100 storm hours per winter, or a reduction of 90 hr per winter for a climate
with 900 storm hours per winter. The maintenance records indicate that the pavements were
generally wet during the periods when they were not ice and snow-covered.

Variation of Accident Rates as a Function of Pavement Surface Condition

The variation of accident rates as a function of pavement surface condition was evaluated from
accident data obtained from the NYDOT for five controlled-access freeway routes in and near
Rochester in Monroe County, New York. These routes include a total length of
132.7 centerline-km (82.45 centerline-miles) of freeway, which constitute essentially all
freeways within Monroe County. One of these freeways includes the test site on SR 104 used
in our anti-icing field tests and includes a RWIS.

Accident data for the sites described above were obtained and analyzed for two winter periods:
* October 1, 1989, to April 30, 1990; and
* October 1, 1990, to April 30, 1991.

The accident data provided by the NYDOT include the pavement surface condition (dry, wet,
ice and snow) when each accident occurred, as observed by the investigating police officer.
For approximately 8% of the accidents, the pavement surface condition was listed as unknown.
Pavement surface conditions for these accidents were determined using the pavement sensor
data from the SR 104 site or, when necessary, from weather data for Rochester/Monroe County
Airport.

The NYDOT also provided average daily traffic (ADT) volume data for these sites for both
1989 and 1991. These data were used to estimate the vehicle-miles of travel during each of
the two winters.

Exposure times of different pavement conditions (dry, wet, ice and snow) were estimated using
weather data from Rochester/Monroe County Airport with the WETTIME computer model®*
.24 which was developed by Midwest Research Institute for Federal Highway Administration
(FHWA).

Table 61 shows an analysis of the accident and exposure data. During the two years evaluated,
the Rochester area experienced an average of 8.9% ice and snow exposure during the winter
season (October through April). This is equivalent to 453 hr per winter of ice and snow
exposure or about 50% of the average of 900 storm hours per winter that would be expected
in this lake-effect snowfall area.
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These data also indicate that the accident rate during ice and snow conditions is typically about
eight times higher than during dry-pavement conditions, and about two times higher than
during wet-pavement conditions. Based on these data, the accident rate on a freeway would
be expected to decrease from 4.6 to 2.3 accidents per million vehicle-miles for every hour
during which ice and snow-covered pavements were converted to wet pavements.

Table 61. Accident and exposure data for freeway sites in Monroe County, New York.

Period
Winter 1989-1990° Winter 1990-1991° Combined
Length (miles) 82.5 82.5 82.5
Travel (million veh-mi)® 744.0 838.6 1,582.6
Total accident rate 1.3 1.0 1.1
No. of reportable accidents®
Dry 344 378 722
Wet 234 194 428
Ice and snow 417 235 652
Total 995 807 1,802
% of accidents
Dry 34.6 46.8 40.1
Wet 235 24.0 23.8
Ice and snow 419 29.1 36.2
% of exposure*
Dry 78.3 79.9 79.1
Wet 10.9 13.0 12.0
Ice and snow 10.8 7.1 8.9
Accident rate (per MVM)
Dry 0.6 0.6 0.6
Wet 29 1.8 23
Ice and snow 5.2 4.0 4.6
Combined 1.3 1.0 . 1.1

Y

* QOctober 1 through April 30.

® Exposure (million vehicle-miles of travel MVM) based on NYDOT ADT data for 1989 and 1991.

¢ Number of accidents by pavement surface condition, based on NYDOT records.

4 Percent of exposure by pavement surface condition, based on weather data for Monroe County Airport.
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Accident Reduction Benefits from Anti-Icing Operations

Table 62 summarizes the accident reduction benefits that can be expected from anti-icing
operations. These estimates are based on the following assumptions:

® The truck route being analyzed is located on a four-lane, divided freeway with an ADT
volume of 20,000 veh/day.

® Pavements are normally ice and snow covered during 50% of storm hours when treated by
conventional deicing.

* Anti-icing reduces exposure to ice and snow covered pavements by 20%. During the hours
when the pavement would have been otherwise covered with ice and snow, the pavement
is wet instead.

* Ice and snow-covered pavements on freeways experience 4.6 accidents per million vehicle-
miles, while wet pavements experience 2.3 accidents per million vehicle-miles.

* Based on California Department of Transportation data, the severity distribution of freeway
accidents is 3.2% fatal accidents, 44.6% injury accidents, and 52.2% property-damage-only
(PDO) accidents.”

* Based on recent FHWA data, the average costs of accidents are $1,700,000 for fatal
accidents, $14,000 for injury accidents, and $3,000 for PDO accidents.?

Table 62 shows that the accident cost reduction from anti-icing operations on a 64.4 lane-km
(40.0 lane-mile) truck route ranges from approximately $12,000 per year for climates with
100 storm hours per winter to nearly $110,000 per year for a climate with 900 storm hours per
winter. This result is based on analysis of a freeway with an ADT of 20,000 veh/day. The
accident cost reductions would be expected to increase or decrease roughly in proportion to the
ADT.

Effect of Anti-Icing Operations on Traffic Speeds and Volumes

Pavement surface conditions, and thus winter maintenance activities, have a definite effect on
traffic speeds and volumes, but adequate data are not available to quantify them. Traffic speed
and volume data were collected during portions of the 1992—93 winter for the test site on
SR 104 near Rochester, New York. Average 15-minute speeds as low as 46.7 km/hr

(29 mph) were observed during storm periods compared with normal average speeds that
exceed 88.5 km/hr (55 mph). However, such reduced speeds are apparently experienced only
during the worst parts of storms when pavement conditions are very adverse. Limited visibility
may also be a factor. However, during many storms when pavement conditions were not at
their worst, traffic speeds were reduced only marginally, if at all. Unfortunately, sufficient data
are not available for this site to compare a broad cross section of storm and nonstorm
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Table 62. Estimated accident rate and accident cost reduction per truck route
for anti-icing operations.

Winter Climate Conditions

Storm hours per winter: 100 300 500 700 900
Storms per winter: 5 12 18 25 30
Percent of storm hours with ice and snow-covered 50 50 50 50 50
pavement under conventional deicing
Number of hours per winter with ice and snow- 50 150 250 350 450
covered pavement under conventional deicing
Effectiveness of Anti-icing Operations
Expected percent reduction in ice and snow 20 20 20 20 20
exposure due to anti-icing operations
Expected number of hours of reduced ice and snow 10 30 50 70 90
exposure
Highway and Traffic Volume Data
Number of lane-miles per truck route 40 40 40 40 40
Number of lanes on highway 4 4 4 4 4
Number of centerline miles 10 10 10 10 10
Highway ADT 20,000 20,000 20,000 20,000 20,000
Estimated million vehicle-miles of travel during 0.083 0.250 0417 0.583 0.750
hours of reduced ice and snow exposure
Accident Rate and Severity Distribution
Accident rate per million vehicle-miles on ice and 4.6 4.6 4.6 4.6 4.6
snow-covered pavements
Accident rate per million vehicle-miles on wet 23 23 23 23 23
pavements
Percentage of fatal accidents 32 32 32 32 32
Percentage of injury accidents 44.6 44.6 44.6 44.6 44.6
Percentage of PDO accidents 52.2 52.2 52.2 522 522
Expected Accident Reduction
Expected annual number of fatal accidents reduced 0.006 0.018 0.031 0.043 0.055
Expected annual number of injury accidents 0.085 0.256 0.427 0.598 0.769
reduced
Expected number of PDO accidents reduced 0.100 0.300 0.500 0.700 0.900
Expected number of total accidents reduced 0.192 0.575 0.958 1.342 1.725
Total Annual Accident Cost Savings ($) 11,924 35,771 59,618 83,465 107312
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conditions during comparable time periods. Thus, the distribution of storm effects on traffic
speeds, and the average or typical effect, cannot be determined.

Similar conclusions were drawn from the analysis of traffic volume data. It is clear from the
available data that traffic volumes can be reduced substantially during storm periods, but
sufficient data for comparable nonstorm periods are not available for comparison.

Since anti-icing has been shown to reduce the number of hours during which pavements are
ice and snow-covered, anti-icing can be expected to reduce traffic delays (i.e., increase traffic
speeds) and to reduce the number of trips that are foregone because of adverse road conditions.
However, since these effects are highly variable and depend on the character of specific storms,
the traffic speed and volume effects cannot be adequately quantified to be incorporated in a
cost-benefit analysis.

Discussion. of Cost-Benefit Analysis Results

Table 63 summarizes the combined annual cost savings from anti-icing operations that are
expected to accrue to both highway agencies and motorists. These results are based on the
example application of the cost-benefit methodology presented above. The highway agency
cost savings from anti-icing result from both the decreased number of passes for during-storm
treatment and the decreased chemical application rates. The motorist cost savings result from
accident reductions due to reduced hours of exposure to ice and snow-covered pavements.

The cost-benefit analysis results indicate that, under virtually all conditions considered, despite
the required capital investment in new technology of approximately $2,000 per truck per year,
anti-icing can result in cost savings for highway agencies. In areas with very mild winter
climates, these cost savings can be quite small, but they are greater than zero. We emphasize
these cost savings are for one 64.4 lane-km (40.0 lane-mile) truck route; even the modest
savings for one truck route will result in substantial total savings when multiplied by the
number of truck routes in a city, county, highway district, or state.

Since the effectiveness of prestorm treatment may last only for the first few hours of each
storm, these findings suggest that cost savings similar to those from anti-icing may also be
realized through sensible deicing (i.e., reducing application rates and using new technology to
delay retreatment until necessary, but not using a pretreatment pass). Thus, the strategies that
can be used to achieve cost savings from new winter maintenance technology go beyond just
anti-icing; new technology (better spreaders and spreader controls, pavement sensors, friction
testers, and salinity testers) may benefit highway agencies, even when prestorm treatment is
not part of the chosen treatment strategy.
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Table 63. Annual benefits and costs for highway agencies and motorists per truck

route for anti-icing operations.
—_____-

Winter Climate Conditions
Storm hours per winter: 100 300 500 700 900

Storms per winter: 5 12 18 25 30

Benefits and Costs

Annual cost savings to highway agencies ()

Labor - 43 332 689 978 1,403
Vehicle operations 40 312 648 920 1,320
Materials 3,160 9,673 16,251 22,764 29,406
Equipment -1,977 -1,977 -1,977 -1,977 -1,977

Total 1,266 8,340 15,611 22,685 30,152

Annual accident cost savings to motorists (8) 11,924 35,771 59,618 83,465 107,312
Total Annual Cost Savings per Truck Route 13,190 44,111 75,229 106,150 137,464
3

——___—_—

Note: Positive amounts represent cost savings or benefits for highway agencies or motorists from anti-icing
operations. Negative amounts represent increased costs to highway agencies or motorists from anti-
icing operations. Figures are based on analysis of one maintenance truck route covering 40.0 lane-
miles of freeway, assuming 15% reduction in number of passes during storms, and 20% reduction in
exposure to ice and snow-covered pavements.

Finally, it should be noted that the potential accident savings for motorists appear to be three
to seven times the potential savings for highway agencies. These potential safety benefits
should not be overlooked in the decision to adopt anti-icing or sensible deicing strategies. At
the same time, it should be recognized that a large proportion of the accident-cost savings
result from a reduction of relatively small numbers of fatal accidents. The high cost of a fatal
accident (estimated here as $1,700,000) is a key factor in the safety benefits. Nevertheless,
even if the accident-cost savings estimated here are overstated, the safety benefits from anti-
icing and sensible deicing are real and need to be considered.

Survey of Worldwide Spreader Equipment Market
Researchers sought information from both U.S. and foreign vendors, agencies, and associations

about sources of equipment that can apply controlled quantities of solid, prewetted solid, and
liquid deicing chemicals at the application rates required for effective anti-icing treatments.
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A list of 68 manufacturers of spreader controls, aggregate (including solid deicer) spreaders,
and fertilizer spreaders was obtained from the 1991 Public Works Manual. Each manufacturer
was asked for information on the operation and performance characteristics of the equipment
used in snow and ice-control operations. Thirty manufacturers responded with sales literature
for frame-mounted, dump body, and slide-in, hopper-type salt and sand spreaders, controls,
pumps, and snow removal equipment. Some spreader manufacturers claim their products can
achieve precise application rates in combination with electronic controls. However, no
technical information was provided to substantiate these claims. Appendix H contains a list
of the vendors who replied, along with a summary of the information provided.

Researchers also contacted 111 equipment manufacturers, national road agencies, research
organizations, trade associations, and chambers of commerce in Australia, Austria, Belgium,
Canada, Denmark, England, Finland, France, Germany, Japan, the Netherlands, Republic of
Korea, and Sweden. Useful information was obtained from the major equipment
manufacturers.

Since much of the research and development on spreader equipment has been conducted in
Europe, the project team visited a number of manufacturing facilities there.

In Scandinavian and other European countries, anti-icing is conducted with spreaders that
dispense salt brine and/or prewetted salt. There are two types of liquid spreaders: spray bar
and spinners. The preferred type of spreader appears to depend both on maintenance
philosophy and on the operator. The Finnish National Road Administration has approximately
the same number of each type of liquid spreaders. According to the Finnish agency, the
advantage of the spray bar is that the pressurized flow from the nozzles will lift a slight layer
of compacted snow off the road. The disadvantages include the plugging of nozzles by
impurities so that filters on the supply line need to be cleaned intermittently; limit of the
application speeds because of the size of the pumps and nozzles; and the loss of some of the
liquid in air currents.

The advantages of the spinners are that there are no nozzles to plug and greater application
speeds can be obtained.

Scandinavian and other European spreader manufacturers also market spreaders that dispense
prewetted material. These spreaders meet one or more countries’ specifications for application
rates and spread pattern. More details on equipment are given in Appendix E.

Results from Limited Testing of Spreader Capabilities
Various American spreader manufacturers were contacted by letter to determine what test
procedures have been developed in the highway or fertilizer industry regarding the evaluation

of spreaders for application and spreading pattern. In addition, individuals in nine companies
were interviewed by telephone on the use of test procedures to evaluate spreader capabilities.
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The researchers learned that U.S. spreader manufacturers have no extensive testing of their
equipment. Among the reasons given is that each state has difficult requirements concerning
spreader equipment and there is generally no "off-the-shelf" spreader equipment. Researchers
also learned that no two trucks will deliver an identical amount of material with the same
control setting because of variations in hydraulic system performance.

A U.S. manufacturer of urethane spinners reported that the research and development for his
product was done in Europe in 1980. To his knowledge, no spreader research and development
is being conducted in the United States at this time. A hydraulics control vendor revealed that
all the research and development for his spreader controls was done in Denmark.

The project survey indicated that the following elements affect the spread pattern:

 spinner speed;

 spinner fin design;

« truck speed;

« amount of material being discharged to the spinner;
« amount of moisture on the material; and

« gradation of the material, which affects density.

Spreader equipment can be classified into three basic types: slide-in or fixed hopper spreaders,
tailgate spreaders, and liquid spreaders. The various design elements of each type are given
in table 64. Spreader test variables for solid material and liquids are given in table 65.

In developing a testing protocol for evaluating spreader capabilities, the researchers assigned
fixed values to some of the test variables, while other variables were measured and evaluated.
A number of concepts were tested to evaluate the variables influencing material application rate
and material distribution patterns.

First, the project team measured the application rates of some typical highway spreaders in a
dynamic mode. Truck speeds of 15, 25, and 35 mph (24.1, 40.2, and 56.3 km/hr) were
selected as typical speeds used during salt application. Since the trucks usually travel in third
or fourth gear at these speeds, it was first necessary to determine the respective engine rpm
during actual operation. Next, each vehicle was hoisted off the ground with the wheels raised
to clear the floor surface. The amount of material dispensed from the feed mechanism over
a measured time and for a specific control setting was collected and weighed at each engine
rpm to establish the material application rate (i.e., mass/unit time).

It was found that the material application rate varied substantially, both from spreader to
spreader and from that specified by the spreader control manufacturer. Also, a number of the
spreader vehicles had faulty hydraulic systems, which prevented the controls from providing
accurate or repeatable results from setting to setting.
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A series of spreader tests was performed to develop the most efficient method for measuring
the material distribution pattern. A Schmidt spreader mounted on a Unimog truck was used
for tests conducted during cold weather at an inactive truck weigh station along I1-35 near
Duluth, Minnesota. Three different methods of collecting salt spread during the tests were
evaluated: hand sweeping, collection pans, and vacuuming of pavement strips. Dry rock salt
meeting ASTM D632 Grade 1 was used.

Three test series were conducted. The arrangement shown in figure 25 was used first. (Note
that the vehicle wheeltracks are located between sampling locations 4 and 5 and locations 6
and 7.) The amount of material collected by two different types of collection pans (i.e., one
plastic and one aluminum) was compared to the hand sweeping of the equivalent area of the
pavement at sampling location 5 along line AB. Tests were conducted at actual vehicle speeds
of 23, 32, and 40 km/hr (14, 20, and 25 mph) with three passes made at each speed. A hand-
held radar unit was used to measure the truck speeds.

The material distribution patterns are shown in figure 26 for truck speeds of 23, 32, and
40 km/hr (14, 20, and 25 mph) as determined by hand sweeping. Figure 27 shows a
comparison of hand sweeping and pan collection at sampling location 5 (i.e., the area directly
beneath the spinner), the center of which is 5.3 m (17.3 ft) from the left edge of sampling
location 1. As indicated by the hand sweeping data (figure 26), the amount of material applied
by the spreader varies with both vehicle speed and sample location.

The second test series was performed with the same vehicle, but using hand sweeping, two
different types of collection pans, and vacuuming of 15-m-by-0.4-m (50-ft-by-1.35-ft) strips
of pavement, using an industrial vacuum cleaner (figure 28). Again, three passes were made
during each test at vehicle speeds of 23 and 32 km/hr (14 and 25 mph). The data obtained by
vacuuming were compared to those obtained by hand sweeping and pan collection at selected
locations.

The material distribution pattern is shown in figure 29 for truck speeds of 23 and 40 km/hr (14
and 25 mph) as determined by vacuum sweeping. Although material loading does vary
somewhat with transverse distance and vehicle speed, the vacuuming data show a relatively
consistent distribution pattern from one speed to another. This indicates that the distributor
control system may be operating in the "ground-oriented" manner intended by the
manufacturer. Comparing the various collection techniques in the aforementioned tests (figures
30 to 32), suggests that hand sweeping and vacuuming are relatively comparable at the
boundary of the distribution pattern where loadings are low, but are not comparable at higher
loadings close to the spinner (i.e., center of pattern).

In the last set of experiments, material distribution data were obtained from an array of plastic
collection pans and compared to equivalent vacuum sweeping data using the arrangement
shown in figure 33. The same vehicle was driven at speeds of 23, 32, and 40 km/hr (14, 25,
and 35 mph). Three passes were made at each speed.
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Table 64. Design elements of spreaders used for snow and ice control.
| | ]

I. Slide-in or fixed hopper 2. Spinner position
A. Feed mechanism a. Symmetrical
1. Chain drive b. Asymmetrical
2. Belt drive 3. Spinner design
B. Material disaggregation a. Spinner height above pavement
1. Special control mechanism b. Number of fins
2. No control c. Fin height
C. Application rate control d.  Fin configuration
1. Manual on-off control settings (1) Straight
2. Nonground-oriented control (2) Curved
3. Ground-oriented control 4. Spinner discharge speed control
a.  Open loop E. Prewetting capability
b. Closed loop 1. On load
D. Spinner distribution system 2. At or above spinner
1. Number of spinners F. Prewetting liquid flow rate
2. Spinner position 1. Fixed
a. Symmetrical 2. Variable
b. Asymmetrical III. Liquid spreader
3. Spinner design A. Feed mechanism
a. Spinner height above pavement 1. -Single pump
b. Number of fins 2. Multiple pumps
c.  Fin height B. Application rate control
d. Fin configuration 1. Manual on-off control settings
(1) Straight 2. Nonground-oriented control
(2) Curved 3. Ground-oriented control
4. Spinner discharge speed control . a. Open loop
E. Prewetting capability b. Closed loop
1. On load C. Spray distribution system
2. At or above spinner 1. Single nozzle system
F. Prewetting liquid flow rate 2. Header (spray bar) system
1. Fixed a. Number of nozzles
2. Variable b. Nozzle spacing
II. Tail gate spreader c. Type of nozzle (spray)
A. Feed mechanism (1) Fan
1.  Auger (2) Cone
2. Drum roller (3) Drill
B. Material disaggregation d. Spray distribution pattern
1. Special control mechanism e. Droplet size distribution
2. No control D. Spinner distribution system
C. Application rate control 1. Number of spinners
1. Manual on-off control settings 2. Spinner design
2. Nonground-oriented control a. Spinner height above pavement
3. Ground-oriented control b. Number of fins
a. Open loop c.  Fin height
b. Closed loop d. Fin configuration
D. Spinner distribution system (1) Straight
1. Number of spinners (2) Curved

3. Spinner discharge speed control

e
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Table 65 Spreader test variables.
_

Solid material spreaders

Liquid spreaders

Truck speed

Gradation of spreading material
Density of spreading material
Application rate

Amount of moistening
Spinner speed

Road roughness

Pavement type

Pavement surface condition
Wind velocity and direction
Influence of traffic

Safety considerations

Truck speed

Liquid viscosity

Liquid density
Concentration of solution
Pump pressure

Pump output

Spray distribution
Application rate

Road roughness
Pavement type

Pavement surface condition

Wind velocity and direction

Influence of traffic

Safety considerations

L~ e

The material loading obtained from the collection pans during the last set of tests (figure 34)
are substantially higher than those obtained by vacuuming for truck speeds of 23, 40, and
56 km/hr (14, 25, and 35 mph). In addition, no consistent relationship could be found between
the collection-pan results and those results obtained by vacuuming. These findings indicate
that additional work is needed to establish the most appropriate collection method to evaluate
spreader patterns.

Following these tests, the project team learned that there are European protocols for testing
spreader capabilities. Some European governments require spreader manufacturers to
demonstrate compliance with the protocols before the equipment can be used in the country.
An extensive visit was made to several Scandinavian and other European manufacturing and
research facilities to obtain first-hand knowledge of these foreign protocols and to review
various anti-icing studies. The British, Danish, and German protocols for testing spreader
capabilities are presented in the next section.
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European Protocols for Testing Spreader Capabilities

After determining that the U.S. highway spreader industry does not test its equipment’s
operating characteristics, numerous foreign sources were contacted by letter to obtain
information on various types of anti-icing equipment and testing procedures. Because most
research and development on spreader equipment has been conducted in Europe, follow-up
interviews were held with a number of users and manufacturers in several countries.

In discussion with these manufacturers, it was noted that Europeans there are concerned about
the contamination of groundwater supplies by winter salting practices. Consequently,
Europeans emphasize the development and use of spreader equipment that dispenses small
amounts of salt during snow and ice operations. As a result, a number of European
governments require spreader equipment manufacturers to demonstrate that their equipment
controls and monitors the application rate and spread pattern before the equipment can be
commercially marketed.

The Federal Republic of Germany has prepared technical specifications and standards for
winter spreader equipment used by its Road Maintenance and Traffic Department.”” These
standards address such factors as technical data for equipment position, equipment height,
spreader attachments, safety protection, and spread-material output. Within the spread-material
output standard, requirements and testing procedures are detailed for dosage rate, spread
pattern, and speed. The German test protocol pertains specifically to the spread of dry material
(salt and abrasives).

A version of the test protocol for prewetted salt is available currently only in draft form.
However, German equipment manufacturers evaluate their equipment by testing the spread
pattern for prewetted salt in a stationary position. The wetted salt is spread from a stationary
position for 2 min, with the control setting at 40 g/m* (520 1b/lane-mile) and a spreading width
of 6 m (19.7 ft). Then, the wetted salt is shoveled longitudinally into a row that is transverse
to the center line of the spreader. This row is subdivided into 1-m (3.3-ft) lengths originating
from the spinner location. Each subdivision of wetted salt is then collected and weighed.

The German spread pattern test for dry salt is conducted at a speed of 20 km/hr (12.4 mph)
with control settings of a 4-m (13.1-ft)spread width and a coverage of 20 g/m* (260 Ib/lane-
mile). With the hopper loaded to approximately half capacity, it is driven over a marked grid
system (see figure 35) spreading dry salt.

The total mass of material collected on any one transverse strip should not differ from the
mean mass collected on the three strips by more than 30%. The total mass of material
collected on either overspread strip (U, U,) should not exceed 5% of the total mass collected.
The mass of material collected on either sidestrip (R, R,) should not be less than 5% of the
total mass collected. The allowed deviation of the computed spread density (SD) for the inner
lengthwise strips between the side strips from the average SD of all the rectangles in the grid
system should not be less than 90% nor greater than 50%.
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The German requirements for dosage exactness are related to the percent deviation SD between
the measured and control setting value for SD. This deviation SD must be within 6%. The
dosage rate of the spread material should be regulated so that the selected SD remains constant
when the vehicle is operated at speeds that range between 10 and 40 km/hr (6.2 and 24.8 mph).
The SD also cannot change with adjustments of the spread width between 3 and 8 m (9.8 and
26.2 ft).

The British have a standard specification and testing protocol with which all spreaders used
for winter maintenance in England must comply.® Within the standard specification, there are
five classifications for spreaders. The spreader classification depends upon the type of roadway
on which the spreader is used for winter maintenance. The first two classifications (Al and
A2) are for spreaders used on highways. Class Al spreaders have a ground-oriented control
and are capable of a symmetrical and asymmetrical spread width of 11 m (36.1 ft) at speeds
between 0 and 70 km/hr (0 and 43.4 mph). In contrast, the Class A2 spreaders have a ground-
oriented control and are capable of a symmetrical and asymmetrical spread width of 11 m (36
ft) at speeds between 8 and 70 km/hr (5.0 and 43.4 mph).

Both spreader classes are required to have salt application rates between 5 and 40 g/m? (65 and
520 Ib/lane-mile) in increments not exceeding 5 g/m? (65 Ib/lane-mile). The spread width must
be adjustable between 3 and 11 m (9.8 and 36.1 ft) in increments not exceeding 1 m (3.3 ft).
It is necessary to make this adjustment while the vehicle is in motion. Another

requirement is that the axis of the main spread pattern must be adjustable between the
symmetrical and the extreme asymmetrical position in steps not exceeding 1 m (3.3 ft). When
the truck is fully loaded, the height of the spinner discharge must be between 300 and 350 mm
(1 and 1.17 ft) above the road surface. Other elements covered in the British protocol include
general requirements, spread pattern, static discharge performance test, and travel discharge
performance test.

The British spread pattern testing is conducted at two speeds: 20 km/hr (12.4 mph) and 40
km/hr (24.8 mph) for nearly empty-load and full-load runs, respectively. The total mass of salt
collected from the grid system (see figure 36) at the test site for each run should not differ by
more than 10%. The total mass of salt collected on any one transverse strip after a run should
not differ from the mean mass collected on three strips by more than 20%. In addition, the
total mass of salt collected on any one sample rectangle in the main spread zone after a run
should be between 50% and 200% of the mean mass collected on all the sets of sample rectan-
gles in the main spread zone for the nearly empty-load and full-load runs at the same speed.

The mean mass of salt collected on either margin after a run should not be less than 25% of
the mean mass collected on all the sets of sample rectangles on the main spread zone for the
nearly empty-load and full-load runs at the same speed. Also, the total mass of salt collected
on either the nearly empty-load and full-load runs at a given speed must not exceed 0.5% of
the total mass collected on both those runs. When tested by either the static discharge or road
discharge performance, the calculated rate of discharge should be within 2 g/m?
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Figure 35. German spread pattern used in spreader tests.
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(26 1b/lane-mile) of the nominal rate of discharge set. The nominal control setting is 10 g/m?
(130 Ib/lane-mile), the spreading width is 6 m (19.9 ft), and the speed is 48 km/hr (29.8 mph).

The Danish and Finnish road administrations have developed testing protocols to provide
information for purchasing decisions and to help develop recommendations for spreader
improvements. The Danish Agricultural Test Centre in Bygholm has developed and tested a
new collection method for wetted salt. Earlier spread pattern test procedures consisted of
collecting spread dry salt in trays with grates, which were unsuitable for wetted salt. As a
result, a "wet vacuuming" procedure is used to collect the spread salt. This process also
enables the test to be conducted on an asphalt surface, which is desirable, since most European
pavement surfaces are asphalt. '

The Danish tests consist of stationary dosage tests which examine the accuracy of the
application rates with different spreader control settings while traveling at an equivalent
speed of 50 km/hr (31 mph). The application rate tests were conducted with the following
variables: rock salt or vacuum salt, with and without wetting, and using 6-m (9.7-ft) and 10-m
(32.8-ft) spreading widths, for a total of eight combinations. Each of these combinations was
conducted with salt application rates of 5, 10, 15, 20, and 30 g/m* (65, 130, 195, 260, and
390 Ib/lane-mile). A total of 40 tests was conducted for each piece of equipment.

The spreader pattern tests were conducted on a test area with a grid pattern, which was 5 m
(16.4 ft) long and had 10 1-m (3.3-ft) wide sections. In addition, there was a marginal zone
on each side of the grid pattern in which the amount of salt that fell outside the range of
measurement was collected.

The spreading pattern tests were conducted with the following variables: rock salt or vacuum
salt, and with and without wetting, creating four combinations. Each of these combinations
was carried out with a spreading width of 6 m (19.7 ft), dosage of 10 g/m* (130 Ib/lane-mile),
and a speed of 50 km/hr (31 mph) as the basic control settings. Additional spreading tests
were conducted with control settings of a 10-m (32.8-ft) spreader width and 20 g/m’
(260 1b/lane-mile) dosage. Furthermore, tests were carried out in which the speeds were
changed to 30 km/hr (18.6 mph) for dry salt and to 70 km/hr (43.4 mph) for moistened salt.

The Finnish National Road Administration did not provide their testing protocols, but did
provide their test results. The disc spreaders were tested in arranged test conditions so that the
spread salt and sand quantities were measured at both manual and automatic control and at
different driving speeds. The function of width adjustment and the spreading pattern was
examined visually. The testing was conducted in a stationary position with the running speed
of the truck’s engine at 1,400 rpm. The following items were calculated: the standard
deviation of salt amounts (g/m?) measured at the same speed and hydraulic adjustments, and
the standard deviation of salt amounts measured at the same hydraulic adjustment, but at
altering speeds.
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3

Interpretation, Appraisal, and Application of
Findings

Usefulness of Data from Anti-Icing Experiments

The quality and completeness of the data reported during the second winter of testing improved
considerably over data from the first winter. There are three probable reasons. First, the
maintenance personnel (and researchers) climbed a learning curve. The states started slowly
during the first winter because of problems in getting necessary equipment and procedures in
place for the experiments. Also, data were recorded for many more storm events during the
second winter (110) than during the first (57). This increased number of storm events gave
the maintenance forces the opportunity to attempt more anti-icing operations and to correct
problems that arose.

Second, the refresher training given the maintenance personnel before the second winter’s
testing gave them additional support and encouragement. This training reviewed of the anti-
icing testing procedures and reporting requirements as well as the findings from the first
winter’s testing. Problems with the first winter’s field data were discussed in detail along with
any particular requirements or changes the maintenance personnel wanted for the second
winter’s testing procedures. Changes were made in some states regarding test/control section
boundary limits, application mixtures, and type of chemical used. The open discussions
allowed the different levels of maintenance personnel to explain their positions on various
issues and procedures and to agree on differences of opinion. The refresher training also
renewed the commitment of maintenance personnel to the anti-icing operations.

The third reason for improvement was an enhanced awareness of the potential benefits of anti-
icing operations on the part of maintenance management, line supervisors, and truck operators.
The major installation of atmospheric, pavement, and traffic sensors on the test and control
sections used on New York SR 104 in Monroe County was one example of a state’s enhanced
awareness. Frequent and detailed automated and manual observations, including photographic
documentation of the pavement conditions, were made by New York Department of
Transportation (NYDOT) field maintenance personnel throughout the storm events. These
activities were proof of NYDOT’s commitment to identify the benefits of anti-icing technology
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and sensible deicing (use of reduced amounts of deicer and abrasive materials under deicing
conditions) in that region.

Another example of a state’s enhanced awareness was found in Nevada. The savings achieved
in chemical and abrasive use during the 1991-92 winter for the test section on US 395 in
Nevada (as compared to the control section) showed the benefits of using a liquid chemical
in that climatic region. The success of anti-icing and sensible deicing operations using a liquid
chemical during the first winter’s testing encouraged Nevada Department of Transportation
(NDOT) to purchase a spreader specifically designed for dispensing liquid chemicals. The
enhanced interest in observing test and control pavement conditions throughout storm events
prompted NDOT to install a time-lapse video camera at the beginning of the second winter at
the Road Weather Information Systems (RWIS) location on US 395. The success of the
photographic coverage during the 1992-93 winter prompted NDOT to consider installing time-
lapse video cameras at other locations in Nevada to monitor pavement conditions throughout
the wintertime.

NYDOT and NDOT’s interest in monitoring pavement conditions during storm events through
photographic means is an important step in initiating more timely and appropriate winter
maintenance operations. This method of monitoring pavement conditions during storm events
replicates that already under way in Canada and in Scandinavian countries, especially some of
the roadmaster districts in Finland.

The data received from the cooperating state highway agencies (SHAs) were also useful in
describing the events that took place during the storms. Analysis of the field data provided,
for each test and control section, a chronological history of the meteorological events,
pavement conditions, and maintenance activities associated with each storm, including the
amount of material applied to each traveled lane. The history included pavement temperature,
road conditions, Coralba friction value, and SOBO-20 readings, along with the equivalent
surface concentration of any chemical found. Graphs showed the weather, pavement
conditions, air temperature, and pavement temperature each as a function of time for both the
test and control sections. These graphical reconstructions of the storm events are extremely
important. They clearly show the importance of closely monitoring pavement surface
temperature, rather than only air temperature, in deciding when to apply the first and
subsequent chemical treatments when precipitation is present or predicted. The plots also
showed how the pavement condition responded to a combination of traffic and the frequency
and amount of deicing chemicals and abrasives applied by maintenance forces. The utility of
Coralba and SOBO-20 measurements in deciding when to apply or reapply chemicals is
discussed in the next section.
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A RWIS can provide maintenance supervisors with valuable information concerning the
condition of the road and the "best" time to mobilize maintenance forces and start snow-and
ice-control operations. It can also indicate when repeated material applications are needed,
especially if the RWIS is capable of measuring the refreeze temperature of a brine solution on
the pavement. RWIS information can also monitor road conditions when new chemicals are
tried in an operational setting.

It was not always clear from much of the storm data what factor triggered the first treatment
applied to the test or control section. Many of the first test section treatments were made as
deicing operations rather than as anti-icing. This means the decision-making process in snow-
and ice-control operations using RWIS information was not fully established and implemented.

The anti-icing experimental data were used also for various summaries of value to maintenance
management, including

* a summary of the total material (chemicals and abrasives) applied to the test and control
sections during the storm events;

* a summary of each storm event providing an overview of the event, the test and control
section pavement conditions at the time of the first winter maintenance treatment, and a brief
history of both the test and control section pavement conditions during the storm; and

* a tabulation of the maintenance activities on the test and control sections and the savings
achieved on the test sections (in terms of amount of chemicals and abrasives used and passes
made) during each storm.

In summary, the data obtained by the participating SHAs during the study were extremely
useful in evaluating the effectiveness of anti-icing treatments. The data are adequate in both
coverage and detail for SHAs to use in evaluating the effectiveness of maintenance operations
during most winter storm events.

Utility of Coralba and SOBO-20 Measurements

The Coralba friction tester and the SOBO-20 units were furnished to the participating SHAs
to assist maintenance personnel in determining the appropriate timing and amount of material
application. The Coralba measures the friction levels of a road surface. The SOBO-20 unit
measures residual deicing chemicals on pavement surfaces during winter maintenance
operations. Several states provided data from both units.
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Coralba Friction Tester

Five states made Coralba friction measurements during 27 storm events in the 1991-92 winter;
six states did so during 62 events in the 1992-93 winter.

In theory, a friction measurement can help define the point in the development of the storm
when frozen precipitation starts to bond to the pavement surface. However, the Coralba
measurements did not appear to be used to time the material application, or were not reliable
enough to assist in determining when bonding occurred. The data suggest that a majority of
the friction measurements were made as part of the storm documentation and not for deciding
when to reapply chemicals or abrasives. Two states had limited success in using the Coralba
measurements to determine application timing.

Several states experienced operational problems with their units during both winters. Problems
appeared to be associated either with the incorrect use of the units or with the cabling
connections. Some improvement was noted in the repeatability of measurements recorded by
several states during the second winter as a result of the refresher training. This indicates there
is a learning curve associated with the use of the Coralba friction tester.

SOBO-20 Salinity Tester

Four states made SOBO-20 salinity measurements during 24 storm events during the 1991-92
winter; five states did so during 17 events during the 1992-93 winter.

During several storms, some states made salinity measurements before the first (anti-icing)
application. Most of the time these pretreatment measurements indicated no chemical,
however, in a few storms, pretreatment measurements indicated there was a low salinity level,
possibly a carry-over from previous storm treatments. In some cases a low salinity
measurement was followed by a treatment; in others, by no treatment. Similar mixed responses
were noted after high salinity measurements were recorded. Thus, it appears that the SOBO-20
measurements were not used consistently to make decisions concerning reapplication
treatments.

It was not clear if any of the states attempted to convert the SOBO-20 readings to application
rates, even though conversion charts were supplied. This indicates, again, that the readings
appeared to be taken to satisfy documentation requirements, rather than to assist in deciding
the appropriate application.

New York made a special effort to utilize the SOBO-20 by developing unique procedures and
a special form to record the measurements, along with other data. New York did attempt to
use the SOBO-20 for application decisions as much as possible, especially during the first
winter. Unfortunately, their SOBO-20 unit was inoperable for most of the second winter (29
out of 36 storms); therefore they did not have the opportunity to benefit from its use.
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Several other states also experienced operational problems with their units during the testing.
A majority of these problems were undocumented. Two states that recorded data for the 1992-
93 winter did not record any SOBO-20 data for the 1991-92 winter. The lack of the first
winter’s experience was reflected in the in data.

One concern noted by several states was a reluctance to use the SOBO-20 on a regular basis
because of safety hazards. Measurements must be taken on the road, exposing maintenance
personnel to traffic during inclement weather. However, the greatest utility of the instrument
is for determining residual salt concentration, and measurements to provide this information
can be made during good weather.

In summary, the Coralba and SOBO-20 units, when used properly, can provide maintenance
personnel with timely information needed for treatment application decisions. The Coralba
appears to be more useful in winter maintenance operations than the SOB0O-20. The latter is
more appropriate for research and is not practical for high-volume, high-speed facilities.

