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PREFACE 
 
Under contract to the Transportation Development Centre of Transport Canada with support 
from the Federal Aviation Administration, APS Aviation Inc. has undertaken a research 
program to advance aircraft ground de/anti-icing technology. The primary objectives of the 
APS Aviation Inc. test program are the following: 
 
• To develop holdover time data for all newly-qualified de/anti-icing fluids and update and 

maintain the website for the holdover time guidelines; 

• To evaluate fluid holdover times for snow at very cold temperatures close to -25ºC;  

• To conduct heavy snow research to determine the highest usable precipitation rate 
(HUPR) for which operations are permitted; 

• To evaluate the effects of deploying flaps and slats, prior to takeoff, on fluid protection 
times; 

• To conduct exploratory testing to evaluate fluid effectiveness and characterize 
contamination on high angle vertical surfaces; 

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

• To obtain full-scale operational documentation of anti-icing fluid flow-off, fluid 
freezing-in-flight, and residual fluid thickness; 

• To conduct wind tunnel testing to support the development of the guidance material for 
operating in conditions mixed with ice pellets; 

• To update the regression coefficient report with the newly-qualified de/anti-icing fluids; 
and 

• To update the source documents used by Transport Canada and the Federal Aviation 
Administration for the maintenance and publication of the holdover time guidance 
material. 

 
The research activities of the program conducted on behalf of Transport Canada during the 
winter of 2015-16 are documented in five reports. The titles of the reports are as follows: 
 
• TP 15338E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program 

for the 2015-16 Winter; 

• TP 15339E Regression Coefficients and Equations Used to Develop the Winter 
2016-17 Aircraft Ground Deicing Holdover Time Tables; 

• TP 15340E Aircraft Ground Icing General Research Activities During the 2015-16 
Winter;  

• TP 15341E Wind Tunnel Trials to Support Further Development of Ice Pellet 
Allowance Times: Winter 2015-16; and  

• TP 15342E Testing of Endurance Times on Extended Flaps and Slats. 
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This report, TP 15338E, has the following objective: 
 
• To develop holdover time data for new de/anti-icing fluids and to document changes 

made to the holdover time guidelines. 
 
This objective was met by conducting endurance time tests with fluids in simulated freezing 
precipitation at the National Research Council Canada Climatic Engineering Facility in Ottawa 
and in natural snow at the APS Aviation Inc. test site at Montreal-Trudeau Airport in 
Montreal.  
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EXECUTIVE SUMMARY 
 
Under contract to the Transportation Development Centre of Transport Canada, with 
support from the Federal Aviation Administration (FAA), and several fluid 
manufacturers, APS Aviation Inc. (APS) has undertaken a testing and research 
program to further advance aircraft ground de/anti-icing technology. The program 
has a number of objectives, and work completed to address these objectives is 
documented in a series of related reports. The primary objective, the development of 
holdover time (HOT) guidelines for new de/anti-icing fluids, is addressed in this 
report. The objective was met by conducting holdover time tests with several 
de/anti-icing fluids. This report also documents changes made to the HOT guidelines 
for the winter of 2016-17. 
 
 
Test Procedures 
 
Test conditions, test parameters, and test bed specifications were determined based 
on the requirements of Aerospace Recommended Practice (ARP) 5485 and 
ARP5495, which were developed by the SAE International (SAE) G-12 Holdover Time 
Committee for Type II/III/IV and Type I fluids, respectively. The tests consisted of 
pouring freezing point depressant fluids onto clean, inclined (10°), standard flat 
aluminum plates. The plates were mounted on test stands and systematically 
exposed to a variety of natural or simulated icing conditions. For each plate, the 
elapsed time required to reach a predefined end condition was recorded.  
 
The variables measured during testing included: failure time, type of precipitation, 
rate of precipitation, visibility, wind speed, wind direction, ambient temperature, test 
surface temperature, fluid brand, fluid type, and fluid concentration. 
 
 
Data Collection and Testing 
 
During the 2015-16 test season, data was collected during natural snow and natural 
frost events at the APS test site at Montreal-Trudeau Airport in Montreal and several 
mobile test sites and in simulated precipitation conditions (freezing drizzle, light 
freezing rain, freezing fog, rain on cold-soaked surface) at the National Research 
Council Canada (NRC) Climatic Engineering Facility in Ottawa. 
 
APS conducted 896 tests in the winter of 2015-16. The results of testing were 
incorporated into the winter 2016-17 HOT guidelines. 
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Changes to the HOT Guidelines 
 
The changes below were made to the HOT guidelines for winter 2016-17. 
 

1. Fluid-specific HOT guidelines were added for four new fluids: Beijing Yadilite 
Aviation YD-102 Type II (Type II), Clariant Max Flight AVIA (Type IV), Clariant 
Safewing EG IV NORTH (Type IV) and Shaanxi Cleanway Aviation 
Cleansurface IV (Type IV). 

2. AllClear AeroClear MAX (Type III) and Deicing Solutions ECO-SHIELD® 
(Type IV) holdover times were updated as a result of supplemental testing with 
new samples. 

3. LNT Solutions P250 (Type II), Cryotech Polar Guard® (Type IV) and Dow 
Chemical UCARTM FlightGuard AD-480 (Type IV) were removed from the HOT 
guidelines. 

4. The holdover times for snow in the “below -14°C to LOUT” row were reduced 
for all Type II and Type IV fluids. Some of the reductions were later retracted 
in supplemental guidance materials. 

5. Changes were made to the Type II and Type IV generic HOT guidelines as a 
result of the new and removed fluids. The Type IV generic HOT table was 
expanded to include holdover times for three snowfall intensities: very light, 
light and moderate. 

6. Several changes were made to the Type III and Type IV allowance time tables. 
These include reordering of the existing precipitation type rows, the addition 
of new precipitation type rows, minor changes to some existing allowance 
times, and minor changes to the existing Type IV temperature bands. 

7. Transport Canada published special HOT tables for use when flaps/slats are 
deployed prior to de/anti-icing. These tables contain holdover times that are 
90 percent of the standard HOT table values. 

8. Changes have been made to the Type I and Type II/IV fluid application tables 
to improve harmonization with the FAA and SAE fluid application tables. 

9. Guidance for the application of Type III fluid was previously provided in the 
same table as the guidance provided for the application of Type II/IV fluid. This 
guidance was moved to two new Type III fluid application tables. 

 
 
Recommendations 
 
It is recommended that any new Type I, Type II, Type III or Type IV fluids be 
evaluated over the entire range of conditions encompassed by the HOT tables.  
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SOMMAIRE 
 
En vertu d’un contrat avec le Centre de développement des transports de Transports 
Canada, avec l’appui de la Federal Aviation Administration (FAA) et de plusieurs 
fabricants de liquides, APS Aviation Inc. (APS) a entrepris des essais et un 
programme de recherches visant à approfondir la technologie de dégivrage et 
d’antigivrage d’aéronefs au sol. Le programme poursuivait plusieurs objectifs et les 
travaux effectués pour atteindre ces objectifs sont documentés dans une suite de 
rapports connexes. Le principal objectif, le développement de lignes directrices sur 
les durées d’efficacité (HOT) de nouveaux liquides de dégivrage et d’antigivrage, fait 
l’objet du présent rapport. Pour atteindre cet objectif, des essais sur les durées 
d’efficacité ont été menés avec plusieurs liquides de dégivrage et d’antigivrage. Le 
présent rapport documente également l’ensemble des changements apportés aux 
lignes directrices sur les durées d’efficacité pour l’hiver 2016-2017. 
 
 
Procédures d’essai 
 
Les conditions d’essai, les paramètres d’essai et les spécifications relatives au banc 
d’essai ont été déterminés en vertu des exigences des pratiques recommandées en 
aérospatiale ARP5485 et ARP5495, élaborées par le comité G-12 de la SAE 
International (SAE) sur les durées d’efficacité pour les liquides de types II/III/IV et de 
type I, respectivement. Ces tests consistaient à verser des liquides abaisseurs du 
point de congélation sur des plaques en aluminium et en matériaux composites 
standards, plates, propres et inclinées (à 10°). Les plaques étaient montées sur un 
support d’essai et systématiquement exposées à une gamme de conditions de 
givrage, naturelles ou simulées. Pour chaque plaque, on notait le temps écoulé avant 
l’atteinte d’un état final prédéfini. 
 
Parmi les variables mesurées dans le cadre de ces essais, on notait : temps de 
défaillance, type de précipitation, taux de précipitation, visibilité, vitesse du vent, 
direction du vent, température ambiante, température de la surface d’essai, marque 
de commerce du liquide, type de liquide et concentration du liquide. 
 
 
Collecte de données et essais 
 
Les données recueillies au cours de la saison d’essai 2015-2016 concernaient des 
tests sous neige naturelle et givre naturel menés à l’installation d’essai d’APS, à 
l’aéroport Montréal-Trudeau, à Montréal, ainsi que sur plusieurs sites d’essai mobiles 
dans des conditions de précipitations simulées (bruine verglaçante, pluie verglaçante 
faible, brouillard verglaçant et pluie sur des surfaces imprégnées de froid) à 
l’installation de génie climatique du Conseil national de recherches du Canada 
(CNRC), à Ottawa. 
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Au cours de l’hiver 2015-2016, un total de 896 essais ont été menés par APS. Les 
résultats des essais effectués ont été inclus dans les lignes directrices relatives aux 
durées d’efficacité pour l’hiver 2016-2017. 
 
 
Changements aux lignes directrices sur les durées d’efficacité 
 
Les changements ci-dessous ont été apportés aux lignes directrices relatives aux 
durées d’efficacité pour l’hiver 2016-2017. 
 

1. Des lignes directrices relatives aux durées d’efficacité spécifiques à quatre 
nouveaux liquides, soit Beijing Yadilite Aviation YD-102 Type II (type II), 
Clariant Max Flight AVIA (type IV), Clariant Safewing EG IV NORTH (type IV) 
et Shaanxi Cleanway Aviation Cleansurface IV (type IV), ont été ajoutées. 

2. Les durées d’efficacité des liquides AllClear AeroClear MAX (type III) et 
Deicing Solutions ECO-SHIELDMD (type IV) ont été mises à jour à la suite 
d’essais supplémentaires effectués à l’aide de nouveaux échantillons. 

3. Les liquides LNT Solutions P250 (type II), Cryotech Polar GuardMD (type IV) et 
Dow Chemical UCARMC FlightGuard AD-480 (type IV) ont été retirés des lignes 
directrices relatives aux durées d’efficacité. 

4. Les durées d’efficacité dans des conditions de neige de la rangée « au-dessous 
de -14 °C à LOUT » ont été réduites pour tous les liquides de type II et de 
type IV. Certaines de ces réductions ont par la suite été retirées de documents 
d’orientation supplémentaires. 

5. À la suite du retrait de certains liquides et de l’ajout de nouveaux, des 
changements ont été apportés aux lignes directrices relatives aux durées 
d’efficacité génériques des liquides de type II et de type IV. Le tableau 
générique des durées d’efficacité des liquides de type IV a été étoffé pour 
inclure les durées d’efficacité dans de conditions de chutes de neige de trois 
intensités, soit très faibles, faibles et modérées.  

6. Plusieurs changements ont été apportés aux tableaux des marges de tolérance 
des liquides de type III et de type IV. Parmi ceux-ci, notons la réorganisation 
des rangées existantes relatives aux types de précipitations, l’ajout de rangées 
pour de nouveaux types de précipitations, des changements mineurs apportés 
à certaines des marges de tolérance existantes et d’autres changements 
mineurs relatifs aux plages de température existantes pour les liquides de 
type IV. 

7. Transports Canada a publié des tableaux spéciaux des durées d’efficacité 
conçus pour être utilisés lorsque les volets et becs de bord d’attaque sont 
déployés avant les opérations de dégivrage ou d’antigivrage. Ces tableaux 
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contiennent des durées d’efficacité dont les valeurs représentent 90 pour cent 
de celles du tableau standard des durées d’efficacité. 

8. Des changements ont été apportés aux tableaux d’application des liquides de 
type I, de type II et de type IV afin de mieux les harmoniser aux tableaux 
d’application des liquides de la FAA et de la SAE. 

9. Les lignes directrices pour l’application des liquides de type III étaient 
précédemment fournies dans le même tableau que celles relatives à 
l’application des liquides de type II et de type IV. Ces lignes directrices 
apparaissent désormais dans deux nouveaux tableaux pour l’application des 
liquides de type III. 

 
 
Recommandations 
 
Il est recommandé que tout nouveau liquide de type I, de type II, de type III ou de 
type IV soit évalué pour toute la gamme des conditions couvertes par les lignes 
directrices relatives aux durées d’efficacité. 
 



 

xii 

This page intentionally left blank. 



TABLE OF CONTENTS 

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\TP 15338E Final Version 1.0.docx 
Final Version 1.0, October 19 

xiii 

CONTENTS Page 

1. INTRODUCTION ........................................................................................................... 1 

1.1 Background ............................................................................................................. 1 
1.2 Objectives ............................................................................................................... 1 
1.3 Content of this Report ............................................................................................... 5 
1.4 Report Format .......................................................................................................... 5 
1.5 Publication of HOT Guidelines .................................................................................... 6 

1.5.1 Transport Canada .......................................................................................... 6 
1.5.2 FAA ............................................................................................................. 6 

2. TESTING IN 2015-16 .................................................................................................... 7 

2.1 Procedures .............................................................................................................. 7 
2.2 Software ................................................................................................................. 8 
2.3 Test Sites ................................................................................................................ 8 
2.4 Fluids Tested ........................................................................................................... 9 
2.5 Description of Tests ................................................................................................ 12 
2.6 Reporting .............................................................................................................. 12 
2.7 Supplemental Testing – Very Cold Snow Research ...................................................... 12 
2.8 Supplemental Testing – Frost Holdover Time Substantiation ......................................... 12 

3. CHANGES TO THE TYPE I HOT GUIDELINES .................................................................. 13 

3.1 New Fluids/Data ..................................................................................................... 13 
3.2 Changes to HOT Guidelines Format ........................................................................... 13 
3.3 Type I Generic Holdover Time Values ........................................................................ 13 

4. CHANGES TO THE TYPE II HOT GUIDELINES ................................................................. 15 

4.1 New Fluids/Data ..................................................................................................... 15 
4.1.1 New Fluids ................................................................................................. 15 
4.1.2 Supplemental Data ....................................................................................... 15 

4.2 Removed Fluids/Data .............................................................................................. 15 
4.3 Changes to HOT Guidelines Format ........................................................................... 16 
4.4 Type II Generic Holdover Time Values ....................................................................... 16 

4.4.1 Protocol for the Determination of Type II Generic Holdover Times ....................... 16 
4.4.2 Use of Generic Holdover Times in Very Cold Snow ........................................... 16 
4.4.3 Impact of New and Removed Fluids/Data ........................................................ 17 
4.4.4 Type II Generic Holdover Time Values and the Fluids Responsible ....................... 17 

4.5 Further Changes to Holdover Times Published for Type II/IV Fluids in Very Cold Snow ..... 20 

5. CHANGES TO THE TYPE III HOT GUIDELINES ................................................................ 21 

5.1 New Fluids/Data ..................................................................................................... 21 
5.2 Removed Fluids/Data .............................................................................................. 21 
5.3 Changes to HOT Guidelines Format ........................................................................... 21 
5.4 Type III Generic Holdover Time Values....................................................................... 21 

6. CHANGES TO THE TYPE IV HOT GUIDELINES ................................................................ 23 

6.1 New Fluids/Data ..................................................................................................... 23 
6.1.1 New Fluids ................................................................................................. 23 
6.1.2 New Formulations of Existing Fluids ............................................................... 23 
6.1.3 Supplemental Data ....................................................................................... 23 

6.2 Removed Fluids/Data .............................................................................................. 24 



TABLE OF CONTENTS 

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\TP 15338E Final Version 1.0.docx 
Final Version 1.0, October 19 

xiv 

6.3 Changes to HOT Guidelines Format ........................................................................... 24 
6.4 Type IV Generic Holdover Time Values ...................................................................... 24 

6.4.1 Protocol for the Determination of Type IV Generic Holdover Times ..................... 24 
6.4.2 Use of Generic Holdover Times in Very Cold Snow ........................................... 24 
6.4.3 Impact of New and Removed Fluids/Data ........................................................ 25 
6.4.4 Type IV Generic Holdover Time Values and the Fluids Responsible ...................... 25 

6.5 Further Changes to Holdover Times Published for Type II/IV Fluids in Very Cold Snow ..... 29 

7. OTHER CHANGES TO HOT GUIDELINES CONTENT ......................................................... 31 

7.1 Active Frost HOT Guidelines .................................................................................... 31 
7.2 Allowance Time Tables ........................................................................................... 31 
7.3 Fluid Application Tables ........................................................................................... 32 
7.4 Transport Canada Adjusted Holdover Time and Allowance Time Tables for Use When 

Flaps/Slats Deployed Prior to Anti-icing ..................................................................... 32 

8. SUPPLEMENTAL RESEARCH: ENDURANCE TIME TESTING IN SNOW AT VERY COLD 
TEMPERATURES ........................................................................................................ 33 

8.1 Background – Historical Data and Holdover Times ....................................................... 33 
8.2 Background – Winter 2014-15 Testing ...................................................................... 34 
8.3 Objective .............................................................................................................. 34 
8.4 Test Methodology .................................................................................................. 35 

8.4.1 Test Locations ............................................................................................ 35 
8.4.2 Test Procedures .......................................................................................... 36 
8.4.3 Fluids Tested .............................................................................................. 37 

8.5 Testing Challenges ................................................................................................. 39 
8.6 Data Collected – Natural Snow ................................................................................. 39 

8.6.1 Winter 2015-16 Only ................................................................................... 39 
8.6.2 Winter 2014-15 and 2015-16 Combined Data Set ........................................... 43 
8.6.3 Fluid Failure Photos ...................................................................................... 44 

8.7 Data Collected – Artificial Snow ............................................................................... 45 
8.8 Analysis ................................................................................................................ 48 
8.9 Observations ......................................................................................................... 50 
8.10 Conclusions ........................................................................................................... 50 
8.11 Recommendations .................................................................................................. 51 

8.11.1 Reductions to Existing Generic Holdover Times ................................................ 51 
8.11.2 Very Cold Snow Testing for New Type II/IV Fluids ............................................ 52 

8.12 Possible Future Mitigations ...................................................................................... 52 

9. SUPPLEMENTAL RESEARCH: DATA COLLECTION FOR REVIEW OF FROST HOLDOVER 
TIMES ...................................................................................................................... 59 

9.1 Background ........................................................................................................... 59 
9.2 Objective .............................................................................................................. 60 
9.3 Test Methodology .................................................................................................. 60 
9.4 Data Collected in 2015-16 ....................................................................................... 61 
9.5 Analysis Methodology ............................................................................................. 64 

9.5.1 Evaluation of Number of Data Points in Each HOT Table Cell .............................. 64 
9.5.2 Review of Current Data and Existing Active Frost Generic Holdover Times ........... 64 

9.6 Analysis ................................................................................................................ 65 
9.6.1 Evaluation of Number of Data Points in Each HOT Table Cell .............................. 65 
9.6.2 Review of Current Data and Existing Active Frost Generic Holdover Times ........... 66 

9.7 Observations ......................................................................................................... 70 
9.8 Recommendations .................................................................................................. 70 



TABLE OF CONTENTS 

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\TP 15338E Final Version 1.0.docx 
Final Version 1.0, October 19 

xv 

10. CONCLUSIONS .......................................................................................................... 71 

10.1 Annual Testing ....................................................................................................... 71 
10.2 Further Changes to Holdover Times Published for Type II/IV Fluids in Very Cold Snow ..... 72 
10.3 Supplemental Research: Very Cold Snow ................................................................... 73 
10.4 Supplemental Research: Review of Current and Obsolete Frost Endurance Time Data ....... 73 

11. RECOMMENDATIONS ................................................................................................. 75 

REFERENCES .................................................................................................................... 77 

 
 
LIST OF APPENDICES 

A Transportation Development Centre Work Statement Excerpt – Aircraft & Anti-Icing Fluid Winter 
Testing 2015-16 

B Procedures for Holdover Time Testing 

C Fluid Manufacturer Report: Methodology for Endurance Time Testing of Type II, III and IV Fluids 
Winter 2015-16 

D Fluid Manufacturer Report: Beijing Yadilite Aviation Advanced Materials Corporation YD-102 
Type II (Type II) 

E Fluid Manufacturer Report: AllClear AeroClear MAX (Type III) 

F Fluid Manufacturer Report: Clariant Max Flight AVIA (Type IV) 

G Fluid Manufacturer Report: Clariant Safewing EG IV NORTH (Type IV) 

H Fluid Manufacturer Report: Shaanxi Cleanway Aviation Chemical Co. Cleansurface IV (Type IV) 

I Fluid Manufacturer Report: Deicing Solutions ECO-SHIELD (Type IV) 

J Transport Canada and Federal Aviation Administration Holdover Time Guidelines, Winter 
2016-2017 

K Supplemental Holdover Time Guidance: Transport Canada Advisory Circular 007-040 and FAA 
Winter 2016-2017 Holdover Time Guidelines Addendum 1 

L Test Plan 2015-16: Conduct HOT Testing in Northern Locations to Validate HOT Data at -25°C 
and Close to LOUT to Support Generic HOTs – Test Requirements for Natural Precipitation Flat 
Plate Testing  

M Test Plan: Conduct Snowmaker Tests to Support Natural Snow Data Close to -25°C for the 
Evaluation of the Generic HOTs 

N Test Plan: Endurance Time Testing in Frost with Type I, II, III and IV Fluids – Further Substantiation 
of Frost Holdover Times 



 

xvi 

This page intentionally left blank. 



