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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; and update and
maintain the website for the holdover time guidelines;

To evaluate weather data from previous winters that can have an impact on the format
of the holdover time guidelines;

To develop Type | holdover times for composite surfaces; and evaluate first-step rule for
use with composite surfaces;

To conduct general and exploratory de/anti-icing research;
To conduct endurance time tests simulating vertical stabilizer anti-icing;
To conduct endurance time tests in simulated snow pellet conditions;

To conduct endurance time tests with a snowmaker in an attempt to refine the current
test protocol;

To conduct endurance time tests in heavy snow conditions;

To support FAA and TC in development of an advisory circular for the implementation of
a HOTDS system;

To evaluate the use of sensors in determining active frost conditions

To initiate research for development of ice detection capabilities for departing aircraft at
the runway threshold;

To evaluate frost holdover times for use during cold soak wing frost conditions;

To update the regression coefficient report with the newly-qualified de/anti-icing fluids;
To conduct endurance time tests on surfaces treated with ice phobic products;

To evaluate holdover times for anti-icing in a hangar;

To conduct research at the NRC wind tunnel to further develop and expand ice pellet
allowance times; and

To conduct various aerodynamic research activities at the NRC wind tunnel.

The research activities of the program conducted on behalf of Transport Canada during the
winter of 2009-10 are documented in eight reports. The titles of the reports are as follows:

TP 15050E Aircraft Ground De/Anti-lcing Fluid Holdover Time Development Program
for the 2009-10 Winter;

TP 15051E  Winter Weather Impact on Holdover Time Table Format (1995-2010);

TP 15052E Development of Type | Fluid Holdover Times for Use on Aircraft with
Composite Surfaces;
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TP 15053E  Aircraft Ground lcing General Research Activities During the 2009-10
Winter;

o TP 15054E Regression Coefficients and Equations Used to Develop the Winter
2010-11 Aircraft Ground Deicing Holdover Time Tables;

e TP 1505b5E Emerging De/Anti-Icing Technology: Evaluation of Ice Phobic Products for
Potential Use in Aircraft Operations;

e TP 15056E Holdover Times Related to Aircraft Hangar Operations; and

e TP 15057E Exploratory Wind Tunnel Aerodynamic Research Examination of
Contaminated Anti-lcing Fluid Flow-Off Characteristics, Winter 2009-10.

In addition, the following interim report is being prepared:
¢ Wind Tunnel Research to Support the Development of Ice Pellet Allowance Time Tables.
This report, TP 15054E, has the following objective:

e To document the regression information required for the winter 2010-11 aircraft ground
deicing holdover time tables and to document how and from where the information was
obtained.

This objective was met by analyzing data from holdover time testing conducted over the
winters of 1996-97 through 2009-10.
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

In recent years, several companies have been developing systems that measure
temperature, precipitation type and precipitation rate in real-time. These systems,
referred to as holdover time determination systems (HOTDS), use the weather data
they collect and holdover time regression information provided to them to calculate
holdover times that are more specific than the ranges currently provided in the
holdover time (HOT) guidelines.

In order for HOTDS to be used by Canadian operators, Transport Canada must make
the regression information underlying the HOT Guidelines available to users.
Transport Canada publishes two documents on HOT regression information annually:

e an online document, which provides users with the regression information for
the current winter’'s HOT Guidelines in a timely manner in a user-friendly
format; and

e this TP report, which documents the sources of the regression information and
how it was obtained.

For the 2010-11 HOT Guidelines, regression data was required for the generic Type |
HOT table, eight Type Il fluid-specific tables, one Type Ill fluid-specific table, and
sixteen Type IV fluid-specific tables. In addition, regression data was required for
Clariant Safewing MP Il 1951 and the grandfathered fluid data set in support of the
generic Type Il HOT Table.

The data was predominantly obtained from holdover time testing conducted over the
winters of 1996-97 to 2009-10. Much of the data had been documented in a
previous Transport Canada report and was therefore collected from that report.
Additional data was collected from the results of holdover time testing conducted in
the winter of 2009-10, including data for one newly certified fluid, Cryotech Polar
Guard (Type V), one currently qualified fluid, Clariant Safewing MP Il Flight (Type Il),
and data for Type | fluids tested on composite surfaces.

The 2010-11 regression information was published online on the Transport Canada
HOT Guidelines website on July 28, 2010 (available here:
http://www.tc.gc.ca/CivilAviation/commerce/HoldoverTime/menu.htm). It can be
used by HOTDS to calculate holdover times during the winter of 2010-11.

It is recommended that both regression publications — the online document and this
report — be updated in one year to reflect any changes made to the HOT Guidelines
for the winter of 2011-12.
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SOMMAIRE

SOMMAIRE

Au cours des dernieres années, plusieurs entreprises ont élaboré des systémes qui
mesurent la température, le type de précipitation et le taux de précipitation en temps
réel. Ces systemes, appelés systémes de détermination des durées d’efficacité
(HOTDS), utilisent les données météorologiques recueillies et I'information sur la
régression des durées d’efficacité qui leur est fournie, pour calculer des durées
d’efficacité qui sont plus spécifiques que celles des plages actuellement obtenues
dans les lignes directrices sur les durées d’efficacité.

Pour que les exploitants canadiens puissent utiliser les HOTDS, Transports Canada
doit mettre a la disposition des utilisateurs |'information de régression sous-jacente
aux lignes directrices sur les durées d’efficacité. Transports Canada publie
annuellement deux documents d’information de régression sur les durées d’efficacité:

e Un document en ligne, qui fournit aux utilisateurs l'information sur la
régression, applicable aux lignes directrices de I'hiver en cours sur les durées
d’efficacité, en temps opportun et dans un format convivial; et

e Le présent rapport TP, qui documente les sources de l'information de
régression et la facon de |'obtenir.

Pour les lignes directrices de 2010-2011 sur les durées d’efficacité, des données de
régression étaient requises pour les tableaux de durées d’efficacité des liquides
génériques de type |, celles de huit tableaux de liquides spécifiques de type Il, pour
un tableau spécifique a un liquide de type Il et pour seize tableaux spécifiques a des
liquides de type IV. De plus, des données ont été produites pour le liquide Clariant
Safewing MP Il 1951 et pour I’ensemble de données existant du tableau de durées
d’efficacité des liquides génériques de type Il.

Les données ont été principalement obtenues d’essais sur les durées d’efficacité
tenus au cours des hivers 1996-1997 a 2009-2010. Plusieurs des données avaient
été documentées dans un rapport précédent de Transports Canada et provenaient en
conséquence de ce rapport. Des données additionnelles ont été obtenues a partir des
résultats d’essais sur les durées d’efficacité tenus au cours de |I'"hiver 2008-2009, y
compris les données sur un liquide nouvellement certifié : Cryotech Polar Guard
(type IV), un liquide actuellement qualifié, Clariant Safewing MP Il Flight (type Il),
ainsi que les données applicables aux liquides de type | mis a I'essai sur des surfaces
composites.

L'information de régression de 2010-2011 a été publiée en ligne sur le site Web de
Transports Canada sur les lignes directrices sur les durées d’efficacité le 28 juillet
2010 (disponibles a [|'adresse: http://www.tc.gc.ca/CivilAviation/commerce/
HoldoverTime/menu.htm).

M:\Projects\PM2169.002 (TC Deicing 09-10)\Reports\Regression\Final Version 1.0\TP 15054E Final Version 1.0.docx
Final Version 1.0, September 18

ix


http://www.tc.gc.ca/CivilAviation/commerce/%0bHoldoverTime/menu.htm
http://www.tc.gc.ca/CivilAviation/commerce/%0bHoldoverTime/menu.htm

SOMMAIRE

L'information peut servir aux HOTDS pour le calcul des durées d’efficacité pour
I"hiver 2010-2011.

Il est recommandé que les deux publications sur la régression — le document en ligne
et le présent rapport — soient actualisées dans un an, afin de refléter tout changement
apporté aux lignes directrices sur les durées d’efficacité pour I"hiver 2011-2012.
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7. INTRODUCTION

1. INTRODUCTION

For more than a decade, the Transportation Development Centre (TDC), Transport
Canada has managed and conducted research related to aircraft ground operations
under winter precipitation conditions. The objective of the research program is to
reduce the risks inherent in taking off in hazardous winter weather, particularly in
snow, freezing precipitation, and following overnight frost conditions. As part of this
program, TDC has undertaken research at various sites in Canada and has
coordinated worldwide testing. Research has been conducted with the co-operation
of the United States Federal Aviation Administration (FAA), the National Research
Council Canada (NRC), the Meteorological Service of Canada (MSC), several major
airlines, and de/anti-icing fluid manufacturers.