Preliminary Manual of Practice for an Anti-Icing Treatment Program

The findings of the study serve as the basis for providing initial guidance to a state or local
highway agency interested in implementing an anti-icing treatment program. While many
agencies are aware of, and interested in, anti-icing strategies, anti-icing techniques have not
been widely implemented because of the lack of information and the lack of documented
performance. This research has shown that anti-icing is cost-effective for highway agencies.
The field data collected are not sufficiently detailed to identify completely all the key
geographic, climatic, site, traffic, pavement surface, and chemical variables that influence the
successful use of anti-icing methods. However, the limited field results do offer initial insight
into the conditions where anti-icing can be used effectively.

This section contains preliminary manual of practice for an anti-icing program. The elements
of the manual, or guideline, include items that highway agency maintenance forces need to
know for undertaking an anti-icing program:

* definitions of anti-icing and deicing operations;

* basic meteorology;

* characteristics of snow-and ice-control chemicals;

RWIS components and functions;
° pavement temperature forecasts, their use and implications;

° decision-making process in anti-icing operations using RWIS information;
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« anti-icing strategies;

« supplemental measurements of pavement surface conditions;
* role of supervisory personnel in the programs;

« role of operators in the program; and

« documentation and review of anti-icing operations and results.

Definitions of Anti-Icing and Deicing Operations

Anti-icing is the application of a chemical freezing-point depressant on a pavement surface
before a bond is established between frozen precipitation and the pavement. Deicing is the
application of a chemical freezing-point depressant to an accumulation of snow or ice that is
bonded to the pavement in order to break the bond. In practice, the exact point at which
frozen precipitation bonds to the roadway surface is difficult to establish. A friction
measurement, like a Coralba reading, can help establish that point in the development of the
storm. General criteria for classifying the first maintenance treatment in a storm are given in
section 2 (table 15) of this report.

Basic Meteorology

Maintenance personnel can benefit from a brief introduction to basic meteorology. This
introduction should cover such items as

atmospheric heat energy balance;

« general circulation around high- and low-pressure systems;

« generalized precipitation patterns around a storm system;

« typical winter weather pattern for the geographic area of interest;
+ winter precipitation types;

« weather forecasts from the National Weather Service (NWS) and private weather forecasting
services;

« radar and satellite weather images; and

» pavement surface temperature versus air temperature.
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Characteristics of Snow and Ice Control Chemicals

It became evident during the training of the winter maintenance personnel for the anti-icing
experiments that there was a general thirst for more knowledge concerning the characteristics
of snow- and ice-control chemicals. The maintenance forces also wanted to know more about
the effectiveness of chemical alternatives to salt. Much of this information was included in the
training manuals. Other highway agency maintenance personnel could also benefit from 2 brief
introduction to the subject. This introduction should cover such items as

* salt used in winter maintenance operations;

* chemical properties of salt;

* physical properties of salt;

* salt as an ice melter;

* melting capacity;

* melting rate;

+ salt efficiency;

» disbonding efficiency;

* forms of salt used in anti-icing and deicing operations;
* chemical alternatives to salt; and

* procedures for evaluating the characteristics of alternative anti-icing and deicing chemicals
(see Report SHRP-H-332, "Handbook of Test Methods for Evaluating Chemical Deicers").

RWIS Components and Functions

Maintenance forces involved with an anti-icing program need to know that the RWIS is an
extremely important technology. It can provide necessary information on key road and
atmospheric conditions for deciding the appropriate treatment. RWIS consists of pavement and
atmospheric sensors and associated communication equipment that gather and disseminate
information from the road environment, including forecasts of road and weather conditions.
The system can also include thermal mapping (the development of thermal profiles of the
roadway) and professional weather advice. Each of these items is briefly discussed below.
A fuller discussion of RWIS and a guide to its implementation and use is provided in two
SHRP reports: SHRP-H-350, Road Weather Information Systems - Volume 1: Research
Repor?® and SHRP-H-351, Road Weather Information Systems - Volume 2: Implementation
Guide.>
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RWIS Hardware

The most visible components of RWIS are usually the roadside installations of system
components. A single site, which may have many sensors, is usually referred to as a remote
processing unit (RPU) station. The RPU station typically consists of atmospheric sensors
mounted on an instrument tower; sensors embedded in the pavement surface and beneath the
surface; and an enclosure housing data processing electronics and communications equipment.
From a system perspective, the RPU station is usually considered one component of the
system.

Data from sensors are formatted at the RPU for transmission to a central processing unit (CPU)
where they may be stored, retransmitted to other workstations or locations, or accessed directly.
The CPU can be a separate computer or a workstation.

The next component is the data processing and display system used by the maintenance
personnel. The actual system configuration depends on the management structure of the
maintenance organization. This component can be a computer workstation in a maintenance
facility or at a district or area headquarters. It can also be a portable computer that a foreman
or supervisor takes home.

Whoever makes the decisions for allocating resources for snow and ice control should have
access to the latest information. If decisions are made from a central office, one workstation
collocated with the CPU may suffice. If decision making is decentralized, workstations or
portable computers should be available for the local decision makers to access data.

RWIS Sensors

Sensors provide information from the road environment for detecting and monitoring local
conditions, to be input into forecasting models. Forecasts of weather and road conditions are
important for timely and efficient resource allocation decisions.

Atmospheric sensors provide data for weather forecasts and for detecting and monitoring
atmospheric conditions. Pavement sensors provide information on road conditions. Pavement
temperature is particularly important for making snow- and ice-control decisions. The
pavement temperature is affected by solar radiation during the day, cooling at night, and by
heat flow to or away from the surface, depending on the subsurface temperature.

Key parameters for forecasting pavement temperature include the current pavement and
subsurface temperatures and forecasts of cloud cover, precipitation, and wind speed.

The following sections briefly describe the sensors used to acquire data and the potential uses

of the data. When acquiring these sensors, care should always be taken to ensure that they are
able to perform in the road environment under adverse weather conditions.
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Atmospheric Sensors

Air temperature is a parameter frequently associated with atmospheric measurements. It is
probably the most frequently sensed and used parameter. For years, snow- and ice-control
supervisors have used air temperature to make decisions. Some mount sensors on vehicles, or
thermometers on bridges and sign posts. Although pavement temperature is correlated with
air temperature, the pavement temperature is a better parameter to use when making decisions.

Alr temperature is measured by electronic thermometers which are shielded from solar
radiation. Data are usually provided in Fahrenheit values, but can easily be reported in Celsius
through software changes. The air temperature is important for monitoring existing conditions
and as an input to forecasts. Air temperature should be considered mandatory RWIS data.

Wind direction and speed are also important parameters for forecasting atmospheric and
pavement conditions, and for understanding what is happening (or what may happen) in the
highway environment with respect to blowing snow, drifting, and accumulation of snow.

Wind direction and speed are usually measured by mechanical anemometers. A propeller or
cup assembly turns at a rate proportional to wind speed. A collocated device also determines
the wind direction by pointing in the direction the wind is blowing. Wind direction and speed
should be considered mandatory parameters.

Dew-point temperature is the temperature at which the air would be saturated with water vapor
(100% relative humidity) if cooled. It is important in forecasting visibility and precipitation.
In combination with pavement temperature, it provides important information about frost or
ice formation on the road surface.

The dew-point temperature is measured using electronic hygrometers. Many variations exist
in hygrometer construction. Those used in a "standard" RWIS have demonstrated their
durability and their ability to provide data in the road environment. The dew-point temperature
is also an essential parameter..

Relative humidity is another measure of the amount of water vapor in the atmosphere. It is an
expression of the actual amount of water vapor in the air compared to the amount saturated air
would hold. It is a slightly more common term and is therefore better understood than dew-
point temperature. The dew-point temperature is more easily related to frost when using
pavement temperature. Relative humidity is useful, but not essential if the dew-point
temperature is available.

Precipitation is critical information for snow and ice control. Information related to

precipitation, however, comes in many forms. Each is described briefly below, along with a
relative assessment of the importance of the information.
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« The occurrence of precipitation is measured by either an optical or mechanical device. This
is the easiest and most common measurement, essential for snow- and ice-control decisions.

« The type of precipitation is among the most difficult parameters to determine robotically.
Until recently, it required human observation to distinguish between rain and snow.
Precipitation type is essential, but maybe location dependent, because of the expense of the
instrument.

« The rate of precipitation has usually been measured mechanically. New technologies enable
optical measurements; forthcoming radar technology will provide precipitation rate data, at
least for rain initially, with snow soon to follow. The rate of precipitation may be based on
the climate.

« The accumulation of precipitation relates to how much precipitation has fallen, and has been
measured mechanically or directly (ruler or other device). The technology, other than for
manual measurements, has not been reliable. This measurement is occasionally needed

Visibility has rarely been measured in the road environment, except in locations where severe
visibility problems exist. Is has been expensive, on the order of $10,000 per instrument
location, requiring instruments not always suited to the harsh road environment. Recent
advances in technology provide measuring capabilities which, while costing about the same as
a visibility instrument, can provide important information for highway managers. A new
measuring device, which combines some of the expensive sensors into one unit, has recently
been introduced by one RWIS vendor. The sensor was developed to satisfy NWS requirements
for automated observing systems. The sensor will provide very useful information on the
existence of precipitation, its type and intensity, and horizontal visibility.

Radiation refers to measurements of both incoming solar radiation and outgoing terrestrial
radiation. Relatively simple devices can provide measurements, but the utility of such data for
highway operations has not been demonstrated. The important input for a pavement
temperature forecast implicitly considers radiation balance through cloud-cover forecast. The
data may be interesting, and perhaps useful, for a research installation.

Pavement Sensors. Surface temperature is the pavement-related measurement most often used
for snow- and ice-control. It is obtained from either passive or active sensors implanted in the
road surface. Sensor placement requires care to ensure that the sensor output is representative
of the pavement surface temperature. Each RWIS vendor provides sensors which can measure
pavement temperatures accurately when no solar radiation is incident on the sensors (i.e when
it is cloudy or dark). Pavement surface temperature is an essential measurement for snow and

ice control.
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Surface condition sensors in the pavement determine whether the pavement surface is dry, wet,
or frozen. Even though preemptive allocation of resources is based on forecasts, the pavement
condition provides a check on the forecasts and added information for detecting problems,
either actual or potential. Surface condition should be considered an essential parameter.

Chemical concentration is a relative measurement of the amount of deicing chemical (or other
ionic substance), determined by the conductivity of a wet surface. Sensor output needs to be
calibrated and correlated to the chemicals used. The information is extremely valuable for
making decisions related to deicing chemical applications, and for monitoring the progress of
deicing operations. The chemical concentration is essential information.

Freezing point sensors measure the temperature at which a wet surface freezes. These sensors
actively cool a surface to the point a liquid deicing chemical mix freezes. Ideally, this provides
the optimum information for a snow- and ice-control decision maker. In combination with
pavement temperature forecasts, the freezing point of the surface assists a supervisor in
deciding when to confidently allocate resources. Concern has been expressed in Europe over
the repeatability or reliability of the sensors. The sensors are usually installed four to a
location to increase the coverage in a roadway and to increase reliability. Freezing-point
sensors should be considered essential for snow- and ice-control operations, particularly where
road surfaces are prone to icing, or where snow bonding is a problem.

Subsurface temperature is usually measured at locations where pavement temperature forecasts
will be made. Subsurface information is necessary for determining whether heat flows to or
from the pavement surface. Sensors are typically installed about 0.5 m (1.6 ft) below the
pavement surface. For forecasting at RPU stations, subsurface temperature is mandatory.

Other Hardware Data. When RWIS sensing systems are being installed along highways,
opportunities may exist to gather transportation-related information for purposes other than snow-
and ice-control:

* Video information can monitor traffic and roadway conditions.
* Air quality information may become a necessity in certain transportation corridors. The
siting of RPU stations should consider the use of standard transportation-related air quality

SENSOrs.

* Stream gauges can be installed to measure water flow or height at RPU stations near critical
bodies of water.

* Traffic information can be collected, such as traffic counts, weigh-in-motion, and perhaps
even electronic license plate information.
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The possibilities for gathering information in the roadway environment are enhanced the RWIS
installations. The RPUs have the potential to function as data processors and communicators
for information other than weather and road conditions. However, communications within
closed, or proprietary, RWIS may preclude using RWIS for such data collection.

Closed RWIS have proprietary communications protocols. Neither the RPUs nor CPUs can
be accessed without special software and access codes. In addition, the data formats are
usually unknown and not capable of including additional sensor information without
considerable reprogramming.

The American Association of State Highway and Transportation Officials (AASHTO) issued
a policy in October 1992 stating that standard data formats and communications protocols
should be adopted for RWIS, because of the potential for involving other data in the road
environment. In particular, AASHTO noted the potential linking with Intelligent Vehicle
Highway Systems.

RPU Station Locating. Usually RPU stations have three primary functions: to gather
information for forecasting conditions, to detect conditions, and to monitor conditions. It is
usually recommended that a combination of sites be used. Some should be suited to gather
data representative of an area for forecasting purposes; some should be sited at trouble spots
to detect conditions which require attention; and some should be placed at strategic locations
to monitor conditions, such as the direction from which significant weather tends to come.

It is possible that some sites can cover all three functions. The site selection process should
involve both maintenance personnel who are aware of the typical road conditions and meteorol-
ogists who can recognize suitable representative locations.

In general, RPU stations should not be located at a specific site simply because power or
communications are nearby: It is better to locate a site which is representative of the
conditions desired and to pay extra for cable trenching, solar power, or a repeater radio
transmitter. In terms of return on investment, the more representative the observations, the
better the information for forecasters and for snow and ice control.

Siting for forecasting purposes can also be based on a time frame of interest. Cost-effective,
proactive decisions can be made anywhere from 2 to 24 hours in advance of an event.
Depending on weather patterns, this can mean obtaining data from neighboring states, or just
down the road.

Siting must be based on weather patterns, road conditions, and terrain. In addition, the

maintenance decision process and maintenance procedures must be considered. This includes
the time frame for deciding when to take action and the kinds of actions to be taken.
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Placing pavement sensors requires additional analysis. Each site, even if a "detection" site,
should have one pavement sensor placed in the roadway in a minimum traffic location, usually
a passing lane, in order to gather representative temperature information. In rural areas with
little traffic, the sensor may serve both detecting and forecasting purposes.

Also pavement sensors should also be placed just outside of a wheel track and not in the center
of a lane where vehicle heat can influence the temperature. Sensors should not be located on
curves or other locations where runoff from a superelevated shoulder can contaminate readings.
In grooved surfaces, the sensors should be placed at the top of the grooves, isolated from
grooves where liquid and chemicals can gather.

Professional Meteorological Services

Forecasts. Research has indicated that the most cost-effective weather technology which can
improve decision making is weather forecasts. However, these forecasts should be specialized
and tailored to the user’s needs. There should be consultative interaction between the
forecaster and the user. Each must understand the other’s needs and capabilities. In addition,
the forecaster needs to ensure that weather information and predictions are understood; the user
needs to let the forecaster know what weather information is valid and appropriate for the
maintenance situation.

Site-specific forecasts for snow and ice control should be acquired from private meteorological
services with experience assisting highway agencies. The NWS has neither the personnel nor
the mission to provide the detailed forecasts required. Meteorological services should be
considered professional services and acquired as such.

Thermal Mapping. Thermal mapping, or thermography, is the process of developing thermal
profiles of road surfaces using infrared devices. The original technology, developed at the
University of Birmingham in the United Kingdom, use a downward-pointing radiometer
mounted under a vehicle. Radiometer data are acquired every wheel revolution and recorded
on a computer for later processing. The measurements are typically made in the early morning
hours, when temperatures tend to be the coolest. They are also made under different
atmospheric conditions, since the radiation balance at the surface is related to the atmospheric
conditions, including cloud cover, wind speed, and precipitation.

A variation on thermal mapping is called road climatology. Additional data are acquired when
measuring pavement temperature, including air temperature, relative humidity, and
climatological characteristics of the pavement environment. The additional data are input to
a short-range (up to 4 hours) forecasting model for pavement temperature.
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Most thermal mapping has been conducted in Europe. The data have assisted in siting RPU
stations, forecasting pavement temperature for locations where no RWIS sensors exist, and for
developing snow- and ice-control strategies. Other potential locations for thermal mapping
include those areas where special deicing procedures such as pretreatment are required, where
reduced chemical areas exist, or where a significant number of different microclimates have
been detected.

Thermal mapping may also determine representative RPU station locations that can eliminate
the need for one or more sites. For example, if thermography indicates that two or three
locations have similar pavement temperature characteristics, perhaps only one needs sensors.
If just one less RPU station is required, the cost of the thermography is likely to be returned.

Thermal mapping profiles can be used to construct pavement temperatures between sensor
locations, where the temperatures are known. An extension of this process is to use forecasts
of pavement temperatures at the sensor locations. A forecast of temperatures along the
roadway can then be constructed using thermography between the forecast temperatures. This
process is widely used in the United Kingdom, where workstations typically display color-
coded road temperature forecasts for entire road networks. This is recommended in areas
where frost or ice formation on the roads is a concern.

Based on thermal mapping, better routing or allocation of maintenance personnel is possible.
The data can allow staging of responses to only those road segments expected to be below
freezing. It can also indicate certain areas or locations that may not need attention.

Research has indicated that thermal information from the road environment can be obtained
using hand-held radiometers. Work is also in progress on developing a vehicle-mounted
instrument capability for measuring pavement temperature.

Thermal mapping should be considered when variations of pavement temperature greater than
5°C (9°F) are possible, or when the road elevation changes more than about 200 m (656.2 ft).

Meteorological Data Services. Meteorological charts, meteorological data, satellite pictures,
and weather radar plots can be acquired at almost any computer workstation. Most
meteorological data require interpretation by a meteorologist. Some products, such as weather
radar plots, can provide useful information about the development and progress of weather
systems. Whether an agency acquires these products or not should be based on how decisions
are made for implementing snow- and ice-control activities.

Tailored forecasting services, if carefully geared to agency needs, should provide the

information needed for making decisions. The forecasters have access to the meteorological
data and are trained to interpret and use the data.
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Staff Weather Advisor. A staff weather advisor provides councel to an agency on the use of
weather information. The advisor can be a consultant, an employee (either part time or full
time), or a private meteorological services provider.

The advisor assists the agency in acquiring and using weather information and technologies,
but is not normally involved in day-to-day snow- and ice-control operations. The advisor
functions as a staff person who provides advice and guidance, but does not replace the provider
of the tailored forecasting services. The advisor can assist in acquiring and implementing
forecasting services and other RWIS components. Some of the functions an advisor can
perform include

* establishing critical weather thresholds for decision making;

* determining optimum locations for RPU stations;

* preparing and evaluating Request for Proposals for the RWIS, including forecasting services;
* conducting local forecast studies to improve weather support;

* evaluating RWIS performance; and

* training maintenance personnel to incorporate weather information into the decision process.

Pavement Temperature Forecasts, Their Uses, and Implications

Sensors embedded in the pavement surface can measure temperatures representative of the
surrounding pavement and can detect the presence of water or ice and a chemical
freezing-point depressant. These sensors and subsurface probes give maintenance supervisors
the means for observing real-time pavement conditions. Algorithms using data from these
sensors can be used to reasonably predict pavement surface temperatures up to 12, or even
24, hours in advance. Improved weather forecasting targeted specifically to local or regional
road conditions also allows maintenance supervisors to predict pavement surface state. These
resources are important ingredients in an anti-icing program. Examples of the output available
from an RWIS pavement forecasting service are detailed in the training manual developed
under the contract.

Decision-Making Process in Anti-Icing Operations

The decision to initiate anti-icing operations and to continue with sensible deicing operations
is an extremely important aspect of winter maintenance activities. The success in keeping
roads trafficable in winter depends on how well this decision is made. A highway agency
involved with anti-icing or deicing operations needs to have a clearly established process for
making decisions. Individuals involved must have access to the following information:
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« the locations of RWIS sites and sensors;
» data from the RWIS sites;

« a "feel" for the characteristics of the pavement surface temperature between RWIS sites,
based either on operator observations and experience or on thermal mapping; and

« pavement conditions and weather forecasting information from

¢ site-specific forecasts using pavement thermal algorithms;
¢ NWS forecasts;

¢ private vendor forecasts;

¢ precipitation bands from radar images; and

¢ cloud cover from satellite imagery.

The assigned individuals must determine and evaluate

the beginning and ending time of precipitation over the geographic area of responsibility;
» the kind and amount of precipitation;

« the pavement temperature at the anticipated beginning of precipitation and the temperature
trend during precipitation;

« the presence of chemicals on the pavement at the time the surface temperature reaches 0°C
(32°F);

« the freezing-point temperature of any liquid on the pavement surface; and

other roadway pavement conditions.

Finally, the decision-making process for chemical application must address
« the timing of the chemical application in advance of precipitation; and

« the subsequent reapplications of chemicals as determined by

¢ freezing-point sensor data or SOBO-20 measurements;

¢ friction measurements (Coralba readings); and
¢ personal observations.
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Anti-Icing Strategies

Some of the states conducted successful anti-icing operations during the 1991-92 and 1992-93
winters. During the successful operations, less chemical was used on the test section than on
the corresponding control section. The successful operations involved the using liquid
chemicals as well as prewetted salt.

Generally, the liquid chemical magnesium chloride (MgCl,) was successful as an anti-icing
agent when applied at the rate of about 7.7 g/m? (100 Ib/lane-mile) and when the pavement
temperature was above —5° to —4.4°C (23° to 24.1°F). The liquid chemical was less effective
when applied during freezing rain or drizzle. It definitely should not be applied on compacted
snow. When a liquid chemical is used with falling snow, continuous visual observations are
required so that refreezing of the road surface can be anticipated and treated. For prolonged
snowfall conditions, it is necessary to plow the snow accumulation repeatedly, followed by an
application of the liquid chemical. Under these conditions, it may be necessary to increase the
application rate to 15 g/m? (195 Ib/lane-mile) or higher. It may be inadvisable to apply liquid
chemicals during high winds or drifting snow because of droplet loss. Some designs of
modern application equipment can minimize loss.

The amount of liquid chemical used in the prewetting experiments ranged from 21 to
25 L/metric ton (5 to 6 gal/ton) of salt when applied at the spinner. Twice this amount of
liquid was used when the salt was prewetted in the truck bed. It is suspected that these
amounts of liquid prewetting were too low and that, perhaps, 1.5 times as much liquid should
have been used for better surface coating of the dry salt.

Prewetted salt appeared to be an effective anti-icing agent when applied at the rate of about
7.7 g/m* (100 Ib/lane-mile) and when the pavement temperature was above —9° to —7°C
(15.8° to 19.4°F), depending on the type of liquid used for prewetting. The use of prewetted
salt during prolonged rain or freezing rain requires frequent observations and sometimes
increases application rates to 15.4 g/m* (200 Ib/lane-mile) or higher.

For prolonged snowfall conditions, it will be necessary to plow the snow accumulation
repeatedly, followed by an application of prewetted salt. Under these conditions, it may be
necessary to increase the application rate to 15.4 g/m” (200 1b/lane-mile) or higher.

Anti-icing operations should not be conducted (using liquid, prewetted, or dry salt) when the

pavement temperature is at or below —9°C (15.8°F). The operation should also not be
conducted during high winds or under severe drifting snow conditions.

Supplemental Measurements of Pavement Surface Conditions
Maintenance personnel can make supplemental measurements of pavement surface conditions

forces during a storm event to aid in determining the appropriate timing for chemical applica-
tions. These measurements relate to the friction available between a vehicle tire and the
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traveled surface and to the surface concentration levels of an ice control chemical. Devices
such as the Coralba friction tester and the SOBO-20 salinity tester can be used to make these
measurements. Of the two, the Coralba appears to be most useful as a winter maintenance
tool.

Role of Supervisory Personnel in an Anti-Icing Program

The role of supervisory personnel in an anti-icing program is similar to the role performed in
conventional snow- and ice-control operations, with a few exceptions summarized below:

« Inform all personnel involved with the anti-icing operations of the boundaries of the
treatment area.

« Identify the equipment to be used during the anti-icing operations and ensure that the
spreaders are calibrated both before the beginning of the winter and periodically during the
winter.

 Provide a chain of command that establishes
¢ who makes the decisions;
¢ who carries out the decisions; and
¢ how the is information communicated.

+ determine when chemicals should be first applied.

« determine the timing and application rates of the second and subsequent chemical treatments,
as needed. '

« ensure that all proper safety measures are followed during the field operations.

« ensure that all data associated with the anti-icing operations are assembled for a poststorm
review.

Role of Operators in an Anti-Icing Program

o Calibrate spreader equipment at the direction of supervisory personnel.

« Inform supervisory personnel of spreader calibration results.

« Follow instructions of supervisory personnel regarding the application and timing of
chemical treatments.
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* Complete activity logs for each chemical, abrasive, or plowing treatment of the assigned
highway segments.

* Inform supervisory personnel of road and weather conditions.

* Make note of any traffic accidents on the assigned highway segments.

Documentation and Review of Anti-Icing Operations and Results

Assessing the effectiveness of an anti-icing operation can best be done in a poststorm review
of the maintenance and other field data generated during the storm. These data come from
several sources, including weather forecasts and records, pavement condition information,
RWIS data, operator information, spreader data, and Coralba and SOBO-20 readings. Forms
useful for recording much of this information are contained Appendix C. The types of analysis
that can be performed on the maintenance field data are discussed in Section 2 of this report.

Proposed American Testing Protocol for Winter Maintenance Spreaders

Applying small amounts of a chemical freezing-point depressant to a road surface prior to the
development of compacted snow or ice prevents formation of a strong bond and facilitates
removal. It is necessary to apply a precise quantity (such as 10 g/m* or 130 Ib/lane-mile)
uniformly across the road. This research project undertook to identify the capabilities of winter
maintenance spreader equipment for achieving low application rates and controlling the
spreading pattern over a wide range of rates.

In late summer of 1991, all potential sources of spreader equipment used for applying deicing
chemicals in small quantities were contacted in an effort to learn "if" and "how" U.S. highway
spreader manufacturers test their equipment’s performance. This information was to be used
to develop the necessary testing protocols for proposed American testing standards for winter
maintenance spreaders. It was determined, however, that the highway spreader industry does
not test its equipment’s operating characteristics under actual field conditions. One exception
was the Salt Institute, which has developed a procedure to measure the application rates of a
spreader in a stationary mode. This standard was not useful to this study, however, because
information was needed on spreader equipment tested in a dynamic mode.

The only standard test method found in the literature of American made spreader equipment
literature was that developed by the American Society of Agricultural Engineers, the ASAE
Standard S341.2 "Procedure for Measuring Distribution Uniformity and Calibrating Granular
Broadcast Spreaders." However, this procedure is used with fertilizers, which have a narrow
gradation band in comparison to salt. Furthermore, this standard does not pertain to application
on a hard surface, such as pavement.
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Therefore, the team contacted numerous foreign sources to obtain information on various types
of spreader equipment used for anti-icing and their respective testing procedures. Follow-up
interviews were conducted with a number of users and manufacturers in various European and
Scandinavian countries. Denmark, the United Kingdom, and Germany use testing procedures
to evaluate spreader equipment. Using these testing protocols as background information, a
proposed testing protocol was developed to evaluate spreaders in the United States.

The proposed "American Testing Protocol for Winter Spreaders" measures the ability of the
spreader to control the distribution pattern and the application rate of spread material. The
distribution pattern should be evaluated at speeds of 20 km/hr (12.4 mph) and 40 km/hr (24.8
mph), with controls set to deliver 20 g/m? (260 Ib/lane-mile) of spread material over a 6-m
(19.7-ft) width. This application rate is equivalent to applying 194 kg (427.7 Ib) of material
over a 6-m (19.7-ft) wide roadway surface 1.6 km (1 mi) in length. The spreader should be
driven over a marked grid system spreading dry salt. Next, the salt samples should be
vacuumed into paper filters from the surface of the grid system and the mass of the salt
vacuumed from each sampling rectangle should be weighed and recorded. The data should
then be analyzed to determine the characteristics of the longitudinal and transverse distribution

pattern.

The application test measures the accuracy of the spread material released in accordance with
the normal operational range of the spreader. This test reflects the actual amount of material
applied to the roadway. The testing should be conducted using the following combinations:

+ 20 g/m? (260 1b/lane-mile) at 30 km/hr (18.6 mph)
5 g/m? (65 1b/lane-mile) at 10 km/hr (6.2 mph)

20 g/m’ (260 lb/lane-mile) at 40 km/hr (24.8 mph)
40 g/m? (520 1b/lane-mile) at 30 km/hr (18.6 mph)
40 g/m? (520 Ib/lane-mile) at 40 km/hr (24.8 mph)

The testing protocols that have been developed for spread pattern performance and application
rate performance follow.
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American Testing Protocol for Winter Maintenance Spreaders

Spread Pattern Performance Test

General. The spread pattern test should be conducted at a speed of 20 km/h (12.4 mph) and
40 km/hr (24.8 mph) with controls set to deliver approximately 20 g/m* (260 Ib/lane-mile) of
spread material and the spinner setting dispersing the spread material over approximately two
lanes (6 m or 19.7 ft).

With the hopper loaded to approximately half capacity, the spreader should be driven over a
marked grid system spreading dry salt. The salt samples should be vacuumed into paper filters
from the surface of the grid system, and the mass of the salt vacuumed from each sampling
rectangle should be weighed to an accuracy of 0.1 g (.004 0z) and recorded. The data should
then be analyzed to determine the characteristics of the longitudinal and transverse distribution
pattern. The tests should consist of two runs at each speed.

Test Site. The test should be conducted on a straight length of roadway. The roadway should
be as flat as possible, with a cross slope not exceeding 1 in 40, to avoid distortion and the
rolling of large particles. The recommended minimum length of the roadway is 320 m
(1,049.9 ft). The roadway should be long enough for the spreader to accelerate to and maintain
test spreads of 20 and 40 km/hr (12.4 and 24.8 mph) before entering the first test strip. The
roadway should also be long enough for the spreader to stop after leaving the third test strip.
The surface of the test area should be made of asphalt—conérete, exhibiting a macroroughness
such as that experienced in the middle of the roadway.

A grid system consisting of strips should be marked out on the test area in accordance with
figure 35. The width of the strips should be 6 m (19.7 ft) for the nominal spread width and
1 m (3.3 ft) for the overspreading rectangles, for a total width of 8 m (26.2 ft). Capture walls
(with a dimension of 2.5 m long by 300 mm high [8.2 ft by 1 ft]) should be placed along the
outer edge of the overspreading rectangles. The breadth of the strips should be 2 m (6.6 ft).

Test Material. The testing material should be rock salt which meets ASTM D632 Grade 1 at
a moisture content of less than 3%.
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Procedure.
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Mark out the test site as indicated in figure 35. Erect capture walls along the outer edges
of the overspreading rectangles (U). Ensure that the surface of each test strip is dry.

Sweep the transverse strips and adjacent areas until a negligible amount of salt is left on
the surface, and then vacuum the transverse strips.

Set the spread controls for a delivery rate of 20 g/m? (260 Ib/lane-mile) and a spread
width of 6 m (19.7 ft). Fill the hopper to approximately half capacity. With tailgate
spreaders, fill the auger box completely.

The spinner displacement setting (asymmetry) should be set so that when the vehicle’s
right side is driven along the left edge of the rectangle designated as (R), the spread
material is covering the right-edge stripe (R)).

Drive the spreader vehicle straight along the test area with the vehicle’s right side along
the left edge of the right-edge stripe (R,) of the grid layout at the speeds of 20 km/hr
(12.4 mph) and 40 km/hr (24.8 mph).

The amount of spread material deposited in the individual rectangles should be carefully
removed by vacuuming the material into paper filters. Weigh the material to the nearest
0.1 g (.004 0z), and record the weights on a form similar to that shown in figure 37.

Perform the various computations to measure the spreader performance for the following
capabilities:

o Accuracy of longitudinal coverage
Compare the total mass of material collected on any one transverse strip to the mean
mass of material collected on all three strips. Also, the total mass of material collected
from all three strips should be compared for each of the speeds, 20 km/hr (12.4 mph)

and 40 km/hr (24.8 mph).

» Accuracy of coverage on side strips



Collected spread material amount (g) Lateral Deviation from
strip average value
O |R |i.|i.|i]|i.|lR ] O ¥ Q (%)
Column | 2 3 4 5 6 7 8 9 10
Strip width (m) 1 1 1 1 -~ -
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(X o Column 9)

(1) Spread density, - | - I

[g/m®)
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(1) Spread thickness in the test longitudinal strip ix
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(2) Deviation of spread thickness in the test longitudinal strip ix
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SD,, is the mean spread density in the nominal spread track including overspread amount

Lo (Col. 9)
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T Factor 6 is the total length of the test longitudinal strip 3 - 2 m.

Figure 37 Computation form.
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Compare the mass of material collected on either side strip (R, R,) to the total mass
collected.

« Accuracy of coverage on inner test strips

Compare the computed spread density for the inner lengthwise strips (those between the
side strips) to the average spread density of all the rectangles in the grid system.

* Wastage

Compare the total mass of material collected on either overspread strip (U, U,) to the
total mass collected.

Discharge Performance Test

General. The amount of spread material released from the spreader vehicle in a unit of time
depends on the setting that controls the auger or belt speed and on the speed of the vehicle.
The discharge test measures the accuracy of releasing material in accordance with the normal
operational range of the spreader. This test also attempts to reflect the actual amount of
material applied to the roadway.

For dry salt, the values of the operating ranges for output and speed follow:

—_——_

Output Amount discharged Speed
Lowest 30 kg/km 10 km/hr
(106 1b/mile) (6.2 mph)
Most frequent 120 kg/km 30 km/hr
(426 1b/mile) (18.6 mph)
Highest 240 kg/km 40 km/hr
(852 Ib/mile) (24.8 mph)
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The tests should be conducted under the following conditions developed from the above
tabulations:

» 30 kg/km (106 Ib/mile) at 10 km/hr (6.2 mph)

120 kg/km (426 Ib/mile) at 30 km/hr (18.6 mph)
120 kg/km (426 Ib/mile) at 40 km/hr (24.8 mph)
240 kg/km (852 Ib/mile) at 30 km/hr (18.6 mph)
240 kg/km (852 Ib/mile) at 40 km/hr (24.8 mph)

Discharge Test

1.
2.

Fill the spreader to half capacity with dry salt.
Start and end the measurement by activating the on and off control.
The control setting values should correspond to the test conditions given above.

Establish a distance for the spreader vehicle to travel during the discharge test operation.
The recommended quantity of spread material collected during each test is 24 kg
(52.9 Ib). The minimum quantity collected should not be less than 10 kg (22.1 Ib).

Remove the spinner from the truck bracket. Relocate the spinner to a position that is not
hazardous to the operator, the truck, or itself. Mount a drum and bracket assembly,
similar to that in figure 38, on the truck in the area previously occupied by the spinner.

Allow the vehicle to idle long enough to warm the hydraulic oil to a normal working
temperature with the spreader system running. Set the spinner controls to a midrange
setting to allow hydraulic fluid to flow.

Drive the spreader vehicle over the test distance and collect the discharge material in the
barrel. At least two separate discharge tests should be made for each test condition. The
maximum and minimum weights of the discharge material collected for each test
condition must satisfy the following expression:

Maximum - Minimum <01
0.5 (Maximum + Minimum) =~

Evaluate the discharge results for the various truck speeds to determine the accuracy of
released material.
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Conclusions and Recommendations

Conclusions

. A variety of anti-icing treatment strategies, including chemicals and treatment timing, are
used by different states.

*  No U.S. manufacturers were found that make spreaders specifically designed to distribute
prewetted solid material or liquid chemicals.

. Attempts to retrofit existing spreaders with on-board prewetting equipment were not
satisfactory.

e It was difficult to get timely service and repairs for the Coralba and SOBO-20
measurement devices, as well as the complete Road Weather Information System (RWIS)
installation.

. Training of maintenance personnel in anti-icing operations is essential. The retraining for
the second winter of the test program was valuable and helped solve problems identified

during the first winter testing.

. Frequent communications with maintenance supervisors during the anti-icing trials were
necessary to solve problems and provide encouragement.

. Weather forecasting specific for highway segment areas is important to the success of
anti-icing operations.

. No standard test methods are used in the United States to evaluate chemical or abrasive
spreader capabilities.
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Calibration of spreader application rates, prior to the beginning of the winter and
periodically throughout the winter, is necessary for full achievement of the savings
possible with anti-icing.

Some of the participating state highway agencies conducted successful anti-icing
operations during the 1991-92 and 1992-93 winters. Less chemical was used on the test
section than on the control section during 40% of selected storm events of the 1991-92
winter. This percentage increased to 62% during the 1992-93 winter. There is a definite
learning curve associated with the use of anti-icing technology.

The Coralba friction tester and the SOBO-20 salinity tester, when used correctly, can
provide winter maintenance personnel with timely information needed for chemical
treatment application decisions.

Initial application rates of about 7.7 g/m® (100 Ib/lane-mile) appear to be adequate for
anti-icing operations using a liquid chemical, if applied at the appropriate time on
pavements with a temperature not below -5°C (23°F) and in the absence of high winds.

The use of liquid chemicals and prewetted salt in anti-icing operations was successfully
demonstrated during several storm events.

The beneficial effects of anti-icing operations were not noted for all storm events.
Increased amounts of chemicals may be necessary after the first (or subsequent) anti-icing
application.

The success of anti-icing operations was strongly enhanced by the willingness of the
various levels of maintenance personnel to work cooperatively and learn from the
collective experience.

Cost-benefit analysis indicates that anti-icing operations can result in cost savings to both
highway agencies and motorists. For highway agencies, the primary cost savings is the
reduced material costs resulting from both the lower application rates and fewer truck
passes. For motorists, the cost savings result from fewer accidents due to fewer hours of
exposure to snow- and ice-covered pavements.

European and Scandinavian maintenance forces have more experience than their U.S.
counterparts in the use of anti-icing technology.

Spreader equipment currently manufactured in European and Scandinavian countries is
designed for anti-icing operations. The equipment can dispense small amounts of salt and
can control the distribution pattern of the applied material. Some of the equipment is
capable of dispensing all three types of material: dry, prewetted solids, and straight
liquid.



Recommendations

* Additional winter testing of anti-icing technology should be conducted in the United States
to supplement the knowledge gained from the two winters of testing. The additional data
collected should be used to help improve the initial estimates of the effectiveness of
anti-icing technology.

* Additional anti-icing experiments should be conducted using liquid chemicals under a variety
of winter storm and traffic conditions.

* Anti-icing experiments should be conducted with salt gradations similar to those used in
foreign countries, and prewetted with a liquid chemical in proportions similar to those used
in foreign countries.

* The role of traffic volume in affecting the response of an anti-icing chemical treatment
should be assessed further.

* A reliable pavement surface freezing-point detector should be included as part of a RWIS
installation.

