TP 15156E

Aircraft Ground De/Anti-lcing Fluid
Holdover Time Development Program
for the 2010-11 Winter

‘/A ‘[1‘ \\'
/0.5A EEDY =\
// N BN\ \4

Aviation Inc.






TP 15156E

Aircraft Ground De/Anti-lcing Fluid
Holdover Time Development Program
for the 2010-11 Winter

‘/A ‘[1‘ \\'
/0.5A EEDY =\
// N BN\ \4

Aviation Inc.



The contents of this report reflect the views of APS Aviation Inc. and
not necessarily the official view or opinions of the Transportation
Development Centre of Transport Canada.

The Transportation Development Centre does not endorse products or
manufacturers. Trade or manufacturers’ names appear in this report
only because they are essential to its objectives.

DOCUMENT ORIGIN AND APPROVAL RECORD

Prepared by:
Oct. 9, 2019

Stephanie Bendickson, B.Comm. Date
Project Analyst

Reviewed by: y\/ Oct. 11, 2019
ct. 11,

John D’Avirro, Eng., PBDM Date
Director, Aviation Services

Approved by: **

John Detombe Date
Chief Engineer
ADGA Group Consultant Inc.

Un sommaire francais se trouve avant la table des matiéres.

This report was first provided to Transport Canada as Final Draft 1.0 in January 2012.
It has been published as Final Version 1.0 in October 2019.

**Final Draft 1.0 of this report was signed and provided to Transport Canada in January 2012. A Transport
Canada technical and editorial review was subsequently completed and the report was finalized in October 2019;
John Detombe was not available to participate in the final review or to sign the current version of the report.

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\TP 15156E Final Version 1.0.docx
Final Version 1.0, October 19



PREFACE

PREFACE

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

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

e To evaluate weather data from previous winters that can have an impact on the format
of the holdover time guidelines;

e To conduct general and exploratory de/anti-icing research;
e To conduct endurance time tests simulating vertical stabilizer anti-icing;
e To conduct endurance time tests simulating deployed flaps;

e To conduct endurance time tests with a snow machine in an attempt to refine the current
test protocol;

e To conduct full-scale tests on aircraft in order to validate the composite holdover times;
e To conduct endurance time tests in heavy snow conditions;

e To support Federal Aviation Administration and Transport Canada in the development of
an advisory circular for the implementation of a HOTDS system;

e To evaluate the use of sensors in determining active frost conditions;

e To initiate research for development of ice detection capabilities for pre-deicing, engine
deicing and departing aircraft at the runway threshold;

e To evaluate frost holdover times for use during cold-soaked wing frost conditions;

e To evaluate degraded fluid performance following contamination with runway deicer
fluid;

e To update the regression coefficient report with the newly-qualified de/anti-icing fluids;
e To conduct endurance time tests on surfaces treated with ice phobic products;
e To evaluate holdover times for anti-icing in a hangar;

e To conduct research at the National Research Council Canada wind tunnel to further
develop and expand ice pellet allowance times;

e To compile a list of lowest operational use temperatures for all de/anti-icing fluids in the
holdover guidelines; and

e To conduct various aerodynamic research activities at the National Research Council
Canada wind tunnel.

The research activities of the program conducted on behalf of Transport Canada during the
winter of 2010-11 are documented in five reports. The titles of the reports are as follows:

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\TP 15156E Final Version 1.0.docx
Final Version 1.0, October 19



PREFACE

TP 15156E  Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program
for the 2010-11 Winter;

e TP 15157E  Winter Weather Impact on Holdover Time Table Format (1995-2011);

e TP 15158E  Aircraft Ground Icing General Research Activities During the 2010-11
Winter;

e TP 15159E Regression Coefficients and Equations Used to Develop the Winter
2011-12 Aircraft Ground Deicing Holdover Time Tables; and

e TP 15160E Exploratory Wind Tunnel Aerodynamic Research: Examination of
Contaminated Anti-lcing Fluid Flow-Off Characteristics Winter 2010-11.

In addition, the following two interim reports are being prepared:

o Fvaluation of De/Anti-Icing Fluid Endurance Times on Extended Flaps and Slats; and

o Further Development of Ice Pellet Allowance Times: Wind Tunnel Trials to Examine
Anti-Icing Fluid Flow-Off Characteristics Winter 2070-11

In addition, an interim report entitled Evaluation of Endurance Times on Extended Flaps and
Slats will be written.

This report, TP15156E, has the following objective:

e To develop holdover time data for all newly qualified de/anti-icing fluids and to document
changes made to the holdover time guidelines.

The objective was met by conducting endurance time tests with fluids in simulated freezing
precipitation at the National Research Council Canada Climatic Engineering Facility in Ottawa
and in natural snow at the APS Aviation Inc. test site at Montreal-Trudeau Airport in
Montreal.
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Ruggi, James Smyth, Michal Warchol, David Youssef and Victoria Zoitakis.
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

Under contract to the Transportation Development Centre of Transport Canada, with
support from the Federal Aviation Administration (FAA), and several fluid
manufacturers, APS Aviation Inc. (APS) has undertaken a testing and research
program to further advance aircraft ground de/anti-icing technology. The program
has a number of objectives, and work completed to address these objectives is
documented in a series of related reports. The primary objective, the development of
holdover time (HOT) guidelines for new de/anti-icing fluids, is addressed in this
report. The objective was met by conducting holdover time tests with several
de/anti-icing fluids. This report also documents all changes made to the HOT
guidelines for the winter of 2011-12.

Test Procedures

Test conditions, test parameters, and test bed specifications were determined based
on the requirements of Aerospace Recommended Practice (ARP) 5485 and
ARP5495, which were developed by the SAE International (SAE) G-12 HOT
Committee for Type Il/II/IV and Type | fluids, respectively. The tests consisted of
pouring freezing point depressant fluids onto clean, inclined (10°), standard flat
aluminum and composite material plates. The plates were mounted on test stands
and systematically exposed to a variety of natural or simulated icing conditions. For
each plate, the elapsed time required to reach a predefined end condition was
recorded.

The variables measured during testing included: failure time, type of precipitation,
rate of precipitation, visibility, wind speed, wind direction, ambient temperature, test
surface temperature, fluid brand, fluid type, and fluid concentration.

Data Collection and Testing

During the 2010-11 test season, data was collected during natural snow events at
the APS test site at Montreal-Trudeau Airport in Montreal and in simulated
precipitation conditions, including freezing drizzle, light freezing rain, freezing fog,
and rain on cold-soaked surfaces, at the National Research Council Canada (NRC)
Climatic Engineering Facility (CEF) in Ottawa.

APS conducted 420 tests in the winter of 2010-11. The results of testing were
incorporated into the winter 2011-12 HOT guidelines.
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Changes to the HOT Guidelines
The changes below were made to the HOT guidelines for Winter 2011-12.

1. A new fluid-specific HOT table was added to the Type IV guidelines for new
fluid Cryotech Polar Guard Advance. The addition of the new table did not
affect the generic holdover times.

2. Clariant Safewing MP IV 2012 Protect and Octagon MaxFlo were removed
from the Type IV guidelines as per the protocol for removing obsolete data.
The removal of these fluids resulted in 16 increases being made to the generic
Type IV holdover times.

3. Minor increases/decreases ranging from 1 to 4 minutes were made to all eight
Type |l fluid-specific HOT tables, six Type IV fluid-specific HOT tables and to
the generic Type Il and Type IV HOT tables as a result of changes made to the
Type Il/IV HOT rounding protocol.

4. The lower limit of the lowest temperature band in the Type Il and Type IV
fluid-specific HOT tables was changed from “-25°C or LOUT"” to the actual
numeric lowest operational use temperature (LOUT) value for each fluid.

5. The Type | HOT table was divided into two tables: one table containing
holdover times for aluminum wing surfaces and a separate table for the
holdover times for composite wing surfaces.

6. The upper value in the Octagon Max-Flight 04 75/25 below -3 to -14°C snow
cell was increased from 1:20 to 1:25 due to a rounding error.

7. Additional information was added to the LOUT table.

8. The Frost table was reformatted to clarify that dilutions apply only to Type I,
Il and IV fluids.

Recommendations

It is recommended that any new Type I, Type Il, Type Ill or Type IV fluids be
evaluated over the entire range of conditions encompassed by the HOT tables. It is
also recommended that fluid-specific and fluid application temperature specific HOT
guidelines for Type lll fluids be developed in the winter of 2011-12.
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SOMMAIRE

En vertu d'un contrat avec le Centre de développement des transports de Transports
Canada, avec |'appui de la Federal Aviation Administration (FAA) et de plusieurs
fabricants de liquides, APS Aviation Inc. (APS) a entrepris des essais et un
programme de recherches visant a approfondir la technologie de dégivrage et
d’antigivrage d’aéronefs au sol. Le programme poursuivait plusieurs objectifs et les
travaux effectués pour atteindre ces objectifs sont documentés dans une suite de
rapports connexes. Le principal objectif, le développement de lignes directrices sur
les durées d’efficacité (HOT) de nouveaux liquides de dégivrage et d'antigivrage, fait
I’objet du présent rapport. Pour atteindre cet objectif, des essais sur les durées
d’efficacité ont été menés avec plusieurs liquides de dégivrage et d’antigivrage. Le
présent rapport documente également I'ensemble des changements apportés aux
lignes directrices sur les durées d’efficacité pour I"hiver 2011-2012.

Procédures d’essai

Les conditions d’essai, les parameétres d’essai et les spécifications relatives au banc
d’essai ont été déterminés en vertu des exigences des pratiques recommandées en
aérospatiale ARP5485 et ARP5495, élaborées par le comité G-12 de la SAE
International (SAE) sur les durées d’efficacité pour les liquides de types Il/llI/IV et de
type |, respectivement. Ces tests consistaient a verser des liquides abaisseurs du
point de congélation sur des plaques en aluminium et en matériaux composites
standards, plates, propres et inclinées (a 10°). Les plaques étaient montées sur un
support d’essai et systématiquement exposées a une gamme de conditions de
givrage, naturelles ou simulées. Pour chaque plaque, on notait le temps écoulé avant

I’atteinte d’'un état final prédéfini.

Parmi les variables mesurées dans le cadre de ces essais, on notait : temps de
défaillance, type de précipitation, taux de précipitation, visibilité, vitesse du vent,
direction du vent, température ambiante, température de la surface d’essai, marque
de commerce du liquide, type de liquide et concentration du liquide.

Collecte de données et essais

Les données recueillies au cours de la saison d’essai 2010-2011 concernaient des
tests sous neige naturelle menés a l'installation d’essai d’APS, a [|'aéroport
Montréal-Trudeau, a Montréal dans des conditions de précipitations simulées incluant
de la bruine verglacante, de la pluie verglacante faible, du brouillard verglacant et de
la pluie sur des surfaces imprégnées de froid a l'installation de génie climatique du
Conseil national de recherches du Canada (CNRC), a Ottawa.
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Au cours de I'hiver 2010-2011, un total de 420 essais ont été menés par APS. Les
résultats des essais effectués ont été inclus dans les lignes directrices relatives aux
durées d’efficacité pour I'hiver 2011-2012.

Changements aux lignes directrices sur les durées d’efficacité

Les changements ci-dessous ont été apportés aux lignes directrices relatives aux
durées d’efficacité pour I"hiver 2011-2012.

1. Un nouveau tableau des durées d’efficacité spécifique au liquide de type IV
Cryotech Polar Guard Advance a été ajouté aux lignes directrices. L'ajout de
ce nouveau tableau n’a eu aucune incidence sur les durées d’efficacité
génériques.

2. Les liquides Clariant Safewing MP IV 2012 Protect et Octagon MaxFlo ont été
retirés des lignes directrices relatives aux liquides de type IV, conformément
au protocole régissant le retrait des données obsolétes. Le retrait de ces
liguides a entrainé |'augmentation, dans 16 cas, des durées d’efficacité
génériques des liquides de type IV.

3. Des augmentations ou diminutions mineures, allant de 1 a 4 minutes, ont été
appliqguées a I’'ensemble des huit tableaux des durées d’efficacité spécifiques
aux liquides de type |l et a six tableaux des durées d’efficacité spécifiques aux
liquides de type IV, ainsi qu’aux tableaux génériques des durées d’efficacité
des liquides de type Il et de type IV, en raison des changements apportés au
protocole régissant |'arrondissement des durées d’efficacité des liquides de
type Il ou de type IV.

4. La limite inférieure de la plus basse plage de température des tableaux des
durées d’efficacité spécifiques aux liquides de type Il et de type IV est passée
de « -25 °C ou LOUT » a la valeur numérique réelle de la température minimale
d’utilisation opérationnelle (LOUT) pour chacun des liquides.

5. Le tableau des durées d’efficacité des liquides de type | a été divisé en deux
tableaux, I'un renfermant les durées d’efficacité qui s’appliquent aux ailes dont
les surfaces sont en aluminium et |'autre, distinct, contenant les durées
d’efficacité qui s’appliquent aux ailes dont les surfaces sont en matériaux
composites.

6. La valeur supérieure de la cellule « neige, au-dessous de -3 a -14 °C » du
tableau du liquide Octagon Max-Flight 04 75/25 a été augmentée de 1:20 a
1:25 en raison d’une erreur d'arrondissement.

7. Des informations supplémentaires ont été ajoutées au tableau des
températures minimales d’utilisation opérationnelle.
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8. Le tableau des durées d’efficacité dans des conditions de givre a été reformaté
pour préciser que les dilutions ne s’appliquent qu’aux liquides de types Il, Il et
V.

Recommandations

Il est recommandé que tout nouveau liquide de type I, de type Il, de type Ill ou de
type IV soit évalué pour toute la gamme des conditions couvertes par les tableaux
des durées d’efficacité. Il est également recommandé que |'élaboration de lignes
directrices spécifiques aux liquides de type lll et a leurs températures d’application
soit amorcée au cours de I'hiver 2011-2012.
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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. Aircraft
ground deicing had, until recently, never been researched and there is still an
incomplete understanding of the hazard and of what can be done to reduce the risks
posed by the operation of aircraft in winter precipitation conditions. This "winter
operations contaminated aircraft — ground"” program of research is aimed at
overcoming this lack of knowledge.

Since the early 1990s, the Transportation Development Centre (TDC) of Transport
Canada has managed and conducted de/anti-icing related tests at various sites in
Canada; it has also coordinated worldwide testing and evaluation of evolving
technologies related to de/anti-icing operations with the co-operation of the United
States Federal Aviation Administration (FAA), the National Research Council Canada
(NRC), the Meteorological Service of Canada (MSC), several major airlines, and
deicing fluid manufacturers. The TDC is continuing its research, development, testing
and evaluation program.

Under contract to the TDC, with financial support from the FAA, APS Aviation Inc.
(APS) has undertaken research activities to further advance aircraft ground
de/anti-icing technology.

1.1 Background

APS has completed considerable testing related to de/anti-icing fluids on behalf of
Transport Canada over the past two decades. Specifically, research has been
conducted to determine fluid holdover times, to substantiate holdover time (HOT)
tables, and to further the knowledge and development of deicing technology. A
summary of the holdover time related research activities completed by APS is
provided in Table 1.1.

1.2 Objectives

The primary objectives of the 2010-11 holdover time test program were to conduct
flat plate tests under conditions of natural and simulated precipitation to determine
de/anti-icing fluid endurance times for new fluids, to develop HOT guidelines based
on samples of newly and previously qualified deicing and anti-icing fluids, and to
document changes made to the HOT guidelines for the winter of 2011-12.

The detailed objectives of the 2010-11 test program are provided in the work
statement given in Appendix A.
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1. INTRODUCTION

Table 1.1: Summary of APS Holdover Time Testing Activities

Year TDC Conditions Tested Fluids Tested Test Locations E,
Publication # 3
©
o Mostly Montreal | £
1990-91 TP 11206E ® Natural Precipitation (mostly snow) ® Type Il (100/0) Worldwide E
o
o
o
1991-92 TP 11454E e Natural Precipitation (mostly snow) e Type Il (first gen) Mostly Mon'treal =3
St. John's £
o
* Natural Snow * Type | Montreal '%
. . . . 5
1992-93 | TP 11836 | - Simulated Freezing Drizzle (prelim) * Type Il (100/0) Ottawa (NRC) | Z
® Simulated Freezing Fog (outdoor) « Type Il (first gen) Rigaud £
e Simulated Snow (prelim) M g 9 §
® Natural Snow . . é
e Simulated Freezing Drizzle * Primarily: Type Il (75/25, Montreal =4
1993-94 TP 129156E . . . . 50/50)
e Simulated Light Freezing Rain « Also: Type |, Type Il (100/0) Ottawa (NRC) §
® Simulated Freezing Fog (outdoor) Plypel Tvp 2
® Natural Snow %
® Simulated Freezing Drizzle ® Type | Montreal g
1994-95 TP 12654E e Simulated Light Freezing Rain e Type Il Ottawa (NRC) g
e Simulated Freezing Fog (indoor) ® Type IV (prelim) g
¢ Rain on a Cold-Soaked Surface (prelim)
® Natural Snow
e Simulated Freezing Drizzle ® Type | Montreal
1995-96 TP 12896E e Simulated Light Freezing Rain ® Type Il Ottawa (NRC)
e Simulated Freezing Fog (indoor) * Type IV
® Rain on a Cold-Soaked Surface
® Natural Snow . Type |
® Simulated Freezing Drizzle
1996-97 | TP 13131E | e Simulated Light Freezing Rain * Type ll (100/0) Montreal
e Simulated Freezing Fog (indoor) * Type Ill (first gen) Ottawa (NRC)
® Rain on a Cold-Soaked Surface * Type IV
® Natural Snow
e Simulated Freezing Drizzle Montreal
1997-98 TP 13318E e Simulated Light Freezing Rain ® Type IV Ottawa (NRC)
® Simulated Freezing Fog (indoor)
® Rain on a Cold-Soaked Surface
® Natural Snow
e Simulated Freezing Drizzle e Type |
1998-99 TP 13477E . S!mulated Light .Freezmg'Raln e Type Il Montreal
® Simulated Freezing Fog (indoor) o Type IV (LV) Ottawa (NRC)
® Rain on a Cold-Soaked Surface P
® Simulated Snow
® Natural Snow
e Simulated Freezing Drizzle
e Simulated Light Freezing Rain ® Type | Montreal
1999-2000 TP 13659E ® Simulated Freezing Fog (indoor) ® Type Il Ottawa (NRC)
® Rain on a Cold-Soaked Surface e Type IV Varennes (IREQ)
® Simulated Snow
® Preliminary Frost
e Natural Snow
e Simulated Freezing Drizzle
® Simulated Light Freezing Rain ® Type | Montreal
2000-01 TP 13826E e Simulated Freezing Fog (indoor) e Type Il Ottawa (NRC)
e Rain on a Cold-Soaked Surface * Type IV Varennes (IREQ)
® Simulated Snow
® Preliminary Frost
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1. INTRODUCTION

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

Year

TDC
Publication #

Conditions Tested

Fluids Tested

Test Locations

2001-02

TP 13991E

® Natural Snow

e Simulated Freezing Drizzle

e Simulated Light Freezing Rain
® Simulated Freezing Fog (indoor)
® Rain on a Cold-Soaked Surface
® Simulated Snow

® Preliminary Frost

e Type |
® Type Il
* Type IV

Montreal
Ottawa (NRC)
Val D'Or
North Bay
Thompson, MB

2002-03

TP 14144E

e Natural Snow

e Simulated Freezing Drizzle

® Simulated Light Freezing Rain
e Simulated Freezing Fog (indoor)
® Rain on a Cold-Soaked Surface
e Simulated Snow

e Preliminary Frost

® Type |
® Type Il
® Type IV

Montreal
Ottawa (NRC)
Varennes (IREQ)
St-Alexis

2003-04

TP 14374E

® Natural Snow

® Simulated Freezing Drizzle

e Simulated Light Freezing Rain
e Simulated Freezing Fog (indoor)
¢ Rain on a Cold-Soaked Surface
® Natural Frost

® Simulated Snow

e Type Il
® Type Il

Montreal
Ottawa (NRC)
Val d'Or
Ste-Adele

2004-05

TP 14443E

e Natural Snow

e Simulated Freezing Drizzle

® Simulated Light Freezing Rain
e Simulated Freezing Fog (indoor)
® Rain on a Cold-Soaked Surface
® Natural Frost

® Type Il
e Type Il
e Type IV

Montreal
Ottawa (NRC)

2005-06

TP 14712E

e Natural Snow

® Simulated Freezing Drizzle

® Simulated Light Freezing Rain

e Simulated Freezing Fog (indoor)

® Rain on a Cold-Soaked Surface

® Natural Frost

® |ce Pellets / Ice Pellet Mixed Conditions

® Type |
® Type Il
® Type IV

Montreal
Ottawa (NRC)

2006-07

TP 14776E

e Natural Snow

® Simulated Freezing Drizzle

® Simulated Light Freezing Rain

e Simulated Freezing Fog (indoor)

® Rain on a Cold-Soaked Surface

® Natural Frost

® Simulated Snow

® Ice Pellets / Ice Pellet Mixed Conditions

® Type |
® Type Il
® Type IV

Montreal
Ottawa (NRC)

2007-08

TP 14869E

e Natural Snow

e Simulated Freezing Drizzle

® Simulated Light Freezing Rain

e Simulated Freezing Fog (indoor)

® Rain on a Cold-Soaked Surface

® Natural Frost

e Simulated Snow

® |ce Pellets / Ice Pellet Mixed Conditions
® Snow Pellets

® Type Il
® Type Il
® Type IV

Montreal
Ottawa (NRC)

M:\Groups\CM2169.003 (10-11)\Reports\HOT\Working Documents\Table 1.1

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\TP 15156E Final Version 1.0.docx
Final Version 1.0, October 19



1. INTRODUCTION

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

Year TDC Conditions Tested Fluids Tested Test Locations E
Publication # 3
©
® Natural Snow é
¢ Simulated Freezing Drizzle E
. . . . 3
. S!mulated Light .Freezmg.Raln ® Type Il Montreal 8
2008-09 TP 14933E e Simulated Freezing Fog (indoor) ® Type Il Ottawa (NRC) o
® Rain on a Cold-Soaked Surface * Type IV H
® Natural Frost E
® |ce Pellets / Ice Pellet Mixed Conditions Q
£
¢ Natural Snow 2
. . . Montreal e
e Simulated Freezing Drizzle , <
. . . . Val d'Or =
e Simulated Light Freezing Rain ® Type | . N
. . . Dolbeau-Mistassini | ©
2009-10 TP 15050E e Simulated Freezing Fog (indoor) ® Type Il . =
. Thetford Mines )
e Rain on a Cold-Soaked Surface ® Type IV S
. . St-Sauveur px
® |ce Pellets / Ice Pellet Mixed Conditions @
Ottawa (NRC) =
® Snow Pellets s
&)
® Natural Snow §
e Simulated Freezing Drizzle 5
e Simulated Light Freezing Rain * Type | Montreal =
2010-11 TP 15156E e Simulated Freezing Fog (indoor) ® Type Il Ottawa (NRC)
e Rain on a Cold-Soaked Surface * Type IV
® Simulated Snow
¢ |ce Pellets / Ice Pellet Mixed Conditions

1.3 Content of this Report

APS has written a report on the holdover time test program for each year it has been
carried out. In 2003-04, the report was condensed to increase readability and to
present the reader with, for the most part, only new and current information over
the previous year’s report. Key changes are listed below.

e Removal of the detailed methodology section. For this information the reader
is directed to the 2002-03 report on holdover time testing, Transport Canada
report, TP 14144E, Aircraft Ground De/Anti-Icing Fluid Holdover Time
Development Program for the 2002-03 Winter (1). Any changes from the
2002-03 methodology are addressed in the current report.

e Removal of individual fluid data. This information is included in the individual
fluid reports provided to the fluid manufacturers. Reports for any fluids that
are qualified or expected to be qualified are included as appendices to the HOT
report.

e Removal of the fluid thickness section. This information is included in the
individual fluid reports provided to the fluid manufacturers.

In the winter of 2009-10, a decision was made to include detailed test information
in this report only for fluids that are expected to be qualified and commercialized.

The 2010-11 report is presented as described above.
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1. INTRODUCTION

1.4

Report Format

The subsequent sections of this report contain the following:

a)
b)
c)
d)
e)
f)

9)

1.5

Section 2 summarizes 2010-11 testing;

Section 3 documents changes to the Type | HOT guidelines;
Section 4 documents changes to the Type Il HOT guidelines;
Section 5 documents changes to the Type lll HOT guidelines;
Section 6 documents changes to the Type IV HOT guidelines;
Section 7 presents conclusions derived from the test program; and

Section 8 lists recommendations for future testing.

Publication of HOT Guidelines

The HOT guidelines are currently published on the following Transport Canada
website:

http://www.tc.gc.ca/eng/civilaviation/standards/commerce-holdovertime-

menu-1877.htm

For a thorough understanding of the subject matter, the HOT guidelines should be
used in conjunction with TP 14052E, Guidelines for Aircraft Ground Icing Operations
(Second Edition) (2), which includes reference material related to ground icing
operations. TP 14052E (2) is also available on the Transport Canada website.
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2. TESTING IN 20170-11

2. TESTING IN 2010-11

2.1 Procedures

Test procedures for holdover time testing of Type I, lll and IV fluids were developed
in accordance with SAE International (SAE) Aerospace Recommended Practice
(ARP) 5485, Endurance Time Tests for Aircraft Deicing/Anti-Ilcing Fluids: SAE
Type Il, Ill, and 1V (3). Test procedures for holdover time testing of Type | fluids were
developed in accordance with SAE ARP5945, Endurance Time Tests for Aircraft
Deicing/Anti-Icing Fluids: SAE Type | (4).

Because this report serves as the publishing vehicle for the APS endurance time test
program, all of the procedures are included in the report, even if they are not updated
or used in a given year (for example, the Type | procedure is included even if no
Type | fluids are tested). This is to ensure the most current procedure is available for
reference.

The procedures valid for the 2010-11 winter are included in Appendix B. They
include:

1. Test Requirements for Natural Precipitation Flat Plate Testing;

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

3. Test Requirements for Simulated Freezing Precipitation Flat Plate Testing;
4. Overall Program of Tests at NRC, April 2011; and
5. Overall Program of Tests at NRC, July 2011.

The first two procedures provide the detailed test methodology for natural snow
testing. The third procedure provides the detailed test methodology for indoor
simulated light freezing rain, freezing fog, freezing drizzle and rain on cold-soaked
surface testing.

The fourth and fifth procedures were developed to coordinate holdover time testing
and other aircraft ground icing research projects at APS indoor simulated precipitation
test sessions in 2011. Holdover time testing and other program element testing were
conducted at these sessions to maximize use of the facility and resources. The
procedures provide detailed test plans, personnel assignments, fluid requirements
and the precipitation schedules.

