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PREFACE

PREFACE

Under contract to the Transportation Development Centre of Transport Canada, APS
Aviation Inc. (APS) has undertaken a research program to advance aircraft ground
de/anti-icing technology. The specific objectives of the APS test program are the
following:

To develop holdover time data for all newly qualified de/anti-icing fluids;

To evaluate the parameters specified in Proposed Aerospace Standard 5485 for frost
endurance time tests in a laboratory;

To evaluate weather data from previous winters to establish a range of conditions suitable
for the evaluation of holdover time limits;

To further evaluate the flow of contaminated fluid from the wing of an aircraft during
simulated takeoff runs;

To compare endurance times in natural snow with those in laboratory snow;
To compare fluid endurance time, holdover time and protection time;

To compare snowfall rates obtained using the National Center for Atmospheric Research
hotplate with rates obtained using rate pans;

To further analyse the relationship between snowfall rate and visibility;
To stimulate the development of Type Il fluids;
To measure endurance times of fluids applied using forced air-assisted systems;

To conduct exploratory research, including measuring temperatures of applied Type IV
fluids, measuring the effect of lag time on holdover time, evaluating the effectiveness of
fluid coverage, and assessing the impact of taxi time on deicing holdover time; and

To provide support services to Transport Canada.

The research activities of the program conducted on behalf of Transport Canada during
the winter of 2002-03 are documented in thirteen reports. The titles of the reports are
as follows:

TP 14144E  Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program for
the 2002-03 Winter;

TP 14145E Laboratory Test Parameters for Frost Endurance Time Tests;
TP 14146E  Winter Weather Impact on Holdover Time Table Format (1995-2003);

TP 14147E  Aircraft Takeoff Test Program for Winter 2002-03: Testing to Evaluate the
Aerodynamic Penalties of Clean or Partially Expended De/Anti-Icing Fluid;

TP 14148E Endurance Time Testing in Snow: Comparison of Indoor and Outdoor Data for
2002-03;

TP 14149E  Adhesion of Aircraft Anti-lcing Fluids on Aluminum Surfaces;
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TP 14150E Evaluation of a Real-Time Snow Precipitation Gauge for Aircraft Deicing
Operations;

e TP 14151E Relationship Between Visibility and Snowfall Intensity;

e TP 14152E A Potential Solution for De/Anti-Icing of Commuter Aircraft;

e TP 14153E Endurance Times of Fluids Applied with Forced Air Systems;

e TP 14154E Aircraft Ground Icing Exploratory Research for the 2002-03 Winter;

e TP 14155E Aircraft Ground Icing Research Support Activities for the 2002-03 Winter; and

e TP 14156E Variance in Endurance Times of De/Anti-Icing Fluids.

This report, TP 14156E has the following objective:

e To quantify variance in endurance times caused by different individuals
determining fluid failure.

This objective was met by conducting endurance time tests with individuals of varying
levels of knowledge and expertise. Tests were conducted in natural show at the APS
test site and in simulated precipitation conditions at National Research Council
Canada’s Climatic Engineering Facility.
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

Over the past decade the procedure for holdover time testing of de/anti-icing
fluids has been refined. However, the determination of fluid failure, which is a
critical aspect in the testing, remains subjective. Over the past several winters,
the same experienced individual has determined fluid failure during all de/anti-
icing holdover time tests in order to ensure the test results are consistent.

The possibility that a fluid failure sensor may never be developed successfully,
coupled with an increased awareness of the dependency of the test program on
the same individual and the possibility that the testing process may be
commercialized in the future, necessitated a research project be carried out to
investigate the variance in endurance times caused by different individuals
determining fluid failure.

Due to the limited funding available for this project, tests were conducted in
conjunction with testing for other projects. As a result, some procedural
modifications were necessary. Nevertheless, tests were carried out with
individuals with various levels of knowledge, training and experience
determining fluid failures.

The precise variance values calculated under specific conditions may need to be
confirmed by a large-scale test program due to the limited number of tests
conducted. However, results indicated that variables that cause endurance
times to be shorter — including high precipitation rates, Type | fluid, highly
diluted fluid, and low ambient temperatures — increase variance in endurance
times. One exception to this generalization was tests conducted in warmer
temperatures in natural snow. It is possible that part of the variance observed in
the shorter tests was a result of the test design.

Despite the limitations imposed on the precise calculations and conclusions
described above, one conclusion that is confirmed by the test program is that
endurance times vary depending on the individual who determines fluid failure.
This variance can be considerable even when an individual with an intermediate
level of knowledge, experience and training conducts endurance time tests.
Allowing one of these individuals to conduct endurance time tests could have a
significant effect on the test results and on the generic holdover time guidelines.

In the short term it is recommended that the individual who has determined fluid
failure in endurance time testing over the past several winters continue to do so.
Other individuals should be provided with a training manual and should begin
determining fluid failures under the supervision of the above individual. One
long-term solution that could minimize variance in endurance times is to develop
fluid failure sensor technology.
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Au cours des dix dernieres années, la procédure des essais visant a déterminer
la durée d’efficacité des liquides de deégivrage/antigivrage a été peaufinée.
Toutefois, la détermination de la perte d’efficacité, un aspect crucial des essais,
demeure subjective. Durant les derniers hivers, pour assurer la constance des
résultats, c’est le méme expert qui a déterminé la perte d’efficacité pour tous
les essais.

Etant donné [I’incertitude quant a la faisabilit¢ d’un détecteur de perte
d’efficacité, conjuguée a la conscience de plus en plus aigué que le programme
d’essai dépend d’une seule et méme personne et que le processus d’essai
pourrait étre commercialisé dans I’avenir, il est apparu nécessaire de mener un
projet de recherche pour examiner les variations du temps d’endurance
attribuables au fait que différentes personnes déterminent la perte d’efficacité.

En raison des fonds limités accordés au présent projet, les essais ont été
effectués conjointement avec les essais d’autres projets. En conséquence, il a
fallu modifier la procédure. Cela étant, les essais ont fait appel a des personnes
qui possédaient divers degrés de connaissance, de formation et d’expérience
pour déterminer la perte d’efficacité des liquides.

Compte tenu du nombre limité d’essais effectués, il pourrait s’avérer nécessaire
de confirmer les valeurs de variation précises obtenues dans des conditions
spécifiques, au cours d’un programme d’essais en vraie grandeur. Cela dit, les
résultats ont révélé que les variables qui entrainent une diminution du temps
d’endurance — intensité de précipitation élevée, liquide de type |, taux de
dilution élevé, températures ambiantes faibles — accentuent les variations du
temps d’endurance. Mais les essais effectués aux températures supérieures,
avec de la neige naturelle, échappent a cette généralisation. Par ailleurs, il est
possible que les variations observées dans les temps d’endurance les plus courts
soient dues en partie au plan d’essai.

Malgré les restrictions décrites ci-dessus touchant la validité des calculs et des
conclusions, le programme d’essais permet de confirmer que le temps
d’endurance varie en fonction de la personne qui détermine la perte d’efficacitée.
Cette variation peut étre considérable méme quand la personne possede un
niveau intermédiaire de connaissance, d’expérience et de formation. Le fait de
permettre a une telle personne d’effectuer les essais d’endurance pourrait avoir
une incidence de taille sur les résultats des essais et sur les tableaux des durées
d’efficacité.

A court terme, il est recommandé que la personne qui a déterminé la perte
d’efficacité dans le cadre des essais d’endurance menés au cours des derniers
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hivers continue de le faire. Mais d’autres personnes devraient recevoir un guide
de formation et commencer a noter les pertes d’efficacité sous la supervision de
I’expert. Une solution a long terme, qui permettrait d’atténuer les variations du
temps d’endurance, serait de développer une technologie de détection de la
perte d’efficacité.
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1. INTRODUCTION

1. INTRODUCTION

1.1 Background

The procedure for endurance time testing of de/anti-icing fluids has been refined
over many years. The level of accuracy demanded in Proposed Aerospace
Standard (AS) 5485, Endurance Time Tests for Aircraft Deicing/Anti-lcing
Fluids: SAE Type l, Il, lll, and IV (1), related to this testing is very high.
However, the determination of fluid failure, which is a critical aspect in the
testing, remains subjective. Over the past several winters, the same experienced
individual has determined fluid failures during all de/anti-icing holdover time
tests. Using the same individual has led to consistent results and for this
reason, the individual has become an invaluable part of the holdover time testing
program.

Efforts have been made to calibrate fluid failure determination using sensor
technology. Several fluid failure sensors have been tested over the last decade
but to date, none have been developed to the level required by the industry.
Previously, the primary purpose of testing and developing these sensors was to
create a tool that could be used in real-world settings: for example, to check for
contaminated fluid on aircraft wings. Calibrating fluid failure determination in a
test setting was considered a secondary objective.

The possibility that a fluid failure sensor that can monitor and identify
contamination in all conditions may never be developed, coupled with an
increased awareness of the dependency of the test program on the same
individual and the possibility that the testing process may be commercialized in
the future, necessitated a research project be carried out to investigate the
variance in endurance times caused by different individuals determining fluid
failures.

1.2 Objectives

The scope of work for this project is outlined in an excerpt from the
Transportation Development Centre work statement provided in Appendix A.

In the winter of 2001-02, APS briefly examined variance in endurance times of
selected fluids in selected conditions. During this preliminary series of tests, the
same individual determined fluid failures in order to remove variance caused by
different individuals determining fluid failure from the results. The conclusion
drawn from these preliminary tests was that endurance times are typically
within 10 percent of the mean average when the same individual determines
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1. INTRODUCTION

fluid failures. Refer to Section 8 of the Transport Canada (TC) report,
TP 13991E, Aircraft Ground De/Anti-Icing Fluid Holdover Time and Endurance
Time Testing Program for the 2001-02 Winter, (2), for a detailed description of
these tests.

In the winter of 2002-03, tests were conducted in order to examine variance in
endurance times caused by different individuals determining fluid failure. The
intent was to determine whether expertise and experience influence individuals’
ability to determine fluid failures accurately and reliably. The specific objectives
of the test program were as follows:

a) To quantify variance in endurance times caused by different individuals
determining fluid failure;

b) To evaluate the influence of training and experience on ability to determine
fluid failure; and

c) To evaluate the influence of precipitation condition, precipitation rate,
ambient temperature, fluid type, fluid dilution, and fluid chemistry on
variance in endurance times.

Due to the limited funding available for this project, testing was completed in
conjunction with testing for other projects and the number of tests conducted
was limited.
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2. METHODOLOGY

2. METHODOLOGY

This section provides a description of the test methodology. Tests were
conducted primarily following the test methodology for holdover time testing.
This methodology is documented in detail in the TC report, TP 14144E, Aircraft
Ground De/Anti-Ilcing Fluid Holdover Time Development Program for the
2002-03 Winter (3). While the most important details pertaining to the variance
tests have been included here, further information is available on weather
conditions, test sites, equipment and holdover time test procedures in that
report.

2.1 Weather Conditions

Tests were conducted in most precipitation conditions in which endurance times
of new fluids are tested. These conditions included natural snow, freezing fog,
freezing drizzle and freezing rain. Tests were performed at the upper and lower
limits for precipitation rates for most of the precipitation types.

2.2 Test Sites

Tests conducted in natural snow were performed at the APS test site located at
Dorval Airport in Montreal (see Photo 2.3). Tests conducted in simulated
freezing fog, freezing rain and freezing drizzle were conducted indoors at the
National Research Council Canada (NRC) Climatic Engineering Facility in Ottawa
(see Photos 2.1 and 2.2).

2.3 Test Procedures

Two procedures were developed for this project. The initial procedure, included
in Appendix B, was developed for testing in natural snow conditions. Following
initial testing in natural snow, the procedure was revised and a new procedure,
included in Appendix C, was issued for indoor testing.

Standard endurance time test and rate collection protocols were followed. The
standard endurance time test procedure requires one individual to determine
fluid failures. However, for these tests several individuals with various levels of
expertise and training were required to record fluid failure for each test.
Subsection 2.6 gives a detailed description of the personnel determining fluid
failures.
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2. METHODOLOGY

2.4 Fluids

A variety of Type I, Type Il and Type IV fluids were tested. Fluids tested are
presented in Table 2.1. For the purposes of this test program, fluids were
analysed by fluid characteristics but not by individual fluid.

Table 2.1 Fluids Tested

Fluid Name Fluid Type EG/PG

UCAR EG ADF Type | EG
Clariant MP | 1938 Type | PG
Kilfrost ABC 2000 Type I PG
Clariant Safewing MPII 1951 Type Il PG
Clariant Safewing MP 11 2025 Type Il PG
Dow/UCAR Ultra+ Type IV EG
Clariant Safewing MP IV 2001 Type IV PG
Clariant Safewing MP 1V 2030 Type IV PG

2.5 Data Forms

A project-specific endurance time data form was developed in order to conduct
blind tests and to eliminate the possibility of “cheating”. The initial version,
published in the outdoor procedure (see Appendix B), had the participants check
plates sequentially at set time intervals. The time interval was 30 seconds for
Type | fluids and 60 seconds for Type Il and Type IV fluids. At each time
interval participants indicated “failed” or “not failed” on their data forms.

After initial testing was conducted, the data form was revised due to logistical
difficulties. The revised data form, published in the indoor procedure (see
Appendix C), required all participants to check the plates at approximately the
same time and offered more flexibility as specific times were not indicated. For
Type | tests, participants remained in the test stand area and filled in the data
form every 30 seconds until the plate was well past failed. For Type Il and
Type IV tests, participants checked the plates approximately once every
60 seconds.

2.6 Personnel

This project required personnel with various levels of expertise and experience
to record the fluid failure for each test. In order to facilitate data processing, all
personnel involved in the project were categorized as novice, intermediate or
expert. Following is a description of each category:
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2. METHODOLOGY

a)

b)

c)

Novice: These individuals had limited or no knowledge of fluid failure and
had never determined fluid failures. For natural snow tests they were
instructed to read the definition of fluid failure described and photographed
in the procedure Experimental Program for Natural Precipitation Flat Plate
Testing, which is included in TC report, TP 14144E (3). For indoor
precipitation tests, novices were instructed to read the definition of fluid
failure as stated in Proposed SAE Aerospace Standard (AS) 5485 (1):

Failure is called when 30 percent of the plate is covered with frozen
contamination. Appearance of this frozen contamination includes, but is
not limited to:

* |ce front;

» |ce sheet;

* Slush, in clusters or as a front;

» Disseminated fine ice crystals;

* Frost on surface; and

* Clear ice pieces partially or totally imbedded in fluid.

Novices were not given feedback during the test program.

Intermediate: These individuals had previously received informal training
and had some experience determining fluid failures. For the purposes of
this test program, they were not given additional training nor were they
required to read AS 5485 (1). Intermediates were not given feedback
during the test program.

Expert: These individuals had comprehensive knowledge of fluid failure and
extensive experience determining fluid failures.

The following are brief descriptions of the individuals who recorded fluid
failures:

a)

b)

d)

Expert 1: This is the individual, described in the introduction, who has been
responsible for determining fluid failure in endurance time testing over the
past several winters;

Expert 2: This individual has been involved in endurance time testing for
over 10 years, is knowledgeable about all aspects of fluid failure and
supervised Expert 1 for many years;

Intermediate 1: This individual was closely trained by Expert 1 just prior to
the conduct of these tests and has been involved in the testing of de/anti-
icing fluids for three years;

Intermediate 2: This individual has limited knowledge and experience
determining fluid failure and has been involved in the testing of de/anti-
icing fluids for two years;
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e) Intermediate 3: This individual also has limited knowledge and experience
determining fluid failure and has been involved in the testing of de/anti-
icing fluids for three years;

f) Intermediate 4: This individual has extensive knowledge of endurance time
testing, but no experience determining fluid failures. This individual has
been involved in de/anti-icing research for approximately 15 years; and

g) Novices 1 to 7: None of these individuals had ever seen fluids fail and none
had previous knowledge of the definition of fluid failure prior to the test
program. Although they were given no feedback throughout the test
season, the individuals who conducted a large number of tests did improve
over time (see Subsection 4.1.2).

2.7 Procedural Alterations

Although the data forms outlined strict procedures pertaining to when plates
were checked for fluid failure, in practice, parts of the procedure were difficult
to follow and therefore several minor procedural changes had to be made. The
main difficulty was the “piggybacking” (conducting variance tests in conjunction
with tests for other projects) of these tests, which resulted in complications. For
example, many tests were conducted with adherence tests and during these
tests the novice variance testers were required to measure Brix and thickness
for the adherence tests. At these times it was not always possible for the
novices to fill out their data form every 30 or 60 seconds as required. However,
the novices continued to monitor the plates when possible and recorded the
actual failure times on their data form. During some snow tests, the novices
were also required to conduct rate pan measurements.

In addition, when the intermediate and/or expert individuals were involved in
other projects at the same time they were determining fluid failures for the
variance project, they often recorded failure times on the data forms pertaining
to their own tests. This meant that they often did not check the fluid every 30
or 60 seconds as required by the procedure.

The second difficulty with the procedure was the requirement of an expert’s
participation. Only two individuals were classified as expert for the purposes of
these tests. One of these individuals was very busy with other projects and was
only used when variance tests were conducted in conjunction with these
projects. The remaining person was not always available, and when available,
was often involved simultaneously with one or two other projects. As a result,
there were no expert failures recorded during several tests.
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Photo 2.1: Outdoor View of National Research Council Canada Facility

Photo 2.2: Inside View of National Research Council Canada Facility
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Photo 2.3: APS Test Site
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3. DESCRIPTION AND PROCESSING OF DATA

3. DESCRIPTION AND PROCESSING OF DATA

This section presents the data and describes the data analysis methodology.

