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PREFACE

PREFACE

Under contract to the Transportation Development Centre of Transport Canada with support
from the Federal Aviation Administration (FAA), APS Aviation Inc. (APS) has undertaken a
research program to advance aircraft ground de/anti-icing technology. The primary objectives
of the APS test program are the following:

To develop holdover time data for all newly-qualified de/anti-icing fluids and update and
maintain the website for the holdover time guidelines;

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

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

To evaluate the effects of deploying flaps/slats, prior to takeoff, on fluid protection times;
To conduct general and exploratory de/anti-icing research;

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

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

material.

The research activities of the program conducted on behalf of Transport Canada during the
winter of 2016-17 are documented in four reports. The titles of the reports are as follows:

e TP 15372E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program
for the 2016-17 Winter;

e TP 15373E Regression Coefficients and Equations Used to Develop the Winter
2017-18 Aircraft Ground Deicing Holdover Time Tables;

e TP 15374E Aircraft Ground Icing General Research Activities During the 2016-17
Winter; and

e TP 15375E Testing of Endurance Times on Extended Flaps and Slats (2016-17).

This report, TP 15374E, has the following objective:

e To document the exploratory research and general activities carried out during the winter

of 2016-17.
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

This report documents the exploratory research and general activities completed in
the winter of 2016-17 by APS Aviation Inc. (APS) on behalf of the Transportation
Development Centre (TDC) of Transport Canada (TC) and the Federal Aviation
Administration (FAA). This work is part of the TC/FAA aircraft ground deicing
research project. The major activities of the research project are documented in
separate reports; this report documents five activities that were carried out in
addition to the main research projects in the winter of 2016-17.

Development of Holdover Times for Heavy Snow (Section 2)

Over the last three winters, APS has undertaken work in support of the development
of holdover times for heavy snow. The culmination of this three-year research effort
is data and analysis which enables the publication of heavy snow holdover times for
most Type Il, Type lll and Type IV fluids. Additionally, limitations on the use of
specific fluids in heavy snow have been determined and published for liquid water
equivalent based systems, and limitations on the use of specific fluids in light and
very light snow have been refined.

Publication of Holdover Time Guidance Materials (Section 3)

APS developed and implemented a website for the official TC holdover time
guidelines in 2003 to eliminate the safety risks associated with discrepancies
occurring as a result of holdover time information being published in multiple
locations. Since then, APS has updated the website annually to reflect changes made
to the guidelines. The website was updated with the 2017-18 holdover time
guidelines and regression information in August 2017. A revision to the guidelines
was issued on October 12, 2017, which communicates supplemental holdover times
for snow in the temperature band below -3 to -8°C for select Type ll and IV
100/0 fluids.

Technical Review and Publication of Historical Reports (Section 4)

APS has been involved in writing and publishing 194 reports on behalf of TC since
1992. At the request of TC and FAA, APS undertook the task to process and publish
the draft reports backlogged in the system. At the beginning of this project,
124 reports were identified as non-published; APS performed technical and editorial
reviews on 16 reports in the Final Draft 1.0 stage and published them as Final
Version 1.0 in October 2017. Following the discussion that took place with TC and
FAA in 2017, it is projected that 20 reports will be targeted for publication in
2017-18.
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EXECUTIVE SUMMARY

Update of SAE Documents ARP5485, ARP5945, ARP5718 and ARP6207
(Section 5)

APS has supported the development of SAE aerospace standards related to ground
deicing for many years. In the winter of 2016-17, APS drafted updates to the existing
SAE aerospace recommended practice (ARP) documents ARP5485, ARP5945, and
ARP5718, and created a first draft of corresponding document ARP6207. APS
worked with the SAE G-12 Holdover Time Committee (HOT) to achieve consensus
on the proposed changes to the documents. The result of these efforts is final
documents, which have approval of the SAE G-12 HOT Committee. It is expected
the documents will be published by SAE in late 2017.

Presentations, Fluid Manufacturer Reports and Test Procedures for 2016-17
(Section 6)

A number of presentations, fluid manufacturer reports and test procedures were
produced by APS for the winter 2016-17 test program. An account of these materials
is included in this report.
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Le présent rapport documente les recherches exploratoires et les activités de nature
générale accomplies au cours de I'hiver 2016-2017 par APS Aviation Inc. (APS),
pour le compte du Centre de développement des transports (CDT) de Transports
Canada (TC) et la Federal Aviation Administration (FAA). Ces travaux font partie du
projet de recherche de TC et de la FAA sur le dégivrage d’'aéronefs au sol. Les
principales activités du projet de recherche sont documentées dans des rapports
distincts; le présent rapport documente cinqg activités accomplies en plus des
principaux projets de recherche de I"hiver 2016-2017.

Elaboration de durées d’efficacités dans la neige abondante (section 2)

Au cours des trois derniers hivers, APS a entrepris des travaux en appui a
I’élaboration de durées d’efficacité dans la neige abondante. Cet effort de recherche
sur trois ans s’est soldé par une analyse et des données qui permettent la publication
de durées d’efficacité dans la neige abondante pour la plupart des liquides de
Types Il, lll et IV. De plus, des limites ont été établies et publiées sur I'utilisation dans
la neige abondante de liquides spécifiques pour les systémes équivalents a eau
liquide; les limites sur I'utilisation de liquides spécifiques dans la neige légére et trés
légere ont également été ajustées.

Publication de documents d’orientation sur les durées d’efficacité (section 3)

En 2003, APS a élaboré et mis en place un site Web contenant les lignes directrices
de TC sur les durées d’efficacité, afin d’éliminer les risques liés a la sécurité associés
a la possibilité de divergences lorsque l'information sur les durées d’efficacité est
publiée a plusieurs endroits. Depuis lors, APS a actualisé annuellement le site Web
pour refléter les changements aux lignes directrices. En ao(t 2017, le site Web a été
actualisé aux lignes directrices sur les durées d’efficacité et a l'information de
régression pour 2017-2018. Une révision aux lignes directrices a été publiée le
12 octobre 2017, pour transmettre les durées d’efficacité applicables a la neige dans
la plage de températures sous -3 a -8°C, pour certains liquides 100/0 de Types Il et
V.

Examen technique et publication de rapports historiques (section 4)

Depuis 1992, APS a été impliquée dans la rédaction et la publication de 194 rapports
pour le compte de TC. A la demande de TC et de la FAA, APS a entrepris le traitement
et la publication de projets de rapports accumulés dans le systeme. Au début du
projet, 126 rapports ont été identifiés comme non publiés; APS a effectué les
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examens techniques et éditoriaux de 16 rapports a |’étape de projet final 1.0 et a
publié leur version finale 1.0 en octobre 2017. Suite a des discussions avec TC et la
FAA en 2017, il est prévu de publier 20 rapports en 2017-2018.

Actualisation des documents SAE ARP5485, ARP5945, ARP5718 et ARP6207
(section b)

Depuis plusieurs années, APS a collaboré au développement de normes aérospatiales
SAE liées au dégivrage au sol. Au cours de I'"hiver 2016-2017, APS a rédigé des
mises a jour aux documents Aerospace recommended practice (ARP) de la SAE
ARP5485, ARP5945 et ARP5718, de méme que la premiére version du document
connexe ARP6207. APS a collaboré au comité G-12 de la SAE sur les durées
d’efficacité (HOT) en vue d’atteindre un consensus sur les changements proposés a
la documentation. Ces efforts ont mené a la documentation finale, qui a recu
I’approbation du comité G-12 de la SAE sur les durées d’efficacité. La SAE prévoit
sa publication pour la fin de 2017.

Présentations, rapports aux fabricants de liquides et procédures d’essais pour
2016-2017 (section 6)

APS a produit un certain nombre de présentations, de rapports aux fabricants de
liquides et de procédures d’essais pour le programme d’essais de |'hiver 2016-2017.
Le présent rapport contient une description de cette documentation.
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1. INTRODUCTION

1. INTRODUCTION

Under winter precipitation conditions, aircraft are cleaned with a freezing point
depressant fluid and protected against further accumulation by an additional
application of such a fluid, possibly thickened to extend the protection time. Prior to
the 1990s, aircraft ground deicing had not been extensively researched. As a result
of this need for advancement, the aircraft ground icing research program was
developed with the aim of overcoming this lack of knowledge.

Since the early 1990s, the Transportation Development Centre (TDC), 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 US
Federal Aviation Administration (FAA), the National Research Council (NRC),
Meteorological Service of Canada (MSC), several major airlines, and deicing fluid
manufacturers. There is still limited understanding of some aspects of the hazard and
what further can be done to reduce remaining risks posed by the operation of aircraft
in winter precipitation conditions. TDC is continuing its research, development, and
testing and evaluation program with support from the FAA.

Under contract to the TDC, APS Aviation Inc. (APS) undertook a research program
to further advance aircraft ground de/anti-icing research, technology, and
information.

1.1 Activities Completed in 2016-17

The general activities and smaller research projects completed in 2016-17 are
documented in this report. Each activity is detailed in a separate section as follows
(section number in brackets):

a) Development of Holdover Times for Heavy Snow (Section 2);
b) Publication of Holdover Time Guidance Materials (Section 3);
c) Technical Review and Publication of Historical Reports (Section 4);

d) Update of SAE Documents ARP5485, ARP5945, ARP5718 and
ARP6207 (Section 5); and

e) Presentations, Fluid Manufacturer Reports and Test Procedures for
2016-17 (Section 6).

The sections of the TC work statement relevant to all of these projects can be found
in Appendix A.
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

This section documents the work carried out by APS Aviation Inc. (APS) in support
of the development of holdover times for heavy snow. This project has been carried
out over the winters of 2014-15, 2015-16 and 2016-17. In the winter of 2016-17,
work focused on verifying the validity of endurance time data at precipitation rates
corresponding to heavy snow and identifying corresponding limitations to its use.

It should be noted that the scope of this project was limited to the development of
holdover times. The project does not consider operational issues related to heavy
snow, such as engine operation limitations, airport operational capacity issues, and
weather reporting limitations (frequency/accuracy).

2.1 Background

Snow is one of the most important conditions for which holdover times are published,
as it is the weather condition under which the majority of all aircraft ground
de/anti-icing operations are conducted. Holdover times are currently published for
very light, light and moderate snow; they are not published for heavy snow.

Without holdover times, operations in heavy snow are very difficult, as takeoff can
only be achieved by completing a pre-takeoff contamination check and taking off
within 5 minutes (in Canada there are additional restrictions, i.e. this procedure
cannot be used with Type | fluid or when holdover times are less than 20 minutes).
Anecdotal reports indicate that many operators do not operate in heavy snow due to
the difficulty of this procedure and because it is often impractical to carry out. As a
result, heavy snow has a significant impact on operations. This led to operators
making a request to regulators to investigate the possibility of providing holdover
times for heavy snow.

In the winter of 2014-15, APS was tasked by Transport Canada (TC) and the Federal
Aviation Administration (FAA) to complete a number of activities related to heavy

snow holdover times. These tasks were completed over the winters of 2014-15,
2015-16 and 2016-17.

2.2 Previous Work

The heavy snow project was started in the winter of 2014-15 and continued in the
winters of 2015-16 and 2016-17.
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

2.2.1 Previous Work: Winter 2014-15

In the winter of 2014-15, work was completed to determine which activities would
be required to provide holdover times for heavy snow. Five activities were identified
as follows:

1.

Determine an upper rate limit for heavy snow;

. Determine visibilities corresponding to the upper rate limit for heavy snow;
. Collect fluid-specific endurance time data;

2
3
4.
5

Verify the validity of regression curves at rates above 25 g/dm?/h; and

. Collect snow machine data at very cold temperatures.

The first two activities were completed in the winter of 2014-15. Conclusions were
made on each activity.

1.

Determine Upper Rate Limit for Heavy Snow: It was determined 50 g/dm?2/h is
an appropriate upper rate limit for heavy snow. This conclusion was supported
by a frequency analysis of meteorological data and an examination of existing
endurance time data for commercial de/anti-icing fluids.

. Determine Visibilities Corresponding to Upper Rate Limit for Heavy Snow: It

was concluded that sufficient data exists to determine Vvisibilities
corresponding to the upper rate limit for heavy snow (50 g/dm?/h). These can
be used to populate the visibility tables. Preliminary values were proposed;
further detailed inspection by TC and the FAA would be required to finalize
these values.

Activity #3 (collect fluid-specific endurance time data) was also considered in
2014-15. It was observed that fluid-specific endurance time data already exists for
all Type Il, lll and 1V fluids, with the exception of fluids that do not have fluid-specific
holdover time tables. However, it was observed the completion of activity #4 (verify
validity of regression curves at heavy snow rates) could determine that the existing
data is not sufficient. It was therefore concluded further work on activity #3 may be
required in the future.

The work completed in the winter of 2014-15 is documented in detail in the TC
report, TP 15323E, Aircraft Ground Icing Research General Activities During the
2014-15 Winter (1).
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

2.2.2 Previous Work: Winter 2015-16

In the winter of 2015-16, work began on the fourth heavy snow activity: verifying
the validity of the endurance time data sets. A methodology was developed to assess
the validity of endurance time data at precipitation rates of 25-50 g/dm?/h. It was
based on the methodology previously established to assess the validity of endurance
time data at light precipitation rates. The approach is a weighted three-factor
analysis. The factors are:

1. Number of heavy snow data points;
2. Number of data points above set rate; and

3. Heavy snow data scatter.

The analysis methodology was applied to the existing endurance time data sets
(separate data sets exist for each fluid brand and each of its dilutions for which
holdover times are published; most fluid brands have three data sets). The analysis
concluded that insufficient data existed for several data sets.

As a result, the focus of the heavy snow project in 2015-16 was the collection of
heavy snow data with fluids for which sufficient heavy snow data did not exist. This
turned out to be a challenging task for several reasons.

1. Obtaining fluid samples was a challenge as the viscosities of the samples had
to be very close to the published lowest on-wing viscosity (LOWYV) values.
Some manufacturers were not able or chose not to provide the requested
samples.

2. Collecting data was challenging as heavy snow is infrequent, hard to forecast,
and often of short duration.

3. Data analysis was complex and the analysis had to be completed numerous
times: before, during and after data collection.

4. In some cases, the collected data did not appear to correlate with historical
data; further work was required to understand the underlying cause(s).

As a result of some of these challenges, the work was extended into the winter of
2016-17.

The work completed in the winter of 2015-16 is summarized in the TC report,
TP 15340E, Aircraft Ground Icing General Research Activities During the 2015-16
Winter (2). Data and analysis details not included in TP 15340E (2) are provided in
this report, as they have been combined with the data collected and analysed in the
winter of 2016-17.
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

2.3 Objective

The objective of the heavy snow project for the winter of 2016-17 was to complete
the activities required to provide holdover times for heavy snow. These activities,
identified in the winter of 2014-15, are detailed in Subsection 2.2.1.

Table 2.1 shows the status of each heavy snow activity prior to the winter of
2016-17. The 2016-17 objective was achieved by completing the work required to
complete these activities.

Table 2.1: Status of Heavy Snow Activities Prior to Winter 2016-17

Heavy Snow Activity

Work Completed

Work Outstanding

1. Determine an upper rate e Activity completed in None
limit for heavy snow 2014-15
2. Determine visibilities e Activity completed in None

corresponding to the upper
rate limit for heavy snow

2014-15

3. Collect fluid-specific
endurance time data

e |nitial observations made in
2014-15

e Supplemental heavy snow
data collected in 2015-16

Collect additional
supplemental data:

- Heavy snow data
- All rate data (select fluids)

Complete a conformance
analysis to confirm
supplemental data correlates
with historical data

4. Verify the validity of
regression curves at rates
above 25 g/dm?/h

e Initial HUPR analysis
methodology developed in
2015-16

Refine HUPR analysis
methodology

Apply this methodology to
Type Il, lll and 1V data sets
(include both historical and
supplemental data)

Use results to identify fluid-
specific limitations on the
use of endurance time data
in heavy snow

Analyse historical Type |
fluid data sets

5. Collect snow machine data
at very cold temperatures

e No work completed

Collect artificial snow data at
very cold temperatures at
50 g/dm?/h
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

2.4 Report Format

The work completed on the heavy snow project in the winter of 2016-17 is
documented in detail in the subsections that follow. The work is presented by heavy
snow activity; separate subsections are provided for each heavy snow activity for
which work was completed.

e Subsection 2.5: Collect fluid-specific endurance time data
e Subsection 2.6: Verify validity of regression curves at rates above 25 g/dm?/h

e Subsection 2.7: Collect snow machine data at very cold temperatures

Subsections on conclusions (Subsection 2.8) and recommendations (Subsection 2.9)
follow.

2.5 Collection of Supplemental Fluid-Specific Endurance Time Data

Supplemental data were collected to complement the existing historical endurance
time data sets. Data were collected with Type Il, lll and IV fluids on an as needed
basis, as described below.

2.5.1 Fluid Samples

Lowest on-wing viscosity samples of fluids for which sufficient heavy snow data did
not exist were collected. In some cases, samples were rejected as viscosities were
not determined to be sufficiently close to the published LOWV. In some cases,
manufacturers did not provide the requested samples. Samples were collected in
both winter 2015-16 and 2016-17.

2.5.2 Data Collection

Data were collected over the winters of 2015-16 and 2016-17. The objective was
to collect data points in heavy snow (precipitation rates > 25 g/dm?/h) at a variety
of temperatures. Data collection was challenging as heavy snow is not a frequently
occurring event and typically, when it does occur, it is of short duration.

In some cases, preliminary data collected did not appear to conform with historical
data. In these cases, supplemental data were collected at lower precipitation rates
(< 25 g/dm?/h) to confirm and assess the nature of the discrepancies observed with
the heavy snow data.

A log of endurance time data collected for this project is provided in Table 2.2.
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

Table 2.2: Log of Tests Conducted for Heavy Snow Project

. Precipitation Fail
ot Date Fluid Name A Rato Time T(?,rg)p
(g/dm?/h) (min)
1 29-Dec-15 Cryotech Polar Guard Advance 100/0 35.5 17.0 | -11.5
2 29-Dec-15 Cryotech Polar Guard Advance 75/25 35.6 16.6 -11.5
4 29-Dec-15 Dow EG106 100/0 34.1 35.9 | -11.4
5 29-Dec-15 ABAX ECOWING AD-49 100/0 34.9 22.4 | -11.4
6 29-Dec-15 ABAX ECOWING AD-49 75/25 35.0 20.5 | -11.4
7 29-Dec-15 ABAX ECOWING 26 100/0 33.3 26.3 | -11.4
8 29-Dec-15 ABAX ECOWING 26 75/25 35.1 18.7 | -11.4
9 29-Dec-15 Clariant Max Flight SNEG 100/0 33.1 25.4 | -11.4
11 29-Dec-15 Newave FCY-2 Bio + 100/0 33.1 19.3 | -11.3
13 29-Dec-15 Newave FCY 9311 100/0 33.1 21.0 | -11.3
14 29-Dec-15 Cryotech Polar Guard Advance 100/0 28.7 30.0 -8.1
15 29-Dec-15 Cryotech Polar Guard Advance 75/25 28.7 25.9 -8.1
16 29-Dec-15 Clariant Max Flight 04 100/0 27.8 45.4 -8.1
17 29-Dec-15 Dow EG106 100/0 28.4 29.2 -8.1
18 29-Dec-15 ABAX ECOWING 26 100/0 28.1 24.2 -8.1
19 29-Dec-15 ABAX ECOWING 26 75/25 30.9 8.8 -8.1
20 29-Dec-15 ABAX ECOWING AD-49 100/0 28.1 35.0 -8.1
21 29-Dec-15 ABAX ECOWING AD-49 75/25 28.0 26.6 -8.1
22 16-Feb-16 Aviation Shaanxi Cleanwing Il 100/0 32.4 57.9 -6.3
23 16-Feb-16 Aviation Shaanxi Cleanwing Il 75/25 32.2 51.7 -6.3
24 16-Feb-16 ABAX ECOWING AD-49 100/0 32.3 57.0 -6.3
25 16-Feb-16 ABAX ECOWING AD-49 75/25 31.4 39.9 -6.4
26 16-Feb-16 Cryotech Polar Guard Advance 100/0 31.9 48.5 -6.3
27 16-Feb-16 Cryotech Polar Guard Advance 75/25 31.2 38.9 -6.4
28 16-Feb-16 Dow EG106 100/0 31.7 48.0 -6.3
29 16-Feb-16 Clariant Max Flight 04 100/0 32.5 65.2 -6.2
30 16-Feb-16 Newave FCY-2 Bio + 100/0 29.4 30.2 -6.4
31 16-Feb-16 Clariant Max Flight SNEG 100/0 31.1 44.3 -6.3
32 16-Feb-16 ABAX ECOWING 26 100/0 30.5 37.3 -6.3
33 16-Feb-16 ABAX ECOWING 26 75/25 34.6 13.8 -6.0
34 16-Feb-16 LNT P250 75/25 371 35.5 -5.9
35 16-Feb-16 Newave FCY 9311 100/0 36.7 44.2 -5.8
36 24-Feb-16 Aviation Shaanxi Cleanwing Il 50/50 22.6 25.6 -1.2
37 24-Feb-16 ABAX ECOWING AD-49 50/50 21.8 17.3 -1.2
38 24-Feb-16 Aviation Shaanxi Cleanwing Il 100/0 23.2 40.8 -1.2
39 24-Feb-16 ABAX ECOWING AD-49 100/0 21.9 102.1 -1.1
40 24-Feb-16 Cryotech Polar Guard Advance 100/0 24.3 66.7 -1.2
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

Table 2.2: Log of Tests Conducted for Heavy Snow Project (cont’d)

. Precipitation Fail
-:-\Ie:f Date Fluid Name D:::Jutli((’)n I'\F')ate Time 1;?3)"
(g/dm?/h) (min)
41 24-Feb-16 Aviation Shaanxi Cleanwing Il 75/25 23.1 30.1 -1.2
42 24-Feb-16 ABAX ECOWING AD-49 75/25 18.1 66.5 -1.1
43 24-Feb-16 Cryotech Polar Guard Advance 50/50 21.5 17.3 -1.1
44 24-Feb-16 ABAX ECOWING 26 50/50 23.0 9.8 -1.1
45 24-Feb-16 Cryotech Polar Guard Advance 75/25 17.5 58.6 -1.1
46 24-Feb-16 Dow EG106 100/0 18.5 75.1 -1.1
47 24-Feb-16 Clariant LAUNCH PLUS 50/50 17.4 35.0 -1.1
48 24-Mar-16 Aviation Shaanxi Cleanwing Il 50/50 11.3 16.3 -6.6
49 24-Mar-16 ABAX ECOWING AD-49 50/50 11.0 16.8 -6.6
50 24-Mar-16 ABAX ECOWING AD-49 75/25 10.1 65.0 -6.6
51 24-Mar-16 Aviation Shaanxi Cleanwing Il 75/25 10.8 38.0 -6.6
52 24-Mar-16 Cryotech Polar Guard Advance 100/0 11.0 88.6 -6.6
53 24-Mar-16 ABAX ECOWING AD-49 100/0 37.5 23.1 -6.4
54 24-Mar-16 Aviation Shaanxi Cleanwing Il 100/0 33.7 15.5 -6.4
55 24-Mar-16 Cryotech Polar Guard Advance 50/50 25.0 5.8 -6.4
56 24-Mar-16 ABAX ECOWING 26 50/50 25.1 5.8 -6.4
57 24-Mar-16 Dow EG106 100/0 39.9 24.3 -6.4
58 24-Mar-16 Aviation Shaanxi Cleanwing Il 50/50 29.0 8.3 -6.4
59 24-Mar-16 ABAX ECOWING AD-49 50/50 29.1 8.0 -6.4
60 24-Mar-16 Cryotech Polar Guard Advance 75/25 36.8 16.8 -6.4
61 24-Mar-16 ABAX ECOWING 26 100/0 38.6 18.2 -6.4
62 24-Mar-16 ABAX ECOWING 26 75/25 33.6 9.9 -6.4
63 24-Mar-16 Newave FCY-2 Bio + 100/0 46.9 12.0 -6.4
64 24-Mar-16 Newave FCY 9311 100/0 48.1 16.3 -6.4
65 24-Mar-16 Clariant Max Flight SNEG 100/0 47.0 19.6 -6.4
66 24-Mar-16 Clariant Max Flight 04 100/0 45.3 25.9 -6.4
68 24-Mar-16 ABAX ECOWING AD-49 50/50 43.6 7.7 -6.4
69 24-Mar-16 Aviation Shaanxi Cleanwing Il 50/50 43.6 6.3 -6.4
70 24-Mar-16 Dow EG106 100/0 44.3 23.0 -6.3
71 24-Mar-16 ABAX ECOWING 26 50/50 43.2 4.3 -6.4
72 24-Mar-16 Clariant Max Flight 04 100/0 31.5 45.3 -6.1
73 24-Mar-16 ABAX ECOWING AD-49 100/0 31.4 45.1 -6.1
74 24-Mar-16 Cryotech Polar Guard Advance 50/50 42.6 3.8 -6.4
75 24-Mar-16 Aviation Shaanxi Cleanwing Il 100/0 47.3 15.4 -6.1
76 24-Mar-16 ABAX ECOWING AD-49 75/25 36.1 27.9 -6.1
77 24-Mar-16 Cryotech Polar Guard Advance 75/25 33.9 31.3 -6.1
78 24-Mar-16 Newave FCY 9311 100/0 30.0 38.9 -6.1
79 24-Mar-16 Cryotech Polar Guard Advance 100/0 29.5 40.2 -6.1

9
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

Table 2.2: Log of Tests Conducted for Heavy Snow Project (cont’d)

. Precipitation Fail
-:-\Ie:f Date Fluid Name D:::Jutli((’)n I'\F')ate Time 1;?3)"
(g/dm?/h) (min)
80 24-Mar-16 Aviation Shaanxi Cleanwing Il 75/25 46.6 11.5 -6.1
81 24-Mar-16 Clariant Launch Plus 50/50 46.5 7.4 -6.1
82 24-Mar-16 Clariant Max Flight SNEG 100/0 36.7 29.3 -6.1
83 24-Mar-16 Newave FCY-2 Bio + 100/0 19.6 38.8 -5.9
84 24-Mar-16 ABAX ECOWING 26 100/0 19.4 42.0 -5.9
85 24-Mar-16 ABAX ECOWING 26 75/25 20.2 19.8 -6.1
13 29-Dec-16 ABAX ECOWING 26 50/50 43.1 3.8 -2.6
11 29-Dec-16 ABAX ECOWING 26 50/50 37.6 4.1 -2.6
98 12-Feb-17 ABAX ECOWING 26 50/50 31.8 5.6 -3.4
48 24-Jan-17 ABAX ECOWING 26 50/50 45.5 2.9 -3.5
91 12-Feb-17 ABAX ECOWING 26 50/50 23.2 6.7 -3.5
84 12-Feb-17 ABAX ECOWING 26 50/50 47.5 2.8 -4.3
79 12-Feb-17 ABAX ECOWING 26 50/50 37.1 4.0 -4.4
10 29-Dec-16 ABAX ECOWING 26 75/25 37.6 9.9 -2.6
97 12-Feb-17 ABAX ECOWING 26 75/25 31.6 15.3 -3.4
90 12-Feb-17 ABAX ECOWING 26 75/25 20.6 20.2 -3.4
47 24-Jan-17 ABAX ECOWING 26 75/25 45.8 11.6 -3.5
83 12-Feb-17 ABAX ECOWING 26 75/25 48.0 8.7 -3.6
76 12-Feb-17 ABAX ECOWING 26 75/25 35.4 11.9 -4.4
73 12-Feb-17 ABAX ECOWING 26 75/25 22.4 18.7 -7.2
116 14-Mar-17 ABAX ECOWING 26 75/25 45.2 7.3 -7.9
109 14-Mar-17 ABAX ECOWING 26 75/25 31.4 12.8 -8.0
121 14-Mar-17 ABAX ECOWING 26 75/25 37.8 7.3 -8.1
22 3-Jan-17 ABAX/Dow AD-49 100/0 19.1 125.5 0.2
25 4-Jan-17 ABAX/Dow AD-49 100/0 16.3 134.7 | -0.4
26 4-Jan-17 ABAX/Dow AD-49 100/0 14.4 115.0 | -0.7
14 29-Dec-16 ABAX/Dow AD-49 100/0 7.6 150.9 | -1.2
28 10-Jan-17 ABAX/Dow AD-49 100/0 5.8 201.5 | -2.0
5 29-Dec-16 ABAX/Dow AD-49 100/0 41.7 30.4 -2.3
1 29-Dec-16 ABAX/Dow AD-49 100/0 16.0 81.0 -3.2
93 12-Feb-17 ABAX/Dow AD-49 100/0 28.2 52.1 -3.4
86 12-Feb-17 ABAX/Dow AD-49 100/0 27.8 52.1 -3.5
42 24-Jan-17 ABAX/Dow AD-49 100/0 39.6 46.2 -3.5
100 14-Feb-17 ABAX/Dow AD-49 100/0 6.0 165.0 | -3.5
38 18-Jan-17 ABAX/Dow AD-49 100/0 7.3 186.9 | -3.9
36 18-Jan-17 ABAX/Dow AD-49 100/0 4.6 199.6 | -4.2
77 12-Feb-17 ABAX/Dow AD-49 100/0 35.5 32.9 -4.3
35 18-Jan-17 ABAX/Dow AD-49 100/0 5.4 215.1 -4.7

10

M:\Projects\PM2480.003 (TC Deicing 2016-17)\Reports\General & Exploratory\Final Version 1.0\TP 15374E Final Version 1.0.docx

Final Version 1.0, August 18



2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

Table 2.2: Log of Tests Conducted for Heavy Snow Project (cont’d)

. Precipitation Fail
Leost Date Fluid Name D::L”t'i‘;n I:ate Time T(f,'g;’
(g/dm?/h) (min)

32 17-Jan-17 ABAX/Dow AD-49 100/0 8.2 164.2 | -5.2
69 12-Feb-17 ABAX/Dow AD-49 100/0 19.5 71.4 -6.5
117 14-Mar-17 ABAX/Dow AD-49 100/0 45.9 31.3 -7.8
110 14-Mar-17 ABAX/Dow AD-49 100/0 33.1 44.5 -8.0
122 14-Mar-17 ABAX/Dow AD-49 100/0 38.0 25.9 -8.3
112 14-Mar-17 ABAX/Dow AD-49 100/0 36.9 37.3 -8.3
65 12-Feb-17 ABAX/Dow AD-49 100/0 18.4 55.2 -8.9
1056 14-Mar-17 ABAX/Dow AD-49 100/0 14.2 87.6 -9.0
18 31-Dec-16 ABAX/Dow AD-49 100/0 8.9 109.1 -9.5
61 12-Feb-17 ABAX/Dow AD-49 100/0 18.8 45.3 -9.8
20 31-Dec-16 ABAX/Dow AD-49 100/0 8.6 118.6 | -10.1
51 1-Feb-17 ABAX/Dow AD-49 100/0 2.7 133.7 | -13.3
23 3-Jan-17 ABAX/Dow AD-49 75/25 18.5 75.7 0.2
24 4-Jan-17 ABAX/Dow AD-49 75/25 19.9 74.8 0.0
27 4-Jan-17 ABAX/Dow AD-49 75/25 11.0 119.9 | -1.0
15 29-Dec-16 ABAX/Dow AD-49 75/25 8.3 110.6 | -1.3
29 10-Jan-17 ABAX/Dow AD-49 75/25 5.9 163.5 | -2.3

6 29-Dec-16 ABAX/Dow AD-49 75/25 40.3 21.3 -2.5

2 29-Dec-16 ABAX/Dow AD-49 75/25 12.6 69.7 -3.3
94 12-Feb-17 ABAX/Dow AD-49 75/25 27.7 39.3 -3.4
43 24-Jan-17 ABAX/Dow AD-49 75/25 41.8 39.2 -3.5
87 12-Feb-17 ABAX/Dow AD-49 75/25 32.9 34.4 -3.5
39 18-Jan-17 ABAX/Dow AD-49 75/25 11.5 81.0 -3.6
101 14-Feb-17 ABAX/Dow AD-49 75/25 7.0 113.9 | -3.8
37 18-Jan-17 ABAX/Dow AD-49 75/25 4.2 182.4 | -4.2
78 12-Feb-17 ABAX/Dow AD-49 75/25 3b.7 27.3 -4.4
34 18-Jan-17 ABAX/Dow AD-49 75/25 7.3 112.2 | -5.1
33 17-Jan-17 ABAX/Dow AD-49 75/25 6.8 127.3 | -5.2
70 12-Feb-17 ABAX/Dow AD-49 75/25 21.9 42.2 -6.8
118 14-Mar-17 ABAX/Dow AD-49 75/25 46.3 17.9 -7.9
111 14-Mar-17 ABAX/Dow AD-49 75/25 33.5 38.5 -8.0
123 14-Mar-17 ABAX/Dow AD-49 75/25 38.6 17.4 -8.3
113 14-Mar-17 ABAX/Dow AD-49 75/25 31.9 27.9 -8.3
66 12-Feb-17 ABAX/Dow AD-49 75/25 18.2 46.8 -8.9
106 14-Mar-17 ABAX/Dow AD-49 75/25 13.9 82.9 -9.0
19 31-Dec-16 ABAX/Dow AD-49 75/25 8.8 106.7 | -9.5
62 12-Feb-17 ABAX/Dow AD-49 75/25 18.8 39.9 -9.8
21 31-Dec-16 ABAX/Dow AD-49 75/25 8.4 113.1 | -10.1
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

Table 2.2: Log of Tests Conducted for Heavy Snow Project (cont’d)

. Precipitation Fail
-:-\Ie:f Date Fluid Name D:::Jutli((’)n I'\F')ate Time 1;?3)"
(g/dm?/h) (min)
52 1-Feb-17 ABAX/Dow AD-49 75/25 2.5 230.6 | -13.1
7 29-Dec-16 Cryotech Polar Guard Advance 100/0 24.6 84.1 -2.0
3 29-Dec-16 Cryotech Polar Guard Advance 100/0 16.5 79.1 -3.2
102 14-Feb-17 Cryotech Polar Guard Advance 100/0 6.0 221.4 | -3.4
88 12-Feb-17 Cryotech Polar Guard Advance 100/0 17.8 91.3 -3.4
96 12-Feb-17 Cryotech Polar Guard Advance 100/0 25.1 95.5 -3.5
44 24-Jan-17 Cryotech Polar Guard Advance 100/0 31.6 78.3 -3.5
82 12-Feb-17 Cryotech Polar Guard Advance 100/0 48.3 16.2 -3.5
74 12-Feb-17 Cryotech Polar Guard Advance 100/0 35.3 34.5 -4.3
71 12-Feb-17 Cryotech Polar Guard Advance 100/0 19.2 92.0 -6.3
114 14-Mar-17 Cryotech Polar Guard Advance 100/0 45.0 59.6 -7.8
107 14-Mar-17 Cryotech Polar Guard Advance 100/0 30.5 77.6 -8.1
119 14-Mar-17 Cryotech Polar Guard Advance 100/0 35.1 53.3 -8.2
67 12-Feb-17 Cryotech Polar Guard Advance 100/0 18.5 56.4 -8.8
63 12-Feb-17 Cryotech Polar Guard Advance 100/0 18.9 47.1 -9.8
12 29-Dec-16 Cryotech Polar Guard Advance 50/50 41.5 4.5 -2.6
9 29-Dec-16 Cryotech Polar Guard Advance 50/50 39.9 4.6 -2.6
99 12-Feb-17 Cryotech Polar Guard Advance 50/50 31.9 8.5 -3.4
46 24-Jan-17 Cryotech Polar Guard Advance 50/50 42.8 4.7 -3.4
92 12-Feb-17 Cryotech Polar Guard Advance 50/50 21.7 10.5 -3.4
85 12-Feb-17 Cryotech Polar Guard Advance 50/50 50.9 3.6 -4.3
80 12-Feb-17 Cryotech Polar Guard Advance 50/50 37.8 5.8 -4.4
104 14-Feb-17 Cryotech Polar Guard Advance 50/50 10.6 13.4 -4.4
8 29-Dec-16 Cryotech Polar Guard Advance 75/25 41.0 26.8 -2.3
4 29-Dec-16 Cryotech Polar Guard Advance 75/25 14.1 72.6 -3.2
89 12-Feb-17 Cryotech Polar Guard Advance 75/25 17.7 63.3 -3.4
95 12-Feb-17 Cryotech Polar Guard Advance 75/25 28.1 48.6 -3.4
45 24-Jan-17 Cryotech Polar Guard Advance 75/25 40.4 41.0 -3.5
81 12-Feb-17 Cryotech Polar Guard Advance 75/25 48.0 14.8 -3.6
103 14-Feb-17 Cryotech Polar Guard Advance 75/25 6.0 156.3 -3.6
75 12-Feb-17 Cryotech Polar Guard Advance 75/25 35.4 29.0 -4.4
72 12-Feb-17 Cryotech Polar Guard Advance 75/25 21.9 40.6 -6.8
115 14-Mar-17 Cryotech Polar Guard Advance 75/25 46.5 15.9 -7.9
108 14-Mar-17 Cryotech Polar Guard Advance 75/25 31.0 27.0 -8.0
120 14-Mar-17 Cryotech Polar Guard Advance 75/25 38.6 16.8 -8.3
68 12-Feb-17 Cryotech Polar Guard Advance 75/25 18.3 44.7 -8.9
64 12-Feb-17 Cryotech Polar Guard Advance 75/25 18.7 33.2 -9.9
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

2.5.3 Conformance Analysis

A conformance analysis was completed to determine if the supplemental data
collected in heavy snow conformed with the historical endurance time data. The
conformance analysis was only completed with fluids for which supplemental data
were collected.

The first step in the analysis was to calculate holdover times for “boundary”
conditions. Boundary conditions are precipitation rate / temperature combinations
used to calculate holdover time table values. The boundary conditions used in the
conformance analysis are shown in Table 2.3. It should be noted that 50 g/dm?/h is
not a boundary condition for which holdover times are currently published; however,
the purpose of this project was to analyse the data for this precipitation rate (heavy
snow) so it has been included. In addition, as fluid-specific data is not used to
determine holdover times below -14°C, colder temperatures have been excluded.

