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1 Abstract

Environmental and financial considerations dictate that chemical usage in winter highway
maintenance operations must be accomplished in the most efficient manner possible. The
objective of this study was to develop correlations between meteorologic parameters and chemical
effectiveness, to better understand the optimum conditions for which a particular chemical
application is most effective. This information is of practical benefit when used in conjunction
with predictive meteorologic information. The emphasis on the chemical treatment was
anti-icing, since chemicals are more efficiently utilized for adhesion prevention, than for
removing ice or compacted snow already in place.

By anti-icing, it is not inferred that chemical treatment alone will, in general, be sufficient to
maintain an acceptable level of performance. Instead, it implies that pre-treatment will allow a
satisfactory road condition to be maintained by the chemical when used in conjunction with
mechanical means of removal.

Although the major emphasis of this study was to assess the anti-icing properties of each
chemical for different scenarios, some tests included deicing to some extent, out of necessity.
There will likely be cases in which anti-icing is insufficient to maintain acceptable conditions
throughout a storm and chemical re-application may be required if attempts to remove the ice and
snow are not successful by highway crews.



2 Executive Summary

The project described in this report was funded by the Strategic Highway Research Program
(SHRP) under Contract No. SHRP-90-H208B to KRC, Keweenaw Research Center, Michigan
Technological University in June 1991 and continued through March 1993.

The major objective of this study is to optimize the use of chemicals as anti-icers by looking at
how effective each chemical is under certain meteorological conditions and attempting to
minimize the application rate of each without compromising the safety afforded by the use of
larger amounts of chemical to keep roads clear of snow and ice. Anti-icing is a promising
alternative to deicing, since much less chemical is needed to eliminate bonding of ice and snow
when the chemical is applied directly on the pavement surface prior to a precipitation event.

The test consisted of a major controlled field operation in which several different chemicals were
tested and their effectiveness monitored through changing weather conditions. Chemicals were
applied at prescribed rates over several test sections set up on an unused asphalt runway near
KRC. Whenever possible, the chemicals were applied prior to a storm event. Pavement surface
conditions were monitored throughout the storms after chemical application simulation of road
maintenance operations such as plowing were also conducted on a pre-determined schedule.

After completion of each test, the data obtained were input into a PC-based statistical package
designed to analyze the results on a day to day basis as well as cumulatively over the test period.

Overall, the use of chemicals in an anti-icing scenario seems to be quite promising. The use of
reduced application rates that are typically used for deicing, when applied onto the pavement
surface, can eliminate the strong bonds between ice and highway materials. Liquid chemicals
seemed to be more effective, in many cases, than did the dry chemicals. This is probably due
to the fact that the liquids can be better distributed over the pavement surface. Study of other
chemical types as well as further studies using some of the same chemicals tested under this

contract would be advantageous to a better understanding of anti-icing methods.



3 Introduction

The testing of the effectiveness of anti-icing was conducted as a controlled field study during the
winter of 1991-92. Thirteen combinations of chemicals and concentrations were examined on a

test site at KRC. One of the original 13, namely dry NaC1 and solid CaC12 was replaced by
liquid NaC1 during the latter part of the winter season, but only three tests could be performed.

Thirteen test sections, measuring 12 ft by 100 ft each, were set up on the unused runway at the
Houghton County Memorial Airport, near KRC. Weather forecasts were monitored on a daily
basis in an attempt to apply chemicals prior to predicted precipitation events. When a storm was
predicted, chemicals were applied at pre-determined rates over the sections using small, push-type
spreaders. Prior to the application of chemicals, an attempt was always made to remove any
snow or ice present on the pavement by use of conventional snow removal techniques.

Chemicals applied to the sections were left untouched until the beginning of a precipitation event.
When snow and/or freezing rain began to fall, a test was begun. This consisted of measuring
the friction coefficient of each section using a Saab Friction Tester on a 15 minute interval.

After a period of two hours, a decision was always made whether to plow, reapply chemicals or
stop testing due to insurmountable precipitation conditions such as snowfalls too heavy to keep
up with or winds that made anti-icing infeasible. In any case, however, an attempt was always
made to plow before any other decision was made.

After the completion of a test, the data obtained was entered into several base files in a computer
program. These files were formatted for use in a statistical software package and the results
analyzed daily, as well as over the entire winter period.

Despite the problems associated with executing a major field study of this type, considerable
knowledge as to the effectiveness of anti-icing as a means of snow and ice control on pavements
was gained and the results axe contained in this report.

4 Test Procedures

4.1 The Saab Friction Tester

The Saab Friction Tester was used to measure the average friction coefficient for each of the test
sections on interval throughout each test. The Saab operates by use of a fifth wheel located
under the car and the friction data is printed on a strip chart located inside the vehicle. The
device plots a reading every 3 ft and then averages the readings over a length of 100 ft. The test
sections were set up so as to obtain an average reading over the 100 ft length. Figure 1 is an
example of a friction record obtained from a test for the liquid chemicals.
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Figure 1. Example Friction Record.

The friction coefficient readings are plotted against time for each of the chemicals tested. A
legend is included at the bottom of each plot that indicates the occurrence of maintenance
activities that were performed throughout the test. These activities are explained in a later section.

4.2 Meteorological Data Collection

A weather and pavement condition monitoring system was received from Climatronics on
December 13, 1991. This system was installed in a personal computer as well as wired into the
field. Pavement sensors were purchased and installed. This system was never made operational
due to software problems.

Meteorological data was collected using standard measurement devices as well as with the on-site
weather station at KRC. The pavement surface temperature was collected using an infrared
thermometer. Measurements were taken on the control section coincident with each Saab friction

run. Several measurements of pavement temperature were also made on individual test sections.

The parameters that were continuously measured by the KRC weather station are as follows:

• ambient air temperature at several elevations
• temperature profile in the snow pack
• temperature profile in the ground
• water equivalent precipitation
• current snow depth (ultrasonic measurement)
• precipitating snow density (calculated from 2 previous items)
• wind speed and direction at several elevations
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• relative humidity
• total solar radiation (0.28 - 2.8 micron)
• incoming infrared radiation (4 - 50 micron)

Figure 2 is an example of a meteorological file for a given test.

DRTE ¢4i nd Mi tad Mind Mind TeMp TeMp TEMP T_p Pre¢i p RH
920102 ff_M Ma_ Dir MaH MaH Road RaEe I nco_in Lon 9
S-fiNe 24 hrs 12 hrs 24 hr= 12 hrs Mat=r Short gay*
1037 _/s M/s _/s 2_ 2H 2H MM/15 M_t M/ g/_2

26 1.99 1.99 1.SE; 23.00 1.72 --1.07 --0.97 --3.00 0.00 98.3 71.7 318.7
39 1.99 1.99 2. 15 21.40 1.72 --1.07 --0.84 --3.00 0.00 96.4 60.3 320.0
53 1.99 1.99 2.28 21.50 1.72 -1.07 -0.71 -3.00 O. 10 96.2 96.3 319.4
68 1.99 1.99 1.8[, 21.60 1.72 -1.07 -0.56 --3.00 0.00 96.0 115.0 319.3
83 1.99 1.99 2.5P; 21.20 1.72 -1.07 -0.42 -3.00 0.00 95.9 143.4 320.2
98 1.99 1.99 2.32 22.30 1.?2 -1.07 -0.26 -3.00 0.00 9_.9 151.7 319.2

112 1.99 1.99 2.32 23.10 1.72 --1.07 -0.14 -3. OC, 0.00 95.9 132.0 316.0
128 1.99 1.99 1.92 23. ,10 1.72 -- 1. O? 0. O0 -3. O0 0. O0 92.8 161. "_ 319.2
lq3 1.99 1.99 2.28 22.80 1.72 --1.07 -0.1':1 --3.0C' 0.00 92.0 159. 1 318.2
153 1.99 1.99 2.5_i 23.10 1.72 --1.07 -0.28 -3.00 0.00 92.0 212.0 315.2

Figure 2. Example Meteorological File.

Each file contains a column for time from beginning of testing, the maximum wind speed for the
periods 24 hours and 12 hours prior to the start of the test and the average wind speed and
direction for intervals throughout each test. Also included are the maximum ambient air
temperatures for the 24 and 12 hour periods prior to testing as well as the ambient air
temperatures at intervals throughout the test. A column for pavement temperatures for tests when
this parameter was measured is also included. Precipitation rate, relative humidity and short and
long wave radiation are also tabulated. These files are used as direct inputs into the statistical
package utilized for data analysis.

4.3 Chemical Spreaders

Several different types of chemical spreaders were used during the testing. These spreaders were
tested and calibrated to dispense the proper amount on each test section prior to the start of the
test season. Figure 3 shows the three basic types of spreaders used. On the left is a broadcast
spreader, the type used for NaC1 solids, NaC1 - CaC12 liquid mix and NaC1 - CaC12 solid mix.
The spreader in the center is the type used to dispense CMA, MgC12, and KAc liquids. On the
fight is a spreader developed at KRC to apply CMA and urea solids.

Some problems were noticed with clogging of the nozzles when applying MgC12 but if the
chemical was kept mixed this was minimized. Also, this clogging became less apparent when
a new batch of chemicals was obtained. No problems were encountered with the other chemicals.

When the decision was made to apply liquid NaC1 no liquid spreader was av_lable for this
chemical. A hand held pump type spreader was used for the three tests that resulted. This
spreader is not shown in the photo.
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Figure 3. Chemical Spreader Types Used

4.4 Chemical Application Rates

Chemical application rates and amounts of chemical to be applied were finalized with SHRP
personnel and the results are shown in Figure 4.

Application Amount Section
Chemical Type/Concentration Rate per Section Number

NaCI Solid 100 ib/lane mi 1.89 lb T7
NaCI Solid 200 lb/lane mi 3.79 Ib T8

NaC1/CaC12 Solid/Solid 100 lb/lane mi 1.58 lb/0.31 Ib 1"9
(5:1)

NaC1/CaC12 Solid/Liquid 100 Ib/lane mi 1.86 Ib/35.7 cc T10
(32%/10 gal/T)

MgCI2 Liquid/27% 100 lb/lane mi 1.54 gal T6
CMA Liquid/25% 100 lb/lane mi 1.16 gal T2
CMA Liquid/25% 200 lb/lane mi 2.32 gal T3

Potasium Acetate Liquid/50% 100 lb/lane mi 0.51 gal T4
Potasium Acetate Liquid/50% 200 lb/lane mi 1.02 gal T5

Urea Solid 100 Ib/lane mi 1.89 Ib T13
CMA Solid 100 lb/lane mi 1.89 lb T11
CMA Solid 200 lb/lane mi 3.79 lb T12

Control ............ T1

Figure 4. Chemical Application Rates



The application rates remained the same throughout the test period until March 24, 1992 at which
time it was decided along with SHRP personnel to discontinue the testing of sodium
chloride/CaC12 (dry) and to replace it with liquid sodium chloride at 22% concentration and at
a dry chemical rate of 100 lb/lane mi. Since this decision was made late in the winter season,
only three tests were conducted.

4.5 Test Section Layout

The runway which is used for the testing was closed to air traffic for the season in early
December 1991, as a result of the first "permanent" snowfall of the winter. This event
constituted the end of pretest preparations and the start of field testing.

The test course setup was measured and marked out on the runway to be utilized for the study
while the pavement was still clear of snow. Immediately following the first major storm of the
season, the pavement was dedicated solely to testing. The course was composed of 12 ft wide
by 100 ft long test sections separated by a 200 fi buffer zone. Figure 5 shows the layout and
location of the chemicals.

The first storm consisted of a heavy wet snowfall which resulted in substantial power outages
and traffic immobilization throughout the area. This storm arrived following generally warm
conditions. Thus, the ground and pavement were still quite warm. Following the storm, snow
was removed from the perimeter of the runway, i.e., the zone utilized for this study. An "access
working lane" of compressed snow was developed on the grassy area along the asphalt.

During this setup period, the temperature dropped and remained at subfreezing temperatures, in
the neighborhood of-15 to -170 C. Inadvertently, a layer of refrozen slush and ice resulted
following the removal of snow using a rotary snowplow. Extraordinary efforts were made to
remove this layer mechanically, ranging from a road grader to hand tools. Attempts were made
to remove this without resorting to chemical deicing, since it was felt that chemical use might
influence subsequent testing and the effectiveness of their application was doubtful for the
temperature range encountered.

A second unanticipated problem (which was not immediately perceived) developed during the
setup. Snow on the center portion of the runway was melting from below and, due to the slight
crown on the runway, slowly contributed to icing on the test sections. This problem was
alleviated by clearing the center section of the runway. However, a furrow to act as a wind
break for the course was left.

Finally, the use of chemicals was attempted as a last resort. A balanced ratio for the chemicals
called for in the testing protocol were applied to the prescribed locations, but to no avail. The
sections were finally cleared to satisfactory testing conditions during a warming period. This was
then followed by a very heavy rainfall which completely cleaned the course leaving an ideal
testing surface, free of chemical contamination.



Figure 5. Layout and Location of Chemicals.
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4.6 SOBO 20

A SOBO 20 chemical on pavement testing unit was received and initial attempts to calibrate it
were unsuccessful. The problem proved to be faulty circuitry. A replacement electronics unit
for the instrument was sent from MN/DOT. Figure 6 shows the results for the calibration using
de-ionized water (which yielded the best results). Repeatability with the instrument was
problematic, and it is likely that this instrument was also defective. Field results were erratic as
well.

x 0.5 SCALE

SOLUTION ,_ 8.6% NaCI by weight

[ 5DROPS Expected Readings: 5+/-1 ] 10DROPS Expected Readin0:10+/-1 [
TEST 1 4 ] I::_5] 1 11
TEST 2 3.5 TEST 2 9
TEST 3 5 TEST 3 7

x 0.1 SCAI F

SOLUTION A: 8.6%_
I 5 DROPS Expected Readinss: 10+/-1 I 10 DROPS Ex_e_e_e_e_edReadin0 • 14+/-1 !

TEST 1 8 I I=ST 1 12
TEST 2 12 TEST 2 11
TEST 3 9 TEST 8 13

Figure 6. SOBO 20 Calibration.

4.7 Overall Test Procedure

The test plan was finalized and was implemented for all of the tests performed during this field
study. If possible, the chemicals were applied prior to the onset of a storm. Saab runs were
made on a 15 minute interval after the start of precipitation, and the test was continued for two
hours, at which point a decision was made as to whether plowing was necessary. If plowing was
deemed necessary, all sections were plowed and the friction was measured. At this point a
decision was made to reapply chemicals to the sections that did not come up to an average
friction value of 0.5. This value was chosen to fit into range of friction coefficients that best

describes wet pavement. [2]. This range is generally chosen to be 0.45 to 0.6. If all of the
sections had not reached this value, the test was continued through a second two hour block, only
if conditions indicated that doing so would result in any one chemical reaching the 0.5 value. If
weather conditions were such that it was obvious that the additional application of chemicals had
no merit, the test was stopped.

11



In cases where the precipitation event had started before chemicals were applied, application was
always preceded by plowing and the procedure following plowing was the same as above.
The original plan was to traffic the test sections with a multi-wheeled traffic simulation trailer.
This was discontinued when it was realized that cross-contamination between test sections could

not be eliminated despite extensive modifications to the trailer to attempt to blow the snow and
chemicals off of the tires after each section. The trailer was still used, however, for testing that
was designed to look at how well the chemicals perform when heavy snow is packed onto the
sections.

4.8 Miscellaneous Maintenance and Test Procedures

Throughout the test period several operations were performed that were not "normal" as far as
the original test plan was concerned. These methods were used to facilitate tests or outcomes
when scheduled maintenance or meteorologic events were unsuccessful.

Whenever one of these methods was used, it is either mentioned in the test scenario or on the

friction plot. These methods include use of a snowblower to produce a "simulated" snowfall
during periods when snowfall events were not predicted, the use of the traffic simulation trailer
to pack snow onto pre-applied chemicals to ascertain their ability to prevent bonding, and the use
of sweepers in an attempt to remove the thin film of snow left after plowing by conventional
means. Attempts were also made to use a water truck to spray water over the sections to
simulate freezing rain during periods when pavement temperatures were relatively low and no
precipitation was forecast. All of these methods were used as a last resort, however.

5 Data Analysis Procedures

The data collected during this field test were analyzed using several different methods as
described in the following sections. Each of these methods was performed for a specific reason
and each can be used separately or in combination to get an overall indication of how well each
chemical performed under a certain set of circumstances.

5.1 Average and Maximum Friction

Perhaps the most important measurable factor that can be used to determine how well each
chemical performs is the friction value, which we obtained using the Saab Friction Tester. If a
test section (chemical) reaches some desired friction value during a test, the outcome of applying
the chemical is, at least in part, successful. If average friction over the test period remains above
a given acceptable value, this is another indication that the chemical is performing with some
success. In terms of maximum friction, a chemical that brings the friction up to a value
comparable to wet pavement is likely to be quite successful. Values of maximum friction less
than that of wet pavement, when compared with average friction, can also give some indication
as to the performance of the chemical application.