3.1 Test Definition

Each entry in the test log represents one individual’s recorded fluid failure for
one test. For the purpose of this test program, a test is defined as one fluid
poured on one test plate at a given time. As anywhere from two to five people
recorded fluid failures for each test, an additional number was given to each
fluid failure recorded in order to uniquely identify each log entry. As an example,
if three individuals recorded fluid failures for the first test, there would be three
entries in the log. The first entry would be Test 1, Observation 1; the second
entry would be Test 1, Observation 2; and the third entry would be Test 1,
Observation 3.

3.2 Tests Conducted

A complete log of tests showing details from each of the 116 tests conducted
is included in Appendix D. Following is a brief description of the column
headings in the test log:

Test No.: A unique number identifying each test — numerous
observations were made for each test;

Observation: Number identifying each fluid failure recorded for a test;

Fluid: Fluid name;

Dilution: Glycol/water ratio of the fluid;

PG/EG: Propylene glycol-based or ethylene glycol-based fluid;
Fluid Type: Type I, Il or IV,

Precipitation:

Type of precipitation in which the test was conducted,;

Rate: Rate of precipitation at which the test was conducted;
Temperature: Temperature at which the test was conducted;

Start Time: Time the fluid was poured on the plate;

End Time: Time the individual recorded fluid failure;

Endurance Time:
Endurance Time Score:

Level:

End time minus start time, in minutes;

Endurance time calculated as a percentage of the
expert’s endurance time; and

Category the individual was placed in as described in
Subsection 2.6.
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3. DESCRIPTION AND PROCESSING OF DATA

Some tests were not used in the main analysis because no expert individual was
available to record fluid failure during these tests. Refer to Subsection 3.3.2 for
a further explanation of removed tests. Table 3.1 shows the total number of
tests conducted by precipitation condition. As indicated in this table, an expert
was present during 98 of the 116 tests. These 98 tests formed the main
analysis. Because the majority of removed tests were conducted in natural
snow, the number of tests conducted in natural snow is shown separated by
test session in Table 3.2.

Table 3.1: Number of Tests Included in Main Analysis

Precipitation Tests Te:vtseﬁoEn:uecr:ed Failures Recorded
Condition Conducted P when Expert Present
Present
Natural Snow 70 56 183
Freezing Fog 14 14 47
Freezing Drizzle 12 8 30
Freezing Rain 20 20 77
Total 116 98 337

Table 3.2: Number of Natural Snow Tests Included in Main Analysis

Date Number Tests Conducted Observations made

of Tests | when Expert Present | when Expert Present
March 2, 2003 9 9 27
March 4, 2003 15 15 46
March 8, 2003 15 15 45
April 5, 2003 31 17 65
Total 70 56 183

Tables 3.3 to 3.8 show the number of tests conducted by each of the variables
investigated: precipitation type, precipitation rate, fluid type, fluid chemistry,
fluid dilution and ambient temperature. The tables include only the tests
conducted when an expert recorded failures.
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Table 3.3: Number of Tests Conducted by Precipitation Type

Precipitation Number of
Type Tests
Natural Snow 56
Freezing Fog 14
Freezing Drizzle 8
Freezing Rain 20
Total 98

Table 3.4: Number of Tests Conducted by Precipitation Rate

Precipitation Number of
Rate Tests
Low (NRC) 19
High (NRC) 23
Light Snow 19
Moderate Snow 31
Heavy Snow 6
Total 98

Table 3.5: Number of Tests Conducted by Fluid Type

Fluid Type Nu;net:i; of
Type | 20
Type Il 21
Type IV 57
Total 98
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Table 3.6: Number of Tests Conducted by Fluid Chemistry

Fluid Number of
Chemistry Tests
PG 67
EG 31
Total 98

Table 3.7: Number of Tests Conducted by Fluid Dilution

Fluid Dilution Number of
Tests

Neat 47

75/25 16

50/50 15

10° Buffer 20

Total 98

Table 3.8: Number of Tests Conducted by Ambient Temperature

Ambient Number of
Temperature (°C) Tests

-3 (NRC) 20
-10 (NRC) 13
-14 (NRC)

-25 (NRC)

-3 to -4 (Dorval) 21
-5 to -6 (Dorval) 20
-10 to -12 (Dorval) 15
Total 98
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3.3 Analysis Methodology

3.3.1 Expert’s Endurance Times as Reference Points

In order to compare endurance times calculated by different individuals, it is
necessary to have a point of reference. There is currently no technology
available that can accurately determine fluid failure; therefore, human
measurements must be used. In other situations, the average test result would
be used as the point of comparison and individual measurements would be
compared to this average. However, in this situation an assumption has been
made that the endurance time observed by the expert will be closest to the
actual value. For the purposes of data analysis, the expert’s endurance time has
been assumed to be the actual endurance time (AET).

Novice and intermediate endurance times are presented in this report as a
percentage of the expert’s endurance time. This statistic is referred to as the
endurance time score (ET score). The formula used to calculate the ET score is:

ET Score = Individual Endurance Time 100 (1)

Expert Endurance Time

The example shown in Table 3.9 illustrates this calculation. The value for
Novice 1 is calculated by dividing the Novice 1 endurance time by the Expert 1
endurance time (7 minutes/10 minutes = 0.7). Values are multiplied by 100 to
obtain a percentage (70%).

Table 3.9: Example of ET Score Calculation

Individual Endurance Time ET Score
Expert 1 10 minutes 100%
Intermediate 1 12 minutes 120%
Novice 1 7 minutes 70%
Novice 2 13 minutes 130%

3.3.2 Removed Tests

As noted in Subsection 3.2, fluid failure was not recorded by an expert for
every test. Because the expert’s endurance time is required to analyze the
novice and intermediate endurance time for each test, tests where no expert
recorded fluid failure were removed from the analysis. Eighteen tests, including
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eighteen novice observations and thirty-one intermediate observations, were
removed for this reason. At the time of test design the importance of the
expert’s observation was not known and therefore the tests were conducted
despite the unavailability of the experts.

In addition, when two experts recorded fluid failure for the same test, one of
the resulting endurance times was removed because only one could be used as
the reference point. Five expert observations were removed from the analysis
for this reason.

3.3.3 Average and Standard Deviation Measurements

Two statistics were calculated to analyse the data. The first was the average ET
score, which shows whether the individual's judgments of endurance times
were close to the endurance times established by the expert. The nearer the
average ET score is to 100 percent, the closer it is to the expert's evaluation. If
the number is greater than 100 percent, then the individual has tended to
overestimate endurance times; if it is below 100 percent, the individual has
tended to underestimate endurance times.

The second statistic calculated was the standard deviation of the ET score. A
standard deviation is a measure of variance calculated in the same units as the
data set (percentages in this data). In this data set, the standard deviation
measures the variance in endurance times. For example, if the standard
deviation is 14 percent, it indicates that 68 percent of the endurance times in
the sample were within 14 percent above or below the average endurance time.
It should be noted that one standard deviation includes 68 percent of the data
points in a sample. The formula used to calculate the standard deviation (o) is:

2bexp @

The four situations that can occur when comparing these statistics are
illustrated in Table 3.10.

Ideally, the average ET score should be near the AET value and the standard
deviation should be small. If the standard deviation is small but the average ET
score differs from the AET value, it indicates that fluid failure is determined
consistently, but the individual judges that failure occurs at a different time than
the expert’s (AET value). For example, the individual may consistently measure
endurance times five percent longer than that judged by the expert (AET value).
While this scenario indicates a problem, the problem should be easily corrected
by providing the individual with training on the definition of fluid failure. Once
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this individual has an understanding of the true definition, he or she should
consistently measure fluid failures accurately.

However, if the standard deviation is high, it indicates the individual does not
understand how to identify fluid failure. In this scenario, the average is not
relevant because even if the average is near the AET value, most of the
measurements will be significantly lower or higher than the AET value and it is
just a coincidence that they have balanced out. This individual will require much
more training than the previous individual. It is for this reason that this report
examines variance in endurance times.

Table 3.10: Implications of Average and Variance Measurements

Variance
Small Large
Average
Near True Value Ideal Problematic
Far From True Value Correctable Problematic
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4. ANALYSIS AND OBSERVATIONS

In this section the data is analysed by expertise level, precipitation type,
precipitation rate, fluid type, fluid chemistry, fluid dilution and ambient
temperature. In each analysis, the average ET score and the standard deviation
of the ET scores of intermediates and novices are calculated. The number of
observations included in the calculation is also shown in order to indicate cases
where very limited numbers of observations may have rendered the statistics
unreliable.

4.1 Expertise Level

Data was sorted by expertise level and it was found that the majority of
intermediate ET scores were between 88 and 116 percent. In contrast, the
majority of novice ET scores were between 75 and 119 percent. These
statistics are presented in Table 4.1 and are also shown graphically in
Figure 4.1. Three light grey lines on each data series in Figure 4.1, and on the
remaining figures in this section, indicate the average, the average less one
standard deviation, and the average plus one standard deviation.

Table 4.1: Endurance Time Comparison by Expertise Level

Intermediate Novice

Average 102% 97%

All Conditions Std. Dev. (0) 14% 22%
Observations 98 133

180% .
170% - < Novice i*g
x Intermediate R
160% : S
X 8
150% -
H
140% - g
130% 1 § < g
x 5
120% 1 % x 5
110% - ! K g
s
o 100% Ll
3 90% - *
0 x
5 80% X
e
70% o x
60% - 8
50% - :
40% - f
30% - °
20% -
10% A
0%
Novice Intermediate

Figure 4.1: Endurance Time Variance by Expertise Level — All Conditions

W:\CM1747 (TC-Deicing 02-03)\Reports\Variance\Final Version 1.0\Final Version 1.0.doc
Final Version 1.0, June 05
19



4. ANALYSIS AND OBSERVATIONS

4.1.1 Individual Results

Results were examined on an individual basis. As can be seen in Table 4.2 and
Figure 4.2, there is a difference between individuals at the same level. This
indicates that the ability to determine fluid failure does not depend solely on
expertise and level of training. Some individuals (Intermediate 4, Novice 3,
Novice 5 and Novice 7) recorded fluid failures significantly prematurely.

Table 4.2: Endurance Time Comparison by Individual

Average 106% Average 101%
Intermediate 1 Std. Dev. (0) 7% Novice 1 Std. Dev. (0) 17%
Observations 17 Observations 72
Average 99% Average 103%
Intermediate 2 Std. Dev. (o) 3% Novice 2 Std. Dev. (o) 24%
Observations 27 Observations 15
Average 103% Average 85%
Intermediate 3 Std. Dev. (o) 19% Novice 3 Std. Dev. (o) 37%
Observations 49 Observations 23
Average 89% Average 102%
Intermediate 4 Std. Dev. (o) 9% Novice 4 Std. Dev. (0) 8%
Observations 5 Observations 7
Average 102% Average 89%
All Intermediates Std. Dev. (0) 14% Novice 5 Std. Dev. (0) 9%
Observations 98 Observations 8
Average 99%
Novice 6 Std. Dev. (o) 2%
Observations 3
Average 75%
Novice 7 Std. Dev. (o) 36%
Observations 5
Average 97%
All Novices Std. Dev. (o) 22%
Observations 133
o
% 8
© 100% i % % = L i B — 8
§ Q0% 4 — — — — — — — — — i7:77%77°777£73%77¥ ————————— H
D osowt————————— R e e i ©————————— =
70% x be ° o
60% © 8
50% + — — — — — — — — — X — -~ Pl 2 e
40%——————————————————B———w———e ————————————— 2_— -
%~ — —————m—m—m—m——m— ——— — —— o — — -0
20%
10% - — — — — — — — — — — — — — -
0%
Int 1 Int 2 Int 3 Int 4 Nov 1 Nov 2 Nov 3 Nov 4 Nov 5 Nov6é Nov7

Figure 4.2: Endurance Time Variance by Individual — All Conditions
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4.1.2 Novice Learning Curve

Figure 4.3 shows the difference between the Novice 1 endurance time and the
expert endurance time for snow tests where Novice 1 recorded fluid failures.
The difference between the novice and expert endurance times (NE) is
expressed as an absolute percentage. The values were calculated using the
formula:

NE = |ET Score —100%)| (3)

The data is presented this way so that changes over time can be examined.

As can be seen in Figure 4.3, Novice 1 showed an improvement over time. This
improvement occurred despite there being no feedback given to the individual
during the test program. These limited results suggest there is a learning curve
involved in determining fluid failure.

35%

-

At: Chart 1

30%

25% A

20% H H

15% A

M:\Groups\CM1747\Analysis\Variance\Learning Curve

10% H H [H H HH H B M

il s LIl ol HHH NIMiLE

1 2 3 45 6 7 8 9 252627 2829 30 31 32 33 34 35 36 37 38 39 51 55 56 64 65 68 69

Absolute % From Advanced ET
]

Test Number

Figure 4.3: Novice Learning Curve in Natural Snow

4.1.3 Comparison of Individuals at the Same Level

Two intermediate individuals and two experts are compared in Figures 4.4 and
4.5, respectively. The limited results show that the two intermediate individuals
recorded fluid failures consistently the same, as did the two experts.
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Figure 4.4: Comparison of Two Intermediate Individuals in Natural Snow
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Figure 4.5: Comparison of Two Experts in Simulated Precipitation
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4.2 Precipitation Type

When the data was analyzed by precipitation type, no definite conclusions could
be made. There was more variance in novice ET scores in freezing rain and
freezing fog. There was also more variance in intermediate ET scores in freezing
fog. These results are shown in Table 4.3 and Figure 4.6. It should be noted
that novices had an average ET score of 86 percent in freezing drizzle; this
indicates they consistently recorded fluid failure prematurely.

Table 4.3: Endurance Time Comparison by Precipitation Type

Intermediate Novice
Average 106% 102%
Natural Snow Std. Dev. (0) 13% 16%
Observations 56 64
Average 95% 90%
Freezing Rain Std. Dev. (0) 13% 25%
Observations 22 34
Average 98% 86%
Freezing Drizzle | Std. Dev. (o) 5% 20%
Observations 6 16
Average 100% 103%
Freezing Fog Std. Dev. (o) 17% 26%
Observations 14 19
180% 58
L © Novice ;
R T T TS T X Intermediate ;(
<o X
150%
140% X
130% g & gﬁ
120% Oy o g
110% 8>< § 2
o 100% Lo.93 & E
§ 90% A ﬁ % Xﬂ
T g ?f —————————— K 8-
Py <o
0% - —————————— Pl B e
60% f — - ———— — —— — — e e O -
50% 4~~~ —————— — - ¢ (—)X ———————————————————————————————————
Z T e —— 2 8 O
<
0% f—— - O
20% - — — - - —mmmmmmmm
I
0%
Freezing Freezing Freezing Natural
Drizzle Fog Rain Snow

Figure 4.6: Endurance Time Variance by Precipitation Type
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4.3 Precipitation Rate

In natural snow, variance increased as precipitation rate increased. In simulated
precipitation conditions, the variance was similar in tests at high and low rates.
These results are presented in Table 4.4 and Figure 4.7. Although the average
intermediate ET score in heavy snow was 133 percent, it should be noted that
there were only a limited number of observations from which to calculate this
statistic.

Table 4.4: Endurance Time Comparison by Precipitation Rate

Intermediate Novice
Average 99% 95%
Low Rate
Std. Dev. (0) 12% 28%
(NRC) .
Observations 16 38
[0) 0]
High Rate Average 96% 91%
Std. Dev. (0) 15% 20%
(NRC) .
Observations 26 31
. A 100% 98%
Light Snow =y V;rage 3% i 110/0
(Dorval) - Dev. (9) 2 2
Observations 13 19
Average 106% 105%
Moderate Snow
(Dorval) Std. Dev.. (o) 13% 14%
Observations 40 36
Heavy Snow Average 133% 100%
(Dorval) Std. Dev._ (o) 16% 30%
Observations 3 9
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Figure 4.7: Endurance Time Variance by Precipitation Rate
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4.4 Fluid Type

When data was analyzed by fluid type, the most variance was observed in tests
with Type | fluid. This may be a result of the nature of the test; that is, Type |
fluids have very short holdover times and therefore fluid failure occurs quickly.
This idea is discussed in more detail in Subsection 4.8. Results are shown in

Table 4.5 and Figure 4.8.

Table 4.5: Endurance Time Comparison by Fluid Type

Intermediate Novice
Average 102% 100%
Type | Std. Dev. (0) 18% 25%
Observations 21 31
Average 108% 102%
Type Il Std. Dev. (0) 17% 21%
Observations 24 27
Average 99% 95%
Type IV Std. Dev. (0) 13% 20%
Observations 53 75
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Figure 4.8: Endurance Time Variance by Fluid Type
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4. ANALYSIS AND OBSERVATIONS

4.5 Fluid Chemistry

When results were compared by fluid chemistry, either propylene glycol-based
in variance in endurance times
determined by intermediate individuals was found. Slightly more variance was
observed in novices with propylene glycol-based fluids compared to ethylene
glycol-based fluids. Complete results are shown in Table 4.6 and Figure 4.9.

or ethylene glycol-based,

no difference

Table 4.6: Endurance Time Comparison by Fluid Chemistry

Intermediate Novice
Average 101% 97%
EG Std. Dev. (0) 14% 19%
Observations 29 50
Average 102% 98%
PG Std. Dev. (0) 14% 23%
Observations 69 83
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Figure 4.9: Endurance Time Variance by Fluid Chemistry
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4. ANALYSIS AND OBSERVATIONS

4.6 Fluid Dilution

Results were also analyzed by fluid dilution. Both novices and intermediate
individuals had higher levels of variance for fluids mixed 50/50, and for fluids
mixed to a 10° buffer. All Type | fluids are mixed to a 10° buffer. Both of these
dilutions are associated with shorter endurance times. Variance in tests with
short endurance times is discussed in more detail in Subsection 4.8. Results are
presented in Table 4.7 and Figure 4.10.

