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PREFACE 
 
Under contract to the Transport Canada 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 and Type 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 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 model to characterize clean and 
contaminated fluid flow-off before and after a simulated takeoff; 

• To conduct further research for the development of temperature-specific snow holdover 
time data; 

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

• 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. 

 
Some project timelines were impacted due to the COVID-19 pandemic. The details of these 
impacts are described in the individual reports, if applicable. The research activities of the 
program conducted on behalf of Transport Canada during the winter of 2019-20 are 
documented in six reports. The titles of the reports are as follows: 
 
• TP 15450E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program 

for the 2019-20 Winter; 

• TP 15451E Regression Coefficients and Equations Used to Develop the Winter 
2020-21 Aircraft Ground Deicing Holdover Time Tables; 

• TP 15452E Aircraft Ground Icing General Research Activities During the 2019-20 
Winter; 

• TP 15453E Wind Tunnel Trials to Support Further Development of Ice Pellet 
Allowance Times: Winter 2019-20; 

• TP 15454E Wind Tunnel Testing to Evaluate Contaminated Fluid Flow-Off from a 
Vertical Stabilizer; and 
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• TP 15455E Artificial Snow Research Activities for the 2018-19 and 2019-20 
Winters. 

 
This report, TP 15452E, has the following objective: 
 
• To document the exploratory research and general activities carried out during the winter 

of 2019-20. 
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EXECUTIVE SUMMARY 
 
This report documents the exploratory research and general activities completed in 
the winter of 2019-20 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 2019-20. 
 
 
Evaluation of Type I Frost Endurance Times with Standard Mix Fluid and of the 
5-Minute Rule (Section 2) 
 
Industry requested an investigation to determine if the Type I standard mix fluid will 
generate longer frost endurance times as compared to Type I fluid mixed to a 10ºC 
buffer, and if the slow progression of fluid failure in frost conditions may support an 
extension to the 5-minute pre-takeoff contamination check rule for frost holdover 
times (HOTs). The preliminary results indicate that using a conservative approach, 
the operational time for Type I fluids in frost conditions could be roughly doubled, 
however does not reach the 2-hour target. Further discussion with industry is 
required to determine if a 1.5-hour operational window, as indicated by the 
preliminary results using standard mix fluid, is still of significance (in the context of 
the 2-hour target) and this will determine if further research is required. 
 
 
Type I Overspray Quantities – Historical Review (Section 3) 
 
TC requested that APS perform a historical review of testing studies and data that 
may support the requirement that at least 1 L/m2 of fluid must be applied to deiced 
surfaces in order to use the published Type I fluid HOT tables. The historical research 
seems to indicate that quantities of 2 L/m2 would likely have been considered for 
recommendation, however the 1 L/m2 may have been adopted as an adequate 
compromise between the minimum safety requirements and industry acceptance of 
an efficient quantity. 
 
 
Interpretation of METAR Reported Weather for Determining Applicable Holdover 
Times (Section 4) 
 
An understanding of the statistical significance of METAR reported winter weather 
conditions is required to allow for proper planning towards more exhaustive holdover 
time guidance material. The study examined a large sample of METAR data collected 
primarily at the major airports in the Unites States and Canada that experience 
wintertime precipitation. The analysis identified differences in reporting structures 
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for both United States and Canada, as well as regional differences. It is recommended 
that work continue towards prioritization of the conditions to be addressed and 
developing the respective new guidance material. 
 
 
Temperature-Specific Snow Holdover Times (Section 5) 
 
In the winter of 2019-20, APS carried out work to support the development of 
temperature-specific snow HOTs. This was the continuation of a project started in 
the winter of 2018-19. The primary elements of the work completed in 2019-20 
were analysis, creation of the temperature-specific HOTs database, and initial 
development of guidance documents related to the implementation of 
temperature-specific HOTs. The work is expected to be completed in the winter of 
2020-21. 
 
 
Technical Review, Approval, and Publication of Historical Reports (Section 6) 
 
APS has conducted research related to ground icing, which involved writing and 
publishing over 207 reports on behalf of TC and the FAA since 1992. 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, 2020, 40 reports remain to be 
published, excluding the current year reports for 2019-20. 
 
 
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 2019-20 
(Section 8) 
 
APS produced a number of presentations, fluid manufacturer reports, and test 
procedures for the winter 2019-20 test program. 
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SOMMAIRE 
 
Le présent rapport documente la recherche exploratoire et les activités d’ordre 
général effectuées au cours de l’hiver 2019-2020 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 
2019-2020. 
 
 
Évaluation des durées d’endurance des liquides de type I, sous forme de mélange 
standard, dans des conditions de givre et de la règle des 5-minutes (Section 2) 
 
Les parties prenantes de l’industrie ont demandé la tenue d’essais dans des 
conditions de givre pour déterminer si l’utilisation d’un liquide de type I, sous forme 
de mélange standard, générait des durées d’endurance accrues comparativement à 
un liquide de type I, sous forme de mélange incluant une plage tampon de 10°C. Les 
essais visaient également à déterminer si le ralentissement de la défaillance d’un 
liquide dans ce contexte pouvait absorber une extension à la règle des 5 minutes 
pour l’inspection de contamination avant le décollage relativement aux durées 
d’efficacité dans de telles conditions. Les résultats préliminaires indiquent que 
l’utilisation d’une approche prudente, où le temps d’opération pour les liquides de 
type I dans des conditions de givre peut être plus ou moins doublé, ne permet pas 
d’atteindre la cible de 2 heures. De plus amples discussions au sein de l’industrie 
doivent avoir lieu pour déterminer si, comme l’indiquent les résultats préliminaires 
obtenus en utilisant un liquide sous forme de mélange standard, une période 
d’opération de 1,5 heure reste digne de considération (à la lumière de la cible de 
2 heures) et si des recherches additionnelles s’avèrent nécessaires. 
 
 
Quantités de surpulvérisation des liquides de type I – Revue historique (Section 3) 
 
TC a mandaté APS d’effectuer une revue historique des essais et des données 
d’évaluation pouvant soutenir la nécessité d’appliquer au moins 1 l/m2 de liquide aux 
surfaces dégivrées pour utiliser les valeurs publiées figurant aux tableaux des durées 
d’efficacité des liquides de type I. La recherche semble indiquer qu’un ratio de 2 l/m2 
aurait été envisagé comme recommandation, mais que celui de 1 l/m2 aurait été 
retenu comme compromis adéquat entre le minimum pour satisfaire aux exigences 
en matière de sécurité et la quantité jugée efficace et acceptable par l’industrie.  
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Interprétation des conditions météorologiques signalées par METAR en vue de 
déterminer les durées d’efficacité applicables (Section 4) 
 
Il est nécessaire de bien comprendre la signification statistique des conditions 
météorologiques hivernales signalées par METAR pour planifier adéquatement 
l’élaboration de documents d’orientation sur les durées d’efficacité plus exhaustifs. 
L’étude a examiné un large échantillon de données METAR recueillies principalement 
auprès des grands aéroports américains et canadiens devant composer avec des 
précipitations hivernales. L’analyse a relevé des différences dans les structures de 
signalement aux États-Unis et au Canada, de même que des différences régionales. 
Il est recommandé que le travail se poursuive quant à la priorisation des conditions à 
traiter et au développement de nouveaux documents d’orientation connexes. 
 
 
Durées d’efficacité spécifiques à la température dans des conditions de neige 
(Section 5) 
 
Au cours de l’hiver 2019-2020, APS a mené des travaux visant à appuyer 
l’établissement de durées d’efficacité spécifiques à la température dans des 
conditions de neige. Ces démarches s’inscrivaient dans la poursuite d’un projet 
amorcé au cours de l’hiver 2018-2019. Les principaux éléments des travaux achevés 
en 2019-2020 ont été des activités d’analyse, la mise au point d’une base de 
données des durées d’efficacité spécifiques à la température, et l’ébauche de 
documents d’orientation pour la mise en œuvre de ces dernières. Ces travaux 
devraient être achevés durant l’hiver 2020-2021. 
 
 
Examen technique, approbation et publication de rapports historiques (Section 6) 
 
Depuis 1992, APS a effectué des études sur le givrage au sol qui ont supposé la 
rédaction et la publication de plus de 207 rapports pour le compte de TC et de la 
FAA. 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 2020, à l’exception des rapports annuels actuels de 2019-2020, 
40 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 
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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 
2019-20 (Section 8) 
 
APS a produit un certain nombre de présentations, de rapports aux fabricants de 
liquides et de procédures d’essais pour le programme d’essais de l’hiver 2019-2020. 
 



 

xii 

This page intentionally left blank. 



TABLE OF CONTENTS 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/TP 15452E Final Version 1.0.docx 
Final Version 1.0, August 21 

xiii 

CONTENTS Page 
1. INTRODUCTION ........................................................................................................... 1 

1.1 Activities Completed in 2019-20 ............................................................................ 1 
1.2 Activities Completed with Limited Scope ................................................................. 2 

1.2.1 Development of SAE Aircraft Ground Deicing Standards .................................. 2 
1.2.2 Support to the SAE G-12 Aerodynamics Working Group .................................. 2 

2. EVALUATION OF TYPE I FROST ENDURANCE TIMES WITH STANDARD MIX FLUID AND OF 
THE 5-MINUTE RULE .................................................................................................... 3 

2.1 Background ......................................................................................................... 3 
2.2 Objectives ........................................................................................................... 3 
2.3 Test Methodology ................................................................................................. 4 

2.3.1 Type I 10º Buffer vs. Standard Mix Fluid – Testing Methodology ...................... 4 
2.3.2 Evaluation of 5-Minute Rule for Type I – Testing Methodology .......................... 4 

2.4 Data Collected ..................................................................................................... 5 
2.5 Data Analysis ....................................................................................................... 6 

2.5.1 Freezing Point Comparison ........................................................................... 6 
2.5.2 Type I 10º Buffer vs. Standard Mix Fluid – Testing Methodology ...................... 6 
2.5.3 Evaluation of 5-Minute Rule for Type I – Testing Methodology .......................... 7 
2.5.4 Operational Impact of Test Results ............................................................... 7 

2.6 Conclusions ......................................................................................................... 8 
2.7 Recommendations ................................................................................................ 8 

3. TYPE I OVERSPRAY QUANTITIES – HISTORICAL REVIEW ............................................... 11 

3.1 Background ....................................................................................................... 11 
3.2 Objective ........................................................................................................... 11 
3.3 Analysis of Historical Studies and Data .................................................................. 11 
3.4 Conclusions ....................................................................................................... 12 
3.5 Recommendations .............................................................................................. 12 

4. INTERPRETATION OF METAR REPORTED WEATHER FOR DETERMINING APPLICABLE 
HOLDOVER TIMES...................................................................................................... 13 

4.1 Background ....................................................................................................... 13 
4.2 Objective ........................................................................................................... 13 
4.3 Multi-Airport METAR Analysis .............................................................................. 13 
4.4 Prioritizing the Development of Appropriate HOT Guidance Material ........................... 14 
4.5 Development of HOT Guidelines for Conditions with Missing or Limited Guidance ........ 14 
4.6 Conclusions ....................................................................................................... 14 
4.7 Recommendations .............................................................................................. 14 

5. TEMPERATURE-SPECIFIC SNOW HOLDOVER TIMES ....................................................... 15 

5.1 Background ....................................................................................................... 15 
5.2 Previous Work .................................................................................................... 16 
5.3 Objective ........................................................................................................... 16 
5.4 Analysis: Data Questions ..................................................................................... 17 
5.5 Draft Database ................................................................................................... 21 
5.6 Conclusions ....................................................................................................... 23 
5.7 Recommendations .............................................................................................. 23 

6. TECHNICAL REVIEW, APPROVAL, AND PUBLICATION OF HISTORICAL REPORTS .............. 25 

6.1 Background ....................................................................................................... 25 
6.2 Objective ........................................................................................................... 25 



TABLE OF CONTENTS 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/TP 15452E Final Version 1.0.docx 
Final Version 1.0, August 21 

xiv 

6.3 Publication Process and Delivery of Technical Reports ............................................. 26 
6.3.1 Overall Publication Status of Technical Reports ............................................ 28 

6.4 Conclusions ....................................................................................................... 29 
6.5 Recommendations .............................................................................................. 30 