1.1 Background

Determining holdover times for de/anti-icing fluids and developing guidelines for their
use has been a focus of the Transport Canada Ground Icing Research Program since
its inception. The Transport Canada Holdover Time (HOT) Guidelines provide pilots
with tables of the protection times provided by de/anti-icing fluids in winter
conditions. The values in the HOT tables are developed by conducting regression
analysis of flat-plate test data collected with de/anti-icing fluids. The guidelines are
revised and republished annually to account for the results of additional testing with
new and current fluids.

Aircraft de/anti-icing fluid holdover time is a function of fluid dilution, precipitation
rate, precipitation type and ambient temperature. Although the current methodology
for determining holdover times enables values to be calculated at virtually any
temperature and precipitation rate, it is neither practical nor feasible to include all of
this information in the HOT Guidelines. Instead, holdover times are organized into
tables that are divided into cells by precipitation type, temperature range, and fluid
dilution. Within each of these cells, upper and lower values are given based on
predetermined lower and upper precipitation rate limits and the lowest temperature
in the temperature range.

In recent years, several companies have been developing systems that measure
temperature, precipitation type and precipitation rate in real-time. These systems,
referred to as holdover time determination systems (HOTDS), use the weather data
they collect and holdover time regression information to calculate more specific
holdover times than the ranges that are currently provided in the HOT Guidelines.
These times can be relayed directly to the cockpit. There are several advantages to
be gained by using HOTDS in place of HOT tables:
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7. INTRODUCTION

1. Extended Holdover Times: Whereas HOT table values are calculated based on
the lowest temperature in each temperature range and the highest
precipitation rate in each precipitation category, HOTDS can calculate values
at any temperature or precipitation rate, and therefore users may be provided
with longer holdover times in some conditions;

2. Ease of Use: HOTDS are more user-friendly than HOT tables as pilots are
provided with a single holdover time; they do not have to determine the
appropriate holdover time themselves by looking up specific weather
conditions in the appropriate HOT table, nor do they have to interpret the
range of holdover time provided; and

3. Environmental and Cost Savings: The information provided by HOTDS enables
pilots to make better fluid selection decisions. This is forecast to increase the
use of Type | fluid and decrease the use of Type IV fluid, potentially resulting
in cost and environmental savings.

1.2 Transport Canada’s Role
In order for HOTDS to be used by Canadian operators, Transport Canada must:

1. Provide regulations that allow the use of HOTDS by Canadian operators; and

2. Publish the regression equations and related coefficients that are used in the
development of the Transport Canada HOT tables.

1.2.1 Regulations for HOTDS Use

Transport Canada has supported the development of HOTDS and has taken an active
role in developing regulations for HOTDS use in Canada. The short-term methodology
employed by Transport Canada to implement the use of HOTDS outputs in Canadian
air operations included the development of two documents:

1. A performance standard defining the minimum quality assurance requirements
(quality management system; training and qualifications; installation, siting,
operation and maintenance) and minimum performance specifications (system
accuracy; technical requirements for data inputs and holdover time
determinations) for HOTDS; and

2. An air carrier exemption from Canadian Aviation Regulation (CAR) 622.11 for
the operational use of the holdover time information provided by the HOTDS.

Transport Canada developed a performance standard in the winter of 2006-07 and
an air carrier exemption for WestJet the same winter. The performance standard is
provided as an appendix to the WestJet exemption document. It is expected the
same approach will be used for other companies in future.
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1.2.2 Publication of Regression Equations and Related Coefficients

The regression equations and coefficients used to calculate the values in the HOT
tables are required for HOTDS to function. As indicated in the following excerpt from
the performance standard, the regression information must be provided by Transport
Canada or an equally valid source.

5.1.12 The HOTDS shall incorporate the most current regression curves and
associated coefficients. These regression curves and associated
coefficients are:

5.1.12.1 Those obtained from or published by Transport Canada, or

5.1.12.2 Those where traceability and validity [have been]
demonstrated to be equivalent to those in 5.1.12.1.

5.1.13 Holdover Time Determinations from the system for all de/anti-icing
fluids shall be computed using the regression curves and associated
coefficients referenced in 5.1.12.

Transport Canada first published regression information in the fall of 2008 in the
Transport Canada report, TP 14873E, Regression Coefficients and Equations Used
to Develop the Winter 2008-09 Aircraft Ground Deicing Holdover Time Tables (1).
The report documented the process that was taken to create the initial regression
information database and contains the regression information relevant to the
2008-09 HOT Guidelines.

Following the publication of TP 14873E (1), Transport Canada determined that two
regression documents needed to be published annually. Two publications are
necessary as users require slightly different information than regulators, and they
require this information in a timely manner. The information must be updated annually
because the HOT Guidelines are updated annually and changes made to the HOT
Guidelines must be reflected in the published regression information. The two
documents are summarized below and in Table 1.1.

1. The first document is for HOTDS manufacturers. It provides manufacturers
with the current winter's regression information and guidance for its
application and use in a user-friendly format. It is published on the Transport
Canada HOT Guidelines website, which allows the information to become
available in a timely manner, typically in the summer preceding the winter
operating season. The document is entitled “Transport Canada Holdover Time
(HOT) Guidelines Regression Information [current winter]”.

2. The second document is a reference document for regulators. Its purpose is
to document the sources of the regression information provided in the online
document. It is published as a Transport Canada report with a TP number and
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may take several years to be published and be made publicly available. The
document is entitled “Regression Coefficients and Equations Used to Develop
the Winter [current winter] Aircraft Ground Deicing Holdover Time Tables”. It
is not expected users will refer to this document unless they want a better
understanding of how HOT table values are derived (something that does not
need to be understood to use the regression information with HOTDS).

Table 1.1: Transport Canada Regression Information Publications

Document 1 (Online Publication)

Document 2 (TP Report)

Publication
Name

Transport Canada Holdover Time
(HOT) Guidelines Regression
Information [Current Winter]

Regression Coefficients and
Equations Used to Develop the
[Current Winter] Aircraft Ground
Deicing Holdover Time Tables

Publication | Online publication Transport Canada TP report

Type

Publication |Holdover Time Guidelines website | Available from Transport Canada

Location (http://www.tc.gc.ca/civilaviation/
commerce/holdovertime/menu.htm)

Purpose To provide regression information To document the source of the
and guidance on its use to HOTDS | regression information provided in
manufacturers in a timely manner the online publication
in a user-friendly document

Contents e Regression equations and o Methodology to derive holdover

coefficients required for the
current winter’'s HOT guidelines

e Guidance for application and use
of regression information,
including procedures for
calculating generic holdover
times

times using regression analysis

o Methodology used to determine
HOT table values (fluid-specific
and generic)

e History of regression information
collection

e Source locations for current
winter’s regression information

e Regression information required
for the current winter’'s HOT
guidelines (incorporated by
including the online publication as
an appendix to the report)
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1.2.3 History of Regression Information Publications

The history of regression publications is provided in Table 1.2. Following the
publication of the initial document for the winter of 2008-09, the two document
system was introduced for the winter of 2009-10 and has been followed since that
time. It should be noted that each year when new regression documents are created,
previous publications become obsolete.

The documents that will be published for the winter of 2010-11 are shown on the
last row of the table. These documents are currently the only valid regression
publications.

Table 1.2: History of Regression Publications

Winter Document 1 (Online Publication) Document 2 (TP Report)
2008-09 No online publication Title: Regression Coefficients and
Equations Used to Develop the
Winter 2008-09 Aircraft Ground
Deicing Holdover Time Tables
TP #: TP 14873E
Publication Status: Not yet
published by Transport Canada
Validity: Obsolete
2009-10 Title: Transport Canada Holdover Title: Regression Coefficients and
Time (HOT) Guidelines Regression | Equations Used to Develop the
Information Winter 2009-2010 Winter 2009-10 Aircraft Ground
Publication Status: Published Deicing Holdover Time Tables
online in January 2010 TP #: TP 14937E
Validity: Obsolete Publication Status: Not yet
published by Transport Canada
Validity: Obsolete
2010-11 Title: Transport Canada Holdover Title: Regression Coefficients and
Time (HOT) Guidelines Regression | Equations Used to Develop the
Information Winter 2010-2011 Winter 2010-11 Aircraft Ground
Publication Status: Published Deicing Holdover Time Tables
online in July 2010 Publication Status: Not yet
Validity: Current published by Transport Canada
TP #: TP 15054E
Validity: Current
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7. INTRODUCTION

1.3 Objectives

The primary objective of this report is to document how and from where the
regression information for the 2010-11 winter aircraft ground deicing holdover time
tables was obtained. The report also has several secondary objectives:

e Documenting the methodology for deriving holdover times using regression
analysis;

e Documenting the methodology used to determine HOT table values
(fluid-specific and generic); and

e Providing a history of regression information collection.