LIST OF TABLES, FIGURES, AND PHOTOS 

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\TP 15338E Final Version 1.0.docx 
Final Version 1.0, October 19 

xvii 

LIST OF TABLES Page 

Table 1.1: Summary of APS Holdover Time Testing Activities ................................................... 2 
Table 2.1: Fluid Receipt Data (Commercialized Fluids) ............................................................ 10 
Table 2.2: Fluid Characteristic Data (Commercialized Fluids) .................................................... 11 
Table 2.3: Summary of Tests Conducted .............................................................................. 12 
Table 4.1: Type II Generic Holdover Time Values and Responsible Fluids – Winter 2015-16 ......... 18 
Table 4.2: Type II Generic Holdover Time Values and Responsible Fluids – Winter 2016-17 ......... 19 
Table 6.1: Type IV Generic Holdover Time Values and Responsible Fluids – Winter 2015-16 ....... 27 
Table 6.2: Type IV Generic Holdover Time Values and Responsible Fluids – Winter 2016-17 ....... 28 
Table 8.1: Number of Fluids Tested in Winter 2015-16 .......................................................... 37 
Table 8.2: Details of Fluids Tested in Winter 2015-16 ............................................................ 38 
Table 8.3: Log of Tests – Natural Snow ............................................................................... 40 
Table 8.4: Summary of Testing Events – Winter 2015-16 ....................................................... 43 
Table 8.5: Summary of Tests Conducted by Fluid Type and Viscosity Type ............................... 43 
Table 8.6: Summary of Testing Events – Winters 2014-15 and 2015-16 .................................. 44 
Table 8.7: Summary of Tests Conducted by Fluid Type and Viscosity Type – Combined 2014-15 

and 2015-16 Data Set ........................................................................................ 44 
Table 8.8: Log of Tests – Artificial Snow ............................................................................. 46 
Table 9.1: Frost Data Collected in Winter 2015-16 ................................................................ 62 
Table 9.2: Active Frost Data Points – Current Fluids .............................................................. 65 
Table 9.3: Active Frost Data Acquisition Targets for 2016-17 Testing Season ........................... 66 
Table 9.4: Type II Active Frost Holdover Time Comparison ..................................................... 67 
Table 9.5: Type III Active Frost Holdover Time Comparison ..................................................... 68 
Table 9.6: Type IV Active Frost Holdover Time Comparison .................................................... 69 
 
 
LIST OF FIGURES Page 

Figure 8.1: Rendering of Collapsible Test Stand ..................................................................... 36 
Figure 8.2: Results by Snow Type, Fluid Type and Viscosity Type ........................................... 48 
Figure 8.3: Comparison of 2015-16 and Historic Artificial Snow Data....................................... 49 
Figure 8.4: Results of Natural vs. Artificial Replication Data Points ........................................... 49 
Figure 8.5: Recommended New Generic Holdover Times ......................................................... 51 
 
 
LIST OF PHOTOS Page 

Photo 8.1: Schefferville Photo Collage ................................................................................. 53 
Photo 8.2: Iqualuit Photo Collage ........................................................................................ 53 
Photo 8.3: Far North Testing – Required Equipment in Luggage ............................................... 54 
Photo 8.4: Far North Testing – Test Stand Setup .................................................................. 54 
Photo 8.5: Far North Testing – Assembled Test Stand ........................................................... 55 
Photo 8.6: Far North Testing – Rate Station.......................................................................... 55 
Photo 8.7: Far North Testing – Test Site .............................................................................. 56 
Photo 8.8: Cold Weather Testing Physical Challenges ............................................................ 56 
Photo 8.9: Fluid Failure Photo – Example 1 ........................................................................... 57 
Photo 8.10: Fluid Failure Photo – Example 2 ......................................................................... 57 
Photo 8.11: Fluid Failure Photo – Example 3 ......................................................................... 58 
Photo 8.12: Fluid Failure Photo – Example 4 ......................................................................... 58 
 



 

xviii 

This page intentionally left blank. 



GLOSSARY 

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\TP 15338E Final Version 1.0.docx 
Final Version 1.0, October 19 

xix 

GLOSSARY 
 
APS APS Aviation Inc. 

ARP Aerospace Recommended Practice 

CEF Climatic Engineering Facility  

FAA Federal Aviation Administration 

HOT Holdover Time 

IREQ Institut de Recherche d’Hydro-Québec 

LOUT Lowest Operational Use Temperature 

LOWV Lowest On-Wing Viscosity 

NRC National Research Council Canada 

SAE SAE International 

TDC Transportation Development Centre 

WSET Water Spray Endurance Test 



 

xx 

This page intentionally left blank. 



1.  INTRODUCTION 

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\TP 15338E Final Version 1.0.docx 
Final Version 1.0, October 19 

1 

1. INTRODUCTION 
 
Under winter precipitation conditions, aircraft are cleaned with a freezing point 
depressant fluid and protected against further accumulation by an additional 
application of such a fluid, possibly thickened to extend the protection time. Aircraft 
ground deicing had, until recently, never been researched and there is still an 
incomplete understanding of the hazard and of what can be done to reduce the risks 
posed by the operation of aircraft in winter precipitation conditions. This "winter 
operations contaminated aircraft – ground" program of research is aimed at 
overcoming this lack of knowledge. 
 
Since the early 1990s, the Transportation Development Centre (TDC) of Transport 
Canada has managed and conducted de/anti-icing related tests at various sites in 
Canada; it has also coordinated worldwide testing and evaluation of evolving 
technologies related to de/anti-icing operations with the co-operation of the United 
States Federal Aviation Administration (FAA), the National Research Council Canada 
(NRC), several major airlines, and deicing fluid manufacturers. The TDC is continuing 
its research, development, testing and evaluation program. 
 
Under contract to the TDC, with financial support from the FAA, APS Aviation Inc. 
(APS) has undertaken research activities to further advance aircraft ground 
de/anti-icing technology. 
 
 
1.1 Background 
 
APS has completed considerable testing related to de/anti-icing fluids on behalf of 
Transport Canada over the past two decades. Specifically, research has been 
conducted to determine fluid holdover times, to substantiate holdover time (HOT) 
tables, and to further the knowledge and development of deicing technology. A 
summary of the holdover time related research activities completed by APS is 
provided in Table 1.1. 
 
 
1.2 Objectives 
 
The primary objectives of the 2015-16 holdover time test program were to conduct 
flat plate tests under conditions of natural and simulated precipitation to determine 
de/anti-icing fluid endurance times for new fluids, to develop HOT guidelines based 
on samples of newly and previously qualified deicing and anti-icing fluids, and to 
document changes made to the HOT guidelines for the winter of 2016-17. 
 
The detailed objectives of the 2015-16 test program are provided in the work 
statement excerpt in Appendix A.  
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Table 1.1: Summary of APS Holdover Time Testing Activities 

Year TDC 
Publication # Conditions Tested Fluids Tested Test Locations 

1990-91 TP 11206E • Natural Precipitation (mostly snow) • Type II (100%) Mostly Montreal 
Worldwide 

1991-92 TP 11454E • Natural Precipitation (mostly snow) • Type III (first gen) Mostly Montreal 
St. John's 

1992-93 TP 11836E 

• Natural Snow 
• Simulated Freezing Drizzle (prelim) 
• Simulated Freezing Fog (outdoor) 
• Artificial Snow (prelim) 

• Type I 
• Type II (100%) 
• Type III (first gen) 

Montreal 
Ottawa (NRC) 

Rigaud 

1993-94 TP 12915E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (outdoor) 

• Primarily: Type II 
(dilutions) 

• Also: Type II 
(neat), Type I 

Montreal 
Ottawa (NRC) 

1994-95 TP 12654E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface 

(prelim) 

• Type I 
• Type II 
• Type IV (prelim) 

Montreal 
Ottawa (NRC) 

1995-96 TP 12896E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface 

• Type I 
• Type II 
• Type IV 

Montreal 
Ottawa (NRC) 

1996-97 TP 13131E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface  

• Type I 
• Type II (100%) 
• Type III (first gen) 
• Type IV 

Montreal 
Ottawa (NRC) 

1997-98 TP 13318E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface 

• Type IV Montreal 
Ottawa (NRC) 

1998-99 TP 13477E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface 
• Artificial Snow 

• Type I 
• Type II 
• Type IV (LV) 

Montreal 
Ottawa (NRC) 

1999-2000 TP 13659E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface  
• Artificial Snow 
• Preliminary Frost 

• Type I 
• Type II 
• Type IV 

Montreal 
Ottawa (NRC) 

Varennes (IREQ) 
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Table 1.1: Summary of APS Holdover Time Testing Activities (cont’d) 

Year TDC 
Publication # Conditions Tested Fluids Tested Test Locations 

2000-01 TP 13826E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface  
• Artificial Snow 
• Preliminary Frost 

• Type I 
• Type II 
• Type IV 

Montreal 
Ottawa (NRC) 

Varennes (IREQ) 

2001-02 TP 13991E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface 
• Artificial Snow 
• Preliminary Frost 

• Type I 
• Type II 
• Type IV 

Montreal 
Ottawa (NRC) 

Val-d'Or 
North Bay 
Thompson 

2002-03 TP 14144E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface 
• Artificial Snow 
• Preliminary Frost 

• Type I 
• Type II 
• Type IV 

Montreal 
Ottawa (NRC) 

Varennes (IREQ) 
St-Alexis 

2003-04 TP 14374E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface  
• Natural Frost 
• Artificial Snow 

• Type II 
• Type III 

Montreal 
Ottawa (NRC) 

Val-d'Or 
Ste-Adele 

2004-05 TP 14443E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface  
• Natural Frost 

• Type II 
• Type III 
• Type IV 

Montreal 
Ottawa (NRC) 

2005-06 TP 14712E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface  
• Natural Frost 
• Ice Pellets / Mixed Conditions 

• Type I 
• Type II 
• Type IV 

Montreal 
Ottawa (NRC) 

2006-07 TP 14776E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface  
• Natural Frost 
• Artificial Snow 
• Ice Pellets / Mixed Conditions 

• Type I 
• Type II 
• Type IV 

Montreal 
Ottawa (NRC) 
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Table 1.1: Summary of APS Holdover Time Testing Activities (cont’d) 

Year TDC 
Publication # Conditions Tested Fluids Tested Test Locations 

2007-08 TP 14869E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface  
• Natural Frost 
• Artificial Snow 
• Ice Pellets / Mixed Conditions 
• Snow Pellets 

• Type II 
• Type III 
• Type IV 

Montreal 
Ottawa (NRC) 

2008-09 TP 14933E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface 
• Natural Frost 
• Ice Pellets / Mixed Conditions 

• Type II 
• Type III 
• Type IV 

Montreal 
Ottawa (NRC) 

2009-10 TP 15050E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface 
• Ice Pellets / Mixed Conditions 
• Snow Pellets 

• Type I 
• Type II 
• Type IV 

Montreal 
Val-d'Or 
Dolbeau-
Mistassini 

Thetford Mines 
St-Sauveur 

Ottawa (NRC) 

2010-11 TP 15156E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface 
• Artificial Snow 
• Ice Pellets / Mixed Conditions 

• Type I 
• Type II 
• Type IV 

Montreal 
Ottawa (NRC) 

2011-12 TP 15156E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface 
• Artificial Snow 

• Type I 
• Type II 
• Type III 

Montreal 
Gaspésie 
Rimouski 
St-Jovite 

Edmundston 
Ottawa (NRC) 

2012-13 TP 15228E 

• Natural Snow 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface 
• Artificial Snow 

• Type I 
• Type II 
• Type III 

Montreal 
Ottawa (NRC) 

2013-14 TP 15271E 

• Natural Snow/Frost 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface 
• Artificial Snow 

• Type I 
• Type II 
• Type III 
• Type IV 

Montreal 
Val-d'Or 
Timmins 
Kuujjuaq 

Ottawa (NRC) 
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Table 1.1: Summary of APS Holdover Time Testing Activities (cont’d) 

Year TDC 
Publication # Conditions Tested Fluids Tested Test Locations 

2014-15 TP 15321E 

• Natural Snow/Frost 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface 
• Artificial Snow 

• Type I 
• Type II 
• Type III 
• Type IV 

Montreal 
Mirabel 

Morin Heights 
Beaconsfield 
Grand Prairie 
Ottawa (NRC) 

2015-16 TP 15338E 

• Natural Snow/Frost 
• Simulated Freezing Drizzle 
• Simulated Light Freezing Rain 
• Simulated Freezing Fog (indoor) 
• Rain on a Cold-Soaked Surface 
• Artificial Snow 

• Type II 
• Type III 
• Type IV 

Montreal 
Beaconsfield 

Blainville (PMG) 
St-Adèle 

Schefferville 
Iqaluit 

Ottawa (NRC) 

 
 
1.3 Content of this Report 
 
APS has written a report on the holdover time test program for each year it has been 
carried out. In 2003-04, the report was condensed to increase readability and to 
present the reader with, for the most part, only new and current information over 
the previous year’s report.  
 
Notably, the reader is now directed to Transport Canada report, TP 14144E, Aircraft 
Ground De/Anti-Icing Fluid Holdover Time Development Program for the 2002-03 
Winter (1), for the detailed test methodology and individual fluid test information is 
provided in appendices to the report rather than within the report itself. 
 
In the winter of 2009-10, a decision was made to include detailed test information 
only for fluids that are expected to be qualified and commercialized. Test information 
for other fluids is not included. 
 
 
1.4 Report Format 
 
The subsequent sections of this report contain the following: 
 

a) Section 2 summarizes 2015-16 testing; 

b) Section 3 documents changes to the Type I HOT guidelines; 

c) Section 4 documents changes to the Type II HOT guidelines; 

d) Section 5 documents changes to the Type III HOT guidelines; 
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e) Section 6 documents changes to the Type IV HOT guidelines; 

f) Section 7 documents changes to other HOT guidelines content; 

g) Section 8 documents supplemental natural snow testing conducted at very 
low temperatures; 

h) Section 9 documents supplemental frost testing; 

i) Section 10 presents conclusions derived from the test program; and  

j) Section 11 lists recommendations for future testing. 
 
 
1.5 Publication of HOT Guidelines 
 
HOT guidelines are published annually by both Transport Canada and the FAA. 
 
 
1.5.1 Transport Canada 
 
The Transport Canada HOT guidelines are published on the following website: 
 

• http://www.tc.gc.ca/eng/civilaviation/standards/commerce-holdovertime-
menu-1877.htm  

 
The Transport Canada HOT guidelines are intended to be used in conjunction with 
TP 14052E, Guidelines for Aircraft Ground Icing Operations (Second Edition) (2), 
which includes reference material related to ground icing operations. TP 14052E (2) 
is also available on the Transport Canada website. 
 
 
1.5.2 FAA 
 
The FAA HOT guidelines are published on the following website: 
 

• http://www.faa.gov/other_visit/aviation_industry/airline_operators/airline_safe
ty/deicing/  

 
The FAA HOT guidelines are intended to be used in conjunction with the N 8900 
series notice, Revised FAA-Approved Deicing Program Updates, Winter 
20xx-20xx (3), which is published annually and provides additional guidance and 
reference material applicable to the current winter. The latest N 8900 series is also 
available on the FAA website. 

http://www.tc.gc.ca/eng/civilaviation/standards/commerce-holdovertime-menu-1877.htm
http://www.tc.gc.ca/eng/civilaviation/standards/commerce-holdovertime-menu-1877.htm
http://www.faa.gov/other_visit/aviation_industry/airline_operators/airline_safety/deicing/
http://www.faa.gov/other_visit/aviation_industry/airline_operators/airline_safety/deicing/
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2. TESTING IN 2015-16 
 
An overview of the testing completed in the winter of 2015-16 is provided in this 
chapter. 
 
 
2.1 Procedures 
 
Test procedures for holdover time testing of Type II, III and IV fluids were developed 
in accordance with SAE International (SAE) Aerospace Recommended Practice 
(ARP) 5485, Endurance Time Tests for Aircraft Deicing/Anti-Icing Fluids: SAE 
Type II, III, and IV (4). Test procedures for holdover time testing of Type I fluids were 
developed in accordance with ARP5945, Endurance Time Tests for Aircraft 
Deicing/Anti-Icing Fluids: SAE Type I (5). 
 
Because this report serves as the publishing mechanism for the APS endurance time 
test program, all current endurance time test procedures are included in the report, 
even if they are not updated or used in a given year (for example, the Type I 
procedure is included even if no Type I fluids are tested). This is to ensure the most 
current procedure is available for reference. 
 
The procedures valid for the 2015-16 winter are included in Appendix B. They 
include: 
 

1. Procedure for Conducting Endurance Time Tests for SAE Deicing/Anti-icing 
Fluids – SAE Type II, III and IV; 

2. Determination of Endurance Times of Type I Fluids Under Natural Snow 
Precipitation at Dorval; 

3. Procedure: Endurance Time Testing in Frost with Type I, II, III and IV Fluids; 

4. Procedure: Endurance Time Test Requirements for Simulated Snow Flat Plate 
Testing – Type II, III and IV Fluids;  

5. Procedure: Development of Type I Protocol for Indoor Snow (ARP5495); and 

6. Overall Program of Tests at NRC, March/April 2016. 
 
The first two procedures provide the detailed test methodology for natural snow 
testing. The third procedure provides the detailed test methodology for indoor 
simulated light freezing rain, freezing fog, freezing drizzle and rain on cold-soaked 
surface testing. The fourth and fifth procedures provide the detailed test 
methodology for frost and artificial snow testing, respectively.  
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The sixth procedure was developed to coordinate holdover time testing and other 
aircraft ground icing research projects at the annual APS indoor simulated 
precipitation test session. Holdover time testing and other program element testing 
were conducted at the same session to maximize use of the facility and resources. 
 
The endurance time test methodology is described in detail in the Transport Canada 
report, TP 14144E, Aircraft Ground De/Anti-Icing Fluid Holdover Time Development 
Program for the 2002-03 Winter (1). 
 
The primary details of the test procedures used each winter, including details specific 
to the given winter (i.e. test sites), are summarized annually in a test methodology 
report. A copy of this report is included as Appendix C. The report is also included 
as an annex to each fluid manufacturer report (see Subsection 2.6). 
 
 
2.2 Software 
 
Over the winters of 2012-13 and 2013-14, two software projects were completed 
to improve the holdover time testing process. 
 

