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PREFACE

PREFACE

Under contract to the Transportation Development Centre of Transport Canada, APS
Aviation Inc. has undertaken a research program to advance aircraft ground de/anti-icing
technology. The specific objectives of the APS Aviation Inc. test program are the following:
e To develop holdover time data for all newly-qualified de/anti-icing fluids;

e To examine the effect of heated fluids on Type Il, lll and IV fluid endurance times;

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

e To assist in the testing of flow of contaminated fluid from aircraft wings during takeoff;
e To validate the laboratory snow test protocol with Type Il, lll and IV fluids;

e To develop performance specifications for an integrated weather system that measures
holdover time;

e To conduct general and exploratory de/anti-icing research;
e To conduct endurance time tests on non-aluminum plates;
e To conduct endurance time tests in frost on various test surfaces;

e To compile historical data for calculation of holdover times based on a small number of
inputs; and

e To assist Department of National Defence Canada in evaluating the standards used at
various Department of National Defence sites.

The research activities of the program conducted on behalf of Transport Canada during the
winter of 2007-08 are documented in six reports. The titles of the reports are as follows:

e TP 14869E Aircraft Ground De/Anti-lcing Fluid Holdover Time Development Program
for the 2007-08 Winter;
e TP 14870E Winter Weather Impact on Holdover Time Table Format (1995-2008);

e TP 14871E Research for Further Development of Ice Pellet Allowance Times: Aircraft
Trials to Examine Anti-lcing Fluid Flow-Off Characteristics Winter
2007-08;

e TP 14872E  Aircraft Ground Icing General Research Activities During the 2007-08
Winter;

e TP 14873E Regression Coefficients and Equations Used to Develop the Winter
2008-09 Aircraft Ground Deicing Holdover Time Tables; and

e TP 14874E Effect of Heat on Endurance Times of Anti-Icing Fluids.
In addition, the following three interim reports are being prepared:

e Endurance Time Testing in Snow: Comparison of Indoor and Outdoor Data for 2007-08
and Other Artificial Snow Projects;
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PREFACE

o  Fluid Endurance Times Using Composite Surfaces; and

o Substantiation of Aircraft Ground Deicing Holdover Times in Frost Conditions.

In addition, the following report was written for Department of National Defence as part of
this contract; this report does not have a TP number:

e Development of the Canadian Forces Approved Ground Icing Program (AGIP), Evaluation
Methods for Current Performance and Recommendations for Improvement Project: Report
on Site Visit to 14 Wing Greenwood.

This report, TP 14872E, has the following objective:

e To document the exploratory research and general activities carried out for the
Transportation Development Centre during the winter of 2007-08.

The following activities are detailed in this report: Development of a Survey of Deicing
Operations in Freezing Rain and Freezing Drizzle; Evaluation of Holdover Times below -25°C;
Evaluation of Endurance Times in Rain and Snow; Endurance Times in Snow Pellets;
Development of Advisory Circular for ROGIDS; Holdover Time Guidelines Website; Options
for the Future of Holdover Time Testing; Evaluation of Tempered Steam Technology; and
Test Procedures, Presentations and Fluid Manufacturer Reports for 2007-08.
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guidance in the preparation of these documents.

REPORT ACKNOWLEDGEMENTS

APS Aviation Inc. would like to recognize the significant contributions of Katrina Bell, Stephanie
Bendickson, Marco Ruggi, David Youssef, and Victoria Zoitakis for their support in preparing
this report.

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/TP 14872E Final Version 1.0.docx
Final Version 1.0, February 26

iv



Transport Transports
e ] [onspot  Transec PUBLICATION DATA FORM
1. Transport Canada Publication No. 2. Project No. 3. Recipient’s Catalogue No.
TP 14872E B14W
4.  Title and Subtitle 5. Publication Date

Aircraft Ground Icing General Research Activities During the 2007-08 Winter March 2009

6.  Performing Organization Document No.

CM2103.001
7. Author(s) 8.  Transport Canada File No.
APS Aviation Inc. 2450-BP-14
9.  Performing Organization Name and Address 10. PWGSC File No.
APS Aviation Inc. TOR-4-37170
6700 Cote-de-Liesse Rd., Suite 105
Montreal, Quebec, H4T 2B5 11. PWGSC or Transport Canada Contract No.

T8156-140243/001/TOR

Sponsoring Agency Name and Address 13. Type of Publication and Period Covered
Transportation Development Centre Final

Transport Canada

800 René-Lévesque Blvd West, Suite 600 14 Project Officer

Montreal, Quebec, H3B 1X9 Antoine Lacroix for Barry Myers

Supplementary Notes (Funding programs, titles of related publications, etc.)

Several research reports for testing of de/anti-icing technologies were produced for previous winters on behalf of Transport Canada (TC). These
are available from the Transportation Development Centre (TDC). Several reports were produced as part of this winter’'s research program. Their
subject matter is outlined in the preface. The work described in this report was, in part, co-sponsored by the Federal Aviation Administration (FAA).

Abstract
This report documents the general activities completed by APS Aviation Inc. (APS) related to aircraft ground deicing research in the winter of

2007-08. The activities documented in this report were carried out in addition to the main research projects completed in the winter of 2007-08,
which are documented in separate reports. The ten activities included in this report are described below.

1.

Survey of Deicing Operations in Freezing Rain and Freezing Drizzle: APS is conducting a survey on behalf of Transport Canada (TC) to
determine whether the current operational practice of takeoff during freezing drizzle and/or freezing rain conditions needs to be limited
through additional regulatory intervention.

2. Holdover Times of Anti-Icing Fluids Below -25°C.

3. Holdover Times in Conditions of Rain mixed with Snow.

4.  Fluid Endurance Time Testing in Snow Pellet Conditions.

5. Advisory Circular for Approval of Ice Detection Cameras: APS is supporting the development of an Advisory Circular for Aerospace Standard
(AS) 5681 by providing expert opinion and clerical support for the development of the standard on remote on-ground ice detection systems
(ROGIDS).

6. Holdover Time Guidelines Website: APS developed and implemented a website for the official TC 2008-09 Holdover Time (HOT) table
Guidelines.

7. Options for the Future of Holdover Time Testing.

8. Activities Supporting the Development of the Chinook Tempered Steam Technology.

9. Implementation of Holdover Time Determination Systems: APS met with TC on several occasions to revise and advance the performance
specification exemption document that would enable use of Holdover Time Determination Systems (HOTDS) in Canada.

10. Test Procedures, Presentations, and Fluid Manufacturer Reports: An account of the test procedures, presentations and fluid manufacturer
reports.

17. Key Words 18. Distribution Statement
Deicing, SAE, standards, holdover time, holdover time Limited number of copies available from the
determination system, D-Ice, endurance times, Transportation Development Centre
ROGIDS
19. Security Classification (of this publication) 20. Security Classification (of this page) 21. Declassification 22. No. of 23. Price
(date) Pages
Unclassified Unclassified — XX, 52 —
apps

Rev. 96

CDT/TDC 79-005 Canadﬁ




Boe] [onspots  Transport FORMULE DE DONNEES POUR PUBLICATION
1. No de la publication de Transports Canada 2. Node l'étude 3. No de catalogue du destinataire
TP 14872E B14W
4.  Titre et sous-titre 5. Date de la publication
Aircraft Ground Icing General Research Activities During the 2007-08 Winter Mars 2009
6.  No de document de I'organisme exécutant
CM2103.001
7. Auteur(s) 8.  No de dossier - Transports Canada
APS Aviation Inc. 2450-BP-14
9. Nom et adresse de I'organisme exécutant 10. No de dossier - TPSGC
APS Aviation Inc. TOR-4-37170
6700, Chemin de la Cote-de-Liesse, Bureau 105
Montréal (Québec) H4T 2B5 11, No de contrat - TPSGC ou Transports Canada
T8156-140243/001/TOR
12.  Nom et adresse de I'organisme parrain 13. Genre de publication et période visée
Centre de développement des transports Final
Transports Canada
800, Boul. René-Lévesque Ouest, Bureau 600 14. Agent de projet
Montréal (Québec) H3B 1X9 Antoine Lacroix pour Barry Myers

15. Remarques additionnelles (programmes de financement, titres de publications connexes, etc.)

Plusieurs rapports de recherche sur des essais de technologies de dégivrage et d’antigivrage ont été produits au cours des hivers précédents pour le compte de
Transports Canada (TC). lls sont disponibles au Centre de développement des transports. De nombreux rapports ont été rédigés dans le cadre du programme de
recherche de cet hiver. On trouvera dans la préface I'objet de ces rapports. Les travaux décrits dans le présent rapport ont été, en partie, coparrainés par la Federal
Aviation Administration (FAA).

16. Résumé
Ce rapport fait état des activités générales menées par APS Aviation Inc. (APS) en matiere de recherche sur le dégivrage d’aéronefs au sol au

cours de 'hiver 2007-2008. Les activités dont fait état ce rapport ont été effectuées en plus des projets de recherche principale menés pendant
I’hiver 2007-2008, qui sont documentés dans des rapports distincts. Les dix activités qui font I'objet du présent rapport sont énumérées ci-dessous.

1. Sondage sur les opérations de dégivrage dans des conditions de pluie et de bruine verglagantes : APS a mené un sondage pour le compte
de Transports Canada (TC) pour déterminer si la pratique opérationnelle actuelle de décollage dans des conditions de bruine verglagante
ou de pluie verglagante doit étre limitée par des interventions réglementaires supplémentaires.

2. Durées d'efficacité des liquides d’antigivrage a des températures inférieures a -25 °C.

3. Durées d'efficacité dans des conditions de pluie mélées a de la neige.

4. Essais sur les durées d’endurance des liquides dans des conditions de neige roulée.

5. Circulaire consultative pour I'approbation des caméras de détection de givre : APS contribue a I'élaboration de la circulaire consultative
pour la norme aérospatiale (AS) 5681 en fournissant des avis d’experts et un soutien administratif pour la mise au point de la norme sur les
systémes de détection de glace au sol a distance.

6. Site Web des lignes directrices sur les durées d’efficacité : APS a congu et mis en place un site Web présentant les lignes directrices sur
les durées d’efficacité (2008-2009) officielles de TC.

7. Options pour I'avenir des essais relatifs aux durées d’efficacité.

8. Activités de soutien au développement de la technologie a base de vapeur tempérée de Chinook.

9. Mise en ceuvre des systémes de détermination des durées d’efficacité : APS a rencontré TC a plusieurs reprises pour réviser et faire
progresser le document d’exemption de spécification de rendement qui permettrait I'utilisation des systemes de détermination des durées
d’efficacité (HOTDS).

10. Procédures d’essai, présentations, et rapports des fabricants de liquides : Un compte rendu des procédures d’essais des présentations, et
des rapports aux fabricants de liquides pour le programme d’essais de 2007-2008 figure dans le présent rapport.

17. Mots clés 18. Diffusion
Dégivrage, SAE, normes, durée d’efficacité, systéemes Le Centre de développement des transports dispose
de détermination des durées d’efficacité, D-ICE, durées d’un nombre limité d’exemplaires
d’endurance, ROGIDS
19. Classification de sécurité (de cette publication) 20. Classification de sécurité (de cette page) 21. Déclassification 22. Nombre 23. Prix
(date) de pages
Non classifiée Non classifiée — XX, 52 —
ann.

Rev. 96

CDT/TDC 79-005 Canadﬁ

Vi




EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

This report documents the general activities related to aircraft ground deicing
research completed by APS Aviation Inc. (APS) in the winter of 2007-08 on behalf
of the Transportation Development Centre (TDC) of Transport Canada (TC) and the
Federal Aviation Administration (FAA). The ten activities documented in this report
are described below and were carried out in addition to the main research projects
completed in the winter of 2007-08, which are documented in separate reports.

Survey of Deicing Operations in Freezing Rain and Freezing Drizzle (Section 2)

Under the auspices of the freezing rain and freezing drizzle internal Transport Canada
Working Group, APS conducted a survey on behalf of TC of air operators and pilots
to ascertain the current “best practices and procedures” in dealing with takeoffs in
freezing rain, freezing drizzle, and ice pellets.

Holdover Times of Anti-lcing Fluids Below -25°C (Section 3)

APS conducted preliminary tests to determine if there is a significant difference in
the endurance times of a Type Il/IV fluid at -25°C versus at the fluid’s lowest
operational use temperature (LOUT).

Holdover Times in Conditions of Rain mixed with Snow (Section 4)

TC and the FAA currently do not provide guidelines for operations in mixed snow
and rain conditions. However, European aircraft operators have guidance material for
dealing with such conditions. APS conducted tests to identify whether additional
work is required in mixed conditions or if the current guidelines can be modified to
include mixed rain and snow conditions.

Fluid Endurance Time Testing in Snow Pellet Conditions (Section 5)

Currently, there are no Holdover Time (HOT) Guidelines for snow pellets. APS
conducted tests to identify whether additional work is required in snow pellet
conditions or if the current guidelines can be expanded to include snow pellets in the
current snow HOT column.

Advisory Circular for Approval of Ice Detection Cameras (Section 6)

The proposed SAE International (SAE) Aerospace Standard (AS) 5681 specifies the
minimum performance requirements of remote on-ground ice detection systems
(ROGIDS). APS has supported the development of an Advisory Circular for the
application of AS 5681 by providing expert opinion and document development
support.
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EXECUTIVE SUMMARY

Holdover Time Guidelines Website (Section 7)

APS developed and implemented a website for the official Transport Canada HOT
Guidelines in 2003 to eliminate the safety risks associated with discrepancies
occurring as a result of holdover time information being published in multiple
locations. APS updated this website in July 2008 with the 2008-09 HOT Guidelines.

Options for the Future of Holdover Time Testing (Section 8)

During the winter of 2007-08, Transport Canada management indicated that it was
considering removing itself from annual holdover time testing and ground icing
activities in the future. Although the exact extent and timeline of this change were
not immediately clear, the need arose to identify future options to carry out this
work. Eight possible options were identified.

Activities Supporting the Development of the Chinook Tempered Steam Technology
(Section 9)

APS coordinated and conducted a series of tests to evaluate the Tempered Steam
Technology (TST) for aircraft deicing applications. Previous testing performed on
behalf of Chinook and Transport Canada with the TST in 2006-07 clearly
demonstrated the ability of the TST to defrost a wing test bed in all temperature
ranges. In Winter 2007-08, APS conducted tests to evaluate the ability of the TST
to deice operational aircraft. In addition, these tests examined operational issues
related to the use of TST for general ground deicing applications.

Implementation of Holdover Time Determination Systems (Section 10)

APS assisted in the revision of an Air Carrier Exemption and Minimum Assurance
Requirements and Performance Specifications for the implementation of Holdover
Time Determination Systems (HOTDS) into Canadian air operations.

Test Procedures, Presentations, and Fluid Manufacturer Reports (Section 11)

A number of test procedures, presentations, and fluid manufacturer reports were

produced by APS for the 2007-08 test program. An account of these activities is
included in this report.
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SOMMAIRE

Ce rapport fait état des activités générales se rapportant a la recherche sur le
dégivrage d’aéronefs au sol menée par APS Aviation Inc. (APS), au cours de
I"hiver 2007-2008, pour le compte du Centre de développement des transports (CDT)
de Transports Canada (TC) et de la Federal Aviation Administration (FAA). Les dix
activités dont fait état ce rapport sont décrites ci-dessous et ont été effectuées en
plus des projets de recherche principale menés pendant I"hiver 2007-2008, qui sont
documentés dans des rapports distincts.

Sondage sur les opérations de dégivrage dans des conditions de pluie et de bruine
verglacantes (Section 2)

Sous les auspices du groupe de travail de TC sur la pluie verglacante et la bruine
verglacante, APS a mené un sondage auprés des exploitants aériens et des pilotes
pour connaitre les « pratiques et procédures exemplaires » actuelles relatives aux
décollages dans ces conditions et en présence de granules de glace.

Durées d’efficacité des liquides d’antigivrage a des températures inférieures a -25 °C
(Section 3)

APS a mené des essais préliminaires pour déterminer s’il y a une différence
significative entre les durées d’endurance des liquides de type Il et IV a -25 °C et la
température minimale d’utilisation opérationnelle (LOUT) de ces mémes produits.

Durées d’efficacité dans des conditions de pluie mélées a de la neige (Section 4)

A I'heure actuelle, TC et la FAA ne publient pas de lignes directrices encadrant les
opérations dans des conditions de pluie et de neige mixtes. Cela dit, les exploitants
européens d’aéronefs disposent de directives a cet effet. APS a mené une série
d'essais pour déterminer si des travaux supplémentaires sont nécessaires
relativement aux conditions mixtes, ou si les lignes directrices actuelles peuvent étre

élargies en vue d’inclure les conditions de pluie et de neige mixtes.

Essais sur les durées d’endurance des liquides dans des conditions de neige roulée
(Section 5)

A I'heure actuelle, il n’existe pas de lignes directrices sur les durées d’efficacité dans
des conditions de neige roulée. APS a mené une série d’essais pour déterminer si des
travaux supplémentaires sont nécessaires relativement a la neige roulée, ou si les
lignes directrices actuelles peuvent étre élargies en vue d’inclure ces conditions dans
la colonne actuelle portant sur la neige.
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Circulaire consultative pour |‘approbation des caméras de détection de givre
(Section 6)

La norme aérospatiale (AS) 5681 proposée par la SAE International (SAE) précise les
exigences minimales de rendement des systémes de détection de glace au sol a
distance (ROGIDS). APS a contribué a I'élaboration de la circulaire consultative sur
I’application de la norme AS 5681 en fournissant des avis d’experts et un soutien
dans la mise au point de documents.

Site Web des lignes directrices sur les durées d’efficacité (Section 7)

En 2003, APS a concu et mis en place un site Web présentant les lignes directrices
officielles de TC sur les durées d’efficacité, afin d’éliminer les risques pour la sécurité
associés a la possibilité de divergences lorsque l'information sur les durées
d’efficacité est publiée a plusieurs endroits. Le site Web a été mis a jour en
juillet 2008 par APS, qui y a inclus les lignes directrices sur les durées d’efficacité
de 2008-2009.

Options pour I'avenir des essais relatifs aux durées d’efficacité (Section 8)

Au cours de I'hiver 2007-2008, la direction de TC a indiqué qu’elle envisageait de se
retirer des activités annuelles d’essais sur les durées d’efficacité et le givrage au sol.
La portée exacte et le calendrier précis de ce changement n’étaient pas connus a ce
moment, mais il s'est avéré nécessaire de déterminer les options futures pour mener
a bien ce travail. Huit approches possibles ont été cernées.

Activités de soutien au développement de la technologie a base de vapeur tempérée
de Chinook (Section 9)

APS a coordonné et effectué une série d’essais pour évaluer la technologie a base
de vapeur tempérée (TBVT) pour le dégivrage des aéronefs. Des essais antérieurs
menés pour le compte de Chinook et de TC sur la TBVT en 2006-2007 ont clairement
démontré la capacité de cette technologie a dégivrer une aile de banc d’essai, et ce,
dans toutes les plages de température. Au cours de I'hiver 2007-2008, APS a mené
des tests pour évaluer le dégivrage des aéronefs opérationnels par TBVT. En outre,
ces tests ont examiné les questions opérationnelles liées a l'utilisation de la TBVT
pour les applications générales de dégivrage au sol.
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Mise en ceuvre des systémes de détermination des durées d’efficacité (Section 10)
APS a participé a la révision d’'une exemption pour transporteurs aériens et
d’exigences minimales d’assurance et de spécifications de rendement pour la mise
en ceuvre des systéemes de détermination des durées d’efficacité (HOTDS) dans les
exploitations aériennes canadiennes.

Procédures d’essai, présentations, et rapports des fabricants de liquides (Section 11)
APS a produit un certain nombre de procédures d’essais, de présentations, et de

rapports aux fabricants de liquides pour le programme d’essais de 2007-2008. Le
présent rapport contient une description de ces activités.
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1. INTRODUCTION

1. INTRODUCTION

Under winter precipitation conditions, aircraft are cleaned with a freezing point
depressant fluid and protected against further accumulation by an additional
application of such a fluid, possibly thickened to extend the protection time. Aircraft
ground deicing had, until recently, never been researched and there is still an
incomplete understanding of the hazard and of what can be done to reduce the risks
posed by the operation of aircraft in winter precipitation conditions. This "winter
operations contaminated aircraft — ground" program of research is aimed at
overcoming this lack of knowledge.

Since the early 1990s, the Transportation Development Centre (TDC) of Transport
Canada (TC) has managed and conducted de/anti-icing related tests at various sites
in Canada; it has also coordinated worldwide testing and evaluation of evolving
technologies related to de/anti-icing operations 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
deicing fluid manufacturers. The TDC is continuing its research, development, testing
and evaluation program.

Under contract to the TDC, with financial support from the FAA, APS Aviation Inc.
(APS) has undertaken research activities to further advance aircraft ground
de/anti-icing technology. Each of the research activities is documented in a separate
individual report. The general activities are documented in this report in separate
sections (shown in parentheses):

a) Survey of Deicing Operations in Freezing Rain and Freezing Drizzle (Section 2);
b) Holdover Times of Anti-lcing Fluids Below -25°C (Section 3);

c) Holdover Times in Conditions of Rain mixed with Snow (Section 4);

d) Fluid Endurance Time Testing in Snow Pellet Conditions (Section 5);

e) Advisory Circular for Approval of Ice Detection Cameras (Section 6);

f) Holdover Time Guidelines Website (Section 7);

g) Options for the Future of Holdover Time Testing (Section 8);

h) Activities Supporting the Development of the Chinook Tempered Steam
Technology (Section 9);

i) Implementation of Holdover Time Determination Systems (Section 10); and

j)  Test Procedures, Presentations, and Fluid Manufacturer Reports (Section 11).

The relevant sections of the TC work statement can be found in Appendix A.

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/TP 14872E Final Version 1.0.docx
Final Version 1.0, February 26
1



This page intentionally left blank.



2. SURVEY OF DEICING OPERATIONS IN FREEZING RAIN AND FREEZING DRIZZLE

2. SURVEY OF DEICING OPERATIONS IN FREEZING RAIN
AND FREEZING DRIZZLE

2.1 Background

This work is being conducted under the auspices of the Takeoff in Freezing Drizzle
and Freezing Rain (FZDZRA) Working Group. The objective of the Working Group is
to determine whether the current operational practice of takeoff during freezing
drizzle and/or freezing rain conditions needs to be limited through additional
regulatory intervention.

At the first Working Group meeting, it was agreed that it would be appropriate to
canvas air operators on their current “best practices and procedures” in dealing with
takeoffs in FZDZRA conditions. Transport Canada (TC) requested APS Aviation Inc.
(APS) conduct a survey of air operators on its behalf to obtain this information.

2.2 Survey Objectives

The primary objective of the survey was to obtain information on the current
practices of Canadian air operators related to takeoffs in FZDZRA conditions.
However, TC also used the opportunity to collect information related to takeoffs in
ice pellet conditions.

The specific objectives of the survey were as follows:

a) To get a more in-depth understanding of air operator procedures dealing with
takeoff operations during conditions of freezing drizzle, freezing rain, and ice
pellets;

b) To understand what mitigating factors air operators consider in determining
the acceptability of takeoffs in freezing drizzle, freezing rain, or ice pellets;

c) To understand the current knowledge level of industry in this area;
d) To understand the level of training provided to pilots in this area; and

e) To understand specific operating limitations, either self-imposed or imposed
by external factors.
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2. SURVEY OF DEICING OPERATIONS IN FREEZING RAIN AND FREEZING DRIZZLE

2.3 Survey Participants
Three groups of potential survey participants were identified:

1) Air operators conducting 702, 703, 704, or 705 operations;
2) Air operators conducting 604 operations; and

3) Flight crews.

An attempt was made to contact each air operator registered in the 702 (Aerial Work
Operations), 703 (Air Taxi Operations), 704 (Commuter Operations), and 705 (Airline
Operations) categories. TC had a list of these operators but, due to privacy
regulations, could only provide a company name and general contact phone number
for each. APS personnel built a complete database for these operators. Each was
contacted by phone and was requested to provide a contact name, phone number,
and email address for either their chief pilot or operations manager. The final APS
database included 177 air operators in the 702, 703, 704, and 705 categories.

Air operators in the 604 category (Private Operator Passenger Transportation) were
contacted through the Canadian Business Aviation Association (CBAA). The CBAA
sent an email to all of its members informing them of the nature and purpose of the
survey and requesting their participation. The CBAA estimated the email was sent to
320 of its members.

In addition to air operators, it was also deemed appropriate to solicit input directly
from flight crews (pilots), as it was felt that they would provide a different
perspective from the air operators. Pilots were contacted through an article published
in the October 2008 Aviation Safety Letter (ASL). The ASL is a quarterly newsletter
published by Transport Canada Civil Aviation (TCCA) in both English and French and
distributed to all holders of a valid Canadian pilot licence or permit. It includes articles
that address aviation safety. There are approximately 15,500 IFR pilots in Canada
that receive the ASL.

2.4 Survey Format

It was postulated that some air operators, if they could be identified, would not be
comfortable divulging the detailed and somewhat sensitive information requested in
the survey to TC. However, it was critical that this information come to light, and
therefore it was deemed necessary for the survey to be administered so participants
could respond anonymously and be assured that their responses could in no way be
linked to them or their company by either TC or APS.
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2. SURVEY OF DEICING OPERATIONS IN FREEZING RAIN AND FREEZING DRIZZLE

Use of a web-based program to administer the survey and collect the results was
identified as the best way to conduct the survey anonymously. The participants were
directed to a website (a different website for each version of the survey; see
Subsection 2.5) and completed the survey online. They did not require a password
to access the survey. Once they had completed the survey questions, they submitted
their responses, which were collected and held on a secure online server. No data
was collected on the person submitting the responses, on the time/date the
responses were sent, or on the computer they were sent from.

2.5 Survey Versions

As the operations and knowledge bases of the three participant groups differed
slightly, it was necessary to tailor the survey to each group. Furthermore, as the ASL
is published in both English and French, the flight crew survey also had to be
published in both languages. In the end, four versions of the survey were prepared:

1) Air operators (702-705);
2) Air operators (604);
3) Flight crew (English); and
4) Flight crew (French).

Each survey was accessed through a different web address. Copies of the surveys
are included in Appendix B.

Not all questions in the flight crew survey were asked of all respondents. The
respondents followed one of two routes through the survey — the commercial route
or the general aviation route — based on their response to the first question. The
flight crew survey routing is shown in a diagram in Appendix B.

2.6 Survey Administration

The air operators (702-705) survey and air operators (604) survey were administered
in June 2008. Participants of the air operators (702-705) survey (those in the APS
database) were invited to participate in the survey by an individual email sent by the
APS project leader. Participants of the air operators (604) survey received an email
from the CBAA that provided the scope and purpose of the survey and provided a
link to the survey website.

The flight crew survey is being administered throughout Fall 2008. Participants were
invited to participate through an article published in the October 2008 edition of the
ASL.
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2. SURVEY OF DEICING OPERATIONS IN FREEZING RAIN AND FREEZING DRIZZLE

2.7 Response Rates

The response rates for the completed surveys were as follows:

1) Air operators (702, 703, 704, 705): 48 percent (85 responses); and
2) Air operators (604): 21 percent (68 responses).

The response rate for the 702-705 survey was higher than the response rate for the
604 survey. This was expected for several reasons: the appropriate contact (Chief
Pilot or Operations Manager) for the 702-705 air operators was addressed directly
(from the APS database), and reminder emails were sent to the 702-705 air operators
mid-way through the survey and the day before the survey was closed. The 604 air
operators could not be similarly contacted.

The flight crew survey is currently being administered. Response rates from this
survey will be documented in a future TC report.
2.8 Survey Results

Summaries of the air operators (702-705) and air operators (604) survey results are
provided in Appendix C. These results were provided to TC in July 2008.

The flight crew survey is currently being administered. Results will be documented
in a future TC report.
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3. HOLDOVER TIMES OF ANTI-ICING FLUIDS BELOW -25°C

3. HOLDOVER TIMES OF ANTI-ICING FLUIDS BELOW -25°C

3.1 Background

There has been a recent industry need to provide guidance material for operations
with thickened fluids below -25°C. Although the lowest operational use temperature
(LOUT) of a thickened Type Il or Type IV fluid is generally a few degrees below -25°C
(i.e., -28°C or -29°C), Holdover Time (HOT) Guidelines do not exist below -25°C.
Testing is conducted for each certified fluid in simulated freezing fog conditions
at -25°C; however, natural snow data collected as part of the standard HOT testing
protocol contains limited data at these colder temperatures. As a result, generic HOT
values are assigned for Type Il and Type IV fluids below -14°C to -25°C in snow
conditions. Testing was required to investigate if the current HOTs below -14°C
to -25°C could be extended to the fluid LOUT for Type Il and Type IV fluids.

3.2 Objective

The objective of these tests was to determine the differences in the endurance times
of Type IlI/IV fluid tests at -25°C in comparison to testing conducted at the fluid’'s
LOUT. The standard endurance time testing procedure and methodology were
followed. Preliminary testing was conducted with only three fluids in conjunction
with standard HOT testing. The comparative endurance time testing was conducted
using the same fluids and dilution at both -25°C and -28.5°C in freezing fog
conditions.

3.3 Test Results

Three fluids were used for the comparative endurance time testing. A duplicate of
each test was conducted for a total of three comparative sets of tests. Table 3.1
summarizes the results obtained.

3.4 Conclusion

The results obtained from the comparative endurance time testing indicated that the
3.5°C difference in test temperature (from -25°C to -28.5°C) did not seem to have a
significant difference on the fluid endurance time. It should be noted that Brix
measurements were not taken during the tests; visual fluid failure was used as the
comparative measure, although the failure call was difficult. These limited results
indicated that, based on the current generation of fluids (designed with a LOUT of
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3. HOLDOVER TIMES OF ANTI-ICING FLUIDS BELOW -25°C

approximately -28.5°C), the current -25°C HOT could be expanded to apply to the
fluid LOUT; however, if fluid manufacturers begin to develop fluids with lower
LOUTs, further testing will be required to substantiate the new LOUT HOTs. Tests
are recommended to substantiate these findings. It is suggested that progressive Brix
measurements be taken during the tests, as well as final Brix measurements to
validate the visual fluid failure call.

Table 3.1: Endurance Time Tests — LOUT vs. -25°C

Actual

Test # Fluid Name Start Time End Time Enf:_l.:r:?:ce Rate.of A_:_‘;:i‘::t
(hh:mm:ss) (hh:mm:ss) (min) Precip. (°C)
(g/dm?/h)
LOUT1 Dow EG 106 13:27:30 14:03:00 35.6 4.5 -28.5
LOUT1A Dow EG 106 13:34:40 14:13:00 38.3 4.2 -28.5
LOUT4 Dow EG 106 10:58:30 11:32:00 33.6 5.3 -25
LOUT4A Dow EG 106 11:08:00 11:46:00 38.0 5.4 -25
LOUT2 Kilfrost ABC-S + 13:27:15 14:05:00 37.8 4.8 -28.5
LOUT2A Kilfrost ABC-S + 13:34:50 14:18:00 43.2 4.5 -28.5
LOUTS Kilfrost ABC-S + 10:56:30 11:39:00 42.5 5.2 -25
LOUT5A Kilfrost ABC-S + 11:08:15 11:51:00 42.8 5.5 -25
LOUT3 Kilfrost P2143-2 13:25:20 13:54:00 28.7 4.7 -28.5
LOUT3A Kilfrost P2143-2 13:25:30 13:54:30 29.0 4.8 -28.5
LOUT6 Kilfrost P2143-2 10:06:50 10:36:30 29.7 5.1 -25
LOUT6A Kilfrost P2143-2 10:07:00 10:36:00 29.0 5.2 -25

Note: Tests were conducted at NRC Climatic Engineering Chamber on March 31, 2008. Neat fluid was applied
to standard aluminum test plate surfaces in freezing fog.
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4. HOLDOVER TIMES IN CONDITIONS OF RAIN MIXED WITH SNOW

4. HOLDOVER TIMES IN CONDITIONS OF RAIN MIXED WITH
SNOW

4.1 Background

As the accuracy of meteorological reporting continues to improve, especially with
the introduction of Holdover Time Determination Systems (HOTDS), there has been
an industry need to provide Holdover Time (HOT) Guidelines for operations in mixed
precipitation conditions. Transitional precipitation periods often include a mix of
precipitation types, and although these periods are generally short, on many
occasions, especially at warmer temperatures, the transitional periods can last
several hours. As a result, there has been a recent industry need to provide improved
guidance material for these transitional periods of mixed precipitation. In addition,
providing HOT guidance material for mixed precipitation conditions will further aid
the development of HOT determination technology.

Transport Canada (TC) and the Federal Aviation Administration (FAA) currently do
not provide guidelines for operations in mixed snow and rain conditions. However,
some regulatory agencies and aircraft operators have guidance for dealing with such
conditions. The Association of European Airlines (AEA), for example, has
recommended the use of freezing rain HOTs for use during rain mixed with snow
conditions. The purpose of these tests is to identify whether additional work is
required in mixed conditions or if the current guidelines can be modified to include
mixed rain and snow conditions.

4.2 Objective

The objective of this project is to investigate if endurance time testing conducted
during mixed precipitation conditions (rain mixed with snow) will demonstrate signs
of fluid adhesion to aluminum test surfaces with neat Type Il and Type IV fluids.
Comparative testing was conducted with the same fluid in mixed rain and snow
conditions and light freezing rain conditions. The relevant procedure is included in
Appendix D.

It should be noted that these limited preliminary tests were conducted at the request
of the FAA. This limited testing was conducted in conjunction with the standard HOT
testing conducted at the National Research Council Canada (NRC) in April 2008.
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4. HOLDOVER TIMES IN CONDITIONS OF RAIN MIXED WITH SNOW

4.3 Test Results

Two neat fluids were used for the comparative endurance time testing. Testing was
conducted in both simulated mixed rain and snow (conducted at + 1°C) as well as
simulated freezing rain (conducted at -3°C). The rain rate of precipitation was
measured using the standard HOT testing protocol used for simulated freezing
precipitation. The simulated snow rate of precipitation was approximated based on
calibration work conducted; the dispensing apparatus showed good repeatability and
could be set to achieve desired rates of precipitation. The endurance times recorded
were compared. The refractive index (Brix) and level of adherence were monitored
during the test to quantify the levels of fluid dilution and adherence during each test.
Table 4.1 demonstrates the results obtained.

Table 4.1: Rain and Snow vs. Light Freezing Rain Endurance Time Tests

Approx. . .
. Start Time End Time Endl_lrance Rate of Ambient Fm_al Precipitation
Test # Fluid Name Time . Temp. Brix
(hh:mm:ss) | (hh:mm:ss) (min) Precip. (°C) ©) (Type)
(g/dm?/h)
RS1 Dow EG 106 20:47:00 21:46:00 59.0 25 1 8.00 Rain/Snow
RS1-1 Dow EG 106 12:06:00 12:57:00 51.0 24 -3 5.50 | Light Freezing Rain
RS2 Kilfrost ABC-S + 20:47:00 21:56:00 69.0 25 1 5.50 Rain/Snow
RS2-2 Kilfrost ABC-S + 12:06:40 13:08:00 61.3 24 -3 6.50 | Light Freezing Rain

Notes: Tests were conducted at NRC Climatic Engineering Chamber on April 9, 2008. Neat fluid was applied to
standard aluminum test plate surfaces.

4.4 Conclusions

For both ethylene glycol (EG) and propylene glycol (PG) fluids (EG106 and ABC-S +),
the estimated endurance time in rain and snow was on average 14 percent longer
compared to that of the light freezing rain only test. At the estimated time of failure
for both conditions, adherence was present on the plate. The condition of the fluid
during the test showed characteristics similar to light freezing rain conditions (i.e.,
presence of adherence and erosion of the fluid layer). Light freezing rain HOTs seem
a good conservative approach for mixed rain and snow conditions and are in
accordance with the AEA recommendation. It should be noted that these
observations are based on only two comparative tests, and additional tests would be
required to substantiate the conclusion.
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5. FLUID ENDURANCE TIME TESTING IN SNOW PELLET CONDITIONS

5. FLUID ENDURANCE TIME TESTING IN SNOW PELLET
CONDITIONS

5.1 Background

Snow pellets are defined as white and opaque grains of ice. These grains are spherical
or sometimes conical; their diameter is about 2 to 5 mm. These grains are also brittle
and easily crushed. They bounce and break on hard ground.

Although occurrences of snow pellets during aircraft operations have been reported,
no Holdover Time (HOT) Guidelines currently exist for snow pellet conditions. Some
aircraft operators have voiced concern regarding the lack of HOT guidance material
due to the recent increased frequency of occurrence of snow pellet conditions. APS
Aviation Inc. (APS) conducted some preliminary work investigating the melting time
properties of simulated snow pellets versus natural snow; this work was presented
at the Lisbon HOT Working Group meeting and was reported in the Transport Canada
(TC) report, TP 14713E, Aircraft Deicing Research in Natural and Simulated Ice Pellet
Conditions (1).

5.2 Objective

The objective of this project was to compare endurance time testing conducted
during simulated snow pellet conditions and simulated snow conditions with various
thickened fluids. These preliminary tests were completed at the request of the Federal
Aviation Administration (FAA) and TC.

The purpose of these tests is to identify whether additional work is required in snow
pellet conditions or if the current guidelines can be extended to include snow pellets
in the current snow HOT column.

5.3 Test Results

Three neat fluids were used for the comparative endurance time testing. Testing was
conducted in both simulated snow pellets and simulated snow conditions. The
endurance times recorded were compared. The average refractive index (Brix) at
failure (calculated by taking the average of several readings across the plate) was
also recorded to quantify the levels of fluid dilution at the end of each test. Table 5.1
summarizes the results obtained.
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5. FLUID ENDURANCE TIME TESTING IN SNOW PELLET CONDITIONS

Table 5.1: Simulated Snow Pellets vs. Simulated Shnow Endurance Time Tests

Rate of OAT Measured AVG Brix at
Test # Fluid Precipitation Type Precipitation o Endurance Time Failure
5 (°C) . °
(g/dm?/h) (min) (°)
1 Type lll PG Snow Pellets 10 -10 28 19
2 Type lll PG Snow Pellets 10 -10 25 19.8
3 Type lll PG Snow 10 -10 25 17.7
4 Type IV EG Snow Pellets 25 -7 36 13.6
5 Type IV EG Snow 25 -7 33 13.3
6 Type IV PG Snow Pellets 25 -7 31 20.3
7 Type IV PG Snow 25 -7 30 20

5.4 Conclusions

In conclusion, fluid endurance times in simulated snow pellet conditions were similar
to those of simulated snow. On average, the simulated snow pellet tests had
endurance times six percent longer in comparison to those of the simulated snow
tests. The average final Brix measurement indicated similar levels of fluid dilution for
each of the comparative test sets.

It should be noted that data used to generate snow holdover times may already
include snow pellets. Snow pellets are usually brief, and endurance time testing
conducted during snow conditions may have included snow pellets that may not
have been disregarded unless the condition was severe.

Falcon 20 testing showed that ice pellet contamination in anti-icing fluid is removed
from the wing at rotation; therefore, snow pellets would likely also be removed.
Snow pellets will generally occur during snow conditions, not during freezing rain or
freezing drizzle conditions; therefore, the risk of adherence is low, if not negligible.

If research is to continue, it is recommended that the following testing be conducted:

e Wind tunnel testing to investigate flow-off of de/anti-icing fluid contaminated
with snow pellets;

e Further endurance time testing with different fluids, dilutions, temperatures,
and rates; and

e Intra-laboratory comparison of simulated endurance time results.
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6. ADVISORY CIRCULAR FOR APPROVAL OF ICE DETECTION
CAMERAS

Human factor tests, documented in the Federal Aviation Administration (FAA) report,
DOT/FAA/TC-06/21, Human Visual and Tactile Ice Detection Capabilities under
Aircraft Post Deicing Conditions (2), have demonstrated that the ability to detect ice
can be somewhat difficult for both visual and tactile detection. It has been
determined that, under certain circumstances, Remote On-Ground Detection Systems
(ROGIDS) can be more reliable than either human visual or tactile ice detection.

From 2005 to 2007, APS Aviation Inc. (APS) worked with regulatory authorities to
develop SAE International (SAE) Aerospace Standard (AS) 5681, the standard that
specifies the minimum performance requirements of ROGIDS. As a ground-based
system, the main objective of a ROGIDS is to allow flight crews and deicing
technicians to determine whether frozen contamination is present on aircraft
surfaces. Therefore, ROGIDS are intended to be used during aircraft ground deicing
operations to provide information about the condition of the monitored aircraft
surfaces.

Since 2007, APS has assisted in the development of an Advisory Circular to be
issued by regulatory agencies, the FAA and Transport Canada (TC), to provide
guidance so that ROGIDS can be introduced into service. This Advisory Circular will
provide the following:

a. Guidance material and recommendations for operational approval of ROGIDS;

b. Guidance and recommendations for certificate holders/air operators and
operators of deicing facilities regarding the use of ROGIDS as a primary means
for post-deicing inspection of aircraft;

c. Guidance and recommendations for the use of ROGIDS as an advisory means
to supplement visual and tactile pre-deicing checks for clear ice; and

d. Guidance on how to incorporate the use of ROGIDS into the approved deicing
programs of certificate holders or operators of deicing facilities.

6.1 Development of Standard

APS has been an ongoing contributor to the development of the ROGIDS Advisory
Circular through continued support at all industry meetings. The following is a list of
the relevant meetings:

e Meeting 1: December 5-6, 2007, Ottawa: Preliminary discussions to establish
the plan for development of a “ROGIDS use” Advisory Circular; first draft of
Advisory Circular produced;
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6. ADVISORY CIRCULAR FOR APPROVAL OF ICE DETECTION CAMERAS

e Meeting 2: June 25-27, 2008, Montreal: Development of ROGIDS Advisory
Circular;

e Meeting 3: September 16-18, 2008, Atlantic City: Continued development
and refinement of ROGIDS Advisory Circular; and

e Meeting 4: December 2-4, 2008, Ottawa: Final changes made to ROGIDS
Advisory Circular; Advisory Circular provided to TC and the FAA.

6.2 Current Version of Advisory Circular

The December 2008 draft version of the ROGIDS Advisory Circular is included for
reference in Appendix E.
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7. HOLDOVER TIME GUIDELINES WEBSITE

7.1 Background

The development and use of Holdover Time (HOT) Guideline tables has represented
an important contribution to the enhancement of flight safety in winter aircraft
operations throughout the industry. In the years since their introduction, the tables
have become a standard and essential part of winter operations.

Two kinds of HOT Guidelines currently exist — fluid-specific HOT Guidelines and
generic HOT Guidelines. Once developed, the tables are published, or referenced, in
various industry media. At one time, Transport Canada (TC) published the tables in
both English and French in three different locations:

a) The TC Civil Aviation Commercial and Business Aviation Advisory Circular
(CBAAC) document;

b) The TC Civil Aviation website; and

c) The Transportation Development Centre (TDC) website.

It is not unusual that the processing of common information for use in different media
results in discrepancies between displays. Formatting of website contents in different
computer languages can easily lead to errors in content and format. Translation
between English and French can also cause these errors. Reducing the number of
information sources available to operators was seen as a way to eliminate potential
sources of incorrect information.

Therefore, in the summer of 2003, TC asked APS Aviation Inc. (APS) to develop and
implement a website for official TC HOT Guidelines to standardize the HOT
information published on websites and to eliminate the safety risks associated with
information discrepancies. This single source of HOT information was first made
available when the 2003-04 HOT Guidelines were published on a common website
in July 2003. It was published in English and French, primarily for Canadian
operators, although the information was made public for others to use.

7.2 Changes to the Website

Each July since 2003, APS has published the HOT Guidelines for the upcoming
winter on the website. In July 2008, the 2008-09 HOT Guidelines were published
on the website and replaced the 2007-08 HOT Guidelines, which were archived on
the site. Appendix F contains the original issue of the 2008-09 HOT Guidelines as
they appear in English on the website. As in previous years, the changes from the
previous year’s guidelines are summarized on page 3 of the document and explained
in detail in the TC report, TP 14869E, Aircraft Ground De/Anti-Icing Fluid Holdover
Time Development Program for the 2007-08 Winter (3).
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The changes made for the 2008-09 HOT Guidelines include the following:

o Addition of one new Type Il fluid: Kilfrost ABC-K Plus;

e A warning was added concerning possible viscosity issues with the Aviation
Xi'an High-Tech KHF-II Type Il fluid;

e Addition of the Type IV Dow Chemical UCAR™ Flight Guard AD-480 table; and

e A note was included in the Type Il and IV HOT tables to advise that radiational
cooling during active frost conditions can affect holdover times.

For the changes to be approved, APS is required to obtain approval from both TC
and the TDC. The form provided in Figure 7.1 is used for this purpose.

7.3 Future Responsibilities

APS has undertaken the responsibility to ensure the website is operational, in terms
of Internet availability, for a period of one year. In the summer of 2009, APS intends
to update the website with new data from 2008-09 testing and upload the 2009-10
HOT Guidelines.
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Request for Change to
Holdover Time Guidelines Website

Date:

Description of Change:

Affected Pages:

Requested By:

Reason for Change:

Confirmed by: Confirmed by:

Barry Myers Douglas Ingold

Senior Development Officer Specialist Flight Technical
Transportation Development Centre Transport Canada Civil Aviation

Procedure for making changes to the holdover time guidelines website:
1.  Fill out this form
2 Submit to APS (John D’Avirro/Katrina Bell)
3. APS will acquire the necessary signatures or email confirmations
4. APS will submit changes to its IT department after approval is received'

The website files are located on a secure server with restricted access. This access is limited to the APS IT
department.

Figure 7.1: HOT Guideline Change Form
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8. OPTIONS FOR THE FUTURE OF HOLDOVER TIME TESTING

This project was stimulated by initial discussions held among Transport Canada (TC),
the Federal Aviation Administration (FAA), and APS Aviation Inc. (APS) on March b,
2008, in Ottawa, Ontario. A meeting was arranged when TC senior management
announced that the future direction of TC was to remove itself from annual holdover
time (HOT) testing and ground icing activities. Although the exact extent and impact
of TC’s change in direction were not known, it was clear that potential options for
the future of this work needed to be identified and assessed. TC requested that APS
participate in this process as a third party to organize meetings, analyse the options,
and prepare a report.

A document was developed from two brainstorming sessions attended by key APS
personnel and from a meeting attended by APS personnel and TC on June 10, 2008.
Options for the Future of Holdover Time Testing, Draft Version 4.0 describes eight
options the group identified for the future of holdover time testing and includes a
flowchart outlining the roles of the various stakeholders in each option. The
document was provided to TC in June 2008.

A copy of the flowchart is provided in Figure 8.1. Each of the first four column
headings list a task/cost involved in HOT testing; the rows below indicate the
organization responsible for each task/cost in each of the eight options. The columns
include answers to the below questions.

1) Who Funds Fluid Evaluation? The organization in this column pays for the HOT
testing. TC/FAA are noted as responsible in “some years” because, currently,
the set fee paid by the fluid manufacturers may not cover the cost of testing
in years when a minimal number of fluids are tested.

2) Who Collects HOT Testing Revenues from Fluid Manufacturers (FMs)? The
organization in this column manages the HOT testing.

3) Who Publishes HOT Guidelines? The organization in this column is responsible
for making the HOT Guideline information available to users, for example, by
maintaining a website with the current guidelines.

4) Who Funds HOT Guidelines? The organization in this column funds the costs
associated with annual changes to the guidelines, such as revising the generic
tables and presenting the test data to the industry.

At the June 10 meeting, it was concluded that the next step would be to request
more information from TC management. Once this information is available, the group
will be able to reduce the number of possible options and develop further detailed
information for the remaining options. This may require that stakeholder
consultations and costing exercises be completed.
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Who Funds Fluid Who Collects HOT Testing Who Publishes HOT Who Funds HOT Option
Evaluation? Revenues from FMs? Guidelines? Guidelines? P
. . . . (i.e. Revising generic tables,
(i.e. Pays for HOT Testing) (i.e. Manages HOT Testing) SCREN GG, Cosr S
Fluid Manufacturers Transport Canada Transport Canada TC/IFAA Option 1
TC/FAA (some years) FAA FMs (some years)
Fluid Manufacturers FAA FAA FAA/(TC?) Option 2
FAA (some years) FMs (some years)
Regulators (TC/FAA) Regulators (TC/FAA) »|  Option3
Test Agency 5| Regulators (TC/FAA) »| Fluid Manufacturers »| Option4
FMs: fluid-specific Fluid Manufacturers Option 5
SAE: generic
Fluid Manufacturers
Regulators (TC/FAA) »| Regulators (TC/FAA) »| Option 6
NRC/Test Agency q Joint Venture »| Fluid Manufacturers »| Option 7
Joint Venture
FMs: fluid-specific Fluid Manufacturers Option 8
SAE: generic

Figure 8.1: Future HOT Options Diagram
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9. ACTIVITIES SUPPORTING THE DEVELOPMENT OF THE
CHINOOK TEMPERED STEAM TECHNOLOGY

9.1 Introduction

Despite dramatic improvements in previous years in the quality of de/anti-icing fluids,
fluid delivery, recovery equipment, industry procedures, and ground crew and flight
crew training, the negative aspects of the use of glycol for aircraft ground
de/anti-icing are still prominent. These negative aspects include, but are not limited
to, the following:

e Environmental concerns (toxicity, biodegradability);
e Occupational hazards;
e Glycol-associated high costs; and

e Aircraft delays and airport throughput.

Under contract to the Transportation Development Centre (TDC), APS Aviation Inc.
(APS) has undertaken research activities to further advance aircraft ground
de/anti-icing technology.

Tempered Steam Technology (TST), developed by the Chinook Mobile Heating and
Deicing Corporation (CHINOOK), is a unique innovation that aims to reduce the cost
and the environmental impact of deicing aircraft. With its patented delivery system,
TST will use heated steam-infused air, or tempered steam, to melt contaminants on
aircraft surfaces and heated air alone to dry them in an environmentally friendly, user-
friendly, and budget-friendly manner. TST does not involve the use of glycol
whatsoever, and therefore it is designed for deployment at airport gate operations.

In January 2008, a discussion with the Department of National Defence (DND) and
Canadian Forces (CF) was held to propose TST testing on a DND and CF operational
aircraft.

The TST has proven to provide numerous benefits to operators such as DND and CF.
These benefits include, but are not limited to, the following:

e General cost savings (glycol use and recovery);
¢ Reduction in environmental impact;
¢ Increased operational flexibility;

e Deicing capability for those aircraft not currently certified for glycol deicing;
and

e Northern operations where conventional deicing is subject to the lowest
operational use temperature (LOUT) limitations.
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A sizable amount of work has been performed by APS since April 2006 to evaluate
the TST for aircraft deicing applications.

9.2 Previous Work Funded by Transport Canada

Eight tests were completed in Smiths Falls, Ontario, during March and April 2007.
The tests aimed to evaluate the effectiveness of using TST as a deicing tool in the
following precipitation conditions:

e Natural frost (four tests);
e Simulated snow contamination (two tests); and

e Simulated ice contamination (two tests).

Natural frost testing demonstrated that deicing and drying of the wing surfaces can
be achieved by using both tempered steam and hot air components of the TST
system or by using hot air alone.

The results from tests with snow and ice contamination indicate that the TST would
be effective for deicing or as a pre-deicing tool to remove large quantities of
accumulated contamination prior to deicing.

For a complete review of these eight tests, refer to the Transport Canada (TC) report,
TP 14780E, Evaluation of Tempered Steam Technology (TST) for Aircraft Deicing
Applications (4).

9.3 Previous Chinook Work

In August 2005, APS was contracted by CHINOOK to provide consulting services
for the development of business-planning documentation and for the preparation of
applications for financial support and investment. This work comprised Phase | of the
CHINOOK project.

A total of 43 tests were performed with the CHINOOK TST from March 2006 to
April 2007 in Ottawa and Smiths Falls, Ontario. All tests were performed on a JetStar
wing test bed provided by the TDC. This work comprised Phase Il of the CHINOOK
project (APS file CM2003.002), and it resulted in the development of a technical
report for CHINOOK entitled Evaluation of the Chinook Tempered Steam Technology
for Aircraft Deicing Applications.

In August 2007, APS conducted Phase Il activities to continue the evaluation of the
TST for aircraft deicing applications. This included deicing tests on an operational
aircraft.
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9.4 Overall Project Objectives for 2007-2008

In the winter of 2008, APS undertook a research and development project, in
conjunction with TC, to further evaluate the use of tempered steam for aircraft
deicing applications. The focus of this testing was to conduct deicing tests with the
TST on operational aircraft.

APS requested the participation of DND and CF to provide two operational aircraft.
Through discussion, it was proposed that the following tests be conducted:

e Frost Testing on a Bell CH-146 Griffon Helicopter (March 17-20, 2008;
Petawawa); and

e Frost Testing on a Bombardier CC-144 Challenger Aircraft (March 25-28,
2008; Ottawa).

9.5 Methodology (Equipment, Procedures, and Personnel Requirements)
The following subsections describe the experimental methodology used to test the
CHINOOK TST on operational aircraft.

9.5.1 General Methodologies

The CHINOOK TST is a unique innovation that employs steam-infused air to melt
contaminants on aircraft surfaces and hot air to dry residual water created by the
deicing process.

Currently, two delivery platforms are available for CHINOOK testing:

e Research and development unit (RDU) (Subsection 9.5.2); and
e Operational prototype (Subsection 9.5.3).
During deicing tests, only the RDU was available. At the time of testing, the

operational prototype had not been introduced for testing; however, the following
subsections describe both delivery platforms.

9.5.2 Research and Development Unit
The RDU was the first-generation truck-mounted TST system. The RDU was

introduced for testing purposes in March 2007. Although not a suitable platform for
operational deicing activities, the RDU allowed for improved mobility in comparison
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to the proof-of-concept delivery platform that had been employed for preliminary
work to assess the aircraft deicing capabilities of the TST in 2006-07. The boiler
apparatus, boom assembly, and delivery head assembly were manufactured directly
onto the RDU, allowing the vehicle to be entirely self-contained, without any
additional infrastructure.

Due to the late arrival of the first TST operational prototype in April 2008, the RDU
was employed for most testing performed in the winter of 2008.

9.5.3 Operational Prototype

The second-generation truck-mounted system, also known as the operational
prototype, was introduced for testing in April 2008. Built on a deicing vehicle chassis,
the prototype was a major advancement in comparison to the previous RDU and
offered vastly improved manoeuvrability and output capabilities.

9.5.4 Delivery Heads

Tempered steam and hot air were applied to the test surface using a specially
designed delivery head. The delivery head is a lightweight air blanket that is
perforated to allow for an even distribution of tempered steam and hot air across the
test surface. In addition to providing the tempered steam and hot air for deicing and
drying, the delivery head provides the containment necessary to allow the tempered
steam and hot air to work.

9.5.5 Description of Aircraft

An operational Bell CH-146 Griffon Helicopter was used during frost tests conducted
on March 17-20, 2008. An operational Bombardier CC-144 Challenger Aircraft was
scheduled for frost testing on March 25-28, 2008.

9.5.5.1 Bell CH-146 Griffon Helicopter

The Bell CH-146 Griffon is a utility transport tactical helicopter used primarily for
search and rescue missions, tactical transport, and humanitarian relief operations.
Figure 9.1 shows the technical characteristics of this aircraft.

Pre-flight deicing of helicopters is critical to military readiness. As with fixed-wing
aircraft, rotary aircraft are subject to contamination by frost, snow, freezing drizzle,
and freezing rain. This can cause icing of rotor blades and fuselages, rendering the
aircraft inoperable.

Conventional glycol-based deicing fluids can potentially damage the helicopter rotor
and internal components.
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I
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Technical Characteristics
Length 17.1 meters
Rotor Span 14 meters
Weight 5,355 kilograms
Power Pratt & Whitney’'s PT6T-3D
Range 656 km

Figure 9.1: Three Views and Technical Characteristics of Bell CH-146 Griffon
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Manual deicing methodologies require a significant amount of time, which can be
harmful to the mission readiness of the helicopter. Manual deicing procedures such
as scraping and thermal cycling can cause significant damage to the rotors and
fuselage components of the helicopter.

The rotor system is made up of a four-blade flex-beam main rotor. The majority of
materials used in the construction of each blade are of a composite material. Each
blade is made of unidirectional glass fibre with a +45° wound torque casing of glass
fibre cloth. Trailing edges are also of unidirectional glass fibre with spaces between
them. These spaces are filled with a Nomex honeycomb core. The entire blade is
then bonded together by a glass fibre wrapping with the leading edge protected by
a titanium abrasion strip.

The main rotor head is made up of steel and a light alloy.

9.5.5.2 Bombardier CC-144 Challenger Aircraft

The CC-144 Challenger, DND and CF’s twin-engine, long-range executive jet, offers
rapid air transportation for Canadian and international VIPs. Figure 9.2 shows the
technical characteristics of this aircraft.

9.5.6 Description of Test Procedures

The procedure employed during testing with the CHINOOK TST comprised the
following main elements:

e Test condition:

o Recording of environmental data (Subsection 9.5.6.1);

o Recording of surface condition and photo documentation (Subsection 9.5.6.2);
e Test observation:

o Application of tempered steam and hot air (Subsection 9.5.6.3); and

o Post-deicing verification (Subsection 9.5.6.4).

A procedure was developed and is included in Appendix H.
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9.5.6.1 Recording of Environmental Data
Weather information for each test was gathered from several sources:

e Aviation routine weather report (METAR) information from the
www.wunderground.com and www.navcanada.ca websites; and

e Environment Canada (EC) hourly updates on the www.weather.gc.ca website.

EC weather data were employed as the primary weather data for all tests.

Technical Characteristics
Length 20.85 meters
Wing Span 18.84 meters
Weight 18,779 kilograms
Power Two General Electric CF34 Engines
Range 4075-5925 km

Figure 9.2: Three Views and Technical Characteristics of CC-144 Challenger
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9.5.6.2 Recording of Test Surface Condition and Photo Documentation

APS provided photo documentation of all tests. All photos documented in these tests
are included in Appendix G.

9.5.6.3 Application of Tempered Steam and Hot Air

The APS project manager was responsible for selecting the type of deicing process
for each test (tempered steam, hot air, or both), as well as the exposure time for
each process. The exposure time to tempered steam and hot air was determined by
APS based on visual monitoring of the surface conditions during testing. When the
desired condition was achieved, the end of the test was determined by APS
personnel, and the TST system was manoeuvred away from the surface to allow for
post-deicing inspection.

9.5.6.4 Post-Deicing Verification

After the completion of the tempered steam and hot air applications, APS personnel
completed a thorough examination of all surfaces, including all quiet areas. APS
personnel recorded pertinent final test information on data forms, and final
post-deicing photo documentation was taken.

9.5.6.5 Temperature Measurement Equipment

Surface temperature profiles during testing with the TST provide valuable information
and assist in explaining differences in test results. In previous testing with the TST,
surface temperature profiles prior to, during, and after the application of tempered
steam and hot air were gathered by thermistors that were affixed to the test surface
using an adhesive tape. In discussion with DND and CF, it was decided that no actual
temperature equipment would be affixed to any aircraft surfaces. Instead, a
non-contact method of surface temperature collection was adopted to ensure no
aircraft surface damage occurred. The following type of non-invasive temperature
collection equipment was employed during testing:

e Wahl Temperature Reader and Surface Temperature Probe: A calibrated
surface temperature device was used to manually take readings at pre-defined
areas of the test surface. The Wahl Temperature Probe is a hand-held device,
and therefore temperature collection was subject only to the individual reach
of the individual using the device. To enable more flexibility in recording
temperatures using this approach, an extension pole was manufactured by
APS personnel to allow for temperature measurement beyond the reach of any
individual.
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9.5.7 Test Sites

All testing on the Bell CH-146 Helicopter was completed at CFB Petawawa, and all
testing on the Bombardier CC-144 Challenger was completed at MacDonald-Cartier
International Airport (YOW) in Ottawa.

9.5.8 Personnel

For all testing on operational aircraft, three APS personnel were employed to perform
the various test-related activities. DND and CF were responsible for the positioning
of the aircraft. CHINOOK personnel provided general test and equipment support.

9.6 Tests on Bell CH-146 Griffon

On March 18 and 19, 2008, APS attempted to coordinate a series of tests to
evaluate the TST'’s defrosting capabilities on a Bell CH-146 Griffon.

The objectives of these tests were as follows:

e Evaluate the TST's ability to defrost rotary-wing aircraft following periods of
natural frost;

e Determine the times required to defrost and dry rotary-wing aircraft in natural
frost conditions;

e Examine whether or not residual water is created by the application of TST to
frost-covered rotary-wing aircraft, and determine whether or not residual water
propagates to and accumulates in main rotor assembly, including mast and
swash plate assembly;

e Examine the temperature decay profiles of the rotor and rotor blades subjected
to TST; and

e Determine procedural requirements and limitations of using TST for defrosting
rotary-wing aircraft.

In addition to these, a subsequent test was performed to indicate whether it would
be possible to use the TST to remove contamination that may adhere to the internal
components of the rotor assembly.
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In total, three tests were performed on this aircraft:

e Test #1: Preliminary Test

o A preliminary test was conducted to identify any procedural limitations in
the defrosting of blades and rotor assembly. Ideal truck positioning was
also analysed.

e Test #2: Blade Temperature Profile Test

o A second test was conducted to demonstrate the TST’s ability to defrost
the blades and rotor assembly of the helicopter. In addition to this, this test
provided an examination of the temperature decay profile post deicing.

e Test #3: Internal Components Test

o A third test was conducted to evaluate the use of hot air forced upward
through the lower hatch of the helicopter to remove any contamination in
the rotor assembly.

9.6.1 Test #1

Test #1 was a preliminary test to identify any procedural limitations in the defrosting
of blades and rotor assembly. Optimal positioning was also defined, whereas manual
rotation of the entire rotor assembly was needed.

9.6.1.1 General Information

e Date: March 19, 2008
e Start Time of Process: 08:10:00

e End Time of Process: 08:30:00

e Total Exposure Time to Hot Air: 20 minutes'

A freezing rain event prior to testing left a significant amount of frozen contamination
on both the rotors and blades.

1 Both tempered steam and hot air were used. However, the time of each was not recorded. This test was
performed primarily as a positioning test.
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9. ACTIVITIES SUPPORTING THE DEVELOPMENT OF THE CHINOOK TEMPERED STEAM TECHNOLOGY

9.6.1.2 Meteorological Information (Petawawa)

e Time: 08:00:00

e Temperature: 0.5°C

e Dew Point Temperature: -0.3°C

e Relative Humidity: 94 percent

e Wind Direction/Speed: NNW, 9 km/h

9.6.1.3 Surface Temperature Measurements

No surface temperature measurements were recorded in this test.

9.6.1.4 Test Observations

Test #1 was a preliminary test to identify any procedural limitations in the defrosting
of this helicopter. Optimal positioning for subsequent tests was identified. It became
apparent that apron space around the helicopter was limited; therefore, manual
rotation of the blades became the most efficient way to perform testing. Moving the
truck about the helicopter was identified as a procedural deficiency in defrosting.

The RDU was employed for Test #1, and it was positioned to the port side of the
helicopter. For a starting position, the delivery head was positioned directly over the
rotor head, and it was slowly moved outward over each blade. This is depicted in
Figure 9.3. Upon completion of a particular blade, the entire rotor was rotated
clockwise, leaving the RDU in a static position.

The RDU was equipped with the same delivery head used for aircraft wing surfaces.
Due to the much smaller area of the helicopter blade, much of the output of the
tempered steam system was wasted. It became evident that a smaller delivery head
design would be needed for any future helicopter testing.

As mentioned previously, a freezing rain event had occurred in the early hours before
the test. A significant amount of frozen contamination had adhered to both the rotors
and blades at the time of deicing. A post-deicing verification found that most of this
contamination had been removed.
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This test was concluded with some procedural considerations that included, but are
not limited to, the following:

e Aircraft positioning is very important to determine the optimal way to deice a
rotary-wing aircraft;

e Manual rotation of the blades proved to be an efficient method in deicing
helicopter blades, meaning the deicing vehicle should remain static; and

e A smaller delivery head should be employed in helicopter deicing.

Figure 9.3: Depiction of Delivery Head Movement over Blade

9.6.2 Test #2

The objective of Test #2 was to demonstrate the TST's ability to defrost the blades
and rotor assembly of the helicopter. In addition to this, this test provided an
examination of the temperature decay profile post deicing.
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9. ACTIVITIES SUPPORTING THE DEVELOPMENT OF THE CHINOOK TEMPERED STEAM TECHNOLOGY

9.6.2.1 General Information

e Date: March 19, 2008

e Start Time of Process: 20:50:00

e Start Time of Tempered Steam Application: 20:50:00

e End Time of Tempered Steam Application: 21:05:45

e Start Time of Hot Air: N/A

e End Time of Hot Air: N/A

e Total Exposure Time to Tempered Steam: 15 minutes, 45 seconds
e Total Exposure Time to Hot Air: N/A

9.6.2.2 Meteorological Information (Petawawa)

e Time: 20:00:00

e Temperature: 1.4°C

e Dew Point Temperature: 0.5°C

e Relative Humidity: 94 percent

e Wind Direction/Speed: NNW, 13 km/h

9.6.2.3 Surface Temperature Measurements

The surface temperature profiles recorded for measurement locations on one
individual blade are shown in Figure 9.4. At O minutes, the delivery head was placed
over Position 5 at the tip of the blade and moved towards the rotor assembly.
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Chinook Tempered Steam on Bell CH-146 Griffon Test
March 19th, 2008
Surface Temperature Profile
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Figure 9.4: Surface Temperature Plot for Test #2

One individual blade was selected to analyse the temperature profile. This blade was
divided into six locations for temperature measurement. This included five locations
along the actual blade, with the rotor identified as the sixth location. The blade grip
portion of the rotor was the actual surface to be examined during temperature
measurements. Figure 9.5 depicts the locations used for temperature measurement.