12



In order to compare the relative efficacy of each of the chemicals, an analysis using the friction
values obtained during each test and under varying environmental conditions was performed. The
Friedman analysis [1] was used for each test on each chemical by comparing the friction value
at each 15 minute time interval and ranking these values from 1 to 13. From these interval
rankings, a sum of ranks throughout a test period is made.

The Friedman test is a non-parametric two-way analysis of variance test. It treats each test time
within a given day as a block in which it ranks the friction coefficient values. The ranks of a
treatment over that day are then summed and compared to those of the other treatments to a level
of significance of 0.05. The analysis is based on the hypothesis that there is no difference in the
distributions and it determines the probability that the hypothesis is correct. This test was
repeated for each test day.

5.2 Effect

During a single test, many things can happen that designate how a chemical performed. Among
the possible scenarios are:

• Friction starts low and stays low.
• Friction starts low and increases throughout the test.
• Friction starts high and stays high.
• Friction starts high and decreases throughout the test.
• Friction starts low, increases and then drops off toward the end of the test.
• Friction starts high, drops off and then increases again.

Considering the many scenario perturbations it is obvious that the use of maximum or average
friction may be deceiving. In order to examine the qualitative aspect of each test by some means
beyond the average and maximum friction values, a method was devised to place a numerical
value on the performance. This value, called Effect, is designed to subjectively quantify the
performance of a chemical throughout an entire test period. For instance, a test section may have
started out with a friction value of 0.7 at the beginning of the test. Due to the fact that snow was
falling or temperatures dropped considerably during the initial part of the test, the friction may
have dropped off rapidly. This section would have a high value for maximum and possibly
average friction but may not have actually performed well overall. There is a possibility that any
one section may rank either high or low with standards of friction, but the overall performance
may not be reflected.

In order to give some quantitative basis to the perceived effectiveness, the performance of the
chemicals as the combination of three independent contributions is considered. These are (A)
the time it takes for chemicals to start to work, (B) the average friction obtained throughout a
test and (C) how well each chemical sustained an acceptable value throughout the test period. All
of the friction results were analyzed and the final decision was made that a weighting of 20
should be attributed to (A), 60 to (B) and 10 to (C). Based on this decision a set of equations
was designed to determine an overall value for effectiveness. The range of minimum to

13



maximum friction that was used for the calculations was 0.1 to 0.8. The value of 0.1 is

representative of what the Saab friction tester would produce on glare ice and 0.8 for ice-free wet
pavement.

The chemicals were ranked for each test by use of the following equation,

Effect=A +B +C, (1)

whose coefficients are calculated as;

30
A - , 0 < A < 2 (2)

to.s

B=(F,_- 0.1),8.6, 0 g B _ 6 (3)

C=(Fmx + Fe,,d)*0.625, 0 g C g 1 (4)

Where:

to.s= the time at which the Saab friction becomes > 0.5,

Favg= the average friction for the test,
Fm_,= the maximum friction attained during the test and
Fend= the friction value at the end of testing.

This method ranks the performance of the chemical over the duration of the test and results in
a rating from 0 to 9, where 0 is very poor and 9 is excellent.

The coefficient A accounts for the time which it takes for the Saab friction to reach an acceptable
value. This value has been set at 0.5 [2]. All times are taken assuming elapsed time from
chemical application. The next Saab run after chemical application is at 15 minutes. If the
friction value for a given test section has reached 0.5 at this point then to.5 = 15 and A = 2, the
maximum it can attain. If the friction never reaches 0.5 then to.s tends toward infinity and this
value goes to 0. If the friction value does not reach 0.5 during a test A is set to zero.

The coefficient B accounts for the average friction throughout the test. Since maintaining the
average friction over the period of the test at or above the desired value of 0.5 is considered to
be the most important factor of chemical application, this portion of the ranking is given the most
weight. For example, if the average friction for the entire test was 0.8, which is an expected
value for ice-free wet pavement, the value for this coefficient would be 6. This is the maximum

14



value for this part of the rank. If average friction is 0.1, which is representative of black ice, this
portion goes to O.

The coefficient C determines how well each chemical performed in reaching and maintaining a
high friction throughout the test. In this case, if the friction value increased to 0.8 and was still
at 0.8 at the end of testing, the contribution to effect would be 1. This is the maximum for this
pan of the ranking. If both average and ending friction are 0.1, the contribution
is 0.1, nearly 0. All other combinations range between 0 and 1.

In summary, the Effect equation (1) is the sum of the three coefficients and has a maximum value
of 9 and a minimum of 0. These equations were developed by weighing the relative importance
of each of the three friction considerations described and assigning a value to them. The effect
was calculated for each chemical and each test and then corroborated with the visual assessment

of the friction plots to insure that the outcome was reasonable in every case.

A simple example may clarify this ranking scheme. Consider the curves in Figure 7. These
example curves are developed by the use of contrived data points chosen to illustrate six possible
combinations for friction plots. Table 1 gives the result of the effect calculation for each of these
six curves using equation 1. The curves are designated as C 1, C2, C3, C4, C5 and C6 on both
the graph and in the table. From the table it can be seen that effect can vary considerably
dependent on the changes in friction throughout a test.

Example Friction Plots
Time 0 - Chemi==lApplk_otion

1.0

O.9

O_ ° " ° " ° * * ° " • ° ° " " ° • • • " • ° • ° °

o.e.

o.1'

O-O I_ _ ,' _ I I ' : :
0 15 30 45 (!0 75 gO 105 120

Time(rain.t,.,)
_Cl --oC2 • • - C3
----- C4. ---C5 .... C6

Figure 7. Example Friction Plots.
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5.3 Pearson Correlations

The Pearson sample correlation [1] is a statistic whose value ranges from -1 to +1. A value of
-1 or + 1 implies that a perfect non-constant linear relationship exists between two variables. A
correlation value near zero implies that there is no linear relationship. When two variables have
a strong correlation (i.e., value near -1 or +1), the value of one variable can be used to predict
the value of the other. However, this does not imply that a cause and effect relationship exists
between the two variables.

To decide if a sample correlation is statistically significant one needs to determine the likelihood
that there is no correlation between the two variables and yet the sample correlation is as large

in magnitude as is observed. When such events have a low probability the correlation is
considered to be significant. Typically a sample correlation is considered significant if its
probability of occurring is less than 5%.

Data Set to.5 Favg Fmax Fen d A B C Effect

C1 30 0.50 0.80 0.10 1.0 3.4 0.6 5.0

C2 _, 0.30 0.30 0.30 0.0 1.7 0.4 2.1

C3 15 0.74 0.80 0.80 2.0 5.5 1.0 8.5

C4 15 0.31 0.80 0.10 2.0 1.8 0.6 4.4

C5 15 0.40 0.80 0.80 2.0 2.6 1.0 5.6

C6 75 0.40 0.80 0.80 0.4 2.6 1.0 4.0

Table 1: Example of Effect Calculations

It must be noted that when determining significant correlations using the above criteria for a large
number of pairs of variables there is a high probability that at least one non-significant
correlation will be judged to be significant. This is a common problem which the following
example demonstrates. A cancer test may have only a 5% chance of giving a false positive.
However if this test is given to 10 randomly selected individuals who do not have cancer, the
probability that at least one of the 10 will test positive is 40%. For 30 individuals, the
probability is 78% and in 100 cases it is almost a certainty. In our data, we examine some 99
correlations.
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5.4 Bonferroni Criteria

The Bonferroni criteria [1] provide an approach to determining statistically significant correlations
which reduces the likelihood of false positives and is the approach that we used in our analysis.
The Bonferroni approach determines the probability of significant correlations so that the
likelihood of having one or more false positives in a matrix of sample correlations is say 5% or
1%.

6 Results - Separate Test Days
During the winter of 1991-92, 27 successful tests were performed. Attempts to perform tests on
a limited budget during the winter of 1992-93 were all unsuccessful.

6.1 Synoptic Scenarios
Synoptic scenarios for each of the test days can be found in Appendix A.

6.2 Meteorological Data
Tables containing the meteorological data collected for each test day can be found in
Appendix B.

6.3 Friction Data

Friction data as measured by the Saab friction tester for each test can be found in Appendix C.
The data have been separated into groups of liquid and solid chemicals only to minimize clutter
on the graphs.

6.4 Friedman Results - Separate Test Days
The Friedman analysis was performed on the friction data for each test day. The resulting plots
are contained in Appendix D.

The relative ranking of the 13 treatments is given on the top of the graph along with the value
for the sum of ranks. The larger the sum the better the overall performance of the chemical
application. The bars on the graph depict groups of chemicals which cannot be statistically
distinguished from one another.

7 Overall Results

7.1 SOBO 20
The results from the SOBO unit using de-ionized water are given in Figure 8. As can be seen
from the table the readings vary considerably and are suspect. The unit never did perform as it
was designed.

7.2 Statistical Results - Average Friction

Once the sums have been obtained for each test individually, as shown in Appendix D, the
ranking for the entire winter period can be obtained by simply ranking the results for each
chemical for all of the tests performed. Figure 9 is the result for this ranking for the 27 tests.
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Figure 8. SOBS 20 Results.
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Figure 9. Friedman Analysis - Sum of Ranks (27 tests).

Once again, the relative ranking of the 13 treatments is given on the top of the graph along with
the value for the sum of ranks. The larger the sum the better the overall performance of the
chemical application. The bars on the graph depict groups of chemicals which cannot be
statistically distinguished from one another.
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7.3 Statistical Results - Effect
Figure 10 contains the results for the effect calculations for all of the 27 test days. Figure 11
contains the values of coefficient A, Figure 12 for B and Figure 13 for C.

NK_CaC;2 _ Sdd Sold

DATE Ccnm_ CMAI00 CMA200 KAcI00 KAc200 M_2 I00 NaC1100 NaC1200 1(0 1COLi¢l CMA 100 CMAL:_O Urea100

1 12J'1?J91 3.8 9.2 9.0 8.1 9.0 9.1 8,7 8,5 9.1 8.7 8.g 8.9 8.7
2 12/13/91 4.9 5.2 50 5.0 5.3 5.1 5.0 4.4 4.g 4.9 4.5 4,8 4,9
3 1P.,2OFJ1 2.3 2.4 _,7 22. 2,3 2.9 2.0 2.0 1.9 2.3 2,3 2.0 2.4
4 01._/_ 3.3 8.7 8.8 8.6 8.7 8.8 6.0 6.7 5.6 6.2 5.7 6.2 6.9

5 01,¢Tag2 6.8 8.0 6.6 62. 5.6 5.9 5.9 5.4 5.0 4.9 4.9 4.1 ,56
6 01,OBFJ2 4.2 4.7 57 4.6 5,6 5.4 4.6 4.7 4.5 4.7 4.6 4,5 4.9
7 01/_/_ 4.5 2.6 2.6 2.7 2.8 3.4 2.6 2.6 23 2.6 2.6 2.1 2.8
8 01/'10/_ S.S 4.7 4.9 ?_1 1.8 4.6 2.3 2.2 22. 2.5 2.1 2.4 4.4
9 01/11_ 3.2 6.9 8.7 83 6.2 8.7 5,1 6,7 5,4 5.9 4.9 6.0 5.9

10 01)22F_ 2.2 4.6 4.7 2.6 3.0 3.4 2.6 3.6 2.4 2.7 2.5 2.6 2.8
11 01f23R2 1.6 2.6 4.2 31 4.5 4.6 2.5 2.6 2.6 2.8 ?.7 2.6 ?,6
12 01f27/_ 2.1 3.4 3.7 3.4 3.2 3.5 3.1 3.9 2.g 2.4 1.9 2.8 2.3

13 01f28FJ2 1.5 2.7 ?,5 2.1 2.4 ?,5 2.1 _.3 2.1 2.2 23 2.4 ?_1
14 01t30/_ 1.7 5.1 5.3 4.1 4.8 4.9 4.4 6.7 .5.6 6.4 6.1 6.4 5.8
15 01/31/_ 1.7 2.4 3.1 2.4 3.2 3.7 2.6 3.2 2.6 2.9 2.8 3.2 2.9

16 _ 0.2 2.4 2.4 2.7 2.7 2.4 2.7 2.9 2.2 2.2 2.1 2.2 2.7
17 (:2/10/92 1.8 2.0 ?-8 2.3 2.4 ?,5 2.4 2.5 2.5 2.1 1.7 1.7 2.2
18 CW11/_iQ 2.1 1.8 2.0 2.2 2.1 2.1 2.4 2.2 2.2 2.1 2.1 l.e 2.5
19 c_J12/_ 1.9 21 2.4 2.1 2.0 2.3 2.0 2.3 2.2 2.3 2.3 2.5 2.5
20 _J13/B2 1.5 ?,6 4.3 1.9 3.0 4.4 2.3 2.3 2.2 2.0 2.1 22 ?,5
21 G2J14/_ 1.7 7.5 8,7 4.2 83 8,8 8.6 8.8 7.1 52 6.4 8.6 8.9
22 02,20FJ2 1.7 4.7 4.4 4.4 4.0 36 1.8 4,3 4.3 1.6 1.7 37 20
23 (:_'24_2 2.1 6.2 7.1 5.4 6.5 7.4 5.1 5.6 4.8 5.2 4.7 5.0 5..2
24 _ 3.4 7.5 8.5 6.5 7.5 8.5 5.6 6.2 6.2 6.2 5.8 6.7 7.6
25 02/27_ 6.6 6.6 7.6 6.6 7.5 8.9 7.9 8.0 &8 8.0 8.8 8.7 g.2
26 _ 1.8 2.4 1.9 2.4 2.1 2.7 2.5 2.2 2.6 2.6 2.7 2.3 2.7

27 04401_2 42 2.5 4.0 2.5 5.6 5.7 2.4 5.0 Z6 2.8 2.7 2.6 5.9

Figure 10. Effect Values for All Tests.

t,laO/CaCl2 _

DATE _ C_tA100 CMA2_0 KACl00 KA¢2D0 M¢_100 NaCI100 Na_200 100 1COt...k:l C14.A100 CMA200 UmalcO
1 12/'12_1 0.3 _0 _0 _0 _0 _0 _0 Z0 _0 Z0 _0 _0 _0
2 12/13,91 _0 2.0 _0 _0 _0 _0 _0 _0 2.0 Z0 _0 _0 Z0
3 12/2_91 0.0 _0 _0 0.0 _0 GO _0 _0 _0 _0 _0 _0 _0
4 _/C2_2 0.2 Z0 2.0 2.0 _0 _0 _5 _7 _4 _5 0.4 0.5 _7
S _,'C_2 _0 Z0 0.9 0.6 _6 _6 0.5 _5 _4 _4 _4 _3 _6
6 _/06/_ Z0 Z0 2.0 2.0 Z0 _0 _0 _0 _0 _0 _0 Z0 Z0
7 _/08/_ 0.7 _0 _0 0.0 GO 0.2 _0 0.0 _0 _0 _0 _0 _0
8 _0/iQ Z0 2.0 2.0 0_ _0 _0 _0 _0 _0 _0 _0 _0 _0
9 _I/_Q 0.3 _7 _0 _0 0.5 _0 _3 _7 _4 _4 0.3 _5 _4

10 _f',',',',',',',',',_ 0_ _5 0.5 0.0 _0 _3 _0 _3 _0 _0 _0 _0 _0
11 _ _0 _0 0.3 O_ 0.3 _3 _0 _0 _0 _0 _0 _0 _0
12 _FJT_Q _0 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 _0 _0 _0 _0
13 _/28_ 0_ _0 _0 0.0 _0 _0 _0 _0 _0 _0 _0 _0 _0

14 _/3O/G_ 0.0 _5 _4 0.2 _3 _3 _3 o.g _9 _9 0,9 O.g _g
15 _1._ 0.0 _0 _0 0.0 _0 02 _0 _0 _0 _0 _0 _0 _0
16 C2/0_R 0.0 _0 _0 0_ _0 _0 _0 0.0 _0 _0 _0 _0 _0
17 _/IOA_ 0.0 _0 0.2 0.0 0.0 _0 _0 _0 _0 GO _0 _0 GO
18 C2/11/_ _0 _0 _0 0_ _0 _0 _0 _0 _0 GO _0 _0 GO
19 02J'12/g2 0_ _0 _0 _0 _0 G0 0.0 _0 _0 GO _0 G0 G0
29 02t13/_ 0.0 _1 _1 0.0 _1 _1 _o _0 _0 _0 _0 GO _0

