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

• To evaluate whether holdover times should be developed for ice pellet conditions; 

• To examine the effect of heated fluids on Type II, III, and IV fluid endurance times; 

• To evaluate if it is appropriate to apply fluid with a -3°C buffer (fluid with a freeze point 
3°C above the ambient temperature) for the 1st step of a two-step application; 

• To evaluate weather data from previous winters to establish a range of conditions suitable 
for the evaluation of holdover time limits; 

• To assist in the testing of flow of contaminated fluid from aircraft wings during takeoff; 

• To validate the laboratory snow test protocol with Type II and IV fluids; 

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

• To provide support for the development of a standard that evaluates remote on-ground 
ice detection systems; 

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

• To conduct endurance time tests on non-aluminum plates; and 

• To conduct endurance time tests in frost on various test surfaces. 
 
The research activities of the program conducted on behalf of Transport Canada during the 
winter of 2005-06 are documented in nine reports. The titles of the reports are as follows: 
 
• TP 14712E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program 

for the 2005-06 Winter; 

• TP 14713E Aircraft Deicing Research in Natural and Simulated Ice Pellet Conditions; 

• TP 14714E Evaluation of Fluid Freeze Points in First-Step Application of Type I Fluids; 

• TP 14715E Winter Weather Impact on Holdover Time Table Format (1995-2006); 

• TP 14716E Falcon 20 Trials to Examine Fluid Removed from Aircraft During Takeoff 
with Ice Pellets; 

• TP 14717E Endurance Time Testing in Snow: Comparison of Indoor and Outdoor Data 
for 2005-06; 

• TP 14718E Preliminary Endurance Time Testing in Simulated Ice Pellet Conditions; 

• TP 14719E Aircraft Ground Icing General Research Activities During the 2005-06 
Winter; and 

• TP 14720E Effect of Heat on Fluid Endurance Times Using Composite Surfaces. 
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In addition, the following three interim reports are being prepared: 
 
• Implementation of Holdover Time Determination Systems; 

• Effect of Heat on Endurance Times of Anti-Icing Fluids; and 

• Substantiation of Aircraft Ground Deicing Holdover Times in Frost Conditions. 
 
This report, TP 14719E, has the following objective: 
 
• To document the exploratory research and general activities carried out for the 

Transportation Development Centre during the winter of 2005-06. 
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EXECUTIVE SUMMARY 
 
This report documents the exploratory research and general activities related to 
aircraft ground deicing research completed by APS Aviation Inc. (APS) in the winter 
of 2005-06 on behalf of the Transportation Development Centre (TDC) of Transport 
Canada (TC) and the Federal Aviation Administration (FAA). The seven activities 
documented in this report are described below and were carried out in addition to 
the main research projects completed in the winter of 2005-06, which are 
documented in separate reports.  
 
 
Methodology to Re-Categorize Fluid Holdover Time Tables (Section 2) 
 
APS conducted an analysis of the existing Type II and Type IV fluid-specific holdover 
time (HOT) tables to group the fluids into several generic tables so that the 
fluid-specific tables could be eliminated. This would reduce the number of HOT tables 
published each year and address concerns in the industry that too many HOT tables 
exist. 
 
The fluids were grouped based on their performance in the most used cells in the 
HOT tables. The advantages and disadvantages of implementing the proposed set of 
generic HOT tables were examined. It was recommended that the fluid-specific tables 
should continue to exist, as the amount of holdover time forfeited by implementing 
the new generic tables was deemed excessive and the changes would be difficult to 
implement at this stage of development. 
 
 
Validity of 75/25 Endurance Time Test Protocol (Section 3) 
 
Concerns have arisen that the protocol used to measure endurance times of diluted 
anti-icing fluids may not produce values consistent with those experienced during 
actual operations. Research was conducted to assess the accuracy of the current 
protocol for fluid dilutions.  
 
A significant difference was seen in the final viscosity of fluid that was diluted before 
it was sheared (operational process) and fluid diluted after it was sheared (testing 
process). This may have important implications, as endurance times of fluid used in 
operations may be shorter than the endurance times given in the HOT Guidelines. It 
is recommended that lowest on-wing viscosity (LOWV) values be provided for 
dilutions in the HOT Guidelines. It is suggested that when submitting fluid samples 
for holdover time testing in the future, manufacturers shear samples after they have 
been diluted. 
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Endurance Times on Plates with Residual Ice (Section 4) 
 
Previous research has shown that, in certain conditions, deicing technicians cannot 
detect residual ice under fluid during post-deicing inspections. APS conducted 
preliminary testing to investigate how the presence of residual ice affects endurance 
times of anti-icing fluids. The preliminary tests suggest that endurance times of fluids 
are reduced by the presence of residual ice. It was recommended that more data be 
generated to solidify the analysis. 
 
 
Tactile Inspection of Ice with the Use of Gloves (Section 5) 
 
Testing in 2004-05 evaluated human tactile ability to detect ice on wings. It was 
found that test subjects could detect ice of any thickness on unpainted aluminum 
plates. One type of glove was used during these tests. It was later theorized that the 
type of glove worn by the test subjects may alter the results. 
 
In 2005-06, tests were conducted with candidates using five types of gloves. In a 
very limited number of tests, all the candidates were able to detect ice regardless of 
the type of glove they wore. While the results showed that ice can be detected with 
gloves, it was concluded that the test methodology should be examined if future 
tests are required. 
 
 
Support for Development of SAE AS5681 (Section 6) 
 
The proposed Society of Automotive Engineers (SAE) Aerospace Standard (AS) 5681 
specifies the minimum performance requirements of remote on-ground ice detection 
systems (ROGIDS). APS has supported the development of AS5681 by providing 
expert opinion and clerical support.  
 
 
Holdover Time Guidelines Website (Section 7) 
 
APS developed and implemented a website for the official TC HOT Guidelines in 
2003 to eliminate the safety risks associated with discrepancies occurring as a result 
of holdover time information being published in multiple locations. APS updated this 
website in July 2006 with the 2006-07 HOT Guidelines. 
 
 
Test Procedures, Presentations, and Fluid Manufacturer Reports (Section 8) 
 
A number of test procedures, presentations, and fluid manufacturer reports were 
produced by APS for the 2005-06 test program. An account of these activities is 
included in this report. 
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SOMMAIRE 
 

Ce rapport fait état de la recherche exploratoire et des activités générales se 
rapportant à la recherche sur le dégivrage d’aéronefs au sol menée par APS Aviation 
Inc. (APS), au cours de l’hiver 2005-2006, pour le compte du Centre de 
développement des transports (CDT) de Transports Canada (TC) et de la Federal 
Aviation Administration (FAA). Les sept activités dont fait état ce rapport sont 
décrites ci-dessous et ont été effectuées en plus des projets de recherche principale 
menés pendant l’hiver 2005-2006, qui sont documentés dans des rapports distincts.  
 
 

Méthodologie pour classer à nouveau les tableaux de durées d’efficacité des liquides 
(Section 2) 
 

APS a effectué une analyse des tableaux existants de durées d’efficacité spécifiques 
aux liquides de type II et de type IV afin de regrouper les liquides en plusieurs 
tableaux génériques et d’éliminer les tableaux spécifiques aux liquides. Cela 
permettrait de réduire le nombre de tableaux de durées d’efficacité publiés chaque 
année et de répondre aux préoccupations du secteur concernant l’existence d’un trop 
grand nombre de tableaux de durées d’efficacité. 
 

Les liquides ont été regroupés en fonction de leur rendement dans les cellules les 
plus utilisées des tableaux de durées d’endurance. Les avantages et les inconvénients 
de la mise en œuvre de l’ensemble proposé de tableaux génériques de durées 
d’endurance ont été examinés. Il a été recommandé que les tableaux spécifiques aux 
liquides continuent d’exister, car la quantité de durées d’efficacité perdues par la 
mise en œuvre des nouveaux tableaux génériques a été jugée excessive, et les 
changements seraient difficiles à appliquer à ce stade de développement. 
 
 

Validité du protocole d’essai sur les durées d’endurance à une dilution de 75/25 
(Section 3) 
 

Des préoccupations ont été soulevées quant au fait que le protocole utilisé pour 
mesurer les durées d’endurance des liquides antigivrants dilués peut ne pas produire 
de valeurs conformes à celles obtenues lors des opérations réelles. Des recherches 
ont été menées pour évaluer la précision du protocole actuel pour les essais de durées 
d’endurance des dilutions de liquides. 
 

Une différence significative a été observée dans la viscosité finale du liquide dilué 
avant qu’il ne soit cisaillé (processus opérationnel) et celle du liquide dilué après son 
cisaillement (processus d’essai). Cette observation peut avoir des conséquences 
importantes, car les durées d’endurance du liquide utilisé dans les opérations peuvent 
être plus courtes que celles figurant dans les lignes directrices. Il est recommandé 
d’indiquer dans le document directeur les valeurs de viscosité les plus basses sur 
l’aile (LOWV) aux fins de dilutions. Dans l’avenir, lors de la soumission d’échantillons 
de liquides à des essais de durées d’efficacité, il est suggéré aux fabricants de cisailler 
les échantillons après leur dilution. 
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Durées d’endurance sur plaques avec glace résiduelle (Section 4) 
 

Des recherches antérieures ont montré que, dans certaines conditions, les techniciens 
en dégivrage pouvaient ne pas détecter la glace résiduelle présente sous le liquide 
lors d’inspections menées après le dégivrage. APS a mené des essais préliminaires 
pour étudier la façon dont la présence de glace résiduelle influe sur les durées 
d’endurance des liquides antigivrants. Les essais préliminaires suggèrent que les 
durées d’endurance des liquides sont réduites par la présence de glace résiduelle. Il 
a été recommandé que davantage de données soient recueillies pour solidifier l’analyse. 
 
 

Inspection tactile de la glace à l’aide de gants (Section 5) 
 

Des essais menés en 2004-2005 ont évalué la capacité tactile des humains à détecter 
la glace sur les ailes. On a constaté que les participants aux essais pouvaient détecter 
la glace de toute épaisseur sur des plaques d’aluminium non peintes. Un seul type de 
gants a été utilisé au cours de ces essais. Par la suite, on a formulé l’hypothèse selon 
laquelle le type de gants porté par les participants pouvait modifier les résultats. 
 

En 2005-2006, des essais ont été effectués auprès de candidats utilisant cinq types 
de gants. Dans un nombre très limité de tests, tous les candidats ont pu détecter la 
glace, quel que soit le type de gants qu’ils portaient. Bien que les résultats aient 
montré que la glace pouvait être détectée avec des gants, on a conclu que la méthode 
d’essai devrait être examinée si de futurs essais s’avéraient nécessaires. 
 
 

Contribution à l’élaboration de la norme AS5681 de la SAE (Section 6) 
 

La norme aérospatiale (AS) 5681 proposée par la Society of Automotive Engineers 
(SAE) précise les exigences minimales de rendement des systèmes de détection de 
glace au sol à distance (ROGIDS). APS a contribué à l’élaboration de la norme 
AS5681 en fournissant des avis d’experts et un soutien administratif.  
 
 

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

En 2003, APS a conçu et mis en place un site Web présentant les lignes directrices 
officielles de TC sur les durées d’efficacité, afin d’éliminer les risques pour la sécurité 
associés à la possibilité de divergences lorsque l’information sur les durées d’efficacité 
est publiée à plusieurs endroits. En juillet 2006, APS a mis à jour ce site Web avec 
les lignes directrices sur les durées d’efficacité de 2006-2007. 
 
 

Procédures d’essais, présentations et rapports des fabricants de fluides (Section 8) 
 

APS a produit un certain nombre de procédures d’essais, de présentations et de 
rapports aux fabricants de fluides pour le programme d’essais de l’hiver 2005-2006. 
Le présent rapport contient une description de ces activités.
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1. INTRODUCTION 
 
Under winter precipitation conditions, aircraft are cleaned with a freezing point 
depressant fluid and protected against further accumulation by an additional 
application of such a fluid, possibly thickened to extend the protection time. Aircraft 
ground deicing had, until recently, never been researched and there is still an 
incomplete understanding of the hazard and of what can be done to reduce the risks 
posed by the operation of aircraft in winter precipitation conditions. This "winter 
operations contaminated aircraft – ground" program of research is aimed at overcoming 
this lack of knowledge. 
 
Since the early 1990s, the Transportation Development Centre (TDC) of Transport 
Canada (TC) has managed and conducted de/anti-icing related tests at various sites 
in Canada; it has also coordinated worldwide testing and evaluation of evolving 
technologies related to de/anti-icing operations with the co-operation of the United 
States Federal Aviation Administration (FAA), the National Research Council Canada 
(NRC), the Meteorological Service of Canada (MSC), several major airlines, and deicing 
fluid manufacturers. The TDC is continuing its research, development, testing, and 
evaluation program. 
 
Under contract to the TDC, with financial support from the FAA, APS Aviation Inc. 
(APS) has undertaken research activities to further advance aircraft ground 
de/anti-icing technology. 
 
The research program consisted of a number of major research projects and several 
exploratory research and general activities. Each of the major research projects is 
documented in a separate individual report. The exploratory research and general 
activities are documented in this report.  
 
The relevant sections of the TC work statement can be found in Appendix A. 
 
 
1.1 Exploratory Research  
 
 
1.1.1 Methodology to Re-Categorize Fluid Holdover Time Tables 
 
Significant resources are required to produce fluid-specific holdover time (HOT) 
Guidelines for new fluids and modify the generic HOT Guidelines each year. As the 
guidelines increase in size and complexity, they also become more difficult to use. 
 
APS examined the feasibility of reducing the number of HOT tables and limiting the 
changes that are made to them annually. This analysis is included in Section 2. 
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1.1.2 Validity of 75/25 Endurance Time Test Protocol 
 
Concerns have arisen that the protocol used to measure endurance times of diluted 
anti-icing fluids may not produce values consistent with those experienced during 
actual operations. These concerns have brought into question the validity of the 
current test protocol for diluted fluids and the accuracy of the diluted fluid values in 
the HOT Guidelines. Tests were conducted to explore this possibility. This topic is 
discussed in Section 3. 
 
 
1.1.3 Endurance Times on Plates with Residual Ice 
 
Previous research has shown that, in certain conditions, deicing technicians cannot 
detect residual ice under fluid during post-deicing inspections. APS conducted 
preliminary tests on plates with residual ice to ascertain if the presence of residual 
ice affects endurance times. This topic is discussed in Section 4. 
 
 
1.1.4 Tactile Inspection of Ice with the Use of Gloves 
 
In 2004-05, testing was performed to evaluate human visual and tactile ability to 
detect ice. It was determined that ice of any thickness could be detected on bare 
aluminum plates using a tactile check. Test subjects used only one type of glove 
during these tests. It was later theorized that the type of glove used may influence 
technicians’ ability to detect ice. In 2005-06, APS repeated a limited number of tests. 
In these tests, candidates attempted to detect ice while wearing each of five types 
of gloves. This topic is discussed in Section 5. 
 
 
1.2 General Activities 
 
 
1.2.1 Support for Development of SAE AS5681 
 
The proposed Society of Automotive Engineers (SAE) Aerospace Standard (AS) 5681 
specifies the minimum performance requirements of remote on-ground ice detection 
systems (ROGIDS). APS has supported the development of AS5681 by providing 
expert opinion and clerical support for the development of the standard. This topic is 
discussed in Section 6. 
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1.2.2 Holdover Time Guidelines Website 
 
In July 2003, APS developed and implemented a website for the official TC HOT 
Guidelines. This was done to eliminate the discrepancies and potential safety risks 
associated with publishing the information in several locations, including websites 
and documents. In July 2006, APS updated the website with the new 2006-07 HOT 
Guidelines. This topic is discussed in Section 7. 
 
 
1.2.3 Test Procedures, Presentations, and Fluid Manufacturer Reports for 

2005-06 
 
Section 8 contains an account of the test procedures, presentations, and fluid 
manufacturer reports that were prepared by APS in 2005-06.  
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2. METHODOLOGY TO RE-CATEGORIZE FLUID HOLDOVER 
TIME TABLES 

 
Each year, as new Type II and Type IV products are introduced into the market, 
additional fluid-specific holdover time (HOT) tables are added to the HOT Guidelines, 
and the generic Type II and Type IV HOT tables are modified to encompass the new 
fluids. There are two significant disadvantages to this process. First, producing new 
tables and revising the existing tables require significant resources. Second, the 
guidelines become less user-friendly as they increase in size and complexity. 
 
As one alternative to this process, this report explores the feasibility of implementing 
a new set of generic tables and eliminating fluid-specific tables. 
 
 
2.1 Types of Fluid Guidelines 
 
Two sets of guidelines currently exist in the aviation industry for anti-icing purposes: 
fluid-specific HOT Guidelines and generic fluid HOT Guidelines.  
 
 
2.1.1 Fluid-Specific Holdover Time Guidelines 
 
Fluid-specific HOT Guidelines are tables that provide holdover time guidance to 
aircraft operators who know which fluid has been used on an aircraft. Usually used 
by seasoned pilots and operators, fluid-specific guidelines tell the operators the 
duration of time available for takeoff after an aircraft is de/anti-iced with a specific 
fluid. If a pilot is aware of the fluid that is being used, utilising the fluid-specific tables 
will extend the window of time available for takeoff since the fluid-specific tables 
portray the true capability of a specific product rather than the minimum/most 
conservative estimate of fluid holdover times. Major airlines also view the fluid-specific 
tables as a cost-efficient tool.  
 
A total of 14 fluid-specific HOT Guidelines were published for the winter of 2005-06 
(abbreviations used in subsequent figures are shown in parentheses) as follows: 
 

• Type II Fluids:  

o Clariant Safewing MP II 2025 ECO (C-2025); 

o Kilfrost ABC-II Plus (ABC-II+); 

o Kilfrost ABC-2000 (K2000); 

o Octagon E Max II (E II); and 

o SPCA Ecowing 26 (S E26). 
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• Type IV Fluids: 

o Clariant Safewing MP IV 2001 (C-2001); 

o Clariant Safewing MP IV 2012 Protect (C-2012); 

o Clariant Safewing MP IV 2030 ECO (C-2030); 

o Kilfrost ABC-S (K-ABC-S); 

o Octagon Max-Flight (O-Max); 

o Octagon Max-Flight 04 (O-Max 04); 

o Octagon MaxFlo (O-MFlo); 

o SPCA AD-480 (S-480); and 

o Dow Chemical UCAR ADF/AAF Ultra+ (Ultra+). 
 
 
2.1.2 Generic Holdover Time Guidelines 
 
Generic HOT Guidelines provide guidance in cases where the pilot or operator is not 
aware of the fluid being used. Unlike the fluid-specific guidelines, these tables 
encompass all fluids available on the market and therefore provide the lowest/most 
conservative time available for takeoff after de/anti-icing.  
 
One generic HOT table is produced annually for each fluid type. Because fluid-specific 
tables are not produced for Type I or Type III fluids, any new Type I and Type III 
fluids must meet the standards set in their respective generic tables in order to 
qualify. As a result, the Type I and Type III generic guidelines rarely change. 
 
The Type II and Type IV generic HOT Guidelines have been used in the industry for 
many years. The values represented in the Type II and Type IV generic guidelines are 
based on the lowest value obtained from holdover time tests conducted with all fluids 
of a specific type currently being used on the market. Each time a new Type II or 
Type IV fluid is introduced, the values in the generic HOT Guidelines are reassessed 
to include the new fluid’s holdover times. 
 
 
2.2 Issues with the Current Situation 
 
 
2.2.1 Perpetual Changes to Generic Table Values 
 
Each year, typically two or three new Type II/IV products are introduced to the 
market. Every new product that is introduced undergoes a series of holdover time 
tests. The results from the tests provide data to produce a fluid-specific table that is 
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added to the HOT Guidelines. In addition, if the product fails to generate values that 
are superior to those reported in the current generic HOT Guidelines, the times in the 
generic guidelines are reduced to include the new product. This practice has the 
effect of continually reducing the values represented in the generic HOT Guidelines. 