BELL CH-146 GRIFFON ROTOR BLADE

6 | The blade grip of the rotor assembly was used for temperature

Figure 9.5: Location Setup for Temperature Measurement

9.6.2.4 Test Observations

Test #2 was an examination of the temperature profile of the chosen blade. The RDU
was employed for Test #2, and it was positioned to the port side of the helicopter.
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9. ACTIVITIES SUPPORTING THE DEVELOPMENT OF THE CHINOOK TEMPERED STEAM TECHNOLOGY

This test was run entirely with the tempered steam portion of the system. Hot air
was not employed. As can be seen in Figure 9.4, temperatures reached a peak value
of between 20°C and 30°C.

As mentioned in the aircraft description (Subsection 9.5.5.1), the blade is made of a

composite material. This material by nature has a very low thermal mass. It is for
this reason that rapid temperature decay was observed.

9.6.3 Test #3

Test #3 evaluated the use of hot air forced upward through the lower hatch of an
aircraft to remove any contamination in the rotor assembly.

9.6.3.1 General Information

e Date: March 19, 2008

e Start Time of Process: 21:54:00

e Start Time of Tempered Steam: N/A

e End Time of Tempered Steam: N/A

e Start Time of Hot Air: 21:54:00

e End Time of Hot Air: 22:07:00

e Total Exposure Time to Tempered Steam: N/A

e Total Exposure Time to Hot Air: 13 minutes, O seconds

9.6.3.2 Meteorological Information (Petawawa)

e Time: 22:00:00

e Temperature: 1.7°C

e Dew Point Temperature: 0.4°C

e Relative Humidity: 86 percent

e Wind Direction/Speed: NNW, 11 km/h

9.6.3.3 Surface Temperature Measurements

The main internal components of the rotor assembly are depicted in Figure 9.6. The
surface temperature measurements of the internal components are shown in
Figure 9.7.
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Figure 9.6: Internal Components of Rotor Assembly

Chinook Tempered Steam on Bell CH-146 Griffon Test
March 19th, 2008
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9. ACTIVITIES SUPPORTING THE DEVELOPMENT OF THE CHINOOK TEMPERED STEAM TECHNOLOGY

9.6.3.4 Test Observations

Test #3 provided an examination of the TST’s ability to remove any contamination
that may accrue on the internal components of the rotor assembly.

For this test, the delivery head of the TST was removed, and the remaining duct
portion was fitted to the hatch under the aircraft. Hot air was applied. This allowed
for a constant stream of hot air to move vertically through the internal portion of the
rotor cavity.

The main objective was to identify how warm the internal components would get
and whether this would be sufficient in removing contamination. Hot air was applied
for a 13-minute period. At the end of the period, designated internal components
were measured at pre-defined intervals. It was concluded that the temperature inside
the rotor cavity was well within the range to melt contamination. Figure 9.7
demonstrated that some components reached a high of 33°C. Material type and
location of each component had a significant effect on its temperature retention.

9.7 Tests on Bombardier CC-144 Challenger Aircraft

Testing on the CC-144 Challenger Aircraft was scheduled for the period
March 25-28, 2008. APS coordinated a series of tests to evaluate the TST defrosting
capabilities on this aircraft.

Unfortunately, due to mechanical issues with the TST system, these tests had to be
postponed. This testing will be proposed for the 2008-09 winter season.

The objective of these tests was as follows:

e Test the TST system on a smaller jet aircraft;
e Determine time required to defrost an aircraft of this size;

e Examine whether or not residual water is created by the application of TST to
frost-covered aircraft, and determine whether or not residual water propagates
to and accumulates in control surfaces of the aircraft;

e Examine temperature decay profiles; and
e Determine procedural requirements and limitations of using TST for defrosting.
APS proposed to conduct tests during 2-3 overnight periods. In preparation for this

testing, APS developed a procedure (Appendix H) and provided planning and logistical
support.
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710. IMPLEMENTATION OF HOLDOVER TIME DETERMINATION SYSTEMS

10. IMPLEMENTATION OF HOLDOVER TIME DETERMINATION
SYSTEMS

10.1 Background

Holdover Time Determination Systems (HOTDS) are designed for implementation at
airports and to record measurements of the weather conditions at pre-determined
intervals. The systems would compute the precipitation rate for any given weather
condition, thus enabling the determination of a “single-value” fluid Holdover Time
(HOT) for any combination of condition, fluid, and temperature. The information
could then be relayed electronically to pilots in the flight deck.

In Winter 2005-06, APS Aviation Inc. (APS) was contracted by the Transportation
Development Centre (TDC) to examine implementation issues with HOTDS.

In February 2006, a D-ICE Deicing Information System (DIIS) was installed at the
central deicing facility (CDF) at Toronto—Pearson International Airport (YYZ). The
system was equipped with radio modems to communicate the electronic system
output information from the unit to a computer installed in the CDF Icehouse. The
computer was configured to allow WestJet to employ information from the DIIS as
an “advisory” tool in winter operations planning. WestJet amended its program to
allow for use of the DIIS information, and Transport Canada (TC) approved this
amendment.

Consultations were performed with TC, Environment Canada (EC) and NAV CANADA
to examine issues of system “certification.” Discussions indicated that the system
outputs consist of an operational tool and could be introduced under an Exemption
to Canadian Aviation Regulations (CAR). At a meeting in February 2006, it was
agreed that a performance-based specification would be developed to permit HOTDS
to be operated under an exemption to CAR Standard 622.11.

As part of a previous contract with the TDC, APS prepared and submitted the
following draft documents to TC:

1. Draft Exemption document from Sections 3.0, 6.0, 6.2, and 6.3 of Canadian
Aviation Regulations Standard 622.11;

2. Draft Minimum Assurance Requirements and Performance Specifications for
Holdover Time Determination Systems; and

3. Draft Assessment Paper Regarding Exemption from Canadian Aviation
Regulations Standard 622.11, Sections 3.0, 6.0, 6.2, and 6.3.
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710. IMPLEMENTATION OF HOLDOVER TIME DETERMINATION SYSTEMS

It was recommended that TC initiate the process for implementation of the Exemption
to CAR Standard 622.11 to enable operational use of HOTDS. APS submitted an
interim report to TC, outlining the development and implementation of a performance
specification and Exemption to CAR Standard 622.11.

10.2 Project Objectives

Appendix A contains the Statement of Work. It states that the HOTDS’s ability to
compute “single-value” fluid HOTs should be evaluated. It also states that
consultations and proposed strategies concerning the system’s implementation
issues and obstacles should be conducted. Based on these consultations, an update
to the exemption document shall be developed.

10.3 Project Activities

The version of the Draft Minimum Assurance Requirements and Performance
Specifications for Holdover Time Determination Systems document that was included
in an interim report, which was considered to be preliminary in nature, and further
refinements would be required prior to publication.

A HOTDS'’s ability to compute “single-value” fluid HOTs is greatly dependent on the
system’s ability to compute an accurate precipitation rate. To this end, data collected
from the APS evaluation of the DIIS at Montreal-Trudeau International Airport (YUL)
were employed to provide support for the refinements to the document Draft
Minimum Assurance Requirements and Performance Specifications for Holdover Time
Determination Systems. This issue will be addressed in Subsection 10.4.2.

APS met with TC officials on several occasions in Ottawa to discuss issues related
to the document Draft Exemption and Draft Minimum Assurance Requirements and
Performance Specifications. During these meetings, pertinent details to be included
within the amended documentation were discussed and decided upon, and issues
related to HOTDS implementation issues and obstacles were addressed. Final
versions of these documents were submitted to TC for legal review and oversight in
February 2007.

In March 2007, the Exemption from Subsection 602.11(4) of the Canadian Aviation
Regulations and Sections 1.0, 3.0, 6.0, 6.2, 6.3 and 7.1.1.1 of Standard 622.11
Ground Icing Operations was signed by the TC Director of Standards. This exemption
allowed WestJet to employ the HOTDS outputs for use in winter planning and
operations. APS submitted a TC report, TP 14781E, Aircraft Ground Icing General
Research Activities During the 2006-07 Winter (5), which contained details related
to the development of the amended Minimum Assurance Requirements and
Performance Specifications for HOTDS.
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710. IMPLEMENTATION OF HOLDOVER TIME DETERMINATION SYSTEMS

The original release of the HOTDS Exemption was March 30, 2007, and was due to
expire in April 2009. After the original release of the Exemption, WestJet and D-ICE
undertook activities to demonstrate the compliance of the DIIS with requirements
and conditions contained in the Exemption. As a result of these activities and inputs
from APS, a number of corrections (some editorial, some technical in nature) were
required to the Exemption. A revision of the Exemption from Subsection 602.11(4)
of the Canadian Aviation Regulations and Sections 1.0, 3.0, 6.0, 6.2, 6.3, and
7.1.1.1 of Standard 622.11 Ground Icing Operations was issued on December 21,
2007. This report only contains information related to the development of the revised
documentation that was signed by TC in December 2007. This document has been
provided in Appendix I.

10.4 Revision of the HOTDS Documentation

A revision of exemption from Subsection 602.11(4) of the Canadian Aviation
Regulations and Sections 1.0, 3.0, 6.0, 6.2, 6.3 and 7.1.1.1 of Standard 622.11
Ground Icing Operations was issued in December 2007 to reflect the modifications
to the following sections:

e Conditions;
e Precipitation Rate; and

e Holdover Time Determinations.

10.4.1 Conditions

In Condition 9, “cautions” was added to the list of items that must be adhered to
unless superseded by this exemption. An example was added: a note on lowest
operational use temperature (LOUT), which is found in HOT Guidelines. The change
is defined as follows:

9. Except where superseded in this exemption, all notes, cautions, conditions,
lists of qualified fluids and application procedures contained in the Holdover
Time Guidelines, published by Transport Canada, on an annual basis shall
continue to apply (for example, respecting the de/anti-icing fluid Lowest
Operational Use Temperature (LOUT)).
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10.4.2 Precipitation Rate

Subsection 5.1.7 of Appendix C has been modified to exclude freezing fog from rate
pan measurements. In Subsection 5.1.8, tolerances were modified based on
statistical assessment of realistically achievable tolerances given current
technologies. The paragraph from Subsection 5.1.10 was split up to clarify intent.
The changes are defined as follows:

5.1.7 Precipitation rate measurements shall be analyzed in reference to
simultaneously recorded glycol pan measurements for all precipitation
types, excluding freezing fog.

5.1.8 The Holdover Time Determination System precipitation rate
measurements shall conform to the glycol pan measurements (ref.: SAE
ARP 5485), within the following tolerances:
a) From 0 to 10 g/dm2/h: +/- 3.0 g/dm?/h
b) Above 10 g/dm2/h to 25 g/dm2/h: +/- 6.0 g/dm?/h
c) Above 25 g/dm2/h: +/- 14.0 g/dm?/h

5.1.10 The precipitation rate input for the purpose of computing fluid holdover
time (Subsections 5.1.12 to 5.1.18) shall be:

a) the precipitation rate determined by the HOTDS; plus

b) the tolerance (within a 95% confidence level) that has
been demonstrated for each precipitation type and
range in 5.1.8, specific to that HOTDS.

10.4.3 Holdover Time Determinations

Numerous changes were made to the HOTDS section. The changes were made to
the following subsections:

e Subsection 5.1.12: Changes were made to clarify that the TDC does not
generate regression curves or coefficients; rather, these are obtained or
published by TC;

e Subsection 5.1.14: A new paragraph was added to ensure that when the
manufacturer implements the regression equation, it is correctly coded and
implemented. The thought is that the manufacturer will run through a set of
known inputs and outputs and compare these with their system outputs;
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e Subsection 5.1.15: A new paragraph was added because it is understood that
current freezing precipitation detectors have a difficult time differentiating
between freezing drizzle or freezing rain, and this approach provides a
conservative solution to that problem. Furthermore, it minimizes extrapolation
errors;

e Subsection 5.1.16: A new paragraph was added because there is no test data
available from HOT evaluation testing above 25 g/dm?/h and it was not felt
appropriate to extrapolate into a region where there is no data to support the
extrapolation;

e Subsection 5.1.17: A new paragraph was added because there is insignificant
test data available from HOT evaluation testing above 50 g/dm?/h and it was
not felt appropriate to extrapolate into a region where there is insufficient data
to support the extrapolation;

e Subsection 5.1.18: A new paragraph was added because there is no test data
available from HOT evaluation testing above 75 g/dm?/h and it was not felt
appropriate to extrapolate into a region where there is no data to support the
extrapolation; and

e Subsection 5.1.20: A new paragraph was added to ensure that all notes,
conditions, and cautions applicable to the annually published HOT Guidelines
shall be respected, in the computation of HOTs using a HOTDS.

The changes are defined as follows:

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 TC, or

5.1.12.2 those where traceability and validity has be
demonstrated to be equivalent to those in
5.1.12.1.
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5.1.14

Holdover Time Determinations from the system, shall be verified, for each
fluid, against known fluid dilution, precipitation type, rate and
temperature inputs to ensure that regression curves and associated
coefficients have been correctly implemented within the system.

As a minimum this verification will include:

5.1.14.1 normal range test cases; and

5.1.14.2 test cases outside the normal range to verify robustness.

5.1.156

Holdover Time Determinations for Freezing Drizzle or Freezing Rain
conditions shall be based on computing the associated Holdover Time for
each one of those precipitation conditions and using the resulting lowest
value.

5.1.16

Holdover Time Determinations shall be inhibited in Freezing Precipitation
(Freezing Fog, Freezing Drizzle or Freezing Rain) conditions exceeding of
25 g/dm?/h.

5.1.17

Holdover Time Determinations shall be inhibited in Snow conditions
exceeding 50 g/dm?/h.

5.1.18

Holdover Time Determinations shall be inhibited in Rain on Cold-Soaked
Wing conditions exceeding 75 g/dm?/h.

5.1.20

Where applicable, the notes, conditions, cautions incorporated into the
annually published holdover time guidelines shall be respected in
computation outputs by the HOTDS.
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11. TEST PROCEDURES, PRESENTATIONS, AND FLUID
MANUFACTURER REPORTS

This section contains an account of the test procedures, presentations, and fluid
manufacturer reports that were prepared by APS Aviation Inc. (APS) in 2007-08.

11.1 Procedures

Several procedures were developed to guide and support the research team in the
methodology for conducting tests. Table 11.1 provides a list of the procedures
developed for each major project. Each major project has been documented in a
separate report, and each complete procedure has been included in at least one of
these reports.

11.2 Presentations

During the course of a research program, subcommittees of the SAE International
(SAE) G-12 Committee hold several meetings. During these and other meetings, APS
presents the research findings. Much of the research presented at these meetings is
eventually documented in various reports.

In 2007-08, the following meetings were held:

a) SAE 2007 Aircraft & Engine Icing International Conference, Seville, Spain,
September 24, 2007;

b) Standing Committee Meeting, Winnipeg, Manitoba, October 10, 2007;

c) SAE G-12 HOT Subcommittee and HOT Work Group Meetings, Montreal,
Canada, November 2007;

d) SAE G-12 HOT Subcommittee, Warsaw, Poland, May 2008; and

e) SAE G-12 HOT Subcommittee and HOT Work Group Meetings, Montreal,
Canada, November 2008.

The presentations given by APS at each of these meetings are listed in the following
subsections. A copy of each presentation is contained in Appendix J.
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11.2.1 SAE 2007 Aircraft & Engine Icing International Conference, Seville,
Spain, September 24, 2007

Two presentations were prepared for the SAE 2007 Aircraft & Engine Icing
International Conference, Seville, Spain, held on September 24, 2007:

1) Aircraft Deicing Research in Simulated Mixed Conditions with Ice Pellets; and

2) Implementation of Holdover Time Determination Systems.

11.2.2 Standing Committee Meeting, Winnipeg, Manitoba, October 10, 2007

Two presentations were prepared for the Transport Canada Standing Committee for
Operations under Icing Conditions meeting in Winnipeg, Manitoba, held on
October 10, 2007:

1) Aircraft Deicing Research in Simulated Mixed Conditions with Ice Pellets; and

2) De/Anti-Icing Fluid Holdover Time Update, 2007/08 Winter Operations.

11.2.3 SAE G-12 HOT Subcommittee Meeting, Montreal, Canada, November
14, 2007

Three presentations were prepared for the SAE G-12 HOT Subcommittee meeting in
Montreal on November 14, 2007:

1) Substantiation of Aircraft Ground Deicing Holdover Times in Frost Conditions;
2) Aircraft Deicing Research in Simulated Mixed Conditions with Ice Pellets; and

3) Implementation of Holdover Time Determination Systems into Canadian Air
Operations, Update for 2007-08 Operations.
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11.2.4 SAE G-12 HOT Subcommittee Meeting, Warsaw, Poland, May 14,

2008

Seven presentations were prepared for the SAE G-12 HOT Subcommittee meeting in
Warsaw on May 14, 2008:

1)

2)
3)

4)

5)
6)

7)

Aircraft De/Anti-lcing Fluid Endurance Time Results for the 2007-08 Winter
Test Season;

Aircraft Ground De/Anti-lcing Research Using Composite Materials;

Substantiation of Aircraft Ground De/Anti-lcing Holdover Times in Frost
Conditions;

Answers to AEA De/Anti-lcing Working Group Questions (prepared but not
presented);

Aircraft Deicing Research in Simulated Mixed Conditions with Ice Pellets;

Aircraft Ground De/Anti-lcing Fluid Endurance Times in Snow Pellet
Conditions; and

Implementation of Holdover Time Determination Systems.

11.2.5 SAE G-12 HOT Subcommittee Meeting, Montreal, Canada,

November 14, 2008

Six presentations were prepared for the SAE G-12 HOT Subcommittee meeting in
Montreal on November 14, 2008:

1)
2)
3)
4)
5)
6)

Proposed Changes to Frost HOT Guidelines;

Examination of Effect of Heat on Endurance Times of Anti-lcing Fluids;
Holdover Times Below -25°C for Anti-lcing Fluids;

Holdover Times in Conditions of Rain mixed with Snow;

Preparation of Holdover Time Guidelines Regression Coefficient Data; and
Holdover Time Guidelines Update Fall 2008.

11.3 Fluid Manufacturer Reports

As part of the research program, several fluids are tested for holdover performance
every year. Some of this data is then published for Holdover Time (HOT) use in the
industry, while the remaining data is maintained by the fluid manufacturers for
research purposes.
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During the 2007-08 winter, seven fluids were tested. APS prepared a report for each
fluid and provided these reports directly to the fluid manufacturers. Reports were
prepared for the following fluids:

a) ABAX F292 (Type IV);

b) Clariant Safewing MP Il Flight Hard Water Dilutions (Type Il);
c) Clariant Safewing MP Il (Type lll);

d) Dow Research Fluids (three fluids);

e) Kilfrost ABC-K Plus (Type Il);

f) Kilfrost P2143-2 (Type ll); and

g) Aviation Xi'an KHF-Il (Type II).

The reports for the fluids that were qualified in the winter of 2007-08 have also been
included as appendices in TP 14869E (3).
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11. TEST PROCEDURES, PRESENTATIONS, AND FLUID MANUFACTURER REPORTS

Table 11.1: List of Procedures for Winter 2007-08

Date of
Program .
9 ID # Program Element Name of Procedure Latest Version # Report
Element # i
Version
Aircraft De/Anti-Icing Fluid Endurance | Test Requirements for Simulated Freezing ) )
7.2:2 5.1 Time Testing Precipitation Flat Plate Testing 16-Jan-04 1.0 HOT
799 5.2 A.|rcraft Dg/Antl—Icmg Fluid Endurance | Test Rqulrements for Natural Precipitation Flat 23-Dec-04 1.0 HOT
Time Testing Plate Testing
799 5.3 A.|rcraft Dg/An‘u—Icmg Fluid Endurance | Endurance Time Tegt Requirements for Simulated 21-Jan-08 11 SIMULATED SNOW
Time Testing Snow Flat Plate Testing
Aircraft De/Anti-lcing Fluid Endurance . HOT,
7.2.2 5.4 Time Testing Overall Program of Tests at NRC, March-April 2008 | 31-Mar-08 1.0 EFFECT OF HEAT
Aircraft De/Anti-Icing Fluid Endurance | Determination of Endurance Times of Type | Fluids ) )
7.2.2 55 Time Testing Under Natural Snow Precipitation at Dorval 14-Dec-07 1.0 HOT
. - . Adhesion of Aircraft De/Anti-lcing Fluids on
7.2.2 5.6 | Aircraft De/Anti-lcing Fluid Endurance | | o Surfaces During Mixed Precipitation | 31-Mar-08 1.0 GENERAL & EXPL.
Time Testing ., .
Conditions Snow and Rain
7.2.2 5.7 A.|rcraft Dfe/Antl-Icmg Fluid Endurance Overall Program of Tests at NRC, July 2008 03-Jul-08 1.0 HOT
Time Testing
Variance and New De/Anti-Icing Fluids
7.2.3 6.1 | Endurance Time Testing  with | Development of Type I Protocol for Indoor Snow |, ;.\ g 1.0 SIMULATED SNOW
(ARP 5945)
Snowmaker
Variance and New De/Anti-Icing Fluids . - .
7.2.4 6.2 | Endurance Time Testing  with | Yorance and New De/Anti-lcing Fluids Endurance | 5 ;. g 1.0 SIMULATED SNOW

Snowmaker

Time Testing with Snowmaker
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11. TEST PROCEDURES, PRESENTATIONS, AND FLUID MANUFACTURER REPORTS

Table 11.1: List of Procedures for Winter 2007-08 (cont’d)

Date of
Program .
ID # Program Element Name of Procedure Latest Version # Report
Element # i
Version
794 71 Evaluation of Endurance Times in | Determination of Test Plate Temperature in Heavy 20-Dec-06 1.0 SIMULATED SNOW
Heavy Snow Snow
794 79 Evaluation of Endurance Times in | Fluid ?I'es?lng with Heavy Snow from Snow 21-Jan-08 1.0 SIMULATED SNOW
Heavy Snow Machine in Comparison with Natural Snow
7924 7.3 Evaluation of Endurance Times in Oper.a'.uon'al Data C?qllectlon During Heavy Snow 19-Dec-06 1.0 SIMULATED SNOW
Heavy Snow Precipitation Conditions
Endurance Time Testing in Frost - . L
7.2.5 8.1 Type VI/II/IV Fluid Endurance Time Testing in Frost 13-Nov-03 1.0 FROST
Endurance Time Testing in Frost - . . .
7.2.5 8.2 Type I/IIAV Fluid Photographic Documentation of Frost Formations 17-Feb-05 2.0 FROST
Endurance Time Testin on Type | Endurance Time Testing on Non-Aluminum
7.2.6 9.1 . 9 Leading Edge Thermal Equivalent Boxes - Natural 17-Nov-06 1.0 COMPOSITE
Non-Aluminum Plates
Snow
Effect of Heat on Neat/Diluted | Experimental Program: Effect of Heat on Endurance
7.2.7 101 | 1y pe I/I/IV Endurance Times Times of Anti-lcing Fluids 04-Nov-05 1.0 EFFECT OF HEAT
Falcon 20 Trials to Examine Fluid Removed from
Flow of Contaminated Fluid from | Low Rotation Aircraft During Takeoff in Simulated
7.3.3 131 Aircraft Wings During Takeoff Conditions with Ice Pellets, Snow and/or Freezing 22-Feb-08 2.0 ICE PELLET
Rain
Evaluation of Tempered Steam Deicing for Deicing
7.6.1 19.1 Evaluation of Tempered Steam Deicing | Operational Aircraft CH-146 Griffon, CC-144 31-Mar-08 1.0 GENERAL & EXPL.

Challenger
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APPENDIX A

7.1

7.1.2

a)

b)

c)

TRANSPORTATION DEVLOPMENT CENTRE
WORK STATEMENT EXCERPT

AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2007-08

Winter Research

Holdover Time Determination System Exemption and Evaluation of
“Heldover Time”

DIIS Implementation Issues and Obstacles:

i)

i)
iii)

iv)

Conduct consultations with Canadian air carriers, airport authorities, and
deicing service providers to examine and identify potential system
implementation obstacles and issues;

Propose strategies to resolve any concerns that arise from this activity;
Revise performance standard exemption as required; and

Report the findings.

De/Anti-Icing Fluid Holdover Time Table Implications:

i)

i)

iii)

iv)

Evaluate the DIIS’ ability to compute “single-value” fluid holdover times
based on recorded DIIS measurements of precipitation rate, precipitation
type and temperature;

Examine the implications on air carrier operations, and therefore on air
carrier deicing programs, of moving to “single-value” or extended fluid
holdover times based on DIIS measurements;

Examine the implications on regulatory guidance material and policies of
moving to “single-value” or extended fluid holdover times based on DIIS
measurements; and

Report the findings.

Evaluation of “Heldover Time” Resulting from Implementation of HOT
Determination Systems:

i)

i)

Review current methodology used by pilots to determine holdover times;
and

Develop methodology to determine most appropriate way to communicate
check times to pilots from data generated by a Holdover time
determination system.
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APPENDIX A

7.1.3

a)

b)

c)
d)
e)
f)

7.2

7.2.3

e)

7.2.8

a)
b)

c)

d)

e)
f)

Survey of Deicing Operations in Freezing Rain and Freezing Drizzle

Develop a user-friendly questionnaire from the draft document provided by
Transport Canada;

Distribute the questionnaire using an anonymous web-based platform to
conduct the survey;

Collect the results;
Follow up with non-responders to ensure the best possible response rate;
Compile questionnaire results into a database; and

Provide a summary of the results.

Fluid Performance Research

Variance and New De/Anti-icing Fluids Endurance Time Testing with
Snowmaker

Evaluation of Endurance Times for Snow Pellets, Preliminary Investigation:

i) Carry out comparative tests with two fluids (EG106 and ABC-S PLUS)
between snow pellets and snow; and

ii) Conduct these tests at one intensity and one temperature.

Exploratory Research and Standards

Provide support to modifying and updating ARP 5485;

Further develop, advance and ballot, as required, SAE Aerospace
Recommended Practice ARP 5945 for Type | fluids;

Develop and acquire LOUT data (aerodynamic acceptance) for the currently
qualified fluids for the high and low speed ramps at the maximum dilution.
Provide this information to the FAA and TC for their consideration for
inclusion in the HOT guidelines;

Support the development of the inclusion of results from compatibility and
environmental tests of AMS 1424 and 1428 in the TC/FAA list of approved
fluids;

Support activities of SAE G-12 Field Viscosity Workgroup;
Support activities of SAE G-12 Dry-Out Workgroup; and
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APPENDIX A

g) Provide support to address other issues that may emerge as having greater
priority during the course of the winter season, which could be pursued on
direction from TDC. Potential issues are listed below:

e Review of the usage of infrared heat with Type | and Type Il/IV fluids;
e Dispersion of fluids on airport surfaces;

e Hot water deicing;

e Infrared system development for northern climates; and

e |ce phobic materials (effect on Type IV's).

7.5 Sensors Research

7.5.1 Support for Development of Advisory Circular for ROGIDS

a) Participate in several joint internal meetings held by the FAA and Transport
Canada to develop Advisory Circulars for potential ROGIDS use.

7.6 Environment Research

7.6.1 Evaluation of Tempered Steam Deicing

i. Tempered Steam Testing with DND Fixed and Rotary Wing Aircraft
a) Evaluate existing deicing technology available for aircraft critical surface;

b) Monitor testing activities conducted using the TST for aircraft critical
surfaces tests;

c) Evaluate applicability of technology to current deicing operations; and

d) Report on the findings and present, as required, the results at the industry
meetings.

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix A/Appendix A.docx
Final Version 1.0, February 26
A-3



APPENDIX A

7.7

7.7.1

a)

b)

c)

7.7.2

a)

b)
c)
d)

7.7.5

a)
b)
c)
d)

7.7.6

a)

b)

c)

d)

Research Information Dissemination

Provision of Support Services and other Activities

Provide support services to assist TDC with testing, refining data and
reporting;

Present findings and prepare reports on each activity described herein; and

Consider the following program elements in the event that several of the
other program elements do not materialize and therefore funds become
available.

Web Site for HOT Guidelines Tables

Ensure the website is operational, in terms of Internet availability, for a one
year period;

Maintain a log of proposed changes to be done on the website;
Update the website with data from new testing; and

Implement changes to the website and post the new HOT Guidelines in
summer of 2008 for use in winter of 2008-09; and possibly any other
updates.

Update: Regression Coefficients Used to Develop Holdover Times

Further review contents of interim report;
Conduct additional verification and validation analysis;
Update report with any additional data collected in 07/08; and

Prepare final report.

Feasibility: Implementation of Centre of Excellence for Deicing Research

Develop possible settings for creating centre of excellence for deicing
research;

Analyze the feasibility of these settings;

Establish and attend meetings with industry key players and discuss these
scenarios; and

Apply ideas and the results of these discussions.
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FREEZING RAIN AND FREEZING DRIZZLE SURVEYS






AIR OPERATOR SURVEY (604)






APPENDIX B

Air Operator Survey on Take-offs in
Freezing Rain and Freezing Drizzle

Administered by APS Aviation Inc. on behalf of Transport Canada

Transport Canada has initiated a Working Group to better understand the current operational practice of take-off during
freezing drizzle and/or freezing rain conditions. This survey forms part of an assessment of the current situation and is
being conducted in an effort to determine whether safety can be improved in this area.

Your participation in this survey, as an air operator, will assist Transport Canada in determining whether additional
guidance material, further interpretation of regulations and standards and/or additional regulations and standards are
required in the area of take-off in these conditions. Transport Canada is also taking this opportunity to collect information
related to take-off during conditions of ice pellets.

A similar survey is being distributed to pilots to better understand their perspective and concerns in this area.

NOTICE OF CONFIDENTIALITY: This survey is being administered by an independent third party on behalf of Transport
Canada. Your responses are anonymous and can not be linked to you in any way.

SURVEY INSTRUCTIONS: Please answer the questions that follow by clicking on the circle/box next to the appropriate
response(s). Once you have answered all questions on a page, click on the "next" arrow to go to the following page. You
can go back to a previous question at any time by clicking the "back" arrow. It will take approximately 7 to 9 minutes to
complete the survey.

To start the survey click on the "next" arrow below.

Note: Some browsers may time out if the survey is left idle for more than 10 minutes. If this happens, press the refresh
button on your browser to resume.

1. Does your company conduct operations in icing conditions?
(" Yes
(" No

2. What type(s) of operation does your company conduct?

| 604 Private Operator Transportation
[~ Other (specify below)
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APPENDIX B

3.
Does your company have an Approved Ground Icing Program?
(" Yes
(" No
CAR 605.30 states the following: No person shall conduct a take-off or continue a flight in an aircraft where
icing conditions are reported to exist or are forecast to be encountered along the route of flight unless:
(a) the pilot-in-command determines that the aircraft is adequately equipped to operate in icing conditions in
accordance with the standards of airworthiness under which the type certificate for that aircraft was issued; or
(b) current weather reports or pilot reports indicate that icing conditions no longer exist
4. Does your company believe that, with respect to CAR 605.30, the standards of airworthiness applicable
to the aircraft types operated allow for take-off in the following conditions:
Yes No Don't Know
Freezing Drizzle (FZDZ) F C C
Light Freezing Rain (-FZRA) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C
Ice Pellets (PL) C C C
5. Are you aware that current aircraft type certification requirements do not consider take-off operations in
freezing drizzle and freezing rain conditions?
(" Yes
(" No
6. . . . - . I
Does your company differentiate between various types and intensities of freezing precipitation such as
FZDZ, -FZRA, FRZA, +FZRA or PL?
(" Yes
(" No
7. Does your company permit/allow take-offs in the following conditions?

Freezing Drizzle (FZDZ)

Light Freezing Rain (-FZRA)
Moderate Freezing Rain (FZRA)
Heavy Freezing Rain (+FZRA)
Ice Pellets (PL)

’)’3’3’3’3?5
s Ne e e e -
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APPENDIX B

You will now be routed to the appropriate questions based on your previous responses.
8. Does your company place any special restrictions on take-offs in the following conditions:
Yes No Not Applicable
Freezing Drizzle (FZDZ) C C C
Light Freezing Rain (-FZRZ) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C
Ice Pellets (PL) C C C
9. During active ground icing events, which include active frost, freezing fog, snow, freezing drizzle,
freezing rain, ice pellets, etc.,
what percentage of your comany's take-offs occur in the following conditions?
Statistics
Not
0% >0t0 2% >2 to 4% >4% Recorded
Freezing Drizzle (FZDZ) C C C C C
Light Freezing Rain (-FZRZ) C C C C C
Moderate Freezing Rain (FZRA) C C C C C
Heavy Freezing Rain (+FZRA) C C C C C
Ice Pellets (PL) C C C C C
10. In the following conditions, what usually limits your departure and take-off capability? (check any/all that
apply)
Availablit
y of
Taxiway aircraft
ramp Runway AFM limi Airport de/anti- Not appli
condition  condition tations closed icing cable
Freezing Drizzle (FZDZ) [ [ [ [ [ [
Light Freezing Rain (-FZRA) [ [ [ [ [ [
Moderate Freezing Rain (FZRA) [ [ [ [ [ [
Heavy Freezing Rain (+FZRA) [ [ [ [ [ [
Ice Pellets (PL) [ [ [ [ [ [
11. Have you observed situations where your company has halted operations while other companies have
not?
(" Yes
" No
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12. In the situation(s) identified in the previous question, why do you suppose other companies continued
to operate? (check any/all that apply)

[ Different Aircraft Types
[ Different Company Policies
[ Unaware of Risks
[ Other (specify below)
[ Don't Know
13. Is your company familiar with the following guidance material related to the subject matter of this
survey:
Yes No
TP 14052 (Guidelines for Aircraft C C
Ground - Icing Operations)
HOT Guidelines C C
CBAAC 130 C C
Airworthiness Notice D008 edition 1 C C
14. Does your Company Operations Manual contain specific information and guidance to pilots when

deciding to take-off in the following conditions:

Freezing Drizzle (FZDZ)

Light Freezing Rain (-FZRZ)
Moderate Freezing Rain (FZRA)
Heavy Freezing Rain (+FZRA)
Ice Pellets (PL)

’3’)’3’3’3§
pReNeNe N ¥

15. Does your company recommend any of the following special procedures after de/anti-icing and before
take-off during the conditions specified below? (check any/all that apply)

No
Addition Addition Addition Addition Special Takeoff
al visual al tactile al visual al tactile Procedu not Auth

inspeciti inspectio  inspectio  inspectio res Reco  orized in
on prior npriorto npriorto npriorto mmende this Con
to taxi taxi take-off take-off d dition

Freezing Drizzle (FZDZ)

Light Freezing Rain (-FZRZ)
Moderate Freezing Rain (FZRA)
Heavy Freezing Rain (+FZRA)
Ice Pellets (PL)

L
L
B
B
B
B R
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16. Does your company employ any of the following processes to assess the safety of taking-off in
conditions of freezing drizzle, freezing rain or ice pellets? (check all that apply)

Safety Management Review
Risk Assessment

Other (specify below)

11717

None

17. Do the manufacturers of the aircraft types operated by your company provide specific limitations or
restrictions with respect to take-off in the following conditions:

Some do, Some do

Yes No not
Freezing Drizzle (FZDZ) C C C
Light Freezing Rain (-FZRZ) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C
C C C

Ice Pellets (PL)

18. Do the manufacturers of the aircraft types operated by your company provide specific guidance with
respect to take-off in the following conditions:

Some do, Some do

Yes No not
Freezing Drizzle (FZDZ) C C C
Light Freezing Rain (-FZRZ) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C
Ice Pellets (PL) C C C

19. Does your company training program include information on conducting take-offs under the following

conditions?

Yes No Don't Know
Freezing Drizzle (FZDZ) C C C
Light Freezing Rain (-FZRZ) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C
Ice Pellets (IP) C C C
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20. Do your pilots have access to a flight planning department?
(" Yes
(" No

21.

Does your company have a mentoring process or some other means by which junior pilots can learn
how to make safe operational decisions from more senior pilots when operating under freezing drizzle,
freezing rain and ice pellet conditions?

(" Yes
(" No

Comments:

22. Do your pilots have an operations manager or chief pilot available immediately for guidance when
operating in freezing drizzle, freezing rain and ice pellet conditions?

(" Yes
(" No

Comments:

23. Please list the principle aircraft types operated by your company. (This question is optional. Answers will
be used for classification purposes only.)

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx
Final Version 1.0, February 26
B-6



APPENDIX B

24. GENERAL COMMENTS Please provide any comments you feel would enhance safety in this area.
Alternatively you may provide additional information on operations in this area not addressed by the questions in
this survey, or expand on any answers you provided.

Thank you for participating in this survey. Your confidential responses will
assist Transport Canada
in determining appropriate guidance material in this area.

To submit your survey, please click on the "submit" arrow below. When your survey has
been successfully been received, you will be directed to the Transport Canada website.
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AIR OPERATOR SURVEY (702-705)






APPENDIX B

Air Operator Survey on Take-offs in
Freezing Rain and Freezing Drizzle

Administered by APS Aviation Inc. on behalf of Transport Canada

Transport Canada has initiated a Working Group to better understand the current operational practice of take-off during
freezing drizzle and/or freezing rain conditions. This survey forms part of an assessment of the current situation and is
being conducted in an effort to determine whether safety can be improved in this area.

Your participation in this survey, as an air operator, will assist Transport Canada in determining whether additional
guidance material, further interpretation of regulations and standards and/or additional regulations and standards are
required in the area of take-off in these conditions. Transport Canada is also taking this opportunity to collect information
related to take-off during conditions of ice pellets.

A similar survey is being distributed to pilots to better understand their perspective and concerns in this area.

NOTICE OF CONFIDENTIALITY: This survey is being administered by an independent third party on behalf of Transport
Canada. Your responses are anonymous and can not be linked to you in any way.

SURVEY INSTRUCTIONS: Please answer the questions that follow by clicking on the circle/box next to the appropriate
response(s). Once you have answered all questions on a page, click on the "next" arrow to go to the following page. You
can go back to a previous question at any time by clicking the "back" arrow. It will take approximately 7 to 9 minutes to
complete the survey.

To start the survey click on the "next" arrow below.

Note: Some browsers may time out if the survey is left idle for more than 10 minutes. If this happens, press the refresh
button on your browser to resume.

1. Does your company conduct operations in icing conditions?
(" Yes
(" No

2. What type(s) of operation does your company conduct? (check all that apply)

702 Aerial Work
703 Air Taxi Operations
704 Commuter Operations

705 Airline Operations

1111

604 Private Operator Transportation
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3.
Does your company have an Approved Ground Icing Program?
(" Yes
(" No
CAR 605.30 states the following: No person shall conduct a take-off or continue a flight in an aircraft where
icing conditions are reported to exist or are forecast to be encountered along the route of flight unless:
(a) the pilot-in-command determines that the aircraft is adequately equipped to operate in icing conditions in
accordance with the standards of airworthiness under which the type certificate for that aircraft was issued; or
(b) current weather reports or pilot reports indicate that icing conditions no longer exist
4. Does your company believe that, with respect to CAR 605.30, the standards of airworthiness applicable
to the aircraft types operated allow for take-off in the following conditions:
Yes No Don't Know
Freezing Drizzle (FZDZ) F C C
Light Freezing Rain (-FZRA) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C
Ice Pellets (PL) C C C
5. Are you aware that current aircraft type certification requirements do not consider take-off operations in
freezing drizzle and freezing rain conditions?
(" Yes
(" No
6. . . . - . I
Does your company differentiate between various types and intensities of freezing precipitation such as
FZDZ, -FZRA, FRZA, +FZRA or PL?
(" Yes
(" No
7. Does your company permit/allow take-offs in the following conditions?

Freezing Drizzle (FZDZ)

Light Freezing Rain (-FZRA)
Moderate Freezing Rain (FZRA)
Heavy Freezing Rain (+FZRA)
Ice Pellets (PL)

’)’3’3’3’3?5
s Ne e e e -
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You will now be routed to the appropriate questions based on your previous responses.
8. Does your company place any special restrictions on take-offs in the following conditions:
Yes No Not Applicable
Freezing Drizzle (FZDZ) C C C
Light Freezing Rain (-FZRZ) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C
Ice Pellets (PL) C C C
9. During active ground icing events, which include active frost, freezing fog, snow, freezing drizzle,
freezing rain, ice pellets, etc.,
what percentage of your comany's take-offs occur in the following conditions?
Statistics
Not
0% >0t0 2% >2 to 4% >4% Recorded
Freezing Drizzle (FZDZ) C C C C C
Light Freezing Rain (-FZRZ) C C C C C
Moderate Freezing Rain (FZRA) C C C C C
Heavy Freezing Rain (+FZRA) C C C C C
Ice Pellets (PL) C C C C C
10. In the following conditions, what usually limits your departure and take-off capability? (check any/all that
apply)
Availablit
y of
Taxiway aircraft
ramp Runway AFM limi Airport de/anti- Not appli
condition  condition tations closed icing cable
Freezing Drizzle (FZDZ) [ [ [ [ [ [
Light Freezing Rain (-FZRA) [ [ [ [ [ [
Moderate Freezing Rain (FZRA) [ [ [ [ [ [
Heavy Freezing Rain (+FZRA) [ [ [ [ [ [
Ice Pellets (PL) [ [ [ [ [ [
11. Have you observed situations where your company has halted operations while other companies have
not?
(" Yes
" No
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12. In the situation(s) identified in the previous question, why do you suppose other companies continued
to operate? (check any/all that apply)

[ Different Aircraft Types
[ Different Company Policies
[ Unaware of Risks
[ Other (please specify below)
[ Don't Know
13. Is your company familiar with the following guidance material related to the subject matter of this
survey:
Yes No
TP 14052 (Guidelines for Aircraft C C
Ground - Icing Operations)
HOT Guidelines C C
CBAAC 130 C C
Airworthiness Notice D008 edition 1 C C
14. Does your Company Operations Manual contain specific information and guidance to pilots when

deciding to take-off in the following conditions:

Freezing Drizzle (FZDZ)

Light Freezing Rain (-FZRZ)
Moderate Freezing Rain (FZRA)
Heavy Freezing Rain (+FZRA)
Ice Pellets (PL)

’3’)’3’3’3§
pReNeNe N ¥

15. Does your company recommend any of the following special procedures after de/anti-icing and before
take-off during the conditions specified below? (check any/all that apply)

No
Addition Addition Addition Addition Special Takeoff
al visual al tactile al visual al tactile Procedu not Auth

inspeciti inspectio  inspectio  inspectio res Reco  orized in
on prior npriorto npriorto npriorto mmende this Con
to taxi taxi take-off take-off d dition

Freezing Drizzle (FZDZ)

Light Freezing Rain (-FZRZ)
Moderate Freezing Rain (FZRA)
Heavy Freezing Rain (+FZRA)
Ice Pellets (PL)

L
L
B
B
B
B R
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16. Does your company employ any of the following processes to assess the safety of taking-off in
conditions of freezing drizzle, freezing rain or ice pellets? (check all that apply)

Safety Management Review
Risk Assessment

Other (please specify below)

11717

None

17. Do the manufacturers of the aircraft types operated by your company provide specific limitations or
restrictions with respect to take-off in the following conditions:

Some do, Some do

Yes No not
Freezing Drizzle (FZDZ) C C C
Light Freezing Rain (-FZRZ) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C
C C C

Ice Pellets (PL)

18. Do the manufacturers of the aircraft types operated by your company provide specific guidance with
respect to take-off in the following conditions:

Some do, Some do

Yes No not
Freezing Drizzle (FZDZ) C C C
Light Freezing Rain (-FZRZ) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C
Ice Pellets (PL) C C C

19. Does your company training program include information on conducting take-offs under the following

conditions?

Yes No Don't Know
Freezing Drizzle (FZDZ) C C C
Light Freezing Rain (-FZRZ) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C
Ice Pellets (IP) C C C
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20. Do your pilots have access to a flight planning department?
(" Yes
(" No

21.

Does your company have a mentoring process or some other means by which junior pilots can learn
how to make safe operational decisions from more senior pilots when operating under freezing drizzle,
freezing rain and ice pellet conditions?

(" Yes
(" No

Comments:

22. Do your pilots have an operations manager or chief pilot available immediately for guidance when
operating in freezing drizzle, freezing rain and ice pellet conditions?

(" Yes
(" No

Comments:

23. Please list the principle aircraft types operated by your company. (This question is optional. Answers will
be used for classification purposes only.)
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24. GENERAL COMMENTS Please provide any comments you feel would enhance safety in this area.
Alternatively you may provide additional information on operations in this area not addressed by the questions in
this survey, or expand on any answers you provided.

Thank you for participating in this survey. Your confidential responses will
assist Transport Canada
in determining appropriate guidance material in this area.

To submit your survey, please click on the "submit" arrow below. When your survey has
been successfully been received, you will be directed to the Transport Canada website.
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Commercial General Aviation
Route Route
(702-705,604,406)  (general aviation, other)
1 Question 1 response determines route
1
2
!
3* *If answer to 3 is "no", skip to 23 after 3
's A
4 i
Y 4
5
1
6
' h
7a 7b
! 1
8a** 8b** **If answers to all parts of 8a/8b are "no", skip to 23 after 8a/8b
1 1
9a 9b
A s
10
!
11%* ***If answer to 11 is "no", skip to 13 after 11
!
12
!
13
's A
14 l
! 1
15a 15b
i i
16a 16b
Y "4
17
1
18
"4 h
19a 19b
! 1
20a 20b
1 1
21 1
! 1
22 1
p 4
23
1
24
!
25
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APPENDIX B

Flight Crew Survey on Take-offs in
Freezing Rain and Freezing Drizzle

Administered by APS Aviation Inc. on behalf of Transport Canada

Transport Canada has initiated a Working Group to better understand the current operational practice of take-off during
freezing drizzle and/or freezing rain conditions. This survey forms part of an assessment of the current situation and is
being conducted in an effort to determine whether safety can be improved in this area.

Your participation in this survey, as a pilot, will assist Transport Canada in determining whether additional guidance
material, further interpretation of regulations and standards and/or additional regulations and standards are required in the
area of take-off in these conditions. Transport Canada is also taking this opportunity to collect information related to take-
off during conditions of ice pellets.

A similar survey has been distributed to air operators to better understand their perspective and concerns in this area.

NOTICE OF CONFIDENTIALITY: This survey is being administered by an independent third party on behalf of Transport
Canada. Your responses are anonymous and can not be linked to you in any way.

SURVEY INSTRUCTIONS: Please answer the questions that follow by clicking on the circle/box next to the appropriate
response(s). Once you have answered all questions on a page, click on the "next" arrow to go to the following page. You
can go back to a previous question at any time by clicking the "back" arrow. It will take approximately 10 minutes to
complete the survey.

To start the survey click on the "next" arrow below.

Note: Some browsers may time out if the survey is left idle for more than 10 minutes. If this happens, press the refresh
button on your browser to resume.

1. What type of operation are you primarily involved with?

604 Private Operator Transportation

C 705 Airline Operations
(" 702 Aerial Work

c

c

406 Flight Training Unit
703 Air Taxi Operations General Aviation

Other (specify below)

S Ne e Ne

704 Commuter Operations

2. Are you IFR rated?

( Yes
(" No
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3. Do you have experience operating in airborne icing conditions?

(" Yes
(" No

4. Does the company you are employed with have an Approved Ground Icing Program?

(" Yes
(" No
(— Don't know

5. CAR 605.30 states the following:

No person shall conduct a take-off or continue a flight in an aircraft where icing conditions are reported to exist or
are forecast to be encountered along the route of flight unless:

(a) the pilot-in-command determines that the aircraft is adequately equipped to operate in icing conditions in
accordance with the standards of airworthiness under which the type cetrtificate for that aircraft was issued; or

(b) current weather reports or pilot reports indicate that icing conditions no longer exist.

Do you believe that, with respect to CAR 605.30, the standards of airworthiness applicable to the aircraft
types you operate allow for take-off in the following conditions:

Yes No Don't know
Freezing Drizzle (FZDZ) C C C
Light Freezing Rain (-FZRA) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C
Ice Pellets (PL) C C C
6. Do you believe that current aircraft type certification requirements consider take-off operations in freezing

drizzle and freezing rain conditions?

(" Yes
(" No

7.a Does the company you are employed with differentiate between various types and intensities of freezing
precipitation such as FZDZ, -FZRA, FRZA, +FZRA or PL?

(" Yes
(" No
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7.b  As a pilot, do you differentiate between various types and intensities of freezing precipitation such as
FZDZ, -FZRA, FRZA, +FZRA or PL?

(" VYes
(" No

8.a Does the company you are employed with permit/allow take-offs in the following conditions?

Yes No
Freezing Drizzle (FZDZ) C C
Light Freezing Rain (-FZRA) C C
Moderate Freezing Rain (FZRA) C C
Heavy Freezing Rain (+FZRA) C C
C C

Ice Pellets (PL)

8.b  As a pilot, do you conduct take-offs in the following conditions?

Yes No
Freezing Drizzle (FZDZ) C C
Light Freezing Rain (-FZRA) C C
Moderate Freezing Rain (FZRA) C C
Heavy Freezing Rain (+FZRA) C C
C C

Ice Pellets (PL)

9.a Does the company you are employed with place any special restrictions on take-offs in the following

conditions?

Yes No Not applicable
Freezing Drizzle (FZDZ) C C C
Light Freezing Rain (-FZRA) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C

C C C

Ice Pellets (PL)

9.b  As a pilot, do you place any special restrictions on take-offs in the following conditions?

Yes No Not applicable
Freezing Drizzle (FZDZ) C C C
Light Freezing Rain (-FZRA) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C

C C C

Ice Pellets (PL)
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10.

1.

12.

13.

In the following conditions, what usually limits your departure and take-off capability? (check any/all that
apply)

Availability
Taxiway of aircraft
ramp Runway AFM Airport de/anti- Not
condition condition limitations closed icing applicable
Freezing Drizzle (FZDZ) [ [ [ [ [ |_
Light Freezing Rain (-FZRA) | [ [ [ [ [
Moderate Freezing Rain [ [ [ [ [ [
(FZRA)
Heavy Freezing Rain [ [ [ [ [ [
(+FZRA)
Ice Pellets (PL) [ [ [ [ [ |_

Have you experienced situations where you have halted operations while others have not?

(" Yes
(" No

In the situation(s) identified in the previous question, why do you suppose others continued to operate?
(check any/all that apply)

Different aircraft types

Different company policies

Unaware of risks

Other (specify below)

AT

Don't know

Are you familiar with the following guidance material related to the subject matter of this survey? Links to
each publication are provided.

TP 14052 - Guidelines for Aircraft Ground - Icing Operations
www.tc.gc.ca/CivilAviation/commerce/Holdovertime/TP 14052/menu.htm
TP 10643 - When in Doubt...
www.tc.gc.ca/CivilAviation/general/exams/guides/TP10643/menu.htm
Holdover Time Guidelines
www.tc.gc.ca/CivilAviation/commerce/Holdovertime/menu.htm

Commercial & Business Aviation Advisory Circular (CBAAC) 130
www.tc.gc.ca/CivilAviation/commerce/circulars/AC0130r.htm
Airworthiness Notice D008 Edition 1
www.tc.gc.ca/CivilAviation/maintenance/AARPC/ans/D008.htm

NASA Ground and Airborne Icing Resources
aircrafticing.grc.nasa.gov/courses.html

2700 O Y O N

DO NS NS NENS BN
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14.

15.a

15.b

Does your Company Operations Manual contain specific information and guidance to pilots when
deciding to take-off in the following conditions:

Yes No
Freezing Drizzle (FZDZ) C C
Light Freezing Rain (-FZRZ) C C
Moderate Freezing Rain (FZRA) C C
Heavy Freezing Rain (+FZRA) C C
C C

Ice Pellets (PL)

Does the company you are employed with recommend any of the following special procedures after
de/anti-icing and before take-off during the conditions specified below? (check any/all that apply or leave
blank if none apply)

Light Moderate Heavy
Freezing Freezing Freezing Freezing
Drizzle Rain Rain Rain Ice Pellets

(FZD2z) (-FZRZ) (FZRA) (+FZRA) (PL)
Additional visual inspection prior to taxi |_ |_ |_ |_ |_
Additional tactile inspection prior to taxi I [ N [ I
Additional visual inspection prior to take-off [ [ [ [ [
Additional tactile inspection prior to take-off |_ |_ |_ |_ |_
Take-off not authorized in this condition [ [ [ [ [

As a pilot, do you follow any of the following special procedures after de/anti-icing and before take-off
during the conditions specified below? (check any/all that apply or leave blank if none apply)

Light Moderate Heavy
Freezing Freezing Freezing Freezing
Drizzle Rain Rain Rain Ice Pellets

(FZDZ) (-FZRZ) (FZRA) (+FZRA) (PL)
Additional visual inspection prior to taxi |_ |_ |_ |_ |_
Additional tactile inspection prior to taxi [ [ [ [ [
Additional visual inspection prior to take-off [ [ [ [ [
Additional tactile inspection prior to take-off |_ |_ |_ |_ |_
Do not take-off in this condition [ [ [ [ [

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx

Final Version 1.0, February 26

B-29




APPENDIX B

16.a Does the company you are employed with employ any of the following processes to assess the safety of
taking-off in conditions of freezing drizzle, freezing rain or ice pellets? (check all that apply)

[ Safety Management Review
[ Risk Assessment

[ Other (specify below)

[ Don't know

16.b  Which of the following do you consider while assessing the safety of taking-off in conditions of freezing
drizzle, freezing rain or ice pellets? (check all that apply)

Aircraft flight into known icing certification status

AFM limitations / restrictions

Postponing take-off

Severity and horizontal/vertical extent of icing conditions

Condition of critical aircraft surfaces prior to take-off

Take-off performance and control associated with reduced runway friction

Effect of possible failure conditions, such as a critical engine failure during the take-off phase

Ability to return and land

I I R R A R A

Other (specify below)

17. Do the manufacturers of the aircraft types you operate provide specific limitations or restrictions with
respect to take-off in the following conditions:

Some do,
Yes No Some do not
Freezing Drizzle (FZDZ) C C C
Light Freezing Rain (-FZRZ) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C
Ice Pellets (PL) C C C
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18. Do the manufacturers of the aircraft types you operate provide specific quidance with respect to take-off
in the following conditions:

Some do,
Yes No Some do not
Freezing Drizzle (FZDZ) C C C
Light Freezing Rain (-FZRZ) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C
C C C

Ice Pellets (PL)

19.a Does your training include information on conducting take-offs under the following conditions?

Yes No Don't remember
Freezing Drizzle (FZDZ) C C C
Light Freezing Rain (-FZRZ) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C

C C C

Ice Pellets (PL)

19.b Did your pilot training include information on conducting take-offs under the following conditions?

Yes No Don't remember
Freezing Drizzle (FZDZ) C C C
Light Freezing Rain (-FZRZ) C C C
Moderate Freezing Rain (FZRA) C C C
Heavy Freezing Rain (+FZRA) C C C

C C C

Ice Pellets (PL)

20.a Do you have access to a flight planning department?

(" Yes
(" No

20.b Which of the following do you use for flight planning purposes? (check all that apply)

Flight planning department
Dispatch service

NAV CANADA

Self

1111

Other (specify below)
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21. Does the company you are employed with have a mentoring process or some other means by which junior
pilots can learn how to make safe operational decisions from more senior pilots when operating under
freezing drizzle, freezing rain and ice pellet conditions?

(" VYes
(" No

Comments:

22. Do you have immediate access to an operations manager or chief pilot for guidance when operating in
freezing drizzle, freezing rain and ice pellet conditions?

(" VYes
(" No

Comments:

23. What type of aircraft do you principally operate?

Category --Click Here-- =
Fixed Wing
Rotary Wing
Both

Class --Click Here--
Single Engine
Multi Engine
Both
Power Plant --Click Here-- v
Type

Reciprocating/Piston
Turbine/Turbo-prop
Both
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24. Please list the aircraft types you operate:

25. GENERAL COMMENTS Please provide any comments you feel would enhance safety in this area. Alternatively
you may provide additional information on operations in this area not addressed by the questions in this survey, or

expand on any answers you provided.

Thank you for participating in this survey. Your responses will assist Transport Canada in determining

appropriate guidance material in this area. To submit your survey, click on the "submit" arrow below. When
your survey has been successfully received, you will be redirected to the Transport Canada Transportation

Development Centre website.

For further information on this topic, please refer to the following published guidance materials:
TP 14052 (Guidelines for Aircraft Ground - Icing Operations): www.tc.gc.ca/CivilAviation/commerce/Holdovertime/TP14052/menu.htm
TP 10643 (When In Doubt... ): www.tc.gc.ca/CivilAviation/general/exams/quides/TP10643/menu.htm
Holdover Time Guidelines: www.tc.gc.ca/CivilAviation/commerce/Holdovertime/menu.htm
CBAAC 130: www.tc.gc.ca/CivilAviation/commerce/circulars/AC0130r.htm

Airworthiness Notice D008 Edition 1: www.tc.gc.ca/CivilAviation/maintenance/AARPC/ans/D008.htm
NASA Ground and Airborne Icing Resources: aircrafticing.grc.nasa.gov/courses.html
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Sondage aupres des équipages de conduite sur les
décollages dans des conditions de pluie verglagante ou
de bruine verglagante

Administré par APS Aviation Inc. pour Transports Canada

Transports Canada a mis sur pied un groupe de travail afin de mieux comprendre les pratiques opérationnelles actuelles
en ce qui concerne le décollage dans des conditions de bruine verglagante et (ou) de pluie verglagante. Le présent
sondage fait partie d’'une évaluation de la situation actuelle et est effectué dans le but d’établir si la sécurité peut étre
améliorée dans ce domaine.

A titre de pilote, votre participation & ce sondage aidera Transports Canada a établir si du matériel d’orientation
additionnel, une interprétation plus détaillée de la réglementation et des normes et (ou) si des réglement et normes
additionnels sont nécessaires en ce qui concerne le décollage dans ces conditions. Transports Canada profite également
de I'occasion pour recueillir des renseignements reliés au décollage dans des conditions de granules de glace.

Un sondage équivalent a été distribué aux exploitants aériens afin de mieux comprendre leur point de vue et leurs
inquiétudes dans ce domaine.

AVIS DE CONFIDENTIALITE: Ce sondage est administré par un tiers indépendant pour le compte de Transports
Canada. Vos réponses restent anonymes et ne peuvent pas vous étre reliées de quelque fagon que ce Soit.

INSTRUCTIONS POUR LE SONDAGE: Veuillez répondre aux questions suivantes en cliquant sur le cercle ou la case a
co6té de la ou des réponses appropriées. Une fois que vous aurez répondu a toutes les questions sur une page donnée,
cliquez sur la fleche "suivant” pour vous rendre a la page suivante. Vous pouvez retourner a une question précédente en
tout temps en cliquant sur la fleche "précédent". Il vous faudra environ 10 minutes pour remplir le sondage.

Pour commencer le sondage, cliquez sur la fleche "suivant" ci-dessous.

Note: Certains logiciels de navigation pourraient s’arréter si le sondage est inactif plus de 10 minutes. Dans ce cas,
appuyez sur le bouton de rafraichissement de votre logiciel de navigation pour reprendre.

1. Dans quel type d’opération étes-vous principalement engagé?

604 Transport de passager par un exploitant privé (— 705 Exploitation d'une entreprise de transport aérien
702 Opérations de travail aérien

c
C 406 Unités de formation au pilotage
(— 703 Exploitation d'un taxi aérien

c

Aviation Générale

70D

704 Exploitation d'un service aérien de navette Autre (veuillez préciser ci-dessous)

2. Etes-vous qualifié IFR?

(" Oui
(" Non
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3. Avez-vous déja opéré dans des conditions de givrage en vol?

(" Oui
(" Non

4. La société qui vous emploie a-t-elle un programme approuvé de dégivrage au sol?

(" Oui
(" Non
(— Ne sais pas

5. Le RAC 605.30 déclare ce qui suit:

Il est interdit d'effectuer le décollage d'un aéronef ou de continuer un vol lorsque des conditions de givrage ont été
signalées ou sont prévues se présenter sur le trajet du vol, a moins que, selon le cas :

a) le commandant de bord n'établisse que I'aéronef est muni de I'équipement adéquat pour étre utilisé dans ces
conditions, conformément aux normes de navigabilité selon lesquelles un certificat de type a été délivré a I'égard
de l'aéronef;

b) les derniers bulletins météorologiques ou les rapports de pilote n'indiquent que les conditions de givrage
prévues n'existent plus.

En ce qui concerne le RAC 605.30, croyez-vous que les normes de navigabilité applicables aux types
d’aéronefs que vous exploitez permettent le décollage dans les conditions suivantes?

Oui Non Ne sais pas
Bruine verglagante (FZDZ) C C C
Pluie verglagante faible (-FZRA) C C C
Pluie verglagante modérée (FZRA) C C C
Forte pluie verglacante (+FZRA) C C C
Granules de glace (PL) C C C
6. Croyez-vous que les exigences actuelles de certification par type d’aéronef prennent en considération les

opérations de décollage dans des conditions de bruine verglacante et de pluie verglagante?

(" Oui
(" Non

7.a La société qui vous emploie établit-elle une distinction entre les divers types et intensités de
précipitations verglacantes comme la FZDZ, la -FZRA, la FZRA, la +FZRA ou le PL?

(" Oui
(" Non
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7.b  Comme pilote, établissez-vous une distinction entre les divers types et intensités de précipitations
verglagantes comme la FZDZ, la -FZRA, la FZRA, la +FZRA ou le PL?

(" Oui
(" Non

8.a La société qui vous emploie permet-elle ou tolére-t-elle les décollages dans les conditions suivantes?

Oui Non
Bruine verglacante (FZDZ) C C
Pluie verglagante faible (-FZRA) C C
Pluie verglagante modérée (FZRA) C C
Forte pluie verglagante (+FZRA) C C
Granules de glace (PL) C C

8.b Comme pilote, faites-vous des décollages dans les conditions suivantes?

o
=
p4

on

Bruine verglacante (FZDZ)

Pluie verglagante faible (-FZRA)
Pluie verglagante modérée (FZRA)
Forte pluie verglacante (+FZRA)

SO NSNS NS
DTOHDHNOHNH

Granules de glace (PL)

9.a La société qui vous emploie établit-elle des restrictions spéciales applicables aux décollages dans les
conditions suivantes?

Oui Non Non applicable
Bruine verglagante (FZDZ) C C C
Pluie verglacante faible (-FZRA) C C C
Pluie verglagante modérée (FZRA) C C C
Forte pluie verglagante (+FZRA) C C C
Granules de glace (PL) C C C

9.b Comme pilote, établissez-vous des restrictions spéciales applicables aux décollages dans les conditions

suivantes?

Oui Non Non applicable
Bruine verglagante (FZDZ) C C C
Pluie verglacante faible (-FZRA) C C C
Pluie verglagante modérée (FZRA) C C C
Forte pluie verglagante (+FZRA) C C C
Granules de glace (PL) C C C
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10. Dans les conditions suivantes, qu’est-ce qui limite habituellement votre capacité de décollage et de
départ? (cochez la ou les conditions qui s’appliquent)

Condition de Disponibilité de
circulation au dégivrage ou
sol ou sur I'aire Condition de la  Limites du ~ Fermeture de d’antigivrage
de trafic piste manuel de vol 'aéroport d’aéronefs  Non applicable

Bruine verglagante
FZo2) [ [ [ [ [ [
Pluie verglagante
faible (-FZRA) [ I I I - I
Pluie verglacante
modérée (FZRA) I [ [ [ [~ I
Forte pluie [ [ [ [ [ [
verglacante
(+FZRA)
Granules de glace [ [ [ [ [ [

(PL)

11. Avez-vous connu des situations ol vous avez di arréter les opérations alors que d’autres ne le faisaient
pas?
¢ Oui
¢~ Non

12. Lors des situations décrites a la question précédente, pourquoi croyez-vous que les autres ont poursuivi
les opérations? (cochez la ou les raisons qui s’appliquent)

[~ Types d’aéronefs différents

|_ Différentes politiques d’entreprise
[ Pas conscients des risques

|_ Autre (veuillez préciser ci-dessous)

|_ Ne sais pas

13. Etes-vous au courant du matériel d’orientation suivant relié a I'objet du présent sondage? Les liens pour
chaque publication sont inclus.