* Software should be developed that will present graphical information to decision makers
concerning weather and pavement conditions during anti-icing and conventional deicing
operations.  Graphical information similar to that presented in this study should be
considered.

* The extensive data bases generated during the New York Department of Transportation
anti-icing experiments in the 1992-93 winter should be further analyzed for additional

measures of effectiveness.

* The use of time-lapse video equipment to monitor pavement conditions before, during, and
after winter storm events should be considered.
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Appendix A

Summary of State Visits
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Appendix B

Individual ASTM E-274 Skid Trailer and
Coralba Friction Tester Measurements



Individual Skid and Coralba Measurements

Spead Standard cvt

Obs. | Site Pvt type {mph) | Device Lockup ? | Friction | N | Mean | Deviation | (100%)

1{NBL? TH 53 | Asphalt 30| Coralba yes 0.47

2 |NBL TH 53 | Asphalt 30| Coralba yes 043 2! 045 0.03 6.29

3! NBL TH 53 | Asphalt 30.2 | Skid yes 54.9

4 [NBL TH 53 |Asphait 29.2 | Skid yes 55.5

5|NBL TH 53 | Asphalt 29.5 | Skid yes 57.1

6 |NBL TH 53 |Asphalt 29.9 | Skid yos 60.3

7 INBL TH 53_ | Asphait 30.3 [ Skid yes 60.5] 5!57.66 2.63 4.56

8| St. Cloud Asphalt 30 { Coralba yos 0.26

9| St. Cloud Asphalt 30 | Coralba yes 0.28

10| St. Cloud Asphalit 30 | Coralba yes 0.26

11| St. Cloud Asphalt 30 Coralba yes 0.22

12 | St. Cloud Asphalt 30| Coralba yes 0.23| 5[ 0.25 0.02 9.80
13| St. Cloud Asphalt 30 Skid yes 18.4

14 | St. Cloud Asphalt 30 | Skid yos 18.6

15 | St. Cloud Asphalt 30| Skid yes 18.3

16 | St. Cloud Asphalt 30 | Skid yos 16.8

17 | St. Cloud Asphait 30 | Skid yes 166/ 5| 17.74 0.96 5.40
18 | NBL TH 53 | Concrete 30 Coralba yes 0.41

19| NBL TH 53 | Concrete 30| Coralba yes 0.32

20 | NBL TH 53 | Concrete 30| Coralba yes 0.39

21|NBL TH 53 |Concrete 30| Coralba yes 0.36

22 |NBL TH 53 |Concrete 30 | Coralba yes 0.36

23 |NBL TH 53 | Concrate 30 Coralba yes 0.39

24 |NBL TH 53 {Concrete 30| Coralba yes 0.37

25{NBL TH 53 |Concrate 30| Coralba yes 0.32

26 [ NBL TH 53 [ Concrete 30 | Coralba yes 0.36

27 |NBL TH 53 | Concrete 30| Coralba yes 0.41

28 I NBL TH 53 |Concrete 30| Coralba yes 0.31

29| NBL TH 53 | Concrate 30| Coralba yes 0.29

30 |NBL TH 53 |Concrete 30| Coralba yes 0.33

31 INBL TH 53 | Concrete 30! Coralba yes 0.28| 14| 0.35 0.041 12.12
32| NBL TH 53 |Concrete 30.8 | Skid yes 60.2

33|NBL TH 53 |Concrete 30.4 | Skid yes 56.4

34 |NBL TH 53 |Concrete 30.5 | Skid yes 55.9

35 |NBL TH 53 | Concrete 30.1 | Skid yes 58.7

36 [NBL TH 53 ; Concrete 30.3 | Skid yes 59.5| 5] 58.14 1.90 3.27
37]1-35 New conc. 30 | Coralba yes 043

3811-35 New conc. 30 | Coralba yes 0.49

39|1-35 New conc. 30 | Coralba yes 0.40

40(1-35 New conc. 30| Coralha yes 1 0.51

41]1-35 New conc. 30| Coralba yes 049! 5i 046 0.05| 10.06
42 (1-35 New conc. | 30.6 | Skid yas 67.3

43!1-35 New conc. | 30.1 ] Skid yes 66.9

44 11-35 New conc. | 30.5 | Skid yes 66.0

451-35 New conc. | 30.5] Skid yes 64.2

46 [1-35 New conc. | 29.7 ! Skid yes 65.2| 5]|65.92 1.26 1.91

1V = Coefficient of variation = 100 x standard deviation / mean
2 NBL = Northbound lane
3 Measurements made on dry pavement
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Individual Skid and Coralba Measurements

Spead Standard cv!
Obs. | Site Pvt type (mph) | Davice Lockup ? | Friction | N | Maan | Deviation | (100%)
47 I{NBL TH 53 | Asphalt 40 | Coralba yes 0.46
48 |NBL TH 53 | Asphait 40 | Coralba yes 0.47
49 |NBL TH 53 | Asphalt 40 | Coralba yes 0.51
S50 |NBL TH 53 [ Asphalt 40 | Coralba yes 045 4| 0.47 0.03 5.57
51|NBL TH 53 | Asphalt 39.7 | Skid yes 56.6
52 NBL TH 53 | Asphalt 39.7 | Skid yes 58.8
S3|NBL TH 53 | Asphait 39.5 | Skid yas 60.6
54 |NBL TH 53 | Asphalt 39.5 | Skid yos 62.6
55 |NBL TH 53 | Asphalt 39.0 | Skid yes 58.0| 5/ 59.32 2.33 3.94
56 | St. Cloud Asphalt 40| Coralba yes 0.22
57| St. Cloud Asphalt 40| Coralba yes 0.21
58 | St. Cloud Asphalt 40 | Coralba yes 0.26
591 St. Cloud Asphalt 40 | Coralba ves 0.19
60 | St. Cloud Asphalt 40 | Coralba yes 0.21] 5| 0.22 0.03| 11.87
61| St. Cloud Asphalt 40 | Skid yes 148
62 | St. Cloud Asphalt 40 | Skid yes 14.7
63 | St. Cloud Asphalt 40 | Skid yes 14.0
64 | St. Cloud Asphalt 40 | Skid yes 14.6
65 { St. Cloud Asphalt 40 | Skid yes 16.4
66 | St. Cloud Asphalt 40 | Skid yes 16.1{ 6] 15.10 0.94 6.21
67 |NBL TH 53 | Concrete 40 | Coralba yes 0.37
68| NBL TH 53 | Concrete 40 | Coralba yes 0.28
69 |NBL TH 53 |Concrate 40 | Coralba yes 0.31
70 {NBL TH 53 | Concrete 40 | Coralba yes 0.31
71| NBL TH 53 |Concrete 40 | Coralba yes 0.30
72 |NBL TH 53 | Concrete 40 | Coralba yes 0.31
73| NBL TH 53 | Concrete 40| Coralba yes 0.25
74 {NBL TH 53 | Concrate 40 | Coralba yes 0.39
75 |NBL TH 53 | Concrete 40| Coralba yes 0.37
76 | NBL TH 53 | Concrete 40 Coralba yes 0.35| 10| 0.32 0.04 13.74
77 |[NBL TH 53 | Concrete 39.8 | Skid yos 49.7
78 |NBL TH 53 | Concrete 39.8 | Skid yes 54.7
79| NBL TH 53 | Concrete 39.6 | Skid yes 56.6
80 ! NBL TH 53 | Concrete 40.3 | Skid yes 50.0
81| NBL TH 53 | Concrete 40.9 | Skid yes 554| 5|53.28 3.21 6.02
82!1-35 New conc. 40| Coralba yes 0.49
831135 New conc. 40 | Coralba yes 0.57
84|1-35 New conc. 40 | Coralba yes 0.47
85|1-35 New conc. 40 | Coralba yves 0.45
861-35 New conc. 40 | Coralba yes 0.53
871{1-35 New conc. 40 | Coralba yes 0.51| 6| 0.50 0.04 8.58
88(1-35 New conc. | 39.2] Skid yes 64.3
89135 New conc. | 39.6 | Skid yes 62.9
9011-35 New conc. | 40.3| Skid yes 61.6
91{1-35 New conc. | 39.8 | Skid yes 61.6
9211-35 New conc. | 40.4 | Skid yes 609 5{62.26 1.35 2.17

1

2 NBL = Northbound lane

* Measurements made on dry pavement

CV = Coefficient of variation = 100 x standard deviation / mean
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I ¢V = Coefficient of variation = 100 x standard deviation / mean

Individual Skid and Coralba Measurements

Spead Standard cv!

| Obs.]| Site Pvt type {mph) | Device Lockup ? | Friction | N | Mean | Deviation | (100%)
| 93{NBL TH 53 |Concrete 20| Coraiba yes 0.40
! 94 |NBL TH 53 |Concrete 20 | Coralba yes 0.17

95 {NBL TH 53 |Concrete 20 | Coralba yes 0.23

96 | NBL TH 53 | Concrete 20 | Coralba yes 0.39

97 | NBL TH 53 __| Concrete 20 ! Coralba yes 032 5! 030 0.10! 33.23

98 | NBL TH 53 | Asphalt 30| Coralba no 0.43

99 [ NBL TH 53 | Asphalt 30 Coralba no 0.45

100 | NBL TH 53 | Asphalt 30 | Coralba no 0.52

101 |NBL TH 53 | Asphait 30| Coralba no 0.42

102 | NBL TH 53 | Asphait 30| Coralba no 0.49

103 | NBL TH 53 | Asphalt 30| Coralba no 0.40

104 |NBL TH 53 | Asphait 30| Coralba no 0.40

105 | NBL TH 53 | Asphait 30| Coralba no 0.46

106 | NBL TH 53 | Asphait 30 | Coralba no 0.44

107 |NBL TH 53 | Asphait 30| Coralba no 0.45

108 | NBL TH 53 | Asphait 30| Coralba no 043 11! 044 0.04 8.13

109 { NBL TH 53 | Concrete 30 | Coralba no 0.28

110 | NBL TH 53 | Concrete 30 | Coralba no 0.38

111 {NBL TH 53 |Concrete 30! Coralba no 0.30

112 | NBL TH 53 | Concrete 30 | Coralba no 0.41

113 |NBL TH 53 | Concrete 30 | Coralba no 0.39

114 |NBL TH 53 | Concrate 30| Coralba no 041]| 6| 0.36 0.06| 15.78

115]|1-35 New conc. 30 | Coralba no 0.45

116 |1-35 New conc. 30| Coralba no 0.51

117|1-35 New conc. 30| Coralba no 0.49

118135 New conc. 30| Coralba no 0.55

11941-35 New conc. 30| Coralba no 0.47

120)1-35 New conc. 30 | Coralba no 0.56{ 6| 0.51 0.04 8.65

2 NBL = Northbound lane
* Measurements made on dry pavement
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Individual Skid and Coralba Measurements

Spead Standard cv!'

Obs. | Site Pvt type {mph) | Device Lockup ? {Friction | N ! Mean | Daviation | (100%])
121 [NBL TH 53 | Asphalt 40 | Coralba no 0.46

122 |NBL TH 53 | Asphalt 40 | Coralba no 0.41

123 |NBL TH 53 | Asphalt 40 | Coralba no 0.34

124 |NBL TH 53 | Asphalt 40 | Coralba no 0.45

125 {NBL TH 53 | Asphait 40 | Coralba no 0.44

126 |NBL TH 53 | Asphalt 40| Coralba no 0.40

127 |NBL TH 53 | Asphalt 40| Coralba no 0.35

128 | NBL TH 53 | Asphalt 40 | Coralba no 0.40

129 | NBL TH 53 | Asphalt 40| Coralba no 0.46

130 | NBL TH 53 | Asphait 40| Coralba no 0.44

131 |NBL TH 53 | Asphalt 40 | Coralba no 0.46

132 | NBL TH 53 | Asphalt 40 | Coralba no 0.41

133 |NBL TH 53 | Asphalt 40| Coralba no 045]| 13| 0.42 0.04 9.63
134 {NBL TH 53 | Concrate 40 | Coralba no 0.35

135 |NBL TH 53 | Concrete 40 ! Coralba no 043| 2| 0.39 0.06| 14.50
136 (1-35 New conc. 40 [ Coralba no 0.56

137|1-35 New conc. 40 | Coralba no 0.54

138|1-35 New conc. 40 | Coralba no 0.57

139|1-35 New conc. 40 | Coralba no 0.51

140 1-35 New conc. 40 | Coralba no 0.52

141]1-35 New conc. 40 Coralba no 0.60| 6 0.55 0.03 6.08
142 |NBL TH 53 | Concrete 20 | Coralba no 0.26

143 |NBL TH 53 | Concrete 20| Coralba no 0.39

144 | NBL TH 53 | Concrete 20! Coralba no 035 3! 033 0.071 19.97
145 |NBL TH 63 | Asphalt 40 | Coralba? no 046 1| 046

146 [NBL TH 53 | Asphalt 40 | Coralba? yes 0.44

147 !NBL TH 53 | Concrete 40 | Coralba® yes 034} 2] 0.39 0.07| 18.13

1

2 NBL = Northbound lane

* Measurements made on dry pavement

CV = Coefficient of variation = 100 x standard deviation / mean
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Appendix C

Forms and Instructions for Anti-Icing
Experiments
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WEATHER AND PAVEMENT CONDITION LOG
e Date
e Time — Military Time 2400 hours

e Type of Precipitation (check applicable type)
Drizzle
Rain
Freezing Rain
Sleet
Light Snow
Snow
Blowing Snow
None

® Section Observed — Test or Control (check applicable)
¢ Location — Route and Milepost
e Lane No. and Direction of Trave! (e.g., Northbound)
Driving Lane (DL)
Center Lane (CL)
Passing Lane (PL)
® Type of Pavement — PCC, DGA or OGA

© Observed Pavement Condition (check applicable) — Wheel
track and-outside wheel track

Dry Snow

Wet fce

Slush Snow/lce Pack
Other

e Friction Value (Coralba reading)

Figure C-2 Instructions for weather and pavement condition log.
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OPERATOR ACTIVITY LOG

Date
Treatment Start Time — Military Time 2400 hours
Section Treated — Test or Control (check applicable)
Type of Material Applied — Salt, Sand/Salt %
Pump/or Conveyor — Auger Setting (1-11 or Ibs)
Spinner Setting
Pass No. (First, Second, Third, etc.)
Lane Being Treated [Driving Lane (DL), Center Lane (CL),
Passing Lane (PL), or any combination of the three (e.g.,
DL + CL)]
Method of Treatment

— Plowing (P)

— Chemical (C)

— Abrasives (A)

— Sweeping (S)

— Plowing + Chemical Treatment (P + C)

— Plowing + Abrasives (P + A)
Approximate Speed (mph)

Comments or General Weather/Pavement Conditions

Point at which anti-icing operation was aborted

Figure C-5 Instructions for operator activity log.



SOBO/CORALBA DATA RECORDING FORM 2

Name:

Agency: Date:
Time: Hours Test Location:
General Weather Condition:
General Pavement Condition:
Type of Pavement: Open Graded Asphalt Dense Graded Asphalt — Concrete

No. of Lanes
Direction of Cross Slope:

Direction of Travel: Test Section

Control Section

Test Location Relative to Nearest RWIS Site:

TEST SECTION CONTROL SECTION
Sampling| Scale Sobo Sampling| Scale Sobo COMMENTS
Point Factor Reading Point Factor Reading
1 1
2 2
3 3
4 4
5 5
Coralba Reading: Lane 1: ;| |Coralba Reading: Lane 1:
Lane 2: ; Lane 3: Lane 2: ; Lane 3:
™ Y AV .SV.N ™
Edge of
=" Travel Lane
Safnpling
—"" Points Median (2)
Whaeel Inside
L Track Shoulder ] [~ _
Lane 1) A NAunHigh Speed Lane Ja Low Speed Lane A
(Lane 2) {Lana 1)
TWO LANE FOUR LANE
™ N
Edge of
" Travel Lane
A
Inside Wheel
DIRECTION  Shoulder ] L Track

OF TRAVEL

oA

A

High Speed
(Lane 3)

Lane Jn Pl

Lane 2) N

SIX LANE
SAMPLING POINTS FOR DIFFERENT ROAD CONFIGURATIONS

Speed Lane \J, ner stvamem 2 1200
(Lane 1)

 Low

Figure C-6 Example SOBO-20 data form.
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SOBO 20 CHLORIDE MEASURING INSTRUMENT

One-Way Valve

Display Box
(held on w/Velcrd® strips)

One-Way Vaive

Electrical Connection

One-Way Valve

Steel Electrode
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_Handle
(unscrews to fill reservoir)

| Solution Reservoir

_ Expander Piston

| Secondary Reservoir

_ Spray Nozzle

| Measurement Chamber

_ Foam Rubber Ring

Schematic courtesy of Boschung Co., Inc. U.S.A.
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Figure C-7 Schematic of SOBO-20 instrument.



10.

OPERATING INSTRUCTIONS FOR SOBO 20
CHLORIDE MEASURING INSTRUMENT

Unscrew handle of instrument and fill reservoir with acetone solution. {Note:
solution is prepared by mixing 15 parts technical grade acetone with 85 parts
distilied or deionized water.) Reservoir holds approximately 1.5 L of solution
which is adequate for about 35 measurements.

Install 9 volt battery in electronic display box, attach box to body of
instrument, and connect display to electrical lead located at bottom of
instrument.

Prime the system by depressing and releasing the expander piston twice in
succession and allow the waste liquid to discharge from bottom of instrument..
This fills the secondary reservoir and prepares the instrument for use.

Activate the instrument by sliding the on-off switch {lowest switch on the
display box) to the on position.

Slide the measure-test switch {upper switch on the display box) to the test
position, slide oz/yd? switch to the x1/2 scale, and note reading on display.
Repeat for x1 scale.

if display reading on x1/2 scale is not "10" or x1 scale is not "5" replace
battery in dispiay box.

Switch the instrument off, slide the measure-test switch to the measure
position, and turn the meter on. The display should read "O".

Move the oz/yd? (middle) switch to the x1/2 scale.
Place the bottom of the instrument firmly on the surface to be measured

keeping it as level as possible. (Note: measurements can be made on wet or
slushy surfaces but do_not install instrument over ice or compacted snow.)

Keeping instrument vertical and firmly sealed, slowly depress the expander
piston until it stops.

Figure C-8 Operating instructions for SOBO-20.
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11.

12.

13.

14.

15.

OPERATING INSTRUCTIONS (CONT'D)

Decrease pressure on the instrument slightly, hold in position for approximately
5 seconds, and record reading on display.

If display reads "15" after 5 sec holding period, change oz/yd? switch 1o x1
scale and record reading. (Note: if two lights are illuminated, the reading
should be recorded as 1/2 unit above lowest of the two.) During this period,
make sure seal between bottom of instrument and surface remains intact with
no liquid loss.

Release pressure on instrument and move 10 next measurement location.
Repeat steps 8 through 12.

After completing the test series, move the on-off switch to the off position to
conserve battery power. Flush measurement chamber with distilled or
deionized water and discard.

After each storm event maintain and recalibrate instrument as provided in
separate MAINTENANCE AND CALIBRATION INSTRUCTIONS.

Figure C-8 (Continued)



MAINTENANCE AND CALIBRATION INSTRUCTIONS
FOR SOBO 20 CHLORIDE MEASURING
INSTRUMENT

(Note: Maintenance must be performed after each storm event. Calibrations must be
performed upon receipt of instrument and during post-storm maintenance.)

1. Remove foam rubber ring from bottom of instrument, soak ring in distilled or
deionized water, and allow to dry.

2. Flush the measurement chamber with distilled or deionized water and discard.
3. Using brass wire brush, clean each of the two steel electrodes. {(NOTE: DO

NOT TOUCH THE BLUE DOT-SHAPED PROBE WITH THE WIRE BRUSH--THIS
DAMAGES INSTRUMENT AND MAKES IT UNUSABLE.} See Sobo Instruction
Manual for details.

4, Flush the measurement chamber with distilled or deionized water and discard.

5. Check battery in display box {see OPERATING INSTRUCTIONS) and replace, if

necessary.,

6. Check each of the three one-way valves in the instrument periodically and
replace components, as necessary. See Sobo Instruction Manual for details.

7. Reinstall foam rubber ring on bottom of instrument. The Sobo is now ready for
calibration.

8. To calibrate instrument, dispense 3 drops of chloride calibration solution using

eye dropper (provided by MRI) into bottom of plastic pan {provided by MRI)
making sure all liquid is contained within the same "drop”.

S. Place Sobo instrument over "drop" of calibration solution in pan and conduct

measurement in the usual manner {see OPERATING INSTRUCTIONS). Record
display reading.

Figure C-9 Maintenance and calibrations for SOBO-20.
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MAINTENANCE/CALIBRATION (CONT'D)

10. Compare display reading to that obtained immediately after receipt of the
instrument. If the reading varys by more than 1 unit from the "new"” value,
notify MRI immediately.

11. The instrument should now be ready for use in the field.

Figure C-9 (Continued)
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MEASUREMENT CRITERIA FOR THE SOBO 20
INSTRUMENT

A series of measurements should be made at each of the locations
shown on the Sobo/Coralba Data Form: well in advance of the storm
(.e., dry pavement); and after the initial application of anti-icing
chemicals at the point when the pavement first becomes wet.
Additional measurements should be made at Sampling Points 1 and 2
only when: partially melted precipitation (i.e., slush) covers the
pavement surface; and the pavement first becomes bare after the
second (or subsequent) applications of anti-icing chemicals.

Each measurement series must be made at the same location along
the test and control section of the roadway and at the same point
across each travel lane. Some type of identification (e.g., paint marks,
marker poles, etc.) should be used to assure that this is accomplished
every time a series of measurements is made.

Carefully select each measurement point to assure that the pavement is
relatively flat and in good condition with no cracks, holes, patches, etc.
The site should also have good sight distance for safety.

Measurements must be made on dry pavement, wet pavement, or
pavement with a layer of partially melted precipitation (i.e., slush).

Measurements cannot be made on pavement with a layer of ice or
compacted snow.

Select one measurement location near the RWIS site and carefully
document the position of the sampling points relative to the RWIS
pavement sensors.

Visually compare the pavement condition to RWIS sensor indications and
note on the separate form provided.

Copy each data form and mail to MRi for processing. Do not mail
original data.

Figure C-10 Measurement criteria for the SOBO-20. 043
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INSTRUMENT CALIBRATION FORM
STATE OF
LOCATION OF HIGHWAY

Operator Calib. Type of Serial Calibration
Name Date Instrument No. Data

Figure C-11 Example instrument calibration form.




OPERATING INSTRUCTIONS FOR THE CORALBA
C-u FRICTION METER

Install Coralba C-u Friction Meter on vehicie according to manufacturers
specifications (see Coralba Manual for dezails).

Calibrate instrument according to separate calibration instructions immediately
upon installation of the unit and after each storm event. Permanently record
calibration results and submit photocopies of the data to MRI.

To make a friction measurement, press FRICT key. Display value should not
change.

Press RESET key to clear register. Display should indicate a value of "0.00".
{Note: measurement will continue even if you select another register.)

At beginning of roadway section to be measured, accelerate vehicle to
approximately 40 mph (or maximum safe speed--specify any difference from
40 mph on appropriate data form), depress clutch pedal {or move automatic
transmission shift level to NEUTRAL), and allow the vehicle to roll freely
approximately 10 m {30 ft).

Brake firmly for a maximum of 6 seconds allowing wheels to lock. (Note:
maximum braking potential must be used during the measurement process.)

If vehicle comes to a complete stop, brakes must be reieased immediately after
stopping to indicate such to the instrument.

Read value of friction coefficient on display and record on data form.

Figure C-12 Operating instructions for the Coralba.
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10.

OPERATING INSTRUCTIONS (CONT'D)

Press the HALT key, note the value on the display, and record on the data

form. Press HALT again--value on the display should be the same as in No. 8
above.

Repeat measurement for each travel lane on both the test and control sections
by pressing RESET after each determination. Record data accordingly.

Figure C-12 (Continued)



10.

CALIBRATION INSTRUCTIONS FOR THE CORALBA

C-u FRICTION METER

Calibrate instrument during initial installation and after every storm event.
Calibration should be performed on DRY pavement.

Check tire pressure and inflate, as necessary, to manufacturers specifications.

Select a known distance of road greater than 1 mile in length (e.g., the distance
between several calibrated mile markers) and note distance on calibration form.
Also select a reference point on vehicle (e.g., window post, etc.).

Before proceeding, select TRIP 1 on key pad. Display should read "TRIP 1."

Press CAL. Display will read current calibration constant--ignore reading during
first instrument calibration.

Press SET (display will flash), enter known length in four significant figures
le.g., 2.000 miles), and press SET again.

Select TRIP 1 and press RESET to clear trip register. (Note: you must select
the (+) mode and should not press the SPLIT key.}

Drive the known distance of roadway, stop, note the display reading and record
on calibration form. This is your new calibration constant (four significant
figures).

Store new calibration constant by selecting TRIP 1, press CAL then SET, and
enter calibration constant from data form.

Press SET again 1o store new conszant.

Figure C-13 Calibration instructions for the Coralba.
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12.

CALIBRATION INSTRUCTIONS (CONT'D)

Select TRIP 1 and drive known road distance again. Note display and compare

to known distance. If all factors are correct, the length shouid correlate
exactly.

If display and known distance vary by more than 3%, repeat calibration
procedure above.

Figure C-13 (Continued)



Name

Agency:

Location of Highway:

RAYNGER PM-4 DATA FORM

Date | Time | Section Measurement Average
Measured Location Pavement
Temperature

(°F)

Figure C-14 Example radiometer data form.
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RAYNGER MODEL PM-4 RADIOMETER
/— Signting Fest

Signting Notzh

LCD Display

MCOE. Recall —— L~ Battery Cempartment

Pt Also Contains *F/°C
Emissivity

»u Switch and Anaiog

W Digital Cutzut Switch
Adustment
High Alarm,
Lo Alarm, \ Fb/

and T Ambient -
Trigoer

Trigger Lock
Lock On, Store

S

N

N— Analeg / Digital
Qutzut

B

AC Adapter
\ Power input

Cable Retainer
Tripod Mounting

\\\' Thread
Drawings courtesy of Raytech Inc.

A

Figure C-15 Raynger® Model PM-4™ radiometer.
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OPERATING INSTRUCTIONS FOR THE RAYNGER PM-4

10.

11.
12,

13.

14,

Figure C-16 Operating instructions for the Raynger® PM-4™ radiometer.

RADIOMETER

To set emissivity, press and hold trigger.

Press MODE key and select either MAX, MIN, DIF, or AVG. Lower left
portion of display should read MAX, MIN, DIF, or AVG.

Using arrow keys set emissivity reading to 0.85 (for dry asphalt and
concrete). Display should read e = .95.

To set audible alarm, press and hold trigger.

Using MODE key, select LAL in lower left corner of display.

Set low alarm temperature to 32 using arrow keys.

Activate alarm by pressing LOCK. Display should read LO ALARM in left
middle of readout. (Alarm will now sound if pavement temperature is <

32°F.)

Set automatic temperature compensation by selecting an emissivity of
1.0 as indicated in steps 1 to 3 above.

Using MODE key, select AVG in lower left corner of display.
Pan the unit over the area surronding the roadway several times. Note
the value displayed next to the AVG readout on the display--this is your

compensation value.

Press MODE key, select TAM, and set ambient temperature value to that
obtained in step 10 above using arrow keys.

Press LOCK to activate temperature compensation. Display should read
TAMB.

Readjust emissivity to 0.95 as indicated in steps 1 to 3 above.

Using MODE key, set lower display to AVG. The unit is now ready to
operate.
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15.
16.
17.
18.

19.

20.

21.

OPERATING INSTRUCTIONS (CONT'D)

Determine average pavement temperature by pointing the unit downward
at arms length.

If pavement is wet reset emissivity to 0.83. If pavement is snow
covered or slushy reset emissivity to 0.9. Display should indicate e =
.93 or e = .90, respectively.

Press trigger and push LOCK key to take continuous measurements.
Swing the instrument in a circular motion in approximately a 2 ft radius.

Walk across the width of the travel lanes while swinging the instrument.

Repeat the above by returning back across the trave! lanes to the
starting point. Do not push LOCK key or release trigger.

Record average pavement temperature on data form. Repeat

measurement at other locations, as desired. {Note that alarm will sound
if pavement temperature is < 32° F.}

Figure C-16 (Continued)



Appendix D

Meteorological Criteria and Support for Anti-Icing
Operations at Potential Test Sites

Meteorological Service to Department of Transportation Maintenance

General Discussion

Specialized weather service to the road-maintenance field has not yet developed in the
United States to the level needed to accomplish significant gains in traffic safety, efficient and
cost-effective maintenance procedures, or increased traffic flow when weather events are the
determining factor.

Most winter snowfalls result in accumulations of 25 to 76 mm (1 to 3 in). Forecasts of these
events do not have a good statistical verification record—the early indications are too subtle.
The general forecast procedure in these cases is to use probabilities in the range of 20% to
40%, numbers with little value for maintenance decisions.

Significant events—those with heavy snow and accompanying complications—are more
accurately anticipated by the meteorological community. Mathematical models used by the
National Weather Service rarely fail in these cases, and experts at the National Meteorological
Center enhance these indications by various corrective procedures. However, these significant
events occur only about three times per season at most locations, while the lesser events
referred to above are frequent. Ways must be found to deal effectively with the lesser events.

There are providers in the field who have developed complete road-weather systems, from
road-weather stations to meteorological forecast services. But the systems used are proprietary
and can be costly. In addition, they rely too heavily on automation, reducing interaction
between the provider and an informed user.
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Significant gains in winter maintenance can be achieved by the proper provision and use of
weather information. Most of those gains can be realized in short-term reaction to imminent
weather events. Following are systems and procedures designed to produce that result.

Road-Weather Meteorology

Providers and Developments

There are numerous providers of local weather forecasting services. Except for two or three
proprietary systems, there has been little effort in the United States to develop road-weather
meteorology as a specialty within the general field of meteorology. The criteria for selection
of private forecasting services that follow and the requirements for actual forecast elements are
intended to aid such a development.

Problems To Be Overcome in the Development of Road-Weather Meteorology

Most meteorological work is done on the macro (large) scale, while the road-weather regime
is in the meso (small) or micro (very small) scale. The finer meteorological scales require
greater attention to detail, good communication, and cooperation between the provider and the
user. Special techniques and tailored meteorological products will be required for each
application.

General forecasting fits expected weather events into periods of time, usually 6-hr increments.
Often, however, a 48-hr period is divided into four increments (e.g., tonight, tomorrow,
tomorrow night, and the following day). Forecasts for the aviation community are more
specific, calling for expected events within 30 min in a 2-hr time frame.

In order to meet the needs of a fully responsive road-weather service, the time between the
forecast and the event should be reduced to about 15 min. At the current level of development,
this calls for almost constant dialogue between the forecaster and a knowledgeable decision
maker at the operational level.

In addition to the scale and time requirements of weather service to Department of
Transportation (DOT) maintenance personnel, the individual nature of each locality as well as
variations within each locality must be considered. This suggests that weather service for road-
weather support must be site-specific.
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Guidelines for Selecting a Private Meteorological Service Provider for Road-
Weather Forecasts

The usual practice has been to select a service on the basis of the lowest bid. If bidders certify
that they meet certain basic criteria, their bids are valid. Generally, no inspections of the
facilities for adherence to professional standards are made and no effort undertaken to develop
the site-specific procedures needed in road-weather forecasting.

The "lowest bidder" requirement may be a costly error when used in the selection of a forecast
provider. The funding used for this service maybe wasted if it does not buy the level of

service required by the goals established for a specific maintenance program.

It is sometimes said that there should be little or no geographical requirement in the selection
of a forecast provider. However, the following factors should be considered:

* Shorter lines of communication ensure more frequent and fruitful interchange between the
provider and user.

* A provider in the same geographical area may be more familiar with special problems and
has a vested interest in doing well in that area.

* Nearby providers are accessible for inspection and aid in developing special techniques and
products for site-specific weather service.

Procedures for Selecting a Forecast Provider
Most state and local governmental agencies do not have an expert to advise them when
selecting a meteorological provider. Contrast that with the procedures used in selections made

in many other professional fields. This situation can be addressed by the following:

* Engage a professional meteorologist to aid in writing each Request for Proposal for site-
specific weather forecasting services.

« Have the meteorologist review the bidders and establish a qualified review panel.

» Have the meteorologist make an on-site inspection of each bidder, using criteria for level of
professionalism, adequate staff, etc.

» Use the meteorologist’s advice in making the final selection. Although cost must be a
factor, overriding considerations may eliminate it as the final deciding factor.
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Specific Criteria for a Road-Weather Forecast Service

The selected road-weather forecast service should have

a professional staff of sufficient size to provide the level of support needed;
« knowledge of road-weather forecasting problems, including scale and time;
« a willingness to engage in the development of site-specific services;

+ a comprehensive bias-correcting verification system;

« a willingness to work with DOT maintenance personnel in the development of interactive
service systems;

« rapid and reliable communication systems and a practice of utilizing new technologies as
they come on-line; and,

« if possible, an office in the same geographical area.

Specific Forecast Requirements
General forecasts should be issued and transmitted to the user in the same format and
frequency as those from the National Weather Service. These include three-times-daily

forecasts out to 72 hr as well as all extended routine issuances.

When forecasts call for a 40% or greater probability of accumulating ice or snow, a special
forecast should be issued and transmitted 4 hr in advance of the expected time of occurrence,
updating regularly scheduled forecasts.

The forecaster should use inputs from the user, utilizing telephone or other means of interactive
communication, in order to deal with weather events on a real-time basis.

Forecast Format

The following forecast information should be provided on an hour-by-hour breakdown for an
upcoming 24-hr period and appended to the regularly scheduled and updated forecasts specified

above.
 In graphic format

4 Ambient air temperature
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¢ Road-surface temperature
¢ Dewpoint temperature

* In table format

Precipitation probability

Precipitation type

Precipitation amount

Precipitation rate

Wind direction and speed

Expected road condition, including the potential for frost formation on roadways

LA 2K K 2R B 2

* In a general discussion format

¢ Estimated snow/water ratio

¢ Comments on how that ratio may change during a particular event

¢ Specific starting and ending times for precipitation

¢ Probable cloud cover for the next 24 hr

¢ Changes that may occur in wind direction and speed

¢ Chance of blowing snow and possibility of snow sticking to road surfaces
Updates

Updates should be initiated by the provider or in response to information from the user
whenever changes in any of the following occur

+ time of likely precipitation or frost;

* type of precipitation, expected or actual;

* amount of precipitation, expected or actual;

* road condition, expected or actual;

* actual road-surface temperature deviation of 1.7°C (3°F) from expected state highway agency
monitors (in any case, road-surface temperatures should be updated every 3 hr); and

* any other parameter that affects, or is expected to affect, road condition.

Communication
All current forms of communication should be employed, including hard copy by fax or

computer terminal and interactive discussions by telephone or other means of voice
communication.
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Summary

The requirements for a forecast service and the criteria for actual forecast services in the
foregoing are somewhat stringent. The purpose of this is to engage a selected provider in the
development of road-weather meteorology as a specialty and to facilitate the development of
an interactive service system for maintenance support.

Utilization of Weather Forecasts and Information by Maintenance Offices

In order to respond properly to weather inputs of all types, the decision maker at the
operational level must achieve some degree of practical meteorological expertise. This need
not be a comprehensive training course but should provide that person with enough knowledge
to recognize weather phenomena; to observe, analyze, and recognize the significance of various
reports and depictions; and to apply that knowledge to ongoing events. Experience will make
it possible to initiate strategies quickly without losing time in consultation with a forecaster.

A good working knowledge of meteorology at the operational level is a key to the desired level
of efficiency needed. It is a working part of "nowcasting," discussed below.
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Appendix E

Scandinavian/European Trip Report

Introduction and Purpose of Trip

The Organization for Economic Cooperation and Development report titled "Curtailing Usage
of Deicing Agents in Winter Maintenance" indicated that a number of Scandinavian and other
European countries were experimenting with new and highly promising techniques and systems
that would lead to substantial savings in deicing agents. Some of these new and highly
promising techniques include preventive salting, use of liquid salt, and prewetted salt spreading.

A number of road administrations in the Scandinavian and other European countries were
identified as having successfully practiced these techniques. Also, it was determined that a
number of European spreader manufacturers sell equipment that can be used in these new
techniques.

Therefore, the project team traveled to a number of these countries to discuss their approaches
and the equipment used in their operations. The information which was sought included both
successes and failures and any unpublished maintenance operational data on the effectiveness
of the anti-icing operations. The team planned to obtain operating and performance data on
a firsthand basis without the delays and disadvantages associated with international
communication.

The information and data collected from various road administrations during the visit were used
to help guide the analysis of the 1991-92 winter maintenance data as well as plan the field test
for the 1992-93 winter. The data obtained from the equipment manufacturers were used to
finalize the equipment testing protocols and develop a profile of available equipment and its
expected performance in anti-icing operations.

The project team interviewed road administration supervisors in the United Kingdom, Finland,

Denmark, and the Netherlands and equipment manufacturers in Finland, Denmark, the
Netherlands, and Germany.
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Experience with Anti-Icing Operations

In the countries visited by the project team, preventive salting with liquid salt brine and/or
prewetted salt are considered as anti-icing operations in the United States. Findings included
the practice of applying salt before ice or snow occurs, thereby requiring considerably less salt
to keep roadways clear. This concept was reported repeatedly in the following countries: the
United Kingdom, Finland, Denmark, and the Netherlands.

United Kingdom

In the United Kingdom, the project team met with Mark Ponting, Contracts Manager of
Hereford and Worcester Contracting, who had conducted extensive research and had traveled
extensively in Europe in pursuit of the development of anti-icing methodology for the United
Kingdom. At the present time, he administers the maintenance activities in Hereford and
Worcester counties.

Having been awarded the Winston Churchill Traveling Fellowship in 1982, he spent 5 weeks
in Northern Europe. He visited more than 100 establishments, and at the end of that tour, he
concluded that no measure of excellence or accountability had been achieved and no one line
of research could be identified as being completely satisfactory. In retrospect, he believes that
he should have traveled to the Scandinavian countries instead of to Northern Europe. He noted
that the road administrations in various Scandinavian countries have conducted a number of
winter maintenance operation studies.

Ponting concluded that the only way to reduce salt usage and other resources was to improve
weather forecasting and monitoring. A joint research project was developed with Dr. John
Thornes, head of Meteorological Services at Birmingham University and the Transport
Research Laboratory, Crowthorne, to establish the usefulness of thermal mapping and its viable
application for permanent installation of road sensors.