Table 4.7: Endurance Time Comparison by Fluid Dilution

Intermediate Novice
Average 99% 94%
100/0
(Type I1/IV) Std. Dev._ (o) 10% 21%
Observations 47 56
Average 102% 96%
75/25
[0) [0)
(Type I/1IV) Std. Dev.- (o) 9% 9%
Observations 22 21
Average 122% 102%
50/50
(Type I1/IV) Std. Dev._ (o) 22% 25%
Observations 8 25
Average 102% 100%
10° Buff
UHET 7 Std. Dev. (0) 18% 25%
(Type 1) :
Observations 21 31
180% 2
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Figure 4.10: Endurance Time Variance by Fluid Dilution
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4. ANALYSIS AND OBSERVATIONS

4.7 Ambient Temperature

Data was also analyzed to see whether ambient temperature influenced variance
in endurance times. The data was separated into outdoor and indoor tests and is
presented in Table 4.8 and Figure 4.11. The most variance occurred during
tests conducted at NRC at -25°C. This was the coldest temperature tested
indoors. Variance in the ET scores of novices in this condition was 38 percent;
for intermediate individuals it was 27 percent. These statistics may not be
accurate as only a limited number of tests were performed at -25°C; however,
experienced APS personnel have confirmed that determining fluid failure at this
temperature has traditionally been more difficult. Outdoors, the trend appears to

be the opposite; variance increased as temperature increased.

Table 4.8: Endurance Time Comparison by Ambient Temperature

Intermediate Novice

Average 98% 94%

-25°C (NRC) Std. Dev. (o) 27% 38%
Observations 5 7

Average 107% 114%

-14°C (NRC) Std. Dev. (0) 11% 16%
Observations 4 8

Average 92% 89%

-10°C (NRC) Std. Dev. (o) 10% 25%
Observations 16 21

Average 98% 90%

-3°C (NRC) Std. Dev. (o) 11% 22%
Observations 17 33

Average 100% 92%
-10 to -12°C (Dorval) Std. Dev. (0) 3% 9%
Observations 13 11

Average 106% 104%

-5 to -6°C (Dorval) Std. Dev. (o) 13% 12%
Observations 37 17

Average 117% 105%

-3 to -4°C (Dorval) Std. Dev. (0) 20% 19%
Observations 6 36
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4. ANALYSIS AND OBSERVATIONS

Endurance Time Variance by Temperature
9
180% < Novice
XIntermediate
160% - o
< X
o
E 140% X
8 <
8x %
120% - < X o 8
© X
100% X gg gg §i log
8
S 80% 8y ¥ '3 g
< o
5 o X $
60% 4
OX <
S 40% g 4 o
a o
20%
0% T T T T T T T
(o] -25°C -14°C -10°C -3°C -10t0-12°C -5 to -6°C -3 to -4°C
(NRC) (NRC) (NRC) (NRC) (Dorval) (Dorval) (Dorval)

Figure 4.11: Endurance Time Variance by Ambient Temperature

4.8 Error Analysis

As the test procedure allowed individuals to indicate fluid failure every 30 or
60 seconds only (depending on the fluid type), it is possible that this may have
influenced the results. Consider a five-minute test with Type | fluid and a
thirty-minute test with Type IV fluid. This example is illustrated in Table 4.9. If
failure for the first test occurred at 5 minutes, and assuming the expert recorded
the fluid failure when it happened, the expert’'s endurance time would be
5 minutes. If an individual missed the fluid failure, the next possible time the
fluid failure could be recorded would be at 5.5 minutes. This would result in an
ET score of 110 percent. According to Table 4.8, the possible ET scores for an
individual in this test would be 90 percent, 100 percent, 110 percent or
120 percent (or more or less outside this range). However, in a 30-minute test
with Type IV fluid, the possible scores would be 97 percent, 100 percent,
103 percent or 107 percent, thereby giving the individual more opportunities to
calculate a more accurate endurance time. It is possible that this caused more
variance to be present in the shorter tests — predominantly those that occur
with Type | fluids and fluids in 50/50 dilutions.

Table 4.9: Example for Error Analysis

One interval before One interval Two intervals after
Expert ET . . .
(mins) Failure after Failure Failure
ET (min) | ET Score| ET (min) | ET Score| ET (min) | ET Score
Type | Test* 5 4.5 90% 5.5 110% 6.0 120%
Type IV Test** 30 29 97 % 31 103% 32 107%

* Checked every 30 seconds
** Checked every 60 seconds
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4. ANALYSIS AND OBSERVATIONS

4.9 Summary of Results

The results are summarized by the different variables examined in Table 4.10.
The average ET score and the ET score variance are taken from the tables
presented previously. The rank of the ET score variance from smallest to largest
is indicated in the fourth column for intermediate individuals and the eighth
column for novices. The five highest variances for each level are indicated in
bold type.

As a general rule, conditions that make endurance times shorter, including high
precipitation rates, Type | fluid, highly diluted fluid, and low ambient
temperatures, increased the variance in endurance times. One exception was
natural snow, where more variance was observed in colder temperatures
compared to warmer temperatures. It is possible that some of this variance can
be attributed to the test procedure, as discussed in Subsection 4.9. The most
variance was observed in tests at temperatures of -25°C. Experienced APS
personnel have confirmed that it has traditionally been difficult to determine
fluid failure in this condition.

One finding that occurs throughout the results is that novices had more
difficulty determining fluid failure than intermediate individuals. Overall, the
variance in novice ET scores was 22 percent, compared to 14 percent for
intermediate ET scores.

4.10 Implications for Holdover Time Guidelines

To obtain values for the Type IV generic holdover time guidelines, the endurance
times of all certified Type IV fluids with fluid-specific holdover time tables are
compared. For each cell in the holdover time table, the lowest value of all tested
Type IV fluids is applied. For example, in the freezing drizzle, 75/25 fluid, -3 to
-10°C cell, the endurance times of Type IV fluids range from 15 minutes to
30 minutes for the worst performing fluids to 40 minutes to 80 minutes for the
best performing fluids. Therefore, in the 2003-04 generic table, this cell
contains 15 to 30 minutes.

Assuming that all new fluids tested have endurance times equivalent to the
values in the current generic table, if a novice were to conduct endurance time
tests with these new fluids, the values in the generic table would decrease over
time. This is because the lowest endurance time measured from all fluids tested
determines the value in each cell of the holdover time table. Approximately two
thirds of novice ET scores fell between 75 and 119 percent; therefore, after
many tests were conducted, the values in the generic table would likely fall to
75 percent of their original values. For example, if the value in a cell were
currently 15 minutes, it would become 10 minutes. If an intermediate individual
conducted the tests, the holdover time values would fall to 88 percent of their
original values.
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4. ANALYSIS AND OBSERVATIONS

Table 4.10: Summary of Results

M:\Groups\CM1747\Analysis\Variance\Table 4.10

Intermediate Novice
Failure | Average | ET Score | Variance | Failure | Average | ET Score | Variance
Calls ET Score | Variance Rank* Calls ET Score | Variance* Rank
=z Al 98 102% 14% n/a 133 97% 22% n/a
5 g EG 29 101% | 14% 10 50 97% 19% 17
=)
o
e PG 69 102% | 14% 11 83 98% 23% 10
(Tigeolflcl’v) a7 99% 10% 21 56 94% 21% 13
C
S
5 (szi/ﬁl?v) 22 102% | 9% 22 21 96% 9% 25
2
T (Ti’gﬁ/ﬁ’v) 8 122% | 22% 2 25 102% | 25% 5
T
10(%2:‘:‘” 21 102% | 18% 5 31 100% | 25% 6
© Type | 21 102% | 18% 4 31 100% | 25% 7
o
>
= Type Ii 24 108% | 17% 6 27 102% | 21% 12
3
= Type IV 53 99% 13% 16 75 95% 20% 16
g [natural snow| 56 106% | 13% 12 64 102% | 16% 19
'—
§ | Freezing Rain 22 95% 13% 14 34 90% 25% 8
= :
£ | Freezing 6 98% 5% 23 16 86% 20% 14
g Drizzle
a Freezing Fog 14 100% 17% 7 19 103% 26% 4
Low Rate 16 99% 12% 17 38 95% 28% 3
g | e
g |g(1NRC?te 26 96% 15% 9 31 91% 20% 15
c
(]
g Light Snow 13 100% 3% 24 19 98% 11% 23
5
8 Mgderate 40 106% | 13% 15 36 105% | 14% 21
E now
Heavy Snow 3 133% | 16% 8 9 100% | 30% 2
(ZNiZ? 5 98% 27% 1 7 94% 38% 1
-14°C
o 4 107% | 11% 19 8 114% | 16% 20
5 (NRC)
- O,
g (}\g C? 16 92% 10% 20 21 89% 25% 9
o
IS -30C
o o) 17 98% 11% 18 33 90% 22% 11
c | 190,
g 10(;2N;)2 Cl 13 100% 3% 25 11 92% 9% 24
& 5 to -6°C
< | - (Dgn;al) 37 106% | 13% 13 17 104% | 12% 22
- _Z10
S(SSWS)C 6 117% | 20% 3 36 105% | 19% 18

* Ranked from highest variance (1) to lowest variance (25). For easy reference the five highest variances for each level are indicated in bold type.
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5. CONCLUSIONS

S.

CONCLUSIONS

Funding for this project was limited and therefore a full test program could not
be carried out independently of other projects. Several alterations were made to
the test procedure so that it could be used in conjunction with the procedures
for other projects. These alterations, and the limited number of tests that were
conducted, have made the extrapolation of the results to all endurance time
testing not advisable. However, conclusions can be drawn about the data set
examined. These conclusions provide an indication of the results that would be
returned by a large-scale project:

a)

b)

d)

There was a difference between novice, intermediate and expert individuals
determining fluid failure. There was more variance in novice ET scores
(22 percent) as compared to intermediate ET scores (14 percent).

There were differences in individuals at the same level. This is illustrated by
the wide range of results reported by the seven novice testers.

Novices improved over time in natural snow tests. The average difference
in endurance times measured by one of the novices and by the expert was
16 percent in the first five tests. In the last five tests the difference had
decreased to 4 percent. This improvement was shown over thirty-one
tests.

In regards to test parameters:

« Precipitation type and fluid chemistry did not significantly affect
variance in endurance times;

+ More variance was observed in tests conducted under higher rates of
precipitation;

+ More variance was observed in tests conducted with Type | fluid tests
relative to other fluid types;

« More variance was observed in tests conducted with fluids with lower
glycol/water ratios;

« When testing in simulated precipitation conditions, more variance
occurred in colder ambient temperatures; and

« When testing in natural snow, more variance occurred in warmer
ambient temperatures.

In general, more variance was observed in tests where conditions existed
that cause endurance times to be shorter, such as higher precipitation
rates, Type | fluids, more diluted fluids and colder ambient temperatures.
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5. CONCLUSIONS

One exception to this trend was warmer temperatures in natural snow.
However, it is possible that the test procedure, which restricted the times
that testers could record fluid failure, may have contributed to the
increased variance in shorter tests; and

e) If a novice were to determine fluid failures during endurance time testing,
the values in the generic holdover time guidelines could decrease to
75 percent of the original values over time. If an intermediate individual
determined fluid failure, the values could decrease to 88 percent.

Despite the limitations imposed on the precision of the statistics, one conclusion
that was confirmed by the test program is that endurance times vary depending
on the individual who measures fluid failure. This variance can be considerable
when individuals with even an intermediate level of knowledge, experience and
training are recording fluid failures. The variance will have a significant effect on
the outcome of endurance time tests and on holdover time guidelines.

Alterations made to the procedure may have allowed individuals to be
influenced by their peers, thereby influencing the test results. However,
individual “cheating” would only cause the results to show less variance. This is
because the influenced endurance times will have been closer to the actual
endurance times than they would have been had no cheating occurred. In other
words, the variance would be greater than that which is presented in this
report.
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6. RECOMMENDATIONS

This section provides recommendations for calibrating the determination of fluid
failure.

6.1 Short Term

There is no short-term solution to eliminate variance in endurance times
resulting from individual differences in determining fluid failure. In the short term
it is recommended that the same individual continue to record fluid failures
during holdover time testing. However, other individuals should be trained so
that in future, when the current individual is not available for holdover time
testing, others will have a good level of expertise, training and experience and
be ready to assume this responsibility.

One way of ensuring that individuals are properly trained is to create a fluid
failure training manual that includes photos. This document should be brief,
user-friendly and no longer than 10 pages.

The importance of photos in the description of fluid failure is paramount. It is
recommended that Proposed Aerospace Standard AS 5485 include photos of
fluid failure, not only in natural snow, but in all precipitation conditions under
which endurance time testing takes place.

A large-scale test program dedicated to investigating variance is probably not
required. It has been established that variance in human fluid failure
determination is a problem and that even individuals with an intermediate level
of knowledge, training and experience do not provide results that are
acceptable. Although a large-scale test program would provide more accurate
variance in endurance time numbers, it would provide the same general
conclusion that has been presented in this report: a significant level of training
and experience is required in order to reduce variance in endurance times.

An error analysis illustrated that during short tests an interval of thirty seconds
away from the test plate can significantly influence the outcome of the test.
Although in standard endurance time testing testers are not constricted by this
requirement, it has been observed that some testers will return to the test trailer
to warm up during tests. This is equivalent to the 30- or 60-second constriction
placed on the testers in this test program. This may not have an effect on
longer tests; however, a 30- or 60-second trip to the test trailer could cause the
endurance time of a shorter test to be overestimated by 10 percent. Testers
should be required to stay in the test stand area for the duration of the test for
tests that are 10 minutes or less. Furthermore, testing conditions should be of
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6. RECOMMENDATIONS

an adequate comfort level for testers so that they are not constantly motivated
to return to the test trailer. Providing testers with appropriate clothing to protect
them from uncomfortable test conditions may be one solution.

6.2 Long Term

The only way to standardize the determination of fluid failure and remove
subjectivity from endurance time testing is to develop a technology that can
measure the contamination of de/anti-icing fluids.

Several fluid failure sensors have been developed in the past decade; however,
none have been developed to the level required by the industry. Regulatory
bodies need to encourage development of these technologies. Any sensor that
may accurately detect contaminated fluid should be tested.
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TRANSPORTATION DEVELOPMENT CENTRE
WORK STATEMENT EXCERPT
AIRCRAFT & ANTI-ICING FLUID WINTER TESTING

2002-03

5.18 Examination of Variance in Endurance Times

5.18.1 Design a test and prepare a test procedure for outdoor tests to
examine the variance in endurance time of Type I, Il, IV for various
people under various weather conditions;

5.18.2 Conduct outdoor tests during several snowstorms;
5.18.3 Design a test and prepare a test procedure for indoor tests;

5.18.4 Conduct indoor tests in various freezing precipitation conditions at the
NRC facility;

5.18.5 Analyze results; and
5.18.6 Prepare a report.
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APPENDIX B

EXPERIMENTAL PROGRAM
VARIANCE IN FLUID ENDURANCE TIMES
Winter 2002-03

1. OBJECTIVES

Tests conducted during the winter of 2001-02 examined intrapersonal variance
in endurance times. The tests concluded that there is a 10% variance in
endurance times called by the same person in the same condition. This led to
the question of how endurance times vary when different people perform the
same tests. The test program for the winter of 2002-03 will examine
interpersonal variance in endurance times. A much larger variance in endurance
times is expected.

The primary objective of this test program is to measure variance of endurance
times when called by people of different levels of knowledge and training.
Secondary objectives are to measure other variables that affect the variance of
endurance times, including outside air temperature, precipitation type, fluid
type, fluid dilution, and fluid chemistry.

This document describes the procedure for outdoor tests required for the test
program. A separate procedure for indoor tests will be developed following the
completion of outdoor testing.

2. PROCEDURE

Standard endurance time test and rate collection protocol will be followed,;
however, three people, instead of only one person, will call failure times. Each
person will call fluid failures on each plate during every test. Refer to Section 5
for a description of personnel. Two new endurance time data forms and specific
protocol for checking tests for fluid failure will be used in order to conduct blind
tests and eliminate the possibility of “cheating”.

The protocol for Type | tests is as follows:

1. Fluids are poured. All three personnel mark the starting time on their data
forms.

2. Personnel remain in the test stand area and continuously check plates for
failure.

3. After thirty seconds, the overall test manager calls out “time”. Each
person indicates failed or not failed on his/her data form. This process is
repeated every 30 seconds for fifteen minutes.
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The protocol for Type Il and Type IV tests is as follows:

1. Fluids are poured. All three personnel mark the starting time on their data
forms and leave the test stand area.
2. After twenty seconds, the novice person returns to the test stand area

and checks the plates. He/she indicates failed or not failed on his/her data
form and leaves the test stand area. He/she repeats every minute for
twenty minutes. After twenty minutes the procedure is repeated once
every three minutes.