S

TP 14052 - Lignes directrices pour les aéronefs - lors de givrage au sol
www.tc.gc.ca/AviationCivile/commerce/DelaisdEfficacite/ TP 14052/menu.htm

TP 10643 - Dans le doute...
www.tc.gc.ca/aviationcivile/generale/examens/quides/tp10643/menu.htm

Tableaux des durées d'efficacité
www.tc.gc.ca/AviationCivile/commerce/DelaisdEfficacite/menu.htm

Circulaire d'information de I'Aviation commerciale et d'affaires (CIACA) n° 130
www.tc.gc.ca/AviationCivile/commerce/circulaires/Cl0130r.htm

Avis de navigabilité - D008, Edition 1
www.tc.gc.ca/AviationCivile/maintenance/aarpc/ans/D008.htm

o ke e Nie e BNe ¥
o like lie Nie e Mo ¥F-;

NASA Ground and Airborne Icing Resources
aircrafticing.grc.nasa.gov/courses.html
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14. Le manuel d’exploitation de votre société contient-il des renseignements spécifiques et des directives aux
pilotes lorsqu’ils doivent décider de décoller dans les conditions suivantes:

Oui Non
Bruine verglacante (FZDZ) C C
Pluie verglagante faible (-FZRA) C C
Pluie verglagante modérée (FZRA) C C
Forte pluie verglagante (+FZRA) C C

C C

Granules de glace (PL)

15.a La société qui vous emploie recommande-t-elle 'une ou I’autre des procédures spéciales suivantes aprées
le dégivrage ou P’antigivrage et avant le décollage durant les conditions énoncées ci-dessous? (cochez la
ou les conditions qui s’appliquent ou n’inscrivez rien si aucune ne s’applique)

Pluie Pluie
Bruine verglagante verglagante Forte pluie Granules
verglagante faible modérée verglagante de glace
(FZDZ) (-FZRA) (FZRA) (+FZRA) (PL)
Inspection visuelle additionnelle avant [ [ [ [ [
de circuler au sol
Inspection tactile additionnelle avant [ [ [ [ [
de circuler au sol
Inspection visuelle additionnelle avant [ [ [ [ [
de décoller
Inspection tactile additionnelle avant [ [ [ [ [
de décoller
Le décollage dans ces conditions [ [ [ [ [

n’est pas autorisé

15.b Comme pilote, vous conformez-vous a I'une ou 'autre des procédures spéciales suivantes apres le
dégivrage ou I'antigivrage et avant le décollage durant les conditions énoncées ci-dessous? (cochez la ou
les conditions qui s’appliquent ou n’inscrivez rien si aucune ne s’applique)

Pluie Pluie
Bruine verglacante verglagante Forte pluie Granules
verglacante faible modérée verglagcante de glace
(FZDZ) (-FZRA) (FZRA) (+FZRA) (PL)
Inspection visuelle additionnelle avant [ [ [ [ [
de circuler au sol
Inspection tactile additionnelle avant [ [ [ [ [
de circuler au sol
Inspection visuelle additionnelle avant [ [ [ [ [
de décoller
Inspection tactile additionnelle avant [ [ [ [ [
de décoller
Ne pas décoller dans ces conditions |_ |_ |_ |_ |_
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16.a La société qui vous emploie utilise-t-elle I'un ou 'autre des processus suivants pour évaluer la sécurité du
décollage dans des conditions de bruine verglacante, de pluie verglagante ou de granules de glace?
(cochez tous les points qui s’appliquent)

Examen de la gestion de la sécurité
Evaluation des risques

Autre (veuillez préciser ci-dessous)

171717

Ne sais pas

16.b Parmi les actions suivantes, lesquelles prenez-vous en considération lorsque vous évaluez la sécurité
d’un décollage dans des conditions de bruine verglagante, de pluie verglagante ou de granules de glace?
(Cochez toutes les actions qui s’appliquent)

Validité de la certification pour le vol d’'un aéronef dans des conditions givrantes connues

Limites ou restrictions imposées par le manuel de vol

Reporter le décollage

Gravité et étendue horizontale et verticale des conditions de givrage

Condition des surfaces critiques de I'aéronef avant le décollage

Performances et controle de décollage liés a un indice de freinage réduit

Conséquences de défaillances possibles, telles qu’une panne de moteur critique durant la phase de décollage

Possibilité de retourner atterrir

N N R A A O A

Autre (veuillez préciser ci-dessous)

17. Les manufacturiers des types d’aéronefs que vous exploitez prescrivent-ils des limites ou restrictions
spécifiques en ce qui concerne le décollage dans les conditions suivantes:

Certains le
Oui Non font,d’autres pas
Bruine verglacante (FZDZ) C C C
Pluie verglagante faible (-FZRA) C C C
Pluie verglacante modérée (FZRA) C C C
Forte pluie verglacante (+FZRA) C C C
C C C

Granules de glace (PL)
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18.

19.a

19.b

20.a

20.b

Les manufacturiers des types d’aéronefs que vous exploitez offrent-ils de I'orientation spécifique en ce
qui concerne le décollage dans les conditions suivantes:

Certains le
Oui Non font,d’autres pas
Bruine verglacante (FZDZ) C C C
Pluie verglagante faible (-FZRA) C C C
Pluie verglagante modérée (FZRA) C C C
Forte pluie verglacante (+FZRA) C C C
C C C

Granules de glace (PL)

Votre formation comprend-elle des renseignements sur la conduite de décollages dans les conditions
suivantes?

Oui Non Ne m'en souviens pas
Bruine verglagante (FZDZ) C C C
Pluie verglacante faible (-FZRA) C C C
Pluie verglagante modérée (FZRA) C C C
i C C C
Forte pluie verglacante (+FZRA)
C C C

Granules de glace (PL)

Votre formation de pilote comprenait-elle des renseignements sur la conduite de décollages dans les
conditions suivantes?

Oui Non Ne m'en souviens pas
Bruine verglagante (FZDZ) C C C
Pluie verglacante faible (-FZRA) C C C
Pluie verglagante modérée (FZRA) C C C
Forte pluie verglacante (+FZRA) C C C
C C C

Granules de glace (PL)

Avez-vous acceés a un service de plan de vol?

¢ Oui
¢~ Non

Parmi les services suivants, lesquels utilisez-vous pour la préparation des vols? (cochez tous les services
qui s’appliquent)

[ Service de plans de vol
[ Service de répartition
[ NAV CANADA

[ Vous-méme

[ Autre (veuillez préciser ci-dessous)

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx

Final Version 1.0, February 26

B-43




APPENDIX B

21.

22.

23.

La société qui vous emploie utilise-t-elle un processus de mentorat ou d’autres moyens pour les pilotes
plus expérimentés d’enseigner aux pilotes débutants a prendre des décisions opérationnelles sécuritaires
lorsqu’ils opérent dans des conditions de bruine verglacante, de pluie verglagante ou de granules de
glace?

(" Oui
(" Non

Commentaires:

Avez-vous un acceés direct a un gestionnaire des opérations ou a un chef pilote pour de I’encadrement
lorsque vous opérez dans des conditions de bruine verglacante, de pluie verglacante et de granules de
glace?

(" Oui
(" Non

Commentaires:

Quel type d’aéronef exploitez-vous principalement?

Catégorie --Sélectionnez-- ¥
Voilure fixe

Voilure tournante
Les deux

Classe --Sélectionnez-- ¥
Monomoteur

Multimoteur
Les deux

Type de groupe | --Sélectionnez-—- v

motopropulseur Moteur a piston

Moteur a turbine ou turbopropulseur
Les deux
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24. Veuillez dresser la liste des types d’aéronefs que vous exploitez:

25. COMMENTAIRES DE NATURE GENERALE : Veuillez soumettre tout commentaire qui, & votre avis, est
susceptible d’améliorer la sécurité dans ce domaine. D’'un autre cété, vous pouvez soumettre tous
renseignements additionnels sur les opérations dans ces conditions qui n'ont pas été abordés dans les questions
du présent sondage, ou développer davantage vos réponses.

Merci d’avoir participé a ce sondage. Vos réponses aideront Transports Canada Development & identifier le
matériel d’orientation approprié & ce domaine. Pour soumettre votre sondage, cliquer sur la fleche
"soumettre” ci-dessous. Une fois votre sondage est regu, on vous dirigera vers le site Web du Centre de
développement des transports de Transports Canada.

Pour de plus amples renseignements sur le sujet, veuillez consulter le matériel de référence suivant:

TP 14052 - Lignes directrices pour les aéronefs - lors de givrage au sol www.tc.gc.ca/AviationCivile/commerce/DelaisdEfficacite/TP14052/menu.htm
TP 10643 - Dans le doute... www.tc.gc.ca/aviationcivile/generale/examens/quides/tp10643/menu.htm

Tableaux des durées d'efficacité www.tc.gc.ca/AviationCivile/commerce/DelaisdEfficacite/menu.htm

CIACA n° 130 www.tc.gc.ca/AviationCivile/commerce/circulaires/C10130r.htm

Avis de navigabilité - D008, Edition 1 www.tc.gc.ca/AviationCivile/maintenance/aarpc/ans/D008.htm

NASA Ground and Airborne Icing Resources: aircrafticing.grc.nasa.gov/courses.html
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SUMMARY OF FREEZING RAIN AND DRIZZLE SURVEY RESULTS






Freezing Rain Freezing Drizzle Survey Results: 702-705 Air Operators






APPENDIX C

FREEZING DRIZZLE - FREEZING RAIN SURVEY (702-705 OPERATORS)
Summary of Results

July 15, 2008

1. Does your company conduct operations in icing conditions?

Yes 80%
No 20%

2. What type(s) of operation does your company conduct? (check all that apply)

702 Aerial Work 22%

703 Air Taxi Operations 71%

704 Commuter Operations 46%
705 Airline Operations 26%

604 Private Operator Transportation 10%

3. Does your company have an Approved Ground Icing Program?

Yes 94 %
No 6%

4. Does your company believe that, with respect to CAR 605.30, the standards of

airworthiness applicable to the aircraft types operated allow for take-off in the
following conditions:

Yes No Don't Know
Freezing Drizzle (FZDZ) 51% 47 % 1%
Light Freezing Rain (-FZRA) 35% 65% -
Moderate Freezing Rain (FZRA) 12% 87 % 1%
Heavy Freezing Rain (+FZRA) 6% 91% 2%
Ice Pellets (PL) 44% 50% 5%

5. Are you aware that current aircraft type certification requirements do not
consider take-off operations in freezing drizzle and freezing rain conditions?

Yes 69%
No 31%
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6. Does your company differentiate between various types and intensities of
freezing precipitation such as FZDZ, -FZRA, FRZA, +FZRA or PL?

Yes 74%
No 26%

7. Does your company permit/allow take-offs in the following conditions?

Yes No No Reply
Freezing Drizzle (FZDZ) 28% 71% 2%
Light Freezing Rain (-FZRA) 47 % 51% 1%
Moderate Freezing Rain (FZRA) 31% 69 % -
Heavy Freezing Rain (+FZRA) 10% 87% 3%
Ice Pellets (PL) 3% 94% 3%

8. Does your company place any special restrictions on take-offs in the following

conditions:
Yes No N/A
Freezing Drizzle (FZDZ) 64 % 32% 5%
Light Freezing Rain (-FZRA) 52% 30% 18%
Moderate Freezing Rain (FZRA) 52% 20% 27%
Heavy Freezing Rain (+FZRA) 52% 18% 30%
Ice Pellets (PL) 50% 36% 14%

9. During active ground icing events, which include active frost, freezing fog,
snow, freezing drizzle, freezing rain, ice pellets, etc., what percentage of your
company's take-offs occur in the following conditions?

o >0to | >2to o Statistics Not
0% 2% 4% > 4% Recorded
Freezing Drizzle (FZDZ) 11% 48% - - 41%
Light Freezing Rain (-FZRA) 34% 30% 2% - 34%
Moderate Freezing Rain (FZRA) 61% 5% - - 34%
Heavy Freezing Rain (+FZRA) 64 % 2% - - 34%
Ice Pellets (PL) 23% 32% - 2% 43%
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10. In the following conditions, what usually limits your departure and take-off
capability? (check any/all that apply)

Taxiway ramp| Runway AFM Airport AVZ:?::Q:Z of Not

condition condition |limitations| closed . applicable

de/anti-icing

Freezing Drizzle (FZDZ) 43% 61% 45% 23% 64 % 11%
Light Freezing Rain (-FZRA) 34% 52% 43% 16% 45% 23%
Moderate Freezing Rain (FZRA) 34% 39% 43% 14% 32% 38%
Heavy Freezing Rain (+FZRA) 32% 36% 41% 18% 30% 41%
Ice Pellets (PL) 39% 43% 36% 30% 55% 28%

11. Have you observed situations where your company has halted operations while
other companies have not?

Yes

82%

No

18%

12. In the situation(s) identified in the previous question, why do you suppose
other companies continued to operate? (check any/all that apply)

Different Aircraft Types 44%
Different Company Policies 61%
Unaware of Risks 33%
Other (specify below) 19%
Don't Know 22%

Other responses include:

e Availability of anti-icing fluids;

e Perhaps lack of direction from OPs or get home itis;

e Disregard of departure with lifting surfaces contaminated by ice, frost or
snow. Get homeitis syndrome;

e Use of type 4 fluid. Our aircraft only certified for type 1;

e Disregard of the danger;

e The job needs to get done regardless of limitations or regulations as
observed on many regular weather limiting day; and

e Able to use type 4 fluids.
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13. Is your company familiar with the following guidance material related to the
subject matter of this survey:

Yes No No reply
TP 14052 98% 2% -
HOT Guidelines 95% 5% -
CBAAC 130 75% 23% 2%
Airworthiness Notice D008 edition 1 41% 57% 2%

14. Does your Company Operations Manual contain specific information and
guidance to pilots when deciding to take-off in the following conditions:

Yes No No reply
Freezing Drizzle (FZDZ) 59% 41% -
Light Freezing Rain (-FZRA) 59% 39% 2%
Moderate Freezing Rain (FZRA) 57% 41% 2%
Heavy Freezing Rain (+ FZRA) 52% 45% 2%
Ice Pellets (PL) 52% 48% -

15. Does your company recommend any of the following special procedures after
de/anti-icing and before take-off during the conditions specified below? (check

anyy/all that apply)

Additional | Additional AdQ|t|onaI Addltlpnal . Takeoff
. . visual tactile No Special not
visual tactile . . . . .
. . . . inspection |inspection Procedures |Authorized
inspection | inspection . . . .
rior o taxilorior to taxi prior to prior to | Recommended in this
P P take-off take-off Condition
Freezing Drizzle (FZDZ) 48% 39% 59% 18% 9% 20%
Light Freezing Rain (-FZRA) 30% 25% 41% 18% 9% 45%
Moderate Freezing Rain 18% 16% 25% 9% 2% 70%
Heavy Freezing Rain (+FZRA) 14% 11% 16% 7% 2% 80%
Ice Pellets (PL) 48% 36% 61% 23% 7% 20%

16. Does your company employ any of the following processes to assess the
safety of taking-off in conditions of freezing drizzle, freezing rain or ice pellets?

(check all that apply)

Safety Management Review 48%
Risk Assessment 52%
Other (specify below) 9%
None 27%

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx
Final Version 1.0, February 26

c-4



APPENDIX C

Other responses include:

e Experience, knowledge and judgment of the crew;

e Annual safety discussion on icing in fall prior to icing season. informal safety
meeting;

e We use current HOT guidelines for fzdz and -fzdz. as that is all that is listed
on the charts, there for a Risk Assessment, Safety Man. Review is not
required nor will | do onel!;

e assessment of temperatures on ground and air, as well as aircraft equipment
availability and serviceability; and

e Takeoff in freezing rain and ice pellets is not permitted under the CARs.

17. Do the manufacturers of the aircraft types operated by your company provide
specific limitations or restrictions with respect to take-off in the following

conditions:
Yes No Sfrzr:z:(l)ﬁ,ot No reply
Freezing Drizzle (FZDZ) 18% 52% 30% -
Light Freezing Rain (-FZRA) 30% 48% 23% -
Moderate Freezing Rain (FZRA) 39% 43% 18% -
Heavy Freezing Rain (+FZRA) 41% 41% 18% -
Ice Pellets (PL) 14% 61% 23% 2%

18. Do the manufacturers of the aircraft types operated by your company provide

specific guidance with respect to take-off in the following conditions:

Yes No S:&ZZ:?}’M No reply
Freezing Drizzle (FZDZ) 20% 50% 30% -
Light Freezing Rain (-FZRA) 25% 48% 27% -
Moderate Freezing Rain (FZRA) 25% 50% 25% -
Heavy Freezing Rain (+FZRA) 20% 52% 27% -
Ice Pellets (PL) 14% 57% 30% -
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19. Does your company training program include information on conducting

take-offs under the following conditions?

Yes No Don't Know
Freezing Drizzle (FZDZ) 86% 11% 2%
Light Freezing Rain (-FZRA) 80% 18% 2%
Moderate Freezing Rain (FZRA) 75% 20% 4%
Heavy Freezing Rain (+FZRA) 68% 27% 4%
Ice Pellets (PL) 80% 16% 5%

20. Do your pilots have access to a flight planning department?

Yes

86%

No

14%

21. Does your company have a mentoring process or some other means by which
junior pilots can learn how to make safe operational decisions from more senior

pilots when operating under freezing drizzle, freezing rain and ice pellet
conditions?

Yes 98%
No 2%

Comments include:

e Initial class room training and Line indoctrination; and

e Extra assistance is available through dispatch, and the flight operations
department including type chief pilots.

22. Do your pilots have an operations manager or chief pilot available immediately

for guidance when operating in freezing drizzle, freezing rain and ice pellet
conditions?

Yes 98%
No 2%

Comments include:

e Dispatch chief Pilot Ops Manger; and

e They are not released on line until there knowledge level has been assessed
and policy is "When in doubt don't go."
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23. Please list the principle aircraft types operated by your company.

Forty-seven responses to this question were received; each one is listed individually
below.

e LR35 LR45 C750.

e Dash 8s and light turbo props.

e PA37 Cessna 206.

e PA-31, Cessna 208B, BN2A, BE58, Cessna 206.
e DHC-8/700.

e Beechcraft King Air 90/7100/200/71900 Dhc8.
o Sa227 AC/CC/DC.

e PA-37-350.

e P 180 SF34.

e Dash 8 7100 and 300.

o C172, C206, C185, C207, C208B, PC6T, BN2A, B99, B20, DHCE6.
e C(Cessna 404,208B, Dash 7 Casa 212.

e BE20,B200, pa31,C185,C210,C206.

e PA-31.

e B737.

e PA31, BE10, BEO2.

o ACY95, CL21, CV580, DHS2 and B-55.

e DHS8,SF340,DH6,BE200,SW4& S550.

e FA-10FA-20.

e c370, c402, c404.

e B7900, SH36, SF34.

e pall.

e LR35, LR45, C750.

e PA-31,BE-A7100,C310R.

o PA37-350 PIPER CHIEFTAIN B200 KING AIR B200 C-208B CESSNA GRAND
CARAVAN.

e learjet 31, citation c/3, bell 407.
e PAYE AND BAES31.
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o H25B.

o AJ25, CL60, BE3B, C208.
o HS 25.

e (C750.

o 404, c-402, c-310.

e BE 20.

e (185 floats only,C206,C207,C208,BE99,BE20,BAe31.
e B727-200, ATR-42, C208.

e BET0, Pa31.

e King Air, Mitsubishi Mu-2, Cessna 208.
o 727,737 L382, AT42 HS74.

e PA37-350,BET10.

e LEAR.

e Hawkers, Falcons, Jetstreams.

e PC-12, C208, DH-3T.

e Beechcraft, Cessna.

e BE20 PA37 C185 C206 C2170.

e BET0 BE20 BEO2 G159.

e Piper Navajo, Piper Cheyenne.

e King Air 90.

24. GENERAL COMMENTS

Eighteen responses to this question were received; each one is listed individually
here:

e The question regarding special inspections for ice pellets should be modified.
Ice pellet allowance times do not incorporate a visual inspection during taxi,
but is nonetheless a special procedure;

e In general | feel that all flight crews are educated and aware of the effects of
icing. The issue of pilots feeling they must attempt flight or must complete a
flight to both please an employer or flight department along with the type of
pay scale ( small base plus mileage) has an affect. More mentoring when
able, the reinforcement that you do not have to go at any cost is essential in
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pilots making the correct decision. Education of customers is also a key issue
as there is alot of pressure put on the young flight crews today by customer
demands;

e Present Rules, Regs, training etc. ensure that the critical surfaces are free
from contaminate prior to take off. Our company trains crews accordingly,
deice the aircraft when required and ensure aircraft performance, and safety
are not compromised. Freezing drizzle, rain, etc as your survey addresses
may or may not be adhering to those surfaces and as such may not even fall
under the "deicing - anti icing" regs, training etc;

e More prescriptive guidance from the Manufacturers;

e presently we have an unwritten policy that restricts operation in freezing
precip. However it is Captain's discretion as to whether the flight goes,
considering holdover times intensity of precipitation etc. When freezing
precip is being reported at a station dispatch either diverts flights to other
airports or waits until precip is no longer reported;

e We operate aircraft under 702, generally Day/VFR but ferry/position aircraft
IFR. We do not adhere to a specific schedule or on demand type of service
and brief all flight crew during company indoc that they are not to depart in
any icing conditions nor proceed through areas of known icing with modified
aircraft;

e the decision to take off in FZDR is taken on a individual case by case basis.
improving or worsening weather is a factor as well as in cloud icing, the
amount of moisture in the airmass, approach facilities available, if there is a
lengthy ground hold, if the destination airport that has FZDR is a through
airport or the actual destination;

e Airports that have air carriers providing scheduled services should provide or
assist in the deicing equipment. Many small airports offer no assistance and
thus the operator must provide the equipment. It is expensive and is often
duplicated in these places by several operators, none of which can afford
good equipment. One good unit could provide for efficient, effective and
ultimately safer service and the costs could be shared,;

e We avoid all icing conditions with our Caravans;

e propeller driven aircraft without hot edge deicing should not be allowed to
take off in any freezing rain or drizzle conditions;

e | used to operate ATR42 aircraft that were grounded by TC for no apparent
reasons other than following the USA commercial battle with Airbus
industry. Up to this day it is the only aircraft that has been tested in the
freezing rain/drizzle conditions to extreme limits. | flew the in the ice storm
of 1998 all week with no operational problems encountered in all the fleet of
ATRs (which had its airworthiness certificate revoked by TC a few vyears
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earlier for fear of icing problems with this aircraft...ha ha). There were all
kinds of aircraft flying throughout that week in Montreal and common sense
and experience resulted in no incidents to my knowledge. If this survey is to
set the bases of new ruling by TC, | hope they will get out of their towers in
Ottawa and stop dreaming for themselves. You can regulate just so much.
No matter how thick the book is you cannot stop the morons from doing
their thing;

e As an introduction to the HOT tables | would suggest a note on the
certification requirements of aircraft with regard to FZ precipitation (FZDZ,
FZRA, etc);

e Procedures and policies with regards to freezing rain and freezing drizzle
should be included in operations manuals to provide a safer environments
where company's may not have experienced staff to mentor younger
inexperienced pilots;

e Icing is avoided when ever possible by diverting, duration ( staying out of a
layer until necessary) or delay. We do not dispatch into known icing that is
unavoidable or a known duration to threaten flight safety;

e Only recently there has been material released on the acceptable use of Type
IV fluid in ice pellets. this is still used with extreme caution;

e Transport's Info is very good | would not change it. Pilot's are the ones thier
able to decide if it is safe to go or not. Let's have a little faith and let them
do their job;

e (Caution must be taken whenever operating in icing conditions. Please don't
come up with any more restrictive regulations. We don't need any more.
Thank You; and

e Freezing precipitation is of great concern to our operations. It is considered
unsafe to operate in such conditions. Therefore it is not permitted to takeoff,
fly through or land in condition were freezing precipitation is reported.
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FREEZING DRIZZLE - FREEZING RAIN SURVEY (604 OPERATORS)
Summary of Results

July 15, 2008

1. Does your company conduct operations in icing conditions?

Yes 94%
No 6%

2. What type(s) of operation does your company conduct?

604 94%
Other 12%

Other responses include:

e 703 (4%)
e 704 (8%)
e 705 (1%)
e 702 (1%)

3. Does your company have an Approved Ground Icing Program?

Yes 76%
No 22%
(no reply) 2%

4. Does your company believe that, with respect to CAR 605.30, the standards of
airworthiness applicable to the aircraft types operated allow for take-off in the
following conditions:

Yes No Don't Know
Freezing Drizzle (FZDZ) 47 % 51% 2%
Light Freezing Rain (-FZRA) 43% 55% 2%
Moderate Freezing Rain (FZRA) 8% 82% 10%
Heavy Freezing Rain (+FZRA) 4% 88% 8%
Ice Pellets (PL) 49% 51% -

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx
Final Version 1.0, February 26
C-13



APPENDIX C

5. Are you aware that current aircraft type certification requirements do not

consider take-off operations in freezing drizzle and freezing rain conditions?

Yes

75%

No

25%

6. Does your company differentiate between various types and intensities of

freezing precipitation such as FZDZ, -FZRA, FRZA, +FZRA or PL?

Yes

57%

No

43%

7. Does your company permit/allow take-offs in the following conditions?

Yes No

Freezing Drizzle (FZDZ) 49% 51%
Light Freezing Rain (-FZRA) 39% 61%
Moderate Freezing Rain (FZRA) 8% 92%
Heavy Freezing Rain (+FZRA) 6% 94 %
Ice Pellets (PL) 47 % 53%

8. Does your company place any special restrictions on take-offs in the following

conditions:
Yes No N/A
Freezing Drizzle (FZDZ) 49% 27% 24%
Light Freezing Rain (-FZRA) 57% 31% 11%
Moderate Freezing Rain (FZRA) 57% 29% 14%
Heavy Freezing Rain (+FZRA) 46% 14% 40%
Ice Pellets (PL) 49% 14% 37%

9. During active ground icing events, which include active frost, freezing fog,
snow, freezing drizzle, freezing rain, ice pellets, etc., what percentage of your

company's take-offs occur in the following conditions?

Statistics
0% >0t02% | >2to4% >4% Not

Recorded
Freezing Drizzle (FZDZ) 26% 43% - - 32%
Light Freezing Rain (-FZRA) 29% 40% - - 32%
Moderate Freezing Rain (FZRA) 69% - - - 32%
Heavy Freezing Rain (+FZRA) 69% - - - 32%
Ice Pellets (PL) 34% 31% - - 34%
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10. In the following conditions, what usually limits your departure and take-off
capability? (check any/all that apply)

Taxiway Runway AFM Airport Aval!ablllty of Not
ramp condition | limitations | closed aircraft applicable

condition de/anti-icing
Freezing Drizzle (FZDZ) 31% 43% 47 % 15% 46% 30%
Light Freezing Rain (-FZRA) 34% 51% 63% 14% 63% 11%
Moderate Freezing Rain (FZRA) 40% 57% 63% 14% 60% 11%
Heavy Freezing Rain (+FZRA) 23% 29% 37% 14% 29% 49%
Ice Pellets (PL) 23% 29% 37% 17% 29% 49%

11. Have you observed situations where your company has halted operations while
other companies have not?

Yes 86%
No 14%

12. In the situation(s) identified in the previous question, why do you suppose
other companies continued to operate? (check any/all that apply)

Different Aircraft Types 37%
Different Company Policies 40%
Unaware of Risks 40%
Other (specify below) 10%
Don't Know 30%

Other responses include:

e CQOperational decisions by other companies were likely influenced by their
safety culture-which influences what is acceptable and also the operational
priorities of the company;

e Companies may be bound by service schedules, we are not, and have the
option to wait out the weather if necessary;

e Some operators feel that a departure is possible with appropriate
de-icing/anti-icing completed prior to flight. The flight crews remain unaware
of the risks and AFM restrictions; and

e It would be speculative of me to assume why others continue to operate in
conditions that | deem unsafe to continue operations in.
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13. Is your company familiar with the following guidance material related to the
subject matter of this survey:

Yes No No reply
TP 14052 97% 3% -
HOT Guidelines 86% 11% 3%
CBAAC 130 69% 29% 3%
Airworthiness Notice DO08 edition 1 51% 46% 3%

14. Does your Company Operations Manual contain specific information and
guidance to pilots when deciding to take-off in the following conditions:

Yes No

Freezing Drizzle (FZDZ) 60% 40%
Light Freezing Rain (-FZRA) 57% 43%
Moderate Freezing Rain (FZRA) 51% 49%
Heavy Freezing Rain (+FZRA) 51% 49%
Ice Pellets (PL) 40% 60%

15. Does your company recommend any of the following special procedures after
de/anti-icing and before take-off during the conditions specified below? (check
anyy/all that apply)

Additional | Additional | Additional |Additional Takeoff
visual tactile visual tactile No Special not
inspection | inspection | inspection |inspection| Procedures |Authorized
prior to prior to prior to prior to |Recommended| in this
taxi taxi take-off take-off Condition
Freezing Drizzle (FZDZ) 40% 29% 51% 23% 11% 26%
Light Freezing Rain (-FZRA), 40% 31% 46% 20% 11% 31%
Moderate Freezing Rain 11% 6% 17% 6% 9% 66 %
Heavy Freezing Rain 9% 6% 14% 6% 9% 69%
Ice Pellets (PL) 29% 26% 51% 20% 17% 23%

16. Does your company employ any of the following processes to assess the
safety of taking-off in conditions of freezing drizzle, freezing rain or ice pellets?
(check all that apply)

Safety Management Review 54%
Risk Assessment 69%
Other (specify below) 6%
None 23%
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Other responses include:

e Not allowed; and

e Pilot discretion.

17. Do the manufacturers of the aircraft types operated by your company provide
specific limitations or restrictions with respect to take-off in the following

conditions:
Yes No Sfr(r:?z:cr)\'ot No reply
Freezing Drizzle (FZDZ) 43% 43% 11% 3%
Light Freezing Rain (-FZRA) 40% 46% 11% 3%
Moderate Freezing Rain (FZRA) 37% 46% 11% 6%
Heavy Freezing Rain (+FZRA) 40% 43% 14% 3%
Ice Pellets (PL) 31% 51% 17% -

18. Do the manufacturers of the aircraft types operated by your company provide
specific guidance with respect to take-off in the following conditions:

Yes No Sfrzr;z:%'ot No reply
Freezing Drizzle (FZDZ) 43% 46% 6% 6%
Light Freezing Rain (-FZRA) 40% 49% 6% 6%
Moderate Freezing Rain (FZRA) 40% 46% 9% 6%
Heavy Freezing Rain (+FZRA) 43% 40% 9% 9%
Ice Pellets (PL) 34% 51% 9% 6%

19. Does your company training program include information on conducting
take-offs under the following conditions?

Yes No Don't Know
Freezing Drizzle (FZDZ) 59% 32% 9%
Light Freezing Rain (-FZRA) 66 % 29% 6%
Moderate Freezing Rain (FZRA) 66 % 26% 9%
Heavy Freezing Rain (+FZRA) 54% 37% 9%
Ice Pellets (PL) 54% 37% 9%
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20. Do your pilots have access to a flight planning department?

Yes 69%
No 29%

21. Does your company have a mentoring process or some other means by which
junior pilots can learn how to make safe operational decisions from more senior
pilots when operating under freezing drizzle, freezing rain and ice pellet
conditions?

Yes 74%
No 26%

Comments include:

e NOT; and

e Some of the questions are ambiguous and therefore | have grouped the icing
conditions into one group for supplying answers for the questions.

22. Do your pilots have an operations manager or chief pilot available immediately
for guidance when operating in freezing drizzle, freezing rain and ice pellet
conditions?

Yes 94 %
No 6%

Comments include:

e Not allowed; and

e You can always try to call the chief on his cell. He is cool with that. It is a
cell and you can not always reach him.
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23. Please list the principle aircraft types operated by your company.

Forty-four responses to this question were received; each one is listed individually
here:

e Beech 200/Beech 100/C-208.
e Heavy business jet — new.

e C25B.

e Cessna 425.

e twin bizjet.

e King Air 90.

e falcon 900.

e BD100.

e Cessna 550 Cessna 560.

e king air f90,beech baron 58.
e B200 B300.

e Pilatus PC-12, Piaggio P-180, Beech King-Air 300, Cessna 208, Dehavilland
DHC 6.

e Pilatus PC12.

e H25B.

e BE20 C340 C441.

e Beech 350.

e GALX HS-799 & 800 C-560.
e CL604 + LR45.

o (C-425.

e LIGHT JET, MEDIUM JET, TURBOPROP.
o CJ.

e cb25.

e twin turbo-prop twin turbo-jet.
e PA-31T.

e HS25/800.

e PA46T.

e Dornier 328tp.
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Beechcraft Kingair.

King Air 350, DHC-6.

King Air 350, Twin Otter.
turbo jet.

b1900 b200 ¢550.

Learjet 35.

Cessna 441 - Conquest 2.
Dornier 328, Embracer 175.
DORNIER 328 TURBOPROP.
C550.

PA46T.

HS 125 / 700.

King Air 350---King Air 200.
CL60.

Piaggio Avanti Il (P180).
MU-2B-60.

Global Express BD700.

24. GENERAL COMMENTS

Twelve responses to this question were received; each one is listed individually

here:

Precise guidance / instruction for operations in the atmospheric conditions
described in this survey need to be developed by the Regulators, OEM's and
Operators. Specifically Operators should at least include specific references
for this survey topic in their SMS, COM and Pilot Training Syllabus. OEM
Aircraft Flight Manuals vary greatly in amount of information provided on this
topic;

Light freezing precip is a nebulous term, however there are cases where it is
of sufficiently light intensity that crew are comfortable with type 4 anti icing
with visual/tactile follow up and rapid departure. Our crew are
knowledgeable, and trained in this regard;

| believe the regulations are now specific enough and the training required is
adequate. Transport does not need to add more requirements. The
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simplification of the CARS was supposed to help but as per usual all it did
was make it more difficult to get an answer or ruling on almost anything
from transport. The interpretation area is huge and muddled. Junior pilots are
already shaking there heads when confronted with questions pertaining to
CARS. Icing conditions are pretty much cut and dried in our company. | don't
believe we need transport meddling anymore;

e Use of common sense , flight planning, and each pilot experience as
limitation beside aircraft limitations;

e Transport Canada should take the initiative to be present for attempted
departures in conditions that are prohibited by the manufacturer or
limitations in de-icing / anti-icing capability;

e | believe there is industry wide misunderstanding of the regs and certification
standards in regards to operations in freezing precip, and this could be
cleared up by spelling out in plain language in publications and operation
manuals where it is easy to see, not an easy to miss side note that can be
misconstrued. Experienced pilots know the risk of freezing precip and hand it
down to lesser experienced crews. With the lower experience crews now
flying this may not be happening as much;

e Possibly enhance pilot training in Surface Contamination training to include
more on the departure and arrival segments;

e | am an operations manager for a small 2 aircraft 604 / 704 operation. | have
a couple comments to make. For starters the price to deice an aircraft at
Toronto and many other large Canadian airports is ridiculous. Absolutely

have a policy at our company that we will never deice on the main pad at
YYZ. Never Never Never. So the one and only alternative is to go to Sky
Service (they are approved for this operation)and get sprayed with Type 4
anti icing in the hangar after the aircraft is deiced in the hangar from the
ambient heat. The other option is to apply Type 4 by hand and with a
sprayer in our own hangar. This is not allowed by the GTAA so is a bit
illegal. There are many companies all over that do this. There should be
guideline set out for this procedure. It does work and is very common. Much
more common than anyone knows. There are big companies with Large
business jets doing this. | think it is a BS way of doing things. Why is it that
| can get a Lear deiced in Baltimore and pay 6 to 700 dollars but it costs 3 or
4 thousand dollars in Toronto? This has to change and as far as | am
concerned is probably one of the biggest factors affecting safety in this area.
| can get deiced in Frobisher Bay by First Air for 7 or 800 dollars but many
thousand dollars in Toronto. Come on folks lets get to the crux of the
matter. Feel free to contact me personally for more details at
critrainer@aol.com. | would love to talk about this matter. Someone is
making huge profits on this operation. It is the same at many large airports in
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Canada. Much more reasonable in the USA. Maybe the government should
step in and regulate this because it affects safety so much!;

| have been flying for 45 years and have encountered Icing conditions that
was not predicted or forecasted so you have to deal with it. If it is the
Conquest 11. Get out of it as soon as possible. If it was the LearJet with
heated anti Ice, not a problem climb through it. If there is Freezing Rain,
Drizzle or what ever on the ground you going to have a contaminated
airplane regardless of the anti Icing fluids you use. If it's Ice pellets, you are
going to climb into Icing Conditions. | my old bush flying days,| would stay
on the ground, today, flying the Conquest or the LearJet also, stay on the
ground. Treat it like a Thunder Storm, wait until it passes over and then go
flying. It may save your life;

In general, my experience in commuter and private operators, there is a lack
of guidance on the legality and certification of flight in freezing drizzle or light
freezing rain, as well as ice pellets;

The biggest problem faced by small operators is the availability of de-ice/anti-
ice facilities. Most large airports no longer allow the application of fluids
anywhere other than one specific ramp on the field, shared by everyone at
the airport. At a large cost for the service, many operators are pushing the
limits of icing to avoid costs. Even a larger cost is the time taken to use
these facilities. All airlines are given priority for these services, while the
smaller aircraft wait in line. Furthermore, by the time these aircraft are
de/anti-iced and have to taxi a great distance to the runway and likely hold a
longer time than normal, the fluid hold-over times have long since expired
and a return to the de-ice bay is required at another large cost. This IS
causing some operators to continue flights with aircraft contamination.
Airports need to expand de/anti-ice services and facilities to allow FBO's to
provide them to smaller operators and aircraft; and

No take-off's in any freezing rain.
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ADHESION OF AIRCRAFT DE/ANTI-ICING FLUIDS ON ALUMINUM SURFACES DURING MIXED PRECIP. CONDITIONS

EXPERIMENTAL PROGRAM
ADHESION OF AIRCRAFT DE/ANTI-ICING FLUIDS ON ALUMINUM
SURFACES DURING MIXED PRECIPITATION CONDITIONS
SNOW AND RAIN

March 31, 2008

1. BACKGROUND

As the accuracy of meteorological reporting continues to improve, especially with
the introduction of HOT Determination Systems, there has been an industry need to
provide HOT Guidelines for operations in mixed precipitation conditions.
Transitional precipitation periods often include a mix of multiple precipitation types,
and although these periods are generally short, on many occasions, especially at
warmer temperatures, these transitional periods can last several hours. As a result,
there has been a recent industry need to provide proper guidance material during
these transitional periods of mixed precipitation. In addition, providing HOT
guidance material for mixed precipitation conditions will further aid the
development of HOT Determination technology.

2. OBJECTIVE

The objective of this project is to investigate if endurance time testing conducted
during mixed precipitation conditions (snow/rain) will demonstrate signs of fluid
adhesion to aluminum test surfaces with Neat Type Il and Type IV fluids.

3. TEST PLAN

A detailed test matrix is shown in Table 3.1. The failure times (estimated based on
severity of fluid condition) on test surfaces will be recorded using the standard ET
data form (Attachment |I). Measurements will be continued beyond the failure time
in an attempt to properly document the fluid adherence. Fluid type, fluid
appearance, OAT, rate of precipitation and other factors will determine the duration
of the test. After fluid failure, the test surface will be examined to determine
whether or not adherence occurs. Progressive measurements will be conducted to
help in reaching a decision. The methodology for measuring fluid adhesion is
described in Section 4.6.
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ADHESION OF AIRCRAFT DE/ANTI-ICING FLUIDS ON ALUMINUM SURFACES DURING MIXED PRECIP. CONDITIONS

Table 3.1: Test Matrix

eut s oot Fluid Fid Brand i TFIuld Precip TTest 1\{\Iater 1\I'\Iatev . S.nov:;lat F'r::ez!ngRR:m PCOrr.lbl;e:i NRC Timing With HOT
e iority uid Bran ilution | Temp. emp. | Temp. emp recip Rate ecip Rate recip Rate -
Type ecl | ™2 | eal | recl | ncrease | rgrameml | rgiamemi | igramem | COndition Tests
- Invasive
RS1 1 \" EG 106 Neat -3 SN/R -3 +3 TBD 12 13 25 R13,-3 (following HOT)
- Invasive
RS2 2 \" ABC-S + Neat -3 SN/R -3 +3 TBD 12 13 25 R13,-3 (following HOT)
; . ~ Invasive
RS3 3 I Kilfrost 2143-3500 Neat -3 SNR -3 +3 TBD 12 13 25 R13,-3 (following HOT)
RS4 1 v EG 106 Neat -3 ZR -3 - - - 25 25 ZR 25, 3 in Conjunction
RS5 2 v ABC-S + Neat -3 ZR -3 - - - 25 25 ZR 25, 3 in Conjunction
RS6 3 1 Kilfrost 2143-3500 Neat -3 ZR -3 - - - 25 25 ZR 25, 3 in Conjunction

* Duplicates of each test will be conducted simultaneously. Duplcate tests will be labled "Test #' A. i.e. RS1-A
** W ater temperature must be raised incrementally until rain is no longer freezing on cold soaked surfaces.
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The parameters to be measured during testing are the following: test surface
temperature, fluid dilution (Brix), precipitation rate, fluid failure (estimated based on
severity of fluid condition), and fluid adhesion. Photo documentation of each test
will also be collected. Photos will be taken at set intervals during each test using a
digital camera. All of these parameters are to be measured as the test progresses
to gain a better understanding of the phenomena that take place as the fluid
becomes diluted.

4. PROCEDURE

Endurance time testing will be conducted in the NRC cold chamber using the
standard flat plate HOT test procedure. Test plates will be positioned directly
underneath the simulated freezing precipitation sprayer assembly. The “Ice Pellet
Dispenser” will be positioned approximately 0.3 m (1 ft.) away from, and
0.9 m (3 ft) above the test plate.

4.1 Type II/IV Fluid Application

1L of fluid at OAT will be poured onto the test plate. Fluid dilution, fluid thickness,
surface temperature, fluid failure, and adhesion will be documented throughout the
test. Photos of the test plate will be taken every 5 minutes for the duration of the
test. Rate of precipitation will be verified just prior to the test and immediately
following the end of the test.

4.2 Precipitation Rate

To verify that the appropriate rate of precipitation is being produced, the following
procedure will be followed. It should be noted that the chamber temperature during
the tests will be set to -3°C.

Freezing Rain @ 25 g/dm?/h

1. Follow standard protocol for HOT testing in simulated freezing precipitation
conditions.

Rain @ 13 g/dm2/h

1. Adjust flow meter to setting for ZR/-3/13 conditions;

2. Increase feed water temperature to the sprayer head incrementally by 1°C
until the spray produced changes from freezing rain to rain. This can be
verified using a cold soaked test plate to -3°C (ideal water temperature is
when the precipitation stops freezing on the test plate);
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3. Manually measure rate of precipitation on test plate (see indoor HOT
procedure);

4. Verify that light freezing rain rate of precipitation is within a 1 g/dm?/h
tolerance; and

5. Adjust light freezing rain sprayer assembly to obtain desired rate.
Snow @ 12 g/dm?/h

1. Adjust “Ice Pellet Dispenser” to obtain the desired rate;

2. Manually measure the combined rate of precipitation (ZR and IP) on test
plate (see indoor HOT procedure); and

3. Verify that combined rate of precipitation is within a 2 g/dm?/h tolerance.

4.3 Surface Temperature

Test surface temperature logging is to be implemented using one thermistor probe
mounted at the 15 cm (6”) line on the underside of the test plate. The connection
will be designed to last for the entire test season and to not impede the fluid flow.
A SmartReader Eight-Channel temperature logger will be used to measure and
record temperature. This temperature logger will run continuously and is
independent of any external power supply or computer; the logger constantly
measures and records readings from any enabled channels. The sampling rate (how
often the logger takes readings) will be set to eight seconds, the smallest possible
increment.

4.4  Fluid Dilution

Fluid dilution will be measured at the 15 cm (6”) line, using a Misco 10431VP
brixometer. These measurements determine the concentration of the fluid on the
test surface before and after fluid failure (estimate based on severity of fluid
condition). The Brix value will originally be measured in the container before
pouring. The second measurement will be taken right after pouring on the test
surface, and at set intervals until fluid failure. After fluid failure the dilution
measurements will be conducted every 5 minutes. Brix values and corresponding
sample times will be recorded on the Brix/Thickness data form (Attachment lIl).

4.5 Fluid Failure

Previous endurance time testing in simulated ice pellet conditions demonstrated
that visual fluid failure was difficult to determine. Fluid failure determination is not
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critical to this project. APS members will use their best judgment in approximating
the fluid time of failure.

4.6 Fluid Adherence

The first occurrence of fluid adherence at any location on the surface of the plate
will be recorded. Fluid adherence will be determined at the 5" crosshair
immediately following failure at this location and at location B2
(see Attachment Ill). When the entire plate (15 crosshairs) has failed, again verify
the fluid adherence at the 15 cm (6") line, and at all crosshairs B2, C2, D2, E2 and
F2. Adherence will be noted by the plate observer on the Adherence of Fluid Failure
data form (Attachment Ill). In addition to measuring adherence at the time of plate
failure and complete plate failure, adherence will be measured progressively
following fluid failure to determine the onset of adherence. A narrative description
of the appearance of the fluid as it progresses toward failure will also be recorded.

In the absence of a recognized standard method or apparatus for measuring failure
adhesion, the degree of bonding will be determined using an electronic dental
flossing device. During operation, the device spins a thread of floss. The floss
segment extends about 3 to 4 mm from the tip of the unit, and upon spinning could
carve out a circle (or not, depending upon whether adhesion had occurred) 3 to
4 mm in radius on a failed surface element. In a layer of non-adhered fluid failure,
the force of the spinning floss is sufficient to expose the surface of the test plate.
As the rotation speed of the unit is fixed, the applied force will be constant for all
tests, providing a basis of comparison among various test conditions, and between
different stages of contamination for individual tests. This device proved to be the
most satisfactory of the various approaches to establish whether an area had
undergone surface bonding to the substrate and to give a measure of the strength
of the bond formed.

An analysis of the shearing force exerted by this instrument (presented as
Appendix C of the Transport Canada report, TP 14377E, Adhesion of Aircraft
Anti-Icing Fluids on Aluminum Surfaces (2003-04), December 2004) determined it
to be in the range of 1.3 x10* to 2.0 x 10* MPa.

4.7 Test Sequence

The steps to be followed are specific to each precipitation type.

1) Synchronize computer and test clocks to the atomic clock;
2) Prepare test plate and test stand;

3) Initiate temperature logging;
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4) Prepare fluids for testing. The fluid types, fluid amounts and application
temperatures are specific to each test;

5) Monitor precipitation rates;

6) Just before pouring the fluid, the test surface will be cleaned of all
contamination with a scraper and a squeegee;

7) Apply the fluid to the test surfaces according to specific test procedure;

8) Determine failure time (estimated based on severity of fluid condition) on test
surfaces, and record using standard ET data forms (Attachment |);

9) Measure Brix of the fluid and record on Brix/Thickness data form
(Attachment Il);

10) Determine fluid adherence and record on Adherence of Fluid Failure data form
(Attachment Ill); and

11) At the end of the testing session save the temperature data on a memory
stick or floppy disk. Label the diskette and place in the same envelope with
the data forms.

5. EQUIPMENT AND FLUIDS

5.1 Equipment

The equipment to be used is, in general, the same as for the fluid holdover time
tests. A comprehensive description of the equipment can be found in Transport
Canada Report Aircraft Ground De/Anti-Icing Fluid Holdover Time Development
Program for the 2002-03 Winter, TP 14144E, December 2004.

e Test plates and test stand;
SmartReader Eight-Channel temperature logger and thermistor probes will be
used for logging test surface temperatures;

o Wet film thickness gauges;

e Misco 10431VP brixometer will be utilized for fluid dilution rate
measurements; and

e Ice Pellet Dispenser.

A detailed list of the equipment required for testing at the NRC facility is included in
Attachment |.
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5.2 Fluids

Tests shall be conducted using Type II/1V fluids as presented in Table 5.1. All fluids
tested will be as close as possible to the lowest on wing viscosity and will conform
to the viscosities stated in the HOT Guidelines.

Table 5.1: Fluid Required for Testing

Test .
Fluid Name Fluid Type Condition Tentative T;:alul-ilr::s
yp OAT # of Tests q[L]
[°C]
Dow EG 106 4 -3 4 4
Kilfrost ABC-S + 4 -3
Kilfrost Type Il 2 -3

6. PERSONNEL
Four technicians are needed to conduct the tests:

e Technician one calls failure, and documents adherence (MR);

e Technician two prepares fluids, measures precipitation rates and measures
Brix and thickness (JT);

e Technician three will be in charge of running the ice pellet dispenser system
and in charge of making simulated ice pellets (YOW 1); and

e Technician four will be in charge of managing the rate station (SB).

7. DATA FORMS

Some of the same data forms from the procedure, Adhesion Of Aircraft
De/Anti-Icing Fluids On Aluminum Surfaces (see Version 1.0 from November 13,
2003, located in Appendix B of TP 14144E) will be used for this project. Some
fields of the data forms will not need to be filled out as they are not relevant to this
project (refer to Section 3 for pertinent data). The following data forms are included
in this procedure:

End Condition data form (Attachment Il);

Fluid Brix/Thickness data form (Attachment Ill);

Adherence of Fluid Failure data form (Attachment IV); and
Position of Ice Pellet Dispenser System data form (Attachment V).
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ATTACHMENT I
EQUIPMENT LIST

éLarge clock

‘Ice pellets dispensing devices x 6 / stands and adapter
%Desktop/Laptop computer with printer with paper
ETemperature Probe x 2 and spare batteries / immersion and surface
probes e
‘Thickness Gauges (large and small)
‘Brixometers x 3

Adherence Probes . ,
‘Weigh scale (NCAR and HOT) .

Ice Pellets Fabrication Equipment
Styrofoam containersx 20
‘Ice bags

éBIenders (x 6)

‘Ice pellets sieves (round and square)
“Measuring cups '
“Rubber mats
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ATTACHMENT II
END CONDITION DATA FORM

REMEMBER TO SYNCHRONIZE TIME

LOCATION: CEF (Ottawa) DATE: RUN NUMBER: STAND #:

TIME TO FAILURE FOR INDIVIDUAL CROSSHAIRS (real time)

Time of Fluid Application:

Initial Plate Temperature (°C)
(NEEDS TO BE WITHIN 0.5°C OF AIR TEMP)

Initial Fluid Temperature (°C)
(NEEDS TO BE WITHIN 3°C OF AIR TEMP)

Plate 1 Plate 2 Plate 3 Plate 4 Plate 5 Plate 6

FLUID NAME/BATCH

B1B2B3

cicz2c3

D1D2D3

E1E2E3

F1F2F3

TIME TO FIRST PLATE
FAILURE WITHIN WORK AREA

FAILURE CALL (circle) V. Difficult  Difficult.  Easy V.Difficult  Difficutt.  Easy V. Difficult ~ Difficut.  Easy V.Difficult ~ Difficutt.  Easy V. Difficult ~ Difficutt.  Easy V.Difficult  Difficutt.  Easy

HRZ. AIR VELOCITY * (circle) A B c A B c A B c A B ] A B c A B [}

Time of Fluid Application:

Initial Plate Temperature (°C)
(NEEDS TO BE WITHIN 0.6°C OF AIR TEMP)

Initial Fluid Temperature (°C)
(NEEDS TO BE WITHIN 3°C OF AIR TEMP)

Plate 7 Plate 8 Plate 9 Plate 10 Plate 11 Plate 12

FLUID NAME/BATCH

B1B2B3

cicz2cs

D1D2D3

E1E2E3

F1F2F3

TIME TO FIRST PLATE
FAILURE WITHIN WORK AREA

FAILURE CALL (circle) V.Diffcut  Difficult.  Easy V.Diffcult  Difficut.  Easy V.Diffcult  Difficutt.  Easy V.Diffcut  Diffcult  Easy V.Diffcut  Diffioutt.  Easy V.Difficult  Difficutt.  Easy
HRZ. AIR VELOCITY * (circle) A B c A B c A B c A B c A B c A B c
. NOTE:
PRECIP (circle): ZF, ZD, ZR-, MOD AMBIENT TEMPERATURE: °c * A: HORIZONTAL AR VELOCITY € 0.4 m/s
E— B: 0.4 m/s < HORIZONTAL AIR VELOCITY < 1.0 m/s
COMMENTS: C: HORIZONTAL AIR VELOCITY > 1.0 mis
LEADER / MANAGER:
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ATTACHMENT Il
FLUID BRIX/THICKNESS DATA FORM

DATE: PERFORMED BY:
RUN #: WRITTEN BY:
STAND: LOCATION:
Plate / BOX: Plate / BOX: Plate / BOX: Plate / BOX:
Fluid: Fluid: Fluid: Fluid:
Brix at Thick. at 15cm Brix at Thick. at Brix at Thick. at Brix at Thick. at
TIME 15cm Line Line TIME 15cm Line 15cm Line TIME 15cm Line 15cm Line TIME 15cm Line 15cm Line

w04 BleQ SSBUNDIYL X1g PIN|4\SWIOS B1eQ\S8INPBd0I-\(90-GO BuIded-01) IND\SANoID\: I
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ATTACHMENT IV
ADHERENCE OF FLUID FAILURE

Date: Time: Plate Location:
Run #: Fluid Name: Fluid Dilution:
t= t = t =
1 2 3 1 2 3 1 2 3
I I I
ol o o N N
£
c o o o c o o ° c o o ° 3
5]
c
D! ° ° ° D! ° ° ° D! ° ° ° 2
3]
<
E| o o o E| o o ° E| o o ° 5
Q
I
F o o o Fl o ° ° F o o ° 3
g
)
a
)
2
T
5
]
t= t= t= 2
1 2 3 1 2 3 1 2 3 2
L L L =
| | [ 2
B ° ° ° B ° ° o B ° ° o 5
g
c o o o c o o o I o o o 3
>
a
D o o o D o o o D o o o 3
£t
2
El ° ° ° El ° ° o El ° ° o o
P
F ° o o Fl o ° ° F o o ° £
g
c
@
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ATTACHMENT V
POSITION OF ICE PELLET DISPENSER SYSTEM DATA FORM

DATE: CONDITION: TIME:

TYPE OF PRECIPITATION ON PLATE (circle precip.) OPERATIONAL TIME LOG OF ICE PELLET DISPENSER

POS 1 POS 2 Pos 3 POS 4 POS 5 POS 6 IP DISPENSER ON |IP DISPENSER OFF IP DISPENSER ON IP DISPENSER

ZR ZR ZR ZR ZR ZR
Ip Ip Ip Ip Ip Ip
ZR/ ZR/ ZR/ ZR/ ZR/ ZR/
Ip Ip Ip ip ip ip

Pos. 7||Pos. 8||Pos. 9||Pos.l1l0||(Pos.1ll||Pos.12

ZR ZR ZR ZR ZR ZR
Ip Ip Ip Ip Ip Ip
ZR/ ZR/ ZR/ ZR/ ZR/ ZR/
Ip IpP 1P Ip IpP IpP

(1)

POSITION OF ICE PELLET DISPENSER

Y

>
NI

Z (height above ground)

MARK POSITION OF DISPENSER RELATIVE TO PLATES WITH AN “X” IN SPACE

(1) Origin is bottom left corner of stand
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1. PURPOSE
This Advisory Circular (AC) provides the following:

a. Guidelines and recommendations for certificate holders, deicing service
providers, airport authorities and manufacturers of Remote On-Ground Ice
Detection Systems (ROGIDS) regarding the use of these systems as a
primary means for post deicing inspection of aircraft;

b. Guidance on how to obtain approval to incorporate ROGIDS in a certificate
holder’'s (or deicing service provider’'s)' approved deicing and anti-icing
program; and

c. Guidance material and recommendations for Principal Operations Inspectors
(POIls) when reviewing submissions for operational approval of ROGIDS.

2. APPLICABILITY

This document applies to aircraft certificate holders, Aviation Safety Inspectors,
manufacturers of ROGIDS, deicing service providers and airport authorities.

The applicant for ROGIDS use must be the holder of an air operator certificate (or
the operator of an approved deicing facility)’.

3. DEFINITIONS

Applicant: The holder of an air operator certificate (or the operator of an approved
deicing facility)'.

Post Deicing Check: An examination of an aircraft’s wings and/or other critical
surfaces after deicing has been performed to determine the presence of any
remaining frozen contamination.

Pre-Deicing Check: An examination of an aircraft’s wings and/or other critical
surfaces to check for the presence of frozen contamination. Usually performed to
determine the need for deicing.

Remote On-Ground Ice Detection System (ROGIDS): A system or device that
makes a remote measurement of a monitored surface to determine whether frozen
contamination is present. For the purpose of this AC, the intended function of the
ROGIDS is the detection of clear ice. ROGIDS may be hand-held, pedestal or
vehicle mounted (hereafter referred to as the p/atform type).

For additional definitions see: SAE Aerospace Standard 5681, Minimum Operational
Performance Specification for Remote On-Ground Ice Detection Systems,
Section 2.2 “Definitions” and AC 120-60, Ground Deicing and Anti-icing Program.

' Text in parentheses to be included in Canadian version only
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4. RELATED READING MATERIAL

SAE Aerospace Standard 5681, Minimum Operational Performance Specification
for Remote On-Ground Ice Detection Systems. This document is available from SAE
International, 400 Commonwealth Drive, Warrendale, PA 15096-0001,
Tel: 877-606-7323 (USA and Canada) or 724-776-4970, www.sae.org.

In Canadian version only: Transport Canada Publication: TP 14052, Guidelines for
Aircraft Ground Icing Operations.

FAA Advisory Circular: AC 120-60, Ground Deicing and Anti-icing Program.

5. BACKGROUND

Ice formation on an aircraft critical surface can adversely affect performance,
stability, and control during take-off. The pilot-in-command must ensure that
aircraft critical surfaces are free from contamination prior to commencing a
take-off. Currently, this inspection is done by visual or tactile inspection of the
surfaces.

Research has shown that ROGIDS may perform more consistently and reliably than
human visual and/or tactile methods of inspection for clear ice. Consequently,
industry, FAA and Transport Canada developed SAE Aerospace Standard (AS)
5681 to establish a minimum operational performance specification for ROGIDS.

The deicing process will remove all contaminants (snow, frost, slush) from critical
surfaces. These contaminants would normally be identified by a visual and/or
tactile Post Deicing Check. The presence of residual clear ice is not easily identified
through either a visual or tactile inspection. When approved as part of an
applicant’s ground deicing and anti-icing program, a ROGIDS may be used as the
sole (primary) means of performing the Post Deicing Check for residual clear ice.

ROGIDS may also be used as a supplemental (advisory) means of performing a
Pre-Deicing Check; it can only be used to supplement the other normal means of

performing this check, such as visual and/or tactile inspections.

At this time, ROGIDS is not approved as a primary means for the detection of frost.
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6. DISCUSSION

The prerequisite for operational approval to use ROGIDS for post deicing
inspections is to document compliance with the mandatory design and performance
test requirements in AS 5681. Compliance checklists (see AS 5681
Subsection 3.13) must be provided to facilitate this task. It is acceptable for the
compliance checklists to provide a cross reference between requirements in AS
5681 (Sections 3 to 7) and documents from the manufacturer demonstrating
compliance.

Design Requirements (AS 5681, Sections 3 and 4): The manufacturer must provide
to the end user a declaration that the equipment complies with all the design
requirements. Any design documentation required in AS 5681 must be made
available to the POl upon request.

Performance Test Requirements (AS 5681, Sections 5 to 7): There are three types
of performance test requirements:

1. Minimum Performance Specification in Environmental Test Conditions
(Required tests and recommended tests. The end user and the equipment
manufacturer will define which, if any, recommended tests are conducted);

2. Minimum Operational Performance Tests; and

3. Installed Equipment Operational Evaluation.

The manufacturer must provide to the end user a declaration that verification,
validation, testing and analysis have demonstrated that the equipment complies
with all the test requirements. Any non-compliances must be documented in the
declaration. The documentation required in AS 5681 Subsections 3.11 “Test
Procedures” and 3.12 “Test Reports” must be made available to the POl upon
request.

7. ACCEPTANCE PROCESS

This AC describes an acceptable means, but not the only means, of integrating the
use of ROGIDS into a certificate holder’s Ground Deicing and Anti-lcing Program;
another means may be used if it is established as an acceptable means of assuring
operational safety.

The applicant initiates the request for use of a ROGIDS by contacting the approving
authority, usually the POIl. To ensure appropriate coordination and regulatory
involvement, it is recommended that the applicant seek POl input during the early
stages of the test plan or procedure development specified in AS 5681 Sections 5,
6 and 7.
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The POl may witness all or part of the tests specified in AS 5681. Alternatively,
the POl may require an independent observer, such as a Designated Engineering
Representative (DER), to witness the tests.

Any tests in Sections 4 to 6 of AS 5681 that were failed must be reported to the
POl before the Installed Equipment Operational Evaluation. Failed tests may create
operational limitations in the use of the ROGIDS. (For example, if the ROGIDS is
found to operate only down to temperatures of -27°C instead of -30°C, then it
may be reported as an operational limitation.)

There are two acceptance processes: an Initial Acceptance Process and a
Subsequent Acceptance Process.

The Initial Acceptance Process must be followed for installations of:

1. ROGIDS models not previously accepted; or

2. New models of previously accepted ROGIDS that incorporate significant /
substantial changes.

The Subsequent Acceptance Process must be followed for all other installations.

7.1 Initial Acceptance Process

Table 7.1 highlights the specific roles and responsibilities of the applicant, the
equipment manufacturer and the POl for each stage of the /nitial Acceptance
Process. Sections 3 to 7 of AS 5681 must be satisfactorily completed for the /nitial
Acceptance Process.

AS 5681 Subsection 7.3.1 states: “The total number of deicing operations that will
be evaluated will be provided in separate regulatory guidance material for the initial
evaluation and follow on evaluations”. For an initial acceptance, the initial
evaluation requires a minimum of 100 deicing operations. These must be
conducted in accordance with the criteria in Sections 7.3.2 to 7.3.8 of AS 5681.
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APPENDIX E

Table 7.1: Roles and Responsibilities Matrix for Initial Acceptance Process

Performance Tests)

Equipment
Stage Applicant POI Comments
9 PP Manufacturer
Contacts the POl and
1. Initiation expresses intentions to Supports applicant Defines regulatory authority Define planned activities and schedule
) incorporate ROGIDS into their PP PP involvement in project P
deicing program
May comment on proposed
2. Design Provides input into design Presents proposed hardware and software
design assurance levels and system
safety design
3. Test Plans
(Environmental and Review and comment as Review and comment as Prepared in accordance with AS 5681,
. Prepares test plans .
Operational necessary necessary Section 3.10

4. Conformity
Inspection

Supports equipment
manufacturer

Conducts conformity
inspection

Independent conformity
inspection by regulatory
authority at the discretion of
POI

Purpose is to ensure that ROGIDS
being tested is representative of
production equipment

5. Environmental
Tests

Optional witnessing

Conducts tests

Optional witnessing

See AS 5681, Section b

6. Operational
Performance Tests

Optional witnessing

Conducts tests

Optional witnessing

See AS 5681, Section 6

7. Design Reports

Review and comment as
necessary

Prepares reports

Review and comment as
necessary

These reports deal with AS 5681,
Section 3, “Design Requirements”

8. Test Reports

Review and comment as
necessary

Prepares reports

Review and comment as
necessary

These reports deal with AS 5681,
Sections 5 and 6

9. Operational
Evaluation Plan

Review and comment as
necessary

Prepares evaluation plan

Review and comment as
necessary

10. Installed
Equipment

Conformity
Inspection

Support equipment
manufacturer

Conducts conformity
inspection

Independent conformity
inspection by regulatory
authority at the discretion of
POI

Purpose is to ensure that installed
equipment is representative of
production equipment and installed in
accordance with the manufacturer’s
instructions
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Table 7.1: Roles and Responsibilities Matrix for Initial Acceptance

Evaluation Report

Supports applicant

Review and comment as
necessary

Process (cont’d)
Stage Applicant Equipment POI Comments
9 PP Manufacturer
See AS 5681, Section 7. Prior to
11. Installed L .
. . beginning the Installed Equipment
Equipment . . Witness all or part of . . .

. Conducts evaluations Supports applicant . . Operational Evaluation, all testing
Operational evaluation as appropriate o .
Evaluation specified through Chapter 6 in AS

5681 must be completed.
12. Installed
Equipment
Operational Prepares reports

See AS 5681, Section 7.2.1

13. Incorporation

into Ground Deicing

and Anti-icing
Program

US version: Submit revision
to ground deicing and
anti-icing program, including
operating, training and
maintenance procedures

Canadian version: Submit
revision to company
operations manual (COM)
which would include revised

deicing and anti-icing
program; operating, training
and maintenance procedures

Supports applicant

US version: Review by POI
for acceptability and
approval for inclusion in
ground deicing and
anti-icing program

Canadian version: Review
by POI for acceptability and
approval of COM.
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APPENDIX E

7.2 Subsequent Acceptance Process

Table 7.2 highlights the specific roles and responsibilities of the applicant, the
equipment manufacturer, and the POl for each stage of the Subsequent
Acceptance Process.

Data generated from the Initial Acceptance Process falls into two categories and
may be reused in the Subsequent Acceptance Process.

The first category includes design and test data showing compliance to AS 5681
Sections 3 to 6. If the data from the Initial Acceptance Process are available, it
may be reused for subsequent installations at the discretion of the POI. If the data
are not available, the Initial Acceptance Process (see Subsection 7.1) must be
completed.

The second category includes operational evaluation data showing compliance to
AS 5681 Section 7. Where operational evaluation data from the Initial Acceptance
Process are available, only a limited number of additional deicing operations are
required for the operational evaluation, as described below.

1. If the only change from the initial installation is the facility where the
ROGIDS is located, and there are no significant differences in lighting type,
aircraft type?, fluid brands, and/or platform types, then transfer of the
operational evaluation data may be accepted at the discretion of the POI, and
no additional deicing operations would be required.

2. If there are significant differences in lighting type, aircraft type, fluid brands,
and/or platform types, then the following additional operational evaluations
must be performed:

a) Where there are significant differences in lighting type, aircraft type or
fluid brands, a minimum of 30 deicing operations are required; these must
be conducted in accordance with the criteria in Subsection 7.3.2 of AS
5681; and

b) Where a different platform type is used, a minimum of 20 deicing
operations are required; these must be conducted in accordance with the
criteria in Sections 7.3.3 to 7.3.8 of AS 5681.

2 Note: The primary concerns when assessing the impact of various aircraft types on the use of
ROGIDS are the aircraft material, the surface finish and/or the surface treatment of the monitored
surface.
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Table 7.2: Roles and Responsibilities Matrix for Subsequent Acceptance Process

. Equipment
Stage Applicant Manufacturer POI Comments
Contacts the POl and
1. Initiation expresses intentions to Supports applicant Defines regulatory authority Define planned activities and

incorporate ROGIDS into their
deicing program

involvement in project

schedule.

2. Review Existing
Design and Test Data

Propose and justify use of
previously accepted data and
reports

Supports applicant

Confirm the data from the Initial
Acceptance Process is available
and appropriate prior to initiating
operational evaluation testing

3. Operational Evaluation

Plan

Review and comment as
necessary

Prepares evaluation
plan

Review and comment as
necessary

4. Installed Equipment
Conformity Inspection

Support equipment
manufacturer

Conducts conformity
inspection

Independent conformity
inspection by regulatory
authority at the discretion of POI

Purpose is to ensure that
installed equipment is
representative of production
equipment and installed in
accordance with the
manufacturer’s instructions

5. Installed Equipment
Operational Evaluation

Conducts evaluations in
accordance with Sections 7.2,
7.3 and 7.4 of this document

Supports applicant

Witness all or part of evaluation
as appropriate

6. Installed Equipment
Operational Evaluation
Report

Prepares reports

Supports applicant

Review and comment as
necessary

See AS 5681, Section 7.2.1

7. Incorporation into

Ground Deicing and Anti-

icing Program

US version: Submit revision to
ground deicing and anti-icing
program, including operating,
training and maintenance
procedures

Canadian version: Submit
revision to company
operations manual (COM)
which would include revised
deicing and anti-icing program;
operating, training and
maintenance procedures

Supports applicant

US version: Review by POI for
acceptability and approval for

inclusion in ground deicing and
anti-icing program

Canadian version: Review by
POI for acceptability and
approval of COM.
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7.3 Installed Equipment Operational Evaluation Considerations

The Installed Equipment Operational Evaluation must be performed during actual
aircraft deicing operations.