1. A new interface was created for the freezing precipitation (indoor) rate 
management program. The new interface streamlines the process for 
measuring and managing precipitation rates in freezing precipitation. 

2. An application was created to replace the paper-based end condition data 
form. It improves efficiency and accuracy in recording endurance times and 
adds new features to better manage the testing process. 

 
Further details on these upgrades are provided in the Transport Canada report, 
TP 15269E, Aircraft Ground Icing General Research Activities During the 2013-14 
Winter (6). 
 
 
2.3 Test Sites 
 
Simulated precipitation testing (freezing drizzle, light freezing rain, freezing fog and 
rain on cold-soaked surfaces) was conducted at the NRC Climatic Engineering Facility 
(CEF) in Ottawa. 
 
Natural snow testing was conducted primarily at the APS test site at the Pierre Elliott 
Trudeau Airport in Montreal. Several tests were also conducted at remote locations 
using a mobile test site. The remote locations included Beaconsfield (Quebec), 
Schefferville (Quebec), St-Adèle (Quebec) and Iqaluit (Nunavut).  
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Artificial snow testing was required in the winter of 2015-16. It was conducted at 
the APS test site at the Montreal airport and at the PMG Technologies Inc. cold 
chamber in Blainville (Quebec). 
 
 
2.4 Fluids Tested 
 
Seven fluids underwent endurance time testing in the winter of 2015-16. As 
described in Subsection 1.3, only the endurance time results of fluids that are 
expected to be commercialized are published in this report; the results of any other 
fluids that undergo testing are provided only to the fluid manufacturer(s).  
 
Two Type II fluids were tested: 

• Beijing Yadilite Aviation YD-102 Type II: This new Type II fluid underwent 
endurance time testing in winter 2015-16 and is expected to be 
commercialized in the future. The detailed test results are provided in 
Appendix D. 

• Type II Experimental Fluid: A Type II experimental fluid was submitted for 
testing. Testing was cancelled midway through the testing season at the 
request of the fluid manufacturer. This fluid will not be commercialized and 
therefore the detailed test results are not provided in this report. 

 
One Type III fluid was tested: 

• AllClear AeroClear MAX: A new formulation of this Type III fluid underwent 
endurance time testing in winter 2015-16 (100/0 only, no dilutions) and is 
expected to be commercialized in the future. The fluid was tested for use 
applied at ambient temperature. As a result of this testing, the previously 
published holdover times for this fluid were updated. The detailed test results 
are provided in Appendix E. 

 
Four Type IV fluids were tested: 

• Clariant Max Flight AVIA: This new Type IV fluid underwent endurance time 
testing in winter 2015-16 and the 100/0 fluid (only) is expected to be 
commercialized in the future. The detailed test results are provided in 
Appendix F. 

• Clariant Safewing EG IV NORTH: This new Type IV fluid underwent endurance 
time testing in winter 2015-16 and the 100/0 fluid (only) is expected to be 
commercialized in the future. The detailed test results are provided in 
Appendix G. 



2.  TESTING IN 2015-16 

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\TP 15338E Final Version 1.0.docx 
Final Version 1.0, October 19 

10 

• Shaanxi Cleanway Aviation Cleansurface IV: This new Type IV fluid underwent 
endurance time testing in winter 2015-16 and is expected to be 
commercialized in the future. The detailed test results are provided in 
Appendix H. 

• Deicing Solutions ECO-SHIELD: A new formulation of this Type IV fluid 
underwent endurance time testing in winter 2015-16 (100/0 only, no dilutions) 
and is expected to be commercialized in the future. As a result of this testing, 
the previously published holdover times for this fluid were updated. The 
detailed test results are provided in Appendix I. 

 
Additional relevant fluid receipt data for the commercialized fluids is provided in 
Table 2.1 (fluid receipt data) and Table 2.2 (fluid characteristic data). 
 

Table 2.1: Fluid Receipt Data (Commercialized Fluids) 

Fluid 
Manufacturer 

Fluid  
Name 

Fluid 
Type 

Fluid 
Formulation 

Date 
Received Batch # Dilutions 

Received (%) 

Beijing Yadilite 
Aviation 

YD-102  
Type II II Propylene 

Glycol 06-Jan-16 20151220 100, 75, 50 

AllClear AeroClear 
MAX III Ethylene 

Glycol 21-Sep-15 CB1-
PB8000A-2 100 

Clariant Max Flight 
AVIA IV Ethylene 

Glycol 22-Dec-15 TV 548 100, 75, 50 

Clariant Safewing EG 
IV NORTH IV Ethylene 

Glycol 22-Dec-15 TV 549 100, 75, 50 

Shaanxi 
Cleanway 
Aviation 

Cleansurface 
IV IV Propylene 

Glycol 23-Nov-15 15031901 100, 75, 50 

Deicing 
Solutions ECO-SHIELD® IV Propylene 

Glycol 04-Feb-16 160108D-CC 100 
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Table 2.2: Fluid Characteristic Data (Commercialized Fluids) 

Fluid Fluid 
Dil. 

Brix 
(Measured) 

WSET 
(mins) 

Freeze Point 
(Stated,°C) 

Aerodynamic 
LOUT 

(Stated,°C) 

Viscosity  
(Measured, mPa.s) 

Mfr. 
Method 

AS9968  
Method 

Beijing 
Yadilite 
Aviation 
YD-102  
Type II 

100/0 35.25° 56 -38.0 -29.0 4,5001 4,5001 

75/25 27.75° n/a -24.0 -19.5 12,8501 12,8501 

50/50 19.0° n/a -13.0 -9.5 8201 3002 

AllClear 
AeroClear 

MAX 
100/0 33.75° n/a -44.0 -16.0/-35.53 7,3004 n/a 

Clariant  
Max Flight 

AVIA 

100/0 31.75° >120 -39.9 -28.5 1,000² 1,000² 

75/25 24.75° n/a -23.5 -19.5 n/a5 n/a5 

50/50 17.25° n/a -12.6 -9.5 n/a5 n/a5 

Clariant 
Safewing EG 
IV NORTH  

100/0 31.5° 117 -39.5 -30 8302 830² 

75/25 24.5° n/a -23.6 -20 n/a5 n/a5 

50/50 17.0° n/a -11.8 -9.5 n/a5 n/a5 

Shaanxi 
Cleansurface 

IV 

100/0 38.5° >120 -40.0 -28.5 15,2006 15,2006 

75/25 31.25° n/a -25.2 -20.0 28,5006 28,5006 

50/50 21.75° n/a -11.0 -9.5 17,5006 17,5006 

Deicing 
Solutions 

ECO-SHIELD 
100/0 35.75° 110 -34.0°C -25.5°C 11,0507 11,0507 

1 Spindle LV1, 600 mL low form (Griffin) beaker, 575 mL of fluid, 20°C, 0.3 rpm, for 10.0 minutes 
2 Spindle LV0, UL adapter, 16 mL of fluid, 20°C, 0.3 rpm, for 10.0 minutes 
3 Low speed/high speed ramp 
4 Spindle SC4-31, small sample adapter, 9 mL, 0°C, 0.3 rpm, for 30.0 mins 
5 Viscosity measurements were not confirmed. Obtained results were not repeatable. 
6 Spindle LV2, 600 mL low form beaker, 425 mL of fluid, 20°C, 0.3 rpm, for 10.0 minutes 
7 Spindle LV1 (with guard leg), 600 mL low form (Griffin) beaker, 575 mL of fluid, 20°C, 0.3 rpm, for 

10.0 minutes 
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2.5 Description of Tests 
 
In total, 896 endurance time tests were conducted during the winter of 2015-16. A 
summary of the total number of tests conducted is shown by precipitation condition 
in Table 2.3. Details for each test are included in the detailed reports provided to the 
manufacturers (see Subsection 2.5). 
 

Table 2.3: Summary of Tests Conducted 

Precipitation Condition Tests Conducted 

Natural Snow 491 

Artificial Snow 3 

Freezing Fog 128 

Freezing Drizzle 104 

Light Freezing Rain 102 

Rain on Cold-Soaked Surface 40 

Natural Frost 28 

Total 896 

 
 
2.6 Reporting 
 
A comprehensive report was created for each fluid tested to document its 
performance in detail. These reports were provided to the fluid manufacturers. As 
per Subsection 1.3, copies of the reports for fluids which are expected to be 
qualified/commercialized have been included as appendices to this report. The 
relevant reports can be found in Appendices D, E, F, G, H and I. In addition, the 
Winter 2015-16 test methodology report is also provided as annex to each report. 
This report can be found in Appendix C. 
 
 
2.7 Supplemental Testing – Very Cold Snow Research 
 
Supplemental endurance time testing was conducted with Type II and Type IV fluids 
in snow at very cold temperatures in the winter of 2015-16. This research is 
documented in this report in Section 8. 
 
 
2.8 Supplemental Testing – Frost Holdover Time Substantiation 
 
Supplemental endurance time testing was conducted in active frost conditions in the 
winter of 2015-16. This research is documented in this report in Section 9. 
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3. CHANGES TO THE TYPE I HOT GUIDELINES 
 
Changes made to the Type I HOT guidelines for the winter of 2016-17 are 
documented in this chapter. The Transport Canada and FAA 2016-17 Type I HOT 
guidelines are included in Appendix J. 
 
 
3.1 New Fluids/Data 
 
A significant body of previous research and testing has indicated that all Type I fluids 
formulated with glycol perform in a similar manner from an endurance time 
perspective. As a result, regulators no longer require Type I deicing fluids formulated 
with propylene glycol, ethylene glycol or diethylene glycol to undergo endurance time 
testing. However, they do require testing of fluids formulated with other glycol bases 
or with non-glycol bases. This is to ensure the endurance time performance of these 
fluids is similar to that of the Type I fluids used to generate the current Type I 
holdover times. 
 
Endurance times of Type I fluids are still tested in some years, either (a) at the request 
of the fluid manufacturer or (b) because the fluid is not propylene glycol, ethylene 
glycol or diethylene glycol based.  
 
No Type I fluids were tested in the winter of 2015-16. 
 
 
3.2 Changes to HOT Guidelines Format 
 
No changes were made to the format of the Type I HOT guidelines for winter 
2016-17. 
 
 
3.3 Type I Generic Holdover Time Values 
 
No changes were made to the Type I generic holdover times for the winter of 
2016-17. 
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4. CHANGES TO THE TYPE II HOT GUIDELINES 
 
Changes made to the Type II HOT guidelines for the winter of 2016-17 are 
documented in this chapter. The Transport Canada and FAA 2016-17 Type II HOT 
guidelines are included in Appendix J. 
 
 
4.1 New Fluids/Data 
 
 
4.1.1 New Fluids 
 
One new Type II fluid was added to the HOT guidelines for the winter of 2016-17: 
Beijing Yadilite YD-102 Type II. This fluid underwent endurance time testing in the 
winter of 2015-16. Details of this testing are included in the associated report 
included as Appendix D. The introduction of this fluid led to several reductions in the 
generic Type II holdover times (see Subsection 4.4.2). 
 
At the request of the manufacturer, supplemental tests were conducted with YD-102 
Type II to evaluate the impact of a dye on its endurance time performance. The 
conclusion of these tests was that the holdover times derived for the fluid are valid 
for both undyed (colourless) and dyed (coloured) versions of the fluid. Details of this 
testing are included in Appendix D.  
 
 
4.1.2 Supplemental Data 
 
Supplemental data was collected with a variety of Type II and Type IV fluids in very 
cold natural snow conditions in the winter of 2015-16. This data indicated the 
existing generic snow holdover times in the coldest temperature band were not 
appropriate. As a result, the holdover times in these cells were reduced for the winter 
of 2016-17. This research is described in further detail in Section 8. 
 
 
4.2 Removed Fluids/Data 
 
LNT Solutions P250 was removed from the HOT guidelines for the winter of 2016-17 
at the request of the regulators. The removal of this fluid did not impact the generic 
Type II holdover times (see Subsection 4.4.2). 
 
 
  



4.  CHANGES TO THE TYPE II HOT GUIDELINES 

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\TP 15338E Final Version 1.0.docx 
Final Version 1.0, October 19 

16 

4.3 Changes to HOT Guidelines Format 
 
No changes were made to the format of the Type II HOT Guidelines for winter 
2016-17. 
 
 
4.4 Type II Generic Holdover Time Values 
 
Generic Type II holdover times are published annually. These holdover times 
represent the worst case performance of all Type II fluids and can be used with any 
Type II fluid. The protocol used to determine the Type II generic holdover time values 
each winter is described in Subsection 4.4.1. Subsection 4.4.2 describes the impact 
of new and removed data on the generic holdover times. Subsection 4.4.3 presents 
the changes to the generic holdover times for winter 2016-17 and details the fluids 
that are responsible for each generic holdover time value. 
 
 
4.4.1 Protocol for the Determination of Type II Generic Holdover Times 
 
The generic HOT guidelines for Type II fluid were developed prior to 1996-97 based 
on the results of endurance time tests with “grandfathered” fluids. Since 1999-2000, 
fluid-specific holdover times have been developed for each new Type II fluid tested, 
and the generic Type II holdover times have been generated each year by taking the 
shortest holdover times of: 
 

1. All Type II fluids listed in the Transport Canada and FAA HOT guidelines 
documents; 

2. The “grandfathered” fluid data (included to account for the performance of 
grandfathered fluids which do not have fluid-specific holdover time data 
available, i.e. Kilfrost ABC-3); and 

3. All fluids on the Transport Canada and FAA list of Type IV fluids (included 
because all Type IV fluids also qualify as Type II fluids). 

 
It should be noted that the HOT guidelines includes fluids whose qualifications have 
recently expired (i.e. within four years). Fluids are only removed from the generic 
analysis when they are removed from HOT guidelines. 
 
 
4.4.2 Use of Generic Holdover Times in Very Cold Snow 
 
Following the winter of 2003-04, a decision was made that fluid-specific holdover 
times would not be provided for Type II fluids in snow at temperatures below -14°C. 
This was due to the limited data that exits for most fluids at these temperatures. 
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Instead, all Type II fluids are given pre-established “generic” holdover times in very 
cold snow. These holdover times are determined based on historical data and 
analysis. As described in Section 8, modifications were made to these values for the 
winter of 2016-17 (specific details provided in Subsection 8.11.1). 
 
 
4.4.3 Impact of New and Removed Fluids/Data 
 
The addition of the new Type II fluid led to twelve reductions to the Type II generic 
holdover times. All of the reductions were 5 minutes or less. 
 
 
4.4.4 Type II Generic Holdover Time Values and the Fluids Responsible 
 
The Type II generic holdover times and the fluids that are responsible for them are 
shown in Table 4.1 and Table 4.2 for winters 2015-16 and 2016-17, respectively. 
Changes made to the holdover times for winter 2016-17 are show in Table 4.2 in 
red (decreases) and green (increases). The winter 2015-16 table is included for 
reference.  
 
Due to space limitations, the following abbreviations are used in the tables: 
 

• ABAX Ecowing 26 (A-E26); 

• Aviation Shaanxi Cleanwing II (AS-CII); 

• Beijing Yadilite YD-102 Type II (B-YD); 

• Clariant Safewing MP II FLIGHT (C-Flight); 

• Clariant Safewing MP II FLIGHT PLUS (C-Flight+); 

• Kilfrost ABC-Ice Clear II (K-A-IC); 

• Kilfrost ABC-K Plus (K-ABC-K+);  

• Newave Aerochemical FCY-2 (N-FCY-2); and 

• Newave Aerochemical FCY-2 Bio+ (N-FCY-2B). 
 
In both tables it should be noted that: 
 

• “Grandfather” is indicated where “grandfathered” fluids are responsible for 
times in the cells;  

• “Type IV” is indicated where Type IV fluids are responsible for times in the 
cells; and  

• A “U” indicates the fluid is responsible for the upper value in the cell, an “L” 
indicates the fluid is responsible for the lower value in the cell, and a “B” 
indicates the fluid is responsible for both the upper and lower cell values. 
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Table 4.1: Type II Generic Holdover Time Values and Responsible Fluids – Winter 2015-16 

Outside Air 
Temperature 
(Degrees Celsius) 

Type II Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/Volume %) 

Approximate Holdover Times Under Various Weather Conditions (hours:minutes) 

Freezing Fog  
or  

Ice Crystals 

Snow, 
Snow Grains or 
Snow Pellets 

Freezing 
Drizzle 

Light 
Freezing  

Rain 

Rain on Cold 
Soaked Wing 

-3 and above 

100/0 

0:35 – 1:30 0:20 – 0:45 0:30 – 1:00 0:15 – 0:30 0:07 – 0:40 

Grandfather (B) Grandfather (B) Grandfather (B) Grandfather (B) K-A-IC (L) 
Grandfather (U) 

75/25 

0:25 – 1:00 0:15 – 0:30 0:20 – 0:45 0:10 – 0:25 0:05 – 0:25 

Grandfather (B) Grandfather (B) Grandfather (B) 
N-FCY-2 (U) 
K-A-IC (U) 

Grandfather (B) 
N-FCY-2 (U) 

N-FCY-2B (U) 

Grandfather (B) 
N-FCY-2 (B) 
K-A-IC (L) 

50/50 

0:15 – 0:30 0:05 – 0:15 0:10 – 0:20 0:05 – 0:10 

CAUTION: 
No holdover time 

guidelines 
exist  

K-A-IC (B) 
N-FCY-2B (B) 

Grandfather (L) 

Grandfather (B) 
K-ABC-K+ (U) 

K-A-IC (U) 
N-FCY-2B (U) 
Type IV (U) 

Grandfather (B) 
K-A-IC (B) 

N-FCY-2 (B) 
N-FCY-2B (B) 

Grandfather (B) 
A-E26 (U) 
K-A-IC (U) 

N-FCY-2 (U) 
N-FCY-2B (U) 

below -3 
to -14 

100/0 

0:20 – 1:05 0:15 – 0:30 0:20 – 0:45 0:10 – 0:20 

Type IV (L) 
K-ABC-K+ (U) 

N-FCY-2 (B) 
N-FCY-2B (B) 

Grandfather (L) 

N-FCY-2 (B) Grandfather (L) 
N-FCY-2 (U) 

75/25 

0:25 – 0:50 0:08 – 0:20 0:15 – 0:30 0:08 – 0:15 

Type IV (B) 
Grandfather (L) 
K-ABC-K+ (L) 
C-Flight (L) 

N-FCY-2B (B) 
N-FCY-2 (U) 

N-FCY-2 (B) 
Type IV (L) 

N-FCY-2 (B) 

below -14 
to LOUT 100/0 

0:15 – 0:35 0:15 – 0:30 

 Type IV (L) 
N-FCY-2 (U) 

Historic Generic (B) 
Grandfather (B) 

L = DRIVES LOWER LIMIT      U = DRIVES UPPER LIMIT      B = DRIVES BOTH 
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Table 4.2: Type II Generic Holdover Time Values and Responsible Fluids – Winter 2016-17 

Outside Air 
Temperature 
(Degrees Celsius) 

Type II Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/Volume %) 

Approximate Holdover Times Under Various Weather Conditions (hours:minutes) 

Freezing Fog  
or  

Ice Crystals 

Snow, 
Snow Grains or 
Snow Pellets 

Freezing 
Drizzle 

Light 
Freezing  

Rain 

Rain on Cold 
Soaked Wing 

-3 and above 

100/0 
0:35 – 1:30 0:20 – 0:45 0:30 – 1:00 0:15 – 0:30 0:07 – 0:40 

Grandfather (B) Grandfather (B) Grandfather (B) Grandfather (B) K-A-IC (L) 
Grandfather (U) 

75/25 

0:25 – 0:55 0:15 – 0:25 0:15 – 0:40 0:10 – 0:20 0:04 – 0:25 

B-YD (B) 
Grandfather (L) 

B-YD (B) 
Grandfather (L) 

B-YD (B) B-YD (B) 
Grandfather (L) 

B-YD (B) 
Grandfather (U) 

N-FCY-2 (U) 

50/50 

0:15 – 0:25 0:05 – 0:10 0:08 – 0:15 0:05 – 0:09 

CAUTION: 
No holdover time 

guidelines 
exist  

B-YD (B) 
K-A-IC (L) 

N-FCY-2B (L) 
Grandfather (L) 

B-YD (B) 
Grandfather (L) 

B-YD (B) Grandfather (L) 
B-YD (U) 

below -3 
to -14 

100/0 

0:20 – 1:05 0:15 – 0:30 0:20 – 0:45 0:10 – 0:20 

Type IV (L) 
K-ABC-K+ (U) 

B-YD (B) 
N-FCY-2 (B) 
N-FCY-2B (B) 

Grandfather (L) 

N-FCY-2 (B) Grandfather (L) 
N-FCY-2 (U) 

75/25 

0:25 – 0:50 0:08 – 0:20 0:15 – 0:25 0:08 – 0:15 

B-YD (U) 
Grandfather (L) 
K-ABC-K+ (L) 
C-Flight (L) 

B-YD (B) 
N-FCY-2B (B) 
N-FCY-2 (U) 

B-YD (B) 
N-FCY-2 (L) 
Type IV (L) 

N-FCY-2 (B) 
B-YD (U) 

below -14 
to LOUT 100/0 

0:20 – 0:35 0:08 – 0:10 

 

Type IV (L) B-YD (L) 
AS-CII (L) K-A-IC (L) 

N-FCY-2B (L) 
C-Flight+ (L) 

Grandfather (L) 
N-FCY-2 (U) 

Generic (B) 

L = DRIVES LOWER LIMIT      U = DRIVES UPPER LIMIT      B = DRIVES BOTH 
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4.5 Further Changes to Holdover Times Published for Type II/IV Fluids 
in Very Cold Snow 

 
Following the publication of the winter 2016-17 original issue holdover time guidance 
materials in August 2016, Transport Canada and the FAA subsequently reviewed the 
reductions made to holdover times published for Type II and Type IV fluids in snow 
at temperatures below -14°C. This was done at the request of the industry. 
 