3. After forty seconds, the intermediate person returns to the test stand

area and checks the plates. He/she indicates failed or not failed on his/her
data form and leaves the test stand area. He/she repeats every minute for
twenty minutes. After twenty minutes the procedure is repeated once
every three minutes.

4. After sixty seconds, the expert person returns to the test stand area and

checks the plates. He/she indicates failed or not failed on his/her data
form and leaves the test stand area. He/she repeats every minute for
twenty minutes. After twenty minutes the procedure is repeated once

every three minutes.

3. FLUIDS

Four fluids will be used including a Type | EG, Type Il PG, Type IV EG and Type
IV PG. Fluids are detailed in Table B-1.

Table B-1: Required Fluids

Fluid . . _ Quantity
Manufacturer Fluid Name Batch Number | Fluid Type Dilution Required
Dow UCAR EG ADF 634626 Type | EG 10° buffer 12 L

Dow UCAR | Dow UCAR Ultra+ 10353 Type IV EG 100 6L
Kilfrost P1064 P1064 Type IV PG 100 6L
Ely or Octagon E Max Il or Unknown 75/25 or
Kilfrost ABC 2000 P1063 Ype PG| 50/50 if >-30C 6L

4. TEST PLAN

Refer to Attachment | for detailed test plan for outdoor tests.

B-2

W:\CM1747 (TC-Deicing 02-03)\Reports\Variance\Report Components\Appendices\Appendices.doc

Final Version 1.0, June 05




APPENDIX B

5. PERSONNEL

Three personnel, one in each of the following categories, will be required to call
failures:

Expert: This person has comprehensive knowledge of fluid failure and
has extensive experience calling failures (MC or JD).

Intermediate: This person has had informal training in calling fluid failures and
has limited experience calling failures (RC, NM or MM).

Novice: This person has gained knowledge of fluid failures only through
reading written procedures and has never called fluid failures
(SB or other).

In addition, an Overall Test Manager will be required to instruct fluid failure
personnel when to go to the test stand and when to record results.

Rates will be measured by members of the team conducting holdover time tests.

6. EQUIPMENT

Equipment identical to equipment used for standard endurance time tests will be
used.

7. DATA FORMS

Two special endurance time data forms have been designed for this test. The
data form for Type | tests is presented in Attachment Il and the data form for
Type Il and for Type IV tests is presented in Attachment Ill. There are three
versions of the Type Il and IV form; one version each for novice, intermediate,
and expert personnel.

The standard rate measurement form will be used. Refer to Attachment V.
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ATTACHMENT I: DETAILED TEST PLAN

Session #| Test # | Plate | Precipitation Type Fluid Name Fluid Type Dilution
A Natural Snow Dow UCAR EG ADF Type | EG 10° buffer
1 B Natural Snow Dow UCAR EG ADF Type | EG 10° buffer
C Natural Snow Dow UCAR EG ADF Type | EG 10° buffer
A Natural Snow Dow UCAR Ultra+ Type IV EG 100
2 B Natural Snow Dow UCAR Ultra+ Type IV EG 100
C Natural Snow Dow UCAR Ultra+ Type IV EG 100
' A Natural Snow Kilfrost P1064 Type IV PG 100
3 B Natural Snow Kilfrost P1064 Type IV PG 100
C Natural Snow Kilfrost P1064 Type IV PG 100
A Natural Snow E'yKC")fcrzgiogBECMz%Xog or Type lPG | 75/25 (50/50 if =-3°C)
4 B Natural Snow E'nyl’fcr?sgtO;BEC"’z'%’Bg or Type lPG | 75/25 (50/50 if =-3°C)
c Natural Snow E'nyl’fcr?sgtO;BECNZ'%’Bg or Type IPG | 75/25 (50/50 if =-3°C)
A Natural Snow Dow UCAR EG ADF Type | EG 10° buffer
5 B Natural Snow Dow UCAR EG ADF Type | EG 10° buffer
C Natural Snow Dow UCAR EG ADF Type | EG 10° buffer
2
A Natural Snow Dow UCAR Ultra+ Type IV EG 100
6 B Natural Snow Kilfrost P1064 Type IV PG 100
c Natural Snow E'nyl’fcr?sgtO;BEC"’z'%’Bg or Type IPG | 75/25 (50/50 if =-3°C)
A Natural Snow Dow UCAR EG ADF Type | EG 10° buffer
7 B Natural Snow Dow UCAR EG ADF Type | EG 10° buffer
C Natural Snow Dow UCAR EG ADF Type | EG 10° buffer
3*
A Natural Snow Dow UCAR Ultra+ Type IV EG 100
8 B Natural Snow Kilfrost P1064 Type IV PG 100
c Natural Snow EIyK(i:I)fcrtoasgto;BEcwzli)xolcl) or Type lPG | 75/25 (50/50 if =-3°C)
A Natural Snow Dow UCAR EG ADF Type | EG 10° buffer
9 B Natural Snow Dow UCAR EG ADF Type | EG 10° buffer
C Natural Snow Dow UCAR EG ADF Type | EG 10° buffer
4%
A Natural Snow Dow UCAR Ultra+ Type IV EG 100
10 B Natural Snow Kilfrost P1064 Type IV PG 100
c Natural Snow E'yKC")fcrzgiogBECMZ%XOg or Type lPG | 75/25 (50/50 if =-3°C)
* Time and Budget Permitting

Note: Plates A, B, and C must be run simultaneously for each run
M:\Groups\CM1747\Procedures\Variance\test plan
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APPENDIX B

ATTACHMENT II: ENDURANCE TIME DATA FORM — TYPE | FLUIDS

LaTE

LOCATEDH Corvad Taan Sa

e | PLATE TEST FLATE TEET FLATE TEST

|51Ar|'r e

|5'|AH TWE + &30 Fubwd  Phot Fuled Fubed  Fdon Pl Faed  Hot Fuled
|£l1.=.F|T TWE & .00 Fubnd  Pdoi Fusled Fuwbed  Ploi Failed Falwd  Hot Faled
|a1.urr TIWE & 450 Fmbad  Pioi Fedgd Fwhad i Fanlem) Faie] Mot Faded
STERAT TWE + 4 Fabay  Piod Fpabad Fgial  hiy] Faiesd Fatmd Mk Fasladd
STEAT TIWE + 330 Fmbsd Mot Fradacl Fmbad  Rhog Pl Faimd  Mod Fedud
ETEAT TIWE + F00 Pubsz  Pdos Peabacl Pubsd  Rhon Polead Paisd  Mor Fadud
|=1Ar|'r TWE + 330 Pulsz  Plos Padacl Pulsd  HlnPalsd Fuind  Mox Fadud
|=1AH| TIWE + 400 Fuled  Pios Faded fulnd Pl Falsd Faied  Hoc Faled
|31AHT TiWE & 4:30 Fubnd  Pdot Fuslec Fuwbed ot Pl Falwd  Hot Faled
|a1.r.n'r TWE & B Fabys P Pl Fubad Pl Faied Faled  Het Fadedd
BTERT TWE + T30 Fabsy Pt Fsbaol Febsy Ryl Faisd Falesl Mt Fasdead
STERT MWE + &0 Fads1  Plod Fasdaal Fabsd Pl Rl Faigd  Hid Fasdaal
START TIWE + &30 Pmbsd Mot Peadacd Pmbsd R Pailsad Faisd  Mox Fadud
ETEAT TIWE + T-BQ Pulsz  Plos Paadacl Pulsd Rl Palsd Puind  Mox Fadud
STRAT TIWE + T30 Fulsd  Piox Faded fulsd Rl Falsd Faimd  Mox Fuled
ETEAT MWE + 200 Fubnd  Pdot Fusle Fuwled ot Faiied Faiwd Mot Faled
BTERT TIWE & &30 Fulad  Pioi Fusded Fwlad  Ploi Faied Faled  Hot Faded
BTERT MWE + 3.0 Fakad Pzt Faslad Fabpd  Ph] Pl Faigd  Hid Feslad
GTERT TWE + 330 Fadsl  Plod Fasdaal Fabsl Rl Faisd Faigd  Hid Fasdaad
START TIWE + 1000 Fubsd Mot Fedacl Fmbsd  Rhon Pailsad Faisd  Mox Fedud
ETAAT TIWE + 1330 Pulsz  Pdos Paabacl Pubsd  Fhon Palad Puind  Mox Fadud
STRAT TIWE + 17:00 Pulsd  Piox Faded fmisd Rl Falsd Faimd  Mox Fuded
SUAAT MWE + 171:30 Fmbed  Phot Faled Fmbed  Rlon Failed Faied  Hex Faled
|91AF|T TWE & 1300 Fubad  Pdoi Fused Fuwbed  Ploi Failed Falwd  Hot Faded
|B1H|T TWE & 123 Falad Pt Faslad Fabpd  Phi] Pl Faigd  Hid Faslad
ETART TIWE + 130 Febsd  Photr Fesdsdl Fmbsg Rl Falsd Faigd  Hix Fadedd
STAAT TIWE + 13 Fubsd Mot Fradacl Fmbsd  Rhon Pl Faimd  Mox Fedud
ETEAT TIWE + 14:00 Pubsz  Pdos Paabaci Pubsd  Rhon Pled Paind  Mor Fadud
|51Ar|'r TIWE &+ 14:30 Pmlsz  Floi Pabad PElsd HmPEld Faind Moz Faded
|5'|AH TWE + 1500 Fubwd  Phot Fuiled Fubwd  Fdon Faibed Faed Mot Fuiled
FAILURER T8 LED B LBV Himaoa rieradein Empuni
CORKIENTS

L P
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APPENDIX B

ATTACHMENT IlI:

CwTE

LCCET I0H Corwnl Tam S

ENDURANCE TIME DATA FORM — TYPE Il AND IV FLUIDS

Version A — Novice

oy | FTE ___ TEST | maTE __ TERT | RMATE___ TEET ___

START TS

AT &RT TikdE RE L] Folmd Mok P Fmiged Wi Pl Fomd i Frsiesi
STAAT TIME + o Faaz Fiea: Fusbied Faisd Wt Pasbed Pz Kt Fasbiad
HEEsT o . T Feind L ] Faigod Fimn Pl L2 ] Ho Fsled
STHET TIE + LR ] Fuima Ficd Fambied Faigd  hocd Fuskied Fmwz Mot Fasbiad
BTET TINE 4 Lg] Faind  Plox Fabed Fomd  Fics Fasled Fafnd  Hoo Fasbed
STERT Tids + L] Famd P Sk Fakad Rl Pk P2 Kt Fobiad
ST AET T + T Feimd File: Fsad Fmledd Fica Faslaed Faond H Faslaed
ATERT T+ EN Faimi e Fmmsl ol Fob Fami ol Foem
START TIWE + oo Fulws Filca: P Fuled  Fiod Fasbed Fmwc Hot P
AT &=T Tk [-2- 1] Fuimd Pt Foubed Famiged K ol Foms Mo Faslesi
STAET TiE + 1100 L] Fiea: Fushud P higd Fasbed Fms Kt Faslaad
HESET Tl o 1250 Foind  Plor Faled Foipd Koy Fasled L L
STHET TikE + 13040 Faima  Fdod Fabed Faid  Focd Fusbied Fams Wit Fubiad
MTAT TR 4+ 1400 Falnd  Plog Fabed Fabwd  Fios Fasled L
STHET TikdE + 1850 Fiml Pl Foudetecd Fanid Pl Fonkiel Fmm Mot Foubiad
BTEET TR 4+ 1900 Feimd  Flor Mebed Fuwd  Fics Fasbed Fefmd  Hoo Pasbed
ATART TiE + 1750 Faled  Plid Pl Falgal Pl Foskend Falmd Mol Frskeul
START TIE + 1800 Falas Fica: P Fuisd  Hes Fasbed Fmwz Kt Fsbead
AT &ET TokdE 1350 Folnd  Piok Folad Fmind  Fcd Fosiad Foind  Hrd Frsierd
STAAT TIME + fromge 1] Folwa Fukca: P Fumisd  hicd Pasbied P Hct Fasbiad
HFEET ToulE o FLE= 1] Feiwd Plew: Fgulnd Foged  Fog Faled Fan Het Fasleed
STAET TS + 2400 P [ Faigd bt Fasbied Fan ez Kt Fasbiad
DT AT T 4 LR 1] Foind Fie: Fslwd Fuledd Fima Pl Fand Hi Fasled
ATEET Tide + a0 Funlml P ohabetel Falbil Rl Pkl Fm i Rt Pkl
ETENT TiE 4+ pp R Faimd  Flor Mebed Femd Koo Pasbed Fafmd Moo Pasbesd
AT &RT TildE + 2 S Famimi Pl Sk Famigmi  fonsl Pt Farmd o Fouien)
STHAT TIHE + o0 Fuind Fio: Fusbud Fuind  hict Pasked Fans Hot Paslasi
HTERT TikdE o a4 Folnd  Poi Fosled Faled Pt Fosed Fotnd Moot Frsiend
STHAT TiE + L L3a1] Feima  Fdox Fabed Fad it Fasbied Fesa ot Padasd
BEEET T . LE=i) Feind P Fulend Falgod Fimn Pl Fowa Ho Fusled
STHET TiE + Bl 00 Fuima Ficd Fambied Faigd  hocd Fuskied Fmw Mot Fanbiad
BTET TN 4 o0 Faind  Plox Febed Femd  Fics Fasled Fafnd  Hoo Fasbed
STERT Tikds + B140 Faml [ ] Fakad Rl Pk P sl Kt Feubiai
STAET T + Boell Feimd Fiex: Fsbad Fmledd Fica Fasbaed Faind Hi Faslaed
FaimEs CaLET B LEWFL Febim i
[ L
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APPENDIX B

ATTACHMENT IlI:

ENDURANCE TIME DATA FORM — TYPE Il AND IV FLUIDS
Version B — Intermediate

LOEh Tk [l Tanyem

:“L L) SR T, FA® TR (| AATE =T

b TAT Tkl

U TAAT TR 13 freel HeiFaiew Poidesd  MmiFuied e i Puied
P T Tl + =] Tpm b el Pl L F el Tpan Aol e
5 TSAT TR am LT N ) Puded  MmiFuied Taas S Puied
a TET T + A B e I ] Fesed  baiFesa B ]
5 TANT TR 4 LR ] [T T P [ I Vaarl G Fuind
i TAT Tl + L= S ] (2= ] Gl A F e
|5 TANT TRl 0 ] LTS N ) Ppind  LmiPuind Taael S Puind
fa TART Tasl + L el Sl HEIE R Feded P e
5 TR TR 4 am Vaael  bieiPuies (RS TA Folpd P P ulad
i TAAT Tilsl + 1053 SeEd HEIF ekl Pl b lF i sl MalE el
|5 TANT Tl 4 1gs Tamed  biciPaige Foiiped Ly P inad Wyl o P i
o FART Thell + LE - Semed Ml adsd Bised  Ma Pl Gemed Mralbeed
o AT Tl 4 13 Vi by Pgige Fpdipd by P i Wpimard oy P ol
i P T Tialll 1432 femd Heibwied Basied  MaiFmed Gl Praibmied
FETANT Tl & 1925 Vg Mg Paiga Pl My Pl Fpprd o Fpiad
i P T Tl + I E= Spkd Huibaid L N N e e aibwied
o TAAT Tl 4 1z Ppmmi iy Paiga Ppdgsd  LaPaiad Tpm AP e
i TAA T TRl 4 IE= L R | Podead  MmiFmied e mibwied
i TT Tl 4 18 Tpmed oy Fpien Ppipd P e Tyl Aon P eied
U TAHT TRl + T frel HeiFadmd Fodead  MmiFmind Gl Gmibwded
P TART Tl 4 Fref Tpmed  HoiPpiga Foded  UmPeisd Tepma Aol esd
U TaAT TR+ T8 O L N o ) Prdead  MmiFumied R
b TAET Tl o L R Tpmad MooV pied LB T ] Tpmen Ao T eimd
[ TAAT TRE 4 e Triel MeiFaieaw Voded  MmiPuied Vol i Puded
P AT Tl 4 el Tpmd oV elia Pl L Fwlad Tpan Aol esa
U TAAT TR e freel MeiFaiea Poided  MmiFuind L
i TET Tl + LRl Tpaea B Foled b F e Gemn i F e
U TANT TRE FER i 1Faded Voded  MmiPuind Vol NP udnd
i TAT Tl + LR B N ] (25 ] Caed A F e
5 TANT TR 0 AN o [T N ) Ppind  MmiPuind Ve G Puind
[a AT Tilsl + 20l Thded MOIE Fried a1 F e SR FH
JE TANT TRaE o BE 02 LTS T ) Ppdnd  UmoPuind Vaawel G Pind
i TAT Tl + L2 RiE SeEd HOIF ekl [ sl halE el
5 TANT Tl LAk famel biniPadse Fpiiprd Ly P inad Wil oy P i
LESHL LALt T o [ R e L]
ST T
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APPENDIX B

ATTACHMENT IIl: ENDURANCE TIME DATA FORM — TYPE Il AND IV FLUIDS
Version C — Expert

