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PREFACE 
 
Under contract to the Transport Canada Programs Group Innovation Centre, APS Aviation 
Inc. has undertaken a research program to advance aircraft ground de/anti-icing technology. 
The primary objectives of the research program are the following: 
 
• To develop holdover time data for all new de/anti-icing fluids; 

• To conduct testing to determine holdover times for Type II, III, and IV fluids in snow at 
temperatures below -14°C; 

• To conduct additional testing and analysis to evaluate and/or determine appropriate 
holdover times for Type I fluids in snow at temperatures below -14°C; 

• To evaluate and develop the use of artificial snow machines for holdover time 
development; 

• To conduct wind tunnel testing with a thin high performance wing model to support the 
development of guidance material for operating in ice pellet conditions; 

• To conduct wind tunnel testing with a vertical stabilizer common research model to 
evaluate contaminated fluid flow-off before and after a simulated takeoff; 

• To conduct comparative endurance time testing and evaluate endurance times in mixed 
snow and freezing fog conditions; 

• To conduct general and exploratory de/anti-icing research; 

• To conduct analysis to support harmonization of the Transport Canada and the Federal 
Aviation Administration visibility table guidance; 

• To finalize the publication and delivery of current and historical reports; 

• To update the regression information report to reflect changes made to the holdover time 
guidelines; and 

• To update the holdover time guidance materials for annual publication by Transport 
Canada and the Federal Aviation Administration. 

 
The research activities of the program conducted on behalf of Transport Canada during the 
winter of 2021-22 are documented in seven reports. The titles of the reports are as follows: 
 
• TP 15534E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program 

for the 2021-22 Winter; 

• TP 15535E Regression Coefficients and Equations Used to Develop the Winter 
2022-23 Aircraft Ground Deicing Holdover Time Tables; 

• TP 15536E Aircraft Ground Icing General Research Activities During the 2021-22 
Winter; 

• TP 15537E Wind Tunnel Trials to Support Further Development of Ice Pellet 
Allowance Times: Winter 2021-22; 

• TP 15538E Wind Tunnel Testing to Evaluate Contaminated Fluid Flow-Off from a 
Common Research Model Vertical Stabilizer; 
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• TP 15539E Artificial Snow Research Activities for the 2020-21 and 2021-22 
Winters; and 

• TP 15540E Evaluation of Fluid Endurance Times in Mixed Snow and Freezing Fog 
Conditions. 

 
This report, TP 15536E, has the following objective: 
 
• To document the exploratory research and general activities carried out during the winter 

of 2021-22. 
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EXECUTIVE SUMMARY 
 
This report documents the exploratory research and general activities completed in 
the winter of 2021-22 by APS Aviation Inc. (APS) on behalf of Transport Canada 
(TC) and the Federal Aviation Administration (FAA). This work is part of the TC/FAA 
aircraft ground deicing research project. The major activities of the research project 
are documented in separate reports; this report documents seven activities that were 
carried out in addition to the main research projects in the winter of 2021-22. 
 
 
Review of “Snowfall Intensities as a Function of Prevailing Visibility” Holdover Time 
Guidance (Section 2) 
 
To support harmonization of the existing TC/FAA visibility table guidance, APS 
conducted a review of the guidance (including a data cleaning exercise involving the 
analysis upon which the recommended visibility table values were originally derived). 
An updated visibility table format (including modified guidance notes) was created, 
and an updated set of visibility table value recommendations was produced. 
 
Both TC and the FAA agreed to adopt the updated table format and updated visibility 
guidance notes. TC also directly adopted the updated recommended visibility table 
values; the FAA partially adopted the updated recommended visibility table values 
but retained their previous values in several cells where the discrepancies related to 
previous policy decisions. 
 
Both organizations published the updated visibility table guidance in their respective 
2022-23 HOT Guidelines, resulting in a significant improvement in the harmonization 
status of the two organizations’ visibility table guidance. 
 
 
Evaluation of Mist and Freezing Fog Deposition Rates (Section 3) 
 
Mist and freezing fog are commonly reported weather phenomena which can occur 
alone or in conjunction with other precipitation types. Although similar to fog, mist 
is said to be present when the visibility is between 0.6 and 1.2 statute miles 
(1-2 km), while fog reduces it to less than 0.6 statute miles (1 km). With respect to 
holdover times (HOT), mist deposition rates were first quantified, and guidance was 
introduced in the generic HOT tables in 2021. Information related to freezing fog 
indicates that deposition rates between 2 and 5 g/dm2/h may be possible. In order to 
substantiate the rates, mist and freezing fog deposition rates were measured using 
the two similar methodologies which are related to the historical characterization of 
freezing fog. Since a comprehensive assessment is set to be documented in 2022-23 
or in a subsequent year, only data obtained during the winter of 2021-22 is 
documented in this report; data from 2020-21 is documented in a previous report. 
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Development of Guidance for Mixed Icing Conditions (Section 4) 
 
When aircraft are operating in adverse winter conditions, the METAR reported 
weather conditions may not always have a corresponding condition in the HOT 
guidance to allow for safe departure, and this is especially true for mixed conditions. 
The objective of this ongoing project is to support the development of HOT or 
allowance time guidance for mixed icing conditions not currently included in the 
guidance material. To reach this objective, several research activities were 
undertaken by APS to support TC and the FAA which are detailed in this report. 
 
 
Continued Implementation of Video Streaming Technology for Remote Viewing of 
Deicing Research Tests (Section 5) 
 
The COVID-19 pandemic remained ongoing in Canada during the 2021-22 winter. 
As a result, multiple COVID-19 guidelines and travel and personnel restrictions were 
in effect during the testing season and these restrictions varied locally and changed 
over time. Considering these restrictions, the 2021-22 winter testing was adapted 
to mitigate exposure risks through the implementation of a virtual remote camera 
viewing setup as a solution to allow stakeholder participation. This setup included 
Closed Circuit Television (CCTV) or GoPro® camera system integration with an online 
web conferencing platform, which allowed for viewing and evaluation of critical 
testing activities and technical discussions during testing sessions. The setups were 
then implemented at the National Research Council Canada (NRC) climate chamber, 
NRC 3 m x 6 m Icing Wind Tunnel (IWT), APS test facility at Montréal–Pierre Elliott 
Trudeau International Airport (YUL), PMG Technologies Inc. (PMG) test facility and 
Near/Far North Testing. Overall, the remote camera viewing setup worked well by 
providing a high-quality video feed of the testing events to viewers/participants. It is 
recommended that further improvements be considered to increase quality and 
effectiveness of the cameras for virtual stakeholder participation in future testing 
events. 
 
 
Technical Review, Approval, and Publication of Historical Reports (Section 6) 
 
APS has conducted research related to ground icing, which involved writing and 
publishing over 218 reports on behalf of TC and the FAA, since the early 1990s. At 
the request of TC and the FAA, APS undertook the task to process and publish the 
draft reports backlogged in the system. At the beginning of this project, in 2016-17, 
124 reports were identified as non-published. As of October 31, 2022, 23 reports 
remain to be published, excluding the current year reports for 2021-22. 
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Publication of Holdover Time Guidance Materials (Section 7) 
 
The development and use of HOT Guidelines represents an important contribution to 
the enhancement of flight safety in winter aircraft operations. In the years since their 
introduction, the HOT Guidelines and related guidance materials have become a 
standard and essential part of winter operations. APS has assisted both TC and the 
FAA with the development of their guidance documents as well as with updating 
their websites annually to reflect changes made to the guidelines. 
 
 
Presentations, Fluid Manufacturer Reports, and Test Procedures for 2021-22 
(Section 8) 
 
APS produced several presentations, fluid manufacturer reports, and test procedures 
for the Winter 2021-22 test program. These are documented in this report. 
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SOMMAIRE 
 
Ce rapport fait état de la recherche exploratoire et des activités générales menées au 
cours de l’hiver 2021-2022 par APS Aviation Inc. (APS), pour le compte de 
Transports Canada (TC) et de la Federal Aviation Administration (FAA). Ce travail a 
été effectué dans le cadre du projet de recherche de TC et de la FAA sur le dégivrage 
d’aéronefs au sol. Les principales activités du projet de recherche sont documentées 
dans des rapports distincts; le présent rapport documente les sept activités 
effectuées en plus des principaux projets de recherche de l’hiver 2021-2022. 
 
 
Examen des lignes directrices relatives aux durées d’efficacité en ce qui concerne les 
intensités des chutes de neige en fonction de la visibilité dominante (Section 2) 
 
Afin d’étayer l’harmonisation des lignes directrices actuelles du tableau de visibilité 
de TC et de la FAA, APS a procédé à un examen des lignes directrices (y compris un 
exercice de nettoyage des données comportant l’analyse sur laquelle les valeurs 
recommandées du tableau de visibilité se fondaient à l’origine). Un format de tableau 
de visibilité mis à jour (comprenant des notes d’orientation modifiées) a été produit, 
et un ensemble mis à jour des recommandations de valeurs du tableau de visibilité a 
été créé.  
 
TC et la FAA ont convenu d’adopter le format de tableau et les notes d’orientation 
sur la visibilité mis à jour. TC a également adopté directement les valeurs 
recommandées du tableau de visibilité mis à jour; de son côté, la FAA a adopté en 
partie les valeurs recommandées du tableau de visibilité mis à jour, mais a conservé 
les valeurs adoptées précédemment dans plusieurs cellules où les écarts étaient liés 
à des décisions stratégiques antérieures. 
 
Les deux organisations ont publié les lignes directrices du tableau de visibilité mis à 
jour dans leurs lignes directrices relatives aux durées d’efficacité 2022-2023 
respectives, ce qui a grandement amélioré l’état d’harmonisation des lignes 
directrices du tableau de visibilité des deux organisations. 
 
 
Évaluation des taux de dépôt de brume et de brouillard verglaçant (Section 3) 
 
La brume et le brouillard verglaçant sont des phénomènes météorologiques 
couramment rapportés qui peuvent se produire seuls ou avec d’autres types de 
précipitations. Bien que la brume soit semblable au brouillard, on considère qu’il y a 
présence de brume lorsque la visibilité est comprise entre 0,6 et 1,2 mille terrestre 
(1 à 2 km), et qu’il y a présence de brouillard lorsque la visibilité est inférieure à 
0,6 mille terrestre (1 km). C’est en 2021 qu’on a pour la première fois quantifié les 
taux de dépôt de brume et introduit des lignes directrices à ce sujet dans les tableaux 
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des durées d’efficacité génériques. Les informations relatives au brouillard verglaçant 
indiquent que des taux de dépôt compris entre 2 et 5 g/dm2/h peuvent être possibles. 
Afin d’étayer ces valeurs, les taux de dépôt de brume et de brouillard verglaçant ont 
été mesurés à l’aide de deux méthodes semblables qui sont liées à la caractérisation 
historique du brouillard verglaçant. Étant donné qu’une évaluation complète doit être 
documentée en 2022-2023 ou au cours d’une année subséquente, seules les 
données obtenues au cours de l’hiver 2021-2022 sont documentées dans le présent 
rapport; les données obtenues en 2020-2021 sont documentées dans un rapport 
précédent. 
 
 
Mise au point de lignes directrices relatives aux conditions de givrage mixtes 
(Section 4) 
 
Lorsque les aéronefs volent en conditions hivernales défavorables, il se peut que les 
conditions météorologiques hivernales signalées par METAR ne correspondent pas 
toujours à une condition mentionnée dans les lignes directrices relatives aux durées 
d’efficacité afin de permettre un départ en toute sécurité, et particulièrement en 
présence de conditions mixtes. Ce projet en cours a pour objectif d’étayer la mise au 
point de lignes directrices relatives aux durées d’efficacité ou aux marges de 
tolérance en présence de conditions de givrage mixte qui ne sont pas incluses dans 
les lignes directrices actuelles. Afin d’atteindre cet objectif, APS a mené plusieurs 
activités de recherche en appui à TC et à la FAA, lesquelles sont présentées en détail 
dans le présent rapport. 
 
 
Poursuite de la mise en œuvre de la technologie de diffusion vidéo en continu pour 
l’observation à distance des essais de recherche sur le dégivrage (Section 5) 
 
La pandémie de COVID-19 s’est poursuivie au Canada tout au long de 
l’hiver 2021-2022. Par conséquent, de nombreuses lignes directrices relatives à la 
COVID-19 et restrictions concernant les déplacements et le personnel étaient en 
vigueur pendant la saison d’essai, et variaient au fil du temps et selon les régions. 
Compte tenu de ces restrictions, les essais réalisés au cours de l’hiver 2021-2022 
ont été adaptés pour atténuer les risques d’exposition grâce à la mise en œuvre d’une 
installation d’observation à distance par caméra permettant la participation des 
parties prenantes. Cette installation comprenait l’intégration d’un système de 
caméras de télévision en circuit fermé (CCTV) ou d’un système de caméra GoProMD 
avec une plateforme de vidéoconférence Web en ligne, ce qui permettait 
l’observation et l’évaluation d’essais critiques ainsi que la tenue de discussions 
techniques pendant ces séances d’essais. Les installations ont ensuite été mises en 
œuvre dans la chambre climatique du Conseil national de recherches Canada (CNRC), 
dans la soufflerie de givrage de 3 m sur 6 m du CNRC, à l’installation d’essai d’APS 
de l’aéroport international Montréal-Trudeau (YUL), à l’installation d’essai de PMG 
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technologies Inc. (PMG) et dans le cadre des essais menés dans le Grand Nord et le 
Nord proche. Dans l’ensemble, l’installation d’observation à distance par caméra a 
bien fonctionné et a permis de fournir aux observateurs et participants une diffusion 
vidéo de haute qualité des essais effectués. Il est recommandé d’envisager d’autres 
améliorations afin d’accroître la qualité et l’efficacité des caméras pour la 
participation des parties prenantes virtuelles aux futures séances d’essais. 
 
 
Examen technique, approbation et publication de rapports historiques (Section 6) 
 
APS a effectué des études sur le givrage au sol qui ont supposé la rédaction et la 
publication de plus de 218 rapports pour le compte de TC et de la FAA depuis le 
début des années 1990. À la demande de TC et de la FAA, APS a entrepris le 
traitement et la publication des rapports préliminaires accumulés dans le système. 
Au début de ce projet, en 2016-2017, 124 rapports ont été identifiés comme non 
publiés. En date du 31 octobre 2022, à l’exception des rapports annuels actuels de 
2021-2022, 23 rapports doivent encore être publiés. 
 
 
Publication de documents d’orientation sur les durées d’efficacité (Section 7) 
 
L’établissement et l’utilisation de lignes directrices relatives aux durées d’efficacité 
contribuent grandement à l’amélioration de la sécurité des vols lors d’opérations 
aériennes hivernales. Depuis leur adoption, les lignes directrices relatives aux durées 
d’efficacité et les documents d’orientation connexes sont devenus la norme, et un 
élément essentiel des opérations hivernales. Pour refléter les changements apportés 
à ces lignes directrices, APS a assisté TC et la FAA dans l’élaboration de leurs 
documents d’orientation, de même que dans la mise à jour annuelle de leurs sites 
Web. 
 
 
Présentations, rapports aux fabricants de liquides et procédures d’essais pour 
2021-2022 (Section 8). 
 
APS a produit plusieurs présentations, rapports aux fabricants de liquides et 
procédures d’essais pour le programme d’essais de l’hiver 2021-2022. Ceux-ci sont 
documentés dans le présent rapport.
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1. INTRODUCTION 
 
Under winter precipitation conditions, aircraft are cleaned prior to takeoff. This is 
typically done with aircraft ground deicing fluids, which are freezing point depressant 
fluids developed specifically for aircraft use. If required, aircraft are then protected 
against further accumulation of precipitation by the application of aircraft ground 
anti-icing fluids, which are also freezing point depressant fluids. Most anti-icing fluids 
contain thickeners to extend protection time.  
 
Prior to the 1990s, aircraft ground de/anti-icing had not been extensively researched. 
However, following several ground icing related incidents in the late 1980s, an 
aircraft ground icing research program was initiated by Transport Canada (TC). The 
objective of the program is to improve knowledge, enhance safety, and advance 
operational capabilities of aircraft operating in winter precipitation conditions.  
 