The result of this review was that the regulators issued optional changes (increases) 
to the holdover times in snow for:  
 

• Type IV ethylene glycol based fluids, below -14°C; and 

• Type II/IV propylene glycol based fluids, below -14 to -18°C. 
 
In these conditions, the holdover times reverted to the holdover times that were 
published for all Type II and Type IV fluids in snow below -14°C for winter 2015-16. 
 
Transport Canada published the updated holdover times and regression information 
through an Advisory Circular. Advisory Circular 007-040, Supplemental Holdover 
Timetables and Regression Information for SAE Type II and IV Fluids, was published 
on October 18, 2016. FAA published the updated holdover times in an addendum to 
the HOT Guidelines, which was published on September 30, 2016. 
 
Copies of the Transport Canada Advisory Circular and FAA HOT Guidelines 
addendum are included in Appendix K.
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5. CHANGES TO THE TYPE III HOT GUIDELINES 
 
Changes made to the Type III HOT guidelines for the winter of 2016-17 are 
documented in this chapter. The Transport Canada and FAA 2016-17 Type III HOT 
guidelines are included in Appendix J. 
 
 

5.1 New Fluids/Data 
 
A new formulation of the Type III fluid AllClear AeroClear MAX underwent endurance 
time testing in the winter of 2015-16. The fluid was tested for use applied at ambient 
temperature and only 100/0 fluid was tested (no dilutions were tested). Due to the 
fluid’s unusually low lowest operational use temperature (LOUT), special testing was 
conducted in artificial snow to determine holdover times for the fluid in snow at very 
cold temperatures. Details of this testing are included in the associated report 
included as Appendix E. 
 
The protocol for integrating new data for an existing fluid is provided in ARP5718, 
Qualification Process for SAE AMS1428 Type II, III, and IV Fluids (7) §5.5.4. As the 
formulation had the same viscosity as the previously tested formulation, the lowest 
test data from the two formulations was used to determine each fluid-specific 
holdover time in the two associated fluid-specific HOT tables, which were updated 
accordingly for the winter of 2016-17. 
 
 

5.2 Removed Fluids/Data 
 
The protocol for removing obsolete holdover time data is given in ARP5718 (7). No 
Type III data was removed from the HOT guidelines for the winter of 2016-17. 
 
 

5.3 Changes to HOT Guidelines Format 
 
No changes were made to the Type III HOT guidelines format for the winter of 
2016-17. 
 
 

5.4 Type III Generic Holdover Time Values 
 
As the two Type III fluids currently in the HOT guidelines are intended for use with 
different application temperatures (and no data exists for the fluids for the other 
application temperature), it is not possible at this time to provide generic holdover 
times for Type III fluids. Therefore, a generic Type III HOT table is not included in the 
2016-17 HOT guidelines. This could change in future if the available fluids and/or 
data changes. 
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6. CHANGES TO THE TYPE IV HOT GUIDELINES 
 
Changes made to the Type IV HOT guidelines for the winter of 2016-17 are 
documented in this chapter. The Transport Canada and FAA 2016-17 Type IV HOT 
guidelines are included in Appendix J. 
 
 
6.1 New Fluids/Data 
 
 
6.1.1 New Fluids 
 
Three new Type IV fluids were added to the HOT guidelines for the winter of 
2016-17: Clariant Max Flight AVIA, Clariant Safewing EG IV NORTH and Shaanxi 
Cleanway Aviation Cleansurface IV. These new fluids underwent endurance time 
testing in the winter of 2015-16. Details of this testing are included in the associated 
reports included as Appendices F, G and H, respectively. It should be noted that, at 
the request of the manufacturer, holdover times were only provided for 100/0 fluid 
for the Clariant fluids (not for 75/25 or 50/50). The introduction of these fluids led 
to several reductions in the generic Type IV holdover times (see Subsection 6.4.2). 
 
 
6.1.2 New Formulations of Existing Fluids 
 
A new formulation of the Type IV fluid Deicing Solutions ECO-SHIELD underwent 
endurance time testing in the winter of 2015-16 (100/0 only, no dilutions). Details 
of this testing are included in the associated report included as Appendix I. The 
protocol for integrating new data for existing fluids is provided in ARP5718 (7) 
§5.5.4. As the formulation had a higher viscosity than the previously tested 
formulation, the data collected in 2015-16 replaced the data collected previously and 
the holdover times and lowest on-wing viscosity (LOWV) for this fluid were updated 
accordingly. The new ECO-SHIELD data resulted in several changes to the generic 
Type IV holdover times (see Subsection 6.4.2).  
 
 
6.1.3 Supplemental Data 
 
Supplemental data was collected with a variety of Type II and Type IV fluids in very 
cold natural snow conditions in the winter of 2015-16. This data indicated the 
existing generic snow holdover times in the coldest temperature band were not 
appropriate. As a result, the holdover times in these cells were reduced for the winter 
of 2016-17. This research is described in further detail in Section 8. 
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6.2 Removed Fluids/Data 
 
The protocol for removing obsolete holdover time data is given in ARP5718 (7). As 
per the protocol, Cryotech Polar Guard and Dow Chemical UCAR™ FlightGuard 
AD-480 were removed from the HOT guidelines for the winter of 2016-17, as was 
obsolete data for Deicing Solutions ECO-SHIELD (see Subsection 6.1). The removal 
of these fluids significantly impacted the generic Type IV holdover times (see 
Subsection 6.4.2). 
 
 
6.3 Changes to HOT Guidelines Format 
 
Columns were added to the Type IV generic HOT guidelines for moderate, light and 
very light snow (previously there was a single snow column populated with moderate 
snow data). This was possible for the first time in winter 2016-17 as all Type IV 
fluid-specific HOT guidelines included cells for moderate, light and very light snow. 
 
 
6.4 Type IV Generic Holdover Time Values 
 
Generic Type IV holdover times are published annually. These holdover times 
represent the worst case performance of all Type IV fluids and can be used with any 
Type IV fluid. The protocol used to determine the generic holdover time values each 
winter is described in Subsection 6.4.1. Subsection 6.4.2 describes the impact of 
new and removed data on the generic holdover times. Subsection 6.4.3 presents the 
changes to the generic holdover times for winter 2016-17 and details the fluids that 
are responsible for the values. 
 
 
6.4.1 Protocol for the Determination of Type IV Generic Holdover Times 
 
The values in the Type IV generic HOT table are generated each year by taking the 
shortest holdover times of all Type IV fluids listed in the Transport Canada and FAA 
HOT guidelines. It should be noted that the HOT guidelines includes fluids whose 
qualifications have recently expired (i.e. within four years). Fluids are only removed 
from the generic analysis when they are removed from HOT guidelines. 
 
 
6.4.2 Use of Generic Holdover Times in Very Cold Snow 
 
Following the winter of 2003-04, a decision was made that fluid-specific holdover 
times would not be provided for Type IV fluids in snow at temperatures below -14°C. 
This was due to the limited data that exits for most fluids at these temperatures. 
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Instead, all Type IV fluids are given pre-established “generic” holdover times in very 
cold snow. These holdover times are determined based on historical data and 
analysis. As described in Section 8, modifications were made to these values for the 
winter of 2016-17 (specific details provided in Subsection 8.11.1). 
 
 
6.4.3 Impact of New and Removed Fluids/Data 
 
The impact of the new and removed fluids/data on the Type IV generic holdover 
times was as follows: 
 

• The addition of Max Flight resulted in one 2-minute decrease; 

• The addition of Safewing EG IV NORTH resulted in one 2-minute decrease; 

• The addition of Shaanxi Cleanway Aviation Cleansurface IV resulted in one 
5-minute decrease; 

• The new ECO-SHIELD data resulted in three 10 to 15 minute decreases and 
one 15-minute increase;  

• The removal of Cryotech Polar Guard resulted in six 5 to 10-minute increases; 
and 

• The removal of Dow Chemical UCAR™ FlightGuard AD-480 resulted in ten 
increases of 5 to 20 minutes. 

 
 
6.4.4 Type IV Generic Holdover Time Values and the Fluids Responsible 
 
The Type IV generic holdover times and the fluids that are responsible for them are 
shown in Table 6.1 and Table 6.2, for winters 2015-16 and 2016-17, respectively. 
Changes made to the holdover times for winter 2016-17 are show in Table 6.2 in 
red (decreases) and green (increases). The winter 2015-16 table is included for 
reference.  
 
Due to space limitations, the following abbreviations are used in the tables: 
 

• ABAX Ecowing AD-49 / Dow UCAR FlightGuard AD-49 (A/D-49); 

• Clariant Max Flight 04 (C-MF-04); 

• Clariant Max Flight SNEG (C-MF-S); 

• Clariant Safewing MP IV LAUNCH PLUS (C-L+); 

• Clariant Safewing EG IV NORTH (C-NORTH); 

• Cryotech Polar Guard (CR-PG); 
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• Cryotech Polar Guard Advance (CR-PGA); 

• Deicing Solutions ECO-SHIELD (DS-ES); 

• Dow UCAR FlightGuard AD-480 (D-480); 

• Kilfrost ABC-S PLUS (K-ABCS+); 

• LNT Solutions E450 (L-E450); 

• Newave Aerochemical FCY 9311 (N-9311); and 

• Shaanxi Cleanway Aviation Cleansurface IV (SC-CIV). 
 
In both tables, the following abbreviations are used: 
 

• A “U” indicates the fluid is responsible for the upper value in the cell; 

• An “L” indicates the fluid is responsible for the lower value in the cell; and 

• A “B” indicates the fluid is responsible for both the upper and lower values in 
the cell. 

 
In Table 6.2, holdover times are provided for given precipitation rates in snow. These 
correspond to the snow holdover times as follows: 
 

• Very light snow (Transport Canada): 4 g/dm²/h; 

• Very light snow (FAA): lower limit = 3 g/dm²/h; upper limit = 4 g/dm²/h; 

• Light snow: lower limit = 4 g/dm²/h; upper limit = 10 g/dm²/h; and 

• Moderate snow: lower limit = 10 g/dm²/h; upper limit = 25 g/dm²/h. 
 
Finally, it should be noted that Transport Canada caps snow holdover times at 
two hours while FAA caps them at three hours. The values in the tables are capped 
at three hours. 
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Table 6.1: Type IV Generic Holdover Time Values and Responsible Fluids – Winter 2015-16 

Outside Air 
Temperature 
(Degrees Celsius) 

Type IV Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/Volume %) 

Approximate Holdover Times Under Various Weather Conditions (hours:minutes) 

Freezing Fog  
or  

Ice Crystals 

Snow, 
Snow Grains or 
Snow Pellets 

Freezing 
Drizzle 

Light 
Freezing  

Rain 

Rain on Cold 
Soaked Wing 

-3 and above 

100/0 

1:30 – 2:25 0:35 – 1:10 0:50 – 1:30 0:35 – 0:50 0:10 – 1:25 

DS-ES (B) N-9311 (B) D-480 (B) D-480 (L) 
DS-ES (U) 

A/D-49 (L) 
CR-PG (U) 
N-9311 (U) 

75/25 

1:25 – 2:40 0:30 – 1:05 0:50 – 1:15 0:30 – 0:45 0:09 – 1:15 

K-ABCS+ (B) 
CR-PG (U) D-480 (B) D-480 (B) D-480 (B) 

K-ABCS+ (L) 

CR-PGA (L) 
CR-PG (U) 
D-480 (U) 

50/50 

0:25 – 0:40 0:09 – 0:15 0:15 – 0:25 0:09 – 0:15 

CAUTION: 
No holdover time 

guidelines 
exist  

CR-PG (B) 
A/D-49 (L) 

D-480 (L) 
CR-PG (U) 

CR-PG (B) 
D-480 (B) 
A/D-49 (L) 

K-ABCS+ (L) 

D-480 (B) 
CR-PGA (L) 
A/D-49 (U) 
CR-PG (U) 

below -3 
to -14 

100/0 

0:20 – 1:20 0:25 – 0:50 0:25 – 1:10 0:15 – 0:25 

D-480 (B) 
A/D-49 (L) N-9311 (B) 

CR-PG (B) 
A/D-49 (L) 
C-L+ (L) 

C-MF-04 (L) 
D-480 (L) 

K-ABCS+ (L) 

CR-PG (L) 
D-480 (L) 
A/D-49 (U) 

75/25 

0:25 – 0:50 0:20 – 0:40 0:15 – 1:05 0:15 – 0:25 

D-480 (B) CR-PG (B) 
D-480 (L) 

A/D-49 (B) 
C-L+ (U) 

C-MF-S (U) 
CR-PG (U) 

CR-PGA (U) 
D-480 (U) 

A/D-49 (B) 
K-ABCS+ (B) 

D-480 (L) 

below -14 
to LOUT 100/0 

0:15 – 0:40 0:15 – 0:30 

 D-480 (B) 
A/D-49 (U) 
CR-PG (U) 

Historic Generic (B) 

L = DRIVES LOWER LIMIT      U = DRIVES UPPER LIMIT      B = DRIVES BOTH 
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Table 6.2: Type IV Generic Holdover Time Values and Responsible Fluids – Winter 2016-17 

Outside Air 
Temperature 
(Degrees Celsius) 

Type IV Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/Volume %) 

Approximate Holdover Times Under Various Weather Conditions (hours:minutes) 

Freezing Fog  
or  

Ice Crystals 

Snow, Snow Grains or Snow Pellets Freezing 
Drizzle 

Light 
Freezing  

Rain 

Rain on Cold 
Soaked Wing 25 g/dm²/h 10 g/dm²/h 4 g/dm²/h 3 g/dm²/h 

-3 and 
above 

100/0 
1:15 – 2:40 0:35 1:10 2:20 2:45 0:40 – 1:30 0:35 – 0:40 0:08 – 1:25 

DS-ES (B) N-9311 N-9311 N-9311 L-E450 DS-ES (B) DS-ES (B) C-NORTH (L) 
N-9311 (U) 

75/25 

1:25 – 2:40 0:45 1:15 2:05 2:15 0:50 – 1:20 0:30 – 0:45 0:09 – 1:15 

K-ABCS+ (B) 
CR-PGA 

K-ABCS+ 
SC-CIV 

K-ABCS+ A/D-49 
K-ABCS+ A/D-49 SC-CIV (L) 

K-ABCS+ (U) 
K-ABCS+ (L) 
SC-CIV (U) 

SC-CIV (B) 
CR-PGA (L) 

50/50 

0:25 – 0:50 0:15 0:25 0:40 0:45 0:15 – 0:30 0:09 – 0:15 

CAUTION: 
No holdover 

time 
guidelines 

exist  

A/D-49 (B) 

A/D-49 
CR-PGA 

K-ABCS+ 
SC-CIV 

A/D-49 A/D-49 A/D-49 A/D-49 (B) 
K-ABCS+ (L) 

CR-PGA (L) 
A/D-49 (U) 

below -3 
to -14 

100/0 

0:20 – 1:35 0:25  0:45 1:20 1:40 0:25 – 1:20 0:20 – 0:25 

A/D-49 (B) N-9311 
SC-CIV SC-CIV SC-CIV SC-CIV 

A/D-49 (L) 
C-L+ (L) 

C-MF-04 (L) 
K-ABCS+ (L) 
N-9311 (U) 

A/D-49 (B) 
C-MF-04 (L) 
K-ABCS+ (L) 
N-9311 (L) 
SC-CIV (L) 

75/25 

0:30 – 1:10 0:20  0:45 1:40 2:00 0:15 – 1:05 0:15 – 0:25 

A/D-49 (B) 
C-MF-S (L) SC-CIV SC-CIV C-MF-S 

SC-CIV 
C-MF-S 

K-ABCS+ 

A/D-49 (B) 
C-L+ (U) 

C-MF-S (U) 
CR-PGA (U) 

A/D-49 (B) 
K-ABCS+ (B) 

below -14 
to LOUT 100/0 

0:20 – 0:40 0:08 0:10 0:20 0:25 

 C-MF-S (L) 
C-MF-04 (L) 
A/D-49 (U) 

Generic Generic Generic Generic 

L = DRIVES LOWER LIMIT      U = DRIVES UPPER LIMIT      B = DRIVES BOTH 
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6.5 Further Changes to Holdover Times Published for Type II/IV Fluids 
in Very Cold Snow 

 
Following the publication of the winter 2016-17 original issue holdover time guidance 
materials in August 2016, Transport Canada and the FAA subsequently reviewed the 
reductions made to holdover times published for Type II and Type IV fluids in snow 
at temperatures below -14°C. This was done at the request of the industry. 
 
The result of this review was that the regulators issued optional changes (increases) 
to the holdover times in snow for:  
 

• Type IV ethylene glycol based fluids, below -14°C; and 

• Type II/IV propylene glycol based fluids, below -14 to -18°C. 
 
In these conditions, the holdover times reverted to the holdover times that were 
published for all Type II and Type IV fluids in snow below -14°C for winter 2015-16. 
 
Transport Canada published the updated holdover times and regression information 
through an Advisory Circular. Advisory Circular 007-040, Supplemental Holdover 
Timetables and Regression Information for SAE Type II and IV Fluids, was published 
on October 18, 2016. FAA published the updated holdover times in an addendum to 
the HOT Guidelines, which was published on September 30, 2016. 
 
Copies of the Transport Canada Advisory Circular and FAA HOT Guidelines 
addendum are included in Appendix K.
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7. OTHER CHANGES TO HOT GUIDELINES CONTENT 
 
In addition to the changes made to the Type I, II, III and IV HOT Guidelines, a number 
of other changes were made to the HOT Guidelines for winter 2016-17. These 
changes are documented in this chapter. 
 
 
7.1 Active Frost HOT Guidelines 
 
Endurance time testing in frost was conducted with all fluids submitted for endurance 
time testing in the winter of 2015-16. The test durations were compared to the 
related generic holdover times: all completed (“failed”) tests surpassed the generic 
holdover times, as did all tests that were not completed (due to active frost ending 
before fluid failure could occur). This analysis indicates that the generic frost holdover 
times can be considered substantiated for all fluids added to the HOT guidelines for 
winter 2016-17. 
 
No content or formatting changes were made to the active frost HOT guidelines for 
winter 2016-17. However, a new note was added to provide guidance on the 
appropriate outside air temperature to select in changing conditions. 
 