The detailed objectives of this project are provided in an excerpt from the Transport
Canada statement of work, which has been provided in Appendix A.

1.4 Report Format
The following list provides short descriptions of subsequent sections of this report:

e Section 2 describes the methodology used to derive holdover times using
regression analysis;

e Section 3 details the methodologies used to derive fluid-specific and generic
HOT table values;

e Section 4 presents the data collected for Winter 2010-11 and a short history
of data collected in previous winters;

e Section 5 describes the Winter 2010-11 regression information;
e Section 6 presents conclusions derived from the work; and

e Section 7 lists recommendations for future work.

1.5 Note on Frost and Ice Pellets

The HOT Guidelines currently do not provide fluid-specific holdover times in frost
conditions; generic holdover times that are not derived from regression analysis are
provided for each of the four fluid types in a separate frost HOT table.

The HOT Guidelines currently contain “allowance times” for ice pellets and ice pellets
mixed with several other types of precipitation, including freezing rain, freezing
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7. INTRODUCTION

drizzle, rain and snow. The allowance times are not fluid-specific and are not based
on regression analysis.

As regression coefficients and equations are not used in the determination of frost
holdover times or ice pellet allowance times, regression information is not included
for frost, ice pellets or ice pellet mixed conditions in the published regression
information.

1.6 Validity of Regression Coefficient Data for FAA Guidelines

The regression information documented in this report was prepared for Transport
Canada to be used in conjunction with the Transport Canada HOT Guidelines. The
FAA publishes a separate set of guidelines for operators in the United States. For the
most part, the Transport Canada and FAA guidelines contain the same holdover time
values; however, several minor differences exist between the Transport Canada and
FAA Type | and Type lll generic HOT tables. These differences are detailed in
Subsections 3.3 and 3.4. They are also detailed in footnotes to the affected
regression coefficients tables in the online document (included as Appendix B). It
remains the responsibility of the user to ensure the appropriate application of the
data provided in this report.
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2. METHODOLOGY FOR DERIVING HOLDOVER TIMES USING REGRESSION ANALYSIS

2. METHODOLOGY FOR DERIVING HOLDOVER TIMES
USING REGRESSION ANALYSIS

The methodology used to derive holdover times using regression analysis is presented
in this section. This information is included to provide a better understanding of how
holdover time values are derived.

There are two steps to deriving holdover times using regression analysis. The first
step is to conduct endurance time testing to enable the collection of an appropriate
data set. The second step is to analyse the data set using regression analysis.

2.1 Step 1: Endurance Time Testing

The first step in deriving holdover times using regression analysis is the collection of
an appropriate endurance time data set. Endurance time tests measure the amount
of protection time that de/anti-icing fluids offer against ice formation. These tests
are carried out on flat plates in natural and simulated precipitation conditions.

Procedures for conducting endurance time tests have been refined over a number of
years, culminating in the current standard approach which has been followed since
the 1990s. Since that time, endurance time testing for the purpose of developing
holdover times has been conducted by APS Aviation Inc. (APS) on behalf of Transport
Canada and the FAA.

There are some differences in the way endurance time tests are carried out in freezing
precipitation and in snow, largely due to the difference in control of test variables in
natural and simulated conditions.

2.1.1 Freezing Precipitation

Freezing fog, freezing rain, light freezing drizzle and cold-soaked wing endurance time
tests are conducted in simulated (laboratory) conditions. For each cell in the related
HOT table, four tests are conducted at the lowest temperature in the temperature
range of the cell: two tests are conducted at the low precipitation rate and two tests
are conducted at the high precipitation rate.

The low and high precipitation rates are dependent on the precipitation type. The
precipitation rate limits for freezing precipitation are as follows':

' Significant research has gone into the selection of these values. See Subsection 2.9.1 of Transport Canada report TP 14144E,
Aircraft Ground De/Anti-Icing Fluid Holdover Time and Endurance Time Testing Program for the 2002-03 Winter (5).
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e Freezing fog: 2 and 5 g/dm?/h;

e Freezing drizzle: 5 and 13 g/dm?/h;

e Light freezing rain: 13 and 25 g/dm?/h; and

e Rain on cold-soaked wing: 5 and 75 g/dm?/h.

2.1.2 Snow

Snow endurance time tests are conducted in natural conditions where temperature
and precipitation rate cannot be controlled. Therefore, the protocol for measuring
endurance times in snow is slightly different — tests are conducted in natural snow
in a range of temperatures and precipitation rates. An attempt is made to capture
data in all snowfall intensities encompassed in the HOT Guidelines.

Three snowfall intensity categories are provided in the Type | and Type Il HOT tables.
The precipitation rate limits used for the Type I/Type lll snowfall intensity categories

are’:

e Very Light Snow?: 4 g/dm?/h;
e Light Snow: 4 and 10 g/dm?/h; and
e Moderate Snow: 10 and 25 g/dm?/h.

One snowfall intensity category is provided in the Type Il and Type IV HOT tables.
The precipitation rate limits used for the Type Il/Type IV snowfall intensity category

are’:

e Snow: 10 and 25 g/dm?/h.

2.2 Step 2: Regression Analysis

Once a complete data set has been collected for a fluid, the data set is subjected to
regression analysis. This analysis provides the “raw” holdover time values for the
fluid.

Due to the differences in the way data is collected in snow and in freezing
precipitation, the protocol for conducting regression analysis differs slightly for
freezing precipitation and snow. The freezing precipitation protocol is described in
Subsection 2.2.1; the snow protocol is described in Subsection 2.2.2.

2 These definitions are not directly correlated to meteorological observations.
3 While the Transport Canada holdover time guidelines define very light snow with a single precipitation rate limit (4 g/dm?/h),
the FAA guidelines include both a lower limit (3 g/dm?2/h) and upper limit (4 g/dm?/h) for very light snow.
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2.2.1

Freezing Precipitation

The following steps are used to calculate freezing precipitation holdover times using
regression analysis:

1.

2.2.2

For each cell in a holdover table of the given fluid type, a best-fit power law
curve is developed from the tests conducted at the low and high precipitation
rate condition of that cell using regression analysis. The equation used to treat
the datais t = 10'R*, where:

o
e R
|I

time (minutes)
= rate of precipitation (g/dm?/h)
A = coefficients determined from the regression;

Holdover times are calculated for the low and high precipitation rate limits for
each precipitation type (see Subsection 2.1.1) using the resulting regression
equation; and

Steps 1 and 2 provide “raw” holdover times. Depending on how the times
will be used, they may be subject to rounding. For example, Type lI/IV raw
values are subject to rounding when they are used to develop the Type Il and
Type IV fluid-specific HOT tables.

Snow

The following steps are used to calculate snow holdover times using regression
analysis:

1.

The data is grouped by fluid dilution. The data set for each fluid dilution is
subjected to a multi-variable regression analysis. The general form of the
regression equation is t = 10'R*(2-T)®, where:

e t = time (minutes)

e R= rate of precipitation (g/dm?/h)

e T = temperature (°C)

e |, A, B= coefficients determined from the regression;

This results in one regression equation for each fluid dilution in snow.
Holdover times are calculated for the precipitation limits of each cell by using
the appropriate regression equation and the most restrictive (lowest)

temperature in the cell; and
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2. METHODOLOGY FOR DERIVING HOLDOVER TIMES USING REGRESSION ANALYSIS

3. Steps 1 and 2 provide “raw” holdover times. Depending on how the times
will be used, they may be subject to rounding. For example, Type II/IV raw
values are subject to rounding when they are used to develop the Type Il and
Type IV fluid-specific HOT tables.
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3. METHODOLOGIES FOR DETERMINING HOLDOVER TIME
TABLE VALUES

The methodologies for determining fluid-specific and generic HOT table values are
presented in this section. This information is included to provide a better
understanding of how the HOT tables are built. It is also included as the
methodologies determine which regression information is required to be published for
each fluid type and if it needs to be updated or changed on an annual basis.

3.1 Methodology for Determining Fluid-Specific HOT Table Values

Fluid-specific holdover times are calculated for most fluids submitted for holdover
time testing. They are used to develop the Type Il and Type IV fluid-specific HOT
tables (which in turn are used to develop the generic Type Il and Type IV HOT tables)
and to ensure new Type lll fluids meet the minimum holdover times set in the generic
Type Il HOT table.

Fluid-specific holdover times are derived directly from regression analysis as
described in the methodology detailed in Section 2.