The endurance time test methodology is described in detail in the Transport Canada
report, TP 14144E, Aircraft Ground De/Anti-Icing Fluid Holdover Time Development
Program for the 2002-03 Winter (1).
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2. TESTING IN 20170-11

2.2 Test Sites

In the winter of 2010-11, data was collected in natural snow at the APS test site at
the Pierre Elliott Trudeau Airport in Montreal and in simulated precipitation conditions
(freezing drizzle, light freezing rain, freezing fog and rain on cold-soaked surfaces) at
the NRC Climatic Engineering Facility (CEF) in Ottawa.

2.3 Fluids Tested

Seven fluids were submitted for endurance time testing in the winter of 2010-11.
As per the protocol described in Section 1.3, only the endurance time results of fluids
that are expected to be qualified/commercialized are published in this report; the
results of any other fluids that undergo testing are provided only to the fluid
manufacturer(s).

Of the seven fluids submitted for testing in 2010-11:

e Two fluids underwent a complete set of testing and are expected to be
qualified and commercialized for the winter of 2011-12. The results of testing
with these fluids are provided in this report (see Appendix C and Appendix D);

e One fluid underwent a complete set of testing but the manufacturer chose not
to commercialize the fluid and therefore the results will not be provided in this
report; and

e Four fluids were experimental fluids which underwent testing in a limited
number of conditions. These fluids will not be commercialized and therefore
the results will not be provided in this report.

Additional relevant fluid receipt data for the two commercialized fluids, Cryotech
Polar Guard Advance (Type IV) and Octagon EcoFlo 2 (Type 1), is provided in
Table 2.1. Fluid viscosity and Brix information for the commercialized fluids is given
in Table 2.2. Fluid freeze point, lowest operational use temperature (LOUT) and water
spray endurance test (WSET) result information is provided in Table 2.3.

2.4 Description of Tests

In total, 420 endurance time tests were conducted during the winter of 2010-11. A
summary of the total number of tests conducted is shown by precipitation condition
in Table 2.4. Details for each test are included in the detailed reports provided to the
manufacturers (see Subsection 2.5).
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2. TESTING IN 20170-11

Table 2.1: Fluid Receipt Data (Commercialized Fluids)

Fluid Fluid Fluid Fluid Date Dilution(s) Batch #
Manufacturer Name Type | Formulation Received Received
Cryotech | rolarGuard |\, | Propylene | »q cor 19 1100%, 75%, 50%| 1.042.1430
Advance Glycol
Octagon* EcoFlo 2 | Non-Glycol 12-Jul-11 Concentrate 52620-76

* Fluid was submitted by Battelle but commercialized under the Octagon brand name. Manufacturer of this fluid is referred
to as Octagon throughout this report.

Table 2.2: Fluid Brix and Viscosity (Commercialized Fluids)

Viscosity Viscosity
. Fluid Brix Manufacturer Method AIR 9968 Method
Fluid Dilution Measured (mPa.s) (mPa.s)
Stated Measured Stated Measured
100% 35.75° 3,800 4,400 4,1202 4,050 2
Polar Guard 75% 28.00° 8,840 11,600 9,800 2 9,7502
Advance
50% 19.75° 80?2 802 80?2 80?2
EcoFlo 2 Conc. >50° n/a n/a n/a n/a

' Spindle SC4-34/13R, small sample adapter, 10 mL of fluid, 20°C, 0.3 rpm, for 10 minutes O seconds
2 Spindle LV1 with guard leg, 600 mL beaker, 500 mL of fluid, 20°C, 0.3 rpm, for 10 minutes O seconds

Table 2.3: Fluid Freeze Point, LOUT and WSET (Commercialized Fluids)

Fluid Fluid WSET Freeze Point LOUT
Dilution (AMIL) (Stated) (Stated)
100% 93 mins -37.6°C -30.5°C
Polar Guard 75% n/a -25.0°C -18.0°C
Advance
50% n/a -20.5°C -9.0°C
EcoFlo 2 Conc. 4.9 mins (50/50) n/a -29°C ' (65/35 dilution)

" High speed ramp. Low speed ramp not conducted.
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2. TESTING IN 20170-11

Table 2.4: Summary of Tests Conducted

Precipitation Condition Tests Conducted
Freezing Fog 90
Natural Snow 1156
Freezing Drizzle 105
Light Freezing Rain 86
Rain on Cold-Soaked Surface 24
Total 420

2.5 Reporting

A comprehensive report was created for each fluid tested to document its
performance in detail. These reports were provided to the fluid manufacturers. As
per the protocol described in Subsection 1.3, copies of the reports for fluids which
were expected to be qualified/commercialized have been included as appendices to
this report. The relevant reports can be found in Appendix C (Octagon EcoFlo 2) and
Appendix D (Cryotech Polar Guard Advance).

2.6 Composite Surfaces Research

Preliminary correlation testing was conducted with an operational aircraft in the
winter of 2010-11 to validate the current Type | composite surface holdover times.
This research is documented in the Transport Canada report, TP 15158E, Aircraft
Ground Icing General Research Activities During the 20710-11 Winter (5). The
research showed that composite surfaces generally absorb less heat and cool more
quickly than aluminum surfaces. This supports the findings from previous tests on
composite surface flat plates.

2.7 Light Snow and Very Light Snow Holdover Times for Type Il/IV
Fluids

An analysis was completed to evaluate the feasibility of expanding the current
Type IlI/IV fluid HOT tables to include light snow and very light snow holdover times.
The analysis concluded that the approach is feasible; however, some of the existing
data sets may not have enough data to provide reliable holdover times. Further work
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2. TESTING IN 20170-11

is recommended; it is possible light and very light snow holdover times will be added
to the Type Il/IV HOT guidelines for winter 2012-13. This work is documented in
TP 15158E (5).

2.8 Ice Pellet Research

Further research was conducted with ice pellets in the winter of 2010-11. As the
research will continue in the winter of 2011-12, it was documented in an interim
report, which was provided to Transport Canada and the FAA. A final report will be
written upon completion of the research.

No changes were made to the ice pellet allowance time table as a result of the winter
2010-11 research.

2.9 Collection of LOUT Data

At the request of users, Lowest Operational Use Temperature (LOUT) information for
all fluids was added to the HOT guidelines in the winter of 2010-11. This information
was provided by the fluid manufacturers and collected by APS. Due to the short time
available for the initial development of the LOUT table, the information published in
the 2010-11 guidelines was incomplete and included some discrepancies. Changes
were made to the LOUT table in July 2011 to reflect new data collected from the
fluid manufacturers since the last publication.

APS was responsible for collecting the new LOUT data and updating the LOUT table
for the winter 2011-12 HOT guidelines accordingly. This work is documented in
detail in TP 15158E (b).

2.10 Documentation of Freezing Precipitation Stand Setup and Sprayer
Characteristics

During the April 2011 and July 2011 test sessions at the NRC climate chamber,
work was completed to document the characteristics of the test stand setup and
sprayer system in all 18 simulated freezing precipitation conditions. The data
collected included final stand position, area of spray zone, cycle time and time of
plate impact (as per the procedure in Appendix B for the April 2011 testing). The
final data is included in Appendix E.
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3. CHANGES TO THE TYPE | HOT GUIDELINES

3. CHANGES TO THE TYPE | HOT GUIDELINES

Changes made to the Type | HOT guidelines for the winter of 2011-12 are
documented in this chapter. The Transport Canada and FAA 2011-12 generic Type |
HOT guidelines are included in Appendix F.

3.1 New Fluids/Data

A significant body of previous research and testing has indicated that all Type | fluids
formulated with glycol perform in a similar manner from an endurance time
perspective. As a result, regulators no longer require the endurance times of Type |
deicing fluids formulated with propylene glycol, ethylene glycol or diethylene glycol
be measured. However, they do require that the endurance times of fluids formulated
with other glycol bases or with non-glycol bases be measured. This is to ensure the
endurance time performance of these fluids are similar to the performance of the
Type | fluids used to generate the currently accepted values in the Type | HOT table.

Endurance times of Type | fluids are still tested in some years, either (a) at the request
of the fluid manufacturer or (b) because the fluid is not propylene glycol, ethylene
glycol or diethylene glycol based.

One Type | fluid was submitted for endurance time testing in 2010-11.

3.1.1 Octagon EcoFlo 2

Octagon EcoFlo 2, a non-glycol based fluid, was submitted for endurance time testing
in 2010-11. The detailed test results and analysis are included in the test report that
was provided to the fluid manufacturer and which is included in Appendix C.

The results of the testing conclude that Octagon EcoFlo 2 performs similarly to Type |
fluids tested in past years and therefore can be used with the generic Type | HOT
guidelines.

3.2 Changes to HOT Guidelines Format

As a result of feedback from users, the Type | HOT table was divided into two
separate tables for the winter of 2011-12. One table contains the holdover times for
aluminum surfaces, while the other table contains the holdover times for composite
surfaces. Guidance appears at the top of the tables to help users select the
appropriate table. The holdover time values in the table did not change; they were
simply moved into the appropriate table.
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3. CHANGES TO THE TYPE | HOT GUIDELINES

3.3 Type | Generic Holdover Time Values

No changes were made to the Type | generic holdover times for the winter of
2011-12.
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

4. CHANGES TO THE TYPE Il HOT GUIDELINES

Changes made to the Type |l HOT guidelines for the winter of 2011-12 are
documented in this chapter. The Transport Canada and FAA 2011-12 Type Il HOT
guidelines are included in Appendix F.

4.1 New Fluids/Data

No new Type Il fluids were tested in the winter of 2010-11 and/or added to the HOT
guidelines for 2011-12.

Due to a change in the rounding protocol for Type lI/IV holdover times, the Type Il
fluid-specific holdover time data was re-examined in the winter of 2010-11 and
updates were made to the winter 2011-12 HOT guidelines.

Previously, the rounding protocol that was used for Type II/IV holdover times was to
round holdover times below 10 minutes down to 5 minutes. The new protocol is for
holdover times below 10.0 minutes to be rounded down to the nearest 1 minute (for
example, 9.8 minutes becomes 9 minutes). The new protocol also specifies that one
decimal place be considered when looking at raw holdover times (i.e. 9.8 minutes).

The entire Type Il holdover time database was examined. All raw Type Il holdover
times less than 10.0 minutes were examined to determine the new appropriate
rounded value. The changes made to the fluid-specific holdover times also resulted
in several changes to the generic holdover times. The changes made as a result of
this analysis are shown in Table 4.1.

The new rounding protocol is detailed in SAE ARP5718, Qualification Process for
SAE AMS1428 Type I, Ill, and 1V Fluids (6).

4.2 Removed Fluids/Data

No fluids or data were removed from the Type Il HOT guidelines for the winter of
2011-12.

4.3 Changes to HOT Guidelines Format

One change was made to the format of the Type Il HOT guidelines for the winter of
2011-12: the lower limit of the lowest temperature band in the fluid-specific HOT

tables was changed from “-25°C or LOUT” to the actual numeric lowest operational
use temperature (LOUT) value for the fluid.
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.1: New Rounded Type Il Holdover Times

. Previous New
Fluid D::L‘l'iin oroc . cel - ﬁ%"; Rounded Rounded

p. emp. (°C) | Lower/Upper HOT HOT
ABAX Ecowing 26 50/50 Freezing Rain -3 lower 8.1 5 8
Aviation Shaanxi Cleanwing Il | 75/25 | Cold-Soaked Wing 1 lower 7.4 5 7
Clariant Safewing 1951 * 50/50 Snow -3 lower 6.0 5 6
Clariant Safewing 1951 * 50/50 Freezing Drizzle -3 lower 8.4 5 8
Clariant Safewing 1951 * 50/50 Freezing Rain -3 lower 6.5 5 6
Clariant Safewing 1951 * 50/50 Freezing Rain -3 upper 9.5 10 9
Clariant Safewing 1951 * 75/25 | Cold-Soaked Wing 1 lower 7.8 5 7
Clariant Safewing 2025 50/50 Snow -3 lower 9.7 5 9
Clariant Safewing 2025 50/50 Freezing Rain -3 lower 7.5 5 7
Clariant Safewing 2025 75/25 | Cold-Soaked Wing 1 lower 8.6 5 8
Clariant Safewing Flight 75/25 | Cold-Soaked Wing 1 lower 6.0 5 6
Kilfrost ABC 2000 50/50 Freezing Rain -3 lower 8.7 5 8
Kilfrost ABC-K Plus 50/50 Snow -3 lower 7.5 5 7
Kilfrost ABC-K Plus 75/25 Freezing Rain -10 lower 9.0 5 9
Newave Aerochemical FCY-2 | 50/50 Freezing Rain -3 lower 7.7 5 7
Newave Aerochemical FCY-2 | 75/25 Freezing Rain -10 lower 8.1 5 8
Newave Aerochemical FCY-2 Neat | Cold-Soaked Wing 1 lower 8.3 5 8
Octagon E Max Il 50/50 Freezing Rain -3 lower 9.5 10 9
Type Il Generic 50/50 Freezing Drizzle -3 lower 8.4 5 8
Type Il Generic 50/50 Freezing Rain -3 upper 9.5 10 9
Type Il Generic 75/25 Freezing Rain -10 lower 8.1 5 8
Type Il Generic Neat Cold-Soaked Wing 1 lower 8.3 5 8

* Clariant Safewing 1951 does not have a fluid-specific table; however, its holdover times are used in the creation of the Type Il generic holdover time values and therefore
must be included in this analysis.
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

4.4 Type |l Generic Holdover Time Values

The generic HOT guidelines for Type Il fluid were developed prior to 1996-97 based
on the results of endurance time tests with “grandfathered” fluids, such as Kilfrost
ABC-3. Since 1999-2000, fluid-specific holdover times have been developed for each
new Type Il fluid tested, and the generic Type Il holdover times have been generated
each year by taking the shortest holdover times of all fluids on the list of qualified
Type Il fluids (given as Table 5-2 in the Transport Canada HOT Guidelines) and the
“grandfathered” fluid data. The “grandfathered” fluid data remains in the analysis to
account for the performance of the “grandfathered” fluids that remain on the list of
qualified fluids; these fluids do not have fluid-specific holdover time data available.
Since all Type IV fluids also qualify as Type Il fluids, Type IV fluids are also included
in the Type Il generic analysis.

It should be noted that the list of qualified Type Il fluids also includes fluids whose
qualifications have recently expired (i.e. within the previous four years). These
“recently expired” fluids are also included in the Type Il generic analysis. When a
fluid is removed from the list of qualified Type Il fluids (four years after its
qgualification has expired) it is also removed from the Type Il generic analysis.

It should also be noted that a fluid-specific table is no longer produced for Clariant
Safewing MP Il 1951, but the fluid is still available for use with the generic HOT
guidelines and therefore is still used in the calculation of generic Type Il holdover
times.

4.4.1 Use of Generic Holdover Times in Very Cold Snow

Following the winter of 2003-04, a decision was made that fluid-specific holdover
times would not be provided for Type Il fluids in snow at temperatures below -14°C.
This was due to the limited data that exits for most fluids at these temperatures.
Instead, all Type Il fluids are given pre-established “generic” holdover times in very
cold snow. These holdover times were determined based on historical data and
analysis.

4.4.2 Impact of New and Removed Fluids/Data

Although no new fluids were added or old fluids removed this year, the updates made
to the rounded Type Il holdover times did have an impact on the Type Il generic
holdover times. Four changes were made in total: three 3-minute increases and one
1-minute decrease. The changes are detailed in Table 4.1.
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

4.4.3 Fluids Responsible for Type Il Generic Holdover Time Values

The fluids responsible for the values in the generic Type Il HOT guidelines in 2011-12
are shown in Table 4.2. “Grandfather” is indicated where “grandfathered” fluids are
responsible for times in the cells. “Type IV” is indicated where Type IV fluids are
responsible for times in the cells. A “U” indicates the fluid is responsible for the upper
value in the cell, an “L” indicates the fluid is responsible for the lower value in the
cell, and a “B” indicates the fluid is responsible for both the upper and lower values
in the cell.

Table 4.2: Fluids Responsible for Type Il Generic Holdover Time Values

OAT Type Il Fluid Approximate Holdover Times Under Various Weather Conditions 2
Concentration (hours:minutes) S
Neat o
o R Fluid/Water FREEZING SNOW FREEZING LIGHT FREEZING RAIN ON COLD j
c F (vol %/ vol %) FOG DRIZZLE RAIN SOAKEDWING | 3
>
100/0 Grandfather (B) Grandfather (B) Grandfather (L) Grandfather (B) N-FCY-2 (L) %’
©
C-1951 (B) C-1951 (U) C-1951 (U) Grandfather (U)  |'5
<]
8
K
2
75/25 Grandfather (B) Grandfather (B) Grandfather (B) Grandfather (B) Grandfather (B) é
-3 27 C-1951 (L) C-1951 (U) C-1951 (U) N-FCY-2 (B) %
he!
and and C-2025 (U) C-2025 (U) 2
above above N-FCY-2 (U) N-FCY-2 (U) %
E
3
a
50/50 Grandfather (L) Grandfather (B) C-1951 (B) Grandfather (L) .
Type IV (L) C-1951 (U) C-2025 (U) C-1951 (U) ;‘;
C-1951 (U) C-2025 (U) g
ABC-K+ (U) %
Type IV (U) é—
100/0 Type IV (L) N-FCY-2 (B) N-FCY-2 (B) Grandfather (L) g
ABC-K+ (U) Grandfather (L) Type IV (L) K2000 (L) 2
Type IV (L) %
below below N-FCY-2 (U) %
3 27 &
s
to to 75/25 Type IV (B) N-FCY-2 (B) N-FCY-2 (B) N-FCY-2 (B)
14 7 Grandfather (L) Type IV (L)
ABC-K+ (L)
C-Flight (L)
100/0 Type IV (L) Grandfather (B)
below -14] below 7 Ell()
to -25 or | to -13 or N-FCY-2 (U)
LOUT LOUT
LEGEND I L = DRIVES LOWER LIMIT U = DRIVES UPPER LIMIT B = DRIVES BOTH I
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

4.4.4 Evolution of Type Il Generic Holdover Time Values

The history of Type Il fluid testing and the evolution of the fluid-specific and generic
Type |l holdover time values are illustrated through a series of tables presented in
Tables 4.2 to 4.26. Each table represents one cell in the HOT guidelines and the title
of the table links the table to the appropriate cell. Fluids that are no longer used in
the generic analysis (see Subsection 4.2) are not included.

The first row in each table contains the generic values from testing in 1998-99, also
known as the “grandfathered” fluid data. Each subsequent set of two rows
represents a winter test season and the subsequent winter’s HOT table values. The
final line contains the generic and fluid-specific holdover time values for use in
2011-12 winter operations.

Underlined values indicate the fluid or fluids responsible for the generic holdover time.
If the value in the first row is underlined, it indicates that the generic value is based
on the “grandfathered” fluid data set.

Strikethrough values indicate endurance time test results that are not valid; this is
typically a result of testing in multiple years (details are usually provided in the HOT
report written in the most recent year the fluid underwent testing).

Due to space limitations, the following abbreviations are used in the tables:

e Clariant Safewing MP Il 1951 (C-1951);

e ABAX Ecowing 26 (A-E26);

« Kilfrost ABC-2000 (K2000);

e Octagon E Max Il (E Il);

e Clariant Safewing MP Il 2025 ECO (C-2025);
e Clariant Safewing MP Il Flight (C-Flight);

e Newave Aerochemical FCY-2 (N-FCY-2);

o Kilfrost ABC-K Plus (ABC-K +); and

e Auviation Shaanxi Hi-tech Cleanwing Il (AS CII).
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.3: Type Il Neat Fluid, Snow, -3°C and Above

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values

0:30-1:00 | 0:40-1:20

0:20-0:45 0:40-1:00 | 0:30-1:00 | 0:40-1:20

0:20-0:45 0:40-1:00 | 0:30-1:00 | 0:40-1:20 | 0:40-1:10

AL

:00 | 0:40-1:20 | 0:40-1:10

HISTORIC
o
N
Q@
Q
IS
o
o
IS
Q@
o
o
(]
w
@

0:20-0:45 0:40-1:00 | 0:30-1:00 | 0:40-1:20 | 0:40-1:10

0:20-0:45 0:40-1:00 | 0:30-1:00 | 0:40-1:20 | 0:40-1:10 | 1:00-1:35

0:20-0:45 0:40-1:00 | 0:30-1:00 | 0:40-1:20 | 0:40-1:10 | 1:00-1:35 | 0:30-0:55

0:20-0:45 0:40-1:00 | 0:30-1:00 | 0:40-1:20 | 0:40-1:10 | 1:00-1:35 | 0:30-0:55 | 1:00-1:40

0:20-0:45 0:40-1:00 | 0:30-1:00 | 0:40-1:20 | 0:40-1:10 | 1:00-1:35 | 0:30-0:55 | 1:00-1:40 | 0:30-0:55

0:20-0:45 0:40-1:00 | 0:30-1:00 | 0:40-1:20 | 0:40-1:10 | 1:00-1:35 | 0:30-0:55 | 1:00-1:40 | 0:30-0:55

0:20-0:45 0:40-1:00 | 0:30-1:00 | 0:40-1:20 | 0:40-1:10 | 1:00-1:35 | 0:30-0:565 | 1:00-1:40 | 0:30-0:55

CURRENT
I
1
I
1
I
1
I
1
I
1
|
1
I
1
I
I
1
I
1
|
T
1
I
1
I
I
1
I
1
I
1
I
1
I
I
1
I
1
i
1
I
1
I
I
1
I
1
i
1
I
1
I
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.4: Type Il 75/25 Fluid, Snow, -3°C and Above

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values

0:30-1:05 | 0:25-0:55

0:15-0:30 0:25-0:45 | 0:30-1:05 | 0:25-0:55

0:15-0:30 0:25-0:45 | 0:30-1:05 | 0:25-0:55 | 0:25-0:45

AL

:05 | 0:25-0:55 | 0:25-0:45

HISTORIC
Q
g
o
w
o
o
N}
a
Q
IS
a
o
w
@

0:15-0:30 0:25-0:45 | 0:30-1:05 | 0:25-0:55 | 0:25-0:45

0:15-0:30 0:25-0:45 | 0:30-1:05 | 0:25-0:55 | 0:25-0:45 | 0:40-1:20

0:15-0:30 0:25-0:45 | 0:30-1:05 | 0:25-0:565 | 0:25-0:45 | 0:40-1:20 | 0:20-0:40

0:15-0:30 0:25-0:45 | 0:30-1:05 | 0:25-0:55 | 0:25-0:45 | 0:40-1:20 | 0:20-0:40 | 0:35-1:10

0:15-0:30 0:25-0:45 | 0:30-1:05 | 0:25-0:55 | 0:25-0:45 | 0:40-1:20 | 0:20-0:40 | 0:35-1:10 | 0:25-0:45

0:15-0:30 0:25-0:45 | 0:30-1:05 | 0:25-0:55 | 0:25-0:45 | 0:40-1:20 | 0:20-0:40 | 0:35-1:10 | 0:25-0:45

0:15-0:30 0:25-0:45 | 0:30-1:05 | 0:25-0:55 | 0:25-0:45 | 0:40-1:20 | 0:20-0:40 | 0:35-1:10 | 0:25-0:45

CURRENT
I
1
I
1
I
1
I
1
I
1
|
1
I
1
I
I
1
I
1
|
T
1
I
1
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.5: Type Il 50/50 Fluid, Snow, -3°C and Above

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values
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0:05-0:15 0:10-0:20 | 0:15-0:30 | 0:10-0:25 | 0:09-0:15 | 0:10-0:25 | 0:15-0:25 | 0:07-0:15 | 0:15-0:30
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.6: Type Il Neat Fluid, Snow, Below -3°C to -14°C

C-1951

A-E26

K2000 Ell

C-2025

C-Flight

N-FCY-2 | ABC-K+ AS Cll

L

HISTORICA

1998-99 HOT
Table Values

1998-99 ET
Test Results

1999-00 HOT
Table Values

1999-00 ET
Test Results

2000-01 HOT
Table Values

2000-01 ET
Test Results

2001-02 HOT
Table Values

2001-02 ET
Test Results

2002-03 HOT
Table Values

2002-03 ET
Test Results

2003-04 HOT
Table Values

:00

:00

2003-04 ET
Test Results

2004-05 HOT
Table Values

:00

2004-05 ET
Test Results

2005-06 HOT
Table Values

:00

2005-06 ET
Test Results

2006-07 HOT
Table Values

:00

2006-07 ET
Test Results

2007-08 HOT
Table Values

:00

2007-08 ET
Test Results

2008-09 HOT
Table Values

:00

2008-09 ET
Test Results

2009-10 HOT
Table Values

:00

2009-10 ET
Test Results

[2010-11 HoT |
Table Values

:00

CURRENT

2010-11 ET
Test Results

2011-12 HOT
Table Values

0:15-0:30

0:35-0:55

0:25-0:45 | 0:35-1:

:00

0:15-0:30 | 0:50-1:25 | 0:30-0:55
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.7: Type Il 75/25 Fluid, Snow, Below -3°C to -14°C

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values
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0:10-0:20 0:25-0:40 | 0:25-0:50 | 0:25-0:50 | 0:25-0:45 | 0:20-0:40 | 0:10-0:20 | 0:35-1:05 | 0:25-0:45
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.8: Type Il Neat Fluid, Snow, Below -14°C to -25°C

GENERIC | C-1951 A-E26 K2000 EIll C-2025 C-Flight | N-FCY-2 | ABC-K + AS Cl

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values
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0:15-0:30 0:15-0:30*] 0:15-0:30*| 0:15-0:30* | 0:15-0:30%*| 0:15-0:30*] 0:15-0:30*| 0:15-0:30*| 0:15-0:30*
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*Historic generic HOT values were used for this cell
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.9: Type Il Neat Fluid, Freezing Drizzle, -3°C and Above

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values

0:55-1:35 | 0:45-1:35

0:30-0:55 0:50-1:35 | 0:55-1:35 | 0:45-1:35

0:40-1:00

0:30-0:55 0:50-1:35 | 0:55-1:35 | 0:45-1:35 | 0:40-1:00
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HISTORIC
o
w
Q@
o
o
o
o
o
@
w
o
(]
o
b

0:30-0:55 0:50-1:35 | 0:55-1:35 | 0:45-1:35 | 0:40-1:00

0:30-0:55 0:50-1:35 | 0:55-1:35 | 0:45-1:35 | 0:40-1:00 | 1:20-2:00

0:30-0:55 0:50-1:35 | 0:55-1:35 | 0:45-1:35 | 0:40-1:00 | 1:20-2:00 | 0:35-1:05

0:30-0:55 0:50-1:35 | 0:55-1:35 | 0:45-1:35 | 0:40-1:00 | 1:20-2:00 | 0:35-1:05 | 1:50-2:00

0:30-0:55 0:50-1:35 | 0:55-1:35 | 0:45-1:35 | 0:40-1:00 | 1:20-2:00 | 0:35-1:05 | 1:50-2:00 | 0:35-1:05

0:30-0:55 0:50-1:35 | 0:55-1:35 | 0:45-1:35 | 0:40-1:00 | 1:20-2:00 | 0:35-1:05 | 1:50-2:00 | 0:35-1:05