Table 2.3: Boundary Conditions Used in Conformance Analysis

Fluid Type and Dilution P'eciz;:gg'/‘h';ates Tem‘;ﬁgt“'es
Type II/IV 100/0 3, 4, 10, 25, 50 3,14
Type II/IV 75/25 3, 4, 10, 25, 50 3,14
Type II/IV 50/50 3, 4, 10, 25, 50 3

Type Il 100/0 3, 4, 10, 25, 50 3,10
Type Ill 75/25 3, 4, 10, 25, 50 3,10
Type Il 50/50 3, 4, 10, 25, 50 3

The boundary condition holdover times were calculated from regression curves
derived from two data sets:

1. Historical data only (this data produces the published holdover times); and

2. Combined data set of historical data and supplemental data. Supplemental
data includes data collected for the heavy snow project (see
Subsection 2.5.2), and data collected in 2012-13 for the light/very light snow
project (documented in TC report, TP 15228E, Aircraft Ground De/Anti-Icing
Fluid Holdover Time Development Program for the 20172-13 Winter (3)).

The next step was to compare the boundary condition holdover times derived from
the two data sets. Minor differences were considered acceptable; major changes
were not. Changes were considered major if the holdover times calculated from the
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

combined data regression curve were shorter than the holdover times calculated from
the historical data regression curve by more than:

e 2 minutes (original holdover time < 15 mins);
e 5 minutes (original holdover time 15 to 90 mins); or

e 10 minutes (original holdover time > 90 mins).

The details of the analysis are shown in Table 2.4. In most cases no significant
differences were observed between the holdover times calculated for the two data
sets. However, there were several exceptions:

e Cryotech Polar Guard Advance (100/0, 75/25, 50/50);
e Cryotech Polar Guard Il (100/0, 75/25, 50/50);

e ABAX /Dow AD-49 (100/0, 75/25);

e ABAX ECOWING 26 (75/25, 50/50); and

e Clariant Max Flight SNEG (100/0).

The data for these fluids was further examined. It was found that the discrepancies
generally occurred as a result of fluids being submitted late in the season in the year
they were originally tested. As a result, they lacked data at very low and/or very high
precipitation rates. When data is “missing,” especially at the lower and/or upper ends
of the precipitation rate and/or temperature ranges, the shapes of the regression
curves are affected, typically at both “ends” (low and high rates) of the curves. This
results in the data set providing potentially inaccurate holdover times in these
conditions.

It was concluded from this analysis that the existing regression curves for the fluids
identified above were not validated for use in heavy snow. The proposed solution
was to recalculate all holdover times for these fluids using the combined data sets;
this provides holdover times that are accurate for all precipitation rates including
heavy snow. As a result of the recalculations, holdover times for heavier precipitation
rates and in some cases lighter precipitation rates changed (due to the shapes of the
curves changing at both ends of the curves).

Memos were prepared to document the details of the non-conforming data sets and
to communicate them to TC and FAA. Copies of these memos are included in
Appendix B.

TC and FAA subsequently had discussions with the affected fluid manufacturers. In
the end, the proposed solutions were accepted by all parties and the proposed
changes were incorporated into the TC and FAA Holdover Time Guidelines
documents for the winter of 2017-18.
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

Table 2.4: Conformance Analysis Calculations

ORIGINAL HOTS NEW HOTS CHANGE IN HOTS
Fluid Dil 1;?2:) (at g/dm?/h) (at g/dm?/h) (at g/dm?/h)

50| 25 | 10 | 4 3|50|25|10]| 4 3|50]|25|10]| 4 3
Clariant LAUNCH 100/0| -3 45 | 65 | 105]|170| 200| 44 | 65 [ 110| 185| 220]| -1 0 5 | 15| 20
Clariant LAUNCH 75/25 -3 39 | 60 [105|185|220| 39 | 60 | 110[ 205|245 O | O 5 |20 | 25
Clariant LAUNCH 50/50| -3 15| 25 | 45| 85 |100| 16 | 256 | 45 | 85 | 100| 1 0Ol O] O 0
Clariant LAUNCH 100/0| -14 | 34| 50 | 80 | 130|150| 33 | 50 | 80 | 135| 160]| -1 0| O 5 | 10
Clariant LAUNCH 75/25| -14 | 31 | 45 | 85 [ 145]|175] 30 [ 60 | 90 [ 160| 195] -1 5 5 | 15| 20
Clariant FLIGHT 75/25 -3 26 | 40 | 80 | 155|190| 23 | 40 | 85 [185]|230| -3 | O 5 | 30 | 40
Clariant FLIGHT 75/25| -14 131 20 [ 40 | 80 |100] 12 | 20 | 45 [ 95 | 120] -1 0 5 | 15| 20
Kilfrost ABC-S Plus 100/0| -3 48 | 75 | 125|215|255| 48 | 75 [135]|245|295| O [ O [ 10| 30 | 40
Kilfrost ABC-S Plus 75/25 -3 29 | 45 | 75 |125|145] 29 | 45| 75 (125|145 O | O | O | O 0
Kilfrost ABC-S Plus 100/0| -14 | 40| 60 | 105|175|210| 38 | 60 [105]|190|230| -2 | O [ O [ 15| 20
Kilfrost ABC-S Plus 75/25| -14 | 24 | 35 | 60 [105]|120] 24 { 35 | 60 | 100{120f O | O | O | -5 0
Aviation Shaanxi Cleanwing Il | 100/0 -3 18 | 30 | b5 [ 100| 120| 19 [ 30 | 55 [ 100| 120| 1 0 0 0 0
Aviation Shaanxi Cleanwing Il | 75/25 -3 15| 26 | 45 | 85 [ 105 16 | 25 | 45 | 85 | 100| 1 0 0 0 -5
Aviation Shaanxi Cleanwing Il | 50/50 -3 10 [ 15| 30 | 50 | 65 8 15| 25|55 |65 -2 O | -5 5 0
Aviation Shaanxi Cleanwing Il | 100/0| -14 18 | 30 | 55 | 100/ 120| 18 | 30 | 50 [ 95 |110] O [ O [ -B [ -6 | -10
Aviation Shaanxi Cleanwing Il | 75/25| -14 15 | 25 | 45 [ 85 | 105] 16 [ 25 | 45 [ 80 | 100| 1 0 O| -5 -5

Clariant Max Flight 04 100/0| -3 | 50 [ 85 |165|325]400[ 49 | 80 [165[330/415| -1 | 5| o | 5| 15
Clariant Max Flight 04 100/0| -14 | 21 [ 35 | 70 [140[170] 20 | 35 [ 70 [140[175[ 1 [ o] o[ 0 | 5
Clariant Max Flight SNEG 100/0| -3 | 44 [ 65 |100]165]190[ 35 | 55 [ 100] 180] 220 0|15 30
Clariant Max Flight SNEG 100/0| -14 | 32 [ 45 | 75 [120] 140| 24 | 40 [ 70 [ 125] 150 5[ 5] 5]10
Dow EG106 100/0] -3 | 22 [ 40| 80 |165]210[ 27| 45 | 85 [165/205| 6 | 56| 6| 0] -5
Dow EG106 100/0] -14 | 18 [ 30 ] 65 [130]165] 20 | 35 [ 65 [125]155] 2 [ 5 | o [ 5 [-10
Newave FCY 9311 100/0| -3 | 21 [ 35|70 [140]175| 23 | 40 | 70 [135|165] 2 [ 5 | 0o | -6 [ -10
Newave FCY 9311 100/0] -14 | 14 [ 25 [ 50 | 95 [120[ 17 [ 25 |50 [ 95 [115] 3 [ o[ o[ o[ 5
Newave FCY-2 Bio + 100/0| -3 |17 [ 30|65 [140[175] 19| 30 [ 65 135|170 2 [ 0| 0|6 | -5
Newave FCY-2 Bio + 100/0] 14 | 7 [15[30|e0 |75 9 [15]30[60[75] 2 0] oo o
Clariant LAUNCH PLUS 100/0| -3 | 30|55 [125/280|365| 30 | 55 [125[275|355] 0 [ 0 [ o | -6 [ -10
Clariant LAUNCH PLUS 75/25| -3 [ 25 [ 50 [115[275][360] 25 [ 50 [115]270[350] 0 | 0o [ 0 [ -5 [ -10
Clariant LAUNCH PLUS 50/50] -3 | 11| 2045 [ 95 |120[ 10[ 20| 40[ 95 [120]-1[ 0| 5] 0] O
Clariant LAUNCH PLUS 100/0| -14 | 20 [ 40 [ 85 [195]250] 20 [ 40 | 85 [190[240] 0 [0 [ o | 5 [-10
Clariant LAUNCH PLUS 75/25] -14 | 16 | 30 | 75 [175]230[ 17 [ 30 | 75 [175]230] 1 [ o[ o] o] o
ABAX Ecowing 26 100/0] -3 | 27 [ 40| 60| 95 [110[ 24 | 35 | 60 [ 100] 120 5
ABAX Ecowing 26 75/25| -3 [ 18| 25|45 [ 80| 95| 13 [ 20 40 80 [100 0
ABAX Ecowing 26 5050/ -3 | 7 [10]20[40]50] 4 [ 7 [20][40]50 0
ABAX Ecowing 26 100/0| -14 | 24 [ 35 [ 55 [ 85 [100] 20 | 30 [ 50 | 85 [ 100| -4 | -5 | 0
ABAX Ecowing 26 75/25| 14 |16 [ 25 40 [ 75 [ 85| o [ 15[ 30 ] 65 | 70

ABAX/Dow AD-49 100/0| -3 | 51|70 [110]170[195]| 36 | 60 [ 115 220] 270

ABAX/Dow AD-49 75/25| -3 [ 73] 85 [100]120] 130] 26 [ 45 | 95 | 195] 245

ABAX/Dow AD-49 50/50] -3 [ 10| 15|25 [40| 45| 7 [15]|25[65|70]-3] O |

ABAX/Dow AD-49 100/0| -14 | 51| 70 | 110]|170|195| 24 | 40 | 75 | 145|180
ABAX/Dow AD-49 75/25| -14 | 73 | 85 [ 100| 120| 130| 18 [ 30 | 65 [ 140| 175
Cryotech Polar Guard Advance | 100/0 -3 62 | 80 [ 110]| 155|170| 43 [ 65 | 115] 195| 235
Cryotech Polar Guard Advance | 75/25 -3 29| 45 | 80 | 145(175]| 23 | 40 | 85 | 180 230
Cryotech Polar Guard Advance | 50/50 -3 10| 15| 35 | 80 [ 100| 5 10 | 26| 70 | 95
Cryotech Polar Guard Advance | 100/0| -14 42 | 65 | 75 | 105|115 26 | 40 | 70 [ 120| 140
Cryotech Polar Guard Advance | 75/25| -14 | 21 | 35 | 60 | 105[125] 15 | 25 | 565 | 120 150

Note: 3-25 g values = rounded HOTs, 50 g values = ET rounded to nearest minute

Legend - Changes in HOTs shading No difference or increase Acceptable decrease
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

2.6 \Verification of the Validity of Regression Curves

Several tasks were completed to verify the validity of the regression curves derived
from endurance time data for use with heavy snow. These are documented in the
following subsections.

2.6.1 Refinement of HUPR and LUPR Analysis Methodologies

An analysis methodology was developed early in the winter of 2015-16 to assess
the validity of snow endurance time data sets at high rates of precipitation (see
Subsection 2.2.2). This methodology was based on the approach developed in the
winter of 2012-13 to assess the validity of snow endurance time data sets at low
rates of precipitation. This work was used in the determination of light and very light
snow holdover times and resulted in the publication of limitations on the use of this
data in the form of lowest usable precipitation rates (LUPRs). The work is
documented in the TC report, TP 15228E, Aircraft Ground De/Anti-Icing Fluid
Holdover Time Development Program for the 2012-13 Winter (3).

In 2016-17, significant effort went into refining this methodology to determine the
most appropriate and accurate analysis methodology for determining the highest
usable precipitation rates (HUPRs). Specifically, the factor weightings, data rating
scores and minimum passing scores were modified. The collection of additional heavy
snow data made this possible.

In addition, the LUPR analysis methodology was re-examined in conjunction with the
HUPR analysis methodology. Several refinements were made to the LUPR analysis
methodology as a result.

The final analysis approach for the determination of both HUPR and LUPR is a
weighted three-factor analysis. Table 2.5 lists the three factors and their weightings.
Table 2.6 shows the data rating score criteria.

The ratings are multiplied by the factor weighting to determine a final score for a
specific precipitation rate. LUPR scores are calculated for each precipitation rate
between 3 and 10 g/dm?/h. HUPR scores are calculated for 25 and 50 g/dm?/h and
rates in multiples of 5 in between (25, 30, 35, 40, 45, 50). The scores are compared
to the minimum acceptance score, which is 26. The LUPR is the lowest precipitation
rate at which a data set has a passing score; the HUPR is the highest precipitation
rate at which a data set has a passing score.

This analysis approach was drafted into the SAE standard ARP5718B, Qualifications
Required for SAE Type Il/IIl/IV Aircraft Deicing/Anti-Icing Fluid (4). The document
was balloted to the SAE G-12 Holdover Time Committee and passed. Therefore, this
methodology has been accepted by the aircraft ground icing industry.
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

Table 2.5: Factors Used in LUPR/HUPR Calculations

Factor Description — LUPR Description - HUPR Weight
1. Data Points with Number of data points with Numbgr O.f data points with
. S precipitation rates =
Precipitation Rates near the | precipitation rates < 0.5 2 o
S . A o 10 g/dm?/h below the 30%
Precipitation Rate being g/dm?/h above the precipitation . .
. . . precipitation rate being
Examined rate being examined .
examined
2. Data Points in High or Low | Number of data points with Number of data points with
Precipitation Rate precipitation rates < 10 precipitation rates = 20 50%
Categories g/dm?/h g/dm?2/h
Difference between endurance Difference between endurance
time predicted by regression time predicted by regression
curve and measured endurance | curve and measured endurance
. . time calculated as a percentage | time calculated as a percentage
3. Negative .S(_:att_er of High or Scatter is set to 0% for data Scatter is set to 0% for data o
Low Precipitation Rate Data . . .. . . . " . 20%
. points with positive scatter (i.e. | points with positive scatter (i.e.
Points . . . .
predicted endurance time predicted endurance time
< measured endurance time) < measured endurance time)
Average scatter is calculated Average scatter is calculated
for all data points < 10 g/dm?/h | for all data points = 25 g/dm?/h

Table 2.6: LUPR/HUPR Factor Ratings

Factor #1: Data Points with Precipitation Rates near the Precipitation Rate being Examined

Rating LUPR HUPR
Rating = 40 >3 data points < precipitation rate +0.5 > 2 data points = precipitation rate -10
Rating = 30 2 data points < precipitation rate +0.5 1 data points = precipitation rate -10
Rating = 20 1 data point < precipitation rate +0.5 n/a
Rating = 10 n/a n/a
Rating = O 0 data points < precipitation rate +0.5 0 data points = precipitation rate -10

Factor #2: Data Points at High or Low Precipitation Rate Categories
Rating LUPR HUPR
Rating = 40 =8 data points <10 g/dm?/h >5 data points >20 g/dm?/h
Rating = 30 6-7 data points <10 g/dm?/h 4 data points >20 g/dm?/h
Rating = 20 4-5 data points <10 g/dm?/h 3 data points >20 g/dm?/h
Rating = 10 2-3 data points <10 g/dm?/h 2 data points >20 g/dm?/h
Rating = O < 2 data points <10 g/dm?/h < 2 data points >20 g/dm?/h
Factor #3: Negative Scatter of High or Low Precipitation Rate Data Points

Rating LUPR HUPR
Rating = 40 =>-10% =>-10%
Rating = 30 -11 t0 -15% -11 10 -15%
Rating = 20 -16 to -20% -16 to -20%
Rating = 10 n/a n/a
Rating = 0 <-20% <-20%

M:\Projects\PM2480.003 (TC Deicing 2016-17)\Reports\General & Exploratory\Final Version 1.0\TP 15374E Final Version 1.0.docx

17

Final Version 1.0, August 18



2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

2.6.2 Application of LUPR/HUPR Analysis Methodology to Determine
LUPR/HUPRs

The final HUPR and LUPR analysis methodologies were applied to all Type Il, Type lll
and Type IV fluid-specific endurance time data sets. The data sets consisted of the
following data:

1. Historic endurance time testing data collected the year(s) the fluid originally
underwent endurance time testing;

2. (If applicable) Supplemental endurance time data collected in the winters of
2015-16 and 2016-17 in support of heavy snow holdover times (see
Subsection 2.5.2); and

3. (If applicable) Supplemental light and very light snow endurance time data
collected in the winter of 2012-13 in support of light and very light snow
holdover times (documented in TC report, TP 15228E, Aircraft Ground
De/Anti-Icing Fluid Holdover Time Development Program for the 2072-13
Winter (3)).

Table 2.7 and Table 2.8 provide the statistics and calculations used to determine the
HUPR and LUPR values, respectively, for all Type Il, Type lll and Type |V fluids in the
2017-18 TC and FAA holdover time guidelines. The HUPR/LUPR values are shown
in the last column of each table. HUPR/LUPR values that fall below or above the
maximum/minimum possible values are shaded pink. These values represent a
limitation on the use of the fluid at high and low rates of precipitation.

This data should be interpreted with caution. The next subsections provide important
related information on the data, calculations, applicability and supporting files.

2.6.2.1 Note on Supplemental Data

As indicated above, supplemental data were not collected for all fluids. It was only
collected if needed for the related project and if the fluid manufacturer was willing
and able to provide the needed sample(s).

2.6.2.2 Calculation of Negative Scatter Score for Fluids with Non-Conforming Data

In the cases of data sets with non-conforming data (see Subsection 2.5.3), the
revised regression coefficients (those derived from the combined historic and
supplemental data sets) were used to calculate the negative scatter score. The
original regression coefficients were used to calculate the negative scatter score for
all other data sets.
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

2.6.2.3 Identification of Data Sets with Supplemental Data and/or Revised
Regressions

The third column in Table 2.7 and Table 2.8 indicates whether supplemental (extra)
data were collected for the data set (yes or no). It also indicates if the original or
revised (new) regression was used in the calculations. See Subsection 2.6.2.2 above
for related information.

2.6.2.4 Temperature Applicability of HUPR and LUPR Values

It should be noted that the HUPR and LUPR values in these tables is applicable only
to the temperature range for which the endurance time data is used to derive
holdover times:

e -14°C and above for Type Il and Type IV 100/0 and 75/25 fluids;
e -25°C and above for Type lll 100/0 fluids;

e -10°C and above for Type lll 75/25 fluids; and

-3°C and above for Type Il, Type lll and Type IV 50/50 fluids.

Determination of LUPR and HUPR values for other temperature ranges was not part
of this project. Determination of these values is documented in the TC report,
TP 15373E, Regression Coefficients and Equations Used to Develop the Winter
2017-18 Aircraft Ground Deicing Holdover Time Tables (5).

2.6.2.5 Note on Supporting Data Files

Multiple final data files exist for each fluid analysed as part of this project. Each file
includes endurance time data, regression analysis, and HUPR/LUPR statistics,
calculations, and scores. Up to three files may exist for each fluid.

1. Original Data Only, Original Regression: exists for all fluids. Provides final
HUPR/LUPR and regression information for fluids without supplemental data.
Provides baseline holdover time values for conformance analysis.

2. Original Data + Supplemental Data, Original Regression: exists for fluids for
which supplemental data were collected. Provides final HUPR/LUPR and
regression information for fluids with supplemental conforming data.

3. Original Data + Supplemental Data, New Regression: exists for fluids for
which supplemental data were collected. Provides final HUPR/LUPR and
regression information for fluids with supplemental non-conforming data.
Provides comparative holdover times values for conformance analysis.
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

Table 2.7: Calculations to Determine HUPRs for 2017-18 Type Il, lll and IV De/Anti-Icing Fluids

Factor Data Statistics* HUPR Score*
Fluid Brand FIu_id Extra Da_ta/ Data Data Data Data Data Data Data Neg. HUPR*
Dil. Regression Points | Points |Points |Points |Points [Points |Points | Scatter 259 |30g |359g |[40g |459g |50¢9 ©@
>20¢g 2159 2209 2259 2309 2359 240 g >25¢

ABAX ECOWING 26 100/0 yes / original 15 19 15 8 6 3 2 -18% 38 38 38 38 38 38 50
ABAX ECOWING 26 75/25 yes / new 17 23 17 12 10 6 3 -20% 36 36 36 36 36 36 50
ABAX ECOWING 26 50/50 yes / new 11 14 11 8 7 5 3 -16% 36 36 36 36 36 36 50
ABAX ECOWING AD-2 100/0 no / original 7 13 7 6 5 3 2 -12% 38 38 38 38 38 38 50
ABAX ECOWING AD-2 75/25 no / original 8 13 8 5 4 4 3 -12% 38 38 38 38 38 38 50
ABAX ECOWING AD-2 50/50 no / original 7 9 7 4 4 3 2 -18% 36 36 36 36 36 36 50
ABAX ECOWING AD-49 100/0 yes / new 9 17 9 9 7 6 2 -9% 40 40 40 40 40 40 50
ABAX ECOWING AD-49 75/25 yes / new 14 21 14 13 11 7 3 -11% 38 38 38 38 38 38 50
ABAX ECOWING AD-49 50/50 yes / original 5 7 5 3 2 2 2 -34% 32 32 32 32 32 32 50
AllClear AeroClear MAX 100/0 no / original 9 13 9 5 4 4 3 -3% 40 40 40 40 40 40 50
Aviation Shaanxi Cleanwing I 100/0 yes / original 5 7 5 4 4 2 2 -14% 38 38 38 38 38 38 50
Aviation Shaanxi Cleanwing | 75125 yes / original 4 7 4 3 3 2 2 -12% 35 35 35 35 35 35 50
Aviation Shaanxi Cleanwing || 50/50 yes / original 5 11 5 4 3 3 3 -26% 32 32 32 32 32 32 50
Beijing Yadilite YD-102 100/0 no / original 4 5 4 3 2 1 1 -14% 35 35 35 35 30 30 50
Beijing Yadilite YD-102 75/25 no / original 7 9 7 4 3 2 2 -10% 38 38 38 38 38 38 50
Beijing Yadilite YD-102 50/50 no / original 4 6 4 3 2 2 1 -5% 37 37 37 37 37 32 50
CHEMCO ChemR EG IV 100/0 no / original 7 13 7 5 5 4 3 -13% 38 38 38 38 38 38 50
Clariant EG IV NORTH 100/0 no / original 11 16 11 8 4 3 1 -6% 40 40 40 40 40 35 50
Clariant Max Flight 04 100/0 yes / original 8 12 8 5 4 2 1 -9% 40 40 40 40 40 35 50
Clariant Max Flight AVIA 100/0 no / original 11 16 11 7 4 3 1 -6% 40 40 40 40 40 35 50
Clariant Max Flight SNEG 100/0 yes / new 10 14 10 7 5 2 1 -16% 36 36 36 36 36 31 50
Clariant Max Flight SNEG 75125 no / original 6 11 6 3 2 1 1 -14% 38 38 38 38 33 33 50
Clariant Max Flight SNEG 50/50 yes / original 11 11 11 7 6 2 1 -12% 38 38 38 38 38 33 50
Clariant MP 1l FLIGHT 100/0 no / original 8 11 8 5 1 0 0 -8% 40 40 40 35 20 20 40
Clariant MP Il FLIGHT 75125 yes / original 9 12 9 5 1 0 0 -11% 38 38 38 33 18 18 40
Clariant MP Il FLIGHT 50/50 no / original 4 8 4 4 1 0 0 0% 37 37 37 32 17 17 40
Clariant MP Il FLIGHT PLUS 100/0 no / original 5 9 5 2 1 1 1 0% 40 40 40 35 35 35 50
Clariant MP Il FLIGHT PLUS 75125 no / original 7 10 7 3 1 1 1 -26% 32 32 32 27 27 27 50
Clariant MP Il FLIGHT PLUS 50/50 no / original 6 9 7 2 1 0 0 0% 40 40 40 35 20 20 40
Clariant MP 111 2031 ECO 100/0 no / original 4 6 4 4 3 2 2 0% 37 37 37 37 37 37 50
Clariant MP 11l 2031 ECO 75125 no / original 4 5 4 3 3 2 2 0% 37 37 37 37 37 37 50
Clariant MP 11l 2031 ECO 50/50 no / original 4 6 4 4 4 3 3 -4% 37 37 37 37 37 37 50
Clariant MP IV LAUNCH 100/0 yes / original 12 13 12 12 10 8 8 -6% 40 40 40 40 40 40 50
Clariant MP IV LAUNCH 75125 yes / original 17 17 17 15 11 11 11 -11% 38 38 38 38 38 38 50
Clariant MP IV LAUNCH 50/50 yes / original 9 9 9 8 8 7 5 -6% 40 40 40 40 40 40 50

* g/dm?/h is abbreviated as “g” in this table
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

Table 2.7: Calculations to Determine HUPRs for 2017-18 Type Il, lll and IV De/Anti-Icing Fluids (cont’d)

Factor Data Statistics* HUPR Score*
Fluid Brand FIu_id Extra Da_ta/ Data Data Data Data Data Data Data Neg. HUPR*
Dil. Regression Points | Points |Points |Points |Points [Points |Points | Scatter 259 |30g |359g |[40g |459g |50¢9 ©@
>20¢g 2159 2209 2259 2309 2359 240 g >25¢

Clariant MP IV LAUNCH PLUS 100/0 yes / original 5 6 6 3 3 3 3 0% 40 40 40 40 40 40 50
Clariant MP IV LAUNCH PLUS 75125 yes / original 6 8 6 5 4 4 3 0% 40 40 40 40 40 40 50
Clariant MP IV LAUNCH PLUS 50/50 yes / original 6 8 6 5 4 3 2 -13% 38 38 38 38 38 38 50
Cryotech Polar Guard Advance 100/0 yes / new 13 24 13 11 8 5 2 -17% 36 36 36 36 36 36 50
Cryotech Polar Guard Advance 75125 yes / new 15 26 15 13 11 8 4 -11% 38 38 38 38 38 38 50
Cryotech Polar Guard Advance 50/50 yes / new 14 18 15 11 9 8 5 -10% 40 40 40 40 40 40 50
Cryotech Polar Guard Il 100/0 yes / new 13 24 13 11 8 5 2 -17% 36 36 36 36 36 36 50
Cryotech Polar Guard Il 75125 yes / new 15 26 15 13 11 8 4 -11% 38 38 38 38 38 38 50
Cryotech Polar Guard I 50/50 yes / new 14 18 15 11 9 8 5 -10% 40 40 40 40 40 40 50
Deicing Solutions ECO-SHIELD 100/0 no / original 4 8 4 2 2 1 1 -4% 37 37 37 37 32 32 50
Dow Endurance EG106 100/0 yes / original 8 10 8 7 5 2 1 -3% 40 40 40 40 40 35 50
Dow FlightGuard AD-49 100/0 yes / new 9 17 9 9 7 6 2 -9% 40 40 40 40 40 40 50
Dow FlightGuard AD-49 75/25 yes / new 14 21 14 13 11 7 3 -11% 38 38 38 38 38 38 50
Dow FlightGuard AD-49 50/50 yes / original 5 7 5 3 2 2 2 -34% 32 32 32 32 32 32 50
Kilfrost ABC-Ice Clear || 100/0 no / original 8 10 8 7 5 5 4 -9% 40 40 40 40 40 40 50
Kilfrost ABC-Ice Clear Il 75125 no / original 6 11 6 5 4 4 4 -9% 40 40 40 40 40 40 50
Kilfrost ABC-Ice Clear I 50/50 no / original 7 9 7 6 3 3 2 -20% 36 36 36 36 36 36 50
Kilfrost ABC-K Plus 100/0 no / original 5 7 5 5 5 4 1 -15% 38 38 38 38 38 33 50
Kilfrost ABC-K Plus 75125 no / original 8 9 8 6 5 3 3 -3% 40 40 40 40 40 40 50
Kilfrost ABC-K Plus 50/50 no / original 2 5 2 0 0 0 0 n/a 23 23 3 3 3 3 25
Kilfrost ABC-S Plus 100/0 yes / original 13 13 13 11 10 10 9 -71% 40 40 40 40 40 40 50
Kilfrost ABC-S Plus 75125 yes / original 13 14 13 12 12 12 10 -7% 40 40 40 40 40 40 50
Kilfrost ABC-S Plus 50/50 no / original 7 7 7 7 6 4 -2% 40 40 40 40 40 40 50
LNT Solutions E450 100/0 no / original 6 9 6 5 4 3 2 -11% 38 38 38 38 38 38 50
Newave FCY 9311 100/0 yes / original 10 12 10 7 6 3 1 -6% 40 40 40 40 40 35 50
Newave FCY-2 100/0 no / original 11 13 11 9 7 7 4 -8% 40 40 40 40 40 40 50
Newave FCY-2 75125 no / original 12 15 12 11 9 9 7 -4% 40 40 40 40 40 40 50
Newave FCY-2 50/50 no / original 8 8 8 8 8 7 4 -5% 40 40 40 40 40 40 50
Newave FCY-2 Bio+ 100/0 yes / original 6 10 6 6 4 2 2 -6% 40 40 40 40 40 40 50
Newave FCY-2 Bio+ 75125 no / original 4 7 4 3 1 1 1 -4% 37 37 37 32 32 32 50
Newave FCY-2 Bio+ 50/50 no / original 6 9 6 5 3 2 1 -10% 40 40 40 40 40 35 50
Oksayd Defrost ECO 4 100/0 no / original 5 11 5 4 3 2 1 -8% 40 40 40 40 40 35 50
Shaanxi Cleansurface IV 100/0 no / original 11 14 11 4 3 2 1 -12% 38 38 38 38 38 33 50
Shaanxi Cleansurface IV 75125 no / original 12 16 12 7 3 2 2 -10% 38 38 38 38 38 38 50
Shaanxi Cleansurface IV 50/50 no / original 5 9 5 2 1 1 1 -17% 36 36 36 31 31 31 50

* g/dm?/h is abbreviated as “g” in this table
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

Table 2.8: Calculations to Determine LUPRs for 2017-18 Type Il, lll and IV De/Anti-Icing Fluids

Factor Data Statistics* LUPR Score*
Fluid Brand quid . Da.ta/ Data Data Data Data Data Data Data Data Neg. LUPR*
Dil. | Regression Points [Points |Points [Points [Points |Points |Points |Points |Scatter |99 |89 |79 (69 |59 |49 (39 @
<10.0g (<959 |<859g |<75g |<65g |s55g |=45g [<35g |[0-10g

ABAX ECOWING 26 100/0 | yes/ original 14 14 12 12 12 11 11 8 -7% 40 | 40| 40 | 40 [ 40 | 40 | 40 3
ABAX ECOWING 26 75/25 yes / new 10 10 8 8 6 5 4 2 -16% 36 | 36 | 36 | 36 | 36 | 36 | 31 3
ABAX ECOWING 26 50/50 yes / new 14 14 12 9 7 6 5 4 -12% 38 | 38| 38| 38| 38 | 38 | 38 3
ABAX ECOWING AD-2 100/0 [ no/ original 19 18 18 16 14 11 6 4 -6% 40 |40 | 40 | 40 [ 40 | 40 | 40 3
ABAX ECOWING AD-2 75/25 | no/ original 18 18 17 15 14 10 5 3 -6% 40 |40 40| 40 [ 40 | 40 | 40 3
ABAX ECOWING AD-2 50/50 | no/ original 12 11 11 9 9 8 6 3 -8% 40 |40 | 40 | 40 [ 40 | 40 | 40 3
ABAX ECOWING AD-49 100/0 yes / new 22 21 18 16 12 10 6 3 -7% 40 40| 40| 40 | 40 | 40 | 40 3
ABAX ECOWING AD-49 75/25 yes / new 21 19 18 15 11 10 8 4 -13% 38 | 38| 38| 38| 38| 38| 38 3
ABAX ECOWING AD-49 50/50 | yes/ original 7 7 6 5 5 5 3 2 -4% 37 | 37 | 37 | 37 | 37 | 37 | 32 3
AllClear AeroClear MAX 100/0 [ no/ original 43 43 41 38 34 29 21 13 -7% 40 | 40 | 40 | 40 | 40 | 40 | 40 3
Aviation Shaanxi Cleanwing 11 100/0 | yes/ original 9 8 7 7 7 5 2 1 -2% 40 | 40 | 40 | 40 | 40 | 35 | 30 3
Aviation Shaanxi Cleanwing Il 75/25 | yes/ original 9 9 7 7 7 5 3 -5% 40 | 40 | 40 | 40 | 40 | 40 | 30 3
Aviation Shaanxi Cleanwing 11 50/50 | yes/ original 2 2 2 2 1 1 1 0 -5% 26 | 26 | 26| 21| 21| 21| 11 7
Beijing Yadilite YD-102 100/0 | no/ original 27 27 22 21 20 18 15 13 -11% 38|38 | 38| 38| 38| 38| 38 3
Beijing Yadilite YD-102 75/25 | no/ original 26 26 23 21 21 17 15 11 -11% | 38| 38| 38| 38| 38| 38| 38 3
Beijing Yadilite YD-102 50/50 | no/ original 11 11 9 6 6 5 4 2 -14% 38|38 |38 ]| 38| 38| 38| 33 3
CHEMCO ChemR EG IV 100/0 | no/ original 13 12 12 10 7 7 2 1 -8% 40 40| 40| 40| 40| 35| 30 3
Clariant EG IV NORTH 100/0 | no/ original 15 15 15 14 13 10 5 3 -6% 40 | 40 | 40 | 40 | 40 | 40 | 40 3
Clariant Max Flight 04 100/0 | yes/ original 12 12 11 11 9 7 7 5 -9% 40 40| 40| 40| 40 | 40 | 40 3
Clariant Max Flight AVIA 100/0 | no/ original 17 17 17 17 15 10 6 4 -8% 40 | 40 | 40 | 40 | 40 | 40 | 40 3
Clariant Max Flight SNEG 100/0 yes / new 11 11 10 10 10 8 3 3 -10% 38 | 38| 38| 38| 38| 38| 38 3
Clariant Max Flight SNEG 75/25 | no/ original 12 12 11 11 11 9 4 2 -10% 40 | 40 | 40 | 40 | 40 | 40 | 35 3
Clariant Max Flight SNEG 50/50 | yes/ original 6 6 6 6 4 4 3 2 -9% 37 | 37 | 37 | 37 | 37 | 37 | 32 3
Clariant MP Il FLIGHT 100/0 | no/ original 8 7 5 5 4 2 1 1 -5% 40 | 40 | 40 | 40 | 35 | 30 | 30 3
Clariant MP Il FLIGHT 75/25 | yes/ original 15 12 10 9 7 4 4 1 -4% 40 40| 40| 40 [ 40 | 40 | 30 3
Clariant MP Il FLIGHT 50/50 | no/ original 5 5 4 4 4 4 3 2 -2% 34| 34| 34| 34|34 )34 ] 29 3
Clariant MP Il FLIGHT PLUS 100/0 [ no/ original 10 10 8 8 6 3 1 0 -10% 40 40| 40| 40| 40| 30 | 20 4
Clariant MP Il FLIGHT PLUS 75/25 | no/ original 13 12 11 11 10 7 4 2 -12% 38 | 38 | 38 | 38 | 38 | 38 | 33 3
Clariant MP Il FLIGHT PLUS 50/50 | no/ original 7 7 6 6 4 3 2 0 -8% 37 | 37 | 37 | 37 | 37 | 32 | 17 4
Clariant MP 111 2031 ECO 100/0 [ no/ original 15 15 14 14 11 7 7 4 -6% 40 40| 40| 40| 40 | 40 | 40 3
Clariant MP 1l 2031 ECO 75/25 | no/ original 13 13 12 10 8 8 6 5 -5% 40 |40 | 40 | 40 | 40 | 40 | 40 3
Clariant MP 111 2031 ECO 50/50 | no/ original 7 7 6 6 5 5 5 4 -13% 35| 3|3 |3 |3 |3 ] 35 3
Clariant MP IV LAUNCH 100/0 | yes/ original 8 8 7 4 4 4 4 2 -10% 38 | 38| 38| 38| 38| 38| 33 3
Clariant MP IV LAUNCH 75/25 | yes/ original 7 7 5 5 4 4 2 1 -6% 37 | 37 | 37 | 37 | 37 | 32 | 27 3
Clariant MP IV LAUNCH 50/50 | yes / original 4 4 3 2 2 2 2 2 -2% 3413|291 2929|2929 3

* g/dm?/h is abbreviated as “g” in this table
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

Table 2.8: Calculations to Determine LUPRs for 2017-18 Type Il, lll and IV De/Anti-Icing Fluids (cont’d)

Factor Data Statistics* LUPR Score*
Fluid Brand quid . Da.ta/ Data Data Data Data Data Data Data Data Neg. LUPR*
Dil. | Regression Points [Points |Points [Points [Points |Points |Points |Points |Scatter |99 |89 |79 (69 |59 |49 (39 @
<100g |=95g |s85g |<75g |<65g |s559g |[=45g [=35g |0-10¢g

Clariant MP IV LAUNCH PLUS | 100/0 | yes/ original 10 9 8 8 7 5 3 2 -7% 40 | 40 | 40 | 40 | 40 | 40 | 35 3
Clariant MP IV LAUNCH PLUS | 75/25 | yes/ original 9 9 8 7 6 5 4 2 -7% 40 | 40 | 40 | 40 | 40 | 40 | 35 3
Clariant MP IV LAUNCH PLUS | 50/50 | yes/ original 6 5 5 5 5 5 4 3 -4% 37 | 37 | 37 | 37 | 37 | 37 | 37 3
Cryotech Polar Guard Advance | 100/0 yes / new 15 14 11 8 7 6 6 3 -12% 38|38 | 38| 38| 38| 38| 38 3
Cryotech Polar Guard Advance | 75/25 yes / new 13 12 11 9 9 7 7 2 -12% 38| 38| 38| 38| 38| 38 ] 33 3
Cryotech Polar Guard Advance | 50/50 yes / new 6 6 6 6 6 5 5 1 -10% 37 | 37 | 37 | 37 | 37 | 37 | 27 3
Cryotech Polar Guard Il 100/0 yes / new 15 14 11 8 7 6 6 3 -12% 38 |1 38| 38| 38| 38| 38| 38 3
Cryotech Polar Guard Il 75125 yes / new 13 12 11 9 9 7 7 2 -12% 38|38 |38 ]| 38| 38| 38| 33 3
Cryotech Polar Guard I 50/50 yes / new 6 6 6 6 6 5 5 1 -10% 37 | 37 | 37 | 37 | 37 | 37 | 27 3
Deicing Solutions ECO-SHIELD | 100/0 | no/ original 14 14 12 10 9 7 6 3 -17% 36 | 36 | 36 | 36 | 36 | 36 | 36 3
Dow Endurance EG106 100/0 | yes/ original 8 7 6 5 5 3 3 2 -3% 40 | 40 | 40 | 40 | 40 | 40 | 35 3
Dow FlightGuard AD-49 100/0 yes / new 22 21 18 16 12 10 6 3 -7% 40 | 40 | 40 | 40 | 40 | 40 | 40 3
Dow FlightGuard AD-49 75125 yes / new 21 19 18 15 11 10 8 4 -13% 38| 38|38 | 38| 38| 38| 38 3
Dow FlightGuard AD-49 50/50 | yes / original 7 7 6 5 5 5 3 2 -4% 37 | 37 | 37 | 37 | 37 | 37 | 32 3
Kilfrost ABC-Ice Clear Il 100/0 | no/ original 8 7 7 5 4 3 2 2 -6% 40 | 40 | 40 | 40 | 40 | 35 | 35 3
Kilfrost ABC-Ice Clear Il 75/25 | no/ original 9 9 7 7 5 3 2 2 -8% 40 | 40 | 40 | 40 | 40 | 35 | 35 3
Kilfrost ABC-Ice Clear Il 50/50 | no/ original 6 5 5 4 4 4 4 4 -9% 37| 37| 37 | 37 | 37 | 37 | 37 3
Kilfrost ABC-K Plus 100/0 | no/ original 16 15 15 13 10 5 2 1 -8% 40 | 40 | 40 | 40 | 40 | 35 | 30 3
Kilfrost ABC-K Plus 75125 no / original 15 14 13 11 8 6 4 0 -6% 40| 40 | 40 | 40 | 40 | 40 | 20 4
Kilfrost ABC-K Plus 50/50 | no/ original 18 18 13 12 10 8 6 2 -5% 40 40| 40| 40| 40 | 40 | 35 3
Kilfrost ABC-S Plus 100/0 | yes/ original 9 7 5 3 3 2 1 1 -5% 40| 40 | 40 | 40 | 35 | 30 | 30 3
Kilfrost ABC-S Plus 75/25 | yes/ original 8 8 8 5 5 4 2 2 -9% 40 | 40 | 40 | 40 | 40 | 35 | 35 3
Kilfrost ABC-S Plus 50/50 no / original 3 2 2 2 2 2 2 2 -1% 26 | 26 | 26 | 26 | 26 | 26 | 26 3
LNT Solutions E450 100/0 [ no/ original 16 16 16 16 15 15 15 10 -12% 38 | 38| 38| 38| 38 | 38 | 38 3
Newave FCY 9311 100/0 | yes/ original 12 11 11 9 9 6 3 2 -5% 40 40| 40| 40| 40 | 40 | 35 3
Newave FCY-2 100/0 | no/ original 6 6 5 4 4 2 2 -11% 351313 ]3| 30| 30| 30 3
Newave FCY-2 75/25 | no/ original 6 5 5 4 4 4 4 3 -16% 33| 33]33]|33]33)33] 33 3
Newave FCY-2 50/50 no / original 3 3 3 3 3 3 3 3 -5% 311 31]31] 31| 31| 31| 31 3
Newave FCY-2 Bio+ 100/0 | yes/ original 20 19 19 16 15 12 10 8 -5% 40 |40 | 40 | 40 [ 40 | 40 | 40 3
Newave FCY-2 Bio+ 75/25 no / original 17 17 16 14 13 11 10 8 -9% 40 | 40 | 40 | 40 | 40 | 40 | 40 3
Newave FCY-2 Bio+ 50/50 | no/ original 10 10 9 7 7 6 4 2 -5% 40 40| 40| 40| 40| 40 | 35 3
Oksayd Defrost ECO 4 100/0 | no/ original 13 13 13 13 9 7 5 2 -4% 40 | 40 | 40 | 40 | 40 | 40 | 35 3
Shaanxi Cleansurface IV 100/0 [ no/ original 14 14 14 13 12 9 5 4 -6% 40 | 40 | 40 | 40 | 40 | 40 | 40 3
Shaanxi Cleansurface IV 75/25 | no/ original 13 13 13 12 11 8 5 3 -9% 40 | 40 | 40 | 40 | 40 | 40 | 40 3
Shaanxi Cleansurface IV 50/50 | no/ original 6 6 6 6 5 4 4 3 -7% 37 | 37 | 37 | 37 | 37 | 37 | 37 3

* g/dm?/h is abbreviated as “g” in this table
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

2.6.2.6 Minimum HUPR Values for Existing Fluids

Published holdover times have always been considered valid at precipitation rates up
to 25 g/dm?/h. Therefore, existing fluids are considered to have an HUPR of at least
25 g/dm?/h. This is noteworthy as the calculations shown in Table 2.7 indicate that
Kilfrost ABC-K Plus 50/50 dilution should have an HUPR below 25 g/dm?/h, but the
HUPR is shown as 25 g/dm?2/h. This situation occurred as the fluid required additional
data to support a higher HUPR but the manufacturer did not provide a fluid sample.