In the case of Type Il and Type IV fluids, the regression-generated “raw” holdover
times described in Section 2 are subject to rounding to produce the values in the
Type Il and Type IV fluid-specific tables. The Type IlI/IV rounding protocol is as
follows:

1. Raw values are rounded to the nearest whole “5"” digit. For example, 55.1 to
57.4 minutes is rounded down to 55 minutes and 57.5 to 59.9 minutes is
rounded up to 60 minutes;

2. In cases where the regression-generated holdover times are below
10 minutes, the numbers are rounded down as a precautionary measure. For
example, 9 minutes is rounded down to 5 minutes;

3. Snow, freezing drizzle, freezing rain, and rain on cold-soaked wing values are
capped at 2 hours; and

4. Freezing fog values are capped at 4 hours.

It should also be noted that with the exception of Dow UCAR Ultra +, all Type Il and
Type IV fluids are given generic values in the “below -14 to -25°C snow cell”. This
decision was made following the winter of 2003-04, due to very limited endurance
time test data existing for most fluids at these temperatures.
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3.2 Methodology for Determining Type Il/IV Generic HOT Table Values

The Type Il and Type IV generic HOT table values represent the most conservative
(shortest) holdover times of all available Type Il / Type IV fluids. The purpose of these
tables is to provide operators with the minimum amount of holdover time that may
be available in a given weather condition when the operator does not know which
fluid is being used. Since there is no one fluid that underperforms all other fluids in
all weather conditions, an analysis is necessary to develop a table that provides the
shortest holdover times of all the relevant fluids in each weather condition
represented in the tables.

The list of fluids provided in the Transport Canada HOT Guidelines is used to
determine which fluids are included in the Type Il and Type IV generic analyses.
Table 5-2 in the HOT Guidelines provides the list of Type Il fluids; Table 5-4 provides
the list of qualified Type IV fluids. These lists are updated on an annual basis as new
fluids are added and old fluids are removed. (Refer to note on qualified fluids in
Subsection 3.2.1.)

It should be noted that SAE International (SAE) standards stipulate that all fluids that
qualify as Type IV fluids also automatically qualify as Type Il fluids. Therefore, the
Type IV fluids from Table 5-4 of the HOT Guidelines are also included in the Type Il
generic analysis.

3.2.1 Note on Qualified Fluids

When the qualification of a Type Il or Type IV fluid expires and is not renewed, the
fluid remains on the Transport Canada list of fluids for four years. If the fluid has a
fluid-specific HOT table, it remains in the guidelines for four years.

This is done to allow operators who have inventory of these fluids when the fluid
gualification expires to use the fluid rather than having to dispose of it (this assumes
the fluid passes any required quality control checks).

As the protocol for conducting the Type Il and Type IV generic analyses requires all
fluids on the list of fluids be included in the analyses, the data for these fluids also
remains in the generic analyses during the four years.

The result of this protocol is that all fluids included in the HOT Guidelines and in the
generic analysis may not actually be currently qualified fluids. As the regression
information is provided in support of the HOT Guidelines, it too must include
information for all fluids that appear in the HOT Guidelines, not just fluids that are
currently qualified.
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3. METHODOLOGIES FOR DETERMINING HOLDOVER TIME TABLE VALUES

The protocol for the removal of obsolete Type Il and Type IV fluid data is provided in
SAE Aerospace Recommended Practice (ARP) 5718, Section 5.12.3 (2). The
protocol stipulates fluids be removed from the HOT Guidelines four years after fluid
qualification has expired.

3.3 Evolution of Type | Generic HOT Table Values

Unlike the Type II/IV generic HOT table values, there is no specific protocol in place
for determining Type | generic HOT table values. Also unlike the Type Il/IV values,
the Type | generic values are relatively static and do not change as new Type | fluids
are added and removed from the list of qualified fluids.

The reason for the static nature of the Type | generic table is that a significant body
of research and testing has shown that all Type | fluids formulated with glycol
perform in a similar manner from an endurance time perspective. New glycol-based
fluids are no longer required to undergo endurance time testing.

As a result of extensive research and testing showing that holdover times of Type |
fluids are shorter on composite surfaces than on aluminum surfaces, holdover times
for Type | fluids on composite surfaces were added to the holdover time guidelines
starting in winter 2010-11. The existing Type | holdover times remained in place for
aluminum surfaces.

A summary of how the current Type | holdover times were derived and the data sets
that were used in their determinations is provided below.

e The Type |l aluminum snow holdover times are derived from regression analysis
of the 2001-02 Type | snow data set. Testing was conducted in the winter of
2001-02 using a new test protocol and a number of representative Type |
fluids. The tests are documented in the Transport Canada report, TP 13994E,
Generation of Holdover Times Using the New Type | Fluid Test Protocol (3).

e The Type | aluminum freezing precipitation holdover times are not derived from
regression analysis. They were established in the early 1990s and
substantiated by testing conducted up to and including the winter of 1995-96.
The values in the “below -3 to -6°C” row were added in the winter of 2003-04
following testing with five representative Type | fluids in the winter of
2002-03. A detailed description of the evolution of the Type | aluminum
freezing precipitation holdover times is provided in Appendix B of the Transport
Canada report TP 15052E, Development of Type | Fluid Holdover Times for
Use on Aircraft with Composite Surfaces (4). Tests conducted for the “below
-3 to -6°C” row are documented in Subsection 8.4.2 of the Transport Canada
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3.3.1

report, TP 14144E, Aircraft Ground De/Anti-Icing Fluid Holdover Time
Development Program for the 2002-03 Winter (5).

The Type | composite snow holdover times were derived from regression
analysis of the Type | composite snow data set, which includes data collected
in the winters of 2006-07, 2007-08 and 2009-10. A detailed description of
this data and the derivation of the Type | composite snow holdover times from
the data is provided in the Transport Canada report, TP 15052E, Development
of Type | Fluid Holdover Times for Use on Aircraft with Composite
Surfaces (4).

The Type | composite freezing precipitation holdover times were derived from
endurance time testing conducted in 2009-10. Although regression analysis
formed part of the analysis that determined the holdover time values, the
holdover times were not derived directly from the regression analysis. A
detailed description of the data set and the methodology used to derive the
Type | composite freezing precipitation holdover times is provided in the
Transport Canada report, TP 15052E, Development of Type | Fluid Holdover
Times for Use on Aircraft with Composite Surfaces (4).

Differences in Transport Canada and FAA Type | HOT Values

It should be noted that the Transport Canada and FAA Type | generic HOT values
differ in two places:

1.

3.4

Very Light Snow Cells: The Transport Canada table provides one holdover
time in each very light snow cell which is based on a rate of 4 g/dm?/h; the
FAA table provides two values in each cell based on rates of 3 and 4 g/dm?/h.

Light Freezing Rain “-3°C and above” and “below -3 to -6°C” Cells: The
Transport Canada table gives a holdover time range of 4 to 6 minutes; the
FAA table gives a holdover time range of 2 to 5 minutes.

Evolution of Type lll Generic HOT Table Values

Like the Type | generic HOT table values, there is no specific protocol in place for
determining Type Il generic HOT table values. Also, like the Type | values, the
Type lll generic values are static and have not changed since they were established
in the winters of 2004-05 (100/0) and 2005-06 (75/25 and 50/50).
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The values in the Type Illl generic guidelines are based on the endurance times of
Clariant Safewing MP Il 2031 ECO, which is currently the only Type Il fluid on the
list of qualified fluids. The following protocol was used to obtain the generic values:

e Endurance time tests were conducted with Clariant Safewing 2031;
e Fluid-specific holdover times were calculated for Clariant Safewing 2031;
e The fluid-specific values were reduced by 10 percent; and

e Discretion was used to change the reduced values to relatively round values.

At the time the current Type Ill guidelines were developed, regulators did not intend
to produce fluid-specific tables for Type Ill fluids. This was because they did not
believe that any new fluids would perform significantly better than Clariant Safewing
2031; they thought that by reducing and rounding its test values, they could
establish minimum holdover times that any new Type Il fluids submitted for testing
would meet.

3.4.1 Differences in Transport Canada and FAA Type Ill HOT Values

It should be noted that the FAA Type Ill generic HOT table differs from the Transport
Canada table in the very light snow cells. The Transport Canada table provides one
holdover time in each very light snow cell which is based on a rate of 4 g/dm?/h; the
FAA table provides two values in each cell based on rates of 3 and 4 g/dm?/h.
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4. DATA COLLECTION

The regression information underlying the HOT Guidelines was first collected and
published in support of the winter 2008-09 HOT Guidelines. Since that time, the
regression information has been updated annually to reflect the annual changes made
to the HOT Guidelines. This chapter describes the evolution of the regression
information (Subsection 4.1) and the regression information collected for the
2010-11 HOT Guidelines (Subsection 4.2).

Subsection 4.1 includes a year-by-year summary of the data collected, added, and
removed and any changes made to the way the information is published.