CATE

LDCATHRE Dol T T

ey AT st e otest (et mesr

lirlﬂTTiﬂ

(AT &AT TRiE + 140 Fiwbd o Pl Faowl b P Pz ot P
FriﬂTTﬂ + 40 Pk ot Pl Fawd Mo Feled L FH s |
|-sr-.n'r1'u: - 4D L Pz Pdai Fawd Mo Fadmd Pz Hoom Faslsd
I‘SHI'ITTHE + &40 Pz Pict Paslaci Fawd Mo Peied Feis  Hom Pasied
[STANT TRAZ + 21 Paslgd  Pocy Psiac Fawd Mo Peied Feisrl  Hom Pasied
FriﬂTTlH + L2 1] Pl oy Palad Famd Mo Peled Pelsl  Hom Paisd
brarr'r“ - T 4O Pl P Flad Faed Mo Fedmd Felgsl  Hom Paslsd
krarr-r-g.. man Flyd Py Pl Faind Mo Feled Felgrl  Hom Peled
Frﬂ'ﬂ"ﬂ!a mdn Poplgd Moy Poplged Faind W Paled Pelgrl  Hom Pelsd
hrarr'r“.. L] LE Faipd Mo Palwd Pelgl Mo Peled
ATEAT THRAZ & LA E - Fosld Py Fiplgrd P Hor Fadmd Pl Ho Fasleed
arEaT TRE . 178 Foulgej Py Pl Faimd Mo Feled Poulpedl  Fly Pysle]
BT ERT TREE a 1T Fouigei Py Fouloel Faind  Hot Fuled Fouigesl  Fiory Fouleed
[ATERT TRIE = LR o] bouleri Py Fosleel Faimd Mo Fuled Foilessl My Foleed
AT ERT ToaE + 16 By Py Bl e Hew Fmlmcd Bodmes Hows boleed
[T ERT T + RLE -] Foulesi it Pt Fawd Mo Pl Foplenil Fimn el
(AT GAT Teis + 1T Fowlmsi  Flni Pl Fawl Mo el Pl Fims Bl
FaT BT Tii + RLE -] Fadsd  Fini Fandsn Fawd  Hd Fwled Faded  Fiai Faiel
FrlﬂTTnE-r RIE - Fanid o Findin Famd Wl Faled Faddd  Fia Pl
IEHATTIE-- ods Fanbdd  ricd Flnkisdl Famd Wl Faled Flddd  FaT Flsiied
|'irH?|TTnE + j e o] [ e Fawl b Pl Fimbinz P11 Pl
|'=HATTM + i} e e Fawbit ot Pl Fawl b Faea Pz ot Fase
}:rﬂl'lTTﬂ + JEO0 Faez oot P Fawd W Meied Pz Fion ey
I‘SHHTTHE + 1300 Faes e Pk Fawd M Pewd Pk g Pasied
ISTANT TRAZ + 1800 Pasdgs Pt Plal Famd W Peisd L E
FriﬂTTH! + il Bea] L ] Fawd Mo Peisd Peissl  Hom Paisd
FHHTTHE el 4700 Pz Pz Falai Faed Mot Fedmd Felsl  Hom Pasisd
I:rmm + 4400 Foslgd  Pocy Paled Faind Mo Feied Felsr  Hom Peied
ISTENT THAZ 4 4700 Pl Py Poplgd Faimd W Pesd Pelgl  Hom Pelsd
Frﬂﬂ"l'“ - B2 Pl Py Fplgrd Fand Heor Fadmd Felgsl  Hom Peslsd
Frarr'r“ - RIS Foslat Py Fplgrd Fand Hor Fadmd Pl Ho Pelsd
LTGHTTIR £ NESE Folyri Py Pl Faind  Hos Faled Pl Hom Pasledd
(AT AT THAY 4 2= Polyi Py Poplel Faind Mo Faled Fulgel Mo Pasleed
TEAT TRIE o F - Bt Py Pl Fmind e Falmed Folgerl  Hory Foulged
FALURES Cal LI BY e Eopan
ORI TS
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APPENDIX B

ATTACHMENT IV: METEOROLOGICAL AND PRECIPITATION RATE DATA FORM

PEMENGER: T STHCHRONITE Thik W S5 - USE FEAL Tod VRSN 10 Wimer K000
LEHCRTION, DATE! R T | ETERD R

MO HELD: VIDE G CAFSETTE &

FLATE FAH WRIGHT MEASURERERNTS © METED OREERYATIONS =
i i - w COMPLUTE TYPE (Tade7 | CLASSIE. ¥ SHO#,
PAN TIME BUFTER TIWE BFFER | WEKENT | WEIEHT EATE | - Fprr ] i s | WIET 8 IR
[ NEFORD TINE AFTER TME | OCFORE | AFTOR | oedn e : i
(horsinos) i (horsirciy Ll igh ) gdmiim)

N miniing @ At IRl e WL A
mhip g S Ay my ek e

TEMPERATURE AT ETRAT OF TEST
'WAHD SFEED AT START OF TEST krih
WEHD [MAESTION BT TARE OF TEET

o

*

TEAT STE LEADER

T L
S RA Gy Pl A R RN RSt s
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APPENDIX C

EXPERIMENTAL PROGRAM
VARIANCE IN FLUID ENDURANCE TIMES
INDOOR TESTS

Winter 2002-03

1. OBJECTIVES

Tests conducted during the winter of 2001-02 examined intrapersonal variance
in endurance times. The tests concluded that there is a 10% variance in
endurance times called by the same person in the same condition. This led to
the question of how endurance times vary when different people perform the
same tests. The test program for the winter of 2002-03 will examine
interpersonal variance in endurance times. A much larger variance in endurance
times is expected.

The primary objective of this test program is to measure variance of endurance
times when called by people of different levels of knowledge and training.
Secondary objectives are to measure other variables that affect the variance of
endurance times, including outside air temperature, precipitation type, fluid
type, fluid dilution, and fluid chemistry.

A procedure for the outdoor testing required for the test program has been
published, and preliminary testing has been conducted. This document describes
the procedure for indoor testing required for the test program. Tests will be
conducted at the NRC Facility in Ottawa during the overall program of tests
conducted by APS from April 2nd to April 10th. For more information refer to
the procedure Overall Program of Tests at NRC, April 2003.

2. PROCEDURE

Standard endurance time test and rate collection protocol will be followed,;
however, three people, instead of only one person, will call failure times. Each
person will call fluid failures on each plate during every test. Refer to Section 5
for a description of personnel. Novices will be instructed to read the definition of
fluid failure from proposed Aerospace Standard 5485 dated March 1st 2003,
and base their failure calls on their understanding of the definition. Intermediate
and expert personnel will not be given additional training, nor will they be
required to read the Aerospace Standard.

A project-specific endurance time data form, shown in Attachment |, and
specific protocol for checking tests for fluid failure will be used in order to
conduct blind tests and eliminate the possibility of “cheating”.
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APPENDIX C

The protocol for Type | tests is as follows:

1. Fluids are poured. Personnel mark the starting time on their data forms.

2. Personnel remain in the test stand area and continuously check plates for
failure.

3. After thirty seconds, the overall test manager calls “time”. Each person
indicates failed or not failed on his/her data form. This process is repeated
every 30 seconds until the overall manager ascertains all three personnel
have called failure on the plate.

The protocol for Type Il and Type IV tests is as follows:

1. Fluids are poured. Personnel mark the starting time on their data forms
and leave the test stand area.

2. After three minutes, personnel return to the test stand area and check the
plates. Each person indicates failed or not failed on his/her data form and
leaves the test stand area. This process is repeated every 3 minutes until
the overall manager ascertains all three people have called failure on the
plate.

Due to time and budget constraints, it will not be possible, nor is it necessary,
to conduct tests in all winter weather conditions simulated during the overall
program of tests. However, additional data will be collected during adherence
tests conducted during the test session. The protocol described above will be
followed by novice and expert personnel, who will use the data form developed
for this procedure (Attachment 1). The person calling failure times for the
adherence tests, who has been designated as the intermediate person for
variance tests, will use the standard endurance time data form in order to limit
interruption to adherence tests.

It should be noted that only two expert personnel exist. Because both are
heavily involved in other testing during the test session, it may not be possible
for the expert person to follow the protocol set out above at all times. In these
situations, the expert person will use the standard endurance time data form;
however, this person will be instructed to use discretion when calling failures.

3. FLUIDS

The fluids that will be used are detailed in Table C-1.
Table C-1: Required Fluids

Fluid Manufacturer Fluid Name Fluid Type Dilution |Quantity Required
UCAR EG ADF Type | EG 10° buffer 5L
UCAR Ultra+ Type IV EG 100 8L
Clariant Safewing MPIV 2030 ECO Type IV PG 100 8L
Clariant Safewing MPIV 2030 ECO Type IV PG 75/25 8L
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4. TEST PLAN
The detailed test plan for indoor tests is included in the Overall Test Program at

NRC procedure. An excerpt of the test plan, showing tests for this procedure, is
included as Attachment Il. Additional tests will be conducted if time permits.

5. PERSONNEL

Three personnel, one in each of the following categories, will be required to call
failures:

Expert: This person has comprehensive knowledge of fluid failure and
has extensive experience calling failures (MC or JD).

Intermediate:  This person has had informal training in calling fluid failures and
has limited experience calling failures (NM).

Novice: This person has gained knowledge of fluid failures by reading
proposed Aerospace Standard 5485 and has never called fluid
failures indoors (SB and/or other).

In addition, an Overall Test Manager will be required to instruct fluid failure
personnel when to go to the test stand and when to record results.

Rates will be measured by the holdover time team.

6. EQUIPMENT

Equipment identical to equipment used for standard endurance time tests will be
used.

7. DATA FORMS

A project-specific endurance time data form has been designed for this test and
is presented in Attachment I.
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APPENDIX C

ATTACHMENT I:

ENDURANCE TIME DATA FORM — ALL FLUIDS

DaTE: LOCETICH:  RAC CORNTE
o~ Mate ke |Rete  REm_ fRate s |mate  omw
PEFECTEH
HTAET Yo HTRET ThEE ETaRT fnae TSR T

Pl Moy Fpled Fulgd  Fiiog Pled Faslgd  Hom Pels Fmlnd Mo Fmind
Falgz Moy Fpled Fulgd  Fiioy Paled Falgd  Hom Pels Fmind Mo Fmind
Paslgedl Py Ppled Falgrd  Fipg Pl Fasigd  Hon Pasled Fuiwd  Hor Meisd
Falgedl ey Pl Faige  Fipy Polged Paigd  Horn Paslgd Taiwd  Hor Feid
Falgz Moy Fpled Fulgd  Fioy Peled Falgd  Hom Pesla Fmlnd Mo Fmind
Falgz Moy Fpled Fulgd  Fioy Faled Faslad  Hom Pesla Fmind Mo Fmind
Falgedl Py Pl Fabpd  Fioy Pl Fasigd Mo Pasled el Moo Feid
Faslgedl Py Pl Falgrd  Fipy Pl Pasigd  Horn Pasigd Taiwd  Hor Feid
Palpedl Py Pl Feled  Fioy Pl Padgd  Hos Pasled Fewd Moo Felsd
Falgz  Mieg Feled Felad  Fion Pelad Faslgz  Hom Pasla Fmlnd Mo Fmind
Faslpdl Py Pl Fubgd  Fioy Pl Fasipd  Hon Pasied el Hor Feid
Pasigedl Py Pbad Fabgcd  Frioy Pl Pasigd  Hon Pasied Fuiwd  Hor Feid
L Febed oy Pl Pasded  Hos Pasled Fuwd Mo Feisd
Faslgs  Pca Pl Felad  Fion Pelad Fasigz  Hom Paslsz Fmind Mo Fmind
Faslg  Pea Pl Felad  Froe Felad Fasigz  Hom Paslsz Fmind Mo Fmind
Paslgr Py P Fabecd  Frioy Pl Fasigd  Hon Pasie Fuiwd  Hor Feied
L Felsdd oy Pl [ Fund W Feisd
Fasgs  Pios Pl L Fasigz  Hom Pasisz a L Mo Fmind
L ] Felad  Froe Felad Fasigz  Hom Fasisz Fmid Mo Fmind
Pl Py Pbad Febed  Fricy Pl Fasipd  Hon Pasied g LI L]
L Felsdd ot Pl [ Fuind W Feisd
L Febsd  Frioy Pl [ Fulwd Mo Felsd
L ] Felad  Fooe Felad Fasigz  Hom Fasisz Tl Mo Fmind
Pl Py Pbad Fubed  Frict Pl Fasid  Hon Fasied a LI ]
Paslel Py Pbaed Febad  Frict Pl Fasitd  Hoz Fasie Fuiwd W Fmied
Pl Py Pdad [ - [ Fuisd W Feisd
Fasns  Pica Pead L Fasigz  Hom Fasisz a Mo Fmind
L ] L Fasigz  Hom Fasisz a Mo Fmind
Pl P P Fubad  Frict Pl Fasid  Hon Fasied Fuied W Felsd
Fasigl  Pled Pbad [ Fasit Wz Pasie Fuld W Feisd
Pasbe P Pbasd [ [ Fuld W Feisd
L ] L Fasigz  Hos Pasisz Faiwd Mo Fmind
Pl Pt P P Frod Pkt LI Foiwl W i
L ] Pabgd  Food Pusct Fusies g Piasie Fuiwd W Pl

FAILUALS CHULED mY: LETL: Hesicn Inimmedians Emamri

COMNNENTS:
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ATTACHMENT Il: DETAILED TEST PLAN
Test # | Precipitation Type T(igp Prec(lg/'garﬂgfhl)q ate Fluid Name Fluid Type | Dilution/Brix
V - 20 | Light Freezing Rain -10 13 UCAR Ultra + Type IV EG 100
V-21 Light Freezing Rain -10 13 Clariant Safewing MPIV 2030 ECO Type IV PG 100
V-22 Light Freezing Rain -10 13 Clariant Safewing MPIV 2030 ECO Type IV PG 75/25
V- 23 Light Freezing Rain -10 13 UCAR EG ADF Type | 22.5
V-16 Light Freezing Rain -3 25 UCAR Ultra + Type IV EG 100
V-17 Light Freezing Rain -3 25 Clariant Safewing MPIV 2030 ECO Type IV PG 100
V-18 Light Freezing Rain -3 25 Clariant Safewing MPIV 2030 ECO Type IV PG 75/25
V-19 Light Freezing Rain -3 25 UCAR EG ADF Type | 17
V-5 Light Freezing Rain -3 13 UCAR Ultra + Type IV EG 100
V-6 Light Freezing Rain -3 13 Clariant Safewing MPIV 2030 ECO Type IV PG 100
V-7 Light Freezing Rain -3 13 Clariant Safewing MPIV 2030 ECO Type IV PG 75/25
V-8 Light Freezing Rain -3 13 UCAR EG ADF Type | 17
V-13 Freezing Fog -25 2 UCAR Ultra + Type IV EG 100
V-14 Freezing Fog -25 2 Clariant Safewing MPIV 2030 ECO Type IV PG 100
V -15 Freezing Fog -25 2 Clariant Safewing MPIV 2030 ECO Type IV PG 75/25
V- 24 Freezing Fog -14 2 UCAR Ultra + Type IV EG 100
V - 25 Freezing Fog -14 2 Clariant Safewing MPIV 2030 ECO Type IV PG 100
V - 26 Freezing Fog -14 2 Clariant Safewing MPIV 2030 ECO Type IV PG 75/25
V- 27 Freezing Fog -14 5 UCAR Ultra + Type IV EG 100
V - 28 Freezing Fog -14 5 Clariant Safewing MPIV 2030 ECO Type IV PG 100
V -29 Freezing Fog -14 5 Clariant Safewing MPIV 2030 ECO Type IV PG 75/25
V-9 Freezing Fog -3 5 UCAR Ultra + Type IV EG 100
V-10 Freezing Fog -3 5 Clariant Safewing MPIV 2030 ECO Type IV PG 100
V-11 Freezing Fog -3 5 Clariant Safewing MPIV 2030 ECO Type IV PG 75/25
V-12 Freezing Fog -3 5 UCAR EG ADF Type | 17
V-1 Freezing Drizzle -10 5 UCAR Ultra + Type IV EG 100
V-2 Freezing Drizzle -10 5 Clariant Safewing MPIV 2030 ECO Type IV PG 100
V-3 Freezing Drizzle -10 5 Clariant Safewing MPIV 2030 ECO Type IV PG 75/25
V-4 Freezing Drizzle -10 5 UCAR EG ADF Type | 22.5
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APPENDIX D