2.6.3 Significance of LUPR and HUPR Values

LUPR and HUPR values represent the lowest (LUPR) and highest (HUPR) precipitation
rates at which the regression information for an endurance time data set can be used
to safely calculate holdover times. This is significant for two applications.

2.6.3.1 Publication of Holdover Times

For publication of holdover times, specific LUPR and HUPR values must be achieved
to safely publish holdover times. As mentioned at the beginning of this chapter,
holdover times are currently published for very light, light and moderate snow, with
the exception of some Type Il fluids for which holdover times are only published for
moderate snow. This encompasses the precipitation rate range 3 to 25 g/dm?/h.
Therefore, to safely publish holdover times for the current holdover time tables, the
LUPR and HUPR for the associated endurance time data set must be 3 g/dm?2/h (or
lower) and 25 g/dm?/h (or higher), respectively.

In order to publish holdover times for heavy snow (assuming the new upper rate limit
for heavy snow is accepted — see Subsection 2.2.1), an HUPR of 50 g/dm?/h must
be achieved. As shown in Table 2.7, the majority of existing de/anti-icing fluids do
have an HUPR of 50 g/dm?/h; therefore, it would be possible to publish holdover
times for heavy snow for the majority of fluids.

2.6.3.2 Limitations on Regression Information for Liquid Water Equivalent Systems

For liquid water equivalent (LWE) based systems, the LUPR and HUPR values
associated with a data set represent the lowest (LUPR) and highest (HUPR)
precipitation rates that the system can use. If a precipitation rate below the LUPR is
measured by an LWE system, it can not use that rate; it must use the LUPR to
calculate a holdover time. If a precipitation rate above the HUPR is measured by an
LWE system, it can not provide a holdover time.

As a result of this project, HUPRs for Type Il, lll and IV fluids were published for the
first time for the winter of 2017-18. In previous winters, HUPRs did not exist and

M:\Projects\PM2480.003 (TC Deicing 2016-17)\Reports\General & Exploratory\Final Version 1.0\TP 15374E Final Version 1.0.docx
Final Version 1.0, August 18
24



2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

LWE systems were able to calculate and provide holdover times based on inputs of
up to 50 g/dm?/h (this remains the case for Type | fluids). It should be noted that
when TC and FAA first put regulatory approval processes in place for LWE based
systems, the endurance time data were examined from a broader perspective.
Regulators concluded 50 g/dm?/h was an appropriate upper limit. It was only when
the data were examined in greater detail as part of the heavy snow project that the
need for HUPRs emerged. (This issue was one of many for which regulators had to
find solutions to enable the use of LWE based systems.)

2.6.4 Examination of Type | Fluid Data

Type | fluids do not have fluid-specific data or fluid-specific holdover times. Type |
holdover times are instead derived from data sets comprised of data collected with
a variety of fluids. There are two Type | fluid snow data sets: composite surfaces
and aluminum surfaces.

The historical Type | fluid natural snow data set is shown in Figure 2.1 (aluminum
surfaces) and Figure 2.2 (composite surfaces). The data is plotted by temperature.
In addition to data from the historical data sets, data collected in very cold snow
conditions in the winter of 2014-15 is plotted (see purple circles). The very cold
snow data were predominantly collected in light snow.

The Type | fluid natural snow data sets were examined to determine the validity of
the data at heavy snow rates of precipitation (25-50 g/dm?/h). The analysis
methodology described in Subsection 2.6.1 was used to examine the data. The
analysis determined that the HUPR for both data sets is 50 g/dm?/h.

The analysis indicates that the Type | fluid endurance time data has been validated
for use in heavy snow. However, it should be noted that very limited data exists at
colder temperatures. In the aluminum historical data set, the coldest data point is
at -15°C; in the composite historical data set, the coldest data point is at -13°C. In
addition, the aluminum historical data set has very limited data below -3°C in heavy
snow. As a result, related regression curves at high precipitation rates and very low
temperatures yield lower confidence in holdover times than in other conditions.

It is not recommended that a limitation be put on the use of Type | data in snow,
i.e. HUPRs for Type | fluids should not be published. However, it is recommended
that:

1. Further work be considered, including an effort to collect data with Type |
fluids at very high rates and very low temperatures; and

2. TC and FAA should continue to limit the use of Type | fluids in heavy snow to
50 g/dm?/h through their related guidance documents (TC holdover time
determination system exemption, FAA LWE advisory circular).
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW
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Figure 2.1: Historical Type | Fluid Natural Snow Aluminum Surface Data Set
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Figure 2.2: Historical Type | Fluid Natural Snow Composite Surface Data Set
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

2.7 Collection of Artificial Heavy Snow Data at Very Cold Temperatures

The fifth activity identified as a requirement to publish holdover times for heavy snow
was artificial snow data at very cold temperatures. This requirement was identified
in the winter of 2014-15 (see Subsection 2.2.1), as snow holdover times for Type Il
and Type IV fluids at temperatures below -14°C were, at that time, generic (not
fluid-specific) and developed based on artificial snow data.

This changed in the winter of 2016-17, when a project was undertaken to develop
fluid-specific holdover times for snow for Type Il and Type IV fluids below -14°C.
Participation in this project was optional for fluid manufacturers. The result of the
project was fluid-specific holdover times for some fluids (based on fluid-specific
natural snow data collected in 2016-17) and modified generic holdover times for all
other fluids (based on the existing artificial snow data and the newly collected natural
snow data with participating fluids).

Artificial snow data were collected in the winter of 2016-17 as part of both the
heavy snow project and the very cold snow project. Artificial show data were also
collected in the winter of 2015-16 as part of the heavy snow project. The
2015-16 data were collected at temperatures of -14°C and above; the 2016-17 data
were collected at -18°C and -25°C. A summary of the data points collected is shown
in Table 2.9.

Table 2.9: Artificial Snow Data Points Collected in Heavy Snow

Winter Type ll Type IV All
2015-16 6 9 15
2016-17 4 9 13

All 10 18 28

Initial analysis of the artificial show data for the very cold snow project indicated
differences between artificial and natural snow data points collected in similar
conditions. An analytical approach for interpreting this relationship has not yet been
determined. As a result, this data can not yet be used to determine holdover times
for heavy snow at very cold temperatures.
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

2.8

Conclusions

The work completed on the heavy snow project over the winters of 2015-16 and
2016-17 resulted in several conclusions.

1.

Analysis and, in some cases, the collection of additional endurance time data
determined the majority of fluid-specific Type IlI, lll and IV fluid endurance time
data sets can be used without modification to determine holdover times for
heavy snow (precipitation rates up to 50 g/dm?2/h).

. Some fluid-specific endurance time data sets required the addition of

supplemental data to obtain data sets that can safely be used to determine
holdover times for heavy snow (precipitation rates up to 50 g/dm?2/h). These
data sets were used to determine updated holdover times for these fluids at
all precipitation rates. These fluids are:

e Cryotech Polar Guard Advance (100/0, 75/25, 50/50);
e Cryotech Polar Guard Il (100/0, 75/25, 50/50);

e ABAX /Dow AD-49 (100/0, 75/25);

e ABAX ECOWING 26 (75/25, 50/50); and

e Clariant Max Flight SNEG (100/0).

. Some fluid-specific endurance time data sets require additional data to

determine if they can be used to determine holdover times for heavy snow
(precipitation rates up to 50 g/dm?/h). This data was not collected as the fluid
manufacturers did not provide samples for testing. For these fluids, a highest
usable precipitation rate (HUPR) was determined. This rate is the highest rate
for which holdover times can safely be derived from the fluid’s endurance time
data. The HUPR restricts use of these fluids in heavy snow to precipitation
rates at or below the HUPR. These fluids are:

e Clariant Safewing MP Il FLIGHT (100/0, 75/25, 50/50);
e C(Clariant Safewing MP Il FLIGHT PLUS (50/50); and
e Kilfrost ABC-K Plus (50/50).

Preliminary analysis with the historical Type | data sets indicates the data has
generally been validated for use in heavy snow. However, there are some
limitations to this conclusion, as limited data exists in heavy snow and colder
temperatures.

. Heavy snow data was collected with an artificial show machine at very cold

temperatures. This data has not yet been analysed as a result of
inconsistencies with snow machine data that have recently emerged. It may
be analysed in future when these inconsistencies are better understood.
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2. DEVELOPMENT OF HOLDOVER TIMES FOR HEAVY SNOW

As a result of this work:

2.9

. Heavy snow holdover times can now theoretically be provided for all Type I,

Il and IV fluids, with the exception of those with HUPRs below
50 g/dm?/h (identified in item #3 above);

. Limitations on the use of Type I, lll and IV fluid regression information in heavy

snow have been put in place for LWE based systems — these limitations are
published as a table of HUPRs in the TC and FAA Regression Information
publications; and

. Minor changes were made to the previously published LUPR values as a result

of minor modifications to the LUPR analysis methodology; these changes were
published by updating the existing table of LUPRs in the TC and FAA
Regression Information publications.

Recommendations

It is recommended that:

1.

LUPRs and HUPRs be calculated for all new Type Il, lll and IV de/anti-icing
fluids that are submitted for endurance time testing and testing should not be
considered complete until sufficient data is collected to support an LUPR of
3 g/dm?/h and an HUPR of 50 g/dm?/h;

. New fluids submitted for endurance time testing must be submitted early in

the season to ensure sufficient data can be collected at all rates encompassed
in the range 3 to 50 g/dm?/h; and

. TC and FAA consider publishing holdover times for heavy snow for all Type Il,

Il and IV fluids with HUPRs of 50 g/dm?/h.

It is also recommended that consideration be given to the following:

1.

Further work to examine the limitations of the existing Type | fluid endurance
time data in heavy snow at very cold temperatures; and

. Additional analysis with the data collected with Type II, lll and IV fluids in

artificial snow.
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3. PUBLICATION OF HOLDOVER TIME GUIDANCE MATERIALS

3. PUBLICATION OF HOLDOVER TIME GUIDANCE
MATERIALS

This section describes the work APS Aviation Inc. (APS) completed in the winter of
2016-17 in support of Transport Canada (TC) and the Federal Aviation
Administration (FAA) holdover time guidance materials.

3.1 Background

The development and use of holdover time (HOT) guidelines has represented an
important contribution to the enhancement of flight safety in winter aircraft
operations. In the years since their introduction, the HOT guidelines and related
guidance materials have become a standard and essential part of winter operations.
APS plays a significant role in the preparation and management of these documents.

3.2 APS Contribution to HOT Guidance Materials

Over the years, APS has supported TC and the FAA in the development and
management of the HOT guidelines documents. APS completes the following tasks
in support of the HOT guidance materials on an annual basis:

a) Develops fluid-specific HOT and regression tables for new Type Il, Il and IV
anti-icing fluids which undergo endurance time testing;

b) Requests, collects and reviews information provided by fluid manufacturers
related to fluid qualification dates and lowest operational use temperatures
(LOUTs) — this results in updates being made to the list of fluids in the HOT
guidelines;

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

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

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

f) Provides support for the update of the FAA N8900 series document;

g) Restructures guidance material to make it accessible for people with
disabilities;
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3. PUBLICATION OF HOLDOVER TIME GUIDANCE MATERIALS

h) Updates the TC HOT guidelines website on an annual basis (or more frequently
if updates to the HOT guidelines are more frequent); and

i) Hosts the TC HOT guidelines website and monitors and maintains it on an
annual basis.

3.3 Winter 2017-18 Holdover Time Guidance Materials

In August 2017, the 2017-18 HOT Guidelines and Regression Information documents
were finalized. The changes made to the documents are summarized in the
documents themselves and are described in detail in two TC reports:

1. Holdover Time Guidelines: TP 15372E, Aircraft Ground De/Anti-Icing Fluid
Holdover Time Development Program for the 2016-17 Winter (6); and

2. Holdover Time Regression Information: TP 15373E, Regression Coefficients
and Equations Used to Develop the Winter 2017-18 Aircraft Ground Deicing
Holdover Time Tables (5).

The titles of the 2017-18 documents are listed in Table 3.1. Final drafts of the FAA
documents were provided to the FAA publications department. The TC documents

were published on the TC HOT guidelines website (see Subsection 3.4) on
August 9, 2017.

As intended, the FAA finalized and published its N890O0 series notice along with the
other HOT guidance materials, on August 11, 2017.

Table 3.1: 2016-17 HOT Guidance Documents

1. Transport Canada Holdover Time (HOT) Guidelines Winter 2017-2018

HOT

. 2. Guide de Transports Canada sur les durées d’efficacité Hiver 2017-2018
Guidelines

3. FAA Holdover Time Guidelines Winter 2017-2018

4. Transport Canada HOT Guidelines Regression Information Winter
2017-2018

Regression |5. Transports Canada Guide des durées d’efficacité Information de
Information régression Hiver 2017-2018

6. FAA Holdover Time Regression Information Winter 2017-2018
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3. PUBLICATION OF HOLDOVER TIME GUIDANCE MATERIALS

3.3.1 Document Revisions

Supplemental holdover times for snow in the temperature band below -3 to -8°C for
select 100/0 fluids were published on October 12, 2017 in the form of a revision to
the 2017-18 HOT Guidelines. Only fluids for which manufacturers paid a participation
fee were given the supplemental HOTs in the form of a data table in an appendix of
the HOT Guidelines. The HOTs published for temperatures below -3 to -14°C
continued to apply for all fluids that did not choose to participate.

3.4 TC HOT Guidelines Website

In the summer of 2003, TC asked APS to develop and maintain a website for the TC
HOT guidelines to serve as the single source location for HOT information. This was
done to eliminate the safety risks associated with publishing information in multiple
locations, which can result in information discrepancies.

The website was first made available when the 2003-04 HOT guidelines were
published in July 2003, and has been updated regularly since that time (typically
once per year). The website is published in English and French, primarily for Canadian
operators, although the information is made public for others to use.

The website is now used extensively by industry to access the HOT guidelines

documents. Table 3.2 provides information on usage of the website from
October 8, 2008 to August 9, 2017.

Table 3.2: Summary of Traffic on TC HOT Website (10/8/2008 - 8/9/2017)

Hits Page Views Visitors
Total Hits 997,447 \T/‘i’(:j\:spage 268,551 | Total Visitors 119,593

Average Page Average Visitors

Visitor Hits 851,254 Views per Day 82 per Day 36
Average Page

Spider Hits 146,193 | Views per 2.25 Total Unique IPs | 55,793
Visitor

Average Hits 307

per Day

Average Hits 712

per Visitor
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3. PUBLICATION OF HOLDOVER TIME GUIDANCE MATERIALS

3.5 Future Responsibilities

APS will continue contributing to the development of the TC and FAA HOT guidance
materials in the winter of 2017-18. Specifically, APS will continue carrying out the
tasks listed in Subsection 3.2.

In regards to the TC HOT Guidelines website, APS will ensure the website is
operational, in terms of Internet availability, for a one-year period. In the summer of
2018, APS intends to update the website with the new HOT guidelines and
regression information documents.
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4. TECHNICAL REVIEW AND PUBLICATION OF HISTORICAL REPORTS

4. TECHNICAL REVIEW AND PUBLICATION OF HISTORICAL
REPORTS

This section describes the process APS Aviation Inc. (APS) uses to publish the
technical reports it prepares for Transport Canada (TC) and the Federal Aviation
Administration (FAA), details the status of the technical review of reports currently
in the publication process and provides guidance for publishing historical reports in
the future.

4.1 Background

As of November 1, 2016, APS has prepared over 187 reports on aircraft ground icing
research and development on behalf of TC and the FAA. Of these 187 reports,
124 reports have not been published (most are currently at the Final Draft 1.0 phase).
This backlog is attributed to limited resources and shifting priorities within Transport
Development Canada (TDC) and the FAA.

4.2 Objective

To remedy this backlog, APS was tasked by TC and FAA to develop a prioritized list
of unpublished reports, accelerate these reports through the publication process and
release them as Final Version 1.0. The objective of this project for winter 2016-17
was to complete these tasks for 12 reports (targets for subsequent years will be
determined at the completion of each year).

The objective was achieved by utilising the following measures:

e Coordinate and outsource technical review of reports with technical experts;

e Perform technical reviews (to be done by technical experts) and make
necessary updates to prepare reports for final editing and publishing; and

e Provide a status of progress within the monthly progress reports.

4.3 Publication Process and Delivery of Technical Reports

APS produces reports annually for the de/anti-icing research program on behalf of
TC and FAA by utilising a detailed report management process that it has developed
and continuously updated. Figure 4.1 displays the report timeline that offers a global
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4. TECHNICAL REVIEW AND PUBLICATION OF HISTORICAL REPORTS

view of the entire process; it includes all the phases with their respective milestones,
and detailed tasks that are involved in taking a report from initiation to publication.
The report management timeline is comprised of seven phases. The first three phases
are internal to APS and labelled Internal Phase 1, 2 and 3, respectively. The following
four phases are related to publication of a report and are labelled Publication Phase
1, 2, 3 and 4, respectively. Reports typically undergo these phases prior to delivery
of Final Version 1.0.

For the year 2016-17, APS surpassed the goal of 12 reports and published 16
reports, as shown in Table 4.1. These reports were published and delivered to TC
and FAA as Final Version 1.0 in 2016-17.

ina Fina ina ina.
Start Draft Draft Draft :
] Dr Dra Dra Version
Point | 1 20 3 "ﬂ fﬂ o i)
TR e v M [l e s et O P G g i e IS e (e TR P (RSt ] ) (s s e e (P Sl s e [ s e (vl (il £ I ) ]
12 3fafisie)l7| |2ljofj2fir|2 1f1f1fj1 1flrfiffzf2y(fz2f12(z2 21211212 2113133 afzzlizlzllz]2
3 of1f2 3(a)5|6 7Hellolloffr)2z)2]a s5fiel|7]|8 affojry2| Iflafisliel|7lle]2

Figure 4.1: Report Management Timeline
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4. TECHNICAL REVIEW AND PUBLICATION OF HISTORICAL REPORTS

Table 4.1: List of Technical Reports to be Published (2016-17)

No. [ TP Number Report Title Category |Priority| Latest Version PubI;i:ta‘:ion
1 | TP15323E | Aircraft Ground Icing Research General Activities During the 2014-15 Winter gi;ﬁ)’f‘;t‘j‘)’:\‘/’ 1 Final Version 1.0 | March 2017
TP 15275E Investigation of Ice Pho?ic Technologies to Reduce Aircraft Icing in Northern and lce Phobic 2 Final Version 1.0 July 2017
Cold Climates Volume 1 of 4 (Summary Report)
TR s e s o Bt e Sorn o ey |t rtic | 2| st Verson 10| uiy 2017
TP 15278 e e s o+ a3 e 2005 a i ey | toortic | 2| st Vrsion 10|ty 2017
TP 15278 e e s o+ a3 e 2005 T o ey | toortic | 2| st Vrson 10|ty 2017
3 TP 13993E Impact of Winter Weather on Holdover Time Table Format (1995-2002) Readac 3 Final Version 1.0 | November 2017
4 TP 14146E Winter Weather Impact on Holdover Time Table Format (1995-2003) Readac 3 Final Version 1.0 | November 2017
5 TP 14375E Winter Weather Impact on Holdover Time Table Format (1995-2004) Readac 3 Final Version 1.0 | November 2017
6 TP 14444E Winter Weather Impact on Holdover Time Table Format (1995-2005) Readac 3 Final Version 1.0 | November 2017
7 TP 14715E Winter Weather Impact on Holdover Time Table Format (1995-2006) Readac 3 Final Version 1.0 | November 2017
8 TP 14777E Winter Weather Impact on Holdover Time Table Format (1995-2007) Readac 3 Final Version 1.0 | November 2017
9 TP 14870E Winter Weather Impact on Holdover Time Table Format (1995-2008) Readac 3 Final Version 1.0 | November 2017
10 | TP 14934E Winter Weather Impact on Holdover Time Table Format (1995-2009) Readac 3 Final Version 1.0 | November 2017
11 TP 15051E Winter Weather Impact on Holdover Time Table Format (1995-2010) Readac 3 Final Version 1.0 | November 2017
12 | TP 15157E Winter Weather Impact on Holdover Time Table Format (1995-2011) Readac 3 Final Version 1.0 | November 2017
13 | TP 15201E Winter Weather Impact on Holdover Time Table Format (1995-2012) Readac 3 Final Version 1.0 | November 2017
14 | TP 15227E Winter Weather Impact on Holdover Time Table Format (1995-2013) Readac 3 Final Version 1.0 | November 2017
15 | TP 15268E Winter Weather Impact on Holdover Time Table Format (1995-2014) Readac 3 Final Version 1.0 | November 2017
16 | TP 15320E Winter Weather Impact on Holdover Time Table Format (1995-2015) Readac 3 Final Version 1.0 | November 2017
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4. TECHNICAL REVIEW AND PUBLICATION OF HISTORICAL REPORTS

4.3.1 Overall Publication Status of Technical Reports

The overall status of the reports as of November 1, 2016 was as follows:

e Published reports: 63;
e Non-published reports: 124; and
e Total reports: 187.

During 2016-17, the following activities took place:

e Five reports from the 2015-16 research year were delivered to TC/FAA as
Final Draft 1.0;

e One non-classified (confidential) report from the 2015-16 research year
reached the Final Draft 1.0 stage;

e One report from the 2014-15 research year was delivered to TC/FAA as
Final Draft 1.0;

e Two reports from the 2015-16 research year were delivered to TC/FAA as
Final Version 1.0; and

e As stated in Subsection 4.3, 16 reports from the older years were delivered
to TC/FAA as Final Version 1.0.

Therefore, the overall status of the reports as of November 30, 2017 was as follows:

e Published reports: 81;
e Non-published reports: 113; and
e Total reports: 194.

In addition, APS is currently working on 4 reports for the winter 2016-17 research
activities; these are not included in the totals as of November 30, 2017.

Assuming that APS will publish 20 reports per year (4 current year reports, and 16
old reports), it will take approximately 7 years to clear the backlog.

4.4 Conclusions

APS has been involved in writing and publishing technical reports on behalf of TC
and FAA since 1992 and has produced a total of 194 reports. Due to limited TC and
FAA resources, 124 reports were still outstanding and APS was tasked with
developing a prioritized list of unpublished reports that needed to be reviewed and
published. For the year 2016-17, APS published 16 reports, which were delivered to
TC and FAA as Final Version 1.0 in November 2017.
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4. TECHNICAL REVIEW AND PUBLICATION OF HISTORICAL REPORTS

4.5 Recommendations

During the project planning phase (summer 2017), APS, TC and FAA discussed
increasing the number of historical technical reports to be published for the year
2017-18 to 20. Since APS has taken a more active role in completing this project, it
is recommended that proper resources be dedicated to publishing these reports on a
yearly basis. It should also be noted that APS has contracted technical and copy
editors, as well as part-time junior research assistants, to fulfil publication
requirements. APS remains heavily involved in all phases of report publication.
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5. UPDATE OF SAE DOCUMENTS ARP5485, ARPb5945,
ARP5718 AND ARP6207

This section documents the work carried out by APS Aviation Inc. (APS) in support
of the updates made to SAE aerospace recommended practice (ARP) documents
ARP5485, ARP5945, ARP5718 and ARP6207. This work was carried out over the
winter of 2016-17.

5.1 Background

APS has supported the development of SAE aerospace standards related to ground
deicing since the inception of the aircraft ground icing research program in the early
1990s. APS has been instrumental in the development of standards related to test
protocols for endurance time testing. These include the following aerospace
recommended practice documents:

1. ARP5485: Endurance Time Tests for Aircraft Deicing/Anti-Ilcing Fluids SAE
Type I, lll, and IV; and

2. ARP5945: Endurance Time Tests for Aircraft Deicing/Anti-lcing Fluids SAE
Type I.

APS has also contributed to the development of the standards related to the
qualification of de/anti-icing fluids. These include:

1. ARP5718: Qualifications Required for SAE Type [l/III/IV  Aircraft
Deicing/Anti-Icing Fluids; and

2. ARP6207: Qualifications Required for SAE Type | Aircraft Deicing/Anti-lcing
Fluids.

APS personnel were nominated sponsors of these documents several years ago.
However, until the winter of 2016-17, resources were not available to update the
standards.

5.2 Objective

In the winter of 2016-17, Transport Canada (TC) and Federal Aviation Administration
(FAA) tasked APS to work on SAE standards ARP5485, ARP5945, ARP5718 and
ARP6207. The specific objective of the project was to bring these standards up to
date with current industry and regulatory practices.
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5. UPDATE OF SAE DOCUMENTS ARP5485, ARP5945, ARP5718 AND ARP6207

5.3 Tasks

ARP5485, ARP5945 and ARP5718 are existing standards; ARP6207 is a new
standard that is the Type | fluid equivalent to ARP5718.

For the existing standards (ARP5485, ARP5945 and ARP5718), the following tasks
were completed to achieve the objective:

e Researching and drafting changes;

e Presenting the changes to the SAE G-12 Holdover Time (HOT) Committee;
e Balloting the draft documents;

e Finding resolutions/compromises to conflicts;

e Re-balloting the documents as necessary; and

e Working with SAE committee representative and SAE content management
team to finalize documents.

For the new standard (ARP6207), the following tasks were completed to achieve the
objective:
e Researching content and creating an initial draft document;

e Presenting the initial draft document to the SAE G-12 Holdover Time (HOT)
Committee;

e Balloting the draft document;
¢ Finding resolutions/compromises to conflicts;
¢ Re-balloting the document as necessary; and

e Working with SAE committee representative and SAE content management
team to finalize documents.

The primary changes made to the documents, as well as the first ballot results,
conflicts, and resolutions, are detailed in the related presentations given to the SAE
G-12 HOT Committee at the May 2017 meeting in Athens, Greece. These
presentations are documented in Section 6.

5.4 Achievements and Next Steps

At the time of writing of this report, all documents had undergone a second
Committee level ballot. These ballots passed without any technical disapprovals or
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5. UPDATE OF SAE DOCUMENTS ARP5485, ARP5945, ARP5718 AND ARP6207

comments. Therefore, the SAE G-12 HOT Committee has approved the final APS
prepared versions of SAE documents ARP5485, ARP5945, ARP5718 and ARP6207.

It should be noted that the SAE content management team has since updated these
documents, and the next step is for them to be balloted to the SAE Aerospace
Council. This is expected to take place in the fall of 2017, with publication of the
documents to follow soon after.

5.5 Conclusions

Significant effort went into updating ARP5485, ARP5945 and ARP5718, and
creating ARP6207 in the winter of 2016-17. The result of these efforts is production
of the final documents, which have approval of the SAE G-12 HOT Committee.

5.6 Recommendations

It is recommended that resources be dedicated to updating these standards every
two years. This timeframe should suffice in keeping documents current, and the
management process and required resources manageable.

It should be noted that the endurance time testing standards were updated to reflect
current industry, regulatory, and practical testing requirements. Further changes are
recommended to improve the test protocols. These should be considered for the next
update of the documents.
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6. PRESENTATIONS, FLUID MANUFACTURER REPORTS AND TEST PROCEDURES FOR 2016-17

6. PRESENTATIONS, FLUID MANUFACTURER REPORTS AND
TEST PROCEDURES FOR 2016-17

This section contains an account of the test procedures, presentations and fluid
manufacturer reports prepared by APS Aviation Inc. (APS) in the winter of 2016-17.

6.1 Presentations

SAE G-12 Committees hold several meetings each year. During these and other
meetings, APS presents the findings of work that has been completed during the
year. Most of the research presented at these meetings is also eventually
documented in various reports.

In 2016-17, APS gave presentations at the following meetings:

1) SAE G-12 Holdover Time Committee, Montreal, Canada, October 2016;
2) SAE G-12 Holdover Time Committee, Athens, Greece, May 2017;

3) Airlines for America (A4A) Ground Deicing Forum, Washington, USA,
June 2017; and

4) Standing Committee on Operations Under Icing Conditions (SCOUIC), Calgary,
Canada, October 2017.

The presentations given by APS at each of these meetings are listed in the following
subsections. A copy of each presentation listed is contained in Appendix C.

6.1.1 SAE G-12 Holdover Time Committee Meeting, Montreal, Canada,
October 2016

Three presentations were prepared for the SAE G-12 Holdover Time Committee
meeting held in Montreal, Canada in October 2016:

1) HOT Guidelines Fall 2016 Update;
2) Possible Changes to Type lI-IV Generic HOT Tables; and

3) Fluid Application Tables, One Step vs. Two Step, and Reconceptualization.
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6.1.2 SAE G-12 Holdover Time Committee Meeting, Athens, Greece,
May 2017

Nine presentations were prepared for the SAE G-12 Holdover Time Committee
meeting held in Athens, Greece in May 2017:

1) ARP5485 and ARP5945 Update;

2) ARP5718 Update;

3) Development of ARP6207: Process to Commercialize Type | Fluids;
4) Winter 2016-17 Endurance Time Testing Results;

5) Effect of Deployed Flaps and Slats on De/Anti-Icing Fluid HOTs;

6) Research to Develop Highest Usable Precipitation Rates (HUPRs) and HOTs for
Heavy Snow;

7) Changes to HOT Guidelines for Winter 2017-18 (prepared by APS and
presented by Yvan Chabot-Transport Canada, and Charles Enders-Federal
Aviation Administration);

8) Impact of Type IV Fluids not Being Qualified as Type Il Fluids; and
9) Holdover Times for Very Cold Snow.

6.1.3 AA4A Ground Deicing Forum, Washington, USA, June 2017

One presentation was prepared for the A4A Ground Deicing Forum held in
Washington, USA in June 2017:

1) Changes to HOT Guidelines for Winter 2017-18.

6.1.4 Standing Committee on Operations Under Icing Conditions, Calgary,
Canada, October 2017

Two presentations were prepared for the Standing Committee on Operations Under
Icing Conditions (SCOUIC) meeting held in Calgary, Canada in October 2017:

1) Changes to HOT Guidance for Winter 2017-18; and

2) Ground Icing Research Program Projects and Initiatives.
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6.2 Fluid Manufacturer Reports

As part of the holdover time research program, several fluids are tested for holdover
performance each year. The data from fluids that are commercialized is published in
in the related Transport Canada report, TP 15372E, Aircraft Ground De/Anti-Icing
Fluid Holdover Time Development Program for the 2016-17 Winter (6), while the
non-commercialized fluid reports are maintained by the fluid manufacturers for
research purposes.

6.2.1 Holdover Time Testing Reports

Five reports were prepared to document holdover time testing conducted in the
winter of 2016-17. Copies of these reports were provided to the fluid manufacturers
and to the Transport Canada and Federal Aviation Administration project managers.

Four of the reports are for commercialized fluids; these reports can be found in the
appendices of the Transport Canada report, TP 15372E, Aircraft Ground
De/Anti-Icing Fluid Holdover Time Development Program for the 2016-17 Winter (6).
The last report was for an experimental fluid.

The five reports are:

1) Type Il ABAX ECOWING AD-2;

2) Type lll: AllClear AeroClear MAX (Batch # ACM111116-8000 PT);
3) Type IV: CHEMCO ChemR EG IV;

4) Type IV: Oksayd Defrost ECO 4; and

5) One non-commercialized experimental fluid.

A companion document outlining the methodologies used in endurance time testing
of Type II, lll and IV fluid was also prepared and provided to the manufacturers.

6.2.2 Very Cold Snow Holdover Time Testing Reports

Seven reports were prepared to document fluid-specific very cold snow holdover time
testing conducted in the winter of 2016-17. Copies of these reports were provided
to the fluid manufacturers and to the Transport Canada and Federal Aviation
Administration project managers. They are also provided as appendices to the
Transport Canada report, TP 15372E, Aircraft Ground De/Anti-Icing Fluid Holdover
Time Development Program for the 2016-17 Winter (6).
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The seven reports are:

1) Type ll: Clariant Safewing MP Il Flight;

2) Type lll: AllClear AeroClear MAX (Batch # ACM111116-8000 PT);
3) Type IV: Clariant Safewing MP IV Launch;

4) Type IV: Clariant Safewing MP IV Launch Plus;

5) Type IV: DOW Chemical UCAR™ Endurance EG106;

6) Type IV: LNT Solutions E450; and

7) Type ll/IV: Cryotech Polar Guard IlI/Cryotech Polar Guard Advance.