Subsection 4.2 details the data required, collected and removed for the winter
2010-11 publication and includes the source locations of the data contained in the
2010-11 publication.

4.1 Evolution of Regression Information

In the past, the regression information underlying the HOT Guidelines was not
published in a format that was appropriate for use with HOTDS. The data was
published only as part of the annual report on holdover time testing conducted by
APS, and only the regression information for the fluids tested in a given year was
published that year. That meant that the regression information was not readily
available; multiple publications, some not yet available to the public, had to be
consulted to obtain the data. Further complications, such as the testing of some
fluids over multiple winters, made it very difficult for HOTDS manufacturers to
accurately obtain the correct data.

4.1.1 Initial Data Collection (2008-09 Holdover Time Guidelines)

The first regression information publication was developed over the winters of
2006-07 and 2007-08 in support of the winter 2008-09 HOT Guidelines. As the
regression information had not been published in the format required for HOTDS
before this time, and because the required data had to be collected and de-archived
from a number of locations, several steps were required to produce the initial data
set:

1. The fluids for which data was required were identified;
2. The relevant data set(s) for each fluid were identified;

3. The relevant data set(s) were de-archived;
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4. The data set responsible for each holdover time value was determined for
fluids with multiple data sets;

5. Regression coefficients were created for cell values not derived directly from
regression analysis;

6. The data was amalgamated into a series of tables; and

7. A verification exercise was completed to ensure the selected data was
correct.

A complete description of the work completed to create the initial database and the
complete contents of the initial database are provided in the Transport Canada report,
TP 14873, Regression Coefficients and Equations Used to Develop the Winter
2008-09 Aircraft Ground Deicing Holdover Time Tables (1).

4.1.2 Changes Required for 2009-10 Holdover Time Guidelines

The regression information was updated in 2009 to reflect changes made to the HOT
Guidelines for use in the winter of 2009-10.

1. Data was collected and added to the regression database for three new fluids
that were added to the HOT Guidelines in 2009-10:
e Aviation Shaanxi Hi-tech Cleanwing Il (Type Il);
e ABAX Ecowing AD-49 (Type IV); and
e Kilfrost ABC-4°""" (Type IV).

2. Data was removed from the regression publication for two fluids which
became obsolete and were removed from the HOT Guidelines in 2009-10:

e Aviation Xi'an Hi-tech KHF-II (Type Il); and
o Kilfrost ABC-Il Plus (Type Il).

This work is documented in the Transport Canada report, TP 14937E, Regression
Coefficients and Equations Used to Develop the Winter 2009-10 Aircraft Ground
Deicing Holdover Time Tables (6).

Work was completed in the Fall of 2009 to develop the first online publication for
the regression information. The 2009-10 online document, Transport Canada
Holdover Time (HOT) Guidelines Regression Information Winter 2009-2010, was
published on the Transport Canada HOT Guidelines website in January 2010.
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4.2 Data for the 2010-11 Holdover Time Guidelines

The data required for the 2010-11 HOT Guidelines is detailed in this section. The
data is detailed by fluid type: Type | in Subsection 4.2.1, Type Il in Subsection 4.2.2,
Type Il in Subsection 4.2.3 and Type IV in Subsection 4.2.4.

Each subsection includes:

1. Data Required: a description of the data required for the fluid type;
2. Data Source(s): the original source location of the required data;

3. Data Collection: where the data was collected from for the 2010-11
publication; and

4. Data Removal: a description of any data removed from the regression
publication for winter 2010-11.

Table 4.1, at the end of this chapter, summarizes the data included in the winter
2010-11 regression publication.

4.2.1 Type |

4.2.1.1 Data Required

Regression information is required for the generic Type | HOT table. As fluid-specific
HOT tables are not published for Type | fluids, no additional regression information
is required.

4.2.1.2 Data Source(s)

The Type | aluminum snow holdover times are derived from regression analysis of
the 2001-02 Type | snow data set (see Subsection 3.3). The data set is documented
in the Transport Canada report, TP 13994E, Generation of Holdover Times Using the
New Type | Fluid Test Protocol (3).

The Type | aluminum freezing precipitation holdover times are not derived from
regression analysis (see Subsection 3.3). The Type | aluminum freezing precipitation
coefficients were created in 2008 from the values in the 2008-09 Type | HOT table.
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The Type | composite snow holdover times are derived from regression analysis of
the Type | composite snow data set (which includes data from tests conducted in
2006-07, 2007-08 and 2009-10, see Subsection 3.3). The data set is documented
in the Transport Canada report, TP 15052E, Development of Type | Fluid Holdover
Times for Use on Aircraft with Composite Surfaces (4).

The Type | composite freezing precipitation holdover times are based on data
collected in 2009-10 but are not derived directly from regression analysis (see
Subsection 3.3). The data is documented in the Transport Canada report,
TP 15052E, Development of Type | Fluid Holdover Times for Use on Aircraft with
Composite Surfaces (4). However, as the holdover times are not derived directly from
regression analysis, TP 15052E (4) does not include regression information. The Type
| freezing precipitation coefficients were created in 2010 from the 2010-11 holdover
time values. Appendix C provides a summary of the data used and regressions
completed to obtain the required information.

4.2.1.3 Data Collection

The Type | aluminum surface regression information was collected previously (see
Table 4.1) and therefore was obtained from the previous regression publication,
TP 14937E (6).

The Type | composite surface regression information was new this year. The snow
regression information was collected from TP 15052E (4) and the freezing
precipitation regression information was collected from the data provided in
Appendix C.

4.2.1.4 Data Removed

No Type | data was removed from the HOT Guidelines in 2010-11; therefore, no
Type | data was removed from the regression publication.

4.2.2 Type |l

4.2.2.1 Data Required

Regression information is required for the eight Type Il fluid-specific HOT tables in
the 2010-11 HOT Guidelines:
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® N o ok wbdhd =

ABAX Ecowing 26;

Aviation Shaanxi Hi-tech Cleanwing II;
Clariant Safewing MP 1l 2025 ECO;
Clariant Safewing MP Il Flight;

Kilfrost ABC-2000;

Kilfrost ABC-K Plus;

Newave Aerochemical FCY-2; and

Octagon E Max Il.

Regression information is also required for the Type Il generic HOT table. As detailed
in Subsection 3.2, the generic Type Il HOT table values are based on the shortest
holdover times of all fluids on the list of Type Il fluids and the list of Type IV fluids®.
The majority of this data is collected for the fluid-specific tables; however, there are
two fluids on the list of qualified Type Il fluids that do not have fluid-specific tables,
and obtaining data for these fluids is somewhat more complicated.

1.

Clariant Safewing MP Il 1951: Due to concerns that arose with the viscosity
of this fluid many years ago, regulators decided to discontinue publishing
fluid-specific holdover times for the fluid. However, it remained on the list of
qualified fluids and was permitted to be used with the Type Il generic HOT
Guidelines. Over the years, the Clariant Safewing MP Il 1951 fluid-specific
data has remained in the Type Il generic analysis to account for the
performance of the fluid.

Kilfrost ABC-3: When this fluid came to the market in the early 1990s,
fluid-specific testing was not completed with Type Il fluids and therefore no
fluid-specific data exists for it. When the “worst-performing fluid”
methodology was adopted for developing the Type Il generic table, it was
necessary to find a way to incorporate the performance of these early fluids
which did not have fluid-specific data in the generic analysis (these fluids
were dubbed “grandfathered” fluids). To account for the performance of the
grandfathered fluids, the values in the 1998-99 generic guidelines were
included in the Type Il generic analysis. The 1998-99 data set is now referred
to as the grandfathered fluid data set and it must be included in the regression
information so long as Kilfrost ABC-3 or any other grandfathered fluid is on
the list of qualified fluids.

4 See comment on definition and use of the term “qualified fluid” in Subsection 3.2.1.
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It should be noted that although the grandfathered fluid data set and Clariant
Safewing MP Il 1951 regression information is published, it is only for use in the
calculation of the generic Type Il holdover times and may not be used to derive
fluid-specific holdover times for Clariant Safewing MP Il 1951, grandfathered fluid
Kilfrost ABC-3, or any other fluid.

4.2.2.2 Data Source(s)

The majority of Type |l regression information is derived from holdover time testing
conducted with the associated Type Il fluids. The holdover time testing has been
carried out over many years (see Table 4.1). This data is available from the reports
on holdover time testing published annually.

The grandfathered fluid data set is an exception. The regression coefficients for this
data set were created from the 1998-99 Type Il generic HOT table values. This was
done for the original regression publication in 2008 (see Subsection 4.1.1, item 5).

4.2.2.3 Data Collection

Regression information for all of the Type Il fluids was collected previously (see
Table 4.1) and therefore was obtained from the previous regression publication,
TP 14937E (6).