 
7.2 Allowance Time Tables 
 
Several changes were made to the allowance time table values based on the 
collection of additional data in the winter of 2015-16. This data is documented in 
the Transport Canada report, TP 15341E, Wind Tunnel Trials to Support Further 
Development of Ice Pellet Allowance Times: Winter 2015-16 (8). These changes 
include: 

• The addition of allowance times to the Type IV fluid table for “Light Ice Pellets 
Mixed with Light Snow” and “Light Ice Pellets Mixed with Moderate Snow” in 
the “Below -10 to -16°C” temperature band; and 

• The addition of new rows/allowance times to the Type IV table for two new 
precipitation conditions: “Moderate Ice Pellets (or Small Hail) Mixed with 
Moderate Freezing Drizzle” and “Moderate Ice Pellets (or Small Hail) Mixed 
with Moderate Rain.” 

 
In addition, the following changes were made: 

• The rows in both the Type III and Type IV allowance time tables, each 
containing a specific precipitation condition, were reordered for ease of use; 
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• A note has been added to both the Type III and Type IV allowance time tables 
indicating they are for use with aircraft with rotation speeds of 100 knots or 
greater only; 

• A review of existing data resulted in a change to the Type III allowance time 
for “Light Ice Pellets Mixed with Moderate Snow” in the “Below -5 to -10°C” 
cell (from 10 to 5 minutes); and 

• The coldest temperature band in the Type IV table was divided into two 
temperature bands: “Below -10 to -16°C” and “Below -16 to -22°C.” 

 
 
7.3 Fluid Application Tables 
 
Guidance for the application of Type III fluid was previously provided in the same 
table as the guidance provided for the application of Type II/IV fluid. For the winter 
of 2016-17, this guidance is provided in two separate Type III fluid application tables: 
one table provides guidance for the application of heated Type III fluid and a second 
table provides guidance for the application of unheated Type III fluid.  
 
In addition, changes were made to the Type I and Type II/IV fluid application tables 
to improve harmonization between Transport Canada and the FAA and with the SAE 
fluid application tables. 
 
 
7.4 Transport Canada Adjusted Holdover Time and Allowance Time 

Tables for Use When Flaps/Slats Deployed Prior to Anti-icing 
 
Research into holdover times on deployed flaps/slats has been ongoing for several 
years. There is a substantive amount of evidence that demonstrates extended flaps 
and slats accelerate anti-icing fluid degradation off aircraft wings, which is a potential 
safety risk.  
 
To mitigate this risk, Transport Canada published adjusted holdover time and 
allowance time tables in the winter 2016-17 HOT guidelines. These tables are to be 
used when flaps/slats have been deployed prior to anti-icing. The tables include 
values which have been decreased by 10 percent (holdover times are 90 percent of 
standard holdover times). This is an interim measure which will be in place until data 
collection and analysis have been completed. 
 
It should be noted that the FAA has included similar 90 percent adjusted tables in 
their HOT guidelines since the winter of 2014-15. 
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8. SUPPLEMENTAL RESEARCH: ENDURANCE TIME TESTING 
IN SNOW AT VERY COLD TEMPERATURES 

 
In the winter of 2015-16, supplemental endurance time testing was conducted with 
Type II and Type IV fluids in natural snow at very cold temperatures. The testing is 
documented in this section. 
 
 

8.1 Background – Historical Data and Holdover Times 
 
Until the winter of 2003-04, most Type II and Type IV fluids were given fluid-specific 
holdover times in snow in the coldest temperature band in the Type II/IV HOT tables 
(below -14ºC to LOUT). The fluid-specific holdover times were based on 
extrapolations of natural snow data collected at warmer temperatures. This 
methodology was used because holdover time testing is conducted in Montreal, 
where natural snow rarely occurs below -14ºC, and therefore natural snow data 
below -14°C was typically not available. 
 
At the May 2003 SAE G-12 Holdover Time Committee meeting, it was recommended 
that this methodology be changed as it was felt it may not be providing appropriate 
holdover times. The alternative put forward was to collect data with artificial snow 
machines at -25°C and use this data to determine holdover times for snow for the 
below -14 to -25ºC temperature band (later changed to below -14ºC to LOUT). 
 
The artificial snow data was subsequently collected during the winter of 2003-04 by 
APS and Anti-Icing Materials International Laboratory (AMIL). As a result of this 
testing, the SAE G-12 Holdover Time Committee introduced generic holdover times 
for the coldest snow temperature band for all Type II and IV fluids, with the exception 
of one ethylene glycol based fluid which retained fluid-specific holdover times. The 
generic holdover times were 15 to 30 minutes. 
 
When cells were added for light snow and very light snow to the Type II/IV HOT 
tables in 2013-14, additional snow machine testing was conducted with select 
Type II/IV fluids to determine appropriate generic holdover time values for the new 
coldest temperature band (below -14ºC to LOUT) cells. Holdover times were 
determined for light snow (30 to 40 minutes) and very light snow (40 to 50 minutes). 
 
In both cases, the analysis approach used to determine holdover times from the 
artificial snow data assumed the snow machine provides conservative endurance 
times relative to natural snow testing. This assumption was based on correlational 
work completed previously, primarily at temperatures of -14°C and warmer. The 
specific approaches used to determine the Type II/IV generic holdover times were: 
 

• Moderate snow: average of artificial snow endurance times; and 
• Light/very light snow: average less 1 sigma of artificial snow endurance times. 
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8.2 Background – Winter 2014-15 Testing 
 
A small project was undertaken in the winter of 2014-15 to conduct tests in natural 
snow at very cold temperatures with all fluid types. The objective of the project was 
to validate the existing generic snow holdover times at very cold temperatures. 
 
There were two factors which stimulated the project: 
 

1. The generic snow holdover times in the coldest temperature band had never 
been validated using natural snow data and no in-depth research had been 
completed to correlate artificial and natural snow data at very cold 
temperatures; and 

 
2. Since the generic snow holdover times in the coldest temperature band were 

determined for Type II/IV fluids in 2004-05 and 2013-14, no data had been 
collected (in either natural or artificial snow) to validate those holdover times 
for new Type II/IV fluids that came to market after the original artificial snow 
testing was completed. 

 
Limited testing was carried out with select fluids representing all fluid types. It was 
expected that the data collected would validate the generic holdover times for all 
fluid types; however, this was not the case. The testing did not identify an issue 
with the current generic holdover times for Type I and Type III fluids, but it did 
indicate that the Type II/IV generic holdover times in these conditions may not be 
sufficiently conservative.  
 
Further testing with additional fluids was recommended to confirm the issue with the 
generic holdover times for Type II/IV fluids in snow at very cold temperatures and to 
determine new holdover times if necessary. That testing was carried out in the winter 
of 2015-16 and is documented in the remaining sections of this chapter. 
 
The 2014-15 testing is documented in the Transport Canada report, TP 15321E, 
Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program for the 
2014-15 Winter (9). 
 
 

8.3 Objective 
 
Two theories were put forward to explain why the some of the endurance time data 
collected in natural snow in winter 2014-15 was below the published generic 
holdover times. 
 

1. Theory 1: The original artificial snow data was not accurately interpreted. At 
the time the data was collected, it was assumed that at a given temperature 
and precipitation rate, the endurance time measured with a snow machine was 



8.  SUPPLEMENTAL RESEARCH: ENDURANCE TIME TESTING IN SNOW AT VERY COLD TEMPERATURES 

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\TP 15338E Final Version 1.0.docx 
Final Version 1.0, October 19 

35 

shorter than the endurance time measured in natural snow, especially at cold 
temperatures and high rates. If this assumption was incorrect, the 
interpretation of the artificial snow data would be incorrect, leading to an 
inappropriate analysis methodology and artificially long generic holdover times. 

 
2. Theory 2: The original snow data did not include data for the weakest 

performing fluids in snow at very cold temperatures. Tests were carried out 
with a limited number of fluids both times very cold snow testing was done. 
If the weakest performing fluids available at the time were not tested and/or 
if the fluids that later came to market have weaker performance than those 
originally tested, the generic holdover times would not be appropriate.  

 
The primary objective of the very cold snow research in the winter of 2015-16 was 
to collect data to evaluate both of these theories and to determine new Type II/IV 
generic holdover times if needed. The objective was achieved by carrying out tests 
in artificial and natural snow at very cold temperatures with most Type II and Type IV 
fluids currently on the market. Specifically: 
 

1. Natural snow data was collected at very cold temperatures to develop a large 
set of very cold snow data to analyse; and  

2. Artificial snow data was collected to supplement the natural snow data to: 

a) Better understand the relationship between natural and artificial data; 

b) Link the original historic artificial snow data to the 2015-16 data; and 

c) Fill in gaps where natural snow data could not be collected (i.e. at higher 
precipitation rates). 

 
 
8.4 Test Methodology 
 
Tests were carried out according to the methodology described in the following 
subsections, which detail test locations, test procedures and fluids. 
 
 
8.4.1 Test Locations 
 
Artificial snow testing was conducted at the PMG Technologies Inc. climatic chamber 
test facility located in Blainville, Quebec. 
 
As the very cold temperatures needed for this project rarely occur in Montreal, APS 
planned to travel to the far north regions of Canada (“far north”) to collect the 
necessary natural snow data. 
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APS analysed weather trends in various locations in the far north to find locations 
which offered very cold temperatures and sufficient snowfall to allow for a few days 
of testing at a time. Weather forecasts for these locations were monitored over the 
winter. 
 
Two trips were made to the far north to collect natural snow data. The test locations 
were Schefferville, Quebec and Iqaluit, Nunavut. Photo collages of these locations 
are provided in Photo 8.1 and Photo 8.2. 
 
 

8.4.2 Test Procedures 
 
Tests were carried out according to standard endurance time testing procedures for 
natural snow and artificial snow, as detailed in Subsection 2.1. Additional test 
procedures were written to coordinate the specific details of the artificial and natural 
snow testing for this project. Copies of these procedures are provided in Appendix L 
(natural snow) and Appendix M (artificial snow). 
 
Figure 8.1 depicts the collapsible test stand that was manufactured specifically for 
very cold snow testing. It was designed for testing in the far north, which requires 
personnel to travel by air on short notice to the test sites with all required equipment 
and fluids. The collapsible test stand can easily be transported as checked luggage.  
 
Standby test “kits” were prepared with all necessary fluids and supplies for testing 
so that travel to the far north could be undertaken with relatively little notice. A 
photo of the equipment required to be transported packed in airline approved luggage 
is shown in Photo 8.3. Photos 8.4 to 8.8 show further details of the far north test 
setup. 
 
 

 
Figure 8.1: Rendering of Collapsible Test Stand 
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8.4.3 Fluids Tested 
 
A request for LOWV samples was sent to manufacturers of all Type II and Type IV 
fluids. LOWV samples were required as they are assumed to provide the worst case 
performance of each fluid, and are used to conduct all standard holdover time testing.  
 
The majority of manufacturers provided LOWV samples of their fluids. In cases where 
manufacturers did not provide LOWV samples, a further effort was made to obtain 
samples: 
 

a) APS inventory was searched and LOWV samples were found; 
b) APS inventory was searched and production viscosity fluids were found; 
c) Fluid manufacturers agreed to provide production viscosity samples; or 
d) In some cases no samples could be obtained. 

 
Samples of the Type II and Type IV fluids submitted for holdover time testing in the 
winter of 2015-16 were also included in the very cold snow testing. 
 
The significant effort undertaken to procure fluid samples for testing resulted in a 
very good number of currently commercialized fluids being tested. The majority of 
Type II/IV fluids expected to be in the 2016-17 HOT guidelines were tested. Only 
two fluids were not tested: Clariant Safewing MP II FLIGHT PLUS and Dow/ABAX 
AD-49. Table 8.1 summarizes the number of fluids tested relative to the number of 
fluids expected to be in the 2016-17 HOT guidelines. Table 8.2 provides details of 
the fluids tested.  
 
It should be noted that the viscosity of all fluids was checked and samples with 
viscosities below the published LOWV were not used. 
 

Table 8.1: Number of Fluids Tested in Winter 2015-16 

Fluid Type 
Fluids Expected 

in 2016-17 
Guidelines 

LOWV 
Fluids 
Tested 

Production 
Viscosity Fluids 

Tested 

No  
Fluids  
Tested 

Type II 11* 7 3 1 

Type IV 14** 11 2 1 

Total (#) 25 18 5 2 

Total (%) 100% 72% 20% 8% 
* Excludes Cryotech Polar Guard II (this is a Type IV fluid marketed under a Type II brand name and is included in the Type IV 

list); includes LNT Solutions P250 which was expected to be included in the 2016-17 HOT guidelines but was not. 
** Counts the Dow and ABAX versions of AD-49 as a single fluid as the data is the same for these fluids.  
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Table 8.2: Details of Fluids Tested in Winter 2015-16 

Fluid Name Fluid Type Viscosity Type Source 

ABAX Ecowing 26 II LOWV FM Supplied 

Aviation Shaanxi Cleanwing II II LOWV FM Supplied 

Beijing Yadilite YD-102 Type II II LOWV HOT LOWV 

Clariant Max Flight 04 IV LOWV APS Inventory 

Clariant Max Flight AVIA IV LOWV HOT LOWV 

Clariant Max Flight SNEG IV LOWV APS Inventory 

Clariant Safewing EG IV NORTH IV LOWV HOT LOWV 

Clariant Safewing MP II FLIGHT II Production APS Inventory 

Clariant Safewing MP IV LAUNCH IV Production APS Inventory 

Clariant Safewing MP IV LAUNCH PLUS IV LOWV APS Inventory 

Cryotech Polar Guard II/Advance* II/IV LOWV FM Supplied 

Deicing Solutions ECO-SHIELD IV LOWV HOT LOWV 

Dow EG106 IV LOWV FM Supplied 

Kilfrost ABC-3 II Production FM Supplied 

Kilfrost ABC-Ice Clear II II LOWV HOT LOWV 

Kilfrost ABC-K Plus II Production FM Supplied 

Kilfrost ABC-S Plus IV Production APS Inventory 

LNT Solutions E450 IV LOWV FM Supplied 

LNT Solutions P250 II LOWV FM Supplied 

Newave Aerochemical FCY 9311 IV LOWV FM Supplied 

Newave Aerochemical FCY-2 II LOWV FM Supplied 

Newave Aerochemical FCY-2 Bio+ II LOWV HOT LOWV 

Shaanxi Cleanway Cleansurface IV IV LOWV HOT LOWV 

*This is the same fluid/data which is marketed under two different brand names. 
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8.5 Testing Challenges 
 
Testing in remote locations poses unique challenges. Some of these include: 
 

1. Unreliable weather forecasts; 

2. Limited on-location monitoring of storms (internet availability in remote areas 
limited); 

3. Significant luggage (can’t send equipment ahead when traveling on short 
notice); 

4. Limited/costly transportation to northern locations; and 

5. Unknown test site locations: need to create test sites “on the fly.” 
 
Testing at very cold temperatures poses unique challenges. Some of these include: 
 

1. Physically intense cold testing – frozen fingers/eyes (see Photo 8.8); and 

2. Equipment limitations/freeze ups. 
 
For this specific project, there were additional unique challenges: 
 

1. The occurrence of snow at high precipitation rates is infrequent in natural 
conditions; and 

2. The cost of conducting of artificial snow testing, especially at very cold 
temperatures, is high. This limited the amount of data that could be collected. 

 
 
8.6 Data Collected – Natural Snow 
 
 
8.6.1 Winter 2015-16 Only 
 
A total of 99 tests were conducted in natural snow in the winter of 2015-16. A log 
of these tests is provided in Table 8.3. Fluid names are not provided in the log, as 
the data was collected with the intention of analyzing it in aggregate. 
 
Table 8.4 provides a summary of testing events at which natural snow data was 
collected in the winter of 2015-16, including associated locations, temperatures and 
average precipitation rates.  
 
Table 8.5 provides a summary of tests conducted by fluid type and viscosity type. 
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Table 8.3: Log of Tests – Natural Snow 

# Fluid Type Viscosity 
Type 

Endurance  
Time  
(mins) 

Precipitation 
Rate 

(g/dm²/h) 

Temperature  
(°C) 

C1 4-Feb-16 LOWV 34.6 2.5 -22.7 

C2 4-Feb-16 LOWV 40.2 2.2 -22.7 

C3 4-Feb-16 LOWV 98.7 1.2 -22.6 

C4 4-Feb-16 Production 39.2 2.2 -22.7 

C5 4-Feb-16 Production 30.5 2.5 -22.7 

C6 4-Feb-16 Production 45.0 1.9 -22.7 

C7 4-Feb-16 LOWV 40.4 2.0 -22.7 

C8 4-Feb-16 LOWV 39.8 2.0 -22.7 

C10 4-Feb-16 LOWV 37.8 2.0 -22.7 

C11 4-Feb-16 LOWV 30.7 1.1 -22.4 

C13 4-Feb-16 LOWV 78.7 1.4 -22.3 

C15 4-Feb-16 LOWV 77.5 1.4 -22.3 

C17 4-Feb-16 LOWV 27.5 1.2 -22.4 

C25 4-Feb-16 LOWV 44.9 2.4 -22.0 

C26 4-Feb-16 LOWV 41.5 2.3 -22.0 

C27 4-Feb-16 LOWV 46.0 2.5 -22.0 

C28 4-Feb-16 Production 32.8 2.2 -22.0 

C29 4-Feb-16 Production 36.5 2.3 -22.0 

C30 4-Feb-16 Production 39.9 2.3 -22.0 

C31 4-Feb-16 LOWV 31.3 2.2 -22.0 

C32 4-Feb-16 LOWV 36.0 2.2 -22.0 

C34 4-Feb-16 LOWV 30.0 2.2 -22.0 

C35 4-Feb-16 LOWV 24.5 4.3 -21.9 

C36 4-Feb-16 LOWV 26.8 4.3 -21.9 

C37 4-Feb-16 LOWV 32.9 4.3 -21.9 

C39 4-Feb-16 LOWV 39.0 4.5 -21.8 

C40 4-Feb-16 Production 28.5 4.2 -21.8 

C41 4-Feb-16 LOWV 24.8 4.2 -21.8 

C42 4-Feb-16 LOWV 34.4 4.4 -21.8 

C43 4-Feb-16 LOWV 26.8 4.1 -21.8 

C47 4-Feb-16 LOWV 41.8 1.8 -21.6 

C50 26-Feb-16 LOWV 106.8 1.5 -24.3 

C51 26-Feb-16 LOWV 265.0 1.3 -24.0 

C52 26-Feb-16 LOWV 269.0 1.3 -24.0 
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Table 8.3: Log of Tests – Natural Snow (cont’d) 

# Fluid Type Viscosity 
Type 

Endurance  
Time  
(mins) 

Precipitation 
Rate 

(g/dm²/h) 

Temperature  
(°C) 