However, when a product has not been commercially available for four years (and 
has not been re-qualified), it is removed from the generic HOT Guidelines analysis. If 
the fluid has the lowest holdover time in a cell, the value in that cell will increase 
with its removal. Fluids are removed much less frequently than fluids are added. Only 
five fluids have been removed from the generic analysis since the adoption of this 
rule in 2001. They include the following: 

• Hoechst MP IV 1957;

• Dilute forms of Dow Chemical UCAR Ultra+;

• SPCA AD-404;

• Clariant Safewing Four; and

• Clariant Safewing MP IV 1957.

The continual changes to the generic HOT Guidelines have long prompted discussion 
within the aviation industry that suggested freezing the generic Type II and Type IV 
HOT Guidelines. This would lock in the values of the generic guidelines and create a 
situation in which any new fluid introduced to the market would have to meet the 
minimum values set in either the Type II or Type IV generic tables.  

2.2.2 Similarity of Type II and Type IV Generic Tables 

Another issue with the current situation is the similarity of the Type II and Type IV 
generic HOT Guidelines. Fluids are classified as Type II or Type IV based on the 
outcome of a water spray endurance test (WSET). This is an endurance time test 
conducted in freezing rain at -5ºC, at a rate of 5 g/dm²/h. The minimum WSET values 
for Type II and Type IV classification are given in Table 2.1. 

Table 2.1: Minimum WSET Endurance Times for Type II/IV Fluids 

Fluid Type 
Fluid Dilution 

100/0 75/25 50/50 

Type II 30 minutes 20 minutes 5 minutes 

Type IV 80 minutes 20 minutes 5 minutes 

Source: SAE AMS 1428D. 
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Using the WSET to evaluate the overall holdover time performance of a fluid is not 
always reliable. There are several reasons for this. First, the Type II and Type IV 
WSET requirements differ only in the 100/0 dilution, and therefore the fluid is being 
evaluated on the performance of only one dilution. Second, the conditions under 
which the WSET is conducted do not directly correspond to any cell in the HOT 
Guidelines. Since fluids often perform stronger or weaker relative to each other in 
different conditions (especially common across precipitation types), their performance 
on the WSET may not be reflective of their overall holdover time performance. 
Therefore, although the WSET classifies fluids into stronger (Type IV) and weaker 
(Type II) performers, the classification may not be valid when looking at overall 
holdover time performance. 
 
Furthermore, there is no rule preventing a fluid manufacturer from marketing a fluid 
that meets Type IV specifications as a Type II fluid.  
 
The outcome of the current classification system is that the Type II and Type IV 
generic tables have very similar values (see Figure 2.1 to Figure 2.3). In fact, of the 
Type II and Type IV generic holdover time values derived from endurance time testing 
(i.e., in all precipitation types except frost), 38 percent are equal, 65 percent differ 
by 5 minutes or less, and 77 percent differ by 10 minutes or less. 
 
 

 
Figure 2.1: Generic Holdover Time Guideline Values in Frost 
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Figure 2.2: Generic Holdover Time Guideline Values in Freezing Fog and Snow 

 

 
Figure 2.3: Generic Holdover Time Guideline Values in Freezing Drizzle, Freezing 

Rain, and Rain on Cold-Soaked Wing 
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2.3 Previous Work 

This issue was previously examined in 2001 in the report entitled Methodology to 
Re-Categorize Fluid Holdover Time Tables, which was included as an appendix to the 
Transport Canada (TC) report, TP 13826E, Aircraft Ground De/Anti-icing Fluid 
Holdover Time Development Program for the 2000-01 Winter (1).  

The report concluded that the Type II and Type IV fluids in use at the time could 
potentially be summarized into three generic tables, but that further analysis and 
industry consultation were required before the three proposed generic tables could 
be implemented. Since then, additional fluid-specific tables have been added for new 
fluids, bringing the total number to 14 for the winter of 2005-06.1 The categorization 
of winter weather conditions has also changed, making it necessary to re-examine 
the data. 

2.4 Objective 

This report presents a thorough analysis of the data included in the 2005-06 
fluid-specific HOT Guidelines. The primary objective is to find a methodology that 
reduces the number of HOT Guidelines tables and separates the high-performing 
fluids from the low-performing fluids. 

2.5 Methodology and Data Review 

2.5.1 Data Identification 

HOT tables provide holdover times for neat and dilute fluids in specific weather 
conditions. These weather conditions are defined by precipitation type and outside 
air temperature (OAT). There are seven precipitation types: active frost, freezing fog, 
snow or snow grains, freezing drizzle, light freezing rain, rain on cold-soaked wing, 
and an “other” category for which values are not provided. There are three 
temperature ranges provided for frost, freezing fog, and snow; two for freezing drizzle 
and freezing rain; and one for rain on cold-soaked wing. The outcome of this 
categorization is a matrix of 30 cells.  

With the exception of frost, two values are given in each cell: an upper limit holdover 
time value and a lower limit holdover time value. Only one data value is given in each 
frost cell. In total, 54 data values are given in each Type II and Type IV HOT table. 
In this report, the term “data cell” will refer to one of these 54 values. A sample 
HOT table is shown in Table 2.2.  

1 Five more tables were added for the winter of 2006-07; however, they did not exist when this analysis was 
conducted and therefore were not included in the analysis. 
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Table 2.2: Sample Type II/IV Holdover Time Table 

 
 
 

2.5.2 Data Extraction and Selection 
 

The values given in the fluid-specific tables were extracted in the form of hours:minutes 
and converted to minutes. A log was developed that contains the 54 data points from 
each of the 14 fluid-specific tables. The log is given in Appendix B. 
 

Attempting to group 14 data sets when each data set has 54 values is highly 
complex. Specialized mathematical software would be required to conduct the 
analysis using all of the data points. In a simplified approach, the number of values 
analysed from each table was reduced based on data cell usage and data cell variance 
across tables. This was possible because the majority of de/anti-icing operations 
occur in only a few of the 54 data cells and because high variance between fluids is 
not seen in all 54 data cells.  
 
 

2.5.2.1 Data Cell Usage 
 

To determine the most used data cells, a database of de/anti-icing operation 
distributions was examined. The database, which can be found in Section 3 of the 
TC report, TP 14375E, Winter Weather Impact on Holdover Time Table Format 
(1995-2004) (2), was built on information gathered from a survey of international 
deicing operators. The database comprises 86,853 data points collected from 
16 international cities over three winters, from 2000-01 to 2002-03. The distribution 
of operations by precipitation type and temperature is shown in Table 2.3.  
 

Table 2.3 clearly shows that operations in frost and snow in the two warmer 
temperature ranges are the most used cells. They account for 88 percent of 
de/anti-icing operations. 

Degrees 
Celsius

Degrees 
Fahrenheit

Active 
Frost

Freezing Fog Snow or 
Snow Grains

Freezing 
Drizzle

Light 
Freezing 

Rain

Rain on 
Cold Soaked 

Wing
Other

100/0 8:00 1:30 – 2:05 0:40 – 1:10 0:40 – 1:00 0:25 – 0:35 0:10 – 1:15

75/25 5:00 0:55 – 1:45 0:25 – 0:45 0:25 – 0:45 0:20 – 0:25 0:05 – 0:50

50/50 3:00 0:20 – 0:35 0:05 – 0:15 0:10 – 0:15 0:05 – 0:10

below -3 below 27 100/0 8:00 0:45 – 1:50 0:35 – 1:00 0:35 – 1:05 0:20 – 0:35

to -14 to 7 75/25 5:00 0:40 – 1:20 0:25 – 0:45 0:30 – 0:40 0:15 – 0:25

below -14 below 7
to -25 to -13

below -25 below -13 100/0

Type II Fluid 
Concentration 

Neat 
Fluid/Water 

(Vol %/Vol %)

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

Outside Air 
Temperature

CAUTION:
No holdover time 
guidelines exist

Type II fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at 
least 7°C (13°F) below the outside air temperature and the aerodynamic acceptance criteria
are met. Consider use of Type I when Type II fluid cannot be used.

-3 and 
above

27 and 
above

100/0 8:00 0:25 – 0:45 0:15 – 0:30
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Table 2.3: Distribution of Anti-Icing Operations by Weather Condition 

 
1 Transport Canada report TP 14375E, Winter Weather Impact on Holdover Time Table Format (1995-2004). 

 
 
2.5.2.2 Removal of Frost and “Other” Data Cells 
 
Frost data values are different from the other precipitation data values included in 
the HOT Guidelines. This is because fluid-specific holdover times in frost are not 
measured, and all fluid-specific guidelines include generic values in the frost cells. 
Thus, all Type II fluids have the same values in the frost column, and all Type IV 
fluids have the same values in the frost column. Because the frost values are not 
fluid-specific, they should not be included in an analysis attempting to group fluids 
based on fluid-specific attributes.  
 
Data in the “other” precipitation column is not relevant to the analysis because data 
values are not given in this column in the HOT tables.  
 
Therefore, the frost and “other” cells were removed from the analysis. The distribution 
of the remaining de/anti-icing operations is shown in Table 2.4. 
 

Table 2.4: Distribution of Anti-Icing Operations by Selected Weather Conditions 

 
1 Transport Canada report TP 14375E, Winter Weather Impact on Holdover Time Table Format (1995-2004). 

Degrees 
Celsius

Degrees 
Fahrenheit

Active Frost Other

              

Usage of Cells in Actual Operations1

RCSWFreezing Fog Snow or 
Snow Grains

Freezing 
Drizzle

0.0% 1.5%

1.0%

0.0%

0.9%

0.8%

23.9% 1.6% 1.9%

Outside Air
Temperature

-3 and 
above

27 and 
above

Freezing Rain

36.1% 2.4%

below -3
to -14

below 27
to 7

below 7
to -13

below -14
to -25

7.3%

1.0%

0.5%

1.0% 19.2% 1.0% CAUTION:
No holdover 

time guidelines
exist

Degrees 
Celsius

Degrees 
Fahrenheit

Active Frost Other

              

1.4%
below -3 
to -14

below -14
to -25

below 27
 to 7

below 7
to -13

2.9% 1.5%

1.3%

- 0.0% 2.2%

- 1.5% 28.9%

-3 and 
above

27 and 
above

- 2.4% 54.3% 3.6%

Outside Air
Temperature Usage of Cells in Actual Operations1

Freezing Fog Snow or 
Snow Grains

Freezing 
Drizzle

Freezing Rain RCSW

CAUTION:
No holdover 

time guidelines 
exist
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2.5.2.3 Further Classification of Usage Data 
 
Unfortunately, information on the usage of dilutions was not collected in the 
worldwide operations survey, nor is it known if the lower or upper holdover time 
limits are used. Therefore, the following assumptions were made to further classify 
the data: 
 

• In conditions where three dilutions could potentially be used, dilutions were 
used with the following frequency: 

o 100/0: 80 percent; 

o 75/25: 15 percent; and 

o 50/50: 5 percent. 

• In conditions where two dilutions could potentially be used, dilutions were 
used with the following frequency: 

o 100/0: 80 percent; and 

o 75/25: 20 percent. 

• The upper holdover time limit was used 80 percent of the time, and the lower 
holdover time limit was used 20 percent of the time. 

 
Based on these assumptions, the numbers in Table 2.4 were further divided. The 
data (see Table 2.5) reveals that six data cells account for 78 percent of table usage 
when the frost and other columns are excluded. The six data cells (bolded in 
Table 2.5) are as follows: 
 

• Snow, -3ºC and above, 100/0, high rate; 

• Snow, -3ºC and above, 100/0, low rate; 

• Snow, -3ºC and above, 75/25, low rate; 

• Snow, below -3ºC to -14ºC, 100/0, high rate; 

• Snow, below -3ºC to -14ºC, 100/0, low rate; and 

• Snow, below -3ºC to -14ºC, 75/25, low rate. 
 
 
2.5.2.4 Data Cell Variance  
 
In addition to the usage of each data cell, it is also important to examine the variance 
in individual fluid values in each data cell. It is important to include data cells with 
high variance in the analysis, as these cells are important in differentiating the fluids 
from one another.  
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The standard deviation of the fluid-specific values in each data cell was calculated 
to measure the variance. A higher standard deviation indicates that the holdover 
times vary considerably between fluids in a data cell. The standard deviation 
statistics are given in Table 2.6. 
 

Table 2.5: Distribution of Anti-Icing Operations by Weather Condition, 
Fluid Dilution, and Precipitation Rate 

 
1 Based on the following assumptions. 

- 100/0, 75/25, 50/50 dilutions occur with this regularity: 80%, 15%, 5%. 
- 100/0, 75/25 dilutions occur with this regularity: 80%, 20%. 
- High rates are used 20%, low rates are used 80%. 

 
 

Table 2.6: Standard Deviations of Type II and Type IV Fluid Holdover Times 

 

Active 
Frost

Other

n/a
High 
Rate

Low 
Rate

High 
Rate

Low 
Rate

High 
Rate

Low 
Rate

High 
Rate

Low 
Rate

High 
Rate

Low 
Rate

n/a

100/0 - 0.4% 1.5% 8.7% 34.7% 0.6% 2.3% 0.5% 1.9% 0.2% 0.9%

75/25 - 0.1% 0.3% 1.6% 6.5% 0.1% 0.4% 0.1% 0.4% 0.1% 0.2%

50/50 - 0.0% 0.1% 0.5% 2.2% 0.0% 0.1% 0.0% 0.1%

100/0 - 0.2% 1.0% 4.6% 18.5% 0.2% 0.9% 0.2% 0.8%

75/25 - 0.1% 0.2% 1.2% 4.6% 0.1% 0.2% 0.1% 0.2%

below -14 below 7
to -25 to -13

      
           
         
          

0.0% 0.0% 0.4% 1.8%-

below -3
to -14

below 27
to 7

Outside Air
Temperature

100/0

-3 and 
above

27 and 
above

Fluid 
Conc.

Degrees 
Celsius

Degrees 
Fahrenheit

Fluid/ 
Water

Usage of Cells in Actual Operations1

Freezing 
Drizzle

Freezing Rain RCSWFreezing Fog Snow or Snow 
Grains

CAUTION:
No holdover 

time guidelines 
exist

Active 
Frost

Other

n/a
High 
Rate

Low 
Rate

High 
Rate

Low 
Rate

High 
Rate

Low 
Rate

High 
Rate

Low 
Rate

High 
Rate

Low 
Rate

n/a

100/0 - 32.4 38.4 15.1 19.8 22.3 20.5 13.1 16.3 4.5 20.5

75/25 - 21.8 37.0 11.8 22.5 22.3 22.6 12.0 16.1 4.3 23.8

50/50 - 20.8 44.5 6.7 20.7 8.9 16.4 6.0 8.0

100/0 - 11.8 27.4 8.7 14.4 10.3 18.5 7.1 7.3

75/25 - 6.7 19.9 7.1 12.5 8.4 16.2 3.0 4.3

below -14 below 7
to -25 to -13

Standard Deviation of Type II and Type IV Holdover Times
(minutes)

Freezing 
Drizzle

Freezing Rain RCSW

- 4.2 8.8 1.3 4.0

Freezing Fog Snow or 
Snow GrainsDegrees 

Celsius
Degrees 

Fahrenheit

Outside Air
Temperature

100/0

-3 and 
above

27 and 
above

Fluid 
Conc.

Fluid/ 
Water

below -3
 to -14

below 27 
to 7

CAUTION:
No holdover 

time guidelines 
exist
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2.5.2.5 Final Selection 
 
The usage and variance measurements were incorporated into one analysis by 
multiplying the standard deviation by the occurrence percentage in each cell. The 
resulting statistic gives the propensity of the cell to be important in the grouping 
analysis.  
 
The values are given in Table 2.7. It reveals that the four following data cells (bolded 
in Table 2.7) are key in grouping the fluids: 
 

• Snow, -3ºC and above, 100/0, high rate; 

• Snow, -3ºC and above, 100/0, low rate; 

• Snow, -3ºC and above, 75/25, low rate; and 

• Snow, below -3ºC to -14ºC, 100/0, low rate. 
 

Table 2.7: Propensity of Data Cells to Be Important in Grouping Tables 

 
 
 
2.6 Analysis 
 
This subsection focuses on forming the best fluid groupings, and it analyses the 
outcome from both mathematical and practical perspectives. 
 
  

Active 
Frost

Other

n/a
High 
Rate

Low 
Rate

High 
Rate

Low 
Rate

High 
Rate

Low 
Rate

High 
Rate

Low 
Rate

High 
Rate

Low 
Rate

n/a

100/0 - 0.13 0.60 1.31 6.87 0.13 0.47 0.06 0.31 0.01 0.19

75/25 - 0.02 0.11 0.19 1.47 0.02 0.10 0.01 0.06 0.00 0.05

50/50 - 0.00 0.04 0.04 0.45 0.00 0.02 0.00 0.01

100/0 - 0.03 0.26 0.40 2.66 0.02 0.17 0.01 0.06

75/25 - 0.00 0.05 0.08 0.58 0.01 0.04 0.00 0.01

below -14 below 7
to -25 to -13

             
           

-

Propensity of Cells to be Important in Calculating Table Groups
(standard deviation x usage)

Freezing Fog Snow or 
Snow Grains

0.00 0.00 0.01 0.07

Freezing 
Drizzle

Freezing Rain RCSW

Outside Air
Temperature

100/0

-3 and 
above

27 and 
above

Fluid 
Conc.

Degrees 
Celsius

Degrees 
Fahrenheit

Fluid/ 
Water

below -3
 to -14

below 27
to 7

CAUTION:
No holdover 

time guidelines 
exist
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2.6.1 Grouping Methodology 
 
To meet the objectives of reducing the number of HOT tables and grouping fluids by 
performance, the methodology outlined below was determined. 
 

1. Fluids are grouped according to similar endurance time performance. 

2. In each group, the lowest fluid-specific value in each data cell becomes the 
group value in that cell. 

3. A generic HOT table is constructed for each group with the group values; the 
number of groups gives the number of generic HOT tables. 

4. New fluids introduced must meet the standard set by at least one of the new 
generic tables. 

 
 
2.6.2 Formation of Fluid Groups 
 
The values from the four important data cells identified in Subsection 2.5.2.5 were 
extracted from each fluid-specific HOT table and plotted on a line graph (see 
Figure 2.4).  
 
Trial and error was then used to generate groupings based on similar values in the 
four important data cells. To select the best grouping, the total holdover time that is 
forfeited in the four important data cells when the group values are used in place of 
the fluid-specific values was calculated. This was done by calculating the difference 
between each fluid-specific value and its corresponding group value and then 
summing the differences for each fluid. The grouping with the smallest amount of 
time forfeited was considered to be the best grouping. 
 
It should be noted that linear programming could also be used to determine the best 
grouping; however, it was not required at this time. 
 
The best grouping is shown in Table 2.8. The four groups it includes are also plotted 
in Figure 2.5. The total holdover time forfeited by using this grouping is 450 minutes. 
The fluids included in each group are listed as follows: 
 

• Group A – low performers: 

o Clariant Safewing MP II 2025 ECO; 

o Kilfrost ABC-2000; 

o Kilfrost ABC-II Plus; 

o SPCA Ecowing 26; and 

o Clariant Safewing MP IV 2012 Protect. 
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• Group B – average performers: 

o Octagon E Max II; 

o Dow Chemical UCAR ADF/AAF Ultra+; 

o Octagon MaxFlo; and 

o SPCA AD-480. 

• Group C – high performers: 

o Clariant Safewing MP IV 2030 ECO; 

o Octagon Max-Flight; 

o Kilfrost ABC-S; and 

o Clariant Safewing MP IV 2001. 

• Group D – very high performers: 

o Octagon Max-Flight 04. 
 
It should be noted that this categorization has grouped fluids based on endurance 
time performance only and not on fluid quality. While endurance time is one measure 
of fluid quality, there are many other measures that may be equally or more important 
in determining the quality of fluid. 
 