A minimum of two qualified deicing operators must participate in both the Initial
and the Subsequent Operational Evaluations. The number of deicing operations
should be distributed among the operators as evenly as possible.

8. APPROVAL
To incorporate ROGIDS into their operations, the applicant must submit:

a. A revision to the ground deicing and anti-icing program?® that identifies the
intended use and any operational limitations of the ROGIDS, and includes
changes to the maintenance and training programs;

b. A description of ROGIDS equipment and installation; and
c. Compliance checklists as described in Section 6 of this document.
The ROGIDS may be approved as part of the applicant’s approved deicing and

anti-icing program once the applicant has demonstrated that the ROGIDS meets the
requirements of AS 5681 and this AC.

Ongoing acceptance is contingent on the applicant ensuring that changes to
lighting type, aircraft type, fluid brands, and/or platform types have been assessed
and addressed.

3 Canadian version to use “COM"” in place of “ground deicing and anti-icing program”
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APPENDIX F

Transport Canada
Holdover Time (HOT) Guidelines
Winter 2008-2009

Original Issue, July 2008

This document should be used in conjunction with Guidelines for Aircraft
Ground-Icing Operations (TP 14052E, second edition, April 2005).

The two documents complement each other and should be used together for a
thorough understanding of the subject matter.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

CHANGE CONTROL RECORDS

This page indicates any changes made to individual pages within the document. Changed
pages have the appropriate revision date in the footer. Sidebars are shown to assist in
identifying where the changes have been made on these pages.

It is the responsibility of the end user to periodically check the following website for updates
on Holdover Time Guidelines:
http://www.tc.gc.ca/CivilAviation/commerce/HoldoverTime/menu.htm.

REVISION | DATE DESCRIPTION OF CHANGES A’;;Eg’:_rg D | aurHor
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Transport Canada Holdover Time Guidelines Winter 2008-2009

SUMMARY OF CHANGES FROM PREVIOUS YEAR

The principal changes from the previous year are briefly indicated herein.

Type | Fluid

The Type | holdover time guideline values are unchanged.

Type Il Fluid

A fluid-specific table has been created for one new Type Il fluid: Kilfrost ABC-K Plus. This fluid is
currently in the qualification process. The Type Il generic holdover time guideline values are
unchanged.

Transport Canada and the FAA have been notified that there were possible viscosity issues with the
Aviation Xi'an High-Tech KHF Il fluid, which was first commercialized for use in winter 2007-2008.

Specifically, there may still be batches of this fluid on the market that were shipped/delivered
with viscosities lower than the published Lowest On-Wing Viscosities for use with the HOT
guidelines.

We have been advised that the fluid manufacturer is taking measures to correct this situation.

A fluid-specific holdover time guideline table has been retained for this fluid; however, Table 5
“Currently Qualified Fluids (2008-2009)” was amended to indicate that this fluid is currently in
re-qualification.

It is highly recommended that operators intending to utilize holdover time guidelines associated
with this fluid:

1) Contact the vendor for further details; and
2) Carefully assess this fluid’s on-wing viscosity at time of use.

Type lil Fluid

The Type Il holdover time guideline values are unchanged.

Type IV Fluid

Removal of obsolete Type IV data has resulted in increases to the values in the cold soaked wing
cells of the generic holdover time guidelines.

A fluid-specific table has been added for Dow Chemical UCAR™ FlightGuard AD-480. This product is
identical to ABAX (ex SPCA) AD-480; therefore, the holdover time guideline values for these tables
are the same.

Holdover Times in Frost Conditions

A note has been included in the Type Il and Type IV generic and fluid-specific tables to advise that
radiational cooling during active frost conditions may reduce holdover time when operating close to
the lower end of the outside air temperature range.
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Transport Canada Holdover Time Guidelines Winter 2008-2009

CHANGES TO Guidelines for Aircraft Ground-Icing Operations
(TP 14052E, second ed., April 2005)

The following changes will be incorporated into TP 14052E at its next revision. They are recorded here in
advance due to the longer life cycle time associated with the updating and publication of TP 14052E and are for
immediate use.

Replace Sub-Paragraph 10.13.3, “Hot Water”, with the following:

Hot water may be used to remove large amounts of contamination (such as ice) from an aircraft provided that
the Outside Air Temperature is -3°C and above as per the application procedures for SAE Type | and SAE
Type II, lll and IV fluids described in tables 6 & 7 of the Transport Canada HOT Guidelines document.

Delete Sub-Paragraph 10.13.3.1 Item g) only.

Replace Sub-Paragraph 11.1.5, “Elapsed time is less than the lowest time in the HOT cell”, with the
following:

Transport Canada has previously considered that, under an approved ground icing program, if the lowest time in
a cell has NOT been exceeded for conditions covered by the Guidelines, there is no requirement to inspect the
aircraft’s critical surfaces prior to commencing a takeoff.

This position was based on evidence gained during fluids testing. The HOT values are conservative for the
lowest number in the cell, if:

a) The conditions present are NOT in excess of those conditions represented by the table (e.g. for
snow, it would be a moderate snow condition); and

b) The impact of other factors (e.g. jet blast) has been considered and deemed not to affect the
HOT.

If there is doubt surrounding the conditions associated with using the lowest time as decision making criteria, an
inspection prior to takeoff would be prudent. This inspection should be conducted in accordance with the
procedures described in the Air Operator's Approved Ground Icing Program.

Replace Paragraph 11.1.8 with the following:
The HOT Guidelines do not include guidelines for all meteorological conditions.

Holdover time guidelines have not been assessed for the following conditions: a) Snow Pellets; b) Hail;
c) Moderate and Heavy Freezing Rain; and d) Heavy Snow.

Notes: Operators need to assess whether operations can be safely conducted under these conditions.

Additionally, holdover time guidelines have not been assessed for the ice pellets since a formal protocol for ice
pellet testing has not yet been developed and included in standard SAE testing methodologies and no visual
failure criteria has yet been identified for ice pellet conditions. Instead, an allowance time based upon research
has been developed for operations during ice pellet conditions.

Replace Paragraph 12.1.2 with the following:

Holdover time guidelines have not been assessed for ice pellets, since a formal protocol for ice pellet testing
has not yet been developed and included in standard SAE testing methodologies and no visual failure criteria
have yet been identified for ice pellet conditions.

However, comprehensive ice pellet research was conducted jointly by the research teams of the FAA and
Transport Canada. This research consisted of extensive climatic chamber, wind tunnel, and live aircraft testing
with ice pellets (light and moderate) and light ice pellets mixed with other forms of precipitation. Results of this
research provide the basis for allowance times for operations in light and moderate ice pellets, as well as
allowance times for operations in light ice pellets mixed with other forms of precipitation.
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Transport Canada Holdover Time Guidelines

Winter 2008-2009

HOLDOVER TIME (HOT) GUIDELINES FOR WINTER 2008-2009

Table 1

Table 2-Generic
Table 2-A-E26
Table 2-A-KHF-II
Table 2-C-2025
Table 2-C-Flight
Table 2-K-ABC-2000
Table 2-K-ABC-l1+
Table 2-K-ABC-K+
Table 2-N-FCY-2
Table 2-O-EM-II
Table 3

Table 4-Generic
Table 4-A-AD-480
Table 4-C-2001
Table 4-C-2012
Table 4-C-Launch
Table 4-D-ULTRA+
Table 4-D-E106
Table 4-D-AD-480
Table 4-K-ABC-S

Table 4-K-ABC-S PLUS
Table 4-L-ARCTIC Shield

Table 4-O-MF
Table 4-O-MF-04
Table 4-O-MFLO
Table 5

Table 6

Table 7

Table 8

Table 9

Table 10

SAE Type | Fluid Holdover Guidelines

SAE Type Il Fluid Holdover Guidelines

ABAX (ex SPCA) Type Il Fluid Holdover Guidelines Ecowing 26

Aviation Xi'an High-Tech Type Il Fluid Holdover Guidelines KHF-II
Clariant Type Il Fluid Holdover Guidelines Safewing MP 11 2025 ECO
Clariant Type Il Fluid Holdover Guidelines Safewing MP Il Flight

Kilfrost Type Il Fluid Holdover Guidelines ABC-2000

Kilfrost Type Il Fluid Holdover Guidelines ABC-Il PLUS

Kilfrost Type Il Fluid Holdover Guidelines ABC-K PLUS

Newave Aerochemical Type Il Fluid Holdover Guidelines FCY-2

Octagon Type Il Fluid Holdover Guidelines E Max ||

SAE Type Il Fluid Holdover Guidelines

SAE Type IV Fluid Holdover Guidelines

ABAX (ex SPCA) Type IV Fluid Holdover Guidelines AD-480

Clariant Type IV Fluid Holdover Guidelines Safewing MP 1V 2001
Clariant Type IV Fluid Holdover Guidelines Safewing MP 1V 2012 Protect
Clariant Type IV Fluid Holdover Guidelines Safewing MP IV Launch

Dow Chemical Type IV Fluid Holdover Guidelines UCAR™ ADF/AAF ULTRA+
Dow Chemical Type IV Fluid Holdover Guidelines UCAR™ Endurance EG106
Dow Chemical Type IV Fluid Holdover Guidelines UCAR™ FlightGuard AD-480
Kilfrost Type IV Fluid Holdover Guidelines ABC-S

Kilfrost Type IV Fluid Holdover Guidelines ABC-S PLUS

Lyondell Type IV Fluid Holdover Guidelines ARCTIC Shield™

Octagon Type IV Fluid Holdover Guidelines Max-Flight

Octagon Type IV Fluid Holdover Guidelines Max-Flight 04

Octagon Type IV Fluid Holdover Guidelines MaxFlo

Currently Qualified Fluids

SAE Type | Deicing Fluid Application Procedures

SAE Type Il, Type lll and Type IV Anti-Icing Fluid Application Procedures
Visibility in Snow vs. Snowfall Intensity Chart

Lowest On-Wing Viscosity Values for Anti-Icing Fluids

Ice Pellet Allowance Times
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Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 1

SAE TYPE I° FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009
THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Approximate Holdover Times Under Various Weather Conditions
Tem perature5 (minutes)
L1 . Rain on
Degrees | Degrees Active | Freezing Snow or Snow Grains Freezing Light Cold 2
Celsius | Fahrenheit | Frost Fog Drizzle* Freez_mg Soaked Other
Very Light Light Moderate Rain Wing

-3and | 27and 45 | 11-17 18 11-18 6-11 9-13 4-6 2-5

above above
below -3 | below 2710 | 45 | g_43 14 8-14 5-8 5-9 4-6

to -6 21

CAUTION:

below -6 | below 21 to 45 6—10 1 6— 11 4-6 4_7 25 “No holdover

to-10 14 time guidelines

exist
bV | below1a | 45 5-9 7 4-7 2-4
NOTES

1 To use these times, the fluid must be heated to a minimum temperature providing 60°C (140°F) at the nozzle and an average rate of at least
1 litre/m? (2 gal./100 sq. ft.) must be applied to deiced surfaces, OTHERWISE TIMES WILL BE SHORTER.

2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.

3 Type | Fluid / Water Mixture is selected so that the freezing point of the mixture is at least 10°C (18°F) below outside air temperature.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

5  Ensure that the lowest operational use temperature (LOUT) is respected.

CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 2-Generic

SAE TYPE Il FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type Il Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes
Neat . . Snow or . Light .
[():eglar?es I:Dl(:gret(:s_t Fluid/Water AFthte Fr(::ezmg Snow FDre.ez:n Freezing SRalr;(o:v(‘:lt_)ld Other?
elsius ahrenheit | e onvolume %) ros og Grains rizzle Rain oake ing
100/0 8:00 0:35-1:30 0:20 — 0:45 0:30 - 0:55 0:15-10:30 0:05-0:40
-3and 27 and 75/25 5:00 025-1:00 | 0:15-0:30 | 0:20-0:45 | 0:10-0:25 0:05 - 0:25
above above . . . . . i . . . . .
50/50 3:00° 0:15-0:30 0:05-0:15 0:05-0:15 0:05-0:10
05 . . . . . AE3 . Y CAUTION:
below -3 below 27 100/0 8:00 0:20 - 1:05 0:15-10:30 0:15 - 0:45 0:10 - 0:20 No holdover
to-14 to7 75125 5:00° 0:20-055 | 0:10-0:20 | 0:15-0:30° | 0:05-0:15° time guidelines
B exist
below 14 | below 7 100/0 8:00%° | 0:15-0:20° | 0:15—0:30°
to -25 to -13
Type Il fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type Il fluid cannot be used.
NOTES
1 Based on the lowest holdover times of the Type Il fluids listed in Table 5-2.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
6  Ensure that the lowest operational use temperature (LOUT) is respected.
CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 2-A-E26

ABAX (ex SPCA) TYPE Il FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
ECOWING 26

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type Il Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration hours:minutes)
Degrees Degrees FI 'tht Active Freezing ng\(t)v“?r Freezing Light Rain on Cold Other?
Celsius | Fahrenheit (Volurﬂ; %Noil::%) Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 8:00 1:256-2:35 0:40 - 1:00 0:50 - 1:35 0:40 - 0:50 0:20 - 1:25
-3and | 27and 75/25 5:00 1:05-1:55 | 0:25-045 | 045-1.05 | 025-035 | 0:10-1:00
above above : : : : : : : : : : :
50/50 3:00° 0:30 — 0:45 0:10 - 0:20 0:15-0:25 0:05-0:10
A5 . . . . . 403 ) ) CAUTION:
below -3 below 27 100/0 8:00 0:45-2:15 0:35 -0:55 0:30-1:10 0:15 - 0:35 No holdover
to-14 to7 75125 5:00° 0:35-1:15 | 0:25-0:40 | 0:20-0:50° | 0:15-0:25° time guidelines
below -14 below 7 -00° . . . . exist
t0 25 to-13 100/0 8:00 0:25 - 0:45 0:15-0:30
Type Il fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 | below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type |l fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover

time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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Transport Canada Holdover Time Guidelines

Winter 2008-2009

TABLE 2-A-KHF-II

AVIATION XI’AN HIGH-TECH TYPE Il FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009"
KHF-II

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type Il Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration hours:minutes)
Degrees Degrees FI 'tht Active Freezing ng\(t)v“?r Freezing Light Rain on Cold Other?
Celsius | Fahrenheit (Volurﬂ; %Noil::%) Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 8:00 1:15-2:15 0:45-1:20 0:50-1:30 0:30 - 0:45 0:10-1:15
-3and | 27and 75/25 5:00 0:45-100 | 025-040 | 025-045 | 0:15-025 | 0.05-045
above above : : : : : : : : : : :
50/50 3:00° 0:20 - 0:30 0:15-0:25 0:10-0:15 0:05-0:10
A5 . . . . . =) ) 03 CAUTION:
below -3 below 27 100/0 8:00 1:10 —2:40 0:35-1:00 0:20-1:35 0:25 - 0:40 No holdover
to-14 to7 75125 5:00° 0:45-1:20 | 0:15-0:30 | 0:20-0:45> | 0:15-0:20° time guidelines
below -14 below 7 -00° . . . . exist
t0 25 to-13 100/0 8:00 0:35-0:50 0:15-0:30
Type Il fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 | below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type |l fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS
* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.
* The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
* High wind velocity or jet blast may reduce holdover time.
* Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 2-C-2025

CLARIANT TYPE Il FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
SAFEWING MP Il 2025 ECO

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type Il Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees FI :le‘;‘lt t Active Freezing Sgﬁ\;vv:r Freezin? Light Rain on Cold Other?
Celsius | Fahrenheit (VDIH:; %Nofmf:%) Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 8:00 1:30 - 2:05 0:40 - 1:10 0:40 - 1:00 0:25-0:35 0:10-1:15
-3and | 27and 75/25 5:00 0:55-1:45 | 0:25-0:45 | 025-045 | 0:20-025 | 0:05-0:50
above above . : . . : . . : . . :
50/50 3:00° 0:20-0:35 0:05-0:15 0:10-0:15 0:05-0:10
008 . . . . . =) . 2R3 CAUTION:
below -3 below 27 100/0 8:00 0:45-1:50 0:35-1:00 0:35-1:05 0:20-0:35 No holdover
to-14 to7 75125 5:00° 0:40-1:20 | 0:25-0:45 | 0:30-0:40° | 0:15-0:25° time guidelines
below -14 below 7 AR5 . . ] ] exist
to 25 to-13 100/0 8:00 0:25-0:45 0:15-10:30
Type Il fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 | below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type |l fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 2-C-Flight

CLARIANT TYPE Il FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
SAFEWING MP Il FLIGHT

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type Il Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees FI .Zf:vt " Active Freezing ng‘g’v‘?r Freezin? Light Rain on Cold Other?
Celsius Fahrenheit (Volurlr::.- %Noﬁ"::%) Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 8:00 3:30 - 4:00 1:00 - 1:35 1:20 - 2:00 0:45-1:25 0:10-1:30
-3 and 27 and 75/25 5:00 2:30-4:00 | 0:40-120 | 1:15-2:00 | 0:30-0:55 0:05 - 1:20
above above . . . . : : . . : . .
50/50 3:00° 0:55 - 1:45 0:10 - 0:25 0:20 - 0:30 0:10-0:15
below 3 | below 27 100/0 8:00° | 0:55-145 | 040—105 | 0:35-1:30° | 0:25-045° ATTON.
to-14 to7 75/25 5:00° 0:40-1:10 | 0:20-0:40 | 025-1:10° | 0:30-0:40° time guidelines
_ exist
below -14 | below 7 100/0 8:00° | 0:30-050 | 0:15-0:30
to -25 to -13
Type Il fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type Il fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 2-K-ABC-2000

KILFROST TYPE Il FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
ABC-2000

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type Il Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees FIuiTi?\:Itater Active Freezing ng\g“?r Freezing Light Rain on Cold Other?
Celsius | Fahrenheit (Volume %Nolume %) Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 8:00 1:30 - 3:05 0:30 —1:00 0:55-1:35 0:40 - 0:50 0:15-1:10
-3 and 27 and
above above 75125 5:00 1:40 — 3:30 0:30 - 1:05 0:45-1:15 0:40 - 0:50 0:15 - 1:40
50/50 3:00° 1:00 -2:10 0:15-0:30 0:15-0:25 0:05-0:15
A5 . . . . . 03 ) an3 CAUTION:
below -3 below 27 100/0 8:00 0:35-1:25 0:25 - 0:45 0:25-0:50 0:10-0:30 No holdover
to-14 to7 75125 5:00° 0:35-1:15 | 0:25-0:50 | 0:25-0:55° 0:15 - 0:30° time guidelines
_ exist
below -14 | below 7 100/0 8:00° | 020-045 | 0:15-0:30
to -25 to -13
Type Il fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type Il fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4  Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

¢ The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2008-2009

TABLE 2-K-ABC-II+

KILFROST TYPE Il FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
ABC-ll PLUS

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type Il Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Neat . . Snow or . Light .
l?:eglgr_ees FDﬁgrezs_t Fluid/Water I-l\:ctlv:a Fr?:ezmg Snow Ige_ez:ng Freezing sRau;( o: v(\:l?ld Other?
elsius ahrenheit |\ o vvolume %) ros og Grains rizzle’ Rain oake ing
100/0 8:00 1:10-2:25 0:25-0:55 0:35-1:10 0:30 - 0:40 0:05 -1:00
-3 and 27 and 75/25 5:00 110-225 | 0:25-0:50 | 0:30-1:00 | 0:20-0:40 0:05 — 0:50
above above . : . . . . . . . . .
50/50 3:00° 0:15 - 0:45 0:15-10:35 0:05-0:25 0:05-0:15
below 3 | below 27 100/0 8:00° 0:30-105 | 015-035 | 0:15-045° | 0:10-0:30° ASTION:
to-14 to7 75/25 5:00° 0:20-0:55 | 0:15-0:35 | 0:15-0:30° | 0:10-0:20° time guidelines
_ exist
below -14 | below 7 100/0 8:00° 0:15-0:20 | 0:15-0:30
to -25 to -13
Type |l fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 | below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type Il fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 2-K-ABC-K+

KILFROST TYPE Il FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
ABC-K PLUS

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type Il Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees FI _';f‘:lt t Active Freezing ng‘g’v‘?r Freezing Light Rain on Cold Other?
Celsius | Fahrenheit (Volux; %Nolau::%) Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 8:00 2:15 - 3:45 1:00 - 1:40 1:50 — 2:00 1:00 - 1:25 0:20 - 2:00
-3and 27 and 75/25 5:00 1:40-2:30 | 0:35-1:10 | 1:25-2:00 | 0:50-1:10 0:15 - 2:00
above above : - . . . . . . . : . .
50/50 3:00 0:35-1:05 0:05-0:15 0:20 - 0:30 0:10-0:15 CAUTION:
below -3 | below 27 100/0 8:00° 0:30-1:05 | 0:50-1:25 | 0:25-1:00° | 0:15-0:35" No holdover
to-14 to7 75/25 5:00° 025-125 | 0:35-1:05 | 0:20-0:55° | 0:05-0:30° time ge‘i'fs'f“”es
below -14 below 7 N5 . . . .
t0 -25 to-13 100/0 8:00 0:30 - 0:55 0:15-0:30
Type Il fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 | below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type |l fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2008-2009

TABLE 2-N-FCY-2

NEWAVE AEROCHEMICAL TYPE Il FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
FCY-2

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type Il Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Neat . . Snow or . Light .
l?:eglgr_ees FDﬁgrezs_t Fluid/Water I-l\:ctlv:a Frcre:ezmg Snow Ige_ez:ng Freezing sRau;( o: v(\:l?ld Other?
elsius ahrenheit |\ o vvolume %) ros og Grains rizzle’ Rain oake ing
100/0 8:00 1:156-2:25 0:30 - 0:55 0:35-1:05 0:25-10:35 0:05 - 0:45
-3 and 27 and 75/25 5:00 0:50-1:30 | 0:20-0:40 | 025-045 | 0:15-0:25 0:05 - 0:25
above above . : . . . : . . . . .
50/50 3:00° 0:25-10:35 0:15-0:25 0:10 - 0:20 0:05-10:10
below 3 | below 27 100/0 8:00° 0:45-130 | 015-0:30 | 0:20—045° | 0:15-0:20° ASTION:
to-14 to7 75/25 5:00° 0:30-1:05 | 0:10-0:20 | 0:15-0:30° | 0:05-0:15° time guidelines
_ exist
below -14 | below 7 100/0 8:00° 0:25-0:35 | 0:15-0:30
to -25 to -13
Type |l fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 | below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type Il fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 2-O-EM-II

OCTAGON TYPE |l FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009"
E MAX Il

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type Il Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees FIui't‘li?\Iavta ter Active Freezing Sg:\évv:r Freezin Light Rain on Cold Other?
Celsius | Fahrenheit (Volume %/Volume %) Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 8:00 2:05 - 3:45 0:40-1:20 0:45-1:35 0:30 - 0:40 0:15-1:30
and | 27and 75/25 5:00 125-2:50 | 025-0:55 | 040-1.10 | 020-0:30 | 0:10-1:05
above above . : . : . : : . . . .
50/50 3:00° 0:30 - 0:55 0:10-0:25 0:15-10:30 0:10-0:15
05 . . . . . .03 ) an’ CAUTION:
below -3 below 27 100/0 8:00 0:50 — 1:45 0:35-1:10 0:35-1:00 0:20-0:30 No holdover
to-14 to7 75/25 5:00° 0:30-1:20 | 0:25-0:50 | 0:35-1:05° | 0:15-0:30° time guidelines
- exist
below -14 | below 7 100/0 8:00° | 020-035 | 0:15-0:30
to -25 to-13
Type Il fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type Il fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 3

SAE TYPE Ill FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009
THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Approximate Holdover Times Under Various Weather Conditions
Temperature3 (minutes)
Type lll Fluid . Rai
. Snow or Snow Grains i ain on
Degrees | Degrees | Concentration | active | Freezing Freezing Light Cold
. . Neat . Freezing Other?
Celsius | Fahrenheit FluldWat Frost Fog Very Light | Moderate Drizzle Rain Soaked
uid/Water : "
(Volume %/Volume %) Light Wing
100/0 120 20-40 35 20-35( 10-20 10-20 8-10 6-20
-3 and 27 and
above above 75125 60 15-30 25 156-25 8-15 8-15 6-10 2-10
50/50 30 10-20 15 8-15 4-8 5-9 4-6 CAUTION:
below -3 below 27 to 100/0 120 20-40 30 15-30 9-15 10-20 8-10 No holdover
to-10 14 75/25 60 15-30 25 | 10-25| 7-10 9-12 6-9 time gui'dtelines
exis
below -10 | below 14 100/0 120 20-40 30 15-30 8-15
NOTES

1 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type IlI fluid cannot be used.

CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

* High wind velocity or jet blast may reduce holdover time.

* Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

*  Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 4-Generic

SAE TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type IV Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees FI ":?\:It t Active Freezing Sgﬁ\gf:r Freezin Light Rain on Cold Other?
Celsius | Fahrenheit (Volu::; %/Voi-::%) Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 12:00 1:15-2:30 0:35-1:15 0:40 - 1:10 0:25 - 0:40 0:10-1:05
-3 and 27 and 75/25 5:00 1:05-1:45 | 0:220-0:55 | 0:35-0:50 | 0:15-0:30 0:05 — 0:40
above above . i . i . . . . i . .
50/50 3:00° 0:15-0:35 0:05-0:15 0:10-0:20 0:05-0:10
below -3 below 27 100/0 12:00° 0:20-1:20 0:20 - 0:40 0:20 — 0:45° 0:10 - 0:25° l\?oAr:Jo-ll—cljg\r/\jér
to-14 to7 75125 5:00° 0:25-050 | 0:15-0:35 | 0:15-0:30° | 0:10-0:20° time guidelines
- exist
below 14 | below 7 100/0 12:00%° | 0:15-0:40° | 0:15—0:30°
to -25 to -13
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type IV fluid cannot be used.
NOTES
1 Based on the lowest holdover times of the Type IV fluids listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
6  Ensure that the lowest operational use temperature (LOUT) is respected.
CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2008-2009

TABLE 4-A-AD-480

ABAX (ex SPCA) TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
AD-480

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type IV Fluid Approximate Holdover Times Und_er Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees .Neat Active Freezing S;g:vsr Freezin? Light Rain on Cold Other?
Celsius | Fahrenheit Fluid/Water Frost Fog - Drizzle Freezing Rain | Soaked Wing
(Volume %/Volume %) Grains
100/0 12:00 2:00-3:30 0:40-1:20 0:50 - 1:30 0:35-0:55 0:15-1:35
-3 and 27 and . . . . : . . . : . .
above above 75/25 5.005 1:30 —2:45 0:30 - 1:05 0:50 - 1:15 0:30 - 0:45 0:10 - 1:15
50/50 3:00 0:30 — 0:45 0:10-0:20 0:15-0:25 0:05-0:15 CAUTION:
below -3 below 27 100/0 12:00° 0:20—-1:20 | 0:30-0:55 | 0:25-1:20° | 0:15-0:30° No holdover
to-14 to7 75/25 5:00° 025-0:50 | 0:20-045 | 025-1:05> | 0:15-0:30° time get’('i‘if"”es
below -14 below 7 .an5 . . . .
t0 -25 to-13 100/0 12:00 0:15-0:40 0:15-10:30
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type |V fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover

time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 4-C-2001

CLARIANT TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
SAFEWING MP IV 2001

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type IV Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees Fl ";?V?Itt Active Freezing ng\(l)v“?r Freezin? Light Rain on Cold Other?
Celsius Fahrenheit (Volu':; vaamﬁer%) Frost Fog Grains Drizzle’ Freezing Rain | Soaked Wing
100/0 12:00 1:20-3:20 1:00 - 1:55 0:55 - 1:55 0:40-1:00 0:15-2:00
-3 and 27 and 75/25 5:00 120-2:00 | 0:35-1:00 | 0:35-1:10 | 025-0:35 | 0:10-125
above above . . . . : : . . . . :
50/50 3:00° 0:15-0:40 0:10-0:20 0:10-0:20 0:05-0:15
005 . . . . . aE3 . AR3 CAUTION:
below -3 below 27 100/0 12:00 0:45-1:35 0:30 - 0:50 0:55 - 1:35 0:30 — 0:45 No holdover
to-14 to7 75/25 5:00° 0:30-1:00 | 0:20-0:35 | 0:40-1:10° | 0:20-0:30° time guidelines
below -14 below 7 AR5 . . ] ] exist
to -25 to-13 100/0 12:00 0:20 — 0:45 0:15-0:30
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type IV fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

¢ The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2008-2009

TABLE 4-C-2012

CLARIANT TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
SAFEWING MP IV 2012 PROTECT

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type IV Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees FI '::?VT t Active Freezing S;z\;vv\tl)r Freezin? Light Rain on Cold Other?
Celsius | Fahrenheit (Volurﬂ; %Noil::%) Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 12:00 1:15-2:30 0:40-1:15 0:40-1:10 0:25 - 0:45 0:10 - 1:05
-3and | 27and 75/25 5:00 110-2:05 | 0:25-0:55 | 0:35-050 | 015-030 | 0:05-0:40
above above : : . : : : . . : . :
50/50 3:00° 0:25-0:45 0:15-0:25 0:15-0:20 0:05-0:10
005 . . . . . 2R3 . &3 CAUTION:
below -3 below 27 100/0 12:00 0:45 - 1:45 0:20 - 0:40 0:25-0:45 0:15-0:25 No holdover
to-14 to7 75125 5:00° 0:25-1:05 | 0:20-0:40 | 0:15-0:30° | 0:10-0:20° time guidelines
below -14 below 7 AR5 . . . ] exist
t0 25 t0-13 100/0 12:00 0:20 - 0:45 0:15-0:30
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 | below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type |V fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS
* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.
* The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
* High wind velocity or jet blast may reduce holdover time.
* Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.
* Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 4-C-Launch

CLARIANT TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
SAFEWING MP IV LAUNCH

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type IV Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees FI 'Z?Va\‘ltt Active Freezing ng\g“?r Freezin? Light Rain on Cold Other
Celsius | Fahrenheit (Volu,"‘: %N:u::%) Frost Fog Grains Drizzle’ Freezing Rain | Soaked Wing
100/0 12:00 4:00 - 4:00 1:05-1:45 1:30 - 2:00 1:00 —1:40 0:15-1:40
-3and | 27and 75/25 5:00 340-400 | 1:00-145 | 140-2:00 | 045-1:15 | 010-145
above above . : . : . . . : . . :
50/50 3:00° 1:25 - 2:45 0:25 - 0:45 0:30 - 0:50 0:20-0:25
005 . . . . . 403 . AR3 CAUTION:
below -3 below 27 100/0 12:00 1:00 - 1:55 0:50 - 1:20 0:35 - 1:40 0:25 - 0:45 No holdover
to-14 to7 75125 5:00° 0:40-1:20 | 0:45-1:25 | 0:25-1:10° | 0:25-0:45° time guidelines
below -14 below 7 A5 . . ] ] exist
to 25 to-13 100/0 12:00 0:30 - 0:50 0:15-10:30
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 | below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type IV fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 4-D-ULTRA+

DOW CHEMICAL TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009"
UCAR™ ADF/AAF ULTRA+

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type IV Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees FI ":;evi\lltater Active Freezing ng‘gv:r Freezing Light Rain on Cold Other?
Celsius | Fahrenheit (vmux; %iVolume %) Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 12:00 1:35-3:35 0:35-1:15 0:45-1:35 0:25 - 0:40 0:10 - 1:20
-3 and 27 and
above above 75/25
50/50 CAUTION:
below -3 | below 27 100/0 12:00° 1:25-3:.00 | 0:25-0:55 | 0:45-1:25° | 0:30-0:45° “No holdover
to -14 to7 time guidelines
75125 exist
below -14 below 7 .an56 40 — 9-10° 20 — (- 45°
to 25 to-13 100/0 12:00 0:40-2:10 0:20 — 0:45
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 | below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met.® Consider use of
Type | when Type IV fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
6 These holdover times only apply to outside air temperatures to -24°C (-11°F).
CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 4-D-E106

DOW CHEMICAL TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009"
UCAR™ ENDURANCE EG106

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type IV Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees FI ":;evi\lltater Active Freezing ng‘gv:r Freezing Light Rain on Cold Other?
Celsius | Fahrenheit (vmux; %iVolume %) Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 12:00 2:05-3:10 0:40 - 1:20 1:10-2:00 0:50 - 1:15 0:20 - 2:00
-3 and 27 and
above above 75/25
50/50 CAUTION:
below -3 | below 27 100/0 12:00° 1:50 -3:20 | 0:30-1:05 | 0:55-1:50° | 0:45-1:10° “No holdover
to -14 to7 time guidelines
75125 exist
below -14 below 7 .an5 . . . .
to 25 to-13 100/0 12:00 0:30 - 1:05 0:15-10:30
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 | below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type IV fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2008-2009

TABLE 4-D-AD-480

DOW CHEMICAL TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
UCAR™ FLIGHTGUARD AD-480

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type IV Fluid Approximate Holdover Times Und_er Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees .Neat Active Freezing S;g:vsr Freezin? Light Rain on Cold Other?
Celsius | Fahrenheit Fluid/Water Frost Fog - Drizzle Freezing Rain | Soaked Wing
(Volume %/Volume %) Grains
100/0 12:00 2:00-3:30 0:40-1:20 0:50 - 1:30 0:35-0:55 0:15-1:35
-3 and 27 and . . . . : . . . : . .
above above 75/25 5.005 1:30 —2:45 0:30 - 1:05 0:50 - 1:15 0:30 - 0:45 0:10 - 1:15
50/50 3:00 0:30 — 0:45 0:10-0:20 0:15-0:25 0:05-0:15 CAUTION:
below -3 below 27 100/0 12:00° 0:20—-1:20 | 0:30-0:55 | 0:25-1:20° | 0:15-0:30° No holdover
to-14 to7 75/25 5:00° 025-0:50 | 0:20-045 | 025-1:05> | 0:15-0:30° time get’('i‘if"”es
below -14 below 7 .an5 . . . .
t0 -25 to-13 100/0 12:00 0:15-0:40 0:15-10:30
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type |V fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover

time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 4-K-ABC-S

KILFROST TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
ABC-S

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type IV Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees FI '::?VT t Active Freezing Sgﬁ\;vv:r Freezing Light Rain on Cold Other?
Celsius | Fahrenheit (Volmg; %No‘lrﬁ:%) Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 12:00 2:35-4:00 1:00 - 1:40 1:20 - 1:50 1:00-1:25 0:20 - 1:15
and | 27and 75/25 5:00 1.05-145 | 0:30-0:55 | 045-110 | 0:35-0:50 | 0:10-0:50
above above : - : . . : . : : . . :
50/50 3:00 0:20-0:35 0:05-0:15 0:15-0:20 0:05-0:10 CAUTION:
below -3 | below 27 100/0 12:00° 0:45-2:05 | 0:45-1:20 | 0:20-1:00° | 0:10-0:30° No holdover
to-14 to7 75/25 500° | 0:25-1:00 | 0:25-050 | 0:20-1:10° | 0:10-0:35° time guideiines
below -14 below 7 A5 . . . .
to -25 to-13 100/0 12:00 0:20 - 0:40 0:15-10:30
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 | below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type IV fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 4-K-ABC-S PLUS

KILFROST TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'

ABC-S PLUS
THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER
Outside Air Type IV Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees FI .::f‘fvt t Active Freezing Sgﬁ\;vv:r Freezing Light Rain on Cold Other
Celsius | Fahrenheit (Volmg; %No‘lrﬁ:%) Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 12:00 2:10-4:00 1:15-2:00 1:50 — 2:00 1:05 -2:00 0:25 - 2:00
and | 27and 75/25 5:00 125-2:40 | 0:45-1:15 | 1:00-120 | 0:30-0:50 | 0:10-1:20
above above : - : . . : . . : . . :
50/50 3:00 0:30 - 0:55 0:15-0:30 0:15-0:40 0:15-0:20 CAUTION:
below -3 | below 27 100/0 12:00° 0:55-3:30 | 1:00-1:45 | 0:225-1:35° | 0:20-0:30° No holdover
to-14 to7 75125 5:00° 0:45-1:50 | 0:35-1:00 | 0:20—1:10° | 0:15-0:25° time guideiines
below -14 below 7 A5 . . . .
to -25 to-13 100/0 12:00 0:40 - 1:00 0:15-10:30
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 | below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type IV fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover

time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 4-L-ARCTIC Shield

LYONDELL TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
ARCTIC SHIELD™

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type IV Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees FI .ﬁmt " Active Freezing ng\g“(,)r Freezin? Light Rain on Cold Other?
Celsius Fahrenheit (Volu,':; %No?m:?:%) Frost Fog Grains Drizzle’ Freezing Rain | Soaked Wing
100/0 12:00 1:55-3:10 0:50 — 1:25 0:55-1:40 0:45-1:05 0:15-1:25
-3and 27 and 75/25 5:00 120-215 | 0:40—1:05 | 055-125 | 0:30-045 | 0:05-1:20
above above : a : : : : : : : : : :
50/50 3:00 0:35 - 0:45 0:20 - 0:35 0:20-0:30 0:10-0:15 CAUTION:
below -3 | below 27 100/0 12:00° 1:00-2:25 | 0:45—-1:15 | 0:225-1:30° | 0:25-0:30° No holdover
to-14 to7 75125 500° | 0:50-145 | 0:35-0:55 | 0:30—1:15° | 0:25-0:30° time guldeiines
below -14 below 7 AR5 . . . .
to -25 t0-13 100/0 12:00 0:25 - 0:45 0:15-0:30
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 | below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type IV fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 4-O-MF

OCTAGON TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
MAX-FLIGHT

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type IV Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees Fluiﬁfvi\!ltater Active Freezing ng\g“(,)r Freezin? Light Rain on Cold Other?
Celsius | Fahrenheit (Volume %/Volume %) Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 12:00 2:40 - 4:00 0:50 - 1:35 0:55-2:00 0:35-1:00 0:15-1:15
-3and | 27and 75/25 500 | 205-315 | 0:45-145 | 115-2:00 | 0:35-110 | 0:10-0:40
above above : a : : : : : : : : : :
50/50 3:00 0:55 - 1:45 0:25-1:15 0:35-1:00 0:15-0:30 CAUTION:
below-3 | below 27 100/0 12:00° 0:50-2:30 | 0:25-0:50 | 0:25-1:10° | 0:20-0:40° No holdover
to-14 to7 75125 500° | 0:30-1:05 | 0:20-0:50 | 0:20—1:00° | 0:15-0:30° time guldeiines
below -14 below 7 .05 . . . .
to -25 t0-13 100/0 12:00 0:20 — 0:45 0:15-0:30
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 | below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type IV fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS
* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.
* The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
* High wind velocity or jet blast may reduce holdover time.
* Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.
¢  Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.

Page 29 of 42 July 2008

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx
Final Version 1.0, February 26
F-29



APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 4-O-MF-04

OCTAGON TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
MAX-FLIGHT 04

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type IV Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees FIuir‘(;fva\Itater Active Freezing sgz‘gv:r Freezin Light Rain on Cold Other?
Celsius Fahrenheit (Volume %\Volume %) Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 12:00 2:40 - 4:00 1:25-2:00 2:00 —2:00 1:10-1:30 0:20 — 2:00
-3and 27 and . . . . . . . . . . .
above above 75125 5:00 2:05-3:15 1:05-2:00 1:50 — 2:00 1:00 - 1:20 0:20 - 2:00
50/50 3:00° 0:55 - 1:45 0:25-1:15 0:35-1:10 0:25-0:35
.00% . . . . . 203 . 03 CAUTION:
below -3 below 27 100/0 12:00 0:50 - 2:30 0:35-1:10 | 0:25-1:30 0:20 - 0:40 No holdover
to-14 to7 75/25 5:00° 0:30-1:05 | 0:40-1:20 | 0:20-1:00° | 0:15-0:30° time guidelines
below -14 below 7 A5 . . . ] exist
to -25 t0-13 100/0 12:00 0:20 - 0:45 0:15-0:30
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type IV fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

¢ The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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Transport Canada Holdover Time Guidelines

Winter 2008-2009

TABLE 4-O-MFLO

OCTAGON TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2008-2009'
MAXFLO

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Type IV Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature Concentration (hours:minutes)
Degrees Degrees FI i';Iev?It ter Active Freezing Sgcr)l\gwor Freezin Light Rain on Cold Other?
Celsius Fahrenheit (Volu:e %Noilrse % Frost Fog Grains Drizzle Freezing Rain | Soaked Wing
100/0 12:00 2:20-3:35 0:40 - 1:30 1:20 - 2:00 0:30 - 1:00 0:10 — 2:00
-3 and 27and 75125 5:00 1:25-2:00 | 020-0:55 | 0:40-1:05 | 020-0:35 | 0:05-1:15
above above : : . : . : . . : . :
50/50 3:00° 0:20 — 0:40 0:05-0:15 0:10-0:20 0:05-0:10
below -3 below 27 100/0 12:00° 1:10-2:20 | 0:25-1:00 | 0:35-1:45> | 0:30-0:50° ,&A:OT'(LS\’/‘;
to-14 to7 75125 5:00° 0:40-125 | 0:15-0:40 | 0:35—1:15° | 0:15-0:30° time guidelines
R exist
below 14 | below 7 100/0 12:00° | 0:30-1:00 | 0:15-0:30
to -25 to -13
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F)
below -25 below -13 100/0 below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of
Type | when Type IV fluid cannot be used.
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail.
3 These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 Radiational cooling during active frost conditions may reduce holdover times when operating close to the lower end of the outside air temperature range.
CAUTIONS

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground deicing/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2008-2009
TABLE 5
CURRENTLY QUALIFIED FLUIDS (2008-2009)
Table 5-1: Qualified Type | Anti-icing Fluids" @

# CoMPANY NAME FLUID NAME (5)-(||\DIII-RI;)
1-1 | ABAX Industries (ex SPCA) ABAX DE-950 12-06-25
1-2 | ABAX Industries (ex SPCA) ABAX DE-950 Colorless 12-06-26
1-3 | Arcton Ltd. Arctica DG 08-04-10°)
1-4 | Aviation Xi'an High-Tech Aviation Xi'an KHF-1 11-09-20
1-5 |Battelle D°: Degradable by Design Deicer™ ADF 1006A 08-01-13%
1-6 gil.]Ttgd.\Nangye Aviation Chemical Product KLA-1 11-09-20
1-7 gii‘ji&gd.\Nangye Aviation Chemical Product YJF-1 09-02-23
1-8 | Clariant GmbH Clariant Safewing MP | 1938 TF 08-08-21
1-9 | Clariant GmbH Clariant Safewing MP | 1938 TF Pre-Mix 07-09-14%

1-10 | Clariant GmbH Clariant Safewing MP | 1938 ECO (80) 12-06-10
1-11 | Clariant GmbH Clariant Safewing MP | 1938 ECO (80) Pre-Mix 09-03-01
1-12 | Clariant GmbH Clariant Safewing MP | 1938 ECO 12-06-10
1-13 | Clariant GmbH Clariant Safewing EG | 1996 12-06-10
1-14 | Chemical Specialists and Development Inc. | Prist Wing De-Icer 08-05-17
1-15 | Dow Chemical Company Dow UCAR™ Aircraft Deicing Fluid Concentrate 11-09-10
1-16 | Dow Chemical Company Dow UCAR™ ADF XL-54 09-02-01
1-17 | Dow Chemical Company Dow UCAR™ PG ADF Aircraft Deicing Fluid Concentrate |  12-02-05
1-18 | Dow Chemical Company Dow UCAR™ PG ADF Dilute 55/45 12-02-05
1-19 |HOC Industries SafeTemp | ES 07-10-27%
1-20 |HOC Industries SafeTemp ES Plus 11-10-04
1-21 | Inland Technologies Inc. Inland Duragly-P ready to use 05-09-11®
1-22 | Inland Technologies Inc. Inland Duragly-E ready to use 05-10-20%
1-23 | Kilfrost Limited Kilfrost DF Plus 11-09-27
1-24 | Kilfrost Limited Kilfrost DF Plus (80) 08-07-12
1-25 | Kilfrost Limited Kilfrost DF Plus (88) 11-09-27
1-26 |Kilfrost Limited Kilfrost DFsustain” 09-01-26
1-27 | Lyondell Chemical Co. Lyondell ARCOPIus® 08-02-14
1-28 | Lyondell Chemical Co. Lyondell ARCTIC Plus® 08-04-10°
1-29 | Newave Aerochemical Co. Ltd. Newave FCY-1A 11-08-21
1-30 | Octagon Process Inc. Octagon EcoFlo 09-07-30
1-31 | Octagon Process Inc. Octagon Octaflo EF 11-07-11
1-32 | Octagon Process Inc. Octagon Octaflo EG 07-05-12%
1-33 | Viterbo S.A. Jarkleer SAE Type | 07-01-20%

Mqualified solely with respect to anti-icing performance and aerodynamic acceptance by the Anti-icing Materials
International Laboratory, Université du Québec a Chicoutimi. Web site: http://www.ugac.ca/amil/index.htm
For other specification requirements for Type | fluids, see SAE AMS 1424 (latest version). Fluids that successfully qualify
after the issuance of this list will appear in a later update.

A concentrate fluids have also been qualified at 50/50 (glycol/water) dilution.
®F|uids listed in italics have expired and will be removed from this listing four years after expiry.
(A)Currently in qualification/re-qualification process.
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Transport Canada Holdover Time Guidelines Winter 2008-2009

TABLE 5 (cont.)
CURRENTLY QUALIFIED FLUIDS (2008-2009)

Table 5-2: Qualified™ Type Il Anti-icing Fluids

# COMPANY NAME FLUID NAME (5)_(;:5;)
2-1 | ABAX Industries (ex SPCA) Ecowing 26 09-08-21
2-2 | Aviation Xi'an High-Tech Aviation Xi'an KHF-II 08-06-15%
2-3 | Clariant GmbH Clariant Safewing MP 11 1951 09-05-08
2-4 | Clariant GmbH Clariant Safewing MP Il 2025 ECO 08-06-28"
2-5 | Clariant GmbH Clariant Safewing MP |l Flight 10-06-16
2-6 | Kilfrost Limited Kilfrost ABC-II PLUS 05-10-299
2-7 | Kilfrost Limited Kilfrost ABC-3 10-07-16
2-8 | Kilfrost Limited Kilfrost ABC-2000 08-07-12%
2-9 | Kilfrost Limited Kilfrost ABC-K PLUS Y-M-D®

2-10 [ Newave Aerochemical Co. Ltd. Newave FCY-2 09-01-11
2-11 | Octagon Process Inc. Octagon E Max Il 08-10-31
Table 5-3: Qualified™ Type Ill Anti-icing Fluids
# COMPANY NAME FLUID NAME (ET:I;?[I)
Clariant GmbH Clariant Safewing MP 1l 2031 ECO
3-1 | CAUTION: The lowest operational use temperature (LOUT) is -16.5°C (2°F) for aircraft with 09-05-02
rotation speeds less than 100 knots or -29°C (-20°F) for aircraft with higher rotation speeds.
Table 5-4: Qualified" Type IV Anti-icing Fluids
EXPIRY

# ComMPANY NAME FLUID NAME (Y-M-D)
4-1 ABAX Industries (ex SPCA) ABAX AD-480 09-07-30
4-2 | Clariant GmbH Clariant Safewing MP 1V 2001 08-06-262
4-3 | Clariant GmbH Clariant Safewing MP IV 2012 Protect 07-07-12?
4-4 | Clariant GmbH Clariant Safewing MP IV Launch 10-06-18
4-5 | Dow Chemical Company Dow UCAR ADF/AAF ULTRA+ 08-08-21
4-6 | Dow Chemical Company UCAR™ Endurance EG106 09-09-04
4-7 | Dow Chemical Company UCAR FlightGuard AD-480 10-04-30
4-8 | Ely Chemical Company Octagon Max-Flight 06-07-062
4-9 | Kilfrost Limited Kilfrost ABC-S 09-06-29

4-10 | Kilfrost Limited ABC-S PLUS 09-03-07
4-11 | Lyondell Chemical Co. Lyondell ARCTIC Shield" 10-05-21
4-12 | Octagon Process Inc. Octagon Max-Flight 06-07-06
4-13 | Octagon Process Inc. Octagon Max-Flight 04 10-04-29
4-14 | Octagon Process Inc. Octagon MaxFlo 07-03-247?

M Qualified solely with respect to anti-icing performance and aerodynamic acceptance by the Anti-icing Materials
International Laboratory, Université du Québec a Chicoutimi. Web site: http://www.ugac.ca/amil/index.htm
For other specification requirements for Type Il, Ill or IV fluids, see SAE AMS 1428 (latest version). Fluids that
successfully qualify after the issuance of this list will appear in a later update.

@ Fids listed in italics have expired and will be removed from this listing four years after expiry.

‘S)Currently in qualification/re-qualification process.
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TABLE 6

SAE TYPE | DEICING FLUID APPLICATION PROCEDURES

Guidelines for the application of SAE Type | fluid mixtures at minimum concentrations for
the prevailing outside air temperature (OAT)

Outside Air One-Step Procedure
Temperat1ure Two-Step Procedure
(OAT) Deicing/Anti-icing First Step: Deicing Second Step: Anti-icing® |
-3°C (27°F) Heated mix of fluid and Heated water or a heated Heated mix of fluid and
mix of fluid and water
and above water with a freezing water with a freezing
point of at least 10°C Freezing point point of at least 10°C
Below of heated fluid mixture
3°C (27°F) (18°F) below OAT shall not be more than (18°F) below OAT
3°C (5°F) above OAT

1 Fluids must not be used at temperatures below their lowest operational use temperature (LOUT).
2 To be applied before first step fluid freezes, typically within 3 minutes.

NOTES
+  Temperature of water or fluid/water mixtures shall be at least 60°C (140°F) at the nozzle. Upper temperature limit
shall not exceed fluid and aircraft manufacturers’ recommendations.

* To use Type | holdover time guidelines in snow conditions, at least 1 litre/m? (~ 2 gal./100 sq. ft.) must be applied
to the deiced surfaces.

« This table is applicable for the use of Type | Holdover Time Guidelines. If holdover times are not required, a
temperature of 60°C (140°F) at the nozzle is desirable.

+ The lowest operational use temperature (LOUT) for a given fluid is the higher of:

a) The lowest temperature at which the fluid meets the aerodynamic acceptance test for a given aircraft type; or
b) The actual freezing point of the fluid plus its freezing point buffer of 10°C (18°F).

CAUTION
¢ Wing skin temperatures may differ and in some cases may be lower than outside air temperatures; a stronger mix
(more glycol) may be needed under these conditions.
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TABLE 7

SAE TYPE Il, TYPE Ill and TYPE IV ANTI-ICING FLUID APPLICATION PROCEDURES

Guidelines for the application of SAE Type I, lll and IV fluid mixtures
(minimum concentrations in % by volume) as a function of outside air temperature (OAT)

Outside Air One-Step Procedure Two-Step Procedure

Temperature
(OAT)1 Deicing/Anti-icing
First Step: Deicing Second Step: Anti-icing2
Heated water or
-3°C (27°F) 50/50 a heated mix of 50/50
and above Heated® Type II/MINV Type I, I, Nl or IV Type II/INV
with water
Heated suitable mix of
o o Type I, Type IW/III/IV and water
-14°C (7°F) J5/25 ypwith IX:/E’ not more than 75125
and above Heated” Type I/III/IV 3°C (5°F) Type I/1I/1V
above actual OAT
Heated suitable mix of
o o Type |, Type II/III/IV and water

-25°C (-13°F) 31 00/0 ypwith gg not more than 100/0

and above Heated” Type I/II/IV 3°C (5°F) Type I/1I/1V

above actual OAT
Below -25°C (-13°F) Type I/1I/IV fluid may be used below -25°C (-13°F) provided that the OAT is at or above the
LOUT. Consider the use of Type | when Type II/llI/IV fluid cannot be used (see Table 6).

1 Fluids must not be used at temperatures below their lowest operational use temperature (LOUT).
2 To be applied before first step fluid freezes, typically within 3 minutes.
3 Clean aircraft may be anti-iced with unheated fluid.

NOTES
*  For heated fluids, a fluid temperature not less than 60°C (140°F) at the nozzle is desirable.

+  Upper temperature limit shall not exceed fluid and aircraft manufacturers’ recommendations.

+ The lowest operational use temperature (LOUT) for a given fluid is the higher of:

a) The lowest temperature at which the fluid meets the aerodynamic acceptance test for a given aircraft type; or
b) The actual freezing point of the fluid plus its freezing point buffer of 7°C (13°F).

CAUTIONS

*  Wing skin temperatures may differ and in some cases may be lower than outside air temperatures; a stronger mix (more
glycol) may be needed under these conditions.

¢ Whenever frost or ice occurs on the lower surface of the wing in the area of the fuel tank, indicating a cold soaked
wing, the 50/50 dilutions of Type II, lll or IV should not be used for the anti-icing step because fluid freezing may occur.

* Aninsufficient amount of anti-icing fluid may cause a substantial loss of holdover time. This is particularly true when
using a Type | fluid mixture for the first step in a two-step procedure.
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TABLE 8
VISIBILITY IN SNOW VS. SNOWFALL INTENSITY CHART'

Visibility in Snow
Temperature Range (Statu¥e Miles)
Lighting
°C °F Heavy Moderate Light Very Light
-1and 30 and
above above <1 >1to 2% >2%to 4 >4
Darkness
Below -1 Below 30 <3/4 >3/4to 1% >1%1t0 3 >3
-1and 30 and
above above <% > to 1% >1%10 3 >3
Daylight
Below -1 Below 30 <3/8 >3/8to0 7/8 >7/8t0 2 >2

1 Based on: Relationship between Visibility and Snowfall Intensity (TP 14151E), Transportation Development
Centre, Transport Canada, November 2003; and Theoretical Considerations in the Estimation of Snowfall Rate
Using Visibility (TP 12893E), Transportation Development Centre, Transport Canada, November 1998.

HOW TO READ THE TABLE

Assume that the daytime visibility in snowfall is 1 statute mile and the temperature is -7°C. Based on these
conditions, the snowfall intensity is light. This snowfall intensity is used to determine which holdover time
guideline value is appropriate for the fluid in use.
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TABLE 9
LOWEST ON-WING VISCOSITY VALUES FOR ANTI-ICING FLUIDS
(See Table 9 endnotes)
Table 9-1: Type Il Anti-Icing Fluids
LOWEST ON-WING VISCOSITY ?
FLUID NAME FLUID DILUTION (mPa.s)
AIR 9968 REVISION A
MANUFACTURER METHOD METHOD
e g
ABAX (ex SPCA) 7o 2007 2 2007
Ecowing 26
50/50 50° 50°
. . . 100/0 8750 ° 7690 ¢
Aviation Xi’An Hi-Tech 7525 6400 ° 6890 9
KHF-II
50/50 2950 ¢ 3150°
100/0 5500 ° 57509
Clariant Safewing T
MP Il 2025 ECO 75125 10 000b 10 000 °
50/50 3 000 3250°
100/0 3340° 3340°
Clariant Safewing 5 3
MP Il Flight 75125 17 500 17 500
50/50 11 500 ° 11 500 °
100/0 2500° 2750°
Clariant Safewing 5 S
MP 1l 1951 75125 2 90(3 3000
50/50 50 50°
100/0 2500 ° 2500
Kilfrost ABC-3 75125 2000° 2000’
50/50 400 © 400
100/0 2350° 2350°
Kilfrost ABC-2000 75125 3000 ° 3000’
50/50 1000 ° 1000’
100/0 3600 ° 3600°
Kilfrost ABC-Il Plus 75125 4000° 4000’
50/50 1000 ° 1000’
100/0 2850 ° 2640 °
Kilfrost ABC-K Plus 75125 12 650 © 12 650 ©
50/50 4200° 5260 °
Newave Aerochemical 100/0 7000 © 8920°
wav Ica 75125 18 550 ° 18 550 ©
FCY-2
50/50 6750 ° 7030°¢
100/0 13520° 13520°
Octagon E Max Il 75125 11400° 11 400°
50/50 2820° 2820°
Table 9-2: Type Ill Anti-Icing Fluids
LOWEST ON-WING VIScOosITY ?
FLUID NAME FLUID DILUTION {mPas)
AIR 9968 REVISION A
MANUFACTURER METHOD METHOD
. . 100/0 30" Not Applicable
Clariant Safewing 0 -
MP Il 2031 ECO 75125 55 - Not AppI!cabIe
50/50 10 Not Applicable
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TABLE 9 (cont.)
LOWEST ON-WING VISCOSITY VALUES FOR ANTI-ICING FLUIDS
(See Table 9 endnotes)
Table 9-3: Type IV Anti-Icing Fluids
LOWEST ON-WING VISCOSITY ?
FLUID NAME FLUID DILUTION (mPa-s)
AIR 9968 REVISION A
MANUFACTURER METHOD METHOD
ABAX (ex SPCA) 100/0 15200 ¢ 12800 °
AD-480 75125 16 000 12 400
50/50 4000 ° 3800°¢
Clariant Safewing 10010 18 000° 18.000°
b g
MP IV 2001 75/25 8 000 b 11 500
50/50 1200 1750°¢
100/0 7800 ° 7250 °
Clariant Safewing 75125 5 <
MP IV 2012 Protect 17800 17790
50/50 4500° 4250°
Clariant Safewing 10010 7 550° 7550°
g g
MP IV Launch 75125 18 000 18 000
50/50 17 800° 17 800°
100/0 36000 28 000°
ADIBXXFUSI,_ATRRA+ 75125 Dilution Not Applicable Dilution Not Applicable
50/50 Dilution Not Applicable Dilution Not Applicable
100/0 24 850" 2230°
Dow UCAR — - — -
Endurance EG106 75125 Dilution Not Applicable Dilution Not Applicable
50/50 Dilution Not Applicable Dilution Not Applicable
100/0 15200 ® 12800 °
Dow UCAR 75125 16 000 © 12 400 °
FlightGuard AD-480
50/50 4000 ° 3800°¢
100/0 17 000 © 17 000 ©
Kilfrost ABC-S 75125 12 000 ¢ 12 000 ¢
50/50 2000 ° 2000’
100/0 17 900° 17 900°
Kilfrost ABC-S PLUS 75/25 18 300° 18 300°
50/50 7500° 7 500’
Lyondell 100/0 23150 28 000 °
™ 1 c
ARCTIC Shield 75125 21700 22 100
50/50 6400 7640°
100/0 5540 ° 5540 ¢
Octagon Max-Flight 75/25 15000 ¢ 15000 ¢
50/50 5200°¢ 5200°¢
100/0 5540 ° 5540°
Octagon Max-Flight 04 75125 15000 ° 15000 °
50/50 5200° 5200°¢
100/0 8670° 8670°
Octagon MaxFlo 75125 8200° 8200°
50/50 2200° 2200°
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TABLE 9 (cont.)
LOWEST ON-WING VISCOSITY VALUES FOR ANTI-ICING FLUIDS

NOTES

a The Aerospace Information Report (AIR) 9968 Revision A (December 2004) viscosity method should only be used for field
verification and auditing purposes; when in doubt as to which method is appropriate, use the manufacturer method.
Brookfield Spindle SC4-34/13R, small sample adapter, 10 mL of fluid, at 20°C, 0.3 rpm, for 15 minutes 0 seconds.
Brookfield Spindle LV2-disc with guard leg, 150 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes 0 seconds.

Brookfield Spindle LV1 with guard leg, 500 mL of fluid, at 20°C, 0.3 rpm, for 33 minutes 20 seconds.

Brookfield Spindle SC4-34/13R, small sample adapter, 10 mL of fluid, at 20°C, 0.3 rpm, for 30 minutes 0 seconds.
Brookfield Spindle SC4-31/13R, small sample adapter, 10 mL of fluid, at 0°C, 0.3 rpm, for 10 minutes 0 seconds.
Brookfield Spindle LV1 with guard leg, 500 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes 0 seconds.

Brookfield Spindle LVO, UL-Adapter, 16 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes O seconds.

i Brookfield Spindle SC4-31/13R, small sample adapter, 9 mL of fluid, at 20°C, 0.3 rpm, for 33 minutes 0 seconds.

j  Brookfield Spindle LV1 with guard leg, 150 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes 0 seconds.

Q@ ™ o0 o 0 T

SIGNIFICANCE OF THIS TABLE

The viscosity values of the fluids in this table are those of the fluids provided by the manufacturers for holdover
time testing. For the holdover time guidelines to be valid, the viscosity of the fluid on the wing shall not be lower
than that listed in this table. The user should periodically ensure that the viscosity value of a fluid sample taken
from the wing is not lower than that listed.
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ICE PELLET ALLOWANCE TIMES FOR WINTER 2008-2009

Comprehensive ice pellet research was conducted jointly by the research teams of the FAA and Transport
Canada. This research consisted of extensive climatic chamber, wind tunnel, and live aircraft testing with
ice pellets (light or moderate) and light ice pellets mixed with other forms of precipitation.

Results of this research provide the basis for allowance times for operations in ice pellets (light or
moderate) and operations in light ice pellets when mixed with other forms of precipitation.

Additionally, Type IV anti-icing fluid with ice pellets embedded was evaluated for its aging qualities over
periods of time beyond the allowance times, when the active precipitation time was limited to the allowance
times.

Operational Guidelines

1) Tests have shown that ice pellets generally remain in the frozen state embedded in Type IV
anti-icing fluid, and are not dissolved by the fluid in the same manner as other forms of precipitation.
Using current guidelines for determining anti-icing fluid failure, the presence of a contaminant not
dissolved by the fluid (remaining embedded) would be an indication that the fluid has failed. These
embedded ice pellets are generally not readily detectable by the human eye during pre-takeoff
contamination inspection procedures.

2) The research data have also shown that after proper deicing and anti-icing, the accumulation of light
ice pellets, moderate ice pellets, and light ice pellets mixed with other forms of precipitation in
Type IV fluid will not prevent the fluid from flowing off the aerodynamic surfaces during takeoff.

3) The allowance times were developed based on this aerodynamic testing and are contained in
Table 10.

4) The ice pellet allowances are contingent on the operator's approved ground icing program being
updated to incorporate the ice pellet information contained herein, including the following conditions
and restrictions that must be satisfied:

a) The aircraft critical surfaces must be properly deiced before the application of Type IV anti-icing
fluid;

b) The allowance time is valid only if the aircraft is anti-iced with undiluted Type IV fluid;

c) These allowance times are from the start of the Type IV anti-icing fluid application;

d) The allowance time is limited to aircraft with a rotation speed of 100 knots or greater;

e) If the takeoff is not accomplished within the applicable allowance time in Table 10, the aircraft
must be completely deiced, and if precipitation is still present, anti-iced again prior to a

subsequent takeoff;

f) The allowance time cannot be extended by an inspection of the aircraft critical surfaces from
either inside or outside the aircraft;
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g) If the temperature decreases below the temperature on which the allowance time was based,
where the new lower temperature has an associated allowance time for the precipitation
condition and the present time is within the new allowance time, then that new time must be
used as the allowance time limit;

h) If ice pellet precipitation becomes heavier than moderate or if the light ice pellets mixed with
other forms of allowable precipitation exceeds the listed intensities or temperature range, the
allowance time cannot be used,;

i) If the precipitation condition stops at or before the time limits of the applicable allowance time in
Table 10 and does not restart, the aircraft may takeoff up to 90 minutes after the start of the
application of the Type IV anti-icing fluid. However, under conditions of light ice pellets mixed
with light freezing rain, the OAT must not decrease during the 90-minute period.

5) Examples:

a) Type IV anti-icing fluid is applied with a start of application time of 10:00, OAT is 0°C, light ice
pellets fall until 10:20 and stop and do not restart. The allowance time stops at 10:50; however,
provided that no precipitation restarts after the allowance time of 10:50 the aircraft may takeoff
without any further action up to 11:30.

b) Type IV anti-icing fluid is applied with a start of application time of 10:00, OAT is 0°C, light ice
pellets mixed with freezing drizzle falls until 10:10, and stops and restarts at 10:15, and stops at
10:20. The allowance time stops at 10:25, however, provided no precipitation restarts after the
end of the allowance time at 10:25, the aircraft may takeoff without any further action up to
11:30.

c) Type IV anti-icing fluid is applied with a start of application time of 10:00, OAT is 0°C, light ice
pellets mixed with light freezing rain falls until 10:10, and stops and restarts at 10:15, and stops
at 10:20. The allowance time stops at 10:25, however, provided that the OAT remains constant
or increases and that no precipitation restarts after the end of the allowance time at 10:25, the
aircraft may takeoff without any further action up to 11:30.

d) On the other hand, if Type IV anti-icing fluid is applied with a start of application time of 10:00,
OAT is 0°C, light ice pellets mixed with freezing drizzle falls until 10:10, and stops and restarts at
10:30 with the allowance time stopping at 10:25, the aircraft may not takeoff, no matter how short
the time or type of precipitation after 10:25, without being deiced and anti-iced if precipitation is
present.
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TABLE 10
ICE PELLET ALLOWANCE TIMES FOR WINTER 2008-2009

OAT -5°C and OAT less than OAT less than
above -5°C to -10°C -10°C

Light Ice Pellets 50 minutes 30 minutes 30 minutes
Moderate Ice Pellets 25 minutes 10 minutes 10 minutes
Light Ice Pellets. Mixe(.i with Light or 25 minutes 10 minutes
Moderate Freezing Drizzle
Lig_ht Ice Pellets Mixed with Light Freezing 25 minutes 10 minutes Caution: No
Rain allowance times

currently exist
Light Ice Pellets Mixed with Light Rain 25 minutes

Light Ice Pellets Mixed with Light or

Moderate Snow 25 minutes
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Bell CH-146 Griffon

Residual ZR on Blade
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Residual ZR on Blade
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ZR Accumulation on Main Rotor Assembly

Contamination on Internal Components
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TST Deicing of Rotor Assembly

TST Deicing - Movement Down Blade
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TST Deicing of Rotor Assembly Starting Position
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TS System Connected to Lower Hatch
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EVALUATION OF THE TEMPERED STEAM TECHNOLOGY FOR DEICING OPERATIONAL AIRCRAFT

EVALUATION OF THE TEMPERED STEAM TECHNOLOGY FOR
DEICING OPERATIONAL AIRCRAFT

1. BACKGROUND

APS will coordinate and conduct a series of tests to evaluate the Tempered Steam
Technology (TST) for aircraft deicing applications.