Since its inception in the early 1990s, the aircraft ground icing research program has 
been managed by TC, with the co-operation of the United States Federal Aviation 
Administration (FAA), the National Research Council Canada (NRC), several major 
airlines, and de/anti-icing fluid manufacturers.  
 
There is still an incomplete understanding of some of the hazards related to aircraft 
ground icing. As a result, the aircraft ground icing research program continues, with 
the objective of further reducing the risks posed by the operation of aircraft in winter 
precipitation conditions.  
 
Under contract to the TC Programs Group Innovation Centre, with support from the 
FAA William J. Hughes Technical Center, TC Civil Aviation, and FAA Flight 
Standards – Air Carrier Operations, APS Aviation Inc. (APS) carried out research in 
the winter of 2021-22 in support of the aircraft ground icing research program. Each 
major project completed as part of the 2021-22 research is documented in a separate 
individual report. This report documents the remaining general activities and smaller 
research projects. 
 
 
1.1 Activities Completed in 2021-22 
 
The general activities and smaller research projects completed in 2021-22 are 
documented in this report. Each activity is detailed in a separate section as follows 
(section number in parentheses): 
 

a) Review of “Snowfall Intensities as a Function of Prevailing Visibility” Holdover 
Time Guidance (Section 2); 

b) Evaluation of Mist and Freezing Fog Deposition Rates (Section 3); 
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c) Development of Guidance for Mixed Icing Conditions (Section 4); 

d) Continued Implementation of Video Streaming Technology for Remote Viewing 
of Deicing Research Tests (Section 5); 

e) Technical Review, Approval, and Publication of Historical Reports (Section 6); 

f) Publication of Holdover Time Guidance Materials (Section 7); and 

g) Presentations, Fluid Manufacturer Reports, and Test Procedures for 2021-22 
(Section 8). 

 
The sections of the TC statement of work relevant to these projects can be found in 
Appendix A. 
 
 
1.2 Activities Completed with Limited Scope 
 
In addition to the activities referenced in Subsection 1.1, five activities with limited 
scope were completed during the winter of 2021-22. These activities are described 
in the subsections below. 
 
The sections of the TC statement of work relevant to these activities can also be 
found in Appendix A. 
 
 
1.2.1 Development of SAE Aircraft Ground Deicing Standards 
 
APS provides support to the SAE International (SAE) G-12 Aircraft Ground Deicing 
industry group in its development of aerospace standards (AS). In 2021-22, this 
support consisted of reviewing most SAE standards that were balloted to the 
SAE G-12 committees, providing comments to document sponsors to improve the 
documents and/or to harmonize them with other documents and providing feedback 
to TC and the FAA on possible implications of changes to SAE standards on TC/FAA 
regulatory guidance documents. 
 
 
1.2.2 Support to the SAE G-12 Aerodynamics Working Group 
 
APS provides support to the SAE G-12 Aerodynamics Working Group (AWG). This 
includes participation in all meetings and, when required, collecting data, completing 
data analysis, and providing expert opinion on specific topics. For the winter of 
2021-22, APS attended several online meetings in conjunction with the G-12 
bi-yearly meetings and participated in related group discussions by email. 
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1.2.3 Support to the METAR Working Group 
 
APS provides support to the METAR Working Group (MWG), which includes technical 
experts and meteorologists from TC, the FAA, APS, and the National Center for 
Atmospheric Research (NCAR). This includes participation in all meetings, framing 
project objectives, discussing technical content, identifying areas of research, and 
directing research efforts. For the winter of 2021-22, APS attended several working 
group meetings and participated in related group discussions by email and through 
online meetings. 
 
 
1.2.4 Holdover Time Committee  
 
APS provides support to the SAE G-12 Holdover Time (HOT) Committee by providing 
a qualified individual to serve as the committee secretary. The role of this individual 
includes participating in the committee meetings, assisting the committee co-chairs 
with any preparation tasks, and recording and editing the meeting minutes for 
distribution. 
 
 
1.2.5 Fluid Dry-Out and Longevity of Fluid on Wing 
 
Anti-icing fluid is sometimes applied preventatively by operators, such as prior to an 
expected frost condition. However, when no frost or other precipitation occurs, the 
decision must be made whether it is safe to take off with the remaining fluid on the 
aircraft, which may have been applied several minutes or hours prior to departure. 
This activity is planned for completion in winter 2022-23. 
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2. REVIEW OF “SNOWFALL INTENSITIES AS A FUNCTION OF 
PREVAILING VISIBILITY” HOLDOVER TIME GUIDANCE 

 
This section describes the work completed by APS Aviation Inc. (APS) in 2021-22 
to review the existing snowfall intensity vs. visibility holdover time (HOT) guidance. 
 
 
2.1 Background 
 
Pilots determine snowfall intensity as part of the HOT determination process by using 
visibility as a reference point. Transport Canada (TC) and the Federal Aviation 
Administration (FAA) provide guidance on this determination through a “Snowfall 
Intensities as a Function of Prevailing Visibility” reference table published within their 
respective HOT Guidelines. These tables (referred to as the “visibility tables”) allow 
pilots to estimate the snowfall intensity category using the current visibility, 
temperature, and lighting conditions. 
 
Each organization publishes its own separate version of the visibility table. The 
current TC visibility table was developed following analysis conducted by APS in 
2002-03. This analysis is documented in the TC report, TP 14151E, Relationship 
Between Visibility and Snowfall Intensity (1). The current FAA visibility table was 
developed using multiple sources of data and analysis (including TP 14151E [1]). 
 
The two visibility tables contain several differences in both their respective formats 
as well as in the snowfall intensities assigned to sets of environmental conditions. 
These differences can create situations in which differing HOT guidance is provided 
depending on which organization’s table is used. This fact has been noted by several 
Canadian air operators, who have in turn asked TC for clarification (as the TC 
guidance tends to be more conservative than the FAA guidance where discrepancies 
exist). 
 
In recent years, TC and the FAA have attempted to harmonize their respective ground 
deicing guidance wherever possible. It was determined that efforts should be made 
to evaluate the feasibility of harmonizing the differences in the two organizations’ 
visibility tables. 
 
 
2.2 Previous Work 
 
This research is a continuation of work that was started in 2020-21. The previous 
work is documented in the TC report, TP 15496E, Aircraft Ground Icing General 
Research Activities During the 2020-21 Winter (2). 
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2.3 Objectives 
 
The objectives of this project were as follows: 
 

1) Completing a review of the TC and FAA visibility tables and to categorize the 
differences in the guidance; 

2) Developing a harmonized table format for adoption by both organizations; and 

3) Evaluating potential changes to the values within the visibility tables with the 
goal of harmonizing existing differences between the TC/FAA values. 

 
 
2.4 Previous TC/FAA Visibility Guidance and Updated Format 
 
The TC visibility table as it was published in the 2021-22 TC HOT Guidelines is 
shown below in Figure 2.1. The FAA visibility table as it was published in the 
2021-22 FAA HOT Guidelines is shown in Figure 2.2. 
 
 

 
Figure 2.1: TC Visibility Table from 2021-22 HOT Guidelines 
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Figure 2.2: FAA Visibility Table from 2021-22 HOT Guidelines 

 
The above formats of the tables contain several differences in layout and data 
presentation. The format differences between the previous TC and FAA visibility 
table guidance are documented in detail within TP 15496E (2). 
 
To reduce the number of differences in the TC/FAA visibility guidance, a new format 
incorporating elements of both previous tables was developed and presented to 
TC/FAA for consideration. The updated table formats are shown in Table 2.1 (TC) 
and Table 2.2 (FAA). 
 
The new table formats eliminate most of the layout and data presentation differences 
that previously existed in the TC/FAA visibility tables. One exception is how the 
temperature of -1°C is categorized: the TC table includes -1°C within the warmer 
temperature category, whereas the FAA table includes -1°C within the colder 
temperature category. 
 
Prior to adoption of the new format, TC sent out a copy of the proposed updated 
table to several organizations within the Canadian Civil Aviation industry for 
feedback. The consensus from the feedback received was that the new format laid 
out the information more clearly and that having a format that was better harmonized 
with the FAA table would also reduce the potential for confusion or misapplication 
of the guidance. 
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Table 2.1: Updated TC Visibility Table Format 

 
 

Table 2.2: Updated FAA Visibility Table Format 
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2.5 Review of TP 14151E Visibility Analysis 
 
This subsection describes the analytical work that was completed in support of 
harmonizing the differences in the values within the TC and FAA visibility tables. 
 
 
2.5.1 Analysis Background 
 
The original TP 14151E (1) analysis was performed using a database of 7039 
precipitation rate data points collected over seven years of endurance time testing 
conducted by APS at the Montréal–Pierre Elliot Trudeau International Airport (YUL) 
testing site. The precipitation rate data was paired with visibility data (provided by 
Meteorological Services Canada), which was gathered using a Belfort Forward 
Scatter Meter sensor.  
 
This database was then analysed to determine which visibility limits were associated 
with differing levels of snowfall intensity (as defined in HOT terms). Visibility ranges 
were selected for the varying levels of snowfall intensity (ranging from very light to 
heavy snow) and used to populate the visibility table.  
 
Due to the potential safety implications associated with underestimating snowfall 
intensity, the values for the visibility ranges were selected with the goal of minimizing 
the possibility that a pilot using the table would underestimate snowfall intensity (and 
consequently employ a HOT that was too long for the conditions). 
 
Additional details concerning the original analysis can be found within TP 14151E 
(1).  
 
 
2.5.2 Database Review and Data Cleaning 
 
A detailed review of the underlying data used to create the TP 14151E (1) database 
was conducted to determine if a path towards harmonization could be discovered. 
As part of the review, historical weather data associated with each rate data point 
was verified. For each data point in the database, this verification included a check 
of the historical hourly Environment Canada data and minute-by-minute Remote 
Environmental Automatic Data Acquisition Concept (READAC) weather data 
associated with the time in which the rate/visibility data was collected.  
 
During these weather verification checks, it was discovered that a portion of the data 
was associated with weather events where it could not be conclusively established 
that snow was the only precipitation type present. This included data points where 
the underlying weather data directly indicated the presence of non-snow precipitation 
types (either alone or in conjunction with snow) or where the precipitation type data 



2.  REVIEW OF “SNOWFALL INTENSITIES AS A FUNCTION OF PREVAILING VISIBILITY” HOLDOVER TIME GUIDANCE 

APS/Library/Projects/300293 (TC Deicing 2021-22)/Reports/G & E/Final Version 1.0/TP 15536E Final Version 1.0.docx 
Final Version 1.0, June 23 

10 

was inconclusive in one or both data sources. Other data points were also flagged in 
the review because of misaligned timestamps associated with the data or due to 
other data entry issues resulting in an invalid rate and visibility pairing. 
 
Of the 7039 data points in the original database, 1041 were flagged as either having 
weather data that indicated the presence of non-snow precipitation types (or 
inconclusive precipitation type) or having misaligned time data. Table 2.3 presents a 
breakdown of the data and the reason for which it was flagged in the database 
review. 

 

Table 2.3: Data Flagged in TP 14151E Database Review by Category 

Reason for Flagging Data # of Data Points Flagged 

Incorrect Timestamp on Data or Other Data Entry Issue 121 

No Snow (Clear/No Precipitation) 23 

Inconclusive Precipitation Type  497 

Presence of Fog 100 

Presence of Ice Pellets 156 

Presence of Rain/Freezing Drizzle/Freezing Rain 109 

Presence of Multiple Non-Snow Precipitation Types 35 

Total 1041 

 
 

The inclusion of mixed precipitation data within the snowfall database in the initial 
analysis resulted in lower than actual precipitation intensities being assigned to 
specific visibilities, as non-snow components of mixed precipitation events (i.e., ice 
pellets, rain) generally have less impact on visibility than does snow for an equivalent 
precipitation rate.  
 
As such, it was decided that removal of the flagged data points was an appropriate 
data-cleaning exercise that would result in a database that would generate a more 
accurate set of visibility table values. An updated database (where the flagged data 
points were removed) was subsequently created. A visual depiction of which data 
points were retained and which were removed following the data-cleaning exercise 
is shown in Figure 2.3. 
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Figure 2.3: Visibility Analysis Database – Retained and Removed Data 

 
Of the 1041 data points flagged for removal, 612 points belonged to the “-1°C and 
Above” data set. This is explained by the fact that a large proportion of the data 
flagged was due to the presence of non-snow precipitation types, which are more 
typically observed at higher temperatures. As such, the presence of this flagged data 
had a significant impact on the resulting visibility table values for the “-1°C and 
Above” data category. 
 
 
2.5.3 Analysis of Updated Database 
 
Following the removal of the flagged data, the analysis initially performed in 
TP 14151E (1) was repeated using the updated data set to determine the impact of 
the data removal on the resulting visibility table value recommendations. 
 
This consisted of examining the snowfall intensity rates associated with each of the 
standard METAR-reported visibility values and assigning a snowfall intensity category 
to each visibility such that no more than 14 percent of the rate data points associated 
with that visibility would exceed the chosen snowfall intensity category. The 
14 percent limit was chosen to reflect the same acceptable risk level employed in 
the original analysis. 
 
The snowfall intensity categories and associated rate limits used were equivalent to 
the limits used in standard HOT development, as follows: 
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1) Heavy Snow: >25 g/dm²/h; 

2) Moderate Snow: 10 to 25 g/dm²/h; 

3) Light Snow: 4 to 10 g/dm²/h; and 

4) Very Light Snow: 3 to 4 g/dm²/h. 
 
As was done in the original analysis, separate evaluations were performed for data 
collected at -1°C and above and for data collected below -1°C. Summaries of these 
analyses are shown below in Table 2.4 (for data collected at -1°C and above) and in 
Table 2.5 (for data collected below -1°C). 
 
For each commonly reported visibility value, the assigned snowfall intensity has been 
shown on the right. Cells representing snowfall rates that exceed the assigned 
snowfall intensity are shaded in red. The final column indicates the total percentage 
of the data points at each reported visibility value with a measured snowfall rate 
exceeding the assigned snowfall intensity. 
 

Table 2.4: Visibilities and Associated Snow Precipitation Rates (-1°C and Above, Day)  

Visibility  
Value 
(miles) 

% of Associated Data Points  
by Rate Range (g/dm²/h) Assigned  

Snowfall  
Intensity 

# of Rate 
Data Points 
in Visibility 

Range 

% of Rate 
Data Points 

Above 
Assigned 
Snowfall 
Intensity 

0-2 3 4 5-9 10 11-24 25 26-49 50 >50 

0.25 0% 0% 0% 0% 0% 25% 0% 63% 6% 6%  Heavy 16 0% 

0.375 0% 0% 0% 0% 0% 42% 5% 53% 0% 0%  Heavy 60 0% 

0.5 0% 0% 0% 9% 3% 51% 6% 31% 0% 0%  Heavy 68 0% 

0.625 0% 0% 0% 26% 10% 56% 2% 6% 0% 0%  Moderate 82 6% 

0.75 4% 0% 2% 39% 2% 54% 0% 0% 0% 0%  Moderate 57 0% 

0.875 0% 10% 10% 54% 4% 23% 0% 0% 0% 0%  Moderate 52 0% 

1 0% 18% 24% 59% 0% 0% 0% 0% 0% 0%  Light 34 0% 

1.25 26% 22% 13% 34% 1% 3% 0% 0% 0% 0%  Light 68 3% 

1.5 43% 25% 14% 18% 0% 0% 0% 0% 0% 0%  Light 44 0% 

1.75 33% 19% 25% 22% 0% 0% 0% 0% 0% 0%  Light 36 0% 

2 54% 37% 3% 6% 0% 0% 0% 0% 0% 0%  Very Light 35 6% 

2.5 67% 18% 5% 10% 0% 0% 0% 0% 0% 0%  Very Light 39 10% 

3 41% 14% 23% 23% 0% 0% 0% 0% 0% 0%  Very Light 22 23%* 

3.5 40% 40% 0% 20% 0% 0% 0% 0% 0% 0%  Very Light 10 20%* 

4+ 100% 0% 0% 0% 0% 0% 0% 0% 0% 0%  Very Light 23 0% 

 
* Due to the very limited amount of data points associated with these visibility values, these risk tolerances were accepted 
when establishing the assigned snowfall intensity. 
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Table 2.5: Visibilities and Associated Snow Precipitation Rates (Below -1°C, Day)  

Visibility  
Value 
(miles) 

% of Associated Data Points  
by Rate Range (g/dm²/h) Assigned  

Snowfall  
Intensity 

# of Rate 
Data Points 
in Visibility 

Range 

% of Rate 
Data Points 

Above 
Assigned 
Snowfall 
Intensity 

0-2 3 4 5-9 10 11-24 25 26-49 50 >50 

0.25 0% 0% 0% 0% 0% 22% 5% 60% 0% 12% Heavy 239 0% 

0.375 0% 0% 0% 5% 2% 71% 4% 17% 0% 0% Heavy 453 0% 

0.5 0% 0% 0% 12% 6% 76% 1% 4% 0% 1% Moderate 478 5% 

0.625 0% 1% 2% 34% 11% 52% 0% 0% 0% 0% Moderate 543 0% 

0.75 0% 1% 4% 60% 11% 24% 0% 0% 0% 0% Moderate 861 0% 

0.875 2% 3% 9% 67% 6% 14% 0% 0% 0% 0% Moderate 620 0% 

1 4% 10% 14% 63% 2% 6% 0% 0% 0% 0% Light 497 6% 

1.25 8% 19% 22% 48% 1% 2% 0% 0% 0% 0% Light 569 2% 

1.5 30% 20% 19% 29% 0% 1% 0% 0% 0% 0% Light 327 1% 

1.75 40% 32% 11% 16% 0% 1% 0% 0% 0% 0% Light 177 1% 

2 73% 15% 4% 7% 0% 0% 0% 0% 0% 0% Very Light 181 7% 

2.5 83% 10% 3% 4% 0% 0% 0% 0% 0% 0% Very Light 168 4% 

3 80% 13% 7% 0% 0% 0% 0% 0% 0% 0% Very Light 86 0% 

3.5 93% 2% 0% 5% 0% 0% 0% 0% 0% 0% Very Light 42 5% 

4+ 96% 4% 0% 0% 0% 0% 0% 0% 0% 0% Very Light 114 0% 

 
 
The recommended snowfall intensity values derived from this analysis are applicable 
only for the daylight condition as the sensor from which the visibility data in the 
database was obtained reports visibilities as a human observer would in daylight, 
regardless of the lighting condition when the data was collected.  
 