However, additional testing was conducted with a lower viscosity sample of Clariant
Safewing MP Il Flight in 2009-10 which resulted in changes being made to the
fluid-specific holdover times for the fluid. This resulted in additional regression
information having to be collected. This data was collected from the Transport
Canada Report TP 15050E, Aircraft Ground De/Anti-Icing Fluid Holdover Time
Development Program for the 2009-10 Winter (7), which documents the results of
holdover time testing conducted in 2009-10.

4.2.2.4 Data Removed

No Type Il fluids were removed from the HOT Guidelines in 2010-11; therefore, no
Type |l data was removed from the regression publication.

M:\Projects\PM2169.002 (TC Deicing 09-10)\Reports\Regression\Final Version 1.0\TP 15054E Final Version 1.0.docx
Final Version 1.0, September 18
24



4. DATA COLLECTION

4.2.3 Type lll

4.2.3.1 Data Required

As only one Type Ill fluid is currently qualified, regulators have elected to publish
fluid-specific regression information for the fluid rather than regression information
for the generic Type |ll HOT table. Therefore, the only Type Ill regression information
required is the fluid-specific information for Clariant Safewing MP Il 2031 ECO.

4.2.3.2 Data Source(s)

Type Il fluid-specific regression information is derived from holdover time testing
conducted with Clariant Safewing MP Ill 2031 ECO. The holdover time testing was
carried out over several winters (see Table 4.1). The data is available in the reports
on holdover time testing published for the years the fluid was tested.

4.2.3.3 Data Collection

The regression information for Clariant Safewing MP Ill 2031 ECO was collected
previously (see Table 4.1) and therefore was obtained from the previous regression
publication, TP 14937E (6).

4.2.3.4 Data Removed

No Type lll fluids or data were removed from the HOT Guidelines for 2010-11;
therefore, no Type Il data was removed from the regression publication.

4.2.4 Type IV

4.2.4.1 Data Required

Regression information is required for the sixteen Type IV fluid-specific HOT tables
in the 2010-11 HOT Guidelines:

1. ABAX AD-480;
2. ABAX Ecowing AD-49;
3. Clariant Safewing MP IV 2001;
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4. DATA COLLECTION

Clariant Safewing MP IV 2012 Protect;
Clariant Safewing MP IV Launch;
Cryotech Polar Guard;

Dow Chemical UCAR FlightGuard AD-480;
Dow Chemical UCAR AD-49;

Dow Chemical UCAR™ ADF/AAF ULTRA +;
10. Dow Chemical UCAR™ Endurance EG106;
11. Kilfrost ABC-4sustn;

12. Kilfrost ABC-S;

13. Kilfrost ABC-S Plus;

14. Lyondell ARCTIC Shield;

15. Octagon Max-Flight 04; and

16. Octagon MaxFlo.

© © N o &

Regression information is also required for the Type IV generic HOT table. As detailed
in Subsection 3.2, the generic Type IV HOT table values are based on the shortest
holdover times of all fluids on the list of Type IV fluids®. As all Type IV fluids have
fluid-specific HOT tables, and regression information is collected for the fluid-specific
tables, no additional regression information is required to calculate the generic
Type IV holdover times.

4.2.4.2 Data Source(s)

Type IV fluid-specific regression information is derived from holdover time testing
conducted with the associated Type IV fluids. The holdover time testing has been
carried out over many years (see Table 4.1). The data is available in the reports on
holdover time testing published annually.

4.2.4.3 Data Collection

Regression information for fourteen of the sixteen Type IV fluids was collected
previously (see Table 4.1) and was obtained from the previous regression publication,
TP 14937E (6). Regression information for the two remaining fluids was collected
this year:

5 See comment on definition and use of the term “qualified fluid” in Subsection 3.2.1.
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4. DATA COLLECTION

1. Regression information for Cryotech Polar Guard, which was newly qualified
for 2010-11, was collected from the Transport Canada Report TP 15050E,
Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program for
the 2009-10 Winter (7), which documents the results of holdover time testing
conducted with this fluid; and

2. Regression information for Dow Chemical UCAR AD-49 was taken from
previously published regression information. Dow Chemical UCAR AD-49 is
identical to ABAX Ecowing AD-49 and therefore the regression information
for Dow UCAR AD-49 was used for ABAX Ecowing AD-49.

4.2.4.4 Data Removed

One Type IV fluid, Octagon Max-Flight, was removed from the HOT Guidelines for
2010-11. The regression information for the fluid was correspondingly removed from
the regression publication.

4.2.5 Summary

Table 4.1 lists the regression data sets that are required for the 2010-11 HOT
Guidelines and their respective sources. The first column specifies the fluid type and
data set name, the second column specifies the source data for the regression
information, and the third column indicates the year the data set was first included
in Transport Canada’s regression information documents.

It should be noted that multiple data sets exist for some fluids. In these cases, the
data was examined to determine which data set is responsible for the fluid-specific
values in the associated HOT table. In some cases, the regression coefficients from
both data sets have to be included in the final information, as the upper and lower
values in a cell are derived from different data sets.

Some regression coefficients are not derived directly from regression analysis of
holdover time test data (specifically, Type | freezing precipitation values and Type Il
grandfathered fluid data set values). To obtain regression coefficients for these data
sets, each cell value was assumed to be a test data point and these data points were
regressed to determine the regression coefficients for the resulting best-fit curves.

4.2.6 Formatting Changes

Two formatting changes were made to the regression information publication for the
winter of 2010-11.
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4. DATA COLLECTION

1. The snow columns in all HOT tables (Types I/lI/II/IV) in the HOT Guidelines
were modified to include snow pellets for winter 2010-11. The snow columns
in the regression coefficients tables and verification tables (Types I/1l/11/1V)
were correspondingly modified to include snow pellets.

2. The column titled “freezing rain” in all verification tables (Types I/II/lI/IV) was
modified to use the correct terminology, “light freezing rain”, which is already
in use in the HOT tables and in the regression coefficients tables.

4.2.7 Data Verification

In order to verify the accuracy of the data provided in the regression coefficients
tables, the data provided in the tables was used to generate values for a fluid-specific
HOT table for each fluid. This information was cross-referenced with the values
provided in the published generic and fluid-specific HOT tables. The values were the
same, ensuring the regression coefficients are correct.
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Table 4.1: Regression Data Sets Required for 2010-11

Fluid Type: Data Set Name Source of Regression Data Reg:e:iroﬁd::lgli(t::tion
Type |: Generic (Aluminum Snow) HOT Testing: 2001-02 2008-09
Type |: Generic (Composite Snow) HOT Testing: 2006-07, 2007-08, 2009-10 2010-11
Type I: Generic (Aluminum Freezing Precipitation) Created from 2008-09 HOT table values 2008-09
Type I: Generic (Composite Freezing Precipitation) | Created from 2010-11 HOT table values 2010-11
Type Il: ABAX Ecowing 26 HOT Testing: 2000-01 2008-09
Type II: Aviation Shaanxi Cleanwing Il HOT Testing: 2008-09 2009-10
Type II: Clariant Safewing MP Il 1951 HOT Testing: 1999-00 2008-09
Type II: Clariant Safewing MP Il 2025 ECO HOT Testing: 2002-03 2008-09
Type II: Clariant Safewing MP Il Flight HOT Testing: 2005-06, 2009-10 2008-09
Type ll: Grandfathered Fluid Data Set Created from 1998-99 Type Il generic values 2008-09
Type ll: Kilfrost ABC-2000 HOT Testing: 2001-02 2008-09
Type lI: Kilfrost ABC-K Plus HOT Testing: 2007-08 2008-09
Type Il: Newave Aerochemical FCY-2 HOT Testing: 2006-07 2008-09
Type II: Octagon E Max I HOT Testing: 2001-02 2008-09
Type lll: Clariant Safewing MP Ill ECO HOT Testing: 2004-05 (100/0), 2005-06 (75/25,50/50) 2008-09
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4. DATA COLLECTION

Table 4.1: Regression Data Sets Required for 2010-11 (cont’d)

. . . Year Added to
Fluid Type: Data Set Name Source of Regression Data Regression Publication

Type IV: ABAX AD-480 HOT Testing: 1997-98 (NS,ZR,ZD), 1998-99 (NS), 2008-09
1999-00

Type IV: ABAX Ecowing AD-49 HOT Testing: 2008-09 2009-10

Type IV: Clariant Safewing MP 1V 2001 HOT Testing: 1997-98 (NS,ZR,ZD), 1999-00 (ZF,CS) 2008-09