In 1983, thermal mapping was conducted on 25 routes in Hereford and Worcester counties.
In analyzing the findings, it was determined that the number of potential problem areas was
twice the number identified by experienced maintenance personnel. As a result of thermal
mapping, 12 road weather information system (RWIS) sites were installed in 1986. As a
result, during the winter of 1986-87, the accuracy for anti-icing weather forecasting increased
from 57% to 91%. Since the installation of the RWIS stations and the increase in accuracy
of weather forecasting, the managing contractor has realized a savings of approximately
$240,000. Currently, there are 14 RWIS stations alone in the Hereford area.

The weather forecasting service is provided by the British Meteorological Office. This office
also makes a 24-hr pavement forecast at noon each day during the winter months. The
Meteorological Office uses the "Ice Prediction System," which was developed by Thornes. As
a result of the forecasting model, which is used to predict minimum road surface temperatures
during the winter, highway authorities are improving information used to base decisions on

260



whether to apply salt on a given night. Many highway authorities in the United Kingdom are
claiming that salt consumption has been reduced by about 20% as a result of improved weather
forecasting.

The Hereford and Worcester counties typically have three different winter climate areas. The
Birmingham area is considered a moderate type with up to six freeze-thaw cycles per day. The
western area has a colder climate, while the southern is warm and moist due to the flow of air
up from the British Channel.

The salt used in the area is from a single mine in the United Kingdom. The gradation of
British salt is much finer than the material used in the United States. Salt gradation
requirements are listed in the British Standard (BS 3247). The United Kingdom’s salt has 5%
marl content, which causes it to have a reddish color. In addition, the normal moisture content
of the salt is 5% or greater. Therefore, British winter maintenance services do not prewet their
salt during spreading operations.

British application rates are as follows:

Anti-icing (wet road and drying) > =5°C (23°F) 10 g/m* (130 Ib/lane-mile)
> —10°C (14°F) 20 g/m? (260 Ib/lane-mile)

Deicing 20 g/m* (260 Ib/lane-mile)
Light snowfall, —2°C (28.4°F) > 1/2 in (1.25 cm) 20 g/m® (260 Ib/lane-mile)
>2in (5 cm) 40 g/m?* (520 Ib/lane-mile)

The salt is used until a minimum pavement temperature of —8°C (18°F) occurs. Urea is used
on special structures in the Birmingham area. No calcium chloride is being used in the United
Kingdom due to corrosion.

The contracting firm has performed equipment evaluations and found that the Epoke spreaders,
which are manufactured in Denmark, were the optimum equipment for their use.

Ponting has authored two papers: "A Cost Benefit Study of the Need for Improved Forecasting
and Communications for Effective Highway Maintenance,” dated 1989, and "Hereford and
Worcester County Council - Ice Prediction System," dated September 1986.

The project team also visited the Transport Research Laboratory at Crowthorne. Ian Lancaster
and Marilyn Burtwell of the Road Performance Section were interviewed.

Their section, which has an annual budget of £2,000,000, researches winter maintenance,

surface treatments, and trench reinstatement. In the area of winter maintenance, research has
been conducted or is ongoing on the following:
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+ improved weather forecast ("Open Road");

« assessment of the effectiveness of prewetted salt;

+ development of improved spreading methods;

« measurements of residual salt levels on roadway surfaces; and
+ assessment of alternative deicing chemicals.

The British Meteorological Office provides site-specific weather forecasting. The forecast also
contains the pavement temperature forecast. The product is called "Open Road" forecast and
is provided to approximately 96% of the districts. The Meteorological Office charges for their
services and must compete with the other private vendors in providing weather forecasting.
The computer forecasting model for pavement temperatures resides at the Meteorological
Office.

Maintenance managers in the United Kingdom consider thermal mapping an important tool in
establishing RWIS sites and in estimating pavement temperature distributions between RWIS
locations. The pavement temperature forecast is updated when the pavement temperature
varies by more than 3°C (5.4°F) from the projected values. The team was provided a report
on thermal mapping titled "The Use of a Computer Model to Predict the Formation of Ice on
Roadway Surfaces" by B. S. Parmenter and J. E. Thornes, Research Report 71, dated 1986.

Helmut Scharsching of Austria is developing a microwave radar to detect water and ice on the
roadway surface. The success of the project has not yet been determined. (The results were
reported at the Transportation Research Board’s September 1992 meeting.)

In addition, Surmo Electrics, a French company located at Mels, France, is developing a
pavement sensor to determine the freezing point of the brine. The company had contacted the
Transport Research Laboratory to participate in the cost and development of the sensor, which
they consider to be an active type.

Parmenter of the Road Performance Section has identified theoretical salt spread rates for
particular circumstances. On a well-drained road during and after rain, the thickness of the
water film in a typical instance may vary between 0.5 and 0.08 mm (0.019 to 0.003 in). Thin
films of ice formed by water freezing on road surfaces are usually less than 0.25-mm (0.009-in)
thick, which is equivalent to approximately 0.25 kg (0.55 1b) of ice per square meter of surface.

From tables of concentrative properties of aqueous solutions, freezing-point depression has
been plotted against anhydrous compound weight percent (i.e., grams solute per 100 g [3.5 oz]
of solution) for sodium chloride. An application of salt of 10 g/m* (130 1b/lane-mile) is
sufficient to effect complete melting of an ice film less than 0.25 mm (0.009 in) thick at
temperatures above —2.4°C (28°F). Application of this quantity before the onset of freezing
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will prevent the formation of ice. The freezing-point depression has been tabulated for a range
of different water film thicknesses and for different quantities of salt (see table E-1).

The Transport Research Laboratory has awarded a contract to Silsoe Research Institute, Silsoe,
to develop a spinner to be used for spreading salt. In the past, the design has been empirical.
The study is to be completed by the latter part of December 1993. At the time of the visit, the
firm had developed a mathematical model for a spinner and was developing a prototype. They
were charged with examining the fundamentals of the spinner, including energy of the salt and
the friction between the disc and the salt particles. Preliminary findings indicate that curvature
of the vanes appears unimportant. It is very important, however, where the salt lands on the
disc. The institute hopes to improve the distribution pattern at low application rates.

During salt application, the particles are subjected to air turbulence and air suction behind the
vehicle. To minimize this disruption, the concept of using a fiberglass airfoil is being tested
by the Motor Research Industry Association. This fiberglass airfoil projects above and out on
each side of the rear of the spreader box. Air is forced at the rear, reducing the air suction.

Finland

The project team visited four roadmaster districts in southern Finland. During this visit,
discussions were held on the use of liquid salt and prewetted salt in anti-icing operations. The
various maintenance personnel shared their experiences with liquid salt, equipment, and mixing
units. Also, various spreader equipment was demonstrated.

The Finnish National Road Administration (FinnRA) has established winter maintenance
standards, which determine the level of service that is provided to each highway in Finland.
These standards were reviewed to provide the project team with a perspective of the Finnish
maintenance personnel’s experience with liquid salt and prewetted salt. Their winter
maintenance level of service is based on traffic volume, time of day, and whether snow
plowing or deicing operations are required. Each highway is given a classification according
to traffic volume (ADT) as follows'”:

Highway classification ADT
I Super divided (SK) Freeways
1 Super (S) > 6,000
1 1,500 6,000
11 200-1,500
111 <200

IV Pedestrian and bicycle paths
]
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Table E-1 Freezing-point depression (°C) for different thicknesses of water film and

different salt concentrations.
———_

Water film thickness (mm)

Quantity of

salt (g/m?)* 0.08 0.10 0.20 0.25 0.30 0.50
1 0.7 0.6 0.3 0.3 0.2 0.2
2 1.5 1.2 0.6 0.5 0.4 0.3
3 22 1.8 0.9 0.7 0.6 04
4 3.0 24 1.2 1.0 0.8 0.5
5 3.8 3.0 1.5 1.2 1.0 0.6
6 4.7 3.7 1.8 14 1.2 0.7
7 5.5 44 2.1 1.6 1.4 0.9
8 6.5 5.0 24 19 1.6 1.0
9 7.5 5.8 2.7 2.1 1.8 1.1
10 8.6 6.5 3.0 24 2.0 1.2
12 10.9 8.1 3.6 29 24 1.4
14 13.5 9.9 43 34 28 1.7
16 16.4 11.9 5.0 39 3.2 1.9
18 14.0 5.7 4.5 3.7 2.1
20 16.4 6.5 5.0 4.1 24

| Y
* 1 g/m* = 13 Ib/lane-mile.

Water film thickness of 0.08 mm is equivalent to 80 g of water per square meter.
Water film thickness of 0.25 mm is equivalent to 250 g of water per square meter, etc.
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Example

(a) A water film thickness of 0.08 mm with 10 g/m** of salt will freeze at —8.6°C.

of 0.10 mm " at —6.5°C
" of 0.20 mm " at —3.0°C
" of 0.25 mm " at —2.4°C
" of 0.30 mm " at —2.0°C
N of 0.50 mm " at —1.2°C

(b) If the temperature is expected to fall to —5°C, then the following quantity of salt will be required for
water film thicknesses of

Water film thickness of 0.08 mm will require 7 g/m? salt*

" of 0.10 mm " 8 g/m? salt*
" of 0.20 mm " 16 g/m? salt*
" of 0.25 mm " 20 g/m? salt*

(¢) Crossfall and super-elevation on motorways usually ensure that the road is well drained. Once rain
has ceased to fall, traffic quickly reduces the water film on the road. Assuming, therefore, that the
water film thickness will generally not be greater than 0.25 mm when precautionary salting is being
considered, it would be possible to specify application rates for temperature bands, e.g.

If the temperature is expected to fall to  —2.5°C, the required spread rate =10 g/m**
" —4.0°C, " =16 g/m**
" -5.0°C, " =20 g/m**

When ice has formed, an application rate of 10 g/m? (130 1b/lane-mile) will not be sufficient to
achieve the required increase in skid resistance in a reasonable time. Under this condition, a
deicing application rate of 40 g/m? (520 Ib/lane-mile) should be used.

The density of fresh untrafficked snow is about one-tenth that of ice, so that a 10-mm depth of
snow over a 1-m’ area is therefore roughly equivalent to 1 kg/m? of ice. In practice, it is found
that one-half the quantity of salt required for complete melting will reduce the snow to a state in
which it can be dispersed by traffic, and about 6 g/m? (78 Ib/lane-mile) of salt is required per 10
mm of fresh snow for each degree Celsius that the air temperature is below the freezing point.
When snowfalls of 10 mm or more occur, the temperature is usually higher than -3.0°C.

* 1 g/m? = 13 lb/lane-mile.
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For each highway classification, the Finnish National Road Administration assigns a condition
standard. When the road condition does not meet this standard, it must be restored within a
certain time period to the level required by the condition standard. Slipperiness, snowiness,
and evenness are regarded as variables of the standards. The various condition standards are
given in table E-2.

Quality class

Table E-2 Definition of condition standards .
_—_———_

variable 1 2 3 4 5
Variable |,
slippery
condition
Skid number 0.00-0.15 0.15-0.25 0.25-0.30 0.30-0.45 0.45-0.10
Road surface/  Very icy driving Dry ice or snow  Coarse ice or Bare and wet or  Bare and
texture or otherwise very  path snow path in paths between dry

Variable 11,
snow
condition
Dry frozen
snow
Thawing
sSnow

Slush

Drifting snow

Variable I11,
evenness
Ruts

Other
roughness

slippery

> 50 mm

(1.96 in)

> 40 mm

(1.57 in)

> 30 mm

(1.18 in)

Easy passage or
may be difficult
in some places;
car may become
stuck in
snowdrifts.

> 30 mm

(1.18 in)

Path very uneven
and possible
projecting bumps;
driving speed
must be reduced
and uneven spots
avoided.

< 50 mm

(1.96 in)

<40 mm

(1.57 in)

< 30 mm

(1.18 in)
Projections over
the road or
moderate snow
layer at the road
edges; driving
speed must be
reduced in some
cases.

<30 mm

(1.18 in)

Plenty of worn
spots or
disturbing holes;
driving speed
must be reduced
in some cases.

cold weather

< 30 mm
(1.18 in)
<25 mm
(0.98 in)
<20 mm
(0.78 in)
Projections
over the road;
driving speed
has to be
reduced in
some cases.

<20 mm

(0.78 in)

Path even;
possible
unevenness
does not
actually disturb
driving.

traffic ruts

<20 mm

(0.78 in)

<15 mm

(0.59 in)

< 10 mm

(0.39 in)
Projections exist
to the middle of
the outermost
traffic lane;
generally no
need to reduce
driving speed.

<10 mm

(0.39 in)
Thickness of
path strips on
the road portion
under traffic,
<10 mm

(0.39 in).

X S

Note:

The skid numbers shown are measured using a Coralba friction meter. The vehicle conducting the

friction measurements uses studded tires. Thus, the values given are higher than would be
experienced using non-studded tires.
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Table E-3 shows the target condition values for each highway classification and presents cycle
times. Cycle time is defined as the time elapsed between when a road first falls short of the
condition standard to when it is restored to the level of its "target condition" using appropriate
maintenance measures.

Table E-3 Target condition values and cycle time.

. Target condition Cycle time (hr)
Highway
classification Daytime Nighttime Deicing Snow removal Slush removal
I (SK), I (S) 4 4 2 25 2
I 4 3 2 3 3
1I 3 2 4 4 4
111 2 1 6 6 6
v 3 2 4 4 4

e

The following statistics show the total road salt usages in metric tonnes for Finland from 1985
to 1992. The reported tonnage includes sand mixed with salt. In the mid-1980s, the mixture
rate was 30 to 50 kg (66 to 110 Ib) of sand per cubic meter of salt. Currently, the
recommended rate is 15 to 20 kg (33 to 44 1b) of sand per cubic meter of salt.

Winter Tonnes
1985-86 69,000
1986-87 68,000
1987-88 130,000
1988-89 150,000
1989-90 157,000
1990-91 129,000
1991-92 130,000

The new winter maintenance standards were instituted in Finland in the 1987-88 winter season.
Finland also began to experience very warm winters starting with 1987-88. As a result, salt
usage increased substantially. However, it has been estimated that only 25% to 30% of the
increase in the salt usage was caused by the new standards. It was reported that the 1986-87
winter was a long, severe cold season (around —30°C [—22°F]). With this extreme cold
temperature, no salt was used. In addition, Finland began experimenting with prewetted salt
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during this same period of time. In 1990-91, they began to experiment with liquid salt as a
means to reduce salt usage. Today, the goal is to use only liquid salt and prewetted salt.

The first district visited was the Hyvinkdi Roadmaster District, which is Finland’s second
largest district by area and has the fourth highest amount of traffic in the Uusimaa Road
District. This district has 438 km (272 miles) of public roads, 80% of which are paved, and
37 km (23 miles) of four-lane highways (freeways). Only 200 km (124.27 miles) are treated
with salt during snow and ice operations durirg winter. However, all paved roads are treated
with salt during fall and spring, especially for black ice.

The Hyvink#4 Roadmaster District has developed a method of liquid salt application to a
degree further than the other Finnish road master districts. They emphasized that it is
important to apply only small amounts of liquids (typically, 10 g/m* [130 Ib/lane-mile]) and
then to allow traffic action to dry the pavement. If the road surface remains wet during low
periods of traffic, such as at night, the risk for refreezing is great. In this optimum manner,
it is possible to use liquid salt even at such low temperatures as —7° to —10°C (19° to 14°F).
During the winter of 1991-92, the Hyvinkéé District used about 1,600 tons of salt for about
115 events. In contrast, during the winter of 1992-93, the salt usage was reported at 730 tons
for approximately the same number of events. During both periods, more than 90% of the total
salt usage was in the form of liquid salt.

At that time, the district had only three liquid salt spreaders but planned to purchase two liquid
spreaders in the future. In addition, the district owns six trucks, two motor graders, and three
tractors, and also hires five to nine additional units to help the district with their snow and ice
operations.

The Finnish National Road Administration has developed a procedure for producing a 23% salt
brine solution from dry salt at each of their truck barns. This salt brine is used as a liquid salt
application or as a prewetting agent with dry salt. When they are prewetting salt, the 23%
solution of salt brine is mixed with dry salt at the rate of 30% by weight. This produces a
mixture that has a consistency of a thick soup or cooked oatmeal. Sometimes, they will reduce
the rate of salt brine to 15% or 20% because of the trucks’ limited tank capacity.

Next, the project team visited the Riihimaki Roadmaster District where they heard a
presentation on a groundwater study that was being conducted in the Kymi Road District. It
was reported that average annual salt usage in that district was 20 tons/km. The peak usage
at certain road sections was 30 tons’km. Due to prewetting and new salting policy (more
consideration was given to efficiency of salt application), the District reduced its salt usage last
year to an estimated 10 tons/km.

The Finnish National Road Administration has begun a program of testing and monitoring
water wells for both private homes and public water treatment plants. The Administration tests
to determine the levels of chlorides, nitrate, and ferrous ions in the water wells. For private
wells, the limit for chlorides is 100 ppm, and 100 household wells in the district have values
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over the 100-ppm limit. The municipalities in Finland have recommended that the chloride
limit for public water supplies be less than 25 ppm. The water works standard established by
the Finnish Health Administration is a maximum level of chloride content in drinking water
of 100 mg/L for water works that provide water to more than 200 consumers. According to
one example, it will take 25 years for the chloride level to decrease once the district stops
using salt.

The Riihimdki Roadmaster also outlined his experience with liquid salt application and
prewetting salt. The district has one road weather information station in operation, which uses
data from five other stations from surrounding districts. These data are used to provide
information on when to apply salt to the roadway. This district has used the road weather
information data for 4 years.

In the Riihimaki District, there are 624 km (388 miles) of public roads, of which only 123 km
(76.4 miles) receive salt. During the winter of 1991-92, about 2,060 tons of salt were applied.
From that quantity, 1,010 m® (267,000 gal) of 23% of liquid salt was manufactured and used
on roadways.

Liquid salt is most effective when used for black ice and during preventive operations in the
fall and spring. It can be used as a preventive when the pavement temperature is around 0°
to —3°C (32° to 27°F). Liquid salt has been applied up to 3 hr before the beginning of
freezing or precipitation. It was indicated that when using liquid salt, there is a decrease in the
total amount of salt used. Also, there is an instant melting action of the liquid salt. The small
amount of liquid salt used does not splash against car windshields. The salt stays on the
roadway and does not spread to the shoulders.

Liquid salt is not recommended for use when the pavement temperatures are lower than —5°C
(23°F) nor for application on compacted snow. Normally, liquid salt should not be used with
freezing rain, but at times, the application rate has been increased up to 40 to 60 g/m? (520 to
780 1b/lane-mile). Also, it was reported that liquid salt is less effective on roadways with low
traffic volume (less than 2,000 ADT). Traffic is needed to dry the pavement after the
application of the liquid.

One of the major drawbacks identified with using liquid salt is that continuous visual
observations are required so that refreezing of the road surface will not occur, which may
increase the work of operators. Also, the salt brine corrodes the spreading equipment more
than granular salt; electrical connections are particularly susceptible.

Another concern expressed when working with liquid salt is the attitude of the equipment

operator. The operators must learn to accept reduced application rates and to reapply after
dilution.
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The district has two years of experience using liquid salt in snow and ice operations. Operators
demonstrated two types of liquid spreaders. One uses two spinners, while the other has a spray
bar with nozzles. The operators indicated a preference for the spinner spreader because it has
a faster application speed (up to 70 km/hr [43 mph]), a higher application capability (60 g/m?
[780 Ib/lane-mile] as compared to 25 g/m* [325 lb/lane-mile] with nozzles), and is easier to
mount onto trucks. The operators stated that the spinner equipment was more reliable than the
spray-bar type. Because of the large amounts of impurities in salt brine, they have experienced
problems with nozzle spreader plugging.

For the 1993 winter season, the Riihimdki District purchased a spray-bar spreader. The
operators were able to make comparisons at the district level. The operators reported that the
spray-bar type has been more efficient because it provides sufficient pressure to break up the
ice/snow. The spray-bar spreader uses a greater speed than the spinner type. But its filter and
nozzles need to be kept clean to prevent plugging. The cost of liquid spreader equipment has
become more inexpensive each year.

During the visit to the Raisio Roadmaster Station, it was reported that of the 679 km
(422 miles) of public roads in the district, 174 km (108 miles) are classified as Class I
highways and about 50 km (31 miles) are divided highways (four to six lanes). The station
has seven trucks, six motor graders, and three light trucks in their fleet with a staff of 48
people. Normally, only 28 personnel are used for snow and ice operations. The station has
two Kupper-Weisser, one Epoke, and one Salo 1500 spreader with prewetting facilities. In
addition, the district has three liquid salt spreaders.

During the winter of 1991-92, they experienced 80 events of ice, in contrast to an average
winter of 60 events. The District rarely has no snow events. Based on salt usage reports, it
was determined that the District used 6.45 tonnes/road-km for those 80 events, or a total of
1066.6 tonnes of salt. For the last winter, during 60 of the 80 events, liquid salt applications
of 952 m® (251,000 gal) were utilized. The district has found that when using dry salt, only
10% to 20% of the material remains on the icy roadway due to traffic action and spreader
turbulence.

For black ice or when the pavement temperature is down to —3°C (27°F), the recommended
application rate for liquid salt is 16 g/m? (208 lb/lane-mile), which is equivalent to 4 g/m?
(52 Ib/lane-mile) of dry salt. When the pavement temperature is approximately 0°C (32°F),
the application rate can be cut back to the equivalent dry salt application of 2 g/m’ (26 Ib/lane-
mile). During snowfall, it is recommended that 25 g/m? (325 Ib/lane-mile) of liquid salt be
applied for each centimeter of snow. However, they do not recommend the use of liquid salt
for snow operations.

When the pavement temperature drops below —3°C (27°F), there is a tendency for the liquid
salt to refreeze. In this temperature range, the station uses prewetted salt, which has been
wetted with salt brine at the rate of 30% by weight. Generally, no salt is applied to the
roadway when the temperature falls below —7°C (19°F).
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This district uses both spray-bar and spinner slide-in spreaders for liquid salt application.
Spreader tank capacity varies from 10 to 12 m’ (2340 to 2800 gal). The pump which is used
has a capacity of 260 L/min. With this pump capacity, the operators are able to obtain a
maximum application rate of 65 g/m* (845 Ib/lane-mile) at a spread width of 8 m (26 ft) and
speeds up to 60 km/hr (37 mph). Typically, the units feature speeds of 50 to 60 krv/hr (31 to
37 mph), although some units may obtain speeds of 70 km/hr (43 mph). The district reported
that with speeds above 30 km/hr (19 mph), turbulence occurs and some loss of material is
experienced.

One operator in the Turku Road District, which is part of the Raisio Roadmaster District, is
responsible for the calibration of all the spreaders. This operator visits the various roadmaster
areas within the district each fall to conduct the calibration.

For the spinner spreaders, the pump is ground-speed oriented, but the spinner is rotated at a
constant speed. Generally, a spinner can obtain a spread width of approximately 5 m (16 ft).
It was noted that all the spinner spreaders use two spinners. These spinners have the ability
to adjust the spread pattern asymmetrically or symmetrically.

During the visit to the Kirkkonummi Roadmaster District, the project team was advised that
from November 1991 to April 1992 maintenance personnel made 91 salt applications to the
roadways. If the district had had enough liquid salt available, 80% of those applications would
have been with liquid salt. They also noted that the equipment to make liquid salt did not
become operational until December 1991.

The District Supervisor indicated that Kirkkonummi District has followed the general
temperature range recommendations for the use of liquid salt to a pavement temperature of
—3°C (27°F). When the pavement temperatures are lower than —7°C (19°F), the operators
do not apply chemicals and plow the snow. For this district, the air temperature typically drops
down to —20°C (—4°F), with the average being —7°C (19°F), and precipitation occurs when
the temperature is below —5°C (23°F).

During the project team’s visit, the Kirkkonummi District had four liquid spreaders: one
Weisser spinner spreader and three nozzle spreaders. Of the three nozzle spreaders, one is a
simple nozzle and the others are a first generation of Epoke liquid nozzle spreaders. This
district also has a Weisser spreader, which is used to prewet salt. Based on equipment test
studies conducted by the Finnish National Road Administration this past year, the district plans
to buy a Salo 5000 Combi spreader. The testing has shown that this spreader is the optimum
type for the FinnRA needs.

The Finnish National Road Administration has approximately 160 road-weather information
stations, with the greatest network density located along the coastline. This provides approxi-
mately 1.5 road-weather information stations for each road master district. Each roadmaster
has access to data from all stations in Finland on an hourly basis. The Kirkkonummi District
had just received one station last winter and thus had not yet developed the level of confidence
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that is needed to fully utilize the station in the timing salt applications. However, they
indicated that besides the road-weather information system, they also use weather forecasts.

Summary

The Finnish National Road Administration had 80 liquid salt spreaders last winter and is
purchasing more each year. Two types are used, including one which features a spray bar with
nozzles for the driving lane and three nozzles that apply chemical to the adjacent lane. With
this equipment, either lane or both lanes can be treated. The other type is a spreader that uses
two spinners. From the equipment that was observed and demonstrated, it appears that the
administration’s fleet has approximately equal numbers of each type.

The use of liquid salt appears to be the method of choice for salt application to roadways by
the road masters in Finland. Small quantities (10 to 20 g/m* [130 to 260 1b/lane-mile]) of salt
solution can be applied under controlled conditions. The material is not blown off by traffic
and works immediately. Also, the liquid salt can be applied at a higher rate of speed (60 to
70 km/hr [37 to 43 mph]) compared with dry or even prewetted salt. In addition, liquid
spreader equipment is less costly than solid spreaders.

The limitation of liquid salt is the very limited temperature range (0° to —3°C [32° to 27°F))
at which it can be used. To prevent refreezing when temperatures drop or the brine diluting
and freezing on the roadway, it is necessary to keep plowing slush off the roadway. The effect
of liquid salt is minimal where there is low traffic volume (less than 2,000 ADT) or on packed
snow. Also, there is more corrosion on liquid spreaders than on equipment that spreads
granular salt.

When the pavement temperature is lower than —3° to —5°C (27° to 23°F), the Finnish
National Road Administration recommends that prewetted salt be used to temperatures down
to —7° to —10°C (19° to 14°F). The wetting solution is a 23% salt brine solution, which is
manufactured at each truck station. The salt is prewetted at the spinner at the rate of 30% by
weight. This mixture has the consistency of thick soup, which makes the material stay in place
on the road surface. Again, the need for traffic is required in the use of prewetted salt for
preventive or anti-icing operations. The use of prewetted salt reduces the amount of salt
required because it does not blow away and starts to work more quickly than dry salt.

In Finland, when the pavement temperature reaches —7°C (19°F), no chemicals typically are

applied to the roadway. The snow and ice operation consists only of plowing snow and
sanding at the most critical spots.
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Persons Contacted in Finland

Jarkko Saisto

Vice-Director General

Finnish National Road Administration
Opastinsilta 12A

P.O. Box 33

SF-00521 Helsinki

Finland

Telephone: 011-358-0-154-2002
Fax: 011-358-0-154-2020

Matti-Pekka Rasilainen

Director - Construction and Maintenance
Department

Finnish National Road Administration

Opastinsilta 12A

P.O. Box 33

SF-00521 Helsinki

Finland

Telephone: 011-358-0-154-2576
Fax: 011-358-0-154-3037

Osmo Anttila

Deputy Director - Construction and Maintenance
Department

Finnish National Road Administration

Opastinsilta 12A

P.O. Box 33

SF-00521 Helsinki

Finland

Telephone: 011-358-0-154-2576
Fax: 011-358-0-154-3037

Anne Leppédnen

Project Manager - Road Traffic Services
Finnish National Road Administration
Opastinsilta 12A

P.O. Box 33

SF-00521 Helsinki

Finland

Telephone: 011-358-0-154-3081
Fax: 011-358-0-154-2662

Rauno Kuusela

Chief - Research and Development Unit
Finnish National Road Administration
Kanslerinkatu 6

SF-33720 Tampere

Finland
Telephone: 011-358-31-165-190
Fax: 011-358-31-165-195

Tapio Raukola

R & D Engineer

Research and Development Unit
Finnish National Road Administration
Kanslerinkatu 6

SF-33720 Tampere

Finland
Telephone: 011-358-31-165-190
Fax: 011-358-31-165-195

Kullervo Havu

Inspector - Construction and Maintenance
Department

Finnish National Road Administration

Opastinsilta 12A

P.O. Box 33

SF-00521 Helsinki

Finland

Telephone: 011-358-0-154-2576
Fax: 011-358-0-154-3037

Sven-Ake Blomberg
Provincial Director of Roads
Yliopistonkatu 34

P.O. Box 636

SF-20101 Turku

Finland

Telephone: 011-358-21-677-611
Fax: 011-358-21-677-823

Kristina Mantyld

Director - Institute for Highway and Maritime
Education

Finnish National Road Administration

Itdinen Rantakatu 62

SF-20810 Turku

Finland
Telephone: 011-358-21-677-790
Fax: 011-358-21-677-792
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Teuvo Frindild

Engineer :

Finnish National Road Administration
Yliopistonkatu 34

P.O. Box 636

SF-20101 Turku

Finland

Telephone: 011-358-21-677-504
Fax: ' 011-358-21-677-823

Seppo Helenius

Ty6paallikko

Finnish National Road Administration
Opastinsilta 12B

P.O. Box 70

SF-00521 Helsinki

Finland

Telephone: 011-358-0-154-2942
Fax: 011-358-0-154-2911

Mauno Kuusijérvi

Riihimdki Road Master District
Finnish National Road Administration
P.O. Box 11

SF-11101 Riihimaki

Finland

Telephone: 011-358-143-6080

Timo Koistio

Hyvinkdd Road Master District
Finnish National Road Administration
Nopontie 73

SF-05620 Hyvinkai

Finland
Telephone: 011-358-142-0060
Fax: 011-358-142-0542

Erkki Siltanen

Hyvinkdd Road Master District
Finnish National Road Administration
Nopontie 73

SF-05620 Hyvinkéa

Finland
Telephone: 011-358-142-0344
Fax: 011-358-142-0542
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Pekka Vallius

Geologist - Kymi District

Finnish National Road Administration
P.O. Box 13

SF-45101 Kouvola

Finland
Telephone: 011-358-512-7636
Fax: 011-358-512-3273

Jari Lindroos
Toimitusjohtaja
Salon Terdstyd Oy
Salitunkatu 9
SF-24100 Salo

Finland
Telephone: 011-358-243-160-31
Fax: 011-358-24-333744

Tapani Suomela
Export Chief
Salon Terdstyd Oy
Salitunkatu 9
SF-24100 Salo

Finland
Telephone: 011-358-243-160-31
Fax: 011-358-24-333744

Tero Salonen
Division Manager

Oy Labko AB

Labkotie 1

SF-36240 Kangasala

Finland

Telephone: 011-358-312-855-111
Fax: 011-358-312-855-310

Antti Talvitie

President

Viatek Tapidla

Pohjantie 3

SF-02100 Espoo

Finland

Telephone: 011-358-0-430-11??
Fax: 011-358-0-431-1411



Jaako Rahja Mr. Ojala

Director of Consulting Department Raisio Road Master District

Viatek Group - Consulting Engineers Finnish National Road Administration
Ahvantie 4A

SF-02170 Espoo

Finland

Telephone: 011-358-0-452-1155

Fax: 011-358-0-452-3377

Mr Ylipieti

Kirkkonummi Road Master Administration
Finnish National Road Administration

Denmark

The project team visited the Knabberup Road Maintenance Station, which is the road
maintenance headquarters of the County of Vajen, Denmark. The roadmaster, Mr. Jensen
Kristeian (telephone 75-83-5333), was interviewed regarding Danish winter maintenance
operations. Denmark has a network of more than 200 road-weather stations throughout the
country, of which the County of Vajen has 26. Each of these road-weather stations provides
real-time data every 10 minutes. The data include road surface temperature, air temperature,
humidity, and relative amount of residual salt.

Each county has direct access to data from its own road-weather station. The data are
presented to the roadmaster by various computer screen images. In addition, the roadmaster
has access to very short range weather forecasts, issued every 2 hr, which are valid for 3 hr.
Each forecast is limited to the area of the specific county. The forecast includes measurements
of road surface temperature, dew point temperature, air temperature (at 2 m [7 ft] height),
cloudiness, precipitation, and wind velocity, which are valid for 3 hr upon issuance. The
forecasts, as well as the latest radar images, are available to the roadmaster on a computer.

In Denmark, a conductivity sensor is used to measure the amount of residual salt. This
instrument expresses the road surface condition as the resistance of electric current between
two electrodes in the road surface. A resistance reading of 10 indicates a wet surface and no
salt. A reading of 2 indicates a wet surface with some salt, while a reading of less than 2
indicates a wet surface with more salt. All the road-weather station equipment used in
Denmark is manufactured by Malling Kantrol of Denmark.

Winter weather for the County of Vajen typically includes only about 10 nights per year where
the temperature falls below —6°C (21°F). The county experiences approximately 60
occurrences of snow or ice per year that require winter maintenance services. Most of the
time, however, the temperature during winter will fluctuate just above and below 0°C (32°F).

275



According to the roadmaster, it costs approximately 100,000 Danish Krone for each winter
maintenance service performed. A large percentage of the station’s snow and ice control
equipment is rented. In the event of substantial snow or ice, personnel are required to report
to the road master within 1 1/2 hr of being contacted by telephone. The Knabberup Road
Maintenance Station features a system that automatically calls the operators. The roadmaster
has a large switchboard, that indicates which operators have been called and which operators
are responding. By reviewing the switchboard, the roadmaster knows immediately how many
and which operators are reporting for work.

The roadmaster determines the application rate for salt. The amount is dependent on pavement
temperature and forecast of the pavement temperature. The application rate is normally the
equivalent to 10 g/m* (130 1b/lane-mile) with a maximum of 25 g/m? (325 Ib/lane-mile). It was
determined that 5 g/m* (65 lb/lane-mile) was too small a quantity to work effectively. The
road-weather station system provides an alarm to the road master 2 hr before a storm event.
Operators apply liquid salt up to 2 hr before the beginning of a storm. Generally, one
application is required for frost and/or black ice at the rate of 7.5 to 10 g/m’ (98 to 130 Ib/lane-
mile) of equivalent dry salt. During a snowstorm, no salt is applied and only plowing is
performed. After the snow stops, 15 to 20 g/m? (195 to 260 Ib/lane-mile) is applied. The
maintenance personnel use liquid and prewetted salt for their operations.

At the end of each winter season, a report is sent to the Danish Road Administration, providing
the agency with the number of times snow and ice maintenance operations were performed and
the total amount of salt used in the county.

The Netherlands

The project team visited Mr. Deuss, Minister of Roads and Waterways, at Wolfhezeto, to learn
about preventive salting operations in the Netherlands. In the Netherlands, slipperiness is
caused mainly by the freezing of wet sections of the roadway surface and the formation of a
layer of ice through condensation or frozen fog. Precipitation in the form of glaze ice or snow
occurs only on a limited scale.

Prewetted salt is applied on Dutch national highways. The Dutch reported that this technique
ensures better adhesion of the salt to the roadway surface and thus a minimum of salt is blown
away. The prewetted salt technique alsc speeds up the melting process. With this technique,
solid sodium chloride (NaCl) is generally prewetted with a 16% CaCl, solution. In some areas,
the solid NaCl is used with a 20% NaCl solution.

Preventive salting using prewetted salt is practiced when snow is forecast in order to prevent
the snow from adhering to the roadway. Once this preventive action has been taken, the snow
can be removed easily by plowing. During plowing, further spreading takes place using the
dry salt method.
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The highway authority is able, with the help of the National Weather forecasting, private
weather forecasting services, and local road weather stations, to establish the amount of
precipitation and the time at which a snow front is due to arrive in its area. This permits
preventive salting to be particularly effective before an expected snowfall.

In the Netherlands, a distinction is made between three different causes of slipperiness when
discussing application rates and timeliness:

* slipperiness caused by the freezing of wet sections of road,;
* slipperiness caused by a small amount of moisture (condensation, freezing fog); and
* slipperiness caused by precipitation.

If the temperature falls following a period of precipitation, the areas of the roadway that are
still wet may freeze. Preventive salting is carried out using a quantity of 7 g/m? (91 lb/lane-
mile) of prewetted salt. This is composed of 5 g/m* (65 Ib/lane-mile) of dry NaCl and 2 g/m>
(26 1b/lane-mile) of liquid solution (16% CaCl, solution or 20% NaCl solution). Therefore,
if the solvent (water) is not counted, about 5.5 g/m* (72 lb/lane-mile) of prewetted salt will be
spread on the road.

Under certain temperatures and humidity conditions, ice may form on the roadway surface as
a result of condensation and freezing. Following a cold period in particular, condensation
forms rapidly, owing to the cold buffer that has built up in the subgrade. If air saturated with
moisture contacts road surface temperatures below freezing when the air temperature is just
above freezing, a considerable quantity of moisture may condense and freeze on the roadway
surface.

This type of slipperiness will occur at unexpected moments and is also difficult for drivers to
see. Preventive salting using the prewetted method (7 g/m® [91 Ib/lane-mile]) is used on
highways with sufficient traffic. The spreading is repeated depending on the quantity of
freezing fog or condensation. In addition, if traffic volumes are low, such as at night, it is
generally necessary to carry out spreading operations more often.

In the event of snowfall, preventive salting action is taken to prevent the snow from adhering
to the roadway by applying 15 to 20 g/m* (195 to 260 lb/lane-mile) of thawing agent using
prewetted salt techniques. During the snowfall, the roadway is kept as clear as possible by
snow plowing and by spreading 15 to 20 g/m* (195 to 260 Ib/lane-mile) of salt using the dry
salt method. After the snowfall, the remaining snow generally is easy to remove with snow
plows and by spreading 15 to 20 g/m* (195 to 260 Ib/lane-mile) of salt. Conditions such as
traffic intensity, the quantity of salt, and the quantity of precipitation determine the surface
conditions of the roadway. In applying the prewetted salt, the maximum application speed is
40 km/hr (25 mph) so that air turbulence does not blow the material off the roadway. It was
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also noted that the maintenance forces use prewetted salt down to a temperature of —15°C
(5°F) and dry salt down to —7°C (19°F).

The road weather stations employed in the Netherlands have sensors that measure air
temperature, pavement temperature, wind speed and direction, humidity, a sub-probe
temperature, and the conductivity of the brine on the roadway surface. Each station has four
pavement sensors, two per each direction, which are located in the wheel tracks. The sensors
are polled for data every 15 minutes.

The conductivity measurements have a range of readings from 0 to 500. Readings less than
4 indicate that no action is required. Readings between 4 and 100 indicate humidity or
moisture presence, but no salt presence. Readings over 100 indicate wet pavement and the
presence of salt.

The road weather stations feature screen displays where pavement temperature and dew point
curves are displayed for the past 8-hr period for each sensor. The road weather system can be
programmed to warn the road master of possible problems. The alarm situation is determined
by the slope of the pavement temperature curve in the area of 0°C (32°F).