6.3 Test Procedures

Several procedures were developed to guide and support the research team in
conducting tests in the winter of 2016-17. It should be noted that some procedures
used in the winter of 2016-17 were developed in previous years. Table 6.1 provides
the list of the procedures. The procedures have been included as appendices to the
winter 2016-17 reports; the specific reports are listed in the last column of Table 6.1.
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Table 6.1: List of Procedures 2016-17

Program Contract Name of
Element | ID# Latest Version Details Report
# Program Element Procedure
ENDURANCE TIME TESTING FOR Procedure: TEST REQUIREMENTS FOR Version 1.0
1 1.1 |MAINTENANCE AND PUBLICATION OF HOT  |SIMULATED FREEZING PRECIPITATION FLAT S e 200a HOT
GUIDANCE MATERIAL PLATE TESTING '
ENDURANCE TIME TESTING FOR Procedure: TEST REQUIREMENTS FOR Version 1.0
1 1.2 |MAINTENANCE AND PUBLICATION OF HOT  |NATURAL PRECIPITATION FLAT PLATE Dow 23, 2004 HOT
GUIDANCE MATERIAL TESTING '
ENDURANCE TIME TESTING FOR Procedure: DETERMINATION OF ENDURANCE Version 1.0
1 1.3 |MAINTENANCE AND PUBLICATION OF HOT  |TIMES OF TYPE | FLUIDS UNDER NATURAL Dow 14 2007 HOT
GUIDANCE MATERIAL SNOW PRECIPITATION AT DORVAL '
Procedure: ENDURANCE TIME TEST
] 14 EANA?IL\IJTREAI\'I\'ACﬁCTE'“:EgEPSJg\L'lGC;(?EN OF HoT  |REQUIREMENTS FOR SIMULATED SNOW FLAT Final Version 1.2, HOT
: PLATE TESTING WITH TYPE I, II, il AND IV January 23, 2008
GUIDANCE MATERIAL
FLUIDS
1 15 EA&?S?Q&VESCE“:ESEPSJI;T%;?%N OF HOT Procedure: ENDURANCE TIME TESTING IN Version 1.0, Nov 13, 2003 HOT
GUIDANCE MATERIAL FROST WITH TYPE I, II, Ill AND IV FLUIDS + Addendum Jan 4, 2013
ENDURANCE TIME TESTING FOR ?gg'??l\cliénlthT:;éo;'?c:ll\jrl?r:HE'lltl\?lyERlAll\:CIIIEI TAI\II:I/I; \Y Final Version 1.0
1 1.6 [MAINTENANCE AND PUBLICATION OF HOT |70 (0 L m ™ o e N o4 2013 HOT
GUIDANCE MATERIAL . alidation ot Fros s with New an %,
Fluids
ENDURANCE TIME TESTING FOR . .
1 1.7 |MAINTENANCE AND PUBLICATION OF HOT SI\;ERRC%"AEEE%ZT;" OF TESTS AT NRC, FJ::chzriogc;ig' HOT
GUIDANCE MATERIAL '
) , 1 |EVALUATION OF ENDURANCE TIMES ON Procedure: FLAPS AND SLATS RESEARCH - Final Version 1.0, FLAPS
" |DEPLOYED FLAPS AND SLATS COMPARATIVE AIRFOIL TESTING December 15, 2016
ENDURANCE TIME TESTING IN SNOW . .
17 17.1 |CONDITIONS AT VERY COLD TEMPERATURES Er(;’fgd‘;;\'/lPNQAUTFLARLEgNOW TESTING AT VERY 5'22' ;/rers;ggﬂ' HOT
TO VALIDATE HOTS AT -25°C uary <
ENDURANCE TIME TESTING IN SNOW Procedure: ARTIFICIAL SNOW TESTING AT Final Version 1.0,
17 17.2 |CONDITIONS AT VERY COLD TEMPERATURES ||, et ol oo e o March 13, 2017 HOT
TO VALIDATE HOTS AT -25°C '
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4.3

TRANSPORTATION DEVELOPMENT CENTRE
WORK STATEMENT EXCERPT
AIRCRAFT & ANTI-ICING FLUID
WINTER TESTING 2016-17

Exploratory Research and Standards - Priority 1

Note: This program element includes research activities that will be pursued on an
exploratory and ad-hoc basis, including the preparation of standards that may be
developed based on the results of research accomplished. The purpose of this activity is
to allow for ad-hoc participation at meetings and preliminary testing, the need for which
arise from current industry issues. These activities may include, but are not limited to:

a)

Support activities of SAE G-12 Aerodynamics Workgroup;
Support activities of Ice Detection Workgroup;

Support the rewrite of TP14052 through attendance of all meeting and
consultations and providing additional technical support as needed;

Participate in discussion or meetings related to Ice Phobic coatings research
(i.e. SAE G8/G9);

Provide support for further development of SAE aircraft ground deicing
standards and review updates to these standards that are balloted by SAE;

Advance use of tablets for electronic flight bags;

Evaluate runway deicer fluid performance;

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

Evaluate the limitations of hot water deicing;

Investigate the feasibility of infrared system development for northern
climates;

Participate in discussion or meetings related to the Vvisibility table
harmonization;

Support research into use of LWE systems with existing HOT tables;

Evaluate endurance times for indoor warm soaked anti-icing applications
(hangar);

Evaluate the effects of manual snow removal method and effects on
aerodynamics;

Participate in fluid requalification working group (WSET, AERO, and HOT
testing);
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o))
r

s)

4.5

a)
b)

c)

4.7

a)

c)

Investigate replacement of reefer trailer;

Conduct research at the request of the TC Research Officer to address
imminent industry dance or to investigate safety concerns;

Investigation into non-glycol (acetate based) Type | compatibility with
Type Il/IV fluids;

HOTs on aircraft Radome and use as a representative surface;

Development of lookup table for association of METAR report to specific
holdover time table cells; and

Investigation into effect of elevation on radiative cooling during the taxi phase
(Frost at LOUT).

Continued Heavy Snow Endurance Time Research to Develop HUPRs
for All Data Sets - Priority 2

Acquire necessary fluid samples for testing of problematic fluids;

Conduct viscosity tests with new fluid samples;

Conduct outdoor testing to collect HOT data in snow at heavy rates of
precipitation (>25 g/dm?/h). Conduct indoor snow testing to supplement the
outdoor data only if required;

Analyze the data collected using the HUPR analytical approach to determine
HUPRs and heavy snow ETs for all data sets;

Report the findings and prepare presentation material for the SAE G-12
meetings; and

Incorporate HUPRs into the regression information publications.

Update Source Documents for Maintenance and Publication of HOT
Guidance Material - Priority 1

Maintain a log of proposed changes to the HOT guidelines;

In consultation with the regulators, review long-lead issues during the winter
months and recommend changes that should be made for the following
season;

Coordinate, plan and lead discussions between TC and FAA to resolve
outstanding issues, further harmonize guidance materials, and find appropriate
ways to incorporate new guidance into the HOT guidance documents;

Update the TC and FAA HOT guidance documents (HOT Guidelines,
Regression Information, N8900 series notice) with data/guidance from new
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e)

f)

4.9

a)

testing and research, new information collected, changes made to SAE
standards, and input from users;

Post the 2016-17 TC HOT guidelines documents online and post updates (not
budgeted) that may be needed in special circumstances; and

Ensure the TC HOT guidelines website is operational, in terms of internet
availability, for a one-year period.

Provision for Support Services and Other Activities - Priority 1

Provide support services to assist with program coordination, reviewing,
packaging and formatting reports.

4.12 Technical Review, Approval, and Publishing of Technical Reports

a)

b)

d)

(12 Reports per Year) — Priority 2

Develop prioritized list of unpublished APS reports to be reviewed and
published;

Coordinate and outsource technical review of reports with technical experts;

Perform technical review (to be done by technical experts), and make
necessary updates to the reports to prepare the document for final editing and
publishing. The target is to complete this for 12 reports per year; and

Provide a status of the progress within the monthly progress reports.

4.13 Update SAE Research Protocol Documents ARP5485, ARP5945,

a)
b)
c)
d)

e)

f)

ARP5718 and ARP6207 - Priority 2

Further develop, advance and ballot, as required, SAE ARP 5485;
Further develop, advance and ballot, as required, SAE ARP 5945;
Further develop, advance and ballot, as required, SAE ARP 5718;

Develop and ballot SAE ARP 6207 (this document will be the Type | equivalent
to ARP 5718);

Prepare necessary presentation material for SAE G-12 committee meetings;
and

Report on progress.
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4.14 Infrastructure for TC/FAA Aircraft Ground Icing Research
Program - Priority 1

4.14.1 Infrastructure for FAA/TC Guideline Development

This program element does not include the actual endurance time testing of newly
submitted fluids; the description of the fluid endurance time testing has been
included in a previous section of this document and will be funded by the fluid
manufacturers.

Fluid Management

a) Receive and catalogue fluids;

b) Verify viscosity of newly received fluids and, at the request of TC/FAA, verify
viscosity of fluids in inventory intended for testing use; and

c) Maintain log of fluid inventory and viscosity information.

Preparation and Setup for Natural and Artificial Snow Testing

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

h) Upgrade test site infrastructure (i.e.: trailer, shed, snowmachine) to ensure
personnel safety and adhere to environmental guidelines;

i) Prepare an updated procedure for testing fluids outdoors during snow events;

)] Prepare an updated procedure for testing fluids with the snowmaker, as
required;

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

) Develop improved, more efficient methods to measure snowfall intensity or
holdover times, if appropriate; and

m) Update and maintain iPad based HOT testing data form.

Preparation and Setup for Simulated Precipitation Testing at NRC

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

Note: The NRC facility costs associated with testing at U89 are not included in this
task and are dealt with directly with TC through a M.0.U. agreement with NRC,

b) Coordinate scheduling and test plans with NRC CEF personnel;
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c)

d)

e)

f)

Prepare a test procedure for the conduct of endurance time tests in simulated
precipitation at the NRC CEF;

Conduct calibration to attain appropriate test conditions for each weather
condition represented in the holdover time tables;

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

Update and maintain the NRC Rate Calculation software.

General Activities

a)
b)
c)
d)

Analyze individual fluid HOT data to develop generic Type Il and Type IV HOTs;
Maintain data to ensure continuity;
Present material and data at SAE G-12 meeting; and

Prepare report.

4.14.2 Infrastructure for FAA/TC Research and Development - Priority 1

This program element does not include the actual research and development
testing; the description of these program elements has been included in other
sections of this document and has been budgeted separately.

Fluid Management

a)
b)

c)

Receive and catalogue fluids;

Verify viscosity of newly received fluids and, at the request of TC/FAA, verify
viscosity of fluids in inventory intended for testing use; and

Maintain log of fluid inventory and viscosity information.

Preparation and Setup for Natural and Artificial Snow Testing at Trudeau International

Airport

a)

b)

c)
d)

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

Upgrade test site infrastructure (i.e.: trailer, shed, snowmachine) to ensure
personnel safety and adhere to environmental guidelines;

Prepare an updated procedures for testing fluids outdoors during snow events;

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

Develop improved, more efficient methods to measure snowfall intensity or
holdover times, if appropriate.

Preparation and Setup for Simulated Precipitation Testing at NRC

a)

b)

c)

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

Note: The NRC facility costs associated with testing at U89 are not included in this
task and are dealt with directly with TC through a M.0.U. agreement with NRC,

Coordinate scheduling and test plans with NRC CEF personnel;

Prepare a test procedure for the conduct of endurance time tests in simulated
precipitation at the NRC CEF;

Conduct calibration to attain appropriate test conditions for each weather
condition represented in the holdover time tables; and

As the cost for this activity is highly weighted on calibration of precipitation
rates, evaluate and, if possible, develop an improved, more efficient method
to measure intensity of precipitation.
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Memo
TO: Antoine Lacroix, Transport Canada cc: Yvan Chabot, Transport Canada
Warren Underwood, FAA Chuck Enders, FAA
FROM: Stephanie Bendickson, APS Aviation DATE: April 11, 2017
lohn D’Avirro, APS Aviation
RE: Determination of Highest Usable Precipitation Rates (HUPR) and Appropriate Holdover Times for

Heavy Snow for ABAX Ecowing 26

Background: Project

Transport Canada and the FAA contracted APS to conduct research to determine appropriate highest usable
precipitation rates (HUPRs) in snow and appropriate holdover times for heavy snow for Type I1, lll, and IV fluids over
the winters of 2015-16 and 2016-17. This project included analysis of original endurance time data, collection of fluid
samples, collection of endurance time data with these samples, and final analysis of historic and new data.

Background: ABAX Ecowing 26
ABAX Ecowing 26 was originally submitted for endurance time testing in the winter of 2000-01.

In the winter of 2012-13, APS undertook a project to determine holdover times for light and very light snow for select
Type II/IV fluids. The original Ecowing 26 snow endurance time data sets were examined. The 100/0 and 50/50 data
sets were found to have sufficient data to determine light and very light snow holdover times, but the 75/25 data
set was found to be lacking data at low precipitation rates. Supplemental data was collected that winter with the
75/25 fluid at low precipitation rates. Adjusted regression curves were used to provide HOTs for light and very light
snow as the supplemental data did not support the existing regression curves.

Data and Analysis: ABAX Ecowing 26

In the winter of 2015-16, the original Ecowing 26 snow endurance time data was re-examined in the context of heavy
snow. It was found the data set lacked data at precipitation rates above 25 g/dm?/h {heavy snow).

& ABAX subsequently submitted samples of the 100/0, 75/25 and 50/50 dilutions for supplemental data
collection in 2015-16. The viscosities of the 75/25 and 50/50 dilutions were found to be inappropriate for
testing. The viscosity of the 100/0 sample was appropriate.

« Data collected with the 100/0 sample in heavy snow in the winter of 2015-16 lined up with the regression
curves derived from the original endurance time testing. The data confirmed the original curves are
appropriate to provide HOTs to the maximum HUPR of 50 g/dm?/h.

e Additional 75/25 and 50/50 samples were provided by ABAX for testing in the winter of 2016-17. The
viscosities were found to be appropriate. Data callected with the 75/25 and 50/50 samples in heavy snow
in the winter of 2016-17 was somewhat below / shorter than the regression curve derived from the original
endurance time testing. This indicates shorter endurance times at higher precipitation rates.

Figures 1to 3 show the original snow endurance time data sets and regression curves. Figures 4 to 6 show the original
data plus the additional data collected over the winters of 2015-16 and 2016-17. Data collected at low precipitation
rates in the winter of 2012-13 as part of the project to determine HOTs for light and very light snow is also plotted
on the 75/25 chart. The regression curves shown in Figures 4to 6 are derived from the combined data sets.

Page1of5
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Explanation

When new fluids are submitted for holdover time testing, they are tested in the natural snow weather conditions
that occur at the APS Montreal-Trudeau Airport test site that winter. Conditions and storms vary from winter to
winter. In the case of Ecowing 26, very limited data was collected in heavy snow.

When data is “missing,” especially at low/high precipitation rates and/or temperatures, the shapes of the regression
curves are affected. In the case of Ecowing 26 75/25 and 50/50 case, the curves (and subsequently the related
holdover times) were artificially high at higher precipitation rates.

Separately, the data collected with Ecowing 26 75/25 in the winter of 2012-13 indicated an issue with the original
regression curves at low precipitation rates.

Conclusion and Recommendation

The testing conducted with Ecowing 26 100/0 in 2015-16 validated the appropriateness of the original regression
curves at high rates of precipitation. The research supports an HUPR of 50 g/dm?2/h.

The testing conducted with Ecowing 26 75/25 and 50/50 in 2016-17 indicates the original snow endurance time data
collected is insufficient to provide appropriate holdover times above the precipitation rates encompassed by
moderate snow. Our analysis shows the currently published snow holdover times for Ecowing 26 75/25 and 50/50
at higher precipitation rates are likely too high and that an HUPR beyond 25 g/dm?/h is not appropriate.

We therefore recommend that the Ecowing 26 75/25 and 50/50 holdover times be modified for the winter of
2017-18. The modified holdover times should be derived from the combined data set of the original HOT testing
data and the data collected in 2016-17. For the 75/25 dilution, the data collected in 2012-13 should also be included.
The recommended holdover times are shown in Table 1 (FAA format) and Table 2 (TC format).

If these changes are made, the recommended HUPRs for Ecowing 26 100/0, 75/25 and 50/50 will be 50 g/dm?%/h —
the highest possible value.

Special Consideration

ABAX has advised APS that this fluid will not be on the market as of 2017-18. If the fluid is not expected to be used,
the recommended changes to holdover times may not be required if the HUPR is limited to 25 g/dm?/h. However,
consideration should be given to fluid already delivered to users and its possible existence in inventory and potential
use in 2017-18.

Note

Comprehensive verification of the data and corresponding holdover times presented herein is ongoing. This
verification will be completed prior to publication of the 2017-18 holdover time guidelines. You will be advised
should the verification result in changes to any of the information contained herein.

Page 2 of 5
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ABAX Ecowing 26 100/0
NATURAL SNOW - ORIGINAL DATA

ABAX Ecowing 26 100/0
NATURAL SNOW - COMBINED DATA

® Goneric HOTs (-3°C and above

® Generic HOTs (Below -3 1o -14°C)

—Regression Curve (-2°C)

—Regression Curve (-14°C)

240
B Data Foints [-39C and sbavel 290 B Data Peints -3°C and above)
W Data Points IBsiow -3 18 -147G)
B Data Ponts (Below -9 to -12°C) 200
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Figure 1: 100/0 Original Data Figure 4: 100/0 Combined Data
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Figure 3:; 50/50 Original Data Figure 6: 50/50 Combined Data
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TABLE 1: RECOMMENDED CHANGES TO HOLDOVER TIMES FOR
ABAX ECOWING 26

(FAA FORMAT)
Outside Air Temperature % e Approximate Holdover Times Under Various Weather Conditions (hours:minutes)
ype i
Concentration FregsiniciFa Snow, Snow Grains or Light
Degrees Degrees Neat-Fluid/Water nrg 9 Snow Pellets Freezing Freegzin Rain on Cold Other
Celsius Fahrenheit |{Velume %/\olume %) N _ Drizzle A g Soaked Wing
Ice Crystals | Moderate Light | Very Light Rain
100/0 1:25-2.36 0:40-1:00 1.00-1:356 | 1:36-1:50 [ 0:560-1:35 | 0:40-0:50 0:25-0:45
025048 | 048418 | 16428
e 27 and 75125 1:05-1.55 ) 0:45-1.05 | 0:25-0:35 | 0:25-0:45
abave above 0:20-0:40 | 0:40-1:20 | 1:20-1:40
0:40-0:20
50/50 0:30-0:45 0:20-0:40 | 0:40-0:50 | 0:15-0:25 | 0:08-0:10
0:07-0:20
100/0 0:45-2.15 | 0:35-0:55 | 0:55-1:25 | 1:25-1:40 | 0:30-1:10 | 0:15-0:35 CAUTION:
bolGi o No holdover time
3t 14 27107 025040 | 0:40-0:55 | 0:55-1:05 guidelines exist
75/25 0:35-1:15 0:20-0:50 | 0:15-0.25
0:15-0:30 | 0:30-0:55 | 0:55-1:10
below below SE
41025 71013 100/0 0:25-0:145 | GENERIC | GENERIC | GENERIC
Decreases in red
Increases in blue
Page 4 of 5

TABLE 2: RECOMMENDED CHANGES TO HOLDOVER TIMES FOR
ABAX ECOWING 26
(TRANSPORT CANADA FORMAT}

Outside Air ’ Approximate Holdover Times Under Various Weather Conditions
Temperature Type ll Flu_ld (hours:minutes)}
Conge n
Neat i i i
Degr_eos Dsgrees_ i e Freezl:rg Fog |Snow, Snow Grains or Snow Pellets Fregzing Frl;lagz';:]g Rain on CE)Id .
Celsius |Fahrenheit| volume s%avolume %) lce Crystals | Moderate Light Very Light Drizzle Rain Soaked Wing
100/0 1.25-2:3% | 0:40-1.00 [1:00 - 1:35 1:35 050 -1:35 | 0:40-0:50 | 0:20-1.25
Aand 27 and OE 4 0:26—0:45 | D45 — 146 15 g T A
e el 75/25 1051158 | 150 _ 540 | 040 — 1.20 120 045 -1:05 | 025 -035 | 010100
50/50 030-045 | 2327020 0000|040 | 015 - 0:25 | 0:08- 0110
100/0 0:45 -2:15 | 0:35 - 0:55 |0:55 - 1:25 1:25 0:30 - 1:10 | 0:15-0:35 CAUTION:
below -3 | below 27 No holdaver
ta-14 to7 026040 |0:40 — 0:55 time guidelines
75025 0:35 - 1115 015 — 030 | 0-30 — 0:55 055 0:20 - 0:50 | 0:15 - 025 St
below -14 | below 7 s
t© .25 .13 100/0 0:25-0:45 | GENERIC | GENERIC | GENERIC

Decreases in red
Increases in blue

Page 5 f 5
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Memo
TO: Antoine Lacroix, Transport Canada cc: Yvan Chabot, Transport Canada
Warren Underwood, FAA Chuck Enders, FAA
FROM: Stephanie Bendickson, APS Aviation DATE: April 11, 2017
John D'Avirro, APS Aviation
RE: Determination of Highest Usable Precipitation Rates (HUPR) and Appropriate Holdover Times for

Heavy Snow for ABAX Ecowing AD-49 and Dow UCAR FlightGuard AD-49

Background: Project

Transport Canada and the FAA contracted APS to conduct research to determine appropriate highest usable
precipitation rates (HUPRs) in snow and appropriate holdover times for heavy snow for Type [I, lll, and IV fluids over
the winters of 2015-16 and 2016-17. This project included analysis of criginal endurance time data, collection of fluid
samples, collection of endurance time data with these samples, and final analysis of historic and new data.

Background: ABAX Ecowing AD-49 / Dow UCAR FlightGuard AD-49

ABAX Ecowing AD-49, which is also marketed under the brand name Dow UCAR FlightGuard AD-49, was submitted
late in the season the year it was tested (2008-09). As a result of its late submission and of weather conditions in
Montreal that winter, the endurance time collected was somewhat limited. Nevertheless, it was found sufficient to
provide holdover times for moderate snow (the only snowfall intensity for which HOTs were provided at that time).

In the winter of 2012-13, APS undertook a project to determine haldover times for light and very light snow for select
Type II/IV fluids. The original AD-49 snow endurance time data set was examined and found to be lacking data at
low precipitation rates. Supplemental data was collected at low precipitation rates. It was found to meet ar exceed
the HOTs predicted by the existing regression curves.

Data and Analysis: ABAX Ecowing AD-49 / Dow UCAR FlightGuard AD-49

In the winter of 2015-16, the original AD-49 snow endurance time data was re-examined in the context of heavy
snow. It was found the data set lacked data at precipitation rates above 25 g/dm?/h {heavy snow). It was also noted
that the coldest temperature at which data was collected with the 100/0 and 75/25 fluids was -9°C; ideally data is
collected to -14°C.

s ABAX subsequently submitted samples of the 10040, 75/25 and 50/50 dilutions for supplemental data
collection in 2015-16. The viscosity of the 100/0 sample was found to be below the LOWYV. The data
collected with this sample was not used, The viscosities of the 75/25 and 50/50 samples were appropriate.

e Data collected in the winter of 2015-16 with the 75/25 sample did not line up with the regression curve
derived from the original endurance time testing. The data indicated shorter endurance times at higher
precipitation rates and lower temperatures. Data collected in the winter of 2015-16 with the 50/50 sample
lined up with the criginal data regression curve and confirmed the appropriateness of the existing holdover
times and regression coefficients for higher precipitation rates.

+ Additional 100/0 and 75/25 samples were provided for further testing in the winter of 2016-17. These
samples were provided by Dow. The viscosities were found to be appropriate. Data collected with the 75/25
sample confirmed the results observed in 2015-16; the data indicated shorter endurance times at higher
precipitation rates and lower temperatures. Similarly, the data collected with the 100/0 sample indicated
shorter endurance times at higher precipitation rates and lower temperatures.
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Figures 1 to 3 show the original snow endurance time data sets and regression curves. Figures 4 to 6 show the original
data plus the additional data collected over the winters of 2015-16 and 2016-17. Data collected at low precipitation
rates in the winter of 2012-13 as part of the project to determine HOTs for light and very light snow is also plotted
on the charts. The regression curves shown in Figures 4 to 6 are derived from the combined data sets.

Explanation

When new fluids are submitted for holdover time testing, they are tested in the natural snow weather conditions
that occur at the APS Montreal-Trudeau Airport test site that winter. Conditions and storms vary from winter to
winter. In the case of AD-49, no data was collected in heavy snow and no data was collected below -9°C.

When data is “missing,” especially at low/high precipitation rates and/or temperatures, the shapes of the regression
curves are affected. In the case of AD-49 100/0 and 75/25, the curves (and subsequently the related holdover times)
were artificially high at higher precipitation rates due to the lack of data in this area.

Conclusion and Recommendation

It seems the original snow endurance time data collected with AD-49 was insufficient to provide holdover times
above the precipitation rates encompassed by moderate snow.

Our analysis shows the currently published snow holdover times for AD-49 100/0 and 75/25 at higher precipitation
rates are likely too high. In addition, data collected with these fluids at lower precipitation supports longer holdover
times for lighter rates. We therefore recommend that the holdover times for AD-4¢ 100/0 and 75/25 be modified
for the winter of 2017-18. The modified holdover times should be derived from the combined data set of the original
HOT testing data, the data collected in 2015-16, the data collected in 2016-17, and the data collected in 2012-13.
The recommended holdover times are shown in Table 1 (FAA format) and Table 2 {TC format).

If these changes are made, the recommended HUPRs will be 50 g/dm?/h — the highest possible value.

Note

Comprehensive verification of the data and corresponding holdover times presented herein is ongoing. This
verification will be completed prior ta publication of the 2017-18 holdover time guidelines. You will be advised
should the verification result in changes to any of the information contained herein.
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ABAX/DOW AD-49 100/0
NATURAL SNOW - COMBINED DATA SET

L @ Generic HOTa (Below 2 1o -14°G)

——fRegression Cure (-39C)

—Regression Curve (-14°C)

240
B Data Foints (-3°C and abovel 220 W Data Foints ¢3°C and above]
B Data Points (Selow 8 1o -14°C) - Som o P Lo
. ® Generic HOTs 1-9°C andl above)
® Genenc HOTa (-3°C snd sbouel
180 @ Generic HOTs (Below -3 10 -144C)

*u

A —Regression Curve (9°C)
o — Regrassion Curve (-14°GI
A A 201617 Data Pointa (-3°C and sbove)
& i a 4 2016-17 Data Poimis (Below -2 10-14°C)
Al ® 201213 Data Points Melow -3 1o -147C)

Fallure Time {min)

—Regression Curve -3°C)

0 = \‘\_“_ 0 \!4‘\
40 ' 20 ‘F‘T_\L‘__
‘—_—_-“—AI—L—“
20 P
0 1]
] 5 10 15 20 25 a0 35 40 45 50 10 18 20 25 30 a5 a0 45 50
Rate of Preoipitation (g'dm?/h} Rate of Preoipitation (g/dm*/h}
Figure 1: 100/0 Original Data Figure 4: 100/0 Combined Data
ABAX/DOW AD-49 75/25 ABAX/DOW AD-49 75/25
NATURAL SNOW - ORIGINAL DATA NATURAL SNOW - COMBINED DATA SET
W Dat Points (Below 2 to -14°C) B Data Pointe (Belew -3 to - 144C)
200 200 ® Generic HOTs (-3°C and abovel
@ Generic HOTs {-3"C and above) & Generic HOTs (Below -3 to -14°C)
E0 ® Generic KOTs (Below -3 10 -149C) 180 —flegression Curve (-3°C)
i i — Aegression Curve 114°C)

4 201616 Data Pomta ( 3°C and soove)
4 2016-17 Data Poims (-3°C and abave)

4 2015-18 Data Points (Below -3 to -14°€)
4 2016-17 Data Points (Belovs -3 to -14°C)
# 201213 Data Poimts (Below -3 10 14°C)

Failure Time {min)

60 .
20 ' ™ 40 Y e A
— |
20 20 F_V—"‘_it—;—-l——‘__
0 0
o & 10 16 20 25 a0 35 a0 45 50 10 15 20 25 30 as a0 45 50
Rate of Prooipitation (g/dm?/hi Rate of Prooipitation (g/dm*/h|
Figure 2; 75/25 Original Data Figure 5: 75/25 Combined Data
ABAX/DOW AD-49 50/50 ABAX/DOW AD-49 50/50
NATURAL SNOW - ORIGINAL DATA NATURAL SNOW - COMBINED DATA SET
B Cata Foints 13°C ana ahove) B 0313 Poimes (376 ane avove)
® Gananc HOTs (35 and sbove)
200 200 ——Regression Curve [-2°C}
® Generic HOTs (3°C and above)
& i * 201516 Dats Foms (35 ana abavel
® 201213 Dato Ports (99 and abvel
60 ——Regression Curve (-3°C)

# 2015-16 Dat Ponts (6°C)

5 0 15 20 25 0 a5 a0 as 50

Rats of Procipitation (g/dme/h}

10 15 20 25 30 a5 a0 as 50
Rats of Procipitation (g/dm=/h

Figure 3: 50/50 Original Data

Page 3 of 5

Figure b6: 50/50 Combined Data

M:\Projects\PM2480.003 (TC Deicing 2016-17)\Reports\General & Exploratory\Final Version 1.0\Report Components\Appendices\Appendix B\Appendix B.docx

B-9

Final Version 1.0, August 18




APPENDIX B

TABLE 1: RECOMMENDED CHANGES TO HOLDOVER TIMES FOR
ABAX ECOWING AD-49 AND DOW UCAR FLIGHTGUARD AD-49
(FAA FORMAT)
Outside Air Temperature T — Approximate Holdover Times Under Various Weather Conditions (hours:minutes)
ype ui
Concentration F ing F Snow, Snow Grains or s
Degrees Degrees Neat-Fluid/Water reezglrg °9 Snow Pellets Freezing Frele?zing Rain on Cold Other
Celsius | Fahrenheit [{Volume %/Volume %) Drizzle . Soaked Win
= *'| Ice Crystals | Moderate | Light | Very Light = Rain 9
110-1:50 [ 1:50-2:50 | 2:50-3:00
100/0 3:20-4.00 1:25-2:00 | 1:00-1:25 0:10-1:55
1:.00-1:55 | 1:65-3:00 | 3:00-3:00
-3 and 27 and 4:20440 | 1402:05 | 2.05.2:15
above above ThI25 2:25-4.00 1.66-2:00 | 0:50-1:30 0:10-1:40
0:45-1.35 1.35-3:.00 | 3:00-3.00
50/50 0:25-0:50 0:15-0:25 | 0:25-0:40 | 0:40-0:45 | :15-0:30 | 0:10-0:15
440-4:50 | 480250 | 250300
100/0 0:20-1:35 0:25-1:257 | 0:20-0:257
0:40-1:15 | 1:15-2:26 | 2:25-3:00 CAUTION:
below below No holdover time
-3to-14 27to7 :204:40 140-2:05 | 2:06-2:45 guidelines exist
75/25 0:30-1:10 0:15-1:057 | 0:15-0:257
0:30-1:05 1:.05-2:15 | 2:15-2:55
below below .
ato 26 Tto 148 100/0 0:25-0:40 GENERIC | GENERIC | GENERIC
Decreases in red
Increases in blue
*Note: FAA cap on snow holdover times is 3 hours
Page 40f 5
TABLE 2: RECOMMENDED CHANGES TO HOLDOVER TIMES FOR
ABAX ECOWING AD-49 AND DOW UCAR FLIGHTGUARD AD-49
(TRANSPORT CANADA FORMAT)
OQutside Air Approximate Holdover Times Under Various Weather Conditions
Temperature Type IV Fluid {hours:minutes)
o e
Degrees | Degrees |Neat Flnuileatuer Freezing Fog | Snow, Snow Grains or Snow Pellets Freezing | [, Light Rain on Cold | .
Celsius |Fahrenheit e e Bt Drizzle ree?lng Soaked Wing i
Ice Crystals | Moderate Light Very Light Rain =
5 440 —4:50 | 450 — 2:00 = 5
100/0 3:20-4:00 100 =155 | 155 — 200 2:.00 1.25-2:00 | 1.00-1:25| 0:10-1:55
-3 and 27 and s : 20—14:40 | 440 -2:00 . . . 3
e BEoe 7525 2:25-4:00 045 — 135 | 1-35— 200 2:00 1:55-2:00 | 0:50—1:30 | 0:10-1:40
80/50 0:26 - (50 | 015 -0:25 | 0:26 — (40 0.40 015 -0:30 | 10-0:19
g : i 3 450 -2:00 ; . CAUTION
T pr— 100/0 0:20-1:35 | 540 _ 1115 | 115 —2:00 2:00 0:25-1:25 | 0:20-0:25 Ne holdover
time guidelines
to-14 to7 420 -1:40 | 1240 -2:00
75/25 0:30-1:10 030 — 1-05 | 1:05 — 2:00 2:00 0:15-1:05 | 0:115-0:25 exist
beiow=145| below:? 100/0 0:25-0:40 | GENERIC | GENERIC | GENERIC
to -26 to-14.8
Decreases in red
Increases in blue
*Note: Transport Canada cap on snow haldover times is 2 hours
Page 5 f 5

M:\Projects\PM2480.003 (TC Deicing 2016-17)\Reports\General & Exploratory\Final Version 1.0\Report Components\Appendices\Appendix B\Appendix B.docx
Final Version 1.0, August 18



CRYOTECH POLAR GUARD Il / CRYOTECH POLAR GUARD ADVANCE






APPENDIX B

Memo
TO: Antoine Lacroix, Transport Canada cc: Yvan Chabot, Transport Canada
Warren Underwood, FAA Chuck Enders, FAA
FROM: Stephanie Bendickson, APS Aviation DATE: April 11, 2017
John D'Avirro, APS Aviation
RE: Determination of Highest Usable Precipitation Rates (HUPR) and Appropriate Holdover Times for

Heavy Snow for Cryotech Polar Guard Advance and Cryotech Polar Guard Il

Background: Project

Transport Canada and the FAA contracted APS to conduct research to determine appropriate highest usable
precipitation rates (HUPRs) in snow and appropriate holdover times for heavy snow for Type [I, lll, and IV fluids over
the winters of 2015-16 and 2016-17. This project included analysis of criginal endurance time data, collection of fluid
samples, collection of endurance time data with these samples, and final analysis of historic and new data.

Background: Cryotech Polar Guard Advance and Polar Guard II

Cryotech Polar Guard Advance is a Type IV fluid that was submitted for endurance time testing late in the winter of
2010-11 {February 2011}. The Polar Guard Advance formulation is also marketed as a Type |l fluid under the brand
name Polar Guard Il.

Data and Analysis: Cryotech Polar Guard Advance

Analysis of the Polar Guard Advance original snow endurance time data set indicated a lack of data at precipitation
rates above 25 g/dm?/h {heavy snow)}. Cryotech subsequently submitted samples of the neat, 75/25 and 50/50
dilutions for supplemental testing in the fall of 2015.

Data collected in heavy snow in the winter of 2015-16 did not line up with the regression curves derived from the
original endurance time data set. The data indicated shorter endurance times at higher precipitation rates. A second
set of samples was provided by Cryotech for testing in the winter of 2016-17. This was done as it was thought the
way the 2015-16 samples were prepared impacted the fluid’s performance. However, this turned out not to be the
case as the data collected in the winter of 2016-17 confirmed the results observed in 2015-16.

Figures 1 to 3 show the original Polar Guard Advance snow endurance time data sets and regression curves. Figures
4 to 6 show the original data plus the supplemental data collected over the winters of 2015-16 and 2016-17. Data
collected at low precipitation rates in the winter of 2012-13 as part of a project to determine holdover times for light
and very light snow is also plotted on the charts. The regression curves shown in Figures 4-6 are derived from the
combined data sets. There are differences, some significant, between these curves and the original curves. Note the
curves determine holdover times; therefore, differences in curves means differences in holdover times.

Explanation

When new fluids are submitted for holdover time testing, they are tested in the natural snow weather conditions
that occur at the APS Montreal-Trudeau Airport test site that winter. Conditions and storms vary from winter to
winter. In the case of Polar Guard Advance, no heavy snow data was collected. This is likely partially a result of the
weather conditions in Montreal that winter and of the late submission of the fluid in the winter. When data is
“missing,” especially at low/high precipitation rates and/or temperatures, the shapes of the regression curves are
affected. In this case, the missing data led to curves {and subsequently the related holdover times) that were
artificially high at higher precipitation rates.
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Conclusion and Recommendation

Our analysis shows the currently published snow holdover times for Polar Guard Advance and Polar Guard Il at higher
precipitation rates are likely too high. In addition, data collected at lower precipitation supports longer holdover
times at lighter rates. We recommend that the holdover times for these fluids be modified for the winter of 2017-18.
The modified HOTs should be derived from all data collected to date with this fluid: the original HOT testing data,
the heavy snow data collected in 2015-16 and 2016-17, and the light snow data collected in 2012-13. The
recommended holdover times are shown in Table 1 {FAA format) and Table 2 (TC format).

If these changes are made, the recommended HUPRs will be 50 g/dm?/h — the highest possible value.

Note

Comprehensive verification of the data and corresponding holdover times presented herein is ongoing. This
verification will be completed prior to publication of the 2017-18 holdover time guidelines. You will be advised
should the verification result in changes to any of the information contained herein.
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Cryotech Polar Guard Advance/I1 100/0
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TABLE 1: RECOMMENDED CHANGES TO HOLDOVER TIMES FOR
CRYOTECH POLAR GUARD® ADVANCE AND POLAR GUARD® II

(FAA FORMAT)
Outside Air Temperature - el Approximate Holdover Times Under Various Weather Conditions (hours:minutes)
ype ui
Concentration FregsiniciFa Snow, Snow Grains or Light
Degrees Degrees Neat-Fluid/Water nrg 9 Snow Pellets” Freezing Freegzin Rain on Cold Other
Celsius Fahrenheit |{Velume %/\olume %) N _ Drizzle A g Soaked Wing
Ice Crystals | Moderate Light | Very Light Rain

4:20-1:50 | 4B60-2:35 | 236-2:E0
100/0 2:50-4:00 1:35-2:00 | 1:15-1:30 0:15-2:00
1:05-1:55 | 1:55-3:00 | 3:00-3:00

-3 and 27 and sy 846120 | +20-226 | 2IGZHS | 401 091"
75/25 2:30-4:.00 1:40-2:00 | 0:40-1:10 0:09-1:40
above above 0:40-1:25 1:25-3:00 | 3:00-3:00

015035 | 35120 | 120145
50/50 0:50-1.26 0:20-0:45 | 0:09-0:20
¢:10-0:25 | 0:25-1:10 | 1:10-1:35

100/0 0:65-2:30 0:35-1:35 | (:35-0:45 CAUTION:
below below 0:40-1:10 | 1:10-2:00 | 2:00-2:20 No holdover time
3to-14 27t0 7 guidelines exist
0:35-1:00 | +:00-1:45 | 145205
7525 0:40-1:30 0:25-1:05 | (:35-0:45
0:25-0:55 | 0:55-2:00 | 2:00-2:30
Below Below

416305 | 710229 100/0 0:25-0:50 TBD TBD TBD

Decreases in red
Increases in blue

*Note: FAA cap on snow holdover times is 3 hours
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TABLE 2: RECOMMENDED CHANGES TO HOLDOVER TIMES FOR
CRYOTECH POLAR GUARD® ADVANCE AND POLAR GUARD®II
(TRANSPORT CANADA FORMAT}

Qutside Air Tyoe IV Fluid Approximate Holdover Times Under Various Weather Conditions
Temperature r‘w 2 (hours:minutes)
Neat Freezing Fog | Snow, Snow Grains or Snow Pellets* i Light i
G | o) o ’ vz’ | Freszing | SRS | other
Ice Crystals | Moderate Light Very Light Rain
100/0 250—4p0p |FEO—HEG|HEO-2001  ohn 5 500(115-1:30| @15-2:00
1:05 — 1:55 | 1:56 — 2:00
3and 27 and ) oo |8:45—1.20[1.20 - 2:00 ] : o] e ] ; ;
St above 75i25 2:30—4:00 0-40 — 1.25| 1.25 — 200 2:00 1:40 —2:00 [ 0:40-1:10| 009 -1:40
50/50 mE0-128 | e o | i g bl 0:20 — 0:45 | 0:09 — 0:20
100/0 0:55-2:30 0:35—1:35 | 0:35 - 0:45 CAUTION:
below -3 | below 27 0:40 - 110|110 -2:00|  2:00 No holdover
o -14 to7 0:35— 100 | 1:00—4:45 4:45 § X : | time guidelines
15028 040130 loo5_0s56|055-200] 200 |08 105|035-045 exist
below -14 below 7
hne | ot 100/0 0:25—0:50 TBD TBD TED

Decreases in red
Increases in blue

#Note: Transport Canada cap on snow holdover times is 2 hours
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Memo
TO: Antoine Lacroix, Transport Canada cc: Yvan Chabot, Transport Canada
Warren Underwood, FAA Chuck Enders, FAA
FROM: Stephanie Bendickson, APS Aviation DATE: April 11, 2017
John D’Avirro, APS Aviation
RE: Determination of Highest Usable Precipitation Rates (HUPR) and Appropriate Holdover Times for

Heavy Snow for Clariant Max Flight SNEG

Background: Project

Transport Canada and the FAA contracted APS to conduct research to determine appropriate highest usable
precipitation rates (HUPRs) in snow and appropriate holdover times for heavy snow for Type I1, lll, and IV fluids over
the winters of 2015-16 and 2016-17. This project included analysis of original endurance time data, collection of fluid
samples, collection of endurance time data with these samples, and final analysis of historic and new data.