C53 26-Feb-16 LOWV 280.5 1.3 -24.0 

C54 26-Feb-16 Production 84.5 1.6 -24.3 

C55 26-Feb-16 LOWV 101.3 1.4 -24.3 

C56 26-Feb-16 LOWV 80.5 1.6 -24.3 

C57 26-Feb-16 LOWV 84.8 1.6 -24.3 

C58 26-Feb-16 LOWV 88.4 1.6 -24.3 

C59 26-Feb-16 LOWV 49.4 2.1 -23.8 

C60 26-Feb-16 LOWV 50.3 2.1 -23.8 

C61 26-Feb-16 Production 29.7 2.6 -23.9 

C62 26-Feb-16 Production 78.5 1.8 -23.6 

C63 26-Feb-16 LOWV 34.9 2.4 -23.9 

C64 26-Feb-16 LOWV 48.0 2.0 -23.8 

C66 26-Feb-16 LOWV 93.4 0.7 -23.6 

C68 26-Feb-16 LOWV 88.8 0.7 -23.8 

C69 26-Feb-16 Production 86.3 0.7 -23.8 

C70 26-Feb-16 LOWV 105.8 0.7 -23.7 

C71 26-Feb-16 LOWV 102.8 0.8 -23.8 

C72 26-Feb-16 LOWV 144.0 0.7 -23.7 

C73 26-Feb-16 Production 125.0 0.7 -23.7 

C74 27-Feb-16 LOWV 99.1 5.9 -22.9 

C76 27-Feb-16 LOWV 90.0 6.1 -22.9 

C77 27-Feb-16 LOWV 99.9 5.9 -23.0 

C78 27-Feb-16 LOWV 46.6 5.7 -22.7 

C79 27-Feb-16 LOWV 32.8 5.1 -22.6 

C80 27-Feb-16 LOWV 36.5 5.0 -22.6 

C81 27-Feb-16 LOWV 36.0 4.9 -22.6 

C82 27-Feb-16 LOWV 34.3 4.9 -22.6 

C83 27-Feb-16 LOWV 118.0 5.3 -23.0 

C84 27-Feb-16 LOWV 43.2 5.6 -23.2 

C85 27-Feb-16 Production 42.7 5.7 -23.2 

C86 27-Feb-16 LOWV 43.2 5.8 -23.2 

C87 27-Feb-16 LOWV 55.8 5.2 -23.3 

C88 27-Feb-16 LOWV 40.7 5.7 -23.2 

C89 27-Feb-16 Production 19.5 6.7 -23.4 
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Table 8.3: Log of Tests – Natural Snow (cont’d) 

# Fluid Type Viscosity 
Type 

Endurance  
Time  
(mins) 

Precipitation 
Rate 

(g/dm²/h) 

Temperature  
(°C) 

C90 27-Feb-16 Production 28.5 7.3 -23.4 

C92 27-Feb-16 Production 33.5 7.7 -23.4 

C93 27-Feb-16 LOWV 23.4 6.4 -23.4 

C94 27-Feb-16 LOWV 47.0 9.6 -23.4 

C95 27-Feb-16 LOWV 25.5 6.3 -23.4 

C96 27-Feb-16 LOWV 24.8 6.1 -23.4 

C97 27-Feb-16 Production 20.3 5.3 -23.4 

C98 27-Feb-16 LOWV 28.5 6.2 -23.4 

C100 27-Feb-16 LOWV 138.0 5.1 -22.7 

C101 27-Feb-16 LOWV 128.0 4.8 -22.7 

C102 27-Feb-16 LOWV 132.5 4.9 -22.7 

C103 27-Feb-16 LOWV 118.0 4.7 -22.8 

C105 27-Feb-16 Production 43.8 6.9 -23.0 

C106 27-Feb-16 LOWV 30.6 8.0 -23.0 

C107 27-Feb-16 LOWV 25.5 8.6 -23.0 

C108 27-Feb-16 LOWV 29.9 8.0 -23.0 

C109 27-Feb-16 LOWV 63.8 6.0 -22.9 

C110 27-Feb-16 LOWV 44.7 3.9 -22.4 

C111 27-Feb-16 Production 46.8 4.5 -22.4 

C112 27-Feb-16 Production 39.3 3.5 -22.4 

C113 27-Feb-16 LOWV 43.0 3.9 -22.4 

C114 27-Feb-16 Production 34.5 3.3 -22.4 

C115 27-Feb-16 LOWV 43.0 4.2 -22.4 

C116 27-Feb-16 Production 32.7 7.7 -22.0 

C118 27-Feb-16 LOWV 31.5 7.8 -22.0 

C119 27-Feb-16 LOWV 24.0 8.2 -22.1 

C120 27-Feb-16 LOWV 30.5 7.8 -22.0 

C121 27-Feb-16 LOWV 30.0 7.9 -22.0 

C122 27-Feb-16 LOWV 31.7 7.8 -22.0 

C123 27-Feb-16 LOWV 36.3 7.9 -22.0 

C124 27-Feb-16 LOWV 44.0 7.8 -22.0 
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Table 8.4: Summary of Testing Events – Winter 2015-16 

Event 
# Location Temperatures Precipitation 

Rates Date Data 
Points 

1 Schefferville, QC -22 to -23°C 1 to 5 g/dm²/h 04-Feb-16 31 

2 Iqaluit, NU -24°C 1 to 3 g/dm²/h 26-Feb-16 22 

3 Iqaluit, NU -22 to -23°C 3 to 10 g/dm²/h 27-Feb-16 46 

All Various -22 to -24°C 1 to 10 g/dm²/h Various 99 

 
 

Table 8.5: Summary of Tests Conducted by Fluid Type and Viscosity Type 

Fluid/Viscosity Type Tests 

Type II LOWV 35 

Type II Production 15 

Type IV LOWV 42 

Type IV Production 7 

All 99 

 
 
8.6.2 Winter 2014-15 and 2015-16 Combined Data Set 
 
Some of the data collected in very cold snow during the winter of 2014-15 (see 
Subsection 8.2) was included in the analysis completed for this project. The 
combined 2014-15 and 2015-16 data set is described in this subsection. 
 
Three fluids tested in 2014-15 were eliminated from the analysis as their viscosities 
had not been checked and therefore the data was not considered sufficiently robust 
for the final analysis. 
 
Table 8.6 provides a summary of testing events at which natural snow data was 
collected in the winters of 2014-15 and 2015-16, including associated locations, 
temperatures and average precipitation rates.  
 
A total of 126 tests from the two winters of testing were included in the analysis. 
Table 8.7 provides a summary of tests conducted by fluid type and viscosity type. 
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Table 8.6: Summary of Testing Events – Winters 2014-15 and 2015-16 

Event 
# Location Temperatures Precipitation 

Rates Date Data 
Points 

1 Grande Prairie, AB -19°C 7 g/dm²/h 27-Nov-14 4 

2 Montreal, QC -19 to -22°C 6 to 9 g/dm²/h 02-Feb-15 11 

3 Montreal, QC -16 to -18°C 8 to 10 g/dm²/h 08-Feb-15 9 

4 Montreal, QC -16°C 1 g/dm²/h 14-Feb-15 2 

5 Montreal, QC -16°C 7 g/dm²/h 19-Feb-15 1 

6 Schefferville, QC -22 to -23°C 1 to 5 g/dm²/h 04-Feb-16 31 

7 Iqaluit, NU -24°C 1 to 3 g/dm²/h 26-Feb-16 22 

8 Iqaluit, NU -22 to -23°C 3 to 10 g/dm²/h 27-Feb-16 46 

All Various -16 to -24°C 1 to 10 g/dm²/h Various 126 

 
 

Table 8.7: Summary of Tests Conducted by Fluid Type and Viscosity Type – 
Combined 2014-15 and 2015-16 Data Set 

Fluid/Viscosity Type Tests 

Type II LOWV 43 

Type II Production 17 

Type IV LOWV 58 

Type IV Production 8 

All 126 

 
 
8.6.3 Fluid Failure Photos 
 
Several photos of fluid failure were taken over the course of the testing. Photos 8.9 
to 8.12 are four of these photos and cover various testing conditions (different 
precipitation rates, fluids, etc.). They visually demonstrate that the current holdover 
times are not appropriate. 
 

• Photo 8.9: The picture (example 1) was taken when the fluid was failed 
(35 minutes into the test). The expected failure time is 57 minutes. The picture 
clearly shows that the fluid is failed, much earlier than the expected failure 
time. 
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• Photo 8.10: The picture (example 2) was taken when the fluid was failed 
(30 minutes into the test). Recall that fluid failure on a plate is determined 
when one-third of the plate surface is failed. The expected failure time is 
55 minutes. The picture clearly shows that the fluid is failed, much earlier than 
the expected failure time. 
 

• Photo 8.11: The picture (example 3) was taken when the fluid was expected 
to fail (36 minutes into the test). The actual failure time was 23 minutes. The 
picture clearly shows that the fluid failure progression was much beyond the 
regular failure. 
 

• Photo 8.12: The picture (example 4) was taken 43 minutes into the test, just 
after the fluid was expected to fail (37 minutes). The actual failure time was 
25 minutes. The picture clearly shows that the fluid failure progression was 
much beyond the regular failure. 

 
 
8.7 Data Collected – Artificial Snow 
 
A total of 66 tests were conducted in artificial snow. A log of these tests is provided 
in Table 8.8. Fluid names have not been provided in the log, as the data was collected 
with the intention of analyzing it in aggregate. 
 
The majority of tests conducted were conducted at -25°C and at the precipitation 
rate boundaries for snow currently encompassed in the HOT guidelines: 3, 4, 10, 
and 25 g/dm²/h. In addition, tests were conducted at a rate of 50 g/dm²/h, which 
may become a precipitation rate boundary in future.  
 
Additional data was collected at temperatures and precipitation rates equivalent to 
natural snow data points that had already been collected. This data was collected to 
evaluate the endurance time performance of the snow machine relative to outdoor 
natural data. 
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Table 8.8: Log of Tests – Artificial Snow 

# Fluid Type Viscosity 
Type 

Endurance 
Time 
(mins) 

Precipitation 
Rate 

(g/dm²/h) 

Temperature 
(°C) 

1 II LOWV 27.5 6 -23 

2 II LOWV 30.8 6 -23 

3 II LOWV 30.3 6 -23 

4 IV LOWV 41.6 5 -23 

5 IV LOWV 31.0 5 -23 

12 II LOWV 19.6 10 -25 

13 II LOWV 5.0 50 -25 

14 II LOWV 51.8 3 -25 

15 II LOWV 36.0 4 -25 

16 II LOWV 17.0 10 -25 

17 II LOWV 9.5 25 -25 

18 II LOWV 5.8 50 -25 

19 II LOWV 14.1 10 -25 

20 II LOWV 3.5 50 -25 

21 II LOWV 17.9 10 -25 

22 II LOWV 61.5 3 -25 

23 II LOWV 45.6 4 -25 

24 II LOWV 17.9 10 -25 

25 II LOWV 9.5 25 -25 

26 II LOWV 4.3 50 -25 

27 II LOWV 19.5 10 -25 

28 II LOWV 6.0 50 -25 

29 II Production 15.6 10 -25 

30 II LOWV 12.3 10 -25 

31 IV LOWV 51.7 10 -25 

32 IV LOWV 8.1 50 -25 

35 IV LOWV 69.8 3 -25 

36 IV LOWV 41.0 4 -25 

37 IV LOWV 16.5 10 -25 

38 IV LOWV 10.6 25 -25 

39 IV LOWV 7.1 50 -25 

40 IV LOWV 18.5 10 -25 

41 IV LOWV 6.1 50 -25 

42 IV LOWV 30.0 10 -25 

43 IV LOWV 32.5 10 -25 
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Table 8.8: Log of Tests – Artificial Snow (cont’d) 

# Fluid Type Viscosity 
Type 

Endurance 
Time 
(mins) 

Precipitation 
Rate 

(g/dm²/h) 

Temperature 
(°C) 

44 IV LOWV 6.2 50 -25 

45 IV LOWV 13.0 10 -25 

46 IV LOWV 5.5 50 -25 

47 IV LOWV 36.4 3 -25 

48 IV LOWV 29.5 4 -25 

49 IV LOWV 19.8 10 -25 

50 IV LOWV 10.5 25 -25 

51 IV LOWV 4.6 50 -25 

52 IV Production 30.5 10 -25 

53 IV LOWV 21.6 10 -25 

54 IV LOWV 31.1 10 -25 

55 IV LOWV 6.8 50 -25 

56 IV LOWV 32.0 10 -25 

57 IV LOWV 6.4 50 -25 

58 IV LOWV 26.5 10 -25 

59 IV LOWV 6.8 50 -25 

71 II LOWV 30.5 4 -25 

79 IV LOWV 50.6 4 -25 

88 II Production 48.2 3 -25 

89 II Production 37.0 4 -25 

90 II Production 10.2 25 -25 

101 II LOWV 11.4 25 -25 

113 IV LOWV 47.5 4 -25 

123 IV LOWV 11.0 25 -25 

126 IV LOWV 32.1 4 -25 

135 IV Production 58.2 3 -25 

136 IV Production 37.1 4 -25 

137 IV Production 12.2 25 -25 

142 IV LOWV 11.5 25 -25 

151 IV LOWV 14.0 25 -25 

155 IV LOWV 14.3 25 -25 
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8.8 Analysis 
 
The data described in Subsections 8.6 and 8.7 is plotted in Figure 8.2. This includes 
natural snow data collected in the winters of 2014-15 and 2015-16 and artificial 
snow data collected in the winter of 2015-16. 
 
The data is plotted on a chart of rate of precipitation vs. endurance time. Different 
colours and shapes are used to distinguish the data by fluid type, viscosity type, and 
snow type.  
 
The Type II/IV generic holdover times are plotted on the charts as black circles. The 
black lines drawn between the generic holdover time data points represent the 
generic holdover times at all rates. Data points that are above the black generic 
holdover times line indicate data that is above/longer than the associated generic 
holdover times. Data points below the black line indicate data is below/did not meet 
the associated generic holdover times. This data is of concern. 
 
The artificial snow data collected in the winter of 2015-16 is compared to the historic 
artificial snow data collected in 2003-04 and 2012-13 in Figure 8.3. 
 
The artificial snow data points that were collected to replicate specific tests 
conducted in natural snow are plotted together with the equivalent natural snow data 
points in Figure 8.4. 
 
 

 
Figure 8.2: Results by Snow Type, Fluid Type and Viscosity Type 
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Figure 8.3: Comparison of 2015-16 and Historic Artificial Snow Data 

 
 

 
Figure 8.4: Results of Natural vs. Artificial Replication Data Points  
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8.9 Observations 
 
As can be seen in Figure 8.2: 

• The data collected in 2015-16 confirm the preliminary findings of the data 
collected in 2014-15, i.e. many fluids do not achieve the current generic 
holdover times at very cold temperatures (illustrated by the data points below 
the black curve in the figure); 

• Both Type II and Type IV fluids and both LOWV and production viscosity 
fluids are represented in the data below the generic line; and 

• The majority of natural snow data was collected in precipitation rates below 
10 g/dm²/h. 

 
As can be seen in Figure 8.3: 

• The data collected in artificial snow in 2015-16 with almost all currently 
qualified fluids shows performance similar to the historical data collected in 
artificial snow. The historical data was collected with limited fluids in the 
winters of 2003-04 and 2012-13, as described in Subsection 8.1.  

 
As can be seen in Figure 8.4: 

• The replication tests illustrate that while there is variance between endurance 
times obtained in natural and artificial snow under similar average 
temperatures and precipitation rates, on average the artificial snow endurance 
times are similar to the natural snow endurance times, not predominantly 
longer or shorter (average artificial/natural difference = 106 percent; standard 
deviation = 22 percent). 

 
 
8.10 Conclusions 
 
The data collected in the winter of 2015-16 provides very strong evidence that the 
existing Type II/IV generic holdover times for very cold snow are not appropriate. 
The data also indicates that endurance time data measured in artificial snow at very 
cold temperatures should not be assumed to be conservative; it should be taken at 
“face value.” 
 
It should be noted that data for two key fluids was not collected and that no LOWV 
data was collected for a number of fluids. It is therefore possible that the data 
collected does not represent the most conservative holdover time performance of all 
Type II/IV fluids in very cold snow. 
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8.11 Recommendations 
 
Recommendations arising from the very cold snow research conducted in the winters 
of 2014-15 and 2015-16 are provided in the subsections below. 
 
 
8.11.1 Reductions to Existing Generic Holdover Times 
 
It is recommended that new generic holdover times for Type II/IV fluids for snow at 
very cold temperatures be implemented. The current protocol used to determine all 
other Type II/IV generic holdover times should be used to determine the new holdover 
times for very cold snow: the shortest endurance time for all existing fluids/data, 
rounded to the nearest 5 minutes, should become the generic holdover time. 
 
If this protocol is used, the holdover times are as follows: 
 

• Very Light Snow: 20 to 25 minutes (FAA), 20 minutes (Transport Canada); 
• Light Snow: 10 to 20 minutes; and  
• Moderate Snow: 8 to 10 minutes.  

 
The times are shown plotted with the data in Figure 8.5. They represent an 
approximate reduction of 50 percent relative to the current Type II/IV fluid very cold 
snow holdover times. 
 
 

 
Figure 8.5: Recommended New Generic Holdover Times 
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8.11.2 Very Cold Snow Testing for New Type II/IV Fluids 
 
A second recommendation is that the performance of all new Type II and Type IV 
fluids submitted for holdover time testing be evaluated in very cold snow. Details of 
what testing is required/appropriate will need to be determined; the data may be 
collected in natural and/or artificial conditions. 
 
 
8.12 Possible Future Mitigations 
 
The recommendation to reduce holdover times for Type II/IV fluids in very cold snow 
was accepted by regulators who introduced the changes in the winter 2016-17 HOT 
guidelines, which were published in August 2016. 
 
Feedback from industry is that the reductions could have significant impact on some 
operations, especially those at airports that experience significant cold temperatures. 
As a temporary form of relief, some of the reductions were temporarily removed, as 
described in Subsections 4.5 and 6.5. 
 
Possible future mitigations are being considered to provide permanent and/or further 
relief to operators. Two possible mitigations are listed below. 
 

1. Providing fluid-specific holdover times for Type II/IV fluids in very cold snow. 
This requires that additional data be collected and a new analysis methodology 
be developed to determine holdover times from the collected data. This would 
provide relief for some fluids, most notably for ethylene glycol based fluids 
which were observed to have significantly longer holdover times in very cold 
snow than most propylene glycol based fluids. 
 

2. Introducing a new temperature band for below -14°C to a warmer temperature 
than LOUT. This would also require the collection of additional data. As 
holdover times generally shorten as temperature decreases, splitting the 
coldest temperature band in two would provide longer holdover times for 
temperatures encompassed by the new temperature band. 
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Photo 8.1: Schefferville Photo Collage 

 
 
 

Photo 8.2: Iqualuit Photo Collage 
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Photo 8.3: Far North Testing – Required Equipment in Luggage 

 
 
 

Photo 8.4: Far North Testing – Test Stand Setup 
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Photo 8.5: Far North Testing – Assembled Test Stand 

 
 
 

Photo 8.6: Far North Testing – Rate Station 
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Photo 8.7: Far North Testing – Test Site 

 
 
 

Photo 8.8: Cold Weather Testing Physical Challenges 
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Photo 8.9: Fluid Failure Photo – Example 1 

 
 
 

Photo 8.10: Fluid Failure Photo – Example 2 
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Photo 8.11: Fluid Failure Photo – Example 3 

 
 
 

Photo 8.12: Fluid Failure Photo – Example 4 
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9. SUPPLEMENTAL RESEARCH: DATA COLLECTION FOR 
REVIEW OF FROST HOLDOVER TIMES 

 
In the winter of 2015-16, supplemental endurance time testing was conducted in 
active frost conditions in order to obtain additional data for review and substantiation 
of the active frost holdover times. The testing is documented in this section. 
 
 
9.1 Background 
 
The active frost HOT table was initially developed based on results from the high 
humidity endurance time tests conducted as part of the fluid certification process. 
During the SAE G-12 Holdover Time Subcommittee meeting in Toulouse, France, in 
May 2000, APS was asked to conduct a comprehensive series of tests for all the 
frost conditions in the SAE HOT Guidelines using several fluids.  
 
APS conducted endurance time testing in simulated frost conditions at the Institut 
de Recherche d’Hydro-Quebec (IREQ) during the 2000-01 testing season. The tests 
were conducted in accordance with the proposed ARP5485 (4) procedure for 
measuring fluid endurance times in simulated frost conditions. However, it was found 
during this testing that the environmental conditions specified in ARP5485 (4) did 
not produce the desired frost rates and that further research was necessary. 
 
During the 2001-02 testing season, additional research was carried out at IREQ to 
attempt to determine test conditions that would produce the desired frost intensities 
at the various test temperatures in a laboratory setting. Ultimately, the desired 
parameters proved to be non-reproducible and it was determined that outdoor field 
work in natural conditions would be necessary.  
 