0:30-0:55 0:50-1:35 | 0:55-1:35 | 0:45-1:35 | 0:40-1:00 | 1:20-2:00 | 0:35-1:05 | 1:50-2:00 | 0:35-1:05
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.10: Type Il 75/25 Fluid, Freezing Drizzle, -3°C and Above

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values
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0:20-0:45 0:45-1:05 | 0:45-1:15 | 0:40-1:10 | 0:25-0:45 | 1:15-2:00 | 0:25-0:45 | 1:25-2:00 | 0:35-1:00

1:10-1:30

0:20-0:45 0:45-1:05 | 0:45-1:15 | 0:40-1:10 | 0:25-0:45 | 1:10-1:30 | 0:25-0:45 | 1:25-2:00 | 0:35-1:00
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.11: Type Il 50/50 Fluid, Freezing Drizzle, -3°C and Above

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values
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0:08-0:15 0:15-0:25 | 0:156-0:25 | 0:15-0:30 | 0:10-0:15 | 0:20-0:30 | 0:10-0:20 | 0:20-0:30 | 0:20-0:40
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.12: Type Il Neat Fluid, Freezing Drizzle, Below -3°C to -10°C

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values

0:30-1:00

0:35-1:05

0:15-0:45 0:30-1:10 | 0:25-0:50 | 0:35-1:00 | 0:35-1:05
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0:15-0:45 0:30-1:10 | 0:25-0:50 | 0:35-1:00 | 0:35-1:05

0:15-0:45 0:30-1:10 | 0:25-0:50 | 0:35-1:00 | 0:35-1:05 | 0:35-1:30

0:15-0:45 0:30-1:10 | 0:25-0:50 | 0:35-1:00 | 0:35-1:05 | 0:35-1:30 | 0:20-0:45

0:15-0:45 0:30-1:10 | 0:25-0:50 | 0:35-1:00 | 0:35-1:05 | 0:35-1:30 | 0:20-0:45 | 0:25-1:00

0:20-0:45 0:30-1:10 | 0:25-0:50 | 0:35-1:00 | 0:35-1:05 | 0:35-1:30 | 0:20-0:45 | 0:25-1:00 | 0:30-0:55

0:20-0:45 0:30-1:10 | 0:25-0:50 | 0:35-1:00 | 0:35-1:05 | 0:35-1:30 | 0:20-0:45 | 0:25-1:00 | 0:30-0:55

0:20-0:45 0:30-1:10 | 0:25-0:50 | 0:35-1:00 | 0:35-1:05 | 0:35-1:30 | 0:20-0:45 | 0:25-1:00 | 0:30-0:55
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.13: Type Il 75/25 Fluid, Freezing Drizzle, Below -3°C to -10°C

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values

0:20-0:45
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0:15-0:30 0:20-0:50 | 0:25-0:55 | 0:35-1:05 | 0:30-0:40 | 0:25-1:10 | 0:15-0:30 | 0:20-0:55 | 0:35-0:40
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.14: Type Il Neat Fluid, Light Freezing Rain, -3°C and Above

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values
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0:15-0:30 0:40-0:50 | 0:40-0:50 | 0:30-0:40 | 0:25-0:35 | 0:45-1:25 | 0:25-0:35 | 1:00-1:25 | 0:25-0:35
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.15: Type Il 75/25 Fluid, Light Freezing Rain, -3°C and Above

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values
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0:10-0:25 0:25-0:35 | 0:40-0:50 | 0:20-0:30 | 0:20-0:25 | 0:30-0:55 | 0:15-0:25 | 0:50-1:10 | 0:20-0:30

0:30-0:55

0:10-0:25 0:25-0:35 | 0:40-0:50 | 0:20-0:30 | 0:20-0:25 | 0:30-0:55 | 0:15-0:25 | 0:50-1:10 | 0:20-0:30
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.16: Type Il 50/50 Fluid, Light Freezing Rain, -3°C and Above

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values

AL

HISTORIC
Q
)
a
Q
o
o
o
)
a
Q
o
Q
)
a
Q
[$)]
Q
Q@
5]
=
[$)]
Qo
)
@
Q
o
o

0:05-0:09 0:08-0:10 | 0:08-0:15 | 0:09-0:15 | 0:07-0:10 | 0:10-0:15 | 0:07-0:10 | 0:10-0:15 | 0:10-0:20
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.17: Type Il Neat Fluid, Light Freezing Rain, Below -3°C to -10°C

GENERIC | C-1951 A-E26 K2000 EIll C-2025 C-Flight | N-FCY-2 | ABC-K + AS Cl

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values
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0:10-0:20 0:15-0:35 | 0:10-0:30 | 0:20-0:30 | 0:20-0:35 | 0:25-0:45 | 0:15-0:20 | 0:15-0:35 | 0:20-0:25
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* Value in Type Il generic table can not be more than value in Type IV generic table; values were reduced for this reason
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.18: Type Il 75/25 Fluid, Light Freezing Rain, Below -3°C to -10°C

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values

0:10-0:25
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0:05-0:15 0:15-0:25 | 0:15-0:30 | 0:15-0:30 | 0:15-0:25 | 0:30-0:40 | 0:05-0:15 | 0:05-0:30 | 0:20-0:25

0:20-0:35

0:08-0:15 0:15-0:25 | 0:15-0:30 | 0:15-0:30 | 0:15-0:25 | 0:20-0:35 | 0:08-0:15 | 0:09-0:30 | 0:20-0:25
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.19: Type Il Neat Fluid, Freezing Fog, -3°C and Above

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values
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0:35-1:30 1:25-2:35 | 1:30-3:05 | 2:05-3:45 | 1:30-2:05 | 3:30-4:00 | 1:15-2:25 | 2:15-3:45 | 0:565-1:50

CURRENT
I
1
I
1
I
1
I
1
I
1
|
1
I
1
I
I
1
I
1
|
T
1
I
1
I
I
1
I
1
I
1
I
1
I
I
1
I
1
i
1
I
1
I
I
1
I
1
i
1
I
1
I

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\TP 15156E Final Version 1.0.docx
Final Version 1.0, October 19



4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.20: Type Il 75/25 Fluid, Freezing Fog, -3°C and Above

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values

0:55-1:45

0:25-1:00 1:05-1:55 | 1:40-3:30 | 1:25-2:50 | 0:55-1:45
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0:25-1:00 1:05-1:55 | 1:40-3:30 | 1:25-2:50 | 0:55-1:45

0:25-1:00 1:05-1:55 | 1:40-3:30 | 1:25-2:50 | 0:55-1:45 | 2:30-4:00

0:25-1:00 1:05-1:55 | 1:40-3:30 | 1:25-2:50 | 0:55-1:45 | 2:30-4:00 | 0:50-1:30

0:25-1:00 1:05-1:55 | 1:40-3:30 | 1:25-2:50 | 0:55-1:45 | 2:30-4:00 | 0:50-1:30 | 1:40-2:30

0:25-1:00 1:05-1:55 | 1:40-3:30 | 1:25-2:50 | 0:55-1:45 | 2:30-4:00 | 0:50-1:30 | 1:40-2:30 | 0:50-1:20

1:50-2:45

0:25-1:00 1:05-1:55 | 1:40-3:30 | 1:25-2:50 | 0:55-1:45 | 1:50-2:45 | 0:50-1:30 | 1:40-2:30 | 0:50-1:20

0:25-1:00 1:05-1:55 | 1:40-3:30 | 1:25-2:50 | 0:55-1:45 | 1:50-2:45 | 0:50-1:30 | 1:40-2:30 | 0:560-1:20
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.21: Type Il 50/50 Fluid, Freezing Fog, -3°C and Above

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values
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0:15-0:30 0:30-0:45| 1:00-2:10 | 0:30-0:55 | 0:20-0:35 | 0:55-1:45 | 0:25-0:35 | 0:35-1:05 | 0:35-1:00
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.22: Type Il Neat Fluid, Freezing Fog, Below -3°C to -14°C

GENERIC | C-1951 A-E26 K2000 EIll C-2025 C-Flight | N-FCY-2 | ABC-K + AS Cl

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values

0:35-1:30

0:35-1:25 | 0:560-1:45

0:20*-1:05 0:45-2:15| 0:35-1:25 | 0:50-1:45

0:20*-1:05 0:45-2:15| 0:35-1:25 | 0:50-1:45 | 0:45-1:50
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0:20*-1:05 0:45-2:15| 0:35-1:25 | 0:50-1:45 | 0:45-1:50

0:20*-1:05 0:45-2:15| 0:35-1:25 | 0:50-1:45 | 0:45-1:50 | 0:55-1:45

0:20*-1:05 0:45-2:15| 0:35-1:25 | 0:50-1:45 | 0:45-1:50 | 0:55-1:45 | 0:45-1:30

0:20*-1:05 0:45-2:15| 0:35-1:25 | 0:50-1:45 | 0:45-1:50 | 0:55-1:45 | 0:45-1:30 | 0:30-1:05

0:20*-1:05 0:45-2:15| 0:35-1:25 | 0:50-1:45 | 0:45-1:50 | 0:55-1:45 | 0:45-1:30 | 0:30-1:05 | 0:45-1:50

0:20*-1:05 0:45-2:15| 0:35-1:25 | 0:50-1:45 | 0:45-1:50 | 0:55-1:45 | 0:45-1:30 | 0:30-1:05 | 0:45-1:50

0:20*-1:05 0:45-2:15| 0:35-1:25 | 0:50-1:45 | 0:45-1:50 | 0:55-1:45 | 0:45-1:30 | 0:30-1:05 | 0:45-1:50
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* Value in Type Il generic table can not be more than value in Type IV generic table; values were reduced for this reason
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.23: Type Il 75/25 Fluid, Freezing Fog, Below -3°C to -14°C

GENERIC | C-1951 A-E26 K2000 EIll C-2025 C-Flight | N-FCY-2 | ABC-K + AS Cl

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values

AL

HISTORIC
Q
N
Q@
Q
a
o
Q
[A)
a
N
o
Q
w
a
4
o
o
[A)
Q@
N
o
o
B
@
N
o

0:25-0:50* 0:35-1:15 | 0:35-1:15 | 0:30-1:20 | 0:40-1:20 | 0:25-1:05 | 0:30-1:05 | 0:25-1:25 | 0:40-1:45
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* Value in Type Il generic table can not be more than value in Type IV generic table; values were reduced for this reason
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.24: Type Il Neat Fluid, Freezing Fog, Below -14°C to -25°C

GENERIC

C-1951

A-E26

K2000

EIll

C-2025

C-Flight

N-FCY-2

ABC-K + AS Cl

L

HISTORICA

1998-99 HOT
Table Values

0:20-1:30

1998-99 ET
Test Results

1999-00 HOT
Table Values

1999-00 ET
Test Results

[2000-01 HoOT |
Table Values

2000-01 ET
Test Results

[2001-02 HoT |
Table Values

2001-02 ET
Test Results

2002-03 HOT
Table Values

2002-03 ET
Test Results

2003-04 HOT
Table Values

2003-04 ET
Test Results

2004-05 HOT
Table Values

2004-05 ET
Test Results

2005-06 HOT
Table Values

2005-06 ET
Test Results

2006-07 HOT
Table Values

2006-07 ET
Test Results

2007-08 HOT
Table Values

2007-08 ET
Test Results

[2008-09 HOT |
Table Values

2008-09 ET
Test Results

[2009-10 HOT |
Table Values

2009-10 ET
Test Results

2010-11 HOT
Table Values

CURRENT

2010-11 ET
Test Results

2011-12 HOT
Table Values

0:15*-0:35

0:25-0:45

0:20-0:45

0:20-0:35

0:25-0:45

0:30-0:50

0:25-0:35

0:30-0:55 | 0:20-0:50

* Value in Type Il generic table can not be more than value in Type IV generic table; values were reduced for this reason
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.25: Type Il Neat Fluid, Rain on Cold-Soaked Wing, Above 0°C

GENERIC

C-1951

A-E26

K2000 Ell

C-2025

C-Flight

N-FCY-2

ABC-K + AS Cll

L

HISTORICA

1998-99 HOT
Table Values

0:10-0:40

1998-99 ET
Test Results

1999-00 HOT
Table Values

1999-00 ET
Test Results

2000-01 HOT
Table Values

2000-01 ET
Test Results

2001-02 HOT
Table Values

2001-02 ET
Test Results

2002-03 HOT
Table Values

2002-03 ET
Test Results

2003-04 HOT
Table Values

2003-04 ET
Test Results

2004-05 HOT
Table Values

2004-05 ET
Test Results

2005-06 HOT
Table Values

2005-06 ET
Test Results

2006-07 HOT
Table Values

2006-07 ET
Test Results

2007-08 HOT
Table Values

2007-08 ET
Test Results

2008-09 HOT
Table Values

2008-09 ET
Test Results

2009-10 HOT
Table Values

2009-10 ET
Test Results

[2010-11 HoT |
Table Values

CURRENT

2010-11 ET
Test Results

2011-12 HOT
Table Values

0:08-0:40

0:15-1:10 | 0:15-1:

0:08-0:45

0:20-2:00 | 0:10-0:55
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.26: Type Il 75/25 Fluid, Rain on Cold-Soaked Wing, Above 0°C

GENERIC | C-1951 A-E26 K2000 Ell C-2025 C-Flight | N-FCY-2 | ABC-K+ AS Cll

1998-99 HOT
Table Values
1998-99 ET
Test Results
1999-00 HOT
Table Values
1999-00 ET
Test Results
2000-01 HOT
Table Values
2000-01 ET
Test Results
2001-02 HOT
Table Values
2001-02 ET
Test Results
2002-03 HOT
Table Values
2002-03 ET
Test Results
2003-04 HOT
Table Values
2003-04 ET
Test Results
2004-05 HOT
Table Values
2004-05 ET
Test Results
2005-06 HOT
Table Values
2005-06 ET
Test Results
2006-07 HOT
Table Values
2006-07 ET
Test Results
2007-08 HOT
Table Values
2007-08 ET
Test Results
2008-09 HOT
Table Values
2008-09 ET
Test Results
2009-10 HOT
Table Values
2009-10 ET
Test Results
2010-11 HOT
Table Values
2010-11 ET
Test Results
2011-12 HOT
Table Values

0:15-1:40 | 0:10-1:05

0:05-0:25 0:10-1:00 | 0:15-1:40 | 0:10-1:05

0:05-0:25 0:10-1:00 | 0:15-1:40 | 0:10-1:05 | 0:05-0:50
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0:05-0:25 0:10-1:00 | 0:15-1:40 | 0:10-1:05 | 0:05-0:50

0:05-0:25 0:10-1:00 | 0:15-1:40 | 0:10-1:05 | 0:05-0:50 | 0:05-1:20

0:05-0:25 0:10-1:00 | 0:15-1:40 | 0:10-1:05 | 0:05-0:50 | 0:05-1:20 | 0:05-0:25

0:05-0:25 0:10-1:00 | 0:15-1:40 | 0:10-1:05 | 0:05-0:50 | 0:05-1:20 | 0:05-0:25 | 0:15-2:00

0:05-0:25 0:10-1:00 | 0:15-1:40 | 0:10-1:05 | 0:05-0:50 | 0:05-1:20 | 0:05-0:25 | 0:15-2:00 | 0:05-0:50

0:06-0:50

0:05-0:25 0:10-1:00 | 0:15-1:40 | 0:10-1:05 | 0:05-0:50 | 0:05-0:50 | 0:05-0:25 | 0:15-2:00 | 0:05-0:50

0:05-0:25 0:10-1:00 | 0:15-1:40 | 0:10-1:05 | 0:08-0:50 | 0:06-0:50 | 0:05-0:25 | 0:15-2:00 | 0:07-0:50
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5. CHANGES TO THE TYPE Ill HOT GUIDELINES

5. CHANGES TO THE TYPE Ill HOT GUIDELINES

Changes made to the Type Illl HOT guidelines for the winter of 2011-12 are
documented in this chapter. The Transport Canada and FAA 2011-12 generic Type lll
HOT guidelines are included in Appendix F.

5.1 New Fluids/Data

No new Type lll fluids were qualified during the winter of 2010-11. No additional
holdover time data was collected with Type Il fluids.

5.2 Changes to HOT Guidelines Format

No changes were made to the format of the Type Ill HOT guidelines for the winter
of 2011-12.

5.3 Type lll Generic Holdover Time Values

The current Type Il generic holdover time values are based on the endurance times
of Clariant Safewing MP Il 2031 ECO, which was the first fluid qualified as a new
generation Type Il fluid. Holdover time testing was conducted with a neat sample of
the fluid in 2003-04 and with diluted fluid samples (75/25 and 50/50) the following
winter. The fluid-specific endurance times calculated for Clariant Safewing MP llI
2031 ECO were reduced by 10 percent and changed to reasonably round values to
obtain the generic values.

No changes have since been made to the Type lll generic holdover time values.

5.4 Future Changes to the Type Il HOT Guidelines

Tests conducted in previous winters have shown that endurance times of Type Il
fluids differ depending on the temperature of the fluid at the time of application.
Endurance times are generally longer when fluid is applied heated and shorter when
fluid is applied at ambient temperature; however, the effect of heat is not the same
in all conditions and heated fluid was found to have shorter endurance times in some
cases.

A review of this research was completed in the winter of 2008-09 and is documented
in the Transport Canada report, TP 14936E, Aircraft Ground Icing General Research
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5. CHANGES TO THE TYPE Ill HOT GUIDELINES

Activities During the 2008-09 Winter (7). The review concluded that changes need
to be made to the current protocols for obtaining holdover times [ARP5485 (3),
ARP5718 (6) and ARP4737], specifically:

The fluid manufacturer should identify whether the fluid is to be tested heated
or at ambient temperature, or both, depending on what temperature the fluid
will be applied in field operations;

The test method should be changed to reflect that tests should be conducted
separately for heated fluid applications and for ambient temperature fluid
applications;

Heated fluid should be tested in accordance with the existing Type | test
protocol; and

Regulators should publish fluid-specific and application temperature-specific
HOT tables for Type lll fluids.

As a result of these changes to the test protocols, changes will also be required to
the methodology used to develop the Type Il HOT guidelines:

Type lll HOT tables should be developed separately for heated and ambient
fluid applications; and

Fluid-specific HOT tables should be published for all new Type Ill fluids and if
any fluid is tested both heated and at ambient temperature, two fluid-specific
tables should be developed for the fluid.

ARP5718 (6) is currently in the process of being updated to reflect these changes.
The updated document, ARP5718A, is expected to be balloted and approved prior
to the publication of the winter 2012-13 HOT guidelines. As a result, it is expected
that fluid-specific and application temperature-specific tables will be published in the
winter 2012-13 HOT guidelines. Consideration will need to be given for how to
grandfather the current Type Il fluid into the new Type Il table format.
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

6. CHANGES TO THE TYPE IV HOT GUIDELINES

Changes made to the Type IV HOT guidelines for the winter of 2011-12 are
documented in this chapter. The Transport Canada and FAA 2011-12 Type IV HOT
guidelines are included in Appendix F.

6.1 New Fluids/Data

One new Type IV fluid, Cryotech Polar Guard Advance, will be introduced to the HOT
guidelines for the winter of 2011-12. In addition, the rounded Type IV holdover times
were updated due to a change in the Type Il/IV holdover time rounding protocol.
Finally, a rounding discrepancy in the holdover time data for Octagon Max-Flight 04
was identified and corrected.

6.1.1 Cryotech Polar Guard Advance

Cryotech Polar Guard Advance is a new Type |V fluid that was tested in the winter
of 2010-11. The detailed endurance time test results and analysis for the fluid are
included in the fluid-specific report that was provided to the fluid manufacturer, a
copy of which is included in Appendix D.

A fluid-specific HOT table was created for Cryotech Polar Guard Advance based on
the results of the endurance time testing, and will be included in the 2011-12 HOT
guidelines. The introduction of Cryotech Polar Guard Advance did not impact the
generic Type IV holdover times.

6.1.2 Updated Rounded Type IV Holdover Times

Due to a change in the rounding protocol for Type IlI/IV holdover times, the Type IV
fluid-specific holdover time data was re-examined in the winter of 2010-11 and
updates were made to the winter 2011-12 HOT guidelines.

Previously, the rounding protocol that was used for Type II/IV holdover times was to
round holdover times below 10 minutes down to 5 minutes. The new protocol is for
holdover times below 10.0 minutes to be rounded down to the nearest 1 minute (for
example, 9.8 minutes becomes 9 minutes). The new protocol also specifies that one
decimal place be considered when looking at raw holdover times (i.e. 9.8 minutes).

The entire Type IV holdover time database was examined. All raw Type Il holdover
times less than 10.0 minutes were examined to determine the new appropriate
rounded value. The changes made to the fluid-specific holdover times also resulted
in several changes to the generic holdover times. The changes made as a result of
this analysis are shown in Table 6.1.
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.1: New Rounded Type IV Holdover Times

. Previous New
Fluid D:L”t'i‘:m oo . cel - Eg"; Rounded Rounded

p. emp. (°C) | Lower/Upper HOT HOT
Cryotech Polar Guard Advance* | 75/25 | Cold-Soaked Wing 1 lower 9.4 b* 9
Lyondell Arctic Shield 75/25 | Cold-Soaked Wing 1 lower 9.6 5 9
ABAX AD-480 / Dow AD-480 | 50/50 Snow -3 lower 9.6 10 9
Kilfrost ABC-4sustain 50/50 Snow -3 lower 7.9 5 7
Kilfrost ABC-S 50/50 Snow -3 lower 7.6 5 7
Type IV Generic 50/50 Snow -3 lower 7.6 5 7
ABAX AD-480 / Dow AD-480 50/50 Freezing Rain -3 lower 9.0 5 9
Clariant Safewing 2001 50/50 Freezing Rain -3 lower 8.0 5 8
Cryotech Polar Guard Advance* | 50/50 Freezing Rain -3 lower 8.4 5* 8
Kilfrost ABC-4sustain 50/50 Freezing Rain -3 lower 7.0 5 7
Kilfrost ABC-S 50/50 Freezing Rain -3 lower 8.9 5 8
Type IV Generic 50/50 Freezing Rain -3 lower 7.0 5 7

* As Cryotech Polar Guard Advance is new for the winter of 2011-12, the previous rounded HOT indicates the HOT the fluid would have been given in these cells using the

old rounding protocol.
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

The new rounding protocol is detailed in ARP5718 (6).

6.1.3 Update to Octagon Max-Flight 04

A rounding discrepancy was identified in the holdover time data of Octagon
MaxFlight 04 75/25. This discrepancy was corrected, resulting in a 5-minute increase
in the snow, -3 to -14°C upper holdover time (from 1:20 to 1:25). This change did
not affect the generic holdover times.

6.2 Removed Fluids/Data

The protocol for removing obsolete holdover time data is given in ARP5718 (6). As
per the protocol, Octagon MaxFlo and Clariant Safewing 2012 Protect were removed
from the Type IV guidelines for the winter of 2011-12. The removal of these two
fluids had a significant impact on the Type IV generic holdover times.

6.3 Changes to HOT Guidelines Format

One change was made to the format of the Type IV HOT guidelines for the winter of
2011-12: the lower limit of the lowest temperature band in the fluid-specific HOT
tables was changed from “-25°C or LOUT” to the actual numeric lowest operational
use temperature (LOUT) value for the fluid.

6.4 Type IV Generic Holdover Time Values

The values in the Type IV generic HOT table are generated each year by taking the
shortest holdover times of all fluids on the Transport Canada and FAA lists of Type IV
fluids (given as Table 5-4 in the Transport Canada HOT Guidelines). It should be
noted that this list also includes fluids whose qualifications have recently expired (i.e.
within the previous four years). These “recently expired” fluids are also included in
the Type IV generic analysis. When a fluid is removed from the list of qualified
Type |V fluids — four years after its qualification has expired — it is also removed from
the Type IV generic analysis.

6.4.1 Use of Generic Holdover Times in Very Cold Snhow

Following the winter of 2003-04, a decision was made that fluid-specific holdover
times would not be provided for Type |V fluids in snow at temperatures below -14°C.
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

This was due to the limited data that exits for most fluids at these temperatures.
Instead, all Type IV fluids are given pre-established “generic” holdover times in very
cold snow. These holdover times were determined based on historical data and
analysis. An exception was made for the only ethylene glycol based fluid on the
market, Dow UCAR Ultra+, which retains fluid-specific holdover times in very cold
SNow.

6.4.2 Impact of New and Removed Fluids/Data

The removal of Octagon MaxFlo resulted in two increases (5 minutes and 10 minutes)
to the Type IV generic holdover times; the removal of Clariant Safewing 2012 Protect
resulted in fourteen increases (ranging from 5 to 40 minutes) to the Type IV generic
holdover times.

In addition, the updates made to the rounded Type IV holdover times resulted in three
changes to the Type IV generic holdover times: two 2-minute increases and one
4-minute increase. The changes are detailed in Table 6.1.

6.4.3 Fluids Responsible for the Type IV Generic Holdover Time Values

The fluids responsible for the values in the generic Type IV HOT guidelines in
2011-12 are shown in Table 6.2, along with the year in which they were tested. A
“U” indicates the fluid is responsible for the upper value in the cell; an “L” indicates
the fluid is responsible for the lower value in the cell; and a “B” indicates the fluid is
responsible for both the upper and lower values in the cell.
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.2: Fluids Responsible for the Type IV Generic Holdover Time Values

M:\Groups\PM2169.003\Reports\HOT\Working Documents\Fluids Responsible for Generic Table Values At: Type IV

OAT Type IV Fluid Approximate Holdover Times Under Various Weather Conditions
Concentration (hours:minutes)
Neat
o R Fluid/Water FREEZING SNOW FREEZING LIGHT FREEZING RAIN ON COLD
c F (vol % I vol %) FOG DRIZZLE RAIN SOAKED WING
100/0 C-2001 (99/00) L | D-Ultra+ (98/99) B | D-Ultra+ (98/99) L | D-Ultra+ (98/99) B D-Ultra+ (98/99) L
D-EG106 (05/06) U A/D-480 (99/00) U A/D-49 (08/09) L
L-AS (06/07) U K-ABC-S (98/99) U
75/25 K-ABC-4S (08/09) L | K-ABC-S (98/99)B | C-2001 (97/98) L C-2001 (97/98) B L-AS (06/07) L
-3 27 K-ABC-S (98/99) U | K-ABC-4S (08/09) B| K-ABC-4S (08/09) U| K-ABC-4S (08/09)L | CR-PGA (10/11)L
and and A/D-480 (99/00) L K-ABC-S (98/99) U
above above
50/50 C-2001 (99/00) L | K-ABC-S (98/99)B | C-2001 (97/98) B | K-ABC-4S (08/09) B
K-ABC-S (98/99) U | K-ABC-4S (08/09) B| K-ABC-4S (08/09) B| K-ABC-S (98/99) U
K-ABC-4S (08/09) U] CR-PG (09/10) U | K-ABC-S (98/99) U
100/0 A/D-480 (99/00) B | D-Ultra+ (98/99) L | K-ABC-S (98/99) B | K-ABC-S (98/99) L
A/D-49 (08/09) L | C-2001 (97/98) U A/D-49 (08/09) U
below below
-3 27
to to 75/25 A/D-480 (99/00) B | C-2001 (97/98)B | A/D-49 (08/09) L K-ABC-S (98/99) L
-14 7 K-ABC-S (98/99) L | A/D-480 (99/00) L | O-Max04 (00/01) U | K-ABC-S+ (06/07) U
CR-PG (09/10) L A/D-49 (08/09) U
below -14| below 7 K-ABC-S (98/99) U
to-25o0r| to-13 or A/D-49 (08/09) U
Lout Lout CR-PG (09/10) U
LEGEND L = DRIVES LOWER LIMIT U = DRIVES UPPER LIMIT B = DRIVES BOTH
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

6.4.4 Evolution of Type IV Generic Holdover Time Values

The history of testing with Type IV fluids and the evolution of the fluid-specific and
generic Type IV holdover time values are illustrated through a series of tables given
in Tables 6.2 to 6.26. Each table represents one cell in the HOT guidelines and the
title of each table links the table to the appropriate cell. Fluids that are no longer used
in the generic analysis (see Subsection 6.2) are not included.