Data and Analysis: Clariant Max Flight SNEG

Analysis of the original snow endurance time data for Clariant Max Flight SNEG indicated a lack of data at
precipitation rates above 25 g/dm?/h (heavy snow) for the 100/0 dilution. The 75/25 and 50/50 dilutions were found
to have sufficient data. APS had Max Flight SNEG 100/0 fluid on hand, which was leftover from the original endurance
time testing conducted with the fluid the year prior.

Data was collected in heavy snow with this sample in the winter of 2015-16. The data did not line up with the
regression curves derived from the original Max Flight SNEG 100/0 endurance time data set. The data indicated
shorter endurance times at higher precipitation rates.

Figure 1 shows the original snow endurance time data set and related regression curves. Figure 2 shows the original
data plus the additional data collected in 2015-16. The regression curves shown in Figure 2 are derived from the
combined data set.

Conclusion and Recommendation

Qur analysis validated the appropriateness of the ariginal regression curves for Max Flight SNEG 75/25 and 50/50 at
high rates of precipitation. The research supports an HUPR of 50 g/dm?/h for these fluids.

The testing conducted with Max Flight SNEG 100/0 indicates the original snow endurance time data collected is
insufficient to provide appropriate holdover times above the precipitation rates encompassed by moderate snow.
Our analysis shows the currently published snow holdover times for Max Flight SNEG 100/0 at higher precipitation
rates are likely too high.

We therefore recommend that the Max Flight SNEG 100/0 holdover times be modified for the winter of 2017-18.
The modified holdover times should be derived from the combined data set of the original HOT testing data and the
data collected in heavy snow in 2015-16. The recommended holdover times are shown in Table 1 (FAA format) and
Table 2 (TC format). If these changes are made, the recommended HUPR for Max Flight SNEG 100/0 will be 50
g/dm?/h — the highest possible value.

Note

Comprehensive verification of the data and corresponding holdover times presented herein is ongoing. This
verification will be completed prior to publication of the 2017-18 holdover time guidelines. You will he advised
should the verification result in changes to any of the information contained herein.
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TABLE 1: RECOMMENDED CHANGES TO HOLDOVER TIMES FOR

CLARIANT MAX FLIGHT SNEG
(FAA FORMAT)
Outside Air Temperature - Wi Approximate Holdover Times Under Various Weather Conditions (hours:minutes)
ype Ui
Concentration Freezing Fo. Snow, Snow Graing or Light
Degrees Degrees Neat-Fluid/Water Dl'g 9 Snow Pellets” Freezing Fre(gzin Rain on Cold Other
Celsius Fahrenheit |{Velume %/Volume %) I i R Drizzle 2N | gpaked Wing
ce Crystals | moderate Light | Very Light Rain
1:05-140 | 14024 2.45.3.00 0:20-1:30
100/0 2:254.00 2:00-2:00 | 0:50-1:40
0:55-1:40 1.40-3:00 | 2:00-3:00
-3 and 27 and
above above 7525 4:00-4.00 0:55-1:30 1.30-2:25 | 2:25-2:50 | 1:30-2:00 | 1:08-1:20 0:15-1:45
50/50 1:30-3.30 0:20-0:45 | 0:45-1:45 | 1:45-2:20 | 0:35-1:10 | 0:15-0:30
ga5-115 | 445200 | 200220
100/0 0:45-2:20 0:30-1:25 | 0:25-0:40 CAUTION:
below below 0:40-1:10 | 1:10-2.05 | 2:05-2:30 No holdover time
-3to-14 2ite7? guidelines exist
75/25 0:30-1:26 | 0:40-1:00 | 1:00-1:40 | 1:40-2:00 | 2:20-1:05 | :20-0:40
below below : -
41029 | 710202 100/0 0:20-0:50 | GENERIC | GENERIC | GENERIC

Decreases in red
Increases in blue

*Note: FAA cap on snow holdover times is 3 hours

Page 3 of &

TABLE 2: RECOMMENDED CHANGES TQO HOLDOVER TIMES FOR
CLARIANT MAX FLIGHT SNEG
(TRANSPORT CANADA FORMAT}

Outside Air Approximate Holdover Times Under Various Weather Conditions
Temperature Type IV Fluid {hours:minutes)
Goncentration =
i i Snow, Snow Grains or i
Degrees | Degrees |NeatFluidWater Freezing Fog Snow Pellets” Freezing Light Rain on Cold
= _ | tvolums %volume %) or . Freezing i Other
Celsius |Fahrenheit \ce Crystals Drizzle Rain Scaked Wing
v Moderate | Light | Very Light
1000 2:25-4:00 055:1% 1:40 - 2:00 2:00 2:00-2:00 | 050140 | 0:20-1:30
-3 and 27 and 7 : : 5
above above 75i25 4:00-4.00 |0:55-1:30]1:30 - 2:.00 2:00 1:30-2:00 | 1.05-1.20 | 0:15-1:45
50/50 1:30-3:30 |0:20-0:45)|0:45 - 1:45 145 0:35=1:10 | 015 -0:30
8:45—4:15 | 115 - 2:00 .
100/0 0:45 - 2:20 200 0:30 - 1:25 | 0:25-0:40 CAUTION:
below -3 | below 27 0:40—1:10 | 1:10 - 2:00 No holdaver
to-14 to7 time guidelines
75/25 0:230-1:25 |0:40—1:00|1:00 - 1:40 1.40 0:20-1:05 | 0:20-0:40 exist
below -14 | below 7 .
lo 29 to -20.2 100/0 0:20-0:50 | GENERIC | GENERIC | GENERIC
Decreases in red
Increases in blue
*Note: Transport Canada cap on snow holdover times is 2 hours
Page 4 of &
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PRESENTATIONS AT VARIOUS MEETINGS






SAE G-12 HOT COMMITTEE, MONTREAL, CANADA

PRESENTATION:
HOT GUIDELINES FALL 2016 UPDATE






APPENDIX C

Sota0veR WE e s

Tissport cansin
iokdove i (OT) Ouiosdnes
e 23102017

SAE G-12 HOT Committee, Montreal, OC - Novemnber 1, 2016

anie Bendickson, P

Prepared and Presented on behalf of

ol ot Fenspons
Canada  Canada

2016-17 HOT PUBLICATIONS
ORIGINAL ISSUE DOCUMENTS

2016-17 Regression Information Original Issue
Revised FAA-Approved Deicing Program Updates Winter
2016-2017 (N 8900.374)

Transport Canada - Publish

1. 2016-17 Holdover Time Guidelines
2. 2016-17 Regression Information Original Issue

[

2016-17 HOT PUBLICATIONS
SUPPLEMENTAL GUIDANCE DOCUMENTS
1. Type IV EG Fluids, < -14°Cto LOUT:
2. Type IfIV PG Fluids, < -14 to -18°C: revert to
3. Type II/IV PG Fluids, < -18 to LOUT: retain 2016-x

Snow, Snow Grains or Snow Pellets

Fluid Type / Fluid Base / OAT T e e

Type IV / EG / Below -14°C to LOUT
0:40-0: 0:30-0:40 | 0:15-0:30

Type lI+IV / PG / Below -14 to -18°C

Type lI+IV / PG / Below -18°C to LOUT |0:20-0:25"| 0:10-0:20 | 0:08-0:10

PRESENTATION OUTLINE

1. 2016-17 HOT Guidance Publications

2016-17 HOT PUBLICATIONS
SUPPLEMENTAL GUIDANCE DOCUMENTS

¥ FAA —Publis

1. 2016-17 Holdover Time Guidelines Addendum 1

2. 2016-17 Regression Information Addendum 1

¥ Transport Canada — Published Oct.

1. ACoo07-040: Supplemental Holdover Time
Regressian Information for SAE Type lland IV

Bel 2= 2

2016-127 HOT PUBLICATIONS
ONLINE RESOURCES

Bl B o
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PRESENTATION OUTLINE

2. Summary of Changes for Winter 2016-17

L Rl

A ® D . ®
Outside Air Approximats Holdover Times Under Various Westher Conditions
Temperature Type Il Fluid {hours:
Concantratian
Fraezing | Snow, Snow Light
Degroes | Degraes | pwaer | pec : Froezing t | Rain on Col
Colsius | Fahranhalt | vaums siveime %1 “:’g:"a'l": soramsor | rizzie FISSENG | Soaked Wing MM
1000 035100 | 0:20-045 | 030100 | 045030 | 007040
3w9 | Zas | e | 05s(@55) 0 A0:25X0:150:400 0 (@:20X0:00) 5
sove | above
sas0 ms(o;zs}nn@ : 0s(0:09)
CAUTION:
5 Mo hokdover
e 1000 020-1:05 | 015030 il il
w©-14 107 E st
826 o25-080 | o0e-oc20 | 0:1540:25kce 015
below-18 | below 7
e e w000 (0:20)- 028 | 015020
below 18| below 0 ’ .
100/0  {0:20) 0.5 (0:08)0:10
to10uT | toLouT W (
Decrease

CHANGESTOTYPE IVGENERIC HOTS

2015-16 TC+FAA

Snow, Snow
Grains or
Snow Pellets

new snow columns

16

-17 FAA

Snow, Snow Grains or
Snow Pellets

2016-17 TC

Snow, Snow Grains or
Snow Pellets

10017

CHANGES TO GENERIC HOTS

Active Frost

Type | Generic

Type Il Generic

Type IV Generic

Boll e e

NO CHANGES

CHANGESTOTYPE IV GENERIC HOTS

Qutside Alr
Temperaturs

Type IV Fluid

Approximate Heldover Times Under Various Weather Cenditions

(hours:minutes}

Dogross | Dagross
Colsius | Fahrenhoit

Meat Froszing
FluidWater
vt KV s 5

Snow, Snow Light
Fraszing s Rain on Cold
Orizzin | FER8 | Soaked Wing

Other

1o (1: 2:40,

035 - 11040:40) 130 DSiiO:dD!D:OB!zs

7525 1:25 - 240

(D:dE;l;lS 05 1:20) 0:30-0:45 | 009145

5050 oziO:EéO 15Y0:25) 1{0:30) o0s-015

below 27
'Y

10010 020(1:35) 02340:45)0:2:@2E@®L> kbnr\‘gongcr

25 (0:30Y1:1

n}n(ﬂ;ﬂ?’nm—ios 045 - 025 "”*‘ﬂ“mf‘""-‘

balow 7
a4

10010

0:15 =030

below 0
1o LOUT

1. Decreases:
2. Increases:

Type lll

100/0

New: Beijing

Changes: Reduced snow HOTs

tech Polar Guard
FlightGuard AD-480

Changes: Reduced snow HO
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Type reordered for e:
+1v

Type il AT
only

CHANGES ' :
di columns:

ENDURANCE TIME PROGRAM

— Fluid Request Letter: sent by email Oct 30, 16

+ Contains info on co. sample prep, shipment

te added to res!
=100 knots

* Plus: Fluid submission forms + FAQ sheet

— Fluid Submission Deadline:
* Need fluids early to ensure all n
collected
. e data = delay in HOT table lication (2 year)

+ Alternati
guaranteed to be suc

'

Tansports  Transport
Canada  Canada

PRESENTATION OUTLINE

3.2016-17 Endurance Time Testing Program

ENDURANCE TIME PROGRAM

* |Is Partial Testing Possibl
* Preliminary / limited testing? YES*
* Cancel testing part before all tests completed? YES*

» Freezing precipitation testing only (no snow)? YES*
+ Annual freezing precipitation test session in March

» Can be done any time of year (cost premiumj, contingent
chamber availability
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SAE G-12 HOT COMMITTEE, MONTREAL, CANADA

PRESENTATION:
POSSIBLE CHANGES TO TYPE II-IV GENERIC HOT TABLES






APPENDIX C

PURPOSE

* TC/FAA are looking for SAE feedback on 2 potential
changes to the Type lI/IV generic HOT tables

1. Stop Qualifying Type IV Fluids as Type Il Fluids

2. Separate Generic HOT Tables for Ethylene Glycol
(EG) + Propylene Glycol (PG) Fluids
POSSIBLE CHANGES TO
TYPE II-IV GENERIC HOT TABLES + Changes explained on following slides, with chance to

provide feedback (positive, negative) after each

Sy

POTENTIAL CHANGE #1 TYPE IV FLUIDS =TYPE Il FLUIDS?

~ Fluids that qualify as Type Vs automatically also qualify
asType lls
Type I¥s can be used with the Type Il generic HOT table

e Il generic HOTs, need to take shortest
e . . HOT of all Type IIs and all Ty
1. Stop Qualifying Type IV Fluids as Type Il Fluids AR S AL

Disadvantages:

pe |Vs have shorter HOTs than Type Ils -> unnecessarily
Type Il generic HOTs

Confusionwith HOTs: People don‘t understand why Type Il generics
can be lower than all Type Il HOT

Confusionwith LOU oes warmest Type IV LOUT apply to Type Il
ic HOT table (y

[T By ® [T = AP @/

CURRENT GENERICTYPE II TABLE CURRENT GENERICTYPE Il TABLE

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

Freezing Fog | Snow, Snow
ar Grains or Snow
Ice Crystals. Pellets

Freezing Fog _Snow, Snow
Grains or Snow

Fraezing Light Rain on Cold i,
lce Crystals Pellets

iy Freezing Light Raln on Cold
Drizzle Froezing Rain | Soaked Wing

Drizzle | Freezing Rain | Soaked Wing

0:35-1:30 0:20-0:45 0:30-1:00 015-0:30 0:07-0:40 0:35-1:30 0:20-0:45 0:30-1.00 0:15-0:30 0:07-0:40
0:25-0:55 0:15-0:25 0:15-0:40 0:10-0:20 0:04-G:25 0:25-0:56 0:150:25 0:15-040 0:10-0:20 0:04-0:25
0:15-0:25 0:05-0:10 0:08-0:15 0.05-0:08 ; 0:150:25  0.050:10 008015 0:05-0:03
below 3 0:20-1:05 0:15-0:30 0:20-0:45 0:10-0:20 +10)1:05 0:15-0:30 0:10-0:20
to-14 0:25-0:50 0:08-0:20 0:15-0:25 008-0:15 0:25-0:50 Q:08-0:20 i i 0:08-0:15
below -14
018 |
below -18
o LOUT

=3 and
above

020-0:35 0:15-0:30 ) e 0:15-0:30

0:20-0:35 0:08-0:10 :20-0: 0:08-0:10

Remove Type IV Fluids = 1increase

L ars
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APPENDIX C

TYPE IV FLUIDS =TYPE Il FLUIDS?

=+ Proposal: Fluids should be categorized as either Type Il or
Type IV but not both

* If manufacturer wants to sell a Type IV as a Type ll: fluid should
be sold under different brand name (examples zlready exist)

+ Reminder: Type IV fluids with viscosity < LOWV can't be
used with the Type Il or IV Generic tables

GENERICHOT TABLES for PG + EG

> Current Type Il / IV Generic HOT Tables

TYPEI T
All Fluids Flu

~ Possible Type Il / IV Generic Tables

EG+PG GENERICTYPE IVTABLE

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

& Rain on
Freezing i Cold

Drizzh 0
Moderate rizzie S&ain;d

FIUd | Frazing | Snow, Snow Grains or Snow Pallsts

og or >
Crystals | W Light

1000 | 1:152.40
75/25 | 1:25-2.40
5050 | 0:250:50
below-3 | 1000 | 0:20-1:35
to-14 | 7525 | 030-1:10
below-14
t0-18
below -18
to LOUT

1:10-220
8 115205
0:25-0:40
0:45-1:20
0.45-1:40

0:35-1:10
0:45-1:15
0.15-0:25
025045
0.20-0.45

040-1:30
0:50-1:20
0:15-0:30
0:25-1:20
0.15-1.05 0:150:25

0:08-1:25
-3and 0:08-1:15

above

10040 | 0:20-0.40 0:30-0:40  0:15-0:30

10040 | 0-20-0-40 010-0:20  0:08-0:10

POTENTIAL CHANGE #2

2. Separate Generic HOT Tables for Ethylene
Glycol (EG) + Propylene Glycol (PG) Fluids

GENERICHOT TABLES for PG + EG

+ Applicability
— NoType Il EG fluids -> applies to Type IV fluids only

NoType IV EG fluid dilutions -> applies to 100/o only

+ Advantages
EG fluids have longer HOTs than PG fluids (generally)

+ Disadvantages
Confusion for users — which table to use?

— Additional work to manage, keep up-to-date

PG GENERICTYPE IVTABLE

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

Snow, Snow Grains or Snow Pallsts R’ci(’;‘.g“
Soaked
Wing
0:10-1:25

0:09-1:15

i
ks Freezing

Drizzle

if
og or 0 Freezing
Crystals | Light Moderats Rain

100/0 1:15-2.40
75/25 1:25-2:40
50/50  0:25-0:50
100/0 0:20-1:35
7525 0:30-1.10

1:10-2.20
1:15-2:05
0.25-0:40
0:45-1:20
0:45-1:40

0:35-1:10
0:45-1:15
0:15-0:25
0:25-0:45
0:20-0:45

0:40-1:30
0:50-1:20
0:15-0:30 | 0:09-0:15
0:25-1:20 | 0:20-0:25
0:15-1.05 | (:15-0:25

0:35-0:40
0:30-0:45

1+l

10010 0:20-0:40 0:30-0:40 | 0:95-0:30

100/0  ©:20-0:40 [N 010020 | 0:08-0-10

Tets Taompurt
Coraca " Comin
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APPENDIX C

PG GENERICTYPE IVTABLE

Approximate Holdover Times Under Various Weather Conditions {hours:minutes}

F:r;e:rir:u Snow, Snow Grains or Snow Pellets | o : Snaw, Snow Grains or Snow Pellets | _ ezing Fr:ng.::‘ :
Crystals T Light Drizzie . a Ba g ety " ) Light Modarate Drizzle Rain

[ 1000 | 1182:40 |F25208 1:10-220 | 0:351:40 | 0:40-1:30 P o : 100/ 1:50-2:65 | BPBDMES 120225 | 040-1:20 | 1:10-200 | 0:50-0:85

| 75725 | 1:25.2:40 [B28 1:152:05 | 045115 | 0:50-1:20 s . 75025 | —
50/50 | 0:25-0:50 0 2 0:25-0:40 15025 | 0:15-0:30 i 5050
100/0| 0:20-1:35 | 120140 | 0:45-1:20 | 25045 | 0:25-1:20 : 100/0 | 1:30-3:20 | IS0-208| 1.05-1:50 | 0:30-1:05 | 0:55-1:50

7525 | 0:30-1:10 [ AE02000| 0:45-1:40 | 20045 | 015105 0:15-0:25 7525

100/0 | 0:20-0:40 | 040 0:30-0:40 | 0:150:30 100/0 | 0:30-1:05 |NOMOMBON 0:30-0:40 | 0-15-0:30

100/0 | 0:20-0:40 (020028 | 0:10-0:20 | 0:08-0:10 100/0 | 0:30-1:05 [ OM00:E 0:30-0:40 | 0:15-0:30

AP ‘ Boll fmen

: GENERIC HOT TABLES for PG + EG

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

+ EGvs. PG performance

OAT | WD | e roezing | Snow, Snow Grains or Snow Pellets . Light Raln any
oil Fogor lc Freezing oo, ing ol o 5 . A I
Crysais (Verylight | Light | Moderate | *"7'° Rain | Spaked — "Waorst’ EC;] 100/0 flul.ds significantly outperform
[ 1000335 +5 }245( +100 +5 | +5 [+10 0.08(+35 *Warst” PG 100/o fluids
Sana |rses ' e -
50/50 ote: Dilution performance will likely not be the same
below -3 | 1000+705+10. +5 +30 +45 {likely part of the reason EG dilutions not currently available)
to-14 75025 T |
e | 10310 040080 | 0:30040 | 045030
beiow 18| 10010 +7 + Therefore... advantage of adding additional
ble et to Alrea . S St generic tables is provided to EG fluids (only)

GENERIC HOT TABLES for PG + EG

ientation

Confusion for users
Less knowledgeable users are the ones typically using generic tables
More tables = more complexity = mere confusion
Safety risk = using wrong table
Need to know what fluid is being used to selectfuse EG generic table

Additional management required

= Tables must be updated annually
7 in publication of HOT guidelines
ible incre; to HOT testing fe
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SAE G-12 HOT COMMITTEE, MONTREAL, CANADA

PRESENTATION:
FLUID APPLICATION TABLES, ONE STEP VS. TWO STEP,
& RECONCEPTUALIZATION






APPENDIX C

-

Fluid Application Tables,
One Step vs. Two Step, & Reconceptualization

Reszarch conducted on behalf o

Bl s Janseots
Canads  Canada

<o

PURPOSE

= The information to be presented is for
informational and discussion purposes only

=+ The proposals will be further discussed and
revisited at the May G12 in Athens

BACKGROUND

= Fluid application tables are included in the
HOT guidelines published by TC and FAA

= Fluid application tables are also published in:
— AEA HOT Guidelines

* Recon ns for De-lcingfAnti-Icing Aeroplanes on the Ground

—SAE AS 6285

* Aircraft Ground Deicing/Anti-icing Pro

—SAEARP 4737

= Aircraft Deicing/Anti-lcing Methods

PRESENTATION OUTLINE

~Background

7 2016-17 Changes to Fluid Application Tables
= Centralization of Tables

~One-Step vs. Two-Step Diagrams

> Reconceptualization of Fluid Application
Tables

~»Summary

PRESENTATION OUTLINE

~Background

~2016-17 Changes to Fluid Application Tables
~ Centralization of Tables

= One-Step vs. Two-Step Diagrams

~Reconceptualization of Fluid Application
Tables

2FSummary

PRESENTATION OUTLINE

=Background

+2016-17 Changes to Fluid Application Tables
= Centralization of Tables

= One-Step vs. Two-Step Diagrams

~Reconceptualization of Fluid Application
Tables

»>Summary
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APPENDIX C

2016 -17 CHANGESTO TCIFAA Transports  Transport

Canada Canada

FLUID APPLICATION TABLES

=+For the winter of 2016-17, TC and FAA issued
changes to the fluid application tables
= Changes to the tables included:
— Harmeonization of TC and FAA versions
— Technical changes (i.e. removal of -3° buffer)
— Split 2 tables into 4 tables for clarity
* Typel
+ Type |l Heated

+ Type lll Unheated

* Type ll/IV 2016-17

Il o= 2%

PRESENTATION OUTLINE

~Background

~2016-17 Changes to Fluid Application Tables
= Centralization of Tables
=One-Step vs. Two-Step Diagrams

~Reconceptualization of Fluid Application
Tables

2 Summary

lel Z=r- 2mr

FLUID APPLICATION TABLE CENTRALIZATION OF FLUID
INFORMATION SOURCES APPLICATION TABLES

= Fluid application tables are published by 5 sources: ** Proposal:
— Centralize fluid application tables to the TC
and FAA HOT guidelines anly
— AS 6285 to reference the TC/FAA tables

— AEA guidelines and ARP 4737 soon to be | Centraliz fitid -

obsolete, s0 a non-issue Application Tables

= Rationale:
— Easier to harmonize guidance
— TC/FAA update guidance yearly whereas AS
needs a ballot and can be outdated
— Application tables are used in conjunction with
HOT tables published by TC/FAA

ol Ese AP D) [ 1ol B e APs
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APPENDIX C

PRESENTATION OUTLINE

=Background
=2016-17 Changes to Fluid Application Tables
= Centralization of Tables

= One-Step vs. Two-Step Diagrams

=Reconceptualization of Fluid Application
Tables

= Summary

FLUID APPLICATION DIAGRAMS

Note: Diagram PDFs w

Iel e

Type I/IV

.

| QNN

ONE-STEP vs. TWO-STEP DIAGRAMS

~-Diagrams were presented in Savannah to:
— Better describe one-step versus two-step
— Communicate importance of heat transfer
=-Based on industry feedback, diagrams were
updated

— Now reflect the 4 fluid application tables in the TC
and FAA guidelines

Il Lo e

Type lll Heated
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Deiongand Aesicng

Type Il Unheated

PRESENTATION OUTLINE

=Background

=+2016-17 Changes to Fluid Application Tables
= Centralization of Tables

= One-Step vs. Two-Step Diagrams

> Reconceptualization of Fluid Application
Tables

Summary

Bel e

POTENTIAL NEW FORMAT

= New format would combine
all information for fluid
types into 1 table (instead
of 4)

+ Would use more generic

wording to describe fluid
application methods

=+ Compact format weuld
make it easier to reference
and update in various
guidance sources

ONE-STEP vs. TWO-STEP DIAGRAMS

~Proposal:

— Consider including the diagrams in guidance
documents or an SAE standard

—i.e. TP 14052/N8goo or AS 6286

Bel B e

RECONCEPTUALIZATION OF
FLUID APPLICATIONTABLES
7 In an attempt to optimize the guidance published,
the fluid application tables were revisited

F The review identified redundancies and excess
information

¥ Objective: To streamline the 4 fluid application
tables while maintaining critical information

e Em

REXPET
FLUBD GONGENTRATIONS 1N % VO UREE)

Two $tsp Prozedurs

Outuite i Termpersurs (04T) | O350 Procudurs

Saeond tep:

First Stmp: Dizing
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PROPOSAL FOR
FLUID APPLICATION TABLES
Suggest industry review and consider
adoption of the new potential format
— Feedback is encouraged
— Diagrams will be included in minutes as PDFs

SUMMARY

Proposal to centralize fluid application tables in
the TC and FAA HOT guidelines only
Reference TC/FAA guidelines in other

Cantraiae Fluid
Aaplicaton Tabies

5

curments

Consider including th
documents E
TP 14052/

diagrams in guidance
dard
8900 or AS 6286

Encourage industry to provide feedback on
(streamlined version) of fluid application tables
Ideally a tent is harmonized and

centralize

PRESENTATION OUTLINE

=Background
=2016-17 Changes to Fluid Application Tables

=Centralization of Tables
=+One-Step vs. Two-Step Diagrams

~Reconceptualization of Fluid Application
Tables

FSummary

Ll =l

Questions?

Lo Al mruggi@adga.ca

\
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PRESENTATION:
ARP5485 + ARP5945 UPDATE






APPENDIX C

Jowrresearch lec by:

I‘l Transpert  Transporis
Canada Canada

@ - ‘

concuetedby.

ars

ARP5485 + ARP5g45 UPDATE

SAE G12 Holdover Ti mittes, Athen:
nted By: Stephanie Bendickson, Docu

Content of ARP5485 + ARP5g45

Section 1: Scope
Section 2: References

)

>

¥ Section 3: Sample Selection

~ Section 4: Endurance Time Testing — General
o

Sections 5-11: Test protols by precipitation type
— Natural (cutdoor) Cenditions: Snow, Frost

— Laboratory (indoor) Conditions: Snow, Frost, Freezing Fog,
Freezing Drizzle, Light Freezing Rain, Rain on Cold Soaked
Wing

Approach for Updating 5485+5945

Standards have not been updated for 10 years

»
¥ Multi-phase approach
>

Why?

— Sometimes difficult and time consurning to achieve
consensus on new ideas (e.g. Nov 2015)

Jacques step by step approach — seems to be working in
otl mmittees

— Limit scope of ballots (big documents = big effort for all)

R ar o))

Purpose of ARP5485 + ARP5945

+ Standards that provide test protocols for
conducting endurance time testing

— ARP5485: Type IIfIII/IV Fluids
— ARP5g45: Type | Fluids

of ARP5485+5945
July 2004
— Publication of ARP548s5 (Type lIfIlIfIV) C

July 2007
— Publication of ARP5485 (Type lIflII/IV) Re
— Publication of ARP5g45 (Type I) jinal

2012: Sponsorship changed, changes drafted not balloted

2017: New versions drafted and balloted

Approach for Updating 5485+5945

Phase 1:

+ Small changes have been made to the way tests are
carried out over this time
— As aresult of new research (i.e. frost, snowmaker)

— As aresult of changes to HOT Guidelines table formats
{i.e. Type lI/IV very light snow, Type lll heated)

— Regulators have instituted these changes

F Phase 1 changes were drafted + balloted this winter/spring

Toragoe Tmeort

= E= ar @M
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APPENDIX C

Approach for Updating 5485+5945

Phase 2:
> |deas exist for more extensive changes / improvements
to the way tests are carried out

— Require discussion f consensus by committee before
implementation, i.e. rate tolerances in freezing precipitation

*+ Phase 2 changes will be brought to committee in future
for further discussion before balloting

L =l Ars

i

Key Changes for April Ballots

ARP5485 only

+ Add procedures for ET testing with Type 11l fluids to be
applied heated (Type | test protocols)

+ Additional freezing fog tests when LOUT < -29.5°C

) Additional test requirements for light and very light snow

April 30-day Ballots

ARP5945A ARP5485B

¥ Balloted: April 8, 2017 Balloted: April 8, 2017

+ Participation: 32/46 = 70 % Participation: 32/46 = 70 %

Votes: > Votes:

30 approvals - & 29approvals

2 walves 3 waives

o disapprovals . o disapprovals

Technical Comments: 1
major
* Use of artificial snow data

Technical Comments: 1
major
» Use of artificial snow data

Key Changes for April Ballots

P548s + A

» Erost: Lab frost section remains empty as no success in
finding a suitable procedure. Natural frost section added,;
protocol used to validate generic HOTs not produce fluid
specific HOTs,

+ Laboratory Snow: Can be used for comparative testing but
not deriving HOTs. Reflects regulaters’ current position.

+ Removed Requirement: WSET/Viscosity not requir obe
done before endurance time testing starts.

Minor structural and editorial changes
harmonize sections within docs and content between docs
~ improve readability and flow

Key Changes for April Ballots

ARP5g45 only

F Add requirement to conduct tests on composite surfaces in
addition to aluminum surfaces

+ Remove requirement to conduct tests for "Above 0°C” row
Strengthen language describing which Type | fluids are
required to undergo ET testing

~ Reflection of changes to other SAE docs in recent years
Add section for lab snow
— Based on ARP5485 lab snow section

— Appropriate changes based on other Type | differences (fluid temp,
test surface, etc.)

Technical Comment - Artificial Snow

April Ballet: Artificial snow endurance time data can be used
for comparative testing but not for deriving fluid-specific
HOTs. This reflects the regulators’ current positicn.

Comment: The way it is written, one may read it as polic
the regulator, which should probably not be included in
ARP5485 { 5545.

> Suggested Action: Revision to text... see next slide

+ Action Taken: Balloted the suggested revisions in a 14-day
affirmation ballot.
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Ballot #1 Text May 14-day Affirmation Ballots

Consequently, until a relationship between indoor and cutdoor testing
environments has been adequately characterized, the regulatory bodies will
not accept solely generated laboratory snow testing results as a basis to
derive provide fluid specific holdover times. They may be accepted to
enable the use of generic holdover times.

ARPgg45A ARP5485B

Balloted: May 1, 2017 + Balloted: May 1, 2017

+ Participation: no minimum + Participation: no minimum
Ballot #2 Text

Votes: ¥ Votes:
Consequently, until a relationship between indoor and outdoor testing

environments has been adequately characterized, the laboratory snow data i approvals -n/a © approvals —nja

should be examined on a case by case basis. ives —nfa waives —nfa

. disapprovals — none disapprovals - none

1 As of May 2017, regulators do not accept solely generated laboratory snow
testing results as a basis to derive/pravide fluid-specific holdover times. > Ballot Passes - Ballot Passes

Rel e

Path Forward Future Changes

= Update documents with 14-day ballot changes and

¥ Suggestions for further changes to be brought
editorial suggestions/changes

forward to HOT committee for discussion /

S e e o R e potential inclusion in future document revision
s

+ Expect ballots will pass and documents will be published — Review precipitation rate limits in ZP testing
— Type lIIWSET requirement

— Temperature independent flulds and reverse
Note: Information on artificial / natural snow data correlation to temperature relationship fluids (or in 5718)

be prepared for future meeting, as per committee request A :
9. P q — Procedures, test requirements, test conditions for very

cold snow
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I Transport  Transports

Canada Canada

Candueted by

- ]

ARP5718 UPDATE

SAE G12 Holdover Time Committee, Ath
Pres d By: Stephanie Bendic!

Content of ARP5718

P5718 provides:
xperimental fluids according to AMS1428
les for ARP5485 endurance time testing
Short description of wind tunnel testing
Short description of the re: ded field spray test
Protocol to generate dr. g lines frem endurance time data
Protacol for inclusion fluids on the FAAJTC fluid lists and the protocol
for updating the lists

¥ describe laboratory testin
¥ include the process for commercialization of AMS1424 Type | fluids

Key Changes for Revision B

+ RevisedTitle: Process to
C ercia y ype [V Aircraft Deicing/Anti-
Icing Fluids

* N ind tunnel testing description (i.e. that it is
required for Type Vs, does not provide test protocol)

+ New: Methodology for calculation of HUPR/LUPRs

7+ New: Section for HOT Committee meeting mandatory
agenda items

Bl 25 2O

Purpose of ARP5718

+ Standard providing the steps needed to be able to
“commercialize” SAE Type II, Ill, IV fluids

Title has changed over time... challenge to concisely
communicate the purpose of the standard

Basically it describes...

— The tasks required to be ready for commercialization
— How ET data is converted into HOTs [ HOT tables

— How the TC/FAA lists of fluids are created

— How to get on and stay on the TC/FAA lists of fluids

History of ARP5718

= Original version issued March 2008
— Working group led by Jacques Leroux drafted the ¢
document
7 Revision A issued November 2012. Key Changes:
— Updated protocol for obtaining Type Il HOTs
— Added protocol for HOT tables for licensed fluids
— Clarification of HOT rounding protecol
- ation of proc.

fC,’FAA published lists Dfrﬂuidrs

Jarspons  Transaent PS
s A

Key Changes for Revision B

+ Removed: Type IVs no longer qualify as Type lls; section
stating they are included in Type Il analysis removed

Remaved: If a fluid is produced in more than one
location, the data listedin 5.10.2.1 and 5.10.2.2 are
required for each manufacturing location

Change: Minor editorial changes to improve readability
and flow

ol o pwen

S ey
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Revision B Ballot #a1

7 Revision B balloted March 28, 2017
2 Participation: 33/ 46 =72 %

+ Votes:
* © 29approvals
3 waives
o 1disapproval
7 Comments:
+ Several editorial changes - easily made

* Several comments that could be considered technical

E— APS
ol I m AP

Technical Comments

Several pecple do not like use of "*Commercialize” in title,
challenge to find a better option. g group

Suggestion: LUPR/HUPR section should apply to natural
snow testing only —sponsor agrees... reballot with change

Inclusion of testing laboratories: have always been here,
but is it no longer appri

=+ Additional Comments:

— Some additional comments provided for consideration for
next document update

Revision B Ballot #1 - Disapproval

LOWLST OPLRATIONAL USL TLMPLRATURL {LOUT): The lowest operational use temperaturs of a
Type VIV fuid Is generally recognized as the nigher of:

2. Ihe lowest lemperature 2t which it meets the aerodynamics acceptance lest (AS590U) for a
qiven typs of aifcraf o

b. The freazing paint of the fluid plus the freezing point buffer of 7 *C (about 13 1), or-

filuted Type NV fluids the coldest temperalure for which holdover fimes are published

Added to harmonize with HOT Guidelines
Disappoving member convened a small working group

All agreed that this should be removed, as this limitation is
for use of fluid with HOT guidelines, not for all use (deicing)

+ Change will be reballoted

ol = T Ars

ARP5718B - Next Steps

= Will convene small working group to determine
more accepted document title

Document will be reballoted with
HUPR/LUPR and other changes

Please vote!

Further changes will be considered for next
revision, Revision C, in future (timeline TBD)

Bl 250 X
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Jointresearchled sy

Iil Transport  Transports

Canada Canada

G
Canzucted by

aArs

Qutline

=Background
~Purpose of ARP6207
> SAE Ballot Results

=+ Overview of ARP6207
=»Summary

AEROSPACE
RECOMMENDED PRACTICE

Development of ARP 6207:

Process to Commercialize Type | Fluids

SAE G12 Holdover Til ommittes, Athe|
Presented By: Marco Ruggi, Eng., M.B.A., Sen

Background Purpose of ARP6207

> A motion was made to create an equivalent is a standard describing the process to
standard to ARP5718 for fluids commercialize SAE Type | aircraft deicing/anti-icing

— Motion made at May 2011 G-12 meeting in SFO fluids

— Sponsor: Jacques Leroux and more recently
transferred to Marco Ruggi — select samples for testing
— run field spray tests
ARP 5718 - Process to Commercialize ] V Aircraft Deicing/Anti-icing o verlfy =0 dat? Il e Sl paliion gUIdelmes
Fluids — add/remove fluids from the TC/FAA lists of fluids

describes how to:

is based upon ARP5718

APS
-

ARP6207 Ballot BALLOT #1 SUMMARY
(Closed April 24, 2017)

* ARP6207 Final Draft 1.1 was put out for a first ballot
on March 28, 2017

- 28-day ballot was open to the HOT committee T | olfergreen || o |
> Ballot closed on April 24, 2017 a0 0 3 33/46

Ballot Results

65.2% 1.7%

Comments*™

Technical Informational

ational

k you to all who voted!

@/
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Technical and Informational

Comments

¥ Eight committee members provided informational
Comments % AEROSPACE Apezare
— mostly editorial comments wituroisi | RECOMMENDED PRACTICE |...