02/14/_ 0_ 1_ _0 0.3 2.0 _0 _0 Z0 1.0 _5 _7 Z0 Z0
22 C2120FJ2 0.0 _0 2.0 Z0 _0 _0 _0 _0 _0 _0 _0 _0 _0
23 02424/g2 0.0 _4 G7 0.2 0.5 _7 0.2 0.2 _1 02 _I 02 0.2
24 _ 0.3 1_ 2.0 0._ 1_ Z0 _4 _4 _5 n¢ G4 _8 1_
25 02127/g2 0.8 0.8 I_ _e 12 _0 12 12 _0 I_ _0 Z0 Z0
28 _ 0.0 _0 aO _0 GO GI _0 aO GO GO GO aO a0
27 04/01_92 0_ 0D 1.0 _0 2.0 Z0 _0 _0 (10 _0 _0 _0 _0

Figure 11. Coefficient A for All Tests.
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NaC'I/P..,aC2NnC1/CaC_ Sord Solid

1 12/12/91 2.9 6.1 6.0 6.1 6.0 6.1 5.7 5.6 6.1 ' ' 5.9 5,7
2 12/13_91 2.3 2.6 2.4 2.5 ' 2.6 2.5 2.4 1.9 2.3 2.3 1.9 2.2 2.3
3 12/20/91 1.8 1.9 22. 1.7 1.8 2.3 1.6 1.6 1.5 1.9 1.8 1.6 1.9
4 01/(:P.F_ 2.1 5.8 5.8 5.6 5.7 5.8 4.5 4.9 42. 4.7 4.3 4.7 52.
5 01/06/92 4.0 5.0 4.8 4.6 4.1 4A 4.5 4.0 3.7 3.7 3.7 3.1 4.1
6 01,/08/_ 1.6 22. 3.1 2.1 2.9 2.8 2.1 2.2 1.9 2.2 2.1 2.0 2.3
7 01/09_2 3.0 2.1 2.1 2.1 2.3 2.6 2.1 2.1 22. 2.2 2.1 1.6 2.3
8 01/10/_ 2.8 2.2 2.3 1.7 1.5 2.0 1.9 1.8 1.8 2.0 1.7 1.9 1.9
9 01/11/_ 22. 52. 5.7 5.3 4.7 5.7 3.7 5.0 3.9 4.4 3.5 4A 4.4

10 01/22_ 1.7 3.5 3.5 2.0 2.5 2.6 2.1 2.8 2.0 22. 2.0 2.1 23
11 01/23_ 1.3 2.1 3.3 2.4 3.6 3.6 2.0 2.1 2.1 2.3 22. 2.1 22
12 01)27FJ2 1.6 2.3 2.6 2.3 22. 2.5 22. 2.8 2.1 1.8 1.5 2.2 1.8
13 01/28/_ 1.1 2.2 2.0 1.6 1.9 2.0 1.7 1.B 1.7 1.8 1.8 1.9 1.7
14 01./30/92 1.4 3.8 4.1 3.1 3.6 3.8 3.4. 4.9 4.0 4.6 4.4 4.7 4.2
15 01/3t_ 1.3 1.9 2.5 1.9 2.6 2.8 2.1 2.6 2.1 2.3 2.3 2.8 2.4
16 02206/92 0o0 2.0 2.0 2.2 2.2 2.0 2.2 2.4 1.8 1.8 1.6 1.8 Z2
17 (22/10FJ2 1.3 1.5 1.9 1.7 1.8 1.9 1.9 2.0 1.8 1.6 1.3 1.3 1.7
16 02/11/92 1.7 1A 1.6 1.7 1.6 1.6 1.9 1.7 1.8 1.7 1.7 1.5 2.0
19 1_/12./92 1.5 1.7 1.9 1.7 1.6 1.8 1.6 1.8 1.8 1.9 1.9 2.1 2.0
20 QP./13/_ 1.2 1.9 3.2 1.5 2.3 3.3 1.8 1.7 1.7 1.6 1.7 1.8 2.0
21 (:_J14F_ 1.4 5.5 5.7 3.1 5.3 5.8 5.6 5.8 5.1 3.8 4.7 5.6 5.8
22 (2P.t2G_ 1.3 2.0 1.8 1.8 1.4 1.1 1.3 1.6 1.7 12. !.2 1.2 1.4
23 02/24FJ2 1.7 4.8 5.5 4.2 5.0 5.7 3.g 4A 3.6 4.0 3.6 3.8 4.0
24 1_25,_2 2.5 5.3 5.5 4.8 5.3 5.6 4.1 4..8 4.6 4.6 4.3 5.0 5.4
25 02./27/_ 4.9 4.9 5.4 4.9 5.2 5.9 5.7 5.7 5.8 5.7 5.8 5.7 6.2
26 03/09/92 1.4 1.9 1.5 2.0 1.6 2.0 2.1 1.8 2.2 2.1 22. 1.8 22
27 04/01/_ 3.1 2.0 2.3 1.9 2.8 2.9 1.9 2.3 2.1 2.2 2.1 2.1 32.

Figure 12. Coefficient B for All Tests.

DATE Control CMA100 CMA200 KAcl00 K/IcL_0 McjC_100 NaCI100 ¢200 100 l_Licl CMA100 CMA200 Urea100
1 12/12/91 0.7 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
2 I2/13/91 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.6 0.6 0.5 0.6 0.6
3 12/20)91 0.4 0.5 0.5 0.4 0.5 0.6 0.4 0.4 0A 0.4 0.4 0.4 0A
4 01/OZFJ2 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
5 01/06_J2 0.8 0.9 0.9 1.0 0.9 0.9 1.0 0.9 1.0 0.8 0.8 0.8 0.9
6 01/0&_2 0.6 0.5 0.7 0.5 0.7 0.7 0.5 0.6 0.5 0.6 0.6 0.5 0.6
7 01/T39/_ 0.8 0.5 0.5 0.5 0.5 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.5
8 01/10_2 0.6 0.6 0.6 0.4 0.3 0.6 0A 0.4 0.4 0.5 0.4 0.5 0.5
9 01/11_ 0.7 1.0 1.0 1.0 1.0 1.0 1.0 1.1 1.0 1.1 1.1 1.0 1.1

10 01_ 0.5 0.6 0.6 0.5 0.5 0.5 0.4 0.5 0.4 0.5 0A 0.5 0.5
11 01/2._ 0.3 0.5 0.6 0.5 0.7 0.7 0.4 0.5 0.5 0.5 0.4 0.5 0.5
12 01/27/92 0.5 0.9 0.8 0.8 0.8 0.8 0.7 0.9 0.7 0.6 0.4 0.6 0.5
13 01/28/_ 0.3 0.5 0.5 0.4 0.5 0.5 0.4 0.5 0.4 0.4 0A 0.4 0.4
14. 01/'3G_ 0.3 0.9 0.9 0.8 0.8 0.8 0.7 1.0 0.8 0.9 0.B 0.9 0.7
15 01/31_2 03 0.4 0.5 0.4 0.6 0.6 0.5 0.6 0.5 0.5 0.5 0.6 0.5
16 0P./C6_2 0.1 0.4 0.4 0.5 0.5 0.4 0.4 0.5 0.4 0.4 0.4 0.4 0.4
17 0P./10_2 0.5 .0.4 0.7 0.6 0.6 0.6 0.5 0.5 0.6 0.5 0.4 0.4 0.5
18 02/11/_ 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5
19 02/1P.J_ 0.4. 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0A 0.4
20 0P./13/92 0.3 0.6 0.9 0.4 0.7 0.9 0.5 0.5 0.5 0.4 0.4 0.5 0.5
21 02/14_ 0.3 1.0 1.0 0.9 0.9 1.0 1.0 1.0 1.0 0.9 1.0 1.0 1.0
22 02./20_2 0.4 0.7 0.6 0.7 0.6 0.5 0.5 0.7 0.6 0A 0.5 0.5 0.5
23 02/24j_ 0.4 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
24 _ 0.7 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
25 C2/27/92 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .1.0 1.0 1.0
26 _ 0.3 0.4 0.4 0.4 0.4 0.6 0A 0.4 0.4 0.4 0.5 0.4 0.5
z_ o_o_ 0.8 o.5 o6 o.6 0,8 o.a 0.4 o.;, o.5 o.5 0.5 o.s o:,

Figure 13. Coefficient C for All Tests.
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In order to make use of the calculated effect, a value that was deemed acceptable was
determined. Figure 14 is a friction plot for a hypothetical test. In this test the friction starts out
at a value of 0.1 and comes up to 0.5 (see Section 4.7) at a time of 45 minutes. The friction then
remains at 0.5 throughout the rest of the test period. The calculated effect for this scenario is 4.0.
This value has been chosen to depict the acceptable effect for a test.

EXAMPLEFRICTIONGRAPH
_r._lm4.0 AmO,7 Bin2.7 CakO.6

ILIo

0,0 I I I ( I
• IO 40 O0 I0 100 110

Figure 14. Acceptable Effect Calculation Plot.

After calculating the effect values for each chemical for all of the tests run during the winter
period, the Friedman analysis was performed on these results. Figure 15 gives the results of
these calculations for the 27 tests.

M(:I C)_ NaCl/CaCl 2 _C1/CaCl 2 I_c I_C1 _ _ Ureo CIL4 HoC) 2
Control Soltd 90114 Solid 8o15d Liquid L_quld 801t11 LlquSd LSqu%d 80114 Liquid Liquid

IIO01P JO0@ 2001P JOOIP lOOe IO0@ 200e lOOe eOOlP SO0# 200_ |OPi_

Sum of Rank_

: - . : : : • : • : ". : -

: I I II l • : :

: i i , , , : : :
: : i :

: : : : : " "1

: : : : i

Figure 15. Friedman Analysis - Effect Values (27 tests).
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The Pearson sample correlation and the Bonferroni probabilities [1] were computed for each
combination of the treatment effect rating and the corresponding environmental parameters.

Using this, the only environmental parameter that we found to be clearly statistically significant
with treatment effect is pavement temperature. Other parameters may be correlated with
treatment effect but our data did not show them to be statistically significant.

The statistically significant sample correlations between the environmental parameters, such as
pavement temperature and air temperature or relative humidity and short wave radiation, in our
data are consistent with what one would expect. Figures 16 and 17 show the environmental
parameter correlations and their Bonferroni probabilities for all 27 tests.

WS AIRTEMP PAVETEM RH $WAVE LWAVE

WS 1.000
AIRTEMP -0.016 1.000

PAVETEM 0.117 I o.7_1 1.000
RH 0.391 0.446 0.221 1.000

I lOOOLWAVE 0.273 0.660 0.301 o.7971-o.7o6 I 1.ooo

Figure 16. Pearson Correlations for 27 Tests - Weather Parameters.

WS AIRTEMP PAVETEM RH SWAVE LWAVE

WS 0.000
AIRTEMP 1.0(X) 0.000

PAVETEM 1.000 I o.oool o.ooo
RH 0.659 0.297 1,(:X)0 0.000

LWAVE 1.ooo 0.0o3 1.ooo o.oooL o.oolj o.ooo

Figure 17. Bonferroni Probabilities for 27 Tests - Weather Parameters.
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The statistically significant probabilities are boxed. Because pavement temperature and air
temperature are positively correlated at 0.753, one might expect treatment effect and air
temperature to be correlated also, even though our data does not show this. It may be that
because other environmental parameters were not constant during the testing there is an
interaction effect which obscured this correlation. It may be that the functional relationship
between treatment effect and air temperature is not linear.

To examine for linear relationships, we f'trst compared treatment effect with the environmental
parameters. Figure 18 shows the result of the Pearson correlations and Figure 19 gives the
Bonferroni probabilities.

Nat_r_,ae_ Nn_,a_B Sold

Cor/zol CMA10OV CMAa_0# I<ACl0Q# KAc20I_ M_1004' NaO100# NaCI2OOJ 100 100Lk_ ClVlA10OV CMA200_ UmalOOt
WS -0,122 -0.0_ -o.13e o.ool -o.067 ,.0.142 -0.123 0,006 O,OeS -0.008 ,.0,0_6 .o.m2 .o._o3
AI_ 0.228 0.551 0.513 0.469 0.436 0.424 n3_ 0.381 0.381 0.448 0.4_ 0.37'7 0.340

PAVETEMP 0.356 I 0.646 _n__pg_ 0-r:-_ 0.644 0.639 0.614 0.661 0.640 0.628 0.615 0.¢Z7 0,634
RH .0.080 0.225 0.192 0,224 0.060 0,064 0,018 -0,008 n_7 0.071 -0.013 -0,018 -0.093
SWAVE G003 -0.020 0.107 -0.022 0.174 O219 n_ 0,251 0.216 0.133 0210 0255 0.313
LWA_ 41116 0.277 0.197 0.280 0.0G4 0.057 0.063 -0.019 0,O_ O,0G6 0.no_ 0.008 .0,091

Figure 18. Pearson Correlations for 27 Tests - Weather Parameters and Effect.

NaCICaCI2 Sold Sok_
Cor_ol C&_IOOU CMA_0# KAcI00# KAc20_ MgCI2100# NaCIt00# NaCI200# 100 1001..k¢ CMAI_OV CMA2O_ Urn8100#

WS I .GX) 1.000 1.000 1.000 1.000 1.0O0 1.000 1.O30 1.0O0 1.000 I .(_0 I .(:CO 1.000
AiRTE]_ 1.0(X) 0.061 0.129 0,285 0.481 0.576 0._e %000 %000 0.366 0.755 1.000 1.¢_O

PAVE'r'E)AP 1.000 I 0.006 O.00G 0.044 0.006 0.007 0.014 0.004 0.007 0.009 0.014 0.010 n00e
I:g-I 1JOG0 1.CO0 1.000 1.O00 1.000 1.0(X) 1.0OO 1.0O0 1.0O0 1.O_0 1.nnn 1.000 1.000
SWAVE 1J000 1.(XX) 1.O00 1.nnn 1.000 1.0K_O 1.000 1.000 1_ 1_ 1_ 1.000 1.(X]0
LWAVE 1.000 1.0G0 1.000 1.000 1.000 1.000 1.GX) 1.000 1_ 1.G0 1.000 1.000 1.000

Figure 19. Bonferroni Probabilities for 27 Tests- Weather Parameters and Effect.
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Figure 19 shows that the only strong statistical correlation between effect and weather parameters
is the pavement temperature. This correlation is highly significant in all tests except for the
control. An example of the relationship between these two variables is given for liquid CMA
at 100 lb/lane mi. in Figure 20. Plots for the remainder of the treatments can be found in
Appendix E.
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Figure 20. Pavement Temperature-Effect Relationship for 27 tests
(liquid CMA at 100 lb/lane mi.).

Examination of all of these sets of data revealed that in no instance did the effect achieve an
acceptable value of 4 (discussed earlier) below a temperature of -6 ° C (+21°F). Realizing this,
the Friedman analysis was performed for the tests where the pavement temperature was above
-6° C. This was done for both friction and effect and the results are given in Figures 21 and 22.

Leaot Effoctive woet Effect%re

C_ NaC1 wIC1/CICl__ © NaC1/CaC12' IOWc IOtc NICI 14gf:_ CI_ _ Urea
Control SoJ_d SO]_d Solid _,] S(I L_qutd LSquid Ltqutd So]$d LIq u_d Liquid L$_tl_ld Solid

tOodt L:'O0_ lOOf 5.00# tOOl |00# ZOOe 200e SO0@ lOgf L)OOf IOQ/_

Sum of Ranke

?6.s I lto I 'i2_ I 13o.sI $'_ I'" ii2.5 I t43.s I l_.s.I l., I loo.s"! ' 180 I i,d.s '1 _l_.s
: : : - : : : : : : : ; :

i i i
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: : , : : :
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Figure 21. Friedman Analysis - Sum of Ranks (21 tests).
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I_lC! IN& NaCI/Co¢I 2 XsCI/CoCI 2 I_c _oCI Urel KAc CK_ _ f4gl:u_ d
Control SHI1td BoltO Solid 9oltd LSQutd Li¢FJld S01td So12d Llauid LiqUid Liquid Llq

iOOII iDOl 200# lOOf lOOJI lO0_ 200# lO0_ 200_ tO0_ 200f lO0_
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Figure 22. Friedman Analysis - Effect Values (21 tests).

Comparing the result for the 21 tests to the overall results (27 tests) for friction, the top five
applications remain the same although the order of ranking changes somewhat. Also, the bottom
four are the same in both analyses. Looking at the effect results, the changes between the two
sets of tests are less dramatic. The only two applications that change rank are the urea solid and
the CMA liquid at 100 lb/lane mi.

If it appeared that there is a non-linear functional relationship, we transformed the data and then
calculated the correlation. For example, treatment effect might appear to increase exponentially
with air temperature as in Figure 23. Then taking the logarithm of treatment effect and plotting
that against air temperature might result in a statistically significant correlation. Figure 24 shows
the log plot for the same data as in Figure 23. Obviously, at least in this attempt, using the
logarithm did not substantially improve the relationship. This method was used for all of the
applications and the results were the same.
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Figure 23. Air Temperature - effect Relationship for 27 Tests
(liquid CMA at 100 lb_ane mi.).
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Figure 24. Log of Effect Versus Air Temperature for 27 Tests
(liquid CMA at 100 lb/lane mi.).