Table D-1: Log of Variance Tests

. S Approx. | Approx.
TZSt Obs. Fluid Fluid Dilution| PG/EG _I;I;g: Pregll_sll;cztlon FF)igtte TpeFl)fnp. Date (mli—ll'g;res) ET Score | Tester
(g/dm2/h) (°C)
1 1 Kilfrost ABC 2000 50% PG Type Il Natural Snow 23 -5.3 02-Mar-03 8 100% Exp 2
1 2 Kilfrost ABC 2000 50% PG Type Il Natural Snow 23 -5.3 02-Mar-03 12 153% Int 3
1 3 Kilfrost ABC 2000 50% PG Type Il Natural Snow 23 -5.3 02-Mar-03 9 120% Nov 1
2 1 Kilfrost ABC 2000 50% PG Type Il Natural Snow 23 -5.3 02-Mar-03 8 100% Exp 2
2 2 Kilfrost ABC 2000 50% PG Type Il Natural Snow 23 -5.3 02-Mar-03 12 153% Int 3
2 3 Kilfrost ABC 2000 50% PG Type Il Natural Snow 23 -5.3 02-Mar-03 9 120% Nov 1
3 1 Kilfrost ABC 2000 50% PG Type Il Natural Snow 23 -5.3 02-Mar-03 8 100% Exp 2
3 2 Kilfrost ABC 2000 50% PG Type Il Natural Snow 23 -5.3 02-Mar-03 10 127% Int 3
3 3 Kilfrost ABC 2000 50% PG Type Il Natural Snow 23 -5.3 02-Mar-03 10 133% Nov 1
4 1 UCAR Ultra+ 100% EG Type IV Natural Snow 19 -4.1 02-Mar-03 51 100% Exp 2
4 2 UCAR Ultra+ 100% EG Type IV Natural Snow 19 -4.1 02-Mar-03 53 104% Int 3
4 3 UCAR Ultra+ 100% EG Type IV Natural Snow 19 -4.1 02-Mar-03 51 100% Nov 1
5 1 UCAR Ultra+ 100% EG Type IV Natural Snow 19 -4.1 02-Mar-03 45 100% Exp 2
5 2 UCAR Ultra+ 100% EG Type IV Natural Snow 19 -4.1 02-Mar-03 44 98% Int 3
5 3 UCAR Ultra+ 100% EG Type IV Natural Snow 19 -4.1 02-Mar-03 42 93% Nov 1
6 1 UCAR Ultra+ 100% EG Type IV Natural Snow 19 -4.1 02-Mar-03 40 100% Exp 2
6 2 UCAR Ultra+ 100% EG Type IV Natural Snow 19 -4.1 02-Mar-03 41 103% Int 3
6 3 UCAR Ultra+ 100% EG Type IV Natural Snow 19 -4.1 02-Mar-03 39 98% Nov 1
7 1 Type | 10° buffer EG Type | Natural Snow 34 -4.1 02-Mar-03 4 100% Exp 2
7 2 Type | 10° buffer EG Type | Natural Snow 34 -4.1 02-Mar-03 4 114% Int 3
7 3 Type | 10° buffer EG Type | Natural Snow 34 -4.1 02-Mar-03 4 114% Nov 1
8 1 Type | 10° buffer EG Type | Natural Snow 34 -4.1 02-Mar-03 4 100% Exp 2
8 2 Type | 10° buffer EG Type | Natural Snow 34 -4.1 02-Mar-03 5 143% Int 3
8 3 Type | 10° buffer EG Type | Natural Snow 34 -4.1 02-Mar-03 5 129% Nov 1
9 1 Type | 10° buffer EG Type | Natural Snow 34 -4.1 02-Mar-03 4 100% Exp 2
9 2 Type | 10° buffer EG Type | Natural Snow 34 -4.1 02-Mar-03 5 143% Int 3
9 3 Type | 10° buffer EG Type | Natural Snow 34 -4.1 02-Mar-03 5 129% Nov 1
10 1 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 8 -10.5 05-Mar-03 81 100% Exp 2
10 2 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 8 -10.5 05-Mar-03 85 105% Int 3
10 3 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 8 -10.5 05-Mar-03 71 88% Nov 5
11 1 Clariant Safewing MPIl 1951 75% PG Type Il Natural Snow 8 -10.5 05-Mar-03 49 100% Exp 2
11 2 Clariant Safewing MPIl 1951 75% PG Type Il Natural Snow 8 -10.5 05-Mar-03 47 96% Int 3
11 3 Clariant Safewing MPIl 1951 75% PG Type |l Natural Snow 8 -10.5 05-Mar-03 39 80% Nov 5
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APPENDIX D

Table D-1 (cont’d): Log of Variance Tests

. S Approx. | Approx.
TZSt Obs. Fluid Fluid Dilution| PG/EG _I;I;g: Pregll_sll;cztlon FF)igte TpeFl)fnp. Date (mli—ll’g;res) ET Score | Tester
(g/dm2/h) (°C)
12 1 Type | 10° buffer EG Type | Natural Snow 8 -10.5 05-Mar-03 12 100% Exp 2
12 2 Type | 10° buffer EG Type | Natural Snow 8 -10.5 05-Mar-03 12 100% Int 3
12 3 Type | 10° buffer EG Type | Natural Snow 8 -10.5 05-Mar-03 12 106% Nov 5
13 1 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 5 -10.5 05-Mar-03 113 100% Exp 2
13 2 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 5 -10.5 05-Mar-03 101 89% Nov 5
14 1 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 5 -10.5 05-Mar-03 96 100% Exp 2
14 2 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 5 -10.5 05-Mar-03 86 90% Nov 5
15 1 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 116 100% Exp 2
15 2 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 115 99% Exp 1
15 3 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 117 101% Int 2
16 1 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 115 100% Exp 2
16 2 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 109 95% Exp 1
16 3 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 115 100% Int 2
17 1 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 75 100% Exp 2
17 2 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 71 94% Exp 1
17 3 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 75 99% Int 2
18 1 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 110 100% Exp 2
18 2 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 107 97% Exp 1
18 3 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 106 97% Int 2
19 1 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 71 100% Exp 2
19 2 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 68 95% Exp 1
19 3 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 68 96% Int 2
20 1 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 116 100% Exp 2
20 2 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 115 99% Exp 1
20 3 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 116 101% Int 2
21 1 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 114 100% Exp 2
21 2 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 111 97% Exp 1
21 3 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 6 -12 04-Mar-03 115 101% Int 2
22 1 UCAR Ultra+/UCAR EG 100% EG Type IV Natural Snow 5 -11.3 04-Mar-03 126 100% Exp 2
22 2 UCAR Ultra+/UCAR EG 100% EG Type IV Natural Snow 5 -11.3 04-Mar-03 127 101% Int 2
22 3 UCAR Ultra+/UCAR EG 100% EG Type IV Natural Snow 5 -11.3 04-Mar-03 116 92% Nov 5
22 4 UCAR Ultra+/UCAR EG 100% EG Type IV Natural Snow 5 -11.3 04-Mar-03 122 97% Nov 6
23 1 UCAR Ultra+/UCAR EG 100% EG Type IV Natural Snow 5 -11 04-Mar-03 136 100% Exp 2
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APPENDIX D

Table D-1 (cont’d): Log of Variance Tests

. . Approx. | Approx.
Te#St Obs. Fluid Fluid Dilution | PG/EG ;t‘;‘;' P’ecT'sg:m" Rato T‘L‘:n(:). Date (mli-r|13;res) ET Score | Tester
(g/dm?/h) (°C)
23 2 UCAR Ultra+/UCAR EG 100% EG Type IV Natural Snow 5 -11 04-Mar-03 137 101% Int 2
23 3 UCAR Ultra+ /UCAR EG 100% EG Type IV Natural Snow 5 -11.3 04-Mar-03 125 93% Nov 5
23 4 UCAR Ultra+/UCAR EG 100% EG Type IV Natural Snow 5 -11 04-Mar-03 137 101% Nov 6
24 1 UCAR Ultra + 100% EG Type IV Natural Snow 5 -11 04-Mar-03 107 100% Exp 2
24 2 UCAR Ultra + 100% EG Type IV Natural Snow 5 -11 04-Mar-03 104 98% Int 2
24 3 UCAR Ultra + 100% EG Type IV Natural Snow 5 -11 04-Mar-03 79 74% Nov 5
24 4 UCAR Ultra + 100% EG Type IV Natural Snow 5 -11 04-Mar-03 105 98% Nov 6
25 1 UCAR Ultra + 100% EG Type IV Natural Snow 26 -3 08-Mar-03 83 100% Exp 2
25 2 UCAR Ultra + 100% EG Type IV Natural Snow 26 -3 08-Mar-03 71 86% Nov 1
25 3 UCAR Ultra + 100% EG Type IV Natural Snow 26 -3 08-Mar-03 67 81% Nov 2
26 1 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 26 -3 08-Mar-03 57 100% Exp 2
26 2 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 26 -3 08-Mar-03 47 82% Nov 1
26 3 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 26 -3 08-Mar-03 23 40% Nov 2
27 1 Clariant Safewing MPIl 1951 50% PG Type Il Natural Snow 26 -3 08-Mar-03 7 100% Exp 2
27 2 Clariant Safewing MPIl 1951 50% PG Type Il Natural Snow 26 -3 08-Mar-03 8 114% Nov 1
27 3 Clariant Safewing MPIl 1951 50% PG Type Il Natural Snow 26 -3 08-Mar-03 9 128% Nov 2
28 1 UCAR Ultra + 100% EG Type IV Natural Snow 23 -3 08-Mar-03 112 100% Exp 2
28 2 UCAR Ultra + 100% EG Type IV Natural Snow 23 -3 08-Mar-03 113 101% Nov 1
28 3 UCAR Ultra + 100% EG Type IV Natural Snow 23 -3 08-Mar-03 109 97 % Nov 2
29 1 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 23 -3 08-Mar-03 105 100% Exp 2
29 2 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 23 -3 08-Mar-03 104 99% Nov 1
29 3 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 23 -3 08-Mar-03 98 93% Nov 2
30 1 Clariant Safewing MPIl 1951 50% PG Type Il Natural Snow 23 -3.1 08-Mar-03 6 100% Exp 2
30 2 Clariant Safewing MPIl 1951 50% PG Type Il Natural Snow 23 -3.1 08-Mar-03 7 126% Nov 1
30 3 Clariant Safewing MPIl 1951 50% PG Type Il Natural Snow 23 -3.1 08-Mar-03 8 135% Nov 2
31 1 UCAR EG ADF 10° buffer EG Type | Natural Snow 23 -3.1 08-Mar-03 3 100% Exp 2
31 2 UCAR EG ADF 10° buffer EG Type | Natural Snow 23 -3.1 08-Mar-03 4 129% Nov 1
31 3 UCAR EG ADF 10° buffer EG Type | Natural Snow 23 -3.1 08-Mar-03 4 129% Nov 2
32 1 UCAR Ultra + 100% EG Type IV Natural Snow 17 -3.1 08-Mar-03 84 100% Exp 2
32 2 UCAR Ultra + 100% EG Type IV Natural Snow 17 -3.1 08-Mar-03 84 100% Nov 1
32 3 UCAR Ultra + 100% EG Type IV Natural Snow 17 -3.1 08-Mar-03 84 100% Nov 2
33 1 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 17 -3.1 08-Mar-03 66 100% Exp 2
33 2 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 17 -3.1 08-Mar-03 68 103% Nov 1
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APPENDIX D

Table D-1 (cont’d): Log of Variance Tests

. S Approx. | Approx.
TZSt Obs. Fluid Fluid Dilution| PG/EG _I;I;g: Pregll_sll;cztlon FF)igte TpeFl)fnp. Date (mli—ll’g;res) ET Score | Tester
(g/dm2/h) (°C)
33 3 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 17 -3.1 08-Mar-03 68 103% Nov 2
34 1 Clariant Safewing MPIl 1951 50% PG Type Il Natural Snow 17 -3.1 08-Mar-03 8 100% Exp 2
34 2 Clariant Safewing MPIl 1951 50% PG Type Il Natural Snow 17 -3.1 08-Mar-03 7 87% Nov 1
34 3 Clariant Safewing MPIl 1951 50% PG Type Il Natural Snow 17 -3.1 08-Mar-03 6 80% Nov 2
35 1 UCAR EG ADF 10° buffer EG Type | Natural Snow 17 -3.1 08-Mar-03 3 100% Exp 2
35 2 UCAR EG ADF 10° buffer EG Type | Natural Snow 17 -3.1 08-Mar-03 4 116% Nov 1
35 3 UCAR EG ADF 10° buffer EG Type | Natural Snow 17 -3.1 08-Mar-03 4 132% Nov 2
36 1 Clariant Safewing MP IV 2030 50% PG Type IV Natural Snow 10 -3.1 08-Mar-03 23 100% Exp 2
36 2 Clariant Safewing MP IV 2030 50% PG Type IV Natural Snow 10 -3.1 08-Mar-03 24 106% Nov 1
36 3 Clariant Safewing MP IV 2030 50% PG Type IV Natural Snow 10 -3.1 08-Mar-03 24 107% Nov 2
37 1 Clariant Safewing MP IV 2030 50% PG Type IV Natural Snow 10 -3.1 08-Mar-03 22 100% Exp 2
37 2 Clariant Safewing MP IV 2030 50% PG Type IV Natural Snow 10 -3.1 08-Mar-03 23 107% Nov 1
37 3 Clariant Safewing MP IV 2030 50% PG Type IV Natural Snow 10 -3.1 08-Mar-03 23 108% Nov 2
38 1 Clariant Safewing MP 1l 2025 50% PG Type Il Natural Snow 10 -3.1 08-Mar-03 18 100% Exp 2
38 2 Clariant Safewing MP Il 2025 50% PG Type Il Natural Snow 10 -3.1 08-Mar-03 19 106% Nov 1
38 3 Clariant Safewing MP 11 2025 50% PG Type Il Natural Snow 10 -3.1 08-Mar-03 19 109% Nov 2
39 1 Clariant Safewing MP Il 2025 50% PG Type Il Natural Snow 10 -3.1 08-Mar-03 17 100% Exp 2
39 2 Clariant Safewing MP 11 2025 50% PG Type Il Natural Snow 10 -3.1 08-Mar-03 19 110% Nov 1
39 3 Clariant Safewing MP Il 2025 50% PG Type Il Natural Snow 10 -3.1 08-Mar-03 19 111% Nov 2
40 1 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 7 -7 05-Apr-03 116 n/a Int 2
40 2 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 7 -7 05-Apr-03 120 n/a Int 1
40 3 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 7 -7 05-Apr-03 118 n/a Nov 4
40 4 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 7 -7 05-Apr-03 114 n/a Nov 1
41 1 Clariant Safewing MP IV 2030 75% PG Type IV Natural Snow 7 -7 05-Apr-03 92 n/a Int 2
41 2 Clariant Safewing MP IV 2030 75% PG Type IV Natural Snow 7 -7 05-Apr-03 91 n/a Int 1
42 1 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 7 -7 05-Apr-03 73 n/a Int 2
42 2 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 7 -7 05-Apr-03 73 n/a Int 1
43 1 Clariant Safewing MP Il 2025 100% PG Type Il Natural Snow 7 -7 05-Apr-03 90 n/a Int 2
43 2 Clariant Safewing MP 11 2025 100% PG Type Il Natural Snow 7 -7 05-Apr-03 85 n/a Int1
44 1 Clariant Safewing MP Il 2025 75% PG Type Il Natural Snow 7 -7 05-Apr-03 56 n/a Int 2
44 2 Clariant Safewing MP 11 2025 75% PG Type Il Natural Snow 7 -7 05-Apr-03 60 n/a Int 1
45 1 Clariant Safewing MP Il 2025 100% PG Type Il Natural Snow 7 -7 05-Apr-03 87 n/a Int 2
45 2 Clariant Safewing MP 1l 2025 100% PG Type Il Natural Snow 7 -7 05-Apr-03 87 n/a Int 1
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Table D-1 (cont’d): Log of Variance Tests

. S Approx. | Approx.
TZSt Obs. Fluid Fluid Dilution| PG/EG _I;I;g: Pregll_sll;cztlon FF)igte TpeFl)fnp. Date (mli—ll’g;res) ET Score | Tester
(g/dm2/h) (°C)
46 1 Clariant Safewing MP Il 2025 75% PG Type Il Natural Snow 6 -7 05-Apr-03 56 n/a Int 2
46 2 Clariant Safewing MP Il 2025 75% PG Type Il Natural Snow 6 -7 05-Apr-03 64 n/a Int 1
46 3 Clariant Safewing MP 1l 2025 75% PG Type Il Natural Snow 6 -7 05-Apr-03 43 n/a Nov 4
46 4 Clariant Safewing MP Il 2025 75% PG Type Il Natural Snow 6 -7 05-Apr-03 63 n/a Nov 1
47 1 UCAR EG ADF 10° buffer EG Type | Natural Snow 9 -7 05-Apr-03 9 n/a Int 2
47 2 UCAR EG ADF 10° buffer EG Type | Natural Snow 9 -7 05-Apr-03 8 n/a Int1
47 3 UCAR EG ADF 10° buffer EG Type | Natural Snow 9 -7 05-Apr-03 6 n/a Nov 4
47 4 UCAR EG ADF 10° buffer EG Type | Natural Snow 9 -7 05-Apr-03 6 n/a Nov 1
48 1 Kilfrost ABC-S 100% PG Type IV Natural Snow 7 -7 05-Apr-03 73 n/a Int 2
48 2 Kilfrost ABC-S 100% PG Type IV Natural Snow 7 -7 05-Apr-03 73 n/a Int 1
49 1 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 7 -7 05-Apr-03 115 n/a Int 2
49 2 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 7 -7 05-Apr-03 116 n/a Int 1
50 1 UCAR Ultra+ 100% EG Type IV Natural Snow 9 -6.8 05-Apr-03 127 n/a Int 3
50 2 UCAR Ultra+ 100% EG Type IV Natural Snow 9 -6.8 05-Apr-03 127 n/a Nov 4
50 3 UCAR Ultra+ 100% EG Type IV Natural Snow 9 -6.8 05-Apr-03 127 n/a Nov 1
51 1 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 18 -6.2 05-Apr-03 74 100% Exp 2
51 2 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 18 -6.2 05-Apr-03 74 100% Int 2
51 3 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 18 -6.2 05-Apr-03 77 103% Int 1
51 4 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 18 -6.2 05-Apr-03 74 100% Nov 4
51 5 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 18 -6.2 05-Apr-03 73 99% Nov 1
52 1 Clariant Safewing MP IV 2030 75% PG Type IV Natural Snow 18 -6.2 05-Apr-03 57 100% Exp 2
52 2 Clariant Safewing MP IV 2030 75% PG Type IV Natural Snow 18 -6.2 05-Apr-03 56 97% Int 2
52 3 Clariant Safewing MP IV 2030 75% PG Type IV Natural Snow 18 -6.2 05-Apr-03 71 124% Int 1
53 1 Clariant Safewing MPIV 2001 100% PG Type IV Natural Snow 16 -6.2 05-Apr-03 45 n/a Int 2
53 2 Clariant Safewing MPIV 2002 100% PG Type IV Natural Snow 16 -6.2 05-Apr-03 54 n/a Int 1
54 1 Clariant Safewing MP Il 2025 100% PG Type Il Natural Snow 18 -6.2 05-Apr-03 64 100% Exp 2
54 2 Clariant Safewing MP 11 2025 100% PG Type Il Natural Snow 18 -6.2 05-Apr-03 63 97% Int 2
54 3 Clariant Safewing MP Il 2025 100% PG Type Il Natural Snow 18 -6.2 05-Apr-03 64 100% Int1
55 1 Clariant Safewing MP 1l 2025 75% PG Type Il Natural Snow 16 -6.2 05-Apr-03 41 100% Exp 2
55 2 Clariant Safewing MP Il 2025 75% PG Type Il Natural Snow 16 -6.2 05-Apr-03 41 98% Int 2
55 3 Clariant Safewing MP 11 2025 75% PG Type |l Natural Snow 16 -6.2 05-Apr-03 44 106% Int 1
55 4 Clariant Safewing MP Il 2025 75% PG Type Il Natural Snow 16 -6.2 05-Apr-03 39 95% Nov 4
55 5 Clariant Safewing MP 1l 2025 75% PG Type Il Natural Snow 16 -6.2 05-Apr-03 39 95% Nov 1
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Table D-1 (cont’d): Log of Variance Tests