 

 
Figure 2.4: Important Data Cell Values of Type II and Type IV Fluids 
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Table 2.8: Preliminary Group Endurance Time Values 

Data Cell Group A Group B Group C Group D 

Snow, -3ºC, 
100/0, High Rate 25 minutes 35 minutes 50 minutes 85 minutes 

Snow, -3ºC, 
75/25, Low Rate 45 minutes 55 minutes 55 minutes 120 minutes 

Snow, -14ºC, 
100/0, Low Rate 35 minutes 55 minutes 50 minutes 70 minutes 

Snow, -3ºC, 
100/0, Low Rate 55 minutes 75 minutes 90 minutes 120 minutes 

 
 

 
Figure 2.5: Preliminary Group Endurance Time Values 

 
 
2.6.3 Revisions to Preliminary Grouping to Create Successive Groups 
 
One of the objectives of this project (see Subsection 2.4) is to segregate 
low-performing fluids from high-performing fluids. To attain this objective, each 
group in the grouping must have successively longer endurance time values in each 
data cell (i.e., Group A value < Group B value < Group C value < Group D value).  

0

20

40

60

80

100

120

140

Snow,
-3ºC, 100/0, high rate

Snow,
-3ºC, 75/25, low rate

Snow,
-14ºC, 100/0, low rate

Snow,
-3ºC, 100/0, low rate

En
du

ra
nc

e 
T
im

e 
(m

in
s)

Group A

Group B

Group C

Group D



2.  METHODOLOGY TO RE-CATEGORIZE FLUID HOLDOVER TIME TABLES 

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2020 (TC Deicing 05-06)/Reports CM2020.002/General & Exploratory/Final Version 1.0/TP 14719E Final Version 1.0.docx 
Final Version 1.0, July 25 

19 

As can be seen in Table 2.8 and Figure 2.5, this requirement is met in most cases in 
the preliminary grouping. There is, however, one exception. The Group B endurance 
time value in the Snow, -14ºC, 100/0, Low Rate data cell is 55 minutes, which is 
5 minutes longer than the Group C value of 50 minutes. In order to meet the project 
objective, the Group B value has to be reduced to 50 minutes. The consequence of 
making this change is that the holdover time forfeited increases from 450 to 
470 minutes. The final group data values are shown in Table 2.9 and Figure 2.6. The 
groups are shown individually in Figure 2.7 to Figure 2.10.  
 

Table 2.9: Final Group Endurance Time Values 

Data Cell Group A Group B Group C Group D 

Snow, -3ºC, 
100/0, High Rate 25 minutes 35 minutes 50 minutes 85 minutes 

Snow, -3ºC, 
75/25, Low Rate 45 minutes 55 minutes 55 minutes 120 minutes 

Snow, -14ºC, 
100/0, Low Rate 35 minutes 50 minutes 50 minutes 70 minutes 

Snow, -3ºC, 
100/0, Low Rate 55 minutes 75 minutes 90 minutes 120 minutes 

 
 

 
Figure 2.6: Final Group Endurance Time Values 
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Figure 2.7: Group A Endurance Time Values 

 
 

 
Figure 2.8: Group B Endurance Time Values 
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Figure 2.9: Group C Endurance Time Values 

 
 

 
Figure 2.10: Group D Endurance Time Values 
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2.6.4 Proposed New Generic Tables 
 
The four proposed new generic tables are shown in Table 2.10 to Table 2.13. Note 
that values are only given in the four data cells used in the analysis. 
 

Table 2.10: Generic Holdover Time Table “A” 

 
 
 

Table 2.11: Generic Holdover Time Table “B” 

 
 

Degrees 
Celsius

Degrees 
Fahrenheit

Active 
Frost

Freezing Fog Snow or 
Snow Grains

Freezing 
Drizzle

Light 
Freezing 

Rain

Rain on 
Cold Soaked 

Wing
Other

100/0 0:25 – 0:55

75/25        – 0:45

50/50

below -3 below 27
100/0        – 0:35

to -14 to 7
75/25

below -14 below 7
to -25 to -13

below -25 below -13 100/0

CAUTION:
No holdover time 
guidelines exist

Type II Fluid 
Concentration 

Neat 
Fluid/Water 

(Vol %/Vol %)

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

Outside Air 
Temperature

Type II fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at 
least 7°C (13°F) below the outside air temperature and the aerodynamic acceptance criteria
are met. Consider use of Type I when Type II fluid cannot be used.

-3 and 
above

27 and 
above

100/0

Degrees 
Celsius

Degrees 
Fahrenheit

Active 
Frost

Freezing Fog Snow or 
Snow Grains

Freezing 
Drizzle

Light 
Freezing 

Rain

Rain on 
Cold Soaked 

Wing
Other

100/0 0:35 – 1:15

75/25        – 0:55

50/50

below -3 below 27
100/0        – 0:50

to -14 to 7
75/25

below -14 below 7
to -25 to -13

below -25 below -13 100/0
Type II fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at 
least 7°C (13°F) below the outside air temperature and the aerodynamic acceptance criteria
are met. Consider use of Type I when Type II fluid cannot be used.

-3 and 
above

27 and 
above

100/0

CAUTION:
No holdover time 
guidelines exist

Type II Fluid 
Concentration 

Neat 
Fluid/Water 

(Vol %/Vol %)

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

Outside Air 
Temperature
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Table 2.12: Generic Holdover Time Table “C” 

 
 
 

Table 2.13: Generic Holdover Time Table “D” 

 
 
 

2.6.5 Mathematical Evaluation of Grouping 
 

Although this fluid grouping is the best possible given the imposed limitations, 
mathematically it is not a good representation of the data. There are significant 
sacrifices made (470 minutes) in holdover time to meet the imposed limitations. In 
addition, the groupings are not “best-fit” curves of the fluids within, as they must be 
the lowest value of all the fluids in the group due to safety concerns. Finally, there 
is not a clear pattern in the formation of the curves given by the groups; therefore, 
the group curves do not accurately portray the curves of the fluids. 

Degrees 
Celsius

Degrees 
Fahrenheit

Active 
Frost

Freezing Fog Snow or 
Snow Grains

Freezing 
Drizzle

Light 
Freezing 

Rain

Rain on 
Cold Soaked 

Wing
Other

100/0 0:50 – 1:30

75/25        – 0:55

50/50

below -3 below 27
100/0        – 0:50

to -14 to 7
75/25

below -14 below 7
to -25 to -13

below -25 below -13 100/0

Type II Fluid 
Concentration 

Neat 
Fluid/Water 

(Vol %/Vol %)

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

CAUTION:
No holdover time 
guidelines exist

Outside Air 
Temperature

Type II fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at 
least 7°C (13°F) below the outside air temperature and the aerodynamic acceptance criteria
are met. Consider use of Type I when Type II fluid cannot be used.

-3 and 
above

27 and 
above

100/0

Degrees 
Celsius

Degrees 
Fahrenheit

Active 
Frost

Freezing Fog Snow or 
Snow Grains

Freezing 
Drizzle

Light 
Freezing 

Rain

Rain on 
Cold Soaked 

Wing
Other

100/0 1:15 – 2:00

75/25        – 2:00

50/50

below -3 below 27
100/0        – 1:10

to -14 to 7
75/25

below -14 below 7
to -25 to -13

below -25 below -13 100/0

CAUTION:
No holdover time 
guidelines exist

Type II Fluid 
Concentration 

Neat 
Fluid/Water 

(Vol %/Vol %)

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

Outside Air 
Temperature

Type II fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at 
least 7°C (13°F) below the outside air temperature and the aerodynamic acceptance criteria
are met. Consider use of Type I when Type II fluid cannot be used.

-3 and 
above

27 and 
above

100/0
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However, given the restrictions in creating the groups, these groups are a reasonable 
outcome. The key issue is no longer whether the grouping is a good mathematical 
evaluation, but whether it is worth forfeiting 470 minutes of holdover time to reduce 
the number of HOT tables. 
 
 
2.6.6 Practical Evaluation of Grouping 
 
In addition to the mathematical evaluation, the grouping also needs to be evaluated 
from a practical perspective.  
 
 
2.6.6.1 Holdover Time Forfeited 
 
The holdover time forfeited by eliminating the fluid-specific tables and introducing 
the four new generic tables is 470 minutes. In the four weather conditions and 
14 fluids examined in this analysis (56 cells total), this translates to 30 percent of 
data cells losing no holdover time per departure, 25 percent losing 5 minutes per 
departure, 27 percent losing 10 to 15 minutes per departure, and 18 percent losing 
20 minutes or more. These are significant losses. 
 
 
2.6.6.2 User Friendliness 
 
From a user’s viewpoint, the grouping should be arranged logically. The creation of 
successive groups from low-performing to high-performing is the best way to do this. 
However, users may not find it logical that the group values do not increase 
proportionately in each data cell (i.e., that Group B values are not always 25 percent 
greater than Group A values). Instead, the increases appear to be random (see 
Table 2.14).  
 

Table 2.14: Data Value Increases 

Data Cell 
Group B 

Increase over 
Group A 

Group C 
Increase over 

Group B 

Group D 
Increase over 

Group C 

Snow, -3ºC, 100/0, High Rate 40% 43% 70% 

Snow, -3ºC, 75/25, Low Rate 22% 0% 118% 

Snow, -14ºC, 100/0, Low Rate 43% 0% 40% 

Snow, -3ºC, 100/0, Low Rate 36% 20% 33% 

 



2.  METHODOLOGY TO RE-CATEGORIZE FLUID HOLDOVER TIME TABLES 

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2020 (TC Deicing 05-06)/Reports CM2020.002/General & Exploratory/Final Version 1.0/TP 14719E Final Version 1.0.docx 
Final Version 1.0, July 25 

25 

All of the group curves have the same shape, which is also logical for users; however, 
most individual fluid curves do not have this shape, which may cause confusion. This 
is also a drawback for manufacturers, as fluids with differently shaped curves will be 
penalized more than fluids that follow the shape of the group curves. A good example 
of this phenomenon is Clariant Safewing 2030, whose fluid-specific values differ 
substantially from its Group C values. 
 
 
2.6.6.3 Opposition to Change 
 
Although the idea of reducing the number of HOT Guidelines has been debated in the 
industry for many years, significant opposition to proposed changes is expected. The 
primary reason for the opposition is that almost all fluids would have reduced 
holdover times in some data cells when the new generic tables replace the existing 
fluid-specific tables. Some fluids would have reduced holdover times in all conditions. 
 
As recently as 2001, when this issue was first examined, the possibility of 
eliminating fluid-specific guidelines existed. However, since that time, the industry 
has changed significantly with the introduction of many more fluids. Holdover times 
are one of the key characteristics that distinguish one fluid from the next, and 
manufacturers market their fluids based on their holdover time performance. If 
generic tables were implemented, many of these fluids would lose their holdover time 
advantages over other fluids. 
 
The recent elimination of the above 0ºC temperature range in the Type II and Type IV 
guidelines illustrates that even minor changes face strong opposition. The change 
caused several fluids to lose 5 minutes in one cell. The opposition to this change has 
been so strong that the reinstatement of the above 0ºC row has been considered. 
This example shows that opposition to making more dramatic changes, such as the 
elimination of fluid-specific guidelines, may not be possible with the market in its 
current state. 
 
 
2.6.7 Advantages and Disadvantages to Stakeholders 
 
The following subsections outline the advantages and disadvantages that may be 
experienced by the various stakeholders should the industry and the regulating bodies 
proceed with this new approach. These advantages and disadvantages will exist 
regardless of the method used to segregate the fluids; therefore, weaknesses with 
the current analysis method will not be considered. 
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2.6.7.1 Operators 
 
Listed below are the advantages to the operators. 
 

• Reducing the number of fluid-specific tables reduces possible confusion and 
the probability of error. 

• No decision is required as to the choice of table to use (fluid-specific or generic). 

• If a small aircraft operator typically uses generic tables, the new generic tables 
increase the holdover time available. This is because the new set of tables 
provides longer times for fluids that belong to the higher-performing categories. 

• The major loss experienced in holdover time when choosing generic fluid HOT 
tables instead of fluid-specific tables is greatly diminished. 

 
Listed below are the disadvantages to the operators. 
 

• There will be losses in holdover times, which will vary by fluid.  

• When using the new set of tables, operators would be required to know the 
fluid being used in order to identify the table that must be used. When using 
the current generic tables, an operator is only required to know whether a 
Type II or Type IV fluid is being used.  

 
 
2.6.7.2 Fluid Manufacturers 
 
Listed below are the advantages to the fluid manufacturers. 
 

• Stronger-performing fluids will be recognized, and weaker-performing fluids 
will continue to be available on the market. 

 
Listed below are the disadvantages to the fluid manufacturers.  
 

• Many fluids will lose their market advantage of longer holdover times in specific 
cells. Manufacturers will resultantly lose a strong marketing tool. 

• When developing a new fluid, manufacturers will not know which category 
the new fluid will fall into until all endurance time tests are completed. 
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2.6.7.3 Regulators 
 
Listed below are the advantages to the regulators. 
 

• The concern over too many fluid-specific tables will be removed. 

• The concern over the lowering and perpetually changing generic tables will be 
removed. 

• An added safety buffer will be introduced, as holdover times for specific fluids 
will be reduced in many cells.  

• New tables will not need to be introduced for new fluids on the market, and 
only minimal changes will need to be made to the generic guidelines each year.  

 
Listed below are the disadvantages to the regulators. 
 

• The introduction of a new set of tables will require time, effort, and a scientific 
approach that will be valid and sustainable in the long term. 

• Opposition from the industry will have to be overcome. 

• The actual holdover times will be longer than the holdover times given in the 
tables for many fluids. This will cause pilots to disbelieve the performance of 
the fluids, and the credibility of the HOT Guidelines will be jeopardized. 

 
 
2.7 Application of Approach to New Fluids 
 
As stated in Subsection 2.6.1, if this approach is adopted, all new fluids introduced 
will have to meet the standard set by at least one of the new generic tables. To 
illustrate this requirement, the five Type II/IV fluids newly qualified for the winter of 
2006-07 will be examined. 
 
Two Type II fluids and three Type IV fluids were qualified for the winter of 2006-07 
as follows: 
 

• Type II: 

o Clariant Safewing MP II Flight; and 

o Kilfrost ABC-TF2. 
 

• Type IV: 

o Clariant Safewing MP IV Launch; 

o Kilfrost ABC-S PLUS; and 

o Dow Chemical UCAR Endurance EG106. 
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The endurance time data for the five new fluids in the relevant data cells is given in 
Table 2.15. The minimum holdover times for inclusion in the proposed fluid groups 
are given in Table 2.16. 

Table 2.15: Data for Type II/IV Fluids Introduced in 2006-07 

Snow, -3ºC, 
100/0, High Rate 

Snow, -14ºC, 
100/0, Low Rate 

Snow, -3ºC, 
100/0, Low Rate 

Snow, -3ºC, 
75/25, Low Rate 

Clariant Safewing 
MP II Flight 60 minutes 65 minutes 95 minutes 80 minutes 

Kilfrost ABC-TF2 20 minutes 35 minutes 45 minutes 30 minutes 

Clariant Safewing 
MP IV Launch 60 minutes 65 minutes 95 minutes 80 minutes 

Kilfrost ABC-S PLUS 45 minutes 60 minutes 85 minutes 55 minutes 

Dow Chemical UCAR 
Endurance EG106 40 minutes 65 minutes 80 minutes n/a 

Table 2.16: Minimum Endurance Times for Proposed Fluid Types 

Snow, -3ºC, 
100/0, High Rate 

Snow, -14ºC, 
100/0, Low Rate 

Snow, -3ºC, 
100/0, Low Rate 

Snow, -3ºC, 
75/25, Low Rate 

Type A 25 minutes 35 minutes 55 minutes 45 minutes 

Type B 35 minutes 50 minutes 75 minutes 55 minutes 

Type C 50 minutes 50 minutes 90 minutes 55 minutes 

Type D 85 minutes 70 minutes 120 minutes 120 minutes 

The data is displayed graphically, along with the four proposed generic fluid groups, 
in Figure 2.11 to Figure 2.15. These figures show that Kilfrost ABC-S PLUS and Dow 
Chemical UCAR Endurance EG106 would be qualified as Type B fluids; Clariant 
Safewing MP IV Launch and Clariant Safewing MP II Flight would be qualified as 
Type C fluids; and Kilfrost ABC-TF2 would not meet qualification requirements.2  

2 The analysis to determine the Type II generic holdover time values also takes “grandfathered” fluids into consideration. Many 
of the cells in the Type II generic snow column are given by the grandfathered fluids, which have shorter (sometimes 
significantly) holdover times than all currently qualified fluids. Kilfrost ABC-TF2 was not tested in snow in 2005-06 and 
therefore was given Type II generic values in the snow column. For this reason, it meets the holdover time requirements of 
a Type II fluid, but not of the lowest-performing fluid type (Type A) of the fluid groups proposed in this analysis. 
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Figure 2.11: Clariant Safewing MP II Flight 

 
 

 
Figure 2.12: Kilfrost ABC-TF2 
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Figure 2.13: Clariant Safewing MP IV Launch 

 
 

 
Figure 2.14: Dow Chemical UCAR Endurance EG106 
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Figure 2.15: Kilfrost ABC-S PLUS 

 
 
2.8 Conclusions and Recommendations 
 
Although the analysis was based on a simplified method and incorporated only four 
of 54 data cells, these four cells represent 68 percent of usage of the HOT 
Guidelines. In addition, the methodology used to group the fluids met the project 
objectives by producing a method by which to reduce the number of HOT Guidelines 
with a set of successive tables. 
 
However, there are significant disadvantages to using the groupings given in this 
report to produce new generic tables, including the following: 
 

• The restrictions imposed on the analysis and the differently shaped fluid curves 
mean that the groups are not the best mathematical summary of the data; 

• There are significant losses of holdover time in a number of cells for many 
fluids; 

• Fluid manufacturers and users will be reluctant to accept losses in holdover 
times; and 

• The Aerospace Material Specification (AMS) fluid specifications would need to 
be changed to reflect new groupings. This would be met with some opposition 
and would likely take a long time, as it would need to be balloted. 
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It is therefore recommended that the new generic tables proposed in this report not 
be implemented and that the current fluid-specific tables continue to exist. 
 
However, it is also recommended that the adequacy of the current Type II/IV fluid 
classification test should be examined. As snow is the precipitation type under which 
most de/anti-icing operations occur, a snow endurance time test would be more 
representative in evaluating fluid performance than the existing WSET. This 
recommendation would have to be put forward to the community for further 
discussion and evaluation, as changing the classification system may require the 
re-classification of existing fluids. 
 
 
2.9 Alternate Approach for Future Consideration 
 
There are many other approaches that could be taken for completing this analysis. 
One approach that merits consideration is keeping the fluid-specific tables but 
inserting generic values in some of the lesser-used cells. This approach would not 
reduce the number of tables in the HOT Guidelines, but it would reduce the amount 
of endurance time testing required for new fluids. 
 
Fluid-specific tables would continue to exist; however, generic values would be used 
in the majority of cells – fluid-specific values would only be used in the cells that 
have usage of greater than two percent according to the worldwide operations 
survey.  
 
Table 2.17 shows cell usage by weather condition and fluid dilution (precipitation 
rate will not be considered, as it would not make sense to have a generic value as 
the lower/upper value in a cell and a fluid-specific value as the upper/lower value). 
Cells with usage greater than two percent are shown in bold and include the following:  
 

• All snow cells;  

• Freezing drizzle, 100/0, -3ºC and above; and 

• Freezing rain, 100/0, -3ºC and above. 
 
The disadvantage of this method is that there are still many HOT tables. However, 
there are several major advantages: holdover time is forfeited in only a very small 
percentage of operations; significant resources will be saved by testing in limited 
conditions only; and the tables will be simplified because only some of the cells will 
change from table to table. 
 
The fluid-specific tables included in the 2006-07 HOT Guidelines are shown modified 
using this approach in Table 2.18 to Table 2.36.  
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Table 2.17: Distribution of Anti-Icing Operations by Weather Condition and 
Fluid Dilution 

 
1 Based on the following assumptions. 

- 100/0, 75/25, 50/50 dilutions occur with this regularity: 80%, 15%, 5%. 
- 100/0, 75/25 dilutions occur with this regularity: 80%, 20%. 