Figures 25 (all days) and 26 (pavement temperature above -6° C) depict how each application
performed in terms of effect and percent of days that the average effect was above a given value.
From these graphs it can be seen how each chemical performed in terms of, for instance,
reaching an effect of 5 or 6.
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Figure 25. Average Effect Percentages for 27 Tests.
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Figure 26. Average Effect Percentages for 21 Tests - Pavement Temperature Above -60 C.

The effect data were analyzed in several other ways including the results given in Figures 27
through 31. These graphs indicate how well each application performed on average for several
different scenarios, all showing the effect values above or below the arbitrarily chosen acceptable
value 4.0. Figure 27 gives the results for all of the tests performed. For example, looking at
treatment 2, liquid CMA at 100 lb/lane mi., it was on average 0.5 above the acceptable value of
4.0. Figure 28 shows the results for tests where pavement temperature was above -60 C. Figure
29 shows 10 tests where chemicals were applied prior to the onset of any precipitation. Figure
30 gives eight tests during which chemicals were placed on top of the snow. Four days when
chemicals were placed on top of snow and the pavement temperature was above -60 C are plotted
in Figure 31.
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Figure 27. Effect Values Above or Below 4.0 for 27 Tests.
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Figure 28. Effect Values Above or Below 4.0 for 21 Tests.
Pavement Temperature Above -6 ° C.
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Figure 29. Effect Values Above or Below 4.0 for 10 Tests.
Chemicals Applied before Start of Precipitation.

28



0 1
O.2

2 $ $ 6 7 6
TESTsE_rION

Figure 30. Effect Values Above or Below 4.0 for 8 Tests. Chemicals on Top of Snow.
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Figure 31. Effect Values Above or Below 4.0 for 4 Tests. Chemicals on Top of Snow -
Pavement Temperature Above -6° C.

29



7.4 Multiple Treatments

A statistical analysis of tests that contained more than one application of chemicals during a
single test period was also performed. Second applications of chemicals were made in cases
when anti-icing was inadequate for one reason or another and after two hours the decision was
made to re-apply. Of the 27 tests run during the winter, seven had a second application after two
hours. Because of the paucity of data, care should be taken before drawing any conclusions from
these results.

Figure 32 shows the Friedman analysis for the seven tests with all of the data included for the
entire test period. The trends are for the most part the same as those reported earlier for all 27
tests: liquids perform better than the solids, with the exception of the urea.

oeunt Effective P,q_,etEffect|vo

UNA NaC1/CeU121 KAC CMA NeU1 HaC1 NeCl/CaU12 Cttt KAC Urea Ci4A NOC_
Solid Control Solid I Liquid Solid eml|d So13d Liqu|d Liquid Liquid Solid Liquid LSquXd
200f 100e i00t i00f 100t 290_ 100f 100e 290e 10Of 290f i000

Tim of Ronkl_4._ I s2._ I 7s I 79-51 e3 I es 8s I .e I i2o.51 iz_ I i2, I ,27 I ,,6
. . : : • : ; : • . . :

: : : : ; ; ; i , , :
: : : : 1

- : : .- : . " .
: : . : - ; ,

Figure 32. Friedman Results - Double Application - All Data.

Figure 33 shows the result of the Friedman analysis for the In'st two hours of the seven tests.
It can be seen that the relative order of effectiveness of the chemicals has changed somewhat,

but most importantly that it is difficult to separate the chemicals from each other, as indicated
by the fact that only three bars exist and the overlap between them is substantial. This result
should be obvious, since the reason for applying chemicals a second time is the fact that the first
application was not adequate.

Figure 34 is the Friedman graph for the second application of chemicals. This result is not as
expected, due to the fact that all of the liquids, with the exception of the potassium acetate at 100
lb/lane mi., performed better than the solids. It is probable that the anti-icing effect of the liquids
was adequate to get favorable results from a second application. Keep in mind that only seven
sets of data were available for this analysis, however.

The Effect values were analyzed in terms of the three components A, B and C in an attempt to
assess the chemicals in the three separate categories.
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Leeet Effective Moet EffectLve

CI,ik KAC NeCl 'NaCl/C,.aCl 2 CI4A NaC1 KAC INoC1/CaC12 C'HA NoC_ _ Urea
SOlid Liquid Solid Solid Control SOlid Solid Liquid Liquid Liquid Liquid Liquid SoZid
200_ 100_ 1000 100# lO0_ 200f 2000 lOOf 100# lOOe 200t iOO#

Sum of Ranks

2,.m.I am I ,o.s t 4i I ,3 I 4m I ,s I sl.mI m I sT.m] sa.s I s, I 7a.5

Figure 33. Friedman Results - Double Application - First 2 Hours.

Least Efflctive Most Effective

CNA NeC1/CaC12 CNA KAC I_C1/CaC] 2 I_Ci Nat1 UPeo C34A Cl_ KAC 14gC1_.
Control SOlid Solid Solid Liquid Liquid Solld Solid Solid Liquid Liquid Liquid Liq ulo

200e 1000 100# lOOf 100# lOO0 200# lO0# lOOe 200_ 200f lOOf

Sum of Ranks

"-" I _s I 3, I 30 I ,0.5 I ,3 I "'" I ,,0 I _.s I ss I 63 I 70.sI e3._
I

Figure 34. Friedman Results - Double Application - Second 2 Hours.

Figure 35 shows the result of the Friedman analysis for the A values, which should give a good
indication of how fast each chemical begins to work. This result is for all of the 27 tests
performed.

Figure 36 is the result of the Friedman analysis for the A values where the pavement temperature
was at or above -6o C. In both cases, the order that each chemical performed in comparison to
the others is identical. For the most part, the liquids were faster than the solids using the A value
as the indicator.

Performing the same analysis on the B values results in Figures 37 and 38 for the 27 and 21 tests
respectively.

31



,eBlt Efftctive MOlt Effect|re

I _ NocI/cecl2 NaCl M.CZ/CaCZ;_ C_, V..Ac Urge _CZ CV,* K_ _ V,O:_

Control Boltd LtquSd SOltCl Soltd 8oltd Liquid SOlid Bolld Liquid Liquid Liquid Llq utd

/.OOf tOOl IO0# S.OOf 200f S.OO_ l[OO0 200# tO0# _ _00# IOOf

i"---F_-T- '_--_'_I['--T'_] --To° I' I70 I 1:,7 _." l._--_m i_,.sl I._ 1 :,t-_..5 2i3 I 2- I _7._-
: : I: I : : : I I I : II I" : : : :

: : I r ..... :
: _ .: : : -

: : : : : : : ; i i i
:. : : : : : " :

;, : : : •
: : : ; • . . :, : :

Figure 35. Friedman Results - A Values - 27 Tests.
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Figure 36. Friedman Results - A Values - 21 Tests.
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Figure 37. Friedman Results - B Values - 27 Tests.
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Figure 38. Friedman Results - B Values - 21 Tests.

The B value should give a good indication as to how effective each chemical is at attaining an
acceptable value of average friction. There are some subtle differences between the 27 and 21
test analyses. For the most part, the liquids are again superior to the solids. The most important
difference between the two results is that the urea falls behind two of the liquids when the
temperature is brought up to -60 C. This indicates that the urea may perform better than some
of the other chemicals at the colder temperatures.

Finally, examining the C values by use of the Friedman analysis, the result is as shown in
Figures 39 and 40 for the two test groupings. The C value should give an indication of how well
the chemicals can maintain a higher friction value with time.
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Figure 39. Friedman Results - C Values - 27 Tests.
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Figure 40. Friedman Results - C Values - 21 Tests.

The liquids are once again grouped as the better performers with the exception of the 200 1b/lane
mi. application of NaC1. This indicates, as is probably already well known, that salt tends to
have a long-term effect at least at the higher dosage.

Considerable effort was put into looking at partial correlations in the data. This analysis examines
how each of the variables affects the others in an attempt to eliminate redundant parameters. The
intent was to see if eliminating a meteorological parameter may make the correlations between
the others stronger. One variable at a time was eliminated, and in some cases, pairs of variables.
This analysis did not produce any meaningful results.

8 Overview

The use of freezing point depressants for anti-icing is effective. In many instances when
chemicals were applied before snow fell, most of the snow was easily removed mechanically, but
a thin ftlm or layer of saturated snow remained which could not be removed with a plow blade.
The influence_ of the chemicals was visually apparent in these instances; the snow was much
thinner than on the untreated sections or the buffer zones, and the treated sections were

translucent and sometimes appeared to be bare. However, in instances when a low friction was
recorded, close inspection revealed that a very thin ice layer was present. In these cases, even
power sweeping did not generally provide dramatic improvement, but---depending on pavement
temperature---another application of chemical was effective in removing the snow, especially by
using liquids. This can be seen best by examining the seven tests where a second application of
chemicals was made. On several occasions, when these areas had their overburden-removed, this

f'mal thin layer would then clear with no further effort. However there were some instances in
which this film remained. It was quite frustrating in that it gave the impression that the film was
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almost gone but would not produce the desired level of frictional performance. This can be seen
by examining the friction plots and noticing those tests where friction levels did not increase
immediately after plowing. The result of trafficking with the Saab every 15 minutes and on
several occasions with pick-up trucks running at approximately one pass per minute, did not
affect this outcome.

This film could sometimes be removed with the additional application of chemical in a quantity
which would have been insufficient to deice the untreated section with any of the chemicals
examined. In these cases the liquid chemicals were more effective than solids in removing the
layer. Figures 41 through 44 are friction plots for two days when this clearly occurred. These
longer tests were not included in the overall analysis since they were considered to be of a
different sort, but individual examination provides additional information. Liquids appeared to
work the best in all tests in which chemicals were applied on top of snow which had been
pretreated.

Visually the liquids produced a more even pattern of anti-icing. This is likely due, at least in
part, to the fact that they are not as easily displaced as are the solids once they are applied to the
bare pavement. When the liquids were placed on the thin film of slush or ice as described above,
they were much more effective in removing this thin layer. When considering deicing such as
this, the liquids were much faster. However, if there was a substantial mat of snow, the liquids
were not always as effective as the dry chemicals. The latter appeared to have the advantage of
boring through and not becoming diluted as quickly. Deicing in such conditions was not generally
effective at the low rates applied.

9 Conclusions

Liquids appear to be more effective than dry chemicals for anti-icing applications. Certainly this
is the case for the CMA liquid vs dry, the only one of the chemicals for which we have a direct
comparison. The one exception to this was the dry urea. This ranking of the urea is somewhat
surprising since visually it did not appear to perform as well as the liquids. Figure 45 is an
overview of the results obtained for the different analyses performed on the test data. The boxes
highlight the test sections on which liquid chemicals were applied. As can be seen, the majority
of the liquids seem to perform better than the solids. In fact in the last four columns (greatest
effectiveness), 38 of the 44 possible entries are liquids. Several different methods were used to
compare the results. Since these methods differ from each other quite drastically, and seem to
all come to the same conclusion, the probability that liquids will perform better than solids as
anti-icers is promising and should be investigated further.

A thin layer often remains after plowing off snow which has accumulated on top of treated
pavement but this is effectively treated with another light application of chemical. In this instance
the liquids were superior. Dry chemicals are probably better in attempting to remove a thick mat
but would require a larger amount of chemical. None of the chemicals tested were effective
below -60 C.
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Figure 41. Friction Values - 92/01/08 - Liquids.
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Figure 42. Friction Values - 92/01108 - Solids
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Figure 43. Friction Values - 92/02/13 - Liquids.
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Figure 44. Friction Values - 92/02/13 - Solids.
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APPENDIX A

Synoptic Scenarios - Individual Tests
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12-12-91. The test took place during a mixed rain and snow event which produced a wet
pavement. Chemicals were applied just as the pavement was beginning to freeze.

12-13-91. No new chemicals were added to the previous application from the day before. The
effect of this earlier chemical application was monitored from the start of snowfall. By 22:25

approximately 35 mm of snow had accumulated.

12-19-91. Friction data shows the general condition of the pavements the day prior to a predicted
snow storm. Chemicals were applied in anticipation of the storm. On 12-20-91 the storm had
begun along with testing.

01-02-92. Testing began at 1030 after a light dusting of snow. Light, wet snow continued until
about 1145.

01-03-92. Light dusting of snow on sections. Testing residual chemicals from previous day.

01-06-92. Approximately 2" of new wet snow. Testing residual chemicals.

01-07-92. Snow has accumulated on the test sections. Testing residual. Plowed and swept during
test.

01-08-92. Chemicals applied before start of precipitation on wet pavement. Started to snow at
0900. 0915 snowing heavily. 0930 snow starting to accumulate. 1030 still snowing heavily
accumulation of about 3/16". 1100 still heavy snowfall, about 1/2" accumulation. 1130 chemicals

applied after plowing, still heavy snowfall. 1200 light snowfall. Plowed at 1320, still heavy
snowfall.

01-09-92. 0830 about 1" accumulation of snow. Chemicals applied at 1030 after plowing. 1045

some blowing snow starting to collect on sections. Dry pavement in some buffer zones. 1230
blowing snow is accumulating on the sections.

01-10-92. Chemicals applied to snow/ice covered sections after plowing at 1345. 1415 starting
to snow and blow. 1430 snow starting to accumulate. 1445 snowing heavily. 1530 still snowing.

1615 plowed all sections.

01-11-92. 0945 sections are covered with a thin layer of snow after plowing. Chemicals applied

at 1000. No precipitation.

01-22-92. Test sections have patchy thin layers of ice and snow after plowing. Chemicals applied
at 1015. Applied snow with the blower and ran a test after rolling and plowing.

01-23-92. Approximately 3" of wet snow fell overnight on top of a chemical application
performed the previous evening. Testing started at 0830. Testing started out with light rain that
changed to snow. Sections were plowed and swept at 1000 and chemicals again applied at 10:30.
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Snow became heavy along with high winds. Testing was terminated at 1230 because of a total
whiteout.

01-27-92. Testing began at 1000. Residual chemicals from 01-23-92. Snow from previous storm
was rolled and then plowed. Light snow fell during the test at times. Sections were plowed and
swept at 1510.

01-28-92. Chemicals were applied onto clear pavement at 1200. Snow was blown onto the
sections usingthe snow blower.

01-30-92. 0745 test of residual chemicals. Plowed and swept sections after heavy snow had fallen
overnight. No new precipitation after start of testing.

01-31-92. 0900 all of the sections are covered with frozen snow and ice. The surface is too rough
to run the Saab. Sections cleaned with grader and then plowed. Chemicals applied at 1320. Snow
and high winds until about 1430 when it cleared and the sun came out.

02-06-92. 0930 sections were covered with a thin layer of ice from freezing rain. Chemicals were
applied in the a.m. The sections were swept at 1300. Testing was performed in high winds and
blowing snow.

02-10-92. Snow had fallen over the weekend on top of chemicals applied on 02-07-92. Light
snow was steady throughout the test period. New chemicals applied at 1500 for next day's
testing.

02-11-92. Rolled snow from overnight on chemicals from previous day. 1300 light snow falling
after plowing. 1400 mostly sunny.

02-12-92. Test sections cleaned with grader and plowed. Residual test. Bright sunshine until 1445
then cloud cover.

02-13-92. 1030 applied chemicals with thin snow or ice glaze. Light snow falling until 1120
when the snow started to come down harder. At 1230 all of the sections are covered with snow.

Plow and sweep the course and apply chemicals at 1400. Snowing until about 1525.

02-14-92. Test run with residual from the previous day. Some of the sections are partly bare. Sun
is out brightly. Applied chemicals and snow in late afternoon and left for Monday.

02-20-92. Applied chemicals to clear sections at 0850. 1030 blowing snow is starting to stick in
places. Starting to snow at 1100. At 1115 the snow is falling heavily. 1200 snow has been falling
heavily with high winds and the visibility is very low. 1220 the course has large drifts. At 1300
there is 12" of snow on the sections. Plow and end test.
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02-24-92. Start test at 1030. 1050 apply chemicals on sections with thin layer of snow on them.

Light snow falling throughout test.

02-25-92. After cleaning sections, chemicals were applied at 1045. Light snow falling until 1200.

02-27-92. Applied chemicals to clear pavement at 1000. Snow applied with blower and rolled.

03-09-92. Chemicals applied at 0815 on thin layer of snow from overnight snowfall. Snow and
blowing snow. 0900 snowing heavily and blowing. Running traffic simulation on the outer edge
of the sections. 1130 reapplied chemicals. Blizzard setting in.