ARP6207

Process s Commercelze SAE Type | Alerait Decng/Antt-c ng Fluss

= Two main points identified:
The use of the ward "Commercialize” in title: maybe SATERAE
more of a process to qualify?... Discussions engoing -
The identification of testing laboratories: exists in other
standards, but maybe no lenhger appropriat
recommend to remove and re-ballot with ct

Similar comments were made in the ARP 5718 ballot

> ARP 6207 will be updated and re-balloted

Overview of ARP 6207 Summary

PEOPE = ARP6207 ballot was generally well received
REFERENCES
LE SELECTION
2 A few minor comments will be addressed in
PREPARATION OF DRAFT HO : GUID the upcoming weeks, and a new version will
AND FLUID LI be issued with track changes

ROLE OF THE SAE G-12 AIRCRAFT DEICING FLUIDS
COMMITTEE

ROLE OF THE SAE G-12 HOLDOVER TIME COMMITTEE

PUBLICATION OF HOLDOVER TIME GUIDELINES AND FLUID
LISTS

TIMELINE

~ARP6207 will go out for re-ballot
— Stay tuned and please vote!
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WINTER 2016-17
ENDURANCETIMETESTING RESULTS

SAE G-12 HOT Committee, Athens,
Prepared by: Marco Ruggi, Stephanie Be

PRESENTATION OUTLINE

2016-17 Testing Overview
. Methodology
. Test Results Summary: 4 Fluids
. Summary

. Appendix: Detailed Test Results

Bl EEr R

Light
Freezing
Rain

Cold-
Soak
Surface

Drizzle

Fluid Natural |Freezin
Dilution Snow | Fog

Alum, - - = |- -
Comp. - - - - -
100f0 12 | 4
| FEES | L 1 | 6
50/50 4 nfa
100f0 18 a
75/25 = $ . . 2
so/s0 » =
100f0
75025
50/50
Total

Type IV

PURPOSE

= To provide and overview of the new fluids
tested for inclusion in the HOT guidelines

= Notes:
— HOTs are not official until published by TC/FAA

— All data/charts now included in an Appendix for
brevity. Appendix slides will be available on the
SAE website, but not shown at meeting.

2016-17 TESTING OVERVIEW

2 5 fluids were submitted for testing this year

= Atotal of 555 individual endurance time tests were
conducted

¥ 4 of 5fluids tested expected to be incorporated into the
HOT guidelines

ALLCLEAR

FLUIDS TESTED

Type Il Ecowing AD-2

Type 1l AeroClear MAX

Type IV ChemR EG IV

Type IV Defrost ECO 4

PRESENTATION OUTLINE

2016-17 Testing Overview
. Methodology
. Test Results Summary: 4 Fluids
. Summary

. Appendix: Detailed Test Results

Bl I
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TEST METHODOLOGY
| EnduranceTimeTestingStandards

ARP5945  Endurance Time Tests for Aircraft Deicing/Anti-icing Fluids SAE Type |

TEST METHOQQLOGY
! y ',A :, / V;-‘." V

ARP5485  Cndurance Time Tests for Aircratt Deicing/Anti-icing Fluids SAE Tyge |1, 11l, and IV

Test Variables

| L4 ==

Fluid Failure

ANALYSIS METHODOLOGY

~ Holdover times are derived using regression analysis
that assumes a power law relationship of the raw
endurance time data

HOTTABLE DEVELOPMENT

Upper and lower HOT values are determined using the precipitation rate
boundaries and most restrictive temperature for each HOT cell

General Form of Equation rounded to the closest
Freezing Precipitation
1

nin depending on the
applicable rounding rules

Holdover

Rate (g/dm?h)
Rate (g/dm¥/h)

= Specific coefficients are developed for each cell of the ARPG207  Qualiication Frocess for SAE AMS 1424 Type | i

HOT table

ARP5718 P;utz(s; l:‘o':::\?\.ﬂu\duver Times for Aireraft Deicing/Anti-Icing Fluids, SAE AM$1428

| L Il

== AP ©B

FLUID INFO -
ABAX Ecowing AD-2 | PBAX

 Fluid Type:  Typell

PRESENTATION OUTLINE

2016-17 Testing Overview

Methodology  Fluid Base:  Propylene Glycol

Test Results Summary: 4 Fluids ¥ Dilutions: el e e

Summary
= WSET Result: 62 minutes
Appendix: Detailed Test Results

=7 LOUT: =-27°C

> LOWV: 100/0 = 5,750 m.Pa.s

LV1, 600 mL beaker, 575 mlL of fluid, 20°C, 0.3 rpm, 10 min

aps © M
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FLUID-SPECIFIC HOT TABLE FLUID INFO a
ABAX Ecowing AD-2 s AllClear AeroClear MAX

Ouldidie A Aoprox mate Foldover Timcs Under Vanowa Weathor Condrisars 0

Tenpersiure Ty Gl ) ,_). FlUId e: Tvpe lll

Cancontinn [~p ol Light "

Degrees | Degracs | Mot Elaiibivan S, S Orai O SRON PEIS | Frecsivg | (S R on Cold

|
Rain

bl e LR = o
D Fabacahat Wary Light Light Nodorma |

e . '+ Fluid Base: Ethyl Glycol
vas | eosras | aosass | misess | asosm  suom 1] ase: thylene Glyco
v | wsaw [evan | owar | aamee
G FOInY EPDRI PO ISpiY P -

P g ~ Dilutions: 100/0 only

{o0-454:4) | GENERIC | GENERIC | GENERIC lu,l ;’:‘;Js-

——— 2> WSET Result: 24 minutes

Soabor Wing

v, Snow Graina or Snow Feiies L pnen ot [ =
« [Voviam] s | wosrms | © ] 2 LOUT: 100f0 = -35 @
evan | azeear | iz | s e s

O e T N

St [imass | wevin [owes o Meets  § » LOWV: 100/0 = 7,800 m.Pa.s

G555 | 195200 | G | 6254 [ET=a

raiseaa | orwerc | enere | coveme Spindle sc offluid, 6°C, 0.3 rpm, 65 min

frore.40 | oenerc | ceneme | ceveme

(BT &
O e p— B

EXTRA INFO , FLUID-SPECIFIC HOT TABLE
AllClear AeroClear MAX AllClear AeroClear MAX I

‘Apprcsivasie: Mok o T Urete Vrions Weat
Ihours:minuees)

= A new sample was re-tested with a higher e
Lowv s e S S e o,
% The new sample shall be used to calculate i e ] i i it
the revised fluid-specific HOT’s e e [ o]
— See ARP 5718 Section 5.5.4 Tkt v I+l o

Canada

Ties U

~ -35°C LOUT required additional testing ok - —_,

o SROW SNOW GIIINS 6F SNOW Fellets Lgt -
— ZF testing down to -35°C e A T ) Rl e i
— Comparative snowmaker testing at -25°C and e e | | w | mar Tow
-35°C to support natural snow results e e

very cold snow presentation for details T [ wa | o WA WA

Seiow 10 | beian 14 T [
| e : W445 | 040420 | o130e0 e
S :00 | 048100 | 020003 | @100 Jﬁ

Conditons.

wa wa
013000 | 025045 | 015025

(1 ars

FLUID INFO —— FLUID-SPECIFIC HOT TABLE
CHEMCO ChemREGIV  Tme® CHEMCO ChemR EG |V

~ Fluid Type: TypelV [ — e

Degres | Degeres Ervowe, Brow Sesing o< Bnow Pallts | e
S e Coppisin | Vorylight | Light | Marermto | 25

~+ Fluid Base: Ethylene Glycol - waat | a0 | 1z | oaseee | oasrio

~ Dilutions: 100/0 only T R ‘!‘nn‘ss;mswsu

GENERE | GENERIC | GENERIC

» WSET Result: 105 minutes aruesc | cenenw | oeneae

e | oewenc | aenemc

» LOUT: 100/0 = -27°C R e e s e o
i

: LT

* Cosiols | Vowgm | Ugne | wemme | % | "R
7> LOWV: 100/0 wssestaron= 19,450 M.Pa.s * : ‘ B T L
o [T) [ [

100f0 1= 46,400 m.Pa.s ** v, i I I e e I

300380 | 116308 | NALAIE | 100138 | Bamas

wun1as | oenerc | oemenc | oenemc

40124 | GENERIC | GENERIC | GENERIC

Tamors  Tongon 7 " woe [emaas | cenenc | cenemc | cenenc
el EN2" & D) =t 3
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FLUID INFO
Oksayd Defrost ECO 4
= Fluid Type: Type IV
+ Fluid Base: Propylene Glycol
3 Dilutions: 100/c only
> WSET Result:  8g minutes
» LOUT: 100/0 =TBD

> LOWV: 100/0 esssameon = 12,350 M.Pa.s *
100/0 = 9,800 m.Pa.s **

PRESENTATION OUTLINE

2016-17 Testing Overview
Methodology
. Test Results Summary: 4 Fluids
. Summary

. Appendix: Detailed Test Results

Bel 22

Stephanie Bendickson

Marco Ruggi

FLUID-SPECIFIC HOT TABLE
Oksayd Defrost ECO 4

Cutside Air

o i)

Dagises
Golsies

e e
Conceniralion

Dagress.
Fanrsrmen| e

Wory Lisht

it

Mockeate

[ LTI F—
Oriezie | asked g

2w

[EET

D

EEwETETeETy prreeT)
3

m

100200

o304

o5t | 03505

cENme

asnenic

GEHERIE

GeHERIC

GENERIC

GENTRIC

GENERIC

GENERIC

‘Approxinats Holdowar Timss Uncr Vartows Weather CondRlons

A —

ey Light

» | 2330

gt
11523

[,
5108

ey | (2 oimmcate
Oriasder N9 | Sk Wing

10 | ganios | oastio

o

e

W

3

[0
e

wasa
[

preT
[

=T
[

¥
wa

GRm | aanas
[ e

2005

GEMERIC

GEnERIC

GENERIC

03008

OEMERIC

GEMERIC

QENERIC

SUMMARY

¥ Fluids Tested
« Tests carried out with 3 new + 1 existing fluids
= Results
* Inalmost all cases generic HOTs were met or exceeded
* Frost HOTs substantiated
= Will have 4 new fluid specific HOT tables

el =

NEW FLUID SPECIFIC HOT TABLES

Typell

Ecowing AD-2

Type Il

AeroClear MAX

Type IV

ChemR EG IV

Tawgan

Type IV

Defrost ECO 4

PRESENTATION OUTLINE

2016-17 Testing Overview

. Methodology

. Test Results Summary: 4 Fluids

. Summary

Appendix: Detailed Test Results
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ABAX INDUSTRIES

ECOWING AD-2

ABAX ECOWING AD-2 100/0

FREEZING DRIZALE

ABAX ECOWING AD-2 50/50
FREEZING DRIZIE

ABAX ECOWING AD-2 75/25
FREEZING DRIZZLE

ABAX ECOWING AD-2 100/0
RAIN DN COUD SOAKED SURFACE

ABAX ECOWING AD-2 75/25
RAIN ON COLD SGAKLE SRS

50/50 fluids not
tested in Rain on
Cold Soaked Surface

ABAX ECOWING AD-2 100/0
FREEZING FOG

ABAX ECOWING AD-2 75/25
FREEZING FOG

ABAX ECOWING AD-2 50/50
FREEZING FOG

ABAX ECOWING AD-2 75/25

UIGHT FREEZING RAIN

ABAX ECOWING AD-2 100/0
LIGHT FAESZING RAIN

ABAX ECOWING AD-2 50/50

IGHT FREEZING RAIN

4 R A .j‘

REMINDER: All Type II/IV Fluids
given generic HOTs below -14°C

ABAX ECOWING AD-2 100/0
NATURAL SHOW

ABAX ECOWING AD-275/25
NATURAL SHOW

ABAX ECOWING AD-2 50/50
NATURAL SHOWY

ez x]
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ALLCLEAR SYSTEMS

AEROCLEAR MAX

ALLCLEAR AEROCLEAR MAX 100/0 ALLCLEAR AEROCLEAR MAX 100/0
FREEZING FOG - AMBIENT APPLICATION FREEZING DRIZZLE - AMBIENT APPUICATION

o a

ALLCLEAR AEROCLEAR MAX 100/0 ALLCLEAR AEROCLEAR MAX 100/0
IGHT FRFFZING RAIN - SMRIFNT APP1ICATICN RAIN QN €01 ) SOAKFD) SURFACE - AW FNT 4581 IZATICH

ALLCLEAR AEROCLEAR MAX 100/0
NATURAL SNOW - AMBIENT APPLICATION

AliClear AeroClear MAX
ARTIFICIAL SNOW

o Teus -1
L L B Duir Poirls (-3°C an -

B Dae Paints (Deiow -3 ko -107C)
0 Dace Foints (Betow -10 t -18°C) o || mzsc micuT i3

B Daza Poirts (Baow -18°C,

— g urve (A1l Tarrps!
® Asfeareicn HOTs 1-3°C and abuve)
® Refereice HOTs Below -3 10 -10°C)

#® Refaronce HOTs (Bslow -10 10 -18C)

® Refaronce HOTs Below -18 10 -25°C)

10 g'de2h 4 piamh
15 20 25 £ 40 a5 50 R of Pracipiuacon

R of Pracipitation (g1

el 25T
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CHEMCO INC.

CHEMR EG IV

CHEMCO CHEMR EG IV 100/0 CHEMCO CHEMR EG IV 100/0
“REEZNG FOG FREEZING DAIZZLE

CHEMCO CHEMR EG |V 100/0 CHEMCO CHEMR EG IV 100/0
LIGHT FREEZING RAIN RAIN ON COLD SOAKED SURFACE

CHEMCO CHEMR EG IV 100/0
NATURAL SNOW

20

220 = B Dota Fointe (3°C and above)

200

8 Uota Foints (Below 3 to 144C)

&0

i D Deta Points (Below -14 ta -15°C)
HE - SRR OKSAYD CO. LTD.
iz
E=m ® Generke HOTe (-3°C and abova) DEFROST ECO L"
. - @ Gonoric KCTs (Below 3 to 125C)

60 .-

40

20 _ h\'\'—Iﬁ._..

s s 10 15 20 25 20 a8 40 a5
Rate of Precipitaion igidm¥hi
Bl oot o=
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NG RAIN

EING DRIZZLE

OKSAYD DEFROST ECO 4 100/0

FREEZING FOG.

OKSAYD DEFROST ECO 4 100/0
;

AEEZING DRIZALE

[(BER!

R

58088

OKSAYD DEFROST ECO 4 100/0
IGHT FREEZING RAIN

OKSAYD DEFROST ECO 4 100/0
RAINON 0OLD SIAKED SURFACE

OKSAYD DEFROST ECO 4 100/0
NATURAL SNOW

& Dara Points (-3°C and sboval

B Data Points (Bedow -3 10 147

© Dota Points (8ow 14 10 16°C)

® Generic KOTs (-3°C and above)

® Genenic FOTs (Balow -3 to -14%C)

——Regression Curve {-3°C)

——Raression Curve 149C)

30 3z 40 45 50
Rate of Preciphation (gidmh)

M:\Projects\PM2480.003 (TC Deicing 2016-17)\Reports\General & Exploratory\Final Version 1.0\Report Components\Appendices\Appendix C\Appendix C.docx

C-42

Final Version 1.0, August 18



SAE G-12 HOLDOVER TIME COMMITTEE, ATHENS, GREECE

PRESENTATION:
EFFEECT OF DEPLOYED FLAPS AND SLATS ON DE/ANTI-ICING
FLUID HOT'S






APPENDIX C

Joint research led by

Transport  Transports
I*I Canada Canada

OUTLINE

= Background
2 Testing Methodologies
= Review of Relevant Data Sets and Analysis
— 20° Plate Data
— Full-Scale Aircraft Data
— Comparative Airfoil Model Data
Effect of Deployed Flaps and Slats on +r Overall Analysis Logic Path
DefAnti-Icing Fluid HOT's % Moving Forward

SAE Ga2 Hol ime M Athens, Greec 23,
< Ben Bernier

Conducted by,

OUTLINE BACKGROUND

=Background "> Research has indicated that early defanti-icing fluid
failure occurs on aircraft flaps and slats if left

= Testing Methodologies deplayed during/the HOT

= Review of Relevant Data Sets and Analysis

— 20° Plate Data  This could pose a problem for operators who deploy
— Full-Scale Aircraft Data flaps/slats prior to anti-icing
— Comparative Airfoil Model Data

=+Overall Analysis Logic Path

=Moving Forward

EARLY FLUID FAILURE ON
RETRACTED VS EXTENDED FLAPS AND SLATS

RETRACTEDFLAPS/SLATS

BACKGROUND

 Flat plate, wing model, and full-scale aircraft testing
has been ongoing since 200g-10:
— To evaluate fluid HOT's on flaps and slats

Normal fluid coverage and flow-off — To support the development of guidance material

EXTENDED FLAPS/SLATS

= Since 2011-12, aircraft and airfoil work has been

i g Clerere \ conducted with industry support from UPS and
X Southwest Airlines and more recently from Air

Normal fluid coverage and flow-aff Canada

Accelerated fluid flow-off due to angle, with

some fluid feeding fram main wing element
Accelerated fluid flow-off with no fluid feeding
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THANK YOU! OUTLINE

Erep s | Aimoid +Testing Methodologies

2000
~Review of Relevant Data Sets and Analysis
® — Full-Scale Aircraft Data

— Comparative Airfoil Model Data

= Overall Analysis Logic Path
@ =Moving Forward
AIRLINES AIR CANADA
ars @B e

PASTTESTING SEASONS BACKGROUND

-~ Flaps and Slats testing has been ongoing since ~ Total data package now contains flat plate, airfoil
Winter 2009-10 and has included: model and full-scale test data
— Wind tunnel testing
« High-performance wing m: h hinged flap set to 20°

¥ For the winter of 2016-17, a new testing approach
— Flat plate testing

5 ’ o was developed in coordination with industry
* 10%/20°%35° various configurations and orientations
— Full-scale testing — Testing approach included comparative static vs. rotating
\319 (with the support of UPS/SWA/Air airfoil ksl
— Facilitated the interpretation of the airfoil results

— Airfoil model testing — Supported the development of guidance

¢+ Simple and slatted airfoil testing, both static and with a variety of
rotation profiles

OUTLINE FLAT PLATETESTING METHODOLOGY

¥ Backaround = HOT's are developed using 10° plates
9 — Historically correlated to full-scale aircraft tests
~)-Testing Method0|ogie5 — 33%fluid failure on the 10° flat plate correlates to first failure on
the wing

= Review of Relevant Data Sets and Analysis — See ARP5485, ARP5g45, and TP13130F

— 20°Plate Data 2 20° and 35° simple and nested plates were used to

— Full-Scale Aircraft Data sirw'w}.[late aircraft flaps and slats in the extended

f e configuration
— Comparative Airfoil Model Data — Angles selected based cn aircraft schematics and actual aircraft

+Overall Analysis Logic Path ety

=Moving Forward = Reduction in fluid protection time on the higher angle
surfaces was compared to the baseline 10° plate

AZE O]
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FLAT PLATETESTING SETUP

AD ® 00 P A
Type I/1ll Heated on Box
— =TI
% i g e Average Ratio of
. 20° Plate StdDev of
h — 1 : e, - Fluid Type |# of Tests Gompamto Ratio
5 = 10° Baseline Plate
1 48 84% 17%
Il - Hot 27 2% 15%
1l - Cold 18 65% 14%
v 102 55% 16%
\ \ Total 193
\\
102 Baseline 102 Baseline |

FULL-SCALE AIRCRAFT
TESTING SUMMARY
~Background = Objective:

# Testing Methodologies = To'compar‘e the perf_orman;e of defanti-icing
) fluids on aircraft surfaces with the performance of
= Review of Relevant Data Sets and Analysis de/anti-icing fluids on flat plates mounted at 10°,

— 20° Plate Data 15°% 20° and 35°

— Full-Scale Aircraft Data

— Comparative Airfoil Model Data > Tests condgcted during_the winters of 2010-11
to 2015-16 in collaboration with:

— UPS Airlines

— Southwest Airlines

— AirCanada

OUTLINE

= Overall Analysis Logic Path
=Moving Forward
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@ SUMMARY OF AIRCRAFT DATA

e *»Based on 2010-11 to 2015-16 data sets

Time of 10% Wing
Fallura s Percantage
of 107 Standard Piate
Failure (%)

TIV/ Head Wind 55.7 65.7 894 62%

IV Head veing 337 37.0 58.7 57%

IV ead iind 518 5.6 133.0 63%

TIV  Tall Wind 17.4 125 73.1 243%

™V Tal Wind 762 685 103.7
v/ T Wind 487 325 1143
TV Tl Wind 840 64.0 1.0

i Normalized Time of Non AVG. Endurance
10% Wing Failure Covrected Tirme of 10° Plata

Orientat|
e {min) Time {min}

IV / Head Weind 522

vt | TV Hesdwing

See Table 5.7 of TP 15342E for additional details
APS
e

OUTLINE COMPARATIVE AIRFOIL TESTING

=Background

= Testing Methodologies

= Review of Relevant Data Sets and Analysis
— 20° Plate Data
— Full-Scale Aircraft Data
— Comparative Airfoil Model Data

=Overall Analysis Logic Path

=Moving Forward

2016-17 AIRFOILTESTING SUMMARY METHODOLOGY

= Objective:
— Toisolate the effect of rotation on airfoil endurance
time (while keeping other variables constant).
47 tests done with Type IV
— 42 testsin snow
with Type IV PG - C
* 20withType IVEG-D
— 5 tests in freezing precipitation
* 2 tests in freezing rain (Type IV PG - C} 20 minute e
* atestinic llets (Type IV PG -C) i

CONTINUAL ROTATION CYCLES

pellets (Type IVEG - D) 'numwm.,. Crosswind, Tailwind e
* 1testinsnowfice pellets (Type VPG - C)

Repeat until failure

)
om am
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RELATIVE RATIO BASED ANALYSIS SUGMENIAHIONEACIOR

= Developed to quantify the operational benefit
SNOW DATA provided by changing wind orientation during taxi

Average Ratio

f the Surf: f q :
Test Surface Test Count bl - Augmentation factor is calculated as the adjusted

Compared to the
10° Baseline Plate endurance time of the rotating airfoil divided by the
10° Plate 42 100% adjusted endurance time of the static headwind
20° Plate 42 52% airfoil
Airfoil Rotating 42 68%
Airfoil Static (Headwind) 42

AUGMENTATION FACTOR AVERAGE AUGMENTATION FACTOR

CALCULATION EXAMPLE
** The Average Augmentation Factor is calculated as

PIVOTTABLE | ENDURANCE the average of all the individual calculated
R () augmentation factors based on the rotating vs static
Type IV PG-C 1P 64.0 A « o . %

e VPG 3 Sime : airfoil adjusted endurance times
Type IV PG-C Airfoil Rotating 2%

Type [V PG-C Airfoil Static Head

FLUID

= The calculation is based on 42 runs conducted with
Augmentation Factor is calculated as the adjusted Type IV PG-C and Type IV EG-D

endurance time of the rotating airfoil divided by the

adjusted endurance time of the static headwind airfoil
.e.38.1/28.8=132% .
Le 2./ Calculated Average Augmentation Factor: 139%

© B

OUTLINE

~Background
= Testing Methodologies

Aircraft Da Airfoil )

i i Bestmethodtocollect  Complex tests to Large size model, with
~Review of Relevant Data Sets and Analysis b= e el Fiaer AT
| D (et level for testing
— 20° Plate Data 20° representative and
selected based on stucly  Validates the use of the f::ﬁ;i:;:‘w:f‘ﬂlﬂ’
. i 207 plate model i
— Full-Scale Aircraft Data Slant izl el sl
Data indicates fluid Tests are static, and TEst methocloey
- i irfoi rotection decrement wind is more important
Comparative Airfoil Model Data I e Iyt
H Suggested to validate angle surfaces upon for b
with full-sealc aircraft to have 2 airfoils (static
~Overall Analysis Logic Path o S St
¢ investigate with At
; Eri
2*Moving Forward EERIEE |
that can be applied to
202 plate dala

M:\Projects\PM2480.003 (TC Deicing 2016-17)\Reports\General & Exploratory\Final Version 1.0\Report Components\Appendices\Appendix C\Appendix C.docx
Final Version 1.0, August 18
C-49



APPENDIX C

OTHER CONSIDERATIONS

= Other analysis methods and considerations were
discussed including the following :

Plate data Aircraft data irfoil data Expected HOT Regression based comparison of ET performance
indicates 55%  Supports 5% indicates Parformanca on ) Effect of wind speed, OAT, rate on ET performance
average Extended Flaps

augmentation and Slats: Gap size on the slat
factor of 139%

) Fluid type performance
76% ) ype p

of Current Fluid specific performance

HOT's

OUTLINE MOVING FORWARD

=Background » TC and FAA have developed a joint position based
¥ Testing Methodologies on the data and analysis provided

: . — To be discussed in Changes to HOT Tables presentation
~Review of Relevant Data Sets and Analysis

— 20° Plate Data + Discussions with A4A will continue during the
— Full-Scale Aircraft Data implementation of the updated guidance
— Comparative Airfoil Model Data

= Overall Analysis Logic Path = No additional testing is anticipated

~Moving Forward

Marco Ruggi
mruggi@adga.ca
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SAE G-12 HOLDOVER TIME COMMITTEE, ATHENS, GREECE

PRESENTATION:
RESEARCH TO DEVELOP HIGHEST USABLE PRECIPITATION RATES (HUPRs)
AND HOTS FOR HEAVY SNOW






APPENDIX C

Joint research led by:

I*I Transport  Transporls

Canada Canada

¥

RESEARCHTO DEVELOP
HIGHEST USABLE PRECIPITATION RATES
{HUPRs) AND HOTS FOR HEAVY SNOW

SAE Gaz Ho ime Committee,
21 Stephanie Bendickson, Senior Project Leader

Background + Objective

7 Background: Natural snow regression curves are
currently being used by LWE based systems to generate
HOTs at higher precipitation rates

¥ In future they could be used to publish HOTSs for heavy
snow (we're not there yet due to other issues)

7 Project Objective: Conduct research to ensure these
curves are appropriate for providing HOTs at heavy
snow precipitation rates and, if not, provide revised
curves andfor HUPR® limitations

* HUPR = Highest Usable Precipitation Rate

el e ars

Why do we need HUPRs and LUPRs?

General Ans

7 We now use the fluid-specific natural snow endurance
time data sets to a greater extent than ever before:
—  We publish HOTs for very light precipitation rates
— We publish regression data to ble LWE based systems to

provide HOTs at very light to heavy precipitation rates

> We need a methodology to ensure the data collected
provides regression information sufficient to provide
accurate HOTs at all rates at which it will be used

1Y Il

Project Work by Winter

P 2014-15
Analysis of original data sets
— Determination of appropriate upper limit (so g/dm?/h)
— Determination of corresponding visibilities

¥ 2015-16
~ Fluid manufacturers requested to send samples
Additional data collected with new samples
— Analysis methodology for HUPR determination
¥ 2016-17
— Additional data collection
— Final refinements to analysis methodology (HUPR+LUPR)

Background + Objective

Specific Objective #1: Determine appropriate analysis
methodology for calculating Highest Usable
Precipitation Rates (HUPRs)

Specific Objective #2: Evaluate natural snow data sets
for existing fluids to determine if they are robust at
higher rates
— If not, collect additional data andfor provide HUPR
limitations

Jarsgors Juescon
Carnda Canadm

Why do we need HUPRs and LUPRs?

Specific Answer...

1. The LUPR determines if a snow endurance time data
set is sufficient to derive HOTSs for light and very light
snow for the HOT guidelines

— data set must be robust a ‘dm?fh for a FAA HOT guideline and
4 gidmzfh foraTCHOT gu ne

LUPRs/HUPRs determine the lowest and highest
precipitation rates at which the data sets can be used
by liquid water equivalent systems

[0 Rl aps
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Final HUPR / LUPR Methodology

» Three-factor weighted analysis methadology
1. Data Points with Precipitation Ra itation Rate being Examined

2. Data Peints at High or

Each data set is given a rating of o, 10, 20, 30 or 40 for each factor

e multiplied by the factor weighting te determine a final
C cipitation rate

LUPR scores are calculated for each p
gfdmzth. HUPR sc alculated 5 and
multiples of 5 in between (25, 30, 35, 49, 45, 50).

The scores are compared to the minimum acceptance score, which is 2
The LUPR is the lowest ation rate at which a data sethasa

passing he HUPR is the highest precipitation rate at which a data
core.

Excerpted from ARPS7188

o
i [N

poit 5 ool clion fale 465

5 ol el 20 ikl
ks o 370 w e
3 dhts ik 520 pfderh
2% i

<2 data ogints »20 g’/

HuPR
2 10%
It 155
1510208
nf

0%,

Conformance Analysis

* HOTs for boundary

ion curves derived from original data only (= published HOTs)

ditions calculated using
1. Regre

Regression cun
data

n combined original + supplemental

> Boundary Conditions:
+ Rates = 3/4/10/25
+ Temperatures
=+ HOTs calculated for the two data sets compared:

= Minor changes acceptable, larger changes not acceptable

frvon ragen
e Carati

Final HUPR / LUPR Met

. Data Points with
Precipitation Rates
near the Precipitation
Rate being Examined

= Number of daté points with
precipitation rates < 0.5 g/dmfh
abowe the precipitation rate
being examinad

Number of data points with
precipitation rates = 10 g/dm7h
below the precipitation rate
being examined

. Data Points in High or
Low Precipitation Rate
Categories

. Negative Scatter of
High or Low
Precigitation Rate
Data Points

= Number of dats points with
precipitation rates < 10 g/dmih

+ Differcnee between endurance
Time predicted by regression
curve and measured endurance
time calculated a5 a percentage

Scatter is set to 0% for data
paints with positive scatter fie
predicied endurance fime <
measured endurance time}

» Average scatter is calculated for
all data points £ 10 g/dm¥h

Numbar of data points with
precipitation rates 2 20 /dm¥h

Difference between cndurance
Time predicted by regression

curve and measured endurance
time caleulated 25 2 percentage

Scatter is set to 0% for data
paints with positive scatter (i,
predicted endurance time <
measured endlurance time)

Average scatter is calculated for
4l data points 2 25 g/dmh

Evaluation of Existing Data

+ Final HUPR/LUPR methodology appropriate for ensuring

sufficient data collection for new fluids

Methadology applied to ex

— Many data sets had sufficient data -> no further work
required

— Many data sets did not have sufficient data -> further

siting fluid data sets

data collected (unless fluid sample not provided)

~ Further analysis required to assess if supplemental data

validated existing regression curves... or not =
conformance arnalysis

el 5 SR

Conformance Analysis

In most cases no significant differences between

©f

HOTs -> supplemental data verifies exisiting curves

But there were several exemptions.

— Generally result of fluids being submitted late in the season
they were originally tested

They lacked data at very low

When data is "missing” especially at lowfhigh precip rates
andfor temps, shapes of the regr:

dfor very high rates

n curves are affected

Note: This is why we request fluids be sent early in the season!

fo sy
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Recommendations

+ Make minor modi ons to table of LUP
% e

ble LUPR =
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SAE G-12 HOT COMMITTEE, ATHENS, GREECE

PRESENTATION:
CHANGES TO HOT GUIDELINES FOR WINTER 2017-18






APPENDIX C

OBJECTIVE /OUTLINE

CHANGESTO HOT + Objective:
GUIDELINES Present changes FAA/TC will be be making to HOT

FORWINTER 2017-18

Guidance for 2017-18
7 Changes are Resulting From:
Presented By: Yvan Chabot and Chuck Enders . 2016-17 Endurance Time Testing Program
Very Cold Snow R&D
Flaps/Slats R&D

Heavy Snow/HUPR R&D

P st Tanspons A" AR . Annual HOT Guidelines Maintenance
Canada Canada R

SAE G-12 HOT Committee, Athens, Greece — May 23, 2017

Tarepor
ol

Changes resulting from...

2016-17
ENDURANCETIME TESTING
PROGRAM

HOTSs provided in this presentation are preliminary and
subject to change - final data verification is required

= N-SP ® AD
2016-17 ET Testing Program 3
ABA J AD
+ Three new fluids will be added to HOT i
! ] o S e e S et g | S Taon o [ o,
Guidelines S T —— = "
S e | FEO eS| PR
ABAX Eco ngAD 2(T pEH) TAs | Gaeids | bashss | 0108 | G0W | niedise
- e -2 (Ty, B [oinaw [ aai s
TEe? 135 0:56-1:35 | BASOH0  0-154nES | 2035
2. CHEMCO ChemREG IV (Type IV) T T e | men | covens | conenc | coven -
3. Oksayd Defrost ECO 4 (Type IV) RS o o | o | s
—
N ; e ey — oy e
> Revisions will be made to the HOTs of one T I il i
fluid already inthe HOT Guidelines p-iogll ey T iz | sz | wssias | vasvss ossios | vasosa | wwas
S Tewaw [iiem [ ena T ma | buse
. ’ ¢ T Tt e Tucvei] e[
1. AllClear AeroClear MAX (Type Ill) R ..T
p— T [nes s | e [

M:\Projects\PM2480.003 (TC Deicing 2016-17)\Reports\General & Exploratory\Final Version 1.0\Report Components\Appendices\Appendix C\Appendix C.docx
Final Version 1.0, August 18
C-59



APPENDIX C
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Cuiskc Alr AgBrmamai: Holggver Tinas UngarVarious Yiaiher Candeioes ke Air P made el Trmes Uvae arko. s Conons
Temperstue | Type v Fuid Tompasare | Typen P (= 4
Covmertrtion s Concamion ;
pm— p—, s Freeeng T S, 300w G o300 ol | iy | 00 o] D |t 1St | Fri | v, nom i o 2t | e | 5| mion it | o
Colous [Felventiall e gt | Light | todeenie | D122 | "R | Scaked Wing Cabsin Fatvem b | i FrRy D oy R 5| S Wing
TR0 [ E0san | 20 | 112N | G3eiHE | Gaias | 02s0a0 | 0w [y Ta0 | Tisa | eass | teia | abiss | mih
2ma | wme = ame | @
wocvs b i abeve e
am P
wion | mlw | mov | waeom | zo0 | wisaw | omis | nenss | nssam e v | amsew | 2w | naeam | ewaso | saoim | oason
e | 2 = L 2
s | e saon : .
| 1000 | 042 | CoMllmc | omienc | ceveRc S o 1w GEuRRC | ceneRic | coveRic et
7 X (000 | oaeras | cewemic | OmIERG | GRMERc Coa m, I asuRc | ceneRic | cevemc Canace
: E [ o1 | GENERIC | GEMERC | GENERIC N IV ! Geuere | opnenic | oenenc
Aaprosimate Noigorer arkous Weathar ¢
5 i
Cinm wnd s
[ [—— = o fr— L v S Grolan 1 Soow Pt | rmecing | 9% mukyon co
i Et wing | OEher Crisinn |Fahermbes Seloms W 3 Py i
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sovzm | tasae | ezsis | cee : T 330300 | T1vaw | esmirs | eeiio | odoo | ereni
T = e i T T T T
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i | caeie | e | tasea I TwsaE | vwen v
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e | cmieRc | e | awwam | onemc | oenen | oenenc ‘
cenec | cmerc | ceenc w0 | cavom | GeNeRe | ceNeRIC | cenERIc &
| s
cenenic | omiERc | cerenc e[ amm | won | cavem | conene | cenec | s

FLUID-SPECIFIC HOT TABLE
ALLCLEAR AEROCLEAR MAX Changes resulting from...

Outsice Air ‘Aporoimate Hoslavsr Times Under Various Waadher Conditions
Torpsrature Typn 81 Flie Mhours:minuitse)
o

[ — Freria | srcwaransoror et | gy | L
i [Fabrenhai e e | Fol orice e | sz
ratma, |VoryLight | Light | oderas i

vasass | 4w | ow0qz0 | oesean | 03540 | pissas

I R&D PROGRAM:

s |1 140120 | B1B-04D

VERY COLD SNOW

Approzlmaie Hokdover Times Under

Rain an Gold
g

2r and

a2}

Freszing Raln en Cold
Cetuzle TN | soukedvang

Lipht [ Moderars
00120 | p1sean | 025450 )

7 en 4

e w [T Wk

N Wh ™ WA

ek ar BS | 128045 | D020 | parea
mie

N nn o i

bt s | 1 | oaran | etees

o)

it vasaon | pastoo | oaoaes | prwez

VERY COLD SNOW RYCOLD SNU

“Below -14 to LOUT” row in all Type II/IV HOT tables bl e e
g 5 Safewing MP Il FLIGHT Safewing MP IV LAUNCH Safewing MP IV LAUNCH PLUS
divided into three new rows remp ) 7o e tiht yught| Ught yUght| tight |moderste
B ‘ Boc emp Snow Snow Snow Snow Snow Snow Snow Smow Snow
— Below - - :
AR 14 Tn = BEJOV\;‘;“ 1:10-1:40%| 0:25-1:10 | 0:08-0:25 [#1:15-1.45%| 0.20-1:15 | 0:06-0:20 §1:15-1:50%( 0:25-1:15 | 0:07-0.25
Below -18 to -25°C o
2 Below -18 0:20-0-40%| 0:10-0-:30 | 0:03-0:10 Q0:20-0-45* | 0:09-0-20 | 0:02-0:09 B0:30-0-45*| 0:09-0-30 | 0:03-0:0%
— Below -25to LOUT at\D 1525
;ol'gl-ﬂ 0:20-0:30" | 0:07-0:20 | 0:02-0:07 Q0:20-0:30" | 0:06-0:20 | 0:01-0:06 [§0:20-0:30* | 0:06-0:20 | 0:02-0:06
New Freezing F Il
= (= g e g cells Cryotech Dow Chemical LNT Solutions
— populated with HOTs from former "Below -14 to L 450
rem (ic) [ Ve em | Light yLight| Light yLight| Light |Moderate
eme.0S) Snow Snow Snow Snow Snow Snow Snow Snow Snow
Ne‘A’ 5 now ce"b Bnl‘:‘."l;" 1:35-2:15%| 0:35-1:35 | 0:10-0:35 [§1:45-2:15%| 0:50-1:45 | 0:25-0:50 §3:00-3:00*|1:05-3:00*| 0:20-1.05
= Paﬂlupat‘ng ﬂu‘ds pDPUlatEd \Nlth f!UId75PEL‘fEC HOTS BT;)Z;B 0:40-0:55%| 0:15-0:40 | 0:04-0:15 W1:30-1:55%| 0:40-1:30 | 0:20-0:40 |§2:00-2:50*|0:40-2:00*| 0:15-0:40
— “Non-participating” fluids populated with generic HOTs. R )
o LOUT 0:25-0:35*| 0:08-0:25 | 0:02-0:08 W1:20-1:45%| 0:40-1:20 | 0-20-0:40 [ below LOUT | below LOUT | below LOUT

rwagons  varspon
Caadn . Canedn
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APPENDIX C

VERY COLD SNOW
TYPE lI/IVGENERIC HOTS

Type !l Generic

Type IV PG Generic

Type IV EG Generic

Snow

Very Light
Snow

Light
Snow

Moderate
Snow

Very Light
Snow

Light
Snow

Moderate
Snow

0:06-0:20

0:40-0:50*

0:20-0:40

0:06-0:20

0:40-0:50%

0:30-0:40

0:15-0:30

0:02-0:09

0:20-0:25*

0:09-0:20

0:02-0:09

0:40-0:50%

0:30-0:40

0:150:30

0:01-0:06

0:20-0:25*

0:06-0:20

Changes resulting from...