Type IV: Clariant Safewing MP IV 2012 Protect HOT Testing: 2000-01 2008-09

Type IV: Clariant Safewing MP IV Launch HOT Testing: 2005-06 (ZF,ZR,zZD,CS), 2006-07 (NS) 2008-09

Type IV: Cryotech Polar Guard HOT Testing: 2009-10 2010-11

Type IV: Dow UCAR FlightGuard AD-480 HOT Testing: 1997-98 (NS,ZR,ZD), 1998-99 (NS), 2008-09
1999-00

Type IV: Dow UCAR FlightGuard AD-49 HOT Testing: 2008-09 (with identical fluid ABAX AD-49) 2010-11

) HOT Testing: 1996-97 (NS,ZR,ZD), 1998-99

Type IV: Dow UCAR ADF/AAF ULTRA + (ZF.ZR.ZD.CS) 2008-09

Type IV: Dow UCAR™ Endurance EG106 HOT Testing: 2005-06 2008-09

Type IV: Kilfrost ABC-4sustain HOT Testing: 2008-09 2009-10

Type IV: Kilfrost ABC-S HOT Testing: 1996-97 (NS,ZR,ZD),1997-98 (ZR,ZD,CS), 2008-09
1998-99

Type IV: Kilfrost ABC-S Plus HOT Testing: 2006-07 2008-09

Type IV: Lyondell ARCTIC Shield® HOT Testing: 2006-07 2008-09

Type IV: Octagon Max-Flight 04 HOT Testing: 2000-01 2008-09

Type IV: Octagon MaxFlo HOT Testing: 2004-05 2008-09
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5. REGRESSION INFORMATION PUBLICATION: 2010-11

The regression information underlying the 2010-11 Transport Canada HOT
Guidelines is provided on the Transport Canada HOT Guidelines website
(www.tc.gc.ca/CivilAviation/commerce/HoldoverTime/menu.htm) in a document
entitled, Transport Canada Holdover Time (HOT) Guidelines Regression Information
Winter 2010-2011. A copy of this document is included as Appendix B.

The online publication is a 37 page document which includes: a summary of changes
page, guidance material, regression coefficients tables and verification tables.

The contents of the document are described in this chapter.

5.1 Summary of Changes

The summary of changes, included at the front of the document, provides a detailed
account of the changes that were made to the document contents for 2010-11. This
includes the addition/removal/changes to any fluids (presented by fluid type) and a
description of any formatting changes.

5.2 Guidance Material

The regression information publication contains guidance for using the information
contained in the document. This includes guidance on how to interpret the
information in the regression coefficients tables, its applicability, and how to
calculate generic holdover times for each fluid type. It also provides a description of
the verification tables and their purpose, and describes several limitations of the data
(discussed in this document in Subsection 5.5).

5.3 Regression Coefficients Tables

There are 28 regression coefficients tables in the 2010-11 regression information
publication. A list of the regression coefficients tables provided in the 2010-11
regression publication is provided in Table 5.1.

Fluids are listed in alphabetical order by fluid type. There is one Type | table, ten
Type |l tables, one Type lll table and sixteen Type |V tables.
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Table 5.1: Regression Coefficients Tables for Winter 2010-11

Fluid Type Regression Coefficients Tables
Type | e Generic Type |
Type Il o ABAX Ecowing 26
e Aviation Shaanxi Hi-tech Cleanwing Il
o Clariant Safewing MP Il 1951 *
e Clariant Safewing MP Il 2025 ECO
e Clariant Safewing MP Il Flight
o Kilfrost ABC-2000
e Kilfrost ABC-K Plus
e Newave Aerochemical FCY-2
e Octagon E Max Il
e Type Il “Grandfathered” Fluid Data*
Type lll o Clariant Safewing MP Ill 2031
Type IV e ABAX AD-480

ABAX Ecowing AD-49

Clariant Safewing MP IV 2001

Clariant Safewing MP IV 2012 Protect
Clariant Safewing MP IV Launch
Cryotech Polar Guard

Dow Chemical UCAR ADF/AAF Ultra+
Dow Chemical UCAR Endurance EG106
Dow Chemical UCAR FlightGuard AD-480
Dow Chemical UCAR FlightGuard AD-49
Kilfrost ABC-4°st"

Kilfrost ABC-S

Kilfrost ABC-S Plus

Lyondell ARCTIC Shield

Octagon Max-Flight 04

Octagon MaxFlo

* These tables can not be used to derive fluid-specific values for any fluid; they are only to be used in the

calculation of generic Type Il holdover times. See Subsection 4.2.2.1.
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5. REGRESSION INFORMATION PUBLICATION: 2010-11

5.3.1 Table Format and Footnotes

Each regression coefficients table is presented in the format of its corresponding HOT
table. A footnote is provided at the top of each column to indicate the form of the
regression equation for the cells in that column. The regression coefficients required
for the equation are given in the corresponding cells below.

The coefficients provided in each table cell are valid only for the conditions
(temperature, precipitation type, fluid dilution) of that cell. In cells where no
temperature coefficient (coefficient “B”) is provided, temperature is not an input in
the equation. The regression coefficients are derived using the lowest temperature
in the temperature range of the cell and must be used for all temperatures in the cell.

Additional footnotes are provided for several of the tables. Two sets of coefficients
are provided in some table cells because different data sets are responsible for the
upper and lower values in the cell (see Subsection 4.2.5). A footnote on these cells
indicates that each set of regression coefficients must be used to calculate a holdover
time and that the shortest holdover time calculated is the value that must be used.

Footnotes are also used to highlight discrepancies that may be encountered if the
regression coefficients are used to calculate the values provided in the Transport
Canada HOT Guidelines.

As per the protocol described in Subsection 3.1, generic regression coefficients are
included in the “below -14 to -25°C or LOUT"” snow cell for all Type Il and Type IV
fluids except Dow UCAR Ultra+.

5.4 Data Verification Tables

Verification tables are included in the online regression coefficients document
(Appendix B). The values in these tables were calculated using the regression
coefficients provided in the online document. There is a verification table provided
for each data set listed in Table 5.1.

Verification tables are also provided for the generic Type Il and generic Type IV HOT
tables. The values in these tables were determined using the methodologies for
calculating Type Il and Type IV generic holdover times detailed in Subsection 3.2.

Each verification table provides holdover time values for the boundary conditions for
each cell in the associated HOT table. The verification tables can be used as an aid
for the HOTDS manufacturers during the development process. These tables are not
all encompassing and HOTDS manufacturers are cautioned that they must develop
comprehensive verification and validation methods covering normal and exceptional
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5. REGRESSION INFORMATION PUBLICATION: 2010-11

conditions (e.g. values outside of the temperature range) to ensure the adequacy of
their software algorithms.

5.5 Data Limitations

There are several limitations of the regression coefficients and equations data that
must be considered by users of the data. These limitations are described in the
guidance section of the regression information publication and detailed below.

5.5.1 Limitation #1: OAT Greater or Equal to 2°C

The regression equations which include a temperature coefficient cannot be
populated with temperature data greater than or equal to 2°C. This is a limitation of
the form of the equation.

5.5.2 Limitation #2: Non-Standard Fluid Dilutions

The data cannot be interpolated to determine holdover times for fluid dilutions other
than the standard 100/0, 75/25 and 50/50 mixtures. This is due to the complex,
non-linear, fluid-specific relationship between fluid dilution and holdover time.

5.5.3 Limitation #3: Precipitation Rates outside Rate Limit Boundaries

Caution must be used when using the regression equations to calculate holdover
times with precipitation rates outside of the precipitation rate limits used in the
development of HOT tables (see Subsection 2.1).

The regression coefficients are based on best-fit power-law curves and the shape of
these curves can result in extreme values outside the precipitation rate limits at which
endurance time tests are conducted. Caution must therefore be exercised in applying
the regression coefficients at precipitation rates outside of the precipitation rate
limits, especially at precipitation rates below the lower precipitation rate limit where
the power-law curves give much longer holdover times.

This is illustrated in the sample regression shown in Figure 5.1. This example
illustrates that at precipitation rates below the lower rate limit at which tests are
conducted (5 g/dm?/h in this example), derived holdover times can increase
substantially with a small decrease in precipitation rate. For example: at the lower
rate limit of 5 g/dm?/h, the endurance time is approximately 82 minutes; at a slightly
lower rate of 3 g/dm?/h, the endurance time jumps to 122 minutes.
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Figure 5.1: Sample Regression Curve — Cold-Soaked Wing

M:\Projects\PM2169.002 (TC Deicing 09-10)\Reports\Regression\Final Version 1.0\TP 15054E Final Version 1.0.docx

35

Final Version 1.0, September 18



This page intentionally left blank.