7. PUBLICATION OF HOLDOVER TIME GUIDANCE MATERIALS ............................................ 31 

7.1 Background ....................................................................................................... 31 
7.2 APS Contribution to Holdover Time Guidance Materials ............................................ 31 
7.3 Winter 2020-21 Holdover Time Guidance Materials ................................................. 32 
7.4 Future Responsibilities ......................................................................................... 32 

8. PRESENTATIONS, FLUID MANUFACTURER REPORTS, AND TEST PROCEDURES FOR 
2019-20 ................................................................................................................... 33 

8.1 Presentations ..................................................................................................... 33 
8.1.1 Standing Committee for Operations Under Icing Conditions Meeting, Ottawa, 

Canada, October 2019 .............................................................................. 33 
8.1.2 SAE G-12 Holdover Time Committee Meeting, Montreal, Canada, November 

2019 ...................................................................................................... 34 
8.1.3 SAE G-12 Holdover Time Committee, Online (via Webex), May 2020 .............. 34 
8.1.4 Airlines for America Ground Deicing Forum, Online (via Zoom), June 2020 ....... 34 

8.2 Fluid Manufacturer Reports .................................................................................. 34 
8.3 Test Procedures ................................................................................................. 35 

REFERENCES .................................................................................................................... 37 

 
 
LIST OF APPENDICES 
 
A Transport Canada Statement of Work Excerpt – Aircraft & Anti-Icing Fluid Winter Testing 2019-20 

B Procedure: Evaluation of Type I Frost Endurance Times with Standard Mix Fluid 

C Log of Type I Frost Endurance Time Tests 

D Summary Report: Historical Review of Type I Fluid Overspray Quantities 

E Analysis Report: Investigation of Historical METAR Reports to Determine Frequency of Weather 
Types 

F Presentations, Fluid Manufacturer Reports, and Test Procedures for 2019-20 



LIST OF TABLES, FIGURES, AND PHOTOS 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/TP 15452E Final Version 1.0.docx 
Final Version 1.0, August 21 

xv 

LIST OF TABLES Page 
Table 2.1: Summary of Tests Conducted ................................................................................ 5 
Table 2.2: PG Type I Freezing Point Comparison ...................................................................... 6 
Table 2.3: EG Type I Freezing Point Comparison ...................................................................... 6 
Table 2.4: Endurance Time Comparison of Standard Mix vs. 10º Buffer Type I Fluid ..................... 7 
Table 2.5: Evaluation of Fluid Failure Progression for Type I Fluids ............................................. 7 
Table 5.1: Project Tasks for Temperature-Specific HOTs ......................................................... 17 
Table 5.2: Data Questions and Decisions .............................................................................. 18 
Table 5.3: Excerpt of Draft Temperature-Specific HOTs Database (TC Format) .......................... 22 
Table 6.1: List of Published Technical Reports (2019-20) ....................................................... 27 
Table 6.2: Overall Status of Reports from 2017-18 to 2019-20 ............................................... 29 
Table 7.1: 2019-20 HOT Guidance Documents ..................................................................... 32 
Table 8.1: List of Procedures 2019-20 ................................................................................. 36 
 
 
LIST OF FIGURES Page 
Figure 2.1: Comparative Test Setup for 10º Buffer vs. Standard Mix Fluid Testing ....................... 4 
Figure 2.2: Test Setup to Evaluate the 5-minute Rule for Type I Fluids ........................................ 5 
Figure 5.1: Example of HOT Table vs. Temperature-Specific HOTs Approaches.......................... 15 
Figure 6.1: Reports Management Process ............................................................................. 26 
 
 
LIST OF PHOTOS Page 
Photo 2.1: Test Stand Installed Inside the DFIR Shield .............................................................. 9 
 



 

xvi 

This page intentionally left blank. 



GLOSSARY 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/TP 15452E Final Version 1.0.docx 
Final Version 1.0, August 21 

xvii 

GLOSSARY 
 
A4A Airlines for America 
 
APS APS Aviation Inc. 
 
ASOS Automated Surface Observing Systems 
 
AWOS Automated Weather Observing Systems 
 
DFIR Double Fence Intercomparison Reference 
 
EG Ethylene Glycol 
 
ET Endurance Time 
 
FAA Federal Aviation Administration 
 
HOT Holdover Time 
 
LOUT Lowest Operational Use Temperatures 
 
LWE Liquid Water Equivalent 
 
NRC National Research Council Canada 
 
OAT Outside Air Temperature 
 
PG Propylene Glycol 
 
SAE SAE International 
 
SCOUIC Standing Committee on Operations Under Icing Conditions 
 
TC Transport Canada 
 



 

xviii 

This page intentionally left blank. 



1.  INTRODUCTION 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/TP 15452E Final Version 1.0.docx 
Final Version 1.0, August 21 

1 

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, improve safety, and enhance 
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 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 2019-20 in 
support of the aircraft ground icing research program. Each major project completed 
as part of the 2019-20 research is documented in a separate individual report. This 
report documents the remaining general activities and smaller research projects. 
 
 
1.1 Activities Completed in 2019-20 
 
The general activities and smaller research projects completed in 2019-20 are 
documented in this report. Each activity is detailed in a separate section as follows: 
 

a) Evaluation of Type I Frost Endurance Times with Standard Mix Fluid and of 
the 5-Minute Rule (Section 2); 

b) Type I Overspray Quantities – Historical Review (Section 3); 

c) Interpretation of METAR Reported Weather for Determining Applicable 
Holdover Times (Section 4); 
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d) Temperature-Specific Snow Holdover Times (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 2019-20 
(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 described in Subsection 1.1, two activities with limited 
scope were completed during the winter of 2019-20. 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. In 2019-20, 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. 
 
For 2019-20, in particular, APS provided technical comments for the revision of SAE 
AS9968, Laboratory Viscosity Measurement of Thickened Aircraft Deicing/Anti-icing 
Fluids with the Brookfield LV Viscometer. 
 
 
1.2.2 Support to the SAE G-12 Aerodynamics Working Group 
 
APS provides support to the SAE G-12 Aerodynamics Working Group. This includes 
participation in all meetings and, when required, collecting data, completing data 
analysis, and providing expert opinion on specific topics. In the winter of 2019-20, 
APS attended one in-person meeting, as well as several Webex teleconference 
meetings. 
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2. EVALUATION OF TYPE I FROST ENDURANCE TIMES WITH 
STANDARD MIX FLUID AND OF THE 5-MINUTE RULE 

 

This section describes the work APS Aviation Inc. (APS) completed in the winter of 
2019-20 to evaluate the Type I frost endurance times (ETs) with standard mix fluid 
and to evaluate the 5-minute rule for pre-takeoff contamination checks. 
 
 

2.1 Background 
 

Frost is an important consideration in aircraft ground deicing and represents a 
significant portion of de/anti-icing operations, especially in areas with warmer 
climates. Transport Canada (TC) and the Federal Aviation Administration (FAA) 
publish Holdover Time (HOT) Guidelines for operating with de/anti-icing fluids, and 
the guidance issued for Type I fluids is generic (not fluid specific) and based on fluids 
mixed to a 10º buffer (not standard mix). The latter two parameters may have only 
marginal differences for snow and freezing precipitation conditions because HOTs 
are shorter and the majority of the protection comes from the heat in the fluid rather 
than the freeze point depressant effect of the glycol. In the case of frost conditions, 
however, the longer HOTs may emphasize those marginal differences; the effects of 
the glycol and the concentration may outweigh the benefit from the heat and may 
provide longer fluid protection times. 
 
Some operators currently pre-treat aircraft with Type IV fluids in active or anticipated 
frost conditions to allow for a quick dispatch of aircraft at the operating hubs. 
Alternatives to using Type IV fluids for these purposes are being explored because 
the very long protection times are not always required, and, in some cases, there is 
no active frost or frost never develops. In addition, some issues with fluid residues 
from Type IV pre-treatment have been reported. Currently, Type I fluids mixed to a 
10° buffer are limited to 45-minute HOTs in frost conditions (for aluminum wings), 
and pre-takeoff contamination checks which may provide a 5-minute window to 
beginning of takeoff when HOT has been exceeded, (allowed by the FAA only) are 
not feasible for cargo aircraft. It should be noted that TC does not allow pre-takeoff 
contamination inspections for Type I fluids. As such, industry requested an 
investigation to determine if the Type I standard mix fluid concentration will generate 
longer frost ETs compared to Type I fluid mixed to a 10º buffer and if the slow 
progression of fluid failure in frost conditions may support an extension to the FAA’s 
5-minute pre-takeoff contamination check rule for frost HOTs. The preliminary target 
provided by industry was 2 hours of protection time for Type I fluids in frost. 
 
 

2.2 Objectives 
 

The preliminary evaluation had two objectives: to determine if the Type I standard 
mix fluid concentration will generate longer frost ETs compared to Type I fluid mixed 
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to a 10º buffer and if the slow progression of fluid failure in frost conditions may 
support an extension to the 5-minute rule for frost HOTs. 
 
 

2.3 Test Methodology 
 
Testing was performed at the APS test site located at the Montréal–Pierre Elliott 
Trudeau International Airport. Testing was run in conjunction with regular frost HOT 
testing in natural frost conditions. The test stands were located in the centre of a 
double fence intercomparison reference (DFIR) shield to allow for the best chance of 
frost formation by minimizing wind effects (see Photo 2.1). More details regarding 
the procedure are included in Appendix B. 
 
 
2.3.1 Type I 10º Buffer vs. Standard Mix Fluid – Testing Methodology 
 
Comparative testing was performed using two frosticator plates. Both propylene 
glycol (PG) and ethylene glycol (EG) Type I fluids were tested. For each comparative 
test, the same fluid was applied to both plates in different dilutions: 10º buffer fluid 
on one plate and standard mix fluid on the other. The ETs were compared to evaluate 
the effect of the higher concentration of glycol on ET performance. Figure 2.1 
provides a schematic of the comparative test setup for the 10º buffer versus the 
standard mix fluid.  
 
 

 
Figure 2.1: Comparative Test Setup for 10º Buffer vs. Standard Mix Fluid 

 
 
2.3.2 Evaluation of 5-Minute Rule for Type I – Testing Methodology 
 
Testing was done using individual frosticator plates (utilised for both the 10º buffer 
and standard mix fluid tests), and the same tests from the comparative tests were 
used (see Subsection 2.3.1). For each test, the failure progression was monitored on 
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the plate over time, specifically noting when the times of first failure and 1/3 plate 
failure occurred. First failure was considered when ice contaminated the 2.5 cm 
(1 inch) line of the plate, and 1/3 failure was considered the standard failure call for 
when a third of the plate was contaminated with ice. Figure 2.2 provides a schematic 
of the failure progression testing done to evaluate the FAA’s 5-minute rule for Type I 
fluids. 
 
 

 
Figure 2.2: Test Setup to Evaluate the 5-Minute Rule for Type I Fluids 

 
 

2.4 Data Collected 
 
Testing was conducted during seven evening or nighttime events, mostly from 
2019-20. One event from 2018-19 was also included in the data set. Table 2.1 
provides a summary of the tests conducted. A more detailed data log is included in 
Appendix C. 
 
It should be noted that of the 46 standard-mix vs. 10º buffer tests, 6 tests were 
unintentionally run with composite plates. To salvage the data, researchers increased 
the ETs by a 45/35 ratio based on historical performance results (from past research 
evaluating HOTs on composite surfaces) and as reported in HOT tables for frost. The 
analysis was run with and without those adjusted data points, and results did not 
change significantly; therefore, the data was retained. 
 

Table 2.1: Summary of Tests Conducted 

Objective # of Tests 

Standard Mix vs. 10º Buffer 46 

5-Minute Rule 38 
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2.5 Data Analysis 
 
The data collected was analysed and is described in the following subsections. 
 
 
2.5.1 Freezing Point Comparison 
 
A comparison of the PG and EG based Type I fluid freezing points was performed to 
help interpret the comparative ET results. Table 2.2 and Table 2.3 provide 
information on the glycol concentration and freezing points for the respective fluids 
at different outside air temperatures (OATs). The analysis indicates that a lower 
concentration of glycol is needed for EG fluids to reach the respective freezing points 
as compared to PG fluids. Consequently, there is a larger gap in glycol concentration 
between a standard mix and 10º buffer EG fluid at warmer temperatures compared 
to a PG fluid.  
 