At the time when the original TP 14151E (1) analysis was performed, Rasmussen et 
al. deduced a formula for converting daytime visibility values to the equivalent human 
observer night-time values. This formula was originally published in The Estimation 
of Snowfall Rate Using Visibility, (3), and in the TC report, TP 12893E, Theoretical 
Considerations in the Estimation of Snowfall Rate Using Visibility (4), and is shown 
below: 
 
Vd =      ln(E)Vn     . where   Vd = Daytime visibility 

 ln(CDBVn/IO)  E = Visual contrast threshold 

     Vn = Night-time visibility 

     CDB = Constant of proportionality 

    IO = Luminous intensity 
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This formula makes several assumptions, including the following: 
 

a) E = 0.055; 

b) CDB  = 0.084 mi-1; and 

c) IO = 25 candles. 
 
To determine the recommended snowfall intensity values for night-time visibility 
conditions, the visibility values within the updated database were converted to 
equivalent night-time values using the above formula, and the analysis was repeated 
on the converted “night” database. Summaries of these analyses are shown below 
in Table 2.6 (for data collected at -1°C and above) and in Table 2.7 (for data collected 
below -1°C). 
 

Table 2.6: Visibilities and Associated Snow Precipitation Rates (-1°C and Above, Night)  

Visibility  
Value 
(miles) 

% of Associated Data Points  
by Rate Range (g/dm²/h) Assigned  

Snowfall  
Intensity 

# of Rate 
Data Points 
in Visibility 

Range 

% of Rate 
Data Points 

Above 
Assigned 
Snowfall 
Intensity 

0-2 3 4 5-9 10 11-24 25 26-49 50 >50 

0.25 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A  Heavy 16 0% 

0.375 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A  Heavy 60 0% 

0.5 0% 0% 0% 0% 0% 0% 0% 50% 25% 25%  Heavy 68 0% 

0.625 0% 0% 0% 0% 0% 31% 0% 69% 0% 0%  Heavy 82 0% 

0.75 0% 0% 0% 0% 0% 67% 0% 33% 0% 0%  Heavy 57 0% 

0.875 0% 0% 0% 0% 0% 39% 7% 54% 0% 0%  Heavy 52 0% 

1 0% 0% 0% 10% 5% 51% 5% 29% 0% 0%  Heavy 34 0% 

1.25 0% 0% 1% 31% 7% 58% 1% 2% 0% 0%  Moderate 68 2% 

1.5 3% 5% 2% 53% 3% 35% 0% 0% 0% 0%  Moderate 44 0% 

1.75 0% 22% 28% 50% 0% 0% 0% 0% 0% 0%  Light 36 0% 

2 23% 17% 15% 40% 2% 3% 0% 0% 0% 0%  Light 35 3% 

2.5 39% 24% 16% 20% 0% 0% 0% 0% 0% 0%  Light 39 0% 

3 31% 31% 18% 21% 0% 0% 0% 0% 0% 0%  Light 22 0% 

3.5 70% 25% 2% 2% 0% 0% 0% 0% 0% 0%  Very Light 10 2% 

4+ 63% 14% 9% 14% 0% 0% 0% 0% 0% 0%  Very Light 23 14% 
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Table 2.7: Visibilities and Associated Snow Precipitation Rates (Below -1°C, Night)  

Visibility  
Value 
(miles) 

% of Associated Data Points  
by Rate Range (g/dm²/h) 

Assigned  
Snowfall  
Intensity 

# of Rate  
Data Points  
in Visibility  

Range 

% of Rate 
Data Points 

Above 
Assigned 
Snowfall 
Intensity 0-2 3 4 5-9 10 11-24 25 26-49 50 >50 

0.25 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A Heavy 239 0% 

0.375 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A Heavy 453 0% 

0.5 0% 0% 0% 0% 0% 12% 2% 69% 0% 17% Heavy 478 0% 

0.625 0% 0% 0% 0% 0% 35% 9% 49% 1% 6% Heavy 543 0% 

0.75 0% 0% 0% 0% 0% 63% 3% 35% 0% 0% Heavy 861 0% 

0.875 0% 0% 0% 6% 3% 75% 3% 13% 0% 0% Moderate 620 13% 

1 0% 0% 0% 14% 6% 74% 1% 4% 0% 1% Moderate 497 5% 

1.25 0% 1% 3% 47% 13% 35% 0% 0% 0% 0% Moderate 569 0% 

1.5 1% 2% 7% 65% 6% 19% 0% 0% 0% 0% Moderate 327 0% 

1.75 3% 7% 15% 61% 4% 9% 0% 0% 0% 0% Light 177 9% 

2 7% 18% 19% 54% 1% 2% 0% 0% 0% 0% Light 181 2% 

2.5 28% 22% 20% 30% 0% 1% 0% 0% 0% 0% Light 168 1% 

3 54% 25% 8% 13% 0% 1% 0% 0% 0% 0% Very Light 86 14% 

3.5 83% 9% 4% 5% 0% 0% 0% 0% 0% 0% Very Light 42 5% 

4+ 89% 8% 2% 1% 0% 0% 0% 0% 0% 0% Very Light 114 1% 

 
 
Table 2.8 presents a summary of the updated recommended visibility table values as 
derived from the updated database analyses. 
 

Table 2.8: Recommended Visibility Table Values Derived from Updated Database 
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The impact of the data-cleaning exercise on the analytical recommendations from the 
original TP 14151E (1) analysis is depicted below in Table 2.9. 
 

Table 2.9: Changes from TP 14151E Analysis Recommendations After Data 
Cleaning 

 
 
 
In every instance where a change was made to the snowfall intensity value (as 
compared to the original analysis), the recommended change represented a move to 
a lighter snowfall intensity. 
 
The most significant changes were noted in the “-1°C and Above” data category. 
This was expected as most of the data flagged in the database review belonged to 
this category. 
 
 
2.6 Harmonization of Visibility Table Notes 
 
In addition to the work that was done to harmonize the visibility table format and 
values, a separate exercise was performed to address differences in the guidance 
notes associated with the TC and FAA versions of the visibility tables. 
 
The previous versions of the TC and FAA guidance notes contained largely similar 
information; however, the specific wording and placement of the information differed 
in many instances across the two publications. The TC/FAA visibility guidance notes 
prior to harmonization are shown in Figure 2.4 and Figure 2.5, respectively. 
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Figure 2.4: TC Visibility Table Guidance Notes Before Harmonization 

 

 
Figure 2.5: FAA Visibility Table Guidance Notes Before Harmonization 

 
A harmonized version of the table notes was subsequently created, shown below in 
Figure 2.6. 
 
 

 
Figure 2.6: Harmonized TC/FAA Visibility Table Guidance Notes 
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During the review and harmonization process, several notes contained in one or both 
of TC/FAA’s previous visibility tables were removed. These include statements 
indicating the analytical background from which the table was derived (removed for 
inconsistency with other guidance tables in the HOT Guidelines), a statement in the 
FAA guidance indicating how to interpret visibility values that do not directly align 
with METAR-reported values (no longer needed as the new table format provides 
visibility ranges), and finally a statement in the FAA guidance indicating that the 
METAR-reported snowfall intensity can be used when snow is being reported 
alongside forms of obscuration such as fog, haze, or smoke. 
 
 
2.7 Changes to the HOT Guidelines and Harmonization Status 
 
The updated visibility table guidance (including the revised format, updated table 
values, and updated guidance notes) was adopted and published by TC in their HOT 
Guidelines for the winter of 2022-23. The updated TC table and guidance is shown 
below in Figure 2.7. 
 
 

 
Figure 2.7: TC Visibility Table Guidance for the 2022-23 HOT Guidelines 
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The FAA implemented the new visibility table format and guidance notes and partially 
adopted the recommended updates to the table values. The updated FAA table and 
guidance is shown below in Figure 2.8. 
 
 

 
Figure 2.8: FAA Visibility Table Guidance for the 2022-23 HOT Guidelines 

 
The FAA elected to retain their previous visibility table values in several cells where 
they differed from the updated recommendations derived from the analysis in 
Subsection 2.5. This decision was made as the FAA visibility table was historically 
based on more than one data source (not just the analysis from TP 14151E [1]), and 
FAA opted not to reverse previous policy decisions related to these key cells. 
 
As a result of the changes to the table formats and values, the TC and FAA visibility 
tables are now better harmonized, with the only remaining differences being the 
treatment of the -1°C temperature and the values in cells where the FAA opted not 
to reverse previous policy decisions. The remaining differences in the TC/FAA 
visibility table cell values are summarized in Figure 2.9. 
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Figure 2.9: Remaining Differences in TC/FAA Visibility Table Values After Changes 

 
 
2.8 Conclusions 
 
Following a review of the TC/FAA visibility table guidance and a data-cleaning 
exercise involving the analysis upon which the recommended visibility table values 
were originally derived, an updated visibility table format (including modified 
guidance notes) was created, and an updated set of visibility table value 
recommendations was produced.  
 
Both TC and the FAA agreed to adopt the updated table format and updated visibility 
guidance notes. TC also fully adopted the updated recommended visibility table 
values; the FAA partially adopted the updated recommended visibility table values 
but retained their previous values in several cells where the discrepancies related to 
previous policy decisions. 
 
Both organizations published the updated visibility table guidance in their respective 
2022-23 HOT Guidelines, resulting in a significant improvement in the harmonization 
of the two organizations’ visibility table guidance. 
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2.9 Recommendations 
 
It is recommended that TC and the FAA continue to work to address the remaining 
differences between their respective visibility guidance tables to minimize the 
occurrence of situations where operators using different versions of the visibility 
tables would receive differing snowfall intensity guidance as a result. 
 
The remaining differences that need to be addressed include the cells where differing 
snowfall intensities are assigned (particularly the corresponding cells where TC 
indicates “heavy snow” and FAA indicates “moderate snow”) as well as the 
treatment of the -1°C temperature guidance. 
 
It is recommended that additional snowfall precipitation rate and visibility data be 
collected at higher intensities to support further harmonization efforts in the 
above-mentioned cells where discrepancies remain. 
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3. EVALUATION OF MIST AND FREEZING FOG DEPOSITION 
RATES 

 
This section documents the work completed during the 2021-22 winter related to 
the investigation of mist and freezing fog deposition rates. The data provided in this 
report does not include the data obtained in 2020-21. Since a comprehensive 
assessment is set to be documented in 2022-23 or in a subsequent year, only the 
data obtained during the winter of 2021-22 is reported here. For more information 
regarding previous work completed related to this project, see Section 3 of the 
Transport Canada (TC) report, TP 15496E, Aircraft Ground Icing General Research 
Activities During the 2020-21 Winter (2). 
 
The re-evaluation of freezing fog deposition rates began in the winter of 2021-22 
and emerged from discussion within the G-12 Holdover Time (HOT) Committee (May 
2021 Conference). The committee recommended that the substantiation of freezing 
fog deposition rates be conducted to provide an intensity comparison to those of 
mist. 
 
 
3.1 Background 
 
Mist (METAR code BR) and freezing fog (METAR code FZFG) are commonly reported 
weather phenomena. Both are considered forms of obscuration rather than 
precipitation types and can be reported alone or in conjunction with other weather 
conditions such as snow and freezing rain. In terms of visibility, mist can reduce 
visibility to between 0.6 and 1.2 statute miles (1-2 km), while fog can reduce it to 
less than 0.6 statute miles (1 km). 
 
The deposition rates for mist were first quantified in 2020-21 while those for freezing 
fog were developed in the early 2000s. As a result, HOTs now exist for both mist 
and freezing fog. Historical research simulating an aircraft taxi in freezing fog 
indicated that the deposition rates can increase significantly when in motion; 
consequently, freezing fog rates of 2 to 5 g/dm²/h were selected for developing 
HOTs. For more information concerning this study, see Subsection 2.9 of the 
TC report, TP 13826E, Aircraft Ground De/Anti-icing Fluid Holdover Time 
Development Program for the 2000-01 Winter (5). 
 
This research is set to continue in the winter of 2022-23 and is required to support 
the continued development of HOT guidance for both mist and freezing fog. 
  



3.  EVALUATION OF MIST AND FREEZING FOG DEPOSITION RATES 

APS/Library/Projects/300293 (TC Deicing 2021-22)/Reports/G & E/Final Version 1.0/TP 15536E Final Version 1.0.docx 
Final Version 1.0, June 23 

24 

3.2 Objective 
 
The objective of this study was to determine the range of deposition rates that occur 
naturally in conditions of mist or freezing fog alone. This research is required to 
support and develop guidance for the appropriate treatment of mist and freezing fog 
for HOT determination. 
 
 
3.3 Mist and Freezing Fog Forecasting  
 
The following list of winter weather conditions were targeted when trying to forecast 
mist or freezing fog conditions for testing purposes. 
 

• Mist: Surface visibility greater than or equal to approximately one kilometer 
(five-eighths of a statute mile) and less than approximately eleven kilometers 
(seven miles). 

• Freezing Fog: Surface visibility less than approximately one kilometer 
(five-eighths of a statute mile). 

• Outside air temperature (OAT): Less than 2°C. Most mist and freezing fog 
observations are at temperatures above -4°C, with many occurring near 0°C. 
Mist and freezing fog are also infrequently reported at temperatures colder 
than -4°C. 

• High relative humidity: Greater than 90 percent, best if closer to 100 percent. 

• Overcast sky cover: Low ceiling suggests more robust mist or freezing fog 
below approximately 240 meters (800 ft.). 

• Precipitation: Helpful if occurring before the expected period of mist but not 
concurrently with mist or freezing fog. 

• Sustained wind speed: Less than approximately 15 km/h (9 knots). 
 
An analysis of historical METAR reports from Montréal–Pierre Elliott Trudeau 
International Airport (YUL) was conducted to determine the ideal time for the 
occurrence of mist or fog alone. It was found that the beginning of winter, early 
mornings, and temperatures around the freezing point (0°C) are the most favourable 
winter conditions. More details on this analysis can be found in Appendix B. 
 