The first row in each table contains the values obtained in testing in 1996-97. These
values were used as the holdover time values in 1997-98 winter operations. Each
subsequent set of two rows represents a winter test season and the subsequent
winter’s holdover time values. The final line contains the generic and fluid-specific
holdover time values for use in 2011-12 winter operations. It should be noted that
because no Type IV fluids were tested in the winter of 2001-02 and the generic
values did not change, no line has been included for the 2001-02 winter test season
or the 2002-03 holdover time values.

Underlined values indicate the fluid or fluids responsible for the generic holdover time.
Strikethrough values indicate endurance time test results that are no longer valid. If
a fluid is no longer qualified, such as the Dow UCAR Ultra + dilutions and the Octagon
Max-Flight 1998-99 low viscosity sample, the test results become invalid.
Alternately, if a fluid has been tested on multiple occasions, then only one test result,
usually the shortest endurance time, is valid for a given fluid in a given cell. Details
are typically provided in the HOT report written in the most recent year the fluid
underwent testing.

Due to space limitations, the following abbreviations are used in the tables:

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

e Dow UCAR Ultra+ (Ultra+);

e ABAX AD-480 / Dow UCAR FlightGuard AD-480 (A-480);
e (Clariant Safewing MP IV 2001 (C-2001);

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

e C(Clariant Safewing MP IV Launch (C-Launch);

e Dow UCAR Endurance EG106 (D-E106);

e Kilfrost ABC-S PLUS (K-ABCS +);

e Lyondell ARCTIC Shield® (L-AS);

e ABAX Ecowing AD-49 / Dow UCAR FlightGuard AD-49 (A-49);
e Kilfrost ABC-4%*""" (K-ABC4S);

e Cryotech Polar Guard (CR-PG); and

e Cryotech Polar Guard Advance (CR-PGA).
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.3: Type IV Neat Fluid, Snow, -3°C and Above

GENERIC | K-ABC-S Ultra + A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S CR-PG CR-PGA
1 -97 T Resul n
T:;i ?/alu:stus:(jt:r:sge;»gs 0:35-1:00 | 1:00-1:40 | 0:35-1:15
1997-98 ET Test Results +:06-2:00 | 1:00-1:55
1998-99 HOT Table Valuos | 0:35-1:00 | 1:00-1:40 | 0:35-1:15 | 105200 | 100165 | R T R T B
1998-99 ETTest Results 1:00-1:40 | 0:35-1:15 | +:06-+:60
[1999.00 HOT Table Values | 0:300:55 | 1:00-1:40 [ 0:35.1:15 | 1:05-1:50 | 100165 | | I T T T B
1999-00 ET Test Results 0:40-1:20
2000-01 HOT Table Values | 0:300:55 | 1:00-1:40 [ 0:35-1:15 | 0:40-1:20 | 100185 | | ] T T T B
2000-01 ET Test Results 1:25-2:00
2001-02 HOT Table Values | 0:30.055 | 1:00-140 | 0:35-1:15 | 040120 | 100185 | ] T R T B
2002-03 ET Test Results
2003.04 HOT Table Values | 0:300:55 | 1:00-1:40 [ 0:35.1:15 | 0:40-1:20 | 100185 | | ] T T T B
(El_) 2003-04 ET Test Results
& [5004-05 HOT Table Values | 0:30.0:55 | 1:00-1:40 | 0:35-1:15 | 0:40-1:20 | 100165 | 125200 | | | T R T B
% 2004-05 ET Test Results
2005-06 HOT Table Values | 0:35-1:15 | 1:00.1:40 [ 0:35.1:15 | 0:40-1:20 | 100165 | 105200 | | T T T B
2005-06 ET Test Results +:00-1:36 | 0:40-1:20 | 0:46-1:26
2006-07 HOT Table Values | 0:35-1:15 | 1:00-1:40 | 0:35-1:15 | 0:40-1:20 | 1:001:65 | 1:25-2:00 | 1:00.135 | 0:40-1:20 | Guas1:25 | T T B
2006-07 ET Test Results 1:05-1:45 1:15-2:00 | 0:50-1:25
2007-08 HOT Table Values | 0:35-1:15 | 1:00-1:40 | 0:35-1:15 | 0:40-1:20 | 1:00-1:65 | 1:252:00 | 105-1:45 | 0:40-1:20 | 1:15.2:00 | 0801228 | | T B
2007-08 ET Test Results
2008.09 HOT Table Values | 0:35-1:15 | 1:00-1:40 [ 0:35-1:15 | 0:40-1:20 | 1:001:65 | 1:25.2:00 | 1:05-1:45 | 0:40-1:20 | 115200 | 0801225 | | T B
2008-09 ET Test Results 1:10-1:50 | 1:00-1:45
2009-10 HOT Table Valuos | 0:35-1:15 | 1:00-1:40 | 0:35-1:15 | 0:40-1:20 | 1:00-1:65 | 1:252:00 | 105-1:45 | 0:40-1:20 | 1:152:00 | 0:60-1:25 | 1:10-1:50 | 100145 | | B
2009-10 ET Test Results 0:50-1:30
2010-11 HOT Table Values | 0:35-1:15 | 1:00-1:40 | 0:35-1:15 | 0:40-1:20 | 1:00-1:55 | 1:25-2:00 | 1:05-1:45 | 0:40-1:20 | 1:15-2:00 | 0:50-1:25 | 1:10-1:50 | 1:00-1:45 | 0:50-1:30
E 2010-11 ET Test Results 1:20-1:50
[ = I T —_—— e ] —_—— e e ] —_——— e — R _—_ - —
% 2011-12 HOT Table Values | 0:35-1:15 | 1:00-1:40 | 0:35-1:15 | 0:40-1:20 | 1:00-1:55 | 1:25-2:00 | 1:05-1:45 | 0:40-1:20 | 1:15-2:00 | 0:50-1:25 | 1:10-1:50 | 1:00-1:45 | 0:50-1:30 | 1:20-1:50
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.4: Type IV 75/25 Fluid, Snow, -3°C and Above
GENERIC | K-ABC-S Ultra + A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S CR-PG CR-PGA
Table Vaiues used in 97.96 | 020039 | 036106 | 6:206:25
1997-98 ET Test Results 0:45-+:26 | 0:35-1:00
[1998-99 HOT Table Values | 0:000:35 | 035105 | | 045125 | 05 00| | T T T T B
1998-99 ETTest Results 0:30-0:55 0:45-1:26
1999.00 HOT Table Values | 0200:35 | 0:300:55 | | ouas12s | oas 00| | ] T T T B
1999-00 ET Test Results 0:30-1:05
2000.01 HOT Table Values | 0200:35 | 0:300:55 | | 00108 | oas 00| | IR T T T B
2000-01 ET Test Results 1:05-2:00
2001-02 HOT Table Values | 0250550 | 0800555 | | 00108 | oas00| | IR T R T B
2002-03 ET Test Results
2003-04 HOT Table Values | 0250550 | 0800555 | | osor0s | oast00| | IR T T T B
< |2003-04 ET Test Results
& [2004.05 HOT Table Values | 025050 | 03005 | | oaonos | oasro0 | woszeo| || T T T B
% 2004-05 ET Test Results
2005.06 HOT Table Values | 0:000:55 | 0300:85 | | 030108 | 035100 | 105200 | | | T R T B
2005-06 ET Test Results 0:40-1:20 0:25-0:565
[2006.07 HOT Table values | 0200555 | 0:s00:55 | | 0:a0-1:05 | 035100 | 105200 | 0020 | | ozsoss| T T B
2006-07 ET Test Results 1:00-1:45 0:45-1:15 | 0:40-1:05
[2007-08 HOT Table Values | 0200555 | 0:s00:55 | | 0:a0-1:05 | 035100 | 105200 | 100145 | | oas11s | osoros| | T B
2007-08 ET Test Results
[2008-09 HOT Table values | 0200585 | 0:300:55 | | 0:a0-1:05 | 035100 | 105200 | 100145 | | oas11s | osoros| | T B
2008-09 ET Test Results 1:20-1:40 | 0:30-0:65
2009-10 HOT Table Values | 0:00.0:55 | 0300:65 | | 030-1:05 | 0:35.100 | 105.2:00 | 100145 | | 045115 | 0:40.1:05 | 120140 | 0:00.085 | | B
2009-10 ET Test Results 0:35-1:10
2010-11 HOT Table Values | 0:20-0:55 | 0:30-0:55 0:30-1:05 | 0:35-1:00 | 1:05-2:00 | 1:00-1:45 0:45-1:15 | 0:40-1:05 | 1:20-1:40 | 0:30-0:55 | 0:35-1:10
E 2010-11 ET Test Results 0:45-1:20
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
5 2011-12 HOT Table Values | 0:30-0:55 | 0:30-0:55 0:30-1:05 | 0:35-1:00 | 1:05-2:00 | 1:00-1:45 0:45-1:15 | 0:40-1:05 | 1:20-1:40 | 0:30-0:55 | 0:35-1:10 | 0:45-1:20
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.5: Type IV 50/50 Fluid, Snow, -3°C and Above
GENERIC | K-ABC-S Ultra + A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S CR-PG CR-PGA
Table Vaiues used in 97.96 | %019 | 00501 | 605015
1997-98 ET Test Results 0:40-0:30 | 0:10-0:20
[1998-99 HOT Table Values | 0:05.015 [ 00s0:15 | | 010090 | 010020 | T T T T B
1998-99 ETTest Results 0:05-0:15 | 0:07-0:15
1999.00 HOT Table Values | 0050:15 | 0050:15 | | 010030 | 010020 | ] T T T B
1999-00 ET Test Results 0:09-0:20
2000.01 HOT Table Values | 0050:15 | 0050:15 | | 010020 | 010020 | IR T T T B
2000-01 ET Test Results 0:25-1:15
2001-02 HOT Table Values | 0050:15 | 0050:15 | | 010020 | 010020 | IR T R T B
2002-03 ET Test Results
2003.04 HOT Table Values | 0:05.015 | 0050:15 | | 010020 | 010020 | I T T R B
< |2003-04 ET Test Results
E [2004.05 HOT Table Values | 005015 | 005015 | | ono0z0 | om00z0 | ozsrns | || T T T B
% 2004-05 ET Test Results
2005.06 HOT Table Values | 0:05.0:15 [ 00s0:15 | | 0100:20 | 010020 | 025015 | | | T R T B
2005-06 ET Test Results 0:40-0:26 0:06-0:15
[2006.07 HOT Table Values | 0050115 | 0:050:15 | | 010020 | 0:10020 | 025115 | 010025 | | oos01s| T T B
2006-07 ET Test Results 0:25-0:45 0:15-0:30 | 0:20-0:35
[2007-08 HOT Table Values | 0050115 | 0:050:15 | | 010020 | 0:10020 | 025115 | 0250:a5 | | 015030 | 020035 | | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0050115 | 0:050:15 | | 010020 | 0:10020 | 025115 | 0250:a5 | | 015030 | 020095 | | T B
2008-09 ET Test Results 0:15-0:25 | 0:07-0:15
200910 HOT Table Values | 0:05.0:15 | 0050:15 | | 0100:20 | 0:10020 | 0251115 | 0:25.0:45 | | 0:150:30 | 0:20035 | 015025 | 005015 | | B
2009-10 ET Test Results 0:10-0:15
2010-11 HOT Table Values | 0:05-0:15 | 0:05-0:15 0:10-0:20 | 0:10-0:20 | 0:25-1:15 | 0:25-0:45 0:15-0:30 | 0:20-0:35 | 0:15-0:25 | 0:05-0:15 | 0:10-0:15
E 2010-11 ET Test Results 0:15-0:35
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
5 2011-12 HOT Table Values | 0:07-0:15 | 0:07-0:15 0:09-0:20 | 0:10-0:20 | 0:25-1:15 | 0:25-0:45 0:15-0:30 | 0:20-0:35 | 0:15-0:25 | 0:07-0:15 | 0:10-0:15 | 0:15-0:35
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.6: Type IV Neat Fluid, Snow, Below -3°C to -14°C

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
B e e
1997-98 ET Test Results 0:20-0:40 | 0:30-0:50
[1998-99 HOT Table Values | 0:20.040 | 0:45.1:20 | 0:25.085 | 0200:40 | 0:00.080 | | T T T T B
1998-99 ETTest Results 0:45-1:20 | ©:30-+:00 | 0:30-0:55
1999.00 HOT Table Values | 0:200:40 | 0:451:20 | 0:05.0:55 | 0:30.085 | 030080 | | ] T T T B
1999-00 ET Test Results 0:30-0:55
2000.01 HOT Table Values | 0200:40 | 0:451:20 | 0:05.0:55 | 0:30.0:85 | 0:a0.080 [ | IR T T T B
2000-01 ET Test Results 0:35-1:10
2001-02 HOT Table Values | 0200:40 | 0:451:20 | 0:05.0:55 | 0:00.0:85 | 0:30.080 [ | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 0:20.0:40 | 0:45-1:20 | 0:25.055 | 0300585 | 0:00.080 | | I T T R B
< |2003-04 ET Test Results
& [2004.05 HOT Tablo Values | 0120040 | 05120 | orz0s | 0008 | 0a000 | om0 | || T T T B
% 2004-05 ET Test Results
2005-06 HOT Table Values | 0:00.040 | 0:45-1:20 | 0:25.085 | 0300585 | 0:00.0%0 | 085110 | | | T R T B
2005-06 ET Test Results 0:40-+:05 | 0:30-1:05 | 6:35-+:00
2006.07 HOT Table Values | 0:200:40 | 0:451:20 | 0:25-0:55 | 0:30.0:55 | 0:30.0:50 | 0:35-1:10 | 0:40-1:05 | 0:30-1:08 | 0:35-1:00 | T T B
2006-07 ET Test Results 0:50-1:20 1:00-1:45 | 0:45-1:15
[2007-08 HOT Table Values | 0:200:40 | 0:45-1:20 | 0:25-0:55 | 0:30.055 | 0:30.050 | 0:35-1:10 | 0:50-1:20 | 0:80-1:08 | 1:00-1:45 | Guastts | | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0:200:40 | 0:45-1:20 | 0:25-0:55 | 0:30.085 | 0:30.0:80 | 0:35-1:10 | 0:80-1:20 | 0:30-1:08 | 1:00-1:45 | Guasts | | T B
2008-09 ET Test Results 1:10-1:50 | 1:00-1:45
200910 HOT Table Values | 0:20.0:40 | 0:45-1:20 | 0:25.0:55 | 0:30.0:55 | 0:30.0:50 | 0:351:10 | 0:50-1:20 | 0:30-1:05 | 1:00-1:45 | 0:a5-1:15 | 110150 | 1001205 | | B
2009-10 ET Test Results 0:30-0:55
2010-11 HOT Table Values | 0:20-0:40 | 0:45-1:20 | 0:25-0:55 | 0:30-0:55 | 0:30-0:50 | 0:35-1:10 | 0:50-1:20 | 0:30-1:05 | 1:00-1:45 | 0:45-1:15 | 1:10-1:50 | 1:00-1:45 | 0:30-0:55
E 2010-11 ET Test Results 0:55-1:15
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:25-0:50 | 0:45-1:20 | 0:25-0:55 | 0:30-0:55 | 0:30-0:50 | 0:35-1:10 | 0:50-1:20 | 0:30-1:05 | 1:00-1:45 | 0:45-1:15 | 1:10-1:50 | 1:00-1:45 | 0:30-0:55 | 0:55-1:15
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.7: Type IV 75/25 Fluid, Snow, Below -3°C to -14°C

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
Table Vaiues used in 97.96 | *150%0 | 03606 | 6:156:20
1997-98 ET Test Results 0:46-0:26 | 0:20-0:35
[1998-99 HOT Table Values | 0:15.025 | 035105 | | 01505 | 020035 | T T T T B
1998-99 ETTest Results 0:25-0:50 0:25-0:45
1999.00 HOT Table Values | 0:150:25 | 0:050:50 | | 025045 | 020035 | | ] T T T B
1999-00 ET Test Results 0:20-0:45
2000.01 HOT Table Values | 0:150:25 | 0:050:50 | | 020045 | 020035 | IR T T T B
2000-01 ET Test Results 0:40-1:20
2001-02 HOT Table Values | 0:150:25 | 0:050:50 | | 020045 | 020035 | | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 0:00035 | 025050 | | 0200:45 | 0:20035| | I T T R B
< |2003-04 ET Test Results
& [2004.05 HOT Tablo Values | 020038 | 02500 | | 020048 | 0m00as | oworzo | || T T T B
% 2004-05 ET Test Results
[2005.06 HOT Table Values | 0:15:035 | 025050 | | 020045 | 0:20035 | 00120 | | | T R T B
2005-06 ET Test Results 0:20-6:40 0:25-0:50
[2006.07 HOT Table Values | 0:150:35 | 0:05:0:50 | | 0:20.045 | 0:20035 | 040120 | 0200:40 | | ozs0s0| T T B
2006-07 ET Test Results 0:45-1:25 0:35-1:00 | 0:35-0:55
[2007-08 HOT Table Values | 0:150:35 | 0:05:0:50 | | 0:20.045 | 0:20035 | 040120 | 0525 | | oasto0|oasoss| | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0:150:35 | 0:050:50 | | 0:20.045 | 0:20035 | 040120 | 0525 | | oas1o0|oasoss| | T B
2008-09 ET Test Results 1:20-1:40 | 0:30-0:55
200910 HOT Table Values | 0:15:035 | 0250:50 | | 0200:45 | 0:20.035 | 0:40-1:20 | 0uas 105 | | 0351:00 | 0:35.085 | 1201:40 | 0:00.085 | | B
2009-10 ET Test Results 0:20-0:40
2010-11 HOT Table Values | 0:15-0:35 | 0:25-0:50 0:20-0:45 | 0:20-0:35 | 0:40-1:20 | 0:45-1:25 0:35-1:00 | 0:35-0:55 | 1:20-1:40 | 0:30-0:55 | 0:20-0:40
E 2010-11 ET Test Results 0:35-1:00
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:20-0:35 | 0:25-0:50 0:20-0:45 | 0:20-0:35 | 0:40-1:20 | 0:45-1:25 0:35-1:00 | 0:35-0:55 | 1:20-1:40 | 0:30-0:55 | 0:20-0:40 | 0:35-1:00
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.8: Type IV Neat Fluid, Snow, Below -14°C to -25°C

GENERIC | K-ABC-S Ultra+ A-480 C-2001 | O-Max 04| C-Launch | D-E106 |K-ABCS+ L-AS A-49 K-ABC4S CR-PG CR-PGA

1 -97 T R | n

e e [ orsasa oot oamor

1997-98 ET Test Results 0:45-0:30 | 0:20-0:35

1998-99 HOT Table Values | 0:15.0:30 | 0:40-1:10 | 0:200:45 | 015.0:30 | 0:200:35 | | R T T R -

1998-99 ETTest Results 0:40-1:10 | 6:30-0:55 | 0:25-0:40

199900 HOT Table Values | 0:15.0:30 | 0:40-1:10 | 0:200:45 | 0:250:40 | 0:200:35 | | I R R T R a

1999-00 ET Test Results 0:25-0:50

2000-01 HOT Table Values | 0:15.0:30 | 0:40-1:10 | 0:200:45 | 0:250:40 | 0:200:35 | | I R I T R -

2000-01 ET Test Results 0:25-0:50

2001-02 HOT Table Values | 0:15-0:30 | 0:40-1:10 | 0:20-0:45 | O:25.0:40 | 0200035 | | ] T T R B

2002-03 ET Test Results

200304 HOT Table Values | 0:15.0:30 | 0:40-1:10 | 0:200:45 | 0250:40 | 0200:35 | | I T T R B
g 2003-04 ET Test Results
S 2004-05 HOT Table Values | 0:15-0:30 | 0:15-0:30*| 0:20-0:45 | 0:15-0:30*| 0:15-0:30*] 0:15-0:30* [
% 2004-05 ET Test Results

200506 HOT Table Values | 0:15.0:30 | 0:15.0:30¢ | 0:200:45 [ 0:15.0:30° [ 0:15.0:30+ | 0150030+ | | T T R B

2005-06 ET Test Results 0:35-0:55 | 0:25-0:55 | 6:30-0:50

2006-07 HOT Table Values | 0:15.0:30 | 0:15.0:30° | 0:20-0:45 [ 0:15.0:30°| 0:15.0:30+ | 0:15.0:30+ | 015.0:30 | 0150130+ | 015030+ | | R -

2006-07 ET Test Results 0:45-1:10 0:55-1:35 | 0:40-1:10

2007-08 HOT Table Values | 0:15.0:30 | 0:15.0:30° | 0:20-0:45 [ 0:15.0:30*| 0:15.0:30+ | 0:15.0:30+ | 0:15.0:30+ | 0:15.0:30+ | 015030+ | 015.030¢ | | R a

2007-08 ET Test Results

[2008-08 HOT Table Values | 0:15-0:20 [ 0:15-0:30° | 0:20-0:45 [ 0:15-0:30+| 0:15-0:30+ | 0:15.0:30+ | 0:15-0:30 01150130+ | 015030 | 0180301 | R B

2008-09 ET Test Results 1:10-1:50 | 1:00-1:45

200910 HOT Table Values | 0:15-0:30 | 0:15.0:30° | 0:20.0:45 | 0:15.0:30" | 0:15.0:30+ | 0:15.0:30+ | 0:15.0:30+ | 0:15.0:30+ | 0:15.0:30¢ [ 0:15.0:30+ | 015030+ [ 0:15.0:30¢ | | -

2009-10 ET Test Results 0:25-0:40

[2010-11 HOT Table Values | 0:15-0:30 | 0:15-0:30° | 0:20.0:45 | 0:15.0:30"| 0:15.0:30+ | 0:15.0:30+ | 0:15-0:30 | 0:16.0:30+ | 0:15-0:30 | 0:15.0:30+ | 0:15.0:30* | 0:15.0:30+ [ 015.030 | B
E 2010-11 ET Test Results 0:45-1:05
= T Ty e e = — e - — ] —_—— e et - —_——— —_—— e e - ——— —_—— e e - —_—- —_— e e e e - — - T Sy —
g 2011-12 HOT Table Values | 0:15-0:30 | 0:15-0:30*| 0:20-0:45 | 0:15-0:30*] 0:15-0:30* | 0:15-0:30* | 0:15-0:30*] 0:15-0:30* ] 0:15-0:30*] 0:15-0:30*| 0:15-0:30*| 0:15-0:30*| 0:15-0:30*| 0:15-0:30*

*The generic HOT values were used for this cell
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.9: Type

IV Neat Fluid, Freezing Drizzle, -3°C and Above

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
Table Vaiues used in 87.96 | *4090 | 120150 | 1100200
1997-98 ET Test Results +55-2:00 +:06-2:00 | 0:55-1:55
[1998-99 HOT Table Values | 0:40-1:00 | 120150 | 1:00.2:00 | 1052:00 | 0:55.185 | | T T T T B
1998-99 ETTest Results 2:00-2:00 | 0:45-1:35
1999.00 HOT Table Values | 0:40-1:00 | 1:20-1:50 | 0:a5-1:35 | 1:06.2:00 | 055185 | | ] T T T B
1999-00 ET Test Results 0:50-1:30
2000.01 HOT Table Values | 0:40-1:00 | 1:20-1:50 | 0:a5-1:35 | 0:50-1:30 | 055185 [ | IR T T T B
2000-01 ET Test Results 2:00-2:00
2001-02 HOT Table Values | 0:40-1:10 | 1:20-1:50 | 0:45-1:35 | 0:50-1:30 | 055185 | | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 0:40-1:10 | 120150 | 0:45-1:35 | 0501230 | 055185 | | I T T R B
< |2003-04 ET Test Results
& [2004.05 HOT Tablo Values | 0:40-110 | 1:20-1:50 | o138 | 080130 | osoras | z0ozo0 | || T T T B
% 2004-05 ET Test Results
[2005-06 HOT Table Values | 0:40-1:10 | 120150 | 0:45-1:35 | 050-1:30 | 0:35-1:85 | 200200 | | | T R T B
2005-06 ET Test Results 1:30-2:00 | 1:10-2:00 | +45-+55
2006.07 HOT Table Values | 0:40-1:10 | 1:20-1:50 | 0:45-1:35 | 0:50-1:30 | 0:55.1:55 | 2:002:00 | 1:302:00 | 1:10:2:00 | 1:15-1:85 | T T B
2006-07 ET Test Results 1:50-2:00 | 0:55-1:40
[2007-08 HOT Table Values | 0:40-1:10 | 1:20-1:50 | 0:45-1:35 | 0:50.1:30 | 0:55-1:55 | 2:002:00 | 1:302:00 | 1:10:2:00 | 1:60.2:00 | 085100 [ | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0:40-1:10 | 1:20-1:50 | 0:45-1:35 | 0:50-1:30 | 0:55-1:55 | 2:002:00 | 1:302:00 | 1:10:2:00 | 1:60.2:00 | 085100 [ | T B
2008-09 ET Test Results 1:26-2:00 | 1:35-2:00
200910 HOT Table Values | 0:40-1:10 | 1:201:50 | 0:45-1:35 | 0:50-1:30 | 0:55.1:55 | 2:00-2:00 | 1:30.2:00 | 1:10.2:00 | 1:502:00 | 0:65-1:40 | 1252:00 | 1:35.200 | | B
2009-10 ET Test Results 1:16-2:00
2010-11 HOT Table Values | 0:40-1:10 | 1:20-1:50 | 0:45-1:35 | 0:50-1:30 | 0:55-1:55 | 2:00-2:00 | 1:30-2:00 | 1:10-2:00 | 1:50-2:00 | 0:55-1:40 | 1:25-2:00 | 1:35-2:00 | 1:15-2:00
E 2010-11 ET Test Results 1:35-2:00
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:45-1:30 | 1:20-1:50 | 0:45-1:35 | 0:50-1:30 | 0:55-1:55 | 2:00-2:00 | 1:30-2:00 | 1:10-2:00 | 1:50-2:00 | 0:55-1:40 | 1:25-2:00 | 1:35-2:00 | 1:15-2:00 | 1:35-2:00
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.10: Type IV 75/25 Fluid, Freezing Drizzle, -3°C and Above