Table 2.2: PG Type I Freezing Point Comparison 

PG Type I Fluid 
OAT 
(°C) 

Standard Mix (55/45) 10º Buffer 
Freezing Point % Glycol Freezing Point % Glycol 

-3 -36°C 55% -13°C 33% 

-10 -36°C 55% -20°C 42% 

-25 -36°C 55% -35°C 54% 

 

Table 2.3: EG Type I Freezing Point Comparison 

EG Type I Fluid 
OAT 
(°C) 

Standard Mix (55/45) 10º Buffer 
Freezing Point % Glycol Freezing Point % Glycol 

-3 -41°C 55% -13°C 27% 

-10 -41°C 55% -20°C 36% 

-25 -41°C 55% -35°C 50% 

 
 
2.5.2 Type I 10º Buffer vs. Standard Mix Fluid – Testing Methodology 
 
A total of 23 comparative tests (46 individual tests) were analysed comparing the 
ET performance of the standard mix fluid to that of the 10° buffer fluid. The ratio of 
the ETs was calculated as the standard mix fluid ET divided by the 10° buffer fluid 
ET for each comparative test. In addition, the time difference for each comparative 
set was also calculated. 
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The results (see Table 2.4) indicated that, on average, the standard mix Type I fluid 
had an ET that was 41 minutes longer than that of the respective 10° buffer fluid. 
Calculated as a ratio of the standard mix fluid ET to the 10° buffer fluid ET, the 
average ratio is 1.5. It should, however, be noted that the average 10° buffer test 
ET was 103 minutes, much longer than the published 45-minute HOT, indicating that 
the data set does not represent the worstcase scenario (which should have provided 
an average HOT closer to 45 minutes). However, it is expected that the calculated 
ratio should still be representative as, in theory, it should be proportional and also 
apply to the 45-minute HOT. 
 

Table 2.4: Endurance Time Comparison of Standard Mix vs. 10º Buffer Type I Fluid 

Average ΔTime (min): 
Standard Mix - 10° Buffer 

Average Test Ratio: 
Standard Mix/10° Buffer 

41 1.5 
 
 

2.5.3 Evaluation of 5-Minute Rule for Type I – Testing Methodology 
 

A total of 38 individual tests were analysed for the progression from first failure to 
1/3 plate failure. First failure was considered when ice contaminated the 2.5 cm 
(1 inch) line of the plate, and 1/3 failure was considered the standard failure call for 
when a third of the plate was contaminated with ice. 
 

The results (see Table 2.5) indicated that the progression from first failure to full 
failure is more rapid for 10° buffer fluids compared to standard mix fluids. The 
average delta time between first failure and full failure was 32 minutes for 10° buffer 
fluids compared to 53 minutes for standard mix fluids, much longer than the 5-minute 
rule in both cases. The results also indicated that the ice contamination (first failure) 
became visible at 66 percent of the ET for the 10° buffer fluids compared to 
60 percent of the ET for standard mix fluids. 
 

Table 2.5: Evaluation of Fluid Failure Progression for Type I Fluids 

Fluid Dilution 
Average ΔTime (min): Failure - 

First Failure 
% of ET: 

First Failure/Failure 

10° Buffer 32 66% 

Standard Mix 53 60% 

 
 

2.5.4 Operational Impact of Test Results 
 

The test results were analysed in the context of the 2-hour Type I fluid protection 
time target requested by industry. The results were used to understand how the 



2.  EVALUATION OF TYPE I FROST ENDURANCE TIMES WITH STANDARD MIX FLUID AND OF THE 5-MINUTE RULE 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/TP 15452E Final Version 1.0.docx 
Final Version 1.0, August 21 

8 

generic frost 45-minute HOT Guideline and the FAA’s 5-minute pre-takeoff 
contamination check extension could be modified based on the preliminary data 
collected. 
 
The calculated ET ratio of the standard mix fluid to the 10° buffer fluid was on 
average 1.5. Applying this ratio to the 45-minute HOT, which is based on the 
worst-case 10° buffer fluid performance, would estimate the HOT for a standard mix 
fluid to be 68 minutes (45 minutes x 1.5 ratio = 68 minutes). Therefore, using 
standard mix fluid could potentially provide a 50 percent longer HOT for Type I fluids 
in frost and result in a longer HOT of 68 minutes. 
 
The ice contamination (first failure) became visible at approximately 60 percent of 
the ET with the standard mix fluid. The slow failure progression in frost could support 
an extension of the FAA’s 5-minute rule for the pre-takeoff contamination check. 
Historically, the 5-minute window of time was meant to be a conservative estimate 
representing the quickest period following and inspection in which the fluid could 
progress from clean to failed in ground icing conditions like snow, freezing rain, et 
cetera. Considering a worst-case standard mix fluid HOT of 68 minutes in frost (as 
calculated above), we would expect that the failure would become visible during the 
last 40 percent, or 27 minutes, of the HOT. Therefore, if a pilot were to inspect the 
wing sometime following exceeding HOT, but just prior to first failure and thus 
observe a clean wing, we would expect that, at minimum, it would be 27 minutes 
(and likely longer) until full failure. The slow progression of fluid failure indicates a 
potential to increase the FAA’s 5-minute rule for the pre-takeoff contamination check 
in frost conditions, and based on the data collected to date, that time could be up to 
27 minutes. 
 
 

2.6 Conclusions 
 
In the context of industry’s 2-hour target, the data indicates that the HOT could be 
increased to 68 minutes for standard mix fluid and that the time to safely depart 
following a pre-takeoff contamination check could be extended to 27 minutes. In 
total, this is an increase to 95 minutes or approximately 1.5 hours. The results 
indicate that a conservative approach could roughly double the operational time for 
Type I fluids in frost conditions; however, this does not reach the 2-hour target. 
 
 

2.7 Recommendations 
 
As this research was preliminary, additional data would be required to further validate 
the results obtained. Further discussion with industry is also required to determine if 
a 1.5-hour operational window, as indicated by the preliminary results using standard 
mix fluid, is of significance in the context of the 2-hour target, and this will determine 
if further research is required. 
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Photo 2.1: Test Stand Installed Inside the DFIR Shield 
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3. TYPE I OVERSPRAY QUANTITIES – HISTORICAL REVIEW 
 
This section describes the work APS Aviation Inc. (APS) completed in the winter of 
2019-20 performing a historical review of the minimum quantities required for a 
Type I overspray. 
 
 
3.1 Background 
 
During the Standing Committee on Operations Under Icing Conditions (SCOUIC) 
meeting in October 2019, attended by regulators, operators, and researchers, there 
was significant discussion regarding minimum quantities required for a Type I 
anti-icing overspray. The discussion aimed at clarifying pilot requests for Type I 
treatment and the communication of a deicing or anti-icing completion time (and the 
respective holdover time (HOT) if applicable) by the deicing operator. 
 
As a result of this discussion, Transport Canada (TC) requested that APS perform a 
historical review of testing studies and data that may support the requirement that 
at least 1 L/m2 of fluid must be applied to deiced surfaces in order to use the 
published Type I fluid HOT tables. It should be noted that this study was requested 
by TC as part of the joint research program with the Federal Aviation Administration 
(FAA), and, as such, the focus was on the TC version of the guidance material. 
 
 
3.2 Objective 
 
The objective was to perform a historical review of testing studies and data that may 
support the requirement that at least 1 L/m2 of fluid must be applied to deiced 
surfaces in order to use the published Type I fluid HOT tables. 
 
 
3.3 Analysis of Historical Studies and Data 
 
APS has supported the development of the HOT guidance material since its inception 
in the 1990s and, as such, has access to historical records and files related to the 
guidance development; in fact, many of the original researchers are still actively 
working for APS. From the perspective of the regulators, many of the regulatory 
officials involved in the early decision making related to the Type I guidance are no 
longer involved in the deicing program, making the search for historical material more 
challenging, especially when seeking information not documented in reports or other 
official documents. Nonetheless, APS was able to conduct and collate a historical 
review related to the Type I anti-icing overspray requirements. 
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Appendix D includes a detailed account of the historical review. 
 
 
3.4 Conclusions 
 
Studies prior to and after the publication of the 2000-01 HOT table, along with 
typical fluid spray quantities provided by several airlines, provide data that could 
reasonably have influenced the provisional recommendation that at least 2 L/m2 of 
Type I fluid is needed in a one-step de/anti-icing operation, leading to the conclusion 
that at least 1 L/m2 must be applied to deiced surfaces. 
 
It is unclear what exact logic was used by the TC official at the time to determine 
the 1 L/m2 requirement, and no clear documentation exists as such. The historical 
research seems to indicate that quantities of 2 L/m2 would likely have been 
considered for recommendation; however, 1 L/m2 may have been adopted as an 
adequate compromise between the minimum safety requirements and industry 
acceptance of an efficient quantity. 
 
 
3.5 Recommendations 
 
To further validate the current 1 L/m2 requirement, full-scale testing could be 
performed. This testing should consider newer aircraft construction, which uses 
composite materials, and newer deicing sprayer systems, which have optimized 
spray patterns, pressures, and heating systems. 
 
Perhaps the application process for Type I fluid should be limited to a two-step 
operation to underscore the need for an adequate overspray beyond the fluid applied 
for deicing and to take advantage of the later start to the HOT countdown. It may 
be useful to explore the optimum spray pattern to transfer heat to the wing. 
 
Fluid quantities for frost conditions are typically lighter than for other conditions, and 
the loss of fluid heat from spray nozzle to wing surface greater. Type I fluid 
applications for frost could merit an examination of potentially different guidelines. 
 
Perhaps for frost, it would be advantageous to replace the current 10° buffer with a 
buffer of 15° to 20°. This would provide protection against quick refreezing due to 
frost-melt dilution and may be a more reliable and perhaps less expensive approach 
than requiring a specified overspray amount. 
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4. INTERPRETATION OF METAR REPORTED WEATHER FOR 
DETERMINING APPLICABLE HOLDOVER TIMES 

 
This section describes the ongoing work APS Aviation Inc. (APS) has been 
performing in the winter of 2019-20 aimed at interpreting METAR reported weather 
for determining the applicable holdover time (HOT) table guidance conditions. 
 
 
4.1 Background 
 
METARs are issued for most airports on an hourly basis with special reports (referred 
to as SPECI) issued whenever a significant change in weather occurs. The METAR 
will contain data on current conditions, including present weather conditions. When 
aircraft are operated in adverse winter conditions, the reported METAR weather 
conditions may not always have a corresponding condition in the HOT guidelines to 
allow for safe departure, and this is especially true for mixed conditions. An 
understanding of the statistical significance of the frequency of occurrence of 
METAR reported winter weather conditions is required to support the development 
of more exhaustive holdover time guidance material. 
 
 
4.2 Objective 
 
The objective was to conduct a multi-airport analysis of weather conditions, identify 
the METAR conditions most relevant to aircraft ground icing, and prepare a project 
plan to prioritize the development of appropriate guidance for the top identified 
conditions based on Transport Canada (TC) and Federal Aviation Administration 
(FAA) requirements. 
 
 
4.3 Multi-Airport METAR Analysis 
 
Freely available multi-decade METAR archives now exist on the internet, and this 
allows for a thorough analysis of weather conditions reported therein. This study 
performed an extensive analysis of wintertime weather conditions using cold season 
METAR data from Automated Surface Observing Systems (ASOS) sites in the United 
States and Canada. 
 
Appendix E includes a detailed account of the multi-airport analysis and the statistical 
significance of the most frequently reported conditions. 
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4.4 Prioritizing the Development of Appropriate HOT Guidance Material 
 
It is expected that the multi-airport METAR analysis will provide insight for directing 
and prioritizing the development of appropriate HOT guidance material for conditions 
where guidance may be limited or missing. The prioritization of the conditions will be 
determined based on a review of the analysis (see Subsection 4.3) with TC/FAA and 
following some more extensive discussions expected to occur in late 2020. 
 
 
4.5 Development of HOT Guidelines for Conditions with Missing or 

Limited Guidance 
 
It is expected that once those weather conditions with missing or lacking guidance 
are prioritized (see Subsection 4.4), a project plan will be prepared to develop proper 
guidance for those conditions. The development of guidance will likely be through a 
combination of analysis and testing and will likely commence in late 2020. 
 