. S Approx. | Approx.
TZSt Obs. Fluid Fluid Dilution| PG/EG _I;I;g: Pregll_sll;cztlon FF)igte TpeFl)fnp. Date (mli—ll’g;res) ET Score | Tester
(g/dm2/h) (°C)
56 1 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 18 -6.2 05-Apr-03 73 100% Exp 2
56 2 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 18 -6.2 05-Apr-03 70 96% Int 2
56 3 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 18 -6.2 05-Apr-03 73 100% Int 1
56 4 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 18 -6.2 05-Apr-03 68 93% Nov 4
56 5 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 18 -6.2 05-Apr-03 72 99% Nov 1
57 1 Clariant Safewing MP IV 2030 75% PG Type IV Natural Snow 18 -6.2 05-Apr-03 61 100% Exp 2
57 2 Clariant Safewing MP IV 2030 75% PG Type IV Natural Snow 18 -6.2 05-Apr-03 57 94% Int 2
57 3 Clariant Safewing MP IV 2030 75% PG Type IV Natural Snow 18 -6.2 05-Apr-03 65 107% Int1
58 1 UCAR EG ADF 10° buffer EG Type | Natural Snow 10 -6.2 05-Apr-03 6 n/a Int 2
58 2 UCAR EG ADF 10° buffer EG Type | Natural Snow 10 -6.2 05-Apr-03 8 n/a Int1
58 3 UCAR EG ADF 10° buffer EG Type | Natural Snow 10 -6.2 05-Apr-03 8 n/a Nov 4
58 4 UCAR EG ADF 10° buffer EG Type | Natural Snow 10 -6.2 05-Apr-03 8 n/a Nov 1
59 1 Kilfrost ABC-S 100% PG Type IV Natural Snow 18 -6.2 05-Apr-03 59 n/a Int 2
59 2 Kilfrost ABC-S 100% PG Type IV Natural Snow 18 -6.2 05-Apr-03 60 n/a Int 1
60 1 Clariant Safewing MP Il 2025 100% PG Type Il Natural Snow 16 -6.2 05-Apr-03 51 100% Exp 2
60 2 Clariant Safewing MP 11 2025 100% PG Type |l Natural Snow 16 -6.2 05-Apr-03 54 105% Int 2
60 3 Clariant Safewing MP Il 2025 100% PG Type Il Natural Snow 18 -6.2 05-Apr-03 57 112% Int1
61 1 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 14 -6.2 05-Apr-03 76 100% Exp 2
61 2 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 14 -6.2 05-Apr-03 75 99% Int 2
61 3 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 14 -6.2 05-Apr-03 77 102% Int 1
62 1 Clariant Safewing MP IV 2030 75% PG Type IV Natural Snow 13 -6.2 05-Apr-03 58 100% Exp 2
62 2 Clariant Safewing MP IV 2030 75% PG Type IV Natural Snow 13 -6.2 05-Apr-03 58 100% Int 2
62 3 Clariant Safewing MP IV 2030 75% PG Type IV Natural Snow 13 -6.2 05-Apr-03 67 115% Int 1
63 1 Clariant Safewing MP Il 2025 100% PG Type Il Natural Snow 13 -6.2 05-Apr-03 52 100% Exp 2
63 2 Clariant Safewing MP 11 2025 100% PG Type |l Natural Snow 13 -6.2 05-Apr-03 54 103% Int 2
63 3 Clariant Safewing MP Il 2025 100% PG Type Il Natural Snow 13 -6.2 05-Apr-03 55 105% Int1
64 1 Clariant Safewing MP 1l 2025 75% PG Type Il Natural Snow 13 -6.2 05-Apr-03 36 100% Exp 2
64 2 Clariant Safewing MP Il 2025 75% PG Type Il Natural Snow 13 -6.2 05-Apr-03 35 98% Int 2
64 3 Clariant Safewing MP 11 2025 75% PG Type |l Natural Snow 13 -6.2 05-Apr-03 37 103% Int 1
64 4 Clariant Safewing MP Il 2025 75% PG Type Il Natural Snow 13 -6.2 05-Apr-03 36 101% Nov 4
64 5 Clariant Safewing MP 1l 2025 75% PG Type Il Natural Snow 13 -6.2 05-Apr-03 37 104% Nov 1
65 1 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 14 -6.2 05-Apr-03 74 100% Exp 2
65 2 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 14 -6.2 05-Apr-03 72 97% Int 2
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Table D-1 (cont’d): Log of Variance Tests

. S Approx. | Approx.
TZSt Obs. Fluid Fluid Dilution| PG/EG _II:_Im: Pregll_pltztlon Rate Temp. Date (mli—ll'g;res) ET Score | Tester
yp yp (g/dm2/h) | (°C)
65 3 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 14 -6.2 05-Apr-03 77 104% Int 1
65 4 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 14 -6.2 05-Apr-03 70 95% Nov 1
65 5 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 14 -6.2 05-Apr-03 73 99% Nov 4
66 1 Clariant Safewing MP IV 2030 75% PG Type IV Natural Snow 13 -6.2 05-Apr-03 52 100% Exp 2
66 2 Clariant Safewing MP IV 2030 75% PG Type IV Natural Snow 13 -6.2 05-Apr-03 52 101% Int 2
66 3 Clariant Safewing MP IV 2030 75% PG Type IV Natural Snow 13 -6.2 05-Apr-03 57 109% Int1
67 1 Clariant Safewing MP 1l 2025 100% PG Type Il Natural Snow 13 -6.2 05-Apr-03 51 100% Exp 2
67 2 Clariant Safewing MP Il 2025 100% PG Type Il Natural Snow 13 -6.2 05-Apr-03 52 101% Int 2
67 3 Clariant Safewing MP 11 2025 100% PG Type |l Natural Snow 13 -6.2 05-Apr-03 52 102% Int 1
68 1 UCAR EG ADF 10° buffer EG Type | Natural Snow 16 -6.2 05-Apr-03 12 100% Exp 2
68 2 UCAR EG ADF 10° buffer EG Type | Natural Show 16 -6.2 05-Apr-03 12 104% Int 2
68 3 UCAR EG ADF 10° buffer EG Type | Natural Show 16 -6.2 05-Apr-03 11 96% Int 1
68 4 UCAR EG ADF 10° buffer EG Type | Natural Snow 16 -6.2 05-Apr-03 14 117% Nov 4
68 5 UCAR EG ADF 10° buffer EG Type | Natural Snow 16 -6.2 05-Apr-03 11 92% Nov 1
69 1 Clariant Safewing MP Il 2025 75% PG Type Il Natural Snow 13 -6.2 05-Apr-03 36 100% Exp 2
69 2 Clariant Safewing MP 11 2025 75% PG Type |l Natural Snow 13 -6.2 05-Apr-03 35 97% Int 2
69 3 Clariant Safewing MP Il 2025 75% PG Type Il Natural Snow 13 -6.2 05-Apr-03 37 104% Int1
69 4 Clariant Safewing MP 11 2025 75% PG Type Il Natural Snow 13 -6.2 05-Apr-03 38 106% Nov 4
69 5 Clariant Safewing MP Il 2025 75% PG Type Il Natural Snow 13 -6.2 05-Apr-03 35 97% Nov 1
70 1 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 13 -6.2 05-Apr-03 66 100% Exp 2
70 2 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 13 -6.2 05-Apr-03 65 99% Int 2
70 3 Clariant Safewing MP IV 2030 100% PG Type IV Natural Snow 14 -6.2 05-Apr-03 74 111% Int 1
71 1 Clariant MP IV 2030 75% PG Type IV Freezing Fog 5 -3 02-Apr-03 89 100% Exp 2
71 2 Clariant MP IV 2030 75% PG Type IV Freezing Fog 5 -3 02-Apr-03 89 100% Int 3
71 3 Clariant MP 1V 2030 75% PG Type IV Freezing Fog 5 -3 02-Apr-03 88 101% Nov 1
72 1 Clariant MP | 1938 10° buffer PG Type | Freezing Fog 5 -3 02-Apr-03 19 100% Exp 2
72 2 Clariant MP |1 1938 10° buffer PG Type | Freezing Fog 5 -3 02-Apr-03 20 95% Int 3
72 3 Clariant MP | 1938 10° buffer PG Type | Freezing Fog 5 -3 02-Apr-03 23 79% Nov 1
73 1 UCAR EG ADF 10° buffer EG Type | Freezing Fog 5 -3 02-Apr-03 13 100% Exp 2
73 2 UCAR EG ADF 10° buffer EG Type | Freezing Fog 5 -3 02-Apr-03 13 100% Int 3
73 3 UCAR EG ADF 10° buffer EG Type | Freezing Fog 5 -3 02-Apr-03 12 106% Nov 1
74 1 Clariant MP Il 2025 50% PG Type Il Freezing Fog 5 -3 02-Apr-03 28 100% Exp 2
74 2 Clariant MP 11 2025 50% PG Type Il Freezing Fog 5 -3 02-Apr-03 29 98% Int 3
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APPENDIX D

Table D-1 (cont’d): Log of Variance Tests

. S Approx. | Approx.
TZSt Obs. Fluid Fluid Dilution| PG/EG _II:_Im: Pregll_pltztlon Rate Temp. Date (mli—ll'g;res) ET Score | Tester
yp yp (g/dm2/h) | (°C)
74 3 Clariant MP Il 2025 50% PG Type Il Freezing Fog 5 -3 02-Apr-03 29 98% Nov 1
75 1 UCAR Ultra+ 100% EG Type IV Freezing Fog 5 -3 02-Apr-03 217 100% Exp 2
75 2 UCAR Ultra+ 100% EG Type IV Freezing Fog 5 -3 02-Apr-03 249 85% Int 3
76 1 UCAR Ultra+ 100% EG Type IV Freezing Fog 5 -25 07-Apr-03 51 100% Exp 2
76 2 UCAR Ultra+ 100% EG Type IV Freezing Fog 5 -25 07-Apr-03 48 106% Int 3
76 3 UCAR Ultra+ 100% EG Type IV Freezing Fog 5 -25 07-Apr-03 79 46% Nov 1
77 1 Clariant MP 1V 2030 100% PG Type IV Freezing Fog 5 -25 07-Apr-03 27 100% Exp 2
77 2 Clariant MP IV 2030 100% PG Type IV Freezing Fog 5 -25 07-Apr-03 40 51% Int 3
77 3 Clariant MP 1V 2030 100% PG Type IV Freezing Fog 5 -25 07-Apr-03 21 122% Nov 1
78 1 Clariant MP | 1938 10° buffer PG Type | Freezing Fog 5 -25 07-Apr-03 7 100% Exp 2
78 2 Clariant MP | 1938 10° buffer PG Type | Freezing Fog 5 -25 07-Apr-03 6 115% Int 3
78 3 Clariant MP |1 1938 10° buffer EG Type | Freezing Fog 5 -25 07-Apr-03 8 85% Nov 1
79 1 UCAR EG ADF 10° buffer EG Type | Freezing Fog 2 -25 07-Apr-03 8 100% Exp 2
79 2 UCAR EG ADF 10° buffer EG Type | Freezing Fog 2 -25 07-Apr-03 7 112% Int 3
79 3 UCAR EG ADF 10° buffer EG Type | Freezing Fog 2 -25 07-Apr-03 8 100% Nov 1
79 4 UCAR EG ADF 10° buffer EG Type | Freezing Fog 2 -25 07-Apr-03 11 63% Nov 3
80 1 Clariant MP IV 2030 100% PG Type IV Freezing Fog 2 -25 07-Apr-03 49 100% Exp 2
80 2 Clariant MP 1V 2030 100% PG Type IV Freezing Fog 2 -25 07-Apr-03 45 108% Int 3
80 3 Clariant MP IV 2030 100% PG Type IV Freezing Fog 2 -25 07-Apr-03 56 86% Nov 1
80 4 Clariant MP 1V 2030 100% PG Type IV Freezing Fog 2 -25 07-Apr-03 20 159% Nov 3
81 1 UCAR Ultra+ 100% EG Type IV Freezing Fog 2 -14 07-Apr-03 251 100% Exp 2
81 2 UCAR Ultra+ 100% EG Type IV Freezing Fog 2 -14 07-Apr-03 260 96% Int 3
81 3 UCAR Ultra+ 100% EG Type IV Freezing Fog 2 -14 07-Apr-03 259 97% Nov 1
81 4 UCAR Ultra+ 100% EG Type IV Freezing Fog 2 -14 07-Apr-03 237 106% Nov 3
82 1 Clariant MP |1 1938 10° buffer PG Type | Freezing Fog 2 -14 10-Apr-03 9 100% Exp 2
82 2 Clariant MP | 1938 10° buffer PG Type | Freezing Fog 2 -14 10-Apr-03 7 119% Int 3
82 3 Clariant MP 1 1938 10° buffer PG Type | Freezing Fog 2 -14 10-Apr-03 6 129% Nov 1
82 4 Clariant MP | 1938 10° buffer PG Type | Freezing Fog 2 -14 10-Apr-03 6 133% Nov 3
83 1 Clariant MP 1V 2030 100% PG Type IV Freezing Fog 2 -14 10-Apr-03 102 100% Exp 2
83 2 Clariant MP IV 2030 100% PG Type IV Freezing Fog 2 -14 10-Apr-03 104 98% Int 3
83 3 Clariant MP 1V 2030 100% PG Type IV Freezing Fog 2 -14 10-Apr-03 69 132% Nov 1
83 4 Clariant MP IV 2030 100% PG Type IV Freezing Fog 2 -14 10-Apr-03 96 106% Nov 3
84 1 Clariant MP IV 2030 75% PG Type IV Freezing Fog 2 -14 10-Apr-03 79 100% Exp 2
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APPENDIX D