Following some preliminary outdoor testing conducted in the winter of 2002-03 using 
Type I fluids, it was recommended that Type II, III, and IV fluids also have their active 
frost holdover time values substantiated through outdoor testing in natural frost 
conditions. This recommendation was accepted by the SAE G-12 holdover time 
working group in September 2003 and a natural frost outdoor testing project began 
in the winter of 2003-04. Over the next six winter testing seasons, natural frost 
tests were conducted. This work is documented in the Transport Canada report, 
TP 14938E, Substantiation of Aircraft Ground Deicing Holdover Times in Frost 
Conditions (10). A new, more conservative frost HOT table was developed based on 
the data collected and was published in the 2009-10 HOT Guidelines.  
 
The fluids used to develop the active frost holdover times implemented in 2009-10 
were fluids that were commercially available at the time the testing was completed; 
however, many of these fluids have since become obsolete. Additionally, many fluids 
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that came to market following this initial testing were never tested in active frost 
conditions. 
 
Questions were raised as to whether substantiation of the active frost HOT table 
would be possible using only data from currently commercially available fluids. 
Additionally, consideration was given to the possibility that changes to the active 
frost holdover times could be supported (either due to poor performing fluids from 
the initial substantiation project becoming obsolete or as a result of untested current 
fluids having holdover times that don’t meet the current generic times).  
 
A project was carried out in the winter of 2014-15 to investigate these questions. 
The work is documented in the Transport Canada report, TP 15323E, Aircraft Ground 
Icing Research General Activities During the 2014-15 Winter (11). The analysis 
performed within that report identified that the current active frost data set required 
more data with current commercially available fluids in several cells of the active 
frost HOT table in order to substantiate the existing generic holdover times.  
 
As a result of this work, supplemental frost testing was recommended to be 
performed in the winter of 2015-16 with the goal of obtaining data with commercially 
available fluids with a particular emphasis on those holdover time cells identified as 
requiring additional data.  
 
 
9.2 Objective 
 
The objectives of this project were to: 
 

a) Conduct active frost testing with current commercially available fluids in order 
to obtain data in areas that were previously identified as requiring more testing 
for complete generic holdover time substantiation; 

 
b) Evaluate the current active frost data set (including tests conducted in 

2015-16 as part of objective a) to determine whether substantiation of the 
generic frost holdover times is possible in all cells of the HOT table and with 
all current fluids; and 

 
c) To review the current generic frost holdover times and determine whether 

changes (either extensions or reductions) are required. 
 
 
9.3 Test Methodology 
 
In the winter of 2015-16, frost testing was conducted with the goal of collecting 
more data with current commercially available fluids. This was made possible as a 
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large selection of LOWV fluid samples were submitted in Winter 2015-16 for use in 
a number of different projects.  
 
The testing was conducted using the standard active frost test procedure, Test Plan: 
Endurance Time Testing in Frost with Type I, II, III and IV Fluids – Further 
Substantiation of Frost Holdover Times, which can be found in Appendix N. As one 
of the objectives of this project was to review and investigate potential changes to 
the generic active frost holdover times, additional emphasis was placed upon running 
the individual frost tests as long as possible (either to failure, or for durations that 
are well in excess of the existing generic holdover times). 
 
 
9.4 Data Collected in 2015-16 
 
Table 9.1 shows the frost testing data that was collected in 2015-16. This includes 
the frost tests conducted as part of the standard fluid holdover time testing as well 
as the supplemental tests conducted with the purpose of improving the current active 
frost data set.  
 
For the most up to date information concerning the frost data collected in past years, 
please refer to Transport Canada report, TP 15323E, Aircraft Ground Icing Research 
General Activities During the 2014-15 Winter (11). 
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Table 9.1: Frost Data Collected in Winter 2015-16 
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FROST TESTS - HOLDOVER TIME TESTING 

HOT1 Jan-04-16 100% 4  Clariant Max Flight AVIA Al. Plate 582 DNF 0.08 Below -14 to -21 -19.1 80 7 

HOT2 Jan-04-16 100% 4  Clariant Safewing EG IV North Al. Plate 581 DNF 0.08 Below -14 to -21 -19.1 80 7 

HOT4 Jan-04-16 100% 4  Shaanxi Cleansurface IV Al. Plate 579 DNF 0.08 Below -14 to -21 -19.1 80 7 

HOT9 Jan-07-16 100% 4 Clariant Max Flight AVIA Al. Plate 631 DNF 0.18 Below -3 to -10 -5.2 89 9 

HOT10 Jan-07-16 100% 4 Clariant Safewing EG IV North Al. Plate 629 DNF 0.18 Below -3 to -10 -5.2 89 9 

HOT11 Jan-07-16 100% 4 Shaanxi Cleansurface IV Al. Plate 628 DNF 0.18 Below -3 to -10 -5.2 89 9 

HOT12 Jan-07-16 75% 2 Yadilite YD-102 Al. Plate 473 Failed 0.17 Below -3 to -10 -5.3 89 9 

HOT13 Jan-07-16 100% 2 Yadilite YD-102 Al. Plate 599 DNF 0.18 Below -3 to -10 -5.4 90 9 

HOT14 Jan-07-16 75% 4 Clariant Max Flight AVIA Al. Plate 586 DNF 0.18 Below -3 to -10 -5.4 90 9 

HOT15 Jan-07-16 75% 4 Clariant Safewing EG IV North Al. Plate 585 DNF 0.18 Below -3 to -10 -5.4 90 9 

HOT16 Jan-07-16 75% 4 Shaanxi Cleansurface IV Al. Plate 582 DNF 0.18 Below -3 to -10 -5.4 90 9 

HOT17 Feb-18-16 75% 2 Yadilite YD-102 Al. Plate 178 Failed 0.16 Below -10 to -14 -11.9 83 7 

HOT18 Feb-18-16 75% 4 Clariant Safewing EG IV North Al. Plate 412 Failed 0.15 Below -10 to -14 -12.4 84 6 

HOT19 Feb-18-16 75% 4 Clariant Max Flight AVIA Al. Plate 417 Failed 0.15 Below -10 to -14 -12.4 84 6 

HOT20 Feb-18-16 100% 4 Clariant Max Flight AVIA Al. Plate 423 DNF 0.15 Below -10 to -14 -12.5 85 6 

HOT21 Feb-18-16 100% 4 Clariant Safewing EG IV North Al. Plate 424 DNF 0.15 Below -10 to -14 -12.5 85 6 

HOT22 Feb-18-16 100% 4 Shaanxi Cleansurface IV Al. Plate 425 DNF 0.15 Below -10 to -14 -12.5 85 6 

HOT23 Feb-18-16 100% 2 Yadilite YD-102 Al. Plate 425 DNF 0.15 Below -10 to -14 -12.5 85 6 

HOT24 Feb-18-16 100% 4 Deicing Solutions ECO-SHIELD Al. Plate 427 DNF 0.15 Below -10 to -14 -12.5 85 6 

HOT25 Feb-18-16 75% 4 Shaanxi Cleansurface IV Al. Plate 435 DNF 0.15 Below -10 to -14 -12.5 85 6 

HOT26 Apr-17-16 50% 4 Clariant Max Flight AVIA Al. Plate 390 DNF 0.02 -1 and Above 4.8 66 5 

HOT27 Apr-17-16 50% 4 Shaanxi Cleansurface IV Al. Plate 389 DNF 0.02 -1 and Above 4.8 66 5 

HOT28 Apr-17-16 50% 4 Clariant Safewing EG IV North Al. Plate 389 DNF 0.02 -1 and Above 4.8 66 5 

HOT29 Apr-17-16 50% 2 Yadilite YD-102 Al. Plate 388 DNF 0.02 -1 and Above 4.8 66 5 
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Table 9.1: Frost Data Collected in Winter 2015-16 (cont’d) 
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HOT30 Apr-17-16 100% 3 AllClear AeroClear MAX (CB18000A2) Al. Plate 388 DNF 0.02 -1 and Above 4.8 66 5 

FROST TESTS – FROST HOT SUBSTANTIATION 

FRS1 Jan-04-16 100% 2  Kilfrost ABC-Ice Clear II Al. Plate 413 Failed 0.08 Below -14 to -21 -19.0 79 6 

FRS2 Jan-04-16 100% 4  Clariant MaxFlight 04 Al. Plate 579 DNF 0.08 Below -14 to -21 -19.1 80 7 

FRS3 Jan-04-16 100% 4  Clariant Safewing MP IV Launch Plus Al. Plate 503 Failed 0.08 Below -14 to -21 -19.1 79 6 

FRS4 Jan-04-16 100% 4  Cryotech Polar Guard Advance Al. Plate 502 Failed 0.08 Below -14 to -21 -19.1 79 6 

FRS5 Jan-07-16 100% 4 Clariant MaxFlight 04 Al. Plate 635 DNF 0.18 Below -3 to -10 -5.2 89 9 

FRS6 Jan-07-16 100% 4 Cryotech Polar Guard Advance Al. Plate 634 DNF 0.18 Below -3 to -10 -5.2 89 9 

FRS7 Jan-07-16 100% 4 Newave FCY 9311 Al. Plate 632 DNF 0.18 Below -3 to -10 -5.2 89 9 

FRS8 Jan-07-16 100% 4 Clariant Max Flight SNEG Al. Plate 608 DNF 0.18 Below -3 to -10 -5.2 89 9 

FRS9 Jan-07-16 75% 4 Cryotech Polar Guard Advance Al. Plate 587 DNF 0.18 Below -3 to -10 -5.4 90 9 

FRS10 Feb-18-16 75% 2 Shaanxi Cleanwing II Al. Plate 282 Failed 0.16 Below -10 to -14 -12.1 84 7 

FRS11 Feb-18-16 75% 4 Cryotech Polar Guard Advance Al. Plate 384 Failed 0.16 Below -10 to -14 -12.3 84 7 

FRS12 Feb-18-16 100% 2 LNT Solutions P250 Al. Plate 422 DNF 0.15 Below -10 to -14 -12.5 85 6 

FRS13 Feb-19-16 100% 4 Newave FCY 9311 Al. Plate 418 DNF 0.15 Below -10 to -14 -12.5 85 6 

FRS14 Feb-19-16 100% 4 Clariant Max Flight SNEG Al. Plate 417 DNF 0.15 Below -10 to -14 -12.5 85 6 

FRS15 Feb-19-16 100% 4 Cryotech Polar Guard Advance Al. Plate 416 DNF 0.15 Below -10 to -14 -12.5 85 6 

FRS16 Feb-19-16 100% 2 Shaanxi Cleanwing II Al. Plate 415 DNF 0.15 Below -10 to -14 -12.5 85 6 
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9.5 Analysis Methodology 
 
This section describes the methodology behind the analyses performed. The 
methodology for each objective is described separately. 
 
 
9.5.1 Evaluation of Number of Data Points in Each HOT Table Cell 
 
The first part of the work consisted of reviewing all of the current natural frost data 
collected to determine how many valid points exist for each of the cells found within 
the active frost HOT table. A valid point is defined as any test that meets one of the 
following criteria: 
 

1) Test was run until failure and the endurance time exceeded the applicable 
generic holdover time given in the active frost HOT table; or 

2) Test was terminated prior to failure, however the duration of the test exceeded 
the applicable generic holdover time given in the active frost HOT table. 

 
All tests were additionally flagged as either “current” or “obsolete”, depending on 
the status of the fluid used for the testing. The data set consisting of all valid current 
tests was then evaluated in order to determine if there are enough current data points 
to substantiate the existing frost HOT table or if specific cells have data deficiencies. 
Particular attention was given to ensure that there is sufficient data across all 
temperature bands, fluid types and concentrations. 
 
 
9.5.2 Review of Current Data and Existing Active Frost Generic Holdover 

Times 
 
The second part of the work was to examine the currently valid data points to 
determine if there are particular cells where the generic holdover times are too 
conservative and could potentially be increased. This analysis was primarily 
concerned with tests allowed to run to failure. These are a better indicator of fluid 
performance as opposed to tests that did not fail as they give more accurate detail 
on how long a given fluid will last in active frost conditions, however, only a relatively 
small proportion of the current data points actually reached failure. Due to the relative 
lack of failed data points, consideration was also given to valid tests where failure 
was not reached but where the test duration exceeded the associated generic 
holdover time.  
 
It should be noted that all frost testing conducted as of the winter of 2015-16 has 
put additional emphasis on the importance of running tests to failure, or as a 
minimum, for a duration that is well in excess of the established generic holdover 
time. 
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9.6 Analysis 
 
This section describes the analysis performed for objectives b) and c). 
 
 
9.6.1 Evaluation of Number of Data Points in Each HOT Table Cell 
 
Table 9.2 shows the breakdown of the data points in the current active frost HOT 
table. 
 
When this analysis was initially performed in Transport Canada report, TP 15323E, 
Aircraft Ground Icing Research General Activities During the 2014-15 Winter (11), it 
was identified that the current data set overall had fewer data points than the historic 
data set used for initial active frost holdover time substantiation. This was expected 
as a number of Type II/IV used in the initial substantiation project have since become 
obsolete. 
 
While it is not critical to have an equivalent number of valid data points in the current 
set relative to the historic set (as historical obsolete fluids were acceptable fluids at 
the time of the initial substantiation), it is important to have a good distribution of 
valid data points across the various temperature bands and concentrations. A good 
minimum target would be two valid tests per HOT table cell. Several cells are lacking 
in current data and testing for the 2016-17 winter should aim to cover these gaps. 
 

Table 9.2: Active Frost Data Points – Current Fluids 

OAT (°C) Fluid 
Concentration 

Current Data Points 

Type I Type II Type III Type IV 

-1 and Above 

100/0 

8  

0  5  0  

75/25 1  0  1  

50/50 4  2  4  

Below -1 to -3 

100/0 

6  

1  0  0  

75/25 2  0  5  

50/50 4  0  7  

Below -3 to -10 
100/0 

14  
8  1 14  

75/25 8  1  10  

Below -10 to -14 
100/0 

18  
9  1  8  

75/25 11  0  5  

Below -14 to -21 100/0 23  8  3 15  

Below -21 to -25 100/0 2  1  0  1  

Totals   71  57  13 70  
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Table 9.3 shows a breakdown of the cells which should be targeted for additional 
data acquisition during the 2016-17 testing season. No Type I testing is planned for 
this testing season. It should be noted that although there is limited Type III 75/25 
and 50/50 data in multiple temperature bands, this is not considered a priority testing 
target as only one Type III fluid is currently available in 75/25 and 50/50 dilutions 
(Clariant Safewing MP III 2031 ECO) and this fluid expired in 2015 (expired fluids 
are removed from the HOT guidelines after four years).  
 

Table 9.3: Active Frost Data Acquisition Targets for 2016-17 Testing Season 

OAT (°C) Fluid 
Concentration 

Highest Priority Data Targets - 2016-17 

Type II Type III Type IV 

-1 and Above 

100/0       

75/25       

50/50       

Below -1 to -3 

100/0       

75/25       

50/50       

Below -3 to -10 
100/0       

75/25       

Below -10 to -14 
100/0       

75/25       

Below -14 to -21 100/0       

Below -21 to -25 100/0       

Shaded cells are the highest priority data targets. 
Other cells to be tested where fluid permits. 

 
 
9.6.2 Review of Current Data and Existing Active Frost Generic Holdover 

Times 
 
The second objective of the analysis was to take a more in-depth look at the 
endurance times of the tests performed in order to determine if any changes to the 
generic active frost holdover times could be supported. The goal was to identify cells 
of the active frost HOT table for which multiple valid tests that were run to failure 
exist (e.g. Type II Fluids – Below -1°C to -3°C – Neat). From there, the endurance 
time of each of these applicable tests can be compared to the existing generic active 
frost holdover time. If for a given cell there are multiple failed tests where all of the 
measured endurance times far exceed (or are lower than) the existing generic 
holdover time, then it is possible that a change to the existing generic times could 
be supported. 
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Table 9.4 lists the endurance times of all current Type II active frost tests run to 
failure as well as “Did Not Fail” (DNF) tests for all fluid dilutions and temperature 
bands. Also given are the corresponding generic holdover times for comparison 
purposes. 
 
The majority of the usable Type II data for this analysis is in the “Below -3°C 
to -10°C,” “Below -10°C to -14°C” and “Below -14°C to -21°C” temperature 
bands. As such, it is these temperature bands that currently have the most 
convincing evidence for potential generic holdover time expansion. While there is 
likely not enough failed data in the current set to fully support extensions at this 
time, it should be noted that this is an ongoing project and the results seen thus far 
are encouraging. 
 
Testing in the coming winter season should emphasize obtaining additional failed 
data in the warmer temperature bands with all dilutions of Type II fluids. 
 
There is generally much more failed active frost test data available for Type II fluids 
in comparison with Type IV fluids (likely due to the reduced protection time generally 
offered by Type II fluids). 
 

Table 9.4: Type II Active Frost Holdover Time Comparison 

Temp Band Fluid 
Dilution 

Endurance Times of 
Failed Points 

(minutes) 

Did Not Fail 
(minutes) 

Generic 
HOT 

(minutes) 

Evidence 
for 

Increase? 

-1°C and 
Above 

100/0 None None 480  No 

75/25 None 348 300  No 

50/50 None 338, 338, 183, 180 180  Yes 

Below -1°C 
to -3°C 

100/0 None 522 480  No 

75/25 None 521, 366 300  No 

50/50 191, 125, 114, 113 None 90  No 

Below -3°C 
to -10°C 

100/0 628  749, 724, 620, 618, 
618, 601, 599 480  Yes 

75/25 557, 473, 401 619, 617, 615, 600, 
384 300  Yes 

Below -10°C 
to -14°C 

100/0 716, 551 644, 530, 491, 464, 
462, 425, 422, 415 360  Yes 

75/25 592, 439, 395, 282, 
268, 254, 178, 152 491, 463, 461, 254 60  Yes 

Below -14°C 
to -21°C Neat 637, 622, 481, 479, 

413 678, 469, 361 360  Yes 

Below -21°C 
to -25°C Neat None 217  120  No 
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Table 9.5 lists the endurance times of all current Type III active frost tests run to 
failure as well as DNF tests for all fluid dilutions and temperature bands. Also given 
are the corresponding generic holdover times for comparison purposes. 
 
The existing data set for Type III fluids is limited; however, all of the failures observed 
did greatly exceed their corresponding generic holdover time. If more data could be 
gathered in the future, it is possible that there would be a case for extending the 
Type III generic holdover times across the board. Extensions should not be considered 
for Type III diluted fluids at this time, as the only Type III fluid with holdover times 
published for dilutions, Clariant Safewing MP III 2031 ECO, is currently expired and 
will be removed from the guidelines within several years [as per the removal protocol 
listed in ARP5718 (7)]. 
 
It would be beneficial to collect additional data in all temperature bands with the only 
non-expired Type III fluid in the guidelines, AllClear AeroClear MAX, to support future 
generic holdover time extensions. 
 

Table 9.5: Type III Active Frost Holdover Time Comparison 

Temp Band Fluid 
Dilution 

Endurance Times of 
Failed Points 

(minutes) 

Did Not Fail 
(minutes) 

Generic 
HOT 

(minutes) 

Evidence 
for 

Increase? 

-1°C and 
Above 

100/0 None 388, 335, 152, 151, 
145 120 Yes 

75/25 114 335 60 Yes 

50/50 None None 30 No 

Below -1°C 
to -3°C 

100/0 None None 120 No 

75/25 None None 60 No 

50/50 None None 30 No 

Below -3°C 
to -10°C 

100/0 556 None 120 Yes 

75/25 442 None 60 Yes 

Below -10°C 
to -14°C 

100/0 None 459 120 Yes 

75/25 None None 60 No 

Below -14°C 
to -21°C Neat 599 324, 306 120 Yes 

Below -21°C 
to -25°C Neat None None 120 No 
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Table 9.6 lists the endurance times of all current Type IV active frost tests run to 
failure as well as DNF tests for all fluid dilutions and temperature bands. Also given 
are the corresponding generic holdover times for comparison purposes. 
 