04-01-92. Started testing at 0745. Snowing lightly, has snowed during the night. 0820 snowing
harder, running suburban for traffic. Suburban seems to be tending to pack snow onto the
pavement. 1015 reapplied chemicals, sun came out and most of the sections are wet pavement.
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APPENDIX B

Meteorological Data - Individual Tests

49



DATE Wind Wind '¢_r,d Wind Temp Temp Temp Temp Precip RH
911212 Max Max Dir Max Max Road Rate Incomin Long
S-lime 24 hrs 12 hrs 24 hrs 12 hrs water Short Wave
1745 m.,s m..'s m.,s 2m 2rn 2m mm/15 Wave W;m2

0 3.11 3.11 2_82 287.30 2_70 270 0.56 -1.00 0.00 97.4 0.3 °,339.0
3.11 &11 1.88 263.30 2_70 2_70 0.56 -1.00 0.00 97.0 0.3 3°,8.8

45 3.1! 3.11 2._'28251.60 2_70 270 0.56 -1.00 0.00 97.8 0.3 °,?,38.8
60 3.11 3.!1 3.44 265.30 2.70 2.70 0.56 -1.00 0.00 97.0 0.3 341.1
75 3.11 3.11 &89 &_4.30 2-70 2-70 0.70 -1.00 0.00 96.3 0.3 341.8
90 3.11 3.11 3.71 26240 2.70 2_70 0.83 -1.00 0.00 96.1 0.3 341.2

105 3.11 3.11 3.71 266.70 2-70 2-70 0.97 -1.00 0.00 96.1 0.3 343.2
120 3.11 3.11 3.53 266.50 2.70 2.70 1.10 -1.OO 0.00 96.1 0.3 342_6
135 3.il 3.11 3.80 269.00 2_70 270 0.97 -1.00 0.01 97.2 0.3 343.1
150 3.11 311 5.27 26250 2.70 270 0.83 -I.OO 0.00 96.9 0.3 3420

Meteorological Data --- 12-12-91.

911213 Ms= Max 0it Mac M_ Rm=d Rsm ,_..,_, Lcmg
S-_ne Z'4hn= 12hm 24hr= 12hr= m_" _ Wave

0"/24 M m,e m,= am am am _5 Wsw WmQ

0 6.28 6.28 283 281.00 279 204 4.83 -200 (1(:0 _ 02 2131
66 6.28 6.28 :'T/ 3_,.40 2./0 204 -5.00 -2.00 (100 74.9 0.2 21&3

683 6.28 6._ 4.96 10640 2.70 2.04 -I.70 -200 0.00 662. (16 289.7
7_9 &28 6.28 586 97. nn 210 2.04 -0.83 -2.(_0 0.00 84.2 (16 :!08.7

6.28 6.28 4.11 114.20 270 2.04 .0./0 -2.00 0.00 84.1 0.6 310Q7

740 6.28 6.28 4.16 125.90 270 2.01 -0.r_6 -200 0.00 81.6 (16 310.6
755 6.28 6._ 4.43 121.00 2/0 2.04 -0.83 -?.00 0.00 804 (16 3120

850 6.2S 6.28 :=56 128.50 2.70 2.01 -(197 -200 0.00 E2.6 (16 31&0
886 628 _ &83 1_1_,00 2/0 204 4.10 -2.00 (104 E7.7 (16 311.8

62S 6.28 000 0.00 2.70 204 .I.2S _.00 0.O1 m.6 0.6 3_'_5
891 6.28 0.28 (100 0.00 2/0 204 -I 40 -200 0.83 830 0.0 3135
_06 628 6.28 (100 0.00 ?./0 204 -I._ -200 0.00 83.9 0.0 313.3

_1 6.28 628 0.00 0.00 Z/0 204 -1./0 */.00 0.04 959 O0 3127
_6 _ &28 (100 0.00 ?_/0 204 -I.70 -200 0.04 96.9 0.6 3126
831 6.28 &28 0.00 0.00 2./0 204 -I./0 -200 no8 959 0.6 31"-0
966 6.28 6.28 0.00 0.00 2./0 2.04 -1./0 -200 (102 95.9 0.6 312.7
962 628 6.28 0.(0 000 2,"_ 204 -I./0 -200 0.02 96.9 0.5 3136
_6 6.28 6.28 0.00 0.00 270 2.04 4.70 -200 (100 83.9 (16 311.7

Meteorological Data --- 12-13-91.

DATE Wind Wind Wind Wind Temp Temp Temp Ternp Precip RH
911219 Max Max Dir Max Max Road Rate Incomin Long
S-time 24 hrs 12 hrs 24 hrs 12 hrs water Short Wave
1100 m/s mis mts _n _n 2m mini15 Wave W/m2

0 1.98 0.49 0.98 156.20 -5.18 -17.18 -4.20 O.OO 0.00 73.1 255.7 197.9
IO0
173 1.98 0.49 2__19137.20 -5.18 -17.18 -10.40 0.00 0.00 57.4 286.6 203.0

Meteorological Data --- 12-19-91.
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DATE W'._d Wu_d Wind W'_d Temp T_r4_ T_lp 7_r,p Pre_

911220 Max Max Dir Max _ Road Rate frcomm Long
S-t_e 24hrs 12hrs 24h_ 12h_ wed_r Short Wave
0741 mis rr.s nvs 2m 2m 2m mm/l5 Wav_ Wire2

0 -5.00 0.00
34 4.50 4.50 220 17800 -370 -3.70 -225 -7.00 0.C0 _.90 0.O0 _1110_

49 4.50 4.50 250 18500 -3.70 -370 -1.g8 -7.00 (100 95.70 0.00 31200

66 4.50 4.50 300 18¢00 -3.70 -3.70 -1.70 -7.00 0.00 9240 0.(30 311.00
83 450 450 2g0 189.00 -370 -370 -170 -ZOO 000 _.10 400 31300

94 4.50 4.50 2.50 187.00 -3.70 -3.70 -1.70 -7.00 0.00 9Q.00 8.00 31-'_G0
109 450 450 300 189.00 -370 -370 -170 -700 000 g200 9.00 313re0

124 4.50 4.50 3.10 182.00 -3.70 -3.70 -1.70 -7.00 0.00 92.00 1300 313.00
139 4.50 4.50 3.00 190.00 -3.70 .370 -1.55 -7.00 0.00 gP__00 21.00 314.00
154 4.50 4.50 2.70 185.00 -3.70 -370 -1.40 -7.00 0.00 g200 22.00 314.00

169 4.50 4.50 330 191.00 -370 -3.70 -1.25 .600 000 _.00 30.00 314.00
183 450 4.50 300 19200 -370 -370 -1.10 -6.00 0.G0 9090 31.00 316.00

246 4.50 4.50 3.00 1_.00 -370 -3.70 -0.97 -6.00 0.00 88.60 3300 31500
274 4.50 450 4.50 ;_I.(X) -370 .370 -0.42 -5.00 0.00 88.10 52_00 315.00

289 4.50 4.50 4.00 ;_7.00 -3.70 -,3.70 -0.14 -5.00 (100 88.10 53.00 316.00
304 4.50 4.50 4.20 _6.00 -3.70 -3.70 0.00 -5.00 000 88.1 63.0 317.0
319 4.50 4.50 5.2_ 23400 -3.70 -3.70 0.14 -400 0.00 88.1 73.0 316.0
334 4.50 4.50 4.50 22800 -3.70 -370 0.28 -4.00 0.00 88.1 71.0 317.0

34g 450 4.50 440 23900 -370 .370 042 -400 000 _.1 830 317.0
356 450 450 530 24200 -370 370 0fi6 -3.00 000 881 g20 318.0

370 4.50 450 5.30 242_ -370 -3.70 042 -3C0 0.00 881 61.0 317.0

Meteorological Data --- 12-20-91.

ORTE Mihd M£hd M£nd Wihd ToNp TeNp TEflP TeNp Precip RH
920102 flaH flaH D_r flaH flaH Rosd Rate Z_co_i_ Long
S-tiHe 24 hrs 12 hrs 24 hrs 12 hrs Meter Shor_ Uauo
1037 H/s M/$ M/s 2N 2M 2N M_/15 Msut M/ M/M2

26 1.99 1.99 1.88 23.00 1.72 --1.07 --0.97 --3.00 O.O0 90.3 71.7 318.?
39 1.99 1.99 2.15 21.40 1.72 --1.07 --0.84 --3.00 0.00 96.4 60.3 320.0
53 1.99 1.99 2.28 21.50 1.72 --1.07 -0.71 --3.00 0.10 96.2 96.3 319.4
68 1.99 1.99 1.88 21.60 1.72 --1.07 -0.56 --3.00 0.00 96.0 115.O 319.3
83 1.99 1.99 2.55 21.20 1.72 --1.07 --0.42 --3.00 0.00 95.9 143.4 320.2
98 1.99 1.99 2.32 22.30 1.72 -1.07 --0.28 --3.00 0.00 95.9 151.7 319.2

112 1.99 1.99 2.32 23.10 1.72 --1.07 --0.1q -3.00 0.00 95.9 132.0 316.0
128 1.99 1.99 1.92 23.40 1.72 --1.07 0.00 --3.00 0.00 92.8 161.7 319.2
143 1.99 1.99 2.28 22.80 1.72 --1.07 --0.1_ --3.00 0.00 92.0 159.1 318.2
153 1.99 1.99 2.55 23.10 1.72 --1.07 --0.28 --3.00 0.00 92.0 212.0 315.2

Meteorological Data --- 01-02-92.

DRT[ Mind M£nd M£hd Mihd TeNp reNp ToNp TeNp Pr_¢ip RH
920103 fla. fl_H D_ _&N MaN Ro_d Rate Zn¢oM£h Lon 9
_--ti_o 2< h_ _ h_ 2< h_ 12 h_ Ma_e_ Shor_ M_uI
0816 ./s _/s N/I 2N 2N 2_ _N/15 Maue M/ M/_2

0 2.2q 1.q8 0.18 6.20 2.68 -1.08 0.00 0.00 0.00 99.8 0.0 323.6
19q 2.2_ 1.<8 0.98 11.20 2.68 --1.O8 0.9? O.O0 O.02 99.8 53.5 330.5

Meteorological Data --- 01-03-92.
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DIITE u£ nd ui r,d Lli nd IJ£ _d TtMp TeMp Te_p ToNp Prlc_ p RH
910106 rI.H flail D£r Mall MIH Roed Ra_e I ncoNi n Long
S-4biMe 24 h_s 12 h_s 24 h_s 12 h.s Ms_bo_ Shot4= IJavt
0l!55 N/s _/s M/s 2_ 2M 2_ M_/15 Mouo IJ/ u/N2

0 3.48 3.48 2.86 40. 10 0.72 --0.43 0.O0 --q.00 0.00 99.5 5.9 334.?
82 3.48 3.48 3.44 40.20 0.72 --0.43 0.00 --4.00 0.00 96.4 14.2 333.4
79 3.48 3.48 3.26 39. 10 0.72 --0.43 0.00 --3.00 0.00 96.0 24.8 335.0
95 3.48 3.48 3.22 _11.O0 0.72 --O.43 0.00 --3.00 0.00 95.0 30.5 333. 1

110 3.48 3.48 3.67 38.80 0.72 --0.43 0.00 --3.00 0.00 95.9 31.3 332.3
125 3.48 3.40 3.31 42.80 0.72 --0°43 0.14 --3.00 0.00 95.9 31.7 332.6
140 3.48 3.40 3.40 43.30 0.72 --0.43 0.28 --3.00 0.O0 95.9 32.0 333.9
155 3.48 3.48 3.93 38.90 0.72 --0.43 0.42 --3.00 0.00 95.9 33.0 334.2
170 3.48 3.48 3.58 41.20 O.72 --0.43 0.56 --3.00 0.00 95.9 37.? 332.9
185 3.48 3.48 3.04 40°30 0.72 --0.43 0.56 --3.00 0.00 95.9 40.5 332.?

Meteorological Data --- 01-06-92.

DRTE Wind W2nd Mind Wind rl_p Te_p Te_p T_p Precip RH
92010? M_H M.H O£r M*_ M_H Road Ra_e I.co.ln Long
S-_iMe 24 h.s 12 h_s 24 h_s 12 hrs .a_e_ Shor_ Wape
0824 M/s N/s M/s 2M 2M 2M m_/15 M.ue M/ M/M2

0 4.46 4.46 2.99 5.80 0.84 0.84 --4.27 0.00 0.00 95.5 6.3 300.6
118 4.46 4.46 3.67 9.40 0.84 0.84 --4.85 0.00 0.00 95.9 80.8 298.2

300 4.46 4.46 4.60 11.90 0.84 0.84 -4.40 0.00 0.00 90.8 248.3 295.4
309 4.46 4.46 4.4? 11.90 0.84 0.84 -4.40 0.00 0.00 89.5 225.1 286.4
317 4.46 q.46 4.43 13.80 0.84 0.84 --q.40 O.00 0.00 87.? 311.3 2?2.5
325 4.¢6 4.46 4.25 14.10 0.84 0.84 --q.40 0.00 O.00 86.2 248.1 244.9
341 4.46 4.46 3.98 11.10 0.84 0.84 --4.40 0.00 0.O0 84.8 166.9 244.2

Meteorological Data --- 01-07-92.

DRTE Ulnd Mind Wind Mind re.p Te.p romp Tt_p Pre¢ip RH
920108 ffaM Ma_ Di_ ffs_ n_H Rosd Ra_e Zn¢o_in Lob 9
S-Eiee 24 hrs 12 hrs 24 h_s 12 h_s _a_e. Shor_ U*_e
0858 _/s _/s _/s 2_ 2M 2M MM/15 Maue _/ M/_2

..... _- _; _[_--[_-;_ :;_ :_-:_-:_ _---_ .... _-;;[;_-
15 7.01 6.59 5.14 11.00 -1.74 --2.25 -1.30 --6.00 0.00 99.5 8.6 312.8
30 ?.01 6.59 4.92 11._0 -1.74 -1.98 -2.80 --6.00 0.00 99.? 8.5 307.5
45 7.01 6.59 4.96 12.60 --1.74 --1.70 --3.80 --5.00 0.01 99.8 9.3 310.3
60 7.01 6.59 _.01 12.20 -1.?q --1.?0 0.20 --5.00 0.01 99.8 20.5 321.?
?5 7.01 6.59 q.96 12.60 --1.74 --1.70 --0.50 --5.00 0.01 99.8 31.2 322.9
90 7.01 6.59 4.92 17.00 --1.74 --1.70 --0.60 --6.00 0.00 99.8 55.6 323.5

105 ?.01 6.59 4.92 15.50 --1.74 --1.70 --0.50 --6.00 0.OO 99.8 32.2 325.2
120 7°01 6.59 5.01 l_.eo -1.74 -1._5 0.90 -6.00 0.00 99.9 41.8 331.1
135 7.01 6.59 5.27 13.10 -1.74 -1.40 0.90 -6.00 0.00 99.8 63.5 332.1
150 7.01 6.59 5.41 14.40 -1.74 -1.25 0.20 -6.00 0.00 99.9 82.9 332.3
165 7.01 6.59 _.92 13.q0 -1.?_ -1.10 -0.20 -6.00 0.00 99.9 63.3 331.8
180 ?.01 6.59 5.10 12.90 -1.74 -1.10 -0.10 --6.00 0.00 99.9 80.2 332.3
195 ?.01 6.59 _.87 13._0 -1.?_ --1.10 0.90 --6.00 0.00 99.9 77.0 334.8
210 ?.01 6.59 q.87 13.80 --1.74 --1.10 1.20 --3.00 0.00 99.9 45.? 336.0
225 ?.01 6.59 5.45 13.10 -1.74 --1.10 2.10 --3.00 0.00 99.9 47.0 336.6
240 7.01 6.59 5._9 1_.30 --1.74 --0.9? 2.50 --3.00 0.00 99.9 55.2 337.1
255 ?.0l 6.59 4.56 14.40 --1.74 --0.83 2.70 -3.00 0.00 99.9 53.6 333.6
270 7.01 6.59 4.56 67.10 -1.?q --0.70 3.q0 -3.00 0.00 99.9 67_q 337.2
285 7.01 6.59 4.51 96.90 -1.74 -0.G6 3.50 -2.00 0.00 99.9 75.7 337.7
300 7.01 6.59 ¢.20 100.20 -1.74 -0.56 3.90 -3.00 0.00 99.9 59.9 336.1
31_ 7.01 6.59 3.26 89.70 -1.74 -0.56 3.60 -3.00 0.00 99.9 _6.3 338.0
330 7.01 6.59 3.26 8_.20 -1.7_ -0.56 2.90 --3.00 0.00 99.9 63.2 338.0

Meteorological Data --- 01-08-92.
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DRTE Uind gi nd ui nd ui nd Te.p Tt.p re.p TaMp Praci p RH
920109 fl_ rlaM Di r M_M MaM Road Rata Z ncoMi n Long
5--_iMa 24 hrs 12 hrs 2_I hrs 12 hrz Mater Short uaue
0845 .Is _.*'s M/s 2M 21,, 2M _m/15 Maua u/ u/M 2

0 5.24 5.24 5.54 44.213 2.32 -0.3? --2.20 --3.00 0.00 99.8 O. 1 301.8
95 5.24 5.24 4.92 54.?0 2.31 --0.3? -3.05 --3.00 0.00 96°0 45.6 302.5

121 5o2q 5.24 4.92 67.30 2.31 -0.3? --3.18 --3.00 0.00 96.0 50.0 302.5
136 5.24 5.24 <.25 58.60 2.31 --0.3? --3.30 --3.00 0.00 95.9 79.9 302.4
151 5.24 5.24 5.19 46.40 2.31 --0.3? --3.30 --_.00 0.00 95.9 93°2 302.2
166 5.24 5.24 5.2? 61.50 2.31 -0.3? --3.30 --4.00 0.00 95.9 119.? 300.5
181 5.24 5.24 5.54 54.00 2.31 --0.3? --3.30 --4.00 0.00 95.9 130.2 301.1
196 5.24 5.24 4.96 46.90 2.31 --0.3? --3.30 --4.00 0.00 95.9 126.8 299.5
211 5.24 5.24 5.41 45.80 2.31 --0.3? -3.30 --4.00 0.00 95.9 116.2 296.0
226 5.24 5.24 4.34 47.50 2.31 --0.3? --3.30 --4.00 0.00 95.9 102.5 299.9
2¢1 5.24 5.24 3.71 55.20 2.31 --0.3? -3.30 --4.00 0.00 95.9 94.0 299.1
266 5.24 5 . 24 3 . ?5 30 . 10 2 . 31 --0.3? --3 . _15 --4 . O0 0 . O0 95 . 9 110 . 9 29? . 8
28? 5.24 5.24 3.53 51.50 2.31 --0.37 -3.60 --4.00 0o00 95.9 92.5 300.2
302 5.24 5.24 3.89 58.10 2.31 --0.3? --3.75 --4.00 0.00 95.9 76.6 299.4
317 5.24 5.24 3.67 54.50 2.31 --0.3? -3.90 --4.00 0.00 95.9 ?5.? 299.8
332 5.24 5.24 3.67 54.00 2.31 --0.3? -3.90 --4.00 0.00 95.9 73. 1 299.8

Meteorological Data --- 01-09-92.