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
Table Vaiues used in 07.95 | 02090 | 980-126 | 6:20-100
1997-98 ET Test Results 9:60-+40- 0:60-+:20 | 0:35-1:10
[1998-99 HOT Table Values | 0:80-100 [ 0501:10 | | os0-1:20 | 035 r0| | T T T T B
1998-99 ETTest Results 0:45-1:10
1999.00 HOT Table Values | 030-1:00 | 0:45-1:10 | | 00120 | o35 t0| | ] T T T B
1999-00 ET Test Results 0:50-1:15
2000.01 HOT Table Values | 030-1:00 | 0:a5-1:10 | | o011 | oast0| | IR T T T B
2000-01 ET Test Results 1:50-2:00
2001-02 HOT Table Values | 0350550 | 0:a5-1:10 | | o011 | oast0| | IR T R T B
2002-03 ET Test Results
2003.04 HOT Table Values | 0:85.050 | 0451:10 | | 050115 | o35 10| | I T T R B
< |2003-04 ET Test Results
& [2004.05 HOT Tablo Values | 035050 | 0as10| | osons | osstio| wsozoo| || T T T B
% 2004-05 ET Test Results
[2005.06 HOT Table Values | 0:85:050 | 04s-1:10 | | 050115 | 035110 | 180200 | | | T R T B
2005-06 ET Test Results 1:40-2:00 0:45-1:10
[2006.07 HOT Table Values | 0350:50 | 045110 | | 050115 | 035110 | 150200 | 140200 | | oasti0| T T B
2006-07 ET Test Results 1:00-1:20 | 0:55-1:25
[2007-08 HOT Table Values | 0350:50 | 045110 | | 050115 | 035110 | 150200 | 140200 | | To0120 | ossros| | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0350:50 | 045110 | | 050115 | 035110 | 180200 | 140200 | | To0120 | ossts| | T B
2008-09 ET Test Results 1:55-2:00 | 0:40-1:05
200910 HOT Table Values | 0:85:050 | 0451:10 | | 0501115 | 0:35.1:10 | 180.2:00 | 140200 | | 1:001:20 | 055125 | 1852:00 | 0008 | | B
2009-10 ET Test Results 1:05-1:25
2010-11 HOT Table Values | 0:35-0:50 | 0:45-1:10 0:50-1:15 | 0:35-1:10 | 1:50-2:00 | 1:40-2:00 1:00-1:20 | 0:55-1:25 | 1:55-2:00 | 0:40-1:05 | 1:05-1:25
E 2010-11 ET Test Results 1:40-2:00
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:35-1:05 | 0:45-1:10 0:50-1:15 | 0:35-1:10 | 1:560-2:00 | 1:40-2:00 1:00-1:20 | 0:55-1:25 | 1:55-2:00 | 0:40-1:05 | 1:05-1:25 | 1:40-2:00
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.11: Type IV 50/50 Fluid, Freezing Drizzle, -3°C and Above

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
e et e, [oroom | orsous | sr00mo
1997-98 ET Test Results 0:16-0:20 0:46-0:36 | 0:10-0:20
[1998-99 HOT Table Values | 0:10.020 | 015000 | 015015 | 10020 | T T T T B
1998-99 ETTest Results 0:15-0:20
1999.00 HOT Table Values | 0:100:20 | 015020 | | 015035 | 010020 | ] T T T B
1999-00 ET Test Results 0:15-0:25
2000.01 HOT Table Values | 0:100:20 | 0:150:20 | | 015025 | 010020 | IR T T T B
2000-01 ET Test Results 0:35-1:10
2001-02 HOT Table Values | 0:100:20 | 0:150:20 | | 015025 | 010020 | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 0:10.020 | 015000 | | 015025 | 10020 | I T T R B
< |2003-04 ET Test Results
& [2004.05 HOT Table Values | 0000 | 015020 | | onsozs | on0oz0 | om0 | || T T T B
% 2004-05 ET Test Results
2005.06 HOT Table Values | 0:10020 | 0:150:00 | | 015025 | 010020 | 085010 | | | T R T B
2005-06 ET Test Results 0:30-0:50 0:10-0:20
[2006.07 HOT Table values | 0:100:20 | 0:15:0:20 | | 0:15.025 | 010020 | 035110 | 030080 | | 010020 T T B
2006-07 ET Test Results 0:15-0:40 | 0:20-0:30
[2007-08 HOT Table Values | 0:100:20 | 0:15:0:20 | | 0:15.025 | 010020 | 035110 | 030080 | | 015040 | 020030 | T B
2007-08 ET Test Results
[2008-09 HOT Table values | 0:100:20 | 0:15:0:20 | | 0:15.025 [ 010020 | 035110 | 030080 | | o1s040| 02000 | T B
2008-09 ET Test Results 0:15-0:30 | 0:10-0:20
200910 HOT Table Values | 0:10.020 | 0:150:00 | | 0150:25 | 0:10020 | 0351110 | 0:30080 | | 0:150:40 | 0:20030 | 0450:30 | 010020 | | B
2009-10 ET Test Results 0:15-0:25
2010-11 HOT Table Values | 0:10-0:20 | 0:15-0:20 0:15-0:25 | 0:10-0:20 | 0:35-1:10 | 0:30-0:50 0:15-0:40 | 0:20-0:30 | 0:15-0:30 | 0:10-0:20 | 0:15-0:25
E 2010-11 ET Test Results 0:20-0:45
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:10-0:20 | 0:15-0:20 0:15-0:25 | 0:10-0:20 | 0:35-1:10 | 0:30-0:50 0:15-0:40 | 0:20-0:30 | 0:15-0:30 | 0:10-0:20 | 0:15-0:25 | 0:20-0:45
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.12: Type IV Neat Fluid, Freezing Drizzle, Below -3°C to -10°C

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
Table Vaiues used in 97.95 | °2090 | 036100 | G:50-:25
1997-98 ET Test Results 0:40-+:20 0:25-1:20 | 0:55-1:35
[1998-99 HOT Table Values | 0:05-1:00 | 0:35-1:00 | 0:50-1:35 | 0251:20 | 035135 | | T T T T B
1998-99 ETTest Results 0:20-4+:30 | 0:45-1:25
1999.00 HOT Table Values | 020055 | 0:00-1:00 | 0:451:25 | 0:25-1:20 | 055135 | | ] T T T B
1999-00 ET Test Results 0:25-1:20
2000-01 HOT Table Values | 0:200:55 | 0:00-1:00 | 0:451:25 | 0:25-1:20 | 055135 | | IR T T T B
2000-01 ET Test Results 0:25-1:30
2001-02 HOT Table Values | 0200:45 | 0:00-1:00 | 0:45-1:25 | 0:25-1:20 | 055135 | | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 0:00.0:45 | 0:201:00 | 0:45-1:25 | 0251:20 | 055135 | | I T T R B
5‘ 2003-04 ET Test Results
& (200405 HOT Table Values | 0:00.045 | 0201:00 | 0:45.1:25 | 0251:20 | 0:55.1:35 | 0050:30 | | | T T T B
% 2004-05 ET Test Results
2005.06 HOT Table Values | 0:00.0:45 | 0:201:00 | 0:45-1:25 | 025-1:20 | 0:85.1:35 | 0250:30 | | | T R T B
2005-06 ET Test Results 0:35-1:40 | 0:55-1:50 | ©:30-+:35
2006.07 HOT Table Values | 0:200:45 | 0:20-1:00 | 0:45-1:25 | 0:25.1:20 | 0:55.1:35 | 0:25-1:30 | 0:35-1:40 | 0:65-1:50 | 0:30-1:35 | T T B
2006-07 ET Test Results 0:25-1:35 | 0:25-1:30
[2007-08 HOT Table Values | 0:200:45 | 0:20-1:00 | 0:45-1:25 | 0:25.1:20 | 0:55.135 | 025130 | 0:35-1:40 | 0:65-1:50 | 0:25-1:35 | 025130 [ | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0:200:45 | 0:20-1:00 | 0:45-1:25 | 0:25.1:20 | 0:55-1:35 | 0:25-1:30 | 035-1:40 | 0:65-1:50 | 0:25-1:35 | 025130 [ | T B
2008-09 ET Test Results 0:25-1:25 | 0:35-1:50
2009-10 HOT Table Values | 0:20.0:45 | 0:201:00 | 0:45-1:25 | 0:25.1:20 | 0:55.1:35 | 0:25-1:30 | 0:35.1:40 | 0:65-1:50 | 0:25-1:35 | 0:05-1:30 | 025125 | 0:95.180 | | B
2009-10 ET Test Results 0:25-1:10
2010-11 HOT Table Values | 0:20-0:45 | 0:20-1:00 | 0:45-1:25 | 0:25-1:20 | 0:55-1:35 | 0:25-1:30 | 0:35-1:40 | 0:55-1:50 | 0:25-1:35 | 0:25-1:30 | 0:25-1:25 | 0:35-1:50 | 0:25-1:10
E 2010-11 ET Test Results 0:35-1:35
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:20-1:00 | 0:20-1:00 | 0:45-1:25 | 0:25-1:20 | 0:55-1:35 | 0:25-1:30 | 0:35-1:40 | 0:55-1:50 | 0:25-1:35 | 0:25-1:30 | 0:25-1:25 | 0:35-1:50 | 0:25-1:10 | 0:35-1:35
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.13: Type IV 75/25 Fluid, Freezing Drizzle, Below -3°C to -10°C

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
Table Vaiues used in 97.95 | *090 | 080-126
1997-98 ET Test Results 0:30-1:10 0:30-+:46 | 0:40-1:10
[1998-99 HOT Table Values | 0:80-100 [ 0301:10 | | 030115 | caor0| | T T T T B
1998-99 ETTest Results 0:20-+36
1999.00 HOT Table Values | 0200:55 | 0:201:10 | | 001015 | oo t0| | ] T T T B
1999-00 ET Test Results 0:25-1:05
2000.01 HOT Table Values | 0200:50 | 0:201:10 | | 025108 | oo t0| | IR T T T B
2000-01 ET Test Results 0:20-1:00
2001-02 HOT Table Values | 0150:30 | 0:201:10 | | 025108 | oaot0| | IR T R T B
2002-03 ET Test Results
2003.04 HOT Table Values | 0:15:030 | 0201:10 | | 025106 | c:a0 10| | I T T R B
< |2003-04 ET Test Results
E [2004.05 HOT Table Values | on30a0 | 02040 | | ozs s | oworo | ozoroo | || T T T B
% 2004-05 ET Test Results
2005.06 HOT Table Values | 0:15:030 [ 0201:10 | | 025108 | 040110 020000 | | | T R T B
2005-06 ET Test Results 0:25-1:10 0:25-1:15
[2006.07 HOT Table values | 0:150:30 | 0:201:10 | | 0:25.1:05 | 00110 | 020100 | 025110 | | ozstas| T T B
2006-07 ET Test Results 0:20-1:10 | 0:30-1:15
[2007-08 HOT Table values | 0:150:30 | 020110 | | 025105 | 00110 | 020100 | 025110 | | 020110 03015 | | T B
2007-08 ET Test Results
[2008-09 HOT Table values | 0:150:90 | 0:201:10 | | 025105 | 00110 | 020100 | 025110 | | o20110| 030t | | T B
2008-09 ET Test Results 0:15-1:05 | 0:25-1:20
200910 HOT Table Values | 0:15:030 [ 0201:10 | | 0251:05 | 0:40.1:10 | 0:20-1:00 | 025110 | | 0201:10 | 0:00-1:15 | 045108 | 025120 | | B
2009-10 ET Test Results 0:25-1:05
2010-11 HOT Table Values | 0:15-0:30 | 0:20-1:10 0:25-1:05 | 0:40-1:10 | 0:20-1:00 | 0:25-1:10 0:20-1:10 | 0:30-1:15 | 0:15-1:05 | 0:25-1:20 | 0:25-1:05
E 2010-11 ET Test Results 0:25-1:05
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:15-1:00 | 0:20-1:10 0:25-1:05 | 0:40-1:10 | 0:20-1:00 | 0:25-1:10 0:20-1:10 | 0:30-1:15 | 0:15-1:05 | 0:25-1:20 | 0:25-1:05 | 0:25-1:05
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.14: Type IV Neat Fluid, Light Freezing Rain, -3°C and Above

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
Table Vaiues used in 97.96 | 07059 | 1001125 | 6:35-00
1997-98 ET Test Results +20-2:00 0:60-+:46 | 0:40-1:00
[1998-99 HOT Table Values | 0:35.0:55 | 1:001:25 | 0:35-1:00 | 050-1:10 | 0:40100| | T T T T B
1998-99 ETTest Results +:20-2:00 | 0:25-0:40
1999.00 HOT Table Values | 0:250:40 | 1:001:25 | 0:05.0:40 | 0:50-1:10 | 0:a000 | | ] T T T B
1999-00 ET Test Results 0:35-0:55
2000.01 HOT Table Values | 0250:40 | 1:001:25 | | o:s5.085 | owor00| | IR T T T B
2000-01 ET Test Results 1:10-1:30
2001-02 HOT Table Values | 0:250:40 | 1:00-1:25 | 0:05.0:40 | 0:05.0:85 | 040100 | | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 0:25.040 | 1:001:25 | 0:25.0:40 | 035.0:85 | G:a0100| | I T T R B
5‘ 2003-04 ET Test Results
& (200405 HOT Table Values | 0:25.0:40 | 1:001:25 | 0:25.0:40 | 0350585 | 0:a0-100 | 110030 | || T T T B
% 2004-05 ET Test Results
2005-06 HOT Table Values | 0:25.040 | 1:001:25 | 0:25.040 | 0350585 | 0:40-100 | 110030 | | | T R T B
2005-06 ET Test Results 1:00-1:40 | 0:50-1:15 | 6:50-+:10
2006.07 HOT Table Values | 0:250:40 | 1:00-1:25 | 0:25-0:40 | 0:35.0:55 | 0:40-1:00 | 1:10-1:30 | 100-1:40 | 0:60-1:15 | 0:60-1:10 | T T B
2006-07 ET Test Results 1:05-2:00 | 0:45-1:05
[2007-08 HOT Table Values | 0:250:40 | 1:00-1:25 | 0:25-0:40 | 0:35.055 | 0:40-100 | 1:10-1:30 | 100-1:40 | 0:60-1:15 | 1:05.2:00 | G:astc05 | | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0:250:40 | 1:00-1:25 | 0:25-0:40 | 0:35.055 | 0:40-100 | 1:10-1:30 | 100-1:40 | 0:60-1:15 | 1:05.2:00 | G:asti05 [ | T B
2008-09 ET Test Results 1:00-1:25 | 1:05-1:30
200910 HOT Table Values | 0:25-0:40 | 1:001:25 | 0:25.0:40 | 0:35.0:55 | 0:40.1:00 | 1:10-1:30 | 1:00-1:40 | 0:60-1:15 | 1:052:00 | 0:a5-1:05 | 100-1:25 | 106130 | | B
2009-10 ET Test Results 0:50-1:15
2010-11 HOT Table Values | 0:25-0:40 | 1:00-1:25 | 0:25-0:40 | 0:35-0:55 | 0:40-1:00 | 1:10-1:30 | 1:00-1:40 | 0:50-1:15 | 1:05-2:00 | 0:45-1:05 | 1:00-1:25 | 1:05-1:30 | 0:50-1:15
E 2010-11 ET Test Results 1:15-1:30
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:25-0:40 | 1:00-1:25 | 0:25-0:40 | 0:35-0:55 | 0:40-1:00 | 1:10-1:30 | 1:00-1:40 | 0:50-1:15 | 1:05-2:00 | 0:45-1:05 | 1:00-1:25 | 1:05-1:30 | 0:50-1:15 | 1:15-1:30
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.15: Type IV 75/25 Fluid, Light Freezing Rain, -3°C and Above

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
Table Vaiues used in 97.96 | *%0%0 | 035050 | 6:156:20
1997-98 ET Test Results 0:40-0:55 0:36-0:50 | 0:25-0:35
[1998-99 HOT Table Values | 0:15.030 | 035050 | | o3soso | 025035| | T T T T B
1998-99 ETTest Results 0:35-0:50
1999.00 HOT Table Values | 0150:30 | 035050 | | o:ss.0m0 | 025035 | ] T T T B
1999-00 ET Test Results 0:30-0:45
2000.01 HOT Table Values | 0:150:30 | 0:350:50 | | 0:s0.045 | 025035 [ | IR T T T B
2000-01 ET Test Results 1:00-1:20
2001-02 HOT Table Values | 0:150:30 | 0:850:50 | | 00045 | 025035 | | IR T R T B
2002-03 ET Test Results
2003-04 HOT Table Values | 0150:30 | 0s50:50 | | os0.0as | 025035 | | IR T T T B
< |2003-04 ET Test Results
& [2004.05 HOT Table Values | on30a0 | 03500 | | oavoas | ossoas | otz | || T T T B
% 2004-05 ET Test Results
2005.06 HOT Table Values | 0:15:030 | 035050 | | 03005 | 0:25.035 | 100020 | | | T R T B
2005-06 ET Test Results 0:45-1:15 0:30-0:45
[2006.07 HOT Table values | 0:150:30 | 0:35:0:50 | | 0:00.045 | 0:25.035 | 100120 | 0518 | | oa00as| T T B
2006-07 ET Test Results 0:30-0:50 | 0:30-0:45
[2007-08 HOT Table Values | 0:150:30 | 0:85:0:50 | | 0:00.045 | 0:25.035 | 100120 | 0518 | | 030050 | 030045 | | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0:150:90 | 0:35:0:50 | | 0:00.045 [ 0:25.035 | 100120 | 0518 | | 030050 | 030045 | | T B
2008-09 ET Test Results 0:50-1:30 | 0:25-0:40
200910 HOT Table Values | 0:15.030 | 0350:50 | | 0300:45 | 0:25.035 | 1:00.1:20 | 0uas 115 | | 0300:50 | 0:30.045 | 050-1:30 | 0:25.040 | | B
2009-10 ET Test Results 0:35-1:00
2010-11 HOT Table Values | 0:15-0:30 | 0:35-0:50 0:30-0:45 | 0:25-0:35 | 1:00-1:20 | 0:45-1:15 0:30-0:50 | 0:30-0:45 | 0:50-1:30 | 0:25-0:40 | 0:35-1:00
E 2010-11 ET Test Results 0:40-1:10
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:25-0:35 | 0:35-0:50 0:30-0:45 | 0:25-0:35 | 1:00-1:20 | 0:45-1:15 0:30-0:50 | 0:30-0:45 | 0:50-1:30 | 0:25-0:40 | 0:35-1:00 | 0:40-1:10
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.16: Type IV 50/50 Fluid, Light Freezing Rain, -3°C and Above

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
Table Vaiues used in 97.95 | %010 | 01601 | 605310
1997-98 ET Test Results 0:05-0:10 | 6:40-0:45 0:10-0:26 | 0:08-0:15
[1998-99 HOT Table Values | 0:05.0:10 | 0:100:15 | | 010025 | 010045 | T T T T B
1998-99 ETTest Results 0:05-0:10 | 0:08-0:10
1999.00 HOT Table values | 0050:10 | 0050:10 | | 010025 | 005015 | | ] T T T B
1999-00 ET Test Results 0:09-0:15
2000.01 HOT Table Values | 0050:10 | 0050:10 | | 006015 | 005015 | | IR T T T B
2000-01 ET Test Results 0:25-0:35
2001-02 HOT Table Values | 0050:10 | 0050:10 | | 006015 | 005015 | | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 0:05.010 | 0050:10| | 005015 | 005015 | | I T T R B
< |2003-04 ET Test Results
& [2004.05 HOT Table Values | 005010 | 005010 | | oos.ons | oosons | ozsos | || T T T B
% 2004-05 ET Test Results
[2005.06 HOT Table Values | 0:05.0:10 [ 00s0:10| | 005015 | 005015 | 02s0ias | | | T R T B
2005-06 ET Test Results 0:20-0:25 0:05-0:10
[2006.07 HOT Table values | 0050:10 | 0:050:10| | 0:05.015 | 0:05.015 | 0250385 | 020025 | | oosot0| T T B
2006-07 ET Test Results 0:15-0:20 | 0:10-0:15
[2007-08 HOT Table values | 0050110 | 0:050:10| | 0:05.015 | 0:05.015 | 0250385 | 020025 | | 015020 | 01005 | | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0050110 | 0:050:10| | 0:05.015 | 0:05.015 | 0250335 | 020025 | | 015020 | 01005 | | T B
2008-09 ET Test Results 0:10-0:16 | 0:07-0:10
200910 HOT Table Values | 0:05:0:10 | 0050:10 | | 005.0:15 | 0:05.015 | 0:05.0:35 | 0:200:05 | | 0:150:20 | 0:10.0:15 | 0:100:15 | 005010 | | B
2009-10 ET Test Results 0:10-0:15
2010-11 HOT Table Values | 0:05-0:10 | 0:05-0:10 0:05-0:15 | 0:05-0:15 | 0:25-0:35 | 0:20-0:25 0:15-0:20 | 0:10-0:15 | 0:10-0:15 | 0:05-0:10 | 0:10-0:15
E 2010-11 ET Test Results 0:09-0:20
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:07-0:10 | 0:08-0:10 0:09-0:15 | 0:08-0:15 | 0:25-0:35 | 0:20-0:25 0:15-0:20 | 0:10-0:15 | 0:10-0:15 | 0:07-0:10 | 0:10-0:15 | 0:09-0:20
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.17: Type IV Neat Fluid, Light Freezing Rain, Below -3°C to -10°C

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
Table Vaiues used in 97.95 | 020049 | 030045 | 6:200:50
1997-98 ET Test Results 0:20-0:40 0:20-0:40 | 0:30-0:45
[1998-99 HOT Table Values | 0:15.0:30 | 0:200:40 | 0:30.050 | 0200:40 | 0:00.045 | | T T T T B
1998-99 ETTest Results 0:10-0:30 | 0:30-0:45
1999.00 HOT Table Values | 0:100:30 | 0:100:30 | 0:30.0:45 | 0:20.0:40 | 0:a0.0:a5 | | ] T T T B
1999-00 ET Test Results 0:15-0:30
2000.01 HOT Table Values | 0:100:30 | 0:100:30 | 0:30.0:45 | 0:15.030 | 0:00.005 [ | IR T T T B
2000-01 ET Test Results 0:20-0:40
2001-02 HOT Table Values | 0:100:25 | 0:100:30 | 0:30.0:45 | 0:15.030 | 0:00.045 [ | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 0:10.0:25 | 0:100:30 | 0:30.0:45 | 015.0:90 | 0:00.045 | | I T T R B
< |2003-04 ET Test Results
£ [2004.05 HOT Table Values | 010025 | 0:10.0:30 | ora004s | 018,030 | 030048 | ozooa0 | || T T T B
% 2004-05 ET Test Results
2005-06 HOT Table Values | 0:10.0:25 | 0:100:30 | 0:00.045 | 0150:30 | 0:00.045 | 0200:40 | | | T R T B
2005-06 ET Test Results 0:25-0:45 | 0:45-1:10 | ©:25-0:35
2006.07 HOT Table Values | 0:100:25 | 0:10:0:30 | 0:30.0:45 | 0:16.0:30 | 0:30.0:45 | 0:20.0:40 | 0:25.0:45 | 0451110 | 0:25.0:05 | T T B
2006-07 ET Test Results 0:20-0:30 | 0:25-0:30
[2007-08 HOT Table Values | 0:10:0:25 | 0:10:0:30 | 0:30.0:45 | 0:16.030 | 0:30.0:45 | 020040 | 025045 | 0:45-1:10 | 0:200:30 | 025030 [ | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0:10:0:25 | 0:10:0:30 | 0:30.0:45 | 0:16.030 | 0:30.045 | 020040 | 0:250:45 | 0:45-1:10 | 0:200:30 | 025030 [ | T B
2008-09 ET Test Results 0:20-0:25 | 1:05-1:25
200910 HOT Table Values | 0:10.0:25 | 0:10.0:30 | 0:30.0:45 | 0:15.0:30 | 0:30.0:45 | 0:20.0:40 | 0:25.0:45 | 0:45-1:10 | 0:200:30 | 0:05.0:30 | 020025 | 106125 | | B
2009-10 ET Test Results 0:15-0:35
2010-11 HOT Table Values | 0:10-0:25 | 0:10-0:30 | 0:30-0:45 | 0:15-0:30 | 0:30-0:45 | 0:20-0:40 | 0:25-0:45 | 0:45-1:10 | 0:20-0:30 | 0:25-0:30 | 0:20-0:25 | 1:05-1:25 | 0:15-0:35
E 2010-11 ET Test Results 0:35-0:45
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:10-0:25 | 0:10-0:30 | 0:30-0:45 | 0:15-0:30 | 0:30-0:45 | 0:20-0:40 | 0:25-0:45 | 0:45-1:10 | 0:20-0:30 | 0:25-0:30 | 0:20-0:25 | 1:05-1:25 | 0:15-0:35 | 0:35-0:45
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.18: Type IV 75/25 Fluid, Light Freezing Rain, Below -3°C to -10°C

GENERIC | K-ABC-S Ultra + A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S CR-PG CR-PGA
Table Vaiues used in 87.96 | *%0%0 | 036080 | 6:156:20
1997-98 ET Test Results 0:26-0:35 0:20-0:36 | 0:20-0:30
[1998-99 HOT Table Values | 0:15.030 | 0250:95 | | 0200:35 | 020030 | T T T T B
1998-99 ETTest Results 0:10-0:35
1999.00 HOT Table Values | 0:100:30 | 0:100:35 | | 020035 | 020030 | ] T T T B
1999-00 ET Test Results 0:15-0:30
2000.01 HOT Table Values | 0:100:25 | 0:100:35 | | 015030 | 020030 [ | IR T T T B
2000-01 ET Test Results 0:15-0:30
2001-02 HOT Table Values | 0:100:20 | 0:100:35 | | 015030 | 020030 | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 0:10.020 | 0:100:35 | | 0150:90 | 020030 | I T T R B
< |2003-04 ET Test Results
& [2004.05 HOT Table Values | 0n0020 | 00035 | | onsomo | om00a0 | onsomo | || T T T B
% 2004-05 ET Test Results
2005.06 HOT Table Values | 0:10.020 | 0:100:85 | | 0150:30 | 0:20030 | 0150:30 | | | T R T B
2005-06 ET Test Results 0:25-0:45 0:30-0:40
[2006.07 HOT Table values | 0:100:20 | 0:100:35 | | 0:15.030 | 0:20030 | 0150130 | 025045 | | oa00d0| T T B
2006-07 ET Test Results 0:15-0:25 | 0:25-0:30
[2007-08 HOT Table values | 0:100:20 | 0:100:35 | | 0:15.030 | 020030 | 015.0:30 | 0250:a5 | | 015025 | 025030 | T B
2007-08 ET Test Results
[2008-09 HOT Table values | 0:100:20 | 0:100:35 | | 0:15.030 | 0:20030 | 015.0:30 | 0250:a5 | | 015025 | 025030 | T B
2008-09 ET Test Results 0:15-0:25 | 0:15-0:40
200910 HOT Table Values | 0:10.020 | 0:100:35 | | 0150:30 | 0:20030 | 0:150:00 | 0:25.0:45 | | 0:150:05 | 0:25.030 | 045025 | 015040 | | B
2009-10 ET Test Results 0:20-0:30
2010-11 HOT Table Values | 0:10-0:20 | 0:10-0:35 0:15-0:30 | 0:20-0:30 | 0:15-0:30 | 0:25-0:45 0:15-0:25 | 0:25-0:30 | 0:15-0:25 | 0:15-0:40 | 0:20-0:30
E 2010-11 ET Test Results 0:35-0:45
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:10-0:25 | 0:10-0:35 0:15-0:30 | 0:20-0:30 | 0:15-0:30 | 0:25-0:45 0:15-0:25 | 0:25-0:30 | 0:15-0:25 | 0:15-0:40 | 0:20-0:30 | 0:35-0:45
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.19: Type IV Neat Fluid, Freezing Fog, -3°C and Above