There are 10 road weather stations in the area of Wolfhezeto, which have access to the data
from the adjacent areas. This provides the road master with real-time information. In addition,
a private weather forecasting vendor provides radar images. The road master can download
100 frames, which can be used for looping. This information is useful in scheduling preventive
salting operations.

The Dutch began using thermal mapping in 1991 on a number of kilometers of roadway.
Since the temperature is usually in the range of 0°C (32°F), thermal mapping is used to
indicate the sections of roadway that should receive preventive salting.

Most of the equipment used in their snow and ice operations is manufactured by Nido, a Dutch
firm. Thus, the road master has an equipment contract with the manufacturer to do all their
required equipment repairs. Nido does preventive maintenance on the equipment during the
summer months, which eliminates excessive downtime due to equipment failure during the
winter season. This method helps the road master limit the number of mechanics needed to
keep his fleet operational.
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Sweden

The project team met Kent Gustafson and Gudrun Oberg of the Swedish Road and Traffic
Research Institute and Lennart Axelson of the Swedish National Road Administration. Because
of scheduling conflicts, the project team was not able to visit Sweden. The Swedish National
Road Administration has conducted the MINSALT project, in which they determined ways of
reducing salt usage. This meeting provided information on the Swedish anti-icing approach
and methods used in conducting the MINSALT project.

In Sweden, anti-icing operations are called preventive salting. This operation uses either liquid
salt brine or prewetted salt. Liquid salt brine is best used for anti-icing involving black ice and
for highways with large traffic volumes (over 6,000 ADT). Liquid salt brine application
generally is performed during night hours when traffic volume is low. The Swedes also did
not recommend using liquid salt brine during precipitation. The Swedish National Road
Administration has 100 units that can spread liquid salt brine.

With a storm approaching, they recommend using prewetted salt instead of liquid salt. The
salt can be wetted by either of two methods: at the spinner with a 30% amount of the dry salt,
or by applying water to a salt load when loading the truck. The rate of applied water is 80 to
100 L (19 to 24 gal/ton) per ton of salt. The recommended maximum size of the load is 2 to
3m’ (3 to 4 yd?).

The application rate for preventive salting is 5 to 10 g/m? (65 to 130 Ib/lane-mile). During a
storm, the rate can increase up to 40 to 60 g/m* (520 to 780 lb/lane-mile) with the normal
application rate of 20 g/m’ (260 Ib/lane-mile) for each application. The Swedes determined
that rates above 60 g/m’ (780 Ib/lane-mile) are not effective and are wasteful. The minimum
effective working temperature range for prewetted salt is between —8° and —10°C (18° to
14°F). At times, they have used prewetted salt effectively with temperatures as low as —12°C
(10°F). Various gradations of salt were tested in Sweden. They found that a maximum size
of 3 mm (0.12 in) is the best. They also tried a gradation with a maximum of 2 mm (0.08 in),
which was unsuccessful. Salt with maximum gradation of 2 mm (0.08 in) exhibited problems
with tunneling above the auger(s) in the spreaders.

Different SOBO-20 readings were obtained when measuring chemical residues containing
either NaCl or CaCl,. The residual chemical must be in solution in order to obtain an
appropriate measurement. The Swedish operations personnel noted that the measuring location
is very important in determining the amount of chemical residue and that a large number of
measurements should be taken to determine the amount of residue. They also found that
measurements cannot be made on rough surfaces.

Friction measurements are used only for research purposes and are not used by operations
personnel. Swedish operations personnel noted that it is difficult to set values that can be used
as an operation standard. Although the Coralba friction meter has been researched and
developed in Sweden, operations personnel stated that too many variables exist when using the
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device. A Saab friction tester car or a BU 11 trailer has been used to measure skid resistance
on various pavement conditions at various speeds. These data have been compiled in a report.

The maintenance personnel use RWIS equipment in their decision-making process. Pavement
temperature trends are important in indicating application rates to be used during salting
operations. This information helps reduce salt usage. They recommend the calibration of the
spreader equipment to control salt usage. Still, Swedish public opinion is that the Swedish
National Road Administration is oversalting.

Salt Gradations Used in Various Foreign Countries

Salt is the major chemical used in snow- and ice-control operations. It is used as a salt brine
in liquid application and as a prewetting agent with dry salt. Dry salt is also used, but its use
is decreasing as the method of using prewetted salt becomes better understood.

Three different procedures are used in salt extraction. Solar salt is extracted from seawater
using the combined action of the sun’s heat and wind. The concentration is gradually increased
in ponds where the salt crystallizes and settles. The salt is collected mechanically, then washed
and stored. Rock salt is extracted from salt deposits by conventional mining methods, then
crushed. Vacuum salt is extracted on site by dissolving rock salt in water injected into narrow
wells bored into the salt deposit. The recovered brine is evaporated, causing the salt to
crystallize into small, regular, rounded grains.

Typical characteristics of solar salt include large and irregular grain size with high to very high
moisture content and an average amount of impurities. Rock salt’s grain size has a wide
distribution (up to 5 mm [0.2 in]) with very low moisture content (< 0.1%) and low to high
amounts of impurities, depending on the type of deposit. Vacuum salt’s grains are small and
even (around 0.6 mm [0.02 in]) with average amount of moisture (approximately 2.5%) and
low amounts of impurities.

Grain size distribution has a marked effect on the effectiveness of salt spreading. Fine grains
cause rapid melting at the surface, but their penetration is inadequate. Large grains penetrate
to the road surface, causing the snow and ice to soften under traffic loads. The large grains
(3 to 5 mm [0.12 to 0.2 in]) take longer to dissolve and therefore require a longer time to take
effect. This is shown in figure E-1. In addition, there is more loss during spreading operations
because some large grains bounce onto the road shoulder. Likewise, very small grains (below
0.16 mm [0.006 in]) are also unsuitable because they blow off the pavement in passing traffic
and wind.

During the numerous interviews with the winter maintenance personnel in Scandinavia, it was
reported that almost all salt is prewetted before being applied. A liquid salt brine is mixed
with dry salt at the rate of 30% by weight. This produces a mixture that has an oatmeal
consistency. With this consistency, the salt is spread more uniformly with less waste along the
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shoulders of the roadway. Also, the material adheres better to the roadway surface. The
prewetted salt has a quicker effect and can be used at lower temperatures. In addition, the
spreading speed can be increased because the material does not appear to be affected as much
by spreader air turbulence. In some cases, the roadway surface dries out more quickly.

However, when MNDOT attempted to moisten salt at the rate of 30% , a large amount of free
liquid resulted. Therefore, a review was made of the Finnish salt specification to determine
its difference from the U.S. specification.

Recently, the Finnish National Road Administration revised its specifications for rock salt after
conducting studies in 1989 on the effect of gradation. The administration found that a finer
gradation provided a better result with prewetting operations. The existing standard required
100% passing a 6-mm (0.24-in) sieve, while the revised standard requires 100% passing a
5-mm (0.20-in) sieve, as given below:

5 mm 4 mm 3 mm 2 mm 1 mm . 500 um

100% 90%—100% 70%—100% 40%—90% 15%—-55% 3%—25%

As a comparison, the U.S. (ASTM D632, Type I) specification for salt gradation is

19.0 mm 12.5 mm 9.5 mm 4.75 mm 2.36 mm 600 pm

100% 100% 95%—100% 20%—-90% 10%—60% 0%—15%

The British Salt Standard (BS 3247) has specifications for two different grades. The road
authority feels that compliance with the gradation will enhance the spreadability of the salt for
spreading for the treatment of snow and ice. The gradation requirements are expressed as
percentage passing:
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10 mm 6.3 mm 2.36 mm 300 um
Rock salt
Coarse 100% 75% to 95% 30% to 70% 0% to 20%
Fine 100% 30% to 80% 0% to 20%
10 mm 6.3 mm 1.18 mm 150 pm
Vacuum salt
Coarse 100% 0% to 80% 0% to 10%
Fine 100% 100% 0% to 30%

The moisture content of the salt on delivery should not exceed 4%. Due to the high humidity
in the southern part of the United Kingdom, the salt, when held in covered storage compounds,
obtains an optimum moisture content of 5% at the time of spreading.

The Swedish have conducted studies that demonstrate that the salt’s origin has little influence
on its melting effect. The grain size distribution, on the other hand, is of more importance.
With preventive spreading on thin ice and layers of rime frost, a larger proportion of fine-
grained salt is probably more advantageous while more coarse salt could be more efficient in
producing slush during a snowfall and on less-compacted layers.

Based on the aforementioned information and other reports from various European countries,
an ideal salt grain size used in winter maintenance ranges from 0.16 to 3 mm (0.006 to
0.12 in), with a low percentage (maximum 5%) of the fraction below 0.16 mm (0.006 in) and
of the fraction from 3 to 5 mm (0.12 to 0.2 in). It is not advisable to use grains larger than
5 mm (0.2 in). Given the deep-acting effect of large grains (3 to 5 mm [0.12 to 0.2 in]),
however, some countries impose a mandatory fraction of at least 5% of these large grains.

Foreign Testing Protocols

Numerous foreign sources were contacted by letter to obtain information on various types of
anti-icing equipment and their testing procedures. Follow-up interviews were then held with
a number of manufacturers in various European and Scandinavian countries. A number of
these governments require spreader equipment manufacturers to demonstrate that their
equipment can control and monitor the application rate and spread pattern before the equipment
can be marketed.

The testing protocols have been paraphrased for better understanding. The British, Danish, and
German protocols are as follows.
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Figure E-1 Time taken by salt grains to dissolve in contact with ice at
different temperatures.
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British Standards for Spreaders

The British have a standard specification®® with which all spreaders used for winter
maintenance in England must comply. Within the standard specification, there are five
different classifications for spreaders. The particular classification is dependent upon where
the spreaders are used for winter maintenance. The first two classifications of spreaders are
for those used on highways. Class Al spreaders are capable of a symmetrical and
asymmetrical width of spread of 11 m (36 ft) at all speeds up to 70 km/hr (43 mph) and have
a speed-related drive. Class A2 spreaders are capable of a symmetrical and asymmetrical width
of spread of 11 m (36 ft) at all speeds between 8 and 70 km/hr (5 to 43 mph) and have a
speed-related drive. Both classes of spreaders are required to be capable of nominal coverage
of salt between 5 and 40 g/m? (65 to 520 Ib/lane-mile) in increments not exceeding 5 g/m* (65
Ib/lane-mile) and are required to be appropriately marked at the control point. The width of
spread is required to be adjustable between 3 and 11 m (10 to 36 ft) in steps not exceeding 1
m (3 ft). It is necessary to make this adjustment while the vehicle is in motion. Another
requirement is that the axis of the main zone be adjustable between the symmetrical and the
extreme asymmetrical position in steps not exceeding 1 m (3 ft). The height at point of
distribution, when fully laden, must be between 300 and 350 mm (12 to 14 in) above road
surface.

Requirements for Spread Pattern Performance

Accuracy of Nominal Coverage. The total mass of salt collected on the main zone, margins,
and verges (i.e. shoulders) for the nearly empty-load and full-load runs at the same nominal
speed should not differ from the calculated total by more than £10%. The total mass of salt
collected on the main zone, margins, and verges shown in figure E-2 during the nearly empty-
load and full-load runs at 20 km/hr (12 mph) are not to differ from the total mass collected on
the runs at 40 km/hr (25 mph) by more than +10%.

Overall Variation in Coverage. The total mass of salt collected for the nearly empty-load
run should not differ from the mass collected for the full-load run (at the same speed) by more
than +10%.

Accuracy of Longitudinal Coverage. The total mass of salt collected on any one transverse
strip after one run should not differ from the mean mass collected on the three strips A, B, and
C shown in figure E-2 after that run by more than +20%.
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Accuracy of Coverage of Main Zone. The total mass of salt collected on any one sample
rectangle on the main zone after one run is not to be less than 50% nor more than 200% of the
mean mass collected on all the sets of sample rectangles on the main zone for the nearly
empty-load and full-load runs at the same speed.

Accuracy of Coverage on Margins. The mean mass of salt collected on either margin after
one run should not be less than 25% of the mean mass collected on all the sets of sample
rectangles on the main zone for the nearly empty-load and full-load runs at the same speed.

Waste. The total mass of salt collected on either verge for the nearly empty-load and full-load
runs at the same speed is not to exceed 0.5% of the total mass collected on both those runs.

Spread Pattern Performance Test

General. The test consists of two runs: the first run is conducted with the hopper nearly empty
(1/10 full) while the second is run with a full hopper. Both runs are conducted at 20 and 40
km/hr speeds (12 and 25 mph), making four runs altogether. On each run, samples are taken
by collecting the material from three transverse strips marked in rectangles, which are spaced
50 m (164 ft) apart. The mass of salt collected on each sampling rectangle is recorded, and
the records are then analyzed to show the characteristics of the distribution overall —
longitudinally and transversely. A balance accurate to 0.1 g (0.004 oz) is used in order to
eliminate an avoidable error, this being about 0.5% of the smallest nominal amount deposited
on a margin. The effect of even a slight wind on the fine particles is considerable, and the test
should therefore be carried out on a still day.

Test Site. The test should be carried out on a straight length of roadway. This should be as
flat as possible with a cross slope not exceeding 1 in 40 to avoid distortion and large particles
rolling. The roadway should be long enough for the spreader to accelerate to and maintain test
spreads of 20 and 40 km/hr (12 and 25 mph) before entering the first test strip and to stop after
leaving the third test strip; the roadway’s minimum length should be 320 m (1,050 ft), of
which 175 m (574 ft) should be before the first test strip.

The width of the strips is 8 m (26 ft) for the main zone, 1.5 m (5 ft) for each margin, and 2 m
(7 ft) for each verge, for a total width of 15 m (49 ft). The breadth of the strips is 1 m (3 ft).

Test Material. Rock salt, complying with BS 3247, should have a moisture content of 4%
+ 1%.
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Procedure.

1.

Mark out the test site as indicated in figure E-2. Ensure that the surfaces of the test strips
are dry.

Sweep the transverse strips and 2 m (7 ft) on both sides of each strip until a negligible
amount of salt is left on the surface.

Set the spreader for a nominal coverage of 10 g/m’ (130 1b/lane-mile) and for a spread
width of 11 m (36 ft). Fill the hopper to 1/10th of its capacity with test salt or with a
sufficient amount for the test length plus 100 m (33 ft), whichever is greater.

Drive the spreader straight along the test length at the speed of 20 km/hr (12 mph) in the
appropriate position in relation to the axis (or edge) of the main zone for symmetrical or
asymmetrical spreading.

Carefully collect the salt on each verge, margin, and sampling rectangle, and weigh it on
a balance accurate to 0.1 g (0.004 0z). Record the masses (in grams) on a form similar
to that shown in table E-4.

Fill the hopper or vehicle to capacity, sweep the test site as in step 2, and repeat steps 4
and 5.

Repeat steps 2 through 6 at the second test speed of 40 km/hr (25 mph) without changing
the coverage setting.

Requirements for Discharge Performance

When tested by either static discharge performance or road discharge performance, the
calculated rate of discharge should be within +2 g/m? (26 1b/lane-mile) of the nominal rate of
discharge set.

Static Discharge Performance Test

1.
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Fill the hopper or vehicle with sufficient test salt. Jack the driving axle of the test vehicle
off the ground and disconnect the spreader from the feed. Check the nondrive wheels.

Set the spreader for a discharge rate of 10 g/m’ (130 lb/lane-mile) and a speed of
48 km/hr (30 mph). Then measure the mass of salt discharged into a receptacle in 2 min.

Carry out the test in step 2 for a spread width of 5 m (16 ft), increasing by 1 m (3 ft) to
the maximum width of the spreader.



*3J1S 159) JO Inokey Z-q danSiy

287

.-\/\ A
)\ \/\ we efien 1ybiy /\
\/\ \(\Irl..|\ >
; wg't|  wbrew ybiy ><
"\ NV %
v N ¥
™\
] -+|eiBuewey |— peaidg|
buydweg jo|=
] wge ) £ 3
Surpeaids [eoLOWWAS JO SIXY /,,. .m auoz urep yipm
euoz ureul jO Sixy ] - 1
e — oW e— PA
WwQS | 0} WQS . " wos " wos | P " WOSE 0) WSZ | 7
/ N VAN A )
/ \% y / wg'|  wbiew ye \//\
/\ / we ebienA Yo /\
\/ 7\ A\ Nt
9) g v
duis duis dujs
S ___ Kempeos jo ebpe

puey 16| psuwnssy - [oAB)) Jo uonoaq




Table E-4 Typical record form of test for spreader (mass of salt actually collected,
in grams, to one decimal place).

RAun and strip Collectad on verges Collocted on marging Collected on main zone Tetal
sampling rectangles oollected
Left Right Total Lett Right Total 1 2 3 4 Towl xXty+z
x y 2
First A
(1710 full)
Cc
Total first run (A)
Second A
(full)
8
(o
Total second run (8)
Total both runs (E) {D) (c)
Means - - - (F) (H) - - == t- ]G} -
MBKEBS ..ccceenrecneecnracsecsnsansenss TYPE ecccrsorcsscssnsssvnsannssastianaasesssassarssssassossee [l SO
Tested 8T ceceecenecienrencas km/h  Width of spread ...coccccoeeenennenee vee @ Symmetrical®
Asymmatrical®
COvErage .....cceceeeecrenes g/m? Wind spoed ....... kavh at 2 m above the ground
Place of test ....cccivreinninncnnns
Date of teST ..eueveneereceencrnncennn SIGNATUPE .eeeeeerierssosrasearaoncsssnsronssssssasssssnsaasass
Testing authority responsible fOr tEIT ....cccvciiiiiiiiimeiiiiniiensnnecneentoncacecneasssneccnsencens
NOTE. Latters in psrenthesas indicate the totals snd maans used in the formulse in table 4.
*Deiote s spproprists.
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4.  Calculate the rate of discharge.

Road Discharge Performance Test

1. Set the spreader for a discharge rate of 10 g/m? (130 Ib/lane-mile) and for a width spread
of 6 m (20 ft). Fill the vehicle or hopper with sufficient test salt.

2. Weigh the loaded vehicle on a permanent or portable scale.
3. Carry out a normal spreading run with a width of 6 m (20 ft).

4. Spread a known route length, then reweigh the vehicle and the remaining load, making
allowance for the fuel used. :

5. Calculate the rate of discharge.

Danish Spreader Testing

General

The state’s Agricultural Test Centre at Bygholm has developed and tested a new collection
method for wetted salt. Earlier spread pattern test procedures consisted of collecting spread
dry salt in trays with grates. This collection method was unsuitable for wetted salt. As a
result, a wet vacuuming procedure was used to collect the spread salt. This process also
enables the test to be carried out on an asphalt surface, which was deemed desirable. The
collection method was developed for a Danish spreader manufacturer. It is not known if the
procedure has been accepted as a standard protocol.

Tests consisted of stationary dosage tests to examine the accuracy of the dosage with different
control settings of the spreader as well as spreading tests at different speeds and spreading
settings. The developed testing procedure was conducted to acquire a working knowledge of
the fundamental spreading pattern, which could be expected when planning to salt.
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Purpose of the Tests

The purpose of the tests was to look at the importance of the following elements in connection
with salt spreading:

 spreader equipment,
* type of salt,

* dosage,

+ spreading width,

* wetting,

» speed.

Other factors, such as wind velocity and direction, influence of traffic, and condition of the
road (roughness, moisture, etc.), which also are important for the spreading pattern, were not
included in the tests.

Extent of the Tests

Spreader. The spreader model tested, which was chosen in consultation with the operators,
was expected to become standard equipment for Denmark.

Salt Types. For the spreading tests, two types of salt were used, namely, vacuum salt and rock
salt. The vacuum salt has a median size of 1.3 mm (0.05 in), with a moisture contert of 2.9%.
The rock salt has a median size of 1.3 mm (0.05 in) and a maximum size of less than 4 mm
(0.15 in). The rock salt’s moisture content is 0.5%. When testing with moistened salt, the dry
salt amount is automatically reduced to 70% and brine is added at the rate of 30% by weight.

Spreader Testing. The salt spreader tests included a stationary test of the dosage accuracy
for the spreaders at different spreading adjustments (dosage) and tests of spreading patterns at
different speeds and spreading adjustments (spreading widths).

Dosage Test. The dosage test was carried out under stationary conditions. For equipment with
a fifth-wheel drive, an electric motor was used to turn the spreader’s driving wheel at an
equivalent speed of 50 km/hr (31 mph).
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For the dosage test, two collections were made lasting 15 seconds each (equivalent to a road
length of 208 m at 50 km/hr [682 ft at 31 mph]) for each adjustment. The dosage tests are
conducted with rock salt and vacuum salt, respectively, with and without wetting, and with 6
and 10 m (20 and 33 ft) spreading widths, respectively. The tests involved a total of eight salt
combinations. For each type of salt combination, moistening and spreading widths were
conducted with salt dosages of 5, 10, 15, 20, and 30 g/m? (65, 130, 195, 260, and 390 Ib/lane-
mile). A total of 40 tests was conducted for each piece of equipment.

Spreader Pattern Tests. The tests for the spreading patterns were conducted at a test site with
an asphalt surface and an area of approximately 600 m (1,969 ft) long and over 10 m (33 fv)
wide. Within the test area, a range of measurement was established by laying out a grid
pattern, which was 5 m (16 ft) long and had 10 sections 1 m (3 ft) wide. In addition, a
marginal zone on each side of the grid pattern was established in which the amount of salt that
fell outside the range of measurement was collected.

During the test, the spreader vehicle drove with its right front wheel 1 m (3 ft) from the edge
of the lane. This is equivalent to placing the center of the spreading disc 2.2 m (7 ft) from the
right edge of the range of measurements. All the spreading tests were carried out with an
asymmetric spreading equivalent to the adjustments of step 1 (on the previous page) on the
control units. At each test, the wind velocity and direction were measured. The tests were
conducted with wind velocities below 3 m/sec (10 ft/sec) across the range of measurement.

The spreading pattern tests were conducted with rock salt and vacuum salt, respectively, with
and without moistening, for a total of four combinations. The basic control settings for each
of these combinations were a spreading width of 6 m (20 ft), a dosage of 10 g/m? (130 Ib/lane-
mile), and a speed of 50 km/hr (31 mph). Additional spreading tests were conducted with
control settings of a 10-m (33-ft) spreading width and a 20 g/m® (260 Ib/lane-mile) dosage.
Furthermore, tests were conducted where the speeds were changed to 30 km/hr (19 mph) for
dry salt and to 70 km/hr (43 mph) for moistened salt.

Method Used to Determine the Spread Amount of Salt. A carpet sweeper was used to
collect the salt and brine. The carpet sweeper simultaneously sprays clean water while it
vacuums the saline solution. For salt and brine collection, a wash/draghead 0.3 m (0.98 ft)
wide was used. This machine features a clear-water reservoir and a tank for the captured
liquid, both with a capacity of 32 L (34 qt).

After vacuuming the saline solution from the test area, the operators determined salt content
by the following process:

1.  Diluting the collected liquid to a predetermined solid volume.

2. Removing of a 25-mL sample.
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3. Adding of 7 drops of calcium chromate.
4.  Titrating with of silver nitrate.

The amount of silver nitrate necessary to produce a color change in the liquid is directly related
to the salt content.

A number of preliminary tests were conducted to determine the accuracy of the analysis.
These tests indicated an average deviation of 2.5% from the true amount of salt.

Test Results

Dosage Tests. The dosage test results for each salt type appear as the deviation of the salt
amount in percentages compared with the theoretical salt amount in grams per square meter
(see figure E-3).

Spreading Pattern Test. For each test, the average amount of salt was reported in grams per
square meter for each section within the range of measurements and in the marginal zones (see
figure E-4).

German Standards for Spreaders

General

The Federal Republic of Germany has developed technical specifications and standards for
winter spreader equipment”’. These standards address such factors as technical data for
equipment position, equipment height, draw gear, safety protection, and spread-material output.
Within the spread-material output standard, requirements and procedures for dosage rate and
spread pattern are detailed.

The dosage rate addresses the variables of spread density, spread width, and speed. The spread
pattern addresses the distribution of the spread material on the roadway surface.

The German government is currently developing standards for spreading prewetted salt.
Therefore, only draft standards are currently available.
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Dosage Rate Determination for Spreaders

General. The amount of material released from the spreader in a unit of time depends on the
spread density (SD [g/m?), spread width (b [in meters]) over which the material is to be
dispersed, and on the speed (v) of the spreader vehicle (km/hr).

Using the lower and the upper limits of these variables, a three-dimensional operational space
is described within which all possible operating points lie (figure E-5).

The position of the principal operating level H (H = most frequent) is determined within the
operational space by the values of the operating parameters (spread density, spread width, and
speed) at which the spreader will most frequently be operated.

Control settings for spreading chemicals must be continuous or in steps of at most 5 g/m*
(65 1b/lane-mile). Selections of spread width spread width must be in maximum increments
of no more than 1 m (3 ft).

Requirements for Dosage. The requirements for dosage exactness are related to the percent
deviation ASD between the measured and control settings of spread density SD:

. Dosage rate of the material is to be regulated so that the selected spread density remains
constant over the vehicle’s operational speed range.

. The spread density cannot change with changes in the spread width.

«  When the dosage rates are measured and calculated in accordance with the Dosage Rate
Test section below, the deviation (ASD) of the effective spread density from the control
setting value must be less than +6%.

. The operating ranges for spread width, spread density, and speed must correspond to the
appropriate application range, spread material, and spread process. The principal values
are presented on the following page for the determination of the test points to be used in
the Dosage Rate Test section below.

. For use with prewetted salt, the solvent portion may not deviate more than +20% from
the nominal value.
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Spread width (b)

Salt spread width for b highest

Abrasive
<8m >8m spread width
b lowest (m) 2 (3% 3 (4% 2
b most frequent (m) 4 (6%) 10 3
b highest (m) 8 12 4

* Test limit-value deviating from the operation limit-value during application tests.

Spread velocity (v)

Dry salt Prewetted salt Abrasives
v lowest (km/hr) 3 (10%) 3 (10%) 3 (10%)
v most frequent (km/hr) 30 50 20
v highest (km/hr) 40 60 30

Spread density (SD)

Dry salt Prewetted salt Abrasives
SD lowest (g/m2)** 5 5 (10%) 80
SD most frequent (g/m?)** 20 10 150
SD highest (g/m?)** 40 40 (20%) 300

* Test limit-value deviation from the operation at limit-value during application tests.
** 1 g/m? = 13 Ib/lane-mile.
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Dosage Rate Test

General. The amount of material released from the spreader is tested for accuracy to determine
conformity with the Requirements for Dosage described above. The testing is conducted by
using the following combinations of control setting values (see previous page):

Test Spread Width

Condition
I b most frequent v most frequent SD most frequent

Spread Velocity Spread Density

(principal operating point)

11 b lowest v lowest SD lowest
II1a b highest v highest SD most often
IITb b highest v most frequent SD highest

In addition, the following individual control functions are to be measured for the test:

Test parameter Spread Width Spread Velocity Spread Density
being evaluated
b lowest b lowest v most frequent SD most frequent
b lowest b highest v most frequent SD most frequent
v lowest b most frequent v lowest SD most frequent
v highest b most frequent v highest SD most frequent
SD lowest b most frequent v most frequent SD lowest
SD highest b most frequent v most frequent SD highest
Test.

1.  Fill the spreader halfway with the type of spread material for which the dosage rate is
being measured.

Operate the spreader over the test course.

3.  Determine the control setting values from those combinations given above.
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4. Establish distance for the spreader vehicle to travel during the measurement. The
minimum amount of spread material collected for a test should be 10 kg (22 Ib), and the
travel distance must be greater than 100 m (328 ft). The recommended values for various
spread materials are given in attachments on page 297.

5. For each combination of control setting values, take at least two separate measurements
which meet the following condition:

SD maximum - SD minimum <02
0.5 (SD maximum + SD minimum)

6.  Evaluate the measured results with the Requirements for Dosage section.

Spread Pattern Performance

General. The spread pattern test is conducted at a speed of 20 km/hr (12 mph) with control
settings of spread width of 4 m (13 ft) and spread density of 20 g/m? (260 1b/lane-mile).

With its hopper loaded to approximately half capacity, the spreader is driven over a marked
grid system spreading dry salt. The salt samples are vacuumed into paper filters from the
surface of the grid system. The mass of the salt vacuumed from each sampling rectangle is
weighed to an accuracy of 0.1 g (0.04 oz) and then recorded. The data are analyzed to show
the characteristics of the distribution overall, both longitudinally and transversely.

Test Site. The test should be carried out on a straight length of roadway. The roadway should
be as flat as possible with a cross slope not exceeding 1 in 20. The roadway should be long
enough for the spreader to accelerate to and maintain the test speed of 20 km/hr (12 mph)
before entering the first test strip and to stop after leaving the third test strip.

The test area surface should be asphalt concrete, exhibiting a macro roughness as experienced
in the middle of the roadways. The mean roughness has a depth of 0.5 + 0.3 mm (0.02 +
0.01 in) as calculated by the sand patch method, according to "Protocol for Combined Anti-
Skid and Roughness Measurements with Pendulum-Device and Flow Meter."

A grid system, consisting of strips, is marked out on the test area in accordance with
figure E-6. The width of the strips for salt spreading is 6 m (20 ft) for the nominal spread
width and 1 m (3 ft) for the overspreading rectangles, for a total width of 8 m (26 ft). This
test width can be extended to 12 m (20 ft) for wider spread width applications. Capture walls
(dimensions of 2.5 m [8.2 ft] long and 300 mm [12 in] high) are placed along the outer edge
of the overspreading rectangles. The length of the strips (in the direction of travel) is 2 m (7
ft).
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Table E-5 Computation form.

Collected spread-material amount (g) Summation | Deviation from
of columns average value
U [ R |1 21314 |R| U 1-8 (%)
Column 1 2 3 4 5 6 7 8 9 10
Strip width (m) 1 1 1 1 - -
e 1 @
®
® In @
9L
3 11 @
1
ETotal ( )

(3) Percent of the total -] =-1-=-1 -
amount.

(4) Spread density , - - i
[g/m’)
(5) Ag () i e

(1)The average value in this box is determined by dividing the number in Z,,, Column 9 by the factor 3.

Column 9 entry - average value in (1) 100 = [%]
average value in (1)

(2)The numerical value in this box is determined by the expression:

X o (Col. 1,2, 7, or 8)

. 1 =
X Column 9 00 = [%]

(3)Percent of the total amount is given by the expression:

(4) Spread thickness in the test rectangular area x

(x =1, 2, 3, 4 Number of the test rectangular area)

Yoo (Col. 3, 4,5, or 6)

SD,
6 1

= [g/m?]

(5) Deviation of spread thickness in the test rectangular area x

A = 8P 8D oo -
Q SD = %]

m

SD,, is the mean spread density in the nominal spread track including overspread amount

- Y o (Col. 9)
ﬁ’?’r—

SD

= [g/m?]

b" = spreader width setting
+ Factor 6 is a collection area composed of three rectangular areas in the direction of travel.
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Test Material. The testing material is rock salt which has a maximum size of 2 mm (0.08 in).

Procedure.

1. Mark out the test site as indicated in figure E-6. Erect capture walls along the outer
edges of the overspreading rectangles (u). Ensure that the surfaces of test strips are dry.

2. Sweep the lateral strips I, II, and III and adjacent areas until a negligible amount of salt
is left on the surface, then vacuum the lateral strips.

3.  Set the spreader controls for the most frequent coverage of 20 g/m?® (260 Ib/lane-mile) and
for a spread width of 4 m (13 ft). Fill the hopper to approximately half capacity.

4,  The spinner displacement setting (asymmetric) should be set so that when the vehicle’s
right side is driven along the left edge of the rectangle designated as (R)), the spread

material is covering the right edge strip, R..

5. Drive the spreader straight along the test area with the vehicle’s right side along the left
edge of the right edge strip (R)) of the grid layout at the speed of 20 km/hr (12 mph).

6. The amount of spread material deposited in the individual rectangles is vacuumed into
paper filters and weighed to the nearest 0.1 g (0.04 oz). Record the weights on a form
similar to that shown in table E-5.

7. Perform the various computations as required to evaluate spreader performance.

8. Compare the results against the requirements listed below.

Spread Pattern Performance Requirements.

Accuracy of Longitudinal Coverage. The total mass of material collected on any one transverse
strip should not differ from the mean mass collected on the three strips by more than £30%.

Waste. The total mass of material collected on either overspread strip (U, U)) should not
exceed 5% of the total mass collected.

Accuracy of Coverage on Side Strips. The mass of material collected on either side strip (R;,
R,) should not be less than 5% of the total mass collected.
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Accuracy of Coverage on Inner Test Strips. The allowed deviation of the computed spread
density for the inner lengthwise strips between the side strips in comparison to the average
spread density of all the rectangles in the grid system should be less than 90% and no greater
than 50%.

Equipment Manufacturers

Salon in Finland

Salon Teréstyd Oy, located at Salo, Finland, is a highway equipment manufacturing company
which manufactures spreaders and snow plows. Their equipment spreads liquid solution,
prewetted salt, and dry salt and sand.

The liquid solution spreader unit, which is mounted on the rear of a truck using a quick
mounting system, is a standard for the Finnish National Road Administration. The unit has
two liquid spinners which can be adjusted manually to control the symmetry of the spread
pattern. The spread width is 2 to 8 m (7 to 26 ft). The liquid is pumped from the supply tank
with two hydraulically operated solution pumps. The pumps are controlled with electric
clutches and can deliver 520 L/min (550 qt/min).

The supply tank is typically a skid-mounted, slide-in tank. Salon employs a unique design for
the supply tanks, consisting of a two-wall construction of fiberglass, separated by
approximately 5 mm (0.2 in) of polyurethane. This design provides for a very strong tank.

The Salon company uses electric remote controls, which are manufactured by Bucher
Hydraulik of Klettgau, Germany. These controls, which are custom-designed for the client,
provide for ground-speed orientation.

The company also manufactures a combination unit, which can spread either liquid brine or
prewetted salt. This unit features a spreading width from 2 to 8 m (7 to 26 ft) and has only
one spinner. The liquid pumps discharge up to 260 L/min (68 gal/min) and discharge salt at
a rate of 5 to 40 g/m* (65 to 520 lb/lane-mile). The unit has a tank capacity of S m® (6.5 yd).
The entire system is a slide-in model that can be loaded and operational within 15 minutes.
Hydraulic power for the unit is supplied by the truck. The company also manufactures dry
chemical spreaders, which are tailgate-mounted on a dump box.

Salon works closely with the Finnish National Road Administration in providing and

developing equipment for snow and ice operations. The company indicated that they can ship
directly to the United States.
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Epoke in Denmark

Epoke, located in Vejen, Denmark, has been manufacturing spreaders for 65 years and has
distribution companies in Germany, Sweden, and the United States. This company utilizes a
patented metering and delivery system in all their solid-material spreader equipment.

All Epoke’s bulk spreaders feature hopper boxes where the hopper bottom is closed off with
two rubber flaps. One of the bottom flaps is positioned against the delivery roller by adjusting
springs. The delivery roller is equipped with replaceable cams, which allow material to pass
between the delivery roller and the rubber flap. The cam size can be adapted for all material
types and dosage rates. The tightness of the bottom flap is controlled by springs that are
adjusted with a manual crank, which is located at the rear of the machine. A scale with
sequential markings for continuous increments of spring base tension indicates the relative
tension. The delivery roller pushes material out of the hopper and onto a rubber conveyor belt
located underneath the hopper. An impeller axle with spring steel paddles located above the
delivery roller is used to pulverize all lumps, distribute the spreading material in the hopper,
and feed it to the delivery roller at a constant rate.

The rubber conveyor belt is equipped with internal and external scrapers to prevent material
buildup on the conveyor belt. The entire conveyor belt can be removed from the spreader
while the hopper is loaded.

The conveyor is geared to the speed of the delivery roller so the quantity of material on the
conveyor remains the same regardless of the spreading quantity.

The material drops off the end of the conveyor belt into a closed stainless steel chute and onto
a stainless steel spinner. The chute and chute frame are adjustable and feature a breakaway
system to prevent damage to the spinner in case the sander accidentally is clogged by any
foreign objects. The entire chute assembly is hinged, swinging upward when not in use or for
ease of unloading material.

The impeller, the feed roller, the conveyor belt, and the spinner are all powered by the road
wheel. The drive wheel features a piston-type hydraulic pump, which is mounted directly.
The drive wheel is under a downward pressure in order to prevent sliding on icy surfaces. The
amount of downward pressure exerted is controlled automatically by hydraulics according to
the power demanded by the spreading function.

The entire system is controlled by the Epoke remote Servoset control, which enables the driver
to control and operate the functions from the truck cab. This control box has a display and a
built-in microprocessor used for calculation of spread quantity in kilograms, and other
functions:

304



. Functions: Start/stop (spreading disconnected/connected)
Adjustment of spreading width
Adjustment of spreading quantity
Adjustment of spreading symmetry
Working lamp connected/disconnected
Rotating warning lights
Prewetting system—connected/disconnected

*  Controls:Spreading width
Spreading quantity
Material quantity counter
Time indicator
Liquid indicator
Spreading indicator
Hopper empty indicator for spreading material

The electric remote control (the control box) is connected to the cab with a 12-V or 24-V
multiple plug. In addition, the control is attached to the spreader by connecting the corrosion
resistant, multipoled plug of the remote control cable to the plug box, which is placed on the
rear hopper wall.

The electrical system is called Servoset 10 followed by a letter and a figure. The letter (K, H,
or E) indicates which type of gear box fits to the Servoset, while the figure after the letter
indicates the variant of the control box, refers to spread width and quantity, and denotes
whether the control box should be width/quantity compensated.

On spreaders with three- and seven-step gear boxes, the spread width is stated in meters, and
the spread quantity is adjusted by change of the stated gears. The spread quantity is also
displayed on the control box in grams per square meter.

On spreaders with a synchron/nine-step gear box, the control box has functions that control
both quantity and width. The dosage varies from 5 to 40 g/m? (65 to 520 Ib/lane-mile) in
5 g/m® (65 Ib/lane-mile) increments. The spread width can vary from 2 to 12 m (7 to 39 ft)
in 1-m (3-ft) increments.

When the spreader is equipped for prewetting, it can apply liquids directly to the material being
spread. The system automatically adjusts the flow rate of liquid so that the liquid-to-solid ratio
remains constant regardless of change in truck speed, spread quantity, or pattern width. The
prewetting system is also equipped with hydraulic controls that automatically reduce the
material quantity exiting the conveyor belt by 30% when the liquid system is engaged.