 
4.6 Conclusions 
 
This study examined a large sample of METAR data collected primarily at the major 
airports in the United States and Canada that experience wintertime precipitation. 
The analysis identified differences in reporting structures between the United States 
and Canada, as well as regional differences. 
 
 
4.7 Recommendations 
 
Further investigation is needed into the differences in algorithms that produce large 
differences in the frequency of some weather types reported in METARs from the 
United States versus Canada. Additional insight may be gained by expanding the 
analysis of METARs to other countries from Europe or Asia and using data from sites 
with lower levels of observation capability in the United States [i.e., Automated 
Weather Observing Systems (AWOS)]. 
 
Further analysis is suggested for mixed precipitation types not currently included in 
HOT guidance material. Likewise, a number of conditions involving mist and fog 
should be investigated. 
 
It is recommended that work continue towards prioritizing the conditions to be 
addressed and developing the respective guidance material. 
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5. TEMPERATURE-SPECIFIC SNOW HOLDOVER TIMES 
 
This section documents the work carried out by APS Aviation Inc. (APS) in support 
of the development of temperature-specific snow holdover times (HOTs). This project 
was initiated in the winter of 2018-19 and is expected to be completed in the winter 
of 2020-21. 
 
 
5.1 Background 
 
Snow HOTs are derived from data collected at various temperatures. Multi-variable 
regression analysis is applied to this data to derive HOTs for specific temperatures; 
in particular, HOTs are calculated for the coldest temperature in each temperature 
band in the HOT tables. These HOTs are then used for all temperatures in the 
temperature band. 
 
Although the data supports them, snow HOTs are not published for every 
temperature because it is neither practical nor user friendly to include this amount of 
data in the HOT tables published by Transport Canada (TC) and the Federal Aviation 
Administration (FAA). However, as HOTs almost always increase as temperature 
increases, there is an operational advantage to be gained by providing this data to 
operators (see example in Figure 5.1). 
 
The adoption of electronic flight bags and the advent of apps that provide HOTs 
digitally have made it possible to provide HOTs for every temperature in a 
user-friendly format. However, there is no database of temperature-specific HOT 
values currently published by TC and the FAA. 
 
 

 
Figure 5.1: Example of HOT Table vs. Temperature-Specific HOTs Approaches 

Temp. Moderate Snow HOT Temp.

-3°C and above 1:05 - 1:55 -3°C

-4°C 

-5°C 

-6°C 

-7°C 

-8°C 

below -3 to -8°C 0:50 - 1:25

Temperature-Specific HOTs ApproachHOT Table Approach

0:50 - 1:25

0:51 - 1:27

Moderate Snow HOT

0:57 - 1:37

0:52 - 1:32

1:05 - 1:55

1:00 - 1:45
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At the request of industry, TC and the FAA undertook a project in the winter of 
2018-19 to develop and publish temperature-specific HOTs for snow. It should be 
noted that the project was limited to snow – other precipitation types were not 
included because HOT test data does not exist for all temperatures for other 
precipitation types. 
 
 
5.2 Previous Work 
 
The project outline and several analytical tasks related to the development of the 
temperature-specific snow HOTs database were completed in 2018-19. Additional 
details concerning the previous work can be found in the TC report, TP 15427E, 
Aircraft Ground Icing General Research Activities During the 2018-19 Winter (1). 
 
 
5.3 Objective 
 
The objective of the project is to enable operators to use temperature-specific snow 
HOTs. 
 
Table 5.1 provides the list of tasks associated with the development and publication 
of the temperature-specific HOTs database and all related guidance material. 
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Table 5.1: Project Tasks for Temperature-Specific HOTs 

Task Sub-Project 

1. Prepare project plan.  Both 

2. Analytical work: mine existing data to determine how much temperatures 
change within one hour. Research 

3. Analytical work: review endurance time data of existing fluids to determine 
how HOTs change with a 1, 2, and 3°C change in temperature. Research 

4. Identify decisions regarding data production; create summary document. Research 

5. Hold meetings with TC/FAA to inform them of issues and make decisions 
(three meetings expected). Research 

6. Hold discussions to determine the exact format of data output. Research 

7. Hold discussions to determine the appropriate regulatory process to enable 
data use (guidance in TP 14052E/N 8900 or an Advisory Circular, Principal 
Inspector approval, or TC/FAA approval of data generators). 

Operational 

8. Create data output. Operational 

9. Conduct detailed verification of data output. Operational 

10. Create verification tables to support data implementation. Operational 

11. Create temperature-specific HOTs implementation guidance for operators. Operational 

12. Create temperature-specific HOTs verification guidance for inspectors. Operational 

13. Support publication of data. Operational 

14. Prepare presentation for SAE G-12. Both 

15. Publish report. Both 

 
 
5.4 Analysis: Data Questions 
 
A significant part of this project was to identify, research, discuss, and resolve 
questions related to the publication of temperature-specific HOT data. Preliminary 
analysis was carried out by APS, and the results were brought forward to TC and 
the FAA. Decisions by TC and the FAA were facilitated by APS through a series of 
meetings. 
 
Table 5.2 provides a list of the data questions and the corresponding decisions made 
for each question. The majority of the questions were resolved during the 2018-19 
project year; the remaining questions were resolved during the 2019-20 project year. 
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Table 5.2: Data Questions and Decisions 

Question Decision 

1. Do users do their own calculations for temperature-specific HOTs or 
do TC/FAA do the calculations and publish a database?  

• Decision (Feb 11, 2019): TC/FAA to do calculations. 

2. Are HOT table capping rules retained (2 hours TC, 3 hours FAA)? • Decision (Feb 11, 2019): Yes. 

3. Can data be provided in a complex table format or does it need to be 
in a proper database format with one entry per HOT value? 

• Decision (Feb 11, 2019): Needs to be a universal 
database; therefore, needs to be one entry per value. 

4. Should HOTs be provided for the actual reported temperature or 
should a conservative factor be added?  

• Decision (Mar 7, 2019): Add conservative factor. 
• Decision (Mar 15, 2019): Conservative factor will be 1°C. 
• Decision (Apr 11, 2019): It’s okay to calculate at 1°C 

colder than the LOUT because HOT regression curves are 
not dependent on LOUT. Therefore, this will be done. 

• Decision (Apr 11, 2019): Populate database at boundary 
conditions with boundary temperature values (no 1°C 
buffer) to avoid lack of harmonization between HOT tables 
and database. 

• Decision (Mar 4, 2020): Use 1°C buffer, even at 
boundaries. Lack of harmonization not as critical as safety. 

5. Should the user have to apply the temperature conservatism, or 
should it be embedded in the database? 

• Decision (Mar 7, 2019): Embed conservatism in database. 

6. Will temperature-specific HOTs be provided for diluted fluids? • Decision (Mar 15, 2019): Do not include dilutions. 
Consider doing so in future if requested by industry. 

7. Are HOT table rounding rules retained? • Decision (Mar 15, 2019): No. Values will be rounded to 
the nearest minute. HOTs below 10 minutes will be 
rounded down to the nearest whole minute. 

8. In what format will the data be published? • Decision (Mar 15, 2019): Data will be published in Excel. 
This decision was driven by the need for average users 
(airlines) to be able to use the data. XML requires a 
program to be created to decode/process data. 
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Table 5.2: Data Questions and Decisions (cont’d) 

Question Decision 

9. Should data be published only to the LOUT or to a very cold 
temperature with a caution to respect the LOUT? 

• Decision (Feb 11, 2019): Publish data only to LOUT. 

10. Will temperature-specific HOTs be provided for very cold snow 
(temperatures below -14°C)?  

• Decision (Apr 11, 2019): Fluids with fluid-specific HOTs 
for very cold snow will be populated with 
temperature-specific values. Fluids with generic very cold 
snow HOTs will be populated with boundary temperature 
values (no regression for generics). 

11. Will temperature-specific HOTs be provided below -25°C?  • Decision (Apr 11, 2019): Yes, HOTs will be provided to 
LOUT. 

12. Should there be a limitation for short HOTs? (TC restricts pre-takeoff 
contamination inspections with Type I fluids and with Type II/III/IV 
fluids with HOTs below 20 minutes.)  

• Decision (Apr 11, 2019): No. 

13. Will temperature-specific HOTs be provided for all fluids? • Decision (Jun 13, 2019): Will be provided for Type II, 
Type III, and Type IV fluids but not for Type I fluids. 

14. Do notes/cautions need to be provided with temperature-specific 
HOTs? If yes, are these provided in the database or by the data 
provider (i.e., with the app)? 

• Decision (Feb 4, 2020): Operators who wish to use 
temperature-specific HOTs must ensure that notes and 
cautions are available alongside the data (whether within 
an eHOT app or within the guidance that they 
incorporate). 

15. What is the impact of temperature-specific HOTs on liquid water 
equivalent (LWE) systems? Some harmonization/thought required to 
ensure equivalency between HOT tables, temp-specific HOTs, and 
LWE HOTs. Notably, restrictions regarding changing temperatures 
and inclusion of notes/cautions. Need to have similar restrictions. 

• Decision (Feb 4, 2020): No work required; there are no 
additional restrictions applicable to LWE systems that 
would impact the temperature-specific HOTs database. 
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Table 5.2: Data Questions and Decisions (cont’d) 

Question Decision 

16. Should a set of generic temperature-specific HOTs be included in the 
data publication? 

• Decision (Mar 4, 2020): Include generic values for Type 
II/IV. Use same methodology as standard HOT generic 
tables (lowest HOT value of all applicable fluids is used for 
each temperature). 

17. Does temperature need to be provided in both Celsius and 
Fahrenheit formats within the database?  

• Decision (Mar 4, 2020): Include only Celsius values within 
the database. 
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5.5 Draft Database 
 
Following the resolution of the outstanding data questions, a draft version of the 
temperature-specific HOTs database was created to allow regulators the opportunity 
to review the format and suggest adjustments as needed. 
 
The fluid-specific temperature-specific HOT values within the draft database were 
calculated using the regression coefficients found within the TC Winter 2019-2020 
Regression Information publication. 
 
The generic Type II and Type IV temperature-specific HOT values were determined 
by the shortest applicable HOT value of all fluids of the appropriate fluid type at each 
specific temperature. 
 
An excerpt of the draft database (TC format) is shown below in Table 5.3. The final 
database is expected to be published in 2020-21 following completion of a detailed 
verification and the incorporation of any changes required as a result of the 2020-21 
HOT testing program. 
 
Supporting guidance material containing the requirements for proper implementation 
of temperature-specific HOTs into an operator’s approved ground icing program is 
currently in development. It is expected that this guidance material will be published 
within an Advisory Circular (AC) for TC and within the N8900 series guidance 
document for the FAA. 
 
A related guidance document is also being developed for TC/FAA inspectors. This 
document will provide guidelines for verifying proper use and implementation of 
temperature-specific HOTs by operators. 
 
It is expected that these guidance documents will be completed during the 2020-21 
project year. This guidance is considered essential for publication of the 
temperature-specific HOTs database; no data will be published without completion 
of the supporting guidance documents. 
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Table 5.3: Excerpt of Draft Temperature-Specific HOTs Database (TC Format) 

Fluid Name 
Ambient 

Temperature 
(°C) 

Very Light Snow 
HOT 

Rate = 3 g/dm²/h 

Very Light Snow 
HOT 

Rate = 4 g/dm²/h 

Light Snow HOT 
Rate = 10 g/dm²/h 

Moderate Snow 
HOT 

Rate = 25 g/dm²/h 

Generic Type IV 3 120 120 77 33 

Generic Type IV 2 120 120 77 33 

Generic Type IV 1 120 120 77 33 

Generic Type IV 0 120 120 77 33 

Generic Type IV -1 120 120 76 33 

Generic Type IV -2 120 120 71 33 

Generic Type IV -3 120 120 67 33 

Generic Type IV -4 120 120 63 32 

Generic Type IV -5 120 120 61 31 

Generic Type IV -6 120 116 58 29 

Generic Type IV -7 120 112 56 28 

Generic Type IV -8 120 108 54 27 

Generic Type IV -9 120 103 53 27 

Generic Type IV -10 118 97 51 26 

Generic Type IV -11 111 91 48 25 

Generic Type IV -12 105 86 45 24 

Generic Type IV -13 100 82 43 23 

Generic Type IV -14 95 78 41 22 

Generic Type IV -15 45 30 9 2 

Generic Type IV -16 45 30 9 2 

Generic Type IV -17 45 30 9 2 

Generic Type IV -18 45 30 9 2 

Generic Type IV -19 20 10 3 1 

Generic Type IV -20 20 10 3 1 

Generic Type IV -21 20 10 3 1 

Generic Type IV -22 20 10 3 1 

Generic Type IV -23 20 10 3 1 

Generic Type IV -24 20 10 3 1 

Generic Type IV -25 20 10 3 1 

Generic Type IV -26 10 7 2 0 

Generic Type IV -27 10 7 2 0 

Generic Type IV -28 10 7 2 0 

Generic Type IV -29 10 7 2 0 

Generic Type IV -30 10 7 2 0 
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5.6 Conclusions 
 
Significant progress was made on the development of temperature-specific snow 
HOTs in the winter of 2019-20. The outstanding questions relating to the data were 
resolved, the draft database was created, and work was begun on creating the 
guidance documents to support database publication. 
 