 

Degrees 
Celsius

Degrees 
Fahrenheit

Fluid/ 
Water

Active 
Frost

Other

100/0 -

75/25 -

50/50 -

100/0 -

75/25 -

      
           
         

Freezing Fog
Snow or 

Snow Grains

below -3
 to -14

below 27
 to 7

below -14 
to -25

below 7
 to -13

-

Freezing 
Drizzle

Freezing Rain RCSW

1.9%

0.4%

0.1%

1.2%

Outside Air 
Temperature

100/0

-3 and 
above

27 and 
above

Fluid 
Conc. Usage of Cells in Actual Operations1

2.8%

0.5%

0.2%

1.2%

0.3%

43.4%

8.1%

2.7%

23.1%

5.8%

1.2%

0.3%

0.0% 2.2%

0.3%

2.3%

0.4%

0.1%

1.0%

0.3%

CAUTION:
No holdover 

time guidelines 
exist
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Table 2.18: Alternate Type II Fluid-Specific Table – Clariant Safewing MP II 2025 
Outside Air 
Temperature 

Type II Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 8:00 0:35 – 1:30 0:40 – 1:10 0:40 – 1:00 0:25 – 0:35 0:05 – 0:40  

75/25 5:00 0:25 – 1:00 0:25 – 0:45 0:20 – 0:45 0:10 – 0:25 0:05 – 0:25  

50/50 3:00 0:15 – 0:30 0:05 – 0:15 0:05 – 0:15 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 8:00 0:20 – 1:05 0:35 – 1:00 0:15 – 0:45 0:10 – 0:25 

75/25 5:00 0:20 – 0:55 0:25 – 0:45 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 8:00 0:15 – 0:20 0:15 – 0:30  

below -25 below -13 100/0 
Type II fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type II fluid cannot be used. 

 
 

Table 2.19: Alternate Type II Fluid-Specific Table – Clariant Safewing MP II Flight 
Outside Air 
Temperature 

Type II Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 8:00 0:35 – 1:30 1:00 – 1:35  1:20 – 2:00 0:45 – 1:25 0:05 – 0:40  

75/25 5:00 0:25 – 1:00 0:40 – 1:20 0:20 – 0:45 0:10 – 0:25 0:05 – 0:25  

50/50 3:00 0:15 – 0:30 0:10 – 0:25 0:05 – 0:15 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 8:00 0:20 – 1:05 0:40 – 1:05 0:15 – 0:45 0:10 – 0:25 

75/25 5:00 0:20 – 0:55 0:20 – 0:40 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 8:00 0:15 – 0:20 0:15 – 0:30  

below -25 below -13 100/0 
Type II fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type II fluid cannot be used. 
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Table 2.20: Alternate Type II Fluid-Specific Table – Kilfrost ABC 2000 
Outside Air 
Temperature 

Type II Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 8:00 0:35 – 1:30 0:30 – 1:00 0:55 – 1:35 0:40 – 0:50 0:05 – 0:40  

75/25 5:00 0:25 – 1:00 0:30 – 1:05 0:20 – 0:45 0:10 – 0:25 0:05 – 0:25  

50/50 3:00 0:15 – 0:30 0:15 – 0:30 0:05 – 0:15 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 8:00 0:20 – 1:05 0:25 – 0:45 0:15 – 0:45 0:10 – 0:25 

75/25 5:00 0:20 – 0:55 0:25 – 0:50 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 8:00 0:15 – 0:20 0:15 – 0:30  

below -25 below -13 100/0 
Type II fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type II fluid cannot be used. 

 
 

Table 2.21: Alternate Type II Fluid-Specific Table – Kilfrost ABC II Plus 
Outside Air 
Temperature 

Type II Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 8:00 0:35 – 1:30 0:25 – 0:55 0:35 – 1:10 0:30 – 0:40 0:05 – 0:40  

75/25 5:00 0:25 – 1:00 0:25 – 0:50 0:20 – 0:45 0:10 – 0:25 0:05 – 0:25  

50/50 3:00 0:15 – 0:30 0:15 – 0:35 0:05 – 0:15 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 8:00 0:20 – 1:05 0:15 – 0:35 0:15 – 0:45 0:10 – 0:25 

75/25 5:00 0:20 – 0:55 0:15 – 0:35 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 8:00 0:15 – 0:20 0:15 – 0:30  

below -25 below -13 100/0 
Type II fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type II fluid cannot be used. 
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Table 2.22: Alternate Type II Fluid-Specific Table – Kilfrost ABC-TF2 
Outside Air 
Temperature 

Type II Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 8:00 0:35 – 1:30 0:20 – 0:45 0:40 – 1:20 0:30 – 0:45 0:05 – 0:40  

75/25 5:00 0:25 – 1:00 0:15 – 0:30 0:20 – 0:45 0:10 – 0:25 0:05 – 0:25  

50/50 3:00 0:15 – 0:30 0:05 – 0:15 0:05 – 0:15 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 8:00 0:20 – 1:05 0:15 – 0:35 0:15 – 0:45 0:10 – 0:25 

75/25 5:00 0:20 – 0:55 0:15 – 0:25 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 8:00 0:15 – 0:20 0:15 – 0:30  

below -25 below -13 100/0 
Type II fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type II fluid cannot be used. 

 
 

Table 2.23: Alternate Type II Fluid-Specific Table – Octagon E Max II 
Outside Air 
Temperature 

Type II Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 8:00 0:35 – 1:30 0:40 – 1:20 0:45 – 1:35 0:30 – 0:40 0:05 – 0:40  

75/25 5:00 0:25 – 1:00 0:25 – 0:55 0:20 – 0:45 0:10 – 0:25 0:05 – 0:25  

50/50 3:00 0:15 – 0:30 0:10 – 0:25 0:05 – 0:15 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 8:00 0:20 – 1:05 0:35 – 1:10 0:15 – 0:45 0:10 – 0:25 

75/25 5:00 0:20 – 0:55 0:25 – 0:50 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 8:00 0:15 – 0:20 0:15 – 0:30  

below -25 below -13 100/0 
Type II fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type II fluid cannot be used. 
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Table 2.24: Alternate Type II Fluid-Specific Table – SPCA Ecowing 26 
Outside Air 
Temperature 

Type II Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 8:00 0:35 – 1:30 0:40 – 1:00 0:50 – 1:35 0:40 – 0:50 0:05 – 0:40  

75/25 5:00 0:25 – 1:00 0:25 – 0:45 0:20 – 0:45 0:10 – 0:25 0:05 – 0:25  

50/50 3:00 0:15 – 0:30 0:10 – 0:20 0:05 – 0:15 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 8:00 0:20 – 1:05 0:35 – 0:55 0:15 – 0:45 0:10 – 0:25 

75/25 5:00 0:20 – 0:55 0:25 – 0:40 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 8:00 0:15 – 0:20 0:15 – 0:30  

below -25 below -13 100/0 
Type II fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type II fluid cannot be used. 

 
 

Table 2.25: Alternate Type IV Fluid-Specific Table – Clariant Safewing MP IV 2001 
Outside Air 
Temperature 

Type IV Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 12:00 1:15 – 2:30 1:00 – 1:55 0:55 – 1:55 0:40 – 1:00 0:10 – 0:50  

75/25 5:00 1:05 – 1:45 0:35 – 1:00 0:35 – 0:50 0:15 – 0:30 0:05 – 0:35  

50/50 3:00 0:15 – 0:35 0:10 – 0:20 0:10 – 0:20 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 12:00 0:20 – 1:20 0:30 – 0:50 0:20 – 0:45 0:10 – 0:25 

75/25 5:00 0:25 – 0:50 0:20 – 0:35 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 12:00 0:15 – 0:40 0:15 – 0:30  

below -25 below -13 100/0 
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type IV fluid cannot be used. 
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Table 2.26: Alternate Type IV Fluid-Specific Table – Clariant MP IV 2012 Protect 
Outside Air 
Temperature 

Type IV Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 12:00 1:15 – 2:30 0:40 – 1:15 0:40 – 1:10 0:25 – 0:45 0:10 – 0:50  

75/25 5:00 1:05 – 1:45 0:25 – 0:55 0:35 – 0:50 0:15 – 0:30 0:05 – 0:35  

50/50 3:00 0:15 – 0:35 0:15 – 0:25 0:10 – 0:20 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 12:00 0:20 – 1:20 0:20 – 0:40 0:20 – 0:45 0:10 – 0:25 

75/25 5:00 0:25 – 0:50 0:20 – 0:40 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 12:00 0:15 – 0:40 0:15 – 0:30  

below -25 below -13 100/0 
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type IV fluid cannot be used. 

 
 

Table 2.27: Alternate Type IV Fluid-Specific Table – Clariant MP IV 2030 ECO 
Outside Air 
Temperature 

Type IV Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 12:00 1:15 – 2:30 0:50 – 1:30 0:55 – 2:00 0:40 – 0:50 0:10 – 0:50  

75/25 5:00 1:05 – 1:45 0:35 – 1:05 0:35 – 0:50 0:15 – 0:30 0:05 – 0:35  

50/50 3:00 0:15 – 0:35 0:15 – 0:25 0:10 – 0:20 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 12:00 0:20 – 1:20 0:45 – 1:25 0:20 – 0:45 0:10 – 0:25 

75/25 5:00 0:25 – 0:50 0:35 – 1:05 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 12:00 0:15 – 0:40 0:15 – 0:30  

below -25 below -13 100/0 
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type IV fluid cannot be used. 
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Table 2.28: Alternate Type IV Fluid-Specific Table – Clariant Safewing MP IV Launch 
Outside Air 
Temperature 

Type IV Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 12:00 1:15 – 2:30 1:00 – 1:35  1:30 – 2:00 1:00 – 1:40 0:10 – 0:50  

75/25 5:00 1:05 – 1:45 0:40 – 1:20 0:35 – 0:50 0:15 – 0:30 0:05 – 0:35  

50/50 3:00 0:15 – 0:35 0:10 – 0:25 0:10 – 0:20 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 12:00 0:20 – 1:20 0:40 – 1:05 0:20 – 0:45 0:10 – 0:25 

75/25 5:00 0:25 – 0:50 0:20 – 0:40 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 12:00 0:15 – 0:40 0:15 – 0:30  

below -25 below -13 100/0 
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type IV fluid cannot be used. 

 
 

Table 2.29: Alternate Type IV Fluid-Specific Table – Dow Chemical UCAR™ ADF/AAF Ultra+ 
Outside Air 
Temperature 

Type IV Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 12:00 1:15 – 2:30 0:35 – 1:15 0:45 – 1:35 0:25 – 0:40 0:10 – 0:50  

75/25        

50/50      
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 12:00 0:20 – 1:20 0:25 – 0:55 0:20 – 0:45 0:10 – 0:25 

75/25      

below -14 
to -25 

below 7 
to -13 100/0 12:00 0:15 – 0:40 0:20 – 0:45  

below -25 below -13 100/0 
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type IV fluid cannot be used. 
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Table 2.30: Alternate Type IV Fluid-Specific Table – Dow Chemical UCAR™ Endurance EG106 
Outside Air 
Temperature 

Type IV Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 12:00 1:15 – 2:30 0:40 – 1:20 1:10 – 2:00 0:50 – 1:15 0:10 – 0:50  

75/25 5:00       

50/50 3:00     
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 12:00 0:20 – 1:20 0:30 – 1:05 0:20 – 0:45 0:10 – 0:25 

75/25 5:00     

below -14 
to -25 

below 7 
to -13 100/0 12:00 0:15 – 0:40 0:15 – 0:30  

below -25 below -13 100/0 
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type IV fluid cannot be used. 

 
 

Table 2.31: Alternate Type IV Fluid-Specific Table – Kilfrost ABC-S 
Outside Air 
Temperature 

Type IV Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 12:00 1:15 – 2:30 1:00 – 1:40 1:20 – 1:50 1:00 – 1:25 0:10 – 0:50  

75/25 5:00 1:05 – 1:45 0:30 – 0:55 0:35 – 0:50 0:15 – 0:30 0:05 – 0:35  

50/50 3:00 0:15 – 0:35 0:05 – 0:15 0:10 – 0:20 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 12:00 0:20 – 1:20 0:45 – 1:20 0:20 – 0:45 0:10 – 0:25 

75/25 5:00 0:25 – 0:50 0:25 – 0:50 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 12:00 0:15 – 0:40 0:15 – 0:30  

below -25 below -13 100/0 
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type IV fluid cannot be used. 
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Table 2.32: Alternate Type IV Fluid-Specific Table – Kilfrost ABC-S PLUS 
Outside Air 
Temperature 

Type IV Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 12:00 1:15 – 2:30 0:45 – 1:25 1:15 – 1:55 0:50 – 1:10 0:10 – 0:50  

75/25 5:00 1:05 – 1:45 0:25 – 0:55 0:35 – 0:50 0:15 – 0:30 0:05 – 0:35  

50/50 3:00 0:15 – 0:35 0:05 – 0:15 0:10 – 0:20 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 12:00 0:20 – 1:20 0:35 – 1:00 0:20 – 0:45 0:10 – 0:25 

75/25 5:00 0:25 – 0:50 0:25 – 0:50 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 12:00 0:15 – 0:40 0:15 – 0:30  

below -25 below -13 100/0 
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type IV fluid cannot be used. 

 
 

Table 2.33: Alternate Type IV Fluid-Specific Table – Octagon Max-Flight 
Outside Air 
Temperature 

Type IV Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 12:00 1:15 – 2:30 0:50 – 1:35 0:55 – 2:00 0:35 – 1:00 0:10 – 0:50  

75/25 5:00 1:05 – 1:45 0:45 – 1:45 0:35 – 0:50 0:15 – 0:30 0:05 – 0:35  

50/50 3:00 0:15 – 0:35 0:25 – 1:15 0:10 – 0:20 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 12:00 0:20 – 1:20 0:25 – 0:50 0:20 – 0:45 0:10 – 0:25 

75/25 5:00 0:25 – 0:50 0:20 – 0:50 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 12:00 0:15 – 0:40 0:15 – 0:30  

below -25 below -13 100/0 
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type IV fluid cannot be used. 
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Table 2.34: Alternate Type IV Fluid-Specific Table – Octagon Max-Flight 04 
Outside Air 
Temperature 

Type IV Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 12:00 1:15 – 2:30 1:25 – 2:00 2:00 – 2:00 1:10 – 1:30 0:10 – 0:50  

75/25 5:00 1:05 – 1:45 1:05 – 2:00 0:35 – 0:50 0:15 – 0:30 0:05 – 0:35  

50/50 3:00 0:15 – 0:35 0:25 – 1:15 0:10 – 0:20 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 12:00 0:20 – 1:20 0:35 – 1:10 0:20 – 0:45 0:10 – 0:25 

75/25 5:00 0:25 – 0:50 0:40 – 1:20 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 12:00 0:15 – 0:40 0:15 – 0:30  

below -25 below -13 100/0 
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type IV fluid cannot be used. 

 
 

Table 2.35: Alternate Type IV Fluid-Specific Table – Octagon MaxFlo 
Outside Air 
Temperature 

Type IV Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 12:00 1:15 – 2:30 0:40 – 1:30 1:20 – 2:00 0:30 – 1:00 0:10 – 0:50  

75/25 5:00 1:05 – 1:45 0:20 – 0:55 0:35 – 0:50 0:15 – 0:30 0:05 – 0:35  

50/50 3:00 0:15 – 0:35 0:05 – 0:15 0:10 – 0:20 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 12:00 0:20 – 1:20 0:25 – 1:00 0:20 – 0:45 0:10 – 0:25 

75/25 5:00 0:25 – 0:50 0:15 – 0:40 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 12:00 0:15 – 0:40 0:15 – 0:30  

below -25 below -13 100/0 
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type IV fluid cannot be used. 
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Table 2.36: Alternate Type IV Fluid-Specific Table – SPCA AD-480 
Outside Air 
Temperature 

Type IV Fluid 
Concentration 

Neat Fluid/Water 
(Volume %/ 
Volume %) 

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

Degrees 
Celsius 

Degrees 
Fahrenheit 

Active 
Frost 

Freezing 
Fog 

Snow or 
Snow Grains 

Freezing 
Drizzle 

Light 
Freezing Rain 

Rain on 
Cold-Soaked 

Wing 
Other 

-3 and 
above 

27 and 
above 

100/0 12:00 1:15 – 2:30 0:40 – 1:20 0:50 – 1:30 0:35 – 0:55 0:10 – 0:50  

75/25 5:00 1:05 – 1:45 0:30 – 1:05 0:35 – 0:50 0:15 – 0:30 0:05 – 0:35  

50/50 3:00 0:15 – 0:35 0:10 – 0:20 0:10 – 0:20 0:05 – 0:10 
CAUTION: 

No holdover  
time guidelines 

exist 

below -3 
to -14 

below 27 
to 7 

100/0 12:00 0:20 – 1:20 0:30 – 0:55 0:20 – 0:45 0:10 – 0:25 

75/25 5:00 0:25 – 0:50 0:20 – 0:45 0:15 – 0:30 0:10 – 0:20 

below -14 
to -25 

below 7 
to -13 100/0 12:00 0:15 – 0:40 0:15 – 0:30  

below -25 below -13 100/0 
Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid is at least 7°C (13°F) 
below the outside air temperature and the aerodynamic acceptance criteria are met. Consider use of Type I 
when Type IV fluid cannot be used. 
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3. VALIDITY OF 75/25 ENDURANCE TIME TEST PROTOCOL 
 
Concerns have arisen that the protocol used to measure endurance times of diluted 
anti-icing fluids may not produce values consistent with those experienced during 
actual operations. These concerns have brought into question the validity of the 
current test protocol for diluted fluids and the accuracy of the diluted fluid values in 
the holdover time (HOT) Guidelines.  
 
 
3.1 Background 
 
It has been found that, in general, endurance times decrease when fluid viscosity 
decreases. Thus, anything that causes a change in the viscosity of a fluid can also 
change its endurance times. 
 
One variable known to reduce fluid viscosity in propylene glycol (PG)-based fluids is 
de/anti-icing application equipment. The equipment shears fluid as it is applied to 
aircraft, causing the applied fluid to become less viscous than the original fluid. As a 
result, the endurance time of the applied fluid can be shorter than that of the fluid 
delivered by the manufacturer. 
 
In order to ensure values given in the HOT Guidelines reflect endurance times of 
applied fluids, fluid samples submitted for holdover time testing are mechanically 
sheared to reduce fluid viscosity. The method of shearing varies from manufacturer 
to manufacturer, but the process is the same: manufacturers shear a batch of neat 
fluid, dilute portions of it to 75/25 and 50/50 (glycol/hard water), and then send 
samples of all three concentrations to APS Aviation Inc. (APS) for testing.  
 
Until recently, it was thought that this test process adequately replicated the 
operational process. Although fluid dilution occurs at a different time in the test 
process than in actual operations — fluid is diluted prior to being sheared in operations 
and after being sheared in the test process — it was thought not to matter. However, 
recent research on viscosity and shearing has questioned this assumption. 
 
Research has shown that the more viscous a fluid is, the more susceptible it is to 
shearing. If two samples of the same fluid, one with a higher viscosity and one with 
a lower viscosity, are subjected to the same shearing, the higher viscosity fluid will 
experience a larger percentage decrease in viscosity than the lower viscosity fluid. 
Many fluids have higher viscosities in 75/25 dilution than in neat dilution. Therefore, 
if a fluid is sheared after it has been diluted to 75/25, it may experience a higher 
percentage decrease in viscosity than a fluid sheared in neat dilution and then diluted 
to 75/25.  
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Since fluids tested for endurance times are sheared before dilution, and fluids in 
operations are sheared after dilution, the final viscosities of test fluids may be 
different than viscosities of fluids applied to aircraft. If test fluid viscosities are lower 
than operational viscosities, operators may have less holdover time than is indicated 
in the HOT Guidelines. In this scenario, the test protocol for diluted fluids needs to 
be evaluated as a potential safety issue exists. 

3.2 Previous Work 

Initial research on this topic was conducted in 2004-05 and is documented in the 
Transport Canada (TC) report, TP 14451E, Aircraft Ground Icing General Research 
Activities During the 2004-05 Winter (3).  

In 2004-05, tests were conducted with two Type IV PG-based fluids: one research 
fluid and one commercial fluid. The research fluid was put through two processes. 
The first sample was sheared and then diluted to 75/25. The second sample was 
diluted to 75/25 and then sheared. The final viscosities of both samples were 
measured and found to be similar (see Figure 3.1).  