0:01-0:06

0:40-0:50%

0:20-0:40

R&D PROGRAM:

FLAPS AND SLATS

Changes resulting from...

R&D PROGRAM:
HEAVY SNOW & HUPRS

(HIGHEST USABLE PRECIPITATION RATES)

0:15-0:30

i+l

icing

VERY COLD SNOW
TYPE Il FLUID-SPECIFIC HOTS

AllClear
AeroClear MAX

Very Light
Snow

Light
Snow

Moderate
Snow

1:20-1:45°

0:40-1:20

0:18-0:40

0:45-1:00*

0:20-0:45

0:10-0:20

FLAPS AND SLATS

= Arevised HOT adjustment will be issued for use
when flaps/slats are deployed prior to defanti-

HOT Adjustment for Flaps and Slats

New Adjustment as of 2017-18

76% of HOT

> A separate set of 76% adjusted HOT tables will
continue to be published in the HOT guidelines

® 8

HEAVY SNOW/HUPR R&D

= Changes to regression information docs
— Minor modifications to table of LUPRs
— Addition of table of HUPRs for Type II/llIjIV fluids

- Changes to snow HOTs for select fluids:
— Cryotech Polar Guard Advance (100/0, 75/25, 50/50)
— Cryotech Polar Guard Il (100/0, 75/25, 50/50)
— ABAX Ecowing AD-49 (100/0, 75/25)
Dow FlightGuard AD-4g (1000, 75/25)

— ABAX Ecowing 26 (75/25, 50/50)
— Clariant Max Flight SNEG (100/0)

Tamports reosgort
Cames Goradn
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APPENDIX C

Table of LUPRs (Type Il + 11I)

Type Il De/Anti-icing Fluids

ABAX Ecowing AD-49/

ABAX Ecowing 26 FLLiD DiLuTion 100/ 75125 50150
£ DOW UCAR FiightGuard AD-43 TEMPERATURE -14°C AND ABOVE BeLow-14°C -14°C AND ABOVE | -3°C AMD ABOVE
Temp on. Maderate Light Very Light Moderate Light Very Light ABAX Ecomang 26 3 g/dm3h 3 gldmih A gidrrin 3 gdnrih
Snow Snow Snow Snow Snow ABAX Ecoming AD-2 3 gidmh 3 girih 3ganvin 3 gidnvih
s¢and |—100/0 100-135 | 1:35-1:50 100-1:55 | 1:55-3:00 | 3:00-3.00 Avialion Shaznd Hi-Tech Cleanwing II 3 gldman 10 glamm 4 gidmein 7 gidmiih
sbove | —225 0:40-1:20 | 1:20-1:40 045135 | 1:35-3:00 | 3:00-3.00 Baiing Yadikle Aviation YD-102 Type I 3 gidman 3 g 3gamin 3 gidmih
50/50 020-0:40 | 0:40-0:50 015025 | 0:25-0:40 | 0:40-0:a5 Clariant Safewing MP I FLIGHT 3 gidman 3 gidneih 3gdmin 3 gidnrih
Below -3 | 100/0 055-1:25 :25-1:40 040125 | 1:15-2:25 Clariant Sofewing MP Il FLIGHT PLUS 4 gldmth 10 gignitn 3 gl 4 gidmth
to-14C | 75/25 030-0:55 | 0:55-1:10 0:30-1:05 [ 1:05-2:20 Cryotech Polar Guard® I1 3 giamin 3 gidnvih 3giamin 3 gidnvin
Kilfroat ABC-Ice Clear I 3 glomen 3 gidmfn 3 glaméin 3 gidméih
Kilfrost ABC-K Plus. 3 gidm7h 10 giam’m 4 gidnvin 3 gidrin
Cryo:;: ::Eﬁ::’;milr‘e/ Clariant Max Flight SNEG Newava Aamchamical FGY-2 3 gldm=h 10 glomtin 3 gldmiin 3 gidméth
e Lht Ners gt iacseite gt ey Nawava Aarochemical FGY-2 Biot 3 giamih 3 gicmith 3 gidmh 3 gidmih
Teme () o Snow Snow Snaw Snow Snow Snow
FCand 2000 105-1:55 | 155-3:00 | 3.00-3:00 0:55-1:40 | 1:40-3.00 | 3:00-3:00 Type Nl DefAnti-cing Fluids
73/25 0:40-1:25 125-3.00 | 3.00-3.00 0:55-1:30 1.30-2.25 2:25-2:50 FLuib DiLuTion 1004 7525 50150
shove [“sorso 0:100:25 | 025-1:10 020045 | 045145 | 1:452.20 TEWPERATURE -25°C anp aBOVE | BELOW-25°C | -10°C anp asovz | 3°C ano asove
Below -3 | 10070 040-1:10 | 130200 | 200220 04010 | 1:102.05 | 2:052.30 AllClear AeroClear MAX 3 gidmiih 3 gimn o wpphcable ol spphcetie
to-14C | 75/25 0:5.0:55 | 055-2:00 | 2:00-2:30 0:40-1:00 | 1:00-1:40 | 1:40-2.00 Clariant Safowing [P il 2031 ECO 3 gamih 3 gfdmiin 3 gidmin 3 gidmeh

e

Table of LUPRs (Type IV) Table of HUPRs (Type Il + 1)

Typa IV De/Anti-lcing Fluids Type Il DafAnti-lcing Fluids
FLUIB DILUTION 100/0 7825 50/50 FLUID DILUTION 10010 7525 50/50
TEMPERATURE =14"°C AND ABOVE BeLow-14'C =14°C AND ABOVE = -3°C AND ABOVE =14°C BeLOw-14°C =14°C AND ABOVE | -3°C AND ABOVE

ABAX Ecowing AD-43 EFTLE) Sgamn Sgamm Sgann ABAX Ecowing 26 i gamin 75 ganin 50 giameh 50 g
CHEMIGO ChemR £G IV 3 gldméh 3 giem*h nsaselientle ot pplieatle ABAX Ecowing AD-2 50 gidmh 25 giamn 50 gidniih 50 gldmifh
Clariant Max Fligh 04 3 gidmh E ot spgise ot mppiEatie Aviation Shammi Hi-Toch Cloanwing || 50 gidmth 25 gidmn 50 g/dmth 50 gidm
Cleriant Max Fiight AVIA 3gidmin not aggiatio rotpplatic Beiing Yadiils Avialion YD-102 Type Il | 50 gidmih 25 gidmin 50 gidmih 50 gidmih
‘Clarlant Max Flight SNEG 5 gidmih 7 5 gidmi S gidmin Clariant Safowing MP Il FLIGHT 40 gidmih 25 gidmm 40 gl 40 gldmtn
Cleriant Safewing £G IV NORTH 3 gldmh ot agpikotio ol epplcatic Clarien Salewing MP Il FLIGHT PLUS | 60 gidmah 25 gicmin 50 gidmih 50 gldmih
‘Clariant Safawing MP 1V LAUNGH 3 gidmin i 3 gidmin S gidmin Cryatoch Pdlar Guard® 1 50 g 25 gicmin 50 giomh 50 gidmih
‘Clariant Saawing MP IV LAUNGH PLUS| 3 gidm 7 3 idm 3 gidmin Willros ABC-loe Clear Il 50 gldmiih 25 gidm'm 50 gidmih 50 gldmiih
Eryctech Polar Guard® Advanco 3 gidméh 3 3 gidmin 3 gidmh Kiffrost ABG-K Plus. 50 gidméh 25 giamn 50 gidmth 50 gidmih
Deicing Soluions ECO-SHIELD 3 gidmih 3 gidmim et |r uppiaie Newave FCvz 50 gidnvih 25 gamn 50 gidnrin 50 gl
Dow UCAR Endurance EG108 3 gidmih 3 gidm® ot oppleablo ot cppleatic Newava Asrochemical FCY-2 Biot 50 gidmeh 25 gidneh 50 gimh 50 gl
Dow UCAR FlightGuard AD-49 3 gidmih 3 giamm 3 gidmn 3 gidmiin
Kilirost ABC-S Plus 3 gidméh 5 giomim 3 gidrin 3 gldméh Type lil DetAnti-icing Fluids
INT Solulions E450 3 gidmih 3 giamih it spsiai o spricatie
Nowave Acrochomical FGY 6311 3 gidmin 3 giomi o applatic AT I T 900 1525 W5
Dkaoyd Delrost ECO 4 3 giamh 3 i - e TewrERATURE -25°CAND apOvE | BELOW-25°C | -10°C AND ASOVE | -3°C AND ABOVE
Shaanxi Cleanway Gloansurface v 3 gidmeh 3 gidmein Sgdmeh | 3gidmdh AlCIAs NeraCléar MAX 5igidmih | 25 gdmi/n St oglioata Oof angdoatia
Clarian! Safewing MP Il 2031 ECO 50 gidnh 25 gide/n 50 g/dniih 50 g/dmih

el sme

Table of HUPRs (Type IV)

Changes resulting from...

Type IV DalAntidcing Fluids
FLUID DILUTION 10070 75025 5050
TEMPERATURE =14°C AND ABOVE BeLow-14°C =14°C AKD ABOVE | -3°C AND ABOVE

ABAX Ecowing AD49 50 gramein 25 giamin 50 giameih 50 giamein

CHEMCO ChemR EG IV 50 gidmith 25 gldméth rotappisanis notapaisbio

‘Clariant Max Fiight 04 _ s0gdmm 25 gidnvih vt sl e ol apcetis 2 0 1 7 A 1 8

Cleriant Max Flight VIA 50 gidmith 25 gidméfh rot apri cable ot apatcstie

Clariant Max Flight SNEG 0 gidn7Th 25 gidnvih 50 gidm’/h 50 gidnvin

Cleriant Safewing EG N NORTH 50 gidmfh 25 gldméth ot o cavie ol anatcntin

Clariant Safawing MP IV LAUNCH 50 gidmh 25 gidméih 50 gidm#h 50 gidméin AN N UAL H OT G U I D E L I N E S
Clariant Safewing MP IV LAUNCHPLUS 60 gigméh 25 gldméth 50 gidm?h 50 gidméin

Cryoinch Polar Guard® Advanca  sogidmm 25 gidméh 50 gidm#h 50 gidmén

Descing Solubons ECO-SHIELD® 50 gidméfn 25 gidmeih vot werl zale ol apatestie M A I N T E N A N C E
Dow UCAR Endurance EG106 50 gidmiih 25 gldméfh vl s i ol apsicalis

Dow UCAR FlighiGuard AD=4% 50 gl 25 gidnvin 50 gidm’fh 50 gidnvin

Kilfrost ABC-S Plus 50 gldméin 25 gldméth 50 gldm#h 50 gidméin

LNT Solutions E450 50 gldmvin 25 gidnvin nolapalcabie

Newave Aerachemical FCY 9311 50 gldméfn 25 glaméih = noi anslestie

Oksayd Detrost ECO 4 50 gldm’fh 25 gidméih ‘ nolapatcaliy
Shasrl Cleanway Cleansurfacs [V 50 gidmin 25 gidméih 50 g/dm*fh 50 gidnein

T
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APPENDIX C

ANNUAL MAINTENANCE:
REMOVED FLUIDS

+ Kilfrost ABC-3 (Type II) will be removed as a result
of discussions between TC/FAA and manufacturer

2 No fluids become obsolete -> no other removals

1ol e I

TC/FAATYPE IV FLUID-SPECIFIC
HOT GUIDELINES 2017-18

1) ABAX Ecowing AD 13) Kilfrost ABC-S PLUS
2) CHE Che EGIV 14) LNT Solutions E450
3) Clariant Max Flight o4

4) Clariant Max Flight AVIA

5) Clariant Max Flight SNEG

6) Clariant Safewing EG IV NCRTH

7) Clariant Safewing MP |V LAUNCH

8) Clariant Safewing MP IV LAUNCH PLUS

9) Cryatech Polar Guard Advance

10) Inland Technologies ECO-SHIELD **
11) Dow UCAR Endurance EG106

12) Dow UCAR Flightguard AD-49

15) Newave Aerochemical FCY 9311

**NAME CHANGE

CHANGESTOTYPE Il GENERIC HOTS

Quiside Alr

Approximate Holdever Times Under Vardous Weather Conditions
Temperature

Type IV Fluid (howrs:minutes)

Degrsss

= f Lig Rain on Gold
Colsius b p

Dagrea
Fahranheit] Goakod Wing

015325 [LERET)

wawers (0:06)w

105 0184030 020048 0.20

025 750 015025 008015 e
No heldowe* time

guidelines cxist

25 | below 13
to LOUT

1. ABAX Ecowing AD-2:
2. Type IV Fluids:

3. Very Cold Snow:

4. Kilfrost ABC-3:

TC/FAATYPE Il FLUID-SPECIFIC
HOT GUIDELINES 2017-18

1) ABAX Ecowing 26
2) A -
3) Aviation Shaanxi Cleanwing Il

4) Beijing Yadilite YD-102

5} Clariant Safewing MP Il FLIGHT

6) Clariant Safewing MP Il FLIGHT PLUS
7) Cryotech Polar Guard |l

8) Kilfrost ABC-K PLUS

g) Kilfrost ABC-Ice Clear |l

10) LNT Solutions P2so

11) Newave Aerochemical FCY-2

12) Newave Aerochemical FCY-2 Bio+

g AD-2*

ANNUAL MAINTENANCE:
RECALCULATION OF GENERIC HOTS

Typelll

» ABAX Ecowing AD-2 added

Type IV

» CHEMCO ChemR EG IV added
+F Kilfrost ABC-3 removed 7 Oksayd Defrost ECO 4 added
+ Removal of Type IV fluids " Heavy snow HOT revisions

+ New HOTs for very cold snow > New HOTs for very cold snow

CHANGESTOTYPE IV GENERIC HOTS

Outskkls Alr Aperoximate Heldever Times Under Various Weather Consitions
Temperatire ¥ Fluid ihoursiminutes)

e [T Snow, Snow Grains or Snow Pollets | ¢ ooppn0
Calslus | Fahranhaly | o =vouns:

Drizlo

030 0:25a0

0507520 | 030045

gt
ain on ol
Froveing 2

u..,ugmj Light  Moderais Raln | Socked Wing

vrozm | saveas | wwrm _usi

el 125240 | 2:06]

DE-pi0 | Dan-0dS

5 | osen | onsons
“oun DA | 190140 | Gesa7m 025 0257120
i5i2h DA | 140200 | Q5148 020045 | onsros
1 cAUIION:
00 | 040050 wa He haoovet e
. 22 cuelines exist
1 VA0 | Baeuzs wz

DAL | 020025

1. ChemR EG IV:
2. Defrost ECO 4:

3. Heavy Snow:
4, Very Cold Snow: 2x10min {4, 2xTmin 4, 2x4min {, 1xSmin {,
1x6min {4, 1x7min 4

110 min 1T
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APPENDIX C

ANNUAL MAINTENANCE:
ALLOWANCETIME TABLES

= Changes to Type lll + IV Allowance Time Tables
— Removed rows that are currently not usable

— Removed precipitation intensity designators from
mixed condition second precipitation types

= Changes due to METAR reporting standards which make these unusable

= Changes to Allowance Time Text Guidance

— Text relocated from HOT Guidelines documents to
operations guidance docs (TP14052/N8g00)

o E

ANNUAL MAINTENANCE:
FLUID APPLICATION TABLES

2 Minor editorial changes for 2017-18 HOT guidelines
— FAA fluid application tables changed from landscape to portrait
to harmonize with TC

— Specify "Heated or unheated” fer second step anti-icing in both
TCand FAA tables

— Updated last caution note in FAA Type [I/IV table to harmonize
with TC

> Future Change: Proposal to combine 4 tables into
single table is still in discussion
— Changes anticipated for 2018-19 HO

o Tisapot

ANNUAL MAINTENANCE:
TCTYPE I CAUTION

¥ Wordsmithing of Type | HOT tables caution

« From:The only acceptable decision-making criterion, for
takeoff without a pre-takeoff contamination inspection, is the
shorter time within the applicable holdever time table cell.

+ To: Takeoff after the longest applicable holdover time has been
ed is not permitted for Type | fluids.

+ Applies toTransport Canada only

ALLOWANCE TIME TABLE ROWS

16-17 I\ 017-18

Precipitsuon Typs FEana e prman Tyna
abovo

Lipntics Patlats sominms | Lightton Pulints

Lipntica Pllets Mixed with Light Srow LT Light bom Pollcts Misci wih Sac

Liphtca Pallats Mixed with Madorsts Snow LigPt fon Plots Mixed whih Freaz ng Drzzie

Ligntieo Bolots Miscd with Lightor Nadersis

Freesing Dnzzi 25 minuses Light los Pellsts Mizes wih Freezing Rair B

Lipntics Pellets Mixea win Lt Freezing Rain | 25 minuses | 1 Light e Peliets Mises with Rain 25 pirvies

Lipntica Palats Mixsd e Light Rn Zomeras st 5 Petets for Smal Haf 25 mirvsas

gt ionPelles i i Hoduata R odere e eaets o Smal . M WD | 1y e

[F——— e e T p—

Woderats e Pelets [or Smatl Ha" Miced wath
oderate Freszing Onzzie

oderats e Peliets for Smat Mk * Mized weth
Hoderate Ran

FLUID APPLICATION TABLE
FUTURE FORMAT

ANNUAL MAINTENANCE:
HOT TABLE FORMAT CHANGES

- Significant changes to HOT tables for 2017-18 due
to new temperature bands + new flaps/slats HOTs =
real estate issues!

=+ Formatting changes made to:
— Make space for new content

— Prepare documents for full US/Canadian government
document accessibility requirements

— Improve process for document updates

— Improve TC/FAA harmonization

el me @) 1ol Ee
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ANNUAL MAINTENANCE: BEFORE (TC 2016-17)
HOT TABLE FORMAT CHANGES

Formatting changes that will be made: — - e

Tempersturs! v hours:minutes)

— Consistent font sizes (two sizes vs many)
Degresn  Degrees | Mewt Thddiater Lkt mansnceia
1 T Somaa wings

Caltun  Fanrennet

Dashes and spaces — harmonize TC/FAA oaet

3ad  2and =
aove e

Harmonize entries in *empty” diluted fluid cells

Consistent borders — all same style and thickness
a7
s o8- 107

Fluid concentration heading - remove type, neat, change to "by % velume”

Move “The responsibility for the data” line to cautions section o L
Remaove bald frem cautions (harmonize with notes)
Add "Notes” header to FAA pages
Remove “holdover time” from TC second caution
Reduce table header rows (from 3 rows to 1 row}
Combine termperature columns (single column)
o making cdtiricn. for ks wieheid §pr 3 cantsminasan nasacdon. s e herea i within e apiicabia

Table #s — standard numbering system : 2 e by b oA e Mk sl St Wb St bk a1

rediicas whan Secr s 1k RS B lewte TSR Gut e

Simplify table titles, heacings, subheadings, etc. ik oo i oo d el do o revid gtk oo

B R A AFTER (DRAFT
= O 016 2017-1
OLDOVER D o 4 TABLE 4.1: GENERIC HOLDOVER TIMES FOR SAE TYPE IV FLUIDS
Vary Lighe
o Freszing Fog | grort 4% e !
T B o o et J TN AP
Fronsion Fr Fnow Enow Gralns or [T By % voume 1% OV 5o puseni Snow Patersy snow Paliets:
Degrees  Oegrees | NeatPuidmier | FrovsinaFes Snaw Pelle? Freating | LM | i on Gt | 0 s
IO | wokame Ao s P | #remne |G B ] Won_ow-ow
rd s E
o oz
(©)
o are vas
e & g im | au-0m
ama HE Tz a0 RN 045 140 | 020046 PR, = o |
¥l 11 [aowl 1200 acee [ENORRN 000200 | 90800 z . = N

[

ek sl v o s e el
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SAE G-12 HOLDOVER TIME COMMITTEE, ATHENS, GREECE

PRESENTATION:
IMPACT OF TYPE IV FLUIDS NOT BEING QUALIFIED AS TYPE Il FLUIDS






APPENDIX C

Joi: researchlec ay:

I*I Transport  Transports

Canada Canada

Conduted by;

APS

IMPACT OF TYPE IV FLUIDS NOT BEING
QUALIFIED ASTYPE Il FLUIDS

SAE G12 Holdov ne Committee, Athe
Prasented By: Stephanie Bendickson,

TYPE IV FLUIDS =TYPE Il FLUIDS

~ Disadvantages (discussed at November meeting):

Some Type Vs have shorter HOTs than Type
unnecessa educes Type |l generic HOTs

Confusion with HOTs: People don’t understand why Type ||
generics can be lower than all Type |l fluid HCTs

nfusion with LOUTs: Does warmest Type IV LOUT apply to
Type Il generic HOT table (yes!)

= Consesus at November meeting: Type IVs should not qualify

as Type lls —for reasons above and for color requirements

Taagers Tarpt
n Canota

2016-17 Generic Type Il HOTs

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

Freezing Fog | Snow, Snow
or Grains or Snow
Ice Crystals Pellets

Freezing Light Rain on Cold
Drizzle Freezing Rain  Soaked Wing

0:35-1:30 0:200r45 0:30-1:00 (:15-0:30 0:07-0:40
0:25-0.55 0:154:25 0:15-0:40 :10-0:20 0:04-0:25
0:15.0.25 0.05-0:10 008:0:15 0:05-0.00
belaw -3 G10)10s 0:150:30 020-045 0:40-0:20
o214 0:25-0:50 0:08-0:20 015-0:25 0:08-015
below: -14
-3

belowr =18
o LOUT

-3and
above

0:20-0:35 0:150:30

0:20-0:35 0.08-0:10

Remove Type IV Fluids = 1 increase

APS
e

ot

TYPE IV FLUIDS =TYPE Il FLUIDS

¥ According to ARP5718A 5.6.1, Type IV fluids also
qualified as Type Il Fluids
— Therefore: Type IVs could be used with Type Il generic HOTs
— Therefore: To determine Type Il generic HOTs, needed to take
shortest HOT of all Type Ils and all Type IVs

5.6.1 Inclusion of Type IV Fluids in Type Il Generic Analysis

All Type IV fluids also qualify as Type Il fluids (Type Il fluids do not qualify as
Type IV fluids). Although Type IV fluids are generally expected to exhibit
superior endurance time performance over Type |l fluids, this may not always

be the case with every fluid in every holdover time guideline cell. Therefore all
Type IV fluids must be included in the Type Il generic analysis.

Bl o =2ur

ARPs5718: Section 5.6.1 removed for version B
(balloted)

. Type IV fluid data removed from Type |l generic
analysis

* Oneincrease to Type Il generic HO

(TS el

TYPE IV FLUIDS # TYPE Il FLUIDS

Conclusions

Fluids are qualified as either Type Il or Type IV but
th

2. Type IV fluids can no longer be used with Type Il
Generic HOT table

Type Il generic HOTs updated accordingly
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SAE G-12 HOLDOVER TIME COMMITTEE, ATHENS, GREECE

PRESENTATION:
HOLDOVER TIMES FOR VERY COLD SNOW






APPENDIX C

Jaini research let Ly

I I Transport  Transports

Canada Canada

Corvlue tad by:

ars

Outline

=+ Background + Objective
= Data Collection
*+ Data Analysis Methodology
=+ Data for Participating Fluids
= Comparison to Type II/IV Generic HOTs
> Recommendations
— Participating Fluids
— Non-participating Fluids
=+ Future Work

| L] Rscalis-soo

HOLDOVERTIMES FOR
VERY COLD SNOW

wver Time Committee, A

ed By: Stephanie Bandi

Background

Objective

F Prior to 2016-17, HOTs for Type II/IV fluids < -14°C in
snow were generic

> Project Objective: Conduct research to provide fluid-
specific HOTSs for select fluids in snow below -14°C
Based on artificial snow data collected with limited fluids obtain / confirm LOWY samples

— Due to infrequency of natural snow occurrence inYUL — collect data in natural and artificial snow

determine appropriate data analysis methdelogy

7+ Natural snow testing in 2014-15 + 2015-16 indicated T

these HOTs not appropriate -> reductions put in place
7 Fluid participation i ject optional
¥ Industry subsequently requested further research to SEREC SO R POIE SEushe

collect sufficient data to provide fluid-specific HOTs ¥ Project funded primarily by fluid manufacturers and in

part by Transport Canada and FAA

Rl mewes e APS

Conata " Connin o

(10 el Ars © M@

Participating Fluids Data Collectio

¥ Type llfIV 3 collection eve o :
1. Clariant Safewing MP Il FLIGHT

2. Clariant Safewing MP IV LAUNCH
3. Clariant Safewing MP IV LAUNCH PLUS Precipitation Rate 014 g/d
4. Cryotech Polar Guard Advance (also PG Il)
5. Dow Endurance EGi06 e - futaic/dm /b
6. LNT Solutions E450 oo | e Mo | em
Below -14tc -18 27 51

2 Type lll T_'g)" Below -18to 21 2 20

7. AllClear AeroClear MAX Below -21 7 34 5
ol mxe s Ars © B Eauk AP
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Data Collection Sites

Failure Time (min)

SAMPLE FLUID
NATURAL SNOW - ALL REGRESSED

g Curve (:3°C)

Curve -25°C)

[ @ Data Points -37C 3nd avovel |
| ® Data Points (Below -3 1g -14°C)

| B Data Points (Beiow -14 to -187C)
| @ Data Points (Below 18 to -26°C)
| ® Data Points (Below -25°C)

10 18 20 28

Rate of Precipitation (g/dm*/hi

Data Analysis Methodology

+ Conclusion: Two family approach works best

+ datafrom o to -16°C
= determines HOTs 2 -14°C

+ data below -14°C

+ determines HOTs < -14°C

Data Analysis Methodology

>

7

No data analysis methodology exists for
determining HOTs for snow below -14°C

Logical (?) Option

— Combine all snow data (all temps) and regress on
temperature and rate

— Doesn't work well!

el 535 25

el 222 X

Data Analysis Methodology

¥

>

Next Logical Option: Create “families” of data and
regress on those separately

Significant effort went into examining various
combinations of different #s of families and various
temperature splits

Evaluation criteria
— Validity of regression curves: visual + numerical analyses
— Practicality of data collection

O]

Failure Time (min)

SAMPLE FLUID

NATURAL SNOW - TWO FAMILIES REGRESSED - WARM FAMILY

180
72 B Dats Points (3°C and sbo
a2 jata Peinte (3°C and sbovel
150 .
W Dats Poins (Below -3 10 -145C)

140
120 - - — Regression Curve +3°C)
[ECR B
13 [ — ftegression Curve (+14°C)
1m0 =

90

o~ mm =

80

70 a

50

50 L

n

%0

30

20

0

o

o 5 10 15 20 28 20 EH 0 a5

Rate of Precipitation (gidm ")
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SAMPLE FLUID

NATURAL SNOW - TWO FAMILIES REGRESSED - COLD FAMILY

Rate of Precipitation tg/dm?n)

O Data Peints (Below 14 to -18°C}
B Data Peints (Balow -13 to -26°C)
B Datz Peints (Below -25°C)
|!I Regression Curve (-18°C)
—Regression Curve (-26°C)
\ ] —Regression Curve (LOUT -28°C)
o
o
a
L
|1
ig.:.
e
< 5 0 15 20 25 30 35 40 45 50|

| L4 I

Data Collected in 2016-17

+ Following slides show one chart for each fluid

* Charts show the

submitted for testing

data and related
regression curves (-18°C, -25°C, LOUT)

Fry

Fallure Time (min}

180

88838888813

c588888

Clariant Safewing MP IV LAUNCH PLUS 100/0
NATURAL SNOW - TWO FAMILIES REGRESSED - COLD FAMILY

O Datz Peints (Bslow -11 o '\.E cr
B Dats Peints (Below -18 to -25°C)
L W Dats Points (elow -25°C)
a5 Regreaalon Curve (18°C)
~——Regression Curve [-26°C)
g —Regpession Gurve (LOUT -20°C)
5o
1]
. a
L
®o
&
-
s W s 2 3 a5 s 45 %o
Rt of Preciitation ighm )

SAMPLE FLUID

NATURAL SNOW - TWO FAMILIES REGRESSED

180
170 \ @ Data Foints -3°C and above)
160 W Data Paints (Delow -3 to -147C)
150 @ Data Peints (3slow 1% ta -18°C)
a0 @ Data Points (Selow -18 10 -26C)
130 f s 8 Data Pints (Belows -
120 LN ~——Regression Curve
i [ 4 — Regression Curvs
2300, L] Rogression Curve (-18°C)
E w0 im = — Rey Curve
Sl |lo r i R e P
2 70 \ 13 [ ] < - -
£
60
a
m
50
[]
40 SR = " .
a0
[ ]
i3 L] [ ]
19 f—
0
o 5 10 18 20 25 30 38 40 48 50|
Rate of Precipitation ig/dmé hi
Clariant Safewing MP IV LAUNCH 100/0
NATURAL SNOW - TWO FAMILIES REGRESSED - COLD FAMILY
180
170 [0 Gara Poins (Below 14 o - 18°G)
160 8 Data Pints (Belows -
150 W Data Fints (3elow -
140 Hegression Curve
1% — Regresaion Cunve
120, =[5 —FRegression Curve (LOUT -28.5°C)
g0
E100
EBool | ||o
®
e & . i
ir 9
o0 B m
90 L
w0 g
30 -
20
0
°
o 5 10 156 20 25 30 40 48 50
Rata of Procipitation fg/dm¢/h]
Clariant Safewing MP Il FLIGHT 100/0
NATURAL SNOW - TWO FAMILIES REGRESSED - COLD FAMILY
180
170 @ Cata Paints (3slow -14 to -18°C)
160 @ Data Points (Selow -18 to -25°C)
10 W Data Points (3slow -25°C)
140 dl Regresaion Curva (-18°CH
1 P ~——Regression Curva (-26°CH
120 o ——Regression Curve (LOUT -265C)
110 0
Eioo
E 80 o
e 80 o
3? 0 *
60 |
50
= = » %
30
[]
20 \.
10 ST,
)
a 5 10 15 20 25 30 £ 40 a8 50
Rate of Precigitation (gidkn?/h]
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Cyotech Polar Guard Advance 100/0
NATURAL SNOW - TWO FAMILIES REGRESSED - COLD FAMILY

1 Daza Points (Below -14 ta -18°C)
© Dara Pointa (Below -18 1 -26°C)
B Dasa Points (Below -26°C}

Regrassion Cy C)

——Regression Curve (-25°C)

—FRegrassion Curve (LOUT -30.6°C)

Failura Time (mir

20 25 30 35 20 a8
Rate of Precipitation Ig/om/h)

LNT Solutions E450 100/0
NATURAL SNOW - TWO FAMILIES REGRESSED - COLD FAMILY

-]

Data Paints (Below +14 ta -18°C)
Data Points Below +18 to -25°C)
Data Points Below -26°C)

Flegression Curve -13°C)

Regression Curve -25°C)

— = Regreasion Curve (LOUT -22.67C)

Failure Time (min)

0 5 10 5 20 25 =0 ES a0 a5
Rate of Precipitation (g/dm=/h)

Data Analysis: Temp Independent Fluids

¥ AllClear AeroClear MAX is different

= Temperature independent fluid to -25°C
— Fluid performs similarly at -3 and -25°C
— Evidenced by natural snow and freezing fog data

= Different approach required

— HOT Testing = no temp in regression = same HOTs at
all temperatures

— Note: Nov 2015 presentation — this may change

el e

APS
-

oM

Dow Endurance EG106 100/0
NATURAL SNOW - TWO FAMILIES REGRESSED - COLD FAMILY

180
170 @ Data Points (Eelow 14 to -18°C)
160 @ Dara Points (Bolow -18 10 -28°C)
180 W Data Points (Below -26°C)
140 9 Ragression Ct
% gressio

130 ——Regression
120 ] ——Ragressian Curve ILOUT -28°C)
110
100

50

B0

70

80

50

0

30 K

20 =

10

o

o 5 0 15 20 25 30 35 40 as 50
Rate of Precipitation (gidm:/h)

£
[
35 7

AllClear AeroClear MAX 100/0
NATURAL SNOW - TWO FAMILIES REGRESSED

B Data Points (-3°C and sbove)
W Data Points (Below -3 10 -14°C)

O Data Points (Below -14 to -187C)
B Data Points [Below =18 to -25°C)

Curve -26°C

0 5 ° 15 20 25 30 35 a0 a5 50
Rate of Precipitation (gidm?/h)

T

Data Analysis: Temp Independent Fluids

~ AeroClear MAX LOUT = -35°C
¥ No natural snow data exists below -26°C

» Recommendation: Use artificial snow data to
derive appropriate HOTs for snow at -35°C
— Run tests at -25°C and -35°C
— Calculate relative performance

— Apply the relative performance factor to -25°C
natural snow HOTs

TS Bl
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AliClear AeroClear MAX 100/0
NATURAL SNOW - NO TEMPERATURE

8 Dara Poires Below 18 1o -25°C)
W Data Points (Below -25°C)
—Regreasion Curve (-3°C)
——Regression Curve i-14°C)

Regression Curve {-18°C)

——Regression Curve -25°

F?'!"\hml...

o 5 10 15 0 25 30 35 40 43
Rata of Pracipitation (g/dm ih)

Comparison to Generics

¥ Fluid-specific HOTs generated for
“participating” Type II/IV fluids were compared
to 2016-17 generic Type |I/IV HOTs
— Some fluid-specific HOTs HOTs
= Note:
— This analysis only accounts for performance of
“participating” fluids
— Further work required to account for performance
of non-participating fluids

T By

APS
g

Recommendations

Participating Fluids

=+ Sufficient data collected to provide fluid-specific
HOTs for participating fluids
— Provide HOTSs for -18°C, -25°C, LOUT rows
— Some limitations, i.e. higher rates < HUPR = 25 g/dm?/h

Non-participating Fluids:
+ Data collected indicates adjustments to generic
HOTs are required for non-participating fluids

Il T

aps

©f

AeroClear MAX: HOTS AT LOUT (-35°C5

AllClear AeroClear MAX
ARTIFICIAL SNOW

1o e a gramern
Rate of Preciptation

(1Y Il

Type II/IV Generic HOTs Analysis

2016-27 PG Generic EG Generic

Moderate Light
Snow Snow
0:15-0:30 0:30-0:40

0:15-0:30

Moderate Light
Snaw Snaw

0:15-0:30 | 0:30-0:40

Vary Light
Snow
0:40-0:50%

Wery Light
Snow
0:40-0:50°

Temp (*C)

Below -14 o -18

Below -18to LOUT B 0:08-0:10 | 0:10-0:20 | 0:20-0:25% 0:30-0:40 | 0:40-0:50"

Recommended PG Generic EG Generic.

Moderate Light
Snow Snow

Very Light
Snow
0.40-0:50*

Moderate Light
Snow Snow

Very Light

el
) Snow

Below -1410-18 0:06-0:20 | 0:20-0:40 0:15-0:30 | 0:30-0:40 | 0:40-0:50

Below -18 to -25 0:02-0:09 | ©:09-0:20 | D:20-0:25* 0:15-0:30 | 0:30-0:40 | 0:40-0:50%

Below-25ta LOUT | 0:01-0:08 | 0:060:20 | 0:2040:25" | ©150:30 | 0:30-0:40 | 0:40-0:507

Future Work

7 Significant amount of data was collected in
artificial snow
— Only preliminary analysis completed = much more to do

= Further work to determine best generic HOTs
— Need to account for performance of non-participating fluids

= Further work to determine best approach to
determine very cold snow HOTSs for future fluids

— Use of artificial snow, required natural snow data, timeline,
costs, etc.

14
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A4A GROUND DEICING FORUM, WASHINGTON, USA

PRESENTATION:
CHANGES TO HOT GUIDELINES FOR WINTER 2017-18






APPENDIX C

OBJECTIVE /| OUTLINE
CHANGESTO HOT 7 Objective:

GUIDELINES Present changes FAA/TC will be be making to HOT

Guidance for 2017-18
FORWINTER 2017-18 _
+ Changes are Resulting From:
Presented By phanie Bendickson . 2016-17 Endurance Time Testing Program
§ Very Cold Snow R&D
Heavy Snow [ HUPR R&D
Flaps / Slats R&D (separate presentation)

ol Dot Tenspors . Annual HOT Guidelines Maintenance

Canada Canada

Changes resulting from...