Previous testing performed on behalf of Chinook and Transport Canada with the
TST in 2006-07 clearly demonstrated the ability of the TST to defrost a wing test
bed in all temperature ranges. Some testing has been performed on live operational
aircraft including an Air Canada Embraer 170 and Airbus A320.

Tests described in this document will be performed at CFB Petawawa and Ottawa
on a CH-146 Griffon helicopter and a CC-144 Challenger aircraft. Tests will
evaluate the ability of the TST to deice operational aircraft. In addition to this,
these tests will examine operational issues related to the use of TST for general
ground deicing applications.
2. OBJECTIVES

e Evaluate the TST's ability to deice aircraft;

e Determine the times required to deice and dry aircraft;

e Examine whether or not residual water is created by the application of TST

to contaminated aircraft, and determine whether or not residual water

propagates to and accumulates in quiet areas;

e Examine the temperature decay profiles of the aircraft surfaces subjected to
TST; and

e Determine procedural requirements and limitations of using TST for deicing
aircraft.

3. TEST PROCEDURES

Attachment | contains a general procedure for testing.
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4. EQUIPMENT

Equipment required for the conduct of testing with the TST is shown in
Attachment II.

5. TEST PLAN

A Test Plan for the deicing tests with Canadian Forces aircraft is shown in
Attachment Ill. It is noteworthy that the Test Plan is provided as a guide and
deviations from the Test Plan are likely to occur.

Tentative tests dates will be as follows:

e CH-146: March 17" — March 20™ 2008; and

e CC-144 : March 25" — March 28™ 2008
6. PERSONNEL
APS personnel will coordinate the TST tests. Canadian Forces personnel will be
responsible for positioning of the aircraft, as well as providing access to the
aircraft. Personnel responsibilities are shown in Attachment IV.
7. DATA FORMS

e Figure 1 consists of the General Data Form — Chinook TST Testing (Bell

CH-146 Griffon);
e Figure 2 consists of the Temperature Logging Data Form for the Bell CH-146

Griffon;

e Figure 3 consists of the Description of Locations form for the Bell CH-146
Griffon;

e Figure 4 consists of the General Data Form — Chinook TST Testing (CC-144
Challenger)

e Figure 5 consists of the Temperature Logging Data Form for CC-144
Challenger; and

e Figure 6 consists of the Description of Locations form for the CC-144
Challenger.
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ATTACHMENT I
TEST PROCEDURE - CHINOOK TST TESTING

1. PRE-TEST SETUP

Arrange for delivery of TST vehicle to CFB Petawawa or Ottawa;

Arrange Chinook personnel travel to CFB Petawawa | or Ottawa;

Arrange hotel accommodations for test personnel

Prepare and arrange transport of test equipment to CFB Petawawa or
Ottawa;

Monitor weather for ideal test conditions;

Communicate with all parties listed on Contact List;

Rent cube van for APS equipment; and

Arrange with Canadian Forces for the required security clearance.

2. CONTACT LIST

e APS Aviation: (514) 878-4388

Michael Chaput: (514) 878-4388 ext 228, (514) 261-5558
David Youssef: (514) 878-4388 ext 225, (514) 967-3947

Dany Posteraro: (514) 878-4388 ext 236, (514) 531-8988
George Balaban: (514) 878-4388 ext 235, (514) 691-5301

e Chinook Mobile Heating and Deicing Corporation: (613) 822-6323
e Mike Sparrow: (613) 822-6323 ext. 222, (613) 797-2342
e Dr. Pierre Bourgault: (613) 822-6323 ext. 300, (613) 841-3923, (613)
850-5940
e Mike Burling: (613) 822-6323 ext. 224, (613) 720-8001
e Ron Thompson: (613) 859-7447
e CoilTech (Smiths Falls): (613) 283-8835 ext. O

e Department of National Defence
e Laird McKinnon: (613) 949-2093
e Major Fernand Seguin: (613) 687-5511 ext. 7630

e Transport Canada
e Hugh Billings: (613) 998-3595

e Diesel Fuel : Jean Claude Gervais (Ottawa West): (613) 797-1059
e Harvey Airfield : Harvey (613) 794-6884 and Dale (613)296-1660
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3. CONDUCT TESTS

Prior to the Start of Each Test:

e Conduct briefing with APS, Chinook, and Canadian Forces personnel to
discuss particulars of the test;

e Install thermistors on aircraft surfaces, if applicable; or locate and mark
target for Infrared temperature reading;

e If employing thermistors, back-up or clear temperature logger (as applicable)
and ensure proper functioning of PC and logger equipment;

e Record manual observations of outside air temperature, wind speed,
direction, relative humidity and sky condition;

e Synchronize all timepieces;

e Map locations of frost or ice on aircraft surfaces;
Conduct spot measurements of surface temperature for comparison with
thermistor data, if applicable; and

e Install all required equipment.

Prior to Application of TST/Hot Air:

e Position deicing vehicle and delivery head;
e Ensure temperature loggers are functional; and
e Photograph and videotape condition of the aircraft surfaces.

During Application of TST/Hot Air:

Record start time of application of TST;

Record end time of application of TST;

Record start time of hot air application;

Record end time of hot air application;

e Monitor and communicate surface temperatures during application of TST
and hot air; and

e Photograph and videotape deicing process and any residual water following

the deicing process.

Following Application of TST/Hot Air:

e Remove deicing vehicle and delivery head from the test area; move the
delivery head as required to deice other locations as per instructions
contained herein;

e Inspect aircraft surfaces for any accumulation of residual water;

e Map areas of remaining frost or ice, if applicable;

If not using thermistors, record spot measurements of surface temperature
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on one minute-intervals with the Infrared temperature sensor, to enable
development of temperature decay profile; and
o Photograph and videotape surfaces.

Following Each Test:

e If employing thermistors allow temperature logging to run until temperatures
attain ambient air temperature;

e Ensure all data forms are completed; and
Back-up loggers and save files on PC.

M:\GROUPS\PM2103.001 (TC-DEICING 07-08)\PROCEDURES\TEMPERED STEAM\TEMPERED STEAM FINAL VERSION 1.0.DOC
Final Version 1.0, March 08
6 of 18

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix H/Appendix H.docx
Final Version 1.0, February 26
H-6



APPENDIX H

EVALUATION OF THE TEMPERED STEAM TECHNOLOGY FOR DEICING OPERATIONAL AIRCRAFT

ATTACHMENT Il
EQUIPMENT LIST - CHINOOK TST TESTING

Camera Equipment

e Digital video camera (with accessories and batteries); and
o Digital still camera (with accessories and batteries).

Test Equipment

Cube van to house test equipment;

Cherry picker to enable inspections or rolling stairs;
Test procedures, data forms;

Mast lighting;

Clipboards, pencils, markers;

Isopropyl to remove markings (if applicable);
Thickness gauges (octagonal and rectangular) x 5;
Heat gun;

Long tape measure;

Speed tape;

Extension cords x 5;

Surface temperature probe x 2 and spare batteries;
Step ladders (short x 2, tall x 3);

Stopwatches and/or digital clocks;

VHF radio;

Handheld anemometer;

RH meter;

Generator to run equipment from cube truck x2;
Fuel for generator;

30 cm ruler;

Portable lights;

Two-way radios;

Infrared thermometers;

CDs or floppy disks for temperature data logged on laptop PC;
Shovels;

Rate pan;

Weigh scale; and

Inverter.
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ATTACHMENT Il
TEST PLAN - CHINOOK TST TESTING

Test # Test Platform _?:;s;:(:atAur:lebi(eogt) Condition
1 CH-146 Griffon -10 Natural Frost
2 CH-146 Griffon -5 Natural Frost
3 CH-146 Griffon 0 Natural Frost
4 CH-146 Griffon -10 Ice/Snow
5 CH-146 Griffon -5 Ice/Snow
6 CH-146 Griffon 0 Ice/Snow
7 CC-144 Challenger -10 Natural Frost
8 CC-144 Challenger -5 Natural Frost
9 CC-144 Challenger 0 Natural Frost
10 CC-144 Challenger -10 Ice/Snow
11 CC-144 Challenger -b Ice/Snow
12 CC-144 Challenger 0 Ice/Snow
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ATTACHMENT IV
PERSONNEL TASK LIST - CHINOOK TST TESTING

Test Manager (IC)

Coordinate tests with Chinook;

Provide direction as required during the tests;

Maintain data forms for every test;

Coordinate application of thermistors to test surfaces prior to testing, if
applicable;

Obtain and record ATIS reported weather for each test;

Record Start and End Times for TST/Hot Air;

Record meteorological data pertaining to each run; and

Conduct post-application inspection for each run and record findings.

APS Tester #1 (DP)

Ensure generator functionality;

Ensure that all required equipment is available and functional;

Ensure all timepieces are synchronized prior to each test;

Ensure data logging equipment is functional, if applicable;

Measure wind speed using anemometer;

Record spot measurements of surface temperature prior to each TST/Hot Air
application and communicate information to Test Manager;

Record Infrared temperature data, if applicable; and

e Back-up thermistor data from test surface and deicing vehicle, if applicable.

APS Tester #2 (DY)

Ensure generator functionality;

Ensure that all required equipment is available and functional;

Ensure all timepieces are synchronized prior to each test;

Ensure data logging equipment is functional, if applicable;

Measure wind speed using anemometer;

Record spot measurements of surface temperature prior to each TST/Hot Air
application and communicate information to Test Manager;

e Record Infrared temperature data, if applicable; and

e Back-up thermistor data from test surface and deicing vehicle, if applicable.
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Photographer/Videographer (GB)

e Ensure timestamps are functioning on photo and video equipment;

e Photograph and videotape condition of surface during all phases of testing;
and

e Assist in general set-up and tear down of equipment.

Canadian Forces

e Provide escorted access to aircraft;

e Provide instruction as to limitations of testing with Canadian Forces Aircraft;
and

e Provide rolling stairs or similar equipment to permit access to test surfaces,
if required.
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EVALUATION OF THE TEMPERED STEAM TECHNOLOGY FOR DEICING OPERATIONAL AIRCRAFT

Figure 1
General Data Form — Chinook TST Testing
Bell CH-146 Griffon

Date: Time: Run#:
TST/Hot Air: Test Condition: TST Temp:
YUL ATIS: Temp. / RH: Winds:

jf:r—éf_

|

Start TST: End TST: Start Hot Air: End Hot Air:

Aircraft Inspection:

Comments:

Measurements recorded by:
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EVALUATION OF THE TEMPERED STEAM TECHNOLOGY FOR DEICING OPERATIONAL AIRCRAFT

Figure 2
Temperature Logging Data Form
Aircraft Deicing Tests With Tempered Steam Technology
Bell CH-146 Griffon

Run #.

Location 1 Location 2 Location 3
Time Temp. Time Temp. Time Temp.
Location 4 Location 5 Location 6
Time Temp. Time Temp. Time Temp.
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EVALUATION OF THE TEMPERED STEAM TECHNOLOGY FOR DEICING OPERATIONAL AIRCRAFT

Figure 2 (Cont.)
Temperature Logging Data Form
Aircraft Deicing Tests With Tempered Steam Technology
Bell CH-146 Griffon

Run #.

Location 7 Location 8 Location 9
Time Temp. Time Temp. Time Temp.
Location 10 Location 11 Location 12
Time Temp. Time Temp. Time Temp.

M:\GROUPS\PM2103.001 (TC-DEICING 07-08)\PROCEDURES\TEMPERED STEAM\TEMPERED STEAM FINAL VERSION 1.0.DOC
Final Version 1.0, March 08
13 of 18

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix H/Appendix H.docx
Final Version 1.0, February 26
H-13



APPENDIX H

EVALUATION OF THE TEMPERED STEAM TECHNOLOGY FOR DEICING OPERATIONAL AIRCRAFT

Figure 3

Description of Locations Form
Aircraft Deicing Tests with Tempered Steam Technology
Bell CH-146 Griffon

Location # Blade / Rotor Hub / Location*
Internal

10

11

12

*If location is marked on Schematic, label box “see schematic”, otherwise describe in detail
location.
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EVALUATION OF THE TEMPERED STEAM TECHNOLOGY FOR DEICING OPERATIONAL AIRCRAFT

Figure 4
General Data Form — Chinook TST Testing
Bombardier CC-144 Challenger

Date: Time: Run#:
TST/Hot Air: Test Condition: TST Temp:
YUL ATIS: Temp. / RH: Winds:

UJ

i

Start TST: End TST: Start Hot Air: End Hot Air:

Aircraft Inspection:

Comments:
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Measurements recorded by:

Figure 5
Temperature Logging Data Form
Aircraft Deicing Tests with Tempered Steam Technology
Bombardier CC-144 Challenger

Run #.

Location 7 Location 8 Location 9
Time Temp. Time Temp. Time Temp.
Location 10 Location 11 Location 12
Time Temp. Time Temp. Time Temp.
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Figure 5 (Cont.)
Temperature Logging Data Form
Aircraft Deicing Tests with Tempered Steam Technology
Bombardier CC-144 Challenger

Run #.

Location 7 Location 8 Location 9
Time Temp. Time Temp. Time Temp.
Location 10 Location 11 Location 12
Time Temp. Time Temp. Time Temp.
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Figure 6

Description of Locations Form
Aircraft Deicing Tests With Tempered Steam Technology
Bombardier CC-144 Challenger

Location # Wing Location*

10

11

12

*If location is marked on Schematic, label box “see schematic”, otherwise describe in detail
location.
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Exemption from Subsection 602.11(4) of the Canadian Aviation Regulations and Sections 1.0,
3.0, 6.0, 6.2, 6.3 and 7.1.1.1 of Standard 622.11 Ground Icing Operations

WHEN A HOLDOVER TIME DETERMINATION REPORT (HOTDR), GENERATED BY
A HOLDOVER TIME DETERMINATION SYSTEM (HOTDS) is being utilized as part of an
approved Ground [cing Operations Program,

pursuant to subsection 5.9(2) of the Aeronautics Act, and after taking into account that the
exemption is in the public interest and is not likely to affect aviation safety, I hereby exempt
WestJet, 5055 11 Street NE, Calgary, Alberta, T2E 8N4, Canada, from the requirements related
explicitly to the element of Holdover Timetables (HOT) forming part of the Ground Icing
Operations Program as stipulated in sections 1.0, 3.0, 6.0, 6.2, 6.3 and 7.1.1.1 of Standard 622.11,
Ground lIcing Operations, made pursuant to subsection 602.11(4) of the Canadian Aviation
Regulations (CARs). The above provisions are attached at Appendix A to this exemption.

PURPOSE

The purpose of this exemption is to permit WestJet, to utilize HOTDR generated by a HOTDS, in
addition to or in lieu of their current HOT procedures, as part of their approved Ground Icing
Operations Program.

APPLICATION

This exemption applies to WestJet when using a HOTDR generated from a HOTDS as part of their
approved Ground [eing Operations Program, at Canadian airports identified in the Program.

CONDITIONS
This exemption is subject to the following conditions:

1. When not utilizing the HOTDS, all requirements/elements of Standard 622.11 Ground Icing
Operations, shall continue to apply as part of the approved Ground Icing Operations
Program,;

2. When utilizing the HOTDS, every requirement/element of Standard 622.11 Ground Icing
Operations, not explicitly exempted from in, or not related to, this Ministerial exemption,
including those stipulated in sections 1.0, 3.0, 6.0, 6.2, 6.3, 7.1.1.1, shall continue to apply as
part of the approved Ground licing Operations Program;

3. Prior to using the HOTDS, WestJet shall ensure that the HOTDS has been declared by the
service provider and/or the manufacturer as applicable, to have met the applicable minimum
performance specification attached at Appendix C to this exemption;

4. Westlet shall revise the Company Operations Manual (COM) to include operational
procedures associated with the use of the HOTDS. The revised COM shall be approved by
Transport Canada Civil Aviation prior to the utilization of the HOTDR;
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5. Westlet shall have a contingency plan in the COM to address the possible outage of the
HOTDS:

6. Westlet shall develop and provide a training program for their flight crew and operations
personnel as approved by Transport Canada Civil Aviation on the use of the applicable
HOTDS and associated reports;

7. When using a HOTDS (during active Freezing Fog, Rain on Cold Soaked Wing, Freezing
Drizzle or Freezing Rain precipitation conditions) that outputs a single value Hold Over
Time, the single value Hold Over Time shall be considered limiting. Under these conditions,
take-off after the single value Hold Over Time is exceeded shall be prohibited unless an
external tactile inspection is conducted and the aircraft is deemed acceptable for flight or the
aircraft is re-deiced/anti-iced as required;

8. When using a HOTDS (during active snow precipitation conditions) that outputs a single
value Hold Over Time, the single value Hold Over Time shall be considered limiting unless
WestJet has identified acceptable procedures and inspections to ensure that contamination is
not adhering to the critical surfaces;

9. Except where superseded in this exemption, all notes, cautions, conditions, lists of qualified
fluids and application procedures contained in the Holdover Time Guidelines, published by
Transport Canada, on an annual basis shall continue to apply (for example, respecting the
de/anti-icing fluid Lowest Operational Use Temperature (LOUT)); and

10. Westlet shall identify in the COM, the airports where it intends on using a HOTDS for HOT
decision-making information.

VALIDITY
This Exemption is valid until the earliest of the following:
(a) June 30, 2009, at 23:59 EDT;

(b) the date on which any of the conditions of this exemption is breached; or

(¢) the date on which this exemption is cancelled, in writing, by the Minister of Transport,
Infrastructure and Communities, where he is of the opinion that it is no longer in the
public interest or that it is likely to affect aviation safety.

CANCELLATION

The exemption from subsection 602.11(4) and sections 1.0, 3.0, 6.0, 6.2 and 7.1.1.1 of Standard
622.11 of the Canadian Aviation Regulations issued to WestJet on March 30, 2007, at Ottawa,
Ontario, Canada, by the Director Standards on behalf of the Minister of Transport, Infrastructure
and Communities is hereby canceled because it is the opinion of the Minister that it is no longer in
the public interest or is likely to affect aviation safety.
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T
Dated at Ottawa, Ontario, Canada this 2! day of _PES 2007, on behalf of the Minister
of Transport, Infrastructure and Communities.

T Standards
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Appendix A

APPENDIX A
Canadian Aviation Regulations
602.11(4)

(4) Where conditions are such that frost, ice or snow may reasonably be expected to adhere to the
aircraft, no person shall conduct or attempt to conduct a take-off in an aircraft unless

(a) for aircraft that are not operated under Subpart 5 of Part VII,

(1) the aircraft has been inspected immediately prior to take-off to determine whether any
frost, ice or snow is adhering to any of its critical surfaces, or

(i1) the operator has established an aircraft inspection program in accordance with the
Operating and Flight Rules Standards, and the dispatch and take-off of the aircraft are in
accordance with that program; and

(b) for aircraft that are operated under Subpart 5 of Part VII, the operator has established an
aircraft inspection program in accordance with the Operating and Flight Rules Standards,
and the dispatch and take-off of the aircraft are in accordance with that program.

622.11 Ground Icing Operations
1.0 Introduction

In order to operate an aircraft under icing conditions in accordance with the requirements of CAR
Section 602.11, an operator must have a program as specified in these standards and the dispatch
and take-off of the aircraft shall comply with that program. These Ground Icing Operations
Standards specify the program elements, for both operations and training, that shall be addressed in
an operator's Ground Icing Operations Program and described in the appropriate operator's manuals.
As applied to Canadian operators, these Standards outline a Program's minimum requirements,
which may be adapted according to the needs of the individual operator. Foreign operators should
use this Standard as a guideline for the development of their Ground Icing Operations Program in
Canada.

3.0 Program Elements

The following elements, which are described in the sections below, will be included in an operator's
Ground Icing Operations Program and described in the appropriate manual(s):

s The Operator's Management Plan;

e Aircraft De-icing/Anti-icing Procedures;

« Holdover Timetables;

s Aircraft Inspection and Reporting Procedures; and
o Training and Testing.
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6.0 Holdover Timetables

The use of holdover timetables is not mandatory. Holdover timetables, as approved by the Director,
Air Carrier , may be used either as guidelines or decision-making criteria in assessing whether it is
safe to take off. When holdover timetables are used as decision-making criteria, only high
confidence level times shall be used and the procedures to be followed after holdover time has
expired must be clearly documented. Where applicable in a Program, an operator's manual will
cover the following areas with regard to holdover timetables:

6.2 Use of Holdover Timetables

Holdover timetables provide an estimate of the length of time de-icing/anti-icing fluids are
effective. Because holdover time is influenced by a number of factors, established times may be
adjusted by the pilot-in-command according to the weather or other conditions. Operators' manuals
must describe the procedures to be followed for using holdover timetables. When the tables are used
as decision-making criteria, the procedures to be followed by the pilot-in-command (PIC) for
varying the established values must also be specified.

6.3 Take-off after Holdover Times have been Exceeded

When holdover timetables are used as decision-making criteria, take-off after holdover times have
been exceeded can occur only if a pre-take-off contamination inspection is conducted or the aircraft
is de-iced/anti-iced again. The operator's Program must specify the procedures to be followed when
holdover time is exceeded, and these procedures must appear in the appropriate manuals.

7.1.1.1

Holdover timetables, approved according to the conditions outlined in section 6 of these Standards,
may be used to determine, without a tactile or visual Pre-take-off Contamination Inspection, that
critical surfaces are not contaminated.
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Appendix B
Appendix B
DEFINITIONS

. Anti-Icing Fluid means a fluid applied to an aircraft as a precautionary procedure
that provides protection against the formation of frost or ice and the accumulation of
snow on treated surfaces of an aircraft for a period of time;

. Deicing Fluid means a fluid applied to an aircraft to remove contamination in the
form of frost, ice or snow;

. Glycol Pan Measurements means a process to determine precipitation rate by using
a glycol-wetted pan that is weighed precisely before and after a timed exposure to
precipitation. This methodology has been included in SAE Aerospace Recommended
Practice (ARP) 5485 and 5945, and has been historically employed by Transport
Canada in the development of fluid holdover time tables for de/anti-icing fluids;

® Holdover Time means the determined time that an application of de/anti-icing fluid
applied to an aircraft is nominally effective in preventing frost, ice or snow from
adhering to the treated surfaces based on using Holdover timetables published by
Transport Canada or based on a Holdover Time Determination System Report;

. Holdover Time Determination System Report (HOTDR) means a Holdover Time
generated by a Holdover Time Determination System.

. Holdover Time Determination System (HOTDS) means a near real-time system
that samples a number of atmospheric inputs and uses these in conjunction with HOT
regression curves and associated coefficients for specific de/anti-icing fluids  to
produce a holdover time determination report;

° Holdover Timetables means tables of holdover times for de/anti-icing fluids
published as Holdover Time (HOT) Guidelines, by Transport Canada;

. LOUT means Lowest Operational Use Temperature

° Manufacturer means the producer of a Holdover Time Determination System;

. Regression Analysis means a data analysis protocol used by Transport Canada to
analyze fluid endurance time data for the generation of holdover times for de/anti-
icing fluids; and

. Service Provider, in this context, means a person or organization that:

1. provides holdover time reports using a Holdover Time Determination System that
meets the application of this exemption; or
2. provides precipitation rate, type and temperature information for use by a Holdover
Time Determination System in computing Holdover Time Determination System
reports that meet the application of this exemption.
B-1
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APPENDIX C

MINIMUM ASSURANCE REQUIREMENTS AND PERFORMANCE SPECIFICATIONS
FOR HOLDOVER TIME DETERMINATION SYSTEMS

Sections 1, 2 and 3 of this appendix specify the minimum assurance requirements and sections 4
and 5 the minimum performance specifications for the Holdover Time Determination Systems.

In this document, the “Air Operator” means West.Jet.
1. QUALITY MANAGEMENT SYSTEM
1.1 The Air Operator shall ensure that the service provider or manufacturer, establish, document,
implement and maintain a quality management system that comprises procedures, processes
and resources necessary to provide for the quality management of the Holdover Time
Determination System and reports to be supplied.
1.2 The quality management system required by Subsection 1.1 shall at a minimum:
a) Establish and maintain operational manuals and documentation;,
b) Establish and maintain system commissioning protocols;

¢) Establish and maintain system inspection requirements and methods;

d) Establish quality control and quality monitoring to include software integrity and
data dissemination;

¢) Specify qualifications and training requirements for personnel who commission,
inspect or maintain the system, and

f) If non-conformance is identified, ensure that action is initiated to determine and
correct the cause.

1.3 The documentation in Subsection 1.2 shall be made available to the Minister, upon
reasonable notice by the Minister.

2. TRAINING AND QUALIFICATIONS

2.1 The Air Operator shall ensure and document that the manufacturer or service provider
maintains records to demonstrate that all persons providing installation, commissioning,
inspection and maintenance services of a Holdover Time Determination System are qualified
persons who have received appropriate training and have demonstrated sufficient knowledge,
skills and competence to perform their assigned duties.
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Note: The Air Operator shall ensure and document that the manufacturer or service provider
has specified the minimum training requirements applicable to persons engaged in these
duties.

2.2 The Air Operator shall make a copy of the documentation referenced in 2.1 available to the
Minister, upon reasonable notice by the Minister.

3. INSTALLATION, SITING, OPERATION & MAINTENANCE OF DEICING AND
ANTI-ICING FLUID HOLDOVER TIME DETERMINATION SYSTEMS

3.1 The Air Operator shall ensure that the service provider or manufacturer as applicable, has
established and followed practices, procedures and specifications for the siting, installation,
commissioning, operation and maintenance of the Holdover Time Determination Systems,
including the co-ordination of activities with the acrodrome operator.

Note: Specifications concerning the siting and installation of equipment on aerodromes are
contained in TP312, Aerodrome Standards and Recommended Practices.

3.2 The input instruments shall be sited in sufficient proximity of each other to provide coherent
sampling of meteorological inputs for holdover time determination in transitional weather
conditions.

3.3 The Air Operator shall document the requirements of Subsection 3.1 and make a copy
available to the Minister, upon reasonable notice by the Minister.

4. ACCURACY OF HOLDOVER TIME INPUT INSTRUMENTS AND
DETERMINATION SYSTEMS

4.1 The Air Operator shall verify that the manufacturer obtains test data and establish practices
and procedures that demonstrate that the data inputs and Holdover Time Determinations meet
the accuracy requirements established for each element.

4.2 The Air Operator shall make the documentation required by Subsection 4.1 available to the
Minister, upon reasonable notice by the Minister.

4.3 The Air Operator shall verify that the manufacturer has test data that demonstrates compliance
of the data inputs and Holdover Time Determinations with Subsection 4.1 in accordance with
the following requirements:

a) The test data shall be sufficiently complete to assure that the results are
representative of the design and performance specifications of the system and
include the following:

i.  For those instruments for which it is practical, the relationship between the
value indicated by an instrument and the corresponding known value of a
measurand;
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i1. The testing of instruments over a range that is representative of the expected
environmental conditions (regardless of whether in a controlled environment
or in the field); and

iii. Testing of instruments in comparison with other instruments or human
observations, in the outdoor operational environment, where practical.

b) The test data shall consist of the following:

i.  Raw data collected during testing, and
ii. The results of the reduction and analysis of the data.

¢) The Air Operator shall verify that the person verifying the test data in accordance
with paragraph (d) confirms that the results of the reduction and analysis of the test
data demonstrate that the data inputs and Holdover Time Determinations meet the
accuracy requirements set out in this Appendix under operational conditions
encountered by the Holdover Time Determination System;

d) The Air Operator shall confirm that the manufacturer’s test data have been verified
as meeting the accuracy requirements of this Appendix by a person who is:

i. Independent from the manufacturer of the Holdover Time Determination
System and from the service provider and has a degree in the natural or
applied sciences of mathematics from a recognized university and experience
in: instrumental references, standards and traceability, methods of statistical
analysis and an understanding of the operating principles and use of the
instruments involved; or

ii. A licensed professional engineer (P.Eng) in Canada.

¢) The Air Operator shall verify that the manufacturer obtains a written confirmation of
the verification of the test data from the person who verified the test data pursuant to
paragraph (d) and shall, upon reasonable notice by the Minister, provide a copy to
the Minister;

f) The Air Operator shall ensure that the manufacturer demonstrates and confirms that
the HOTDS has built-in fault detection checks that, in the event of system
input/output failure (such as loss of an input instrument or corruption of data in a
HOTDR) or other critical system hardware or software failure, prevent a misleading
report from being issued. Demonstration shall be carried out on an end-to-end basis
from input instruments in the field to delivery of Holdover Time Determination
System Reports to the Air Operator.

g) The Air Operator shall ensure that the manufacturer demonstrates initial and ensures
ongoing quality assurance of the computational software, hardware and end to end
data integrity as follows:

1. The software must be designed, developed, produced and maintained in
accordance with appropriate software assurance standards.
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ii. The hardware must be designed, developed, produced and maintained in
accordance with appropriate hardware assurance standards.

iii.  End-to-end data integrity shall include means of minimizing misleading data
caused by all sources (ex: corrupted fluid coefficients, corrupted data
transmissions, etc.) through the use of CRC checks or similar safeguards.

h) The Air Operator shall ensure that the manufacturer confirms that the accuracy of the
timing methods or device used to establish the time of the report is sufficient for the
intended purpose; and

1) The Air Operator shall ensure that the manufacturer documents the processes and
procedures used to comply with the requirements of paragraphs (a) and (h) and shall

make them available to the Minister, upon reasonable notice by the Minister.

5. TECHNICAL REQUIREMENTS FOR DATA INPUTS AND HOLDOVER TIME
DETERMINATIONS

51 The Air Operator shall ensure that the manufacturer establishes and document practices and
procedures for compliance with the provisions of Subsections 5.1.1 thru 5.1.23, which are
applicable to the manufacturer’s Holdover Time Determination System, and make a copy
available to the Minister, upon reasonable notice by the Minister.

Wind

5.1.1 If required by the HOTDS, surface wind data inputs shall meet the following requirements:

a) Wind instruments shall be ice resistant by design;

b) The instruments shall be sited so as to provide representative input to any
compensation factors that are generated to correct precipitation accumulation rates
during high wind conditions; and

¢) The instruments shall function for winds of at least 100 knots.

5.1.2  The accuracy of wind sensors and outputs shall be such that;

a) The direction, if utilized, is correctly measured within + 10 degrees; and

b) The mean speed is correctly measured within + 2 knots up to 20 knots and with 10%
above 20 knots.

5.1.3  The accuracy of the wind instruments shall be established in accordance with Subsection
5.1.2, paragraphs (a) and (b), to at least a 95% confidence in wind tunnel testing.
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Precipitation
5.1.4  Systems used for the determination of precipitation shall:

a) Meet or exceed accuracy requirements as follows with reference to human
observations:

i.  Correctly detect the presence of precipitation of a water equivalent rate of at
least 2.0 g/dmz/h, other than drizzle, at least 90% of the time;

ii. Correctly detect the presence of and distinguish between liquid or frozen
precipitation, of a water equivalent rate of at least 2.0 g/dm*/h, at least 80%
of the time; and

iii. Correctly detect the presence of ice accretion or freezing precipitation, of at
least 2.0 g/dmz/h, with at least a 90% probability.

b) Except as addressed in accordance with (c¢), differentiate between and, where
applicable determine the intensity of rain, freezing rain freezing drizzle and snow,

¢) Accurately detect the presence of fog or freezing fog conditions;

d) Indicate that type of precipitation is “unknown”, if the type cannot be determined;
and

e) In the event of unknown precipitation, the equipment shall report that a holdover
time is unavailable.

Temperature
5.1.5  Temperature measurements shall be accurate to within 1°C.

5.1.6  The accuracy requirements of Subsection 5.1.5 shall be demonstrated with at least a 95%
confidence level during laboratory testing that is traceable to a reference standard.

Precipitation Rate

5.1.7  Precipitation rate measurements shall be analyzed in reference to simultaneously recorded
glycol pan measurements for all precipitation types, excluding freezing fog.

5.1.8  The Holdover Time Determination System precipitation rate measurements shall conform
to the glycol pan measurements ( ref.: SAE ARP 5485), within the following tolerances:

a)  From 0to 10 g/dm*/h: +- 3.0 g/dm’h
b) Above 10 g/dm*/hto 25 g/dm*h:  +/- 6.0 g/dm*/h
c)  Above 25 g/dm¥h: +/- 14.0 g/ldm*h

5.1.9  The accuracy requirements of Subsection 5.1.8 shall be demonstrated with at least a 95%
confidence level during comparative tests with the HOTDS and glycol pans.
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5.1.10 The precipitation rate input for the purpose of computing fluid holdover time (Subsections
5.1.12 to 5.1.18) shall be:

a) the precipitation rate determined by the HOTDS; plus
b) the tolerance (within a 95% confidence level) that has been demonstrated for each
precipitation type and range in 5.1.8, specific to that HOTDS.

5.1.11 Notwithstanding section 5.1.10, the precipitation rate input for the purpose of computing
fluid holdover time (Subsections 5.1.12 to 5.1.18) shall not be less than 2.0 g/dm’/h.

Holdover Time Determinations

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 TC, or
5.1.12.2 those where traceability and validity has be 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.

5.1.14 Holdover Time Determinations from the system, shall be verified, for each fluid, against
known fluid dilution, precipitation type, rate and temperature inputs to ensure that
regression curves and associated coefficients have been correctly implemented within the
system.

As a minimum this verification will include:
5.1.14.1 normal range test cases; and
5.1.14.2 test cases outside the normal range to verify robustness.
5.1.15 Holdover Time Determinations for Freezing Drizzle or Freezing Rain conditions shall be
based on computing the associated Holdover Time for each one of those precipitation

conditions and using the resulting lowest value.

5.1.16 Holdover Time Determinations shall be inhibited in Freezing Precipitation (Freezing Fog,
Freezing Drizzle or Freezing Rain) conditions exceeding of 25 g/dm?/h.

5.1.17 Holdover Time Determinations shall be inhibited in Snow conditions exceeding 50
g/dm*h.

5.1.18 Holdover Time Determinations shall be inhibited in Rain on Cold Soaked Wing conditions
exceeding 75 g/dm*/h.

5.1.19 In accordance with the currently accepted practice for HOT table development, Holdover
Time Determinations from the system for Type II and IV de/anti-icing fluids shall be
capped as follows:
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Freezing Fog 4 hrs;
Snow 2 hrs;
Freezing Drizzle 2 hrs;
Light Freezing Rain 2 hrs;
Rain on Cold Soaked Wing 2 hrs.

5.1.20 Where applicable, the notes, conditions, cautions incorporated into the annually published
holdover time guidelines shall be respected in computation outputs by the HOTDS.

Holdover Time Determination Reports

5.1.21 A Holdover Time Determination Report shall contain as a minimum de/anti-icing Holdover
Time(s) and fluid type. The report may contain additional items such as:

a) Precipitation type;

b) Precipitation intensity;
¢) Precipitation trend; and
d) Fluid brand

These additional items shall be as agreed to with the service provider and/or the aircraft
operator.

5.1.22 The service provider shall retain a copy of each Holdover Time Determination Report for at
least 24 months.

5.1.23 The service provider shall provide a copy of the Holdover Time Determination Reports
required by 5.1.21 to the Minister, upon reasonable notice by the Minister.
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APPENDIX J

PRESENTATIONS AT VARIOUS MEETINGS

1. SAE Aircraft & Engine Icing International Conference, Seville, Spain,
September 24, 2007

a. Aircraft Deicing Research in Simulated Mixed Conditions with Ice Pellets; and

b. Implementation of Holdover Time Determination Systems.

2. Standing Committee Meeting, Winnipeg, Manitoba, October 10, 2007

a. Aircraft Deicing Research in Simulated Mixed Conditions with Ice Pellets; and
b. De/Anti-lcing Fluid Holdover Time Update, 2007/08 Winter Operations.

3. SAE G-12 HOT Subcommittee Meeting, Montreal, Canada, November 14, 2007

a. Substantiation of Aircraft Ground Deicing Holdover Times in Frost Conditions;
b. Aircraft Deicing Research in Simulated Mixed Conditions with Ice Pellets; and

c. Implementation of Holdover Time Determination Systems into Canadian Air
Operations, Update for 2007-08 Operations.

4. SAE G-12 HOT Subcommittee Meeting, Warsaw, Poland, May 14, 2008

a. Aircraft De/Anti-Ilcing Fluid Endurance Time Results for the 2007-08 Winter
Test Season;

b. Aircraft Ground De/Anti-lcing Research Using Composite Materials;

c. Substantiation of Aircraft Ground De/Anti-lcing Holdover Times in Frost
Conditions;

d. Answers to AEA De/Anti-lcing Working Group Questions (prepared but not
presented);

e. Aircraft Deicing Research in Simulated Mixed Conditions with Ice Pellets;

f. Aircraft Ground De/Anti-lcing Fluid Endurance Times in Snow Pellet
Conditions; and

g. Implementation of Holdover Time Determination Systems
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5. SAE G-12 HOT Subcommittee Meeting, Montreal, Canada, November 14, 2008

a. Proposed Changes to Frost HOT Guidelines;

b. Examination of Effect of Heat on Endurance Times of Anti-lcing Fluids;

c. Holdover Times Below -25°C for Anti-lcing Fluids;

d. Holdover Times in Conditions of Rain mixed with Snow;

e. Preparation of Holdover Time Guidelines Regression Coefficient Data; and
f. Holdover Time Guidelines Update Fall 2008.
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AIRCRAFT DEICING RESEARCH
IN SIMULATED MIXED
CONDITIONS WITH ICE PELLETS
By
Marco Ruggi

5 aviation Inc.

For

Transportation Development Centre
Transport Canada

and the

Federal Aviation Administration

. -
I1SO 9001:2000 -
N— SAE 2007 AIRCRAFT & ENGINE ICING INTERNATIONAL CONFERENCE

SEVILLE - SEPTEMBER 24, 2007
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2]

. PRESENTATION OUTLINE

BACKGROUND

PREVIDUS RESEARCH (2005-08)
OVERYIEWY OF 2006-07 RESEARCH
WIND TUNNEL TESTING

FALCON 20 TESTING

ALLOWANCE TIMES

+  ZR-MIP-

+ P

+ P (moderate)

+  IPIEN

3 COMCLUSIONS AMD RECOMMENDATIONS

OOV ¥ ¥

=

BACKGROUND

¥ Dueto the high occurrence of ice pellets combined
with rain, freezing rain, or snow, industry requested
additional guidance material for operations in
mixed ice pellet conditions

<+ Additional endurance time testing and
aerodynamic research was conducted in simulated
ice pellet conditions during the Winter of 2006-07

¥ Testing was directed by TC and FAA

APS SIMULATED ICE PELLETS

APS Manufactured Ice Pellets

Matural Ice Pellets

Iy =

BACKGROUND

2+ Recentindustry need to provide aircraft operators
with holdower times for ice pellet conditions

=+ During the winter of 2006, FAA provided a 25-
minute allowance as a preliminary guideling

2+ Allowance based on the previous research
conducted during the winter of 2005-08, primarily
as a result of Falcon 20 aerodynamic research
(SAE Lishon 2006)

+  Allowance was followed by a list of conditions
restricting operations

F  Le lce pellets alone, no mixed conditions o
h

-

PR.EéVENTATION OUTLINE

BACKGROUND

PREVIOUS RESEARCH (2005-08)
OWVERWIEYY OF 2006-07 RESEARCH
WIND TUNNEL TESTING

FALCOM 20 TESTING

ALLOWANCE TIMES

+  IR-/IP-

+ IP-

+  IP (moderate)

#+  IPISM

+  CONCLUSIONS AMD RECOMMERNDATIONS

T A

200506 FALCON 20 FULL-SCALE RESEARCH
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2005-06 NATURAL ICE PELLET
ENDURANCE TIME RESEARCH

" O

VERVIEW OF WINTER 2006-07
GENERAL OBJECTIVES

Conduct research to substantiate and possibly

expand current 25-minute ice pellet only allowance
time

0

Flat plate testing was conducted to investigate fluid
adherence in mixed ice pellet conditions

Aerodynamic research was conducted to
investigate fluid flow-off of contaminated fluid
following simulated ice pellet and mixed conditions

F  NRC open circuit wind tunnel
F  NRC Falcon 20 aircraft

® Eicioren

E‘g

,}.
+
,).

id
Wind Tunnel Testing

Objective: To determine the level of contamination
of anti-icing fluid at which the aerodynamic shear
forces during take-off ground roll, rotation and lift
off fails to remove the resultant slush.

22 tests conducted over a period of 2 weeks
A MACA 23012 wing section was used for testing

OAT waried during testing — open circuit tunnel

]

PRESENTATION OUTLINE

BACKGROUND
PREVIOUS RESEARCH (2005-08)
OWERVIEWY OF 2006-07 RESEARCH
WIND TUNNEL TESTING

FALCON 20 TESTING

ALLOWANCE TIMES

3 ZRIP-

1P

% IP (moderate)

3 IPISM

% CONCLUSIONS AND RECOMMENDATIONS

oV ¥ ¥

™
PRESENTATION OUTLINE

BACKGROUND

PREVIOUS RESEARCH (2005-08)
OWVERWIEWY OF 2006-07 REZEARCH
WAND TUNMNEL TESTING

FALCOM 20 TESTING

ALLOWWANCE TIMES

+ ZR-fP-

+ IP-

=+ IP {moderate)

+  IPISN

#  COMCLUSIONS AMD RECOMMENDATIONS

P

Wind Tunnel Testing

Fluid was applied to wing section approximately 20
minutes prior to the start of precipitation

The wind tunnel was started approximately 20-25
minutes following the end of precipitation

Wind tunnel test profile:

#  Initial angle of attack 0%

0-100 Knaots in 30-35 seconds

At 100 Knots, Pitch wing to 6% in 3 sec

Pitch wing back to 4% in 16 sec

EE

Hold wing at 4% for 1 minute and stop test

—
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Sample Run Wind Tunnel Testing
Timeline
Tl Truaxl
Agploation | e Precg. Tom [ra.
il AalCool | Mempuea
e hppliaton of Brssgaiation | a2l Tomile wn down, sl B s o, ‘

Wind Tunnel Testing Wind Tunnel Testing

Trailing Edge of
TWing Section

Drawing Grid on
WWing Section

Wind Tunnel Testing

Example of Rate Distribution

Pracipitation et Bummary for TantNe. &

Dak: -
Frecptiaton Ty ZRAF
MErE ComBlEg P ECR R Aak s

== = -
== |
== .

=1 -
x| —

Eate Pans for

Trailing Edge of Calibration

TWing Section
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Wind Tunnel Testing Wind Tunnel Testing

Fluid Application

s -
IP and SN

Duspenser

Trailing Edge of
Wing Section

Wind Tunnel Testing

. ZE. spraver

Wind Tunnel Testing

e

Wind Tunnel Testing

+ Conditions Tested

+  Mixed ZR and [P (5 tests)

F  Mixed SMand P (4 tests)

# P only (4 tests)

#  Fluid only and dry tests (5 tests)
+  Alsoinvestigated:

F+ IR only (1 test)
F"'— #  Simulated stall runs (3 tests)
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Wind Tunnel Summary Test Log AR .
Wind Tunnsl Tantn = I - &
" TE N Ly Rt s B Lot ;i 7
o rmen 5 [zt 2o ] 8 | 5 [ e PRESENTATION OUTLINE
[ " Oy Oy ] a [} - - -2 - 1=Tast S BACKGROUND
" 7] By w [ O [ = E] [T3 = !
E2 NI I I T Y Y I I I #  PREVIOUS RESEARCH [2005-05)
O W 0 O O T T +  OVERVIEW OF 2005-07 RESEARCH
TR e e e T
sl w v [ow [w s [0l e[ a |+ % WIND TUNNEL TESTING
i 5 e[ s o [t [ [ 0
I S A N A N T I #  FALCON 20 TESTING
o | 22 | e [wma | o L] [ = ¥ = E) F  ALLOWWANCE TIMES
T T 7 o [
) CHIECE R [ [ - g E] ] ¥ ZR-AP-
Ol o e Rl o i v [ o S e
o A i i ) - P
I ) R i T o ) B &, PGS
il e L S a [0 L[ e
wilou [ [wwi [0 | s | o [im | & | wlw P —
0 e T O
PR T W T P N T I T T % CONCLUSIONS AND RECOMMENDATIONS
P R W - B ] O
P T N L I N o T =

Falcon 20 Testing Falcon 20 Testing

+ Objective To determine the level of contamination 2+  Wing test surface area was approximately 3m®
of anti-icing fluid at which the aerodynamic shear
forces during take-off ground roll and rotation fails
to remowe the resultant slush. #  Baseline wing (fluid only)

Btests conducted over a period of 4 days % “lesnalngiEgntanmination)

il
Tests conducted at v OWY IR

+  Two wings were tested per run

Falcon 20 Testing

Falcon 20 Testing

+  Fluid was applied approximately 20 minutes prior _

to the start of precipitation

3+ Break release approximately 20-25 minutes
following the end of precipitation

Aircraft take-off run profile:

0-120 knots in approx, 20-25 sec
Engines Cut-off at 120 knots

Rotate to approx. §°
Keep nose up until 3000f of runway left

Rotate down to 0°

T

Apply brakes (no spoilers)
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Falcon 20 Testing

Falcon 20 Aircraft

Falcon 20 Testi

ZB. sprayer

Falcon 20 Testing

Falcon 20 Testing

Falcon 20 Testing

h

Falcon 20 Testing

T

= poae
e TRNACEIIRR
e

Cameras

J-9
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E]

Falcon 20 Testing

Faloon 20 Test
+ Conditions Tested
d Precp. wng Sug
: Test#| Date | 2N | congtion ;Ef‘?;] g'fdf"he] Sgﬁf] Tirne ?,’g Terre
#  Mixed ZR and IP 9 min] rol
: 28 Fab-2% PG IF/SH - 5 5 30 & -11
#  Mixed SN and IP =
3 | Febs | PG| Bawmine : = g z P 105
45 | Feb2s | PG| Bamiie = = 3 2 BT &
47 Feb-2& PG TRIP 0 & - 1 -10 -
55 | Mard! | EG | Basine . . 5 - BT 14
58 | Ml | PG IPSN : 20 0 30 -1 12

: ’!!l | ! ] . 3 =¥
PRESENTATION OUTLINE Allowance Times for Ilce Pellet
% BACKGROUND and Mixed Conditions
+  PREVIOUS RESEARCH (2005-08) A+ Aworking group mesting was held April 11-13%,
+  OVERWIEW OF 2006-07 RESEARCH 2007
F WIND TUNMNEL TESTING +  Aftendses
+  FALCON 20 TESTING +  Federal Aviation Administration
F ALLOWYANCE TIMES 3 Transport Canada
F+  ZR-IP- 3 APS
+ IP- : !
g —_— Objective: Review current data and recommend
mAanerate.
allowance times for ice pellet and mixed ice pellet
# IPISM precipitation conditions
¥ COMCLUSIONS AND RECOMMENDATIONS

s ]
Allowance Times for Ice Pellet Mixed ZR- and IP- Conditions
and Mixed Conditions & 5Wind Tunnel Tests Conducted
+  ANALYSIS METHODOLOGY + 2 Falcon 20 tests Conducted

#+  Contaminated fluid tests were compared to baseline fluid T Tasy PR e o
0 Tovus W TH M (R | | o e, ey
only tests and dry wing tests Py | Dot T | "o s s

F  Yisual severity was determined based on observations CO I L T T [ [ 4 ] [

during the test and review of photography o R 0 o D | N L O O 2 B !

w| B [ Pa | e | v | = | & | ® EX] El 3

+  Lift coefficient data was acquired at the end of the testing 2 O O - i ] £ 2] 2t 2

and used to investigate the effects of contamination L B BN BN N : 2 L] Kl -

Falcon 20 Tuy

| Wrg

kMl P et bt e ] L I R

w | wwm | | zwr | @™ | s - o ] &

Falcon 20 Summary Test Log
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Test #11
Type IV PG, ZR-8&IP- 20+5 gidrm@h, 40 min,
OAT-2°C, Wing -4°C

Test #6
Type IV PG, ZR-&IP- 20+5 gfdm®h, 40 min,
DAT-8%C Wing -7°C

Start of Test

Test #6
Type IV PG, ZR-&IP- 20+5 gidm?h, 40 min,
OAT-8°C, Wing -7°C

10 sec After Rotation

Test #2
Type IV PG, Mo Contamination
OAT-10°C, Wing -9°C

Test #6
Type IV PG, ZR-&IF- 20+5 gidm?h, 40 min,
DAT-BC, Wing -7°C

Before Rotation

Test #6
Type IV PG, ZR-&IP- 20+5 gidm?#h, 40 min,
DJAT-89%C, Wing -7°C

End of Test
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Lift Coefficient Comparison

Lt ulantE)

Litt Coefficient Comparison
DOry w=. Fluid Only w=. Contaminated Fluid

— Fun #14 Oy Wing [~
— Fun #2 PG Only
1—Fun#6 ZR &1F

Time

Mixed ZR- and IP- Conditions

+ Recommended Allowance Times

| OAT - € and | DAT Lessthan | OAT Lessthan
abowe -5°C to - 10°C B Lo
= T Caufion: o |
Light ko= Pellets Mz vith Light or 5 Wi ke 1O MR &llowance tms s
toderste Freezing Drizle T

Mixed ZR- and IP- Conditions

+ Recommended Allowance Times

o

,.).

# IR is the primary concern due to adherence and increased

#  Generic lower ZR HOT referenced and modified

F  Usetemperature -5 °C (instead of -3 °C) to allow for increased

F  Allow operations down to -10°C

Mixed ZR- and IP- Conditions
Observations and Recommendations

roughness with presence of IP

|atitude to operators

Mixed ZR- and IP- Conditions

Allowance times were presented in May 2007 at the SAE
reeting in San Diego

Industry requested additional guidance material

#  Mixed Freezing Drizzle and [ce pellets

#  Mixed Rain and lce Pellets

Additional flat plate testing and analysis was conducted

ZRIP Allowance times were referenced and modifie d

I.’REerNTATION OUTLINE

BACKGROUND
PREVIOUS RESEARCH (2005-06)

DAT - Cand | DAT Less than | DAT Lessthan
_sbowe | -S°Cto-10°C S0t
Ligrt ke Pellets Mixed with Light or
oo AT T R = Mk AL 1T Caution: Ho
wdeme St Drlz‘s = Allewance tms s
Elég.nm ioe Pallets Mixed vith Light =% curmently s1(st

EE T

OVERYVIEW OF 2006-07 RESEARCH

WIND TUNNEL TESTING

FALCON 20 TESTING

ALLOW/ANCE TIMES

ZR-IF-

> P

3 IP (moderate)

*  IPISH

CONCLUSIONS AND RE COMMENDATIONS

@
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IP- Only Conditions
*  3Wind Tunnel Tests Conducted
¥+ P only tests were NOT conducted with the Falcon

20 this year

*  2005-08 Falcon 20 tests were referenced
§ Wina Tunmal Taeln o
Pranp. Tunnml L LI E ] -
i e v e e e A I R S
s = [ m | v | 7 | =] 7 | = | % | @ | s
| = [ v [ o =] = ] == |
v = [ @m | v | 1] =] 31| = l = | v

g IP- Only Gonditions

+ Recommended Allowance Times

T oar | OAT Less than [ 0AT Lessthan
sbove | BCtet0C | A0te

E- T T ELTTI XTI

Moderate IP Only Conditions
+  1Wind Tunnel Test Conducted

+  Moderate IP tests were NOT conducted with
Falcon 20 this year

+  2005-06 Falcon 20 tests were referenced

Wana Tun el Tawts
Prasn. | Tunnal | Winas | e
T 26 e | 1Pt | 10 A 2 rany
runtn| am ey | TRV canarimn | 220NN SR S | e | mar Tamp | e
tmin3 [l m | g
s | = Pa | Fgen | B = o = a3 ] s

¥ IP- Only Conditions

+  Observations and Recommendations

+  Wind Tunnel B0min exposure tests at warmer
ternperatures demonstrated positive results

+  Test # for B0 min at colder temperature showed
tesidual contamination

5% temperature cut-off suggested to be consistent with
IRAP Allowance Times

By =

PRESENTATION OUTLINE

BACKGROUND

FPREVIOUS RESEARCH (2005-06)
OWVERWIEW OF 2006-07 RESEARCH
WIND TURNEL TESTING

FALCOMN 20 TESTING

ALLOWANCE TIMES

+  ZR-IP-

=+ IP-

& IP {moderate)

= IPISN

#  CONCLUSIOMS AMD RECOMMENDATIONS

S

Moderate IP Only Conditions

+  Observations and Recommendations

+ Wind Tunnel test demonstrated positive results (Le. litt
loss and minirmal visual contamination following run)

#  |P- Allowance times were referenced and modified
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Moderate IP Only Conditions

2+ Recommended Allowance Times

T Lessthan | OAT Lassthan
srctot | e
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ot e Pelds

=
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PRESENTATION OUTLINE

BACKGROUND
PREVIOUS RESEARCH (2005-08)
OWERVIEW OF 2006-07 RESEARCH
WIND TUNNEL TESTING

FALCON 20 TESTING

ALLOWANCE TIMES

ZRJIP-

1P

% IP (moderate)

F  IPISM

CONCLUSIONS AND RECOMMENDATIONS

“

"i
]

IP-ISN Conditions IP-/SN Conditions
#  4Wind Tunnel Tests Conducted # Observations and Recommendations
& 2 Falcon 20 tests Conducted = Wvind tunnel tests demaonstrated minimal lift loss and
minimal visual contamination following run at warmer
T — Prax, Tunnal [ ngan [ 0 RS
5 wr | T | o2 | p et ] TR | Tmare
i B e e e e I i +  Testing at colder ternperatures showed contamination at
w1 | = | ra | res | 0 | @ | s a = 2 F) end of run
wz| = | ra |@w | 0 | 5= | @ | = 3 = T
wa| = | = | rm | 0 | = | & [0 13 ] [ #+  No allowance for temperatures below -5°C due to lack of
wi| = | ra | vm | o | = = ) 5 = data collected
Falcan 10 Thite
L IO AR LT el it e [ - Ty
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= |wwoi | rn | e B @ | = | = B a
‘! .!_ !!! N i o P
¥ IP-/SN Conditions [ PRESENTATION OUTLINE
*  Recommended Allowance Times +  BACKGROUND
= T +  PREVIOUS RESEARCH (2005-06)
— — e F  OVERVIEW OF 2006-07 RESEARCH
e Pallet= hixed Wih LGhter | o gy g
Snow F+ WIND TUNNEL TESTING
3 FALCOM 20 TESTING
F  ALLOWANCE TIMES
F ZR-AP-
> IP-
+ P (moderatey
+  IPISM
¥ CONCLUSIONS AND RECOMMENDATIONS
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APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix J/Appendix J.docx
Final Version 1.0, February 26
J-14



APPENDIX J

vl ]
Summary of Ice Pellet Allowance Times Recommendations
CWT - Cand | OAT Lessthan | DAT Lassthan +  Future Wind Tunnel Work
shove G o - 10°0 07 G
e Sl T U +  Additional testing to refine allowance times
+  Conduct testing with different wings (maybe super critical )
Moderate loe Pellas X Mhks 10MinEs 10 Wi s V f | ‘ d
> enfy results at lower speeds
Light e Pellets Mxed with Light or o
Moderate Snow it +  Conduct testing at lower termperatures
Light e Pallats hsxed with Light or 4 i T
Moderate Freszing Drizle E s ioWisns et +  Conduct testing with bare wing contamination (no fluid)
;g;nﬂ:: ::I:tsmxaj e SIS e EOOLHI ‘ F  Conduct agradynamic tests in mixed Rain and Ice pellet
Light Iea Pallats Maxed with Light T !' conditions
=l — +  Conduct aerodynamic tests in mixed Freezing Drizzle and
Ice pellet conditions
“ “ Eweroren
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IMPLEMENTATION OF HOLDOVER TIME
DETERMINATION SYSTEMS

s Gy

L 2007 SAE AIRCRAFT & ENGINE ICING

b <l INTERNATIONAL CONFERENCE AND EXHIBITION

" Aviation Inc.
e SEVILLE, SPAIN
SEPTEMBER 24-28, 2007

I1SO 9001:2000
\_/
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MICHAEL CHAPUT

MANAGER, PROJECTS AND BUSINESS
DEVELOPMENT

APS AVIATION INC.
MONTREAL, QUEBEC, CANADA
MCHAPUT@ADGA.CA
WWW.APSAVIATION.CA

APS

S fwiation Inc.

PORTION OF THE WORK PRESENTED
HEREIN WAS FUNDED BY:

TRANSPORTATION DEVELOPMENT

CENTRE
TRANSPORT CANADA

* Transports  Transport
Canada Canada

FLUID HOLDOVER TIME TESTING AND TABLE
DEVELOPMENT

& Transport
Canada

HOLDOVER TIME TABLES

= Holdover times are derived from tests performed at specific
rates of precipitation for each meteorological condition

= Liguid Water Equivalent (LWE)
=+ Holdover times are a range of times and not a single value

+ Values obtained from tests performed at low end and high
end of the rate spectrum for each condition

APS

HOLDOVER TIME TABLES

= The holdover time information provided to the industry for aircraft
defanti-icing fluids has been an impartant tool for safe winter operations

= Quality of the infarmation contained within the various haoldover time
tables has improved dramatically

-+ Despite the improverent in the holdover time information, the pilot's
ahility to use the information has NOT improved

ars

PRECIPITATION RATE LIMITS FOR THE
EVALUATION OF FLUID HOLDOVER TIMES

ROCEN,

SN

zo

ZR-

Rate of Precipitation (gidm?hr)
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CURRENT SITUATION FLUID HOLDOVER TIME

% The industry has long sought tools to assist flight crews in
making holdover tirme decisions

+ Currently, the pilot must rely solely on experience and training
to:

= Interpret the meaning of the holdover time range for each
condition;

+Determine an appropriate holdover time based solely on the ~+ The holdower time for any aincraft dedanti-icing fluid is a function of:

reparted weather conditions andior visual observations
~+ Rate of precipitation (in gfidmaih)

-+ Type of precipitation

APS =+ Ambiert temperature Aps

HOLDOVER TIME DETERMINATION CURRENT SITUATION

Gad

TYPEN - Fuld &
NATURAL BNOKY SRR OITEEE

PFilots use visual cues to assess intensity of snowfall

FTC { FAA provide carriers with visibility tahles for the use
of harizontal visibility to categaonize the snowfall intensity

Most meteorologists would agree that this method is not
always accurate

1 -
i f R
=d - HOT at 7 gidm2h = 110MIN - - 1 -

O demmmee oo ooo o4 HOT t 35 g/dméih = 35 MIN
. ! MonERATE $now e

t A, P Aps

CURRENT HOT RAMGE = 46 TO 85 MINUTES

TC VISIBILITY TABLE VISIBILITY vs. RATE

{1995 96 to 2001-02) (BEL OW -1°C)

. ity r Sacw 109 T T T
Tompsrsturs Rarge st i)
| |
< " Mevy | Moderass Light ary Light 'ﬁ' X | ‘
4 » = .
prgl Il st Lt 2kt - % 11 ‘
Durkness. & ‘
Beot | Boend | gy | smwnerm | stmes 3 [ 1 -
ama | e . . s . =
o Hio il 3 2
Dyttt H | | '
Boowt |Boowd | ag | sumere | smwz 2 0
= | ‘ -
o | | |
4 25

100

I* Trensports  Transport

10
Cenada  Carada Rale Pan Rale {gldm'h)
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ACTUAL REPORTED EVENT - YUL
4 JANUARY 2006 13062

Reported Temperature, Precipitation: -9°C, Snow Graing
Snow intensily hased on reported METAR wisihility (3/d): Moderate

APS Calculated rate of precipitation: 2.9 gidmih
Snow intensity based on rate: Wery hght

HOLDOVER TIME BASED OM WISIBILITY (MODERATE)

Type 1V: 2510 55 min
Type |: 4 to B min.

ACTUAL HOLDOVER TIME BASED ON RATE

Type 1Y +/- 90 min.
Type |: +- 14 min.

APS

ACTUAL REPORTED EVENT - YUL
16 DECEMBER 2005 11372

Reported Temperature, Precipitation: -8.0°C, Snow
Snow intensity based on reported METAR visibility (1/2): Moderate

APS calculated rate of precipitation: 74.3 gfdm2fh
Snow intensity based on rate: Heawy

HOLDOVER TIME BASED ON VISIBILITY (MODERATE)

Type IV¥: 2510 55 min
Type |- 4 to B min

ACTUAL HOLDOWVER TIME BASED ON RATE

Type 1Y +i- 10 min.
Type |: +i- 2 min.

APS

DISCONNECT?