 
3.4 Testing Procedure 
 
During the winter of 2021-22, mist and fog tests were carried out at the APS 
Aviation Inc. (APS) test site facility in Montreal, Montréal–Mirabel International 
Airport (YMX), Chomedey (Laval), and Beaconsfield (Montreal). As this study was 
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comparative in nature, mist deposition rates were captured simultaneously using two 
measurement methods. The first and second methods simulated a taxiing and a 
stationary aircraft, respectively. Both testing methods were conducted using the 
standard precipitation collection pan, which is used for standard HOT testing. For the 
first method (taxiing), the rate pan was mounted on the top of a test vehicle and 
driven for 30 minutes at approximately 30 km/h, as seen in Photo 3.1. The second 
method (stationary) was performed using the standard method of collecting 
precipitation rates (using a test stand), as seen in Photo 3.2. 
 
Generally, the tests began on the hour in coordination with issued METAR reports. 
The targeted METAR reports indicated the presence of mist or fog, which was 
confirmed as visible by the researcher, as seen in Photo 3.3. However, in some 
instances, mist or fog was visually observed but not reported by METAR (e.g., 
Photo 3.4). Therefore, the decision was made to conduct testing for all events that 
forecasted mist or fog (within reason) regardless of mist or fog being reported by 
METAR if either condition was visually observed at the time of testing. For a more 
detailed description of the methodologies employed during mist or fog testing, refer 
to Appendix C. 
 
 
3.4.1 Procedural Updates for Winter 2021-22 
 
The results of the 2020-21 testing were presented to the G-12 HOT Committee at 
the May 2021 conference, and the stakeholders recommended the following 
changes/additions to the testing procedure: 
 

• Addition of dry rate pans to determine if mist or freezing fog accretion rates 
are similar when comparing a dry wing to a fluid-covered wing (wet wing); 
and 

• Addition of temperature loggers to determine freezing or non-freezing 
conditions. 

 
 
3.5 Data Collected 
 
The following subsections describe the data that was collected during the Winter 
2021-22 testing season. In total, 40 tests were conducted at YUL, YMX, Chomedey 
(Laval), and the Beaconsfield suburb in Montreal. Of the 40 tests, 38 consisted of 
mist or fog being visibly present regardless of being reported by METAR. The 
remaining 2 tests were conducted on October 13, 2021, when no mist was visually 
present or reported by METAR. Collection for these tests was done due to preceding 
mist forecasts. The rates were 0 g/dm2/h using both test methods. In addition, of 
the 38 valid tests, 1 test collected on April 7, 2022, was eliminated due to errors. 
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3.5.1 Tests with Visible Mist/Fog and Mist/Fog Reported by METAR 
 
In total, 21 tests were conducted with mist being visible and reported by METAR 
during the 2021-22 testing year. Table 3.1 is a summary of the data collected. 
 
 
3.5.2 Tests with Visible Mist/Fog and Mist/Fog NOT Reported by METAR 
 
In total, 16 tests were conducted with mist being visible but not reported by METAR 
during the 2021-22 testing year. Table 3.2 is a summary of the data collected. 
 
 
3.5.3 Omitted Tests 
 
In total, three tests were omitted from the test logs in Table 3.1 and Table 3.2. For 
two of the tests, no mist or fog was observed or reported while the other was omitted 
due to errors. Table 3.3 is a summary of the data pertaining to these tests. 
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Table 3.1: Log of Data Collected – Tests with Visible Mist/Fog and Mist/Fog Reported by METAR – Winter of 
2021-22 

T
es

t 
N

o.
 

D
at

e 

M
ET

A
R
 O

bs
er

ve
d 

W
ea

th
er

 

W
et

 (
Fl

ui
d)

 o
r 

D
ry

 (
N

o 
Fl

ui
d)

 
Pa

n 

V
is

ua
l V

er
ifi

ca
tio

n 
of

 M
is

t 
or

 
Fo

g 
at

 S
ta

rt
 (
Y

/N
) 

S
im

ul
at

ed
 T

ax
i S

ta
rt

 T
im

e 
(h

h:
m

m
) 

S
im

ul
at

ed
 T

ax
i E

nd
 T

im
e 

(h
h:

m
m

) 

T
ax

i D
is

ta
nc

e 
(k

m
) 

A
ve

ra
ge

 T
ax

i V
el

oc
ity

 (
km

/h
) 

S
im

ul
at

ed
 T

ax
i R

at
e 

 
(g

/d
m

²/
h)

 

S
im

ul
at

ed
 S

ta
tio

ne
d 

S
ta

rt
 

T
im

e 
(h

h:
m

m
) 

S
im

ul
at

ed
 S

ta
tio

ne
d 

En
d 

T
im

e 
(h

h:
m

m
) 

S
im

ul
at

ed
 S

ta
tio

ne
d 

R
at

e 
(g

/d
m

²/
h)

 

D
iff

er
en

ce
 in

 T
es

t 
R
at

e 
 

(T
ax

i -
 S

ta
tio

na
ry

) 

O
A

T
 (

ºC
) 

R
H

 (
%

) 

V
is

ib
ili

ty
 (
km

) 

W
in

d 
S
pe

ed
 (

km
/h

) 

Lo
ca

tio
n 

C
om

m
en

ts
 

42 8-Oct-21 Shallow 
Fog Dry Yes 6:29 7:00 14.2 28 0.0 6:28 7:02 0.0 0.0 8.0 100 16.1 6 YUL − 

43 8-Oct-21 Shallow 
Fog Wet Yes 6:29 7:00 14.2 28 1.0 6:28 7:02 0.3 0.7 8.0 100 16.1 6 YUL − 

44 8-Oct-21 Shallow 
Fog/Mist Wet Yes 7:34 8:07 21.3 44 1.4 7:33 8:08 0.2 1.2 9.0 100 10.0 6 YUL − 

45 8-Oct-21 Shallow 
Fog/Mist Dry Yes 7:34 8:07 21.3 44 0.0 7:33 8:08 0.0 0.0 9.0 100 10.0 6 YUL − 

46 8-Oct-21 Shallow 
Fog/Mist Dry Yes 8:46 9:16 21.0 44 0.0 8:45 9:17 0.0 0.0 10.0 100 24.1 0 YUL − 

47 8-Oct-21 Shallow 
Fog/Mist Wet Yes 8:45 9:16 21.0 44 0.0 8:45 9:16 0.0 0.0 10.0 100 24.1 0 YUL − 

48 7-Oct-21 Fog/Mist Dry Yes n/a n/a n/a n/a n/a 5:00 8:00 0.04 n/a 9.6 98 10.5 0 Beaconsfield − 

49 7-Oct-21 Fog/Mist Dry Yes n/a n/a n/a n/a n/a 5:00 8:00 0.26 n/a 9.6 98 10.5 0 Beaconsfield − 

50 7-Oct-21 Fog Dry Yes n/a n/a n/a n/a n/a 5:00 8:00 0.42 n/a 7.0 100 38 4 Laval − 

61 15-Oct-21 Mist Dry Yes 9:14 9:35 6.9 27 0.0 9:13 9:37 0.0 0.0 17.0 94 3.6 9 YUL Began Raining During Test 

62 15-Oct-21 Mist Wet Yes 9:14 9:35 6.9 27 0.7 9:13 9:37 0.3 0.4 17.0 94 3.6 9 YUL Began Raining During Test 

63 21-Oct-21 Fog Dry Yes 21:30 22:04 14.6 29 0.1 21:30 22:04 0.1 0.0 10.0 100 0.4 7 YUL − 

64 21-Oct-21 Fog Wet Yes 21:31 22:04 14.6 29 1.3 21:30 22:05 0.5 0.8 10.0 100 0.4 7 YUL − 
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Table 3.1: Log of Data Collected – Tests with Visible Mist/Fog and Mist/Fog Reported by METAR – Winter of 
2021-22 (cont’d) 
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65 21-Oct-21 Fog Dry Yes 22:26 23:03 14.7 28 0.0 22:25 23:03 0.0 0.0 10.0 100 0.6 19 YUL − 

66 21-Oct-21 Fog Wet Yes 22:26 23:03 14.7 28 1.0 22:25 23:04 0.5 0.5 10.0 100 0.6 19 YUL − 

67 21-Oct-21 Mist Dry Yes 23:20 23:38 6.7 28 0.1 23:20 23:39 0.0 0.1 11.0 100 8.0 7 YUL Rain During Test 

68 21-Oct-21 Mist Wet Yes 23:20 23:38 6.7 28 0.6 23:20 23:38 0.3 0.3 11.0 100 8.0 7 YUL Rain During Test 

69 21-Oct-21 Mist Wet Yes 23:54 00:27 14.6 28 0.9 23:53 00:27 0.5 0.4 11.0 100 8.0 6 YUL Drizzle During Test 

70 21-Oct-21 Mist Dry Yes 23:54 00:27 14.6 28 0.0 23:53 00:28 0.0 0.0 11.0 100 8.0 6 YUL Drizzle During Test 

71 25-Oct-22 Mist Wet Yes 12:18 12:51 14.9 28 0.0 12:18 12:51 0.0 0.0 2.0 93 12.9 4 YMX − 

72 7-Apr-22 Mist Wet Yes n/a n/a n/a n/a n/a 12:30 13:00 0.2 n/a 2.3 96 n/a 14 YMX (PMG) − 
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Table 3.2: Log of Data Collected – Tests with Visible Mist/Fog and Mist/Fog NOT Reported by METAR - Winter of 
2021-22 
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38 8-Oct-21 Nil Wet Yes 04:28 05:02 13.6 27.0 1.10 04:27 05:03 0.40 0.70 11.0 100 24.1 6 YUL − 

39 8-Oct-21 Nil Dry Yes 04:28 05:02 13.6 27.0 0.10 04:26 05:02 0.10 0.00 11.0 100 24.1 6 YUL − 

40 8-Oct-21 Nil Dry Yes 05:29 06:02 14.3 29.0 0.20 05:28 06:03 0.10 0.10 10.0 100 24.1 6 YUL − 

41 8-Oct-21 Nil Wet Yes 05:28 06:02 14.3 29.0 1.30 05:28 06:03 0.30 1.00 10.0 100 24.1 6 YUL − 

51 13-Oct-21 Nil Dry Yes 04:53 05:25 14.3 28.0 0.20 04:52 05:26 0.10 0.10 15.0 94 24.1 6 YUL − 

52 13-Oct-21 Nil Wet Yes 04:53 05:25 14.3 28.0 1.50 04:52 05:26 0.40 1.10 15.0 94 24.1 6 YUL − 

53 13-Oct-21 Nil Dry Yes 05:43 06:17 13.5 25.0 0.0 05:44 06:17 0.10 -0.10 14.0 94 24.1 6 YUL − 

54 13-Oct-21 Nil Wet Yes 05:44 06:17 13.5 25.0 1.20 05:45 06:18 0.40 0.80 14.0 94 24.1 6 YUL − 

55 13-Oct-21 Nil Wet Yes 06:45 07:18 14.8 29.0 0.80 06:44 07:19 0.30 0.50 14.0 100 24.1 7 YUL − 

56 13-Oct-21 Nil Dry Yes 06:45 07:19 14.8 29.0 0.30 06:44 07:19 0.0 0.30 14.0 100 24.1 7 YUL − 

57 13-Oct-21 Nil Wet Yes 7:48 8:19 14.7 28.0 0.10 7:45 8:20 0.20 -0.10 15.0 94 24.1 7 YUL − 

58 13-Oct-21 Nil Dry Yes 7:46 8:18 14.7 28.0 0.0 7:45 8:19 0.0 0.0 15.0 94 24.1 7 YUL − 

74 8-Apr-22 Nil Dry Yes 23:05 23:35 15.0 30.0 0.0 23:00 23:30 0.09 -0.09 3.5 95 6+ 6 YUL − 

75 8-Apr-22 Nil Wet Yes 23:05 23:35 15.0 30.0 0.51 23:00 23:30 0.24 0.27 3.5 95 6+ 6 YUL − 

76 9-Apr-22 Nil Dry Yes 23:58 00:28 15.0 30.0 0.02 23:50 00:30 0.04 -0.02 4.0 96 6+ 4 YUL − 

77 9-Apr-22 Nil Wet Yes 23:58 00:28 15.0 30.0 0.43 23:50 00:30 0.20 0.23 4.0 96 6+ 4 YUL − 
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Table 3.3: Log of Data Collected – Omitted Tests - Winter of 2021-22 
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59 13-Oct-21 Nil Dry No 8:46 9:19 14.8 28.0 0.0 8:45 9:21 0.0 0.0 14.0 94 24.1 0 YUL Test Invalid 

60 13-Oct-21 Nil Wet No 8:46 9:19 14.8 28.0 0.0 8:45 9:20 0.0 0.0  14.0 94 24.1 0 YUL Test Invalid 

73 7-Apr-22 Mist Wet Yes n/a n/a n/a n/a n/a 13:00 13:30 0.6 n/a 2.4 97 n/a 13 YMX (PMG) Test Invalid 
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3.6 Data Analysis 
 
An analysis of the data obtained in 2021-22 will be performed in 2022-23 or a 
subsequent year so that a more comprehensive assessment for both mist and 
freezing fog can be conducted. This assessment will include all data collected from 
all years. 
 
 
3.7 Recommendations 
 
For the winter of 2022-23, it is recommended to continue collection of mist and 
freezing fog deposition rate data to substantiate the results obtained to date. 
Consideration should be given to other strategic locations with potential for higher 
mist intensities to capture the most conservative cases (e.g., valleys). To expand the 
data set, testing in fall during warmer temperatures to capture mist and fog rates 
above freezing is also recommended. The results from this testing will support a 
related research project currently being investigated dealing with mixed-phase icing 
research. 
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Photo 3.1: Method 1 – Simulated Taxiing Aircraft 

 
 

Photo 3.2: Method 2 – Simulated Stationed Aircraft 
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Photo 3.3: Mist Visible – Reported by METAR 

(January 15, 2021 – Ottawa, Ontario) 

 
 

Photo 3.4: Mist Visible – Not Reported by METAR 

(April 8-9, 2022 – Montreal, Quebec) 
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4. DEVELOPMENT OF GUIDANCE FOR MIXED ICING 
CONDITIONS 

 
This section describes the ongoing work conducted by APS Aviation Inc. (APS) in 
2021-22 to provide applicable holdover time (HOT) guidance for mixed icing 
conditions not currently addressed in the guidance material. 
 
 
4.1 Background 
 
When aircraft are operating in adverse winter conditions, METAR-reported weather 
conditions may not always have corresponding HOT guidance to allow for safe 
departure, and this is especially true for mixed conditions. 
 
 
4.2 Previous Work 
 
In 2019-20, a multi-airport METAR analysis was conducted; further information can 
be found in the Transport Canada (TC) report, TP 15452E, Aircraft Ground Icing 
General Research Activities During the 2019-20 Winter (6). This study examined a 
large sample of METAR data collected primarily at major airports in the United States 
and Canada that encounter winter precipitation including mixed precipitation 
conditions. In 2020-21, a METAR Working Group (MWG) was formed that included 
technical experts and meteorologists from the Federal Aviation Administration (FAA), 
TC, APS, and the National Center for Atmospheric Research (NCAR). The MWG 
utilised the data collected from the METAR analysis to develop a “master list” that 
groups similar conditions and organizes the groups (or “bins”) by frequency of 
occurrence, level of effort required (from analytical to long-term research), and 
industry demand. 
 
Changes to the HOT guidance for 2021-22 included the addition of “Freezing Mist” 
to the “Freezing Fog or Ice Crystals” column, which became the “Freezing Fog, 
Freezing Mist, or Ice Crystals” column, and the addition of “drizzle” in the note “Use 
light freezing rain HOTs in conditions of very light or light snow mixed with light rain 
or drizzle.” 
 
 
4.3 Objective 
 
The objective of this ongoing project is to support the development of HOT or 
allowance time guidance for mixed icing conditions not currently included in the 
guidance material. 
  