As was the case for Type II fluids, the majority of the usable Type IV data for this 
analysis is in the “Below -3°C to -10°C,” “Below -10°C to -14°C” and 
“Below -14°C to -21°C” temperature bands. This is due to the increased emphasis 
on running frost tests to completion or for durations far exceeding the generic 
holdover time that was first implemented prior to the 2015-16 winter testing season 
(the majority of the frost data gathered during this year was in the aforementioned 
temperature bands).  
 
These temperature bands currently have the most evidence for potential generic 
holdover time expansion, however more data is needed before extensions can be 
fully supported. 
 
Testing in the coming winter season should emphasize obtaining additional failed 
data in the warmer temperature bands with all dilutions of Type IV fluids. 
 

Table 9.6: Type IV Active Frost Holdover Time Comparison 

Temp Band Fluid 
Dilution 

Endurance 
Times of Failed 

Points 
(minutes) 

Did Not Fail 
(minutes) 

Generic 
HOT 

(minutes) 

Evidence 
for 

Increase? 

-1°C and 
Above 

100/0 None None 720 No 

75/25 None 361 300 No 

50/50 None 390, 389, 389, 363 180 Yes 

Below -1°C 
to -3°C 

100/0 None None 720 No 

75/25 None 523, 384, 378, 376, 365 300 Yes 

50/50 227, 204 457, 455, 454, 377, 375 180 No 

Below -3°C 
to -10°C 

100/0 None 
813, 748, 725, 662, 648, 
643, 636, 635, 634, 632, 

631, 629, 608, 603 
600 Yes 

75/25 None 625, 602, 588, 587, 586, 
585, 582, 564, 562, 561 300 Yes 

Below -10°C 
to -14°C 

100/0 None 460, 427, 425, 424, 423, 
418, 417, 416, 416 360 Yes 

75/25 417, 412, 388, 
384 435, 286 60 Yes 

Below -14°C 
to -21°C Neat 618, 598, 503, 

502, 430 
772, 680, 679, 633, 582, 
581, 579, 579, 469, 379 360 Yes 

Below -21°C 
to -25°C Neat None 247 240 No 
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9.7 Observations 
 
As this project is still on-going and will be continued throughout the 2016-17 testing 
season, no final conclusions have been made. This section will document 
observations based on the current status of the project as of the end of the 2015-16 
testing year. 
 
The current valid data set used for frost holdover time substantiation is lacking in 
several areas relative to the historical data set used for initial substantiation. If 
considering two valid current data points as a target, several cells of the active frost 
HOT table are under-represented in the current data set (refer to Table 9.3 for a 
breakdown of cells where additional data acquisition should be considered). 
Currently, the warmer temperature bands are relatively under-represented in the data 
set, as much of the supplemental testing conducted in the 2015-16 testing season 
was performed in the colder temperature bands. 
 
Although there are some cells lacking data in the current data set, it is not an 
immediate cause for concern. All of the current frost tests that reached failure 
demonstrate endurance times that exceed their respective generic holdover time (in 
many cases greatly exceed). 
 
There is evidence that several cells of the existing active frost HOT table may have 
generic holdover times that are overly conservative, however additional data is still 
required before changes to these generic times could be supported. Specifically, data 
should be obtained with all fluids of a given Type before any changes could be 
introduced as it would not be possible to identify the worst-performing fluids if there 
are fluids that remain untested. 
 
 
9.8 Recommendations 
 
It is recommended that active frost testing for the Winter 2016-17 testing season 
be targeted towards augmenting the current data set in the cells outlined in 
Table 9.3. As much of the active frost testing in Winter 2015-16 was conducted in 
the colder temperature bands, there is a particular need for data from warmer frost 
events. It should be noted however that there is still value in obtaining failed test 
data in all temperature bands to support future extensions to the generic active frost 
holdover times. 
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10. CONCLUSIONS 
 
The conclusions derived from the testing conducted in the winter of 2015-16 are 
provided below. 
 
 
10.1 Annual Testing 
 
Endurance time testing was carried out with seven de/anti-icing fluids in the winter 
of 2015-16. The results of this testing resulted in several changes being made to the 
HOT guidelines. The changes, described below, were included in the winter 2016-17 
HOT guidelines.  
 
Type I Fluids  

• No changes were made to the Type I fluid HOT guidelines. 
 
Type II Fluids 

• A fluid-specific HOT table was added for the new fluid Beijing Yadilite Aviation 
YD-102 Type II. 

• LNT Solutions P250 was removed. 

• Minor changes (both increases and decreases) were made to the Type II 
generic fluid holdover times as a result of the new and removed Type II fluids. 

• The holdover times for snow in the “below -14°C to LOUT” row were reduced 
for all Type II fluids.  

 
Type III Fluids 

• Supplemental testing with AllClear AeroClear MAX (Type III) resulted in 
changes to most of its holdover times. 

 
Type IV Fluids 

• Fluid-specific HOT tables were added for the new fluids Clariant Max Flight 
AVIA, Clariant Safewing EG IV NORTH and Shaanxi Cleanway Aviation 
Cleansurface IV. 

• Supplemental testing with Deicing Solutions ECO-SHIELD® (Type IV) resulted 
in changes to most of its holdover times. 

• Cryotech Polar Guard® and Dow Chemical UCARTM FlightGuard AD-480 were 
removed from the guidelines as per the protocol for removal of obsolete data. 



10.  CONCLUSIONS 

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\TP 15338E Final Version 1.0.docx 
Final Version 1.0, October 19 

72 

• Significant changes (both increases and decreases) were made to the Type IV 
generic holdover times as a result of the new and removed Type IV fluids. In 
addition, the Type IV generic HOT table was expanded to include holdover 
times for three snowfall intensities: very light, light and moderate. 

• The holdover times for snow in the “below -14°C to LOUT” row were reduced 
for all Type IV fluids. 

 
Allowance Time Tables 

• Several changes were made to the Type III and Type IV allowance tables. 
These include reordering of the existing precipitation type rows, the addition 
of new precipitation type rows, minor changes to some existing allowance 
times, and minor changes to the existing Type IV temperature bands. 

 
Active Frost Table 

• A note was added to the active frost HOT table to provide guidance on the 
appropriate outside air temperature to select in changing conditions. 

 
Other Changes 

• Changes were made to the Type I and Type II/IV fluid application tables to 
improve harmonization between the Transport Canada, FAA and SAE fluid 
application tables. 

• Guidance for the application of Type III fluid was previously provided in the 
same table as the guidance provided for the application of Type II/IV fluid. This 
guidance was moved to two new Type III fluid application tables. 

• Transport Canada published special HOT tables for use when flaps/slats are 
deployed prior to de/anti-icing. These tables contain holdover times that are 
90 percent of the standard HOT table values. 

 
 
10.2 Further Changes to Holdover Times Published for Type II/IV Fluids 

in Very Cold Snow 
 
The FAA and Transport Canada published optional holdover time guidance for Type II 
and Type IV fluids in very cold snow in September and October 2016, respectively. 
This guidance provided increases to holdover times in very cold snow for ethylene 
glycol based Type IV fluids below -14°C and for propylene glycol based Type II and 
Type IV fluids below -14 to -18°C. 
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10.3 Supplemental Research: Very Cold Snow 
 
The supplemental testing conducted in snow at very cold temperatures indicated that 
the current generic holdover times are not appropriate for Type II and Type IV fluids. 
The testing also indicated that endurance times measured in artificial snow at very 
cold temperatures should not be assumed to be conservative. Changes were 
recommended and accepted by regulators to reduce the generic Type II and Type IV 
holdover times in very cold snow. 
 
 
10.4 Supplemental Research: Review of Current and Obsolete Frost 

Endurance Time Data 
 
The current active frost data set including only data from currently available 
commercial fluids is lacking in several areas relative to the historical data set used 
for the initial active frost holdover time substantiation. Supplemental active frost 
testing is ongoing with the goal of obtaining more data in areas where the current 
active frost data set is lacking. This analysis will be repeated at the conclusion of the 
2016-17 testing season. 
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11. RECOMMENDATIONS 
 
It is recommended that: 
 

1. All new Type I, II, III or IV fluids be evaluated over the entire range of 
conditions of the HOT tables; 

 
2. Further research be considered to mitigate the reductions made to the Type II 

and Type IV very cold snow holdover times; and 
 

3. Further active frost testing be conducted with current commercially available 
fluids to augment the existing frost endurance time data set. 
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TRANSPORTATION DEVELOPMENT CENTRE 
WORK STATEMENT EXCERPT –  
AIRCRAFT & ANTI-ICING FLUID 

WINTER TESTING 2015-16 
 
3.3 Holdover Time Testing for New Fluids 
 

This program element is funded by the fluid manufacturers. The extent of effort for 
this program element will be determined by the number of new fluids submitted for 
testing. 

(For the 2015-16 testing season, more HOT fluids were received than initially 
anticipated.) 

 
a) Conduct flat plate tests with samples of Type I, Type II, Type III and Type IV 

fluids supplied by fluid manufacturers. Testing will be conducted using the 
methodology provided in Aerospace Recommended Practice (ARP) 5485 
and/or 5945 under conditions of: 

i. Natural snow and two frost events at the P.E.T. test site under a wide range 
of temperature, precipitation rate, precipitation type, and wind conditions 
(in some cases, travel to other locations may be necessary to collect a more 
complete set of data); and 

ii. Simulated freezing precipitation at the NRC CEF (in freezing drizzle, light 
freezing rain, freezing fog, and rain on a cold-soaked surface). 

b) Record individual fluid endurance times; and  

c) Analyze the data collected, report the findings, and prepare presentation 
material for the SAE G-12 meetings. 

 
 
3.4 Endurance Time Testing in Snow Conditions at Very Cold 

Temperatures to Validate Holdover Times at -25°C  
 

a) Determine which fluids should be tested, and request LOWV samples of these 
fluids from the manufacturers; 

b) Conduct flat plate tests with samples of Type II, Type III, Type IV and limited 
Type I fluids using the methodology provided in ARP5485 and/or ARP5945 
under conditions of natural snow at temperatures close to -25°C (travel will 
be required); 

c) Conduct snowmaker tests at -25°C. Approximately 15 days (30 tests) of 
testing will be required for Type I, II, IV fluids and an additional 5 days (8 tests) 
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will be required for Type III fluid. While 20 days are required, approximately 
10 days are budgeted as all the fluids may not be received.  This snowmaker 
work can only be started in late winter after the natural snow data is analyzed;  

d) Analyze the data collected and provide recommendations for changes to the 
HOT guidelines if required; and 

e) Report the findings and prepare presentation material for the SAE G-12 annual 
meeting. 

 
 
3.11 Further Substantiation of Frost HOTs  
 

a) Review historical data set used for substantiating frost HOT’s and determine 
possible areas with lacking data due to fluids which have become obsolete; 

b) Review and, if required, modify the procedure for outdoor natural frost testing; 

c) Conduct natural frost endurance time testing with commercialized fluids (will 
require LOWV samples from fluid manufacturers, samples will be obtained as 
part of separate task); 

d) Analyze data and results and review impact on guidance; and 

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

 
 
3.47 Endurance Time Testing with Coloured and Uncoloured 

Formulations 
 

a) Conduct a subset of the standard holdover time testing using coloured and 
uncoloured formulations of the same holdover time fluid; 

b) Analyze the data collected; and 

c) Report on findings. 
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PROCEDURES FOR HOLDOVER TIME TESTING 
 

• Procedure for Conducting Endurance Time Tests for SAE Deicing/Anti-Icing 
Fluids – SAE Type II, III and IV 

• Procedure: Determination of Endurance Times of Type I Fluids Under Natural 
Snow Precipitation at Dorval 

• Procedure: Endurance Time Testing in Frost with Type I, II, III and IV Fluids 

• Procedure: Endurance Time Test Requirements for Simulated Snow Flat Plate 
Testing – Type II, III and IV Fluids 

• Procedure: Development of Type I Protocol for Indoor Snow (ARP5495) 

• Overall Program of Tests at NRC, March/April 2016 



 

 



 

 

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS 
FOR SAE DEICING/ANTI-ICING FLUIDS 

SAE TYPE II, III AND IV 
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PROCEDURE: 
DETERMINATION OF ENDURANCE TIMES OF TYPE I FLUIDS 

UNDER NATURAL SNOW PRECIPITATION AT DORVAL  
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PROCEDURE: 
ENDURANCE TIME TESTING IN FROST WITH TYPE I, II, III 

AND IV FLUIDS 
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PROCEDURE: 
ENDURANCE TIME TEST REQUIREMENTS FOR SIMULATED SNOW 

FLAT PLATE TESTING—TYPE II, III, AND IV FLUIDS 
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PROCEDURE: 
DEVELOPMENT OF TYPE I PROTOCOL FOR INDOOR SNOW 

(ARP5945) 
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OVERALL PROGRAM OF TESTS AT NRC, MARCH/APRIL 2016 
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APPENDIX C 
 

FLUID MANUFACTURER REPORT: 
METHODOLOGY FOR ENDURANCE TIME TESTING OF 

TYPE II, III AND IV FLUIDS WINTER 2015-16 
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APPENDIX K 
 

SUPPLEMENTAL HOLDOVER TIME GUIDANCE: 
TRANSPORT CANADA ADVISORY CIRCULAR 007-040 AND  

FAA WINTER 2016-2017 HOLDOVER TIME GUIDELINES ADDENDUM 1  



  



TRANSPORT CANADA ADVISORY CIRCULAR 007-040 
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HOLDOVER TIME GUIDELINES ADDENDUM 1  
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TEST PLAN 2015-16: 
CONDUCT HOT TESTING IN NORTHERN LOCATIONS TO 
VALIDATE HOT DATA AT -25°C AND CLOSE TO LOUT 

TO SUPPORT GENERIC HOTS – TEST REQUIREMENTS FOR 
NATURAL PRECIPITATION FLAT PLATE TESTING 
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TEST PLAN: 
CONDUCT SNOWMAKER TESTS TO SUPPORT NATURAL SNOW DATA 

CLOSE TO -25°C FOR THE EVALUATION OF THE GENERIC HOTS 
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APPENDIX N 
 

TEST PLAN: 
ENDURANCE TIME TESTING IN FROST 
WITH TYPE I, II, III AND IV FLUIDS — 

FURTHER SUBSTANTIATION OF FROST HOLDOVER TIMES 



 

 



APPENDIX N 

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix N\Appendix N.docx 
Final Version 1.0, October 19 

N-1 



APPENDIX N 

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix N\Appendix N.docx 
Final Version 1.0, October 19 

N-2 



APPENDIX N 

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix N\Appendix N.docx 
Final Version 1.0, October 19 

N-3 



APPENDIX N 

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix N\Appendix N.docx 
Final Version 1.0, October 19 

N-4 



APPENDIX N 

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix N\Appendix N.docx 
Final Version 1.0, October 19 

N-5 



 

N-6 

This page intentionally left blank. 


	TP 15338E Final Version 1.0.pdf
	1. INTRODUCTION
	1.1 Background
	1.2 Objectives
	1.3 Content of this Report
	1.4 Report Format
	1.5 Publication of HOT Guidelines
	1.5.1 Transport Canada
	1.5.2 FAA


	2. TESTING IN 2015-16
	2.1 Procedures
	2.2 Software
	2.3 Test Sites
	2.4 Fluids Tested
	2.5 Description of Tests
	2.6 Reporting
	2.7 Supplemental Testing – Very Cold Snow Research
	2.8 Supplemental Testing – Frost Holdover Time Substantiation

	3. CHANGES TO THE TYPE I HOT GUIDELINES
	3.1 New Fluids/Data
	3.2 Changes to HOT Guidelines Format
	3.3 Type I Generic Holdover Time Values

	4. CHANGES TO THE TYPE II HOT GUIDELINES
	4.1 New Fluids/Data
	4.1.1 New Fluids
	4.1.2 Supplemental Data

	4.2 Removed Fluids/Data
	4.3 Changes to HOT Guidelines Format
	4.4 Type II Generic Holdover Time Values
	4.4.1 Protocol for the Determination of Type II Generic Holdover Times
	4.4.2 Use of Generic Holdover Times in Very Cold Snow
	4.4.3 Impact of New and Removed Fluids/Data
	4.4.4 Type II Generic Holdover Time Values and the Fluids Responsible

	4.5 Further Changes to Holdover Times Published for Type II/IV Fluids in Very Cold Snow

	5. CHANGES TO THE TYPE III HOT GUIDELINES
	5.1 New Fluids/Data
	5.2 Removed Fluids/Data
	5.3 Changes to HOT Guidelines Format
	5.4 Type III Generic Holdover Time Values

	6. CHANGES TO THE TYPE IV HOT GUIDELINES
	6.1 New Fluids/Data
	6.1.1 New Fluids
	6.1.2 New Formulations of Existing Fluids
	6.1.3 Supplemental Data

	6.2 Removed Fluids/Data
	6.3 Changes to HOT Guidelines Format
	6.4 Type IV Generic Holdover Time Values
	6.4.1 Protocol for the Determination of Type IV Generic Holdover Times
	6.4.2 Use of Generic Holdover Times in Very Cold Snow
	6.4.3 Impact of New and Removed Fluids/Data
	6.4.4 Type IV Generic Holdover Time Values and the Fluids Responsible

	6.5 Further Changes to Holdover Times Published for Type II/IV Fluids in Very Cold Snow

	7. OTHER CHANGES TO HOT GUIDELINES CONTENT
	7.1 Active Frost HOT Guidelines
	7.2 Allowance Time Tables
	7.3 Fluid Application Tables
	7.4 Transport Canada Adjusted Holdover Time and Allowance Time Tables for Use When Flaps/Slats Deployed Prior to Anti-icing

	8. SUPPLEMENTAL RESEARCH: ENDURANCE TIME TESTING IN SNOW AT VERY COLD TEMPERATURES
	8.1 Background – Historical Data and Holdover Times
	8.2 Background – Winter 2014-15 Testing
	8.3 Objective
	8.4 Test Methodology
	8.4.1 Test Locations
	8.4.2 Test Procedures
	8.4.3 Fluids Tested

	8.5 Testing Challenges
	8.6 Data Collected – Natural Snow
	8.6.1 Winter 2015-16 Only
	8.6.2 Winter 2014-15 and 2015-16 Combined Data Set
	8.6.3 Fluid Failure Photos

	8.7 Data Collected – Artificial Snow
	8.8 Analysis
	8.9 Observations
	8.10 Conclusions
	8.11 Recommendations
	8.11.1 Reductions to Existing Generic Holdover Times
	8.11.2 Very Cold Snow Testing for New Type II/IV Fluids

	8.12 Possible Future Mitigations

	9. SUPPLEMENTAL RESEARCH: DATA COLLECTION FOR REVIEW OF FROST HOLDOVER TIMES
	9.1 Background
	9.2 Objective
	9.3 Test Methodology
	9.4 Data Collected in 2015-16
	9.5 Analysis Methodology
	9.5.1 Evaluation of Number of Data Points in Each HOT Table Cell
	9.5.2 Review of Current Data and Existing Active Frost Generic Holdover Times

	9.6 Analysis
	9.6.1 Evaluation of Number of Data Points in Each HOT Table Cell
	9.6.2 Review of Current Data and Existing Active Frost Generic Holdover Times

	9.7 Observations
	9.8 Recommendations

	10. CONCLUSIONS
	10.1 Annual Testing
	10.2 Further Changes to Holdover Times Published for Type II/IV Fluids in Very Cold Snow
	10.3 Supplemental Research: Very Cold Snow
	10.4 Supplemental Research: Review of Current and Obsolete Frost Endurance Time Data

	11. RECOMMENDATIONS
	REFERENCES

	Appendix A.pdf
	Appendix B.pdf
	Appendix C.pdf
	Appendix D.pdf
	Appendix E.pdf
	Appendix F.pdf
	Appendix G.pdf
	Appendix H.pdf
	Appendix I.pdf
	Appendix J.pdf
	Appendix K.pdf
	Appendix L.pdf
	Appendix M.pdf
	Appendix N.pdf

		2019-10-11T16:09:46-0400
	APS Aviation -- APS Aviation


		2019-10-10T15:49:16-0400
	APS Aviation -- APS Aviation


		2019-10-09T15:10:07-0700
	Stephanie Bendickson
	I am the author