DRTE Mind Mind ui nd Mi rid TaMp Tamp TaMp TaMp P_a_i p RH

920110 MaM flaM Oir MaJ-, flaM Road Rate Z n,"o,.,ir, Loncj
S-tiMe 24 hr$ 12 hrs 24 hrs 12 hrs Mater Short glue
1332 _/s _/s _/s 2,,, 2M 2M _/15 Maya u/ u/_ 2

0 4.44 4.44 2.64 32.20 -3.56 -3.56 -4.00 -3.00 0.00 99.8 59.3 301.5
30 4.44 4.44 2.64 32.80 -3.56 --3.56 --3.90 -3.00 0.00 99.8 63.4 304.9
45 4.44 fl.44 2.95 33.30 -3.56 -3.56 -3.90 -3.00 0.00 99.8 97. 1 302.2
60 "I.':I"; 4.44 2.95 31.10 - 3 .56 -3 .56 -3 . 90 -4.00 0.00 99.8 61 . 3 303.0
?5 4.44 _.44 3.13 31.30 -3.56 --3.56 -3.90 -4.00 0.00 98.? 69. ? 302.9
90 4.44 q.44 2.68 31.90 --3.56 --3.56 -3.90 --4.00 0.04 98.1 49.0 302.6

105 4.44 4.44 2.73 28.80 -3.56 -3.56 --3.90 --4.00 0.00 97.4 47.6 301.9
120 4.qq 4.44 2.10 27.50 -3.56 -3.56 -3.90 --4.00 0.01 96.2 31.8 301.5
135 4.44 4.44 2.32 28.?0 -3.56 -3.56 -3.90 --4.00 0.01 95.9 32.2 301.0
150 4.'t¢ q.44 1.03 25.20 -3.56 -3.56 --3.90 -6.00 0.01 96.0 9. ? 303.5
176 q.q4 q.qq 1.40 26.30 -3.56 -3.56 -3.90 -6.00 0.01 96.0 9.1 301.8

Meteorological Data --- 01-10-92.

DRTE Mind Mi n.d Mind Ui r,d To,qp "l'_Mp TeMp TeMp Pr eel p RH
920111 fla:-, rla,M Dir Mar llaH Road Rate I nco,-,i ,'_Lon 9
5--_iMa 24 h_s $2 P_-s 24 hrs 12 h_$ Mater Short t4apa
0914 M/s _/'s M/s 2M 20 2M M_/15 Mare M/ M/M2

0 3.43 _.I_? 0.00 21.20 --2.51 --3.35 --3.05 --5.00 0.00 99.8 9.0 309.8
30 3.43 l..O? 1.03 20.40 --2.51 --3.35 --2.80 --5.00 0.00 99.8 10.0 307.?
?5 3.43 1..07 1.34 16.00 --2.51 --3.35 --2.80 --5.00 0.00 99.8 38.2 304.5
90 3.43 ].07 2.01 14.?0 --2.51 --3.35 --2.80 --5.00 0.00 99.8 53.0 307.3

105 3.43 JL.O? 2.77 14.10 --2.51 -3.35 --2.53 --5.00 0.00 99.8 66.0 305.8
120 3.43 ]..07 2.95 16.00 --2.51 --3.35 --2.25 --3.00 0.00 99.8 102.3 307.6
135 3.43 1.07 3.22 18.20 --2.51 --3.35 --1.98 --3.00 0.00 97.? 152.7 301.5
150 3.43 1..07 3.6? 16.00 --2.51 --3.35 --1.70 --3.00 0.00 96.0 211.3 281.5
165 3.43 l..O? 3.71 15.50 --2.51 -3.35 -1.28 --3.00 0.00 95.0 234.5 285.2
180 3.43 J..O? 3.08 17.?0 --2.51 --3.35 --0.85 --3.00 0.00 92.0 227.1 2?6.6
195 3.43 $.07 3.49 16.20 --2.51 --3.35 --0.43 --2.50 0.00 92.1 "219.4 288.1

Meteorological Data --- 01-11-92.

54



OAT£ Mind Wind Mind Wind TIMp TIMp TQNp TeMp Proc£p RH
920122 MtH Mo. Oir M_H M_. Rotd Rata lnco.ln Lon 9_ *5 _l.t 24 hrs 12 h_s 24 hrl 12 hrs Nt_ Nhort Ntue
1009 ./s ./s ./s 2. 2M 2. m./15 Mt_e N/ M/.2

0 4.95 4.95 3.98 23.90 --3.58 --6.27 --4. 13 --3.00 0.00 96.0 53.3 304.4
30 4.95 4.95 3.80 23.50 -3.58 -6.27 -3.58 -3.00 0.00 96.0 75.1 306.3

155 4.95 4.95 4.20 21.30 -3.58 -6.27 --1.98 --3.00 0.00 96.3 144.0 311.2
245 4.95 4.95 4.11 26.00 -3.58 -6.2? -0.56 --3.00 0.00 95.9 114.9 313.3
280 4.95 4.95 3.58 23.10 -3.58 --6.2? --0.56 --3.00 0.00 95.9 111.0 316.6
295 4.95 4.95 3.40 24.40 -3.58 --6.2? --0.56 --2.00 0.00 95.9 110.4 313.1
310 4.95 4.95 3.04 24.00 -3.58 --6.27 -0.56 -2.00 0.00 95.9 99.5 321.2
325 4.95 4.95 3.71 83.20 --3.58 --6.27 --0.56 -5.00 0.00 95.9 95.0 314.5
340 4.95 4.95 3.80 121.20 -3.58 --6.27 -0.56 -5.00 0.00 95.9 91.8 315.1
355 4.95 4.95 3.93 117.70 -3.58 -6.27 -0.56 -5.00 0.00 95.9 82.0 317.B
3?0 4.95 4.95 4.0? 118.00 -3.58 --6.27 --0.56 --5.00 0.00 95.9 75.4 319.2
385 4.95 4.95 4.25 120.10 -3.58 --6.2? --0.56 -5.00 0.00 95.9 74.1 313.9
400 4.95 4.95 4.29 122.70 -3.58 --6o27 --0.56 -8.00 0.00 95.9 53.9 314.7
415 4.95 4.95 3.44 125.40 -3.58 --6.2? -0.56 -0.00 0.00 95.9 35.9 320.5
450 4.95 4.95 3.04 98.50 -3.58 --6.2? --0.56 -8.00 0.04 96.6 10.6 317.1
630 4.95 4.95 1.03 123.10 -3.58 --6.27 0.00 --1.00 0.00 99.8 2.2 327.6
650 4.95 4.95 1.79 113.60 --3.58 --6.2? 0.00 -1.00 0.11 99.8 1.9 329. 1
660 4.95 4.95 2.10 131.20 -3.58 -6.27 O.OO -1.00 0.01 99.8 2.0 330.0

Meteorological Data --- 01-22-92.

DATE gind Mind Mind glnd TQMp Te_p Te_p Temp Precip RH
920123 M_ Ma. D_ fit. fie. Rotd Rt_e Zn¢o.i_ Lo_ 9
S-_[m 24 hrs 12 hrs 24 hrs 12 hrs MtEer Shor_ Mtue
0856 _/s _/s ./s 2M 2_ 2_ m_/15 Mtue M/ M/_2

0 4.4? 3.11 2.32 52.10 0.00 0.80 -1.70 --4.00 0.00 99.8 5.2 322.1
4.47 3.11 2.55 55.50 0.80 0.80 --1.70 --4.00 0.00 99.8 7.6 317.8

30 4.4? 3.11 3.00 53.80 0.80 0.80 -1.?0 --4.00 0.00 99.8 9.5 319.0
45 4.47 3.11 3.22 55.70 0.80 0.80 --1.?0 --4.00 0.00 99.8 20.4 319.7
60 4.47 3.11 3.00 55.60 0.80 0._0 -1.70 --4.00 0.00 99.8 26.9 319.1

10_ q.q? 3.11 3.40 57.20 0.80 0.80 --1.70 --4.00 0.00 99.8 28.? 316.0
1_0 4.4? 3.11 4.07 60.90 0.80 0.80 --1.03 --4.00 0.00 99.8 39.7 318.1
1_1_ 4.47 3.11 4.16 58.00 0.80 0.80 --1.95 -4.00 0.01 99.9 57.1 318.3
1_ 4.47 3.11 4.51 56.60 0.80 0.80 --2.08 --4.00 0.00 99.8 79.8 317.1
1_ 4.4? 3.11 5.4_ 57.70 0.80 0.80 -2.20 -4.00 0.00 99.8 101.1 313.8
11_0 4.47 3.11 5.50 60.20 0.80 O.BO -2.90 -4.00 0.00 99.8 93.6 314.5
190 4.q? 3.11 5.19 60.60 0.00 0.80 -3.60 -4.00 0.00 99.8 205.3 318.4

Meteorological Data --- 01-23-92.

DAT'E ui nd ui nd Lli nd ui r,d T'eMp Te_p T*.p rm--p Pr*ci p RH
92012? MtM M_M 0i_ rim. MtH R_e¢ll Rt4be Z .¢o.ln Lc.n 9
5-4bimm 24 hrs 12 hrs 24 hrs 12 hrs .tEe*- 5hor_b M_u_
1245 M/s ./s ./s 2. 2. 2_ .M/I_ ueue LI/ LI/'.2

0 5.|0 5.10 3.71 6.70 -5.28 -5.28 -5.60 --4._ 0.00 88.6 202.1 2¢_2.3
30 5.10 5.10 3.98 q.qO -5.20 -5.28 -5.90 --4.'1¢J 0.00 80.6 203.2 287.9
50 5.10 5.10 3.31 4.80 -5.28 -5.28 -5.97 --4.q_J 0.00 88.2 196.6 294.5
60 5.10 5.10 2.68 5.90 -5.28 -5.28 -6.10 --4.40 0.013 87.8 197.3 293.5

5.10 5.10 3.13 ?. 10 -5.28 -5.28 -5.97 --4o4(J 0.00 00.3 163.9 291.0
90 5.10 5.10 2.73 6.50 -5.28 -5.28 -5.85 -3.61EI 0.00 08.2 159.4 295.4

115 5.10 5.10 2.73 16.10 -5.28 -5.28 -5.73 -3.60 0.00 00.4 178.6 291.3
125 5.10 5.10 2.50 5.00 -5.28 -5.28 -_.60 --5.6(' 0.00 88.1 202.5 287.4
140 5.10 5. I0 1.65 11.?0 -5.28 -5.28 -5.73 -S.60 0.00 88.0 174.2 2EsO.3
14_ 5. 10 5.10 1.79 5. 10 -5.28 -5.28 -5.85 -S.60 0.013 88.0 171.4 2_0.4
160 5. ]0 5.10 1.97 ?.40 -5.28 -5.28 -_.98 --S.60 0.00 86.e "206.2 2_18.2

Meteorological Data --- 01-27-92.
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DRTE Mind Uind _ind Uind TtMp ToMp Ttep Tm_p Precip RH
920128 MaM ffaH Dir MaM MsN RP4d Rs_a Z_oMi_ Long
S-_i.a 24 hrs 12 h_s 24 hrs 12 hrs Me_a_ Shor_ M,pt
1033 M/s _/s _/s 2N 2N 2M _N/15 U_e M/ M/M2

0 q.61 2.42 1.48 27.90 --4.69 --9.28 --6.25 --S.O0 0.00 86.1 242.5 247.?
270 qo61 2.42 1.16 28.10 --q.69 --9.28 --0.56 --S.20 0.00 72.? 184.3 294.3
285 q.6J 2.42 2.10 29.30 --W.69 --9.28 --0.56 --5.00 0.00 72.7 127.9 284.0
300 4.61 2-42 1.83 29.50 --4.69 --9.28 --0.56 --5.00 0.00 73.3 98.9 292.9
315 4.61 2.42 2.59 30.60 --4.69 --9.28 --0.56 --5.00 0.00 72.1 111.? 288.5
330 4.61 2.42 2.10 29.50 --4.69 --9.28 --0.56 --S.O0 0.00 69.4 113.4 284.3
345 4.6I 2.42 1.52 30.30 -4.69 -9.28 --0.56 --5.00 0.00 71.q 90.0 2?5.5
360 4.61 2.42 2.01 32.70 -4.69 -9.28 -0.56 -S.O0 0.00 68.? 54.5 282.2
375 q.61 2.42 1.92 28.?0 -4.69 -9.28 --0.56 --5.00 0.00 72.2 33.2 299.8
390 4.61 2.42 0.72 28.40 --4.69 --9.28 --0.56 --3.00 0.00 ?2.5 31.4 284.6
q05 q.61 2.42 1.25 27.40 -4.69 -9.28 --0.56 --3.80 0.00 ?2.4 19.1 288.0
420 4.61 2.42 2.95 32.80 -4.69 --9.28 --0.56 --5.80 0.00 68.6 9.5 2?3.4

Meteorological Data --- 01-28-92.

DRTE Wind Win_ Mind Ui_d TaMp Te.p Te,p TaMp Pre_p RH

920130_ MaN MaN Dir MaN M_H Road Redo Znco_in Lon_
S _z.a 24 hrs 12 hrs 24 hrs 12 hrs --_e_ Shor_ M_e
O810 N/s M/s _/s 2N 2M 2M _/15 Maue W/ M/_2

0 5.42 5.42 6.66 52.?0 2. 19 2.19 --0.83 --2.00 0.00 99.8 O. 2 311.9
30 5.42 5.42 5.99 53.70 2. 19 2.19 --1. 10 --2.00 0.00 99.8 5.8 306.5
50 5.42 5.42 5.05 47.10 2.19 2.19 --1.10 --2.00 0.00 99.8 9.3 307.3
65 5.42 5.42 5.77 52.30 2.19 2.19 -1.10 -2.00 0.00 99.1 11.9 305.5
80 5.'12 5.42 6.66 58.40 2. 19 2.19 --1. 10 --2.00 0.00 95.9 28.8 305°?
95 5.42 5.42 6.62 48.60 2. 19 2.19 -1. 10 -2.00 0.00 94.6 60.4 308.?

110 5.q2 5.42 6.48 57.60 2.19 2.19 -1.25 -2.00 0.00 93. 1 84.0 302.8
125 5.42 5.42 6.26 52.00 2.19 2.19 -1°40 -2.00 0.00 94.5 152.5 295.2
140 5.42 5.42 5.95 49.80 2. 19 2.19 -1.55 -2.00 0.00 95.8 115.8 302.5
155 5.42 5.42 5.54 53.90 2.19 2.19 -1.?0 -2.00 0.00 95.8 121.6 301.8

Meteorological Data --- 01-30-92.