4.  DEVELOPMENT OF GUIDANCE FOR MIXED ICING CONDITIONS 

APS/Library/Projects/300293 (TC Deicing 2021-22)/Reports/G & E/Final Version 1.0/TP 15536E Final Version 1.0.docx 
Final Version 1.0, June 23 

36 

4.4 Research Activities 2021-22 
 
To reach this objective, several research activities related to the following mixed 
conditions were undertaken by APS to support TC and the FAA: 
 

1. Snow Mixed with Freezing Fog; 

2. Moderate Ice Pellets and Moderate Snow; 

3. Light Snow, Light Ice Pellets, and Light Freezing Rain; 

4. Ice Crystals and Freezing Fog; 

5. Ice Crystals and Mist; and 

6. Ice Crystals and Snow. 
 
These individual activities are described in Subsections 4.5 to 4.10. 
 
 
4.5 Snow Mixed with Freezing Fog 
 
Industry expressed concerns with HOT guidance related to reported mixed conditions 
of snow and freezing fog. Endurance time testing was conducted in mixed snow and 
freezing fog conditions to support the development of HOT guidance. The details of 
this research can be found in the TC report, TP 15540E, Evaluation of Fluid 
Endurance Times in Mixed Snow and Freezing Fog Conditions (7). 
 
 
4.6 Moderate Ice Pellets and Moderate Snow 
 
Preliminary exploratory testing was conducted for this condition at the National 
Research Council Canada (NRC) 3 m x 6 m Icing Wind Tunnel (IWT), providing some 
limited data indicating potential for future development. The details of this research 
can be found in the TC report, TP 15537E, Wind Tunnel Trials to Support Further 
Development of Ice Pellet Allowance Times: Winter 2021-22 (8). 
 
 
4.7 Light Snow, Light Ice Pellets, and Light Freezing Rain 
 
Preliminary exploratory testing was conducted for this condition at the NRC IWT, 
providing some limited data indicating potential for future development. The details 
of this research can be found in TP 15540E (7). 
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4.8 Ice Crystals and Freezing Fog 
 
HOTs currently exist for ice crystals in the same column as freezing fog or freezing 
mist. The HOTs apply to the conditions occurring individually, and currently there is 
no HOT guidance for ice crystals and freezing fog, or mist, reported simultaneously. 
An example of the HOT table format is included below in Figure 4.1. 
 
 

 
Figure 4.1: Example of 2021-22 Holdover Time Table Format 

 
 
4.8.1 Frequency 
 
The “master list” of reports developed by the NCAR, comprising 20 years of data 
from airports worldwide, includes mixed conditions, all weather below 2ºC, and 
freezing/frozen precipitation above 2ºC. A summary of the number of weather events 
and hourly reports of ice crystals and freezing fog is included in Table 4.1 below. 
 

Table 4.1: Number of Events and Reports in Master List per Mixed Condition 

Weather Type Number of Events Number of Reports 

-IC FZFG 47 63 

IC FZFG 833 1838 

 
 
4.8.2 Precipitation Rates Considered for HOT Guidance 
 
 
4.8.2.1 Ice Crystals 
 
Rate data was collected for ice crystals in 2012-14, and the majority of rates 
measured were less than 0.3 g/dm2/h, with an average rate of 0.1 g/dm2/h. The 
highest rate measured was 1.1 g/dm2/h; however, a review of historical weather data 
revealed that blowing snow was reported during this and some of the other events 
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included in the analysis, so the actual rates of ice crystals may be even lower. The 
average rate of 0.1 g/dm2/h is similar in intensity to rates experienced in frost 
conditions. The rates were an order of magnitude less than the higher end of the 
freezing fog or very light snow intensities. Figure 4.2 below shows the frequency of 
rate data. More information can be found in the TC report, TP 15269E, Aircraft 
Ground Icing General Research Activities During the 2013-14 Winter (9). 
 
 

 
Figure 4.2: Precipitation Rate Analysis – Ice Crystals (from TP 15269E) 

 
 
4.8.2.2 Freezing Fog 
 
While fog is not considered a precipitation type, the droplets may deposit on aircraft 
surfaces and, for that reason, freezing fog HOTs were developed. At the 1997 
Chicago SAE G-12 HOT Committee meeting, it was agreed that the lower and upper 
HOTs for freezing fog should be evaluated at rates of 5 g/dm2/h and 2 g/dm2/h, 
respectively. The fog deposition rates are based on an assumed liquid water content 
(LWC) of fog in the range of 0.2 to 0.6 g/m3 and the following empirical expression: 
 

Deposition = LWC x Wind Velocity x Sin 10º x Collection Efficiency 
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The “Sin 10º” value accounts for the 10º tilt of the test plates into the direction of 
the wind.  
 
The higher limit of 5 g/dm2/h is based on the upper LWC of 0.6 g/m3, a wind velocity 
of 6 km/h, and a collection efficiency of 80 percent or an aircraft taxiing at 12 km/h 
relative to the same wind in a 0.6 g/m3 fog and a collection efficiency of 40 percent. 
 
A study to quantify freezing fog deposition rates was conducted by APS in 2002. 
The tests indicated that there is a relationship between visibility and deposition rates. 
As visibility dropped, a significant increase in deposition rate was observed. The rates 
measured ranged from 0.1 g/dm2/h for 457 m (1500 ft.) of visibility to 2.5 g/dm2/h 
for 46 m (150 ft.) of visibility. These results indicate that the selected rates for the 
laboratory tests of 2 g/dm2/h (the lower rate used to measure endurance time) and 
5 g/dm2/h (the higher rate used to measure endurance time) appear to be 
conservative. Applicable regulations indicate that the lowest actual visibility limit for 
departures under instrument meteorological conditions is 183 m (600 ft.). At this 
visibility, the estimated rate of fog deposition is 0.7 g/dm²/h. More information can 
be found in the TC report, TP 13993E, Impact of Winter Weather on Holdover Time 
Table Format (1995-2002) (10). 
 
The respective rates measured and those used for the HOT guidance for each 
condition are summarized in Table 4.2 below. 
 

Table 4.2: Summary of Rates Measured and Rates Used for HOTs 

Rates Measured 

Condition Minimum Rate 
(g/dm²/h) 

Maximum Rate 
(g/dm²/h) 

Average Rate 
(g/dm²/h) 

Fog 0.1 2.5 1.1 

Ice Crystals 0.01 1.1 0.1 

Rates Used for HOTs 

Condition Minimum Rate 
(g/dm²/h) 

Maximum Rate 
(g/dm²/h) 

Average Rate 
(g/dm²/h) 

Freezing Fog, Freezing 
Mist, or Ice Crystals 2 5 3.5 
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4.8.3 Recommendations for Guidance 
 

If the latent heat effect from the addition of ice crystals can be assumed to be 
negligible due to the rates being an order of magnitude less than those for fog on 
average, the HOT for the combined condition can be derived from the regression of 
freezing fog HOTs at the combined rate. 
 

Table 4.3: Summary of Rates Measured and Adjusted for Fog and Ice Crystals 

Rates Measured 

Condition Minimum Rate 
(g/dm²/h) 

Maximum Rate 
(g/dm²/h) 

Average Rate 
(g/dm²/h) 

Fog 0.1 2.5 1.1 

Ice Crystals 0.01 1.1 0.1 

Adjusted Rates for Combined Condition 

Condition Minimum Rate 
(g/dm²/h) 

Estimated Maximum 
Rate 

(g/dm²/h) 

Estimated Average 
Rate 

(g/dm²/h) 

Fog 0.1 1.0 0.6 

Ice Crystals 0.01 0.5 0.3 

Combined Rate 0.11 1.5 0.9 

 
 

Table 4.3 above summarizes the rates of fog and ice crystals measured and those 
used to estimate the rates of the combined condition. As outlined in the previous 
section, the rates of 2 g/dm2/h and 5 g/dm2/h for freezing fog are conservative, as 
the maximum rate of fog measured by APS was 2.5 g/dm2/h at a corresponding 
visibility of 46 m (150 ft.). As well, the higher rates measured (>1 g/dm2/h) were 
collected at temperatures above 5ºC. The rates (as shown in the Estimated Maximum 
Rate column) would be significantly lower at colder temperatures, as the maximum 
moisture content in air varies with temperature. Ice crystals most often occur at very 
low temperatures (below -18ºC), where the fog rates would be the lowest. 
 

The combined rate of ice crystals and freezing fog at the temperatures at which these 
events occur is expected to be below the lower rate of 2 g/dm2/h used in the current 
“Freezing Fog, Freezing Mist or Ice Crystals” HOT guidance. Therefore, it would be 
possible to use the existing HOTs. It is recommended to perform testing next winter 
to validate. 
 

A recommended option to address the mixed condition of ice crystals with freezing 
fog or mist would be to add a note to all applicable HOT tables stating, “Use freezing 
fog holdover times in conditions of ice crystals mixed with freezing fog or mist.” An 
example is provided in Figure 4.3. 
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Figure 4.3: Example of Potential Note Added to Holdover Time Tables 

 
 
4.9 Ice Crystals and Mist 
 
As stated in Subsection 4.8.3, the same guidance for ice crystals and freezing fog 
can be applied to ice crystals and mist. Mixed conditions of ice crystals and mist 
could be addressed by the same note: “Use freezing fog holdover times in conditions 
of ice crystals mixed with freezing fog or mist.” By definition, the deposition rate of 
mist is lower than that of fog, as they are differentiated by the reduction in visibility: 
fog is reported for visibility below 5/8 SM and mist is reported for visibility between 
5/8 SM and 6 or 7 SM according to Federal Meteorological Handbook No. 1 [FMH-1] 
and the Manual of Surface Weather Observations Standards [MANOBS], 
respectively). Therefore, it would be conservative to apply the same guidance for ice 
crystals mixed with mist as for ice crystals mixed with freezing fog. 
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4.10 Ice Crystals and Snow 
 
HOTs currently exist for ice crystals in the same column as freezing fog or freezing 
mist. HOTs for snow are separated by intensity into “very light”, “light,” and 
“moderate” and include snow, snow grains, or snow pellets. The HOTs apply to the 
conditions occurring separately, and currently there is no HOT guidance for ice 
crystals and snow occurring simultaneously. An example of the current format for 
HOT guidance is provided below in Figure 4.4. 
 
 

 
Figure 4.4: Example of Current Holdover Time Table Format 

 
 
4.10.1 Frequency 
 
The “master list” of reports developed by the NCAR, comprising 20 years of data 
from airports worldwide, includes mixed conditions, all weather below 2ºC, and 
freezing/frozen precipitation above 2ºC. A summary of the number of weather events 
and hourly reports of ice crystals and snow is included in Table 4.4. 
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Table 4.4: Number of Events and Reports in Master List per Mixed Condition 

Weather Type Number of Events Number of Reports 

-IC SN 28 65 

IC SN 2085 3683 

-SN IC 539 1629 

SN IC 382 509 

 
 
4.10.2 Precipitation Rates Considered for HOT Guidance 
 
 
4.10.2.1 Ice Crystals 
 
See Subsection 4.8.2.1. 
 
 
4.10.2.2 Snow 
 
The precipitation rate limits used to determine HOTs for Type II/III/IV fluids in snow are 
3, 4, 10, and 25 g/dm²/h. These rate limits encompass very light, light, and moderate 
snow. A summary of the rates of snow and ice crystals used for HOT guidance are 
included in Table 4.5 below. 
 

Table 4.5: Summary of Rates Measured and Rates Used for HOTs 

Rates Measured 

Condition Minimum Rate 
(g/dm²/h) 

Maximum Rate 
(g/dm²/h) 

Average Rate 
(g/dm²/h) 

Ice Crystals 0.01 1.1 0.1 

Rates Used for HOTs 

Condition Minimum Rate 
(g/dm²/h) 

Maximum Rate 
(g/dm²/h) 

Freezing Fog, Freezing Mist, or 
Ice Crystals 2 5 

Very Light Snow, Snow Grains, 
or Snow Pellets 3 4 

Light Snow, Snow Grains, or 
Snow Pellets 4 10 

Moderate Snow, Snow Grains, 
or Snow Pellets 10 25 
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4.10.3 Recommendations for Guidance 
 
Ice crystals (diamond dust) and snow are both composed of ice crystals, where snow 
is mostly branched and ice crystals are unbranched. The two precipitation types are 
composed of similar particles, and the average rate for ice crystals is an order of 
magnitude less than that for snow. There are no latent heat effects on the fluid 
endurance time for the combined condition.  
 
Use of the visibility table to determine the combined intensity of the snow and ice 
crystals is appropriate, as the ice crystals will have a reduction in visibility similar to 
that in snow. 
 
It is recommended that a note be added to HOT tables reading, “Use snow holdover 
times in conditions of very light, light, or moderate snow mixed with ice crystals.” 
An example of this note is provided below in Figure 4.5. 
 
 

 
Figure 4.5: Example of Potential Note Added to Holdover Time Tables 
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4.10.4 Recommendations 
 
Mixed icing guidance development is an ongoing task that will continue to evolve as 
further analysis and research activities are accomplished. It is recommended that the 
MWG continue to collaborate on the further development of expanded HOT guidance 
for mixed precipitation conditions. 
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5. CONTINUED IMPLEMENTATION OF VIDEO STREAMING 
TECHNOLOGY FOR REMOTE VIEWING OF DEICING 
RESEARCH TESTS 

 
This section documents the work conducted by APS Aviation Inc. (APS) to allow 
virtual participation during 2021-22 testing events. This was achieved through the 
implementation of a remote camera viewing setup to overcome travel and personnel 
limitations encountered during the ongoing COVID-19 pandemic. The initial 
installation of these setups took place in the winter of 2020-21. All pertinent 
information related to this work can be found in the Transport Canada (TC) report, 
TP 15496E, Aircraft Ground Icing General Research Activities During the 2020-21 
Winter (2). For this report, only notable changes in the winter of 2021-22 are 
documented here.  
 
 
5.1 Introduction 
 
The COVID-19 pandemic has forced many industries to adjust their working 
environment in unprecedented ways. In a very short period, businesses had to 
overcome many obstacles to remain viable. Although the airline industry was forced 
to temporarily shut down international travel and significantly reduce its domestic 
operations, the aviation industry, in particular the aviation safety sector, continued 
to operate with restrictions. 
 
Pandemic-imposed restrictions forced APS to operate in exceptional ways. One major 
obstacle to solve was travel and personnel capacity restrictions. As in previous years, 
wind tunnel and climate chamber testing were to be conducted at the National 
Research Council Canada (NRC) facilities in Ottawa, Ontario. To overcome personnel 
capacity restrictions, remote cameras were installed so that stakeholders, mainly TC, 
the Federal Aviation Administration (FAA), and APS, could observe and provide 
insight into tests being conducted. Similarly, cameras were installed at the 
Montréal-Pierre Elliott Trudeau International Airport (YUL) test facility and at PMG 
Technologies Inc. (PMG). An iPhone® 12 Pro Max was used for Near/Far North testing 
to overcome the personnel capacity issues, and as well, to respond to situations 
when travel for certain staff members was not possible.  
 
 
5.2 Objective 
 
The primary objective of this project was to implement a remote viewing platform at 
all testing locations so that stakeholders, mainly TC, the FAA, and APS, could 
observe and provide insight into tests being conducted. 
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5.3 Camera Implementation 
 
High-resolution cameras were necessary for stakeholders and APS team members to 
virtually take part in and provide guidance for testing being conducted. The five 
testing locations that included the use of cameras to capture the tests and/or to 
provide a means of verification during fluid failures are as follows: 
 

• NRC Wind Tunnel in Ottawa, Ontario; 

• NRC Climactic Chamber in Ottawa, Ontario; 

• YUL Test Facility in Montreal, Quebec; 

• PMG Test Facility in Blainville, Quebec; and 

• Remote Near/Far North Locations throughout Canada. 
 
 
5.4 NRC Wind Tunnel 
 
The following subsections describe the notable developments implemented in the 
winter of 2021-22 compared to the initial testing configuration used in 2020-21. 
 
 
5.4.1 Overview of RJ Wing Testing 
 
Four GoPro® cameras, one network video recorder (NVR) receiver, and five iPad® Pros 
were used to communicate and stream the live testing events. Streaming was made 
possible by using a Bell 5G Hotspot connected to the wiring setup, as depicted in 
Figure 5.1. 
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Figure 5.1: Remote Camera Wiring Diagram 

 
The four GoPro® cameras, seen in Figure 5.2 and Figure 5.3, were strategically 
positioned outside of the wind tunnel as follows: 
 

• Cameras 1 and 3 were positioned on the north side window viewing the wing; 
and 

• Cameras 2 and 4 were positioned on the south side window viewing the wing. 
 