Table D-1 (cont’d): Log of Variance Tests

. S Approx. | Approx.
TZSt Obs. Fluid Fluid Dilution| PG/EG _I;I;g: Pregll_sll;cztlon FF)igtte TpeFl)fnp. Date (mli—ll'g;res) ET Score | Tester
(g/dm2/h) (°C)
84 2 Clariant MP IV 2030 75% PG Type IV Freezing Fog 2 -14 10-Apr-03 69 113% Int 3
84 3 Clariant MP IV 2030 75% PG Type IV Freezing Fog 2 -14 10-Apr-03 68 114% Nov 1
84 4 Clariant MP 1V 2030 75% PG Type IV Freezing Fog 2 -14 10-Apr-03 85 93% Nov 3
85 1 UCAR Ultra+ 100% EG Type IV |Light Freezing Rain 13 -10 08-Apr-03 57 100% Exp 2
85 2 UCAR Ultra+ 100% EG Type IV _|Light Freezing Rain 13 -10 08-Apr-03 57 100% Int 3
85 3 UCAR Ultra+ 100% EG Type IV |Light Freezing Rain 13 -10 08-Apr-03 57 100% Nov 1
85 4 UCAR Ultra+ 100% EG Type IV _|Light Freezing Rain 13 -10 08-Apr-03 56 101% Nov 3
86 1 Clariant MP IV 2030 100% PG Type IV |Light Freezing Rain 13 -10 08-Apr-03 24 100% Exp 2
86 2 Clariant MP IV 2030 100% PG Type IV |[Light Freezing Rain 13 -10 08-Apr-03 31 70% Int 3
86 3 Clariant MP IV 2030 100% PG Type IV |Light Freezing Rain 13 -10 08-Apr-03 39 36% Nov 1
86 4 Clariant MP IV 2030 100% PG Type IV |[Light Freezing Rain 13 -10 08-Apr-03 11 154% Nov 3
87 1 Clariant MP 1V 2030 75% PG Type IV |[Light Freezing Rain 13 -10 08-Apr-03 28 100% Exp 2
87 2 Clariant MP IV 2030 75% PG Type IV |Light Freezing Rain 13 -10 08-Apr-03 29 96% Int 3
87 3 Clariant MP 1V 2030 75% PG Type IV |[Light Freezing Rain 13 -10 08-Apr-03 31 89% Nov 1
87 4 Clariant MP IV 2030 75% PG Type IV |Light Freezing Rain 13 -10 08-Apr-03 30 92% Nov 3
88 1 UCAR EG ADF 10° buffer EG Type | |Light Freezing Rain 13 -10 08-Apr-03 4 100% Exp 2
88 2 UCAR EG ADF 10° buffer EG Type | |Light Freezing Rain 13 -10 08-Apr-03 5 77% Int 3
88 3 UCAR EG ADF 10° buffer EG Type | |Light Freezing Rain 13 -10 08-Apr-03 5 95% Nov 1
88 4 UCAR EG ADF 10° buffer EG Type | |Light Freezing Rain 13 -10 08-Apr-03 6 61% Nov 3
89 1 UCAR EG ADF 10° buffer EG Type | |Light Freezing Rain 25 -10 08-Apr-03 5 100% Exp 2
89 2 UCAR EG ADF 10° buffer EG Type | |Light Freezing Rain 25 -10 08-Apr-03 6 79% Int 4
89 3 UCAR EG ADF 10° buffer EG Type | |Light Freezing Rain 25 -10 08-Apr-03 5 97% Int 3
89 4 UCAR EG ADF 10° buffer EG Type | |Light Freezing Rain 25 -10 08-Apr-03 6 79% Nov 1
90 1 Clariant MP | 1938 10° buffer PG Type | |Light Freezing Rain 25 -10 08-Apr-03 5 100% Exp 2
90 2 Clariant MP | 1938 10° buffer PG Type | |Light Freezing Rain 25 -10 08-Apr-03 5 95% Int 4
90 3 Clariant MP | 1938 10° buffer PG Type | |Light Freezing Rain 25 -10 08-Apr-03 5 95% Int 3
90 4 Clariant MP |1 1938 10° buffer PG Type | |Light Freezing Rain 25 -10 08-Apr-03 5 105% Nov 1
91 1 Clariant MP IV 2030 100% PG Type IV |Light Freezing Rain 25 -10 08-Apr-03 24 100% Exp 2
91 2 Clariant MP 1V 2030 100% PG Type IV _|[Light Freezing Rain 25 -10 08-Apr-03 25 97% Int 4
91 3 Clariant MP IV 2030 100% PG Type IV |Light Freezing Rain 25 -10 08-Apr-03 23 104% Int 3
91 4 Clariant MP 1V 2030 100% PG Type IV _|[Light Freezing Rain 25 -10 08-Apr-03 23 104% Nov 1
92 1 Clariant MP Il 2025 75% PG Type Il |Light Freezing Rain 25 -10 08-Apr-03 13 100% Exp 2
92 2 Clariant MP 11 2025 75% PG Type Il |Light Freezing Rain 25 -10 08-Apr-03 16 79% Int 4
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APPENDIX D

Table D-1 (cont’d): Log of Variance Tests

. S Approx. | Approx.
TZSt Obs. Fluid Fluid Dilution| PG/EG _I;I;g: Pregll_sll;cztlon FF)igtte TpeFl)fnp. Date (mli—ll'g;res) ET Score | Tester
(g/dm2/h) (°C)
92 3 Clariant MP Il 2025 75% PG Type Il [Light Freezing Rain 25 -10 08-Apr-03 12 108% Int 3
92 4 Clariant MP Il 2025 75% PG Type Il |Light Freezing Rain 25 -10 08-Apr-03 14 92% Nov 1
93 1 UCAR Ultra+ 100% EG Type IV _|Light Freezing Rain 25 -10 08-Apr-03 39 100% Exp 2
93 2 UCAR Ultra+ 100% EG Type IV |Light Freezing Rain 25 -10 08-Apr-03 41 95% Int 4
93 3 UCAR Ultra+ 100% EG Type IV _|Light Freezing Rain 25 -10 08-Apr-03 40 97% Int 3
93 4 UCAR Ultra+ 100% EG Type IV |Light Freezing Rain 25 -10 08-Apr-03 39 99% Nov 1
94 1 UCAR EG ADF 10° buffer EG Type | Freezing Drizzle 13 -10 08-Apr-03 6 n/a Int 3
94 2 UCAR EG ADF 10° buffer EG Type | Freezing Drizzle 13 -10 08-Apr-03 6 n/a Nov 1
94 3 UCAR EG ADF 10° buffer EG Type | Freezing Drizzle 13 -10 08-Apr-03 10 n/a Nov 3
95 1 Clariant MP | 1938 10° buffer PG Type | Freezing Drizzle 13 -10 08-Apr-03 5 n/a Int 3
95 2 Clariant MP |1 1938 10° buffer PG Type | Freezing Drizzle 13 -10 08-Apr-03 7 n/a Nov 1
95 3 Clariant MP |1 1938 10° buffer PG Type | Freezing Drizzle 13 -10 08-Apr-03 7 n/a Nov 3
96 1 Clariant MP IV 2030 100% PG Type IV | Freezing Drizzle 13 -10 08-Apr-03 46 n/a Int 3
96 2 Clariant MP 1V 2030 100% PG Type IV | Freezing Drizzle 13 -10 08-Apr-03 42 n/a Nov 1
96 3 Clariant MP IV 2030 100% PG Type IV | Freezing Drizzle 13 -10 08-Apr-03 64 n/a Nov 3
97 1 Clariant MP 11 2025 75% PG Type |l Freezing Drizzle 13 -10 08-Apr-03 24 n/a Int 3
97 2 Clariant MP Il 2025 75% PG Type Il Freezing Drizzle 13 -10 08-Apr-03 19 n/a Nov 1
97 3 Clariant MP 11 2025 75% PG Type Il Freezing Drizzle 13 -10 08-Apr-03 26 n/a Nov 3
98 1 Clariant MP IV 2030 100% PG Type IV | Freezing Drizzle 5 -10 08-Apr-03 65 100% Exp 2
98 2 Clariant MP IV 2030 100% PG Type IV | Freezing Drizzle 5 -10 08-Apr-03 66 98% Int 1
98 3 Clariant MP IV 2030 100% PG Type IV | Freezing Drizzle 5 -10 08-Apr-03 89 62% Nov 1
98 4 Clariant MP IV 2030 100% PG Type IV | Freezing Drizzle 5 -10 08-Apr-03 102 42% Nov 3
99 1 Clariant MP IV 2030 75% PG Type IV | Freezing Drizzle 5 -10 08-Apr-03 59 100% Exp 2
99 2 Clariant MP IV 2030 75% PG Type IV | Freezing Drizzle 5 -10 08-Apr-03 62 94% Int1
99 3 Clariant MP IV 2030 75% PG Type IV | Freezing Drizzle 5 -10 08-Apr-03 69 82% Nov 1
99 4 Clariant MP IV 2030 75% PG Type IV | Freezing Drizzle 5 -10 08-Apr-03 70 80% Nov 3
100 1 UCAR EG ADF 10° buffer EG Type | Freezing Drizzle 5 -10 08-Apr-03 9 100% Exp 2
100 2 UCAR EG ADF 10° buffer EG Type | Freezing Drizzle 5 -10 08-Apr-03 9 95% Int 3
100 3 UCAR EG ADF 10° buffer EG Type | Freezing Drizzle 5 -10 08-Apr-03 9 98% Nov 1
100 4 UCAR EG ADF 10° buffer EG Type | Freezing Drizzle 5 -10 08-Apr-03 8 110% Nov 3
101 1 UCAR Ultra+ 100% EG Type IV | Freezing Drizzle 5 -10 08-Apr-03 121 100% Exp 2
101 2 UCAR Ultra+ 100% EG Type IV | Freezing Drizzle 5 -10 08-Apr-03 131 92% Int 3
101 3 UCAR Ultra+ 100% EG Type IV | Freezing Drizzle 5 -10 08-Apr-03 131 92% Nov 1
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APPENDIX D

Table D-1 (cont’d): Log of Variance Tests

. S Approx. | Approx.
TZSt Obs. Fluid Fluid Dilution| PG/EG _I;I;g: Pregll_sll;cztlon FF)igtte TpeFl)fnp. Date (mli—ll'g;res) ET Score | Tester
(g/dm2/h) (°C)
101 4 UCAR Ultra+ 100% EG Type IV | Freezing Drizzle 5 -10 08-Apr-03 131 91% Nov 3
102 1 UCAR EG ADF 10° buffer EG Type | |Light Freezing Rain 25 -3 09-Apr-03 16 100% Exp 2
102 2 UCAR EG ADF 10° buffer EG Type | |Light Freezing Rain 25 -3 09-Apr-03 19 80% Int 3
102 3 UCAR EG ADF 10° buffer EG Type | |Light Freezing Rain 25 -3 09-Apr-03 12 126% Nov 1
102 4 UCAR EG ADF 10° buffer EG Type | |Light Freezing Rain 25 -3 09-Apr-03 25 43% Nov 3
103 1 UCAR Ultra+ 100% EG Type IV |Light Freezing Rain 25 -3 09-Apr-03 40 100% Exp 2
103 2 UCAR Ultra+ 100% EG Type IV _|Light Freezing Rain 25 -3 09-Apr-03 39 103% Int 3
103 3 UCAR Ultra+ 100% EG Type IV |Light Freezing Rain 25 -3 09-Apr-03 40 101% Nov 1
103 4 UCAR Ultra+ 100% EG Type IV _|Light Freezing Rain 25 -3 09-Apr-03 52 69% Nov 3
104 1 Clariant MP IV 2030 100% PG Type IV |Light Freezing Rain 25 -3 09-Apr-03 42 98% Exp 2
104 2 Clariant MP IV 2030 100% PG Type IV |[Light Freezing Rain 25 -3 09-Apr-03 39 104% Int 1
104 3 Clariant MP 1V 2030 100% PG Type IV |[Light Freezing Rain 25 -3 09-Apr-03 40 102% Nov 1
104 4 Clariant MP IV 2030 100% PG Type IV |Light Freezing Rain 25 -3 09-Apr-03 45 91% Nov 3
105 1 Clariant MP 1V 2030 75% PG Type IV |[Light Freezing Rain 25 -3 09-Apr-03 30 102% Exp 2
105 2 Clariant MP IV 2030 75% PG Type IV |Light Freezing Rain 25 -3 09-Apr-03 28 107% Int1
105 3 Clariant MP 1V 2030 75% PG Type IV |[Light Freezing Rain 25 -3 09-Apr-03 29 106% Nov 1
105 4 Clariant MP IV 2030 75% PG Type IV |Light Freezing Rain 25 -3 09-Apr-03 33 92% Nov 3
106 1 Clariant MP 11 2025 50% PG Type Il |Light Freezing Rain 25 -3 09-Apr-03 8 100% Exp 2
106 2 Clariant MP Il 2025 50% PG Type Il |Light Freezing Rain 25 -3 09-Apr-03 6 128% Int 3
106 3 Clariant MP 11 2025 50% PG Type Il |Light Freezing Rain 25 -3 09-Apr-03 9 89% Nov 1
107 1 Clariant MP | 1938 10° buffer PG Type | |Light Freezing Rain 25 -3 09-Apr-03 11 100% Exp 2
107 2 Clariant MP |1 1938 10° buffer PG Type | |Light Freezing Rain 25 -3 09-Apr-03 13 77% Int 3
107 3 Clariant MP | 1938 10° buffer PG Type | |Light Freezing Rain 25 -3 09-Apr-03 12 86% Nov 1
107 4 Clariant MP | 1938 10° buffer PG Type | |Light Freezing Rain 25 -3 09-Apr-03 14 73% Nov 3
108 1 UCAR Ultra+ 100% EG Type IV _|[Light Freezing Rain 13 -3 09-Apr-03 53 100% Exp 2
108 2 UCAR Ultra+ 100% EG Type IV |Light Freezing Rain 13 -3 09-Apr-03 52 102% Int 3
108 3 UCAR Ultra+ 100% EG Type IV _|Light Freezing Rain 13 -3 09-Apr-03 53 100% Nov 1
108 4 UCAR Ultra+ 100% EG Type IV |Light Freezing Rain 13 -3 09-Apr-03 52 102% Nov 7
109 1 Clariant MP 1V 2030 50% PG Type IV |[Light Freezing Rain 13 -3 09-Apr-03 17 100% Exp 2
109 2 Clariant MP IV 2030 50% PG Type IV |Light Freezing Rain 13 -3 09-Apr-03 17 100% Int 3
109 3 Clariant MP 1V 2030 50% PG Type IV _|[Light Freezing Rain 13 -3 09-Apr-03 16 106% Nov 1
109 4 Clariant MP IV 2030 50% PG Type IV |Light Freezing Rain 13 -3 09-Apr-03 27 41% Nov 7
110 1 Clariant MP 1l 2025 50% PG Type Il |Light Freezing Rain 13 -3 09-Apr-03 11 100% Exp 2
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APPENDIX D

Table D-1 (cont’d): Log of Variance Tests

. S Approx. | Approx.
TZSt Obs. Fluid Fluid Dilution| PG/EG _I;I;g: Pregll_sll;cztlon FF)igtte TpeFl)fnp. Date (mli—ll'g;res) ET Score | Tester
(g/dm2/h) (°C)
110 2 Clariant MP Il 2025 50% PG Type Il [Light Freezing Rain 13 -3 09-Apr-03 10 106% Int 3
110 3 Clariant MP Il 2025 50% PG Type Il |Light Freezing Rain 13 -3 09-Apr-03 11 105% Nov 1
110 4 Clariant MP 11 2025 50% PG Type Il |Light Freezing Rain 13 -3 09-Apr-03 19 32% Nov 7
111 1 Clariant MP IV 2030 100% PG Type IV |Light Freezing Rain 13 -3 09-Apr-03 54 100% Exp 2
111 2 Clariant MP IV 2030 100% PG Type IV |[Light Freezing Rain 13 -3 09-Apr-03 50 107% Int 1
111 3 Clariant MP IV 2030 100% PG Type IV |Light Freezing Rain 13 -3 09-Apr-03 53 102% Nov 1
111 4 Clariant MP 1V 2030 100% PG Type IV |[Light Freezing Rain 13 -3 09-Apr-03 56 96% Nov 7
112 1 Clariant MP IV 2030 75% PG Type IV |Light Freezing Rain 13 -3 09-Apr-03 38 100% Exp 2
112 2 Clariant MP IV 2030 75% PG Type IV |[Light Freezing Rain 13 -3 09-Apr-03 38 99% Int 3
112 3 Clariant MP IV 2030 75% PG Type IV |Light Freezing Rain 13 -3 09-Apr-03 37 103% Nov 1
112 4 Clariant MP IV 2030 75% PG Type IV |[Light Freezing Rain 13 -3 09-Apr-03 36 105% Nov 7
113 1 Clariant MP |1 1938 10° buffer PG Type | Freezing Drizzle 13 -3 09-Apr-03 11 100% Exp 2
113 2 Clariant MP | 1938 10° buffer PG Type | Freezing Drizzle 13 -3 09-Apr-03 11 97% Int 3
113 3 Clariant MP |1 1938 10° buffer PG Type | Freezing Drizzle 13 -3 09-Apr-03 10 108% Nov 1
113 4 Clariant MP | 1938 10° buffer PG Type | Freezing Drizzle 13 -3 09-Apr-03 16 52% Nov 3
114 1 UCAR EG ADF 10° buffer EG Type | Freezing Drizzle 13 -3 09-Apr-03 10 100% Exp 2
114 2 UCAR EG ADF 10° buffer EG Type | Freezing Drizzle 13 -3 09-Apr-03 10 100% Int 3
114 3 UCAR EG ADF 10° buffer EG Type | Freezing Drizzle 13 -3 09-Apr-03 11 95% Nov 1
114 4 UCAR EG ADF 10° buffer EG Type | Freezing Drizzle 13 -3 09-Apr-03 12 85% Nov 3
115 1 Clariant MP 1V 2030 75% PG Type IV | Freezing Drizzle 13 -3 09-Apr-03 31 100% Exp 2
115 2 Clariant MP IV 2030 75% PG Type IV | Freezing Drizzle 13 -3 09-Apr-03 32 96% Int 3
115 3 Clariant MP 1V 2030 75% PG Type IV | Freezing Drizzle 13 -3 09-Apr-03 31 102% Nov 1
115 4 Clariant MP IV 2030 75% PG Type IV | Freezing Drizzle 13 -3 09-Apr-03 32 96% Nov 3
116 1 Clariant MP Il 2025 50% PG Type Il Freezing Drizzle 13 -3 09-Apr-03 11 100% Exp 2
116 2 Clariant MP 11 2025 50% PG Type Il Freezing Drizzle 13 -3 09-Apr-03 10 108% Int 3
116 3 Clariant MP Il 2025 50% PG Type Il Freezing Drizzle 13 -3 09-Apr-03 10 109% Nov 1
116 4 Clariant MP 11 2025 50% PG Type Il Freezing Drizzle 13 -3 09-Apr-03 14 68% Nov 3
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