DRTE ui nd 14£ nd ui rmd M£ nd TtNp Te_p TQNp TeNp Prt¢i p RH
9_0131_. M_M rlaH Dim MeN MaN Ro_d Rotbo I_¢o_ Lon 9
5 t:L.a 24 hr; 12 h_s 24 N_s 12 hl-s Ma_r _;hort:: utu9
11_10 _/s M/s _/s 2_ 2. 2M MM/15 Maua M/ M/N2

0 6. 82 6 . 82 3.84 ,I. 30 -0 . 49 -3 . 38 --? . 80 --8. O0 O. O0 86.4 211 . 1 281 . 0
15 6.82 6 .82 3.71 6.60 --0.49 -3.38 --7.80 --B.O0 O.O0 89.10 208.30 286 .40
30 6 . 82 6 . 82 4 . 29 3.70 -0.49 -3 . 38 -?. 80 -8.00 0.00 86.80 199.60 284.00
50 6.02 6.02 3.71 5.40 -0.49 -3.38 -?.co -8.00 o.oo 84.3 205.2 284.0
65 6 . 82 6 . 82 4.07 5.80 -0 . 49 --3 . 38 -- ? . 80 --8.00 0.00 85 o ? 238 . 0 276.?
80 6. 82 6 . 82 4.07 6.30 --0.49 --3 . 36 - ? .80 -8.00 0.00 86 . 1 221 . 0 283 .2
95 6 . 82 6 . 82 4.02 3 . 50 -0.49 --3 . 38 -?.80 --8.00 0.00 84.5 222 . 9 280 . 2

110 6.82 6. 82 4 . 25 6.00 --0.49 --3 . 38 --8. 08 --8.00 0.00 82.5 244.4 2?9.4
125 6 . 82 6 . 82 3 . 62 ?.50 --0.49 --3 . 38 --8. 35 --8.00 O.00 86.4 247 . ? 280 . 8
ldl0 6 82 6.82 4.20 5.70 -0.49 3 38 8 63 --8.00 0.00 8? 8 224.1 278.?
15_ 6.82 6 . 82 3. 89 5.10 -0.49 -3 . 38 -8 . 90 -8.00 0.00 82.1 319 .5 254 .8
170 6.82 6.82 4.11 _.30 -0.49 -3.38 -8.75 -8.00 O.OO 78.9 277.5 248.1
185 6.82 6 82 4.20 6.00 -0.49 3 38 8 60 --8.00 0.00 ?6 9 310.0 23? 4. -- . _ .
205 6 82 6 82 3 58 5 90 --0.49 3 38 8 45 --8.00 O.O0 ?9 3 292 5 239 9

Meteorological Data --- 01-31-92.
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DRTE ui nd IJi n_ Mi nd ui r,d ToMp TaMp TQMp Te,p Prowl p RH
920206 fish MaN Dir Ma. fla. Road Rate I nco.i n Lon_
S-tim 24 hrs 12 h_s 24 h_s 12 hrs Mater Short: Maue
0e3O .�st M/s .Is 2. 2, 2. ,./15 U,uo 14/ u/M2

0 4.08 4.08 4.43 48.40 2.06 --1.26 --2.48 --3.00 0.00 99.9 10.1 348.4
300 4.08 q.O0 6.36 57.30 2.06 -1.26 -2.80 -3.00 0.00 96.9 114.6 341.5
515 4.08 4.08 7.73 56.20 2.06 -1.26 -2.80 -3.00 0.00 99.8 107.0 341.7
330 q.0B q.oB 7.64 58.30 2.06 -1.26 -2.80 -3.00 0.00 99.0 125.0 34,3.2
3_ 4.08 4.00 7.51 56.80 2.06 -1.26 -2.80 -3.00 0.00 99.8 127.9 341.5
360 4.08 q.O8 6.97 5?.30 2.06 -1.26 -2.80 -3.00 0.00 99.8 118.1 343.7
ST 4.00 4.08 6.66 56.00 2.06 -1.26 -2.80 -4.00 0.01 99.8 107.7 343.5
590 4.08 4.08 6.97 57.20 2.06 -1.26 -2.93 -4.00 0.00 99.8 100.1 342.5
_0_ q.08 4.08 6.93 57.80 2.06 -1.26 -3.05 -q.oo 0.01 99.8 93.8 343.3
420 4.08 4.00 7.11 56.60 2.06 -1.26 -3.18 -3.00 0.00 99.8 83.3 340.7
43_ 4.08 q.O8 6.53 55.40 2.06 -1.26 -3.30 -3.00 0.01 99.8 75.5 339.1

Meteorological Data --- 02-06-92.

DRrE La£nd ul nd ui nd u£ nd TeNp TaNp romp TaMp Pre¢i p RH
920210 MaH rla. D_, MaN flaH Road Rate Z nCOM£ n Long
S-'t:i.a 24 hrs 12 hrs 24 hrs 12 hrs Nater Short Maue
1015 .Is .Is M/S 2. 2. 2. ../15 Maue M/ M/M2

0 "1.29 3.95 3.22 38.50 --2.62 --2.62 --5.00 --6.00 0.00 95.5 119.3 326.0
15 4.29 3.95 3.44 38.30 --2.62 -2.62 --q.?0 --6.00 0.00 95.9 123.6 323.5
30 4.29 3.95 3. 13 37.80 --2.62 --2.62 --4.40 --5.00 0.00 95.9 157.8 328.7
45 4.29 3.95 3.35 40.40 -2.62 --2.62 --4.00 --5.00 0.01 95.9 125.5 328.5
60 4.29 3.95 3.49 38.00 -2.62 --2.62 --3.60 --5.00 0.00 95.9 135.8 330.0
75 4.29 3.95 3.13 39.50 --2.62 --2.62 --3.20 --_5.00 0.00 95.9 228.8 331.2
90 4.29 3.95 3.71 38.90 -2.62 -2.62 -2.80 -5.00 0.00 95.? 270.4 330.8

105 4.29 3.95 4.02 42.20 -2.62 -2.62 --2.93 -4.00 0.OO 94.? 306.1 329.4
120 4.29 3.95 3.93 38.30 -2.62 -2.62 -3.05 -4.00 0.00 94.3 247.7 331.4
135 4.29 3.95 4.07 38.80 -2.62 -2.62 -3.18 --4.00 0.00 95.9 213.0 330.7
150 4.29 3.95 3.84 41.30 -2.62 -2.62 -3.30 --3.00 0.00 95.9 221.7 331.9
165 4.29 3.95 4.25 43.20 -2.62 -2.62 -3.18 --3.00 0.01 95.9 196.2 331.9

Meteorological Data --- 02-10-92.

DRTE ui nd gi nd ui nd ui r,d TeNp l"oNp To.p Tonp Pr-a¢i p RH
920211 MaH Plan 0£ r rlaH rlaH Road Rate I n¢o,£ n Long
5-Ei_e 24 hrs 12 hrs 24 hrs 12 hrs MaEar Short Maut
1300 M/s ./s ./s 2N 2. 2. _M/15 uau a u/ U/M2.

0 5.49 5.26 3.26 39.30 1.66 --B.16 --16. 10 --13.00 0.00 80.9 377. 1 265.0
15 5.49 5.26 3.40 45.10 1.66 --8. 16 -16.10 --13.00 0.01 80.0 371.9 260.9
30 5.49 5.26 3.22 40.20 1.66 --8. 16 --16.10 --13.O0 0.00 00.3 388.1 263.9
45 5.49 5.26 3.71 33.30 1.66 --8. 16 --16.10 --13.00 0.00 79.3 309.8 255.3
60 5.49 5.26 3.17 50.40 1.66 --6. 16 --16.25 --12.00 0.00 79.0 491.1 264.3
?5 5.49 5.26 3.53 57.00 1.66 --0. 16 -16.40 --12.O0 0.00 72.5 515.4 221.2
90 5.49 5.26 3.80 57.10 1.66 --lB. 16 --16.55 --12.00 0.00 71.8 456.5 210.7

105 5.49 5.26 3.13 56.80 1.66 --B. 16 -16.70 --14.00 0.00 70.9 431.4 202.9
120 5.49 5.26 3.84 58.20 1.66 --8. 16 -16.?0 -14.00 0.00 75.1 "297.? 212.2
135 5.49 5.26 3.22 53.80 1.66 --8.16 -16.?0 --14.00 0.00 71.9 462.9 214.3

Meteorological Data --- 02-l 1-92.
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DATE Mind Mind Mind Mind Te_p Te_p Te_p Tm_p Pr*cip RH
920212_. Ma. fla. Dir fiB. MsN Ro_d Ra_e ZncoMin Lon_
5 kzHe 24 hrs 12 h,s 24 hrs 12 hrs NmEer Shore U_ue
1330 N/s M/s M/s 2M 2N 2_ MM/15 Maum M/ g/_2

0 3.50 1.9q 1.30 26.40 --8.36 -8.36 --10.27 --9.00 0.00 48.? 532.2 222.6
60 3.50 1.9q 1.25 2¢.50 --8.36 -8.36 --8.73 --9.00 0.00 50.8 394.9 220.q
75 3.50 1.94 1.25 24.20 --8.36 -8.36 -8.30 -9.00 0.00 qO.O 329.5 2q8.1
90 3.50 1.94 1.39 23.00 -8.36 -0.36 --?.90 --9.00 0.00 q?.8 283.0 2?2.5

105 3.50 1.94 1.92 26.50 -8.36 -8.36 --?.50 -9.00 0.00 q6.1 297.< 291.5
120 3.50 1.9q 2.10 27.10 -8.36 -8.36 --?.10 -9.00 0.00 qq.3 2q3.5 281.6
135 3.50 1.94 2.10 29.70 --8.36 -8.36 --6.?0 --9.00 0.00 ql.8 217.9 294.1
150 3.50 1.94 2.15 29.10 -8.36 -8.36 -6.55 --9.00 0.00 q0.3 2qq.8 270.3

Meteorological Data --- 02-12-92.

DHrE Wind Wield Win_ Wind TeMp reNp reap TmMp Pre¢ip RH
920213_. MaM MaM Dir MaM MaH Ro*d Rt_Q lncoMi_ Lon 9
S _L_I 2_ h_s 12 h_s 24 hrs 12 h_s Ms_er Sho_ "aul
1000 M/, M_s M/_ 2M 2M 2_ _/15.... NQ_e U/ W/R2

q5 3. 21 o._21 2. 95 q6.20 --2.?q --2._q --3.90 --8.00 0.02 99.8 lOq.? 331.2
60 3.21 3.21 2.73 4q.60 --2.7_ --2.7W --3.90 --7°00 0.01 99.q lq5 .1 330.8
75 3.21 _.21 2.32 _7 . QO -2. ?q --2.7W --3.90 -7°00 0.01 97.8 161.6 330 .8
90 3 ....21 _ 21 2 _0 _2.10 -2.7_ 2.7_ -3.90 --7.00 0.04 99._ 99.1 332.2

105 3.21 3.21 3.58 69.00 -2.74 --2.74 --3.90 --7.0C* 0.01 98 1 240.4 329 7
120 3.21 3. 21 3. 3_= 65.10 -- 2. ?_ -- 2. ?q --3.90 -- ?. O0 0.01 96.0" 194 . 2 330 *.0
235 3°21 3.21 3.qO 65.00 - 2. ?q --2. _4 -- 3.90 --7.00 0.00 95 .9 215 . I 330 .5
150 3.21 3.21 3 . _q 63.e0 -2.74 -2 .-,_ -3.90 -7.00 0.01 95 9 1_0.1 329 8
165 3.21 3.21 3. 7_e q2.70 - 2.74 - 2.74 - 3.90 - 7. oo 0.00 96.5" 129.4 329 ."8
le0 3.21 3.21 3.75 59.80 - 2.7_ - 2. ?q -q. 03 - 6. oo 0.00 96.0 210.1 330 . q
220 _.21 _. 21 3. _3 62.00 -2. _q -2.74 -q. 1_ -6°00 0.00 93.9 171.0 328 q
260 3.21 _** 21 3.5_ 63.60 -2. ?4 -2.74 -q.qo -6.00 0.01 95 . 9 194 . 1 327 ."6
275 3.21 3.21 3.09 59.00 -2. ?4 -2.7_ -q.70 -6.00 0.00 95 . 9 219 °2 329 2
290 3.21 3.21 3.9 _ 61.20 -2.74 -2 .-_4 - 4.85 - 6. oo 0.00 95 .9 105 . 1 325 ."3
30_ 3.21 3.21 3._9 _.30 -2.7q -2.7q -_.00 -_.00 0.00 93 .9 1_9.1 326._
320 3.21 3.21 3.09 60.00 -2.?q -2.7q -q. 85 --7.00 0.00 92.9 201.6 326 .0
335 _.21 _. 21 _. 6_ 66.80 -2. _q --2. _q --_. _0 - _. O0 0.00 92 .0 100.1 _2_.2

365 3.21 3.21 3.71 60.30 -2.7q --2.?q --q.qO --7.00 0.00 92.0 187.7 316.3
380 3.21 3.21 3.50 65.30 -2.7q --2. 7< --q. qO -7°00 0.00 09 . _ 187 .0 307.q
390 3.21 3. 21 _.3q 66.10 -2.7_ --2. 7_ --q * _0 --7.00 0.00 88.1 163 . q 301.8

Meteorological Data --- 02-13-92.

DgTE Wind Wind Mind Wind Te_p Te_p Te_p Tm_p Pre¢ip RH
920214 Ma_ MaH Dir M_ _ Reed RaEm Zn¢o.ln Lo.9
5 Ezee 24 hrs 12 hrs 24 hrs 12 hrS MtEer Shore Mtu_

0 3.85 0.16 1.52 31.20 1.?? -2.90 --4.83 --q. O0 0.00 8q.1 20_.3 297.9
15 3.05 0.16 1.q8 30.00 1.77 -2.90 --_.qO --_.00 0.00 82oq 267.6 289.8

30 3.85 0.16 1.30 29.60 1.?? -2.90 --4.13 --q.O0 0.00 75.4 330.4 258.1
q5 3.85 0.16 1.56 28.90 1.77 -2.90 -3.85 --1.00 0.00 73.? 368.7 262.0
60 3.85 0.16 1.52 28.00 1.?? -2.90 --3.58 -1.00 0.00 73.? 375.2 267.7
?5 3.85 0.16 1.¢3 27.50 1.?? -2.90 -3.30 0.00 0.00 72.2 q52.? 275.1
90 3.85 0.16 1.83 27.80 1.?? -2.90 --3.03 0.00 0.00 72.1. _28.2 258._

105 3.85 0.16 1.83 30.50 1.?? -2.90 -2.75 --2.00 0.00 73.5 470.2 254.1
120 3.85 0.16 1.52 32.50 1.?? -2.90 --2.W8 -2.00 0.00 69.3 463.? 258.0

Meteorological Data --- 02-14-92.
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DRTE ul nd I_i nd Mind ui r,d TeMp TeMp II'QMp TeMp Procl p RH
920220 flaH PISH O';e- rla_ rlQM Road Ra4=o I nco_; n Long
S-_:iMe 2q hrs 12 h_s 2q he-: 12 he-s _a_er 5hoa_ Waua

0819 m/s _/: _/s 2_ 2_ 2_ M_/15 Llaue u/ u/M 2

0 4.08 3.10 5.90 17.60 0.12 --2.30 --5.85 --4.00 0.00 95.9 9.8 311.0
6 4.08 3.18 6.57 17.00 O. 12 --2.30 --5.73 --4.00 0.00 95.9 12.9 308.6

167 4.08 3. 18 ?.73 19. 10 O. 12 --2.30 --4.55 --,,'1.00 0.00 92.0 117.4 315. 1
176 4.08 3.18 8.49 20. 10 O. 12 --2.30 --q.?O --q.O0 0.00 92.0 86.3 316.3
191 "1.08 3.18 8.31 19.40 O. 12 --2.30 --4.85 --4.00 0.00 93.? 60.8 319.8
206 4.08 3. 18 ?.69 19.00 O. 12 --2.30 --5.00 --5.00 0.00 97.4 58.4 326.1
221 dl.08 3.18 6.97 17.50 O. 12 --2.30 --5.00 --5.00 0.02 99.8 54.6 323.6
236 4.08 3. 18 ?.29 17.90 O. 12 --2.30 --5.00 --5.00 0.05 99.8 55.2 323.4
251 4.08 3.18 ?°02 16.90 O. 12 --2.30 --5.00 --5.00 0.04 99.8 54.9 322.7
266 4.08 3.18 ?. 11 16.00 O. 12 --2.30 --5.00 --5.00 0.04 99.8 71.4 322.8
281 "1.08 3. 18 6.71 16.40 O. 12 --2.30 -5.00 -5.00 0.06 99.8 96.6 326.8
292 4.08 3.18 6.62 16.00 O. 12 --2.30 --5.00 -5.00 0.04 99.8 109.3 323.9

Meteorological Data --- 02-20-92.