2016-17
ENDURANCE TIME TESTING
PROGRAM

HOTs provided in this presentation are preliminary and
subject to change — final data verification is required

) H O AB

2016-17 ET Testing Program
AR A () Al)

. : e e e e e e
+ Five fluids tested = P
D | Deees et Fiviser| 172 [ srow, s Gramaor e et | recging | % oo cota [
s et (=S| vty | Very Lini | Lot Moder ate e Rain
7 Three new fluids added to HOT Guidelines 2w | 2 o Toww [ s [vswn [ewes [onw [ vnon | ovs
ABAX Ecowing AD-2 (Type ) NT| S o Tomewasi[ o | awwonmasave: | smsom Jinas
ek L o wsaan | Gememc | GEnemic | GEnERmIC
CHEMCO ChemR EG IV (Type IV) . TN e | L) A
&K Ry pe— p——
Oksayd Defrost ECO 4 (Type IV) e : T
o : . Dl e o) o e el e e
Revisions will be made to the HOTs of one fluid O[PS S 8 58 K KL NN R R
& 5 : | e 7525 16425 | 1w zie | ms s | wosees | 05 es | wzamon | weasise
already in the HOT Guidelines I T e T T T AT T B
X Ste-14 Tw? T4125 0:354:55 [ 36208 | 0504036 | w2sase | oasaess [ oeandens .
1. AllClear AeroClear MAX (Type IIl) T T | | weva | eovene | orveme | ceverc . 0
s T wow |y | ewaan | ceweme | oeneae | aeneme &=
: A
= = o) s [ 5o ™ an | wwwn | aeanic | oenen | arneme
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) H O A ) H O A B

O R O AYD D RO O
Outacc h "ApprommeicH cdoecr 1 m=s Unccs Vanous Wether Condiions Qutmce Arr ‘Appmmoic Holdoucs T ames Unds Versass Westi Condons
Temperabue Type ¥ Fluid Terpersture. Type iV Fhuid
Congentshion " p Goncentraion
Dagiws | Dicrees. (et i water | (7o=o0 | Snows snow Grams orsnawpenets | ¢rueging | L9 | pinon Cota [ o tegrees | eorees. o Fiogdiati | Fre=n2 | Snow SnovwGromaoe Snoveretets | pyeepmg | L4 o on cott |
- s [MeuFier| Fogorice e - {es g Wate | o e 1oz -
Selus |Fahoaninlt) Crystals | Very Light |  Light Moderats | Dzl Rain Susked¥iing Coledue- | ol bl ! covstats Wery Light Light Moderats | DIz Rain
T T R T R e e Ton [ vwem | ees | vvsown | evinis | venes | wweos | eviiae
| o= S | o
) )
e w0 | wassm | zm | msae | essis w3550 S oo | wmens | e | vnzan | essiw | weem | senm
stta | 70T [T it s
Do, | Thoken w0 | wastes | cenen | cenemie | Generc pel o wwn | sk | cnene | coutne | ceneme g
. e 40135 | GinERic | Genemic | Gineric L3 T oo 030050 | GEWERIC | GENERIC | GENERIC | L Eet
= 1 o tias [ cenenc | cenenic | cenenc o ko | ceneric | cenenic | cenemic
Outsae “AGBruKmateH| cldneer 1 mes Unces Yanaus Vieither Condmians Ousice
Temperakac Terre rusa
Concenirafan Coneentraion W
e | oee |y o [smos o oo crsomronss [ ey | (5% Trimen o v | smpec e o svom s cromene soomereete [ e | (0% Teamerco [,
i |t Crystal Very Light | Light wooeras | " Rein o olahin.; | Faecme Crystals | Ve Light Light Modenate. rese) Rein
ST T T T R N N T vz | saese | e | evens | vin | waes | evaae
x| da =3 s [ [ A s [ i g | 2 7am5 [T oy [Ty [y [T [T Wi
) wa [T e s [ W ) [ [ [y [ [T [T
reiow | betow 00| w2t | xmaan | meaw | easas | mean | esasn s T R e T e el I
i | R T825 [ L N MIA M [ Har 7505 WA P Nis e L) Wik
Teiow | Baow oo P =
et e | wo | waees | ceneni | cewemic | cenen Zw | o | vwese | cememe | cenene | cenemc
oo | bmaw i telow | b F =
A R T T e s o Lot | on [wwes [ cenenc [ cenenic | cenemc

D = O AD

A AR AERCQO AR 4 Changes resulting from

Ouside A ‘A0 mate Holover THmes Uder Vaious eather Conitions
Tomwerawre | Tye M Fhid
Cancentration
Dogrons | oo [Nt gt | Frosana, | sno soonsGransar s petets i | 008 ] o ot | e
Csus |F. e b Driecle [Sosked Wing
ey Light | Uit | moderste Rain
T N T I R I e e )
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3 =, W O VERY COLD SNOW
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VERY COLD SNOW
Objective

Industry request for fluid-specific HOTs

VERY COLD SNOW
Participating Fluids

Clariant Safewing MP [ FLIGHT (Type 1)

Objective: Collect data to provide fluid-specific HOTs
for select fluids in snow below -14°C

Clariant Safewing MP IV LAUNCH
Clariant Safewing MP [V LAUNCH PLUS

Cryotech Polar Guard Advance / Il (Ty Type ll)

rmine appropri

— analyze data
analyze data Dow Endurance EG106

Fluid participation in project optional

LNT Seclutions E450

Project funded primarily by fluid manufacturers and in
part by Transport Canada and FAA

ol e e

AllClear AeroClear MAX

e
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VERY COLD SNOW
Data Collection

Data Collection Sites

= 8 collection events at g test sites
= Temperatures = -14°C to -26°C

‘wabush

= Precipitation Rates = 2 to 14 g/dm?/h

Rate (g/dm?/h)

All Fluids Mederate Snow

{>10-25)

Light Snow
{>4-10)

Heavy Snow
>25)

Below -14t0 -18

Below -18ta -21

Red Dear
Below -21

Bell 2 G

VERY COLD SNOW RY COLD SNQ

. 1 pe ad-5pe @
Impact on HOT Guidelines
Clariant Clariant Clariant
z Safewing MP Il FLIGHT Safewing MP IV LAUNCH Safewing MP IV LAUNCH FLUS
n "
+ "Below -14 to LOUT” row in aIIType ||l'|V HOT tables Temp (%) VeryLight| Light |Moderate BVery Light| Light |Moderate BveryLight| Light |Moderate
G : = Snow | Smow | Snow Snow | Snow | Snow l| Snow | Snow | Snow
divided into three new rows e E
o - e frim1a0t| o250 | oamazs fras-1ast| 020105 |oos0n fras-rsar| 02515 |oior0s
— Below -14 to -1 -
% i Below 18 0, 35.0.40¢| 0.10.0:30 [ 0:03.010 fJo30-0.45¢| 0 09.230 | 0.09.0:08 o 30-0.45+| 009030 | 0:03.0.00
— Below -18 to -25°C t0-25
— Below -25to LOUT Bi"’z;S 0.20-030°| :07-0:20 | :02-0:07 JJo:z0-0:307 | 0.06-0:20 | c:m1-a:06 ffoze- 030+ | 06020 | 0:02-0:08
2 Newcells populated with. .. Cryotech Dow Chemical LT Solutions.
Polar Guard /i E450
— Freezing Fog: “Below -14 to LOUT” HOTs Tempricy [V EBR] tight [Moderate [[very Ugne]  Light [Moderate [very Light] Light [taoderate
snow | snow | snow snow | snow | snow l| snow | Snow | snow
— Snow “Participating” Fluids: fluid-specific HOTs u:z:;a 1:35-2:15%| 0:35-1:35 | 0:10-0:35 [J1:45-2:15% | 0:50-1:25 | 0:25-0:50 13:00-3.:00° | 1:05-3:00° | 0:20-1:05
— Snow “Non-participating” Fluids: generic HOTs (some | s} EE""’Z:B 4p-055| 0:15-0:40 | 0:04.0:15 130 155°| 040130 | 0:20.0:40 J2-00-2:50%|0:40.2:00° | 0:15-0:40
to
E::,IBZ;; 025.035%| 0:08.0:25 | 0:02.0:08 ff1:20 1:45%| 040120 | 0:200:40 [ betow Lour | seow our [bercwiour

ol 25T &%

VERY COLD SNOW
Type ll/IV Generic HOTS

Type Il Generic

Type IV PG Generic

TypelV EG Generic

VERY COLD SNOW
Type Il Fluid-Specific HOTS

AllClear

Sriowe Very Light | Light | Moderate [§ Very Light | Light | Moderate AeroClear MAX
Snow Snow Snow Snow Snow Snow Very Light Light Moderate
06-0:20  J 0:40-0:50% | 0:20-0:40 | 0:06-0:20 [ 0:40-0:50* | 0:30-0:40 | 0:15.0:30 Snow Snow Snow.
1:20-1:45* 0:40-1:20 0:18-0:40
c02-0:08  fo20-025° | 0:09-0:20 | 0w02-c:09 Joue-0:50° | 0:30-0:0 | 0:15-0:30
0:20-0:25* | 0:06-0:20 | 0:01-:06 [ 0:40-0:50* | 0:30-0:40 | 0:15-6:30 0:45-1:00" 0:20-0:45 0:10-0:20
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HEAVY SNOW/HUPR R&D
Changes resulting Objective

+ Background: Natural snow regression curves used by
LWE based systems to generate HOTs at higher

R&D PROGRAM: precipitation rates
H EAVY S N OW & H U P RS ~ Project Objective: Conduct research to ensure curves

are appropriate for providing HOTs at heavy snow

(H IGHEST USABLE PRECIPITATION RATES) precipitation rates and, if not, provide revised curves

and/or HUPR" limitations

* HUPR = Highest Usable Precipitation Rate

HEAVY SNOW/HUPR R&D | HEAVY SNOW/HUPR R&D
Background Impact on HOT Guidelines

2014-15 . . .
s " Changes to regression information docs
— Analysis of original data sets

— Determination of appropriate upper limit (50 g/dm2/h) — Minar modifications ta table of LUPRs

— Determination of corresponding visibilities — Addition of table of HUPRs for Type II/III/IV fluids

~ Changes to snow HOTs for select fluids:

Fluid manufacturers requested to send samples — Cryotech Polar Guard Advance (100 /25, 50/50)

— Additional data collected with new samples — Cryotech Polar Guard Il (200/0, 75/25, 50/50)

s methodology for HUPR determination — ABAX Ecowing AD-49 (100/0, 75/25)

2016-17 — Dow FlightGuard AD-4g (100/0, 75/25)
— Additional data collection — ABAX Ecowing /25, 50/50)

— Final refinements to analysis methodology (HUPR+LUPR) — Clariant Max Flight SNEG (100

[ ity ) [ Tr—

HEAVY SNOW/HUPR
CHANGES TO HOTS

ABAX Ecowing 26 e econip AU ) FLUID DILTION 10010 7625
DOW UCAR FlightGuard AD-39 TEMPERATURE 14°C AND ABOVE | BELOW-1&'C | -14°C AMD ABOVE
Moderate Light Very Light Moderate Light Very Light ABAX Ecovang 25 3 gid 3 gldm*h 2 gidmih g/d

Snow Snow Snow Snow ASAX Exoving AD-2 2 il 3 grdnet 7 g 3 gidmih
1:00-135 | 135150 LO0-1:55 | 155300 | : AViation Shaana H-Tech Cleanwing | 3 i W0 g 7 gianrin
0:00-1:20 | 120-1:40 0:45-1:35 | 1:353:00 Bsying Yadite Aviation YD-102 Type | 3 i 3 gldmemh
0:20-0:40 0:150:25 | 025040 Clariant Ssreing WP 1 FLIGHT 3 i 3 gl 2 o

o/dmil
G:55 125 TAD LIS | Lisoes | Clariant Sarewng ME [ FLIGHT FLUS 2 e 0 Qo 2 glomeh
0:30-0:55 0: 30-1:05 1:05-2:20 220 Cryctech Polar Guard® I 3 gidmh 3 gfdm*h 2 gidmh
Kifrost ABC-Ico Clear I 3 g 2 garem 3 gl
Kilfrost ABC-K Plus 3 gidmrh 10 gichvih /dm’ ih

Cryotech Polar Guard Advance / g .

Clariant Max Flight SNEG e ASTD : ; 7 o EFLE

e % Flig Nériave Asroche cal 3 g 10 Q/cheh 2 glomeh 3 glomn
Mewrave Aerochem cal 3 gidmh 3 gfdm*h 2 g/dmh 3 g/ldmh

Moderate Light Verylight || Moderate Light Very Light
Snow Snow Snow Snow Snow Snow
105155 | 155300 | 300300 § 055140 | 140300 Type I Deifnti-icng Fluids

0:40-1:25 1:25-3.00 3:00-3:00 0:55-1:30 130225 ] FLUD bR oN SOU ok

0:10-025 | 02511 110135 J 0:20.0:45 | 045145 TEMPERATURE -25°Cw ApovE | BELOW-25C_| -10°C AND ADOVE
0:40-1:10 1:.10-2:00 2.00-2:20 0 1.10-2:05 -2:3 AllClsar AeroClear MAX dganth | 3gdmih not applicabe not sopicable
055200 | 200230 : 1:00-140 X Clariant Saewing MF 11 2001 0O 3 gicih 3 gldmin 3 giomAih 3 gidv

Very Light column witl ol
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Table of LUPRs (Type IV) Table of HUPRs (Type Il + llI)

Type I¥ DefAntilcing Fluids Type Il De/Antidcing Fluids
FLuip DiLUTION 10010 76126 50180 FLuID DILUTION 100i0 76I%5. 50/50
TEMPERATURE =14°C AND ABOVE BELOW-14°C =14°C AND ABOVE | -3'C MWD ABOVE TEMPERATURE =14°C AND ABOVE BELOW-14C =14°C AND ABOVE | -3°C AMD ABOVE

ABAX Ecowng AD-29 3 gidmiih 3 graméh = gidrin 2 gidrih ABAX Econing 26 50 gjdméin 25 gldmEh 50 g/dmh 50 grdmef

CHEMCD ChemR EG IV 3 gldrmth 3aldmiih el sphcabla not applcat’s ABAY Ecoming AD-2 50 gldm&in %5 gldmEn 50 g/dman 50 grdrefh

Cariant Max Flign: 0 3 giamiih S g/amih et saplcate nit spplicate Jvizion Ehaans HiTach Ceanwing | 50 gjdméin 25 gldmeh 50 g/dmalh 50 gidrrelh

Cariant Vax Flidht AVIA 3 giamih ER el sophcats ot spplicat’s Beiing VadiiLe Avialion ¥ D- 102 Type | 50 gidméin 5 gldmEh 50 g/l 0 grdmh

‘Cariant M Fight SHEG 3 gidmeih 3 v 3 2 g Clariant Safewing Ve | FLIGHT 40 gJdmAin 2 glaveh A0 g/dmin a0 gl

Clariant Safewing EG IV NORTH 3 gldm?h 3 gldmh net 3gplicable ot applicatle Clariart Safeving MP || FLIGHT PLUS 50 gidm®h B gldm*h 20 g/dmih 50 gidmh

Carianl Safering WP 1 LAUNCH 3 gidrih 3 glamih 3 gt 2 gl Cryctech Folar Guard® Il 50 gidmin 25 gldmih S0 el 50 qrdrreit

Clariant Safewing MP 1V LAUNCH PLUS| 3 gldm?h 3 glomh 3 gldrerh 2 gldmlh Kilfrogt ABC-[ce Clear || 50 gidmn B gldm?h 20 gdmih 50 grdrn®h

Cryolech Polar Guerd® Advance 3 gidmih 3 glamaih = il = g/l il cet ABC K FIus 50 gidmin 25 gldmih S0 el 50 grdrreit

Deicing Solitions ECO SHELD® 3 gidmaih 3 g/meth ot sppicata o applcatla Ieveve Aerochemical FCY-2 50 giam@n 25 glam*h 50 g/l 50 grdrmefh

Diovi LICAR Endurance EG 108 3 gidméih 3 g/dmah et soplicable not spplicatls e ave Aerothenical FOY-2 Bios 50 amin 25 gl 50 /dm/h 50 g

Cow UCAR FlightGuard AD-49 3 gidmaih 3 glameih 3 gl 3 g/l

Kilfrost ASC-S Flus 3 gidmiih 3 gidméth 3 gidrfh % gidrlh Type lll DefAnti-icing Fluids

LT Salmions 450 3 gamin 3 giomh et anplcane ot appicatis

Nevave Acrochemica FCY 8311 3 gidmiih 3 g/dméih et sppicatis ' s pplcatls

Okayd Defreet ECO 4 3 g 3 aramin ol ag phcabla il 3 pplcatls

Shaana Cleanway Cleansurlace [V 3 gidrmih 3 giam3h 3 @drh 3 g/drih

Frum DiuTion 75125 50150

TEMPERATURE - Be1 OW-25°C | -10°C AND ABOVE | -3°C AND ABOVE
AliClear AsraCleer MAX 25 glam®in ot spphcable nol spplizable
Cizriant Salewing MP [l 2031 ECO 5 25 giemEhn =0 50 e

=l =T

Changes resulting from
Type IV DefAntidcing Fluids
FLUID DILUTION 10010 78125 50150

TEMPERATURE -14°C anp ABOVE | BeLow-14°C | -14°C anp asove | -3C ano asove F LAP S A N D S LATS R & D
DA Econing ADAS D oo E glom 50 g 0 g/

CHEMICG ChsmR G 1V, 0 o o o e ol appicabi
‘Clariart M Flight 04 0 o et spplicable ot sppicable
Ciatiant Max Elght A9 7 0 o g ot appeable ol appicab
Clariart M Fighl SNEG 50 giane 5 glane 50 e 50 g cre
Caiant Salewing £6 1V NORTH 50 giomeh ot sppleable i spplcabie
Ciaiant Selowing P 1V LAUNCH 50 gidn I 50 e 50 g/
Carian Saleving MP [V LAUNCH FLUS[ 80 g/amei : 50 gt 0 gt P LEAS E STAN D BY
Cryleth Paa Guard® Advance 0 g 50 e 50 e
ing Soluians ECO-SHIELD® 0 o ot aprieable ol appicabis

[
Dovi UCAR Enturance EG106 0 g n e s pplicatle ot sppicable FOR CHUCK’

Ciovi UCAR FlightGuerd AD-49 50 gramETn S gl 50 g EFER
Kilfrest ASC-S Flus 50 gidmih 50 gidmith 0 gl
LT Saiunons 450 50 g 25 glon et spplicatle ot sppicable - -
Newiave Aerochemical FCT 9311 50 grdmeTn 5 gfdm*m o sppleatie ot sppicable
Oksayd Defros ECO4 50 glanin nctapplicatle ot sppicable

Shazna Clzanvway Cleansurface 1V 50 gidmein n 50 gidmerh EFE

TC/FAATYPE Il FLUID-SPECIFIC
Changes resulting from... HOT GUIDELINES 2017-18

ABAX Ecowing 26

Aviation Shaanxi Cleanwing ||

2017'18 ) B ingdilite YD o
Clariant Safewing MP || FLIGHT
AN N UAL HOT G U I DELI N ES Clariant Safewing MP || FLIGHT PLUS
Cryotech Polar Guard I
MAINTENANCE Kilfrost ABC-K PLUS
9) Kilfrost ABC-Ice Clear |l
10) LNT Solutions P2so

11) Newave Aerachemical FCY-2
12) Newave Aerochemical FCY-2 Bio+
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TC/FAATYPE IV FLUID-SPECIFIC
HOT GUIDELINES 2017-18

ABAX Ecowing AD-49 13) Kilfrost ABC-S PLUS
V* 14) LNT Solutions E450
Clariant Max Flight o4
) Clariant Max Flight AVIA 16,
) Clariant Max Flight SNEG 17) Shaanxi Cleanway Cleansurface IV
) Clariant Safewing EG IV NORTH
7) Clariant Safewing MP IV LAUNCH
8) Clariant Safewing MP IV LAUNCH PLUS
g) Cryotech Polar Guard Advance
10) Inland Technologies ECO-SHIELD **
11) Dow UCAR Endurance EG106

15) Newave Aerochemical FCY 9311

*NEW

ow UCAR Flightguard AD-49 **NAME CHANGE

ANNUAL MAINTENANCE:

ANNUAL MAINTENANCE:
REMOVED FLUIDS

7 Kilfrost ABC-3 (Type Il) will be removed as a result
of discussions between TC/FAA and manufacturer

= No fluids become obsolete -> no other removals

CHANGES TOTYPE Il GENERIC HOTS

RECALCULATION OF GENERICHOTS it Aot kit Tve U el et Cndas
Temparature | Type v Fluid {hours:minates)
Mk Euiwhas|  Froeaing Rain onCold
i vl G R s | o
Type ll woo  {0:5
g | Zed 7808 025055 015025 015040 010020 004025 I
“+ ABAX Ecowing AD-2 added wen | _owes | wsvw | owors (0:06)ow
1000 :30 105 015030 omoss (0:15)oz
~ Kilfrost ABC-3 removed S| omow | owom | vees | owons il
0:15)ess (0:06)(0:20) ey
> H N
F Removal of Type IV fluids A ™ O (D
below 25 | belaw-13 . b 3 2
> New HOTSs for very cold snow e e I ) Sl D, ()
ABA 0 a AD
e
e O O
4 ost AB

ANNUAL MAINTENANCE:
RECALCULATION OF GENERIC HOTS

Qs
Temperature Ty IV Fluid hourszminut os)
Concentration f— s Ligh
Do | Depees[Heat FludWate | Froeeing | Soaw, Snow Grains o Snow Pl | ring | U iy om cotd | o
Cetsius  |Fahrenheit| Crystak | veny Light I Light T Drizzle Rain Soaked Wing
y_‘l ! IV 1000 1152 0245 | r10220 | 035110 | 040430 0:250 40 mﬁﬁ:li
S | i 7505 205 s :ad)is [osix [0moe | oosiis
- 00 0:25-050 | 040-045 | 0250 40407 0:25 5. 1:
+ CHEMCO ChemREG IV added = Coas | EUrs
R e IR X R e e P R
L7 [ owin [1em [veiw | vmow | s o
=+ Oksayd Defrost ECO 4 added i L0 Joistns | 503 | gymigy
oal "‘ 020040 | 040050 040 No holdaver time
R d d et Guidelinss st
~ Heavy snow HOT revisions EENRT e ¥ omon | ooz (0:.090m
balow 25 | balow-13 oo = [ ooe. | cone - Ay
10 LOUT | 10 LOUT oo

+ New HOTs for very cold snow

Bl 25 &8

CHANGES TOTYPE IV GENERIC HOTS

Approximate Holdover Tines Urnder Various Weathar Condtians

1. ChemR EG IV:
2. Defrost ECO 4:
1x10 min 1

3. Heavy Show:
4. Very Cold Snow: 2x10min {, 2xTmin {, 2x4min 4, 1%9min 4,
Ix6min 4, 1x7min 4
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ANNUAL MAINTENANCE: ALLOWANCETIME TABLE ROWS
ALLOWANCE TIME TABLES

OLD 2016-17 NEW 2017-18

=~ Guidance text relocated from HOT Guidelines docs
to operations guidance docs (TP14052/N8goo}

Precanston e Precisaben Tyoe

Light ice Puets Lagh ics Pesets

LI bk Pusets M3 0 Light Snsw [ p——

2 Changes to Allowance Time Table Rows = = =1 LTI

T T T T e —— e . = o
Freanng Onme o LGP bce Peliets Manes weh Preesing Rase

— Rernoved rows that are Currently not usable Light ow Panets M wm Lig Freesng aim [ ——

— Removed precipitation intensity designators from bl — e
mixed condition second precipitation types e = f

Freagog Orae

Mo atate icu Pa et (o4 Son ol Mok Mined w50

Changes due to METAR reporting standards which make these unusable

of

TwieStep Procadura

ANNUAL MAINTENANCE: SRR P
FLUID APPLICATION TABLES | it |G

T°C (32°F1and

> 2017-18: Minor editorial changes
— FAAtables changed to portrait orientation to harmonize with TC

— “Heated or unheated” specification for second step anti-icing in
both TC and FAA tables

— Tweaks to some cautions for clarity / harmonization

= Future: New table format = single fluid app table

e \eaten mix of Mulc and water with a freezing poInt of at ieast 10°C (16°F) below OAT
— Changes anticipated for 2018-19 HOT Guidelines esten water o iested Type 1111, o W fitwater

ANNUAL MAINTENANCE: ANNUAL MAINTENANCE:
HOTTABLE FORMAT CHANGES HOT TABLE FORMAT CHANGES

= Significant changes to HOT tables for 2017-18 due

to new temperature bands + new ﬂaps/slats HOTs = — Consistent font sizes (two sizes vs many)
real estate issues! Dashes and s —harmonize TC/FAA

Formatting changes that will be made:

= Formatting changes made to:
— Make space for new content

— Prepare documents for full US/Canadian government
document accessibility requirements
*holdovar time
— Improve process for document updates e header o
— Improve TC/FAA harmonization

Simplify t subheadings
el S5 X 7 ?

M:\Projects\PM2480.003 (TC Deicing 2016-17)\Reports\General & Exploratory\Final Version 1.0\Report Components\Appendices\Appendix C\Appendix C.docx
Final Version 1.0, August 18
C-87



APPENDIX

C

Type IV Fiusd
Coneantrabion | S, Seow Grama o
Ougroes | Dogroes | MestFasidWater ing Fog) Snow Pedets’ Freazing Rain.on Cold | ooy
¥ Vatuma kol asiet o
Caleius | Fahianhes | ¢ ot X1 | o Cortats = Oviati’ Soakrd oy
S
o 130 | omae .20
ateve o w 1 ™ ™
N - A ™
1 0 130245 | 055450
. A
u A ™ ™
> = |
‘r‘ : » | amer
Very Light Lt Maderate
ouscehs | comoenvuan | RO | soom S | soom soow | froeav | v | Rononcas |
Temomeuton’ el IR i n o freeziaain | Seakedvrig’
By iokere: Paies™ | pebets” | peets’
[ Taa0 | Bsairan Gs0-cst | om-zm
¢ andshon T
T and abomi ] - _
EE 5 0
S oo ] EET) e
J 23 5
w14 10
HIEEE 1000 an.0a | msam
Sdew ik BT
ey e oo asa-as | ms-va
oo
— 1000 as.am | sas.oam

Poll Do mmeen
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STANDING COMMITTEE MEETING ON AIRCRAFT OPERATIONS UNDER
ICING CONDITIONS (SCOUIC), CALGARY, CANADA

PRESENTATION:
CHANGES TO HOT GUIDANCE FOR WINTER 2017-18






APPENDIX C

CHANGES TO HOT GUIDANCE
FORWINTER 2017-18 OBJECTIVE

Review changes to Transport Canada
HOT Guidance documents for 2017-18

* Publication details

* Change details

Transpors  Transpost
Canada Canada

PRESENTATION OUTLINE | " 2017-18 HOT PUBLICATIONS
ORIGINAL ISSUE
1. 2017-18 HOT Guidance Publications —

ORIGINAL ISSUE Published August g, 2017

=+ Publication Details
=+ Change Details
dover Time Guideli
— = SR aldaver Time Guide
2. 2017-18 HOT Guidance Publications —
REVISION 1.0
=+ Publication Details
=+ Change Details

mercesholdovertimes menw
mereescelaisdefficacite smenu

2017-18 HOT PUBLICATIONS CHANGES — ORIGINAL ISSUE

FUN FACTS (TC + FAA)

2016-17 Enduranee
Time Testing Program

Very Cold Snow RLD

Hevy Shaw / HUPR
RED

Flaps / Slats RED
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CHANGES - ORIGINAL ISSUE CHANGES - ORIGINAL ISSUE

+ 3 new fluids added to HOT Guidelines
1. ABAXE ING AD- pe )
2. CHEMCO ChemR EG IV |
3. Oksayd Defrost ECO

1617 Encurance Background
Time Tesing Program

+ Industry request for fluid-specific HOTs
Very Cold Snow R2D + Fluid participation in project optional

; ¥ Eight fluids participated

Heany Saaw / HUPR £ -

g% + Revisions made to the HOTs of one
fluid already in the HOT Guidelines

Flaps / Slats R&D 1. AllClear AeroClear MAX ( 11}]

Heavy Snaw | HUPR

RED . S P

¥ Project funded prirarily by

manufacturers and in part by TC + FAA

Flaps f Slats RED v ) .
Data collected to provide fluid-specific
HOTs for participating fluids in snow

Annual HOT Guidelines below -14°C

Maintenance

Annuasl HOT Guidelines
Maintenance

Example of Very Cold Snow Chan

o e Sppres rum ll £z Tia Ursder v =
FErE Jememmed-g

o Thbd

D
e bttt

201617 Endurance Impact on HOT Guidelines
Time Testing Program

"Below -14 to LOUT" row in all Type ||V HOT
jided into three new rows

Heavy Snaw / HUPR
R&D

Flaps / Slats RED articipating” Fluids =
articipating” Fluid

Annusl HOT Guidelines
Mairibenanoe

CHANGES - ORIGINAL ISSUE

2016-17 Enduranos

2016-17 Enduranes Impact on HOT Guidance
Time Testing Program

Time Testing Program

Changes to snow HOTs for select fluids:
tech Polar Guard Ad
tech

Conduct research to ensure natural snoy
n curves are appropriate for providing

very Cold Snew RAD ;
i HOTs in heavy snow

Very Cold Snow R&D

And, if not, provide r d curves andor
HUPR® limitati

— Clariant Max Fl'r:;ht SMEG (10
* HUPR = Highest Usable Precipitation Rate

Flaps / Slats RED Flaps f Slats RED

2. Changes to regression information docs
dition of ta

Annual HOT Guidelines
Mairitenanos

Annual HOT Guidelines
Mairitena noe
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HBAK Ecoming AD-43 |
DOW UCAR RightiGused AD-49
Wery Light

Moderate
Sngw
1:00-1:55
(=85 1-35
0:15.0:35
[ B
3:30-1.05

wight
Shaw

L55-3:00

1:35-3:00

S
100-1:35
0:40-1:20
0:30-0ed0
055.0:35
0300655

Moderate
Snow
(:55-1:40
255130
D:20.0:45
050110
0:40- 100

D:40-1:35
0:10-035
0:40-1-10

None: TE HOTS wild bet copped ot 2 by vy Ligght codun weill conbain singht voilue (lewer HOT shown ot

CHANGES - ORIGINAL ISSUE

Impact on HOT Guidelines

2016-17 Endurance
Time Testing Frogram

Revi
for when flapsfslats are deployed prior to

Nery Cold Snow RED de/anti-icing

A separate set of 76% adjusted HOT and

esuyhoty HN AT tables published in the HOT guidelines

R&D

* Published in appendi

* Replaced interim go% adjusted HOT

and AT tables

Annual HOT Guidelines
Mairtenanoe

CHANGES - ORIGINAL ISSUE

2016-17 Enchiranee New [ removed HOT tables:

Time Testing Program

Next slides show additional changes:

Hesvy Saaw [ HUPR
R&D

#+ Changes to Generic HOT valwes

Flaps / Slats RED ¥ Allowance time guidance changes

¥ HOT table format changes

CHANGES - ORIGINAL ISSUE

Background

2016-17 Endurance
Time Testing Program

nd Slats testing has been ongaoing
nter 200g-10 and has included:

Wery Cold Snow R&D
o d tunnel testing

plate testing
— Full-scale testin
— Airfoil model testing

Heavy Snow | HUPR
RED

In z016~17, @ new testing approach
developed in coordination with industry
Testing 2ppro included comparative static vs.
rotating airfoil testing
Facilitatad the interpretation of the airfoil results
Supported the d ent of guidance

Annual HOT Guidelines
Maintenance

“wry Ligh Materans
SNOW. FNOW | Fnow, FNow Tnow. 5now
Gralnz or RN ar Grainz or

Sncra Prllula? 3(Zme Palleins? Smes Pallule?

Light
Fraszing Fag
ar Light

Freczing Rain

Fraszing

i
Iec Crystals Drizzle

SRS Y Iids -2y T - ey 2= 2 s -1

157-548 far 1m0 114-1 30 LA -DAS

(100%)

mi0-a%n Sa. AT

O 103

Standard HOTs

2L -010

Light Minfsrnil
Encw, Enow  Snow, Enow
Coninm 110 tuin on
Suera Pulluind? Srnoe Pallsindd Sncm Pulluis?

Froczing
Leieslat

Light
lem Crystulie Fiss.ring Reuin

E0 U ST (HFE Lol 112 E] R RN

1z - 2y 1=k L - 1 Wod -l QEN-UR2

GA42-1.20 113634 GEE-019 LIE-L.E3 -an

LT LEn-04a Q27T -108

Adjusted HOTs

[ = ) Cis O30 R - Ex

Active Frost

Type | Generic

Type Il Generic

CHANGES
CHANGES

Type IV Generic

M:\Projects\PM2480.003 (TC Deicing 2016-17)\Reports\General & Exploratory\Final Version 1.0\Report Components\Appendices\Appendix C\Appendix C.docx

C-93

Final Version 1.0, August 18



APPENDIX C

CHANGESTOTYPE Il GENERIC HOTS

Enow, Snow
Graina or Snow
Failats
AN

BT e v
(IT*F dane abarea)

S - il

@15 - 230

HHHHHHEEEE

Increases:
Decreases:

CHANGES - ORIGINAL ISSUE

2016-17 Endurance
Time Testing Program

Mery Cold Snow RED

Hesvy Snaw  HUPR
RED

Flaps / Slats RED

CHANGES - ORIGINAL ISSUE

2016-17 Enduirance
Time Testing Program
+ Significant changes to HOT tables due to
new temperature bands + new flaps/slats
HOTs = real est

Formatting changes i

Hesrvy Snow | HUPR Make space for
RED
Improve TOFAA harm

Improve process for document updates

Flaps / Slats RED

CHANGES TOTYPE IV GENERIC HOTS

urside st | P [P Ful 5ot ST s S | o e | Fraing | L5
Tampersters | Cone | 5| Graiesor | Graissor | Graisor | riccl "'h'_‘.'_"“
5em

10068 | 116240 200 it- b0 | o6 ian feesn— 100 25) e
el B Rl ) 1:15-:;«1@7@-13 s 10 | 0 - s

sese | azsomso | e | esomen(feigos |eis-s e - ais
e ) FE ST BRI C R FER Ty L [
b 2T rops | soovan | e | oo o | wwoges [esores]eis s
e oy | mee| enoea | w02 ml@_l:@- 120,
e 18 12 25T = ( m@@

a (1]

Decreases:

Prpanicn Tres Seszpamon Typs

Lt ica Pate Lightkca Pusiein

it e Pt B wih Light Sacmr Light ke P Bt w18 S0

(P S ——— Light I Pt Bl st Fromciny [vizcin

™ i Ly
g o v Lipht e ot Light kcn Pussta Biess wex Frassing Fain

LA P o ] D L B g R L e Pt B et B

g P i wih Ligis B

i i Pt i o4 wih Madurr P

Mdociaratn o Palsts (£r St

Mhocers ios Pasa i  ahnd W
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PRESENTATION OUTLINE

=+ Publication Details
+ Change D

2. 2017-18 HOT Guidance Publications —
REVISION 1.0

+ Publication Details

+ Change De

Il 55" 55

CHANGES - REVISION 1.0

ccommodate industry reque

3 to -14°C" temp band in Type IV
temp bands:

-3to -8°C" and “Below -Bto -

Calculate new (longer) HOTs for -4 to -B%C snor

Extend operational window in sno en -4 and -

¥ Participation voluntary / funded by fluid
manufacturers

t chose to participate

TABLE D-1: ADDITIONAL HOLDOWER TIMES FOR TYPE WV FLUIDE, BELOW -3 TO -B°C

TYPE MFLLIOS - SMGLE SHOW COLUIMK .l

S, B

TEFE M FLUDS

Vary L
w3

Flukd Dot

2017-18 HOT PUBLICATIONS
REVISION 1.0

+ Published October 12,

+ Two Documents:

CHANGES - REVISION 1.0

MNew HOTs calculated from regre:
isting data sets

Improvements fluid-deg
* Inmany cases chal

Publication mechanism

= Mew HOTs published in data table in HO

Operator Implementation = Optional

[ Graee s | Gresear | Goewor
B wmamm | T e peaes s S Puiiety | S Pulets

[rimtl sy
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2017-18 HOT PUBLICATIONS
FUMN FACT?

Questions? ' i ————— e
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Participating Fluids
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o rensanchedbr -
I*I Transpors  Transporl 0 Utl I n E
Canada Canada
(i) +Background
@ @ + Current Projects and Initiatives
T Very Cold Snow
“"’:"é"‘a 2. Deployed Flaps and Slats Research
H. - 3. HOTs for Heavy
' X 5. oatings
l 6. id In-Flight

\fertical Stabilizer and High Angle Surfaces
Windshield Washer Fluid Deicing for General Aviation
g. Other Research

+* V-'."a',e' Forward

[==]

Ground Icing Research Program

Projects and Initiatives

Background

+ APS is responsible for conducting aircraft ground icing
R&D on behalf of Transport Canada and the FAA

+ The obje of the test program is to improve the
safety of aircraft ground operations under winter icing
conditions

+ This is achieved through highly focused research into
various aspects of aircraft ground icing operations
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Very Cold Snow
Storm Chasing in Canada

Background

=+ Generi for below -14°C have bee

b o anufacturer pal
**Propect funded primarily by fluld manufactusners and in part by Transport Canada and FAA

Deployed FEa ps and. Stats Research

ng methodology for future fluids

APS
e

Background
* Research has indicated that early defanti-icing fluid
failure occurs on aircraft flaps and slats if left
deployed during the HOT
¥ This could pose a problem for operators who deploy
flaps/slats prior to anti-icing
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Moving Forward
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indirate Y. pooris ey
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fectarel 19%

+ Supplementary data collec
planned for winter 201;

Background

-+ Airports can experience a significant amount of
operations in heavy snow with rates between 25
gldmifh

= That number becomes much less fo

Liquid Water Equivalent (LWE) systems to generate
HOTs at higher precipitation rates

+# In future could publish HOTs { SNOW
= we're not there yet due to oth

ot = ars
-

M

* HUPR = Highest Usable Precipitation Rate

¥ LUPR = Low

t Usable Precipitation Rate

APS
e

onducting yearly or
pport the
rance times (AT)
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Latest 2015-16 Research

Tirmes for 3 M

ceTime

pe Il fluid Allowance Time
* Mew Fluid

+ Continued

h led m_ri_re-:'cn ind
lopment of SAE AIR

E | aERosPsCE
e | IMFORRATION REPORT

General Observations

=+ All coatings behave differently

=+ Coatings tested have limitations to their icing protection
and prevention

=+ Coatings have varying aerodynamic effects

=+ Synergies exist between coatings and traditional deicing
and anti-icing fluids for aircraft ground icing protection

=+ The technelogies are evelving
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Background In-flight Video DocumenL'

+ Boarded g flights (with airline suppm't} i ’
i MontzealinToeonto.xs e . '

,,;. E \
‘ .-__-"-'

‘Wiest Jef: 73T Air Canada: A330
Asthiced with Tyoe IV in Light Snow Antisiced with Type IV in Light Snce

140 i ] A5 © M

Observations Vertical Stabilizer and
7 Residual fluid was observed on all flights H Igh Angle Surfaces

— may be occurring frequently but not reported

+Lightingfangle, and fluid dye can magnify the
appearance of residual fluid

~Fluid pools in aerodynamically quiet areas
— Additional la indicated the fluid is lik
slushy and not fr

~+Guidance added to HOT guidelines

-

First Phase of Research

~ Windshield Washer Fluid Deicing for
General Aviation
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Background

* Cannotm ed aerodynamics for Type | fluid

=+ TC studied the WWF performance in frost conditions
to understand limitation and risk

=+ Testing at Rockeliffe Flying Club using Cessna 172 aircraft
+ Results:

— WWF does not provide adequate protection

— Evaporates rapidly and a slush remains after evaporation

— Typically wiped down after spray h limits some of the risks

R LATE Bl i ST S AW

Upcoming Research Focus

= Researc Il continue for winter 2017-18 and
focus on current industry relevant topics
— Flaps and Slats Continued Research
— Cold Snow Evaluation
— Substantiation of Frost HOTs
— Wind Tunnel Testing
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