36



6. CONCLUSIONS

6. CONCLUSIONS

The regression information required for the 2010-11 HOT Guidelines was published
online in July 2010 in the document entitled, Transport Canada Holdover Time (HOT)
Guidelines Regression Information Winter 2010-2011. The document is available on
the Transport Canada HOT Guidelines website, which can be accessed at:
www.tc.gc.ca/CivilAviation/commerce/HoldoverTime/menu.htm.

The data required, collected and removed for the 2010-11 online publication is
documented in this report. The data was predominantly collected from the 2009-10
regression publication, although additional data was collected from the results of
endurance time testing conducted in 2009-10. The data is primarily sourced from
the results of holdover time testing conducted from the winters of 1996-97 to
2009-10.

The regression coefficients and equations can be used as inputs in HOTDS, as
required by the Transport Canada exemption to CAR 622.11, for the winter of
2010-11. However, users are cautioned that care must be taken in the application
of the regression information. There are a number of rules, exceptions and cautions
detailed in this report, in the online document and in the HOT Guidelines themselves
that must be respected. It is also important to note that additional restrictions may
be put on the usage of the data by regulators (for example by the Transport Canada
exemption document).

Because the HOT Guidelines are updated on an annual basis and include changes
such as the addition of newly qualified fluids, the removal of unavailable fluids and
changes to the generic tables, the regression information must also be updated on
an annual basis. That requires that both the online document and this report be
updated.
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7. RECOMMENDATIONS

7. RECOMMENDATIONS

Due to the dynamic nature of the HOT tables, it is recommended that the two
regression information publications — the online document and this report — be
updated and published on an annual basis.

As HOTDS progress, further analysis may become necessary and/or desired. Several
recommendations to this end are provided in the Transport Canada report,
TP 14873E, Regression Coefficients and Equations Used to Develop the Winter
2008-09 Aircraft Ground Deicing Holdover Time Tables (1).
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APPENDIX B

TC HOT Guidelines Regression Information Winter 2010-2011

TABLE 4-15

OCTAGON MAX-FLIGHT 04
REGRESSION COEFFICIENTS TABLE AND VERIFICATION TABLE

Oisiceralr Regression Coefficients for Calculating Holdover Times Under Various Weather Conditions
Temperature
Fluid
Degrees | Degrees | Dilution Freezing Snow, Snow Freezing Light Rain an
g g 5 Grains or Show ; 14 Freezing Cold Soaked Other
Celsius | Fahrenheit Fog 23 Drizzle o
Pellets™ Rain
1= 25102
100/0 A= -0.4343
]
-3and 27 and 75(25 5=
above above
B= -0.4320
=
50/50 A=
I=
100/0 A=
CAUTION:
below -3 | below 27 No holdover
to-14 ta7? i |= 2.5760 = time guidelines
725 | A= A= 11285 | A= i
below -14 | below 7 I's
to-250r to-13 or 1000 A=
LoOUT LOUT

¥ Regression Equationc t = 10' RA‘W'ﬂel’E‘ R = rate (ga‘onw“mw

% Regression Equation t =10 R"(E-T,n”.where R= :gfdmzs‘h; and T =temperature (in *C}

3 The upper value in "below -3 to-14", 75725, snow is 82 6 minutes This is rounded to 80 minutes in the HOT table, but protocol dictates it should be rounded to 85 minutes

g Freezing drizzle and light freezing rain values were calculated at 12.7 afdm % the year the holdover time table for this fluid was produced. Since they are now calculated at
130 g.’\:mz/h, valuaes in the holdover time table may differ slightly from those calculated using these coefficients

HOTDS Verification Times Under Various Weather Conditions (minutes)
As Calculated from Regression Coefficients
Outside : b r .
8 Fluid ¢ Snow, Snow Grains < % Light Rain on
Air 'ﬂl'(e:r)np. Dilution Free;lngi:og or Snow Pellets Freen:g ?ﬁ:'zzle Freezing Raln Cold Soaked Wing
( i) {a/dm’/n) {gfam’im) tgidm’mh) (g/dm’h)
5 13 5
100/0 9.6 14
+14-3" 75/25
50/50 59.1
100/0 9
-10/-14 ™
75/25 61.3
-25 100/0 21.5 441 156.0 30.0

*Cold-soaked wing calculaled at +1°C; all other condilions calculaled at -3°C
"*Freszing fog and show calculated at -14°C; freezing drizzle and light freezing rain calculated atl -10°C
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TC HOT Guidelines Regression Information Winter 2010-2011

TABLE 4-16

OCTAGON MAXFLO
REGRESSION COEFFICIENTS TABLE AND VERIFICATION TABLE

ORIl Regression Coefficients for Calculating Holdover Times Under Various Weather Conditions
Temperature
Fluid
Dilul':liun Freezin Sy SHow Freezin Light Rain on
Degr_ees Degrees_ 5 9 Grains or Show ; 193 Freezing Cold Soaked Other
Celsius | Fahrenheit Fog 2 Drizzle'”
Pellets
I = |= 3.0848 |=
100/0 A= A=
= =
-3and 27 and 75(25 5= i
above above
1= I=
50/50 A= A=
1= =
L s CAUTION:
below -3 | below 27 No holdover
ta-14 ta7 1= 21 | = time guidelines
7525 A= A= exist
below -14 | below 7 =
to-250r to-13 or 1000 A= -0.7008
LoOUT LOUT

¥ Regression Equationc t = 10' RA‘W'ﬂel’E‘ R =rate (ga‘onw“mw

% Regressio uation t= 10' R"(E-T,n”.where R =rate :g!dmzs‘h; and T =temperature (in *C}

2 2 and light freezing rain values were calculated at 12.7 gfdm?ﬂl' the year the haldovear time table for this fluid was produced. Since they are now calculated at
alues in the noldover tma table may differ slightly fram those caloulated using these coefficiants

HOTDS Verification Times Under Various Weather Conditions (minutes)
As Calcuiated from Regression Coefficients
Qutside . e .
5 Fluid . Snow, Snow Grains . N Light Rain on
A"(I(E:TP' Dilution Free;m?f:og or Snow Pellets Freen:g 2?:22|e Freezing Rain Cold Soaked Wing
: (gldmh) (a/dm?m) (g/dm’/h) (g/dmmh) (g/dm’mh)
5 2 25 5 5
100/0 217.0 422 12.4
+1 /3" 7525 1 74.1
50/50 6.8
100/0
-10/-14 *
75125 40.7
-25 100/0 3.2

*Cold-soaked wing calculated at +1°C; all other condilions calculaled at -3°C
“"Freezing fog and snow calculaied at -14°C; freezing dnizzle and light freezing rain calculated at -10°C
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APPENDIX B

TC HOT Guidelines Regression Information

Winter 2010-2011

TABLE 417

TYPE IV GENERIC
VERIFICATION TABLE

HOTDS Verification Times Under Various Weathar Conditions {minutes)
As Calculated from Regression Coefficients
Qutside .
B Fluid . Snow, Snow Grains . c Light Rain on
A|r('ﬂ|'gt;1p. Dilution Free;ln?i:ng or Snow Pellets Fret?zZlg 5:22|e Freezing Rain Cold Soaked Wing
(gidm/h) (g/dm’/n) (g/dm™h) (g/dm’/h) (g/dm’ )
2 13 5 25 13 75 5
100/0 162.5 38.6 68.9 258 11.2
/-3 75/25 57.9 52.8 34.7 7.4 ré ) 4.7
50/50 17.1 15.0 0.2 6.7
100/0 21.7 401 20.2 111
10714+ ! '
75/25 24.5 16.2 347 14.2
-25 100/0 17.4 39 4 5.0 30.0
“Cold-soaked wing calculated at +1°C; all other condilions calculaled at -3°C
**Freezing fog and snow calculaled at -14°C; freezing drizzle and light freezing rain calculated at -10°C
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APPENDIX C

Table C-6: Summary of Coefficients (Light Freezing Rain)
Intercept Rate
Fluid Temp r? P Coefficient Total Pts.
)]
(A)
Type | (Composite) -3°C 100% 1.4688 -0.6200 2
Type | (Composite) -6°C 100% 1.4688 -0.6200 2
Type | (Composite) -10°C 100% 2.2598 -1.4012 2
Table C-7: Data Points (Rain on Cold Soaked Wing)
Data Rate of -
Point Precip. 'I;tzr(r;)p Fa(lrln':':]r)ne Log Fail Log Rate
# (g/dm?/h)
1 75.0 1 1.0 0.00 1.88
2 5.0 1 5.0 0.70 0.70

Table C-8: Summary of Coefficients (Rain on Cold Soaked Wing)

Rate
. Intercept . .
Fluid Temp r? P Coefficient Total Pts.
(1
(A)
Type | (Composite) +1°C 100% 1.1144 -0.5943 2
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