 
5.7 Recommendations 
 
It is recommended that this project be continued in the winter of 2020-21 and that 
these outstanding tasks be completed. The guidance documents relating to the 
implementation of temperature-specific HOTs must be finalized. 
 
Additionally, the draft database must be updated prior to publication to reflect any 
changes made to the 2021-22 HOT Guidelines. 
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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 the 2019-20 year was to handle a total of 20 reports, 
with the aim to accelerate 6 unpublished reports to the Final Draft 2.0 stage and to 
publish the remaining 14 reports as Final Version 1.0 (targets for subsequent years 
will be determined at the completion of each year). 
 
This objective was achieved through the measures indicated below. 
 

• Allocating the 20 reports to be handled to two categories: Project 1 and 
Project 2 (all reports part of Project 1 were targeted to be published as Final 
Version 1.0, and all reports part of Project 2 were targeted to be brought to 
the Final Draft 2.0 stage). 

• Coordinating and outsourcing technical and editorial reviews of reports with 
technical and editorial experts (done for Project 1 and Project 2 reports). 

• Performing technical and editorial reviews that are to be done by technical and 
editorial experts (done for Project 1 and Project 2 reports) and making 
necessary updates to prepare reports for final editing and publishing (done for 
Project 1 reports). 

• Providing a status of progress within the monthly progress reports. 
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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, respectively. The following four 
phases are related to the publication of a report and are labelled Phase 5, 6, 7, and 
8, respectively. Reports typically undergo these phases prior to delivery of Final 
Version 1.0. 
 
 

 
Figure 6.1: Reports Management Process 

 

For the year 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 TC report, TP 15374E, Aircraft Ground Icing General Research Activities 
During the 2016-17 Winter (2). 
 

For the year 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 TC report, 
TP 15398E, Aircraft Ground Icing General Research Activities During the 2017-18 
Winter (3). These reports were published and delivered to TC and the FAA as Final 
Version 1.0 via “WeTransfer” and USB drives. 
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For the year 2018-19, APS achieved the goal of 20 reports and published 20 reports 
in total. The details of these reports published in 2018-19 are provided in TC report, 
TP 15427E, Aircraft Ground Icing General Research Activities During the 2018-19 
Winter (1). These reports were published and delivered to TC and the FAA as Final 
Version 1.0 via “WeTransfer” and USB drives. 
 

For the year 2019-20, APS accelerated a total of 6 unpublished reports to Final 
Draft 2.0 stage and published a total of 14 reports; the published reports are 
displayed in Table 6.1. The 14 published reports were delivered to TC and the FAA 
as Final Version 1.0 via “WeTransfer” and USB drives. 
 

Table 6.1: List of Published Technical Reports (2019-20) 

No. TP 
Number Year Report Title Category Latest 

Version 
Publication 

Date 

1 TP 15425E 2018-19 Aircraft Ground De/Anti-Icing Fluid Holdover Time 
Development Program for the 2018-19 Winter (HOT) HOT Final 

Version 1.0 
June 12, 

2020 

2 TP 15426E 2018-19 
Regression Coefficients and Equations Used to 
Develop the Winter 2019-20 Aircraft Ground Deicing 
Holdover Time Tables (REGRESSION) 

Regression Final 
Version 1.0 

May 22, 
2020 

3 TP 15427E 2018-19 
Aircraft Ground Icing General Research Activities 
During the 2018-19 Winter (GENERAL AND 
EXPLORATORY) 

G&E Final 
Version 1.0 

May 26, 
2020 

4 TP 15428E 2018-19 
Wind Tunnel Trials to Support Further Development of 
Ice Pellet Allowance Times: Winters 2017-18 and 
2018-19 (ICE PELLET) 

Ice Pellet Final 
Version 1.0 

Oct 23, 
2020 

5 TP 14382E 2003-04 A Sensor for Detecting Anti-Icing Fluid Failure: Phase I 
(SENSORS) Sensors Final 

Version 1.0 
May 8, 
2020 

6 TP 14380E 2003-04 A Protocol for Testing Fluids Applied with Forced Air 
Systems (FORCED AIR) Forced Air Final 

Version 1.0 
May 8, 
2020 

7 TP 14446E 2004-05 A Sensor for Detecting Anti-Icing Fluid Failure: 
Phase II (SENSORS) Sensors Final 

Version 1.0 
May 8, 
2020 

8 TP 14445E 2004-05 Evaluation of Type IV Fluids Applied Using Forced Air 
Assist Equipment (FORCED AIR) Forced Air Final 

Version 1.0 
May 8, 
2020 

9 TP 14716E 2005-06 Falcon 20 Trials to Examine Fluid Removed from 
Aircraft During Takeoff with Ice Pellets (FALCON 20) Falcon 20 Final 

Version 1.0 
Oct 23, 
2020 

10 TP 14779E 2006-07 
Development of Allowance Times for Aircraft Deicing 
Operations During Conditions with Ice Pellets (ICE 
PELLET) 

Ice Pellet Final 
Version 1.0 

Oct 23, 
2020 

11 TP 14871E 2007-08 

Research for Further Development of Ice Pellet 
Allowance Times: Aircraft Trials to Examine Anti-Icing 
Fluid Flow-Off Characteristics Winter 2007-08 (ICE 
PELLET) 

Ice Pellet Final 
Version 1.0 

Oct 23, 
2020 

12 TP 15232E 2012-13 

Wind Tunnel Trials to Examine Anti-Icing Fluid 
Flow-Off Characteristics and to Support the 
Development of Ice Pellet Allowance Times, Winters 
2009-10 to 2012-13 (ICE PELLET) 

Ice Pellet Final 
Version 1.0 

Oct 23, 
2020 

13 TP 15273E 2013-14 
Wind Tunnel Trials to Support Further Development of 
Ice Pellet Allowance Times: Winter 2013-14 (ICE 
PELLET) 

Ice Pellet Final 
Version 1.0 

Oct 23, 
2020 

14 TP 15341E 2015-16 
Wind Tunnel Trials to Support Further Development of 
Ice Pellet Allowance Times: Winter 2015-16 (ICE 
PELLET) 

Ice Pellet Final 
Version 1.0 

Oct 23, 
2020 
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6.3.1 Overall Publication Status of Technical Reports 
 
The overall status of the reports as of October 31, 2019, was as follows: 
 

• Published reports: 123; 

• Non-published reports: 79; and 

• Total reports: 202. 
 
Detailed in Table 6.1, the following 14 reports from past years were delivered to TC 
and the FAA as Final Version 1.0 during the 2019-20 year: 
 

• Two reports from 2003-04; 

• Two reports from 2004-05; 

• One report from 2005-06; 

• One report from 2006-07; 

• One report from 2007-08; 

• One report from 2012-13; 

• One report from 2013-14; 

• One report from 2015-16; and 

• Four reports from 2018-19. 
 
In 2017-18, a detailed analysis of all past APS reports was conducted, and they 
were consequently re-categorized in 2017-18. The overall status and progression of 
report publication with the new categorization from October 31, 2019, to 
October 31, 2020, is presented in Table 6.2. 
 
In addition, APS is currently working on six reports for the Winter 2019-20 research 
activities; these are not included in the totals as of October 31, 2020. 
 
As of October 31, 2020, estimating that APS will accelerate 6 unpublished reports 
to Final Draft 2.0 stage and publish 14 reports per year, it will take approximately 
four-and-a-half years to clear the backlog. 
 
As of October 31, 2020, the number of published reports, including the reports that 
are expected to be published, totals 175. 
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Table 6.2: Overall Status of Reports from 2017-18 to 2019-20 

Category Description 
2017-18 

(# of reports as 
of Oct. 31, 

2018) 

2018-19  
(# of reports as 

of Oct. 31, 
2019) 

2019-20 
(# of reports as 

of Oct. 31, 
2020) 

Published Reports TP reports that are published 
as Final Version 1.0. 103 123 137 

Interim Reports 
Incorporated into a 
TP Report 

Reports initially produced as 
interim reports and 
subsequently incorporated into 
TP reports. 

21 22 25 

Interim Reports Not 
to Be Published 

Reports that have not been 
assigned TP numbers and will 
not be published; however, 
some information contained in 
these reports has been 
included in subsequent TP 
reports. 

2 2 2 

Protected Reports 

Reports that are not for 
distribution (two reports for the 
Department of National 
Defence and one Ops Survey 
report for TC). 

3 3 3 

  
Non-Published 
Reports 

TP reports that are still in Draft 
stages. 64 48 38 

Interim Reports to 
Be Published 

Reports that have not been 
assigned TP numbers and may 
be published. 

5 4 2 

  

Total Reports 
Produced 

Total number of reports 
produced by APS. 198 202 207 

 
 
6.4 Conclusions 
 
APS has been involved in writing and publishing technical reports on behalf of TC 
and the FAA since 1992 and has prepared over 207 reports. Due to TC’s and the 
FAA’s limited resources, 124 reports were still outstanding in 2016-17, and APS 
was tasked with developing a prioritized list of unpublished reports that needed to 
be reviewed and published. 
 
By October 2017, APS published 16 reports that were delivered to TC and the FAA 
as Final Version 1.0. By October 2018, APS published 22 reports that were delivered 
to TC and the FAA as Final Version 1.0. By October 2019, APS published 20 reports 
that were delivered to TC and the FAA as Final Version 1.0. By October 2020, APS 
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accelerated 6 reports to Final Draft 2.0 stage and published 14 reports that were 
delivered to TC and the FAA as Final Version 1.0. 
 
 
6.5 Recommendations 
 
Since APS has taken a more active role in completing this project, it is recommended 
that proper resources be dedicated to continue publishing these 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 
2019-20 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 
standard and essential parts 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) Develops fluid-specific HOT and regression tables for new Type II, III, and IV 
anti-icing fluids that undergo endurance time testing; 

b) Requests, collects, and reviews information provided by fluid manufacturers 
related to fluid qualification dates and lowest operational use temperatures 
(LOUTs), resulting in updates to the list of fluids in the HOT Guidelines; 

c) Recommends changes to the HOT guidance materials as a result of new 
research findings; 

d) Maintains an ongoing list of potential future changes to the HOT guidance 
materials, schedules and runs meetings to review and discuss these changes 
with TC/FAA, and implements changes as required; 

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

f) Provides support for the update of the FAA N 8900 series document; 

g) Restructures guidance material to make it accessible for people with 
disabilities; and 

h) Provides the latest HOT Guidelines and regression information to the TC 
publications department for them to update their website on an annual basis 
(or more frequently if updates to the HOT Guidelines are necessary). 
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7.3 Winter 2020-21 Holdover Time Guidance Materials 
 
In August 2020, the 2020-21 HOT Guidelines 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: TP 15450E, Aircraft Ground De/Anti-Icing Fluid 
Holdover Time Development Program for the 2019-20 Winter (4); and 

2. Holdover Time Regression Information: TP 15451E, Regression Coefficients 
and Equations Used to Develop the Winter 2020-21 Aircraft Ground Deicing 
Holdover Time Tables (5). 

 
The titles of the 2020-21 documents are listed in Table 7.1. Final drafts of TC and 
FAA documents were provided to the TC and the FAA publications departments, 
respectively, for publication on August 7, 2020. 
 
As intended, the FAA finalized and published its N 8900 series notice, along with 
the other HOT guidance materials, on August 7, 2020. 
 