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
Tale Vaiues used in 37.98 | 220590
1997-98 ET Test Results
[1998-99 HOT Table values | 200300 | ] ] T T T T B
1998-99 ETTest Results 2:35-4:00 | 1:35-3:35
1999.00 HOT Table Values | 1052:15 | 2:35.4:00 | 1:35.3:35 | 1:06.2:15 | 105215 | | ] T T T B
1999-00 ET Test Results 2:00-3:30 | 1:20-3:20
2000.01 HOT Table Values | 1052:15 | 2:35.4:00 | 1:35.8:35 | 200530 | 120320 | IR T T T B
2000-01 ET Test Results 2:40-4:00
2001-02 HOT Table Values | 1052:15 | 2:35.4:00 | 1:35.0:35 | 200530 | 120320 | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 1:05-2:15 | 2:35.4:00 | 1:35.3:35 | 2008:30 | 120320 | I T T R B
< |2003-04 ET Test Results
& [2004.05 HOT Tablo Values | 1105215 | 2:35.4:00 | 1535338 | 20050 | 10320 | zaoaw0 | || T T T B
% 2004-05 ET Test Results
[2005-06 HOT Table Values | 1:15-2:30 | 2:35.4:00 | 1:35.9:35 | 2003:30 | 1:20320 | 240400 | | | T R T B
2005-06 ET Test Results 4:00-4:00 | 2:05-3:10 | +:50-3:40
2006.07 HOT Table Values | 1:15-2:30 | 2:35-4:00 | 1:35-3:35 | 2:00.3:30 | 1:203:20 | 2:404:00 | 400400 | 205:3:10 | 1:60.3:40 | T T B
2006-07 ET Test Results 2:10-4:00 | 1:55-3:10
[2007-08 HOT Table Values | 1:15-2:30 | 2:35-4:00 | 1:35-5:35 | 2:00.3:30 | 1:203:20 | 2:404:00 | 400400 | 2:05:3:10 | 210400 | 155:3:00 [ | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 1:15-2:30 | 2:35-4:00 | 1:35-5:35 | 2:00.3:30 | 1:203:20 | 2:404:00 | 4004:00 | 2053110 | 210400 | 185300 [ | T B
2008-09 ET Test Results 3:20-4:00 | 1:45-3:55
200910 HOT Table Values | 1:15-2:30 | 2:35.4:00 | 1:35.5:35 | 2:003:30 | 1:20.3:20 | 2:40-4:00 | 4:004:00 | 2:05-3:10 | 2:104:00 | 1:66.5:10 | 320400 | 145385 | | B
2009-10 ET Test Results 2:15-3:30
2010-11 HOT Table Values | 1:15-2:30 | 2:35-4:00 | 1:35-3:35 | 2:00-3:30 | 1:20-3:20 | 2:40-4:00 | 4:00-4:00 | 2:05-3:10 | 2:10-4:00 | 1:55-3:10 | 3:20-4:00 | 1:45-3:55 | 2:15-3:30
E 2010-11 ET Test Results 2:50-4:00
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 1:20-3:10 | 2:35-4:00 | 1:35-3:35 | 2:00-3:30 | 1:20-3:20 | 2:40-4:00 | 4:00-4:00 | 2:05-3:10 | 2:10-4:00 | 1:55-3:10 | 3:20-4:00 | 1:45-3:55 | 2:15-3:30 | 2:50-4:00
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.20: Type IV 75/25 Fluid, Freezing Fog, -3°C and Above

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
1996-97 Test Results and 1:05-2:00
Table Values used in 97-98
1997-98 ET Test Results
[1998-99 HOT Table values | 105200 ] ] T T T T B
1998-99 ETTest Results 1:05-1:45
1999.00 HOT Table Values | 105145 | 1:051:45 | | 105145 | nostas| | ] T T T B
1999-00 ET Test Results 1:30-2:45 | 1:20-2:00
2000.01 HOT Table Values | 105145 | 1:05-1:45 | | 1:00245 | 120200 | IR T T T B
2000-01 ET Test Results 2:05-3:15
2001-02 HOT Table Values | 105145 | 1:05-1:45 | | 100245 | 120200 | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 1:05-1:45 | 105145 | | 13025 | 120200 | I T T R B
< |2003-04 ET Test Results
& [2004.05 HOT Tablo Values | 105145 | 10515 | | taozas | 1a0200 | zosans | || T T T B
% 2004-05 ET Test Results
2005.06 HOT Table Values | 1:05-1:45 | 105145 | | 130245 | 120200 | 205815 | | | T R T B
2005-06 ET Test Results 3:40-4:00 1:10-2:10
[2006.07 HOT Table Values | 105-1:45 | 1:05-1:45 | | 1:00245 | 120200 | 205315 | 340400 | | Tro2t0| T T B
2006-07 ET Test Results 1:25-2:40 | 1:20-2:15
[2007-08 HOT Table Values | 105-1:45 | 1:05-1:45 | | 1:00.245 | 120200 | 205315 | 340400 | | 125240 | 120208 | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 105145 | 1:05-1:45 | | 1:00.245 | 120200 | 205315 | 340400 | | G2s240 | 120208 | T B
2008-09 ET Test Results 2:25-4:00 | 1:00-1:50
200910 HOT Table Values | 1:00-1:45 | 10s-1:45 | | 130.2:45 | 1:20200 | 2053:15 | s40a00| | 125240 | 1:202:15 | 225400 | 100180 | | B
2009-10 ET Test Results 1:40-2:40
2010-11 HOT Table Values | 1:00-1:45 | 1:05-1:45 1:30-2:45 | 1:20-2:00 | 2:05-3:15 | 3:40-4:00 1:256-2:40 | 1:20-2:15 | 2:25-4:00 | 1:00-1:50 | 1:40-2:40
E 2010-11 ET Test Results 2:30-4:00
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
5 2011-12 HOT Table Values | 1:00-1:45 | 1:05-1:45 1:30-2:45 | 1:20-2:00 | 2:05-3:15 | 3:40-4:00 1:25-2:40 | 1:20-2:15 | 2:25-4:00 | 1:00-1:50 | 1:40-2:40 | 2:30-4:00
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.21: Type IV 50/50 Fluid, Freezing Fog, -3°C and Above

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
Table Vaiues sed in 87.98 | 2009
1997-98 ET Test Results
[1998-99 HOT Table values | 020045 | ] ] T T T T B
1998-99 ETTest Results 0:20-0:35
1999.00 HOT Table Values | 0200:35 | 0:000:35 | | 020035 | 020035 | | ] T T T B
1999-00 ET Test Results 0:30-0:45 | 0:15-0:40
2000.01 HOT Table Values | 0:150:35 | 0:200:05 | | 0:00.045 | 015040 | IR T T T B
2000-01 ET Test Results 0:55-1:45
2001-02 HOT Table Values | 0:150:35 | 0:200:05 | | 0:00.045 | 01500 | | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 0:15.0:35 | 0200:35 | | 030045 | 0:15.0:0| | I T T R B
< |2003-04 ET Test Results
E [2004.05 HOT Tablo Values | ons0as | 02005 | | oavoas | oveoao | owsras | || T T T B
% 2004-05 ET Test Results
2005.06 HOT Table Values | 0:15.035 | 0200:85 | | 030045 | 0:15.040 | 05145 | | | T R T B
2005-06 ET Test Results 1:25-2:45 0:20-0:40
[2006.07 HOT Table values | 0:150:35 | 0:000:05 | | 0:00.045 | 0150440 | 055145 | 125245 | | o20040| T T B
2006-07 ET Test Results 0:30-0:55 | 0:35-0:45
[2007-08 HOT Table Values | 0:150:35 | 0:000:35 | | 0:00.045 | 0150440 | 055145 | 125245 | | o300ss | oasoas| | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0:150:35 | 0:200:35 | | 0:00.045 [ 0150440 | 055145 | 125245 | | 030055 | oasoas| | T B
2008-09 ET Test Results 0:25-0:50 | 0:20-0:35
200910 HOT Table Values | 0:15:0:35 | 0200:35 | | 0300:45 | 0:15.040 | 0651:45 | 1:252:45 | | 0300555 | 0:35.045 | 0250550 | 020035 | | B
2009-10 ET Test Results 0:25-0:40
2010-11 HOT Table Values | 0:15-0:35 | 0:20-0:35 0:30-0:45 | 0:15-0:40 | 0:55-1:45 | 1:25-2:45 0:30-0:55 | 0:35-0:45 | 0:25-0:50 | 0:20-0:35 | 0:25-0:40
E 2010-11 ET Test Results 0:50-1:25
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:15-0:35 | 0:20-0:35 0:30-0:45 | 0:15-0:40 | 0:55-1:45 | 1:25-2:45 0:30-0:55 | 0:35-0:45 | 0:25-0:50 | 0:20-0:35 | 0:25-0:40 | 0:50-1:25
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.22: Type IV Neat Fluid, Freezing Fog, Below -3°C to -14°C

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
1996-97 Test Results and 0:40-3:00
Table Values used in 97-98
1997-98 ET Test Results
[1998-99 HOT Table values | 040300 | ] ] T T T T B
1998-99 ETTest Results 0:45-2:05 | 1:25-3:00
1999.00 HOT Table Values | 0:40-1:30 | 0:45-2:05 | 1:25:3:00 | 0:40-1:30 | 0:a01:30 | | ] T T T B
1999-00 ET Test Results 0:20-1:20 | 0:45-1:35
2000.01 HOT Table Values | 0:20-1:20 | 0:45-2:06 | 1:25:3:00 | 0:20-1:20 | ouasrias | | IR T T T B
2000-01 ET Test Results 0:50-2:30
2001-02 HOT Table Values | 020-1:20 | 0:45-2:08 | 1:25:5:00 | 0:20-1:20 | 0uasri3s | | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 0:20-1:20 | 0:452:05 | 1:25.3:00 | 020-1:20 | G:as1:35| | I T T R B
< |2003-04 ET Test Results
& [2004.05 HOT Tablo Values | 0120120 | 05.2:05 | 1526300 | 020120 | oasras | owozo | || T T T B
% 2004-05 ET Test Results
[2005-06 HOT Table Values | 0:00-1:20 | 0:452:08 | 1:25.3:00 | 020-1:20 | 0:45.1:35 | 0802:30 | | | T R T B
2005-06 ET Test Results 1:00-1:55 | 1:50-3:20 | 6:40-+:25
2006.07 HOT Table Values | 0:20-1:20 | 0:45-2:05 | 1:25-3:00 | 0:20.1:20 | 0:45.1:35 | 0:502:30 | 100-1:65 | 1:60.3:20 | 0:a01:25 | T T B
2006-07 ET Test Results 0:55-3:30 | 1:00-2:25
[2007-08 HOT Table Values | 0:20-1:20 | 0:45-2:05 | 1:25.5:00 | 0:20.1:20 | 0:45.1:35 | 0502:30 | 100185 | 1:60.3:20 | 0:86.0:30 | 100225 [ | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0:20-1:20 | 0:45-2:05 | 1:25.5:00 | 0:20.1:20 | 0:45.1:35 | 0502:30 | 100185 | 1:80.3:20 | 0:85.0:30 | 100225 [ | T B
2008-09 ET Test Results 0:20-1:35 | 0:55-2:55
200910 HOT Table Values | 0:20-1:20 | 0:452:05 | 1:25.5:00 | 0:201:20 | :45.1:35 | 0:60-2:30 | 1:00-1:65 | 1:60.3:20 | 0:55.3:30 | 1:00.2:25 | 020135 | 085285 | | B
2009-10 ET Test Results 0:45-1:45
2010-11 HOT Table Values | 0:20-1:20 | 0:45-2:05 | 1:25-3:00 | 0:20-1:20 | 0:45-1:35 | 0:50-2:30 | 1:00-1:55 | 1:50-3:20 | 0:565-3:30 | 1:00-2:25 | 0:20-1:35 | 0:55-2:55 | 0:45-1:45
E 2010-11 ET Test Results 0:55-2:30
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
5 2011-12 HOT Table Values | 0:20-1:20 | 0:45-2:05 | 1:25-3:00 | 0:20-1:20 | 0:45-1:35 | 0:50-2:30 | 1:00-1:55 | 1:50-3:20 | 0:55-3:30 | 1:00-2:25 | 0:20-1:35 | 0:55-2:55 | 0:45-1:45 | 0:55-2:30
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.23: Type IV 75/25 Fluid, Freezing Fog, Below -3°C to -14°C

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
Table Vaiues used in 87.98 | %2
1997-98 ET Test Results
[1998-99 HOT Table values | 030200 | ] ] T T T T B
1998-99 ETTest Results 0:25-1:00
1999.00 HOT Table Values | 0251:00 | 0:051:00| | o25.100 | 025100 | ] T T T B
1999-00 ET Test Results 0:25-0:50 | 0:30-1:00
2000.01 HOT Table Values | 0250:50 | 0:051:00| | 025080 | 00100 | | IR T T T B
2000-01 ET Test Results 0:30-1:05
2001-02 HOT Table Values | 0250:50 | 0:05.1:00| | 02500 | 00100 | | IR T R T B
2002-03 ET Test Results
2003.04 HOT Table Values | 0:05.050 | 025100 | | 02500 | 030100 | I T T R B
< |2003-04 ET Test Results
& [2004.05 HOT Table Values | 025050 | 025100 | | ozsos0 | oaor00 | omoros | || T T T B
% 2004-05 ET Test Results
[2005.06 HOT Table Values | 0:05.050 | 025100 | 02500 | 0:30100 | 030108 | | | T R T B
2005-06 ET Test Results 0:40-1:20 0:40-1:15
[2006.07 HOT Table Values | 0:250:50 | 0:051:00 | | 0:25.080 | 0:30-100 | 030105 | 00120 | | oaoras| T T B
2006-07 ET Test Results 0:45-1:50 | 0:50-1:45
[2007-08 HOT Table values | 0250:50 | 0:051:00 | | 0:25.080 | 0:30-100 | 030105 | 00120 | | oas150 | osoras| | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0:250:50 | 0:25.1:00 | | 0:25.080 | 0:30-100 | 030105 | 00120 | | oas150 | osotas| | T B
2008-09 ET Test Results 0:30-1:10 | 0:35-2:10
200910 HOT Table Values | 0:05.050 | 025100 | | 0250550 | 0:00-100 | 0:30-1:05 | 040120 | | 045150 | 050145 | 030110 | 035210 | | B
2009-10 ET Test Results 0:35-1:30
2010-11 HOT Table Values | 0:25-0:50 | 0:25-1:00 0:25-0:50 | 0:30-1:00 | 0:30-1:05 | 0:40-1:20 0:45-1:50 | 0:50-1:45 | 0:30-1:10 | 0:35-2:10 | 0:35-1:30
E 2010-11 ET Test Results 0:40-1:30
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:25-0:50 | 0:25-1:00 0:25-0:50 | 0:30-1:00 | 0:30-1:05 | 0:40-1:20 0:45-1:50 | 0:50-1:45 | 0:30-1:10 | 0:35-2:10 | 0:35-1:30 | 0:40-1:30
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.24: Type IV Neat Fluid, Freezing Fog, Below -14°C to -25°C

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
Table Vaiues used in 37.98 | 207
1997-98 ET Test Results
[1998-99 HOT Table values | 020200 ] ] T T T T B
1998-99 ETTest Results 0:20-0:40 | 0:40-2:10
1999.00 HOT Table Values | 0:200:40 | 0:000:40 | 0:40.2:10 | 0:20.0:40 | 0:20040 | | ] T T T B
1999-00 ET Test Results 0:15-0:40 | 0:20-0:45
2000-01 HOT Table Values | 0:15.0:40 | 0:000:40 | 0:40.2:10 | 0:15.040 | 0:20.005 [ | IR T T T B
2000-01 ET Test Results 0:20-0:45
2001-02 HOT Table Values | 0:150:40 | 0:200:40 | 0:40.2:10 | 0:15.040 | 0:20.045 [ | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 0:15-040 | 0:200:40 | 0:40.2:10 | 0-15.0:40 | 0:20.045 | | I T T R B
< |2003-04 ET Test Results
£ [2004.05 HOT Tablo Values | 015040 | 0:20.0:40 | 040210 | 015,00 | 020048 | ozooas | || T T T B
% 2004-05 ET Test Results
2005.06 HOT Table Values | 0:15-040 | 0:200:40 | 0:40.2:10 | 0150:40 | 0:20.045 | 0200285 | | | T R T B
2005-06 ET Test Results 0:30-0:50 | 0:30-1:05 | ©:20-0:45
2006.07 HOT Table Values | 0:15-0:40 | 0:20:0:40 | 0:40-2:10 | 0:16.0:40 | 0:20.0:45 | 0:20.0:45 | 0:300:60 | 0:30-1:08 | 0:000:45 | T T B
2006-07 ET Test Results 0:40-1:00 | 0:25-0:45
[2007-08 HOT Table Values | 0:150:40 | 0:20.0:40 | 0:40.2:10 | 0:16.0:40 | 0:20.0:45 | 0:200:45 | 0:300:50 | 0:30-1:08 | C:a0-1:00 | 0225005 [ | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0:150:40 | 0:20.0:40 | 0:40.2:10 | 0:16.0:40 | 0:20.045 | 0:200:45 | 030080 | 0:30-1:08 | C:a0-1:00 | 025005 [ | T B
2008-09 ET Test Results 0:25-0:40 | 0:40-1:00
2009-10 HOT Table Values | 0:15-0:40 | 0:200:40 | 0:40.2:10 | 0:15.0:40 | 0:20.0:45 | 0:200:45 | 0:30.0:60 | 0:30-1:05 | 0:40-1:00 | 0:05.0:45 | 0250:40 | G:a0100 | | B
2009-10 ET Test Results 0:20-0:40
2010-11 HOT Table Values | 0:15-0:40 | 0:20-0:40 | 0:40-2:10 | 0:15-0:40 | 0:20-0:45 | 0:20-0:45 | 0:30-0:50 | 0:30-1:05 | 0:40-1:00 | 0:25-0:45 | 0:25-0:40 | 0:40-1:00 | 0:20-0:40
E 2010-11 ET Test Results 0:25-0:50
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:15-0:40 | 0:20-0:40 | 0:40-2:10 | 0:15-0:40 | 0:20-0:45 | 0:20-0:45 | 0:30-0:50 | 0:30-1:05 | 0:40-1:00 | 0:25-0:45 | 0:25-0:40 | 0:40-1:00 | 0:20-0:40 | 0:25-0:50
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.25: Type IV Neat Fluid, Rain on a Cold-Soaked Wing, Above 0°C

GENERIC | K-ABC-S | Ultra+ A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S | CR-PG CR-PGA
1996-97 Test Results and
Table Values used in 97-98 0:10-0:50
1997-98 ET Test Results 0:20-1:15
[1998-99 HOT Table values | 010050 | ] ] T T T T B
1998-99 ETTest Results 0:30-2:00 | 0:10-1:20
1999.00 HOT Table Values | 0:100:50 | 0:00-1:15 | 0:10-1:20 | 0:10.080 | 010080 [ | ] T T T B
1999-00 ET Test Results 0:15-1:35 | 0:15-2:00
2000-01 HOT Table Values | 0:100:50 | 0:00-1:15 | 0:10-1:20 | 0:16-1:35 | 015200 [ | IR T T T B
2000-01 ET Test Results 0:20-2:00
2001-02 HOT Table Values | 0:100:50 | 0:20-1:15 | 0:10-1:20 | 0115135 | 015200 [ | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 0:10.0:50 | 0:201:15 | 0:10-1:20 | 0151135 | 0:15200| | I T T R B
< |2003-04 ET Test Results
E [2004.05 HOT Table Values | 01000 | 0:20.1115 | 010120 | 08138 | 6200 | oz0zo0 | || T T T B
% 2004-05 ET Test Results
2005-06 HOT Table Values | 0:10.0:50 | 0:201:15 | 0:10-1:20 | 0151135 | 0:15.200 | 020200 | | | T R T B
2005-06 ET Test Results 0:15-1:40 | 0:20-2:00 | ©:45-+:40
2006.07 HOT Table Values | 0:100:50 | 0:20-1:15 | 0:10-1:20 | 0:16-1:35 | 0:15.2:00 | 0:202:00 | 0:15-1:40 | 0:00.2:00 | 0:15-1:40 | T T B
2006-07 ET Test Results 0:25-2:00 | 0:15-1:25
[2007-08 HOT Table Values | 0:100:50 | 0:20-1:15 | 0:10-1:20 | 0:15-1:35 | 0:15.2:00 | 020200 | 0:15-1:40 | 0:00.2:00 | 0:25.2:00 | 0:15.1:25 [ | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0:10-1:05 | 0:20-1:15 | 0:10-1:20 | 0:15-1:35 | 0:15.2:00 | 020200 | 0:15-1:40 | 0:00.2:00 | 0:25.2:00 | 0:15-1:25 [ | T B
2008-09 ET Test Results 0:10-1:55 | 0:20-2:00
200910 HOT Table Values | 0:10-1:05 | 0:201:15 | 0:10-1:20 | 0:15-1:35 | 0:15.2:00 | 0:20-2:00 | 0:15.1:40 | 0:00.2:00 | 0:252:00 | 0:15-1:25 | 010185 | 0:20200 | | B
2009-10 ET Test Results 0:15-1:25
2010-11 HOT Table Values | 0:10-1:05 | 0:20-1:15 | 0:10-1:20 | 0:15-1:35 | 0:15-2:00 | 0:20-2:00 | 0:15-1:40 | 0:20-2:00 | 0:25-2:00 | 0:15-1:25 | 0:10-1:55 | 0:20-2:00 | 0:15-1:25
E 2010-11 ET Test Results 0:15-2:00
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
5 2011-12 HOT Table Values | 0:10-1:15 | 0:20-1:15 | 0:10-1:20 | 0:15-1:35 | 0:15-2:00 | 0:20-2:00 | 0:15-1:40 | 0:20-2:00 | 0:25-2:00 | 0:15-1:25 | 0:10-1:55 | 0:20-2:00 | 0:15-1:25 | 0:15-2:00

75
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Table 6.26: Type IV 75/25 Fluid, Rain on a Cold-Soaked Wing, Above 0°C

GENERIC | K-ABC-S Ultra + A-480 C-2001 | O-Max 04| C-Launch| D-E106 |K-ABCS + L-AS A-49 K-ABC4S CR-PG CR-PGA
Table Vaiues sed in 97.68 | *00%8
1997-98 ET Test Results 0:10-0:50
[1998-99 HOT Table values | 005038 | ] ] T T T T B
1998-99 ETTest Results 0:40-+15
1999.00 HOT Table Values | 0050:35 | 0:100:50 | | 005035 | 005035 | | ] T T T B
1999-00 ET Test Results 0:10-1:15 | 0:10-1:25
2000.01 HOT Table Values | 0050:35 | 0:100:50 | | 010115 | otoras | | IR T T T B
2000-01 ET Test Results 0:20-2:00
2001-02 HOT Table Values | 0050:35 | 0100550 | | 01011 | otor2s | | IR T R T B
2002-03 ET Test Results
200304 HOT Table Values | 0:05.035 | 010050 | | 010115 | 010128 | I T T R B
< |2003-04 ET Test Results
E [2004.05 HOT Table Values | 005038 | 010080 | | o018 | om0tz | ozozoo | || T T T B
% 2004-05 ET Test Results
2005.06 HOT Table Values | 0:05:035 | 010050 | | 0101115 | 010125 | 020200 | | | T R T B
2005-06 ET Test Results 0:10-1:45 0:05-1:00
[2006.07 HOT Table values | 0050:35 | 0:100:50 | | 0:10.1:15 | 010125 | 020200 | 0015 | | oosto0| T T B
2006-07 ET Test Results 0:10-1:20 | 0:09-1:20
[2007-08 HOT Table Values | 0050:35 | 0:100:50 | | 010115 | 010125 | 020200 | 010145 | | 010120 | 008120 | T B
2007-08 ET Test Results
[2008-09 HOT Table Values | 0050:40 | 0:100:50 | | 0101015 [ 010125 | 020200 | 00145 | | 010120 | 008120 | T B
2008-09 ET Test Results 0:10-1:40 | 0:10-1:20
200910 HOT Table Values | 0:05.040 | 0:100:80 | | 0101115 | 0:10.125 | 0:00.2:00 | 0:101:45 | | 0:101:20 | 0:05.1:20 | 0:10-1:40 | 010120 | | B
2009-10 ET Test Results 0:10-1:15
2010-11 HOT Table Values | 0:05-0:40 | 0:10-0:50 0:10-1:15 | 0:10-1:25 | 0:20-2:00 | 0:10-1:45 0:10-1:20 | 0:05-1:20 | 0:10-1:40 | 0:10-1:20 | 0:10-1:15
E 2010-11 ET Test Results 0:09-1:40
e e e — = I ] —_———e o — ] —_—— e ] — e _ —_ e J—
§ 2011-12 HOT Table Values | 0:09-0:50 | 0:10-0:50 0:10-1:15 | 0:10-1:25 | 0:20-2:00 | 0:10-1:45 0:10-1:20 | 0:09-1:20 | 0:10-1:40 | 0:10-1:20 | 0:10-1:15 | 0:09-1:40
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7. CONCLUSIONS

7. CONCLUSIONS

Testing was completed with seven fluids in the winter of 2010-11. The results of
this testing, plus the results of supplemental testing, resulted in several changes
being made to the HOT guidelines. The changes are described below.

7.1 Type | Fluids

No changes were made to the Type | fluid HOT guideline values for the winter of
2011-12. However, the format of the Type | holdover times changed. Specifically,
the Type | HOT table was divided into two tables: one table containing holdover
times for aluminum wing surfaces and a separate table for the holdover times for
composite wing surfaces.

7.2 Type Il Fluids

Several changes were made to the Type Il fluid HOT guidelines for the winter of
2011-12:

1. Minor increases/decreases ranging from 1 to 4 minutes were made to all eight
Type Il fluid-specific HOT tables and to the generic Type Il HOT table as a
result of changes made to the Type II/IV HOT rounding protocol; and

2. The lower limit of the lowest temperature band in the Type Il fluid-specific
HOT tables was changed from “-25°C or LOUT” to the actual numeric lowest
operational use temperature (LOUT) value for each fluid.