Figure 3.1: 2004-05 Test Results – Research Fluid 

The commercial fluid was put through only one process due to a limited amount of 
fluid being available. A neat sample was diluted and then sheared before having its 
viscosity measured. The results are shown in Figure 3.2. 
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Figure 3.2: 2004-05 Test Results – Commercial Fluid 

 
The conclusion from this testing was that, in the case of the research fluid, 
operational fluid viscosity is similar to test fluid viscosity. Therefore, operational 
holdover times are equivalent to those given in the HOT Guidelines, and there is no 
need to change the endurance time test protocol for diluted fluids. 
 
However, the results from testing with the research fluid could not be generalized to 
other fluids for the two following reasons: 
 

1. The fluid tested was not qualified; and 

2. The fluid tested was less viscous in 75/25 dilution than in 100/0 dilution, and 
it is hypothesized that a different result would be seen with a fluid more 
viscous in 75/25 dilution than in 100/0 dilution. 

 
Further research was recommended before general conclusions could be drawn. 
Specifically, it was recommended that the tests be repeated with a fluid more viscous 
in 75/25 dilution than in 100/0 dilution.  
 
 
3.3 Objectives 
 
The objectives for research carried out in the winter of 2005-06 were to repeat the 
tests conducted in 2004-05 with a qualified Type IV PG-based fluid, to determine 
the validity of the 75/25 endurance time test protocol, and to recommend changes 
to the protocol if necessary.  
 
 
  

Neat Fluid

11,000 cP

Neat Fluid

11,000 cP

Spray Neat Fluid*

N/A

Spray 75/25 Fluid

1,700 cP

Dilute Neat Fluid
to 75/25

13,300 cP

Dilute Sprayed
Fluid to 75/25

N/A

Fluid B

Simulated
Operational Process

Simulated
ET Testing Process

                 



3.  VALIDITY OF 75/25 ENDURANCE TIME TEST PROTOCOL 

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2020 (TC Deicing 05-06)/Reports CM2020.002/General & Exploratory/Final Version 1.0/TP 14719E Final Version 1.0.docx 
Final Version 1.0, July 25 

48 

3.4 Fluids 
 
One Type IV fluid was acquired for testing. The fluid, a PG-based anti-icing fluid, was 
the commercial fluid tested in the winter of 2004-05 and reported in Figure 3.2. The 
fluid is more viscous in 75/25 concentration than in 100/0 concentration. To protect 
the identity of the fluid and the fluid manufacturer, the fluid has been coded and will 
be referred to as “Fluid B” throughout this report. 
 
 
3.5 Procedure 
 
Tests were conducted using the procedure developed for testing the validity of the 
75/25 endurance time test protocol in the winter of 2004-05. A copy of the procedure 
is included in Appendix C. A summary of the procedure follows. 
 
The Type IV fluid was put through two processes: a simulated operational process 
and a simulated endurance time test process. The two test processes are illustrated 
in Figure 3.3.  
 
 

Figure 3.3: Flowchart for Testing  
 
 
3.5.1 Simulated Operational Process 
 
In the simulated operational process (see lower path in Figure 3.3), neat fluid was 
diluted to 75/25 and then sprayed onto a JetStar wing using the TC mobile sprayer 
(see Photo 3.1 to Photo 3.3). The TC mobile sprayer was designed to replicate 
de/anti-icing equipment used in an operational environment. A sample was then 
collected from the wing using a squeegee (see Photo 3.4). Care was taken not to 
shear the fluid during collection. The sample was returned to the APS laboratory for 
viscosity measurement. 
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3.5.2 Simulated Endurance Time Test Process 
 
In the simulated endurance time test process (see upper path in Figure 3.3), neat 
fluid was sprayed onto the wing using the TC mobile sprayer. In this process, the 
sprayer replicated the mechanical shearing that endurance time test samples are 
subjected to by fluid manufacturers. A sample was collected from the wing and 
returned to the APS laboratory. Once in the laboratory, the sample was diluted to 
75/25 and its viscosity was measured.  
 
 
3.5.3 Viscosity Measurement Procedure 
 
Standard viscosity measurement protocol was followed to measure sample viscosities. 
The viscosity measurement parameters used for these tests were spindle 34, small 
sample adaptor (10 mL), 20ºC, 0.3 rpm, and 10 minutes. 
 
 
3.6 Test Conditions 
 
Tests were conducted outdoors at the APS test site located at the Montréal–Pierre 
Elliott Trudeau International Airport (YUL). The tests took place on December 29, 2005. 
Skies were cloudy and the outside air temperature (OAT) was approximately 0ºC.  
 
 
3.7 Data and Analysis 
 
Samples were collected at each step in the test processes. The samples were brought 
back to the APS laboratory, where their viscosities were measured. The viscosity 
and Brix measurements of each sample are given in Table 3.1. 
 

Table 3.1: Viscosity and Brix of Samples 

Sample Code Sample Description Viscosity 
(mPa.s) 

Brix 
(º) 

B Neat 10,400 36.00 

B2-S Neat sprayed 6,400 35.75 

B2-D Neat sprayed, diluted to 75/25 12,200 28.00 

B1-D Diluted (75/25) 15,100 28.50 

B1-S Diluted (75/25), sprayed 5,300 27.25 
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The results are shown graphically in Figure 3.4. The viscosity of the fluid put through 
the simulated endurance time testing process was 6,900 mPa.s greater than the fluid 
put through the simulated endurance time testing process.  
 
 

Figure 3.4: 2005-06 Test Results 
 
 
3.7.1 Comparison to 2004-05 Results 
 
Simulated operational process tests were also completed with Fluid B in the winter 
of 2004-05. No conclusions could be made at that time because simulated endurance 
time testing process data was not collected. However, the data can now be used to 
validate the tests conducted with Fluid B in 2005-06. The comparative results are 
given in Table 3.2. 
 

Table 3.2: Simulated Operational Process Results 

Winter Fluid 
Sample Viscosity (mPa.s) 

Neat Fluid 75/25 Virgin 75/25 Sprayed 

2005-06 Fluid B 10,400 15,100 5,300 

2004-05 Fluid B 11,000 13,300 1,700 

 
 
The initial fluid viscosities are similar. The final viscosities, however, differ by 
3,600 mPa.s. Although different, both are substantially lower than the final viscosity 
of the simulated endurance time testing process (12,200 mPa.s), and both lead to 
the conclusion that subjecting Fluid B to shearing prior to dilution will result in lower 
on-wing viscosities than shearing it after dilution. 
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3.8 Conclusions 
 
A significant difference was seen in the final viscosity of Fluid B depending on the 
process that was followed. The final viscosity was significantly lower when the fluid 
was diluted before it was sheared (operational process) than when it was diluted 
after it was sheared (testing process). This may have important implications, as 
endurance times of the fluid used in operations may be shorter than those measured 
during endurance time testing and given in the HOT Guidelines. If so, the current test 
protocol may not be valid given that lowest on-wing viscosity (LOWV) values are not 
given for dilutions in the existing HOT Guidelines. 
 
 
3.9 Recommendations 
 
The conclusions indicate that the current dilution test protocol may not be producing 
holdover times consistent with those experienced in operations. The most obvious 
solution to this problem is to change the current protocol for diluted fluids. However, 
changing the protocol would require retesting all 19 fluids currently qualified for use 
in diluted form, which would require a significant investment of time and resources. 
As an alternate method of ensuring that operational holdover times for diluted fluids 
meet the values given in the HOT Guidelines, the below is recommended. 
 

• LOWV values for dilute fluids should be added to the HOT Guidelines. This 
would ensure fluids with substandard viscosities are not used in operations. 

• Fluid manufactures should be asked to provide LOWV values for dilutions of 
their currently qualified fluids. 

• Operators should be made aware of the importance of testing each fluid 
dilution with individual equipment to ensure the LOWV values are met. 

 
It is suggested that when fluid manufacturers submit fluid samples for holdover time 
testing in the future, they should dilute and then shear individual samples rather than 
shearing a large batch of neat fluid and then making dilution samples. 
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Photo 3.1: TC Mobile Sprayer 

 
 

Photo 3.2: TC Mobile Sprayer Nozzle 
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Photo 3.3: Applying Fluid to JetStar Wing Using TC Mobile Sprayer 

 
 

Photo 3.4: Collecting Sample from JetStar Wing 
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4. ENDURANCE TIMES ON PLATES WITH RESIDUAL ICE 
 
In collaboration with the Federal Aviation Administration (FAA), Transport Canada 
(TC) has studied human visual and tactile ice detection capabilities under aircraft 
post-deicing conditions. These tests showed conclusively that, under certain 
conditions, deicing technicians performing post-deicing inspections cannot detect 
residual ice underneath deicing fluid on an aircraft wing. It is therefore evident that, 
in some conditions, aircraft could be anti-iced with cold anti-icing fluid while ice is 
still present.  
 
 

4.1 Objective 
 
The objective of this project was to investigate how endurance times of anti-icing 
fluids are affected by the presence of residual ice (i.e., ice inadvertently left on wings 
after deicing). 
 
 
4.2 Procedure 
 
The detailed test procedure is included in Appendix D. Testing was conducted during 
two separate snow events. The procedure varied slightly for the two events. 
 
At the first event, two runs (#1 and #2) were conducted: 
 

1. A standard baseline test and a full coverage residual ice test; and  

2. A standard baseline test and two residual ice tests (a full coverage plate and 
a plate with an ice patch of 315 cm2). 

 
At the second event, one run (#3) was conducted: 
 

3. A standard baseline test and two residual ice tests (a full coverage plate and 
a plate with an ice patch of 315 cm2). 

 
Initial ice thickness for all runs was between 0.5 mm and 0.7 mm. 
 
 
4.3 Data 
 
Data was collected during two snow events: January 5 and January 9, 2006. 
 
The first two runs took place on January 5, 2006, at an outside air temperature 
(OAT) of -3°C. The fluid tested was Clariant Safewing MP II 2025, which is a propylene 
glycol (PG)-based Type II fluid. It has a holdover time greater than 70 minutes in this 
condition (based on a rate of 10 g/dm2/h). 
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The third run took place on January 9, 2006, at an OAT of -3°C. The fluid tested 
was Dow Chemical UCAR Ultra+, which is an ethylene glycol (EG)-based Type IV 
fluid. It has a holdover time between 35 and 75 minutes in this condition (based on 
rates between 10 and 25 g/dm2/h). 
 
In each of the runs, fluid was applied to both a baseline plate with no ice and a plate 
fully covered in ice. In the second and third runs, fluid was also applied to a third 
plate, which was partially covered in ice. This plate had an ice patch of 315 cm2. 
 
The test data is shown in Table 4.1. 
 

Table 4.1: Residual Ice Data 

  
Ice on Plate 

No Ice (Baseline) Full Coverage 315 cm2 

Run 1 

Endurance Time DNF (140 min)* 18.5 min - 

Fluid Thickness at 
21 Minutes 0.7 mm No fluid - 

Average Rate  1.5 g/dm2/h 3.4 g/dm2/h - 

Run 2 

Endurance Time DNF (80 min)* 20 min DNF (80 min)* 

Fluid Thickness at 
6 Minutes 1.0 mm 0.5 mm 1.0 mm 

Fluid Thickness at 
20 Minutes 0.6 mm No fluid 0.6 mm 

Average Rate  0.6 g/dm2/h 0.8 g/dm2/h 0.6 g/dm2/h 

Run 3 
Endurance Time DNF (100 min)* 7 min 11 min 

Average Rate 7.7 g/dm2/h 9.4 g/dm2/h 9.2 g/dm2/h 

*DNF (xx min) = the fluid had not failed when the test was stopped after the time indicated in parentheses. 

 
 
4.4 Analysis and Observations 
 
In Run 1, the plate fully covered in ice failed after 18.5 minutes. The baseline plate 
lasted significantly longer: 140 minutes. A partially covered plate was not tested in 
Run 1. 
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In Run 2, fluid failure on the full coverage plate occurred 20 minutes after application. 
At that time, the standard plate was not close to failure. The partially covered plate 
was close to failure; however, the test was stopped due to a diminishing rate of 
precipitation. The endurance time of the fluid was significantly lower with the 
presence of residual ice. 
 
In Run 3, the full coverage plate failed after 7 minutes, and the partially covered plate 
failed after 11 minutes. It was speculated that this was due to a fluid feed from the 
upper portions of the test plate. The standard plate had not failed when the test was 
stopped after 100 minutes due to a lack of snow. 
 
Photo 4.1 was taken of Run 3 at 10 minutes after fluid application. The left plate is 
the baseline plate, the middle plate is the partially covered plate, and the right plate 
is the fully covered plate. The photo clearly shows that the two plates with residual 
ice have greatly diminished in fluid thickness. 
 
Photo 4.2 was taken 7 minutes later (at 17 minutes after fluid application) and shows 
further contamination on the residual ice plates. 
 
Close observation of the photos shows that the condition of the plates with residual 
ice is “rough.” Furthermore, Photo 4.2 shows that the “rough” area on the partially 
covered plate (the middle plate) is larger (see bottom of plate) than the 315 cm2 of 
ice that it began with. 
 
 
4.5 Conclusions 
 
Preliminary testing suggests that endurance times of anti-icing fluids are reduced by 
the presence of residual ice. This is likely due to the reduced thickness of fluid on 
ice-covered surfaces, which is a result of the smoothness of an icy surface. 
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Photo 4.1: Run 3 – Test Plates 10 Minutes After Application 

 
 

Photo 4.2: Run 3 – Test Plates 17 Minutes After Application 
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5. TACTILE INSPECTION OF ICE WITH THE USE OF GLOVES 
 
In collaboration with the Federal Aviation Administration (FAA), Transport Canada 
(TC) is studying human visual and tactile capabilities to detect ice under aircraft 
post-deicing conditions.  
 
 
5.1 Background 
 
In 2004-05, testing was performed to evaluate human visual and tactile ability to 
detect ice on wings. Tests were conducted in a cold chamber using a procedure in 
which two samples, one with ice and one without ice, were presented to a group of 
participants. The participants were asked to indicate on which of the two samples 
they could detect ice. To evaluate tactile ability, participants were blindfolded while 
they completed the task. While blindfolded, participants were able to detect ice of 
any thickness on aluminum plates almost without error. This work is documented in 
the TC report, TP 14449E, Development of Ice Samples for Visual and Tactile Ice 
Detection Capability Tests (4). 
 
In 2005-06, it was hypothesized that tactile ability to detect ice may be influenced 
by the type of glove that is worn. Since only one glove type was used in the 2004-05 
tactile testing but many glove types are used in the field, further tests were 
recommended to determine if glove type can influence tactile ability to detect ice. 
 
 
5.2 Objective 
 
The objective of testing in 2005-06 was to investigate if wearing different types of 
gloves influences the ability to detect ice. Five sets of commercially available gloves 
were tested. Funding for this project was limited; therefore, only a preliminary 
investigation with very limited tests was completed. 
 
 
5.3 Description of Gloves 
 
Five sets of commercially available gloves were selected for the study based on their 
variability in materials. Details of the gloves are given in Table 5.1. Photos of the 
gloves are provided at the end of this section (see Photo 5.1 to Photo 5.5). 
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Table 5.1: Description of Gloves 

Glove 
Number Manufacturer Glove 

Type 
Product 
Number Description 

1 
Midwest 

Glove 
Company® 

Red PVC 
Coated 710 

• Red PVC coated 
• Cotton jersey lining 
• Smooth non-slip finish 
• Wing thumb and knit cuff 

2 Horizon® Acrylic Pile 
Lining 757 006K 

• Acrylic pile lining 
• Knitted acrylic fabric lining 
• Lofted similar to natural sheared wool 
• Outside: 55% nitrile, 45% cotton 

3 Horizon® 
Rubber 

Palm Work 
Glove 

75R26YPC • Lining: 40% cotton 
• Outside: 60% rubber 

4 Horizon® Lined 
Acrylic 

CA07695 
RN83575 

• Lofted similar to wool 
• Outside: 70% cowhide, 30% cotton 

5 Horizon® 
Liquid 

Protection 
Glove 

754056 • Outside: 80% polyvinyl, 20% cotton 

 
 

5.4 Procedure 
 
The detailed test procedure is included in Appendix E. Testing was completed on two 
occasions: a dry run was conducted on February 17, 2006, and a run with fluid was 
conducted on February 23, 2006. 
 
 
5.4.1 Occasion 1 (Dry Run) 
 
Two standard aluminum test plates were used in these tests. The first plate was left 
untouched to simulate a bare wing surface free of any contamination. The second 
plate was treated with approximately 0.6 mm of ice to simulate a thin layer of 
contamination on the wing surface. 
 
Three candidates were blindfolded and, using a “forced-choice” methodology, were 
asked to indicate on which of the two plates they could detect ice. The test was 
repeated five times, with the candidates wearing a different type of glove each time. 
The testing is shown in Photo 5.6. 
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5.4.2 Occasion 2 (With Fluid) 
 
The procedure used on the second occasion was the same as the one used on the 
first occasion. However, on this occasion, fluid was applied to both the uncontaminated 
and contaminated test plates to simulate the possibility of ice being present after 
fluid application. 
 
 
5.4.3 Test Location 
 
Tests were conducted inside a refrigerated truck located at the APS Aviation Inc. 
(APS) test site at the Montréal–Pierre Elliott Trudeau International Airport (YUL). The 
refrigerated truck was cooled to -4°C on the first occasion and -5°C on the second 
occasion. 
 
 
5.4.4 Data Form 
 
One data form was required for the tests. It is included in the test procedure in 
Appendix E. 
 
 
5.4.5 Description of Candidates 
 
APS personnel were used as candidates in this study. On the first occasion, two 
research assistants (Candidates 1 and 2) and a photographer (Candidate 3) participated. 
The research assistants, while knowledgeable about endurance time testing and fluid 
failure, had not previously attempted to tactilely detect ice on aircraft or aluminum 
test plates. The photographer had never actively participated in endurance time or 
ice detection testing. 
 
On the second occasion, two research assistants, one who participated in the first 
occasion and one who did not, and a manager were the candidates. The manager 
had over 10 years of experience in endurance time testing but had not previously 
attempted to detect ice while blindfolded. 
 
 
5.5 Data and Observations 
 
All subjects were able to detect which plates were contaminated with ice on both 
occasions. Table 5.2 details the test results. 
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Table 5.2: Results of Gloves Testing 

 ABILITY TO DETECT ICE (YES/NO) 

  Glove #1 Glove #2 Glove #3 Glove #4 Glove #5 

Occasion 1 
(Dry Run) 

Candidate 1 Yes Yes Yes Yes Yes 

Candidate 2 Yes Yes Yes Yes Yes 

Candidate 3 Yes Yes Yes Yes Yes 

Occasion 2 
(With Fluid) 

Candidate 1 Yes Yes Yes Yes Yes 

Candidate 4 Yes Yes Yes Yes Yes 

Candidate 5 Yes Yes Yes Yes Yes 

 
 
5.6 Conclusions and Recommendations 
 
The results of these preliminary tests indicate that ice can be detected using any 
type of glove. If the use of gloves is mandated due to health and safety concerns, 
further testing would be merited and should be done on a larger scale. If this is the 
case, it is recommended that, prior to any further testing being carried out, an 
investigation into the test methodology be completed to ascertain the best method 
of evaluating true human ability.  
 
One methodology that may give more realistic results is to provide candidates with 
samples one at a time. Contaminated and uncontaminated samples would be presented 
randomly. This would eliminate the forced-choice aspect of the 2005-06 methodology 
and may reduce candidates’ ability to make correct guesses.  
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Photo 5.1: Glove #1 – Midwest Glove Company® Red PVC Coated Glove 

 
 

Photo 5.2: Glove #2 – Horizon® Acrylic Glove 
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Photo 5.3: Glove #3 – Horizon® Rubber Palm Work Glove 

 
 

Photo 5.4: Glove #4 – Horizon® Lined Acrylic Glove 
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Photo 5.5: Glove #5 – Horizon® Liquid Protection Glove 

 
 

Photo 5.6: Dry Run Testing 
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6. SUPPORT FOR DEVELOPMENT OF SAE AS5681 
 
Human factor tests, documented in the Federal Aviation Administration (FAA) report, 
DOT/FAA/TC-06/21, Human Visual and Tactile Ice Detection Capabilities under 
Aircraft Post Deicing Conditions (5), have demonstrated that the ability to detect ice 
can be somewhat difficult with both visual and tactile detection. It has been determined 
that, under certain circumstances, remote on-ground ice detection systems (ROGIDS) 
can be more reliable than human visual or tactile ice detection. 
 