Table 7.1: 2019-20 HOT Guidance Documents 

HOT 
Guidelines 

1. Transport Canada Holdover Time (HOT) Guidelines Winter 2020-2021, 
Original Issue, August 7, 2020 

2. Guide de Transports Canada sur les durées d’efficacité Hiver 
2020-2021, version originale, 7 août 2020 

3. FAA Holdover Time Guidelines Winter 2020-2021, Original Issue, 
August 7, 2020 

Regression 
Information 

4. Transport Canada HOT Guidelines Regression Information Winter 
2020-2021, Original Issue, August 7, 2020 

5. Transports Canada Guide des durées d’efficacité Information de 
régression Hiver 2020-2021, version originale, 7 août 2020 

6. FAA Holdover Time Regression Information Winter 2020-2021, Original 
Issue, August 7, 2020 

 
 
7.4 Future Responsibilities 
 
APS will continue contributing to the development of the TC and the FAA HOT 
guidance materials in the winter of 2020-21. 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 2019-20 

 
This section contains an account of the presentations, fluid manufacturer reports, 
and test procedures prepared by APS Aviation Inc. (APS) in the winter of 2019-20. 
 
 
8.1 Presentations 
 
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 2019-20, APS gave presentations at the following meetings: 
 

1) Standing Committee for Operations Under Icing Conditions (SCOUIC) Meeting, 
Ottawa, Canada, October 2019; 

2) SAE G-12 Holdover Time (HOT) Committee Meeting, Montreal, Canada, 
November 2019; 

3) SAE G-12 HOT Committee Meeting, Online (via Webex), May 2020; and 

4) Airlines for America (A4A) Ground Deicing Forum, Online (via Zoom), June 
2020. 

 
The presentations given by APS at each of these meetings are listed in the following 
subsections. A copy of each presentation listed is contained in Appendix F. 
 
 
8.1.1 Standing Committee for Operations Under Icing Conditions Meeting, 

Ottawa, Canada, October 2019 
 
The following two presentations were prepared for the SCOUIC meeting held in 
Ottawa, Canada, in October 2019: 
 

1) Ground Icing Research Program Projects and Initiatives; and 

2) Artificial Snow Research for Holdover Time Development. 
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8.1.2 SAE G-12 Holdover Time Committee Meeting, Montreal, Canada, 
November 2019 

 
The following two presentations were prepared and presented at the SAE G-12 HOT 
Committee meeting held in Montreal, Canada, in November 2019: 
 

1) Endurance Time Testing Program Winter 2019-20; and 

2) Icing Wind Tunnel Research Simulating Ice Pellet Conditions. 
 
 
8.1.3 SAE G-12 Holdover Time Committee, Online (via Webex), May 2020 
 
The following five presentations were prepared for the SAE G-12 HOT Committee 
meeting held virtually, via Webex, in May 2020: 
 

1) Winter 2019-20 Endurance Time Testing Update; 

2) SAE G-12 HOT Committee: Documents Status; 

3) Natural Snow Characterization to Support Artificial Snow Research 2019-20 
APS Activities; 

4) Wind Tunnel Testing to Evaluate Contaminated Fluid Flow-Off from a Vertical 
Stabilizer; and  

5) Icing Wind Tunnel Research Simulating Ice Pellet Conditions.  
 
 
8.1.4 Airlines for America Ground Deicing Forum, Online (via Zoom), June 

2020 
 
The following two presentations were prepared for the A4A Ground Deicing Forum 
held virtually, via Zoom, in June 2020: 
 

1) Winter 2019-20 Endurance Time Testing Update; and 

2) Wind Tunnel Testing to Evaluate Contaminated Fluid Flow-Off from a Vertical 
Stabilizer. 

 
 
8.2 Fluid Manufacturer Reports 
 
As part of the HOT research program, several fluids are tested for holdover 
performance each year. The data from commercialized fluids is published in the 
related Transport Canada (TC) report, TP 15450E, Aircraft Ground De/Anti-Icing Fluid 
Holdover Time Development Program for the 2019-20 Winter (4), while the 
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non-commercialized fluid reports are maintained by the respective fluid 
manufacturers for internal research purposes. 
 
As a result of the COVID-19 pandemic, testing activities were halted in March 2020, 
and HOT data collection was significantly impacted. Once health and safety 
restrictions ease and testing activities resume, all outstanding fluid manufacturer 
reports are expected to be completed and provided to fluid manufacturers and to TC 
and the FAA. 
 
 
8.3 Test Procedures 
 
Several procedures were developed to guide and support the research team in 
conducting tests in the winter of 2019-20. Table 8.1 provides the list of the 
procedures. The procedures have been included as appendices to the Winter 2019-20 
reports; the specific reports are listed in the last column of Table 8.1. 



8.  PRESENTATIONS, FLUID MANUFACTURER REPORTS, AND TEST PROCEDURES FOR 2019-20 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/TP 15452E Final Version 1.0.docx 
Final Version 1.0, August 21 

36 

Table 8.1: List of Procedures 2019-20 

Program 
Element 

# 
ID # Contract  

Program Element 
Name of  

Procedure Latest Version Details Report 

2 2.1 
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 

2 2.2 
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 

2 2.3 
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 

2 2.4 
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 1.0 
November 2018 HOT 

2 2.5 
Endurance Time Testing for Maintenance and 
Publication of HOT Guidance Material 

Overall Program of Tests at NRC, 
August/September 2020 

Final Version 2.0, 
August 26, 2020 HOT 

2 2.6 
Endurance Time Testing for Maintenance and 
Publication of HOT Guidance Material 

Overall Program of Tests at PMG, August 2020 Final Version 1.1, 
August 21, 2020 HOT 

3 3.1 
Snow Machine R&D Project: Natural Snow 
Characterization Testing and Support for NCAR 
Snow Machine Hardware Improvements 

Procedure: Natural Snow Characterization 
Endurance Time Testing Final Version 1.0, 

January 17, 2019 SMC 

5 5.1 

Exploratory Research and Standards (SAE 
Standards, AWG, FRWG, HOT Committee, 
Type I STD Mix for Longer Frost HOTs, and 
Other R&D) 

Procedure: Evaluation of Type I Frost Endurance 
Times with Standard Mix Fluid Final Version 1.0, 

December 11, 2019 G&E 

6 6.1 
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 

8 8.1 
Wind Tunnel Testing – Seneca V-Stab Testing 
in the Wind Tunnel to Characterize 
Contaminated Fluid Flow-Off  

Procedure: Wind Tunnel Testing to Evaluate 
Contaminated Fluid Flow-Off from a Vertical 
Stabilizer 

Final Version 1.0, 
January 16, 2020 WT 

9 9.1 
Wind Tunnel Testing – Combined R&D Testing 
Including Type III Low Speed and EG Specific 
Allowance Times 

Procedure: Wind Tunnel Tests to Examine Fluid 
Removed from Aircraft During Takeoff with 
Mixed Ice Pellet Precipitation Conditions 

Final Version 1.0, 
January 16, 2020 WT 
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TRANSPORT CANADA 
STATEMENT OF WORK EXCERPT – 

AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2019-20 
 
 
1. Interpretation of METAR Reported Weather for Determining Applicable 

HOT Table Guidance Condition 
 

a) Review historical work done by APS and NCAR looking at frequency of 
occurrence of METAR reported aviation winter weather. 

b) Determine data requirements and conduct a multi-airport analysis of weather 
conditions to identify most relevant METAR conditions with respect to aircraft 
ground icing.  

c) Prepare a project plan to prioritize the development of appropriate guidance. 
Examination of obscuration in fog and mist should be emphasized in this study.  

d) Hold meetings with TC/FAA and other agencies, as required.  

e) Develop guidance material for the top identified conditions based on TC/FAA 
discussions taking into account frequency of occurrence, and complexity of 
developing the condition.  

Note: should focus on conditions for which guidance can be developed 
analytically or with minimal research.  

f) Prepare presentation for SAE G-12. 

g) Prepare a report. 

 
 
5. Exploratory Research and Standards (SAE Standards, AWG, FRWG, 

HOT Committee, Type I STD Mix for Longer Frost HOTs, 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) Support activities of SAE G-12 Aerodynamics Working Group. 

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

c) Provide support for further development of SAE aircraft ground deicing 
standards as needed. 
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d) Provide support to the SAE G-12 Holdover Time Committee, including 
providing a qualified individual to serve as the committee’s secretary.  

e) Support activities related to determining if frost endurance times are 
significantly longer with Type I fluid applied at the standard mix vs. Type I 
fluid applied at a 10ºC buffer.  

f) Provide technical support services and exploratory testing to provide regulators 
with timely data and documentation to address unexpected operationally 
driven industry incidents / concerns / questions.  

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

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

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

iv. Investigate A319 engine icing issues experienced by a commercial operator. 

v. Determine scope of work necessary to develop ethylene glycol-specific ice 
pellet allowance times. 

vi. Support the development of an equivalency look up table (to support HOTDS 
systems) to cross-reference METAR reported weather vs. hot table conditions. 

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

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

ix. Documentation of test methods and protocols for HOT, ice pellet, snow 
machine, et cetera. 

x. Evaluate hangar operations with and without fluids.  

xi. Investigation of new technologies to support the modernization of the ground 
icing research program. 
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10. Development of Temperature-Specific Snow HOT Data: Support for 
Operational Implementation 

 
a) Prepare project plan. 

b) Hold meetings with TC/FAA to discuss outstanding issues identified during 
research and development phase. 

c) Create the data output. 

d) Conduct detailed verification of the data output. 

e) Hold discussions to determine the regulatory process which will be employed 
to enable operators to use data (e.g. TP 14052E/N 8900, advisory circular, et 
cetera). 

f) Provide assistance to TC/FAA to make regulatory changes as required. 

g) Support the publication of data. 

h) Prepare presentation for SAE G-12. 

i) Prepare a report. 
 
 
11. Technical Review, Approval, and Publishing of Technical Reports 
 

a) Coordinate and manage the master list of reports, the list of references, et 
cetera. 

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

c) Develop prioritized list of approximately 12 to 14 reports to be published as 
Final Version 1.0, and create and maintain schedule. 

d) Coordinate technical review of approximately 10 additional reports. 

e) Coordinate and schedule editorial reviews, technical reviews, and French 
translation of applicable reports. 

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

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

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

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

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

k) Upload published reports to the APS website on behalf of TC/FAA. 
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12. 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. 

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). 

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

f) Provide support for publication of documents. 
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15. 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. 
 
 
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; and  

d) Maintain log of fluid inventory and viscosity information. 
 
 
Preparation and Setup for Natural, Artificial 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, snow machine) 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) Prepare an updated procedure for testing fluids with the snow machine, as 
required; 

f) Evaluate current methods for measuring snowfall intensity or holdover times;  

g) Develop improved, more efficient methods to measure snowfall intensity or 
holdover times, as required; and 

h) Update and maintain iPad based HOT testing data form, as required. 
 
 
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;  
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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; 

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; and 

f) Update and maintain the NRC Rate Calculation software. 
 
 
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; and 

e) Prepare reports. 
 