To display the day’s test plan to all stakeholders, an Internet Protocol (IP) box was 
connected to a computer, as shown in Figure 5.4. 
 
 
5.4.2 Overview of Vertical Tail Testing 
 
During vertical tail testing, the same setup described in Subsection 5.4.1 was used. 
However, instead of four GoPro® cameras, a combination of two GoPro’s®, two 
closed-circuit televisions (CCTVs), two web cameras, and two high-resolution Osmo 
cameras were strategically installed inside the wind tunnel, as illustrated in 
Figure 5.5. 
  



5.  CONTINUED IMPLEMENTATION OF VIDEO STREAMING TECHNOLOGY FOR REMOTE VIEWING OF DEICING RESEARCH TESTS 

APS/Library/Projects/300293 (TC Deicing 2021-22)/Reports/G & E/Final Version 1.0/TP 15536E Final Version 1.0.docx 
Final Version 1.0, June 23 

50 

 
Figure 5.2: Location of Cameras – North Side of Wind Tunnel During RJ Wing 

Testing 

 

 
Figure 5.3: Location of Cameras – South Side of Wind Tunnel During RJ Wing 

Testing 
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Figure 5.4: IP Box to Display the Day’s Test Information During RJ Wing Testing 

 

 
Figure 5.5: Location of Cameras During Vertical Stabilizer Testing 
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5.4.3 General Observations 
 
Two minor technical issues were encountered while testing: 
 

• Lighting; and 

• Live-streaming issues. 
 
The limited lighting available made the fluid flow-off during testing difficult to 
observe, especially toward the trailing edge of the RJ wing and over most of the 
vertical stabilizer. 
 
The streaming issues encountered were mostly the “freezing” of screens, since the 
upload speeds from the internet connection could not keep up with the demand of 
multiple users. The process of streaming live feed through the internet places a high 
demand on the amount of data needed to be transferred to enable a high-resolution 
picture.  
 
Although some issues were encountered, the camera system provided a suitable 
platform for active involvement in the testing process by those clients and personnel 
unable to attend live testing due to COVID-19 restrictions. Overall, all parties involved 
agreed that the system functioned very well. The high-quality resolution provided 
sufficient detail of the wings and fluid failures for all viewers. 
 
 
5.4.4 Recommendations  
 
Internet connections were the most problematic for the testing observed at the NRC 
wind tunnel. For this reason, it is recommended that an alternative internet provider 
be used for subsequent testing events. Camera upgrades and/or the reintroduction 
of CCTVs as done in 2020-21 should also be considered and may aid in resolving 
these issues. 
 
 
5.5 NRC Climate Chamber 
 
The following subsections describe the process used for the implementation of CCTV 
cameras at the NRC climate chamber during the winter of 2021-22 for both the 
Mixed Icing Conditions project (Mixed Snow and Freezing Fog) and the standard HOT 
testing. 
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5.5.1 Overview 
 
Four cameras were used at the NRC climate chamber. Of the four cameras, two were 
2.8 mm and two were of variable zoom in focal length. For the mixed snow and 
freezing fog project, all four cameras were positioned on the sides of the test stands, 
with both variable and 2.8 mm cameras positioned on the northwestern and 
southeastern direction of the chamber, respectively. Preliminary results showed that 
this setup was acceptable as it provided sufficient coverage of most test plates. 
Figure 5.6 displays the positions of the cameras at the NRC climate chamber. 
 
 

 
Figure 5.6: Camera Location at the NRC Climate Chamber During the Mixed Icing 

Condition Project (Mixed Snow and Freezing Fog) 

 
During the standard HOT testing, all four camaras were positioned in front of Test 
Stand 1 (approximately 1.2 m) on a truss system approximately 2.5 m from the 
ground. 
 
 
5.5.2 Observations 
 
Although the camera system provided an excellent means of capturing all testing 
conducted at the NRC climate chamber, two issues were encountered during testing 
of both projects: 
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• Image clarity; and 

• Image quality (depending on precipitation being tested). 
 
In general, the quality of the image was very good during all precipitation conditions 
(freezing rain [ZR], freezing drizzle [ZD], cold-soaked wing [CSW], and freezing fog 
[ZF]). However, testing with ZF sometimes posed a challenge. The image (feed) was 
at times unclear due to the dispersion of supercooled vapor particles in the air. In the 
future, this issue may be rectified by adding additional lighting to the area around the 
test stands. 
 
 
5.5.3 Recommendations 
 
While the camera system operated with near-perfect feeds, the following could still 
be considered in the future testing for both projects. 
 

• The camera system could be positioned at better strategic locations to get 
better angles while testing. 

• Lighting is particularly important if the feed is to be as clear as possible. It is 
recommended that additional and/or different types of lighting be incorporated 
into the setup. 

• The image quality was very good. However, greater detail would be helpful, 
especially when dealing with fluid failures. It may be worth adding more 
cameras or mechanical arms to the setup so that the viewer can control the 
camera remotely while using zoom capabilities. 

 
 
5.6 Natural Snow Testing at the YUL Test Facility 
 
The following subsections describe the process used for the implementation of CCTV 
cameras at the YUL test facility. In some instances where the CCTV cameras did not 
provide the image details needed, an iPhone® 12 Pro Max was used as a backup. 
 
 
5.6.1 Overview 
 
Eight CCTV cameras were used at the YUL test facility. Five of the cameras had a 
focal length of 2.8 mm while the remining three had a focal length of 4 mm. The 
cameras were positioned at strategic locations so that the HOT and the artificial vs. 
natural (AvN) test stands were visible to provide support for fluid failure verifications. 
Figure 5.7 displays a schematic representation of the camera locations at the YUL 
test facility. 
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Figure 5.7: Schematic Representation of Camera Locations at the YUL Test Facility 
 
 
5.6.2 Observations 
 
Two issues were encountered while testing, as follows. 
 

• Although four more cameras were added for the winter of 2021-22 compared 
to the winter of 2020-21, the camera setup did not have the complete 
capability of adapting to changing conditions. For example, if the wind 
direction changed during a test event, the test stand orientation was 
repositioned accordingly. However, the camera system could not be 
reorientated as it was in a fixed position. 

• On some occasions, the camera system did not provide the high-quality image 
needed to confirm fluid failures due to picture degradation caused by image 
zoom.  
 

Although the above issues were encountered during the winter of 2021-22, this 
setup did provide better capabilities and results compared to the setup of the previous 
year. Good-quality feeds were obtained, and guidance was easily provided remotely. 
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5.6.3 Recommendations 
 
The camera system needs to be positioned at better strategic locations so that all 
test plates can be seen in both a zoomed configuration and as a whole while testing 
in any direction. This may be accomplished by placing cameras on tripods and 
repositioning when needed. 
 
 
5.7 Near/Far North Testing 
 
The following subsections describe the process used with the iPhone® 12 Pro Max 
during Near/Far North testing throughout Canada. 
 
 
5.7.1 Overview 
 
An iPhone® 12 Pro Max was used for video conferencing (Facetime®) during fluid 
failure verifications. The iPhone® made it possible to view the test plates at different 
angles, which is a key component when determining fluid failures. 
 
 
5.7.2 Observations 
 
No issues were encountered when using the iPhone® 12 Pro Max in Near/Far North 
testing, except in some remote locations where Wi-Fi capability was limited. 
 
With regards to data storage, no streaming data was recorded during Near/Far North 
testing due to the lack of recording capabilities while using Facetime® on the 
iPhone® 12 Pro Max.  
 
 
5.8 PMG Testing 
 
The following subsections describe the process used for the implementation of CCTV 
cameras at the PMG test facility in Blainville, Quebec. 
 
 
5.8.1 Overview 
 
Three cameras were used, two of which had a variable optical focal length and one 
had a focal length of 2.8 mm. 
 
Each variable camera was mounted on the inside of the artificial snow machine on 
an adjacent corner located midway from the ground to the top (where the top mount 
meets the bottom mount) to view the test plate and enable fluid failure verifications. 
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The third camera was positioned on a steel beam within the cold chamber to view 
the translator and ice core. Figure 5.8 displays the location of the cameras at PMG 
during testing. 
 
 

 
Figure 5.8: Schematic Representation of Camera Locations at PMG Technologies 

 
 
5.8.2 Observations 
 
The image clarity was the only issue encountered while testing. During some 
instances, the feed was too dark to view a clear image. The issue was rectified by 
adding additional light-emitting diode (LED) lighting to the area around the test plate. 
 
 
5.8.3 Recommendations 
 
The following recommendations are proposed for future testing. 
 

• LED spotlights should be installed/used to increase image clarity. These lights 
should be placed around the test plate or within the enclosure. 

• The camera placed within the enclosure may be repositioned to obtain a better 
view of the plate during testing. 

• A smaller camera, if available, could be positioned inside the snow machine 
enclosure above the plate at a specific height and angle to provide better failure 
call verifications. 
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5.9 Side-by-Side Comparisons of Fluid Failures Using Remote Camera 
Technology 

 
This subsection describes the process used for the implementation of CCTV cameras 
at the NRC Climate Chamber and PMG during the Mixed Icing Condition project 
(Mixed Snow and Freezing Fog) for the side-by-side comparisons of fluid failures. 
 
By using the application DaVinci ResolveTM, seven comparison videos of Snow versus 
Snow and Freezing Fog were produced, which significantly advanced the 
understanding of the fluid failure mechanisms. More information related to this work 
is described in the TC report, TP 15540E, Evaluation of Fluid Endurance Times in 
Mixed Snow and Freezing Fog Conditions (7). 
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6. TECHNICAL REVIEW, APPROVAL, AND PUBLICATION OF 
HISTORICAL REPORTS 

 
This section describes the process used by APS Aviation Inc. (APS) to publish reports 
for the de/anti-icing research program on behalf of Transport Canada (TC) and the 
Federal Aviation Administration (FAA). It also details the status of the technical 
review of historical reports in the publication process and provides guidance for 
handling such reports subsequently. 
 
 
6.1 Background 
 
As of October 31, 2016, APS had prepared over 187 reports on aircraft ground icing 
research and development on behalf of TC and the FAA. Out of these 187 reports, 
124 reports were not published. This backlog is attributed to limited resources and 
shifting priorities within TC and the FAA. To remedy the backlog, APS was tasked 
to develop a prioritized list of unpublished reports, accelerate these reports through 
the publication process, and deliver them as Final Version 1.0. 
 
 
6.2 Objective 
 
The objective of this project for 2021-22 was to handle up to 16 reports, with the 
aim to accelerate approximately 4 to 6 unpublished reports to the Final Draft 2.0 
stage and to publish approximately 8 to 10 remaining reports as Final Version 1.0 
(targets for subsequent years will be determined at the completion of each year). 
 
 
6.3 Publication Process and Delivery of Technical Reports 
 
APS produces reports annually for the de/anti-icing research program on behalf of 
TC and the FAA through a detailed reports management process that it has developed 
and continually updates. Figure 6.1 displays the updated Reports Management 
Process, offering a global view of the progression of reports from “Draft” to “Final” 
stages of publication. It includes all the phases with their respective milestones and 
detailed tasks from initiation to publication. 
 
The Reports Management Process comprises eight phases. The first four phases are 
internal to APS and labelled Phase 1, 2, 3, and 4. The following four phases are 
related to the publication of reports and are labelled Phase 5, 6, 7, and 8. Reports 
typically undergo these phases prior to delivery of Final Version 1.0. 
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Figure 6.1: Reports Management Process 

 
For 2016-17, APS surpassed the goal of 12 reports and published 16 reports in total. 
These reports were published and delivered to TC and the FAA as Final Version 1.0 
via “WeTransfer.” The details of the reports published in 2016-17 are provided in 
the TC report, TP 15374E, Aircraft Ground Icing General Research Activities During 
the 2016-17 Winter (11). 
 
For 2017-18, APS surpassed the goal of 20 reports and published 22 reports in total. 
The details of the reports published in 2017-18 are provided in the TC report, 
TP 15398E, Aircraft Ground Icing General Research Activities During the 2017-18 
Winter (12). These reports were published and delivered to TC and the FAA as Final 
Version 1.0 via “WeTransfer” and USB drives. 
 
For 2018-19, APS achieved the goal of 20 reports and published 20 reports in total. 
The details of the reports published in 2018-19 are provided in the TC report, 
TP 15427E, Aircraft Ground Icing General Research Activities During the 2018-19 
Winter (13). These reports were published and delivered to TC and the FAA as Final 
Version 1.0 via “WeTransfer” and USB drives. 
 
For 2019-20, APS advanced a total of six unpublished reports to the Final Draft 2.0 
stage and published a total of 14 reports. The details of the reports published in 
2019-20 are provided in the TC report, TP 15452E, Aircraft Ground Icing General 
Research Activities During the 2019-20 Winter (6). The 14 published reports were 
delivered to TC and the FAA as Final Version 1.0 via “WeTransfer” and USB drives. 
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For 2020-21, APS advanced a total of eight unpublished reports to the Final Draft 2.0 
stage and published a total of 15 reports. The details of the reports published in 
2020-21 are provided in the TC report, TP 15496E, Aircraft Ground Icing General 
Research Activities During the 2020-21 Winter (2) The 15 published reports were 
delivered to TC and the FAA as Final Version 1.0 via “WeTransfer” and USB drives. 
 
For the year 2021-22, APS progressed a total of six unpublished reports to the Final 
Draft 2.0 stage and published a total of 10 reports; the published reports are 
displayed in Table 6.1. The 10 published reports were delivered to TC and the FAA 
as Final Version 1.0 via “WeTransfer” and USB drives. 
 
 
6.4 Overall Publication Status of Technical Reports 
 
The overall status of the reports as of October 31, 2021, was as follows: 
 

• Published reports: 152; 

• Non-published reports: 61; and 

• Total reports: 213. 
 
Detailed in Table 6.1, the following 10 reports were delivered to TC and the FAA as 
Final Version 1.0. 
 

• One report from 1999-2000; 

• One report from 2000-01; 

• Three reports from 2002-03; 

• One report from 2003-04; and 

• Four reports from 2020-21. 
 
The overall status of the reports as of October 31, 2022, was as follows: 
 

• Published reports: 162; 

• Non-published reports: 56; and 

• Total reports: 218. 
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Table 6.1: List of Published Technical Reports (2021-22) 

No. TP Number Year Report Title Category Latest Version Publication Date 

1 TP 15494E 2020-21 Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program for the 
2020-21 Winter 

HOT Final Version 1.0 July 15, 2022 

2 TP 15495E 2020-21 Regression Coefficients and Equations Used to Develop the Winter 2021-22 
Aircraft Ground Deicing Holdover Time Tables Regression Final Version 1.0 May 26, 2022 

3 TP 15496E 2020-21 Aircraft Ground Icing General Research Activities During the 2020-21 Winter G&E Final Version 1.0 August 17, 2022 

4 TP 15497E 2020-21 Wind Tunnel Trials to Support Further Development of Ice Pellet Allowance 
Times: Winter 2020-21 Ice Pellet Final Version 1.0 July 21, 2022 

5 TP 13659E 1999-
2000 

Aircraft Ground De/Anti-icing Fluid Holdover Time and Endurance Time Testing 
Program for the 1999-2000 Winter HOT Final Version 1.0 September 25, 

2022 

6 TP 13831E 2000-01 Endurance Time Tests in Simulated Frost Conditions: 2001 Frost Final Version 1.0 June 27, 2022 

7 TP 14145E 2002-03 Laboratory Test Parameters for Frost Endurance Time Tests Frost Final Version 1.0 June 27, 2022 

8 TP 14154E 2002-03 Aircraft Ground Icing Exploratory Research for the 2002-03 Winter G&E Final Version 1.0 July 21, 2022 

9 TP 14155E 2002-03 Aircraft Ground Icing Research Support Activities for the 2002-03 Winter Support Activities Final Version 1.0 July 21, 2022 

10 TP 14381E 2003-04 Aircraft Ground Icing General and Exploratory Research Activities for the 
2003-04 Winter G&E Final Version 1.0 July 21, 2022 
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6.5 Conclusions 
 
APS has been involved in writing and publishing technical reports on behalf of TC 
and the FAA since the early 1990s. Since 2016-17, APS was tasked with developing 
a prioritized list of unpublished reports that needed to be published. 
 