7.3 Type lll Fluids
No changes were made to the Type lll fluid HOT guideline values for the winter of
2011-12.

7.4 Type IV Fluids

Several changes were made to the Type IV fluid HOT guidelines for the winter of
2011-12:

1. A fluid-specific HOT table was added for Cryotech Polar Guard Advance, a
new fluid;
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7. CONCLUSIONS

2. Clariant Safewing MP IV 2012 Protect and Octagon MaxFlo were removed
from the Type IV guidelines as per the protocol for removing obsolete data
resulting in 16 increases being made to the generic Type IV holdover times;

3. Minor increases/decreases ranging from 1 to 4 minutes were made to six
Type IV fluid-specific HOT tables and to the generic Type IV HOT table as a
result of changes made to the Type II/IV HOT rounding protocol;

4. The lower limit of the lowest temperature band in the Type IV fluid-specific
HOT tables was changed from “-25°C or LOUT” to the actual numeric LOUT
value for each fluid; and

5. The upper value in the Octagon Max-Flight 04 75/25 below -3 to -14°C snow
cell was increased from 1:20 to 1:25 due to a rounding error.

7.5 Other Changes to HOT Guidelines
In addition to the changes to the Type I, I, Ill and IV fluids noted above, several other

changes were made to the HOT guidelines for winter 2011-12.

7.5.1 Frost Table

The Frost table was reformatted to clarify that dilutions apply only to Type IlI, Ill and
IV fluids.

7.5.2

Ice Pellet Allowance Time Table

No changes were made to the ice pellet allowance times for the winter of 2011-12.

7.5.3 LOUT Table

The LOUT table was updated with new information received from the fluid
manufacturers.
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8. RECOMMENDATIONS

8. RECOMMENDATIONS

It is recommended that any new Type |, Il, lll or IV fluids be evaluated over the entire
range of conditions of the HOT tables.

It is also recommended that fluid-specific and fluid application temperature specific
HOT guidelines for Type Ill fluids be developed in the winter of 2011-12.
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APPENDIX A

6.2

6.2.1

TRANSPORTATION DEVELOPMENT CENTRE
WORK STATEMENT EXCERPT -
AIRCRAFT & ANTI-ICING FLUID

WINTER TESTING 2010-11

DE/ANTI-ICING FLUIDS RESEARCH (AND HOLDOVER TIME CREATION)

Infrastructure for FAA/TC HOT 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 as
Attachment 1 of this document and will be funded by the fluid manufacturers.

6.2.1.1 Preparation and Setup for Natural Snow Testing at Trudeau International

a)

b)
c)
d)

Airport
Prepare the P.E.T. test site at Trudeau International Airport (YUL) for
conducting tests in the winter of 2010-11;
Prepare an updated procedure for testing fluids outdoors during snow events;
Evaluate current methods for measuring snowfall intensity; and

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

6.2.1.2 Preparation and Setup for Simulated Precipitation Testing at NRC

a)

b)

c)
d)

e)

f)

Prepare a test plan to coordinate all simulated precipitation required by the
winter 2010-11 research program. Testing will be conducted at the NRC
Climatic Environment Facility (CEF) in U89 at Uplands, Ottawa;

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

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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APPENDIX A

ATTACHMENT 1

Aircraft Ground De/Anti-Icing Fluid Endurance Time Testing

testing

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

a) Conduct flat plate tests with samples of Type |, Type Il, Type lll and
Type IV fluids supplied by fluid manufacturers. Testing will be
conducted using the methodology provided in Aerospace
Recommended Practice (ARP)5485 and/or 5945 under conditions of:

b)

c)

Record individual fluid endurance times; and

Analyze the data collected, report the findings, and prepare
presentation material for the SAE G-12 annual meeting.

Natural snow at the P.E.T. test site (under a wide range of
temperature, precipitation rate, precipitation type, and wind
conditions);

Simulated freezing precipitation at the NRC CEF (in freezing drizzle,
light freezing rain, freezing fog, and rain on a cold-soaked surface);
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PROCEDURES FOR HOLDOVER TIME TESTING

Test Requirements for Natural Precipitation Flat Plate Testing

Determination of Endurance Times of Type | Fluids Under Natural Snow
Precipitation at Dorval

Test Requirements for Simulated Freezing Precipitation Flat Plate Testing
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Overall Program of Tests at NRC, July 2011
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APPENDIX B

TEST REQUIREMENTS FOR NATURAL PRECIPITATION FLAT PLATE TESTING

TEST REQUIREMENTS
FOR NATURAL PRECIPITATION FLAT PLATE TESTING
2004-05

This decument provides a brief summary of the test requirements and data
forms needed for natural precipitation flat plate tests in the 2004-05 winter
season. The procedure containing a detailed description of the test parameters,
snow measurement methods, testing procedure and test equipment for
conducting endurance time tests for SAE Type Il, Il and IV de/anti-icing fluids is
stored on APS’s local network and can be found at the following location:
M:\Groups\CM1892 {TC-Deicing 03-04)\Procedures\AS5485\

This document is based on the aforementioned procedure, and was developed
for documentation purposes, to be inserted in the final report after the
completion of endurance time testing, and to provide the latest data forms.

Also included in this document there is a list of steps required for testing (see
Attachment 1).

1. TEST PLAN

The test plan, shown in Table 1.1 provides the temperature and requirements
for fluid type testing. Test will be conducted at the Dorval test site located
adjacent to the Meteorological Services of Canada. These tests shall be
conducted during natural snow conditions.

Table 1.1: Natural Snow Precipitation Test Plan New Fluids

Temperature Type II/IV Type I/IV Type II/IV Tyl
Range Neat 75/25 50/60
>0°C Yes Yes Yes Yes
0 to -3°C Yes Yes Yes Yes
-3 to-14°C Yes Yes : Ng__ . Yes
-14 to -25°C Yes Yes
Below -25°C Yes ‘ B ves

MAGroupsiCIM1892 (TC-Deicing 04-05]\Procedures\HOT-Natural SnowiNatural Snow Version 1.0.doc

205

Versian 1.0, December 04
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APPENDIX B

TEST REQUIREMENTS FOR NATURAL PRECIPITATION FLAT PLATE TESTING

2. DATA FORMS

The data forms are included in Tables 2.1 to 2.4. Table 2.1 represents the data
form developed for the end-condition tester. Table 2.2 shows the data form for
the meteo/video tester. Table 2.3 and Table 2.4 present two data forms to be
filled in each testing session and winter season, respectively.

Table 2.1: End Condition Data Form for Natural Snow

ocenon e JR— e— |

T AR PO WOSAL ChTeARS 18

o it et

|
|
|
|

rise pises e et et
site ) et s et e ey
Ao wAEDRYTON
reze
cae
o10203
see
fRR
me et
ot
anmn YW ERATLRE: o PLEASE ENSURE CORRECT FLNCTIONNG DF PLATE TEMPERATURE
LOGGING SYSTEM AT START OF TEST. AT THE END OF TEST SESSION,

commenty = = 3AVE THE ELECTRONIC LOGGER FLE ON A FLOPPY DISK AND RLSO €.

DATA FORM ENVELOPE.

Table 2.2: Meteorological and Precipitation Rate Data Form

fLocanon oate: [CTh o
e Lo oeo cassere 5.
PLATE PAN WEIONT WEASUREMRATS * WETED ORSERVATIONS
T v - v CaweuTe oo caner, Wanow.
e | omme  feureen | vwe | worren| wesnr | e naTE o ww oy | B . WETarORY
¥ werore |Tvwe | aen | vwe | seroms [ arten | ewors | sewe | o 2
o | | oo | @ w ) i | gy I

AR TEMPERATURE AT START OF TEST <

WIND DIRECTION AT START OF TEST

WRITTEN 4 PERFORMED sy

| vosouy:

M:\Groups\CM1892 (TC-Deicing 04-05)\Procedures\HOT-Natural Snow\Natural Snow Version 1.0.doc
Version 1.0, December 04
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APPENDIX B

TEST REQUIREMENTS FOR NATURAL PRECIPITATION FLAT PLATE TESTING

Table 2.3: General Form for Each Testing Session — Natural Snow

LOCATION: APS TEST SITE DATE:

PLATE 1 PLATE 6 PLATE 7 PLATE 12
Angle of the Test Stands (°): [ | [ | [ ] [
(the angle shall be within 10° + 0.2)

Synchronize the timing devices and the computer clock with atomic time (www.time.gov): [ |
(check the box if the timing devices are synchronized)

Plate Temperature Files:
(to be recorded by APS at the end of the each test session, saved on floppy disks and included in the envelope along with the forms)
The plate temperature data is saved to the following files (provide filename and extension):

COMMENTS:

LEADER:

Table 2.4: General Form for Each Winter Season — Natural Snow

LOCATION: APS TEST SITE DATE INTERVAL:

Safety Issues Discussed

Test Plate Material:
(check the box if material used is Aluminum alloy AMS 4037 or 4041)

Test Plate Dimensions:
(check the box if the dimensions are 500mm long x 300mm wide x 3.2mm thick)

Surface Finish:
(check the box if the average surface roughness is < 1.0 pym)
Refer to Verification Procedure "A-Verif" for methodology

IRigii

Ice-catch Pan Dimensions:
(check the box if the dimensions are 30 cm by 43 cm)

COMMENTS:

LEADER:

M:\Groups\CM1892 (TC-Deicing 04-05)\Pro 10T-Natural

4 0of 5

Snow Version 1.0.doc
Version 1.0, December 04

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix B\Appendix B1.docx
Final Version 1.0, October 19
B-4




APPENDIX B

TEST REQUIREMENTS FOR NATURAL PRECIPITATION FLAT PLATE TESTING

ATTACHMENT 1
SUMMARY OF STEPS TO CONDUCT TESTS

The following are the major steps required to conduct flat plate tests at Dorval.

Upon Entering Trailer

a) Turn on lights (outside and inside) and sign-in;

b) Determine tests to be conducted and fluids (Type II, Ill, IV to be placed
outdoors);

c) Remove snow and clear access to stands; and

d) Synchronize all clocks and stop watches, if used.

For Each Test

a) Fill in general material on Table 2.3, and prepare plate pans for start of
test;
b

c) Ensure stand is into wind;

-

Place fluids by stand;

d) Record end condition times of all panels (care to be taken for the 5th
crosshair of each panel);

e) Measure plate pan weights over the course of the test;

f) Video record start of test, progression of failures, and when the end
condition (5 of 15 crosshairs) is being called on each panel (OPTIONAL);

g) Ensure forms are properly completed and signed; and

h) Start a new test.

To Close Trailer

a) Replenish fluids;

b) Log and document date, times, test #'s, etc. on all media;

c) After major events (more than 10 tests), start new tapes for next occasion;
d) Place all media and test forms in large envelope for delivery to office;

e) Clean trailer and all garbage;

f) Ensure outdoor is left clean and presentable; and

g) Close lights and sign-out.

M:\Groups\CM1892 (TC-Deicing 04-05)\Procedures\HOT-Natural Snow\Natural Snow Version 1.0.doc
Version 1.0, December 04
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APPENDIX B

DETERMINATION OF ENDURANCE TIMES OF TYPE | FLUIDS UNDER NATURAL SNOW PRECIPITATION AT DORVAL

EXPERIMENTAL PROGRAM
DETERMINATION OF ENDURANCE TIMES OF TYPE | FLUIDS
UNDER NATURAL SNOW PRECIPITATION AT DORVAL
Winter 2007-08

1. BACKGROUND

From the early 1990s, the Type | fluid holdover time range for snow conditions was
6 to 15 minutes. Based on a series of SAE Type | fluid endurance time trials on flat
plates conducted in the 1999-2000 winter and discussions at a SAE G-12 Holdover
Time Subcommittee meeting held in Toulouse, France in May 2000, the holdover
times for snow were reduced to values significantly shorter than 6 to 15 minutes.
The reduction in fluid endurance times coincided with the general realization that
the test methodology was suspect.

As a result, APS was directed to develop a test protocol for measuring endurance
times for SAE Type | fluids that would reflect real field operations. Following
examination of several test surfaces and various procedures for fluid application, it
was concluded that an insulated 7.5 cm cold-soak box, empty, when treated with
0.5 L of fluid at 60°C, was found to be a reasonable representation of the
temperature decay rate demonstrated by wings in natural outdoor conditions. The
fluid was applied along the top edge of the test surface using a specially designed
12-hole fluid spreader.

In the winter of 2001-02, a series of natural snow tests was conducted at Dorval
Airport and at Chicoutimi, Quebec using the newly developed Type | protocol.
Based on these tests, holdover time tables were produced and presented to the
industry at the SAE G-12 Holdover Time Subcommittee meeting in Frankfurt,
Germany in June 2002. A full account of these tests can be found in TP 13994E,
Generation of Holdover Times Using the New Type | Fluid Test Protocol, November
2002.

2. OBJECTIVES
The objective of this project is to ensure that new Type | fluids do not behave
inferior, from an endurance time perspective, to the fluids used to generate the

currently accepted values in the holdover time table.

To achieve this objective, a series of tests will be conducted using new SAE Type |
fluids, on the empty aluminum box surfaces.

M:\Groups\PM2103.001 (TC-Deicing 07-08)\Procedures\Type | Fluids [Nat. Snowl\Wersion 1.0.doc

Version 1.0,December 07
Page 2 of 8

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix B\Appendix B2.docx
Final Version 1.0, October 19
B-10



APPENDIX B

DETERMINATION OF ENDURANCE TIMES OF TYPE | FLUIDS UNDER NATURAL SNOW PRECIPITATION AT DORVAL

3. PURPOSE

As stated in the objective, this project is to ensure new Type | fluids have
endurance times greater than or equal to currently accepted holdover times. ARP
5945 describes procedures to carry out Type | tests in natural snow. While these
tests are material, the tester cannot determine early on whether the fluid has
reasonable performance or not.

This document describes additional tests that provide this missing information
during testing. Comparing the new fluid, on a side-by-side basis, with a
“grandfather” provides ongoing analysis of the performance of the new fluid,

4. PROCEDURE/TEST REQUIREMENTS

The 7.5 cm cold-soak box, insulated on all sides but the top, empty, will be used
as the test surface for the outdoor tests.

The fluid temperature will be 60°C with an acceptance range of +2°C and -0°C.
The fluid quantity will be 0.5 L, and the fluid will be applied on the surface through
a 12-hole spreader. The fluid used will be diluted to a freeze point 10°C below
ambient temperature, unless otherwise specified by the fluid manufacturer.

For this experiment, two cold-soak boxes will be placed on the stand at the same
time. In an attempt to keep the precipitation rate and temperature as constant as
possible, the new fluids and the reference fluid will be run simultaneously. At least
20 tests will be conducted.

The tests will be conducted until the last fluid on the stand fails, and repeated
following the same procedure.

In order to have a more accurate representation of the holdover time obtained in
real field deicing operations, the trials need to be performed at different
temperatures and rates, over several snowstorms.
The steps to be followed in conducting these tests are:

1. Synchronize computer and test clocks to atomic clock;

2. Follow standard procedures for ET tests except as described below;

3. Prepare surfaces on the stand in accordance with Table 3.1;

4. Prepare fluid (Section 4.2) for testing. The types of surfaces, positions and
fluid amounts to be tested are shown in Table 3.1;

M:\Groups\PM2103.001 (TC-Deicing 07-08)\Procedures\Type | Fluids [Nat. Snowl\Wersion 1.0.doc
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APPENDIX B

DETERMINATION OF ENDURANCE TIMES OF TYPE | FLUIDS UNDER NATURAL SNOW PRECIPITATION AT DORVAL

Table 3.1
Test Stand Positions
FLUID :
STAND SURFACE Fluid .
POS. TYPE AMOUNT TEDNIP 7 Fluid Type
(L) (°C)

1 RATE PAN
2 7.5 cm box (empty) 0.5 60 10° Buffer Battelle D3 ADF Type |
3 7.5 cm box (empty) 0.5 60 10° Buffer Reference Fluid (E or P} *

* E - Ethylene (UCAR EG ADF)
P - Propylene (PG ADF)

5. Pour required amount of heated fluid into thermos containers for application;

6. Apply the fluid to the cold-soak boxes on the stand. Pour the fluid on the
test surfaces in quick succession to avoid cooling of the spreader between
pours. The spreader is modified (taped) to allow fluid to come out through
only 12 holes. Just before pouring, the box surfaces should be cleaned
according to the following procedure:

* Clean the surface of all contamination with scraper and squeegee; and

* Whenever surface wetting is found to be deficient, a clean wiper cloth
with fluid at ambient temperature can be used to wipe the plate over its
entire surface. (This is intended to ensure that the surface is wetted as
well as clean, to assist in complete coverage with the applied fluid.)

7. Standing behind the stand, place a shield device to deflect the air and pour
the test fluid from the thermos into the spreader. Remove the shield when
the spreader has emptied;

8. Determine failure times on test surfaces, and record using standard ET data
forms (Attachment |);

9. Measure precipitation rates and record using the Meteo/Plate data form
(Attachment Il); and

10. Record rates. As per Table 3.1, position 1 on the stand will be used for
measuring snow deposition rates. Use two rate pans in a 5 minute routine.
At the time that a measurement is required, the pan that needs to be
weighed will be replaced on the stand by the other pan. This cycle will
continue until the last surface failed. While pouring the fluid on the test
surfaces care should be taken that no contamination falls in the rate pans
(use a shield device if necessary). The bottom and sides of the pan MUST
BE WETTED (before each pre-test weighing) with Type |V anti-icing fluid to
prevent blowing snow from escaping the pan.
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APPENDIX B

DETERMINATION OF ENDURANCE TIMES OF TYPE | FLUIDS UNDER NATURAL SNOW PRECIPITATION AT DORVAL

5. EQUIPMENT AND FLUIDS
5.1 Equipment

Use the same equipment that is used for ET trials. Candidate test surfaces used
for these trials will be:

e Two 7.5 cm cold-soak boxes (empty)

A wind shield and fluid spreader device will be used for applying fluids.

5.2 Fluids

Tests shall be conducted with the following Type | fluids:
e Battelle D3 ADF Type I; and
« PG ADF or UCAR EG ADF (reference fluid).

Fluids are to be mixed to a freeze point 10°C below OAT. The dilution table for
these three fluids is presented in Attachment Ill.

Fluids to be applied to the cold soak box test surfaces will be heated to 60°C.

6. PERSONNEL

Three technicians are needed to conduct the tests:

e First calls failures, prepares fluid samples;
 Second helps prepare and pour fluids; and
e Third measures rates and wind.

7. DATA FORMS

Use end condition forms from standard Endurance Time procedure (Attachment I).
For rate measurements, see Attachment Il.
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APPENDIX B

DETERMINATION OF ENDURANCE TIMES OF TYPE | FLUIDS UNDER NATURAL SNOW PRECIPITATION AT DORVAL

ATTACHMENT I

END CONDITION DATA FORM

REMEMBER T0 SYNCHRONZE TIME WATH ATOMIC CLOCK - USE REAL TIME

VERSION 1.0 Winter 20022003

LOCATION: DORVAL TEST SITE

DATE:

RUN #:

STAND # :

LOCATION OF SURFACES ON THE STAND

= RotsPan
cldtSom BOX
“  CodfSont BOK

~

= Cod3osk BIN

= ColdZnak BOX

OTHER COMMENTS (Fiuid Batch, etc):

PRINT

FAILURES CALLED BY :

SIGN

BOX

BOX

hrmincss

BOX

T *TIME (ARter Fluid Application) TO FAILURE FOR INDIVIDUAL CROSSHAIRS (hr:min)
Time of Fluid Application: femictos

hr min'ss

| FLUID NAME

| B1B2B3

| e1c2c3

D1D0203

.. FIF2F3

TIME TO FIRST PLATE
FAILLIRE WITHIN WORK AREA

CALCULATED
FAILURE TIME (MNUTES)

i

i

[BRE { FLIAD TEMPERATURE

]
[/

-

-

AT START

BOX

Time of Fluld Application: [——

BOX

hrpin sz

BOX

nrmin:ss

FLUID NAME

B1B2B3

ciczca

D1 D203

| E1E2E3

| FIF2F3

TIME TO FIRST PLATE
FAILURE WITHIN WORK ARES

{caLcuLaTED
FAILLIRE TIME (MINUTES)

i

i

BRI / FLUD TEMPERATURE /
AT START

_—

—

Cm174MProcedues\Type | protocoh Type | ETVAtachment |
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APPENDIX B

DETERMINATION OF ENDURANCE TIMES OF TYPE | FLUIDS UNDER NATURAL SNOW PRECIPITATION AT DORVAL

ATTACHMENT Il
METEO/PLATE PAN DATA FORM

REMEMBER T SYNCHRONZE TIME WITH ATOMC CLOCK . USE REAL TME

WERSION 1.0 WWinter 202003

LOCATION: DORVAL TEST SITE DATE: RUN# : STAND# -
PLATE PAN WEIGHT MEASUREMENTS METEQ OBSERVATIONS *
t t w W COMPUTE TIME TYPE SNOW
PAN TIME BUFFER TIME BUFFER| WEIGHT | WEIGHT RATE ZR.ILS.5G CLASSIF.
'] BEFORE TIME AFTER TIME BEFORE AFTER [Lwsd7) o0 {ng_m P IC. BS. 5P (SeeFig 3
{hh:mm:ss) |{: )| (hh:mm:ss) )| (grams) {grams) (gfdm’ih)

Cm1T4TP raceduresi Type | promec Type | ETIATrachment 2

COMMENTS :

“ubzervebons s begnring, endl, ord every 5 M. ilenvis, AGICNS chzersmors when there e sgrificent changes

WRITTEM & PERFORMED BY :
FHOTO BY :

PRINT

SIGH

M:\Groups\PM2103.001 (TC-Deicing 07-08)\Procedures\Type | Fuids [Mat. Snowl\Version 1.0.doc
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APPENDIX B

DETERMINATION OF ENDURANCE TIMES OF TYPE | FLUIDS UNDER NATURAL SNOW PRECIPITATION AT DORVAL
ATTACHMENT 1l
FLUID DILUTION FOR TYPE | TESTING
AT FEP Octagon Octaflo / EF UCAR ADF (EG) Battelle D3 1006A
(ec) (ac} % Glycol Brix Glycol for B Litres{ Water for 8 Litres % Glycol Brix Glycol for 8 LitregWater for B Litres] % Glycol Brix Glycol for 8 Litres) Water for 8 Litres]
5 -5 15 9.75 12.0 6.8 12 8 1.0 7.0
4 -6 14.5 9.5 1.2 6.8 20 14.75 1.6 6.4
3 -7 16 10.5 1.3 6.7 25.9 18.50 21 5.9
2 -8 18.5 12 1.5 6.5 28 20 2.24 5.76
1 -9 275 18.5 2.2 5.8 21.5 13.5 1.7 6.3 29 21.25 2.32 5.68 o
0 -10 29 19 23 5.7 22 14 1.8 6.2 30 22.75 2.4 5.6 §
-1 -11 30 20 2.4 5.6 23 15 1.8 6.2 33 24 2.64 5.36 =
-2 -12 31 20.5 25 5.5 24.5 16 2.0 6.0 35 25.5 2.8 5.2 3
-3 -13 32 21.25 2.6 5.4 26 17 2.1 5.9 37 26.75 2.96 5.04 'é
-4 -14 34 225 2.7 5.3 28 18 2.2 5.8 38 28 3.04 4.96 2
-5 -15 35 23 2.8 5.2 30 19 2.4 5.6 39 29 3.12 4.88 _5_
-6 -16 36 23.5 2.9 5.1 31 19.75 2.5 5.5 40 29.75 3.2 4.8 g
-7 -17 37 24 3.0 5.0 32 20.5 2.6 5.4 44 31.5 3.52 4.48 =
-8 -18 38.5 25 3.1 4.9 33.5 21.25 2.7 5.3 45 32.5 3.6 4.4 =
-9 -19 40 26 3.2 48 345 21.75 2.8 5.2 47 33.75 3.76 4.24 &
-10 -20 42 27 3.4 4.6 36 225 2.9 5.1 48 34.75 3.84 4.16 :-:1
-11 -21 44 28 3.5 4.5 37 23 3.0 5.0 49 35.75 3.92 4.08 &
-12 -22 45 28.5 3.6 44 38 23.75 3.0 5.0 50 36.5 4 4 @
-13 -23 46 29 3.7 4.3 39 24.5 3.1 4.9 52 37.5 4.16 3.84 é
-14 -24 47 29.5 3.8 4.2 40 25 3.2 4.8 53 38.5 4.24 3.76 g
-15 -25 47.5 30 3.8 4.2 41 25.5 3.3 4.7 54 39.5 4.32 3.68 =
-16 -26 48.5 30.5 3.9 4.1 42 26 3.4 4.6 55 39.5 4.4 3.6 8
-17 -27 49 31 3.9 4.1 43 26.5 3.4 4.6 57 41 4.56 3.44 8
-18 -28 50 31.5 4.0 4.0 44 27 3.5 4.5 58 41.75 4.64 3.36 2
-19 -29 51 32 4.1 3.9 45 27.5 3.6 4.4 60 42.25 4.8 3.2 E
-20 -30 52 325 4.2 3.8 45.75 28 3.7 4.3 61 43 4.88 3.12 E
-22 -32 53.5 33.5 4.3 3.7 47 28.75 3.8 4.2 62 44 .25 4.96 3.04 =
-25 -35 56 34.5 4.5 3.5 49 30 3.9 4.1 65 46 b2 2.8 P
-30 -40 60 37 4.8 3.2 53 32 4.2 3.8 70 48.25 5.6 24 %
M:\Groups\PM2103.001 (TC-Deicing 07-08)\Procedures\Type | Fluids (Nat. Snow/\Version 1.0.doc
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APPENDIX B

TEST REQUIREMENTS FOR SIMULATED FREEZING PRECIPITATION FLAT PLATE TESTING

TEST REQUIREMENTS
FOR SIMULATED FREEZING PRECIPITATION FLAT PLATE TESTING

Winter 2003-04

This document provides a brief summary of the test requirements and data
forms needed for the conduct of simulated freezing fog, freezing drizzle, light
freezing rain and rain on a cold-soaked surface holdover time tests. The list of
tests and schedule of tests are described in the separate document *Overall
Program of Tests at NRC, April, 2004". These tests will be conducted at NRC's
Climatic Engineering Facility (CEF) in Ottawa. The procedure containing a
detailed description of the test parameters, precipitation measurement methods,
testing procedure and test equipment for conducting endurance time tests for
SAE Type Il, lll and IV de/anti-icing fluids is stored on APS’s local network and
can be found at the following location: M:\Groups\CM 1892 (TC-Deicing 03-
04)\Procedures\AS5485\

This document is based on the aforementioned procedure, and was developed
for documentation purposes, to be inserted in the final report after the
completion of endurance time testing, and to provide the latest data forms.