 
16. 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; 

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

d) Maintain log of fluid inventory and viscosity information. 
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Preparation and Setup for Natural, Artificial 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, snow machine) 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) Prepare an updated procedure for testing fluids with the snow machine, as 
required; 

f) Evaluate current methods for measuring snowfall intensity or holdover times;  

g) Develop improved, more efficient methods to measure snowfall intensity or 
holdover times, as required; and 

h) 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; and 

f) Update and maintain the NRC Rate Calculation software. 
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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; and 

e) Prepare reports. 
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PROCEDURE: 
EVALUATION OF TYPE I FROST ENDURANCE TIMES 

WITH STANDARD MIX FLUID
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APPENDIX C 
 

LOG OF TYPE I FROST ENDURANCE TIME TESTS 
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Log of Type I Frost Endurance Time Tests 

Test 
No. Test Year Start Date Start 

Time End Time 
End Time 

(First 
Failure) 

Fluid Dil. Fluid 
Name 

Test 
Surface 

Fluid Brix 
Initial 

Fluid Brix 
Final 

Initial 
Fluid 
Temp 
(°C) 

Endurance 
Time 
(min) 

Endurance 
Time to 

First 
Failure 
(min) 

ΔTime 
(min): 

Std Mix - 
10° 

Buffer 

Test 
Ratio - 

Std 
Mix/10° 
Buffer 

ΔTime 
(min): 

Failure - 
First 

Failure 

Plate Ratio 
- 

Failure/First 
Failure 

% of ET - 
First 

Failure/ 
Failure 

3 2018-19 18-Mar-2019 21:52:30 0:45:00 – Std Mix Octaflo EF Aluminum 37 23.5 20 172.5 – 38.8 1.3 – – – 

4 2018-19 18-Mar-2019 21:51:20 0:05:00 – 10° 
Buffer 

Octaflo EF Aluminum 25 21.5 20 133.7 – – – – – – 

5 2018-19 19-Mar-2019 1:13:30 4:30:00 – Std Mix Octaflo EF Aluminum 37 24.75 20 196.5 – 108.3 2.2 – – – 

6 2018-19 19-Mar-2019 1:12:30 2:40:40 – 10° 
Buffer 

Octaflo EF Aluminum 25 20.5 20 88.2 – – – – – – 

7 2019-20 17-Jan-2020 23:12:00 1:54:00 1:08:00 Std Mix Dow PG Composite 33.75 26.75 20 162.0 116.0 -1.5 1.0 46.0 1.4 0.7 

8 2019-20 17-Jan-2020 23:12:30 1:56:00 1:18:00 
10° 

Buffer 
Dow PG Aluminum 31 27.75 20 163.5 125.5 – – 38.0 1.3 0.8 

9 2019-20 17-Jan-2020 23:13:00 2:44:00 1:30:00 Std Mix Dow EG Aluminum 32.5 23.5 20 211.0 137.0 59.5 1.4 74.0 1.5 0.6 

10 2019-20 17-Jan-2020 23:13:30 1:45:00 1:05:00 10° 
Buffer 

Dow EG Aluminum 27.25 23.5 20 151.5 111.5 – – 40.0 1.4 0.7 

11 2019-20 18-Jan-2020 3:25:00 6:45:00 5:48:00 Std Mix Dow PG Composite 33.75 26 20 200.0 143.0 -32.0 0.9 57.0 1.4 0.7 

12 2019-20 18-Jan-2020 3:26:00 7:18:00 6:25:00 
10° 

Buffer 
Dow PG Aluminum 31.25 26 20 232.0 179.0 – – 53.0 1.3 0.8 

13 2019-20 29-Jan-2020 22:57:00 1:08:10 0:36:07 Std Mix Dow PG Aluminum 33.75 24.75 20.5 131.2 99.1 28.2 1.3 32.1 1.3 0.8 

14 2019-20 29-Jan-2020 22:59:00 0:42:00 0:17:00 
10° 

Buffer 
Dow PG Aluminum 28 23 20.3 103.0 78.0 – – 25.0 1.3 0.8 

15 2019-20 29-Jan-2020 22:53:00 0:35:54 0:09:50 Std Mix Dow EG Composite 33 19.75 20.1 102.9 76.8 19.4 1.2 26.1 1.3 0.7 

16 2019-20 29-Jan-2020 22:55:00 0:18:30 23:58:00 10° 
Buffer 

Dow EG Aluminum 24 19.25 20 83.5 63.0 – – 20.5 1.3 0.8 

17 2019-20 30-Jan-2020 2:41:00 5:06:24 3:59:30 Std Mix Dow EG Aluminum 33 19.25 20 145.4 78.5 48.1 1.5 66.9 1.9 0.5 

18 2019-20 30-Jan-2020 2:43:00 4:20:18 3:57:31 
10° 

Buffer 
Dow EG Aluminum 24.75 20.75 20 97.3 74.5 – – 22.8 1.3 0.8 

19 2019-20 30-Jan-2020 2:37:00 4:58:36 4:06:29 Std Mix Dow PG Aluminum 34 24.5 20.1 141.6 89.5 61.9 1.8 52.1 1.6 0.6 
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C-4 

Log of Type I Frost Endurance Time Tests (cont'd) 

Test 
No. 

Adjusted 
Endurance 

Time 
(min) 

Adjusted 
Endurance 
Time to 

First 
Failure 
(min) 

Adjusted 
ΔTime 

(min): Std 
Mix - 10° 

Buffer 

Adjusted 
Test Ratio 

- Std 
Mix/10° 
Buffer 

Adjusted 
ΔTime 
(min): 

Failure - 
First Failure 

Adjusted 
Plate Ratio 

- 
Failure/First 

Failure 

Adjusted % 
of ET - First 

Failure/ 
Failure 

Average 
Rate 

(g/dm²/h) 

Average 
OAT 
(ºC) 

Approx. 
RH (%) 

Average 
Wind 
Speed 
(km/h) 

Approx. 
Plate 

Temperature 
(ºC) 

Approx. 
ΔT (ºC) Comments 

3 172.5 – 38.8 1.29 – – – 0.08 -7.1 65 4.8 -10.8 3.69 Fluid Freeze point: -40°C 

4 133.7 – – – – – – 0.06 -6.9 65 4.5 -10.5 3.64 

  

5 196.5 – 108.3 2.23 – – – 0.09 -8.6 72 3.7 -13.1 4.46 

Test was very close (25-28%) to failure at 4:30 AM, but frost 
slowed down considerably. From 4:30-6:30 AM, LHS of plate 
unfailed but RHS of plate eventually brought plate to failure. Brix at 
5 AM and 6:36 AM was the same: 24.75. Used estimated fail time 
of 4:30AM. FFP: -40°C 

6 88.2 – – – – – – 0.13 -7.9 70 3.9 -14.5 6.62 
  

7 208.3 149.1 23.6 1.27 59.1 1.4 0.7 0.03 -17.6 70 8.2 -20.0 2.37 *Composite plate used for this test. See adjusted results 

8 163.5 125.5 – – 38.0 1.3 0.8 0.03 -17.6 70 8.1 -20.0 2.37 

  

9 211.0 137.0 59.5 1.39 74.0 1.5 0.6 0.03 -17.6 71 6.6 -19.9 2.32 

  

10 151.5 111.5 – – 40.0 1.4 0.7 0.03 -17.6 70 8.5 -19.9 2.35 

  

11 257.1 183.9 4.9 1.11 73.3 1.4 0.7 0.04 -17.7 76 5.5 -19.0 1.35 *Composite plate used for this test. See adjusted results 

12 232.0 179.0 – – 53.0 1.3 0.8 0.04 -17.7 76 5.8 -19.0 1.35 
  

13 131.2 99.1 28.2 1.27 32.1 1.3 0.8 0.10 -12.4 77 5.6 -15.6 3.27  
Dow PG Std Mix failed at a higher brix. Could be due to temp. drop 
at approx. 1 AM; EC Temp at 12 AM is -12C while at 1AM its -
13.9C 

14 103.0 78.0 – – 25.0 1.3 0.8 0.10 -12.0 76 5.3 -15.6 3.64  

  

15 132.3 98.8 35.8 1.58 33.5 1.3 0.7 0.10 -11.8 76 5.3 -15.4 3.56  *Composite plate used for this test. See adjusted results 

16 83.5 63.0 – – 20.5 1.3 0.8 0.10 -11.7 76 5.3 -15.4 3.72  

  

17 145.4 78.5 48.1 1.49 66.9 1.9 0.5 0.10 -13.0 77 7.6 -16.1 3.17  

  

18 97.3 74.5 – – 22.8 1.3 0.8 0.10 -12.7 77 8.4 -16.2 3.48  
  

19 141.6 89.5 61.9 1.78 52.1 1.6 0.6 0.10 -12.9 77 7.8 -16.1 3.22  
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C-5 

Log of Type I Frost Endurance Time Tests (cont'd) 

Test 
No. Test Year Start Date Start 

Time End Time 
End Time 

(First 
Failure) 

Fluid Dil. Fluid 
Name 

Test 
Surface 

Fluid Brix 
Initial 

Fluid Brix 
Final 

Initial 
Fluid 
Temp 
(°C) 

Endurance 
Time 
(min) 

Endurance 
Time to 

First 
Failure 
(min) 

ΔTime 
(min): Std 
Mix - 10° 

Buffer 

Test 
Ratio - 

Std 
Mix/10° 
Buffer 

ΔTime 
(min): 

Failure - 
First 

Failure 

Plate Ratio 
- 

Failure/First 
Failure 

% of ET - 
First 

Failure/ 
Failure 

20 2019-20 30-Jan-2020 2:38:40 3:58:21 3:47:45 10° 
Buffer 

Dow PG Composite 28.75 24.75 20 79.7 69.1 – – 10.6 1.2 0.9 

21 2019-20 20-Feb-2020 22:49:40 1:28:00 0:54:00 Std Mix Dow EG Aluminum 32.75 23 20 158.3 124.3 30.0 1.2 34.0 1.3 0.8 

22 2019-20 20-Feb-2020 22:48:40 0:57:00 0:40:00 
10° 

Buffer 
Dow EG Aluminum 26.25 23 20 128.3 111.3 – – 17.0 1.2 0.9 

23 2019-20 20-Feb-2020 22:52:30 1:24:00 0:37:00 Std Mix Dow PG Aluminum 33.6 27 20 151.5 104.5 49.3 1.5 47.0 1.4 0.7 

24 2019-20 20-Feb-2020 22:51:30 0:33:40 0:08:00 
10° 

Buffer 
Dow PG Composite 30.25 27 20 102.2 76.5 – – 25.7 1.3 0.7 

25 2019-20 21-Feb-2020 2:15:40 4:17:30 3:45:00 Std Mix Dow EG Aluminum 32.5 24.5 20 121.8 89.3 31.8 1.4 32.5 1.4 0.7 

26 2019-20 21-Feb-2020 2:15:00 3:45:00 3:33:00 10° 
Buffer 

Dow EG Aluminum 26.75 23.25 20 90.0 78.0 – – 12.0 1.2 0.9 

27 2019-20 21-Feb-2020 2:16:45 4:25:30 3:45:00 Std Mix Dow PG Aluminum 33.5 28.75 20 128.8 88.3 48.9 1.6 40.5 1.5 0.7 

28 2019-20 21-Feb-2020 2:16:10 3:36:00 3:10:00 
10° 

Buffer 
Dow PG Composite 30.5 27.5 20 79.8 53.8 – – 26.0 1.5 0.7 

29 2019-20 24-Mar-2020 23:46:07 1:27:49 – Std Mix Dow PG Aluminum 33.75 8 18.1 101.7 – 18.8 1.2 101.7 – 0.0 

30 2019-20 24-Mar-2020 23:46:45 1:09:37 – 10° 
Buffer 

Dow PG Aluminum 18.75 9 18.1 82.9 – – – 82.9 – 0.0 

31 2019-20 24-Mar-2020 23:43:05 1:19:27 – Std Mix Dow EG Aluminum 32.5 8.25 18.1 96.4 – 23.5 1.3 96.4 – 0.0 

32 2019-20 24-Mar-2020 23:43:39 0:56:30 – 10° 
Buffer 

Dow EG Aluminum 14.75 8 18.1 72.9 – – – 72.9 – 0.0 

33 2019-20 25-Mar-2020 2:03:36 3:41:31 3:08:37 Std Mix Dow PG Aluminum 33.75 10.75 18.1 97.9 65.0 37.4 1.6 32.9 1.5 0.7 

34 2019-20 25-Mar-2020 2:04:16 3:04:47 2:35:55 
10° 

Buffer 
Dow PG Aluminum 18.75 10 18.1 60.5 31.7 – – 28.9 1.9 0.5 

35 2019-20 25-Mar-2020 2:07:08 3:43:53 3:16:38 Std Mix Dow EG Aluminum 32.5 9.75 18.1 96.8 69.5 34.4 1.6 27.3 1.4 0.7 

36 2019-20 25-Mar-2020 2:07:35 3:09:54 2:46:01 
10° 

Buffer 
Dow EG Aluminum 14.75 7.25 18.1 62.3 38.4 – – 23.9 1.6 0.6 

37 2019-20 28-Mar-2020 2:07:21 4:31:42 3:48:20 Std Mix Dow PG Aluminum 34 12 21.4 144.4 101.0 14.5 1.1 43.4 1.4 0.7 
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C-6 

Log of Type I Frost Endurance Time Tests (cont'd) 

Test 
No. 