I TOPE Nt
v

[ [

-

s [H]
Rl

INFORMATION GAP

FLIGHT CREWS CANNOT GET
FULLYALUEDF THE HOT
INFORMATIH

AIR CARRIERS AND F LGHT CREWS
HEWE ADCESSTO THE INFORMATON

EXCELLENT FLUID HOT
INFORMATION EXISTS

TC AFAS PUBLISH THE HOT
INFORMATION AHHUALLY

REASON: FLIGHT CREWS HAVE HOWAY TO DETERMINE
THE INTENSITY OF THE PRECIPITATION THAT IS FALLING

OPERATIONAL STUDY

FLIGHT CREW DECISIONS IN
WINTER OPERATING
CONDITIONS

OPERATIONAL DATA COLLECTION

# Objective: To gather operational information to evaluate actual
flight crew defanti-icing fluid decisions in comparison to optimal
decisions based on scientific measurements

= Movemnber 2004 o April 2005
= Movernber 2005 to April 2006

<+ Data collection activities were performed in all winter operating
conditions with active precipitation

+ Data for 1459 departures at YUL were collected

APS
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OPERATIONAL DATA COLLECTION

For each departure, the following data were collected

Airline
Flight number
Aircraft type
Fluids requested
Start of holdover time
Departure time
METAR reported weather
Rate of precipitation during the taxi phase
Observed weather

APS

OPERATIONAL DATA COLLECTION

+ Pertinent information  weas
ohtained fram woice
transmissions

+ Rate pans were placed
outside  during  the taxi
phaze of the aircraft

+ APS  ohserers recorded
precipitation type and
armhient ternperature

APS

FLIGHT CREW DECISIONS

= Crew defanti-icing fluid decisions Tor each departure were classified
into one ofthe four following groups

-+ Good fluid decision: Most approgriste fluid was selected by the flight
cresy far the conditions under vwhich the departure took place

+ Type IV fluid was unnecessary. (In cases where Type [V was
applied), departures for which the regression-generated holdover time
far Type | would have been sufficient

time Reqr ion-genersted holdover time of the
fluicl selected was inferiar to the "heldover" ime of the aircraft

-+ Aircraft did not deice: Aircraft did not deice in active precipitation
conditions

APS

EXAMPLE — GOOD FLUID DECISION

9 DECEMBER 2005

Marrowhody
Temperature, Precipitation: -5.0°C, Snow
Calculated rate of precipitation: 12.7 g/dm3h
Fluid Treatment: Type IV
Alrcratt heldover tirme: 22 minutes

HOLDOVER TIME BASED OM RATE

Type IW: +1- 50 minutes
Type |: 8 minutes

APS

EXAMPLE - TYPE IV FLUID WAS UNNECESSARY

22 DECEMBER 2004

Regional Jet
Terperature, Precipitation: -2.0°C, Snow
Calculated rate of precipitation: 1.9 ardmah
Fluid Treatment: Type 1V
Aircraft heldover time: 12 minutes

HOLDOVER TIME BASED ON RATE

Type IW: =75 minutes
Type | 30 minutes

APS

EXAMPLE — EXCEEDED HOLDOVER TIME
9 JANUARY 2006

Turboprop
Temperature, Precipitation: -5.0°C, Snow
Calculated rate of precipitation: 12.2 g/dm?h
Fluid treatment: Type |
Aircraft heldover tirme: 14 minutes

HOLDOWER TIME BASED ON RATE

Type |: 8 minutes

APS,
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EXAMPLE — DID NOT DEICE

10 FEBRUARY 2005

Turboprop
Temperature, Precipitation: -6.0°C, Light Snow
Calculated rate of precipitation: 5.1 gidmifh
Aircraft taxied from gate to runway without deicing

HOLDOWER TIME BASED ON RATE

Type v > 85 minutes
Type I 12 minutes

APS

OPERATIONAL DATA COLLECTION
200408

1459 Total Data Points (Departures)

Good fluid decision: 61%

Type IV fluid was unnecessary: 27%

Adrcraft did not deice: 8%

Took off with Exceeded Holdover Times: 4%

aps

FLIGHT CREW DECISIONS

SAME MORMNING, SAME AIRLINE, 3 CONSECUTIVE DEPARTURES

3 AIRCRAFT, 3 DIFFERENT TREATMENTS

Widebody
ATIS 28M,-8M,-5
Rate of precipitation: 2.2 gfdm2h
Fluid Treatment. Type I'¥
Aircraft heldover time: 15.5 minutes
TYPE I¥ NOT REQUIRED

Wilidebody
ATIS: % SM,-BM, -6
Rate of precipitation: 18 afdm?2h
Fluid Treatment: Type |
Aircraft heldover time: 21 minutes
EXCEEDED HOLDOVER TIME

FLIGHT CREW DECISIONS

SAME DAY, SAME AIRLINE, WITHIN 20-MIHUTE WINDOW

4 AIRCRAFT, 3 TREATMENTS

Marrowhody
ATIS: % SM,-5N, -13
Rate of precipitation: 19.6 g/dm2h
Fluid Treatnent: Type [V
Aircraft heldover time: 13 minutes
GOOD FLUID SELECTION

Marrowhody
ATIS 1% SM -SM P, -13
Rate of precipitation: 14.1 gidm2h
Fluid Treatment Type [V
Aircraft heldover time: 17.5 minutes
GOOD FLUID SELECTION

Widebody
ATIS: 2 5M, -EM, -5
Rate of precipitation: 2.2 gfdmZ’h
Fluid Treatment: Mone
Aircraft heldover time: NA

DID NOT DEICE

Reaional Jet
ATIS:% SM,-N, -13
Rate of precipitation: 18.9 g/dm2h
Fluid Treatment: Mane
Aircraft heldover time: MiA

DID HOT DEICE

Marrowhody
ATIS 1% S -SM P, -13
Rate of precipitation: 13.8 afdm?h
Fluid Treatnent Type |
Aircraft heldover time: 11.5 minutes

EXCEEDED HOLDOVER TIME

FLIGHT CREW DECISIONS

SAME DAY, SAME AIRLINE, WITHIN 20-MINUTE WINDOW

4 AIRCRAFT, 3 TREATMEHTS

Regional Jet
ATIS: 3 SM, -BM DREM, -14
Rate of precipitation: 2.6 g/dm3h
Fluid Treatment: Mone
Aircraft heldover time: NiA
DID NOT DEICE

Marrowhody
ATIS: 1 8, -SM,-14
Rate of precipitation: 5.1 afdm2’h
Fluid Treatment. Type |
Aircraft heldover time: 17.5 minutes
EXCEEDED HOLDOVER: TIME

Regional Jet
ATIS: 1 SM, -GN, -14
Rate of precipitation: 4.9 gidm3h
Fluid Treatment: Type IV
Aircraft heldover time: 9.5 minutes

GOOD FLUID SELECTION

Marrowhody
ATIS: 1 SM,-5N,-14
Rate of precipitation: 5.1 gidm3h
Fluid Treatment Type |
Alrcraft heldover time: 18 minutes

EXCEEDED HOLDOVER TIME

DECEMBER 16, 2005

+ Heavy snow conditions prevailed at YUL for nearly 8

consecutive hours

+ 083557 to 16402

+ Rates between 29 gfdm?h and 113 gfdm?/h

+ Data for 33 departures at YUL were collected,
including 7 with exceeded holdover times

APS
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EXAMPLE — EXCEEDED HOLDOVER TIME

16 DECEMBER 2005

Matrowh ody
METAR Temperature, Precipitation: -B.0°C, +Snow
METAR Yisibility: 1/8 Sh
Calculated rate of precipitation: 50.2 gfdm2h
Fluid treatment: Type v
Current holdover time table range (M3): 25 to 55 minutes
Current holdover time table range (HS): Mo HOT guidelines exist
Aircraft heldover time: 45 minutes

HOLDOVER TIME BASED Ol RATE

Type IV 15 minutes

APS

EXAMPLE — EXCEEDED HOLDOVER TIME

16 DECEMBER 2005

Turhoprop
METAR Temperature, Precipitation: -6.0°C, -SN BLSN
METAR “isibility: 58 Sk
Calculated rate of precipitation: 79.8 gfdm¥h
Fluid treatment: Type |
Current holdover time table range (MS): 5to 8 minutes
Current holdover time table range (LS} 8 to 14 minutes
Aircraft heldover time: 16 minutes

HOLDOWER TIME BASED ON RATE

Type |: 2 minutes

APS

OPERATIONAL STUDY SUMMARY

=+ Departures with exceeded fluid holdover times occur frequently
= Safely concern

=+ Significant number of departtures do not employ the most
adequate fluid treatment for the conditions that characterize the
departure

=+ Economic issue
= Cost of fluids
~+ Environmertal impacts and costs
+ Airport throughit and time manage ment

aps

TECHNICAL
EVALUATION
OF A
HOLDOVER TIME
DETERMINATION
SYSTEM (HOTDS)

TECHNICAL EVALUATION

= In August 2003, APS was contracted by D-lce A8 to conduct an
independent techrical evaluation of the D-lce AfS Information System

= Testing performed aver four winters
= Evaluate the syster's ahility to
= Compute a precipitation rate
-+ Determine the prevailing meteorological conditions

+Determine a holdover time based on the prevailing conditions

and computed rate
APS

TECHNICAL EVALUATION

& APS compared D-lce ASS Systern outputs (rate, precipitation
classification, temperature) with:

“Manual data collections (using historical holdover tirme
precipitation rate methodology)

FEnvironment Canada / NAY CANADA weather outputs

APS
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TWO D-ICE UNITS INSTALLED AT YUL TEST SUMMARY — WINTER 2003-07
D-ICE AIS DEICING INFORMATION SYSTEM

& 2003-04: 403 data poirts swere
collected during 24 data collection
everts

& 2004-05 424 data points were
collected during 20 data collection
everts

- 2005-06; 700 data points collected
during 23 data collection events;
data collectedwith tava units

& 2006-07: Approc. 400 data points
during 15+ data collection events

TEST RESULTS SUMMARY

4+ Analysis of the rate outputs of the D-lce AIS System is excellent: rates DEVELOPMENT OF

measured in snow, freezing rain, freezing drizle, snow pellets, ice

pellets compared well to those measurad using historical methodology PERFORMANCE SPECIFICATION
AND EXEMPTION

= Ability of the D-lce A/S System to messure accurate temperature and

detect and identiy precipitation trpe s excellent DOCUMENTATION FOR
HOLDOVER TIME
+ SYSTEM IS READY FOR OPERATIOMNAL USE DETERMINATION SYSTEMS

APS

Audeion e

ISSUE OF CERTIFICATION IMPLEMENTATION OF HOTDS

I*I Transports Trerspord Aps I* Drensperts - Transpot Aps

Canack Carada Cenacl Canada
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EXEMPTION DEVELOPMENT EXEMPTION CONTENTS

th T

nption

1ol e APS 1ol e APS

Canada Canack Canacla Carada

APPENDIX C CONTENTS

I* Trensports  Transport Aps

Canaca Caraca

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix J/Appendix J.docx
Final Version 1.0, February 26
J-25



This page intentionally left blank.

J-26
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IN SIMULATED MIXED
CONDITIONS WITH ICE PELLETS
By
Marco Ruggi

APS

S = Aviation Inc.

For

Transportation Development Centre
Transport Canada

and the

Federal Aviation Administration

A
ISO 9001:2000
N————— SCOUIC 2007 m

WINNIPEG - OCTOBER 10, 2007
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"y
PRESENTATION OUTLINE
BACKGROUND
+  BACKGROUND
+  PREVIOUS RESEARCH (2005-08) ¥ Recentindustry need to provide aircraft operators
+  OVERVIEW OF 2006-07 RESEARCH with holdower times for ice pellet conditions
3 ALLOWANCE TIMES +  During the winter of 2008, FAA provided a 25-
S — minute allowance as a preliminary guideling
+IP- +  Allowance based on the previous research
i 3 IP (moderate) conducted during the winter of 2005-08, primarily
l 5 IPISN as a result of Falcon 20 aerodynamic research
ol | {(SAE Lisbon 2006)
#  CONCLUSIONS AND RE COMMENDATIONS

*+  Allowance was followed by a list of conditions
restricting operations

# i.e. lce pellets alone, no mixed conditions ’
; Busiore

PRESENTATION OUTLINE

BACKGROUND +  BACKGROUNMD
’ g . #+  PREWIOUS RESEARCH (2005-05)
¥ Duetothe high occurrence of ice pellets combined
with rain, freezing rain, or snow, industry requested +  OVERVIEW OF 2006-07 RESEARCH
additional guidance material for operations in +  ALLOWANCE TIMES
mixed ice pellet conditions ¥ ZR-IF-

¥ Additional endurance time testing and s I

asrodynamic research was conducted in simulated . ¥ F P {moderate)
ice pellet conditions during the Winter of 2006-07 N = +  IPISH

¥ Testing was directed by TC and FAA F  CONCLUSIOMS AND RECOMMENDATIONS

APS SIMULATED ICE PELLETS

APS Manufactured lce Pellets | ; Natural Ice Pellets
7 Yoo

Ice Pellets Imbedded in Fluid
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2005-06 FALCON 20 FULL-SCALE —
AERODYHANICRESEARCH - ~ PRESENTATION OUTLINE

BACKGROUND

PREWIOUS RESEARCH (2005-06)
OWERNWIEW OF 2006-07 RESEARCH
ALLOWANCE TIMES

¥ ZR-IP-

N

& P (moderate)

F  IPISN

+  COMCLUSIONS AND RECOMMENDATIONS

¥ or o ¥

Contaminated Fluid Flow During
Take-off Run

Wind Tunnel Testing

7 OVERVIEW OF WINTER 2006-07
GENERAL OBJECTIVES

¥+ Conductresearch to substantiate and possibly
expand current 25-minute ice pellet only allowance
time

#  Flat plate testing was conducted to investigate fluid
adherence in mixed ice pellet conditions

#  Aprodynamic research was conducted to investigate
fluid flow-off of contaminated fluid following simulated ice
pellet and mixed conditions

2 MRC open circuit wind tunnel iNACA 23012 wing section)
= MRC Falcon 20 aircraft

Falcon 20 Testing

B - PRESENTATION OUTLINE

BACKGROUND

PREVIOUS RESEARCH (2005-06)
OWERWIEWY OF 2006-07 RESEARCH
ALLOWEANCE TIMES

+ ZR-P-

+  IP-

+  IP (moderate)

+  IPIGN

+  CONCLUSIONS AMD RECOMMEMDATIONS

O ¥

Falcon 20 Aircraft
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Allowance Times for Ilce Pellet
and Mixed Conditions

Aworking group meeting was held April 11-13th,
2007

Attendees

F  Federal Aviation Administration

#  Transport Canada

F  APS

Objective: Review current data and recommend

allowance times for ice pellet and mixed ice pellet
precipitation conditions

Ere e

=

¥
Allowance Times for Ilce Pellet

and Mixed Conditions
ANALYSIS METHODOLOGY

+  Contaminated fluid tests were compared to baseline fluid
anly tests and dry wing tests

+  Wisual sewerity was determined based on observations
during the test and review of photography

+  Lift coefficient data was acquired at the end of the testing
and used to investigate the effects of contamination

Test #11
Type IV PG, ZR-&IP- 20+5 gfdm®h, 40 min,
DAT-29%C, Wing -4°C

Test #2
Type IV PG, Mo Contamination
OAT-10°C, Wing -9°C

Test #6
Type IV PG, ZR-&IP- 2045 gidrmah, 40 min,
OAT-8°C, Wing -7°C

Start of Test

Test #6

Type IV PG, ZR-&IP- 20+5 gidm@h, 40 min,

OAT-8°C Wing -7°C
Before Rotation
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Test #6 Test #6
Type IV PG, ZR-&IP- 20+5 g/dm?h, 40 min, Type IV PG, ZR-&IP- 20+5 g/dm?h, 40 min,
DAT-8%C Wing -7°C OAT-82C Wing -7°C

10 sec After Rotation End of Test

AP

Lift Coefficient Comparison

¥
Mixed ZR- and IP- Conditions

Lift Coefficient Comparisen
Ory ws. Fluid Only ws. Cortaminated Fluid
o ; ; ; 7 7 7 +  5Wind Tunnel Tests Conducted
+  2Falcon 20 tests Conducted

3+  Observations and Recommendations

+  Freezing rain is the primary concern due to adherence and
resulting increased roughness with the presence of ice
pellets

| +  Generic lower ZR HOT referenced and modified

#  -5°C cutoff recommended to allow for increased latitude to
aperators

utcannmEntoE

+  Operations restricted to above -10°C

Time g

APS VRSNl T [APS TR LR

Ferranig, ] * - PR - ]
Mixed ZR- and IP- GConditions Mixed ZR- and IP- Conditions

¥+  Recommended Allowance Times .
#  Allowance times were presented in May 2007 at the SAE

OAT -6 Cand | OAT Less than | DAT Lessthan meeting in San Diego
b -5°C to - 10°C 107G s :
== = - #  Industry requested additional guidance material
Light k= Pellets hixed vith Light g
= Mks 10 M e Allowance ime s § %
Freszing Rain currnty exlit +  Mixed Freezing Drizzle and Ice pellets

+  Mixed Rain and lce Pellets
#  Additional flat plate testing and analysis was conducted

+  IRAP Allowance times were referenced and modified
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il : il
Mixed ZR- and IP- Conditions PRESENTATION OUTLINE
+ Recommended Allowance Times +  BACKGROUND
#  PREVIOUS RESEARCH (2005-06)
|| i || e +  OVERVIEW OF 2006-07 RESEARCH
o e PAEtS e win WA S | ik ot | o 3 ALLOWANCE TIMES
& Iéiag‘:l ke Pdlets Mixed vith Light [ curmsnily sxlit 3+ ZR-IP-
* -
& P {moderate)
F IPISN

#  COMCLUSIOME AND RECOMMERNDATIONS

!
IP- Only Conditions

" IP- Only Conditions

+  3Wind Tunnel Tests Conducted *  Recommended Allowance Times

*  Previous 200506 Falcon 20 tests were referenced DT -5 © s | AT Less than | AT Lessthan
abowe -5°C to-10°C 00 C

+  Observations and Recommendations e — [ R —

+  Testing at warmer conditions showed positive results

+  Le.liftloss and residual contamination

#  Testing at colder conditions showed some signs of
residual contamination on trailing edge

# -5 temperature cut-off suggested to be consistent with
ZRAP Allowance Times

ik

Moderate IP Only Conditions

PRESENTATION OUTLINE
BACKGROUMD + 1Wind Tunnel Test Conducted
PREVIOUS RESEARCH (2005.08) *  Previous 2005-06 Falcon 20 tests were referenced

OWERWIEW OF 2008-07 RESEARCH
ALLOWARNCE TIMES

¥+ Observations and Recommendations

FE A

#  Test conducted demonstrated positive results

+  ZR-IP-

3 P Le.liftloss and residual contamination

#  IP (moderale) #  Light lee Pellet Only_AHnwance tirnes were referenced
and reduced accordingly

F IPISM

F -5 temperature cut-off suggested to be consistent with

+  CONCLUSIONS AMD RECOMMERNDATIONS ZRAP Allowance Times
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ot
Moderate IP Only Conditions

+ Recommended Allowance Times

PRESENTATION OUTLINE

BACKGROUND

PREYIOUS RESEARCH (2005-06)
CWERWIEWY OF 2006-07 RESEARCH
ALLOWGANCE TIMES

¥ ZR-IP-

¥ IP-

& [P (moderate)

F  IPIGN

+  CONCLUSIONS AND RECOMMEMDATIONS

OAT -F Cand | OAT Less than | OAT Lessthan
above -5°C to-10°C -0° C

Moderste loe Pellats = Mnks oHnEE 10 Mines

o o ¥

IP-/SN Conditions IP-/SN Conditions
2 4Wind Tunnel Tests Conducted +  Recommended Allowance Times
+ 2 Falcon 20 tests Conducted OAT -2 Cand | QAT Less than | DAT Lessthan
sbowe -5°C to - 10°C -10°
+ (Observations and Recommendations Light ke Pellets Miced with Light o wes | COU1ENE N0 AllanG s currantly
Moderate Snowr

+  Testing at warmer conditions showed positive results
= le. liftloss and residual contamination

#  Testing at colder temperatures showed contamination at
end of run

+  Further testing at colder temperatures was recommended

F Mo zllowance times were issued for temperatures below
-5°C due to the lack of data collected

ilecommendations

ot
PRESENTATION OUTLINE

+  BACKGROUMD
+  PREVIOUS RESEARCH (2005-06) - pureiivind Tunneliivon
3 OWERWIEW OF 2006-07 RESEARCH +  Additional asrodynamic testing to refine allowance times
+ ALLOVVANCE TIMES #  Conduct testing with different wings
3 ZRUP- +  Super critical wing
3 Ip- ¥ Verify results at lower speeds
F 1P (moderate) 4+  Bare wing contamination tests (no fluid)
+  IPISN

F  CONCLUZIONS AND RECOMMENDATIONS
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Conditions and Restrictions
Summary of Ice Pellet Allowance Times

OAT & Cand | DAT Lessthan | OAT Lessthan a) The aircraft critical surfaces must be properly deiced hefore the
abowe -5°C to - 10°C -10° © i i i
application of Type IV anti-icing fluid;

Light kce Pdlets = ks oMIES T Uk

b) The allowance time is valid only if the aircraft is anti-iced with
Moderate loe Pellat= = Mhoks aMnEs 10 Mk Und”uted TypE ‘V flL”d

Light loe Pelists hixed vith Light or
Moderste Freezing Drizle
Light loe Pallsts hixed vith Light

= Mk LLLTT ¢) These allowance times are from the start of the Type |V anti-icing
fluid applicatian;

B E T T LT Caution: Ho
Liht toe Pellets Mixed with Light — e d) The allowance time is limited to aircraft with a rotation speed of
Rain 100 knots ar greater,;
Light koe Pdllets Mixed with Light or = ks
Moderate Snow
Conditions and Restrictions Conditions and Restrictions
e] If the takeoff is not accomplished within the applicable allowance R} If ice pellet precipitation hecomes heavier than maderate or i

time in Tabkle 10, the aircraft must he completely deiced, and if

: B R : : the light ice pellets mixed with other forms of allowable
precipitation is still present, anti-iced again prior to a subsequent

precipitation exceeds the listed intensities or temperature range,

(ke the allowance time cannot be used;

f Theﬁal\o\t/_\rar}CE E{me Ca;nnot b_teheﬁenqded by a{w !gSﬁEC“D.” of ;the i} Ifthe precipitation condition stops at or hefare the time limits of
e e S UL o e the applicakle allowance time in Table 10 and does not restart
) If the termperature decreases helow the terperature on which the the aircraft may takeoff up to 90 minutes after the start of the
allowance time was based,where the new lower termperature has an application of the Type 'V anti-icing fluid

associated allowance time for the precipitation condition and the
present time is within the new allowance time, then that new time
rmust be used as the allowance time limit;

However, under conditions of light ice pellets mixed with light
freezing rain, the DAT must not decrease during the 80-minute

period.
Operational Example (a) Operational Example (b)
=+ Light lce Pellets # Light Ice Pellet mixed with Freezing Drizzle
F  Type IV fluid +  Type IV fluid
#  Start of application time is 10:00 & Start of application time is 10:00
#  ODATis0°C # DATis0°C
F  Allowance time stops at 10:50, #  Allowance time stops at 10:25
#+  Light ice pellets fall until 10:20 and stop and do not restart #+  Light ice pellets mixed with freezing drizzle falls until 10:10 and stops
and restarts at 10:15 and stops at 10:20
=+ Provided that no precipitation restarts after the end of the
allowance time at 10:50 the aircraft may takeoff without any + Provided that no precipitation restarts after the end of the
further action up to 11:30 allowance time at 10:25 the aircraft may take off without any

further action up to 11:30
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Operational Example (c) Operational Example (d)

=+ Light Ice Pellets mixed with Light Freezing Rain =+ Light lce Pellets mixed with Freezing Drizzle

F  Type IV fluid F  Type W fluid

#  Start of application time is 10:00 & Start of application time is 10:00

+  OATIis0°C + OATis0°C

+  Allowance time stops at 10:25 #  Allowance time stops at 10025

+  Light ice pellets mixed with light freezing rain falls until 10:10 and stops #  Light ice pellets mixed with freezing drizzle falls until 10:10 and stops
and restarts at 10:15 and stops at 10:20 and restarts at 10:30

+ Provided that the OAT remains constant or increases and that no =+ The aircraft may not takeoff, no matter how short the time or type
precipitation restarts after the allowance time at 10:25 the aircraft of precipitation after 10:23, without being deiced and anti-iced if
may takeoff without any further action up to 11:30 precipitation is present

APS
\‘,..

Avicticn Inc:

Marco Ruggi
mruggi@adga.ca
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DE/ANTI-ICING FLUID HOLDOVER TIME UPDATE
2007-08 WINTER OPERATIONS

‘/ﬁ .[1‘ \\I

li’ﬁ".ii'".‘-‘é TRANSPORT CANADA SCOUIC
Aviation Inc. WINNIPEG, MANITOBA
OCTOBER 10, 2007

A
1ISO 9001:2000
v
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MICHAEL CHAPUT

MANAGER, PROJECTS AND BUSINESS
DEVELOPMENT

APS AVIATION INC.
MONTREAL, QUEBEC, CANADA
MCHAPUT@ADGA.CA
WWW.APSAVIATION.CA

APS

S Aviation Inc.

PREPARED AND PRESENTED ON BEHALF OF:

TRANSPORTATICN DEVELOPWIENT CEMTRE
TRAMNSPORT CANADA

L by
AND

FEDERAL AWVIATION ADMINISTRATION
WILLIAM J. HUGHES TECHMNICAL CEMTRE

FLUID ENDURANCE TIME TESTING AND
HOLDOVER TIME TABLE DEVELOPMENT

FLUID ENDURANCE TIME TESTING
NATURAL SMOW TESTING

FLUID ENDURANCE TIME TESTING
NATURAL SMNOW TESTING

FLUID ENDURANCE TIME TESTING
SIMULATED PRECIPITATION TESTING
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DE/ANTI-ICING FLUIDS TESTED
WINTER 2006-07

TYPE |

KILFROST DFSUSTAN
OCTAGOM [BATTELLE] ECOFLO

TYPE Il

AVIATION KI"AN HI-TECH KHF-Il
MNEWAVE AEROCHEM ICAL FCY-2

TYPE |V

KILFROST ABC-5 PLUS
LYONDELL ARCTIC SHIELD
CLARIANT SAFEWING MP v LAUNCH

SUMMARY

OF TYPE |
HOLDOVER TIME

CHANGES

FAAITC TYPE | HOT GUIDELINES 2007-08

FAA TYPE | HOLDOVER TIME GUIDELINE

T, -
CONDITINS A\D 01 TN AN TIAFYRATIRE
S A
=T it b e s e U Bt .
[
[ g | Ut s o
{ Sapn | | e | g | e |
- Lo | M = e
TS

EHE Rtoad W TYPE Il

o Tyt Ve T G
e i
|
| e | |~-»J
"
S o e [ | o] =
s e | e "B Canada
envmen
. B - el
o . T | EE
“ | os e
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FAA/TC TYPE Il HOT GUIDELINES 2007-08 TC/FAA TYPE Il FLUID-SPECIFIC

=TT e HOT GUIDELINES 2007-08
el | el | e [ [ [

F= "o T smom
= == 11 AVIATION XI“AN HI-TECH KHE A1 (NEW)
e e e 2] CLARIANT SAFEWING MP || 2025 EGO
= T T 3] CLARIANT SAFEWING MP 1| FLIGHT
o I T T 4)  KILFROST ABC-2000

—_— e 5] KILFROS T ABCI PLUS

6] NEWAWE AEROCHEMICAL FCY-I {NEW}
71 OCTAGOM EA X I
B8] SPCAECOWING 26

KILFROS T ABC -TF2 REMOYED)

I* Transports  Transport
Canada Canada

[ By Beeig

FAAITC TYPE Il HOT GUIDELINES 2007-08

F TYPE I HOLDOVER TIME GUIDELINE

TABLE L FAR GUTMLESIS PO LIV ER TS SAE TYFE 10 FLUID MISTURE 45 4 FUNCTRON OF WEATIRR
ATNITRYYS AT OU TSI ATR TEVIPERATIRE.

e,

P
=

-

TYPE 1li

| L7 ety

FAA/TC TYPE IV HOT GUIDELINES 2007-08

FAk TYPE IV HOLDOVER TIME GUIDELINE

o

| s

¥

st [t
.

TYPE IV

u

Trawpart
I‘ Caiala

i
I
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TC/FAA TYPE IV FLUID-SPECIFIC
HOT GUIDELINES 2007-08

1] CLARIANT SAFEWING MP IV 2001

2)  CLARIANT SAFEWING MP [V PROTECT 2012 [REVISED)
3] CLARIANT SAFEWIMG MP IV LAUMCH [REVISED]
4)  DOWUCAR ULTRA +

5)  DOWUCAR ENDURANCE EG106

6)  KILFROST ABCS

) EILFROST ABC-5 PLUS [REWISED)

8)  LYOMDELL ARCTIC SHIELD [MEW)

3)  OCTAGOM MAXFLIGHT

101 OCTAGON MAXFLIGHT 04

111 QCTAGON MAXFLO

121 SPCA AD-480

CLARIANT SAFEWING MP IV 2030 ECO [REMOVED]

* Transports  Transport
Canada Canada

QL

TC HOLDOVER TIME GUIDANCE
MATERIAL

htp FAsanery 160 cailnal Ruaaton oorrrnerceAoldover Tirmed
rmgni him

Guidance for Alraraft Ground loing Operations -
TP14062

B
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APS TTERTSLINREEL TS

. SUBSTANTIATION OF AIRCRAFT
GROUND DEICING HOLDOVER TIMES

IN FROST CONDITIONS

By
Marco Ruggi

Q:-:'Fiviﬂllﬂh |5,

For

Transportation Development Centre
Transport Canada

and the

Federal Aviation Administration

e —
IS0 2001:2000 -
— SAE G-12 HOT SUBCOMMITTEE h’m

MONTREAL - NOVEMBER 14, 2007
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PURPOSE

=+ Data collected by APS in natural frost conditions
was presented at the G-12 meeting in San Diego

3+ Attention was focused an

+ Reduced Endurance Times in Frost
Conditions due to Fluid Freeze Point Issues

3 Purpose of this presentation is to briefly revies
test results and:

¥+ Propose Alternatives to rectify the issues

+ Reach a consensus on “Plan of Action”

W M

BACKGROUND

2+ A survey of deicing activities at airports was
conducted by APS

+ Data was collected from airports in Morth America,
Europe and Asia

Results showed removal of frost contamination
represents a significant portion of deicing
operations

F 90% of operations for airports with warmer climates
%+ Le London and Paris

F  25% of operations for airports with colder climates
+  le dMontreal

BACKGROUND

2+ Frost HOT have always been a part of the HOT
guidelines, however fluid endurance times in frost
conditions have newver been measured.

3 Qutdoor endurance time testing in natural frost
conditions for Type [V fluids was
recommended

gy =2

PRESENTATION OUTLINE

BACKGROUND

PREVIOUS WORIK

FROST TEST PARAMETERS

T¥PE | TESTS

TYPE ALY TESTS

FLUID FREEZE POINT FAILURE

ALTERMATIVES FOR CHANGES

OPEN DISCUSZION FOR PROPOSED ALTERNATIWES

A I

BACKGROUND

#  Frequency of Deicing Operations Airport Survey 2000-03

Y =

TG report TR 143756

BACKGROUND

3 Testing was conducted by APS to:
+  Establish Appropriate Test Parameters
+ Flat Plate Testing
+ Full Scale Aircraft Tests
+  Walidate Type | HOT for Frost Conditions
+  “alidate Type 1A/ HOT for Frost Conditions
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e

v

PRESENTATION OUTLINE

BACKGROUND

PREVIOUS WORK

FROST TEST PARAMETERS

TYPE | TESTS

TYPE IAIAY TESTS

FLUID FREEZE POINT FAILURE

ALTERMATIWES FOR CHANGES

OPEN DISCUSZION FOR PROPOSED ALTERNATIVES

I T

ESTABLISH TEST PARAMETERS

Thermistor Probes

Parameters Measured:

Insulation Backing +  Icing Intensity

+  Plate/OAT Temp Differential

ESTABLISH TEST PARAMETERS

Temperature Probe

Parameters Measured:

+  Wing/OAT Temp Differential

AN

s

PRESENTATION OUTLINE

BACKGROUND

PREVIOUS WORK

FROST TEST PARAMETERS

TYPE | TESTS

TYPE AN TESTS

FLUID FREEZE POINT FAILURE

ALTERMNATIVES FOR CHANGES

OPEN DISCUSESION FOR PROPOSED ALTERNATIVES

EAR T T SR

|
g1l

VALIDATE FROST HOT'S

Frost Endurance Time Test Plates

Parameters Measured:
#  Fluid Endurance Time*,

#  Fluid Dilution

s ]

FROST TEST PARAMETERS

B PLATETESTS
+
3

144 data points collected

Test Plate and OAT temperature differential ranged from
2°C to 9°C

#  Frost rates generally ranged from 0.02 1o 0.2 g/dm@hr
* FULL-SCALEWING

122 data points collected

F  Wing and OAT temperature differential reached up to
6.5°C

J-45
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Tl

PLATE TEMPERATURE DATA

ATt

T T

arpay

=

£ ) ann E Y] 1)
our ey

I PRESENTATION OUTLINE I TYPE | TESTS
% IBACKEREUND * 47 tests were conducted with 4 Type | fluids
3 PREWVIOUS WORK By % el " Py
e measured endurance times did not violate
% IRROETES RO AMEIERS the long used HOT of 45 minutes
+ TYPEITESTS
& 5 TYPE LIV TESTS =+ Based on the data c_o\lected, the Type | HOTs
hawve been substantiated.
3+ FLUID FREEZE POINT FAILLURE
+  ALTERNATIVES FOR CHANGES
+ OPEN DISCUSSION FOR PROPOSED ALTERNATIVES + [is recommended that & note be included in
ARP 5545 indicating that testing Is not required
for frost ifthe fluid meels the cerlification
requiremenis
| ™ o e} -i! : ! __
i PRESENTATION OUTLINE i TYPE IV TESTS
% BACKERELND + 62 tests were conducted with 5 Type Il fluids
3+ PREWIOUS WORK ) )
s S RESTTES TR ARANET e 16 tests were conducted with 1 Type Il fluid
3 TYPE|TESTS + 90 tests were conducted with & Type IV fluids
s TYPE MY TESTS
% ARRIDEERERTE ERINERRILURE *  Type ILIILIV fluids were tested at neat, 75/25, and
3+ ALTERNATIVES FOR CHANGES 5050 dilutions
3 OPEM DISCUSSION FOR PROPOSED ALTERNATIVES
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3 ! X H.-.m!

b L

TYPE IVINAV TESTS

2+ 15 Type |l tests and 21 Type |V tests generated
reduced endurance times in comparison to the

current frost values issued in the HOT Guidslines

Discrepancy in endurance times was attributed to
fluid freeze pointissues for 86% of the cases

~E ! X r\.-s‘!!

FLUID FREEZE POINT FAILURE

Reduced fluid endurance times were experienced
wihen QAT approached fluid LOUT

The plate surface temperature would cool closer to
the fluid freeze point causing fluid failure

Fluid dilution and erosion did not significantly
contribute to the failure

: ! - ._,s'i_
1

'FLUID FREEZE POINT FAILURE

+  Fluid freeze point failure can be experienced with
dilutions when operating close to the LOUT

F  Assuming AT=9%C

Fassible Surace
Type VIV Dilution LouT Approsi mate FFF FrJ:?E;.gi{L?.im
LouT
Meat -25 el =R
7S -14 21 21
soeEn -3 o A0
g a _ﬁ_ @.‘ ; ﬂ- !

T

PRESENTATION OUTLINE

BACKGROUND

PREWVIOUS WORIK

FROST TEST PARAMETERS

TYPE | TESTS

TYPE ALY TESTS

FLUID FREEZE POINT FAILURE

ALTERMATIVES FOR CHANGES

OPEN DISCUSZION FOR PROPOSED ALTERNATIVES

E I

) ! i S !
ol

'FLUID FREEZE POINT FAILURE

+ EXAMFLE

Type [V 75/25 Fluid

OAT = -13.9°C (within operational limif)

Plate Temperature = -13.9°C - (7 °C) = 20.9°C
Fluid Freeze Point= 21°C

# Fluid would be designed with 7°C buffer based on
LOUT of -14°C

*

>
i
F

+ Plate temperature is cooled to LOUT

+ Fluid experiences contamination as ice
crystals begin to form sporadically in fluid

} L —

\ !\7 P—— !

i 'FLUID FREEZE POINT FAILURE

+ The HOT table provides operational ranges
specifying imits based on OAT
+ In frost conditions, the skin temperature of an

aircraft may be several degress lower than the
OAT

If operating with a fluid close to the LOUT during
frost conditions, the skin temperature of the aircraft
could reach the fluid freeze point potentially
causing ice to form in the fluid

FROST HOT'S NEED TO REFLECT SKIN
TEMPERATURE
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r > . 55
PRESENTATION OUTLINE ALTERNATIVES FOR CHANGES

+  BACKGROUND + Based on the data collected, changes to the

3+  PREVIOUS WORK Frost HOT’s are required to account for;

# FROST TEST PARAMETERS + Endurance Time Data Collected

+ TYPEITESTS #  Fluid Freeze Point Failure

3 TYPE WY TESTS

*  FLUID FREEZE POINT FAILURE + 3 0Options have been developed:

*  ALTERMATIVES FOR CHANGES ‘ | 3 CURRENT FORMAT / REDUCED HOT'S

3 OPEN DISCUSSION FOR PROPOSED ALTERNATIVES - 59 I EP A ATEIE RO AR E

+ CURRENT FORMAT / OAT FOOTNOTES

W - ot OPTION 1
T oy
f CURRENT FORMAT / REDUCED HOT'S
ALTERNATIVES FOR CHANGES
Typn M FAuld Heldawer Time 1 Unear ¥arlaun
1 Cutslde Alr Tamparaira fheurs :minuten }
+ OPTION 1- CURRENT FORMAT | REDUCED HOT'S i e
et Frar
+  Lse current temperature breakdowns for Frost HOT's SHRE L e
Teem | Tegm Il Tegn Il Tege B
¥ Issue reduced HOT changes in current HOT table fommat T e e o
+ Pros . sl e 150 58 188 503
& Mochange in table format required S T_:f TE m
A Allows for fluid specific frost numbers to be easily incorporated in w w
the eventthat thiz is needed bromd | beowat L. oS 50 cE 0
B- n
. + Cons F'":;"‘! !""']“"1 15 R 10 T
& Reductionin HOT in frost conditions for Type Il and Type ¥ fluids
BelEm -1 bebm 1
!' 16 & TH | AR TN 1ma B 200 A
o | w25 B-1a 2:00 0

L oy
CURRENT FORMAT / REDUCED HOTS 7
ALTERNATIVES FOR CHANGES
Tyan M Auld Halgawer Tima s Undar¥erioun
AT | BT minuies ¥+ OPTION 2 - SEPARATE FROST TABLE
: At Frart
CLRMAL ORI [ ey +  Issue frost HOT's on a separate table
il B s Tom | [ Torl | Teeal | oo B 2 ) )
\ ; : #  Remove frost HOT's fram generic and fluid specific tables
1ma 8:00 roo 12100
[ ame | #am [} f— # Change temperature ranges to reflect skin termp. differential
[ Bl G "‘. L sor | 1 \"'\ experienced during frost conditions
| - i o:aa o + Pros
[ O o pe | zod [FEE % Would facilitate operations (33% of total defanti-icing
|| ma w1 = . operations)
I HE S T T 500 i 500
\ ) 100 o0 / e = Logical because frost HOT's are generic
| emett | eeemd
__H;nrmj gu!nv.n' 1ma f"‘n‘: 2 ?:nn !! 20
i il B ¥ Additional table to be added to HOT Guidelines
S~ S i 3 Additional training reguired
TTse Current OAT Breakdown | | Reduce HOT s | " BEosisren
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OPTION 2 OPTION 2
SEPARATE FROST TABLE SEPARATE FROST TABLE

Typn WAWE ARRrEIIM I Heldawr Tima 1 UnEarVaraan Typs NWAEE ABEraXmAT HaldEwar Tima 1 dnear Vareu
Outildn Alr Tampara | Thawr minutan Cutildn Al Tamaara kira| Theurs mindtar |
Nunt AuiEnaater Nunt AuisAsater
Digrn | Dagramn | e ke BELNTRE Dprian | Dgrnt | e St RERI R
eI Gl ik Tucm | Tegu |l Tvoe Il Tegn W L Gokilrw1 Tecm | Tuge |l Tuge lll Teon N
1ma B:38 208 1280 1me B8 zom 1280
f
/ T =—
Aad | Daw g | Daw AT —~,
e e 156 200 L il fff s ame || 15E S L0, Bad
1 7
00 o . \ BT o S
50 ey 030 300 | | s e 030 3100
T AT e e [l /
o no 1ma oS B:a8 208 1280 oo ot fii = 2y B8 208 1zmm |
o | e o e o A i \
: ! : T | |
below -3 | below 27 || pelow < | beow e ||
o et 155 530 140 500 | [ My Gan ) E \ som 10 538 |
[P e '\ e e
pootemy | gz e y i prome iy | pesemy |/ % . -
©25 o 1ma B, amm 4200 w25 oy 1mo EZIp. 200 A0
below 7 | below 14 B S bslow 7 | below 13 . el (k]
10 21 LR to-21 bs /S .

AThichaldover Hme onlyapplisc o uteids alrbsm perahire o to - 192¢309F) underacve Toct Annbwamrumyﬁ;m}\cb suteids alrtsmperaturs ¢ bo 192 (209F) i erantye tach—
i

i | Change QAT Breakdown ‘ | Less Reduced HOT s

OPTION 3

- 4 CURRENT FORMAT / OAT FOOTNOTES
ALTERNATIVES FOR CHANGES e e T
Nunt AuldAlter
4 t
+ OPTION 3 - CURRENT FORMAT ! OAT FOOTMNOTES BT I T (O o S

Qi Fhrnhil Tem | | Tl | vmall [ ema i

#  |ssue changes in current HOT Tables 1mo B0 200 13m0

= Restrict use of fluids to reflect skin termp. differential experienced Aad = aE j .
during frost conditions L CEAD L S Lo 538
R
# Include nates in tables to describe temperature restricitons o 200" ey e
+ Pros semd | meemm L LHE 200 200 1200
-1l =1
+ Mo change in table farmat required HIO&rTH] | (T4 TH) 157 500" oot | S0t
i #  Allows Tor fluid specific frost numbers to be easily incorporated in
the event that this is needed Pl [l e ol e e
B2 e-13
+ Cons
o 3 Additional footnotes required in tables B e s e e Sl LR
- 3 Additional training required ;‘n‘;‘h;': ::Idowrﬂmoclppl;b cutdde alr #mp sralirecbetvesn TR (89 and -2 182 (2 *Fiunder
iy i Beiorm i
|

OPTION 3 APS
GCURRENT FORMAT / OAT FOOTNOTES e 3
ey T, [ e e PRESENTATION OUTLINE
— —_— — Nunt Aulgitater e
i || e 3 BACKGROUND
Aa i F'""""!_t Tomm | Tegm !l | Tge Wl | Twge W
| ma e 3 PREVIOUS WORK
f| 2o e N o e e > FROST TEST PARAMETERS
[ | s 38 | o | om0 3 TYPEITESTS
| ms [ || o | PR o [ +  TYPE IV TESTS
=1L
| |ewerm| gamm [T o e [ [ #  FLUID FREEZE POINT FAILURE
- i % ALTERNATIVES FOR CHANGES
emerm|mem|  ma o PETT I 2 3 OPEN DISCUSSION FOR PROPOSED ALTERNATIVES
[ -.‘h-as B-a/ f-l
& / e e L i
[t T oe o o ver fime s aDD1y © 0u tHd & AIF B MR AMAITE D hiaRn 795 (1BSF)aNd -2 15 (4 " undr— '\ :
| adwdE— 3 S -
Tse Current OAT Breakdown ‘ | Footnotes Eequired | | i e ioren
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OPTION 1
CURRENT FORMAT / REBUCER HOT'S
S - Lt M et L b
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=: — Marco Ruggi
[ X
= i e mruggigadga.ca
el : = [ e
e o [ = |
B Jl ol peielry - .
[ CwupOatBrdiosa | [ Lew Eslwel BOT: | [ GuCusuwOA Baddom | | Feotofw Bagmed | 5 ang'kw

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix J/Appendix J.docx
Final Version 1.0, February 26
J-50



APPENDIX J

IN SIMULATED MIXED
CONDITIONS WITH ICE PELLETS
By
Marco Ruggi

APS

y 2 Aviation Inc.

For

Transportation Development Centre
Transport Canada

and the
ey Federal Aviation Administration
1SO 9001:2000
N—— SAE G-12 HOT SUBCOMMITTEE m
MONTREAL - NOVEMBER 14, 2007
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APPENDIX J

PRESENTATION OUTLINE BACKGROUND

+  BACKGROUND + Recentindustry need to provide aircraft operators
+  PREVIOUS RESEARCH (2006-07) with holdover times for ice pellet conditions

F  REGULATORY GUIDANCE MATERIAL #  During the winter of 2006, FAA provided a 25-

+  FOLLOW UP RESEARCH minute allowiance as a preliminary guideline

S VALIDATION OF ALLCWANCE TIMES
+  FLUID AGING TESTS
+  LIGHT RAIN AND LIGHT ICE PELLET TEETS
+  FUTURE WORK
#  CURRENT ICE PELLET GUIDANCE MATERIAL

+  Allowance based on the previous research
conducted during the winter of 2005-06, primarily
as a result of Falcon 20 aerodynamic research
(SAE Lisbon 2006)

+  Allowance was followed by a list of conditions
restricting operations

#  Le lce pellets alone, no mixed conditions - —
i Encioren

. ——

PRESENTATION OUTLINE

BACKGROUND

FREWIOUS RESEARCH (2006-07)
REGULATORY GUIDANCE MATERIAL
FOLLOW UF RESEARCH

F WALIDATION OF ALLOWYANCE TIMES

F  FLUID AGING TEBTS

+  LIGHT RAIM AND LIGHT ICE PELLET TESTS

#+  FUTURE WORK

#  CURREMT ICE PELLET GUIDANCE MATERIAL

BACKGROUND

#*+  Dueto the high occurrence of ice pellets combined
with rain, freezing rain, or snow, industry requested
additional guidance material for operations in
mixed ice pellet conditions

A

+  Additional endurance time testing and
aerodynamic research was conducted in simulated
ice pellet conditions during the Winter of 2006-07

+  Testing was directed by TC and FAA

Wind Tunnel Testing

PREVIOUS RESEARCH

+ Conduct research to substantiate and possibly
expand current 25-minute ice pellet only allowance
time

=+ Flat plate testing was conducted to investigate fluid
adherence in mixed ice pellet conditions

F  Aerodynamic research was conducted to investigate
fluid flow- off of contaminated fluid following simulated ice
pellet and mixed conditions

2  MWRC open circuitwind funnel (MACA 23012 wing section)
= MRC Falcon 20 aircraft
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Wind Tunnel Testing Falcon 20 Testing

Trailing Edge of = _7 Falcon 20 Aircraft

TWing Section

PRESENTATION OUTLINE
Test #11 #  BACKGROUND
Type IV PG, ZR-&IP- 20+5 gidmh, 40 min, +  PREVIOUS RESEARCH (2006-07)
OAT-2%C, Wing -4°C +  REGULATORY GUIDANCE MATERIAL
#  FOLLOWY UP RESEARCH
3+ WALIDATION OF ALLOWAMCE TIMES
3 FLUID AGIMG TESTS
i #+  LIGHT RAIM AMD LIGHT ICE PELLET TESTS
FUTURE WWORK
?-l #  CURRENT ICE PELLET GUIDANCE MATERIAL
-
“ | Fueimren
| i
- y REGULATORY GUIDANCE
REGULATORY GUIDANCE MATERIAL
MATERIAL
+  Allowance times were presentad in May 2007 at OAT -5°C aml | OAT Less than | OAT Less than
the G-12 HOT Subcommittee meeting in San L Ay P E
Diego Light Ice Pellets 50 hinutes 30 Minutes 30 Mrustes
+  Allowance times provided guidance material for Moderate lce Pellets 26 Minutes 10 Minutes 10 hinustes
% Light Ice Pellets Only :;:g':;':; ;::_‘.’3 R aa Lt 25 Minutes 10 hnuges Tation. e
‘ F+  Moderate Ice Pellets Only Light Ice Pellets Mixed with Light or S "l'f“m’ir.ﬁiéfff
=  Light Freezing Rain and Light lce Pellets Ll
?.. =+ Snow and Light lce Pellets
-
5 @ﬂm "

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix J/Appendix J.docx
Final Version 1.0, February 26
J-53



APPENDIX J

| REGULATORY GUIDANCE
MATERIAL

# Industry requested additional guidance material
+ Mixed Freezing Drizzle and Light Ice pellets
*+ Mixed Light Rain and Light lce Pellets

FOLLOW-UP RESEARCH

+ Additional flat plate testing and analysis was required

= Testing was conducted at the NRC Climatic
4 Engineering Chamber in July 2007
f

PRESENTATION OUTLINE

BACKGROUND

FRE¥IOUS RESEARCH (2006-07)
REGULATORY GUIDANCE MATERIAL
FOLLOW UP RESEARCH

F WALIDATION OF ALLOWYANCE TIMES

F  FLUID AGING TEBTS

+  LIGHT RAIM AND LIGHT ICE PELLET TESTS

+  FUTURE WORK

# CURREMT ICE PELLET GUIDANCE MATERIAL

o ¥

| FOLLOW-UP RESEARCH
OBJECTIVES

7+ VALIDATION OF ALLOWANCE TIMES

+ Toinvestigate the level of contamination obhserved at the
end of the allowance period.

~ + FLUID AGING TESTS

PRESENTATION OUTLINE

BACKGROUND

PREWIOUS RESEARCH (2006-07)
REGULATORY GUIDANCE MATERIAL
FOLLOW UP RESEARCH

+  VALIDATION OF ALLOWANCE TIMES

#  FLUID AGING TESTS

% LIGHT RAIN AND LIGHT ICE PELLET TESTS

¥ FUTURE WORK

%  CURRENT ICE PELLET GUIDAMCE MATERIAL

¥

+  Investigate effects of fluid "aging" following the end of the
allowance time (done in confunction with Validation tests)

+ MIXED LIGHT RAIN AND ICE PELLETS TESTING

# Toprovide a basis for an allowance time recommendation

5

VALIDATION OF
ALLOWANCE TIMES
+ Flat plate testing was conducted at the upper

precipitation imits for each of the allowance time
conditions.

Atthe end of the allowance time, the fluid was
inspectad to verify for fluid adherence
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LIGHT FREEZING RAIN AND
LIGHT ICE PELLETS

*  Type IV EG Fluid

#  Fluid condition at the end of the Allowance Period

OAT =-5°C

QAT =-10°C

MODERATE ICE PELLETS ONLY

*  Type IV EG Fluid

#+  Fluid condition at the end of the Allewance Feriod

OAT =-5°C

OAT =-25°C

VALIDATION OF
ALLOWANCE TIMES

¥ Fluid adherence was only observed during testing
conducted in mixed light freezing rain and light ice

pellets at warmer temperatures (-5°C)

+ These results are typical with freezing rain at
warmer temperatures (as seenin standard HOT
testing)

Adherence was not observed during mixed light
freezing rain and light ice pellets at -10°C

LIGHT ICE PELLETS ONLY

*  Type IV EG Fluid

+  Fluid condition at the end of the Allewance Period

SNOW AND LIGHT ICE PELLETS

*  Type IV EG Fluid

#+  Fluid condition at the end of the Allewance Feriod

VALIDATION OF
ALLOWANCE TIMES

2+ Mo adherence was documented during light and
moderate ice pellet only tests, as well as during
snow and light ice pellet tests

+ Atthe colder temperatures, the ice pellets
embedded in the fluid took a significantly longer
time to dissolve in comparison to tests conducted
at warmer temperatures

J-b5
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e
VALIDATION OF
ALLOWANCE TIMES

#  The fluid condition at the end of the allowance time
for all conditions demanstrated acceptable
amounts of contamination

¥+ The allowance times issued for the winter of
200708 were deemed acceptable

o
FLUID AGING TESTS

<+ Flat plate testing was conducted at the upper
precipitation limits for each of the allowance time
conditions.

+ Atthe end of the allowance time, the precipitation
was stopped and the plates were leftin the cold
chamber for an additional 30 minutes

Atthe end of the aging period, the fluid was
Inspected to wverify for any changes in the fluid
condition

'..—_}_

PRESENTATION OUTLINE

BACKGROUND

FRE¥IOUS RESEARCH (2006-07)
REGULATORY GUIDAMNCE MATERIAL
FOLLOWY UP RESEARCH

F WALIDATION OF ALLOWYAMCE TIMES

#  FLUID AGING TEBTS

+  LIGHT RAIM AMD LIGHT ICE PELLET TESTS
FUTURE WORK

# CURREMT ICE PELLET GUIDANCE MATERIAL

¥ o ¥

SNOW AND LIGHT ICE PELLETS

+  Type IV EG Fluid
o A =esaE

EMND OF ALLOWANCE 1 EMD OF AGING

LIGHT FREEZING RAIN AND
LIGHT ICE PELLETS

2+ Type IV EGFluid
w i TieenlT

EMD OF ALLOWARCE

EMD OF AGING

B

FLUID AGING TESTS

+  When the precipitation was stopped, the visual
condition of the contaminated fluid would improve

+ Imbedded or bridging frozen precipitate wolld
further dissolve resulting in a wisual improvement
of the fluid condition

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix J/Appendix J.docx

J-66

Final Version 1.0, February 26



APPENDIX J

FLUID AGING TESTS

During light freezing rain mixed with light ice
pellets tests, the fluid diluted close to the freeze
point by the end of the allowance time

The fluid condition improved slightly during the
aging period

#  Adhered patched diminished in size.

In the event of a drop in temperature, the adhered
patches may be conducive to further freezing and
adhering of the diluted fluid

4 M@Q

.:4
PRESENTATION OUTLINE

BACKGROUND

FREWIOUS RESEARCH (2006-07)

REGULATORY GUIDANCE MATERIAL

FOLLOW UP RESEARCH

S VALIDATION OF ALLOWANCE TIMES
+  FLUID AGING TESTS

\ >

1y

o

LIGHT RAIN AMD LIGHT ICE PELLET TESTS
FUTURE WORK
CURREMT ICE PELLET GUIDANCE MATERIAL

LIGHT RAIN AND LIGHT ICE PELLETS

*  Type IV EGFluid
T

Adherence

"]

FLUID AGING TESTS

Fluid aging generally demonstrated positive effects
on the fluid condition

=+  Reduced contamination at the end of aging period

Fluid protection was deemed acceptable for
aging period of 30 minutes following end of the
allowance time precipitation period

iy
LIGHT RAIN AND
LIGHT ICE PELLETS
Flat plate testing was conducted at the upper

precipitation limits for mixed light rainand light ice
pellets

Testing was conducted at 0°C, 1°C, and 2°C

Fluid was exposed to precipitation for 40 minutes
and was inspected to verify for fluid adherence.

F
LIGHT RAIN AND
LIGHT ICE PELLETS
Adhered patches of ice were observed in the fluid
for tests conducted at 0°C and 1°C

Latent heat of cooling generated by the melting ice
pellets caused the plate temperature to drop beloiw
Zero

Allowied for the fluid to freeze once the required
fluid freeze point was reached

Testing conducted at 2°C did not show signs of
adherence

#  Plate ternperature did not sufficiently drop below 0°C to

allow for solid adherence, Evcioren
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LIGHT RAIN AND
LIGHT ICE PELLETS

+  Level of adherence at the end of the test for 0°C
and 1°C was comparable to light freezing rain and
ice pellets test results

-+ The current allowance times for light freezing
rain and light ice pellets were deemed
approptiate as a conservative guideline

(et 3
PRESENTATION OUTLINE

BACKGROUND

FREWIOUS RESEARCH (2006-07)
REGULATORY GUIDANCE MATERIAL
FOLLOW UP RESEARCH

F WALIDATIOM OF ALLOWANCE TIMES

F  FLUID AGIMG TESTS

LIGHT RAIM AND LIGHT ICE PELLET TESTS

#  FUTURE WORK

#  CURREMT ICE PELLET GUIDANCE MATERIAL

o

PRESENTATION OUTLINE

BACKGROUND

PREVIOUS RESEARCH (2006-07)
REGULATORY GUIDANCE MATERIAL
FOLLCWY UP RESEARCH

& YALIDATION OF ALLOWANCE TIMES

F+  FLUIDAGING TESTS

= LIGHT RAIM AMD LIGHT ICE FELLET TESTS

+  FUTURE WORK

+ CURRENT ICE PELLET GUIDAMCE MATERIAL

OO ¥

R ' (st _

it 3
FEEZING DRIZZLE AND
LIGHT ICE PELLETS

Testing in freezing drizzle and ice pellets was not
conducted

The current allowance times for light freezing
rain and light ice pellets were deemed
appropriate as a conservative guideline

[ St

FUTURE WORK

Additional aerodynamic testing to refine and
possibly expand current allowance times

Aerodynamic testing with different wings
¥ Super critical wing
Verify results at lower rotation speeds

Develop repeatable protocol for ice pellet
allowance time testing

; i Il ! J,,L_.s_

CURRENT ICE PELLET
GUIDANCE MATERIAL

TC and FAA issued guidance material for
operations in ice pellet conditions for the winter of
2007-08

Both versions essentially provide the same data
and information

Differentiating exception is treatment of "fluid
aging” following the end of the allowance time
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s n'._]
VALIDATION OF
ALLOWANCE TIMES

+ The fluid condition at the end of the allowance time
for all conditions demonstrated acceptable
amounts of contamination

+ The allowance times issued for the winter of
200708 were deemed acceptable

FLUID AGING TESTS

3+ Flat plate testing was conducted at the upper
precipitation limits for each of the allowance time
conditions.

3+ Atthe end of the allowance time, the precipitation
was stopped and the plates were left in the cold
chamber for an additional 30 minutes

Atthe end of the aging period, the fluid was
inspected to verify for any changes in the fluid
condition

» ."r-, Y

"]
PRESENTATION OUTLINE

BACKGROUND

PREVIOUS RESEARCH (2006-07)
REGULATORY GUIDANCE MATERIAL
FOLLOWY UP RESEARCH

F WALIDATION OF ALLOWYAMNCE TIMES

#  FLUID AGING TEBTS

#  LIGHT RAIN AND LIGHT ICE PELLET TESTS
FUTURE WORK

+  CURREMT ICE PELLET GUIDANCE MATERIAL

¥

SNOW AND LIGHT ICE PELLETS

+  Type IV EG Fluid
> OAT =-5°%C

EMD OF ALLOWYARN . EMD OF AGING

LIGHT FREEZING RAIN AND
LIGHT ICE PELLETS

+  Type IV EG Fluid
o CTNIp=EE

EMD OF ALLOWARCE EMD OF AGING

FLUID AGING TESTS

* When the precipitation was stopped, the visual
condition of the contaminated fluid would improve

+ Imbedded or bridging frozen precipitate wold
further dissolve resulting in a wisual improvement
of the fluid condition

J-69
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FLUID AGING TESTS

¥ During light freezing rain mixed with light ice
pellets tests, the fluid diluted close to the freeze
point by the end of the allowance time

~+ The fluid condition improved slightly during the
aging period

#  Adhered patched diminished in size.

In the event of a drop in temperature, the adhered

! patches may be conducive to further freezing and
adhering of the diluted fluid

.\'4
PRESENTATION OUTLINE

BACKGROUND

FREVIOUS RESEARCH (2006-07)
REGULATORY GUIDANCE MATERIAL
FOLLOW UP RESEARCH

F WALIDATION OF ALLOWANCE TIMES

.\_. F  FLUID AGIMG TESTS

-

Vs,

¥

LIGHT RAIN AND LIGHT ICE PELLET TESTS
FUTURE WORK
CURRENT ICE PELLET GUIDANCE MATERIAL

” Bocigren

LIGHT RAIN AND LIGHT ICE PELLETS

+  Type IV EG Fluid
¥ OAT1°C

| Adherence

]

FLUID AGING TESTS

2+ Fluid aging generally demonstrated positive effects
on the fluid condition

+  Reduced contamination at the end of aging period

=+ Fluid protection was deemed acceptable for
bl aging period of 30 minutes following end of the
allowance time precipitation period

‘Cd
LIGHT RAIN AND
LIGHT ICE PELLETS

~+ Flat plate testing was conducted at the upper
pracipitation limits for mixed light rain and light ice
pellets
+ Testing was conducted at 0°C, 1°C, and 2°C
' > Fluid was exposed to precipitation for 40 minutes

and was inspectad to verify for fluid adherence

_'
LIGHT RAIN AND
LIGHT ICE PELLETS
+  Adhered patches of ice were observed in the fluid
for tests conducted at 0°C and 1°C

+ Latent heat of cooling generated by the melting ice
pellets caused the plate temperature to drop below
ZEro

|

l >

e,
B
-

Allowied for the fluid to freeze once the required
fluid freeze point was reached

Testing conducted at 2°C did not show signs of
adherence

#  Plate temperature did not sufficiently drop below 0°C to

allow for solid adherence, Ee oy
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IMPLEMENTATION OF HOLDOVER TIME
DETERMINATION SYSTEMS INTO CANADIAN
AIR OPERATIONS

UPDATE FOR 2007-08 OPERATIONS

ACAR H?G DISPLAY
FREE TEX
o

RETURN TO
?EEEoF?"%m 7Y g

Al

% SAE G-12 HOLDOVER TIME
SUBCOMMITTEE MEETING

2 Aviation Inc.
1SO 9001:2000 MONTREAL, CANADA
i NOVEMBER 14, 2007
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MICHAEL CHAPUT

MANAGER, PROJECTS AND BUSINESS
DEVELOPMENT

APS AVIATION INC.
MONTREAL, QUEBEC, CANADA
MCHAPUT@ADGA.CA
WWW.APSAVIATION.CA

B @5

e\ }

74YA HED X

R v
= Avigtion Inc.

CURRENT TOOLS

DE/ANTI-ICING FLUID
HOLDOVER TIME TABLES

METAR

VISIBILITY TABLES

HOLDOVER TIME TABLES

'SAE TYPE IV FLUD AOLDOVER UDELINES R WNTER 6 26"

¥

Anti-icing perfermance guidelines for de/anti-icing fluids

Generic Tables for Types |, Il, Ill and IV
Brand-Specific Tables for Types Il and IV

¥ ¥

APS

Afon .

¥

Published annually by Transport Canada / FAA

CURRENT SITUATION

» The industry has long sought specialized tools to assist flight
crews in assessing winter weather and making fluid holdover
time decisions

= Currently, flight crews must rely on experience, training and
limited tools to:

> Interpret winter weather conditions;

> Interpret horizontal visibility and assess precipitation intensity;

rInterpret the meaning of the holdover time range for each
condition; and

> Determine an appropriate holdover time based solely on the
reported weather conditions and/or visual observations

APS

uigton .

DE/ANTI-ICING FLUID
HOLDOVER TIME
TABLES

HOLDOVER TIME TABLES

‘SAE TYPE IV FLUD AOLDOVER GUBELINES FCR WATER s 2

e R
el

Variables: Temperature, Dilution, Precipitation Type

APS

Afon .

Holdover Time Range = 0:35 to 1:15
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METAR WEATHER

= METAR: Aviation routine weather report

7 In Canada, METAR are generated by computer

MET AR software based on hourly or special observations

taken at staffed or automatic sites

APS

uigton .

METAR WEATHER

METAR CYUL 161000Z 04016KT 5/8SM -SN BLSN V004 M09/M10 A2996

LT 1] VISIBILITY TABLES

AIRPORT TIME WINDS ~ VIS. CONDITION VERT. TEMPS  ALT.

APS

uigton .

VISIBILITY TABLES TC VISIBILITY TABLE
Tomperature Range it
~Pilots use visual cues to assess intensity of ahing
snowfall o | o | v [ s | | vy
»TC / FAA provide carriers with visibility tables o 1. ) 4
for the use of horizontal visibility to categorize ) S el e
the snowfall intensity e foes | | e |
oo

Aps I*I Transports  Transport

Canada Canada

uigton .
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HOLDOVER TIME TABLES

= The holdover time information provided to the industry for aircraft
de/anti-icing fluids has been an important tool for safe winter operations

> Quality of the information contained within the various holdover time
tables has improved dramatically

DE/ANTI-ICING FLUID
H O LD OVE R TI M E ability to use the information has NOT improved
TABLES

= Despite the improvement in the holdover time information, the pilot's

APS

udaton .

HOLDOVER TIME TABLES HOLDOVER TIME TABLES

SAE TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2006 20¢6'
THE RESFONSIELI™ FOR THE APPLCATON CF THESE D474 REWAIS Wk THE LSER % Holdover times are a range of times and not a single value

= Values obtained from tests performed at low end and high
end of the rate spectrum for each condition

N

» Holdover times are derived from tests performed at specific

kil sl \ NG b S rates of precipitation for each meteorological condition
Variables: Temperature, Dilution, Precipitation Type * Liquid Water Equivalent (LWE)
Holdover Time Range = 0:35 to 1:15 Aps Aps
‘Aviction Inc. Avation Ihc.
DE/ANTI-ICING FLUID HOLDOVER TIME DETERMINATION
HOLDOVER TIMES Fevens s
‘?: “‘AA
= If the precise rate of precipitation (LWE) is known, a ‘X“ HOT at 13 gldm?/h = 75 MIN

“single-value” fluid holdover time can be computed w0

for any def/anti-icing fluid OT at 20 g/dm?/h = 55 MIN

Fula Faure Time on Piste (in

HOT at 7 g/dm?/h = 110 MIN

. H HOT at 35 g/dm?/h = 35 MIN
H . SNOW. . . I

Pite pan
Rate of reciphation (/4

e CURRENT HOT RANGE = 45 TO 85 MINUTES
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METAR WEATHER OBSERVATIONS

= Surface weather observations at Canadian airports
are recorded according to the Manual of Surface
Weather Observations (MANOBS)

= MANOBS is an Environment Canada document that
was published in 1977, and was incorporated by
Transport Canada as a CARs Standard in 1996

APS

uigton .

DEFICIENCIES OF MANOBS DEFICIENCIES OF METAR

> MANOBS predates a number of major changes to aviation weather services and » No quantitative measurement of precipitation intensity
was not developed with aviation weather reporting in mind

-+ No correlation between holdover time definitions of precipitation

> Witten at a time when weather observers were government employees and the
intensity and those reported by METAR

provision of the aviation weather services was the responsibility of the

government

- Manual is prescriptive about what procedures are to be followed but is silent in " Frequency of METAR reports
many other areas:

» Hourly
> Training of observers *» SPECI
* Establishment of performance goals such as accuracy of observations
 Poor at identifying changing weather, especially as it pertains to

aircraft ground deicing

APS APS

o . o .
CHANGING CONDITIONS
March 5, 2004, 15-16 GMT, YUL
Condition Rate Measurea [ o T

Time (GMT) According to by Precipitation 5
ATis Pans (alami/m) | VS (rem i)

1457 Rain, Fog 9.1 9

15:12 Rain, Fog 3.6 4.3

15:27 Rain, Fog 204 21.2

15:42 Rain, Fog 20.1 G2 VISIBILITY TABLES

METAR DID NOT CHANGE FOR THE HOUR PERIOD

METAR: 05009KT 1 1/2SM -RA BR Aps

uigton .

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix J/Appendix J.docx
Final Version 1.0, February 26
J-65



APPENDIX J

VISIBILITY TABLES

~-Pilots use visual cues to assess intensity of
snowfall

=»TC / FAA provide carriers with visibility tables
for the use of horizontal visibility to categorize
the snowfall intensity

~-Industry experts agree this method is not accurate

APS

aton e,

VISIBILITY vs. RATE

(1995-96 to 2001-02) (BELOW -1°C)

MSC Visibility (Statute Miles)

s

100

ACTUAL REPORTED EVENT - YUL
16 DECEMBER 2005 11372

Reported Temperature, Precipitation: -8.0°C, Snow
Snow intensity based on reported METAR visibility (1/2): Moderate

APS calculated rate of precipitation: 74.3 g/dmh
Snow intensity based on rate: Heavy

HOLDOVER TIME BASED ON VISIBILITY (MODERATE

Type IV: 25 to 55 min.
Type |: 4 to 6 min.

ACTUAL HOLDOVER TIME BASED ON RATE

Type IV: +/- 10 min. Aps
Type I: +/- 2 min.

aton e,

TC VISIBILITY TABLE

Vit nSnow
F—— ity b S
aing
o | e | v | wotee | [venuan
s | soms ‘
Bl I IR TRV e
ouiness
PRURY P) [P P e
awe fmm | e | ves | s
Daylight
soot |sonn | e [ ssura | mmez | 2

Transports ~ Transport
Canada Canada

USE OF VISIBILITY TABLES

=-Use of visibility tables will only enable a general
classification of snowfall intensity

- Not useful for other precipitation conditions

»Doesn't provide a LWE, and thus won't
eliminate interpretation of holdover time range

APS

aton e,

ACTUAL REPORTED EVENT - YUL
4 JANUARY 2006 1306Z

Jel T P -9°C, Snow Grains
Snow intensity based on reported METAR visibility (3/4): Moderate

APS Calculated rate of precipitation: 2.9 g/dm?/h
Snow intensity based on rate: Very light

HOLDOVER TIME BASED ON VISIBILITY (MODERATE)

Type IV: 25 to 55 min.
Type |: 4to 6 min.

ACTUAL HOLDOVER TIME BASED ON RATE

Type IV: +/- 90 min.
Type I: +/- 14 min. Aps

aton e,
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HOLDOVER TIME
DETERMINATION

SYSTEMS

TECHNICAL EVALUATION OF
HOTDS

= APS compared D-lce A/S System outputs (rate, precipitation
classification, temperature) with:

*»Manual data collections (using historical holdover time
precipitation rate methodology)

APS

D iton e

TECHNICAL EVALUATION OF
HOTDS

= In August 2003, APS was contracted by D-Ice A/S to conduct an
independent technical evaluation of the D-Ice System

~ Evaluate the system’s ability to:
»Compute a precipitation rate
= Determine the prevailing meteorological conditions

~Determine a holdover time based on the prevailing
conditions and computed rate

APS

2 fon .

HOLDOVER TIME DETERMINATION
SYSTEM (HOTDS)

- System consists of numerous sensors enabling the determination of:

+ Rate of precipitation
-+ Type of precipitation
- Ambient temperature

> System outputs can generate a “single-value” holdover time for each
departing aircraft

APS

2 fon .