For 2021-22, APS progressed some unpublished reports to the Final Draft 2.0 stage 
and published a total of 10 reports as Final Version 1.0. 
 
 
6.6 Recommendations 
 
Since APS has taken a more active role in completing this project, it is recommended 
that appropriate resources continue to be dedicated to support the publication of the 
remaining technical reports on a yearly basis. 
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7. PUBLICATION OF HOLDOVER TIME GUIDANCE MATERIALS 
 
This section describes the work APS Aviation Inc. (APS) completed in the winter of 
2021-22 in support of Transport Canada (TC) and the Federal Aviation Administration 
(FAA) holdover time (HOT) guidance materials. 
 
 

7.1 Background 
 
The development and use of HOT Guidelines represent an important contribution to 
the enhancement of flight safety in winter aircraft operations. In the years since their 
introduction, the HOT Guidelines and related guidance materials have become a 
standard and essential part of winter operations. APS plays a significant role in the 
preparation and management of these documents. 
 
 

7.2 APS Contribution to Holdover Time Guidance Materials 
 
Over the years, APS has supported TC and the FAA in the development and 
management of the HOT Guidelines documents. APS completes the following tasks 
in support of the HOT guidance materials on an annual basis: 
 

a) Developing fluid-specific HOT and regression tables for new Type II, III, and IV 
anti-icing fluids that undergo endurance time testing; 

b) Maintaining a Degree-Specific Holdover Times (DSHOTs) database for Type II, 
III, and IV 100/0 fluids in snow conditions (including snow, snow grains, snow 
pellets, snow mixed with freezing fog, and snow mixed with ice crystals); 

c) Requesting, collecting, and reviewing information provided by fluid 
manufacturers related to fluid qualification dates and lowest operational use 
temperatures (LOUTs), which results in updates being made to the list of fluids 
in the HOT Guidelines; 

d) Recommending changes to the HOT guidance materials as a result of new 
research findings; 

e) Maintaining an ongoing list of potential changes to the HOT guidance 
materials, scheduling and running meetings to review and discuss these 
changes with TC/FAA, and implementing changes as required; 

f) Drafting HOT Guidelines and HOT regression information documents on an 
annual basis, including TC English, TC French, and FAA versions; 

g) Providing support for the update of the FAA N 8900 series document; and 

h) Providing the latest HOT Guidelines and regression information to the TC and 
FAA publications departments for them to update their websites on an annual 
basis (or more frequently if updates to the HOT Guidelines are necessary).  
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7.3 Winter 2022-23 Holdover Time Guidance Materials 
 
In August 2022, the 2022-23 HOT Guidelines, DSHOTs database, and Regression 
Information documents were finalized. The changes made to the documents are 
summarized in the documents themselves and are described in detail in two TC 
reports: 
 

1. Holdover Time Guidelines and DSHOTs Database: TP 15534E, Aircraft Ground 
De/Anti-Icing Fluid Holdover Time Development Program for the 2021-22 
Winter (14); and 

2. Holdover Time Regression Information: TP 15535E, Regression Coefficients 
and Equations Used to Develop the Winter 2022-23 Aircraft Ground Deicing 
Holdover Time Tables (15). 

 
The titles of the 2022-23 documents are listed in Table 7.1. Final drafts of the TC 
and FAA documents were provided to the TC and the FAA publications departments, 
respectively, for publication on August 3, 2022. 
 
A revision to the TC and FAA HOT Guidelines was published on August 11 with 
corrections to the list of qualified fluids. A subsequent revision to the TC and FAA 
HOT Guidelines was published on August 31 and September 7, respectively, with 
corrections to the Snowfall Intensities as a Function of Prevailing Visibility table (TC 
only) and the Type IV PG allowance time table. 
 
The FAA finalized and published its N 8900 series notice on July 29, 2022.  
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Table 7.1: Latest 2022-23 HOT Guidance Documents 

HOT 
Guidelines 

1. Transport Canada Holdover Time (HOT) Guidelines Winter 2022-2023, Revision 2.0, 
August 31, 2022 

2. Guide de Transports Canada sur les durées d’efficacité Hiver 2022-2023, révision 2.0, 
31 août 2022 

3. FAA Holdover Time Guidelines Winter 2022-2023, Revision 1.1, September 7, 2022 

DSHOTs 
Database 

4. Transport Canada Degree-Specific Holdover Times, Winter 2022-2023, Original Issue, 
August 3, 2022 

5. Guide de Transports Canada sur les durées d'efficacité selon le degré Hiver 2022-2023, 
version originale, 3 août 2022 

6. FAA Degree-Specific Holdover Time Data, Winter 2022-2023, Original Issue, 
August 3, 2022 

Regression 
Information 

7. Transport Canada HOT Guidelines Regression Information Winter 2022-2023, Original 
Issue, August 3, 2022 

8. Transports Canada Guide des durées d’efficacité Information de régression Hiver 
2022-2023, version originale, 3 août 2022 

9. FAA Holdover Time Regression Information Winter 2022-2023, Original Issue, 
August 3, 2022 

 
 
7.4 Future Responsibilities 
 
APS will continue contributing to the development of the TC and FAA HOT guidance 
materials in the winter of 2022-23. Specifically, APS will continue carrying out the 
tasks listed in Subsection 7.2. 
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8. PRESENTATIONS, FLUID MANUFACTURER REPORTS, AND 
TEST PROCEDURES FOR 2021-22 

 
This section contains an account of the presentations, fluid manufacturer reports, 
and test procedures prepared by APS Aviation Inc. (APS) in the winter of 2021-22. 
 
 
8.1 Presentations  
 
The SAE International (SAE) G-12 Committees hold several meetings on an annual 
basis. During these and other meetings, APS presents the findings of work completed 
during the year. Most of the research presented at these meetings is also eventually 
documented in various reports. 
 
In 2021-22, APS gave presentations at the following meetings: 
 

1) SAE G-12 Holdover Time (HOT) Committee Meeting, Online (via Webex), 
November 2021;  

2) SAE G-12 HOT Committee Meeting, Online (via Webex), May 2022; and 

3) Airlines for America (A4A) Ground Deicing Forum, Online (via Zoom), June 
2022. 

 
The presentations given by APS at these meetings are listed in the following 
subsections. Copies of each presentation listed are contained in Appendix D. 
 
 
8.1.1 SAE G-12 Holdover Time Committee Meeting, Online (Via Webex), 

November 2021 
 
The following two presentations were prepared and presented at the SAE G-12 HOT 
Committee meeting held virtually via Webex in November 2021: 
 

1) 2021-22 Endurance Time Testing Program; and  

2) SAE G-12 HOT Committee: Documents Status. 
 
 
8.1.2 SAE G-12 Holdover Time Committee, Online (via Webex), May 2022 
 
The following five presentations were prepared and presented at the SAE G-12 HOT 
Committee meeting held virtually via WebEx in May 2022: 
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1) Mixed Snow and Freezing Fog Conditions; 

2) Winter 2021-22 Endurance Time Testing Update; 

3) Icing Wind Tunnel Research Simulating Ice Pellet Conditions; 

4) Wind Tunnel Testing to Evaluate Contaminated Fluid Flow-Off from a CRM 
Vertical Stabilizer (presented jointly with National Research Council Canada 
[NRC] and National Aeronautics and Space Administration [NASA]); and 

5) Upcoming Changes to the TC/FAA Visibility Tables (presented jointly with 
Transport Canada [TC] and the Federal Aviation Administration [FAA]). 

 
 
8.1.3 Airlines for America (A4A) Ground Deicing Forum, Online (via Zoom), 

June 2022 
 
The following five presentations were prepared and presented at the A4A Ground 
Deicing Forum held virtually via Zoom in June 2022: 
 

1) Upcoming Changes to the TC/FAA Visibility Tables (presented jointly with TC 
and the FAA); 

2) Winter 2021-22 Endurance Time Testing Update; 

3) Mixed Snow and Freezing Fog Conditions; 

4) Wind Tunnel Testing to Evaluate Contaminated Fluid Flow-Off from a CRM 
Vertical Stabilizer (presented jointly with NRC and NASA); and 

5) Icing Wind Tunnel Research Simulating Ice Pellet Conditions. 
 
 
8.2 Fluid Manufacturer Reports 
 
As part of the HOT research program, new fluids are tested for HOT performance 
each year. The data from new fluids that have been commercialized is published in 
the related TC report, TP 15534E, Aircraft Ground De/Anti-Icing Fluid Holdover Time 
Development Program for the 2021-22 Winter (14), while the non-commercialized 
fluid reports are provided to the respective fluid manufacturers for their internal 
development purposes. 
 
 
8.2.1 Holdover Time Testing Reports 2021-22 
 
The following subsections describe the fluid manufacturer reports produced for fluids 
submitted in 2021-22. 
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8.2.1.1 Standard Holdover Time Testing Reports 2021-22 
 
Four reports were prepared to document HOT testing conducted with fluids 
submitted in the winter of 2021-22. Copies of these reports were provided to the 
fluid manufacturers and to the TC and FAA project managers in July 2022. 
 
Two of the reports were for commercialized fluids; these reports are included as 
appendices of TP 15534E (14). Two reports were for experimental fluids.  
 
The reports were for the following fluids: 
 

1) Type II:  Ice Clear II; 

2) Type II: COREICEPHOB Type II; and 

3) Two non-commercialized experimental fluids. 
 
A companion document outlining the methodologies used in endurance time testing 
of Type II, III, and IV fluids was also prepared and provided to the manufacturers. 
Copies of these methodology reports are included in TP 15534E (14). 
 
 
8.2.1.2 Very Cold Snow Testing Reports 2021-22 
 
Four reports were prepared to document very cold snow (VCS) testing. Copies of 
these reports were provided to the fluid manufacturers and to the TC and FAA project 
managers in July 2022. 
 
The reports were for the following fluids: 
 

1) Type II: Ice Clear II; 

2) Type II: COREICEPHOB; 

3) Type IV: 4Flite EG; and 

4) Type IV: 4Flite PG. 
 
The above list includes fluids that were initially submitted for testing in 2020-21 as 
well as fluids submitted for testing in 2021-22. Testing and analysis of the fluids 
submitted in 2020-21 (4Flite EG, 4Flite PG) was completed over two winter seasons 
due to late fluid receipt as well as the impact of the COVID-19 pandemic on 
endurance time testing activities in 2020-21. 
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8.2.1.3  Standard Holdover Time Testing Reports 2020-21 (Updated HUPRs) 
 
Several testing reports initially published in 2020-21 were updated and republished 
in 2021-22 following supplemental testing that was conducted with retained samples 
of these fluids to support changes to their highest usable precipitation rates (HUPRs). 
 
Updated reports were issued for the following fluids: 
 

1) Type IV: 4Flite EG; 

2) Type IV: 4Flite PG; and 

3) Type IV: Defrost NORTH 4. 
 
 
8.3 Test Procedures 
 
Several procedures were developed to guide and support the research team in 
conducting tests in the winter of 2021-22. Table 8.1 provides the list of the 
procedures. The procedures have been included as appendices to the various Winter 
2021-22 reports; the report with which each procedure is associated is listed in the 
last column of Table 8.1. 
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Table 8.1: List of Procedures 2021-22 

Program  
Element # ID# Contract  

Program Element 
Name of  

Procedure Latest Version Details Report 

3 3.1 
ENDURANCE TIME TESTING FOR MAINTENANCE 
AND PUBLICATION OF HOT GUIDANCE 
MATERIAL 

Procedure: ENDURANCE TIME TESTING IN 
SIMULATED FREEZING PRECIPITATION WITH SAE 
TYPE I, II, III, AND IV DE/ANTI-ICING FLUIDS 

Final Version 1.0 
November 2018 HOT 

3 3.2 
ENDURANCE TIME TESTING FOR MAINTENANCE 
AND PUBLICATION OF HOT GUIDANCE 
MATERIAL 

Procedure: ENDURANCE TIME TESTING IN 
NATURAL SNOW WITH SAE TYPE I, II, III, AND IV 
DE/ANTI-ICING FLUIDS 

Final Version 1.0 
November 2018 HOT 

3 3.3 
ENDURANCE TIME TESTING FOR MAINTENANCE 
AND PUBLICATION OF HOT GUIDANCE 
MATERIAL 

Procedure: ENDURANCE TIME TESTING IN 
SIMULATED SNOW WITH SAE TYPE I, II, III, AND 
IV FLUIDS 

Final Version 1.0 
November 2018 HOT 

3 3.4 
ENDURANCE TIME TESTING FOR MAINTENANCE 
AND PUBLICATION OF HOT GUIDANCE 
MATERIAL 

Procedure: ENDURANCE TIME TESTING IN ACTIVE 
FROST WITH SAE TYPE I, II, III, AND IV DE/ANTI-
ICING FLUIDS 

Final Version 2.0 
November 2020 HOT 

1 1.1 

INTERPRETATION OF METAR REPORTED 
WEATHER FOR DETERMINING HOT TABLE 
GUIDANCE CONDITION – DEVELOPMENT OF 
GUIDANCE FOR SELECT CONDITION  

Procedure: SIMULATED TAXIING AND 
STATIONED AIRCRAFT TESTS TO INVESTIGATE 
THE DEPOSITION RATE OF MIST 

Final Version 1.0 
December 15, 2020 G&E 

2 2.1 
FREEZING FOG AND SNOW HOT GUIDANCE 
DEVELOPMENT – COMPARATIVE TESTING AND 
GUIDANCE DEVELOPMENT 

Procedure: COMPARATIVE TESTING OF 
SIMULATED FREEZING FOG AND SNOW AT THE 
NRC 

— G&E 

3 3.5 
ENDURANCE TIME TESTING FOR MAINTENANCE 
AND PUBLICATION OF HOT GUIDANCE 
MATERIAL 

OVERALL PROGRAM OF TESTS AT NRC, 
MARCH/APRIL 2022 

Final Version 1.0 
March 16, 2021 HOT 

3 3.6 
ENDURANCE TIME TESTING FOR MAINTENANCE 
AND PUBLICATION OF HOT GUIDANCE 
MATERIAL 

OVERALL PROGRAM OF TESTS AT PMG, APRIL 
2022 

Final Version 1.0 
March 11, 2021 

HOT 

4 4.1 ARTIFICIAL VS. NATURAL CONDITIONS 
COMPARISON TESTING 

Procedure: NATURAL SNOW ENDURANCE TIME 
TESTING FOR ARTIFICIAL VS. NATURAL 
CONDITIONS COMPARISON 

Final Version 1.0 
December 10, 2020 ASR 

9 9.1 TYPE I HOTs FOR VERY COLD SNOW 
(TEMPERATURES BELOW -14°C) 

Procedure: ENDURANCE TIME TESTING IN 
NATURAL SNOW BELOW -10°C 
WITH SAE TYPE I DE/ANTI-ICING FLUIDS 

Final Version 1.0 
December 19, 2019 HOT 

10 10.15 
WIND TUNNEL TESTING – COMBINED R&D 
TESTING INCLUDING TYPE IV VALIDATION AND 
EG EXPANSION 

Procedure: WIND TUNNEL TESTS TO EXAMINE 
FLUID REMOVED FROM AIRCRAFT DURING 
TAKEOFF WITH MIXED ICE PELLET 
PRECIPITATION CONDITIONS 

Final Version 1.0 
December 21, 2020 WT 

10 10.15 WIND TUNNEL TESTING – VERTICAL STABILIZER Procedure: WIND TUNNEL TESTS WITH THE 
VERTICAL STABILIZER CRM 

Final Version 1.0 
February 23, 2021 WT 
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TRANSPORT CANADA 
STATEMENT OF WORK EXCERPT –  

AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2021-22 
 
 
1. Characterization of the Rate of Freezing Mist and Freezing Fog to 

Support HOT Guidance Development 
 

a) Prepare project plan and coordinate testing activities. 

b) Conduct a review of previously collected data related to freezing mist and 
freezing fog. 

c) Collect data in the following conditions: 

i. Natural Freezing Mist (Primary Activity); and 

ii. Natural Freezing Fog. 

d) Analyse the characterization of the rate of freezing mist and freezing fog. 

e) Participate in meetings with TC/FAA to discuss the data, analysis, and 
recommended changes to guidance materials. 

f) Prepare presentation for SAE G-12. 

g) Prepare a report. 
 