Adjusted 
Endurance 

Time 
(min) 

Adjusted 
Endurance 
Time to 

First 
Failure 
(min) 

Adjusted 
ΔTime 

(min): Std 
Mix - 10° 

Buffer 

Adjusted 
Test Ratio 

- Std 
Mix/10° 
Buffer 

Adjusted 
ΔTime 
(min): 

Failure - 
First Failure 

Adjusted 
Plate Ratio 

- 
Failure/First 

Failure 

Adjusted % 
of ET - First 

Failure/ 
Failure 

Average 
Rate 

(g/dm²/h) 

Average 
OAT 
(ºC) 

Approx. 
RH (%) 

Average 
Wind 
Speed 
(km/h) 

Approx. 
Plate 

Temperature 
(ºC) 

Approx. 
ΔT (ºC) Comments 

20 102.5 88.8 – – 13.6 1.2 0.9 0.11 -12.7 77 9.5 -16.3 3.63 *Composite plate used for this test. See adjusted results 

21 158.3 124.3 30.0 1.23 34.0 1.3 0.8 0.06 -16.6 63 9.4 -20.7 4.04 

  

22 128.3 111.3 – – 17.0 1.2 0.9 0.06 -16.6 63 9.5 -20.3 3.71 

  

23 151.5 104.5 49.3 1.48 47.0 1.4 0.7 0.06 -16.6 63 9.4 -20.7 4.05 

  

24 131.4 98.4 – – 33.0 1.3 0.7 0.05 -16.6 62 9.6 -20.3 3.71 *Composite plate used for this test. See adjusted results 

25 121.8 89.3 31.8 1.35 32.5 1.4 0.7 0.09 -16.9 72 7.5 -22.3  5.43 
  

26 90.0 78.0 – – 12.0 1.2 0.9 0.09 -16.8 71 7.7 -21.7 4.91 
  

27 128.8 88.3 48.9 1.61 40.5 1.5 0.7 0.08 -16.9 72 7.5 -22.3 5.44 

  

28 102.6 69.2 – – 33.4 1.5 0.7 0.09 -16.8 71 7.8 -21.7  4.90 *Composite plate used for this test. See adjusted results 

29 101.7 – 18.8 1.23 101.7 – 0.0 0.23 0.6 83 7.6 -3.0 3.58 first failure not properly documented.  

30 82.9 – – – 82.9 – 0.0 0.22 0.7 82 7.5 -2.8 3.53 first failure not properly documented.  

31 96.4 – 23.5 1.32 96.4 – 0.0 0.23 0.7 83 7.5 -2.8 3.52  first failure not properly documented.  

32 72.9 – – – 72.9 – 0.0 0.21 0.9 82 7.4 -2.7 3.51 first failure not properly documented.  

33 97.9 65.0 37.4 1.62 32.9 1.5 0.7 0.26 -1.1 87 6.0 -4.8 3.77 

  

34 60.5 31.7 – – 28.9 1.9 0.5 0.27 -0.8 87 6.3 -4.6 3.80 

  

35 96.8 69.5 34.4 1.55 27.3 1.4 0.7 0.26 -1.1 87 6.0 -4.8 3.71 

  

36 62.3 38.4 – – 23.9 1.6 0.6 0.27 -0.9 87 6.1 -4.7 3.77 

  

37 144.4 101.0 14.5 1.11 43.4 1.4 0.7 0.10 -1.4 70 3.9 -7.2 5.80 
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Log of Type I Frost Endurance Time Tests (cont'd) 

Test 
No. Test Year Start Date Start 

Time End Time 
End Time 

(First 
Failure) 

Fluid Dil. Fluid 
Name 

Test 
Surface 

Fluid Brix 
Initial 

Fluid Brix 
Final 

Initial 
Fluid 
Temp 
(°C) 

Endurance 
Time 
(min) 

Endurance 
Time to 

First 
Failure 
(min) 

ΔTime 
(min): Std 
Mix - 10° 

Buffer 

Test 
Ratio - 

Std 
Mix/10° 
Buffer 

ΔTime 
(min): 

Failure - 
First 

Failure 

Plate Ratio 
- 

Failure/First 
Failure 

% of ET - 
First 

Failure/ 
Failure 

38 2019-20 28-Mar-2020 2:08:23 4:18:12 3:28:15 10° 
Buffer 

Dow PG Aluminum 21.25 11 26 129.8 79.9 – – 50.0 1.6 0.6 

39 2019-20 28-Mar-2020 2:10:44 4:31:18 3:38:12 Std Mix Dow EG Aluminum 33 9.5 21.4 140.6 87.5 49.1 1.5 53.1 1.6 0.6 

40 2019-20 28-Mar-2020 2:11:12 3:42:40 3:11:26 
10° 

Buffer 
Dow EG Aluminum 16.75 10.75 21.8 91.5 60.2 – – 31.2 1.5 0.7 

41 2019-20 18-Apr-2020 0:36:30 2:29:29 1:32:30 Std Mix Dow PG Aluminum 34 12.75 17 113.0 56.0 50.8 1.8 57.0 2.0 0.5 

42 2019-20 18-Apr-2020 0:37:08 1:39:20 1:24:50 
10° 

Buffer 
Dow PG Aluminum 20 14.75 19.2 62.2 47.7 – – 14.5 1.3 0.8 

43 2019-20 18-Apr-2020 0:39:18 2:35:00 1:44:54 Std Mix Dow EG Aluminum 33 9.75 17.1 115.7 65.6 51.3 1.8 50.1 1.8 0.6 

44 2019-20 18-Apr-2020 0:39:40 1:44:06 1:24:30 10° 
Buffer 

Dow EG Aluminum 15.75 10.5 19.5 64.4 44.8 – – 19.6 1.4 0.7 

45 2019-20 18-Apr-2020 3:07:25 5:05:00 4:10:49 Std Mix Dow PG Aluminum 34 13 18.7 117.6 63.4 43.5 1.6 54.2 1.9 0.5 

46 2019-20 18-Apr-2020 3:07:56 4:22:00 4:02:42 
10° 

Buffer 
Dow PG Aluminum 20 13.5 19.3 74.1 54.8 – – 19.3 1.4 0.7 

47 2019-20 18-Apr-2020 3:10:10 4:58:15 4:11:48 Std Mix Dow EG Aluminum 33 10 18.8 108.1 61.6 43.2 1.7 46.5 1.8 0.6 

48 2019-20 18-Apr-2020 3:10:38 4:15:30 3:53:30 
10° 

Buffer 
Dow EG Aluminum 15.75 10 19.8 64.9 42.9 – – 22.0 1.5 0.7 
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C-8 

Log of Type I Frost Endurance Time Tests (cont'd) 

Test 
No. 

Adjusted 
Endurance 

Time 
(min) 

Adjusted 
Endurance 
Time to 

First 
Failure 
(min) 

Adjusted 
ΔTime 

(min): Std 
Mix - 10° 

Buffer 

Adjusted 
Test Ratio 

- Std 
Mix/10° 
Buffer 

Adjusted 
ΔTime 
(min): 

Failure - 
First Failure 

Adjusted 
Plate Ratio 

- 
Failure/First 

Failure 

Adjusted % 
of ET - First 

Failure/ 
Failure 

Average 
Rate 

(g/dm²/h) 

Average 
OAT 
(ºC) 

Approx. 
RH (%) 

Average 
Wind 
Speed 
(km/h) 

Approx. 
Plate 

Temperature 
(ºC) 

Approx. 
ΔT (ºC) Comments 

38 129.8 79.9 – – 50.0 1.6 0.6 0.09 -1.3 69 4.0 -7.2 5.88 
Although the FFPs are the same for EG & PG 10 Buffer, the lower 
glycol concentration for the EG resuled in a worse performance (ET) 

39 140.6 87.5 49.1 1.54 53.1 1.6 0.6 0.10 -1.4 70 3.9 -7.2 5.80 

  

40 91.5 60.2 – – 31.2 1.5 0.7 0.08 -1.0 66 4.3 -7.4 6.44 Although the FFPs are the same for EG & PG 10 Buffer, the lower 
glycol concentration for the EG resuled in a worse performance (ET) 

41 113.0 56.0 50.8 1.82 57.0 2.0 0.5 0.19 -0.4 78 7.5 -6.2 5.86 

  

42 62.2 47.7 – – 14.5 1.3 0.8 0.20 -0.7 79 7.2 -6.4 5.69 

  

43 115.7 65.6 51.3 1.80 50.1 1.8 0.6 0.20 -0.4 78 7.5 -6.2 5.86 
  

44 64.4 44.8 – – 19.6 1.4 0.7 0.20 -0.6 79 7.2 -6.2 5.56 
  

45 117.6 63.4 43.5 1.59 54.2 1.9 0.5 0.18 -1.3 77 4.6 -6.5 5.22  

  

46 74.1 54.8 – – 19.3 1.4 0.7 0.18 -0.9 77 4.9 -6.3  5.39  

  

47 108.1 61.6 43.2 1.67 46.5 1.8 0.6 0.18 -1.3 77 4.6 -6.5 5.26  

  

48 64.9 42.9 – – 22.0 1.5 0.7 0.18 -0.9 77 4.9 -6.3  5.39  
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APPENDIX E 
 

ANALYSIS REPORT: 
INVESTIGATION OF HISTORICAL METAR REPORTS TO DETERMINE 

FREQUENCY OF WEATHER TYPES 
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APPENDIX F 
 

PRESENTATIONS, FLUID MANUFACTURER REPORTS, AND 
TEST PROCEDURES FOR 2019-20 



 

 



 

 

STANDING COMMITTEE FOR OPERATIONS UNDER ICING CONDITIONS 
MEETING, OTTAWA, CANADA, OCTOBER 2019 

 
PRESENTATION: 

GROUND ICING RESEARCH PROGRAM PROJECTS AND INITIATIVES
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STANDING COMMITTEE FOR OPERATIONS UNDER ICING CONDITIONS 
MEETING, OTTAWA, CANADA, OCTOBER 2019 

 
PRESENTATION: 

ARTIFICIAL SNOW RESEARCH FOR HOLDOVER TIME DEVELOPMENT



 

 



APPENDIX F 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx 
Final Version 1.0, August 21 

F-7 



APPENDIX F 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx 
Final Version 1.0, August 21 

F-8 



APPENDIX F 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx 
Final Version 1.0, August 21 

F-9 



APPENDIX F 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx 
Final Version 1.0, August 21 

F-10 



APPENDIX F 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx 
Final Version 1.0, August 21 

F-11 



 

F-12 

This page intentionally left blank.



 

 

SAE G-12 HOLDOVER TIME COMMITTEE MEETING, MONTREAL, CANADA, 
NOVEMBER 2019 

 
PRESENTATION: 

ENDURANCE TIME TESTING PROGRAM WINTER 2019-20
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SAE G-12 HOLDOVER TIME COMMITTEE MEETING, MONTREAL, CANADA, 
NOVEMBER 2019 

 
PRESENTATION: 

ICING WIND TUNNEL RESEARCH SIMULATING ICE PELLET CONDITIONS



 

 



APPENDIX F 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx 
Final Version 1.0, August 21 

F-19 



APPENDIX F 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx 
Final Version 1.0, August 21 

F-20 



APPENDIX F 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx 
Final Version 1.0, August 21 

F-21 



APPENDIX F 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx 
Final Version 1.0, August 21 

F-22 



APPENDIX F 

APS/Library/Projects/300293 (TC Deicing 2019-20)/Reports/G & E/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx 
Final Version 1.0, August 21 

F-23 



 

F-24 

This page intentionally left blank.



 

 

SAE G-12 HOLDOVER TIME COMMITTEE, ONLINE (VIA WEBEX), 
MAY 2020 

 
PRESENTATION: 

WINTER 2019-20 ENDURANCE TIME TESTING UPDATE
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SAE G-12 HOLDOVER TIME COMMITTEE, ONLINE (VIA WEBEX), 
MAY 2020 

 
PRESENTATION: 

SAE G-12 HOT COMMITTEE: DOCUMENTS STATUS
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SAE G-12 HOLDOVER TIME COMMITTEE, ONLINE (VIA WEBEX), 
MAY 2020 

 
PRESENTATION: 

NATURAL SNOW CHARACTERIZATION TO SUPPORT ARTIFICIAL SNOW 
RESEARCH 2019-20 APS ACTIVITIES
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SAE G-12 HOLDOVER TIME COMMITTEE, ONLINE (VIA WEBEX), 
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