The spread pattern can be shifted to the left or the right side behind the machine by shifting

the spreading chute. This is accomplished according to where the material lands on the spinner
disk. Assuming the spinner turns counterclockwise and the material lands near the center of
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the disk, the spread pattern is asymmetrical to the right of the machine. If the material lands
nearer the front edge of the disk, the spread pattern is asymmetrical to the left of the machine.

The width of spread depends on the speed of the spinner, the diameter of the spinner, and its
height above the roadway. Factors that govern spread width are droptime (T), spinner diameter
(d), peripheral speed of the spinner (t):

Spread width = mrTd

where:
T = droptime = _22(] i (sec)
g
r = speed of spinner (rev/min)
m = height of spinner above road (m)
g = 9.81 (m/s?)
n = 3.1416
d = diameter of spinner (m)

NOTE: Air resistance is not included in these calculations.

The spread width will generally increase 1 m (3 ft) for each 80 rpm increase in spinner speed.
The company recommends that the spread width should be set 2 m (7 ft) less than the width
of the roadway during spreading operations. When applying material to the roadway with a
spinner, a banding effect of the material on the roadway occurs. The distance between the
bands is dependent upon the number of vanes on the spinner disk and the speed of the spreader
vehicle. As the number of vanes increases, the banding distance decreases; vehicle speed
increases, the banding distances increase.

All spreader equipment sold in the European Community must meet certain requirements, such
as those established in Germany. For the dosage test, the equipment is tested at three different
speeds. The spread pattern test uses a grid system, which is laid out on a bituminous surface
(see the German Standard Testing Protocols). In addition, the Epoke prewetting equipment was
tested by the Danish Agricultural Test Centre in Bygholm. For the testing protocols, see
Denmark Standards for Spreaders.

Epoke manufactures liquid spreaders incorporated nozzles on a spreading boom. The liquids

are sprayed from a low height above the roadway, so that there is negligible influence from
air currents or turbulence behind the vehicle that can cause the liquid to blow away.
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Epoke’s SW 2000 model is a tow-behind liquid spreader similar to their TK 12 series truck-
mounted liquid spreader. The SW 2000 is designed to be towed by a truck with an existing
liquid tank. As the spreader is powered by its own traction-driven wheel, it is road-speed
controlled. It can be operated at speeds up to 60 km/hr (37 mph).

Liquid flows by gravity through a clear 75-mm (3-in) plastic hose from the tank to the
spreader, where two liquid pumps provide an adequate supply of liquid chemical to each
nozzle. These two pumps, which are a diaphragm type featuring six diaphragms each, share
a common inlet filter. The main spraybar, which is 2,264 mm (89 in) long, is equipped with
six nozzles—three large and three small. The spraybar’s main nozzles are capable of achieving
3.5 m (11.5 ft) of spraying coverage. At low speeds, the smaller nozzles are engaged. As the
truck’s speed increases and the need for liquid increases, the smaller nozzles disengage
automatically and the larger nozzles are engaged without a break in spray pattern. As the truck
slows down, the reverse process occurs and the smaller nozzles engage again.

Three additional stainless steel nozzles mounted on the left end of the main spray bar are
adjustable so that a perfect spray pattern in the left lane can be maintained. With the side
nozzles engaged, a spraying width of 7 m (23 ft) can be obtained. Each side nozzle is pressure
regulated to ensure a smooth and even flow, even at slow speeds.

The spreader features a remote control box, which is located next to the driver in the truck cab.
This remote box is connected with the spreader by applying the multipoled plug of the remote
control box to the plug box, which is placed on the front of the spreader housing. The
following functions are controlled from inside the cab:

* stop/start of spraying;

* start/stop of side nozzles (3.5 or 7 m [11.5 or 23 ft]);

* light indicating which nozzles are in use;

* spreading quantity adjustments (2.5, 5, 7.5, 10, 12.5, 15 g/m? [33, 65, 98, 130, 163,
195 Ib/lane-mile]);

* pump revolution counter;

* zero position for pump revolution counter; and

* spray indicator.

The spreader has manual start capabilities should the truck lose electrical power.
Epoke provides a table of the amount of liquid chemical required to cover two spread widths

with a range of concentrations (table E-6). This is for a 22.1% solution of NaCl which has a
density of 1.172 kg/L.
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Table E-6 Epoke’s spreading table.
- __________u___ |

L/km L/km
per spreading per spreading

g/m** 35m 7m
2.5 33.7 67.4
5.0 67.3 134.6
7.5 101.0 202.0
10.0 134.7 269.6
12.5 168.3 336.6
15.0 202.0 404.0

S
* 1 g/m? = 13 Ib/lane-mile.

The liquid spreader is connected to the towing vehicle with an adjustable hitch and stabilizing
chains. The hitch is adjustable up and down, in and out, in order to meet all truck require-
ments. The two heavy 9.5-mm (3/8-in) galvanized stabilizing chains are provided to ensure
a tight turning circle and effortless backing.

To provide the liquid spreader with a maintenance-free environment, the liquid pumps, valving,
and electrical components are housed in a steel enclosure. The top covers, which open to
provide for inspection and service, are rubber gasketed to prevent contaminants from entering.
Also, the steel members of the spreader are sandblasted, zinc dust-primed, second-primed, and
surface-coated with two-component polyurethane paint.

Also during the visit, Epoke personnel informed the team of data they had collected from
various countries regarding the use of liquid chemicals and prewetted salt. They referred to
information contained in the VTI Report No. 276 titled "Highway Snow and Ice Control—
State of the Art," which was published in 1985, and a number of Norwegian research projects.

Liquid solutions have been used to prevent slippery roads in Europe for a number of years.
The method is probably best known in Italy, where they have used liquids on their roadways
for several years. The Italians primarily use a CaCl solution, which has a concentration of
27%. When the solution is used as a preventive treatment, 18 to 37 g/m* (234 to 481 Ib/lane-
mile) of brine is spread, which corresponds to 5 to 10 g/m? (65 to 130 lb/lane-mile) of dry
CaCl. When liquid material is spread to melt a thin layer of ice or snow, 74 to 92 g/m? (962
to 1,196 Ib/lane-mile) of brine is applied, which corresponds to 20 to 25 g/m? (260 to 325
lb/lane mile) of dry material.’

The deicing practices in the Scandinavian countries differ substantially from those in Italy
insofar as a 23% solution of NaCl is used rather than a 27% solution of CaCl. Also in
Scandinavia, the use of a liquid salt solution as a preventive treatment against slippery roads
has proven successful. However, when spreading salt brine on compacted snow the results
vary.
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A research project being conducted in Norway during the past two winters using liquid salt
brine has produced conflicting results. From 470 snow events, 51% of the results were
reported as good, 10% were not acceptable, and 14% were poor. The remaining 25% of the
results were recorded as unknown. In this project, the determination or evaluation of the
roadway condition was made by conducting friction measurements. No information was
provided on how the friction measurements were made or the time interval allowed after the
application of the salt brine.

The evaluations of surface condition were based on these friction values:

Good = friction above 40
Not acceptable = friction between 30 and 40
Poor = friction below 30

The Epoke personnel noted that it was unusual that 25% of the tests had unknown results. The
unknown test results may be attributed to incorrect operation, dosage, etc. Personnel also may
not know how much liquid salt brine should be spread, resulting in an underdosage application
with poor results. This was demonstrated during the winter of 1991-92 in Troms6 where 1,400
m® (376,000 gal) of liquid was spread. Positive results of using salt brine on snow occurred
only after the maintenance people had shortened their application routes in order to make the
liquid suffice, which indicated that previously too little material was being spread.

It was reported that 23% sodium chloride solution shows good results down to —10°C (14°F).
However, use of salt brine at temperatures below —6°C (21°F) was not recommended.

The application rate for preventive salting is 10 to 20 g (0.35 to 0.7 oz) liquid per square meter
corresponding to 2.5 to 5 g (0.09 to 0.18 oz) dry material per square meter, which is used
depending on pavement temperature and humidity. The same quantity is also used to remove
a thin layer of ice or frost. Prior to snow or during snowfall, 40 to 60 g/m? (520 to
780 Ib/lane-mile) is spread, which corresponds to 12.5 to 15 g (0.44 to 0.53 oz) of dry material
per square meter. With a few exceptions, preventive salting on dry or wet roads in Sweden
has shown good results. On frost or thin ice layers, the results were good, and "full friction"
can be obtained in less than 1 minute. When it was snowing and the roads were covered with
slush or loose snow, the results varied. Liquids worked well during short snowfall. During
long or intense snowfall, several reapplications were necessary to obtain good results. Liquid
gave poor results on hard, packed snow. Therefore, it was important to plow or sweep the
snow before applying liquids.

Table E-7 gives the recommended liquid quantities for application.
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Table E-7 Recommended liquid quantities 23% (NaCl solution).

Liquid quantity
Weather and road conditions (g/m*)*

Preventive against ice:

Dry road, humidity below 85% 10to 15
Dry road, humidity above 85% 15 to 20
Wet road 15 to 20
Preventive against snow: 40
On frost 15 to 20
On snow and during snowfall 40 to 60

| S
* 1 g/m? = 13 Ib/lane-mile.

The above values were tested in four districts under many various conditions, of temperature,
humidity, traffic concentration, spreading equipment, etc. Therefore, the results of the liquid
spreading have also been variable. In one district, 67% of the results were reported as good
while in another district, only 34% were reported as good. This large deviation may be due
to the aforementioned variables. To demonstrate the effects of liquid spreading versus dry salt
spreading on depressing the freezing point of material on the roadway, a number of examples
were given. The data were obtained from reports gathered from Vigverket, Sweden, and
Statens Vegvesen, Norway.

Example 1

In this example, there was 15 g/m? (195 Ib/lane-mile) of water on the road surface, which made
it appear moist but not wet. It was assumed that when the liquid salt was spread, all the salt
would remain on the road. When 5 g/m? (65 Ib/lane-mile) of dry salt was spread, the freezing
point was lowered to —21°C (—6°F). When 5 g/m? (65 1b/lane-mile) of saturated liquid salt
solution was spread, the freezing point was lowered only to —11°C (12°F).

Example 2
Example 2 had the same conditions as in Example 1, except that there were 60 g/m? (780 1b/

lane-mile) of water on the road surface, which made it appear wet. The freezing point was
lowered to —6°C (21°F) using dry salt and was lowered to —5°C (23°F) using liquid salt.

310



Example 3

Example 3 included the same conditions as given in Examples 1 and 2, but because of the
influence of traffic, the quantity of salt was reduced. After 500 vehicle axles passed, the
quantity of dry salt was reduced to 0.5 g/m* (6.5 Ib/lane-mile) and the quantity of liquid to
4 g/m’ (52 Ib/lane-mile). With this reduction, the freezing point was lowered to —3°C (27°F)
using dry salt and using liquid salt, to —10°C (14°F).

Findings from various countries were cited as documenting the positive benefits of prewetting
salt. Studies have been conducted that show the amount of dry salt versus prewetted salt that
remains on the roadway after a given amount of traffic had passed. Studies conducted in
Switzerland at the end of the 1960s'® with vehicles passing the test section at 65 km/hr
(40 mph) found the following:

L __________________________________________________________________ |
Percent material remaining on roadway

Amount of traffic Dry salt Prewetted salt
After 5 vehicles 30% 93%
After 100 vehicles 15% 80%

Studies conducted in Germany with vehicles passing the test section at
90 km/hr (56 mph):

L]
Percent material remaining on roadway

Salt prewetted Salt prewetted
Amount of traffic Dry salt with NaCl with CaCl,
After 100 vehicles 20% 80% 80%
After 100 vehicles 10% 40% 60%

Studies conducted in Michigan in 19627 reported that 70% of dry salt landed on the 7-m (23-
ft) roadway; and 95% of prewetted salt landed on the 7-m (23 ft) roadway. Neither the
moisture content of the prewetted salt nor how the salt residual was determined was identified.

A study was also described which showed the lowest effective temperatures for prewetted
versus dry salt:
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* Dry salt — deicing down to —6°C (21°F)
 Salt wetted with NaCl solution — deicing down to —10°C (14°F)
« Salt wetted with CaCl, solution — deicing down to —17°C (1°F)

There were no other particulars given regarding the above studies.

Persons Contacted at Epoke

Preben Jorgensen, Managing Director
Lorentz Hansen, Service Manager
Elisabeth Rudolph, Managing Director
Vejenvej 50, Askov

Postbox 230

DK-6600 Vejen

Denmark
Telephone:  011-45-75-360700
Fax: 011-45-75-363867

Nido-Universal Machines

During the project team’s trip to the Netherlands, the facilities of Nido-Universal Machines at
Holten were visited to gather information about their spreader equipment. This company has
specialized in development and manufacture of road winter maintenance equipment, such as
spreaders and sprayers for deicing chemicals, for more than 40 years. Over the last 10 years,
the company’s focus has been on developing spreading equipment, which features very
accurate dosage systems and additional devices, enabling road authorities to drastically reduce
the amount of salt used.

Nido-Universal Machines’ latest model spreader is the Nido 90, which is a demountable and
suitable for handling all dry and moist spreading materials. The equipment is powered by a
road wheel, which makes it fully road speed related. The controls are electronic with an
integrated spread data registration.

The box for the spreader is a hopper type with a capacity ranging from 4 to 9 m’ (5 to 12 yd?).
The prewetting fluid tanks hold up to 2,750 L (725 gal) and are positioned on either side of
the hopper. The tanks are modular-constructed polyethylene liquid tanks, each with a capacity
of 250 L (66 gal). This enables the capacity of the tanks to be easily matched to that of the
hopper. The tanks are filled via the tank lid or via a connection at the rear of the spreader.
The liquid, which is delivered accurately and constantly by a hydraulically driven pump, passes
through a check valve, and then flows by gravity onto the spinner. No nozzles are used to
prewet the material.
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A rubber conveyor belt with raised herringbone cleats conveys the material from the hopper
box to the spinner. A door, which is hydraulically controlled, and lump crushers (hanging steel
chains), which help to eliminate material lumps from being fed onto the spinner, are located
near the discharge end of the conveyor belt.

The material discharged from the belt falls through a stainless steel chute that can be easily
adjusted for varying chassis heights. The spinner and spinner cover, both of which are made
of plastic, are highly flexible and are virtually maintenance-free. The chute mechanism is fully
adjustable, either by hand to give an asymmetric/symmetric spread pattern or by an electric
actuator that provides control in the cab. The spinner assembly can be easily tipped up with
the aid of a gas strut.

The power source for the spreader is a hydraulic pump driven by the road wheel. This wheel
is kept in contact with the road surface by means of a hydraulic ram powered by a hand pump
with an incline accumulator to maintain constant pressure on the road surface. The wheel
position is adjustable horizontally as well as vertically to match different vehicle heights. The
piston pump can operate in both directions, enabling the spreader to run while the vehicle is
in reverse. The drive system provides immediate response of both the spinner and the belt
when the vehicle starts. The wheel leg can be rotated into the near vertical position by the use
of a hydraulic cylinder.

The Nido 90 uses a programmable microprocessor for its control system. There are three ways
of programming the control system:

»  Nido will program the control system.

. The users can do the programming themselves, using their own computer and a special
program.

. The users can do the reprogramming themselves, using special instructions and the control
box itself. This is currently in the development stage.

The control box is completely smooth with a watertight switch panel, and has no knobs that
are prone to rust. The control box has a compact design with dimensions of 200 x 100 x 40
mm (8 x 4 x 1.6 in) with thin, flexible connector cables that enable the driver to place the
control box at a convenient location according to specification. Within the cab, there is also
a disconnect in the connector cable that can be disconnected easily, which permits the control
box to be readily removed. The control keys are illuminated with digital indication of
spreading width and dosage.

The control system operating functions are

. spreadiné—on/off,
 spread width with infinitely variable steps from 2 m to 11 m (7 to 36 ft),
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+ spread mixture with infinitely variable steps from 5 g/m* to 40 g/m* (65 to 520 Ib/lane-mile)
ice control chemical,

« spread mixture with infinitely variable steps from 25 to 300 g/m? (325 to 3,900 1b/lane-mile)
abrasive material,

* maximum dosage,

* beacon lamp—on/off,

* work lamp—on/off,

+ spread pattern position adjustment, and

 prewetting on/off.

The microprocessor in the control box contains specific check programs to simplify fault
tracing. These fault programs include

« internal check program self-test,

« conveyor belt fault indication,

 spreading disk fault indication,

 control box battery fault indication,

« communication between control box and spreader failure indication,
+ spreading indication, and

* low fluid level.

The control box provides for hopper unloading and a speed simulation of 30 km/hr (19 mph)
to be used for calibration. It is also provided with closed loop feedback for the conveyor,
pump, and spread spinner, for continuous monitoring of the required spread width and
programmed spread quantity. If required, the spreader adjusts itself. In addition, the control
system has an emergency control. If the feedback fails, the emergency program is switched
on so that spreading is still possible.

The management functions of the system provide for programming the selection of limiting
values and options that can be used during spreading. The following functions, which can be
determined by management, are available to the operating personnel and/or to management:

» material (salt, sand, gravel),

 grain size,

» specific weight,

 spreading width (minimum/maximum size),and
» dosage rate (minimum/maximum amount).

During spreading operations, all operations are recorded. After spreading operations, the
control box is removed from the truck and all data are downloaded into the computer and a
complete report is generated on the spreading operation. The data provided include kilograms
of solids used and cumulative amount used, daily amount of liquid used and, cumulative
amount used and an hour counter.
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The Nido 90 spreaders are designed for an extended life span, and all steel parts are shotblasted
and finished with full anticorrosion treatment, protected by three layers of two-part epoxy paint.
The electrical and hydraulic parts are protected as much as possible against the ingress of salt
and salt solution. The various components, which are made of either plastic or stainless steel,
are corrosion-free. This process ensures a minimum amount of maintenance.

Nido also manufactures a liquid spinner spreader, which is identified as R.S.P. sprayer. This
unit attaches to the rear of a truck with modular, polyethylene liquid tanks, each with a
capacity of 2,000 L (528 gal). The unit is powered either by the vehicle’s hydraulic system
or by a road wheel. The road wheel is similar to the one used on the Nido 90 demountable
spreader.

In this unit, the liquid is pumped by two impeller pumps to a specially designed stainless steel
spinner. The spinner is slightly convex with 10 curved vanes, and the spinner mechanism is
manually adjustable to give asymmetric or symmetric spread patterns. The unit can apply
liquid to the roadway surface at the rate of 10 to 40 g/m? (130 to 520 Ib/lane-mile) over a
spread width from 2 to 8 m (7 to 26 ft) in stepless increments while traveling between 10 and
60 km/hr (6 and 37 mph).

A remote control box, which is located in the truck cab, provides the following functions:

* spraying—on/off;
« spread width—digital readout in meters; and
 dosage rate—digital readout in g/m’.

This unit is designed for an extended life span, with all steel parts being shotblasted and
finished with full anticorrosion treatment, and is protected by three layers of two-component
epoxy paint. The other essential parts are made of noncorrosive material.

One of the latest developments in Europe combines in a single unit the capability of spreading
straight liquid, prewetted material, or dry material. Nido has developed such a unit, the
Combi-Spreader. This unit has the same components as the Nido 90 spreader and the R.S.P.
sprayer.

The Combi-Spreader has a 2,000-L (528 gal) liquid tank made of polyethylene mounted in
front of the hopper. Prewetting liquid tanks are mounted on both sides of the hopper. The
maximum size of the hopper is 5 m® (6.5 yd®). These units are powered by a road wheel. The
liquid is pumped by two impeller pumps to a specially designed spinner. This unit can apply
material to the roadway surface at a dosage rate of 20 to 40 g/m? (260 to 520 Ib/lane-mile) (in
stepless increments) over a spread width of 2 to 6 m (7 to 20 ft) (in stepless increments). A
remote control box is located in the truck cab with the same features as the control box for the
Nido 90 spreaders. The spinner mechanism is manually adjustable for asymmetric or
symmetric spread patterns.
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Schmidt in Germany

The project team toured the Schmidt facility at St. Blasien in southern Germany to discuss
testing protocols. Dr. Wolfgang Schmidt explained the testing procedure that is required by
the Federal Republic of Germany and provided the specifications. The testing requirement set
forth is for dry material and is paraphrased in this section.

In Germany, different procedures are followed when testing with wetted salt because it is
difficult to vacuum. According to the Schmidt personnel, the testing used by the company
involves placing the spreader in a stationary position and operating it at a simulated speed of
30 km/hr (19 mph). The spreading width is tested at 2, 3, 4, 5, and 6 m (7, 10, 13, 16, and
20 ft), and the application rate is set at 20 g/m® (260 Ib/lane-mile). A test runs for
- approximately 2 minutes and leaves a fan-shaped spread pattern.

The wetted salt is then shoveled longitudinally into a row, transverse to the center line of the
spreader. This row is subdivided into 1-m lengths, originating from the spinner location. Each
subdivision of the wetted salt is collected and weighed, and the salt distribution is plotted.

Schmidt manufactures snowblowers, plows, and power brooms that are used at airports. In
addition to spreaders, the company manufactures wing plows. Schmidt also manufactures the
SST Series Automatic Bulk Gritters, which are truck-mounted spreaders of modular design.
This unit features hopper box volumes of 1.2 to 6 m’ (1.6 to 8 yd’) with a variety of drive
options and control systems. Abrasive and deicing material can be spread either dry or in
combination with liquid proportioning (prewetting). A screw conveyor with a stainless steel
crumbler ring at the outlet for uniform delivery conveys the material from the bottom of the
hopper box to a stainless steel chute and spinner.

The spreading material is distributed by means of a stainless steel, rotary disk; the chute and
spinner disk are made by Nido-Universal Machines. The material flow is metered and kept
constant by automatic control of the conveyor and spinner. The different airborne behavior of
salt and sand is automatically taken into account by the program selector switch for adjusting
the speed of disk rotation. There are settings for fine, medium, or coarse particle size for salt
and sand.

The conveyor screw and disk are driven hydraulically. The existing truck hydraulic system or
a hydraulic pump driven by a power take-off shaft or separate diesel engine can be used. For
prewetting, there are two impact-resistant polyethylene liquid tanks, one located on each side
of the hopper box walls, and a liquid pump with V-belt hydraulic drive in the equipment
compartment. Automatic control of liquid flow for application of 10,20, and 30 wt. % of dry
material is provided.

The system application rates are:
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* salt, either 5 to 20 g/m® (65 to 260 1b/lane-mile) with 2.5 g/m? (32.5 Ib/lane-mile) increments
or 5 to 40 g/m® (65 to 520 Ib/lane-mile) with 5 g/m* (65 Ib/lane-mile) increments; and

* sand, either 40 to 160 g/m’ (520 to 2,080 lb/lane-mile) with 20 g/m? (260 Ib/lane-mile)
increments or 40 to 320 g/m® (520 to 4,160 Ib/lane-mile) with 20 g/m? (260 1b/lane-mile)
increments.

The spreading width settings are 2, 3, 4, 5, 6, and 8 m (7, 10, 13, 16, 20, and 26 ft). The
control system continuously adjusts the asymmetrical/symmetrical spreading pattern. The entire
operation is controlled from the driver’s cab via the control console.

Kupper-Weisser in Germany

Kupper-Weisser, one of the three leading manufacturers of winter maintenance spreader
equipment in Europe, is controlled by Kellner KG, a holding company. Kellner controls 18
manufacturing companies. According to the company, access to these various companies
ensures that a better package of equipment can be provided to meet the needs of road
administrations.

At the present time, neither Kellner nor Kupper-Weisser has a distributor in the United States.
However, they can ship equipment directly.

All equipment that is produced by Kupper-Weisser meets the requirements of three German
certification agencies:

*  Technischer Uberwachungsverein (TUV) — The Technical Bureau for Testing and
Supervision is an organization that checks all motor vehicles on a regular basis for
compliance with traffic safety regulations.

. Bundesanstalt fiir das Strassenwesen (BAST) — This is the federal agency that specifies
spreader equipment specifications and standards.

. Bundesverband der Unfallversicherungstr dger der Offentlichen Hand (BAGUV) — This
organization checks equipment for compliance with safety regulations. This organization
is similar to the U.S. Occupational Safety and Health Administration.

National spreader standards such as the Deutsche Industrie Norm (DIN) in Germany, are
established in Europe. The European standardization agency CEN, which consists of national
standardization organizations, is currently working on a European standard. This standard will
cover safety issues, as well as certain technical issues. In Germany, DIN is responsible for the
technical aspect whereas BAGUV is responsible for safety aspects. The European standard-
ization agency considers these two aspects individually. The only existing European standard
covering highway vehicles and equipment is the European Standard, EN 500, which primarily
applies to construction equipment.
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Kupper-Weisser manufactures highway chemical spreader equipment (dry, prewetted, and
liquid material), pumps and controls for mixing salt brine, and modular high-powered diesel
engine with hydraulics.

The typical winter maintenance spreader sizes that are manufactured by Kupper-Weisser are
salt hopper boxes (6 to 9 m® [8 to 12 yd™) and liquid salt tanks (2,500 L [660 gal]).

The size of the spinner is based on the desired spread width:

. 12 m (39 ft) spread needs a 800-mm (32-in) disk and
. 2 to 6 m (7 to 20 ft) spread needs a 600-mm (24-in) disk.

If chemical is to be applied to three lanes (16 m [53 ft]) at one time, dual spinners are required.

Material is metered by a large, open steel helical auger, the pitch of which has been chosen by
design. Parallel to the auger is another shaft with fingers to break up lumps. The material is
delivered to a chute at the rear where it is dropped onto a specially designed spinner disk.

The patented spinner has a series of three different radii which give the disk an almost
triangular configuration. This shape provides different lengths of curved vanes or fins which
control spread patterns on the roadway. The chute and spinner assembly is rotated to change
the direction of the pattern.

The prewetting liquid is pumped through a check valve to an overflow chamber located just
above the spinner. The liquid is discharged above the fluted hub of the spinner at a fixed
location. The dry material and brine mix as they travel along the curved vanes. As the amount
of prewetting liquid is increased, the amount of dry material is decreased in the same
proportion so that the desired density remains constant. Kupper-Weisser uses sensors on the
shafts of the auger and pumps to detect and measure the actual amount of material being
delivered to the spinner. According to the company, no serious maintenance problems have
been experienced with this system.

Arno Schworer, Technical Engineer of Electrics and Hydraulics, explained the operation of
Kupper-Weisser’s control system’s by means of a simulator. The spreader operating system
is controlled by a control panel, which is identical for all the company’s models. The control
panel, which measures 190 x 170 x 70 mm (7.5 x 7 x 3 in), can be tilted 45 degrees in all
directions and is ergonomically designed for easy and clear operations. A backlighted
keyboard and liquid crystal display show the operating state of the microprocessor. Error
reports are rendered acoustically and optically.

The control panel is divided into three sections:
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Operating field

a. Spread width with
* increments of 0.1 m (3 ft) from 2 to 8 m (7 to 26 ft) in standard version
* increments of 0.1 m (3 ft) from 1 to 4 m (3 to 13 ft) on small vehicles
* increments of 0.1 m (3 ft) from 3 to 12 m (10 to 39 ft) with special spinner disk
* increments of 0.1 m (3 ft) from 2 to 16 m (7 to 52 ft) with automatic double
spinner units

b. Spread density
« for salt, from 5 to 40 g/m® (65 to 520 Ib/lane-mile) in increments of 1 g/m* (13
1b/lane-mile)
» for grit, abrasives from 25 to 200 g/m* (325 to 2,600 lb/lane-mile) in increments
of 1 g/m? (13 1b/lane-mile)

c. Prewetting
The amount of liquid application has a range of 5% to 30% in increments of 1%.

The controls provide synchronous spreading width and spreading density. In addition,
there are key controls for on/off spreading, emergency spreading, prewetting on/off, rotary
light beacon, working lamps, and adjusting the pattern.

Control field

The automatic spreading unit control system uses a light-emitting diode display to
indicate:

* Fault — Automatic changeover from automatic to manual control

* Tank 1 — Spreading material tank empty via proximity switch

» Tank 2 — Spreading material tank empty via proximity switch with two-chamber
automatic spreader unit

* Prewetted salt — Liquid salt tank empty via proximity switch, with final cut out of
liquid salt pump

* System — Fault in the system

* Battery — Battery voltage of automatic spreader unit equipped with diesel engine

* Oil pressure — Oil pressure of automatic spreader unit equipped with diesel engine

In addition, the system contains a control switch which enables the spreader to be
operated with a ground-speed orientation. The spreader can be calibrated under the
ground speed orientation mode while stationary using a speed simulator for the speed

range of 0 to 80 km/hr (0 to 50 mph).
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3. Programmable and counter field

With the programmable keys, it is possible to individually enter the following variable
names and their associated values on the liquid crystal display:

Variable name Value

« density 1 — Fluid density from tank 1, from 0.6 to 2.4 g/cm’

» density 2 — Fluid density from tank 2, from 0.6 to 2.4 g/cm® or continuous dry
material reduction with increase in amount of prewetting fluid from 5 to 30%

« reduce ml — Reduction of the dry material from 5 to 30% with prewetted salt

+ reduce nt — Automatic adaptation of the spinner disk speed with different spreading
material or prewetted salt

+ simulation — Simulation of driving speed from 0 to 80 km/hr (0 to 50 mph)

The following values can be displayed:

« daily spreading distance traveled, in kilometers and meters,

» spreading distance traveled during the season, in kilometers,

+ daily spreading quantity applied, in kilograms or tonnes,

« spreading quantity applied during the season, in kilograms or tonnes, and
e operating time, in hours.

The control box can also provide an accounting of all its snow and ice operations by means
of a standard interface to a printer. The printout consists of two blocks of information. One

block lists:

+ application rate (g/m?),

+ percent of prewetting,

* spreader width,

» speed (km/hr),

» distance traveled while spreading at a given setting,
« distance traveled while plowing,

« total distance traveled,

* air temperature, and

 time of day.

The other provides a summary of the total amount of material spread and the distance traveled.
Because of environmental damage and groundwater contamination concerns, almost all

European manufacturers have the capability to download data from their spreader controls.
Kupper-Weisser listed the following reasons for downloading:
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* Complete and correct documentation for use by road administrations and courts when
necessary.

* Elimination of errors, which can occur due to inaccurate or missing reports from the driver.
+ Elimination of paperwork done by drivers.

* Planning procurements, order placing, or calculation of spreading requirements (budget
planning).

* Simplification of subsequent administration of winter service operations and immediacy of
such information.

* Records for environmental protection authorities’ questions or for similar groups’ queries
regarding quantities used.

* Immediate information for prompt reaction.

Air turbulence behind the spreader vehicle may cause drifts and swirls in the salt leaving the
spinner disk. To address this problem, Kupper-Weisser has a patented wind deflector mounted
just behind the hopper box and projecting above it. The slipstream is deflected onto the
roadway behind the spreader vehicle.

In addition to spreaders that can prewet salt, the company offers a unit that can be switched
from prewetting to spreading of liquid chemicals. This unit has a hopper box with a capacity
of 6 m’ (8 yd®) and two polyester tanks mounted underneath the side walls of the hopper, with
a total capacity of approximately 2,000 L (528 gal). The controls are the same as listed above.
The spread density range for liquid application is 10 to 15 g/m? (130 to 195 Ib/lane-mile), and
the spread width is 2 to 7 m (7 to 23 ft).

Kupper-Weiser also manufactures a chemical spreader for use on airport runways, which also
can be used on highways. This unit uses the same control system as other Kupper-Weisser
spreaders. This unit can spread liquids with a quantity from 0 to 50 g/m® (0 to 650 1b/lane-
mile) and a spread width from 2 to 7 m (7 to 23 ft). Tank capacity is 3,000 L (790 gal). The
spinner disk is designed for spreading liquid chemicals. It is mounted on tilting brackets at the
rear of the vehicle, which enables the spread pattern to be adjusted asymmetrically. The
application rate is ground-speed oriented.

Kupper-Weisser is currently developing a method of measuring residual salt on the road from
the moving spreader truck and using that information to regulate the chemical application rate.
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Persons Contacted

Eddo M. Koch
Export Manager
Kellner KG
Siemensstrasse 28
D 7015 Korntal
Munchingen 2

Germany
Telephone: 11 49 7150 943080
Fax: 11 49 7150 943020
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Arno Schworer

Technical Engineer in charge
of Electrics and Hydraulics

Kupper-Weisser



Appendix F

Summai'y of Material Applied to Test and
Control Sections During 1991-92 Winter:

Maryland
Colorado
Nevada
Missouri
Ohio
Minnesota
New York



STATE OF MARYLAND
Storm #1 - January 14, 1992

Test Section - 11 miles (Two-lane, two-way highway)

Number of passes 14
Material used 100% rock salt and 70:30 sand/salt mix
Application rate per pass 77 - 564 1bs/In-mi
Total material applied (all passes combined) 85,520 1bs
Total salt applied (all passes combined) 28,021 Ibs
Total sand applied (all passes combined) 57,499 lbs

Test aborted at 1500.

Control Section - 10 miles (Two-lane, two-way highway)

Number of passes 12
Material used sand/salt mix’
Application rate per pass 43 - 235 1bs/In-mi
Total material applied (all passes combined) 16.066 lbs
Total salt applied (all passes combined) 2,358 1bs
Total sand applied (all passes combined) 13,707 1bs

*Sand/salt mix used was 70:30, 90:10, and 50:50
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STATE OF MARYLAND
Storm #2 - January 15, 1992

Test Section - 11 miles (Two-lane, two-way highway)

Number of passes 17
Material used Sand/salt mix”
Application rate per pass 248 - 882 lbs/In-mi
Total material applied (all passes combined) 127.610 1bs
Total salt applied (all passes combined) 24.027 lbs
Total sand applied (all passes combined) 103,582 Ibs

Test aborted at 2359.

Control Section - 10 miles (Two-lane, two-way highway)

Number of passes 38
Material used sand/salt mix"
Application rate per pass 47 - 235 1bs/In-mi
Total material applied (all passes combined 42,763 1bs
Total salt applied (all passes combined) 10,007 Ibs
Total sand applied (all passes combined) 32,757 lbs

*Sand/salt mix used was 70:30 and 90:10.
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STATE OF MARYLAND

Storm #3 - January 12, 1992

Test Section - 11 miles (Two-lane, two-way highway)

Number of passes

9

Material used 100% rock salt and 90:10 sand/salt mix

Application rate per pass
Total material applied (all passes combined)
Total salt applied (all passes combined)

Total sand applied (all passes combined)

Test aborted at 0500.

Control Section - 10 miles (Two-lane, two-way highway)
Number of passes

Material used

Application rate per pass

Total material applied (all passes combined)

Total salt applied (all passes combined)

Total sand applied (all passes combined)

“Sand/salt mix used was 90:10 and 70:30.
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64 - 353 1bs/ln-mi

47.747 lbs
7,309 lbs

40,438 1bs

32

sand/salt mix’

94 - 235 lbs/In-mi

41.438 lbs
4,595 lbs

36.843 lbs



STATE OF MARYLAND
Storm #4 - January 23, 1992

Test Section - 11 miles (Two-lane, two-way highway)

Number of passes

Material used

Application rate per pass

Total material applied (all passes combined)
Total salt applied (all passes combined)

Total sand applied (all passes combined)

Test aborted at 2200.

Control Section - 10 miles (Two-lane, two-way highway)

Number of passes

Material used

Application rate per pass

Total material applied (all passes combined)
Total salt applied (all passes combined)

Total sand applied (all passes combined)

14
Sand/salt mix"

248 - 259 1bs/In-mi

39.378 lbs
6.122 lbs

33.257 lbs

21
sand/salt mix"

86 - 235 1bs/ln-mi

32.986 Ibs
7,380 1bs

25,605 1bs

*Sand/salt mix used was 90:10 and 70:30 for test section, and 90:10, 70:30, and 50:50 for

control section.
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STATE OF MARYLAND
Storm #5 - January 31, 1992

Test Section - 11 miles (Two-lane, two-way highway)

Number of passes 14
Material used 100% rock salt and 70:30 sand/salt mix
Application rate per pass 64 - 496 lbs/In-mi
Total material applied (all passes combined) 113,242 lbs
Total salt applied (all passes combined) 30,991 1bs
Total sand applied (all passes combined) 82.251 lbs

Test aborted at 2030.

Control Section - 10 miles (Two-lane, two-way highway)

Number of passes 22
Material used sand/salt mix’
Application rate per pass 43 - 235 1bs/In-mi
Total material applied (all passes combined) 25.747 1bs
Total salt applied (all passes combined) 5.326 lbs
Total sand applied (all passes combined) 20.421 1bs

*Sand/salt mix used was 90:10 and 70:30 for test section, and 90:10, 70:30, and 50:50 for
control section.
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STATE OF MARYLAND
Storm #6 - February 4, 1992

Test Section - 11 miles (Two-lane, two-way highway)

Number of passes 3
Material used 100% rock salt
Application rate per pass 77 1bs/In-mi
Total material applied (all passes combined) 5,069 1bs

Control Section - 10 miles (Two-lane, two-way highway)

Number of passes S
Material used 70:30 sand/salt mix
Application rate per pass 188 1bs/In-mi
Total material applied (all passes combined) 9.400 lbs
Total salt applied (all passes combined) 2,820 lbs
Total sand applied (all passes combined) 6.580 lbs
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STATE OF MARYLAND
Storm #7 - February 13, 1992

Test Section - 11 miles (Two-lane, two-way highway)

Number of passes

Material used

Application rate per pass

Total material applied (all passes combined)
Total salt applied (all passes combined)

Total sand applied (all passes combined)

Test aborted at 0358.

Control Section - 10 miles (Two-lane, two-way highway)

Number of passes

Material used

Application rate per pass

Total material applied (all passes combined)
Total salt applied (all passes combined)

Total sand applied (all passes combined)
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5

70:30 sand/salt mix

248 lbs/In-mi
27,298 1bs
19.108 lbs

8.189 Ibs

7

70:30 sand/salt mix

47 - 235 1bs/ln-mi

10,627 Ibs
1,063 lbs

9.564 1bs



STATE OF MARYLAND
Storm #8 - February 16, 1992

Test Section - 11 miles (Two-lane, two-way highway)

Number of passes
Material used
Application rate per pass

Total material applied (all passes combined)

Control Section - 10 miles (Two-lane, two-way highway)

Number of passes

Material used

Application rate per pass

Total material applied (all passes combined)
Total salt applied (all passes combined)

Total sand applied (all passes combined)

*Sand/salt mix used was 70:30 and 50:50

4

100% sand/salt mix

77 Ibs/In-mi

6.758 lbs

10

sand/salt mix"

86 - 188 lbs/In-mi

14,736 lbs
3,112 Ibs

9.624 1bs
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STATE OF MARYLAND
Storm #9 - February 28, 1992

Test Section - 11 miles (Two-lane, two-way highway)

Number of passes 7
Material used 100% rock salt
Application rate per pass 154 - 192 1bs/In-mi
Total material applied (all passes combined) 23.654 1bs

Control Section - 10 miles (Two-lane, two-way highway)

Number of passes 10
Material used 70:30 sand/salt mix
Application rate per pass | 90 - 188 Ibs/In-mi
Total material applied (all passes combined) 12,117 lbs
Total salt applied (all passes combined) 3,635 lbs
Total sand applied (all passes combined) 8.482 1bs
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STATE OF MARYLAND
Storm #10 - March 14, 1992

Test Section - 11 miles (Two-lane, two-way highway)

Number of passes 6
Material used Sand/salt mix"
Application rate per pass 238 - 259 Ibs/In-mi
Total material applied (all passes combined) 32.757 lbs
Total salt applied (all passes combined) 9.827 1bs
Total sand applied (all passes combined) 22,930 1lbs

Test aborted at 0400.