The proposed Society of Automotive Engineers (SAE) Aerospace Standard (AS) 5681 
specifies the minimum performance requirements of ROGIDS. As a ground-based 
system, the main objective of ROGIDS is to allow flight crews and deicing technicians 
to determine whether frozen contamination is present on aircraft surfaces. Therefore, 
ROGIDS are intended to be used during aircraft ground operations to provide 
information about the condition of the monitored aircraft surfaces.  
 
In collaboration with regulatory authorities, APS Aviation Inc. (APS) is supporting the 
development of AS5681 by providing expert opinion and clerical support for the 
development of this standard.  
 
 
6.1 Development of Standard 
 
APS has been an ongoing contributor to the development of AS5681 through 
continued support at all industry meetings. Below is a list of the relevant meetings. 
 
Pre-Meeting: Fall 2005, Atlantic City, Regulatory Approval Working Group 

Meeting: Decision made to set up a focus group to revise AS5116B 
(now AS5681) to incorporate findings from recent human factors 
research (see DOT/FAA/TC-06/21 [5]). 

 
Meeting 1: March 28-30, 2006, Montreal: Updated previous specifications from 

Section 1 to the beginning of Section 6. 
 
Meeting 2: April 25-27, 2006, Montreal: Continued development of Section 6 

and development of tests to be conducted (Appendix A). 
 
Meeting 3: May 21-25, 2006, Lisbon, SAE G-12 Aircraft Ground Deicing 

Committee Meetings: No progress on document. Discussions focused 
on ice detection in general for the SAE G-12 committee. 

 
Meeting 4: June 20-22, 2006, Ottawa: Further development of Section 6. 
 
Meeting 5: October 2-5, 2006, Atlantic City: Next planned meeting. 
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6.2 Current Version of Standard 
 
The July 2006 version of the ROGIDS standard, which has been formatted by APS, 
is included for reference purposes in Appendix F. 
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7. HOLDOVER TIME GUIDELINES WEBSITE 
 
 

7.1 Background 
 

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

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

1. The Transport Canada Civil Aviation (TCCA) Commercial and Business 
Aviation Advisory Circular (CBAAC) document; 

2. The TCCA website; and 

3. The Transportation Development Centre (TDC) website. 
 

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

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

7.2 Changes to the Website 
 

Each July since 2003, APS has published the HOT Guidelines for the upcoming 
winter on the website. In July 2006, the 2006-07 HOT Guidelines were published 
on the website and replaced the 2005-06 HOT Guidelines, which were archived on 
the site. Appendix G contains the 2006-07 HOT Guidelines as they appear in English 
on the website. As has been done in other years, the changes from the previous 
year’s guidelines are summarized on Page 3 of the document and explained in detail 
in the TC report, TP 14712E, Aircraft Ground De/Anti-Icing Fluid Holdover Time 
Development Program for the 2005-06 Winter (6).  



7.  HOLDOVER TIME GUIDELINES WEBSITE 

APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2020 (TC Deicing 05-06)/Reports CM2020.002/General & Exploratory/Final Version 1.0/TP 14719E Final Version 1.0.docx 
Final Version 1.0, July 25 

72 

The changes made to the 2006-07 HOT Guidelines include the following: 
 

• Addition of three new Type IV fluids: Clariant Safewing MP IV Launch, Dow 
Chemical UCAR Endurance EG106, and Kilfrost ABC-S PLUS; and 

• Addition of two new Type II fluids: Clariant Safewing MP II Flight and Kilfrost 
ABC-TF2. 

 
In order for the changes to be approved, APS is required to obtain approval from both 
TC and the TDC. Figure 7.1 shows the form used for this purpose. 
 
 
7.3 Future Responsibilities 
 
APS has undertaken the responsibility to ensure that the website is operational, in 
terms of Internet availability, for a one-year period. In the summer of 2007, APS 
intends to update the website with new data from Winter 2006-07 testing and publish 
the 2007-08 HOT Guidelines.  
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Figure 7.1: HOT Guideline Change Form 
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8. TEST PROCEDURES, PRESENTATIONS, AND FLUID 
MANUFACTURER REPORTS 

 
This section contains an account of the test procedures, presentations, and fluid 
manufacturer reports that were prepared by APS Aviation Inc. (APS) in 2005-06.  
 
 
8.1 Procedures 
 
Several procedures were developed to guide and support the research team in the 
methodology for conducting tests. Table 8.1 at the end of this section provides a list 
of the procedures developed for each major project. Each major project has been 
documented in a separate report, and each complete procedure has been included in 
at least one of these reports.  
 
 
8.2 Presentations 
 
During the course of a research program, subcommittees of the Society of 
Automotive Engineers (SAE) G-12 Committee hold several meetings. During these 
and other meetings, APS presents the findings of work that has been completed. 
Much of the research presented at these meetings is eventually documented in 
various reports.  
 
In 2005-06, the following meetings were held: 
 

1. Standing Committee Meeting, Ottawa, Canada, September 2005; 

2. DND Icing Operations Standing Committee Meeting, Ottawa, Canada, October 
2005; 

3. SAE G-12 HOT Subcommittee and HOT Working Group Meetings, Montreal, 
Canada, November 2005; and 

4. SAE G-12 HOT Subcommittee and FAA/TC Pre-HOT Meetings, Lisbon, 
Portugal, May 2006. 

 
The presentations given by APS at each of these meetings are listed in the following 
subsections. Copies of the presentations are contained in Appendix H. 
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8.2.1 Standing Committee Meeting, Ottawa, Canada, September 2005  
 
One presentation was prepared for the Standing Committee for Operations Under 
Icing Conditions meeting held in Ottawa on September 21, 2005: 
 

1. Aircraft De/Anti-Icing Fluid Holdover Time Update for the 2005-06 Season. 
 
 
8.2.2 DND Icing Operations Standing Committee Meeting, Ottawa, Canada, 

October 2005 
 
One presentation was prepared for the DND Icing Operations Standing Committee 
meeting held in Ottawa on October 12, 2005: 
 

1. Testing of Aircraft Ground De/Anti-Icing Fluids. 
 
 
8.2.3 SAE G-12 HOT Subcommittee and HOT Working Group Meetings, 

Montreal, Canada, November 2005 
 
Two presentations were prepared for the SAE G-12 HOT Subcommittee and HOT 
Working Group meetings held in Montreal on November 3, 2005: 
 

1. Holdover Time Table Format Changes; and 

2. Endurance Time Testing in Simulated Ice Pellet Conditions. 
 
 
8.2.4 SAE G-12 HOT Subcommittee and FAA/TC Pre-HOT Meetings, Lisbon, 

Portugal, May 2006 
 
A total of 10 presentations were prepared for the SAE G-12 HOT Subcommittee and 
FAA/TC Pre-HOT meetings held in Lisbon from May 22 to May 24, 2006. The 
meeting(s) at which each presentation was made are noted in parentheses: 
 

1. Aircraft De/Anti-Icing Fluid Endurance Time Results for the 2005-06 Winter 
Test Season – Type I (Pre-HOT and HOT Subcommittee); 

2. Aircraft De/Anti-Icing Fluid Endurance Time Results for the 2005-06 Winter 
Test Season – Type II (Pre-HOT and HOT Subcommittee); 

3. Aircraft De/Anti-Icing Fluid Endurance Time Results for the 2005-06 Winter 
Test Season – Type III (Pre-HOT and HOT Subcommittee); 

4. Aircraft De/Anti-Icing Fluid Endurance Time Results for the 2005-06 Winter 
Test Season – Type IV (Pre-HOT and HOT Subcommittee); 
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5. Aircraft Deicing Research in Simulated Ice Pellet Conditions (Pre-HOT and 
HOT Subcommittee); 

6. Results from Testing of Fluid Freeze Point Buffer – SAE Type I Fluids in a 
First-Step Deicing Application (Pre-HOT); 

7. Aircraft Ground Deicing Fluid Endurance Times in Snow Pellet Conditions 
(Pre-HOT); 

8. Preliminary Aircraft Ground Deicing Research Using Composite Materials 
(Pre-HOT); 

9. Holdover Times for Heavy Snow (Pre-HOT and HOT Subcommittee); and 

10. Development of Holdover Time Determination Systems (Pre-HOT and HOT 
Subcommittee). 

 
 
8.3 Fluid Manufacturer Reports 
 
As part of the research program, several fluids are tested for holdover performance 
every year. Some of this data is then published for holdover time use in the industry, 
while the remaining data is maintained by the fluid manufacturers for research purposes.  
 
During the winter of 2005-06, seven fluids were tested. APS prepared a report for 
each fluid and provided these reports directly to the fluid manufacturers. Reports 
were prepared for the following:  
 

• Battelle D3: Degradable by Design DeicerTM 1006A (Type I); 

• Clariant Safewing MP II Flight (Type II); 

• Clariant Safewing MP IV Launch (Type IV); 

• Dow Chemical UCAR Endurance EG106 (Type IV); 

• Kilfrost ABC-S PLUS (Type IV); 

• Kilfrost ABC-TF2 (Type II); and 

• Kilfrost P1792-1 (Type II). 
 
The reports for the fluids that are expected to be qualified (six of the seven) have 
also been included as appendices to TP 14712E (6).  
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Table 8.1: List of Procedures for Winter 2005-06 

Program 
Element # ID# Program Element Name of 

Procedure 

Date of 
Latest 
Version 

Version  
# Report 

1.0 1.1 Aircraft De/Anti-Icing Fluid Endurance 
Time Testing 

Test Requirements for Simulated Freezing Precipitation 
Flat Plate Testing 15-Jan-04 1.0 HOT 

1.0 1.2 Aircraft De/Anti-Icing Fluid Endurance 
Time Testing 

Test Requirements for Natural Precipitation Flat Plate 
Testing 23-Dec-04 1.0 HOT 

1.0 1.3 Aircraft De/Anti-Icing Fluid Endurance 
Time Testing Overall Program of Tests at NRC, April 2006 31-Mar-06 1.0 HOT 

1.0 1.4 Aircraft De/Anti-Icing Fluid Endurance 
Time Testing 

Determination of Endurance Times of Type I Fluids 
Under Natural Snow Precipitation at Dorval 27-Feb-06 1.0 HOT 

1.0 1.5 Aircraft De/Anti-Icing Fluid Endurance 
Time Testing Additional Program of Tests at NRC, April 2006 24-Apr-06 1.0 HOT 

2.0 2.1 Endurance Time Testing in Frost  Exp. Program – Endurance Time Testing in Frost with 
Type I, II, III, and IV Fluids 13-Nov-03 1.0 Frost 

3.0 3.1 Endurance Time Testing of 
Non-Aluminum Plates Indoor Endurance Time Testing on Non-Aluminum Plates 28-Mar-06 1.0 Composite 

3.0 3.2 Endurance Time Testing of 
Non-Aluminum Plates 

Outdoor Endurance Time Testing on Non-Aluminum 
Plates 13-Jan-06 1.0 Composite 

4.0 4.1 Effect of Heat on Neat and Diluted 
Type II/IV Endurance Times 

JetStar Test Wing Type II/III/IV Leading Edge 
Temperature Profiles 1-Nov-05 1.0 Heat 

4.0 4.2 Effect of Heat on Neat and Diluted 
Type II/IV Endurance Times Effect of Heat on Endurance Times of Anti-Icing Fluids 4-Nov-05 1.0 Heat 

5.0 5.1 Inclusion of Ice Pellets in HOT 
Guidelines Endurance Time Testing in Natural Ice Pellets 19-Dec-05 1.0 Ice Pellets 

5.0 5.3 Inclusion of Ice Pellets in HOT 
Guidelines Video Documentation of Pilot’s Perspective in Ice Pellets 12-Dec-05 1.0 Ice Pellets 

5.0 5.4 Inclusion of Ice Pellets in HOT 
Guidelines Photography of Ice Pellets on Black Felt 22-Dec-05 3.0 Ice Pellets 
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Table 8.1: List of Procedures for Winter 2005-06 (cont’d) 

Program 
Element # ID# Program Element Name of 

Procedure 

Date of 
Latest 
Version 

Version  
# Report 

5.0 5.5 Inclusion of Ice Pellets in HOT 
Guidelines Adhesion of Type II/III/IV Fluids in Ice Pellets 23-Jan-06 1.1 Ice Pellets 

5.0 5.6 Inclusion of Ice Pellets in HOT 
Guidelines 

Documentation of Falcon 20 Pilot’s Perspective in 
Simulated Ice Pellets 20-Feb-06 1.0 Ice Pellets 

6.0 6.1 Validity of 75/25 Hot Test Protocol 
(Spraying vs. Pouring) 

Comparison of Viscosities of Diluted Fluids (75/25) 
Before and After Spraying 21-Mar-06 1.0 General and 

Exploratory 

7.0 7.1 Study of -3°C Buffer on the First Step 
Application 

Comparison of Negative 3ºC Buffer to 0ºC and +10ºC 
Buffer Type I   15-Dec-05 1.0 -3°C Buffer 

12.0 12.3 Standards for Measuring HOTs Fluid Endurance Time Testing with Artificial Snow 13-Feb-06 1.0 NCAR 

17.0 17.1 Flows of Contaminated Fluid from 
Aircraft Wings During Takeoff 

Falcon 20 Trials to Examine Fluid Removed from Aircraft 
During Takeoff with Ice Pellets 13-Mar-06 3.0 Falcon 20 

17.0 17.2 Flows of Contaminated Fluid from 
Aircraft Wings During Takeoff 

Wind Tunnel Tests to Examine Fluid Removed from 
Aircraft During Takeoff with Ice Pellets 14-Mar-06 1.0 Falcon 20 

17.0 17.3 Flows of Contaminated Fluid from 
Aircraft Wings During Takeoff 

Photo Documentation of Falcon 20 Pilot’s Perspective in 
Simulated Ice Pellets 20-Feb-06 1.0 Ice Pellets 

18.0 18.1 
Continuation of Human Factor Tactile 
Tests: Field Validation & Protocol & 
Standard for Tactile Method 

Preliminary Tactile Testing for Use of Gloves 12-Jan-05 1.0 General and 
Exploratory 

18.0 18.2 
Continuation of Human Factor Tactile 
Tests: Field Validation & Protocol & 
Standard for Tactile Method 

Endurance Times for Plates with Residual Ice 22-Dec-05 2.0 General and 
Exploratory 

20.0 20.1 Video Documentation of Frost 
Formations, Ice Pellets, and Snow Photographic Documentation of Frost Formations See TP 14452E – 

Appendix B 
General and 
Exploratory 

20.0 20.2 Video Documentation of Frost 
Formations, Ice Pellets, and Snow 

Melting Time Indoors; Video Documentation of 
Simulated Snow and Ice Pellets Melting in Fluid 12-Dec-05 1.0 Ice Pellets 

20.0 20.3 Video Documentation of Frost 
Formations, Ice Pellets, and Snow  

Melting Time Outdoors: Video Documentation of 
Simulated Snow and Ice Pellets Dissolving in Fluid 13-Dec-05 1.0 Ice Pellets 
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TRANSPORTATION DEVELOPMENT CENTRE 
WORK STATEMENT EXCERPT: 

AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2005-06 
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TRANSPORTATION DEVELOPMENT CENTRE 
WORK STATEMENT EXCERPT: 

AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2005-06 
 
 
5.2 FLUID PERFORMANCE RESEARCH 
 
 
5.2.6 Validity of 75/25 HOT Test Protocol (Spraying vs. Pouring)  
 

a) Acquire the appropriate fluids for testing; 

b) Review procedure developed for testing in 2004-05; 

c) Conduct tests at the Dorval test site; 

d) Analyse results; and 

e) Report findings to TC/FAA. 
 
 
5.2.10 HOT Table Guidelines; a Future Perspective 
 

a) Review the previous report TP 13826E and current HOT table usage data; 

b) Develop potential scenarios for the new HOT tables; and 

c) Prepare a report. 
 
 
5.2.11 SAE Standards for Measuring Holdover Times 
 

a) Provide support to modifying and updating the SAE Aerospace Recommended 
Practice (ARP) 5485; 

b) Further develop, advance and ballot the new SAE ARP5945 for Type I fluids; 

c) Develop or acquire viscosities for Clariant Type III, Clariant 1951, and Kilfrost 
ABC-3, and for the dilutions of all other fluids. Provide this information to FAA 
and TC for their consideration for inclusion in the table of viscosities; 

d) Prepare presentation of all changes agreed upon by the HOT Working Group 
meeting and deliver at the next SAE G-12 HOT Subcommittee meeting;  

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

f) Support the development of the inclusion of results from compatibility and 
environmental tests of Aerospace Material Specification (AMS) 1424 and 
AMS1428 in the TC/FAA list of approved fluids; 



APPENDIX A 

APS/APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2020 (TC Deicing 05-06)/Reports CM2020.002/General & Exploratory/Final Version 1.0/Appendices/Appendix A/Appendix A.docx 
Final Version 1.0, July 25 

A-2 

g) Support activities of SAE G-12 Field Viscosity Working Group; and 

h) Support round robin testing of new viscometer with all certified fluids to 
ensure safe levels. 

 
 
5.5 SENSORS RESEARCH 
 
 
5.5.1 Support for Human Factor Tactile Tests, and for Means of Implementing 

Changes Arising from Test Findings 
 

a) Participate in the activities of the SAE G-12 Subcommittee for Ice Detection, 
the SAE Regulatory Approval Process Working Group, and the TC “Ground 
Ice Detection System (GIDS) Implementation Team” (Ref: RDIMS 554519v5) 
including: 

i. Address the issue of the visual threshold for detection of frozen 
contamination on aircraft surfaces; 

ii. Address the issue of the comparative capabilities of human visual 
inspection and remote sensor inspection for the detection of frozen 
contamination on aircraft surfaces; 

iii. Report on the conduct of tests at the PMG cold chambers during 2005 to 
examine human visual capabilities and remote sensor capabilities for the 
detection of frozen contamination on aircraft surfaces. Draw conclusions 
and develop recommendations as to the suitability of remote sensors to 
support or replace human inspection of aircraft surfaces immediately 
following deicing; 

iv. Review Remote GIDS reliability issues including implications of Transport 
Canada Hardware and Software Issue papers; 

v. Chair the SAE Ice Detection Subcommittee Working Group to develop a 
Standard for Remote On-Ground Ground Ice Detection Sensors (RGIDS); 

vi. Prepare and coordinate an updated draft Standard for On-Board Aircraft 
Point and Remote Ground Ice Detection Systems (OGIDS). Coordinate 
with EUROCAE activities; and 

vii. Conduct tests to evaluate the effect that residual ice has on the 
endurance of deicing fluids. Investigate human ice detection by surveying 
the effectiveness of different types of operator’s gloves that can be used 
in industry. As part of ongoing education, participate in many pertinent 
human factor conferences, SAE tactile workgroups and meetings. 
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5.7 RESEARCH INFORMATION DISSEMINATION 
 
5.7.1 Provision of Support Services and other Activities 
 

a) Provide support services to assist the Transport Development Centre (TDC) 
with testing, refining data and reporting; 

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

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

i. Review of the usage of infrared heat with Type I and Type II/IV fluids; 

ii. Dispersion of fluids on airport surfaces; 

iii. Hot water deicing; 

iv. Infrared system development for northern climates;  

v. Ice phobic materials (effect on Type IV fluids); 

vi. Support development of SAE Standards for Electronic Message Boards 
(EMB); and 

vii. Participate at the workgroup meetings for the development of the EMB 
standards. 