 
6. Exploratory Research and Standard (SAE Standards, AWG, MWG, 

HOT Committee, and Other R&D) 
 
Note: This program element includes research activities that will be pursued on an exploratory and 
ad-hoc basis. These activities were selected by representatives from TC and the FAA from a larger 
set of potential activities. Due to funding constraints, only those activities listed below are planned to 
be performed (activities may be added at the discretion of TC/FAA). 
 

a) Provide support for further development of SAE aircraft ground deicing 
standards as needed. 

b) Support activities of the SAE G-12 Aerodynamics Working Group. 

c) Support activities of the SAE G-12 METAR Working Group. 

d) Provide support to the SAE G-12 Holdover Time Committee, including 
providing a qualified individual to serve as the committee’s secretary. 

e) Provide technical support services and exploratory testing to provide TC/FAA 
with timely data and documentation to address unexpected operationally 
driven industry incidents / concerns / questions. 
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Activities added on November 18, 2021 based on TC/FAA request:  
 

f) Develop a Position Paper to identify, Fluid Dry-Out & the Longevity of Fluid 
On-Wing. 

g) Investigate the possibility of guidance development for Ice Crystals mixed with 
Freezing Fog & Ice Crystals mixed with Snow. 

 
Note that the following activities were also considered for inclusion, however, were not selected due 
to funding constraints. If additional funds become available over the course of the program, these 
activities may be performed at TC/FAA’s discretion. 
 

i. Conduct an independent technical evaluation of the ACE climatic testing 
facility. 

ii. Support the development of new revisions of ARP5485, ARP5945, 
ARP5718, ARP6207 as part of the 5-year review due late 2022.  

iii. Support development of guidance material for small airport and small 
operations. 

iv. Support the rewrite of TP 14052E through attendance of all meeting and 
consultations, and providing additional technical support, as needed. 

v. Conduct additional analysis relating to rate tolerance in endurance time 
testing with the goal of further developing ARP5485. 

vi. Conduct additional analysis relating to the use of half-plates in endurance 
time testing with the goal of further developing ARP5485. 

vii. Determine rates in mist and freezing mist to support HOT development for 
snow mixed with mist or fog. 

viii. Evaluate the feasibility of developing degree-specific HOTs for freezing 
precipitation conditions. 

ix. Evaluate the addition of heavy snow holdover times to HOT tables for 
25-50 g/dm²/h. 

x. Conduct testing and analysis to evaluate the effects of intermittently starting 
and stopping precipitation on fluid integrity. 

xi. Conduct testing and analysis to evaluate the effects of precipitation intensity 
fluctuations on fluid holdover times. 

xii. Conduct testing and analysis to evaluate the effect of extended anti-icing 
fluid pre-treatment periods on fluid layer integrity. 

xiii. Conduct testing and analysis to evaluate the impacts of vibration relative to 
fluid layer integrity on a vertical surface. 
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xiv. Documentation of test methods and protocols for HOT, ice pellet, snow 
machine, et cetera. 

xv. Investigation of new technologies to support the modernization of the ground 
icing research program. 

xvi. General research or activities related to weather, de/anti-icing fluids, aircraft 
performance, deicing operations, sensors, environment, research information 
dissemination, and testing facilities and infrastructures. 

 
 
7. Maintenance and Update of Remote Camera Viewing System for 

Failure Call Remote VS. In-Person (Update Existing System for Wind 
Tunnel, Develop System for HOT Testing and Artificial Snow) 

 
a) Review lessons learned from previous year and develop list of improvements 

for existing systems. 

b) Evaluate project needs for different test locations (including wind tunnel, PET 
test site. NRC testing facility, PMG testing facility, and far north mobile 
testing).  

c) Engage video professional for support in identifying and sourcing appropriate 
equipment and technology. 

d) Acquire equipment or engage long term rental. 

e) Conduct initial trials of viewing system at different planned testing locations. 

f) Make modifications as necessary.  

g) Conduct additional trials (including fluid failure evaluation) during actual winter 
2021-22 testing activities at wind tunnel, PET test site, NRC testing facility, 
PMG testing facility, and far north mobile test sites. 

h) Modify or purchase additional equipment as required.  

i) Launch remote viewing platform to clients and management. 

j) Manage permissions and access rights for viewing systems. 

k) Document a summary of activities conducted within a report. 
 
 
8. Harmonization of Visibility Table (Including Moderate/Heavy 

Snow) - Continued 
 

a) Review the plan of potential changes to the TC/FAA visibility tables with the 
goal of harmonizing the TC/FAA tables. Meet with TC and FAA to review the 
plan, adjust accordingly, and refine the final list of modifications. 
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b) Continue analysis related to each of the proposed changes to the visibility 
tables to ensure they are validated and substantiated. Reference historical data 
or reports as required.  

c) Mock-up changes for incorporation into the HOT guidelines and participate in 
technical discussions with TC and FAA, and industry as required.  

d) Report on the findings and prepare presentation material for the SAE G-12 
meetings. 

 
 
16. Technical Review, Approval, and Publishing of Technical Reports 
 

a) Coordinate and manage the Master List of Reports, the Master List of 
References, et cetera. 

b) Review, revise, and train staff on the Reports Training Manual. 

c) Develop prioritized list of approximately 8 to 10 reports to be published as 
Final Version 1.0 and create and maintain schedule. 

d) Coordinate technical review of approximately 4 to 6 additional reports. 
Coordinate and schedule editorial reviews, technical reviews, and French 
translation of applicable reports. 

e) Perform editorial review for applicable reports and make changes with 
author(s) to reports. 

f) Perform technical review for applicable reports and make changes with 
author(s) to reports. 

g) Perform French translation for applicable reports and make changes to reports. 

h) Format applicable reports for final TC approval (including references, 
signatures, front matter, et cetera). 

i) Support the TC approval and publishing of applicable reports. 

j) Upload published reports to the APS website on behalf of TC/FAA. 
 
 
17. Provision for Project Support Services (Including Progress Reporting 

and Preparation of Current Year Technical Reports to Final Draft 1.0 
Level) 

 
a) Provide support services for program coordination (progress reporting, setup 

of meetings, coordinate travel, et cetera). 

b) Create task list and provide support services for management of task list. 

c) Manage, schedule, and plan current year reports to Final Draft 1.0 level. 
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d) Develop current year reports from Draft 1.0 to Final Draft 1.0 including report 
components and appendices. 

e) Format and finalize reports for ISO review. 

f) Deliver Final Draft 1.0 to TC/FAA. 

g) Coordinate, create, and manage the “Exploratory Research and Standards” 
report. 

h) Coordinate and manage the list of reports (costed as part of a separate 
program element). 

 
 
18. Update Source Documents for Maintenance and Publication of HOT 

Guidance Material  
 
The following tasks will be completed (in general) for both phases of this work 
(Phase 1: New and outstanding changes to be integrated prior to March 31st; and 
Phase 2: Annual updates to be integrated prior to the publication expected in early 
August): 
 

a) Prepare project plan and have kickoff meeting with TC/FAA. 

b) Maintain a log of proposed changes to the HOT guidelines. Provide project 
coordination, follow-ups, and training. 

c) Coordinate, plan, and lead discussions between TC, FAA, and EASA to 
address and approve new changes to the HOT guidance material. 

d) Coordinate, plan, and lead discussions between TC, FAA, and EASA to 
approve annual updates to the HOT guidance material.  

e) Update and re-verify the TC and FAA degree-specific HOTs databases. 

f) Update regression coefficients document (detailed activity costed as part of a 
separate program element including discussions and implementation).  

g) Provide support for publication of documents.  
 
 
20. Infrastructure for TC/FAA Guideline Development 
 
This program element does not include the actual endurance time testing of newly 
submitted fluids. The description of the fluid endurance time testing has been 
included in a previous section of this document and will be funded by the fluid 
manufacturers. 
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Fluid Management 
 

a) Receive and catalogue fluids. 

b) Verify viscosity of newly received fluids at time of receipt and prior to 
simulated precipitation testing. 

c) At the request of TC/FAA, verify viscosity of fluids in inventory intended for 
testing use. 

d) Maintain log of fluid inventory and viscosity information. 
 
 
Preparation and Setup for Natural Snow and Frost Testing 
 

a) Prepare the P.E.T. test site at Trudeau International Airport (YUL) for 
conducting tests. 

b) Upgrade test site infrastructure (i.e. trailer, shed) to ensure personnel safety, 
adhere to environmental guidelines, maintain equipment inventory, and ensure 
equipment is calibrated. 

c) Prepare an updated procedure for testing fluids in natural snow, as required. 

d) Prepare an updated procedure for testing fluids in frost, as required. 

e) Evaluate current methods for measuring snowfall intensity or holdover times. 

f) Develop improved, more efficient methods to measure snowfall intensity or 
holdover times, as required. 

g) Update and maintain iPad based HOT testing data form. 
 
 
Preparation and Setup for Simulated Precipitation Testing at NRC 
 

a) Prepare a general top-level plan to coordinate all simulated precipitation 
required by the research program. Testing will be conducted at the NRC 
Climatic Environment Facility (CEF) in U89 at Uplands, Ottawa. 

Note: The NRC facility costs associated with testing at U89 are not included 
in this task and are dealt with directly with TC through a M.O.U. agreement 
with NRC. 

b) Coordinate scheduling and test plans with NRC CEF personnel. 

c) Prepare an updated test procedure for the conduct of endurance time tests in 
simulated precipitation at the NRC CEF, as required. 

d) Conduct calibration to attain appropriate test conditions for each weather 
condition represented in the holdover time tables. 
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e) As the cost for this activity is highly weighted on calibration of precipitation 
rates, evaluate and, if possible, develop an improved, more efficient method 
to measure intensity of precipitation. 

f) Update and maintain the NRC Rate Calculation software. 
 
 
Preparation and Setup for Simulated Snow Testing at PMG 
 

a) Prepare a general top-level plan to coordinate all simulated artificial snow 
testing required by the research program. Testing will be conducted at PMG 
Technologies in Blainville, Quebec. 

b) Coordinate scheduling and test plans with PMG personnel. 

c) Prepare an updated test procedure for the conduct of endurance time tests in 
simulated artificial snow at PMG, as required. 

d) Arrange for support from NCAR personnel, as required during the testing 
session. 

e) Arrange for the transport of equipment to and from the facility, as required. 
 
 
General Activities 
 

a) Management and operational coordination. 

b) Purchase equipment and modify test facility equipment, as required. 

c) Monitor weather, provide support to projects, and provide training to staff on 
operations. 

d) Present material and data at SAE G-12 meeting. 

e) Prepare reports. 
 
 
21. Infrastructure for TC/FAA Research and Development 
 
This program element does not include the actual research and development testing. 
The description of these program elements has been included in other sections of 
this document and has been budgeted separately. 
 
 
Fluid Management 
 

a) Receive and catalogue fluids. 

b) Verify viscosity of newly received fluids at time of receipt and prior to 
simulated precipitation testing. 
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c) At the request of TC/FAA, verify viscosity of fluids in inventory intended for 
testing use. 

d) Maintain log of fluid inventory and viscosity information. 
 
 
Preparation and Setup for Natural Snow and Frost Testing 
 

a) Prepare the P.E.T. test site at Trudeau International Airport (YUL) for 
conducting tests. 

b) Upgrade test site infrastructure (i.e. trailer, shed) to ensure personnel safety, 
adhere to environmental guidelines, maintain equipment inventory, and ensure 
equipment is calibrated. 

c) Prepare an updated procedure for testing fluids in natural snow, as required. 

d) Prepare an updated procedure for testing fluids in frost, as required. 

e) Evaluate current methods for measuring snowfall intensity or holdover times. 

f) Develop improved, more efficient methods to measure snowfall intensity or 
holdover times, as required. 

g) Update and maintain iPad based HOT testing data form. 
 
 
Preparation and Setup for Simulated Precipitation Testing at NRC 
 

a) Prepare a general top-level plan to coordinate all simulated precipitation 
required by the research program. Testing will be conducted at the NRC 
Climatic Environment Facility (CEF) in U89 at Uplands, Ottawa. 

Note: The NRC facility costs associated with testing at U89 are not included 
in this task and are dealt with directly with TC through a M.O.U. agreement 
with NRC. 

b) Coordinate scheduling and test plans with NRC CEF personnel. 

c) Prepare an updated test procedure for the conduct of endurance time tests in 
simulated precipitation at the NRC CEF, as required. 

d) Conduct calibration to attain appropriate test conditions for each weather 
condition represented in the holdover timetables. 

e) As the cost for this activity is highly weighted on calibration of precipitation 
rates, evaluate and, if possible, develop an improved, more efficient method 
to measure intensity of precipitation. 

f) Update and maintain the NRC Rate Calculation software. 
 
 



APPENDIX A 

APS/Library/Projects/300293 (TC Deicing 2021-22)/Reports/G & E/Final Version 1.0/Report Components/Appendices/Appendix A/Appendix A.docx 
Final Version 1.0, June 23 

A-9 

Preparation and Setup for Simulated Snow Testing at PMG 
 

a) Prepare a general top-level plan to coordinate all simulated artificial snow 
testing required by the research program. Testing will be conducted at PMG 
Technologies in Blainville, Quebec. 

b) Coordinate scheduling and test plans with PMG personnel. 

c) Prepare an updated test procedure for the conduct of endurance time tests in 
simulated artificial snow at PMG, as required. 

d) Arrange for support from NCAR personnel, as required during the testing 
session. 

e) Arrange for the transport of equipment to and from the facility, as required. 
 
 
General Activities 
 

a) Management and operational coordination. 

b) Purchase equipment and modify test facility equipment, as required. 

c) Monitor weather, provide support to projects, and provide training to staff on 
operations. 

d) Present material and data at SAE G-12 meeting. 

e) Prepare reports. 
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APPENDIX B 
 

ANALYSIS REPORT: 
INVESTIGATION OF HISTORICAL METAR REPORTS AT CYUL TO 

DETERMINE FREQUENCY OF FOG AND MIST WITH 
NO OTHER WEATHER TYPE  
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APPENDIX C 
 

PROCEDURE: 
SIMULATED TAXIING AND STATIONED AIRCRAFT TESTS TO 

INVESTIGATE THE DEPOSITION RATE OF MIST  
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APPENDIX D 
 

PRESENTATIONS, FLUID MANUFACTURER REPORTS, AND 
TEST PROCEDURES FOR 2021-2022 

 





SAE G-12 HOLDOVER TIME COMMITTEE MEETING, ONLINE  
(VIA WEBEX), NOVEMBER 2021 

 
PRESENTATION: 

2021-22 ENDURANCE TIME TESTING PROGRAM 
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SAE G-12 HOLDOVER TIME COMMITTEE MEETING, ONLINE  
(VIA WEBEX), NOVEMBER 2021 

 
PRESENTATION: 

SAE G-12 HOT COMMITTEE: DOCUMENTS STATUS
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SAE G-12 HOLDOVER TIME COMMITTEE, ONLINE  
(VIA WEBEX), MAY 2022 

 
PRESENTATION: 

MIXED SNOW AND FREEZING FOG CONDITIONS
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SAE G-12 HOLDOVER TIME COMMITTEE, ONLINE  
(VIA WEBEX), MAY 2022  

 
PRESENTATION: 

WINTER 2021-22 ENDURANCE TIME TESTING UPDATE
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SAE G-12 HOLDOVER TIME COMMITTEE, ONLINE  
(VIA WEBEX), MAY 2022 

 
PRESENTATION: 

ICING WIND TUNNEL RESEARCH SIMULATING  
ICE PELLET CONDITIONS 
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SAE G-12 HOLDOVER TIME COMMITTEE, ONLINE  
(VIA WEBEX), MAY 2022 

 
PRESENTATION: 

WIND TUNNEL TESTING TO EVALUATE CONTAMINATED FLUID 
FLOW-OFF FROM A CRM VERTICAL STABILIZER 
 (PRESENTED JOINTLY WITH NRC AND NASA) 
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SAE G-12 HOLDOVER TIME COMMITTEE, ONLINE  
(VIA WEBEX), MAY 2022 

 
PRESENTATION: 

UPCOMING CHANGES TO THE TC/FAA VISIBILITY TABLES 
(PRESENTED JOINTLY WITH TC AND THE FAA) 
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