ORTE Wit_d Wind Wind Mi_d Te_p Temp romp To_p Paec£p RH
920224 MSH M_H D£e- MaH MOw Ro.d Ra_o ZncoNin Lon 9
S-_iwo 24 hrs 12 has 24 has 12 hrs NaEer Shor_ M_po

JO_O m/s M/s _/s 2m 2_ 2m M_/15 M_ue M/ W/M2

0 5.0? 2.69 4.07 16.00 --1.58 --1.58 -2.80 --2.00 0.01 99.9 170.3 331.0
28 5.07 2.69 4.16 15.80 --1.58 --1.58 --2.65 --2.00 0.01 99.9 201.6 330.?
36 5.07 2.69 4.02 16.40 -1.58 --1.58 -2.50 -2.00 0.01 99.8 190.4 334.2
50 5.0? 2.69 3.89 17.60 -1.58 --1.56 -2.35 --2.00 0.01 99.8 190.6 328.0
65 5.07 2.69 4.20 17.00 -1.58 --1.58 -2.20 --2.00 0.00 99.8 228.5 332.0
80 5.07 2.69 4.29 16.00 -1.58 -1.58 -2.20 -2.00 0.01 99.8 233.2 333.0
95 5.0? 2.69 4.38 15.80 -1.58 --1.58 -2.20 -2.00 0.01 99.8 219.1 329.9

110 5.0? 2.69 4.56 17.00 --1.58 --1.58 -2.20 --2.00 0.00 99.8 213.7 333.4
125 5.0? 2.69 4.96 16.10 --1.58 --1.58 -2.20 --2.00 0.00 99.8 233.6 333.6
140 5.07 2.69 4.4? 16.30 -1.58 --1.58 -2.08 --2.00 0.01 99.8 226.? 335.1
175 5.07 2.69 5.05 16.90 -1.58 --1.58 -1.95 -2.00 0.00 99.8 261.1 329.5
187 5.07 2.69 4.92 16.40 -1.58 --1.58 -1.83 -1.00 0.01 99.8 257.1 332.8
200 5.07 2.69 5.05 16.10 -1.58 --1.58 -1.70 -1.00 0.01 99.8 274.4 331.4
215 5.0? 2.69 4.65 16.40 -1.58 --1.58 -1.70 -1.00 0.01 99.8 272.3 332.2
230 5.0? 2.69 4.51 16.20 -1.58 --1.58 -1.?0 -1.00 0.00 99.8 262.9 337.1
245 5.0? 2.69 4.8? 16.60 -1.58 --1.58 -1.?0 -1.00 0.01 99.8 230.1 335.3
260 5.07 2.69 4. 16 15.80 --1.58 --1.58 -1.70 --1.00 0.01 99.8 207.7 330.9
2?5 5.0? 2.69 4.25 15.30 --1.58 --1.58 --1.95 --1.00 0.00 99.9 189.9 337.1
290 5.0? 2.69 4.11 15.40 -1.58 --1.58 --2.20 --1.00 0.01 99.9 155.5 337.0

Meteorological Data --- 02-24-92.

DRT[ Mind Mind Mind Wind ToMp TeMp Te_ Te_p Pe-ecip RH
920225 MsH MmH Dir Ms. Mow Ro.d Rake Zn¢omln Lon 9
5-_£me 24 hrs 12 has 24 ham 12 hrs m_oe- Shor_ Move

1030 _/s _/s H/s 2M 2M 2_ m_/15 Waue M/ W/m2

0 5.0? 3.14 4.02 31.40 2.18 0.60 --1.83 --2.00 0.01 99.8 178.9 330.6
35 5.0? 3.14 5.05 44.50 2.18 0.60 --1.70 -2.00 0.00 93.8 252.9 324.8
45 5.0? 3.14 4.56 22.80 2.18 0.60 --1.?0 -2.00 0.00 92.8 264.0 330.0
60 5.0? 3.14 4.60 53.80 2.18 0.60 -1.70 -2.00 0.00 93.5 210.5 326.6
?5 5.07 3.14 4.92 32.90 2.18 0.60 -1.?0 -2.00 0.00 92.1 246.6 327.2
90 5.07 3.14 5.01 48.20 2.18 0.60 -1.70 -2.00 0.00 92.3 283.? 331.7

105 5.07 3.14 4.02 54.30 2.18 0.60 -1.42 -2.00 0.00 93.6 329.1 319.8
120 5.0? 3.14 q.16 44.30 2.18 0.60 -1.13 -2.00 0.00 92.3 332.? 327.2
135 5.07 3.14 3.98 50.80 2.18 0.60 -0.85 -2.00 0.00 94.0 298.0 324.3
150 5.0? 3.14 4.02 53.?0 2.16 0.60 -0.56 -2.00 0.00 92.5 358.8 326.9
164 5.07 3.14 3.84 53.00 2.18 0.60 -0.56 -2.00 0.00 92.1 "325.? 320.3

Meteorological Data 02-25-92.
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ORTE ui nd ui nd ML nd u £ r,d TaMp ToMp reap TaMp Praci p RH
920227 MaN rl=N 0i_ MaN MaN Road Rata I _coMi _ Long
S--(:i_a 2=1 hrl 12 hrs 2=1 hrl 12 hrlr 14aEar Short LI=UO

120=1 N/s= ,/== ,/s 2, 2, 2, _,/15 Maua M/ u/,2

0 8.02 8.02 6.93 30.80 2.65 2. 17 --5.00 0.00 O.O0 66.9 =199.3 2=11.8
1=1 8.02 8.02 6.30 =18.30 2.65 2.17 --=1.73 0.00 0.00 67.=1 =155.9 2=16.2
2=1 8.02 8.o2 5.23 =13.3o 2.65 2.17 -=1.=15 o.oo o.oo 68.1 507.=1 2=12.=1
39 e.02 8.02 5.36 59.50 2.65 2.17 -=1.18 0.00 0.00 6=1.5 5';'8. I 2=11.8
54 8.02 8.02 5.01 53.10 2.65 2.17 -3.90 0.00 0.00 65.2 597.9 2=13.6
69 8.02 8.02 4.43 58.50 2.65 2.17 --3.90 --1.00 O.O0 63.8 603.9 2=12.6
8=1 8,O2 8,02 5,23 =17.90 2.65 2, 1;" --3,90 --1.00 O,O0 65.6 603.6 2=115,2
99 8.02 8.02 5.1=1 58.20 2.65 2.17 -3.90 -1.00 O.O0 67. I 603.8 242.8

11=1 8.02 8.02 =1.78 50. 10 2.65 2.17 -3.90 -1.00 O.O0 65.1 =167.2 2=18.6
129 8.02 8.02 =1.51 5=1.40 2.65 2.17 -3.75 -1.00 O.OO 6=1.8 535. I 258.8

Meteorological Data --- 02-27-92.

DRTE Mind M£_d M£nd Mir, d Te.p TaMp TeNp TaMp Pre¢ip RH
920309 flaN flaH Die flaH flaH Road Rate Zn¢oRin Lon 9
S-tiNt 2=1 hrs 12 hrs 2=1 Ere 12 hrs Mater Short Mauq

0743 _/s _/s ./s 2M 2_ 2m NM/15 Ma_a M/ M/N2

0 7.39 7.39 =1.=17 15.90 3.03 2.72 -6.70 --6.00 0.00 95.6 9.1 300.9
=14 7.39 7.39 4.65 35.90 3.83 2.72 -7.08 --6.00 0.00 89.9 28.8 296.7
62 ?.39 ?.39 =1.96 21.30 3.03 2.72 -?.20 --6.00 0.01 91.8 33.6 300.2
77 ?.39 ?.39 =1.43 10.?0 3.03 2.72 --?.35 --6.00 0.00 95.4 =16.9 299.9
92 ?.39 ?.39 =1.65 =1.10 3.03 2.72 --7.50 --6.00 O.OO 95.9 67.2 299.5

107 7.39 ?.39 =1.69 11.90 3.03 2.72 --7.65 --6.00 O.OO 93.2 109.0 296.1
122 ?.39 ?.39 =1.92 12.90 3.03 2.72 --?.80 --6.00 O.O0 91.8 129.0 297.3
137 ?.39 ?.39 5.50 3.?0 3.03 2.72 --8.08 --6.00 0.00 88.3 161.1 293.9
152 7.39 ?.39 6.21 4o=10 3.03 2.72 -8.35 --6.00 O.OO 90.0 166.9 295.0
167 7039 7.39 5.90 3.=10 3.03 2.72 -8.63 --6.00 O.OO 88.6 169.6 294.?
197 7.39 ?.39 5.45 6.80 3.03 2.72 -8.90 --6.00 0.00 91.? 166.2 293.5
2=13 ?.39 ?.39 6.26 6.00 3.03 2.72 -8.90 --6.00 O.O0 85.? 2=17.6 286.8
25? ?.39 7.39 6.21 6.00 3.03 2.72 --8.90 --6.00 0.00 85.4 259.4 290.0
272 7.39 ?.39 5.72 ?.00 3.03 2.72 -8.90 --6.00 O.O0 8=1.6 239.1 285.0
28? 7.39 7.39 5.50 10.20 3.03 2.72 --8.90 --=1.00 0.00 86.9 221.3 281.8
302 7.39 7.39 5.63 8.=10 3.03 2.72 -8.90 --=1.00 0.00 86.=1 230.8 281.9
317 ?.39 7.39 6.93 3.60 3.03 2.72 -8.90 -=1.00 0.00 85.5 235.2 283.8
332 ?.39 ?.39 5.63 =1.70 3.03 2.72 --9.03 --=1.00 0.00 90.3 195.3 28=1._
34? ?.39 ?.39 6.75 13.50 3.03 2.72 --9.15 --=1.00 0.00 88.3 239.3 283.0
362 7.39 7.39 6.39 6.70 3.03 2.72 --9.28 --=1.00 0.00 87.9 238.8 282.6
3?3 7.39 7.39 6.39 11.00 3.03 2.72 -9.=10 --=1.00 O.O0 87.9 217.0 281.=1

Meteorological Data --- 03-09-92.

DATE W'md Wzrtd Wind Wind Tamp Tamp Terr_ "[er_p P_ RH
9L_401 Max Max Dir Max Max Road Rate Incocni_ Long
S-_q'=e 24hr; 12hrs 24hrs 12hrs snow Short Wave

07_ nv= rllv!s rr_s _'n 2m _ fl_ltll 5 W_ W/t112

0 6.20 530 1.00 47.00 030 -250 -7.22 -4OO 010 73.0 1230 230.0
14 6.20 530 1.20 46.00 030 -250 -694 -400 000 661 161.0 230.0
29 6.20 5.30 240 5200 0.30 -250 -6.66 -400 010 630 t77.0 231.0
44 620 5.30 3_50 5?.00 0.30 -250 -6.39 -400 0OO 60.6 245.0 2320

59 6.20 5.30 4.10 44.00 0.30 -250 -611 .,4.00 O00 569 290.0 2320
74 6.20 530 440 4300 030 -250 -625 -4OO 0OO 595 3420 236.0
89 620 530 460 37.00 030 -?_50 -639 -ZOO 0OO 597 239.0 239.0

104 6.20 530 4.60 46.OO 030 -250 -653 -ZOO 000 60.9 434.0 240.0
119 6.20 530 5.00 47.OO 0.30 -?_50 -6.67 -ZOO O00 57.(_ 480.0 240.0
130 6.20 5.30 4.90 45.OO 0.30 -?_50 -653 -2OO (100 5_.5 519.0 244.0

Meteorological Data --- 04-01-92.
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APPENDIX C

Friction Values - Individual Tests
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Meteorological Parameters vs Effect Plots

137



8 I 1 i ' .. _ I
[ s J

6 i ';
I •
I • mm
I

. • • mm
It.
ILl

• tl III! •

2 = " " "" "

0
I t ' '

-15 -lO -5 0 5

;_AVETEMP

Pavement Temperature - Effect Relationship for 27 tests -- Test Section 1.

! I I

S • 2

6

I_. 4

• " 2 • ,,2

2 • •

0
f , I I

-15 -tO -5 0 5
PAVETEMP

Pavement Temperature - Effect Relationship for 27 tests --- Test Section 2.

139



I I I I _'
:LO

8 I.- •

6 •
i-

mu 2
l.fl • • •
i.l.
b. 4 • •

• • •

• mmmm

0
' I I I i

--15 -!O -5 0 5
PAVETEMP

Pavement Temperature - Effect Relationship for 27 tests --- Test Section 3.

!O _1 t I I J

8

6 •
I--'" •

W • • 2
4 •

U.
III III

• • • • • • II II

2

0
I l ! T *

-15 -I0 -5 0 . 5
PAVETEMP

Pavement Temperature - Effect Relationship for 27 tests --- Test Section 4.
140



I i I I
I0

8 • •

l •

B mB

2
n

W
• m amB_

2 • u

0
T T ' I |

-5 -10 -5 0 5
PAVETEMP

Pavement Temperature - Effect Relationship for 27 tests --- Test Section 5.

I l l t
10

8

6 mm
W "" • •

|n_

i • • im

2
l ! I I •

-15 --10 -5 0 5

PAVETEMP

Pavement Temperature - Effect Relationship for 27 tests --- Test Section 6. 141



10 t I 1 I ! I

8 •

6 2 •

4
W • m

• • • • • 12111

0
I ' ' I

- 5 -10 -5 0 5
PAVETEMP

Pavement Temperature - Effect Relationship for 27 tests --- Test Section 7.

I I i ' i
10

8

• • W

.r..1 6 •LU
'Lm •
Lm
LLI • •

4 mm

mmm

2 •

-15 -10 -5 0 5
PAVETEMP

Pavement Temperature - Effect Relationship for 27 tests --- Test Section 8.
142



I0 j-_ I I t t
/ ann

8
|

6 • • •

I-- • 2

I.L
Z+

L.I.J mn

• • l • .. a ,2 2,
2 •

!

0 _r T v t t.
-15 -10 -5 0 5

PAVETEMP

Pavement Temperature - Effect Relationship for 27 tests --- Test Section 9.

I I 1 I t:
10

6

W 4'

• |u •
w

• • I • B _R|U

0
I l I ! , I

- 5 -iO -5 0 5

PAVETEMP

Pavement Temperature - Effect Relationship for 27 tests --- Test Section 10.
143



-I I l I j10
wa

8

2
6 • •

•a •

4
• • ml

• • 2 mJ|mJ

0
! 1 ' t P'

-15 -10 -5 0 5
PAVETEMP

Pavement Temperature - Effect Relationship for 27 tests --- Test Section 11.

10 _I l i l '..
aln,

8

u •

6 •

t_ 2

• |

• • • m2m2m
2 • • •

0

1 I t r I

-15 -I0 -5 O 5

PAVETEMP

Pavement Temperature - Effect Relationship for 27 tests --- Test Section 12.
144



f ! J I I
10

8 •

6 lwm •

tu
'_- u •

4

• • EWlll

2 •
! , f l I

-15 -10 -5 0 5
PAVETEMP

Pavement Temperature - Effect Relationship for 27 tests --- Test Section 13.

145



Highway Operations Advisory Committee FrankN. Lisle
Transportation Research Board

Dean M. Testa, chairman
Kansas Department of Transportation ByronN. Lord

Federal Highway AdmtnL_tration

Clayton L. Sullivan, vice-chab'man
Idaho Transportation Department MohamedY. Shahm

U$. Army Corps of Engineers
Ross B. Dindio
The Commonwealth of Ma,tmchuseus Highway De_ Ha_ Siedentopf

Federal Aviation Administration

RichardL. Hannemau
The Sa/t Insti_e Jesse Stow

Federal Highway Adminiswation

_ Knott
American Public Work_Association 8/16/93

David A. Kuemmel Expert Task Group
MarquetteUnivenity

DuaneE. Amsler, Sr.
Magdalena M. Majesky New York State Deparm_nt of Transportation
Minis_'yof Transportationof Ontm_

BrianH. Chollar
Michael J. Markow Federal Highway Administration
Cambridge Systematir_, Inc.

CharlesH. Goodspesd
Gerald M. (Jiggs) Miner University of New Hampshire
Consultant

Dmyl L. He.am
Richard J. Nelson The Salt lnsti_te
Nevada Department of Transportation

FrankN.Lisle

Rodney A. Pletan Transportation Research Board
Minnesota Department of Transportation

Paul F. Miller

Michel P. Ray Michigan Department of Tramportation
The World Bank

Richard J. Nelson

Michael M. Ryan Nevada Department of Transportation
Pennsylvania Department of Transportation

Gil Oldham

13oH. Simonsson Province of New Brunswick Deparowent of Transportation
Swedish Road and Traff:c Research Institute (retired)

Lelmld Smithson 8/9/93
Iowa Department of Tramportation

Aden T. Swenson
John Deere

Anwar E.Z. Wissa
Ardaman and Axsociates,Inc.

JohnP. Zaniewski
Arizona State University

Liaisons

Ted Ferragut
Federal Highway Administration

Joseph J. Laaek
Federal Highway Administration


	Acknowledgements
	List of Tables
	List of Figures
	1 Abstract
	2 Executive Summary
	3 Introduction
	4 Test Procedures
	5 Data Analysis Procedures
	6 Results - Separate Test Days
	7 Overall Results
	8 Overview
	9 Conclusions
	10 References
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E