 
 
5.7.2 Web Site for HOT Guidelines Tables 
 

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

b) Maintain a log of proposed changes to be done on the website; 

c) Update the website with data from new testing; and 

d) Implement changes to the website and post the new HOT Guidelines in 
summer of 2006 for use in winter of 2006-07. 
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LOG OF FLUID-SPECIFIC TYPE II AND TYPE IV HOLDOVER TIME DATA 
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Table B-1: Type II and Type IV Fluid-Specific Holdover Times 

Precip. 
Type  

Temp. 
(°C) Dil. Rate 

Type II Fluids Type IV Fluids 
AVG 
(min) 

STDEV 
(min) 

ABC-II+ C-2025 E II  K2000 S E26 O-Max KABCS Ultra+ S-480 C-2001 O-Max4 C-2012 C-2030 O-MFlo 

Frost 

≥ -3 

100/0 n/a 480 480 480 480 480 720 720 720 720 720 720 720 720 720 634 119 

75/25 n/a 300 300 300 300 300 300 300 n/a 300 300 300 300 300 300 300 0 

50/50 n/a 180 180 180 180 180 180 180 n/a 180 180 180 180 180 180 180 0 

-3 to -14 
100/0 n/a 480 480 480 480 480 720 720 720 720 720 720 720 720 720 634 119 

75/25 n/a 300 300 300 300 300 300 300 n/a 300 300 300 300 300 300 300 0 

-14 to -25 100/0 n/a 480 480 480 480 480 720 720 720 720 720 720 720 720 720 634 119 

Freezing  
Fog 

≥ -3 

100/0 
H 70 90 125 90 85 160 155 95 120 80 160 75 115 140 111 32 

L 145 125 225 185 155 240 240 215 210 200 240 150 200 215 196 38 

75/25 
H 70 55 85 100 65 125 65 n/a 90 80 125 70 75 85 84 22 

L 145 105 170 210 115 195 105 n/a 165 120 195 125 125 120 146 37 

50/50 
H 15 20 30 60 30 55 20 n/a 30 15 55 25 30 20 35 21 

L 45 35 55 130 45 105 35 n/a 45 40 105 45 45 40 68 44 

-3 to -14 

100/0 
H 30 45 50 35 45 50 45 85 20 45 50 45 50 70 45 12 

L 65 110 105 85 135 150 125 180 80 95 150 95 120 140 112 27 

75/25 
H 20 40 30 35 35 30 25 n/a 25 30 30 25 40 40 32 7 

L 55 80 80 75 75 65 60 n/a 50 60 65 65 90 85 74 20 

-14 to -25 100/0 
H 15 25 20 20 25 20 20 40 15 20 20 20 25 30 21 4 

L 20 45 35 45 45 45 40 130 40 45 45 45 45 60 43 9 

Snow 

≥ -3 

100/0 
H 25 40 40 30 40 50 60 35 40 60 85 40 50 40 45 15 

L 55 70 80 60 60 95 100 75 80 115 120 75 90 90 83 20 

75/25 
H 25 25 25 30 25 45 30 n/a 30 35 65 25 35 20 32 12 

L 50 45 55 65 45 105 55 n/a 65 60 120 55 65 55 65 22 

50/50 
H 15 5 10 15 10 25 5 n/a 10 10 25 15 15 5 13 7 

L 35 15 25 30 20 75 15 n/a 20 20 75 25 25 15 30 21 

-3 to -14 

100/0 
H 15 35 35 25 35 25 45 25 30 30 35 20 45 25 30 9 

L 35 60 70 45 55 50 80 55 55 50 70 40 85 60 58 14 

75/25 
H 15 25 25 25 25 20 25 n/a 20 20 40 20 35 15 24 7 

L 35 45 50 50 40 50 50 n/a 45 35 80 40 65 40 48 13 

-14 to -25 100/0 
H 15 15 15 15 15 15 15 20 15 15 15 15 15 15 15 1 

L 30 30 30 30 30 30 30 45 30 30 30 30 30 30 31 4 
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Table B-1: Type II and Type IV Fluid-Specific Holdover Times (cont’d) 

Precip. 
Type  

Temp. 
(°C) Dil. Rate 

Type II Fluids Type IV Fluids 
AVG 
(min) 

STDEV 
(min) 

ABC-II+ C-2025 E II  K2000 S E26 O-Max KABCS Ultra+ S-480 C-2001 O-Max4 C-2012 C-2030 O-MFlo 

Freezing 
Drizzle 

≥ -3 

100/0 
H 35 40 45 55 50 55 80 45 50 55 120 40 55 80 58 22 

L 70 60 95 95 95 120 110 95 90 115 120 70 120 120 98 21 

75/25 
H 30 25 40 45 45 75 45 n/a 50 35 110 35 40 40 47 22 

L 60 45 70 75 65 120 70 n/a 75 70 120 50 65 65 73 23 

50/50 
H 5 10 15 15 15 35 15 n/a 15 10 35 15 15 10 16 9 

L 25 15 30 25 25 60 20 n/a 25 20 70 20 25 20 29 16 

-3 to -14 

100/0 
H 15 35 35 25 30 25 20 45 25 55 25 25 30 35 30 10 

L 45 65 60 50 70 70 60 85 80 95 90 45 70 105 71 18 

75/25 
H 15 30 35 25 20 20 20 n/a 25 40 20 15 35 35 26 8 

L 30 40 65 55 50 60 70 n/a 65 70 60 30 80 75 58 16 

Freezing 
Rain 

≥ -3 

100/0 
H 30 25 30 40 40 35 60 25 35 40 70 25 40 30 38 13 

L 40 35 40 50 50 60 85 40 55 60 90 45 50 60 54 16 

75/25 
H 20 20 20 40 25 35 35 n/a 30 25 60 15 25 20 28 12 

L 40 25 30 50 35 70 50 n/a 45 35 80 30 35 35 43 16 

50/50 
H 5 5 10 5 5 15 5 n/a 5 5 25 5 5 5 8 6 

L 15 10 15 15 10 30 10 n/a 15 15 35 10 10 10 15 8 

-3 to -14 

100/0 
H 10 20 20 10 15 20 10 30 15 30 20 15 20 30 19 7 

L 30 35 30 30 35 40 30 45 30 45 40 25 35 50 36 7 

75/25 
H 10 15 15 10 15 15 10 n/a 15 20 15 10 15 15 14 3 

L 20 25 30 30 25 30 35 n/a 30 30 30 20 30 30 28 4 

Cold-Soaked 
Wing ≥ -3 

100/0 
H 5 10 15 15 20 15 20 10 15 15 20 10 15 10 14 4 

L 60 75 90 70 85 75 75 80 95 120 120 65 100 120 88 21 

75/25 
H 5 5 10 15 10 10 10 n/a 10 10 20 5 10 5 10 4 

L 50 50 65 100 60 40 50 n/a 75 85 120 40 60 75 67 24 
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EXPERIMENTAL PROCEDURE 
COMPARISON OF VISCOSITIES OF DILUTED FLUIDS (75/25) 

BEFORE AND AFTER SPRAYING 
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APPENDIX D 
 

PROCEDURE: 
ENDURANCE TIMES FOR PLATES WITH RESIDUAL ICE 
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APPENDIX E 
 

PROCEDURE: 
PRELIMINARY TACTILE TESTING FOR USE OF GLOVES 
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APPENDIX F 
 

DRAFT AEROSPACE STANDARD 5681: 
MINIMUM OPERATIONAL PERFORMANCE SPECIFICATION FOR REMOTE 

ON-GROUND ICE DETECTION SYSTEMS 
JULY 24, 2006 
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PRESENTATIONS AT VARIOUS MEETINGS 

1. Standing Committee Meeting, Ottawa, Canada, September 2005

a. Aircraft De/Anti-Icing Fluid Holdover Time Update for the 2005-06 Season.

2. DND Icing Operations Standing Committee, Ottawa, Canada, October 2005

a. Testing of Aircraft Ground De/Anti-Icing Fluids.

3. SAE G-12 HOT Subcommittee and HOT Work Group Meetings, Montreal, 
Canada, November 2005

a. Holdover Time Table Format Changes; and

b. Endurance Time Testing in Simulated Ice Pellet Conditions.

4. SAE G-12 HOT Subcommittee and HOT Work Group Meetings, Lisbon, Portugal, 
May 2006

a. Aircraft De/Anti-Icing Fluid Endurance Time Results for the 2005-06 Winter 
Test Season – Type I (WG and HOT);

b. Aircraft De/Anti-Icing Fluid Endurance Time Results for the 2005-06 Winter 
Test Season – Type II (WG and HOT);

c. Aircraft De/Anti-Icing Fluid Endurance Time Results for the 2005-06 Winter 
Test Season – Type III (WG and HOT);

d. Aircraft De/Anti-Icing Fluid Endurance Time Results for the 2005-06 Winter 
Test Season – Type IV (WG and HOT);

e. Aircraft Deicing Research in Simulated Ice Pellet Conditions (WG and HOT);

f. Results From Testing of Fluid Freeze Point Buffer – SAE Type I Fluids in a 
First-Step Deicing Application (WG);

g. Aircraft Ground Deicing Fluid Endurance Times in Snow Pellet Conditions 
(WG);

h. Preliminary Aircraft Ground Deicing Research Using Composite Materials (WG);

i. Holdover Times for Heavy Snow (WG and HOT); and

j. Development of Holdover Time Determination Systems (WG and HOT).
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REGRESSION ANALYSIS

  

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME 

TYPE IV - Fluid A
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REVISIONS TO HOT 
TABLE FORMAT, NOTES 

AND CAUTIONS FOR 
FUTURE YEARS

A p p ro x imat e  Ho ld o ve r Time s  A nt i c ip at e d  U n d e r

OAT T y p e  I V  F l u i d V ario us  W e a t he r  C o nd i t io ns

C o n c e n t r a t i o n ( ho urs :min ut e s )

°C °F N e a t - F l u i d / W a t e r FR OS T 2 F R EE Z IN G S N OW 6 FR E E ZIN G LIGHT F R Z RA IN  ON  C OLD OT HER 5

( %  b y  v o l u m e ) F OG D R IZ ZLE
4 R A IN S OA KE D  WIN G

100/0

above above 75/25
0 32

50/50

100/0

CAUTION
0 32 75/25

to to No holdover
-3 27 50/50

time
below below 100/0

3 3

-3 27 guidelines
to to 75/25

3 3

-14 7 exist
below below
-14 7 100/0
to to

-25 -13

below below SAE TYPE IV fluid may be used below -25ºC (-13ºF) provided the freezing point
-25 -13 100/0 of the fluid is at least 7ºC (13ºF) below the OAT and the aerodynamic acceptance

criteria are met.  Consider use of SAE Type I when SAE Type IV fluid cannot be used.

Fluid X (23,100 mPa.s viscosity)1

Notes (6) and Cautions (3)

CURRENT TC TII/IV HOLDOVER TIME TABLE

°C= Degrees Celsius  °F= Degrees Fahrenheit  OAT= Outside air temperature  Vol= Volume

CURRENT TC TII/IV HOLDOVER TIME TABLE

NOTES AND CAUTIONS

• Notes:
1. Lowest on-wing viscosity- Brookfield Spindle LV1, 20°C, 0.3 rpm, 15 minutes
2. During conditions that apply to aircraft protection for active frost
3. The lowest use temperature is limited to –10°C (14°F) under freezing drizzle and 

light freezing rain
4. Use light freezing rain holdover times if positive identification of freezing drizzle is 

not possible
5. Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail
6. Snow includes snow grains

• Cautions:
1. The real time of protection will be shortened in heavy weather conditions, heavy 

precipitation rates or high moisture content. High wind velocity or jet blast may 
reduce holdover time below the lowest time stated in the range. Holdover time 
may also be reduced when aircraft skin temperature is lower than OAT.

2. The only acceptable decision criteria time is the shortest time within the 
applicable holdover time table cell.

3. Fluids used during ground de-icing do not provide ice protection during flight.
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POTENTIAL FORMAT 
CHANGES

RECOMMENDED CHANGE #1

REMOVAL OF ABOVE 0°C 
TEMPERATURE BAND

A p p ro x imat e  Ho ld o ve r Time s  A nt i c ip at e d  U n d e r

OAT T y p e  I V  F l u i d V ario us  W e a t he r  C o nd i t io ns

C o n c e n t r a t i o n ( ho urs :min ut e s )

°C °F N e a t - F l u i d / W a t e r FR OS T 2 F R EE Z IN G S N OW 6 FR E E ZIN G LIGHT F R Z RA IN  ON  C OLD OT HER 5

( %  b y  v o l u m e ) F OG D R IZ ZLE
4 R A IN S OA KE D  WIN G

100/0

above above 75/25
0 32

50/50

100/0

CAUTION
0 32 75/25

to to No holdover
-3 27 50/50

time
below below 100/0

3 3

-3 27 guidelines
to to 75/25

3 3

-14 7 exist
below below
-14 7 100/0
to to

-25 -13

below below SAE TYPE IV fluid may be used below -25ºC (-13ºF) provided the freezing point
-25 -13 100/0 of the fluid is at least 7ºC (13ºF) below the OAT and the aerodynamic acceptance

criteria are met.  Consider use of SAE Type I when SAE Type IV fluid cannot be used.

CURRENT TC TII/IV HOLDOVER TIME TABLE

°C= Degrees Celsius  °F= Degrees Fahrenheit  OAT= Outside air temperature  Vol= Volume

A p p ro x imat e  Ho ld o ve r Time s  A nt i c ip at e d  U n d e r

OAT T y p e  I V  F l u i d V ario us  W e a t he r  C o nd i t io ns

C o n c e n t r a t i o n ( ho urs :min ut e s )

°C °F N e a t - F l u i d / W a t e r FR OS T 2 F R EE Z IN G S N OW 6 FR E E ZIN G LIGHT F R Z RA IN  ON  C OLD OT HER 5

( %  b y  v o l u m e ) F OG D R IZ ZLE
4 R A IN S OA KE D  WIN G

100/0
Above Above

75/25
-3 27

50/50 CAUTION

below below 100/0
3 3 No Holdover 

-3 27 time
to to 75/25

3 3 guidelines 
-14 7 exist

below below
-14 7 100/0
to to

-25 -13

below below SAE TYPE IV fluid may be used below -25ºC (-13ºF) provided the freezing point

-25 -13 100/0 of the fluid is at least 7ºC (13ºF) below the OAT and the aerodynamic acceptance

criteria are met.  Consider use of SAE Type I when SAE Type IV fluid cannot be used.

TII/IV HOLDOVER TIME TABLE WITH 
TEMPERATURE BAND REMOVED

°C= Degrees Celsius  °F= Degrees Fahrenheit  OAT= Outside air temperature  Vol= Volume

RECOMMENDED CHANGE #2

REMOVAL OF VISCOSITY 
INFORMATION

Fluid X (23,100 mPa.s viscosity)1

°C= Degrees Celsius  °F= Degrees Fahrenheit  OAT= Outside air temperature  Vol= Volume

A p p ro x imat e  Ho ld o ve r Time s  A nt i c ip at e d  U n d e r

OAT T y p e  I V  F l u i d V ario us  W e a t he r  C o nd i t io ns

C o n c e n t r a t i o n ( ho urs :min ut e s )

°C °F N e a t - F l u i d / W a t e r FR OS T 2 F R EE Z IN G S N OW 6 FR E E ZIN G LIGHT F R Z RA IN  ON  C OLD OT HER 5

( %  b y  v o l u m e ) F OG D R IZ ZLE
4 R A IN S OA KE D  WIN G

100/0
Above Above

75/25
-3 27

50/50 CAUTION

below below 100/0
3 3 No Holdover 

-3 27 time
to to 75/25

3 3 guidelines 
-14 7 exist

below below
-14 7 100/0
to to

-25 -13

below below SAE TYPE IV fluid may be used below -25ºC (-13ºF) provided the freezing point

-25 -13 100/0 of the fluid is at least 7ºC (13ºF) below the OAT and the aerodynamic acceptance

criteria are met.  Consider use of SAE Type I when SAE Type IV fluid cannot be used.

REMOVAL OF VISCOSITY INFORMATION
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CURRENT TC TII/IV HOLDOVER TIME TABLE

NOTES AND CAUTIONS

• Notes:
1. Lowest on-wing viscosity- Brookfield Spindle LV1, 20°C, 0.3 rpm, 15 minutes
2. During conditions that apply to aircraft protection for active frost
3. The lowest use temperature is limited to –10°C (14°F) under freezing drizzle and 

light freezing rain
4. Use light freezing rain holdover times if positive identification of freezing drizzle is 

not possible
5. Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail
6. Snow includes snow grains

• Cautions:
1. The real time of protection will be shortened in heavy weather conditions, heavy 

precipitation rates or high moisture content. High wind velocity or jet blast may 
reduce holdover time below the lowest time stated in the range. Holdover time 
may also be reduced when aircraft skin temperature is lower than OAT.

2. The only acceptable decision criteria time is the shortest time within the 
applicable holdover time table cell.

3. Fluids used during ground de-icing do not provide ice protection during flight.

RECOMMENDED CHANGE #3

REMOVAL OF 
ABBREVIATIONS

A p p ro x imat e  Ho ld o ve r Time s  A nt i c ip at e d  U n d e r

Outside Air T y p e  I V  F l u i d V ario us  W e a t he r  C o nd i t io ns

               Temperature C o n c e n t r a t i o n ( ho urs :min ut e s )

Degrees Degrees N e a t - F l u i d / W a t e r FR OS T 2 F R EE Z IN G S N OW 6 FR E E ZIN G LIGHT F R Z RA IN  ON  C OLD OT HER 5

Celsius Fahrenheit Volume F OG D R IZ ZLE
4 R A IN S OA KE D  WIN G

100/0

above above 75/25
-3 27

50/50 No Holdover 

below below 100/0 3 3 time
-3 27 guidelines
to to 75/25 3 3

-14 7 exist

below below
-14 7 100/0
to to

-25 -13

below below SAE TYPE IV fluid may be used below -25ºC (-13ºF) provided the freezing point
-25 -13 100/0 of the fluid is at least 7ºC (13ºF) below the OAT and the aerodynamic acceptance

criteria are met.  Consider use of SAE Type I when SAE Type IV fluid cannot be used.

°C= Degrees Celsius  °F= Degrees Fahrenheit  OAT= Outside air temperature  Vol= Volume

REMOVAL OF ABBREVIATIONS

POTENTIAL CHANGE #4

CHANGES TO NOTES

CURRENT TC TII/IV HOLDOVER TIME TABLE

NOTES AND CAUTIONS

• Notes:
1. Lowest on-wing viscosity- Brookfield Spindle LV1, 20°C, 0.3 rpm, 15 minutes
2. During conditions that apply to aircraft protection for active frost
3. The lowest use temperature is limited to –10°C (14°F) under freezing drizzle and 

light freezing rain
4. Use light freezing rain holdover times if positive identification of freezing drizzle is 

not possible
5. Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail
6. Snow includes snow grains

• Cautions:
1. The real time of protection will be shortened in heavy weather conditions, heavy 

precipitation rates or high moisture content. High wind velocity or jet blast may 
reduce holdover time below the lowest time stated in the range. Holdover time 
may also be reduced when aircraft skin temperature is lower than OAT.

2. The only acceptable decision criteria time is the shortest time within the 
applicable holdover time table cell.

3. Fluids used during ground de-icing do not provide ice protection during flight.

A p p ro x imat e  Ho ld o ve r Time s  A nt i c ip at e d  U n d e r

Outside Air T y p e  I V  F l u i d V ario us  W e a t he r  C o nd i t io ns

               Temperature C o n c e n t r a t i o n ( ho urs :min ut e s )

Degrees Degrees N e a t - F l u i d / W a t e r ACTIVE F R EE Z IN G S N OW
6

FR E E ZIN G LIGHT F R Z RA IN  ON  C OLD OT HER
5

Celsius Fahrenheit Volume FROST F OG D R IZ ZLE 4 R A IN S OA KE D  WIN G

100/0

above above 75/25

-3 27

50/50 No Holdover 

below below 100/0 3 3 time
-3 27 guidelines
to to 75/25 3 3

-14 7 exist

below below
-14 7 100/0
to to

-25 -13

below below SAE TYPE IV fluid may be used below -25ºC (-13ºF) provided the freezing point

-25 -13 100/0 of the fluid is at least 7ºC (13ºF) below the OAT and the aerodynamic acceptance

criteria are met.  Consider use of SAE Type I when SAE Type IV fluid cannot be used.