D-ICE SYSTEM INSTALLATION AND COMPONENTS

Weather sensor

Precipitation rate unit
Temperature sensor

S
N

~ TWOD-ICE UNITS INSTALLED AT YUL
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D-ICE UNIT INSTALLED AT YYZ

TEST RESULTS SUMMARY

= Analysis of the rate outputs of the D-Ice A/S System is excellent: rates
measured in snow, freezing rain, freezing drizzle, snow pellets, ice
pellets compared well to those measured using historical methodology

> Ability of the D-lce A/S System to measure accurate temperature and
detect and identify precipitation type is excellent

= SYSTEM IS READY FOR OPERATIONAL USE

APS

udaton .

ISSUE OF CERTIFICATION

Air carriers and airports, when approached about using a
HOTDS, invariably asked if the system was “certified”

The issue of “certification” was discussed in great detail with
Transport Canada, Environment Canada and NAV CANADA

Transports  Transport APS

Canada  Canada

Aitenbe.

TEST SUMMARY — WINTER 2003-07
D-ICE A/S DEICING INFORMATION SYSTEM

- 2003-04: 409 data points were
collected during 24 data collection
events

*

2004-05: 424 data points were
collected during 20 data collection
events

*

2005-06: 700 data points collected
during 23 data collection events;
data collected with two units

¥

2006-07: Approx. 400 data points
during 15+ data collection events

IMPLEMENTATION OF
HOLDOVER TIME
DETERMINATION SYSTEMS INTO
CANADIAN AIR OPERATIONS

IMPLEMENTATION OF HOTD

HOTDS output is an operational aviation product for use under
ground icing operations, and therefore falls under CAR 622.11

Methodology to achieve use of HOTDS in short term
Development of a performance specification for HOTDS

Exemption from CAR 622.11 for operational use of the holdover
time information provided by the HOTDS

Transports  Transport Aps

Canada Canada Aatenie
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EXEMPTION DEVELOPMENT

As part of a contract with TC, APS produced:

Draft Performance Specification document for
Holdover Time Determination Systems (HOTDS)

Draft Exemption document from Subsection
602.11(4) of the Canadian Aviation Regulations
and Sections 1.0, 3.0, 6.0, 6.2, 6.3 and 7.1.1.1 of
Standard 622.11 Ground Icing Operations

[T Pciialbicig APS

APPENDIX C CONTENTS

Quality Management System

Training and Qualifications

Installation, Siting, Operation and Maintenance of HOTDS
Accuracy of Holdover Time Input Instruments and Determination
Systems

Technical requirements for Data Inputs and Holdover Time
Determinations

Wind
Precipitation Type
Temperature
edipitation Rate
Idover Time Determinations
Holdover Time Determination Reports

[T Pciialbicig APS

CURRENT STATUS OF AIR
CARRIER EXEMPTION

Exemption was rescinded in October 2007 to make modifications

Modifications consisted primarily of tightening of operational limitations

limitation of HOT outputs in freezing precipitation above 25

Anticipated date for Exemption to be re-issued: December 2007

Process to document compliance with the conditions of the Exemption
is underway

WestJet intends to use the system outputs in YYZ and YUL in 2007-08

[T Pciialbicig APS

EXEMPTION CONTENTS

Exemption

Appendices

Appendix A: Description of the applicable Canadian
Aviation Regulations and Standard

Appendix B: Definitions of terms employed in the Exemption

Appendix C: Minimum Assurance Requirements and
Performance Specifications  for  Holdover  Time
Determination Systems

Transports  Transport

APS

Canada Canada odon e

AIR CARRIER EXEMPTION

First version of the TC Air Carrier Exemption (for
operational use of the HOTDS outputs) was issued
to WestJet in March 2007

Transports  Transport
Canada Canada

APS

Aitenke.
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AIRCRAFT DE/ANTI-ICING FLUID ENDURANCE
TIME RESULTS FOR THE 2007-08 WINTER
TEST SEASON

L% aie SN

/A4 BED =\

A=mEl aunv

= Aviation Inc. SAE G-12HOLDOVER TIME
SUBCOMMITTEE

WARSAW - MAY 13, 2008

Presented by Stephanie Bendickson
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PREPARED AND PRESENTED ON BEHALF OF:

OQUTLINE

TRANSPORTATION DEVELOPMENT CENTRE
TRANSPORT CANADA

S e
Canada
AND

FEDERAL AVIATION ADMINISTRATION ype time gui
WILLIAM J. HUGHES TECHNICAL CENTRE

&

tim

I*I Trarspors  Transport

Canada Canada

TYPE | FLUIDS TESTED

I*I Trarsport  Transport

Canada Canada

SUMMARY OF TYPE | TESTING FAA/TC TYPE | HOT GUIDELINES 2003-09

FAA TYPE | HOLDOVER TIME GUIDELINE

ults of ¢

tiry

©
é

qualified flu

[ % B

Canada

] Tercros  Tespor
Canada Canada
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FAAITC VISIBILITY TABLES 2008-09

TYPE Il

* Transports  Transport e
I I Canada Canada

TYPE Il FLUIDS TESTED FLUID VISCOSITY

; Manufacturer's
Fluid Meihod AIR Method

Kilfrost 2850 mPa.s 26540 mPa.s

ABC-K Plus | snge w2skemty gian by, 150 | Spize Lv1,500mL teE, 2000,
mL 7Y, 20°C, 03 mm, 18 miiaiee o3mm. 10 muies

I*I Trarsport  Transport I*I Tianspork  Transport

Canada Canada Canada Canada

WSET RESULTS - AMIL ENDURANCE TIME TESTING

KILFROST ABC-K PLUS
NEAT FLUID

52 min

] Tersnos Tuanspon [ ] T Tnspor
Canada  Canada Canada  Canada
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_':_ONTREAL TRUDEAU, _
TIONAL AIRPORJ -
TSITE '

NATURAL SNOW

] oot Tarspor
Canada Canada

NRC CLIMATIC ENGINEERING

FACILITY FREEZING FOG

I*I Trarspore  Transport

Canada Canada

FREEZING FOG LIGHT FREEZING RAIN

I"I Transpork  Transport ; I*I Trarspore  Transport

Canada Canada Canada Canada
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FREEZING DRIZZLLE

I*I Transpors  Transport

Canada Canada

RAINION A COLD-SOAKED WING

I*I Tianspors  Transport

Canada Canada

RAIN ON A COLD-SOAKED WING

ept the top

I*I Transport  Transport

Canada Canada

ENDURANCE TIME DATA
ANALYSIS METHODOLOGY

drizzle,

ermined from the

I‘I Tiansport  Transport

Canada Canada

SUMMARY OF PROCEDURE USED TO
DETERMINE HOLDOVER TIME LIMITS

] Tarepors Trarspon
Canada  Canada

Fallr Tma

EXAMPLE OF REGRESSION ANALYSIS

THFE I "A" [NEAT)
FREEANG FOG

=
= o &C

a =i
= 4T
L] B CUERHITE B3
= 4 CURIHITEB-FD
i & CURIHITEIMDE'D

—f)
ml-

Tt
= =5
]
=
wl-
=
a
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DATA RANGES USED FOR
EVALUATION OF HOLDOVER TIME
LIMITS

FLUID FAILURE

MODERATE BHOW

LIGHT FREETING ReIN

the fluid ar pl
pended within the

2

]
Freaipiion Rk igaman)

] Trereot Tarspert (A ] Trspert Tarsoon
Canada Canada Canada Canada

TYPE Il TESTS CONDUCTED

PLATE END CONDITION
INI2007-08

LIGHT
FREEZING | COLD SOAK
RAIN

FLUID FREEZING FREEZING
TYPE FOG DRIZELE

Type Il

[Neat) 24 16 16

Type Il
16 16 16
(7525

Type Il
(50450)

2 2 2

TOTAL

] Terseors Tanspor
Canada Canada

I"I Transport  Transport

Canada Canada

TYPE Il NEAT
FREEZING FOG (3°C AND ABOVE)
2
o [ ACLEIC) [ B pp——
- JE——
1@ & Cument HOT (32 C and above )
I

Fallur Tima [min]
-]

Fala af Pramipntinn [gamtin]
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TYPEII 75125
FREEZING FOG (:3°C AND ABOVE)

Falurn Tim pnng

O Koot ABSH P

— Kot ABCK Pl

W Cument HOT (39C nd abowe]

Faia a1 Aruniptirtin idmeig

Falkra Tina fmh]

TYPE Il 50150
FREEZING FOG (-37C AND ABOVE)

O Hifroct ABC-K Pie

—Hafrost ABC-K PG

 Cument HOT (29 md abave)

Flaia n 1 Puniplintin Gimti]

TYPE Il NEAT
FREEZING FOG (BELOW -3°C TO-14°C)

E-L B S

Falur Tima pnny

O Fiftre ok ABK Auc
——Hittrs ot ABE-H Aus

& Curmnt HOT iBsow 3 o - 1402

Faia u 1 Auiptirtn iimii]

Fallurm Tina fnin]

TYPEII 75125
FREEZING FOG (BELOW -3°C TO-147C)

O Hiitect SECK Auc

—HiI¥od AB:-K Aus

& Current HOT (Bskw % T 14°C)

Flaia n 1 Puniplintin imii]

TYPE Il NEAT
FREEZING FOG (BELOWS -14°C TO 25" C)

Falurs Teme pning
B
]

a Hifroct ABC-K PG

— KOGt ABC-K PG

# Cument HOT (Eelaw -

Faia a1 Aruniptirtin idmeig
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# cunent HOT 3°C and abo )

a Ko AEK Auc
— Kot ABE Auc

TYPEIl 75125
FREEZING DRIZZLE (-2 C AND ABOVE)
Ruis u 1 Pumipliten ppememy
TYPE Il NEAT

FREEZING DRIZZLE (BELOW -3°C TO-10°C)

& Curent HOT Bekw 3 o - 10953

O Kited AE-K Auc
—Kiltod AB:K Auc
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Faia n T Pt

o
sn
B0
Ll

g nug g sy

& Cument HOT (35 nd abo )

O Kifioct ABCK Puc
—Kiffoct ABCK P e
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# curent HOT 39 and abo ve)

a Hifred AEK Auc
— Ko ABE Auc

TYPE Il NEAT
FREEZING DRIZZLE (3" C AND ABOVE)
AT Auniarite n ame
TYPE Il 50/50
FREEZING DRIZZLE (2" C AND ABOVE)

& Cumsnt HOT (Blow -3 & <100

O Hifm st ABCE Aus
— MGt ABCE Aus

LUTTE My
TYPEIl 75125
FREEZING DRIZZLE (BELOW -2*C TO-10°C)
Ra u  Paniplntun i)

P ]
2 &7

2

na

o
E
B
Ll

Caug nu g ey
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FalurE Tam oning
o
8

TYPE Il NEAT
RAIN ON A COLD-80AKED SURFACE (27 C AND ABOVE)

O Fifmct ABSK Pue
NIt ABTE P

8 cunentHOT (3°C

and abo vy

Flatu u1 Pranintintn ism*]

TYPEIl 75125
NATURAL SHOW (<270 AND ABOVE)

Fallur Tina tmin]
=]
8

O Kilrect AB- K Ruc
—Hil¥uet AEC-F Aus

® Current HOT i-3* Gand abe ve)

Al nT Punintintn s miomen)

Fallirs Tina fmin]

TYPEIl 75125
RAIN OM A COLD-E0AKED SURFACE (37 C AND ABOVE)

a Ko 4B Aus

— Kot ABK Auc

# curmnt HOT (-39 Cand abow)

Rata uf Prasintirtun Dim*i]

Fallura Tima i)

TYPE Il NEAT
NATURAL SMOW (<3 *C AND ABOVE)

O Koo AE-K Fuc
— bt AE-K Fug

# Curmnt HOT (2 and aboues

H

m Lt} 20 as = = w [t} =0
Fula 0 T Punint it n imem)

Fallira Tima iy

TYPE Il 50150
NATURAL SHOW (3 "C AND ABOVE)

O Hited AB-K Auc
— bitoct AB-K Aus

& Current WOT i-32 Cand abo )
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Futu uf Prumplindan palmei]
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TYPE Il NEAT TYPEIl 75125
MNATURAL SNOW (BELOW -2°C TO-147C) NATURAL SHOW (BELOW -3°C TO -14°C)

; E’:.mn.u :

O Hifmct 4BK Aus

T
wEsREs 16| !

Em= T 0 [ o amsascr e

— it ot ABTE Auc —— It ABCE Pue

w Cument HOT (Evlow -3 b -14eE |

& Curmnt HOT (Bslow < to-14¢ )

Fallur Tima cming
=]

Falkira Tima fniy
g
8

o 5 n = 20 as = = o s s0 o 5 n 15 an 25 = =
Faia uf Praminlintinn [aim*in]

w [t} =0
Rua n T Aunintirin midmei)

TYPE Il NEAT

SUMMARY OF TYPE I
MNATURAL SMOW (BELOW -14°C TO-25° C) ENDURANCE TIME TESTING

w1 At the Frankfurt SAE G-12 meeting and the
e HOT Workgroup meeting in Montreal in

=1 May 2004, it was decided that all new fluids
would be given generic numbers in this cell

Fallurm Tima tming
B

m
B 0:15-0:30
- = L]
o
£
i T T T
o s o 15 an 25 £ = o ‘s so 3 e R
) rarepor Tanspo
e 0 Pt Commen I*I e Chrads

REMOVAL OF OBSOLETE DA TC/FAA TYPE Il FLUID-SPECIFIC
HOT GUIDELINES

Transport  Transport j -
tarspors  Tiarsport
[ | [ el 5
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FAAITC TYPE Il HOT GUIDELINES 2008-09

FAA TYPE 0 HOLDOVER TIME GUIDELINE

H
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TRport
[ L Pl

R

g
3
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TYPE Ill FLUIDS TESTED FAAITC TYPE Il HOT GUIDELINES 2003-09

FAA TYPE il HOLDOVER TIME GUIDELINE

[ by Peei-g

gl Terpos  Trarspor
Canada  Canada

TYPE IV FLUIDS TESTED

TYPE IV

] Tereeos Trspot
Canada Canada
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TC/FAA TYPE IV FLUID-SPECIFIC
HOT GUIDELINES

] Tercros Tespor
Canada Canada

CHANGES TO THE TYPE IV GENERIC
HOLDOVER TIME GUIDELINES

ed on the

gl Terepors  Trarspon
Canada  Canada

CHANGES TO THE TYPE IV GENERIC
HOLDOVER TIME GUIDELINES

gl Terseots Terspot
Canada Canada

CHANGES TO THE TYPE IV GENERIC
HOLDOVER TIME GUIDELINES

I*I Trareport  Transport

Canada Canada

CHANGES TO THE TYPE IV GENERIC
HOLDOVER TIME GUIDELINES

] Torevo  Terspor
Canada  Canada

TC/FAA GENERIC TYPE IV HOT
GUIDELINES

o=m-05
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FAA/TC TYPE IV HOT GUIDELINES 2008-09

FAA TYPE IV HOLDOVER TIME GUIDELINE

—— | e [ r———————

| = |

] v | = = T~ = | mm [woe] e | =
r Tmam | sorm |

L

=]

camen
e Py
= PR

s [ rmenced T oo
T
Trnsport
(=R I“ Caiada

W
e

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix J/Appendix J.docx
Final Version 1.0, February 26
J-84



APPENDIX J

S e e

AIRCRAFT GROUND DE-/ANTI-ICING
RESEARCH USING COMPOSITE
MATERIALS
By
Marco Ruggi

APS

y. 7 Aviation Inc.

For

Transportation Development Centre
Transport Canada

and the

Federal Aviation Administration

A -
1SO 9001:2000 f
N———— SAE G-12 HOT SUBCOMMITTEE m

WARSAW — MAY 13, 2008
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Iy =

PRESENTATION OUTLINE

BACKGROUND - PREVIOUS WORK
COMPOZITE MATERIALS TESTED
OUTDOOR MATURAL SNOW PLATE TESTS
OUTDOOR MATURAL FROST PLATE TESTS

INDOOR SIMULATED FREEZING
PRECIPITATION PLATE TESTS

LEADING EDGE THERMAL EQUINALENT BOX
TESTS

#  OBSERVATIONS AND RECOMMENDATIONS
+  OPEMDISCUSSION - OPTIONS FOR CHANGE

O ¥ W

3

CKGROUND -
PREVIOUS WORK
F  MATERIALS USED

Ry =

#  Cross weave carbon fiber test plate
+ Baseline standard aluminum test plate

+  Test plates were not painted for testing

Ry =

I'-;RESENTATION OUTLINE

BACKGROUND - PREVIOUS WORK
COMPOZITE MATERIALS TESTED
OUTDOOR MATURAL SHNOW PLATE TESTS
OUTDOOR MATURAL FROST PLATE TESTS

INDOOR SIMULATED FREEZING
PRECIPITATION PLATE TESTS

LEADING EDGE THERMAL EQUINALENT BOX
TESTS

#  OBSERVATIONS AND RECOMMENDATIONS
+  OPEMDISCUSSION - OPTIONS FOR CHANGE

O ¥ W

3

gy =

f test plate material on fluid endurance time

& comparative plates

f #  0.35 cm thick panel (will be referred to as Carbon 06

'BACKGROUND —
PREVIOUS WORK
+ COMPARATIVE ENDURANCE TIME TESTING

+  Preliminary testing was conducted during the winter of
2004-05

#  QOBJECTIVE: investigate the impact of non-aluminurm

#  Testing was conducted in
#  Natural Snow
= Simulated Freezing Precipitation
=+ Matural Frost Conditions

"BACKGROUND -
PREVIOUS WORK
+  COMNCLUSIONS

%+ Radiation effects on different colored surfaces created
discrepancies in the results obtained

+  Additional testing was recommended with painted

COMPOSITE MATERIALS TESTED

+ CARBONFIBER PLAIN WEAVE FABRIC
F 032 cmthick panel (will be referred to as Carbon 05)
+ CARBOM FIBER UNIDIRECTIONAL TAPE

Thin)

# 087 cmthick panel (will be referred to as Carbon 06
Thick)

¥ GLARE (Hybrid material using alternating layers of
aluminum and glass fiber)

#0138 cm thick panel {will be referred to as GLARE)
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COMPOSITE MATERIALS TESTED
e : RECHN FIBER

COMPOSITE MATERIALS TESTED
+  UNIDIREC WES 3 FIEER

— e =

COMPOSITE MATERIALS TESTED

COMPOSITE MATERIALS TESTED

¥ Material samples were provided by
F  Awiation Equipment Inc

F  Toray Composites (America) Inc

[ —r—
&

COMPOSITE MATERIALS TESTED PRESENTATION OUTLINE
+  BACKGROUND - PREVIOUS WORK
F TESTSETUP
+  COMPOSITE MATERIALS TESTED
+  All composite test plates, and the baseline aluminum test
plate, were painted white with aircraft grade paint #  OUTDOOR NATURAL SNOW PLATE TESTS
+  White paint allowed for egual radiation effects on all +  DUTDOOR NATURAL FROST PLATE TESTS
surfaces + INDOOR SIMULATED FREEZING
#  Standard HOT test plate (or box for Type [) was naot PRECIPITATION PLATE TESTS
painted. Test was conducted in conjunction for reference +  LEADING EDGE THERMAL EQUINVALENT BOX
purposes TESTS
+  OBSERVATIONS AND REC OMMENDATIONS
% DOPEN DISCUSSION — OPTIONS FOR CHAMNGE
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" OUTDOOR NATURAL SNOW TESTING

+  MWETHODOLOGY:

#  Comparative endurance time testing was conducted
uging the same fluid and dilution, applied at the same
ternperature to each of the composite plates

# Baseline tests were conducted following standard HOT
protocol

- OUTDOOR NATURAL SNOW TESTING

F  SUMMARY OF COMPARATIVE TEST RUNS

Test Ohjective #of Comparutive Test Rurs
Type | Hested (B0°C) 1
Typell Heated (G0°C) 1
Type |l Heated (50°C) 1
Tyne 1Y at OAT 4
Type |V Hested (B0°C) 4
TOTAL 15

OUTDOOR NATURAL SNOW TESTING
* TYPE Il APPLIED AT 60°C

OUTDOOR NATURAL SNOW TESTING
__).

[o]§ NE ETUR

Standard HOT Test / Carbon D&

Baseline White
Auminum

\

- OUTDOOR NATURAL SNOW TESTING
+ TYPEIAPPLIED AT 60°C

W UL NNEWA- TYPE| FLUID HERTED TRINDE

OUTDOOR NATURAL SNOW TESTING
+ TYPE Il APPLIED AT 60°C
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OUTDOOR NATURAL SNOW TESTING
+ TYPE IV APFLIED AT OAT

NATURAL 0 EDIN- TYPEIY FLUID APPLIED AT B

-]

OUTDOOR NATURAL SNOW TESTING

+  ANALYSIS OF RESULTS

+  Similar endurance time trends were observed amongst
all composite materials

F  Analysis was conducted using:
= White painted carbon fiker plain we ave fabric {Carbon 05)

2 White painted aluminum test plate

#  Percentage ratio and endurance time difference was
calculated for each test

=5

OUTDOOR NATURAL SNOW
TESTING

+  SUMMARY OF RESULTS

F+  Type | Tests

#  29% reduction in composite ET ohserved with Type | tests
conducted

= Reduction in Type | endurance times up to 3.7 minutes
F  Type ILILY Tests

& Ingeneral, composite endurance times were comparable to
aluminum endurance times

#  Similar endurance time trends were observed amongst
all composite materials

OUTDOOR NATURAL SNOW TESTING
+ TYFE IV APPLIED AT 60°C

BATURAL RREMN- TYPEIV FLUID HERTERTRNRE

ek T [k

ey

i
6, 44,50

Camp 06 (Whim Aum.(  Endursnas Time Evdumnen Time

Tmatn | EMSurEREn | Endurnen % Aaln Tima Offaranan [nin]
Timn Timn [2ampdE ikt [Eam pdk - Wi
tminy tming Aum] Alum.]

Tonn1 Flul Aanid B 00
EE] 22 15

o] 43 53 i B

B i5 B2 = ET)

o] [FF] [FT] EITY o

[T T B3 1 EX

[ Trnn Il i avhd W IIE ]
(e [ =8 [LF] =0 I o |

I TR TR LT
(=21 @+ | =3 | Y I

Tenn [V Full Hawtad B3
®E]| @m0 | @3

me | w3 | ma am
ma | ma | s S
wm| s [ w3 -

ToRu ¥ Fluid stGAT
B

58 B3| Ee- | BN
| ma ny | Y | T
el T 2 | HE | 2.4
=a| =n @ma | [ I 11

i fh 5
B

=5

P.R SENTATION OUTLINE

BACKGROUND - PREVIOUS WORK
COMPOEITE MATERIALS TESTED
OUTDOOR MATURAL SMOW PLATE TESTS
OUTDOOR NATURAL FROST PLATE TESTS

INDOOR SIMULATED FREEZING
PRECIPITATION PLATE TESTS

LEADING EDGE THERMAL EQUINALENT BOX
TESTS

OBSERYATIONS ANMD REC OMMENDATIONS
+  OPEN DISCUSSION — OPTIONS FOR CHAMGE

O ¥ W

¥

4
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'T! NATURAL FROST COMPARATIVE
ENDURANCE TIME TESTING

+ METHODOLOGY:

#  Comparative endurance time testing with Type | fluids
applied at B0°C

#  Styrofoam insulation adhered to back of test plates

%+ Current outdoar frost endurance time testing protocal

NATURAL FROST COMPARATIVE
ENDURANCE TIME TESTING

F  SUMMARY OF COMPARATIVE TEST RUNS

Test Objective # of Corrpurative Test Rurs
Type | Heated (BOMC) B
TOTA [

| NATURAL FROST COMPARATIVE

ENDURANCE TIME TESTING
+ TYPE [ AFPLIED AT 60°C

et T g

HEEBAIABERZARE

R

" NATURAL FROST COMPARATIVE
ENDURANCE TIME TESTING

*  SUMMARY OF RESULTS

#  Similar endurance time trends were observed amongst
all composite materials (as was seen in natural snow)

F  Analysis was conducted using:
2 White painted carbon fiber plain weave fabric {Carbon 05)
= White painted aluminum test plate

#  Percentage ratio and endurance time difference was
calculated for each test

- f’ml

tite Alum]  Endurarce Time Erdurare Time

Endrance % Ratio Tirne Difference [min]
Tirne [Compi3 / hite [Compis - Vitite
[miri] Alurn ] Alun )

Type | Huid Hegted to BO°C
142 6
144.4 67 %
1123 BB
112.2 25

1330
120.0 T

*  SUMMARY OF RESULTS

NATURAL FROST COMPARATIVE
ENDURANCE TIME TESTING

+  Typel Tests
+  23% reduction in composite ET obsened with Type | tests
conducted
#+ Reduction in Type | endurance times between 13 and 48
minutes
#  Similar endurance time trends were observed amongst
all composite materials
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INDOOR SIMULATED FREEZING
PRECIPITATION TESTING

- 3
PRESENTATION QUTLINE

+  BACKGROUND - PREVIOUS WORIK
+  COMPOSITE MATERIALS TESTED ¥ METHODOLOGH:
5 OUTDOOR NATURAL SMOW PLATE TESTS #  In compatison to the white glumm urm test plate, sw_‘m\ar
results amongst all composite materials were obtained in
+  OQUTDOCR NATURAL FROST PLATE TESTS outdoor natural snow testing and natural frost testing
+  INDOOR SIMULATED FREEZING #  One representative composite test plate chosen to
FPRECIPITATION PLATE TESTS " reduce testing in indoor conditions (Comp 05)

3

l TESTS conducted with
Wi,

LEADING EDGE THERMAL EQUIVALENT BOX l‘\- # Indoor comparative endurance time testing was
Vs
I

1] +  OBSERWVATIONS AND REC OMMEMNDATIONS 1 = White painted carbon fiber plain weave fabric (Carbon 05)
! +  OPEN DISCUSSION - OPTIONS FOR CHANGE ! F  White painted alurminum test plate
@ - +  Standard HOT test plate {in conjunction with HOT testing)

INDOOR SIMULATED FREEZING - ™ X —
PRECIPITATION TESTING INDOOR SIMULATED FREEZING
ETUP PRECIPITATION TESTING
F  SUMMARY OF COMPARATIVE TEST RUNS
Test Objective #of Compardive Test Runs

Type | H eated (BPC) [

Bl Type | Heated (20°C) 1

- l’" Type Il Heated (50°C) 7

W | i bl Type IV He ated (B0°C) z

! TOTAL 18
-

= Focioron

i -
DOOR SIMULATED FREEZING
PRECIPITATION TESTING PRECIPITATION TESTING
+ TYPE | APPLIED AT B0°C 3 TYPE | APPLIED AT 20°C

o [ ogehe ] - [ e

o
L DAVARAYE | DLIFARAGT | SR AS L | D TALAL | D UALLE | SITar-ga - s
eretion

T
L b, 4 B e Pl e P ]
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: : -t
INDOOR SIMULATED FREEZING
PRECIPITATION TESTING

= IRE [P ARR ELVAT DU

WMULATED F AEERD PRI AT A& KN - TYPE | FLUID ARPLIED AT B0E

ANt | mmeman

; e

comp s [Wiie Aum ] Encurancs Tme Encurancs Tme
Turtw | Endrres f Encurance % matin Tima Ot rares [min]
Time Tima [Comp 05 et [campos - wnite
pmin} tming Aum.) Aum.y
I Tygn | Aud Hanhie w20 |
e 113 T 182 | Ei% [ A5 1

Typn | Ad Hanbd mE0CG

55 118 158 LETY EX]
[E=TY ag 133 L EY:]
3122 113 123 Y ET]
506 ] 133 Y £
araz 15 104 iTEY EN]
A 15 235 Y 50

Tygn I Aud Hented f 60°C
[F] 185 [1F] 13
128 218 365 LY &5
3536 E< 288 HR ET
AL ;a 355 IS 18
5157 E<T] 235 112% a5
560 218 FiE] Ty ET]

TYps W Auis Htee BEI T

|
g | ®ma T asa 13% I T3 |
-9 wa | 518 % I ET] |
S566 | o3 | s <) [ 25 1

PRESENTATION OUTLINE

BACKGROUND — PREVIOUS WORK
COMPOSITE MATERIALS TESTED
OUTDOOR NATURAL SHOW PLATE TESTS
OUTDOOR MNATURAL FROET PLATE TESTS

INDOOR SIMULATED FREEZING
PRECIPITATION PLATE TESTS

LEADING EDGE THERMAL EQUMNMALENT BOX
TESTS

1 #  OBSERVATIONS AND REC OMMEMDATIONS
! +  OPEMDISCUSEION - OPTIONS FOR CHANGE

>
F
-
>
*

—
&

INDOOR SIMULATED FREEZING
PRECIPITATION TESTING
+ TYFE IV PG APFLIED AT 50°C

NIMULATED FREEZING PHEL ATATICH - TYREIY FLUID APPLIEDAT 00T

- o, A R 45 1% REm A
ok, R DA, T, et e

- ———

INDOOR SIMULATED FREEZING
PRECIPITATION TESTING

*  SUMMARY OF RESULTS

#  Similar trend to snow data
F  Typel Tests
#  26% reduction in composite ET observed with Type | tests

2 conducted
"\' = Reduction in Type | endurance imes up to 7.5 minutes
L | F Type ILILIY Tests
! +  Ingeneral, composite endutance times were comparable to
aluminum endurance times
- + Discrepancy in endurance time was less than 6 minutes

LEAD-ING EDGE THERMAL
EQUIVALENT BOX TESTS

#  Based on testing conducted during 2005-08, it was
recommended, that Type | testing be conducted using
Leading Edge Thermal Equrvalent Boxes (LETEE)

+  Testing reguired to validate endurance time reduction
measured using compaosite test plates

. ALETEBwas constructed using a composite test
Al surface on an aluminum hox

1 : :
! +  Composite material used
% CARBON FIBER PLAIN WEAYE FABRIC (CARBON 05)

“ FEoeioros
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Tl

L NG EDGE THERMAL
EQUIVALENT BOX TESTS

Composite Plate

Fiat AEy
32 TR thidnes

Aluminum Box

LEADING EDGE THERMAL
EQUIVALENT BOX TESTS
3 oUT TUP

:
BOX
hite Auminum
-

& LEADING EDGE THERMAL

EQUIVALENT BOX TESTS
+ TYFEIAPPLIED AT 60°C

CXIM PAR IGH OF FAuLU AE TIME GETWNEES INH1TE ALUMIN UM B Al O COM PONITE BOK
NATURAL I NCW-TYPE | FLUID APPLIED AT 13°G

=
2 [ owaie fhan
= | moomp.es
= 2
o
w
w
o
B i
i
i
-
H

= gt
= amigyd
=

=

gy =

Test Objedtive #of Compardtive Test Runs
§ Type | Heated (607 z8
\ Type | Heated (20°C) 4
TOTAL 33

LEADING EDGE THERMAL
EQUIVALENT BOX TESTS
F  METHODOLOGY:

#  Testing was conducted in natural snow conditions
#  Three LETER were used to testing

& Unpainted Aluminum Box
*+ Baseline White Painted Aluminum Box
= wWhite Painted Composite Box

#  Comparative endurance time testing was conducted
using the same fluid and dilution, applied at the same
termpetature to each of the boxes

#  Tests were conducted following standard Type | HOT

protocol Y

LEADING EDGE THERMAL
EQUIVALENT BOX TESTS

F  SUMMARY OF COMPARATIVE TEST RUNS

LEADING EDGE THERMAL

EQUIVALENT BOX TESTS
+ TYFEIAPPLIED AT 20°C

M PAANDH OF FALU AE TIME BETWMEER IWHITE ALUMIT UM BCX Al O G0N PONITE BOK
NATURAL I NCW - TYPE | FLUID APPLIED AT 28°G

[ ovne don. |-
| mocmp 05

@am
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TR TE
Bur  |Aumnum Bez| Enwsrse Tme | Ensumree Time
g : Tertw | Emurance | Ensumrce at terence min]
I3 [ g e Tine™ | s 2| rcumn e .2
= LEADING EDGE THERMAL
EQUIVALENT BOX TESTS e — - R =
[T : i‘g g [E_ |
3+ SUMMARY OF RESULTS T EL LE] L) = E—
Ly EA H 3 EH
F  Analysis was conducted using: 7z M) ) By T
[ [ &1 ? g -a:
+  White painted carbon fiber plain weave fabric (Carbon 05) s 1z u -3 - m—
+ White painted aluminum test plate e I ¥ = 3
+  Percentage ratio and endurance time difference was o £y % =
calculated for each test nE ALE] o L E: L —
ETE 35 LE] X =7 |
1Y TE ) £
[T 15 L] T -
L2 h/+A S =T
[EEEE [ 3% L] TEL =
[EEE i | kA I
(AR L] BX 2L g
T LA hE:} -y = -
qTE L1 ) 1L = b
hEraEE LLE:) A )
= TR e
i 17 T Fic] T H I 1Y
T T IH T BT T =LY
X T Y T = |
“ ETNRE | L] T 7

L et 3 ’ m—w—-“f!
LEADING EDGE THERMAL i EFFECT OF HEAT ON TYPE |
EQUIVALENT BOX TESTS ENDURANCE TIMES
#  Four factors influence the reduction in endurance times
»*  SUMMARY OF RESULTS using Type | fluids on composite surfaces
&+ Similar trend as seen during plate tests #  Material Conductivity
+  Typel Tests : #  Amount of heat absomed from the fluid
#  31%- 36% endurance time reduction observed with Type | #  Surface Ternperature Stabilization
togls Lonclttad ancompoeita bog 3 Ability to retain heat absomed from the fuid

=% Reduction in Type | endurance times up to 3.7 minutes & CEIid ERfE v ent:and Bittitich
=+ Increase in glvcol due to evaporation of water when applying
heated; a function of fluid temperature
= Dilution to FFP will occur quicker with lower levels of fluid
enrichment

e

EFFECT OF HEAT ON TYPE |
ENDURANCE TIMES i
PRESENTATION OUTLINE
+  BACKGROUND - PREVIOUS WORK
3 COMPOSITE MATERIALS TESTED
Wiatarial +  OUTDOOR NATURAL SNOW PLATE TESTS
Condacirity + OUTDOOR NATURAL FROST PLATE TESTS
3 INDOOR SIMULATED FREEZING
PRECIPITATION PLATE TESTS
+  LEADING EDGE THERMAL EQUIVALENT BOX
TESTS
] +  OBSERVATIONS AMD RECOMMENDATIONS
S T L4 3 OPEN DISCUSSION — OPTIONS FOR CHANGE
Temperature 1| Entichrment
Stabilization and Dilution
W s ek
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GENERAL OBSERVATIONS R s L

gy =

FOR CHANGE
F+  Similar fluid endurance time trends armongst the ¥ Potential changes to HOT Guidelines
HifferBnE G0 pusBiriate) ialsiected F  Separate table for Type Dwith reduced HOT #5 specific
+  Equivalent fluid endurance time when using Type to aircraft with critical sufaces made of composite
; /Y fluids heated and at OAT on composite J materials
ol materials il #  Reguirement to follow Type | with Type I for aircraft
T ETETT | : I with critical surfaces made entirely of compaosite
wpe | fluid endurance time results on compasite e

surfaces were lower in comparisan to aluminum

surfaces #  Mote or Caution in Type | table to advise of shorter

HOT's an composite surfaces
#  Reduced Type | HOT #5

I - B
= | PRESENTATION QUTLINE
FUTURE WORK
F+  BACKGROUND - PREWIOUS WORK
+  Future work to inwestigate aerodynamic impact of +  COMPOSITE MATERIALS TESTED
reduced Type | endurance times on composite surfaces +  OUTDOOR NATURAL SNOYY PLATE TESTS
+  Full-scale comparison testwith YL and current +  OUTDOOR NATURAL FROST PLATE TESTS
A AlmindEmatEaal At . 3 INDOOR SIMULATED FREEZING
i PRECIPITATION PLATE TESTS
+  LEADING EDGE THERMAL EQUIVALENT BOX

TESTS
#  OBSERVATIONS AND RECOMMENDATIONS
#  OPEMDISCUSSION — OPTIONS FOR CHANGE

¥ POTENTIAL OPTIONS
FOR CHANGE . _
+ Peotential changes te HOT Guid’elings_ _J -

+ Separate table for Type | with rgdy.";e’d HOT ¥'s i
specific to aircraft with critical surfaces made :

-

f of composite materials . ) Adation Inc.

. + Regquirement to foIId,w-'Pg{pe | with Type IV for i M Ri <
aircraft with critical-surfaces made entirely of arc_o uggl
composite ma/téri’als mruggi@adga.ca

NN
r # MNote or Caution in Type | table to advise of
hort}rFIOT’s on composite surfaces

+jReduced Type |HOT #'s
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 SUBSTANTIATION OF AIRCRAFT
GROUND DE-/ANTI-ICING HOLDOVER
TIMES IN FROST CONDITIONS

By
Marco Ruggi

APS

‘ Aviation Inc.

For

Transportation Development Centre
Transport Canada

and the

Federal Aviation Administration

A
I1SO 9001:2000
N—— SAE G-12 HOT SUBCOMMITTEE m

WARSAW - MAY 13, 2008
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B PURPOSE
+ Data collected by APS in natural frost conditions
was presented at several meetings including the
5-12 meeting in San Diego and in Montreal
+  Attention was focused on:

+ Reduced Endurance Times in Frost
Conditions due to Fluid Freeze Point Issues

¥ PURPOSE

2+  Purpose of this presentation is to briefly rewiew
test results and present the proposed “Plan of
Action”

o BACKGROUND
+ A survey of deicing activities at airports was
conducted by APS
3+ Data was collected from airports in Morth America,

Europe and Asia

Results showed removal of frost contamination
represents a significant portion of deicing
operations

F  90% of operations for airports with warrmer climates
A Le. London and Paris
F  28% of operations for airports with colder climates

l.e. Montreal

PURPOSE
Several working group meetings have been held
between January and April 2008
Attendees
Federal Aviation Administration

Transport Canada
APS

2 Ajrcraft Operators

¥ oF ¥

1 Fluid Manufacturer

Objective: Review current data available and
scrutinize the proposed changes to the Frost HOT
Guidelines

m

PRESENTATION OUTLINE

BACKGROUND

PREVIOUS WORK

FROST AT PARAMETERSE

TYPE | TESTS

TYPE IAIY TESTS

FLUID FREEZE POINT FAILURE
ALTERMATIVES FOR CHANGES
PLAM OF ACTION

A R

.

BACKGROUND

#  Freguency of Deicing Operations Airport Survey 2000-03

MN%

TC repavt TP 143756
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] B ]

BACKGROUND BACKGROUND

2+  FrostHOT have always been a part of the HOT +  Testing was conducted by APS to:
guidelines, however fluid endurance times in frost

i =+ Establish Appropriate Test Parameters
conditions have newer been measured.

* Flat Plate Testing

+ Outdoor endurance time testing in natural frost 3 Full Scale Aircraft Tests
conditions for Type LY fluids was T e o e
recommended + alidate Type or Frost Conditions
+ Walidate Type IAIFYY HOT for Frost Conditions
| |
M=l -
- -

ESTABLISH TEST PARAMETERS

AN

e

PRESENTATION OUTLINE

BACKGROUND

PREVIOUS WORK

FROST AT PARAMETERS
TYPE | TEETS

TYPE ALY TESTS

FLUID FREEZE POINT FAILURE
ALTERMNATIVES FOR CHANGES
PLAN OF ACTION

ok ¥ W

Parameters Measured:
- Insulation Backing 4 lIcing Intensity

“ B +  Plate/OAT Temp Differential

ESTABLISH TEST PARAMETERS VALIDATE FROST HOT'S

Parameters Measured:

+  Wing/OAT Temp Differential Frost Endurance Time Test Plates

Parameters Measured:

+  Fluid Endurance Time*,

+  Fluid Dilution
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o PRESENTATION OUTLINE B
FROST AT PARAMETERS
+  BACKGROUND
4 PREVIOUS WORK + PLATE TESTS
% FROST AT PARAMETERS + 144 data points collected
+  TYPEITESTS #  Tast Plate and OAT temperature differential ranged from
+  TYPE WY TESTS : 2ERIRE
+  FLUID FREEZE POINT FAILURE
+  ALTERNATIVES FOR CHANGES
+  PLANOF ACTION

PLATE TEMPERATURE DATA ' FROST AT PARAMETERS
AT Dnfn
- ; w F*  FULL-SCALE WING
'|:| e 0 : # 122 data points collected
. ; N : y * Wir;g and OAT temperature differential reached up to
g ; : ; : : : 6.5°C

an

= 2 SEn un = ) o
astpay

o
o WING TEMPERATURE DATA

Ky =

PRESENTATION OUTLINE

BACKGROUND

PREVIOUS WORK

FROST AT PARAMETERS

TYPE | TESTS

TYPE AN TESTS

FLUID FREEZE POINT FAILURE
ALTERMATIVES FOR CHANGES
PLAMN OF ACTION

PR T I
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[

Y =7

TYPE I TESTS

+ 47 tests were conducted with 4 Type | fluids

2+ The measured endurance times did not violate
the long used HOT of 45 minutes.

+ Based on the data collected, the Type | HOTs
hawe been substantiated

+ g recommendsd thal a nole be included in
ARP 5945 inticaling thal lesiing is nof required
for frost ifthe fiuid meets the cerfification
requirements

TYPE IV TESTS

+ B2 tests were conducted with 5 Type Il fluids
2+ 16 tests were conducted with 1 Type Il fluid
90 tests were conducted with 8 Type IV fluids

2+ Type ILILIY fluids were tested at neat, 75/25, and

50/50 dilutions

PRESENTATION OUTLINE

BACKGROUND

PREVIOUS WORK

FROST AT PARAMETERS

TYPE | TESTS

TY¥PE ALY TESTS

FLUID FREEZE POINT FAILURE
ALTERMNATIVES FOR CHANGES
PLAN OF ACTION

B T A

[APS RSN

FoF o F F ¥ o+

PRESENTATION OUTLINE

BACKGROUND

PREVIOUS WORK

FROST AT PARAMETERS

TYPE | TEETS

TYPE A TESTS

FLUID FREEZE POINT FAILURE
ALTERMNATIVES FOR CHANGES
PLAN OF ACTION

TYPE Il

IV TESTS

15 Type |l tests and 21 Type IV tests generated
reduced endurance times in comparison to the
current frost values issued in the HOT Guidelines

Discrepancy in endurance times was attributed to
fluid freeze pointissues for 86% of the cases

FLUID FREEZE POINT FAILURE

Reduced fluid endurance times were experienced
when OAT approached fluid LOUT

The plate surface temperature would cool closer to
the fluid freeze point causing fluid failure

Fluid dilution and erosion did not significantly
contribute to the failure
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e T
FLUID FREEZE POINT FAILURE

+  EXAMPLE
F Type IV 75725 Fluid
+ OAT = 139°C (within operational limit)
+  Plate Temperature = -13.9°C - 7°C) = 20.9°C
+ Fluid Freeze Point = 21°C

&+ Fluid would be designed with 7°C buffer based on
LOUT af -14°C

+ Plate temperature is cooled to LOUT

% Fluid experiences contamination as ice
crystals begin to form sporadically in fluid

'FLUID FREEZE POINT FAILURE

+  Fluid freeze point failure can be experienced with
dilutions when operating close to the LOUT

F  Assuming AT=7°C

2+ The HOT table provides operational ranges
specifying limits based on OAT

2+ In frost conditions, the skin temperature of an
aircraft may be several degrees lower than the
QAT

If operating with a fluid close to the LOUT during
frost conditions, the skin temperature of the aircraft
could reach the fluid freeze point potentially
causing ice to form in the fluid

FROST HOT'S SHOULD CONSIDER THE
EFFECT OF SKIN TEMPERATURE

=

ALTERNATIVES FOR CHANGES

2+ Changes to the Frost HOT's are necessary to
account for:

+  Endurance Time Data Collected
+  Fluid Freeze Point Failure

2+ 4 Options were developed and evaluated:
%+ CURRENT HOT FORMAT / REDUCED HOT'S
3+ CURRENT HOT FORMAT / OAT FOOTHOTES
+ SEPARATE FROST HOT TABLE
3 NOTE IN HOT TABLE (INTERIM SOLUTION)

1

Possible Surface
TwaVOtin | LOUT | seprcimanFEF | o G
LOUT
Neat 25 e - 32
THZE 14 -2 .21
el 3 -0 10

PRESENTATION OUTLINE

BACKGROUND

PREVIOUS WORK

FROST AT PARAMETERSE

TYPE | TESTS

TYPE IAIY TESTS

FLUID FREEZE POINT FAILURE
ALTERMATIVES FOR CHANGES
PLAM OF ACTION

T

ALTERNATIVES FOR CHANGES

+  Workgroup conclusions:

+  Reductions were apparent during natural frost ET
testing, however,

+  Furtherwork is required to substantiate current ET
testing protocal for natural frost conditions

+  Workgroup proposal:

#  HOT reductions will not be issued until further work is
conducted, however,;

=+ Anote will be included in the Type Il and Type W HOT
tables to advise of possible reduced HOT's
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y _imom(mc GROUP 5 PRESENTATION OUTLINE

BACKGROUND

PREVIOUS WORK

FROST AT PARAMETERS

TYPE | TESTS

TYPE A TESTS

FLUID FREEZE POINT FAILURE
ALTERMNATIVES FOR CHANGES
PLAN OF ACTION

+ APS has had discussions with a working group
consisting of industry operators and regulators

+ |tis anticipated that this working group approach
will be continued during the coming winter
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FWhat should the preferred test
procedure be for frost substantiation,
i.e., lab tests (APR 5485), outdoor panel
tests or wing tests?

QG.Z - Answer

=+ Outdoor testing for Type | and Type
AV fluids was presented and
proposed to G-12 HOT working group in
i September 2003

¥+ OQutdoor testing was generally accepted
/ by the G-12 HOT working group, and it
was recommended that ARP 5485 be
modified to reflect the test methodology

Qs - Answer

+No requirement to reproduce conditions
in laboratory environment.

*In September 2003, G-12 HOT Working
group generally accepted outdoor
natural frost methodology for testing
Type | and Type [/11/IV fluids.

Q6.2 - Answer

+Previous attempts at l[aboratory
substantiation of frost HOT's produced
restrictive results (IREQ)
— Laboratory parameters did not appear to

be appropriate

+Therefore, future laboratory testing
would be costly and would require
correlation with natural frost conditions

~+For simulated laboratory frost tests, a
review of the main test parameters
obtained from natural frost tests should
be made, i.e., TD versus OAT and RH
versus OAT, and these values
rigorously applied.

+OAT and Plate Surface TD plots (Figs
3.7 and 3.8, page 45), (a) separation of
wing versus plate data is necessary and
{b) clarification regarding the rationale
for TD = 6°C cross the temperature
range

J-106
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" -
U TYPE INMINAV
PLATE TEMPERATURE DATA PLATE TEMPERATURE DATA

=

AT Dit

e

. i N

ara

P

st ] .
WING TEMPERATURE DATA
JETSTAR Wing SI.II'lJ:e Ten::r:.ol.:: Profiex Duing Frost.

&

Tampartum {* Gy
Lo

20
WD TN MM WA TR mM mOn T 040 mW o um
Tima fminy =

a1l Q1- Answer
+The choice of TD is confused and +89°C AT was observed on test plates
should be clarified, i.e., APS proposed $6.5°C AT was observed during aircraft
TD = 9.5°C in San Diego and wing tests

subsequently TD = 6°C APS in
Montréal, whereas TD = 5°C has been
the undisputed basis for frost tests
during the previous 25 years.

" > General agreement regarding a realistic
TD for frost substantiation tests is

essential. —

. +G-12 HOT working group

: recommended the use of 7°C {max
observed on aircraft) as 9°C may be too
restrictive

——
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Q2 Q2 - Answer

FThe structure of the highly insulated +Full scale comparison between
APS frosticator plate is not frosticator plate and operational aircraft

representative of an aircraft's wing and has been conducted

needs to be reconsidered. +Results showed that white painted
insulated aluminum test plate (with and
without fluid) was representative of:

— Painted aluminum aircraft skin (with or

- without fluid)

+ - Deicied unpainted aluminum aircraft skin

(APS R e . =

INSTRUMENTED TEST SURFACES PERATURE AND FFP PROFILES
MOUNTED ON AIRCRAFT WING FOR WING

T —Tem [ PraTlk Ps. Mo 5 ()
—Temp. Proflk Ps. Ho. 6 ()
—Tem[i. Pratle Pis. M7 €0y
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——FFP Pog No. &
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&
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— Temp Pl Vi ke Feular on Perl Wiy
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— Tenp Frole 1 e 4o Perlifng

=1 e BN R bela perl wing od-

—— FER VIR A porl Wiy

PO
g : g
% g
a 5 s
Rt R Rt - st g i R A~ < Bl §m
H £
s S Eoas
| 2 a0
e a5
¥ a0
L A A e e R

5 @ 5 W 15 20 X 3 IS 4 45 M 5 BB ES 0 75 MBS @ S5

L -
o Tima fminuta e n

Tina puue =

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2103.001 (TC Deicing 07-08)/Reports/General & Exploratory/Final Version 1.0/Report Components/Appendices/Appendix J/Appendix J.docx
Final Version 1.0, February 26
J-108



APPENDIX J

COMPARISON WING VERSUS TEST
PLATES FROST GENERATION

FIRST FLATE
APPESRANCE | EMDUREMCE
TIME

RUN# SURFACE R PR
[min] {min)
Fort ting a0
1
White aluminum
plate on port wing < fi
. T .

Q4

= Fluid application temperatures have not
been used consistently i.e., 20°C to
60°C for Type I's.

+Also during normal winter operations

~ Type llfIV 75/25 and 50/50 mixtures are
typically applied hot, which has not
been considered in current APS frost
test methodology.

Q3

+The current APS study concentrates
heavily on aluminum surfaces. It is
believed that more consideration should
be given to compaosites, in order to
determine the most critical test surface
for frost.

INFLUENCE OF TYPE | FLUID ON
FROST GENERATION
Turface Whte npairtad | Wits
Treatrnert Alarirurn | Al | Hewlar
Tegt 1 Ory ATrD 55 13 25
Naarp 0T - 3&%&
Murap RH- % | Tpe Uit [ATC0) 5] D Y}
cowered | Endurance | 158 160 109
Time (min)
Trstz Tiry ATCC 54 5 5E
- e e [010 107 7
Perag - g% | TypE T [ATCD) 53 53 ar
I overed | Edurnce | 119 138 11
Time (min

7Q4 - Answer

~+ Temperature profile on frosticator plate was
found to be representative of aircraft wing

+Heated 20°C tests {conservative compared to
60°C) were conducted for Type | tests

i — Type | HOT was validated and no issues

. +Heated thickened fluids have not been tested,

however worst case {(applied at OAT)

provides conservative ET

- Q3 - Answer

+Recent endurance time research using
composite materials has shown:
— Reduced ET for Type |
. —Similar ET for thickened fluids

~ +Using composite surfaces may

generate more conservative results for
Type |.

= Buciore
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. ';k =
Q3 - Answer

Warlat ey P 4 8 P b s
At ikt 4
MEAS RS P B0 Badiad owFrousio o Para
dummes 17, 08, Tt W 740, ot

m T, -
Q3 - Answer

Werlira syt i Do 4 i Pl
At bbbt i

Q6.1 - Answer

+Type | HOT's have been substantiated.

+10°C buffer and effect of heat do not
make them subject to “fluid freeze point”
issue

— Fluid enrichment increases glycol
concentration

—Heat prevents frost accretion for several
minutes following application

—10°C buffer on sliding scale fpr Type I's vs.

7C minimum buffer for thickened diluted
fluids § e

“ ‘ik =
Q3 - Answer

Wi ey i Bl @ 8 Pl ot
ke v ot gk
UENS A B ¢ Badia g o Frosomsor Paaa
gy 37, 08, Tt W T, Wt

FRationalise the choice of cell test

temperature; this should be the same
for Type I's and thickened fluids.

¥ Question regarding Table 3.1, Test No.
60; TD = 12.4°C, Type | with 10° buffer,
Endurance Time = 72 min; how is this
possible {enrichment)?
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T

Q6.3 - Answer

+Heated Type | fluid experiences enrichment
as water evaporates upon application
+AT reported is in error.
=+ Correction

— Temperature data was only available from
23:18:01 to 23:50:00.

— Awg Plate Temp =-104

— AT =237 -(-104) =67°C [similar to following
tests)

— Correction will be issued in next version

7 Q7 - Answer

+All endurance time testing was
conducted outdoors
-+ Outdoor testing was conducted using
insulated frosticator plates
FLowest OAT =-21°C

g T
Comments Regarding Working
Group
FAPS has had discussions with a

working group consisting of industry
operators and regulators

- ~>ltis anticipated that this working group
J approach will be continued during the
coming winter

Q7

=+ One thing is not completely clear: is the
APS data from outdoor panel tests or
cold chamber tests?

+In particular how did they collect the
data for the lower temperatures (did
they test outside in true frost conditions
at minus 25C, or did they just perform a
test chamber WSET with the plate at
minus 31/34/36C7)

Comments Regarding Working
Group

+Possibly the best way forward would be
to form a working group to discuss and
resolve the concerns regarding the
methodology.

APS
\‘., Auiation Ine.

Marco Ruggi
mruggi@adga.ca
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= W] =
PRESENTATION OUTLINE
BACKGROUND

PREWIOUS RESEARCH

2007-08 TEST PLAM

SUMMARY OF RESULTS

120vws 100vs. B0 knots rotation speeds

i
&
3
&

Flaps Upvs. Flaps Down

Type [ fuid

Slats Up ve. Slats Down

Effect of Chord Length

Triazole Free vs. Older Generation Fluid

Rotation vs. Mo Rotation

FFOFF Y OFOF ¥

IFISN Allowance Tirme Expansion
+  COMCLUSIONS AND FUTURE WORK

—

Summatry of Ice Pellet Allowance Times

TABLE 10
ICEPELLET ALLOWANCE TIMES FOR \WINTER 2007-2008
OAT -8 Cand | OAT Lessthen | DAT Lessthan
shove 60 b0 10°C -0e6
Light ke Pallets = Winrks oMINEE = Miks
Modarste los Pellsts e T 1 LT T 10 Wi
Light loe Pellets Moxed with Light or
Moderste Freezing Drizzle ks By
Light koe Palets Maxed with Light
F'rgeez‘n: e il g = M LT NG
- Allowancs tme s
Light o= Pellets Moed with Light — oumsntly exlvt
Rir
Light koe Pellets Maed with Light or i
Modarste Snow

Transparts  Transport
Canada Canada

¥

|
BACKGROUND
+ Guidance material was followed by a list of
conditions and restrictions which includs
#  Type IV MNeat Fluid Only
=+ Rotation speed of 100 knots or greater

+ Industry requested additional guidance material for
operations with low rotation aircraft

BACHKGROUND
3+  Recentindustry needto provide aircraft operators
with holdover times for ice pellet conditions

=+ ©Ongoing research has been conducted during the
winters if 2005-06, 2006-07, and 2007-08

*  Work consisted of
=+ Full scale aircraft tests
S Wind tunnel testing
+  Flat plate testing

Summary of Ice Pellet Allowance Times
Chart 1. Ice Pellet Allowance Times Winter 2007-2008
i DAT-5'C AT Colder
; aWamea  Thn 5 ¢
Light ke Fllals S0Mpmtes 30 Miotes
Nioderate e Pellets | 25 Mimtes 10 Miutes
Light ke Fdlas 25Miites  Operatime
Niined with Lichd or Hot
Moderate Snow e
Light ke Fellas 25Mirnates 10 Bites
Niived with Lighi or (Dperations
Moderate Ereermg Hat
Drizile. o Lizht rthorized
Freerin s Rain 1t
(Operstoms ot ‘“0‘;”1".’) 10
arrhorized below
10 COAT)
Light ke Fellals 25 Mimtes  (Dperations
Miedwith Light | (Operstions Mot
Rain (Operdtions | Hot darhor ized
nnt athorized dothorized  belovr 0° C
below ' COATI  [veowo®c  0AT
0AT) ¢

4 =
PRESENTATION OUTLINE
BACKGROUND

FREVIOUS RESEARCH

2007-08 TEST PLAN

SUMMARY OF RESULTS

120vs. 100vs. B0 knots rotation speeds

¥ oEOF 4

Flaps Upws. Flaps Down

Type I fluid

Slats Up vs. Slats Down

Effect of Chord Length

Triazale Free ws. Older Generation Fluid

Riotation vs. Mo Rotation

FEF R FF ¥ ¥

IRISM Allowance Tirme Expansion
3+ COMCLUSIONS AND FUTURE WORK

—_—
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200506 FALCON 20 FULL-SCALE RESEARCH

PREVIOUS RESEARCH

¥ 2005-06 Research
#  Falcon 20 testing conducted in ice pellets alone

+  FAA issued 25-minute allowance time for ice pellet
conditions only

+  Work presented at G-12 in Lisbon 2008

; ! = w-—«i!'! 2006-07 WIND TUNNEL RESEARCH

PREVIOUS RESEARCH
+ 2006-07 Research

F  Wind Tunnel testing conducted in mixed conditions with
ice pellets

#  Limited Falcon 20 tests conducted to validate results

F  TCand FAA issued allowance time guidance material for
mixed condition with ice pellets for the winter of 2007-08

F Wark presented at G-12 in San Diego 2007

T g ! ¢ ;-x-m_
PRESENTATION OUTLINE d
W o v i 2007-08 TEST PLAN
=+ PREYIOUS RESEARCH +  Objective
T ARSI # lce Pellet Allowance Time Expansion
% SUNMAEORRESONTS # 80 knot rotation speed
=  120ws. 100 vs, 80 knots rotation speeds 3 Differantfluid ypes
%  Flaps Upvs. Flaps Down & BMIIP at lower temperatures
F  Type Nl fluid
% Blats Up vs. Slats Down
&  Effect of Chord Length
#  Triazole Free vs. Qlder Generation Fluid
#  Rotation vs. Mo Rotation
=  |PISM Allowance Time Expansion . =
4 CONCLUSIONS AND FUTURE WORK Bsiorm i
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2007-08 TEST PLAN

¥ 16 Tests were conducted with the Falcon 20

1203, 100 vg, B0 knots rotation speeds

2007-08 TEST PLAN

+  MNRCWind Tunnel was not available for the 2007-08

winter season
Flaps Upvs. Flaps Down

Type [ fluid

Slats Up vs. Slats Down

Effect of Chord Length

Triazole Free vs. Older Generation Fluid

+  Would have been conducted prior to Falcon 20 testing

=+ Falcon 20 (and T-33) testing was conducted over a
2week period in Feb/Mar 2008

¥ Purpose was to conduct preliminary research to support
future wind tunnel testing in 2008-02

FEOF P OF P ¥

Ratation vs. Mo Rotation
#  IPISN Allowance Time Expansion

2 Tests were also conducted with the T-33

F  “alidation of Falcon 20 low speed results

Eicioren

Falcon 20 Testing Falcon 20 Testing

Dispencers
Cameras

L)

T-33 Testing

ACKNOWLEDGMENTS

= Clariant
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2007-08 RESEARCH TEAM

N

v ¥ ]
HIGH VS. LOW SPEED
ROTATION

+ Lowspeedtests (4 @ 80 knots and 1@ 100 knots)
wiere compared to Falcon 20 and Wind Tunnel tests
@ 120 knots

+ Results with Type IV fluid demonstrated fluid
elimination problems at lower rotation speads

Test #7s
Type IV PG
No Contamination, -15°C

l‘ LOW SPEED RUN

¥ oF ¥

+  COMCLUSIONS AND FUTURE WORK

S
: iy
PRESENTATION OUTLINE
BACKGROUND
FREYIOUS RESEARCH
2007-08 TEST PLAN
SUMMARY OF RESULTS
120ws. 100 ws 80 knots rotation speeds

Flaps Up ws. Flaps Down

Type I fluid

Slatz Up ve. Slats Down

Effect of Chord Length

Triazole Free vs. Older Generation Fluid
Rotation vs. Mo Rotation

IFISH Allowrance Time Expansion

FFEF ¥ F R E

,.).

#  Fluid only tests showed residual fluid post run at low

,.).

e
|

-

= <3

y ¥ ]
HIGH VS. LOW SPEED
ROTATION

Fluid elimination problems appear to be a fluid issue
rather than a contamination issue

rotation speeds

Extended flaps significantly helped fluid elimination
at ratation;

Howewver TE contamination was still greater than 120
knots tests by factor of 2 or maore.

100 knot tests were better in comparison to 80 knot

tests. =
a Mm

'

Test #8p
Type IV PG Neat
No Contamination, -17°C

HIGH SPEED RUN
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o = | -
[ PRESENTATION OUTLINE |
s BACKGEOUND FLAPS UP VS. FLAPS DOWN
% PREVIOUS REZEARCH 2+ Fluid elimination seemed to be greatly improve with
+  2007-08 TEST PLAN flaps down (extended to 157 in comparison to flaps
+  SUMMARY OF RESULTS up (fully retracted)

120ws. 100vs. 80 knots rotation speeds 4 +  Visually Observations
g #  Fluid sheared 143 aft of LE with flaps up
Fluid sheared up to 2/3 aft of LE with flaps down.

Flaps Upvs. Flaps Down

Type I fuid

Slats Up ve. Slats Down

Effect of Chord Length

Triazole Free vs. Older Generation Fluid

=+ In general, residual fluid on TE was twice as large
with flaps up compared to flaps down.

+  Thickness measurements post take-off run confirmed

visual observations

Rotation vs. No Rotation
IFISN Allowance Tirme Expansion

+  CONCLUSIONS AND FUTURE WORK m

FFOF P Y OFF ¥

o ==
® PRESENTATION OUTLINE
+  BACKGROUND TYPE 11l FLUID
+  PREVIOUS RESEARCH +  Testing conducted at 80 knots in following conditions
¥ 2007-08 TEST PLAN 3 Fluid Only
*  SUMMARY OF RESULTS +  lce Pellet Contamination
F 2 120w=.100vs. 80 knols rotation speeds i 3 |ce Pellet/Snow Contamination
il #  Flaps Upvs. Flaps D 1
& Tapsmgvz Ll +  Residual fluid on contaminated wing was less
e comparad to fluid only
% Blats Up ws. Slats Dawn ! i
3 Effsctof Chord Length #+  Fluid and contamination was almost completely
& TricseiaFies ve Dldar 6o eretian Filid sheared off at time of rotation during low speed runs.
% Rotation vs. Mo Rotation
2 IPISH Allowance Time Expansion

+  CONCLUSIONS AND FUTURE WORK m - %

PRESENTATION OUTLINE

BACKGROUND

5
Test #2S % PREVIOUS RESEARCH
Y
+

Y =
g =

Type lll PG 200708 TEST PLAN
No Contamination’ _1 3OC SUMMARY OF RESULTS

120vs. 100vs. B0 knots rotation speeds
Flaps Upws. Flaps Down

Type I fluid

Slats Up vs. Slats Down

Effect of Chord Length

Triazale Free ws. Older Generation Fluid

LOW SPEED RUN

Riotation vs. Mo Rotation
IPiSM Allowance Time Expansion
+  COMCLUSIONS AMD FUTURE WORK

FFF R FF ¥
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4..»&-‘ o
SLATS UP VS. SLATS DOWN

Outhoard Slatted Section (55" chord) was compared
to Inboard Flaps Down Section (9.5 chord)

Fluid elimination seemed to be hampered by slats in
comparison to flapped section

Visually, at time of rotation:

+  Slatted section generally sheared to 1/2 aft of LE

¥ Flapped section generally sheared to 243 aft of LE
Considering shorter chord on the slatted section,
smaller residual TE thicknesses were expected,

howewver they were often greater in comparison to th
9.5 chord TE section. | e

i

EFFECT OF CHORD LENGTH

Outhoard Section (5.5 chord) was compared to
Inboard Section (8.5 chord)
LE and TE devices were retracted for comparison

Length of the chord had a significant effect on fluid
elimination;

#+  The shorter the chord, the better the fluid elimination.
Visually, at time of rotation:

# 5.5 chord generally cormpletely sheared
#  95'chord generally sheared between 1/2 to 2/3 aft of LE.

—
ABC-S PLUS vs. ABC-S

80 knot and 120 knot comparison runs were

conducted

#  ABC-S Plus applied to Port wing

#  ABC-5 applied to Starboard wing

Visually, ABC-5 Plus and ABC-S behawved similarly
aerodynamically.

Discrepancies in residual fluid thickness were minor
and mostly on trailing edge

PRESENTATION OUTLINE
BACKGROUND

FREYIOUS RESEARCH

2007-08 TEST PLAN

SUMMARY OF RESULTS

120ws. 100 ws 80 knots rotation speeds

¥ F ¥

Flaps Up ws. Flaps Down

Type I fluid

Slatz Up ve. Slats Down

Effect of Chord Length

Triazole Free vs. Older Generation Fluid
Rotation vs. Mo Rotation

IFISN Allowrance Time Expansion

+  COMCLUSIONS AND FUTURE WORK

P

[ ot
PRESENTATION OUTLINE
BACKGROUND

FREWIOUS RESEARCH

2007-08 TEST PLAM

SUMMARY OF RESULTS

120vs. 100 vs. B0 knots rotation speeds

¥ oF o+ ¥

Flaps Up vs. Flaps Down

Type Nl fluid

Slats Up vs. Slats Down

Effect of Chord Length

Triazole Free vs. Older Generation Fluid

Fotation vs. Mo Rotation

PR R F R ¥ ¥

IPISH Allowance Tirme Expansion
+  COMCLUSIONS AND FUTURE WORK

EG 106 vs. ULTRA+

80 knot comparison run was conducted
# EG 106 applied to Port wing
#  Ultra+ applied to Starhoard wing

Results showed reduced residual thicknesses for EG
106 in comparison to Ultra+.