Control Section - 10 miles (Two-lane, two-way highway)

Number of passes 6
Material used Sand/salt mix"
Application rate per pass 86 - 90 1bs/In-mi
Total material applied (all passes combined) 5,261 lbs
Total salt applied (all passes combined) 2.269 lbs
Total sand applied (all passes combined) 2.991 lbs

*Sand/salt mix used was 50:50 and 90:10 for test section, and 70:30 and 50:50 for control
section.
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STATE OF MARYLAND
Storm #11 - March 15-16, 1992

Test Section - 11 miles (Two-lane, two-way highway)

Number of passes 4
Material used 100% rock salt
Application rate per pass 154 1bs/in-mi
Total material applied (all passes combined) 13.517 lbs

Control Section - 10 miles (Two-lane, two-way highway)

Number of passes 4
Material used 70:30 sand/salt mix
Application rate per pass 266 1bs/In-mi
Total material applied (all passes combined) 9,926 lbs
Total salt applied (all passes combined) 2,978 lbs
Total sand applied (all passes combined) 6.948 1bs
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STATE OF COLORADO
Storm #1 - March 9, 1992

Test Section - 9.1 miles (Westbound direction, 2 lanes)

Number of passes 3
Material used Sand/salt mix" prewetted with liquid CaCl,
Application rate per pass 265 1bs/In-mi
Total material applied (all passes combined) 14,332 lbs
Total sand applied (all passes combined) 11,692 lbs
Total salt applied (all passes combined) 2,395 lbs
Total CaCl, applied (all passes combined) 245 lbs

Control Section - 9.1 miles (Eastbound direction, 2 lanes)

Number of passes 3
Material used sand/salt mix
Application rate per pass 258 Ibs/In-mi
Total material applied (all passes combined) 14.087 lbs
Total sand applied (all passes combined) 11,551 Ibs
Total salt applied (all passes combined) 2.536 lbs

*Sand/salt mix is 82% sand, 18% salt.
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STATE OF NEVADA
Storm #1 - December 18, 1991

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes 2
Material used Sand/salt mix" prewetted with liquid MgCl,
Application rate per pass 1,138 Ibs/In-mi
Total material applied (all passes combined) 15,207 lbs
Total sand applied (all passes combined) 12.530 lbs
Total salt applied (all passes combined) 2.566 lbs
Total MgCl, applied (all passes combines) 110 lbs

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes

[

*Sand/salt mix is 83% sand, 17% salt

336



STATE OF NEVADA
Storm #2 - December 29, 1991

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes 4
Material used Liquid MgCl,
Application rate per pass 102 1bs/In-mi
Total material applied (all passes combined) 2.727 1bs

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes 2
Material used Sand/salt mix"
Application rate per pass 1,190 Ibs/In-mi
Total material applied (all passes combined) 15.898 lbs
Total salt applied (all passes combined) 2.703 lbs
Total sand applied (all passes combined) 13,196 1bs

"Sand/salt mix is 83% sand, 17% salt.
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STATE OF NEVADA
Storm #3 - January 2-3, 1992

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes 1
Material used Sand/salt mix" prewetted with liquid MgCl,
Application rate per pass 683 lbs/In-mi
Total material applied (all passes combined) 9,124 lbs
Total sand applied (all passes combined) 7.518 1bs
Total NaCl applied (all passes combined) 1,540 1bs
Total MgCl, applied (all passes combined) 66 lbs

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes 3
Material used Sand/salt mix’
Application rate per pass 966 - 1,385 lbs/In-mi
Total material applied (all passes combined) 24.959 1bs
Total sand applied (all passes combined) 20,716 1bs
Total salt applied (all passes combined) 4,243 1bs

*Sand/salt mix is 83% sand, 17% salt.

338



STATE OF NEVADA
Storm #4 - January 5, 1992

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes 3
Material used Liquid MgCl, and sand/salt mix" prewetted with MgCl,
Application rate per pass 102 - 973 lbs/ln-mi
Total material applied (all passes combined) 7,864 1bs
Total sand applied (all passes combined) 5,257 lbs
Total NaCl applied (all passes combined) 1.097 1bs
Total MgCl, applied (all passes combined) 1.411 lbs

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes 3
Material used sand/salt mix
Application rate per pass 966 - 1.620 1bs/In-mi
Total material applied (all passes combined) 28.097 1bs
Total sand applied (all passes combined) 23,321 Ibs
Total salt applied (all passes combined) 4,777 lbs

*Sand/salt mix is 83% sand, 17% salt.
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STATE OF NEVADA
Storm #5 - January 6-7, 1992

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes 2

Material used Sand/salt mix prewetted with liquid MgCl,’
Sand/salt mix"

Application rate per pass 1,430 - 2.141 lbs/In-mi
Total material applied (all passes combined) 23,854 1bs
Total sand applied (all passes combined) 19.713 lbs
Total salt applied (all passes combined) 4,038 lbs
Total MgCl, applied (all passes combined) 104 Ibs

Control Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes 3
Material used sand/salt mix
Application rate per pass 1,080 - 2,126 lbs/In-mi
Total material applied (all passes combined) 30.965 lbs
Total sand applied (all passes combined) 25,701 1bs
Total salt applied (all passes combined) 5.264 1bs

*Sand/salt mix is 83% sand, 17% salt.
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STATE OF NEVADA
Storm #6 - February 11, 1992

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes

Material used

Application rate per pass

Total material applied (all passes combined)
Total salt applied (all passes combined)

Total sand applied (all passes combined)

"Sand/salt mix is 83% sand, 17% salt.

IS

2
sand/salt mix"

728 - 923 lbs/In-mi

11,366 lbs
1,932 1bs

9.434 1bs
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STATE OF NEVADA
Storm #7 - February 15, 1992

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes
Material used
Application rate per pass

Total material applied (all passes combined)

Control Section - 6.68 miles (Southbound direction 2. lanes)

Number of passes

Material used

Application rate per pass

Total material applied (all passes combined)
Total salt applied (all passes combined)

Total sand applied (all passes combined)

*Sand/salt mix 83% sand, 17% salt.
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2
Liquid MgCl,
102 1bs/In-mi

1,364 lbs

6
sand/salt mix"

778 - 2,592 1bs/In-mi

52.597 lbs
8.941 lbs

43.655 1bs



STATE OF NEVADA
Storm #8 - February 16, 1992

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes
Material used
Application rate per pass

Total material applied (all passes combined)

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes

Material used

Application rate per pass

Total material applied (all passes combined)
Total salt applied (all passes combined)

Total sand applied (all passes combined)

*Sand/salt mix is 83% sand, 17% salt.

4
Liquid MgCl,
102 1bs/In-mi

2,727 Ibs

4
sand/salt mix’

1,385 - 2,126 1bs/In-mi

41,956 Ibs
1,133 Ibs

34,823 lbs
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STATE OF MISSOURI
Storm #1 - March 18-19, 1992

Test Section - 2.8 miles(Two-lane, divided highway)

Number of passes 2
Material used NaCl prewetted with liquid 32% CaCl,
Application rate per pass 101 ibs/In-mi
Total material applied (all passes combined) 566 lbs
Total NaCl applied (all passes combined) 560 1bs
Total CaCl, applied (all passes combined) 6 lbs

Control Section - 2.8 miles (Two-lane, divided highway)

Number of passes 1
Material used NaCl
Application rate per pass 100 1bs/In-mi
Total material applied (all passes combined) 280 Ibs
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STATE OF OHIO
Storm #1 - February 8, 1992

Test Section - 6 miles (Six-lane, divided highway)

Number of passes 2
Material used NaCl prewetted with liquid 32% CaCl,
Application rate per pass 101 1bs/In-mi
Total material applied (all passes combined) 2.421 lbs
Total NaCl applied (all passes combined) 2,400 1bs
Total CaCl, applied (all passes combined) 21 lbs

Control Section - 6 miles (Six-lane, divided highway)

Number of passes 2
Material used NaCl
Application rate per pass 100 Ibs/In-mi
Total material applied (all passes combined) 2.400 1bs
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STATE OF OHIO
Storm #2 - February 13, 1992

Test Section - 6 miles (Six-lane, divided highway)

Number of passes 4
Material used NaCl prewetted with liquid 32% CaCl,
Application rate per pass 101 lbs/In-mi
Total material applied (all passes combined) 4.842 lbs
Total NaCl applied (all passes combined) 4.800 lbs
Total CaCl, applied (all passes combined) 42 lbs

Control Section - 6 miles (Six-lane. divided highway)

Number of passes 4
Material used NaCl
Application rate per pass 150 - 200 1bs/In-mi
Total material applied (all passes combined) 8.400 lbs
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STATE OF OHIO
Storm #3 - February 14, 1992

Test Section - 6 miles (Six-lane, divided highway)

Number of passes 2
Material used NaCl prewetted with liquid 32% CaCl,
Application rate per pass 101 1bs/In-mi
Total material applied (all passes combined) 2.421 lbs
Total NaCl applied (all passes combined) 2.400 1bs
Total CaCl, applied (all passes combined) 21 lbs

Control Section - 6 miles (Six-lane, divided highway)

Number of passes 2
Material used NaCl
Application rate per pass 100 - 150 lbs/In-mi
Total material applied (all passes combined) 3.000 lbs
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STATE OF MINNESOTA
Storm #1 - February 10, 1992
U.S. Interstate 35

Test Section - 1.5 miles (Four-lane, divided highway)

Number of passes 7
Material used CMA/NaCl mix’ prewetted with liquid 25% CMA
Application rate per pass 76 - 1,104 1bs/In-mi
Total material applied (all passes combined) 7,134 lbs
Total NaCl applied (all passes combined) 5,414 1bs
Total CMA applied (all passes combined) 1,720 1bs

Control Section - 4.3 miles (Four-lane, divided highway)

Number of passes 3
Material used NaCl
Application rate per pass 259 - 729 lbs/In-mi
Total material applied (all passes combined) 7.383 lbs

*CMA/NaCl mix is 78% NaCl, 22% CMA.
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STATE OF MINNESOTA

Storm #3 - February 17, 1992
U.S. Interstate 35

Test Section - 1.5 miles (Four-lane, divided highway)

Number of passes 1
Material used CMA/NaCl mix" prewetted with liquid 25% CMA
Application rate per pass 875 lbs/In-mi
Total material applied (all passes combined) 1,313 1bs
Total NaCl applied (all passes combined) 996 1bs
Total CMA applied (all passes combined) 316 Ibs

Control Section - 4.3 miles (Four-lane, divided highway)

Number of passes

(=]

No applications made

"CMA/NaCl mix is 78% NaCl, 22% CMA.
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STATE OF MINNESOTA

Storm #4 - February 20, 1992
U.S. Interstate 35

Test Section - 1.5 miles (Four-lane, divided highway)

Number of passes 3
Material used CMA/NaCl mix" prewetted with liquid 25% CMA
Application rate per pass 725 - 1,167 1bs/In-mi
Total material applied (all passes combined) 4.588 lbs
Total NaCl applied (all passes combined) 3.482 lbs
Total CMA applied (all passes combined) 1,106 1bs

Control Section - 4.3 miles (Four-lane, divided highway)

Number of passes 3
Material used NaCl
Application rate per pass 130 - 259 1bs/In-mi
Total material applied (all passes combined) 3.341 lbs

*CMA/NaCl mix is 78% NaCl, 22% CMA.
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STATE OF MINNESOTA
Storm #4- February 20, 1992
U.S. Highway 53

Test Section - 17 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl prewetted with 32% CaCl, and sand/salt mix"
Application rate per pass 205 - 375 1bs/In-mi
Total material applied (all passes combined) 19.713 1bs
Total sand applied (all passes combined) 10,200 lbs
Total NaCl applied (all passes combined) 9.350 1bs
Total CaCl, applied (all passes combined) 163 1bs

Control Section - 17 miles (Four-lane, divided highway)

Number of passes

[

No applications made

*Sand/NaCl mix is 80% sand, 20% NaCl.
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STATE OF NEW YORK
Storm #1 - January 23, 1992

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 13
Material used NaCl prewetted with liquid 32% CaCl,
Application rate per pass 115 1bs/In-mi
Total material applied (all passes combined) 22,925 1bs
Total NaCl applied (all passes combined) 22,533 lbs
Total CaCl, applied (all passes combined) 392 1bs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 8
Material used NaCl
Application rate per pass 220 - 226 1bs/In-mi
Total material applied (all passes combined) 27,148 1bs
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STATE OF NEW YORK
Storm #2 - February 1, 1992

Test Section - 7.7 miles (Four-lane, divided highway

Number of passes 2
Material used NaCl prewetted with liquid 32% CaCl,
Application rate per pass 124 1b/In-mi
Total material applied (all passes combined) 3.809 lbs
Total NaCl applied (all passes combined) 3.744 1bs
Total CaCl, applied (all passes combined) 65 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes ' 1
Material used NaCl
Application rate per pass 226 lbs/In-mi
Total material applied (all passes combined) 3.480 1bs
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STATE OF NEW YORK
Storm #3 - February 4, 1992

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 8
Material used NaCl prewetted with ligquid 32% CaCl,
Application rate per pass 123 Ibs/In-mi
Total material applied (all passes combined) 15,105 1bs
Total NaCl applied (all passes combined) 14,975 1bs
Total CaCl, applied (all passes combined) 130 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 7
Material used NaCl
Application rate per pass 226 1bs/In-mi
Total material applied (all passes combined) 24.363 1bs
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STATE OF NEW YORK
Storm #4 - February 8-9, 1992

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 13
Material used NaCl prewetted with liquid 32% CaCl,
Application rate per pass 114 - 123 1bs/ln-mi
Total material applied (all passes combined) 22.868 1bs
Total NaCl applied (all passes combined) 22.671 lbs
Total CaCl, applied (all passes combined) 167 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 14
Material used NaCl
Application rate per pass 220 - 226 1bs/In-mi
Total material applied (all passes combined) 47.732 lbs
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STATE OF NEW YORK
Storm #5 - February 11, 1992

Test Section - 7.7 miles (Four-lane, divided higchway)

Number of passes 5
Material used NaCl prewetted with liquid 32% CaCl,
Application rate per pass 114 1bs/In-mi
Total material applied (all passes combined) 8.742 1bs
Total NaCl applied (all passes combined) 8.666 lbs
Total CaCl, applied (all passes combined) 75 1bs

Test aborted at 1500.

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 3
Material used NaCl
Application rate per pass 220 lbs/In-mi
Total material applied (all passes combined) 10,143 1bs
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STATE OF NEW YORK
Storm #6 - February 12-14, 1992

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 6
Material used NaCl prewetted with liquid 32% CaCl,; NaCl
Application rate per pass 114 - 220 1bs/In-mi
Total material applied (all passes combined) 13.895 lbs
Total NaCl applied (all passes combined) 13.834 1bs
Total CaCl, applied (all passes combined) 62 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes S
Material used NaCl
Application rate per pass 220 - 226 1bs/In-mi
Total material applied (all passes combined) 17,005 lbs
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STATE OF NEW YORK
Storm #7 - February 16, 1992

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl prewetted with liquid 32% CaCl,
Application rate per pass 123 1bs/In-mi
Total material applied (all passes combined) 3,776 lbs
Total NaCl applied (all passes combined) 3.744 lbs
Total CaCl, applied (all passes combined) 33 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl
Application rate per pass 122 1bs/In-mi
Total material applied (all passes combined) 3.744 1bs
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STATE OF NEW YORK
Storm #8 - February 16, 1992

No applications were made.
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STATE OF NEW YORK
Storm #9 - February 22, 1992

Test Section - 7.7 miles (four-lane, divided highway)

Number of passes 1
Material used NaCl prewetted with liquid 32% CaCl,
Application rate per pass 123 Ibs/In-mi
Total material applied (all passes combined) 1,888 1bs
Total NaCl applied (all passes combined) 1.872 lbs
Total CaCl, applied (all passes combined) 16 lbs

Control Section - 7.7 miles (four-lane, divided highway)

Number of passes 1
Material used NaCl
Application rate per pass 122 1bs/ln-mi
Total material applied (all passes combined) 1,872 lbs
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STATE OF NEW YORK
Storm #10 - February 24, 1992

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 4
Material used NaCl prewetted with liquid 32% CaCl,
Application rate per pass 123 1bs/In-mi
Total material applied (all passes combined) _ 7.553 lbs
Total NaCl applied (all passes combined) 7.487 1bs
Total CaCl, applied (all passes combined) 65 1bs

Control Section - 7.7 miles (four-lane, divided highway)

Number of passes 2
Material used NaCl
Application rate per pass 226 lbs/In-mi
Total material applied (all passes combined) 6,961 1bs
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STATE OF NEW YORK
Storm #11 - February 26-27, 1992

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 4
Material used NaCl prewetted with liquid 32% CaCl,
Application rate per pass 119 - 123 Ibs/In-mi
Total material applied (all passes combined) 7.452 1bs
Total NaCl applied (all passes combined) 7.387 lbs
Total CaCl, applied (all passes combined) 64 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 4
Material used NaCl
Application rate per pass 118 - 226 1bs/In-mi
Total material applied (all passes combined) 10.604 1bs
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STATE OF NEW YORK
Storm #12 - February 28-29, 1992

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes

7

Material used NaCl prewetted with liquid 32% CaCl,: NaCl

Application rate per pass
Total material applied (all passes combined)
Total NaCl applied (all passes combined)

Total CaCl, applied (all passes combined)

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes
Material used
Application rate per pass

Total material applied (all passes combined)

123 - 226 lbs/ln-mi

21,082 Ibs
21,049 lbs

33 lbs

N

NaCl

220 - 226 lbs/In-mi

24,267 1bs
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STATE OF NEW YORK
Storm #31 - March 11-15, 1992

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes

Material used

33

Sand/salt mix’ with liquid 32% CaCl,,

NaCl prewetted with liquid 32% CaCl,, and NaCl

Application rate per pass

Total material applied (all passes combined)
Total sand applied (all passes combined)
Total NaCl applied (all passes combined)

Total CaCl, applied (all passes combined)

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes

Material used

Application rate per pass

Total material applied (all passes combined)
Total sand applied (all passes combined)
Total NaCl applied (all passes combined)

*Sand/salt mix is 75% sand, 25% NaCl.
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122 - 260 lbs/In-mi

81,622 lbs
5.959 Ibs
75.306 Ibs

356 lbs

33

NaCl and sand/salt mix"

132 - 226 1bs/In-mi

94.768 lbs
3.055 Ibs

91.713 Ibs



STATE OF NEW YORK
Storm #14 - March 17, 1992

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl prewetted with liquid 32% CaCl,; NaCl
Application rate per pass 123 - 226 lbs/In-mi
Total material applied (all passes combined) 5,369 lbs
Total NaCl applied (all passes combined) 5.352 1bs
Total CaCl, applied (all passes combined) | 16 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 42
Material used NaCl
Application rate per pass 226 1bs/In-mi
Total material applied (all passes combined) 6,961 lbs

365



STATE OF NEW YORK
Storm #15 - March 22, 1992

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 11
Material used NaCl prewetted with liquid 32% CaCl,; NaCl
Application rate per pass 114 - 221 lbs/In-mi
Total material applied (all passes combined) 29,223 1bs
Total NaCl applied (all passes combined) 29.104 1bs
Total CaCl, applied (all passes combined) 119 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 11
Material used : NaCl
Application rate per pass 122 - 220 Ibs/In-mi
Total material applied (all passes combined) 35,695 lbs
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Appendix G

Summary of Material Applied to Test and
Control Sections During 1992-93 Winter:

Maryland
Colorado
Nevada
Missouri
Ohio
Minnesota
New York
Washington



STATE OF MARYLAND
Storm #1 - January 8-11, 1993
MD Route 495

Test Section - 10.4 miles (Two-lane, undivided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)

Total sand applied (all passes combined)

Total NaCl applied (all passes combined)

Control Section - 10.5 miles (Two-lane, undivided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)

Total sand applied (all passes combined )

Total NaCl applied (all passes combined)

"Mix is 50% NaCl, 50% sand.
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19
NaCl/sand

173 - 324 1bs/In-mi

81.769 lbs
40,884 lbs

40,884 1bs

19
NaCl/sand”

54 -76 Ibs/In-mi

24,381 1bs
12.191 lbs

12.191 lbs



STATE OF MARYLAND
Storm #2 - January 24-25, 1993
MD Route 495

Test Section - 10.4 miles (Two-lane. undivided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total sand applied (all passes combined)

Total NaCl applied (all passes combined)

Control Section - 10.5 miles (Two-lane, undivided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total sand applied (all passes combined)
Total NaCl applied (all passes combined)

*Mix is 50% NaCl, 50% sand.

"Mix is 50:50 NaCl/sand and 30:70 NaCl/sand.

8
NaCl/sand *

173 - 475 Ibs/In-mi

31,450 lbs
15,725 1bs

15,725 lbs

6
NaCl/sand™

54 - 113 Ibs/In-mi

6,905 1bs
3.926 lbs

2,979 lbs
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STATE OF MARYLAND
Storm #2 - January 29, 1993
MD Route 495

Test Section - 10.4 miles (Two-lane, undivided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total sand applied (All passes combined)

Total NaCl applied (all passes combined)

Control Section - 10.5 miles (Two-lane, undivided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total sand applied (all passes combined)

Total NaCl applied (all passes combined)

*Mix is 50% NaCl, 50% sand.

"Mix is 30% NaCl, 70% sand.
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7
NaCl/sand”

173 - 475 1bs/In-mi

31.899 Ibs
15.949 1bs

15.949 lbs

2

NaCl/sand™
113 Ibs/In-mi
2,369 1bs
1,658 lbs

711 Ibs




STATE OF MARYLAND
Storm #4 - February 1, 1993
MD Route 495

Test Section - 10.4 miles (Two-lane, undivided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total sand applied (all passes combined)

Total NaCl applied (all passes combined)

Control Section - 10.5 miles (Two-lane, undivided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total sand applied (all passes combined)
Total NaCl applied (all passes combined)

"Mix is 50% Nacl, 50% sand.
*Mix is 30% NaCl, 70% sand.

4

NaCl/sand”
475 1bs/In-mi
19.768 Ibs
9.884 Ibs

9.884 lbs

2
NaCl/sand™
90 Ibs/In-mi

1,895 Ibs
1,327 Ibs

569 lbs
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STATE OF COLORADO
Storm #1 - November 20-21, 1992
U.S. Interstate 25

Test Section - 5.05 miles (Four-lane, divided highway)

Number of passes

7

Material used NaCl/sand mix  prewetted with 32% CaCl,

Application per rate pass

Total material applied (all passes combined)
Total sand applied (all passes combined)
Total NaCl applied (all passes combined)

Total CaCl, applied (all passes combined)

Control Section - 10.5 miles (Two-lane, undivided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total sand applied (all passes combined)

Total NaCl applied (all passes combined)

*NaCl/sand mix is 8% NaCl, 92% sand.
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254 - 509 1bs/In-mi

17.983 Ibs
16,261 Ibs
1,414 1Ibs

308 lbs

4
NaCl/sand"

250 - 500 lbs/In-mi

10,100 1bs
9,292 lbs

808 1bs




STATE OF COLORADO
Storm #2 - November 21-December 4, 1992
Colorado Route 470

Test Section - 9.1 miles (Four-lane, divided highway)

Number of passes 14
Material used NaCl/sand mix" prewetted with 32% CaCl,
Application per rate pass 254 - 509 1bs/In-mi
Total material applied (all passes combined) 64.809 Ibs
Total sand applied (all passes combined) 52,234 lbs
Total NaCl applied (all passes combined) 11.466 lbs
Total CaCl, applied (all passes combined) 1,109 1bs

Control Section - 9.1 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl/sand mix" prewetted with 32% CaCl,
Application per rate pass 254 lbs/In-mi
Total material applied (all passes combined) 9,258 1lbs
Total sand applied (all passes combined) 7.462 1bs
Total NaCl applied (all passes combined) 1,638 lbs
Total CaCl, applied (all passes combined) 158 lbs

"NaCl/sand mix is 18% NaCl, 82% sand.
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STATE OF COLORADO
Storm #3 - November 23, 1992
U.S. Interstate 25

Test Section - 5.05 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl/sand mix" prewetted with 32% CaCl,
Application per rate pass 254 - 509 lbs/In-mi
Total material applied (all passes combined) : 5,138 1bs
Total sand applied (all passes combined) 4,646 1bs
Total NaCl applied (all passes combined) 404 lbs
Total CaCl, applied (all passes combined) 88 lbs

Control Section - 5.05 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl/sand
Application per rate pass 500 1bs/In-mi
Total material applied (all passes combined) 2.525 1bs
Total sand applied (all passes combined) 2.323 1bs
Total NaCl applied (all passes combined) 202 lbs

*NaCl/sand mix is 8% Nacl, 92% sand.
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STATE OF COLORADO
Storm #4 - December 3-5, 1992

U.S. Interstate 25

Test Section - 5.05 miles (Four-lane, divided highway)

Number of passes

3

Material used NaCl/sand mix" prewetted with 32% CaCl,

Application per rate pass

Total material applied (all passes combined)
Total sand applied (all passes combined)
Total NaCl applied (all passes combined)

Total CaCl, applied (all passes combined)

Control Section - 5.05 miles (Four-lane, divided highway)

253 - 254 1bs/In-mi

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total sand applied (all passes combined)

Total NaCl applied (all passes combined)

"NaCl/sand mix is 8% Nacl, 92% sand.

7,680 lbs

6.969 Ibs

4~

NaCl/sand

500 lbs/In-mi

10,100 1bs
9,292 Ibs

808 lbs
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STATE OF COLORADO
Storm #5 - December 12-13, 1992
U.S. Interstate 25

Test Section - 5.05 miles (Four-lane, divided highway)

Number of passes

No applications were made on test section except spot sanding.

Control Section - 10.5 miles (Two-lane, undivided highway)

Number of passes

No applications were made on control section except spot sanding.
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STATE OF COLORADO
Storm #6 - February 3, 1993
U.S. Interstate 25

Test Section - 5.05 miles (Four-lane, divided highway)

Number of passes

No applications were made on test section except spot sanding.

Control Section - 5.05 miles (Four-lane, divided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total sand applied (all passes combined)

Total NaCl applied (all passes combined)

*NaCl/sand mix is 8% Nacl, 92% sand.

1S

5

NaCl/sand’

500 lbs/In-mi

12,625 1bs
11,615 lbs

1,010 Ibs
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STATE OF COLORADO
Storm #7 - February 9-10, 1993
U.S. Interstate 25

Test Section - 5.05 miles (Four-lane, divided highway)

Number of passes 4
Material used NaCl/sand mix" prewetted with 32% CaCl,
Application per rate pass 509 1bs/In-mi
Total material applied (all passes combined) 10,276 1bs
Total sand applied (all passes combined) 9.292 1bs
Total NaCl applied (all passes combined) 808 1bs
Total CaCl, applied (all passes combined) 176 lbs

Control Section - 50.5 miles (Four-lane, divided highway)

Number of passes 6
Material used NaCl/sand "
Application per rate pass 500 1bs/In-mi
Total material applied (all passes combined) 15,150 1bs
Total sand applied (all passes combined) 13.938 Ibs
Total NaCl applied (all passes combined) 1,212 Ibs

"NaCl/sand mix is 8% Nacl, 92% sand.
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STATE OF NEVADA
Storm #1 - November 19, 1992

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes

No application were made on the test section.

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total sand applied (all passes combined)

Total salt applied (all passes combined)

*Sand/salt mix is 83% sand, 17% salt.

()

1

Sand/salt mix

1,310 Ibs/In-mi

8.753 lbs
7,265 lbs

1.488 1bs
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STATE OF NEVADA
Storm #2 - December 6-7, 1992

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes 19
Material used Liquid MgCl,
Application per rate pass 117 1bs/In-mi
Total material applied (all passes combined) 8.571 lbs

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes 2
Material used Sand/salt mix”
Application per rate pass 1.411 Ibs/ln-mi
Total material applied (all passes combined) 18,854 lbs
Total sand applied (all passes combined) 15,649 lbs
Total salt applied (all passes combined) 3.205 lbs

*Sand/salt mix is 83% sand, 17% salt.
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STATE OF NEVADA
Storm #3 - december 11, 1992

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes 4
Material used Liquid MgCl,
Application per rate pass 117 1bs/In-mi
Total material applied (all passes combined) 3.117 1bs

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes 3
Material used Prewet mix and sand/salt mix’
Application per rate pass 677 - 1,065 1bs/In-mi
Total material applied (all passes combined) 16,160 lbs
Total sand applied (all passes combined) 13,358 lbs
Total salt applied (all passes combined) 2,736 lbs
Total MgCl, applied (all passes combined) 65 lbs

"Prewet mix is 83:17 sand/salt mix prewet with 27% liquid MgCl, at a rate of 5 gal/ton.
Sand/salt mix is 83% sand, 17% salt.
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STATE OF NEVADA

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes
Material used

Application per rate pass

Total material applied (all passes combined)

Total sand applied (all passes combined)

Total salt applied (all passes combined)

Total MgCl, applied (all passes combined)

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes
Material used

Application per rate pass

Total material applied (all passes combined)

Total sand applied (all passes combined)

Total salt applied (all passes combined)

*Sand/salt mix is 83% sand, 17% salt.
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Storm #4 - December 16-18, 1992

14

Liquid MgCl, sand/salt mix"

44 - 1,780 lbs/In-mi

44,826 Ibs
29,607 lbs
6.064 Ibs

9.155 Ibs

8

Sand/salt mix

675 - 1.168 lbs/ln-mi

49.728 lbs
41,275 lbs

8.454 1bs



STATE OF NEVADA
Storm #5 - December 28-30, 1992

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes

No applications were made on the control section

6
Liquid MgCl,
117 lbs/In-mi

7,553 Ibs

1S
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STATE OF NEVADA
Storm #6 - January 1, 1993

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes 1
Material used Liquid MgCl,
Application per rate pass 117 1bs/In-mi
Total material applied (all passes combined) 779 1bs

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes

[}

No applications were made on the control section
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STATE OF NEVADA
Storm #7 - January 5-9, 1993

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes 2619
Material used Liquid MgCl, and sand/salt mix"
Application per rate pass 1,171 - 1,138 lbs/In-mi
Total material applied (all passes combined) 49,999 lbs
Total sand applied (all passes combined) 28.566 1lbs
Total salt applied (all passes combined) 5,851 1bs
Total MgCl, applied (all passes combined) 15,583 lbs

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes 10
Material used Sand/salt mix"
Application per rate pass 405 - 1,068 1bs/In-mi
Total material applied (all passes combined) 57.008 1bs
Total sand applied (all passes combined) 47,316 lbs
Total salt applied (all passes combined) 9,691 1bs

*Sand/salt mix is 83% sand, 17% salt.
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STATE OF NEVADA
Storm #8 - January 9-10, 1993

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes 61
Material used Liquid MgCl,
Application per rate pass 117 1bs/In-mi
Total material applied (all passes combined) 4.675 lbs

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes 10
Material used Sand/salt mix’
Application per rate pass 655 - 1,221 1bs/ln-mi
Total material applied (all passes combined) | 69.070 lbs
Total sand applied (all passes combined) 57.328 1bs
Total salt applied (all passes combined) 11,742 lbs

*Sand/salt mix is 83% sand, 17% salt.
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STATE OF NEVADA
Storm #9 - January 12-14, 1993

Test Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes 12
Material used Liquid MgCl,
Application per rate pass 117 1bs/In-mi
Total material applied (all passes combined) 9.350 1bs

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes 13
Material used Sand/salt mix"
Application per rate pass 806 - 1,495 lbs/In-mi
Total material applied (all passes combined) 95.855 lbs
Total sand applied (all passes combined) 79.560 lbs
Total NaCl applied (all passes combined) 16.295 lbs

*Sand/salt mix is 83% sand, 17% salt.
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STATE OF NEVADA
Storm #10 - January 15-18, 1993

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes 17
Material used Liquid MgCl, and sand/salt mix’
Application per rate pass 117 - 1,246 Ibs/In-mi
Total material applied (all passes combined) 52,916 lbs
Total sand applied (all passes combined) 37.374 1bs
Total salt applied (all passes combined) 7,655 1bs
Total MgCl, applied (all passes combined) 7.887 lbs

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes 25
Material used Sand/salt mix"
Application per rate pass 405 - 1,495 lbs/In-mi
Total material applied (all passes combined) 105,331 lbs
Total sand applied (all passes combined) 87.425 lbs
Total salt applied (all passes combined) 17.906 lbs

*Sand/salt mix is 83% sand, 17% salt.
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STATE OF NEVADA
Storm #11 - January 26-27, 1993

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes
Material used

Application per rate pass

10

Liquid MgCl,

72 - 117 1bs/In-mi

4.398 Ibs

7
Sand/salt mix"

569 - 890 lbs/In-mi

Total material applied (all passes combined) 33.949 1bs
Total sand applied (all passes combined) 28.178 lbs
Total salt applied (all passes combined) 5,771 lbs
NOTE: This was a fog and ice event. On both test and control section, applications

were made only to parts of the section, not to the entire section length.

*Mix is 50% Nacl, 50% sand.
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STATE OF NEVADA
Storm #12 - February 11, 1993

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes

No applications were made on the control section.

Precautionary applications, not a storm event.
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Liquid MgCl,
117 Ibs/In-mi

3.117 1bs
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STATE OF NEVADA
Storm #13 - February 15-20, 1993

Test Section - 6.68 miles (Northbound direction, 2 lanes)

Number of passes 29
Material used Liguid MgCl, and sand/salt mix"
Application per rate pass 94 - 1.116 lbs/In-mi
Total material applied (all passes combined) 68.022 1bs
Total sand applied (all passes combined) 40,984 1bs
Total salt applied (all passes combined) 8.394 lbs
Total MgCL, applied (all passes combined) 18,644 lbs

Control Section - 6.68 miles (Southbound direction. 2 lanes)

Number of passes 19
Material used Sand/salt mix"
Application per rate pass 718 - 1,246 lbs/In-mi
Total material applied (all passes combined) 121.417 lbs
Total sand applied (all passes combined) 100,776 1bs
Total salt applied (all passes combined) 20.641 1bs

*Sand/salt mix is 83% sand, 17% salt.
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STATE OF NEVADA
Storm #14 - February 22-27, 1993

Test Section - 6.68 miles (Northbound direction. 2 lanes)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

Control Section - 6.68 miles (Southbound direction, 2 lanes)

Number of passes
Material used

Application per rate pass

23

Liquid MgCl,
94 - 379 Ibs/In-mi

24,028 lbs

7

Sand/salt mix"

882 - 1,068 1bs/In-mi

Total material applied (all passes combined) 45,795 lbs
Total sand applied (all passes combined) 38.010 1Ibs
Total salt applied (all passes combined) 7,785 1bs
NOTE: On test section, applications were not always made to entire length of the

section.

*Sand/salt mix is 83% sand, 17% salt.
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STATE OF MISSOURI
Storm #1 - November 6-7, 1992
U.S. Interstate 29

Test Section - 2.8 miles (Four-lane, divided highway)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

Control Section - 2.8 miles (Four-lane, divided highway)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

1
NaCl
100 Ibs/In-mi

280 lbs

2
NaCl
400 Ibs/In-mi

2.240 Ibs
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STATE OF MISSOURI
Storm #2 - November 22, 1992
U.S. Interstate 71

Test Section - 5.1 miles (Four-lane, divided highway)

Number of passes 2
Material used Cinders/NaCl Mix" prewetted with 28% MgCl,
Application per rate pass 222 1bs/In-mi
Total material applied (all passes combined) 2.269 lbs
Total cinders applied (all passes combined) 1,260 Ibs
Total NaCl applied (all passes combined) 994 1bs
Total MgCl, applied (all passes combined) 15 lbs

Control Section - 5.1 miles (Four-lane. divided highway)

Number of passes 2
Material used Cinders/NaCl®
Application per rate pass 412 1bs/In-mi
Total material applied (all passes combined) 4,202 lbs
Total cinders applied (all passes combined) 2.349 lbs
Total NaCl applied (all passes combined) 1.853 Ibs

*Cinders/NaCl mix is 50% cinders, 50% NaCl.
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STATE OF MISSOURI
Storm #3 - November 25, 1992
U.S. Interstate

Test Section - 2.8 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 400 lbs/In-mi
Total material applied (all passes combined) 1,120 Ibs

Control Section - 2.8 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 400 lbs/In-mi
Total material applied (all passes combined) 1,120 Ibs
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STATE OF MISSOURI
Storm #4 - December 5-6, 1992
U.S.Interstate 29

Test Section - 2.8 miles (Four-lane, divided highway)

Number of passes 4
Material used NaCl prewetted with 32% CaCl,; NaCl
Application per rate pass 100 - 101 Ibs/In-mi
Total material applied (all passes combined) 1,126 lbs
Total NaCl applied (all passes combined) 1.120 Ibs
Total CaCl, applied (all passes combined) 6 lbs
Control Section - 2.8 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl prewetted with 32% CaCl,; NaCl
Application per rate pass 400 - 404 1bs/In-mi
Total material applied (all passes combined) 4,502 lbs
Total NaCl applied (all passes combined) 4.480 lbs
Total CaCl, applied (all passes combined) 22 lbs
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STATE OF MISSOURI
Storm #4 - December 5-6, 1992
U.S. Highway 71

Test Section - 5.1 miles (Four-lane, divided highway)

Number of passes 7
Material used Cinders/NaCl mix" prewetted with 28% MgCl,
Application per rate pass 222 lbs/In-mi
Total material applied (all passes combined) 7.941 lbs
Total cinders applied (all passes combined) 4.410 lbs
Total NaCl applied (all passes combined) 3.479 lbs
Total MgCl, applied (all passes combined) 51 lbs

Control Section - 5.1 miles (Four-lane, divided hichway)

Number of passes 6
Material used Cinders/NaCl mix"
Application per rate pass 412 1bs/In-mi
Total material applied (all passes combined) 12,607 1bs
Total cinders applied (all passes combined) 7.047 1bs
Total NaCl applied (all passes combined) 5.560 1bs

"Cinders/NaCl mix is 50% cinders, 50% NaCl.
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STATE OF MISSOURI
Storm #5 - December 30, 1992
U.S. Interstate 29

Test Section - 2.8 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 101 1bs/In-mi
Total material applied (all passes combined) 283 1bs
Total NaCl applied (all passes combined) 280 lbs
Total CaCl, applied (all passes combined) 3 1bs

Control Section - 2.8 miles (Four-lane, divided highway)

Number of passes 1
Material used Na(Cl
Application per rate pass 400 1bs/In-mi
Total material applied (all passes combined) 1,120 lbs
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STATE OF MISSOURI
Storm #7 - January 7-8, 1993
U.S. Interstate 71

Test Section - 5.1 miles (Four-lane, divided highway)

Number of passes 2
Material used Cinders/NaCl mix" prewetted with 28% MgCl,
Application per rate pass 222 1bs/In-mi
Total material applied (all passes comBined) 2,269 lbs
Total cinders applied (all passes combined) 1,260 lbs
Total NaCl applied (all passes combined) 994 lbs
Total MgCl, applied (all passes combined) 15 1bs

Control Section - 5.1 miles (Four-lane, divided highway)

Number of passes 2
Material used Cinders/NaCl mix"
Application per rate pass 412 1bs/In-mi
Total material applied (all passes combined) 4,202 lbs
Total cinders applied (all passes combined) 2,349 1bs
Total NaCl applied (all passes combined) 1.853 Ibs

"Cinders/NaCl mix is 50% cinders, 50% NaCl.
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STATE OF MISSOURI
Storm #8 - January 18, 1993
U.S. Highway 71

Test Section - 5.1 miles (Four-lane, divided highway)

Number of passes 3
Material used Cinders/NaCl mix" prewetted with 28% MgCl,
Application per rate pass 222 Ibs/In-mi
Total material applied (all passes combined) 3.403 ]bs
Total NaCl applied (all passes combined) 1,890 1bs
Total NaCl applied (all passes combined) 1,491 lbs
Total MgCl, applied (all passes combined) 22 lbs

Control Section - 10.5 miles (Two-lane, undivided highway)

Number of passes 3
Material used Cinders/NaCl mix’
Application per rate pass 412 1bs/In-mi
Total material applied (all passes combined) 6,304 lbs
Total cinders applied (all passes combined) 3,524 lbs
Total NaCl applied (all passes combined) 2.780 1bs

*Cinders/NaCl mix is 50% cinders, 50% NaCl.
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STATE OF MISSOURI
Storm #9 - January 20, 1993

U.S. Highway 71

Test Section - 5.1 miles (Four-lane, divided highway)

Number of passes

Material used

Application per rate pass

6

Cinders/NaCl mix" prewetted with 28% MgCL,

Total material applied (all passes combined)

Total cinders applied (all passes combined)

Total NaCl applied (all passes combined)

Total MgCl, applied (all passes combined)

Control Section - 5.1 miles (Four-lane, divided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)

Total cinders applied (all passes combined)

Total NaCl applied (all passes combined)

*Cinders/Nacl mix is 50% cinders, 50% NaCl.