ADDITION OF THE WORD “ACTIVE” TO THE FROST COLUMN



APPENDIX H 

APS/APSLibrary/Projects/300293 (TC Deicing 1990 - 2016)/PM2020 (TC Deicing 05-06)/Reports CM2020.002/General & Exploratory/Final Version 1.0/Appendices/Appendix H/Appendix H3.docx 
Final Version 1.0, July 25 

H-29 

POTENTIAL CHANGE #5

CHANGES TO NOTES

CURRENT TC TII/IV HOLDOVER TIME TABLE

NOTES AND CAUTIONS

• Notes:
1. Lowest on-wing viscosity- Brookfield Spindle LV1, 20°C, 0.3 rpm, 15 minutes
2. During conditions that apply to aircraft protection for active frost
3. The lowest use temperature is limited to –10°C (14°F) under freezing drizzle and 

light freezing rain
4. Use light freezing rain holdover times if positive identification of freezing drizzle is 

not possible
5. Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail
6. Snow includes snow grains

• Cautions:
1. The real time of protection will be shortened in heavy weather conditions, heavy 

precipitation rates or high moisture content. High wind velocity or jet blast may 
reduce holdover time below the lowest time stated in the range. Holdover time 
may also be reduced when aircraft skin temperature is lower than OAT.

2. The only acceptable decision criteria time is the shortest time within the 
applicable holdover time table cell.

3. Fluids used during ground de-icing do not provide ice protection during flight.

A p p ro x imat e  Ho ld o ve r Time s  A nt i c ip at e d  U n d e r

Outside Air T y p e  I V  F l u i d V ario us  W e a t he r  C o nd i t io ns

               Temperature C o n c e n t r a t i o n ( ho urs :min ut e s )

Degrees Degrees N e a t - F l u i d / W a t e r ACTIVE F R EE Z IN G S N OW FR E E ZIN G LIGHT F R Z RA IN  ON  C OLD OT HER
5

Celsius Fahrenheit Volume FROST F OG S N OW GR A IN S D R IZ ZLE 4 R A IN S OA KE D  WIN G

100/0

above above 75/25

-3 27

50/50 No Holdover 

below below 100/0 3 3 time
-3 27 guidelines
to to 75/25 3 3

-14 7 exist

below below
-14 7 100/0
to to

-25 -13

below below SAE TYPE IV fluid may be used below -25ºC (-13ºF) provided the freezing point

-25 -13 100/0 of the fluid is at least 7ºC (13ºF) below the OAT and the aerodynamic acceptance

criteria are met.  Consider use of SAE Type I when SAE Type IV fluid cannot be used.

ADDITION OF “SNOW GRAINS” TO THE SNOW COLUMN

POTENTIAL CHANGE #6

CHANGES TO CAUTIONS

CURRENT TC TII/IV HOLDOVER TIME TABLE

CAUTIONS

• Current TC Type II/IV HOT Table Cautions:
1. The real time of protection will be shortened in heavy weather conditions, heavy 

precipitation rates or high moisture content. High wind velocity or jet blast may 
reduce holdover time below the lowest time stated in the range. Holdover time 
may also be reduced when aircraft skin temperature is lower than OAT.

2. The only acceptable decision criteria time is the shortest time within the 
applicable holdover time table cell.

3. Fluids used during ground de-icing do not provide ice protection during flight.

• Current TC Type III HOT Table Cautions:
1. The only acceptable decision criteria time is the shortest time within the 

applicable holdover time table cell. 
2. High wind velocity or jet blast may reduce holdover time.
3. Holdover time may also be reduced when aircraft skin temperature is lower than 

outside air temperature.
4. Fluids used during ground de-icing do not provide ice protection during flight.

A p p ro x imat e  Ho ld o ve r Time s  A nt i c ip at e d  U n d e r

OAT T y p e  I V  F l u i d V ario us  W e a t he r  C o nd i t io ns

C o n c e n t r a t i o n ( ho urs :min ut e s )

°C °F N e a t - F l u i d / W a t e r FR OS T 2 F R EE Z IN G S N OW 6 FR E E ZIN G LIGHT F R Z RA IN  ON  C OLD OT HER 5

( %  b y  v o l u m e ) F OG D R IZ ZLE
4 R A IN S OA KE D  WIN G

100/0

above above 75/25
0 32

50/50

100/0

CAUTION
0 32 75/25

to to No holdover
-3 27 50/50

time
below below 100/0

3 3

-3 27 guidelines
to to 75/25

3 3

-14 7 exist
below below
-14 7 100/0
to to

-25 -13

below below SAE TYPE IV fluid may be used below -25ºC (-13ºF) provided the freezing point
-25 -13 100/0 of the fluid is at least 7ºC (13ºF) below the OAT and the aerodynamic acceptance

criteria are met.  Consider use of SAE Type I when SAE Type IV fluid cannot be used.

Fluid X (23,100 mPa.s viscosity)1

Notes (6) and Cautions (3)

CURRENT TC TII/IV HOLDOVER TIME TABLE

°C= Degrees Celsius  °F= Degrees Fahrenheit  OAT= Outside air temperature  Vol= Volume
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CURRENT TC TII/IV HOLDOVER TIME TABLE

NOTES AND CAUTIONS

• Notes:
1. Lowest on-wing viscosity- Brookfield Spindle LV1, 20°C, 0.3 rpm, 15 minutes
2. During conditions that apply to aircraft protection for active frost
3. The lowest use temperature is limited to –10°C (14°F) under freezing drizzle and 

light freezing rain
4. Use light freezing rain holdover times if positive identification of freezing drizzle is 

not possible
5. Heavy snow, snow pellets, ice pellets, moderate and heavy freezing rain, and hail
6. Snow includes snow grains

• Cautions:
1. The real time of protection will be shortened in heavy weather conditions, heavy 

precipitation rates or high moisture content. High wind velocity or jet blast may 
reduce holdover time below the lowest time stated in the range. Holdover time 
may also be reduced when aircraft skin temperature is lower than OAT.

2. The only acceptable decision criteria time is the shortest time within the 
applicable holdover time table cell.

3. Fluids used during ground de-icing do not provide ice protection during flight.

A p p ro x imat e  Ho ld o ve r Time s  A nt i c ip at e d  U n d e r

Outside Air T y p e  I V  F l u i d V ario us  W e a t he r  C o nd i t io ns

               Temperature C o n c e n t r a t i o n ( ho urs :min ut e s )

Degrees Degrees N e a t - F l u i d / W a t e r ACTIVE F R EE Z IN G S N OW FR E E ZIN G LIGHT F R Z RA IN  ON  C OLD OT HER
5

Celsius Fahrenheit Volume FROST F OG S N OW GR A IN S D R IZ ZLE 4 R A IN S OA KE D  WIN G

100/0

above above 75/25

-3 27

50/50 No Holdover 

below below 100/0 3 3 time
-3 27 guidelines
to to 75/25 3 3

-14 7 exist

below below
-14 7 100/0
to to

-25 -13

below below SAE TYPE IV fluid may be used below -25ºC (-13ºF) provided the freezing point

-25 -13 100/0 of the fluid is at least 7ºC (13ºF) below the OAT and the aerodynamic acceptance

criteria are met.  Consider use of SAE Type I when SAE Type IV fluid cannot be used.

POTENTIAL NEW TII/IV HOLDOVER TIME TABLE

Notes (3) and Cautions (3 or 4)

SAE G-12 HOLDOVER TIME 
SUBCOMMITTEE MEETING

PITTSBURGH, MAY 2005
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TC/FAA TYPE II GENERIC HOT TC/FAA TYPE II GENERIC HOT 
GUIDELINES GUIDELINES 20052005--0606

Approximate Holdover Times Under
Various Weather Conditions (minutes)

Other

below -25 below -13 100/00

0:05 - 0:15

0:15 - 0:30 0:10 - 0:20

0:05 - 0:10

0:05 - 0:25

0:15 - 0:30

0:15 - 0:35

0:15 - 0:25

Type IV fluid may be used below -25°Celsius (-13°Fahrenheit) provided the freeze point of the fluid is at least 7?8C (13°Fahrenheit) below the OAT and the 
aerodynamic acceptance criteria are met. Consider use of Type I when Type IV cannot be used.

0:20 - 1:05

0:15 - 0:20

0:15 - 0:45 0:10 - 0:258:00
CAUTION:No 
Holdover Time 
Guidelines Exist

Active Frost

75/25 5:00 0:20 - 0:55

8:00 0:35 - 1:30

Fluid 
Dilution

0:25 - 1:00

below -14 
to -25

below 7 to -
13

0:05 - 0:153:00 0:15 - 0:30

below -3 to 
-14 

below 27 
to 7

100/00

100/00 8:00

100/00

75/25

50/50

-3 and
above

27 and
above

0:20 - 0:45 0:30 - 0:55 0:15 - 0:30 0:05 - 0:40

Outside Air 
Temperature

Degrees 
Celsius

Degrees 
Fahrenheit

5:00

Rain on a Cold-
Soaked Wing

Freezing Fog
Snow      Snow 

Grains

0:15 - 0:30 0:20 - 0:45 0:10 - 0:25

Freezing Drizzle
Light Freezing 

Rain
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EXAMPLE OF VARIABILITY

FAILURE TIME

RATE

30 60 90 120 150 180

2
4
6
8
10
12
14
16

Due to latent heat, plate 
temperature is –0.5°C

for the entire test duration

X
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EXAMPLE OF VARIABILITY

FAILURE TIME

RATE

30 60 90 120 150 180

2
4
6
8
10
12
14
16

At low rates, the plate is 
above °C. When rate increases, 

plate cools due to latent
heat and failure occurs

X

FAMILY OF CURVES
EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME 

TYPE IV A
NATURAL SNOW
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Above 0°C

0 to -3°C

-3 to -7°C

-7 to -14°C

-14 to -25°C

0°C

-3°C

-14°C

-25°C

Current HOT (Above 0°C)

Current HOT (0 to -3°C)

Current HOT (-3 to -14°C)

Current HOT (-14 to -25°C)

# of Tests = 47

0°C

-3°C

-14°C

-25°C

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME 

TYPE IV B
NATURAL SNOW
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Current SAE HOT (Below -
14°C)

-25

# of Tests = 0 

TYPE IV NEAT  
SNOW  (-14°C to –25°C)

At the Frankfurt SAE G-12 meeting and 
the HOT Workgroup meeting in 

Montreal in May 2005, it was decided 
that all new fluids would be given 

generic numbers in this cell

0:15 – 0:30
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 BATTELLE D3 ADF (10°C BUFFER)
FREEZING DRIZZLE 
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Current HOT (Below -6 to -10°C)

Battelle D3 ADF - Endurance Time Comparison Under 
Natural Snow Condition
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For each run, tests were conducted simultaneously.
Tests were conducted on empty boxes (thermal equivalent to leading edge).
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 TYPE II NEAT
FREEZING FOG (-3°C AND ABOVE)
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TYPE II 75/25
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TYPE IV NEAT
LIGHT FREEZING RAIN (-3°C AND ABOVE)
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TYPE IV 75/25
LIGHT FREEZING RAIN (BELOW -3°C TO -10°C)
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TYPE IV 75/25
RAIN ON A COLD-SOAKED WING (-3°C AND ABOVE) 
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CLARIANT LAUNCH 75/25 – SAMPLE A
NATURAL SNOW RESULTS
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OCCURRENCE OF HEAVY 
SNOW CONDITIONS

FREQUENCY OF DE/ANTI-ICING OPERATIONS 
(ALL AIRPORTS) – SURVEY 2000-03
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PROBABILITY OF SNOW BY HOLDOVER TIME TABLE 
TEMPERATURE RANGE – TYPE II and TYPE IV FLUIDS

Temperature 
(°C) 

Very Light 
Snow 

Light 
Snow 

Moderate 
Snow 

Heavy 
Snow Total 

above 0 5.8% 2.3% 3.2% 0.3% 11.7% 

0 to -3 14.3% 5.6% 6.7% 0.9% 27.5% 

below -3 to -14 29.9% 11.0% 13.1% 1.8% 55.6% 

below -14 to  
-25 3.2% 0.9% 1.0% 0.1% 5.2% 

below -25 0.0% 0.0% 0.0% 0.0% 0.0% 

Total 53.2% 19.9% 24.0% 3.0% 100.0% 

 

< 4 4 to 10 10 to 25 > 25 g/dm2/h

HOLDOVER TIMES FOR 
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METHOD OF DATA ANALYSIS
Regression analysis that provides a power law relationship is used for each fluid and 
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TIV 75/25 FLUID, SNOW, -3 C TO -14 C
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 High number in the holdover time range for heavy 
snow would be that of the lower number in the 
moderate snow holdover time range (25 g/dm2/h)

 Need to define an upper precipitation rate limit to 
obtain the lowest number in the holdover time 
range for heavy snow

HOLDOVER TIMES FOR HEAVY SNOW?

GUIDANCE MATERIAL FOR 
FLIGHT CREWS

2003-04 TC VISIBILITY BOUNDARIES BELOW -1°C
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2003-04 TC VISIBILITY BOUNDARIES ABOVE -1°C
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PRECIPITATION RATE 

VERSUS

VISIBILITY

 At the high rates of precipitation experienced in heavy snow 
conditions, any deviation from an accurate assessment of 
the snow intensity could have detrimental effects

 True significance of Heavy Snow Rates:

 25 g/dm2/h is equivalent to 2.5 mm of water or 2.5 cm 
of snow per hour

 50 g/dm2/h is equivalent to 5 mm of water or 5 cm of 
snow per hour

 75 g/dm2/h is equivalent to 7.5 mm of water or 7.5 cm 
of snow per hour

AREA OF CONCERN

DATA COLLECTION 
TO EXAMINE

FLIGHT CREW DECISIONS 
IN WINTER OPERATING 

CONDITIONS
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SNOW TABLES

TYPE IV
Outside Air 

Temperature 
Holdover Times for Snow Conditions Based on TC Visibility Chart 

(hours:minutes) 
Degrees 
Celsius 

Degrees 
Fahrenheit 

Type IV Fluid 
Concentration 

Neat 
Fluid/Water 

(Volume %/Volume %) 
Very Light Snow Light Snow Moderate Snow Heavy Snow 

Very 
Heavy 
Snow 

100/0 2:00 1:25 – 2:00 0:40 – 1:25 0:25 - 0:40 

75/25 1:55 1:05 – 1:55 0:30 – 1:05 0:20 – 0:30 Above 
0°C  Above 32 

50/50 0:35 0:20 – 0:35 0:05 – 0:20 0:05 – 0:05 

100/0 2:00 1:15 – 2:00 0:35 – 1:15 0:20 – 0:35 

75/25 1:35 0:55 – 1:35 0:20 – 0:55 0:10 – 0:20 below 0 
to -3 

below 32 
to 27 

50/50 0:35 0:15 – 0:35 0:05 – 0:15 0:00 – 0:05 

100/0 1:15 0:40 – 1:15 0:20 – 0:40 0:15 – 0:20 below -3 
to -14 

below 27 
to 7 75/25 0:55 0:35 – 0:55 0:15 – 0:35 0:05 – 0:15 

below -
14 

to -25 

below 7 
to -13 100/0 1:00 0:30 – 1:00 0:15 – 0:30 0:05 – 0:15 

C
AU

TIO
N

: N
o holdover tim

es exist 

below -
25 below -13 100/0 

Type IV fluid may be used below -25°C (-13°F) provided the freezing point of the fluid 
is at least 7°C (13°F) below the outside air temperature and the aerodynamic 
acceptance criteria are met. Consider use of Type I when Type IV fluid cannot be 
used. 

 

TYPE II
Outside Air 

Temperature 
Holdover Times for Snow Conditions Based on TC Visibility Chart 

(hours:minutes) 
Degrees 
Celsius 

Degrees 
Fahrenheit 

Type II Fluid 
Concentration 

Neat 
Fluid/Water 

(Volume %/Volume %) 
Very Light Snow Light Snow Moderate Snow Heavy Snow 

Very 
Heavy 
Snow 

100/0 1:45 1:05 – 1:45 0:35 - 1:05 0:20 – 0:35 

75/25 1:25 0:45 – 1:25 0:25 – 0:45 0:15 – 0:25 Above 
0°C  Above 32 

50/50 0:35 0:20 – 0:35 0:10 – 0:20 0:05 – 0:10 

100/0 1:35 0:55 – 1:35 0:25 – 0:55 0:15 – 0:25 

75/25 1:20 0:45 – 1:20 0:25 – 0:45 0:15 – 0:25 below 0 
to -3 

below 32 
to 27 

50/50 0:30 0:15 – 0:30 0:10 – 0:15 0:05 – 0:10 

100/0 1:25 0:35 – 1:25 0:15 – 0:35 0:05 – 0:15 below -3 
to -14 

below 27 
to 7 75/25 1:05 0:35 – 1:05 0:15 – 0:35 0:10 – 0:15 

below -
14 

to -25 

below 7 
to -13 100/0 1:00 0:30 – 1:00 0:15 – 0:30 0:05 – 0:15 

C
AU

TIO
N

: N
o holdover tim

es exist 

below -
25 below -13 100/0 

Type II fluid may be used below -25°C (-13°F) provided the freezing point of the fluid 
is at least 7°C (13°F) below the outside air temperature and the aerodynamic 
acceptance criteria are met. Consider use of Type I when Type II fluid cannot be 
used. 

 

TYPE III

Outside Air 
Temperature 

Holdover Times for Snow Conditions Based on TC Visibility Chart 
(hours:minutes) 

Degrees 
Celsius 

Degrees 
Fahrenheit 

Type III Fluid 
Concentration 

Neat 
Fluid/Water 

(Volume %/Volume %) 
Very Light Snow Light Snow Moderate Snow Heavy Snow 

Very 
Heavy 
Snow 

100/0 40 20-40 10-20 7-10 

75/25 30 20-30 10-20 6-10 Above 
0°C  Above 32 

50/50 20 10-20 6-10 3-6 

100/0 35 20-35 10-20 6-10 

75/25 25 15-25 8-15 5-8 below 0 
to -3 

below 32 
to 27 

50/50 15 8-15 4-8 3-4 

100/0 30 15-30 9-15 5-9 below -3 
to -10 

below 27 
to 14 75/25 25 10-25 7-10 4-7 

below  -
10 

below 14 
 100/0 30 15-30 8-15 4-8 

C
AU

TIO
N

: N
o holdover tim

es exist 
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HOLDOVER TIME, 
PRECIPITATION RATE AND

VISIBILITY
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HOLDOVER TIME 
DETERMINATION SYSTEM

HOLDOVER TIME DETERMINATION

  

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME 

TYPE IV - Fluid A
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DAN-ICE INFORMATION 
SYSTEM
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TEST RESULTS – SNOW 
-5 to –6°C, winds 24 to 48km

February 10, 2005

COMPENSATION FACTOR
NEEDS TO BE APPLIED TO

BRING THE DATA TO 
THE 1:1 LINE

 Analysis of the rate outputs of the Dan-Ice system is very positive: 
rates measured in snow, freezing rain, freezing drizzle, snow 
pellets, ice pellets compare to those measured using historical 
methodology 

 High wind speeds result in decreased catch capability in snow 
conditions; compensation factor will be used to calibrate the snow 
data in this case

 Ultrasonic anemometer was incorporated into the Dan-Ice system 
hardware in 2005-06 to measure wind speeds and trigger the use of the 
compensation factor in high winds 

 Ability of the Dan-Ice system to measure accurate temperature and 
detect and identify precipitation type was also very favorable

TEST RESULTS SUMMARY 

CHECKTIME SYSTEM

Benefits of Checktime System

1. Allowed United deicing staff to quickly determine 
when to transition from a one step deicing 
procedure (Type I only) to a two step procedure 
(Type I followed by Type IV) based on increasing 
snowfall rates and consequently decreasing hold 
times.   

2. Allowed United deicing staff to monitor the hold 
time status of all deiced aircraft prior to takeoff.   

3. Improved ability to determine precipitation rate at 
night. 

4.    Ability to monitor the local weather conditions close 
to the deicing pad, which can in many cases be 
significantly different than the ASOS station 
weather reported on METARs, ATIS, and FAA 
Control tower. 
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