Residual fluid on TE was almost double for Ultra+

Wisually, EG 106 demonstrated better flow-
characteristics in comparison to U+,
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o PRESENTATION OUTLINE
BACKGROUND

PREWIOUS RESEARCH

2007-058 TEST PLAM

SUMMARY OF RESULTS

120vs. 100vs. B0 knots rotation speeds

¥ o ¥

Flaps Upvs. Flaps Down

Type [ fuid

Slats Up ve. Slats Down

Effect of Chord Length

Triazole Free vs. Older Generation Fluid

Rotation vs. No Rotation
IFISN Allowance Tirme Expansion

FEOFF Y OF R O¥

+  CONCLUSIONS AND FISTURE WORK Eciorey

-

o PRESENTATION OUTLINE
BACKGROUND

PREYICUS RESEARCH

2007-08 TEST PLAN

SUMMARY OF RESULTS

120 vg. 100 v=. 80 knots rotation speeds

¥ oF oF ¥

Flaps Up s, Flaps Down

Type Il fluid

Slats Up vs. Slats Down

Effect of Chord Length

Triazole Free vs. Older Generation Fluid

Rotation vs. Mo Rotation

EAE A T

IFIGN Allowance Time Expansion
+  CONCLUSIONS AND FUTURE WORK

e

IP/SN ALLOWANCE TIME
EXPANSION
¥+ Results showed residual Type IV fluid on

contaminated wing was greater than fluid only wing
[almost twice the residual fluid)

=+  Some contamination present in residual fluid on TE

Finer SN particles seem to prevent the flow off on
E,

Although LE of wing clears at time of rotation,
aerodynamic penalties due to TE contamination need
to be considered

3 ! it !

. ROTATION V¥S. NO ROTATION

¥+ High speed testing (120 knots) was conducted with
the Falcon 20

#+ Results showed greater residual fluid on TE following
with MO rotation

T-33 comparative runs at approx. 85 knots showed
slightly greater residual fluid on TE with MO rotation

+  Effects of rotation were not as prominent as on Falcon 20

\ !; p——— !

i IP/SN ALLOWANCE TIME

EXPANSION
+  Ztests conducted at 120 knots in IP/SN conditions

+  Objective was to expand current allowance time to

below -5°C
AT -5C and | OAT Lecehian | DAT Lecchan
abiw | s o

Lontios Fellets T M oM
F———— B | b | v
[aiitios Peistemised Wi Lontor | A
[Modsrats Fras dng Oz
Ugh oo Pellete Mized it Light
Frosang Fain A L) il
Ligiitios Pellete Mized i Ught Wi e
[pam
T LT T T
Madorats snow

Mo Alloweance Time
Below -5°C

B PRESENTATION OUTLINE
BACKGROUND

FREWICUS RESEARCH

2007-05 TEST PLAN

SUMMARY OF RESULTS

120vs. 100vs. B0 knots rotation speeds

FoEOF 4

Flaps Upws. Flaps Down
Type I fluid

Slats Up vs. Slats Down
Effect of Chord Length

Triazale Free ws. Older Generation Fluid

Riotation vs. Mo Rotation
IPISM Allowance Time Expansion
+  COMCLUSIONS AMD FUTURE WORK

FEF R FF ¥ ¥
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PRELIMINARY FINDINGS
+  Low speed tests with Type IV fluid demonstrated

significant amounts of residual fluid on trailing edge
section

+  Shaorter chord length and extended flaps helped fluid
elimination.

+  Type Il fluid demonstrated good fluid elimination at
|ow rotabion speeds with and without contamination

¥ New Triazole-free fluids showed similar or better fluid
flowe off compared to older Type [V fluids

+  High speed Type Y tests in mixed IP/SMN conditions
showed residual contamination at lower temperatures

Euciorg

APS
“ Avighion Ine. - -

Marceo Ruggi - 2
mruggi@adga.ca

Lt

FUTURE WORK

2+ Wind tunnel waork s required to support
expansion or modification of allowance times

2+ Wind tunnel testing will likely be conducted during
the winter of 2008-09

2+ Wind tunnel testing will provide aerodynamic
validation of results obtained (i.e. it and drag
data)

J-121
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A
1ISO 9001:2000
V

AIRCRAFT GROUND DE/ANTI-ICING
FLUID ENDURANCE TIMES IN SNOW
PELLET CONDITIONS
By
Marco Ruggi

AP$

=~ Aviation Inc.

For

Transportation Development Centre
Transport Canada

and the
Federal Aviation Administration

WARSAW - MAY 13, 2007

SAE G-12 HOT SUBCOMMITTEE m
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# e ] 3
PRESENTATION OUTLINE BACKGROUND
4 BACKGROUND F SNOYY PELLETS DEFIMNITION:
> SIMULATED SNOW PELLETS &  Precipitation of white and opague grains of ice. These grains
are sphedcal or sometimes conical; their disrmeter is about 2-5
+  EMNDURAMCE TIME TESTING COMNDUCTED rn. Graing are bitlle, easily crushed, they bounce and hreak
hard i
+  OBSERVATIONS AND RECOMMENDATIONS R
#  Currently, no HOT Guidelines exist for snow pellets
el el
- Y
[y § Eucioren S R B ioren
e | S

= AP :
S ] PRESENTATION OUTLINE
e [ -z (20
| e s 1| +  BACKGROUND
+  SIMULATED SNOW PELLETS
+  ENDURANCE TIME TESTING COMDUCTED
+  OBSERVATIONS AND REC OMMENDATIONS
i
P, -
e O e e el
A b
Fom TTE | ;q"*‘: . Euelorem

APS TR el T NCAR SNOW BALL
2 " | —
SIMULATED SNOW PELLETS b
+  Simulated snow pellets were manufactured using
the NCAR snow
+  MNCAR snow was hand formed into snow balls
F o Approx 3"in diameter

2+ Snow ball was mashed through various calibrated
siewves to obtain desired size

i + Density of the snow pellets was calculated to be

02004
i1l
-
[ . TS
| < | choxen
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SIFTING DESIRED PELLETS SIZE SIMULATED SNOW PELLET

e

MEASURING DENSITY OF PELLETS
\ PRESENTATION OUTLINE
3 BACKGROUND
3 SIMULATED SNOWY PELLETS
3  ENDURAMNCE TIME TESTING CONDUCTED
% OBSERVATIONS AND REC OMMENDATIONS
i
7
-
o P ey :
elaren
t d

APS TR el T FAILURE COMPARISON

e ; TYPE lll PG
ENDURANCE TIME TESTING

2+ 7 preliminary comparative tests were conducted

+  Snow pellet endurance time was compared to
NCAR Snow machine endurance time

Tuit Fuld Pracip Ruts of Pracip OAT Munured ET Mf: I:‘r: L

[ Toee tgkinh | ra) i) i

1 TypE 1l PG Sicm Peles 1 -m n 19

z Type |1l PG Sicm Peles 10 -1 L 198

' a Tyge |1l PG Sicn 10 -0 n 11

+ Ty IV EG Show Pelet 25 7 36 136

r.l 5 Type W EG Sww 25 - 3 133

—— L] Type N PG Sicm Peleh 25 1 n ma

- 1 Tyme I PG Sien 25 1 o 20

=
t‘q“ﬁ u Evcioren
A
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PRESENTATION OUTLINE

BACKGROUND

SIMULATED SNOW PELLETS

EMDURANCE TIME TESTING COMDUCTED
OBSERVATIONS AND REC OMMENDATIONS

ok ¥

ADDITIONAL INFORMATION

~ Data used to generate snow holdover imes may
already include snow pellets

+  Snow pellet events are usually brief

¥ Endurance time testing conducted during snow
pellets would not have heen discarded unless the
condition was severe

GENERAL OBSERVATIONS

Fluid endurance times in simulated snow pellet
conditions were similar to simulated snow

Average final brix indicated similar lewels of fluid
dilution

ADDITIONAL INFORMATION

Falcon 20 testing showed that ice pellet
contamination is completely removed from the
wing at rotation speeds, therefore snow pellets
should also be completely remaoved

Snow pellets will generally occur during snow
conditions, not during freezing rain or freezing

drizzle conditions, therefore low risk of adherence

FUTURE WORK

F  Wind tunnel testing to investigate flow off defanti-icing
fluid contaminated with snow pellets

¥ Further ET testing with different fluids, dilutions, = Aviction Inc.
termperatures and rates

Marco Ruggi
mruggi@adga.ca

¥ Intra-laboratory comparison of simulated ET results
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IMPLEMENTATION OF HOLDOVER
TIME DETERMINATION SYSTEMS

ﬂﬁﬁ SAE G-12HOLDOVER TIME

Auiaion Inc. SUBCOMMITTEE
1SO 9001:2000 WARSAW, POLAND
e MAY 13, 2008
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MICHAEL CHAPUT

MANAGER, PROJECTS AND BUSINESS
DEVELOPMENT

APS AVIATION INC.
MONTREAL, QUEBEC, CANADA

HOLDOVER TIME DETERMINATION
SYSTEM (HOTDS)

=+ System consists of numerous sensors enahbling the determination of:

= Rate of precipitation
-+ Type of precipitation
=+ Ambient temperature

MCHAPUT@ADGA.CA 5 vl " . e L P
WEIEM Measuremen can oe employe 0 generale a “single-valle
WWW.APSAVIATION.CA holdover time for each departing aircraft
S Aviation Inc.

MY EXPERIENCE

Endurance time test procedure development and testing of dedsnti-icing fluids
Development of fluid holdover time tables and operational guidelines

Dedarti-icing optimization strategies

Specifications and Regulstory Framework for HOTDS imple mentation

APS

PRESENTATION OUTLINE

+ Current defanti-icing decision support tools available to
flight crevws

+ Making the case for HOTDS
=+ Regulatory framework for implementation of HOTDS
=+ Current state of HOTDS technology

= Recent work on airport siting of HOTDS

APs

APS.

ACKNOWLEDGEMENTS

2 Transport Canada

+ Airport Cooperative Research Program (ACRF)

-+ Ewvalustion of new delanti-cing technologies
+ Evaluation of Holdower Time Determinstion Systems (HOTDS) + D-lce A5
<+ Developmert of Minimum Guality Assurance Reguirements, Performance + Westet

APS

CURRENT
DE/ANTI-ICING

DECISION SUPPORT
TOOLS
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CURRENT FLIGHT CREW TOOLS CURRENT FLIGHT CREW TOOLS
DEIANTIHCING FLUID HOLDOVER TIME TABLES
DE/ANTI-ICING FLUID R -
HOLDOVER TIME TABLES ] ————

METAR WEATHER

VISIBILITY TABLES

APS

CURRENT FLIGHT CREW TOOLS CURRENT FLIGHT CREW TOOLS
METAR WEATHER VISIBILITY TABLES
BERERER EEEEET

ARPORT  TIME WiINDS 5. CONDITION WERT. TEMPS  ALT S -t IC =Hio 16
g Daptegrn

CURRENT DE/ANTI- \
ICING DECISION-
SUPPORT TOOLS
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HOLDOVER TIME TABLES 1990-91

HOLDOVER TIME TABLES TODAY

1 ain. | 1 wia. S ain 1 mia.

18 nin. | 13 ata.
|

1 win. | 13wl

HOLDOVER TIME TABLES HOLDOVER TIME TABLES

= Quality of the data emploved to generate the warious holdover time # Holdover times are a range of times and nat a single value
tahles is excellent

+ Content is defived frorm standardized test methodologies using +Walues oitained from tests performed at low end and high
defined metearalagical and scientific inputs end of the rate spectrum for each condition

<+ Diata in the tables has been correlated to operational aircraft + Holdover times are derived from tests performed at specific
rates of precipitation for each reteoralogical condition

+ Liguid Water Equivalent (LWE)

APS aps

HOT DETERMINATION CRASH COURSE
HOLDOVER TIME TABLES . LIGI;{T SMOW MODERATE SHOW/ HEAY SO

" [CURRENT HOT ElﬂNGE o Bekw-lk 4%
. bmt s

+ Despite the guality ofthe holdover time infarmation, the paper format of
the tables limits them to being vague guidelines

+ Flight crew's shility to extract the proper information from the tables has m
not advanced

Fallura Time Imin |
2]

ik ut o (|
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BUILDING THE TAEBLE BUILDING THE TABLE

TR T TR TR A Tirws v Tariy
Tamparatu
Bt Trawar
AT Franang gt [ e [,
Eaun | Fahranhit | g Fat ] e rizan” | Fruwang Auin | Sakedining
I L] BN |3 m [ wmo1E | tm-em | mas s | manim
Im | 2m Vo= Sm | am-m | mo-1@ | ms-zm | omoos | omo1a
B 3M | D= -s | m0-0Z | mm-0m | oanoms
o3 | | oW R Rl sum
-1 -y o= M | GO0 | BE-0O | B T | 0D -ma Ime gz
Ty ToeT Bkl
joril ) o Bm | om-om | ms-om
Towe i ey BE ol Ve SEE £ i i P feezry VEQTT|
e | w2 0| e e 7 Emp
T

HOLDOVER TIME TABLE ONLY TAKES ACCOUNT OF A
REGRESSION ANALYSIS TAKES ACCOUNT OF ALL RATES DEFINED RANGE OF RATES

BUILDING THE TABLE HOLDOVER TIMES FOR SNOW OPERATIONS

LIGHT SH O MODERATE SHOWI HEY SNOW
e Air Apprazimeta Halduar Timg s bn dor Werusiberhar Gandian s H H 1 H H H
Tamparstum virwtha Puursminuies b A b k] .
oowrms | oims | o | tw e VS ey | uamt | e [ o ; : p——
Camun | anrmnnat | ot | R A it Grizan | Framane fain | e ol . ; .
1 BN ITM-4m  WD-1E 1E-2m | oeE-1s | omerm
im 1= SM Zm-4D mo-1@ ws-am | ow-ns | om-ia mt---
el 3 DE-4E QB-0%  GO-03 | Go-mE
3 ] B 0m-E{ DO- 13 ) 0B | 0E-mE —— Ll
o= ST 0O-D CBE-gM DZ-1T | Dm-Car [Smpirrarril = i
n i -
vmr | e | em amem meom = £ st corrditiorrari
TOWE 11010 My NE Lo R O [ A A P Terzing mn wTie TUN TS alimel T ECT D) Ea _|-thenntergret the range [
ez | ho-ra L] :::::%i-rm.ﬁu:.-'f--T-M--n.hzmk.-"munnmm | ; without kndwing e rate
2a - -
n
=
CURRENT HOT RANGE =
04t 1:08
a
MODERATE §NOH
ONLY n . - ----
L] - —r

AR
e wt Pl o [

METAR WEATHER

%+ Primary source of weather information employed by flight crews
+ General format of METAR reports is a global standard

9 + Information is updated hourly (or every 30 minutes)
L + If conditions change significantly, an update is provided (SPECH

+ METAR contains all the information (termperature, precipitation
type and intensity) regquired to assess holdover time

aps
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DEFICIENCIES OF METAR

+ METAR provides no quantitative measurement of precipitation
intensity

=+ No correlation between holdover time definitions of precipitation
intensity and those reported by METAR

EXAMPLE #1

=+ Frequency of METAR reports updates is insufficient for holdover
time applications

=+ Poor at identifying changing weather conditions, especially as
they pertain to aircraft ground deicing

APS

EXAMPLE #1 - ACTUAL REPORTED EVENT HOLDOVER TIMES FOR EXAMPLE #1

LIGﬂT SHOW MODERATE SNOW/ HER SH O

16 DECEMBER 2005 0903Z -

METAR C¥ UL 1609002 05014KT SJBSNQQDRSN 004
MOSM1 1 AZ000

APS MEASURED RATE OF PRECIPITATION: 38.5 g/dmith

AL Time imin g
2]

SNOWY INTEMSITY BASED OMN RATE: HEAVY

APS NS N R T S S ——

Wt i (gl

EXAMPLE #2 - ACTUAL REPORTED EVENT
16 DECEMBER 2005 1137Z

SPECI CYUL 161137 Z050717KT WQSN(éT\J:ELSN Y003 MOS0

EXAMPLE #2

APS MEASURED RATE OF PRECIPITATION: 74.3 gfdm?fh

SNOWY INTENSITY BASED OMN RATE: HEAWY

APS
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HOLDOVER TIMES FOR EXAMPLE #2

LIGHT SNOw/ MODERATE SHOW HE= SNOW

EXAMPLE #3

LT
e Pl (|

EXAMPLE #3 - ACTUAL REPORTED EVENT HOLDOVER TIMES FOR EXAMPLE #3
LIGHT SNOW MODERATE SM O HE& SNOW
15 JANUARY 2007 1301Z T e - -

METAR CYUL 151300Z 08014KT 3f4SMGS—I{I\DRSN ovo14 -
WOE/MT T ATO1S

APS MEASURED RATE OF PRECIFITATION: 22.8 g/dm2/h

Fallur Tims [min |
[

SMNOYY INTEMEITY BASED OMN RATE: MODERATE

e Pl (|

EXAMPLE #4 - CHANGING CONDITIONS

March &, 2004, 1800-1600Z, YUL

HOJ'-I'DS
R N [T
ATIE R
EXAMPLE #4 10051 Rail, Fag 9.1 g
15:12 Rali, Fag aE L.a
15:21 Rali, Fog 23 212
15002 Rali, Fag 231 22.8

METAR DID MOT CHAMNGE FOR THE HOUR PERIOD

METAR: 05009KT 1 1/25M -RA BR Aps
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VISIBILITY TABLES

+Pilots use visual cues to assess intensity of

9 snowfall

1 >TC /[ FAA provide carriers with wisibility tables
for the use of horizontal visibility to categorize
the snowfall intensity

APS

VISIBILITY vs. RATE

(1995 95 to 2001.02) (BELOW 1°C)

0

é
- EXAMPLE #5
g 1
E | ‘
[¥]
£ |
o1 |
! ‘ Rate P Rae taamithy R
EXAMPLE #5 - ACTUAL REPORTED EVENT HOLDOVER TIMES FOR EXAMPLE #5
LIGHT SHOwW/ MODERATE SHOW HEALY SHOWY
4 JANUARY 2006 13062 who--J4 b -
YISIBILITY = %4 S F 777777777 -

SNOWWFALL INTENSITY BASED ON VISIBILITY TABLE: MODERATE

Fillurs Tima [min|
]

APS MEASURED RATE OF PRECIPITATION: 2.9 g/dmZh

SNOW INTENSITY BASED ON RATE: LIGHT

P R H H H H : H
A s 1 5 o 5 A - = w [

e i (|
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USE OF VISIBILITY TABLES

+se of visibility tables will only enable a general
classification of snowfall intensity

Mot useful for other precipitation conditions

+Doesn't provide a LWE, and thus won't
eliminate interpretation of holdover time range

APS

MAKING THE CASE
FOR HOLDOVER TIME

DETERMINATION
SYSTEMS

SIMPLISTIC SUMMARY

SCIEMCE

1

OPERATIONS

H

S S|

METAR

ik

LOGICAL SCENARIO

SCIENCE

;_;.T.._'.

B

OFERATIONS

BUSINESS CASE FOR USING LWE

FLIGHT CREW DE/ANTI-ICING DECISIONS AT YUL

OPERATIONAL DATA COLLECTION 2004-06

1459 Total Data Points (Departures]

COST SAVINGS
Type IV fluid was unnecessary. 27% - ENVIRONMENTAL IMPACT REDUCTIONS
IMPROVED OP ERATIONAL EFFICIENCY

Good fluid decision: 61%
Ajrcraft did not deice: 8% -
SOFETY ENHANCEMENT

Took offwith Exceeded Holdower Times: 4%

APS

POTENTIAL BENEFITS

“ More frequent winter weather information for winter flight planning
o IMOM 30 EE e Tk OTdeA -] Conama s
et bk ntfcation ot iang g weather

4 Aocurate determination of fiuid holdowertimes
“ Evabk Dether K g6 kotion
-+ Evablk expand:d wge ofc vt hokdowe T tme lobrmation
< RRaicno b of MK 1307 hUoUe Mentlh bokoUer time Brsess ment
+ Redwbon of departies with e eded Mk bokdou: T mes

% Esonomic Savings
o Cogtor iy
+ Coek af kool recowe nrand reihg

A Source Reduction of Gheol
 Reneno b of & Uik Me vB1HIMpacs 3 oo

% Dperztional Improvement
+ Alrportti raagipat
+ THme marageme it

APS
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REGULATORY
FRAMEWORK FOR

IMPLEMENTATION OF
HOTDS

EXEMPTION DEVELOPMENT

*As part of a contract with TC, APS produced:

>Draft Performance Specification document for
Haoldowver Time Determination Systems (HOTDS)

+Draft Exemption document from  Subsection
602 11(4) of the Canadian Awation Regulalions
and Sections 10, 30,60,62, 63 and 7.1.1.1 of
Standard 622 .11 Ground leing Operalions

APS

APPENDIX C CONTENTS

Guality Management System
Training and Gualifications
Installation, Siting, Operation and Maintenance of HOTDS

Accuracy of Holdower Time Input Instruments and Determination
Systerns

A Technical requirements for Data Inputs and Holdover Time
Determinations

R

Wind

Frecipitation Type

Temperature

Frecipitation Rate

Holdower Time Determinations
Holdover Time Determination Reports

Y¥¥YYFY¥

APs

IMPLEMENTATION OF HOTDS
INTO CANADIAN AIR OPERATIONS

# Transport Canada has been a strong supporter of HOTDS
initiatives

<+ HOTDS output is an operational aviation product for use under
ground icing operations, and therefare fell under CAR B22.11

+ Methodology to achieve use of HOTDS in short term:

+Development of a perfarmance specification for HOTDS
+Exemption from CAR 62211 for operational use of the holdover

time information provided by the HOTDS

EXEMPTION CONTENTS

+Exemption

*Appendices

SAppendix A Description of the applicable Canadian
Aviation Regulations and Standard

SAppendix B: Definitions of terms employed in the Exemption
+Appendix o Minimum  Assurance  Requirements  and

Perfarmance Specifications  far  Holdowver  Time
Determination Systems

APS

EXEMPTION STATUS

+First wversion of the TC Air Carrier Exemption (for
operational use of the HOTDS outputs) was issued
to WestJetin March 2007

FRevised version of the TC Air Carrier Exemption was
issued to Westlet on December 21, 2007

aPs
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CURRENT STATE OF

HOTDS TECHNOLOGY

TWO D-ICE UNITS INSTALLED AT YUL

TECHNICAL EVALUATION OF
HOTDS

+ APS compared D-lce AYS System outputs (rate, precipitation
clagsification, temperature) with:

Manual data collections (using historical holdover tirme
precipitation rate methodology)

ars

CURRENT STATE OF
TECHNOLOGY

#+ HOTDS equipment has been in the research and development
phase for several years

& In August 2003, APS was contracted by a HOTDS manufacturer
to conduct an independent technical evaluation of the system

= Evaluate the system's ability to:
-+ Cornpute a precipitation rate
= Determine the prevailing meteorological conditions

“Determine a holdover time based on the prevailing

conditions and computed rate Aps

D-ICE UNIT INSTALLED AT YYZ

TEST SUMMARY — WINTER 2003-08
D-ICE A/S DEICING INFORMATION SYSTEM

Approximately 2400 data
points collected with
the DIIS in approximately
90 data collection events

APS
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TECHNICAL COMPLIANCE

+Technical compliance of the D-lce system with the
TC minimum performance specifications for HOTDS
is currently being documented

ars

ACRP PROJECT 10-01

A In March 2007, APS was contracted by the Airport Cooperative
Research Program [ACRP) to undertake Project 10-01
Optirizing the Use of Defdnti-icing Flulds

# Objective of the ACRP 10-01 project is to examine and research
technologies and procedures that could optimize current defanti-
icing practices

< One area of interest for the ACRP 10-01 Project was the future
implermentation of HOTDS technology

L L

AIRPORT SITING ISSUES
WITH HOTDS

+ Objective: Perform a preliminary study to examine if a single
location HOTODS can reliably report precipitation conditions for
an entire airport

# Objective was met by measuring precipitation rate, as well as
other meteorological parameters affecting fluid holdover time, at
two different airport locations simultaneously

+ Undetstand variances between test locations and detemmine the
impact on the holdover times provided by the HOTDS

C L

RECENT WORK ON
AIRPORT SITING

OF HOTDS

AIRPORT SITING ISSUES
WITH HOTDS

+ Defanti-icing holdover time is directly dependent on precipitation
intensity

+ ital that the intensity measured and employed for holdover time
determination is indicative of what the aircraft will be exposed to
during taxi

# It was unknown whether a HOTDS at a single airport location
can provide data with enough reliability for this application

4rs

PROCEDURES

+ Testing was performed at Montreal-Trudeau  Intemational
Airport; agreemment was also reached in March 2008 to run
testing at Boston-Logan Intemational Airport

# Test procedure was based on the rate measurement
methodology included in ARP 5485

+ Far more stringent version of the procedure was applied

# Test procedure consisted of measuring precipitation catch in
four collection pans of a known area over a known period of time

aPs
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PROCEDURES PROCEDURES

+ Data collections were perforrmed at 10-minute intervals

~+ Eliminate errors associated with data collections ower short periods
oftime

=+ To simulate what an aircraft could be subjected to during tax

+ Data collection teams performed the procedure at precisely the
same time intervals at two different locations at the airport site

+ Distances ranged from 4,200 feetto 13,300 feet of separation

APS

i e

Oneto-One Comdation of Mutiple Site Dets Collection
Wirter 2002 - All Distarces

120 Data Points

s 3 2y

3
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Ore-to-Ore Corrslation of Muliple Site Data Collection Ore-to-One Comrelation of Muiple Site Data Callection
Virker 2008 - 400010 6000 Feet Yidnker 2008 - 7000£2 9000 Feet
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DATA ANALYSIS

++ Data collection ended in March 2005

+ Rate data from the various sites at YUL were similar

AIRPORT

+ Data analysis is currently ongoing

+ Btatistical analysis ofthe data collected C 0 N S I D E RATI 0 N S

=+ Rate variance

=+ Holdover time variance for different fluids

= Add safeguards from the TC Minimum Performance Specifications
to the data collected and examine variance of holdover times

= Reportwil be provided to ACRP in Fall 2008

APS
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DEPARTURE RUNWAYS AT YUL 238 11 AIRPORT-SPECIFIC
URE CONSIDERATIONS

o € C
qﬁu[c.wmt] .
pa iE : el | IR # The longest distance from the central location at YUL to an
i

active departure runway was 7,000 feet

+ Many other airports have significantly larger surface area than
¥

+ Larger surface area may result in larger impact on the computed
holdover times from HOTDS

= May require installation of additional HOTDS near departure

TUWaYS
APS

Irton
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ONE IMPORTANT POINT!!!

# The current tools employed for defanti-icing decision support
tholdover time tables, METAR, visibility tables) are not
optirmized
+ Lack of LWE measurement does not enable defined haldaver time

determination ar improved fuid selection

= Frequency and content of weather updates for defanti-icing
operations are inadeguate

= Vigihility is not an sppropriate tool for advancing defanti-icing
decision support

Even a single HOTDS positioned at a central location at an
airport site is @ VAST improvement over the current status quo

4rs

ADDITIONAL WORK

+ Additional work should be performed to:

=+ Gather more data
+ Examine effect of longer distances between data collection sites

+ Examine different weather types, temperature ranges, preciitation

rates
-+ Difterent airports
+ Potentially  develop  recormmended  practices  (ARP)  for

implementing HOTDS at airport sites

4rs

PRESENTATION CONCLUSIONS

< Current defanti-icing suppor tools are not optimal

# Mumerous benefits could be achieved through use of HOTDS
measurements and outputs

+ Regulatary frarmewark and minimum performance specifications
(TC) have been developed for use of HOTDS

# Technical assessment of HOTDS  equipment has been

completed and compliance is documented

+ Airport siting considerations for HOTDS equipment are currently

being examined
APS
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APPENDIX J

PROPOSED CHANGES TO
FROST HOT GUIDELINES

By
Marco Ruggi

!

T'ransportatioh quelopment Centre
\ Transport Canada

and? the

]
"+ Federal AviationgAdministration

SAE G-12 HOT SEBCOMMITTEE
MONTREAL - BER 5, 2008
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|’Fﬂ!ll!!!:!lllllllllllllll
- PURPOSE

+ Data collected by APS in natural frost conditions
wias presented at several meetings including the
G-12 meeting in

#  San Diego (May 2007)
#  Montreal (Novernber 2007)
F Warsaw (May 2008)

+  Aftention was focused on:

7 Reduced Endurance Times in Frost
Conditions due to Fluid Freeze Point Issues

| PURPOSE

+  Present proposed options for changes to frost
HOT guidelines

=+ Obtain industry feedback to focus the direction for
change

BACKGROUND

+ A survey of deicing activities at airports was
conducted by APS

<+ Datawas collected from airports in Morth America,
Europe and Asia

=

Results showed removal of frost contamination
represents a significant portion of deicing
operations.

F  90% of operations for airports with warmer climates
# |e Landan and Paris

¥ 25% of operations for airports with colder climates
F  le Montreal

EEﬁlllggg!lllllllllllllll
PURPOSE

+  Sewveral meetings have been held between
January and October 2008

*  Attendees

£l

Federal Aviation Administration
Transport Canada

&+
¥
&+  APS
&+
oS

2 Aircraft Operators

1 Fluid Manufacturer

*+  Objective: Review current data available and
scrutinize and further develop the proposed

changes to the Frost HOT Guidelines

Y =

PRESENTATION OUTLINE

BACKGROUND

PREVIOUS WORK

FLUID FREEZE POINT FAILURE
ALTERNATIVES FOR CHANGES
+  Option 3

S Option 4

A Option 1

A Option 2

+  POTEMNTIAL FUTURE WORK

#  QOPENDISCUSSION

¥

BACKGROUND

+  Freguency of Deicing Operations Airport Survey 2000-03

1%

TC repart TP M4375E
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1l
%
. |

BACKGROUND

=+ FrostHOT have always been a part of the HOT
quidelines, however fluid endurance times in frost
conditions have newver been measured

=+ Cutdoor endurance time testing in natural frost
conditions for Type |ILILIY fluids was
recommended

‘ Ereimren

i
(/.

: 3
PRESENTATION OUTLINE

BACKGROUND

PREVICUS YWORK

FLUID FREEZE POINT FAILURE
ALTERMATIVES FOR CHANGES
+  Option 3

+  Option 4

F  Optian 1

+  Option 2

+  POTENTIAL FUTURE WORK

=+  OPENDISCUSSION

¥ oF 4

APS

TR ]

BACKGROUND

+  Testing was conducted by APS to:
#  Monitor Test Parameters
= Flat Plate Testing
+ Full Scale Aircraft Tests
+ “alidate Type | HOT for Frost Conditions
F “alidate Type AN HOT for Frost Conditions

1!
- » “oon

ESTABLISH TEST PARAMETERS

Thermistor Probes

\

White Painted

L | Aluminum Plate

T— ——
\ Parameters Measured:

Insulation Backing e

+  Plate/OAT Temp Differential

Icing Intensity

ESTABLISH TEST PARAMETERS

Parameters Measured:

+  Wing/OAT Temp Differential

FROST AT PARAMETERS
* PLATETESTS

144 endurance time data points collected

+ Test Plate and OAT temperature differential ranged
from 2°C to 9°C

+  Temperature differential calculated as:
+  Average OAT — Average Plate Terp. = Termp. Differential
#+  FULL-SCALE WING
# 122 data points collected
+  Wing and OAT temperature differential reached up to
r" 6.5°C

+  Temperature differential calculated as:
+  Instant OAT — Instart Wing Ternp. = Temp. Dlﬁere%
P =

S =
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VALIDATE FROST HOT'S

Frost Endurance Time Test Plates

+ Type | fluids

#+  The measured endurance times did not violate
the long used HOT of 45 minutes.

¥+ Based on the data collected, the Type | HOTs
were substantiated.

Parameters Measured:
*  Fluid Endurance Time*

++  Fluid Dilution

ENDURANCE TIME RESULTS

+ Type lll fluids + Type Il and Type IV fluids
2 Endurance time data collected exceeded the ¥+ Reduced endurance times were observed
current frost HOT guidelines for Type |1 fluids when compared to the current frost HOT

+ Based on the data collected, reductions to the LRl

Type lll frost HOT's are not required ¥+ Discrepancy in endurance times was attributed
to fluid freeze point issues for the majority of
| l the reductions observed

P e J A J
ERESERRAERALRE-IE FLUID FREEZE POINT FAILURE
+  BACKGROUMD
+  PREVIOUS WORK 3  Reduced fluid endurance times were experienced
5 FLUID FREEZE POINT FAILURE when OAT approached fluid LOUT
+  ALTERMATIVES FOR CHANGES + The plate surface temperature would cool closer to
3 Option 3 the fluid freeze point causing fluid failure
#  Option 4 2+ Fluid dilution and erosion did not significantly
l 3+ Option 1 l contribute to the failure
3+ Option 2
F  POTEMTIAL FUTURE WORK
+  OPEN DISCUSSION
i e ioren g Eusioren
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FLUID FREEZE POINT FAILURE

3 Fluid freeze point failure can be experienced with
dilutions when operating at the lower end of the

FLUID FREEZE POINT FAILURE
+ EXAMPLE
3 Type IV 75/25 Fluid

#  OAT=-13.9°C {within operational limit) termperature ranges
#  Plate Temperature = -13.9°C - 7°C) = 20, 9°C % Assuming AT=7°C
= Fluid Freeze Point (FFF1= 21°C [ e R
4+ Fluid would be designed with 7°C buffer based on Type I Dil tion Concition Approx e e EER, Tamp, iring
operational limit of -14°C Tempargture i) Frost Conditions
1%] &5
+ Plate temperature is cooled to FFP Nest =5 . o
2+ Fluid experiences contamination as ice 7525 14 21 21
crystals begin to form sporadically in fluid - a o o

FLUID FREEZE POINT FAILURE ERESERERREnLGIRICINE

+ The HOT table provides operational ranges +  BACKGROUND
specifying limits based on QAT +  PREVIOUS WWORK

¥ In frost conditions, the skin termperature of an *  FLUID FREEZE POINT FAILURE
aircraft may be several degrees lower than the +  ALTERMATIVES FOR CHANGES
OAT +  Option 3
If operating with a fluid close to the lower end of +  Option 4
the temperature range during frost conditions, the +  Option1
skin temperature of the aircraft could reach the > Option 2

fluid freeze point potentially causing ice to form in
the fluid

FROST HOT'S SHOULD CONSIDER THE
EFFECT OF SKIN TEMPERATURE

+  POTENTIAL FUTURE WORK
+ OPENDISCUSSION

T,

S FTE— | 7 opTion 3
ALTERNATIVES FOR CHANGES - i . R D

=+ (Changes to the Frost HOT's are necessary to

aceount far: 3+ Issue frost HOT's on a separate table
% Endurance Time Data Collected + Remowe frost HCOT's from generic and fluid
%+ Fluid Freeze Point Failure specific tables

2+ Change temperature ranges to reflect skin temp.
+ 4 Options were developed and evaluated: differential experienced during frost conditions
#+ SEPARATE FROST HOT TABLE

+ MNOTE IN HOT TABLE (INTERIM SOLUTIOH)
+ CURRENT HOT FORMAT / REDUCED HOT'S
S

CURRENT HOT FORMAT / OAT FOOTHNOTES
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FRGPOSED CPTIGHS FOR CHANGES 10 FRO0ST HOT GUCELNES

TABLE 1 -FROST TR -
SAETYPE 1", Il Il IV FLUID HOLDOVER GLICELINES FOR WINTER 2007-2008 | ) -
THE RESPONSBILITY FOM THE APPLICATION OF THESE DATA REMAINS WITH THE USER OPTION 3
P Bt = s SEPARATE FROST TABLE
st Ps—
fin e e .
el (e “"'W e et [ et it + Option 3 would allow for greater
el [y -~ N B T operational flexibility
Svsa 300 050 300
= o e
| i e A e + Operators could extract HOT values from
Y o et o | | BT Opt!on 3 table and generate Option 1 or
= soei] e [ Option 2 tables
om0 | ek 14 ok 50 e 00 .
35 o | ¥ 4 Option 1 and 2 tables are based on Option 3
wan o= |8 HOT values
oo EAERES
e A bor ot et o i e 1187 s
CAUTIONS (T0 BE DEVELOPPED FURTHER)

oy
TABLE 3-Grmmric % T [1, I
SAE TYPE Il FLUID HOLDOVER GLIDELIES FOR WINTER 2007200 |
R S i i e PRESENTATION OUTLINE

[ — e o T

e | oo | st [ | i | Ty | | o ot > BACKGROUND

o [ooots || ke’ [ B ] Vo | | i

B T I = W T W R #  PREVIOUS WORK

v | i e et e o +  FLUID FREEZE POINT FAILURE
- o7 75 020 - 0:25 01009 015 - 03 005 - 15t Hirrn gt

Al T 1R b > ALTERNATIVES FOR CHANGES

, '|—mllmmaumm-x‘ci-irr]mﬂeﬂmmmmuwmmxm .
[UE [— won || ST b e e AP B Aoy etsiaoee e 3 S+ Cption 3
|Consider s of Type | whesn Type i fud

o ) +  Option 4
T s o e T e e
3 Heany wocm wocm padecs, e pefietn, mccecade and heay | Gr::{;:.: >+ Optmn‘]
: o e
§ e oy % i
e o > FOTENTIAL FUTURE WORK
;IR e e REY > OPEN DISCUSSION

3 !'l, Y ! TABLE 2.Ganeric

B ' OPTION 4 saeTvPE IR i

THE RESPCNSIBLITY FOR THE AFPLICATION GF THESE DATA REMAINS WiTH THE USER

(SHORT-TERM SOLUTION) S| T e T S T
STATUS QUO WITH CAUTION P e - ey pr— L e L
Celsius | Fahrenhe DAL - Frost Grnem Drizzle’ Freezing Ran [ Scaked Wing
+ Mo changes are issued to HOT's in short term am | aes e Tt o | et = [eeeoe
S50 300" E-C15 | @505 e
1000 500" 0:15-030 | Oi5- 05
> Cau_tlonary_note a_dded to ad\fl_se that radiational el e N T R e e
cooling during active frost conditions may reduce e won | sou® | ms-pad | ms-oa ] e
HOT when operating close to the lower end of the e e B e abes e ot ol

QAT range.

=
Bssae ot oot Pkt mas o i Ty ik Bt e Taia 57
Vi o, o e, e i, rdetstearc ey beecing ram aret hal

M0 GO0 TG M T AT T 1kt TR CTS WHAN CORTAIG (03 5T Kkl 67T T O30 37 SRSt (NGE.

crmons
v That orly
kot e Eathe e

+ Fagh wind veiocity o jet blast may re-uce holdover time.
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TABLE &-Generic

SAE TYPE [V FLUID HOLDOVER GUIDELINES. FOR WINTER 2007003 = y ) P‘hE SENTAT|ON OUTLINE

THE RESPONSEIITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Dutaide Air Ty IV Fhuid “Eppraiamats Hedse Times.
o i R o . -
St | o, | onsie fea | | sty | o] dnee | eme +  BACKGROUND
s TEorE [WE-iE | GEoW | GE 6 | Thom 5 PREVIDUS YWORK
ol el TEoie | imon= | omoiw | cEoow | im0
s 035 | 005-01S | Q@W-020 005 -0
[ [ s mois Lome e owier|  gute % FLUID FREEZE POINT FAILURE
0.4 bl Tas 035050 | 015-035 | o15-030" | 010-0 B gridaines.
R T s o Eao o o= +  ALTERNATIVES FOR CHANGES
b 25 | boowt3 | 1008 | R b AR B St he Aarb s e PLnES € e e el Enr e # +  Option 3
| Typse | when Type I fleil cannct be umed
= Option 4
- fua )
3 Mooy s b e e vt i b et &  Option1
7; Raahir sl cosios 1 s o kot ey e s Bmes 25w 4370 St 2 P e e e i o arromeshr e ¥ Option 2
+  POTENTIAL FUTURE WORK

CAUTIONS

biioumr b t2bie

+ OPEMDISCUSSION

 Hagh e vebseity e ot blesl may reshace hobdrer lise.
kg i a

FROPOSED CFIIONS FOR CHANGES I FAOST HOT GUALELIES-

TABLE 2.Geneni

OPTION 1 SAE TVPE llimxpoen uamseaiesfok i i

THE RESPONSIBILITY FOR THE AFPLICATION OF THESE DATA REMAINS WITH THE USER

T er

CURRENT FORMAT / REDUCED HOT'S T | T oo TG Ty U Vo Wostor Covans
Degrees. ress et Freezin, Houor in on
G | v | (et | WOT | TR | e | U | o | Sumesvona | O
*  Use current temperature breakdowns for Frost v | s | ] 0 | e [on-uss | v | 0050 | 000
HOTIS e s 5050 m B15-030 | 045- k5 | 00E-015 05~ 010
— " CAUTION
betow-3 e 27 o Pty F20-108 | riS- @30 | 015-mast | eto-g2nt o
# lssue reduced HOT changes in current HOT table | T | iamen [saa | v |mew| g
format RE W | g | B2 Jesiont | oo
Type 8 oy L FEET
beow 25 | beowr3 | 1m0 e e Cormin o o
| Type | whirs Tycs b

hoiccvnr s e a8,
+ Thanme
© Fogh wisd vebosity o¢ jot blast may resuce holdorver .

. “" OPTION 2
CURRENT FORMAT / OAT FOOTNOTES

[ S

PRESENTATION OUTLINE

Tl
Tl

*  BACKGROUND FOR DILUTED FLUIDS
¥ PREVIOUS WORK ]
¥+ Issue changes in the current HOT tables
¥ FLUID FREEZE POINT FAILURE !
e S TERNATIVES FORTHARCES +  Restrict use of_DILUTED_ fluids to reflect skin
) temp. differential  experienced  during  frost
#  Oolloy2 ‘ conditions
s Option 4 L g
B * Include notes in tables to describe temperature
ption 1 e
restrictions
+  Option 2

+  POTEMTIAL FUTURE WORK
+ OPEMDISCUSSION
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wor ouceL s
TABLE 2-Ganeric | i i, e
.
SAE TYPE Il FLUID HO4DGVER GUIDELINES FOR WINTER 20072008 = PRESENTATION OUTLINE
THE RESSONSENLITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER
Driside Air Type W Flnd Times
Temperanwe jon

o WP R e : — 3 BACKGROUND
Celvin | Fahremheit ﬂ'—w o | Tret ] Tme? | Frennrui | Soobad g |

To0n E00_| 035130 | 020-0ab | 030086 | G8-E% | G08- 040 #  PREVIOUS WORK
2 | mes | | onow | e | swoon | om0

EE E T W N e #  FLUID FREEZE POINT FAILURE
[ 1000 22| o20-a0m |losnm | oogies | ono-sar AN
oih C4 == ;% s o oo | oere “’J..':'mu" +  ALTERMATIVES FOR CHANGES
el e oon | 150 | tasod [en oo " % Option 3

3 EEaT e L

bk 28 | ok 13 1600 b e et o et ar e o scesree e e S e o +  Option 4
e . e +  Option 1
3 Tt ooy ey i ety 0 e v +  Option 2
:
H

30°F) uner 3ctive ot
T e v i

#  POTENTIAL FUTURE WORK
+ OPEMDISCUSEION

andy. oy
T Pces i, oriy apply 2 i 3 empesaiunes 10 G

RTINS

kvt i Lo <ol

. 4 ar
= Vg i velocey o et blast may reckace Bk Se.
oed termperatue.

- POTENTIAL FUTURE WORK WORKING GROUP

*  Fullscale HOT walidation with Type |l and Type + APS has had discussions with industry operators
IV fluids on T Jetstar WWing in natural frost and regulators
conditions 2 !
+ tis anticipated that this working group approach
+  Additional endurance time testing with Type will be continued during the coming year

B AN fluids

#  Priority given to testing at above -3%C conditions and at
the lower end of the temperature ranges for each fluid
dilution

¥+ Hot vs. Cold endurance time testing with Type
AN fluids

+ Composite endurance time testing with Type
ALY fluids - i

PRESENTATION OUTLINE

BACKGROUND

PREWIOUS WORK

FLUID FREEZE POINT FAILURE
ALTERMATWES FOR CHANGES
2 Option 3

& Option 4

+  Option

& Option 2

#  POTENTIAL FUTURE WORK

+ OPENDISCUSSION

o o+
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APPENDIX J

EXAMINATION OF EFFECT OF HEAT ON
ENDURANCE TIMES OF ANTI-HCING FLUIDS EXAMINATION. OF EEFECT OF HEAT. ON
EMDURANCE TIMES OF ANTI-CING FLUID S

gy =

Background

Following the irplernentation of the Type | Fluid endurance test protocol based on Eackground
applization of heated fluid, questons aroze about the uze of heated Type lland IV,

e =t P R PSR SR RIBEL B O N RuB L 6 oo S e ®  Guidanee material for heated fuids was prowided in FAA Spproved Deicing Program
in one-ztap daicing i

B Updates
4 B o basis for raduoing e cumest HOT quie e valves for Types i and SV fuids
or using the Type | fluid HOT guitelines when heaed Type i and I fudds ae
o pe sl appled.
artiaing 3pRlEa tons of Type 1Al may be feasd or wkeasd.

& field suruey found that the applied terparatre of Type 1l and Typs [V Auids was often
wiell sbove OAT, dus to heat transfer between fuck tanks.

" Overall sample: fluid temp Tveraged 19 sbove OAT

" Lowest 80% ranged fiem 0 © 170 and neraged B0 sbowe OAT

" Highest 20% ringed flom 25 £ GEC and averaged A0°C abowe DAT

Type Il fluid was inwoduced 3z 3 replacerment for Type | and applied heated 2z 2 one-
step provedure, or potentially, a5 unheated fluid for second step, but was tested with

fluid at 0AT
Transport
4 Canada

Transport
4 Canada

Y =
Y =

EXAMINA TIOM OF EFFECT OF HEAT ON Fluids Tested
EMDURANCE TIMES OF ANTIHCING FLUIDS Fuid Sund F‘T'"'i_ Tistians Tmtal [, CREE
Objective: Fmih | I |IIP610%| Comweal
FmdB | O |90 PPRIM% | Commeal
To compare endurance trne tests obtained fromn heated Type I, 11 and W 5 -
fluids to times produced by the standard test protocol. FRAEL | TR [ 2T Lo Ergurimacial
Fhud £3 o [3me TP lm% C eereeme il
- Teasts wers conduc ted in pairs to ¢ompare ET from heated fluid to 04T fluid T IV [P Tre lm% E el
" Testsin namral snow atthe APS test site 3t the MonmeakTrudeay Airport Tair A% = Ehront
TP | 0| w%m% Sl
®  Tests in freszing precipitaton at the Mational Researsh Counsil Canada |NRC)
Clira tic Enginearing Facility |CEF] in Ottawa il G % Commme sl

™
TedH | IV [ O%T% Frgurimarial
Tests on aleven fuid brands and three Auid tpes.

Fioid T

=

%M Frgurirarial

]

B

AT IR 10% | Frgucimacl

Tranzpart Tranzport

Canada Canada

=

TestMethod - Indoor tests in artificial precipitation

TestMethod - Qutdoor tesis in natural snow L Zold fluid test cnndugted according to current T\!vpe Y fluid endurance
protocol (.0 L of fufd 28 QAT or standgrd SUminum peie).

®  Cold fluid test wwas conducted according to current Type LN fluid TR R e R AR . G TR S B e It
endurance protocol (.04 of fifd at QAT or standeard aluminem plate,
o ! wize) plate. This differs from the Type |indoor test protocol, which is based on

. " fluid applied at 209,
" Heated fluid test was conducted with the current Type | protocol for

outdoor tests (0.5 L of flwid at §0°C on empty 7.5 cm box).
f [ ! ®  Later in the test series, after reviewing some indoor test data, it wwas
suspected that the 60°C ternperature might hawe had too much influence

" The Type | protocol for outdoor tests was exanired and confrired 1o be 2 on endurance tines for some tests. particularky short duration tests.

valid rmethod for testing heated Type 11, 1l and IV fluids outdoars;
-

Heated Type I on 2 box prodused a temperature profile similar to that of
heated Type 1M en 3 wing. Both temperature profiles |bos and wing) fit within
the seatter of the Type | data previously sollected.

¢ Before further lab tests in 2007, the test procedurs wwas reviewwed.
Duplicate tests wwere run with Type Il Fluid at 20%C and 60T
Ternper atures

Transport

Transport
* Canada

Canada
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Testhethod - Indoor tests in artificial precipitation

L} Results led to the conclusion that indoor laboratory testing for heated Type

111 fluid should be conducted with fluid applied at 20%C.

L} For Type Il, and 1V fluids, the test data coliected with fluid at 60T wwas
found 1o be walid for the purpose of the study.

Transport [0

ConclusionRecommendation - Type Il and W fluids

L} The FAA guidance material related to heated applications of Type Il and IV
Fluid iz walid and need not be changed.

Transport [
. Canada 2 -5

Findings - Indoor tests on Current Type Il

®  Much of the indoor testing on the current Type |1l had been conducted at
B0°C and wwas set aside.
" Further testing on thiz fluid was suspandad in light of the sxtensive tast an
Fluid J

B A lmited number of tests had besn run on the current Type |l 1o evaluate
20°%C applications wersus &

" Fesults fom 20°C hened appliastions of the surrent Type Il fluid indicated

that heated Type Nl perfarmz equal to or better than sold Auid applicatons, in
feezing precipitation.

Transport [

Findings - Type Il and W fluids

B With the exception of one specific Type |l fluid brand, the initial data wwas
sufficient to conclude that endurance times from heated applications of
Type Il and I fluids was equal to or better than that from cold fluid
applications

Ll The Type || Fluid exception (Fluid &)
E being withdrawn fram produstion
" Showed some endurance fime reductian for heated fluid in freezing drizze and
freezing rain, athigh precipitation rates and sold temperatures.
" Showed litte difference
applics fons

snowe tests betwesen heated and sold fluid

Transpart
Canada

EFFECT OF HEAT ON ENDURAMCE TIMES OF TYPE lll FLUIDS

" After concluding lhal indoor tests of heated Type Il fluid should use the
indoor Type | test protocaol with fluid at 20°C, an opportunity @ose for an
indepth look at tha effect of heat on 3 news potential Type Il floid.

L A winter 2007/08 endurance test progran on 3 neww lovy-viscosity non-
Mewtonian fluid [Fluid &) enabled the effect of heated fluid to be exanined
ower the full range of endurance time test conditions

" Parallel sets of standard and heated fluid tests were un for all endurance
time test conditions.

®  This research was conducted with 20%C fluid.

= Although the fluid was subsequeml}( withdrawvwn, the data offered useful
insight of effect of heated fluid on ET of potential neww Type 11 fluids.

Transport
Canada

Findings - Qutdoor natural snow t2sts on Current Twpe 1 Fluid

" Duplicate tests were conducted
" Cold fluid applied aswording to curent Type VIVTY fliid endurance protocol
1.0 L of fluid at OAT on standard aluminum plate’
B Heated fluid spplied 2031ding t the Type | protovel for outdosr teste (0.5 L
of fluid 3t B0°C on arpty 7.5 arm bas].

® A number of tests in snoww for both neat and 75425 mix produced shorter
fail times for heated wersus OAT fluid.

®  This tendency appeared to increase with colder ternperature

" Heated 5050 fluids gave longer ET than for OAT fluids.

Transport
" Canada
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CUFREM T TYPE IIl ENCURANCE TMES N SNOWY

i =

CURRENT TYFE Il FLUID -
SUMMARY OF RESULTS IN SNOW

ottt Tor wlen ratio | @of terte for wiien rato =
Auld Total o1 heatsd Es!;fnT ET= heated ?;;:nT ET= =
Etrongin Terh 0
# % ® % J .
s0/50 7 [ [ o =
Tars 1 [l ) 5 [ - C
008 2 5 25 E] =3 =]
all = ] ) [ =3 =

o

Transpart
Canada

Transport

Canadz

=
Sl

HEATED FLUID J TESTS HEATED FLUID J TESTS IM SHOWW

L Winter 2007-08: Comparative tests were conducted in snove and - Fail time fromn heated 75425 and SO0V50 Fluid J wwas longer than for
in freezing precipitation lab tests on neww loww-wscosity non- QAT fluids
Meswtonian fluid (Fluid b
= Fail time from heated neat Fluid J is:

L Duplicate tests were conducted as for cument Type 111 B e same at-36C
" Slightly sharter at-10°C
B Sufficent data wwas collected to prepae HOT tables far both b " Shorter atecld temperaturer below - 10°C

heated and OAT fluid applications

Transpart Transport

Canada Canada

HEATED FLUID J TESTS IN FREEZING PRECIPITATION

POTEMTIAL FLUID J HOLDOVER GUIDELINES IN SHOW

gy =
gy =

L] Heated fluid applied at 20T using Type | test protocol

Subiis Ar, Eunnm
™ fminuie)
Dagrunn L0 L Results similar to those from snowy tests:
At ;Iu‘:m
- Fail trne from heated 78025 and 5050 Fuid J is longer than for
b QAT fluids
- - Fail time from heated neat Fluid J is slighthy longer at all AT
Yo
s
1m e
B e
Ime puseires
— el
L]

Tranzport [ Transport
Canada s 5 Canada i
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i POTEMTIAL FLUID J HOLDOVER GUIDELINES
e —
j ye———g s bt )
==
e | e, | ™ L TaEi | .|, | o
e
| s | we
o
B
— Do date,

Transpart [
Canada

B POTEN'i'IAL FLUID J HOLDOVYER GUIDELINES COMPARED

Transport
Canada

TO TYPE lll
Erurman Tim s
Eminule o)
TawaTl AU i
Dmgrusn | CERERTRiER Frandng Sidubiolaidin vant | e [ ehar
Fahmnhalt i A | vy [T :
Fulianar tnt
% ugnt .y
Twe AT | & = W[ O-& | B0 | E-&
oo T Joe | 531 = I 2| &5 -2 | E-m
Fhidd heew | B1-141 | s a D |=mm {n=li=
Twe IHGT | 15-3 | & = A B-15 | 6-10 [2-10
= T JEm -z [ = [ @ o | n-m | s | -
ruanshemen | s1-in | @ | B |=m| e |-
Twe AGT | 0-T | B B + 535 | =B
=0 i | -3 | @ 1 5 716 | E-1
Fuid Jhewkd | 6-3 | T " v -2 | m-1
TwE TRET | -1 v | T =T [ E=T
ooen i | =0 | @ | o2 ® |@-= | e caTEE:
fuaidbened | D-B | B | = t | T | 5-3 | e
TwE THET | T5-T [ & o T T-12 [ E-T | Imepuieies
== e JCe | E-8 = AC] o 13- [ B- eals|
Makdbeaed | 50 | B | = B || e
Twe TAET [ -0 | X ] T
o it | @m-a | 5| & 12
Maidbened | =-8 | & | @ 0

g " FUTURE OF HEATED TYPE Il

Thiz exanination raised sorme fundanental questions

L] Should Type Il fluids be tested heated or cold, or both?

" “What laboratory test protocol should be used?

B Should 3 separate HOT guideline be published for heated and cold tirmes?

" Would it be would be feasible and advantageous to measurs and furoduc&
Type Il HOTs using buttered fluid instead of the thres levels of i)
and BOF

= Type lllis moving sloser o being vievesd in the same way a5 Type |.
Mlore and more deicars hawe fluid blanders.

Transpart
Canada

- @1+l

Ecise |

FLUID J ENDURANCE TIMES COMPARED TO TYPE Il HOT

L] ET for Fluid J e notably longer than Type I1HOT, both for heated
and OAT fluid ternperature applications

Transport

Canada

EFFECT OF HEAT O TYPE Il ENDURANCE TIMES

Surnrnary
" Effestofheaton enduranas fmes iz netaonstant for all condiions or for all poten tal
Type [l fuids

I enow
2031 fluid

®  Heated T5/25 and neat sometimes produce shorter tmes. The gap increases
with wolder OAT

Fiuia .J
" Heated TS/25 and SO/EQ give longsr Smes.
" Heated neat matehes OAT fluid atmild 04T, but lags atcalder 04T

In freezsing precipitation |heated fluid at 20°C)

2031 fuid
" Heated gives longer fimes for SOUED min and seme TS/2E sonditions
" Heated neat fuid produces no change

Fiuid J
el Heated gives rauch longer tirnes for both 050 and 75725 mixes.

" Heated neat gives slighty longer tres

Fluid I ET iz notably langar than Type I HOT bath for heated and OAT applisatons

Transport

Canada

FUTURE OF HEATED TYFE Il

Consider ations:

L Heated Type Il fuid endurance times differ fromn cold fluid applications;
rnost are longer and some shorter.

®  The effect of heat is not the same for all conditions:
" Future Type Il fluids may respond diffarently to heated application

" Differences gan be derived only thiough t=siing.

u Type 1 fluid wwas originally developed as a replacernent for Type | fluid:
Usad in the same manner 3z Type | fluid; i. @ heated, full stength, as a one-
step operation

Uzed piinaipally st regional afpartz where it iz 3 dropein replsoement for Type
1fluid, uzing the 3ame unma dified deising wehiclzs

Mo Lnawn pr:ﬂno:\ ceenario whare the fluid would be used in 3 ecold
applieation

L} nesy Type |l fluid may be infroduced as 3 replacerment for the current
fluld during the next two seasons

Transpart

Canada
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i g FUTURE OF HEATED TYPE Il i y " FUTURE OF HEATED TYPE III
Recormmendations: Recommendations Cont’d:
1) The test method for Type 11l Fluid in SAE ARPE485 should be changed to 4] Haoldover tirmes for ness Type [ fluids should be published in fluid specific
reflect that tests be conducted wiith hestsd fluid, to accord with the tables cste ] :
actualmode of use in the field, and with the Type | fluid test protocal. 2 Fiarnce limitation of one ganeric table for all Type 1l fuids

Enable field operations to take advantage of the longer times fram news fluids
Provide an incenfive to fluid manufacturers o deselop improsed Type 1
fluids

Reviews of the test method for Type [l Fluid should consider whether it
wiould be feasible and adwantageous to test and develop HOTs based on
buffered fluid rather than the current 100, 75 and 50% mixes,

The current SAE AMST1428 should be reviewed 1o better reflect the
unigue chaacteristics of SAE Type [l Fluid.

Heated fluid applications should be the only approved method of use for
fpeliiflad e Ol ips o requied It is not recessary nor practical to retest the current Type I fluid in
accordance with Type | test protocal, in view of:

- bz limited remaining lif=,

Fluid agplicaliun uidelines should be modified to state that HOT times are

k. 2yt . -y The long time ascociated with gainin approwval, conducting the tectr,
applicable only when heated fluid is applied, as is the case for Type | fiuid. E] 3 3 3pp! a

presenting the results and publishing new hol dowar times,
*  The sonsiderable safety buffer inteqrated ints the sumrent generic mes.

Transport Transport

Canada Canada
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PRESENTATION OUTLINE BACKGROUND
+  BACKGROUNMD +  Lowest operational use temperature (LOUT]) of
5+  ENDURANCE TIME TESTING COMDUCTED thickened Type Il and Type IV fluids is generally a
few degrees below -25°C
+ DBSERWATIONS AMD RECOMMENDATIONS
F Type Y LOUT is generally -28 or -292°C

¥ Holdover time (HOT) guidelines below -25°C do
not exist for these fluids

Jransport Canada Holdover Time Guidelines Winter 2007-2008
TABLE £Grnaic !
SAE TYPE IV Fauin HOLDOVER GUIDELINES FOR WINTER 20072048 J
FUE RESRORSSILITY FOR THE AFPLICATION F THESE DATA REUANS WTH THE UGER
Dutsade A Type IV Pt Tarves Unnier BACKGROUND
Tempeenture.
e | |t | b [ e | R | G || RS [
s | o [ [ u= Lieswlanowlemo o fenan]entm + Testing is conducted for each qualified fluid in
gl e £ 30| o150 [sos-ow | aw-om | oos-om o simulated freezing fog conditions at -25%C, however
hoell BTl e o e e e e
o e Y ST PP & +  Matural snow data collected as part of the standard
o 28 | wwonty | 00 e rmo i il HOT testing protocol contains limited data at these
= " colder temperatures
- _ Tk
e e L *+  Generic HOT walues are assigned for Type Il and
: Type [V fluids below -14%C to -25°C in snow
i i conditions
bt opee el
Foge 17 o130 Tovober 7007 B W

Transport Canada Holdover Time Guidelines Winter 2007-2008
[—
SAE TYPE IV FLuiD HOLDOVER GUIDELINES FOR WINTER 2007 2008 " =
FHE RESPOHSSILITY FOR THE ASPLISATIGN OF THESE DATA REUANG WITH THE LSER
G e | T e o Vi BACKGROUND
g B e el Bl I Bl o e _ _ _
=] [T 550 [ IR S T P N MR + Recentindustry need to provide guidance material
I B for operations with thickened fluids below -25°C
s | e [ mw Tomeun ov-o [ omone [oweoir ] i . ) ) .
e T ey e e e #  Testing was required to investigate if the current
] P e T holdover times in the cells "hefow -14°C fo -25°C"
fe N y could be extended to the fluid LOUT for Type Il and
w".:,,,...,ﬂ..,_.._..,,_wj‘_g/ \ Type IV fluids
b T i
: ’”"‘“'““'“"""‘] Generic Yalues n Fluid Specific I
shinda 7 i
B
Fage 1730 Do 7007 | b
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"—\L — -

PRESENTATION OUTLINE OBJECTIVE
R + Todetermine the differences in endurance tims of
#+  ENDURANCE TIME TESTING CONDUCTED Type IV fluid at -25°C in comparison to testing
+  OBSERVATIONS AND RECOMMENDATIONS conducted at the fluid LOUT.

I = ENDURANCE TIME TESTING
METHODOLOGY 3 3 preliminary comparative sets of tests were conducted
=+ Standard indoor endurance time testing procedure i -
and methodology was followed 5 ORI | (ooiiag: |(AmbeRt Precipitation
est # Fluid Fail Time Frecip Terp [Type)
" . e,
+  Preliminary testing was conductaed with only three L PR I
fluids in canjunction with standard HOT testing [Loutiroomia | Tpewes | a9 [ 44 [ 205 [ Fieesingfog |
| LOU T4 | LOU T4 | Type IV EG | 38 | K] | -25 \ Frezsing Fog |
+  Comparative endurance time testing was ] ene T ® T o [ 55 | remans ]
conducted using the same fluids and dilution at [ — e L - = =
; - 3 LOUTS (LOUTSA | TypelvPG | 43 | sa | .25 | FreesrgFog |
both -25%C and -28 5°C in freezing fog conditions
[outatiouras [ mwpenra [ @8 | 48 | 2858 |  FreesrgFog |
A Visual fluid failure was used as the comparative Lioutsriouts | Tpenrs | 28 | 63 | 28 |  FressingFog |
measure, howewer the failure call was difficult

r = - " g
PRESENTATION OUTLINE OBSERVATIONS
#  BACKGROUND + Results did not demonstrate significant differences
3 ENDURANCE TIME TESTING CONDUCTED inendurance times for -25°C v, -28.5°C tests
+  DBSERVATIONS AND RECOMMENDATIONS + Based on the current generation of fluids (LOUT of

approx -28.5%C), the current -25°C HOT's could

potentially be expanded to apply to the fluid LOUT

+  Additional testing would be required to substantiate the
results

If fluid manufacturers begin to develop fluids with

lowwer LOIUT s, further testing will be required to

substantiate the new LOUT HOT's.

. S—
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¥

W
RECOMMENDATIONS
3 Itshould be noted that these observations are
preliminary and are based on only 3 comparative
sets of tests conducted with 3 different fluids Aps
If further endurance time testing is to be Aviation Inc.
conducted, Brix should be measured to validate ; .
the visual fluid failure call Marco Ruggdi
mruggi@adga.ca
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PRESENTATION OUTLINE

+  BACKGROUND
+ EMDURANCE TIME TESTING CONDUCTED
#  OBSERVATIONS AND RECOMMENDATIONS

BACKGROUND

The accuracy of meteorological reporting
continues to improve

2+ Inaddition, HOT Determination Systems designers
will require appropriate guidance to provide
accurate HOT's during mixed precipitation
conditions

+  Asaresult, there has been a recent industry need
to provide improved guidance material during
these transitional periods of mixed precipitation

BACKGROUND

Transitional precipitation periods often include a
mix of multiple precipitation types

Although these periods are generally shart, an
many occasions, especially at warmer
temperatures, these transitional periods can last
several hours

PURPOSE

3 Toidentify whether additional work s required in
mixed conditions, or

2+ Ifthe current quidelines can be expanded to
include mixed conditions

+ i.e. mixed rain and snow conditions.

BACKGROUND

Transport Canada and the FAA currently do not
provide guidelines for operations in mixed snow
and rain conditions.

Howewer, some regulatory agencies and aircraft
operators have guidance for dealing with such
conditions.

The AEA for example, has recommended the use
of freezing rain HOTs for conditions of rain mixed
with snowy

PRESENTATION OUTLINE

BACKGROUND
ENDURAMCE TIME TESTING COMDUCTED
OBSERVATIONS AND RECOMMENDATIONS
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- g ENDURANCE TIME TESTING
METHODOLOGY
. ) + 2 preliminary comparative sets of tests were conducted
+ Comparative endurance time testing was
conducted using the same fluids and dilution at HEE
SRR ot SRR imnn | ek
3 3°C(LIR) Test #] Fluid Time Frecip | TETP t‘? Type)
minl w9
3+ +1°C (R/SN)
+ Baseline light freezing rain tests (at 25 g/dm®h) ST | Type vES s = . sob Aaea
were conducted using standard indoor endurance S — = = a Ny .
1 time testing methodology
Mixed Rain and Snow conditions generated by RS2 | Type VPG 59 2 1 550 Rairi ¢ Sroww
r‘. 3 Simulated Snow (Rate of 12 g/dm?h) RS2-2| Type VPG &1 24 -3 550 Lighe Freezing Rain
- +  Simulated Rain (Rate of 13 g/dm®h)
- APS
. . &E’%Wﬂﬁ @ -l e
d

FAILURE COMPARISON 1
TYPE IV PG croinpe ]

PRESENTATION OUTLINE

+  BACKGROUMND
ENDURANCE TIME TESTING CONDUCTED
+  DBSERVATIONS AND RECOMMENDATIONS
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