222 lbs/In-mi
4.538 lbs
2,518 lbs
1.986 Ibs

34 lbs

5

Cinders/NaCl mix’

412 1bs/In-mi
10,506 Ibs
5.873 Ibs

4,633 lbs
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STATE OF MISSOURI
Storm #10 - February 15, 1993
U.S. Highway 71

Test Section - 5.1 miles (Four-lane, divided highway)

Number of passes 2
Material used Cinders/NaCl mix’
Application per rate pass 412 1bs/In-mi
Total material applied (all passes combined) 4.202 lbs
Total cinders applied (all passes combined) 2.349 1bs
Total NaCl applied (all passes combined) 1.853 Ibs

Control Section - 5.1 miles (Four-lane, divided highway)

Number of passes 2
Material used Cinders/NaCl mix’
Application per rate pass 412 lbs/In-mi
Total material applied (all passes combined) 4.202 Ibs
Total cinders applied (all passes combined) 2,349 lbs
Total NaCl applied (all passes combined) 1.853 1bs

"Cinders/NaCl mix is 50% cinders, 50% NaCl.
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STATE OF OHIO
Storm #1 - November 28, 1992
U.S. Interstate 70

Test Section - 6 miles (Six-lane, divided highway)

Number of passes 2
Material used NaCl prewetted with liquid 32% CaCl,
Application per rate pass 101 Ibs/In-mi
Total material applied (all passes combined) 2,421 lbs
Total NaCl applied (all passes combined) 2.400 1bs
Total CaCl, applied (all passes combined) 21 lbs

Control Section - 6 miles (Six-lane. divided highway)

Number of passes 2
Material used NaCl
Application per rate pass 100 - 150 Ibs/In-mi
Total material applied (all passes combined) 3.000 lbs

403



STATE OF OHIO
Storm #2 - December 2, 1992
U.S. Interstate 70

Test Section - 6 miles (Six-lane. divided highway)

Number of passes 1
Material used NaCl prewetted with liquid 32% CaCl,
Application per rate pass 101 1bs/In-mi
Total material applied (all passes combined) 1,210 1bs
Total NaCl applied (all passes combined) 1,200 lbs
Total CaCl, applied (all passes combined) 10 Ibs

Control Section - 6 miles (Six-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 100 1bs/In-mi
Total material applied (all passes combined) 1,200 lbs

This is not a real storm event. Chemical application was made as a precautionary measure
against a storm which did not develop.
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STATE OF OHIO
Storm #3 - December 10, 1992
U.S. Interstate 70

Test Section - 6 miles (Six-lane, divided highway)

Number of passes 4
Material used NaCl prewetted with liquid 32% CaCl,
Application per rate pass 101 1bs/In-mi
Total material applied (all passes combined) 4.842 lbs
Total NaCl applied (all passes combined) 4.800 lbs
Total CaCl, applied (all passes combined) 42 lbs

Control Section - 6 miles (Six-lane, divided highway)

Number of passes 4
Material used NaCl
Application per rate pass 150 1bs/In-mi
Total material applied (all passes combined) 7,200 1bs
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STATE OF OHIO
Storm #4 - January 8, 1993
U.S. Interstate 70

Test Section - 6 miles (Six-lane, divided highway)

Number of passes 2
Material used NaCl prewetted with liquid 32% CaCl,
Application per rate pass 102 lbs/In-mi
Total material applied (all passes combined) 2,442 lbs
Total NaCl applied (all passes combined) 2.400 lbs
Total CaCl, applied (all passes combined) 42 1bs

Control Section - 6 miles (Six-lane, divided highway)

Number of passes 2
Material used NaCl
Application per rate pass 100 Ibs/In-mi
Total material applied (all passes combined) 2,400 lbs
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STATE OF OHIO
Storm #5 - January 10, 1993
U.S. Interstate 70

Test Section - 6 miles (Six-lane, divided highway)

Number of passes 6
Material used NaCl prewetted with liquid 32% CaCl,
Application per rate pass 102 Ibs/In-mi
Total material applied (all passes combined) 7.325 1bs
Total NaCl applied (all passes combined) 7,200 lbs
Total CaCl, applied (all passes combined) 125 lbs

Control Section - 6 miles (Six-lane, divided highway)

Number of passes S
Material used NaCl
Application per rate pass 150 - 200 1bs/In-mi
Total material applied (all passes combined) 10.800 Ibs
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STATE OF OHIO
Storm #6 - February 13-14, 1993
U.S. Interstate 71

Test Section - 6.5 miles (Six-lane, divided highway)

Number of passes 6
Material used NaCl/grit mix prewetted with liquid 32% CaCl,’
Application per rate pass 216 1bs/In-mi
Total material applied (all passes combined) 8.412 lbs
Total NaCl applied (all passes combined) 4.134 1bs
Total grit applied (all passes combined) 4.134 lbs
Total CaCl, applied (all passes combined) 144 1bs

Control Section - 6.5 miles (Six-lane, divided highway)

Number of passes 6
Material used NaCl/grit mix"
Application per rate pass 212 1bs/In-mi
Total material applied (all passes combined) 8.268 lbs
Total NaCl applied (all passes combined) 4,134 1bs
Total grit applied (all passes combined) 4.134 1bs

*NaCl/grit mix is 50% Nacl, 50% grit.
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STATE OF OHIO
Storm #7 - February 16, 1993

U.S. Interstate 71

Test Section - 6.5 miles (Six-lane, divided highway)

Number of passes

6

Material used NaCl/grit mix prewetted with liquid 32% CaCl,”

Application per rate pass

Total material applied (all passes combined)
Total NaCl applied (all passes combined)
Total grit applied (all passes combined)

Total CaCl, applied (all passes combined)

Control Section - 6.5 miles (Six-lane, divided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total NaCl applied (all passes combined)

Total grit applied (all passes combined)

"NaCl/grit mix is 50% Nacl, 50% grit.

216 lbs/In-mi
8.412 Ibs
4.134 1bs
4.134 lbs

144 lbs

6

NaCl/grit mix"

212 1bs/In-mi
8.268 1bs
4.134 1bs

4,134 1bs
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STATE OF OHIO
Storm #8 - February 21, 1993
U.S. Interstate 70

Test Section - 6 miles (Six-lane, divided highway)

Number of passes 5
Material used NaCl prewetted with liquid 32% CaCl,”
Application per rate pass 102 - 203 1bs/In-mi
Total material applied (all passes combined) 6,104 1bs
Total NaCl applied (all passes combined) 6,000 lbs
Total CaCl, applied (all passes combined) 104 lbs

Control Section - 6 miles (Six-lane, divided highway)

Number of passes 2
Material used NaCl
Application per rate pass 150 - 300 lbs/In-mi
Total material applied (all passes combined) 9.000 1bs
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STATE OF OHIO
Storm #9 - February 21, 1993
U.S. Interstate 71

Test Section - 6.4 miles (Six-lane, divided Highway)

Number of passes 6
Material used NaCl
Application per rate pass 240 Ibs/In-mi
Total material applied (all passes combined) 9,360 lbs

Control Section - 6.5 miles (Six-lane, divided highway)

Number of passes 6
Material used NaCl
Application per rate pass 240 1bs/In-mi
Total material applied (all passes combined) 9.360 1bs
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STATE OF OHIO
Storm #10 - February 25-26, 1993
U.S. Interstate 71

Test Section - 6.5 miles (Six-lane, divided highway)

Number of passes 12
Material used NaCl/grit mix prewetted with liquid 32% CaCl,"
Application per rate pass 216 - 302 lbs/In-mi
Total material applied (all passes combined) 20.197 1bs
Total NaCl applied (all passes combined) 9.926 1bs
Total grit applied (all passes combined) 9,926 lbs
Total CaCl, applied (all passes combined) 346 lbs

Control Section - 6.5 miles (Six-lane, divided highway)

Number of passes 12
Material used NaCl/grit mix"
Application per rate pass 212 - 297 1bs/In-mi
Total material applied (all passes combined) 19.851 lbs
Total NaCl applied (all passes combined) 9.926 lbs
Total grit applied (all passes combined) 9.926 1bs

"NaCl/grit mix is 50% Nacl, 50% grit.
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STATE OF MINNESOTA
Storm #1 - November 2-4, 1992
U.S. Highway 53

Test Section - 16.14 miles (Four-lane, divided highway)

Number of passes 7
Material used NaCl prewetted with 32% CaCl,; NaCl
Application per rate pass 100 - 400 1bs/ln-mi
Total material applied (all passes combined) 29.764 1bs
Total NaCl applied (all passes combined) 28.783 1lbs
Total CaCl, applied (all passes combined) 981 lbs

Control Section - 16.14 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 100 - 400 1bs/In-mi
Total material applied (all passes combined) 29.599 Ibs
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STATE OF MINNESOTA
Storm #2 - November 8-9, 1992
U.S. Highway 53

Test Section - 16.14 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 400 1bs/In-mi
Total material applied (all passes combined) 6,456 1bs

Control Section - 16.14 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl
Application per rate pass 200 Ibs/In-mi
Total material applied (all passes combined) 6,456 lbs
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STATE OF MINNESOTA
Storm #2 - November 8-9, 1992
U.S. Interstate 35

Test Section - 16.14 miles (Four-lane, divided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total NaCl applied (all passes combined)

Total CMA applied (all passes combined)

Control Section - 6.91 miles (Four-lane, divided highway)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

"CMA/NaCl mix is 20% CMA, 80% NaCl.

3

CMA/NaCl mix"

225 - 516 1bs/In-mi

10,552 lbs
8.441 lbs

2.110 1bs

1
NaCl
144 1bs/In-mi

1,983 Ibs
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STATE OF MINNESOTA
Storm #3 - November 16-17, 1992

Test Section - 16.14 miles (Four-lane. divided highway)

Number of passes 7
Material used NaCl prewetted with 32% CaCl,; NaCl
Application per rate pass 200 - 400 1bs/In-mi
Total material applied (all passes combined) 45.852 lbs
Total sand applied (all passes combined) 44.613 lbs
Total CaCl, applied (all passes combined) 1,240 1bs

Control Section - 16.14 miles (Four-lane, divided highway)

Number of passes 6
Material used NaCl
Application per rate pass 150 1bs/In-mi
Total material applied (all passes combined) 37.122 lbs
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STATE OF MINNESOTA
Storm #3 - November 15-17, 1992
U.S. Interstate 35

Test Section - 7.12 miles (Four-lane, divided highway)

Number of passes 4
Material used CMA/NaCl mix" prewetted with 25% CMA
Application per rate pass 235 - 989 1bs/In-mi
Total material applied (all passes combined) 18.838 lbs
Total NaCL applied (all passes combined) 14,954 1bs
Total CMA applied (all passes combined) 3.884 1bs

Control Section - 6.91 miles (Four-lane, divided highway)

Number of passes 3
Material used NaCl
Application per rate pass 153 - 163 lbs/ln-mi
Total material applied (all passes combined) 4.360 lbs

"*CMA/NaCl mix is 80% Nacl, 20% CMA.
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STATE OF MINNESOTA
Storm #4 - November 19-20, 1992
U.S. Highway 53

Test Section - 16.14 miles (Four-lane, divided highway)

Number of passes 3
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 106 - 313 lbs/In-mi
Total material applied (all passes combined) 13,532 lbs
Total NaCl applied (all passes combined) 12,705 lbs
Total CaCl, applied (all passes combined) 826 lbs

Control Section - 16.14 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl
Application per rate pass 300 1bs/In-mi
Total material applied (all passes combined) 9,684 lbs
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STATE OF MINNESOTA
Storm #4 - November 19-20, 1992
U.S. Interstate 35

Test Section - 7.12 miles (Four-lane, divided highway)

Number of passes 1
Material used CMA/NaCl mix" prewetted with 25% CMA
Application per rate pass 149 Ibs/In-mi
Total material applied (all passes combined) 2,122 lbs
Total NaCL applied (all passes combined) 1,676 lbs
Total CMA applied (all passes combined) 445 lbs

Control Section - 6.91 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 215 1bs/In-mi
Total material applied (all passes combined) 2.964 1bs

"CMANAC \ix is 80% Nacl, 20% CMA.
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STATE OF MINNESOTA
Storm #5 - December 1, 1992
U.S. Highway 53

Test Section - 16.14 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 300 1bs/In-mi
Total material applied (all passes combined) 4.842 1bs

Control Section - 16.14 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 300 Ibs/In-mi
Total material applied (all passes combined) 4,842381 lbs
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STATE OF MINNESOTA
Storm #5 - December 1, 1992
U.S. Interstate 35

Test Section - 7.12 miles (Four-lane, divided highway)

Number of passes 1
Material used CMA/NaCl mix" prewetted with 25% CMA
Application per rate pass 205 1bs/In-mi
Total material applied (all passes combined) 2,920 Ibs
Total NaCl applied (all passes combined) 2,307 lbs
Total CMA applied (all passes combined) 613 Ibs

Control Section - 6.91 miles (Four-lane, divided highway)

Number of passes 3
Material used NaCl
Application per rate pass 210 lbs/In-mi
Total material applied (all passes combined) 8.707 lbs

*CMAMNACl Mix is 80% Nacl, 20% CMA.
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STATE OF MINNESOTA
Storm #6 - December 3, 1992
U.S. Interstate 35

Test Section - 7.12 miles (Four-lane, divided highway)

Number of passes 1
Material used CMA/NaCl mix" prewetted with 25% CMA
Application per rate pass 410 1bs/In-mi
Total material applied (all passes combined) 2.920 1bs
Total NaCl applied (all passes combined) 2.307 lbs
Total CM applied (all passes combined) 613 lbs

Control Section - 6.91 miles ( Four-lane, divided highwa:

Number of passes 1
Material used NaCl
Application per rate pass 144 1bs/In-mi
Total material applied (all passes combined) 1,983 lbs

*CMA/NaCl mix is 80% Nacl, 20% NaCl.
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STATE OF MINNESOTA
Storm #8 - December 13, 1992
U.S. Highway 53

Test Section - 16.14 miles (Four-lane, divided highway)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

Control Section - 16.14 miles (Four-lane, divided highway)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

[[\S]

NaCl

100 - 200 Ibs/In-mi

7,323 lbs

2
NaCl

100 - 200 Ibs/In-mi

9,684 lbs
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STATE OF MINNESOTA
Storm #10 - December 22, 1992
U.S. Interstate 35

Test Section - 7.12 miles (Four-lane, divided highway)

Number of passes

No applications were made on the test section

Control Section - 6.91 miles (Four-lane, divided highway

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)
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1

NaCl

65 1bs/In-mi

2.082 lbs



STATE OF MINNESOTA
Storm #11 - December 25, 1992
U.S. Interstate 35

Test Section - 7.12 miles (Four-lane, divided highway)

Number of passes 2
Material used CMA/NaCl mix" prewetted with 25% CMA
Application per rate pass 225 - 405 1bs/In-mi
Total material applied (all passes combined) 8.971 lbs
Total NaCl applied (all passes combined) 7.177 1bs
Total CMA applied (all passes combined) 1,794 1bs

Control Section - 6.91 miles (Four-lane, divided highway)

Number of passes

[

No applications were made on the control section.

"CMA/NaCl mix is 80% Nacl, 20% CMA.
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STATE OF MINNESOTA
Storm #13 - January 2-3, 1993
U.S. Interstate 35

Test Section - 7.12 miles (Four-lane, divided highway)

Number of passes 3
Material used CMA/NaCl mix" prewetted with 25% CMA
Application per rate pass 407 1bs/In-mi
Total material applied (all passes combined) 8.699 1bs
Total NaCl applied (all passes combined) 6.873 1bs
Total CMA applied (all passes combined) 1,826 lbs

Control Section - 6.91 miles (Four-lane. divided highway)

Number of passes 2
Material used NaCl
Application per rate pass 462 lbs/In-mi
Total material applied (all passes combined) 6.385 lbs
Total sand applied (all passes combined) 12,191 lbs
Total NaCl applied (all passes combined) 12,191 lbs

*CMA/NaCl mix is 80% Nacl, 20% CMA.
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STATE OF MINNESOTA
Storm #14 - January 12, 1993
U.S. Highway 53

Test Section - 16.14 miles (Four-lane, divided highway)

Number of passes 3
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 204 - 306 lbs/In-mi
Total material applied (all passes combined) 24,752 lbs
Total NaCl applied (all passes combined) 24.210 1bs
Total CaCl, applied (all passes combined) 542 1bs

Control Section - 16.14 miles (Four-lane, divided highway)

Number of passes 3
Material used NaCl/sand”
Application per rate pass 1000 Ibs/In-mi
Total material applied (all passes combined) 48.420 lbs
Total sand applied (all passes combined) 24.210 Ibs
Total NaCl applied (all passes combined) 24,210 lbs

"NaCl/sand mix is 50% Nacl, 50% sand.
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STATE OF MINNESOTA
Storm #1 - January 12-15, 1993
U.S. Interstate 35

Test Section - 7.12 miles (Four-lane, divided highway)

Number of passes 9
Material used CMA/NaCl mix’; CMA/NaCl mix" prewetted with 25% CMA
Application per rate pass 326 - 810 lbs/In-mi
Total material applied (all passes combined) 44,274 lbs
Total NaCl applied (all passes combined) 35.347 1bs
Total CMA applied (all passes combined) 8.927 lbs

Control Section - 6.91 miles (Four-lane, divided highway)

Number of passes 6
Material used NaCl
Application per rate pass 462 - 577 lbs/In-mi
Total material applied (all passes combined) 43,077 lbs

*CMA/NaCl mix is 80% Nacl, 20% CMA.
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STATE OF MINNESOTA
Storm #15 - January 23, 1993
U.S. Highway 53

Test Section - 16.14 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 399 Ibs/ln-mi
Total material applied (all passes combined) 12.880 1bs
Total NaCl applied (all passes combined) 12,510 lbs
Total CaCl, applied (all passes combined) 370 1bs

Control Section - 16.14 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 375 lbs/In-mi
Total material applied (all passes combined) 12,105 Ibs
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STATE OF MINNESOTA
Storm #15 - January 20-23, 1993
U.S. Interstate 35

Test Section - 7.12 miles (Four-lane, divided highway)

Number of passes b
Material used CMA/NaCl mix" prewetted with 25% CMA
Application per rate pass 205 - 488 lbs/In-mi
Total material applied (all passes combined) 16.807 lbs
Total NaCl applied (all passes combined) 12,101 1bs
Total CMA applied (all passes combined) 4,706 1bs

Control Section - 6.91 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 144 - 462 lbs/In-mi
Total material applied (all passes combined) 32.470 1bs

*CMA/NaCl mix is 80% Nacl, 20% CMA.
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STATE OF MINNESOTA
Storm #16 - January 26, 1993
U.S. Highway 53

Test Section - 16.14 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 266 lbs/In-mi
Total material applied (all passes combined) 8.246 lbs
Total NaCl applied (all passes combined) 8.070 lbs
Total CaCl, applied (all passes combined) 176 1bs

Control Section - 16.14 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 250 1bs/In-mi
Total material applied (all passes combined) 8.070 1bs
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STATE OF MINNESOTA
Storm #16 - January 26, 1993
U.S. Interstate 35

Test Section - 7.12 miles (Four-lane, divided highway)

Number of passes 3
Material used CMA/NaCl mix’ prewetted with 20% CMA
Application per rate pass 244 - 488 Ibs/In-mi
Total material applied (all passes combined) 10,416 lbs
Total NaCl applied (all passes combined) 6,678 1bs
Total CMA applied (all passes combined) 3,738 lbs

Control Section - 6.91 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 210 Ibs/In-mi
Total material applied (all passes combined) 2.902 1bs

*CMA/NaCl mix is 80% Nacl, 20% CMA.
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STATE OF NEW YORK
Storm #1 - December 2, 1992
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

Control Section - 7.7 miles (Four-lane, divided hichway)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

1
NaCl
225 lbs/In-mi

3.461 lbs

1
NaCl
225 1bs/In-mi

3.461 1bs
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STATE OF NEW YORK
Storm #2 - December 4-5, 1992
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 7
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 106 - 212 1lbs/In-mi
Total material applied (all passes combined) 6.524 lbs
Total NaCl applied (all passes combined) 6.461 lbs
Total CaCl, applied (all passes combined) 63 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 7
Material used NaCl
Application per rate pass 223 - 446 lbs/In-mi
Total material applied (all passes combined) 24,012 1bs
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STATE OF NEW YORK
Storm #3 - December 7-9, 1992
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 16
Material used NaCl prewetted with 32% CaCl,; NaCl
Application per rate pass 80 - 361 lbs/In-mi
Total material applied (all passes combined) 26,523 1bs
Total NaCl applied (all passes combined) 26.390 Ibs
Total CaCl, applied (all passes combined) 133 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 12
Material used NaCl
Application per rate pass 184 - 368 1bs/ln-mi
Total material applied (all passes combined) 33.689 lbs
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STATE OF NEW YORK
Storm #4 - December 10-12, 1992
Ny Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 25
Material used NaCl prewetted with 32% CaCl,; NaCl
Application per rate pass 43 - 450 lbs/ln-mi
Total material applied (all passes combined) 52.710 lbs
Total NaCl applied (all passes combined) 52,348 1bs
Total CaCl, applied (all passes combined) 362 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 25
Material used NaCl
Application per rate pass 84 - 450 1bs/In-mi
Total material applied (all passes combined) 68.464 1bs
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STATE OF NEW YORK
Storm #4 - December 23-24, 1992
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 8
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 80 - 160 lbs/In-mi
Total material applied (all passes combined) 9.883 Ibs
Total NaCl applied (all passes combined) 9,787 lbs
Total CaCl, applied (all passes combined) 96 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 9
Material used NaCl
Application per rate pass 184 - 453 1bs/In-mi
Total material applied (all passes combined) 24,196 lbs
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STATE OF NEW YORK
Storm #6 - December 25, 1992
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 86 1bs/In-mi
Total material applied (all passes combined) 1,320 lbs
Total NaCl applied (all passes combined) 1,309 lbs
Total CaCl, applied (all passes combined) 11 Ibs

Control Section - 7.7 miles (Four-lane, divided highway)

[}

Number of passes

No applications were made on the control section.
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STATE OF NEW YORK
Storm #7 - December 26-27, 1992
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 8
Material used NaCl prewetted with 32% CaCl,; NaCl
Application per rate pass 82 - 452 lbs/In-mi
Total material applied (all passes combined) 14.835 lbs
Total NaCl applied (all passes combined) 14,737 1bs
Total CaCl, applied (all passes combined) 99 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 11
Material used NaCl
Application per rate pass 180 - 452 1bs/In-mi
Total material applied (all passes combined) 33.449 lbs
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STATE OF NEW YORK
Storm #8 - January 1-2, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 9
Material used NaCl prewetted with 32% CaCl,; NaCl
Application per rate pass 101 - 540 lbs/In-mi
Total material applied (all passes combined) 27,580 1bs
Total NaCl applied (all passes combined) 27,523 1bs
Total CaCl, applied (all passes combined) 58 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 7
Material used NaCl
Application per rate pass 121 - 450 1bs/In-mi
Total material applied (all passes combined) 23.213 lbs
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STATE OF NEW YORK
Storm #9 - January 3, 1993
NY Route 104

Test Section - 7.7 miles (FOUR-lane, divided highway)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

2
NaCl
227 1bs/In-mi

6.994 Ibs

L8]

NaCl
227 1bs/In-mi

8.743 lbs
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STATE OF NEW YORK
Storm #10 - January 8, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 4
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 126 - 273 Ibs/In-mi
Total material applied (all passes combined) 10,023 lbs
Total NaCl applied (all passes combined) 9.936 lbs
Total CaCl, applied (all passes combined) 87 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 5
Material used NaCl
Application per rate pass 219 1bs/In-mi
Total material applied (all passes combined) 16.842 Ibs
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STATE OF NEW YORK
Storm #11 - January 10-11, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 14
Material used NaCl prewetted with 32% CaCl,; NaCl
Application per rate pass 101 - 557 lbs/In-mi
Total material applied (all passes combined) 43.654 1bs
Total NaCl applied (all passes combined) 43,349 lbs
Total CaCl, applied (all passes combined) 305 1bs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 14
Material used NaCl
Application per rate pass 227 - 557 1bs/In-mi
Total material applied (all passes combined) 51,740 lbs
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STATE OF NEW YORK
Storm #12 - January 12-14, 1993

NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total NaCl applied (all passes combined)

Total CaCl, applied (all passes combined)

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

444

14

NaCl prewetted with 32% CaCl,

101 - 242 1bs/In-mi

30.412 lbs
30.147 lbs

265 lbs

22
Na(Cl

219 - 541 lbs/In-mi

70,452 lbs



STATE OF NEW YORK
Storm #13 - January 15, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)

Total Nacl applied (all passes combined)

Total CaCl, applied (all passes combined)

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)

1
NaCl

54 1bs/In-mi

1
NaCl
219 1bs/In-mi

3.368 Ibs
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STATE OF NEW YORK
Storm #14- January 17-18, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 9
Material used NaCl prewetted with 32% CaCl,; NaCl
Application per rate pass 54 - 221 lbs/In-mi
Total material applied (all passes combined) 41,751 1bs
Total NaCl applied (all passes combined) 14.658 lbs
Total CaCl, applied (all passes combined) 92 1bs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 10
Material used NaCl
Application per rate pass 116 - 454 1bs/In-mi
Total material applied (all passes combined) 25.846 1bs
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STATE OF NEW YORK
Storm #15- January 19, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 5
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 108 - 117 lbs/In-mi
Total material applied (all passes combined) 5,121 Ibs
Total NaCl applied (all passes combined) 5,077 lbs
Total CaCl, applied (all passes combined) 45 1bs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 5
Material used NaCl
Application per rate pass 231 - 437 lbs/In-mi
Total material applied (all passes combined) 13.859 lbs
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STATE OF NEW YORK
Storm #16 - January 22-23, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes
Material used

Spot salting only.

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes
Material used

Spot salting only.

448
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NaCl

N

NaCl



STATE OF NEW YORK
Storm #17 - January 24-26, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 13
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 98 - 221 lbs/In-mi
Total material applied (all passes combined) 22,747 1bs
Total NaCl applied (all passes combined) 22,549 1Ibs
Total CaCl, applied (all passes combined) 198 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes : 13
Material used NaCl
Application per rate pass 218 - 437 Ibs/In-mi
Total material applied (all passes combined) 37.499 lbs

449



STATE OF NEW YORK
Storm #18 - January 27-31, 1993

NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total NaCl applied (all passes combined)

Total CaCl, applied (all passes combined)

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

450

32

NaCl prewetted with 32% CaCl,

98 - 233 lbs/In-mi

45.769 lbs
45.370 lbs

398 lbs

31

NaCl

107 - 231 1lbs/In-mi

66.630 Ibs



STATE OF NEW YORK
Storm #19 - February 1-2, 1993

NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total NaCl applied (all passes combined)

Total CaCl, applied (all passes combined)

Control Section - 7.7 miles (Four-lane. divided highway)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

19

NaCl prewetted with 32% CaCl,

108 - 441 1bs/ln-mi

40,966 lbs
40.653 lbs

313 lbs

23

NaCl

107 - 437 1bs/In-mi

64.566 Ibs
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STATE OF NEW YORK
Storm #20 - February 4, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 202 - 462 lbs/In-mi
Total material applied (all passes combined) 5.109 1bs
Total NaCl applied (all passes combined) 5.082 lbs
Total CaCl, applied (all passes combined) 27 1bs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 230 lbs/In-mi
Total material applied (all passes combined) 3.542 1bs
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STATE OF NEW YORK
Storm #21 - February 5-6, 1993

NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total NaCl applied (all passes combined)

Total CaCl, applied (all passes combined)

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

22

NaCl prewetted with 32% CaCl,

101 - 202 Ibs/In-mi

38.233 1bs
37.900 Ibs

333 lbs

20

NaCl

230 - 557 Ibs/In-mi

77.735 lbs

453



STATE OF NEW YORK
Storm #22 - February 8, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 101 - 202 1bs/In-mi
Total material applied (all passes combined) 3.107 lbs
Total NaCl applied (all passes combined) 3.080 lbs
Total CaCl, applied (all passes combined) 27 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl
Application per rate pass 230 - 460 1bs/In-mi
Total material applied (all passes combined) 7,084 1bs
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STATE OF NEW YORK
Storm #23 - February 10, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 101 1bs/In-mi
Total material applied (all passes combined) 1,553 lbs
Total NaCl applied (all passes combined) 1,540 lbs
Total CaCl, applied (all passes combined) 14 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes

o

No applications were made on the control section.
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STATE OF NEW YORK
Storm #24 - February 11-14, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 36
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 101 - 545 lbs/In-mi
Total material applied (all passes combined) 75.483 lbs
Total NaCl applied (all passes combined) 74.826 1bs
Total CaCl, applied (all passes combined) 657 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 38
Material used NaCl
Application per rate pass 230 - 541 1bs/In-mi
Total material applied (all passes combined) 134,546 lbs
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STATE OF NEW YORK
Storm #25 - February 16-18, 1993
NY Route 104

Test Section - 7'.7 miles (Four-lane, divided highway)

Number of passes 25
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 101 - 102 Ibs/In-mi
Total material applied (all passes combined) 38.853 Ibs
Total NaCl applied (all passes combined) 38.515 1bs
Total CaCl, applied (all passes combined) 338 lbs

Control Section - 7.7 miles (Four-lane, divided hichway)

Number of passes 24
Material used NaCl
Application per rate pass 100 - 230 Ibs/In-mi
Total material applied (all passes combined) 82.832 lbs
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STATE OF NEW YORK
Storm #26 - February 19-20, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes g
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 101 - 102 1bs/In-mi
Total material applied (all passes combined) 3.125 Ibs
Total NaCl applied (all passes combined) 3.098 lbs
Total CaCl, applied (all passes combined) 27 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 270 Ibs/In-mi
Total material applied (all passes combined) 4.162 lbs
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STATE OF NEW YORK
Storm #27 - February 21-24, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 35
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 101 - 464 lbs/In-mi
Total material applied (all passes combined) 77.805 1bs
Total NaCl applied (all passes combined) 77.128 lbs
Total CaCl, applied (all passes combined) 677 lbs

Control Section - 7.7 miles (Four-lane. divided highway)

Number of passes 40
Material used NaCl
Application per rate pass 219 - 460 1bs/ln-mi
Total material applied (all passes combined) 139,596 lbs
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STATE OF NEW YORK
Storm #28 - March 3, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 102 1bs/In-mi
Total material applied (all passes combined) 3.143 lbs
Total NaCl applied (all passes combined) 3.116 1bs
Total CaCl, applied (all passes combined) 27 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl
Application per rate pass 219 1bs/In-mi
Total material applied (all passes combined) 6.737 1bs
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STATE OF NEW YORK
Storm #29 - March 4-6, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 17
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 101 - 442 lbs/In-mi
Total material applied (all passes combined) 33,938 lbs
Total NaCl applied (all passes combined) 33.642 1bs
Total CaCl, applied (all passes combined) 295 1bs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 19
Material used NaCl
Application per rate pass 219 - 540 lbs/In-mi
Total material applied (all passes combined) 68.622 lbs
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STATE OF NEW YORK
Storm #30 - March 8, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 101 Ibs/ln-mi
Total material applied (all passes combined) 1,553 lbs
Total NaCl applied (all passes combined) 1,540 lbs
Total CaCl, applied (all passes combined) 14 1bs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 230 Ibs/In-mi
Total material applied (all passes combined) 3.542 lbs
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STATE OF NEW YORK
Storm #31 - March 10-11, 1993

NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total NaCl applied (all passes combined)

Total CaCl, applied (all passes combined)

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

15

NaCl prewetted with 32% CaCl,

101 - 441 1bs/In-mi

29.275 Ibs
29,020 Ibs

255 Ibs

17

Na(Cl

202 - 460 1bs/In-mi

53.575 lbs
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STATE OF NEW YORK
Storm #32 - March 13-15, 1993

NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total NaCl applied (all passes combined)

Total CaCl, applied (all passes combined)

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes
Material used
Application per rate pass

Total material applied (all passes combined)

464

6

NaCl prewetted with 32% CaCl,

101 - 464 1bs/In-mi

15,379 lbs
15,245 lbs

134 1bs

Jn

Na(Cl

230 - 460 lbs/In-mi

15,708 Ibs



STATE OF NEW YORK
Storm #33 - March 17-18, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane. divided highway)

Number of passes 3
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 101 - 102 Ibs/In-mi
Total material applied (all passes combined) 4.678 lbs
Total NaCl applied (all passes combined) 4.638 1bs
Total CaCl, applied (all passes combined) 41 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes S
Material used NaCl
Application per rate pass 219 - 230 1bs/In-mi
Total material applied (all passes combined) 17,536 lbs
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STATE OF NEW YORK
Storm #34 - March 20, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 101 lbs/In-mi
Total material applied (all passes combined) 3,107 1bs
Total NaCl applied (all passes combined) 3.080 lbs
Total CaCl, applied (all passes combined) 27 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl
Application per rate pass ) 230 Ibs/In-mi
Total material applied (all passes combined) 7.084 lbs
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STATE OF NEW YORK
Storm #35 - March 21-22, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 101 - 102 Ibs/In-mi
Total material applied (all passes combined) 3,125 lbs
Total NaCl applied (all passes combined) 3.098 lbs
Total CaCl, applied (all passes combined) 27 lbs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 2
Material used NaCl
Application per rate pass 230 - 270 1bs/In-mi
Total material applied (all passes combined) 7.704 1bs
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STATE OF NEW YORK
Storm #36 - March 26, 1993
NY Route 104

Test Section - 7.7 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl prewetted with 32% CaCl,
Application per rate pass 102 lbs/In-mi
Total material applied (all passes combined) 1.571 lbs
Total NaCl applied (all passes combined) 1,558 lbs
Total CaCl, applied (all passes combined) 14 1bs

Control Section - 7.7 miles (Four-lane, divided highway)

Number of passes 1
Material used NaCl
Application per rate pass 219 1bs/In-mi
Total material applied (all passes combined) 3.368 1bs
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STATE OF WASHINGTON
Storm #1 - December 10, 1992
U.S. Interstate 90

Test Section - 11 miles (Six-lane, divided highway)

Number of passes

2

Material used CMA/NaCl mix" prewetted with 23% liquid NaCl

Application per rate pass
Total material applied (all passes combined)
Total CMA applied (all passes combined)

Total NaCl applied (all passes combined)

Control Section - 11 miles (Six-lane, divided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total sand applied (all passes combined)

Total NaCl applied (all passes combined)

*CMA/NaCl mix is 20% CMA, 80% NaCl.
"NaCl/sand mix is 10% NaCl, 90% sand.

101 Ibs/ln-mi

3.319 Ibs

4

NaCl/sand mix™"

545 - 818 Ibs/In-mi

30,000 1bs
27,000 1bs

3,000 Ibs
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STATE OF WASHINGTON
Storm #2 - December 17, 1992
U.S. Interstate 90

Test Section - 11 miles (Six-lane, divided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total CMA applied (all passes combined)

Total NaCl applied (all passes combined)

Control Section - 11 miles (Six-lane, divided highway)

Number of passes

Material used

Application per rate pass

Total material applied (all passes combined)
Total sand applied (all passes combined)
Total NaCl applied (all passes combined)

"‘CMA/NaCl mix is 20% CMA, 80% NaCl.
**NaCl/sand mix is 10% NaCl, 90% sand.

470

3

CMA/NaCl mix’

100 1bs/ln-mi
4,700 Ibs
940 lbs

3.760 lbs

A

NaCl/sand mix

212 - 500 Ibs/In-mi
26,628 lbs
23.965 lbs

2.663 1bs



Appendix H

Responses Received from
Equipment Vendors Contacted

The responses received from equipment vendors are summarized in the following table
according to type of spreaders or spreader components produced.
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