1. CHARACTERISTICS OF SINMULATED PRECIPITATION PRODUCED

The following is a point-form summary of the set of test conditions under which
data for freezing drizzle, light freezing rain, rain on a cold-soaked surface, and
freezing fog are collected:

1. Freezing Drizzle:
High precipitation rate: 13 g/dm?h;
Droplet median volume diameter: 350 ym;
Air temperature: -3 and -10°C.

Low Frecipitation rate: 5 g/dm?/h;
Droplet median volume diameter: 250 gym;
Air temperature: -3 and -10°C.

2. Light Freezing Rain:
High precipitation raie: 25 g/dm¥h;
Droplet median volume diameter: 1 000 um;
Air temperature; -3 and -10°C.

Low precipitation rate: 13 g/dm%/h;
Droplet median volume diameter: 1 000 um;
Air temperature; -3 and -10°C.

M:iProjectsiP 1832 {TC Deicing 03-04)\Procedures’HOT-NRCiVersion 1.0.doc
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APPENDIX B

TEST REQUIREMENTS FOR SIMULATED FREEZING PRECIPITATION FLAT PLATE TESTING

3. Drizzle on Cold-Soaked Surface:
Precipitation rate: 5 g/dm?/h;
Droplet median volume diameter: 250 ym;
Air temperature: + 1°C.

4. Moderate Rain on Cold-Soaked Surface:
Precipitation rate: 75 g/dm?/h;
Droplet median volume diameter: 1 400 ym;
Air temperature: + 1°C.

5. Freezing Fog:
Precipitation rate: 2 and 5 g/dm?/h;
Droplet median volume diameter: 30 ym; and
Air temperature: -3°C, -14°C and -25°C.

2. DATA FORMS
The data forms used for tests conducted in simulated conditions are as follows:

Figure 2.1: Test Stand Location for Each Condition at NRC;

Figure 2.2: General Form for Each Session at NRC;

Figure 2.3: General Form for Each Condition at NRC;

Figure 2.4: De/Anti-icing Data Form for Freezing Precipitation at NRC;
Figure 2.5: De/Anti-icing Data Form for Cold Soak Box;

Figure 2.6: Chamber Setting for Each Cendition at NRC;

Figure 2.7: Rate Management Form at NRC, and;

Table 2.1: Condition Checklist

M:\ProjectsiPM 1822 {TC Deicing ©3-04)iProcedures'HOT-NRC Version 1.0.doc
Version 1.0, January 04
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APPENDIX B

TEST REQUIREMENTS FOR SIMULATED FREEZING PRECIPITATION FLAT PLATE TESTING

CONDITION: ZR3H ZR3L ZR10H ZR10L ZD3H ZD3L ZD10OH ZD10L ZF3H
LOCATION: CEF (Ottawsa) DATE: ZF3L ZFIOH ZFIOL ZFMH ZFL ZF25H ZF25L CSWH CSWL
. Sensor Position Stand Position = Skywitch Height of
Test Da;e 04:4!:'"3' Condition Spkv\f:E'Ch Sheild P N.t:.zzle Rate nozzle Comments
osition Xr Yr Xpw | Yan X ¥ 1 osttion | position ¢ | OSHHO" ] over plate
1 04-Apr-01 ZR3H 24'2" 7 2'7" Very Good Top Stand 19' from snow fence
2 04-Apr-01 ZR3L 24'2" 7 22'7" Very Good Top Stand 19' from snow fence
3 02/04/2001 ZR10H 24 6'9 24'5" Very Good Top stand is 20 ft. from snow fence
4 02-Apr-01 ZR10L 24 B6'9" 24'5" Very Good Top stand is 20 ft. from snow fence
5 27-Mar-01 ZD3H 24'5" BB 22 Very Good
B 28-Mar-01 ZD3L 25'3" 73 25'3" Good
7 02-Apr-01 ZD10H 24 AN 25'3" Very Good
8 02-Apr-01 ZD10L 24 77 247" Good 20 ft. from Snow Fence
9 10-Apr-01 ZFog3H 24 BB" 2" 34'2"from x | 402" from x | top of plate 11 Good 144"
10 10-Apr-01 ZFog3l 24 BB" 2111 34" 2%from x| 402" from x | top of plate 11 Good 144"
" 10-Apr-01 ZFog10H 24" B6EB" 211" 34'2"from x | 402" from x | top of plate 11 Good 144"
12 10-Apr-01 ZFogl0L 24 68" 21" 34'2"from x | 402" from x | top of plate 11 Good 144"
13 09-Apr-01 ZFog14H 24 BB" 21 34'2"rom x| 402" from x | top of plate 11 Good 144"
14 09-Apr-01 ZFool4L 24 BB" 211" 34'2"from x| 402" from x | top of plate 11 Good 144"
15 06-Apr-01 ZFog25H 24 BEB" 21" 34'2"from x | 402" from x | top of plate 11 Good 144"
16 06-Apr-01 ZFog25L 24 BB" 2" 34'2"from x | 402" from x | top of plate 11 Good 144"
17 29-Mar-01 CaWH 253" 253"
18 29-Mar-01 CSWL 2311" 73" 253"
0 X
Outdoors
A
Y 4 xrt S Notes:
X% ———————p# VVR" * - "From X" refers to the distance from the East wall.
- Xgy » ¥ Skywitch Sheild **- The nn‘zzle shou‘ld be between positions 5 and 11
v RH - Relative Humidity Sensor
T- Temperature Sensor
[——%X —» 1 2 3 4 5 ] oo
E Skywitch W
¢ x1 i 8 @ (10 |1 |12 WEIGH SCALE TECHNICIAN
[ ]
‘ LEADER
1
>
N
NEW VALUES (IF DIFFERENT)
Sensor Position Stand Position i i
: N Skywitch Height of
Test Da::]:i:il;:lal Condition Spkoys‘;:;:]c: Sheild Po’:it;il:rlle("”j Rate nozzle Comments
Xr Yr XrH Yru X ¥ ®1 ¥l Pasition () over plate

Figure 2.1: Test Stand Location for Each Condition at NRC
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APPENDIX B

TEST REQUIREMENTS FOR SIMULATED FREEZING PRECIPITATION FLAT PLATE TESTING

LOCATION: CEF (Ottawa) DATE INTERVAL:

Safety Issues Discussed

Test Plate Material:
(check the box if material used is Aluminum alloy AMS 4037 or 4041)

Test Plate Dimensions:
{check the box if the dimensions are 500mm long % 300mm wide x 3.2mm thick)

Test Box Dimensions:
{only for CSW, check the box ifthe dimensions are 500mm long x 300mm wide x 7amm thick)

Surface Finish:
(check the box if the average surface roughness is £ 0.5 pm)
Refer to Verification Procedure "A-Verif" for methodology

Ice-catch Pan Dimensions:
(check the hox ifthe dimensions are 27 7 cm by 54 cm)

IRinininigii

Water Supply to Nozzle:
(check the box if the water supplied to nozzles conforms to ASTM D1193 Type IV water
or a hardness of less than 300 ppm reported as CaCOg)

29 509

Weigh Scale verification:
(see verification procedure)

Air Temperature (°C):

(to be recorded by the NRC at a sampling rate of minirum 1 datumn per minute and handed in to APS

at the end of the session on floppy disks)

The air temperature dala is saved lo the following files (provide filsname and exiension):

Relative humidity (%):
(to be recorded by APS and saved at the end of the session on floppy disks)
The humidity data is saved to the following files (provide filename and extension):

COMMENTS:

LEADER:

Figure 2.2: General Form for Each Session at NRC
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APPENDIX B

TEST REQUIREMENTS FOR SIMULATED FREEZING PRECIPITATION FLAT PLATE TESTING

CONDITION: ZR3H ZR3L ZR10H ZR10L ZD3H ZD3L ZD10H ZD10L

LOCATION: CEF (Ottawa) DATE: ZF3HZF3L ZF10H ZF10L ZF14H ZF14L ZF25H ZF250 CSWH CSWL

PLATEA FPLATEE PLATE? PLATE 12

Angle of the Test Stands (°):

Distance between Nozzle and Test Plates: |:|
fcheck the box if distance is 7H0.5m for ZD, ZR and CSWY)

Distance between Temperature Sensor and Test Plates: |:|

{check the box if distance is within 1.5 m)

Plate Temperature (°C):
{to be recorded by APS at the end of the each condition, saved on floppy disks and included in the envelope along with the forms)
The plale temperature dala is saved lo the following files {provide filename and exiension):

COMMENTS:
COMPUTER TECHNIGIAN:

LEADER:

Figure 2.3: General Form for Each Condition at NRC
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APPENDIX B

TEST REQUIREMENTS FOR SIMULATED FREEZING PRECIPITATION FLAT PLATE TESTING

REMEMBER TO SYNCHRONIZE TIME

LOCATION: CEF (Ottawa) DATE: RUN NUMBER: STAND #:

TIME TO FAILURE FOR INDIVIDUAL CROSSHAIRS (real time)
Time of Fluid Application

Initial BOX Temperature (‘C)
(NEEDS TO BE 10+ 1)

Initial Fluid Temperature (‘C)
(NEEDS TO BE WITHIN 3°C OF AIR TEMP)

Enter Box Number Box # Box # Box # Box # Box #

FLUID NAME/BATCH

B1B2B3

c1czc3

D1D2D3

E1E2E3

F1F2F3

TIME TO FIRST PLATE
FAILURE WITHIN WORK AREA

FAILURE CALL (circle) V.Difficult  Dificult.  Easy V.Dificut  Dificult.  Easy V.Dificult  Dificul.  Easy V.Dificult Difficult.  Easy V.Dificut  Dificult.  Easy

HRZ. AIR VELOCITY * (circle) A B A B A B A B A B

Time of Fluid Application

Initial BOX Temperature (°C)
(NEEDS TO BE 10+ 1)

Initial Fluid Temperature (‘C)
(NEEDS TO BE WITHIN 3°C OF AIR TEMP)

Enter Box Number Box # Box # Box # Box # Box #

FLUID NAME/BATCH

B1B2B3

c1ca2c3

D1D2D3

E1E2E3

F1F2F3

TIME TO FIRST PLATE
FAILURE WITHIN WORK AREA

FAILURE CALL (circle) V.Dificult  Difficult.  Easy V.Dificut  Dificult.  Easy V.Dificut  Dificul.  Easy V.Dificult  Difficult.  Easy V.Dificut  Dificutt.  Easy

HRZ. AIR VELOCITY * (circle) A B A B A B A B A B

AMBIENT TEMPERATURE: °C PRE-START COOLANT TEMPERATURE: °C

(Code requirements are-12 + 1 °C) NOTE

* A:HORIZONTAL AIR VELOCITY £ 1.0 mjs

COMMENTS: B: HORIZONTAL AIR VELOCITY > 1.0 m/s

LEADER / MANAGER:

Figure 2.4: De/Anti-icing Data Form for Freezing Precipitation at NRC
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APPENDIX B

TEST REQUIREMENTS FOR SIMULATED FREEZING PRECIPITATION FLAT PLATE TESTING

REMEMBER TO SYNCHRONIZE TIME

LOCATION: CEF (Ottawa) DATE:

RUN NUMBER:

STAND #:

TIME TO FAILURE FOR INDIVIDUAL CROSSHAIRS (real time)

Time of Fluid Application:

Initial Plate Temperature ('C)
(NEEDS TO BE WITHIN 0.5°C OF AIR TEMP)

Initial Fluid Temperature (‘C)
(NEEDS TO BE WITHIN 3°C OF AIR TEMP)

Plate 1

Plate 2

Plate 3

Plate 4 Plate §

Plate 6

FLUID NAME/BATCH

B1B2B3

c1cz2c3

D1D2D3

E1E2E3

F1F2F3

TIME TO FIRST PLATE

FAILURE WITHIN WORK AREA

FAILURE CALL (circle) V. Dificullt Dificult.  Easy

HRZ. AIR VELOCITY * (circle) A B c

V.Dificult  Difficull.  Easy

A B c

V.Difficult  Difficull.  Easy

A B c

V.Difficult  Dificul.  Easy V.Difficut  Dificut.  Easy

A B c A B c

V. Dificlt  Difficult.  Easy

A B c

Time of Fluid Application:

Initial Plate Temperature (°C)
(NEEDS TO BE WITHIN 0.5°C OF AIR TEMP)

Initial Fluid Temperature (°C)
(NEEDS TO BE WITHIN 3°C OF AIR TEMP)

Plate 7

Plate 8

Plate 9

Plate 10 Plate 11

Plate 12

FLUID NAME/BATCH

B1B2B3

c1cz2c3

D1D2D3

E1E2E3

F1F2F3

TIME TO FIRST PLATE
FAILURE WITHIN WORK AREA

FAILURE CALL (circle) V. Dificut  Dificult.  Easy
HRZ. AIR VELOCITY * (circle) A B c
PRECIP (circle):  ZF, ZD, ZR., MOD

COMMENTS:

V.Dificut  Dificult.  Easy

A B ¢

AMBIENT TEMPERATURE:

V.Dificut  Dificut.  Easy

V.Dificut  Difficult.  Easy V.Dificult  Dificult.  Easy
A B ¢ A B C

NUIED

* A:HORIZONTAL AIR VELOCITY 0.4 mis

B:0.4 mis < HORIZONTAL AIR VELOCITY 1.0 mis
IORIZONTAL AIR VELOCITY > 1.0 mis

LEADER / MANAGER:

V.Dificult  Dificult.  Easy

A B C

Figure 2.5: De/Anti-icing Data Form for Cold Soak Box
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APPENDIX B

TEST REQUIREMENTS FOR SIMULATED FREEZING PRECIPITATION FLAT PLATE TESTING
CONDITION: ZR3H ZR3L ZR10H ZR10L ZD3H ZD3L ZD10H ZD10L ZF3H
LOCATION: CEF (Ottawa) Rl ZFIL ZF10H ZF10L ZF14H ZF14L ZF25H ZF250 CSWH CSWL
Flow Rate | Line Air Line Air Line Water | Line Water | Relative X Axis Y Axis Brace LTS on MT'S on
oNpTIO Needles Used | o s Preseure Temperature | Prescure | Termperaiure | Humdly | avea Speed | urea | SPeed Jent 123456123458 Last Date
ZR3L 2x20 1GPM 60 125 78 2 75 full i low : full : high Yy YViy 04-Apr01
ZRI10L 2x20 1 GPM 60 12.5 a2 25 75 full lowy full high Y Yiy 03-Apr-01
ZR3H 2x20 1GPM 60 125 61 2 75 partiall low : full : high YivViy 04-Apr01
ZR10H 2x20 1 GPM 60 12.5 78 25 73 partial ; low full high Y Yy 03-Apr-01
ZD3L 2x24 1.GPM 60 13 B5 25 75 partial | low full high yiy 28-Mar-01
ZD1oL 2x24 1 GPM 60 12 43 2 76 full lowy full high Y Yiy 30-Mar-00
ZD3H 2x23 1.GPM 60 13 62 25 90 partial | low full high Yy 27-Mar-01
ZD10H 2x23 1 GPM 60 12 55 25 72 partial ; low full high Y Yiy 30-Mar-00
FOG3L  i1X20/50/120 a0 a0 80 - 733 96 full lowy full low © 144 ¥iy 05-Apr-01
FOG 14 L :1x20/50/120 55 40 72 - 728 a0 full lowy full low : 144 Yiviy 11-Apr-01
FOG25L :1x20/50/120 50 40 72 - 728 a0 full lowy full low © 144 ¥ 06-Apr-01
FOG3H :1X20/50/120 75 40 72 - 732 95 full lowy full low : 144 yiy 10-Apr-01
FOG 14 H i1x20/50/120 75 40 73 - 728 76 full lowy full lowy ¥y 09-Apr-01
FOG25H :1x20/50/120 75 40 73 - 732 73 full lowy full low : 144 Y 06-Apr-01
CSWI1H 2417 1.GPM 60 13.5 75 2 85 part : low full high Viy 04-Jun-01
CeWI1L 2x24 1.GPM 60 12.5 30 25 89 full lowy full high Viy 04-Jun-01
ZD10s5 2x24 1.GPM 60 15 35 4.5 - VY 16-Jul-99
FOG35H @ 1X20/50 12 40 74 - - - partial | low : partial | low 104 YiViY 19-Jul-99
FOG35L 1.x 20/50 10 40 73 - - - full low : partial | low : 104 Yiviy 19-Jul-99
FOG30L 1x20/50 10 40 73 - - - full low  partial : low @ 104 Viviy 19-Jul-99
FOG32L 1x20/50 13 40 - - - - partial | low full lowy 104 yviyiy 20-Jul-99
FOG32H | 1x20/50 24 40 - - - - full lowy full low © 144 Viviy 20-Jul-99
FOG10H : 1x20/50 75 40 74 - 728 - full lowy full low : 144 Yy 09-Apr-01
FOG10L | 1X20/50 55 40 - - - - full lowy full low 144 Yy 09-Apr-01
FOG25L | 1x20/50/120 15 40 73 - 7049 - full lowy full low : 144 Yiviy 31-Mar-00
FOG25h | 1x20/50/120 24 40 79 - 7249 - full lowy full low 144 Viy 04-Apr-00
ZR3H-2 2X20 1GPM 60 12.5 90 15 - partial | low full high Yiy 06-Apr-00
* Dial Readings=¥—————®Flow Rate for Fog (ml/min) = 0.0033"¢ + 3.3605"X - 17.512
Brace height 12'6"
NEW VALUES (IF DIFFERENT)
Flow Rate Line Air Line Air Line Water | Line YWater Fw‘ela_li\_/e Axis Y Axis Brgce LT'S on MT'S on
oDV Needee Used | g | Pressure Temperature | Pressure | Temperature | Humidity | "o, | Speed | pp Seeed | Heigt [ ToTT4TeT5 1Tolsalsls] D
COMPUTER TECHNICIAN: LEADER!
Figure 2.6: Chamber Setting for Each Condition at NRC
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APPENDIX B

TEST REQUIREMENTS FOR SIMULATED FREEZING PRECIPITATION FLAT PLATE TESTING

RATE MANAGEMENT FORM AT NRC

CONDITION:
DATE: WEIGH SCALE TECHNICIAN:
PE—— . Chamber
PAN # TIME OUT | 1" or 2™Rate TIME STDEY
Temperature

# Qe reading every 30 minutes (Check procedure for air temp. STOEY requirements)
This form iz for guidance to manage the sequencing of pans measurement and to verify the chamber temperature STDEY .
(At the end of condition file this form in the same envelope with the endurance time data form)

Figure 2.7: Rate Management Form at NRC
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APPENDIX B

TEST REQUIREMENTS FOR SIMULATED FREEZING PRECIPITATION FLAT PLATE TESTING

Table 2.1: Condition Checklist

Beginning of the condition

TASKS

DONE - INITIALS

Start the computer and spreadsheet

Start the scale program {Wedge software)

Start, reset and level the scale

Check that the scale is correctly verified to 2g and 50g

Start the camera and video

Verify the functionality of the walky-talky system

Synchronize all clocks to atomic clock {computers, stopwatches)

Prepare a dated envelope

End of the condition

TASKS

DONE - INITIALS

Print all results {spreadsheet pages)

Write on the envelope the tests that have been achieved

Shut down the computer / Shut down the scale

The coordinator should write a summary each night

Stop and shut down the intercoms, camera and video

Clean stand area {if needed)

Prepare fluids for the next day

Save all results on hard drive

Zip all the results with Winzip, save them on a marked diskette

Provide instructions to laboratory technician for the next day conditions

Put all results sheets, checklists, and the diskette in the envelope. Forward the

envelope to the office

CO-ORDINATOR / MANAGER

DATE ! /

10
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011
Winter 2010-11

1. INTRODUCTION

This document was prepared to bring together several projects that require
testing at the National Research Council Climactic Engineering Facility (NRC) in
Ottawa. Tests will be carried out from April 5-12, 2011.

The primary objective of the test session is to measure the endurance times of
new de/anti-icing fluids. During this time, testing for other related projects will
be scheduled around the endurance time tests as time and space permit. This
document provides the schedule, personnel, fluid, and equipment requirements
for each of the projects involved.

A tentative test schedule is included in Figure 1.

2. PROJECTS, PROCEDURES AND OBJECTIVES

The projects that will be tested at the NRC at the April 2011 test session are
listed in this section. The objectives and procedures for each project are
provided. Each project has been given a shortened name (shown in brackets
following full title) which will be used in subsequent sections of the document.

The test procedures for some projects are provided in separate detailed
documents. These documents are referenced in the appropriate subsection and
listed in Section 9.

There will be two test stands (main stand, side stand) positioned under the
sprayer as shown in Figure 2. The stands that can be used for each project are
noted in the following subsections.

2.1 Endurance Times of New Fluids (New Fluid ETs)

The objective of this project is to measure endurance times of new fluids in
simulated freezing precipitation.

Two Type IV fluids will be tested:

e Cryotech HV1 (Batch #1.035.1600); and
e Cryotech LV2 (Batch #1.042.1430).
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

The procedure for conducting these tests is given in the document Test
Requirements for Simulated Freezing Precipitation Flat Plate Testing (1). The
test stands should be situated in the cold chamber as per the measurements
provided in Figure 3. The cold soak boxes should be prepared using the
procedure provided in Attachment 1.

The test plan for Endurance Time tests is given in Table 1. All tests will be
conducted on the main test stand.

2.2 Thickness of New Fluids (Fluid Thickness)

The objective of these tests is to measure thicknesses of new fluids on flat
plates. The procedure for conducting these tests is entitled Experimental
Program to Establish Film Thickness Profiles for De-Icing and Anti-Icing Fluids on
Flat Plates (2) and can be found in Transport Canada Report TP 13991E,
Appendix I.

The test plan for Fluid Thickness tests is given in Table 2. The tests will be
conducted at the small end of the chamber outside of the spray area.

2.3 Effect of Ice Phobic Products on Fluid Holdover Times (lce Phobic)

The objective of this project is to investigate the holdover time performance of
fluids applied to surfaces treated with ice phobic products. Limited testing will
also look at the performance of bare plates treated with ice phobic products.

The procedure for the conduct of these tests is provided in the document Effect
of Ice Phobic Products on HOT — Simulated Freezing Precipitation Tests (3). The
procedure details three types of tests that will be conducted:

e Fluid Thickness Tests: These tests will be carried out using the protocol
used to measure fluid thickness of new endurance time fluids (see
Section 2.2). The ice phobic fluid thickness test plan is given in Table 3.

e Endurance Time Tests: These tests will be carried out using standard
endurance time testing protocol. Brix and fluid thickness measurements
will be taken as detailed in the test plan. The ice phobic endurance time
test plan is given in Table 4.

e Adherence Tests: These tests will be conducted without fluid to measure
the progression of adhesion on surfaces treated with ice phobic products.
The test plan for the ice phobic adherence tests is given in Table 5.
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Testing will be conducted on five test surfaces on three test plates:

o Plate 1: Baseline aluminum plate;
e Plate 2: Treated with 2 Nusil products (Nusil 7 / Nusil 8); and
e Plate 3: Treated with 2 other Nusil products (Nusil 9 / Nusil 10).

The endurance and adherence tests will be conducted on the main and/or side
stand. The thickness tests will be conducted at the small end of the chamber
outside of the spray area.

2.4 Endurance Times for Aircraft Hangar Anti-lcing Applications (Hangar)

Previous research has indicted the use of warm fluid on a warm aircraft may
result in anti-icing fluid holdover times that are shorter than those experienced in
a standard operation (cold fluid, cold aircraft). This is a result of warm fluid on a
warm wing flowing off at a faster rate than cold fluid on a cold wing. As
operations conducted in hangars are often conducted with warm fluid on warm
aircraft, it is not clear if the current anti-icing fluid holdover times (developed for
cold fluids on cold aircraft) are valid for hangar operations. The objective of this
project is to compare endurance times of anti-icing fluids applied warm on a
warm test surface to those of the same fluids applied cold (ambient
temperature) on a cold (ambient) test surface.

Tests will be run to compare endurance times of fluids applied at ambient
temperature to test plates at ambient temperature (standard protocol) to fluids
applied at 20°C to test plates at 20°C (simulated hangar protocol).

Additional measurements (fluid thickness, Brix, plate temperature) will be taken
as detailed in the test plan, which is given in Table 6. The tests will be
conducted on the main and/or side stand.

2.5 Endurance Times on Deployed Flaps (Deployed Flaps)

The objective of this project is to evaluate the endurance time performance of
anti-icing fluids on wing surfaces with deployed flaps. The procedure for the
conduct of these tests is provided in the document Evaluation of Endurance
Times on Deployed Flaps (4). The procedure was written for testing in outdoor
conditions; changes to the procedure required for indoor testing are provided in
this document.

Comparison tests will be conducted using standard holdover time testing
procedures. Three types of tests will be conducted:
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1. Baseline Tests: Conducted on plates inclined to a 10° slope.
2. Standard Flap Tests: Conducted on plates inclined to a 20° or 35° slope.

3. Nested Flap Tests: Plates inclined to either a 20° or 35° slope placed
below a plate inclined to 10°. The 10° plate will overhang the 20°/35°
plate by approximately 2.5 cm. 1 L of fluid will be applied to each plate.
Endurance times will be measured on the plate inclined to 20°/35°.

Additional measurements (fluid thickness, Brix) will be taken as detailed in the
test plan, which is given in Table 7. The tests will be conducted on the main
and/or side stand, with the exception of the nested flap tests, which must be
conducted on positions 7-12 (main stand) or 1S-3S (side stand).

2.6 Impact of Wing Anti-lce Heating System Tests on Fluid Endurance
Times (Leading Edge)

Prior to take off, some operators require pilots to perform a 30 second test to
ensure that the wing anti-ice heating is working. To do so, hot bleed air from
the engine is passed through the ‘piccolo’ tubes at the leading edge of the wing
on the ground for 30 seconds. The bleed air leaving the engine is approximately
200°C; however, the air reaching the leading edge may be significantly cooler
(approximately 100°C). Currently, there is a lack of understanding of the effect
of this test on de/anti-icing fluid protection times, and as a result, some airframe
manufacturers recommend not performing the test due to potential adverse
effects on de/anti-icing fluid.

The objective of this project is to conduct preliminary tests to investigate the
effect of a 30 second heated leading edge on de/anti-icing fluid endurance
times. Due to limited funding, limited tests (3-4 runs) will be completed.

Each run will consist of one plate test (standard baseline test) and an
uninsulated leading edge thermal equivalent box test (heated box test). The
following procedure should be followed:

e Ensure box and plate are cooled to ambient temperature;

e Apply fluid to box and plate, wait 5 minutes;

e Heat box using 2 hot flame burners for 1-minute. This will result in a
40°C rise in temperature at the box 6” line, and will take approximately
20 minutes to cool back to ambient (note: one test will be conducted
with the box heated to 100°C).
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o Heating rate is approx 20°C/torch/minute at 6" line

o By pointing the hot flame burners downwards into the box, the
temperature is higher on 6" line than at the point of entry,
eliminating potential fluid burning issues

o Could potentially use more or less hot flame burners to achieve
higher or lower temperatures

o Could potentially blow cold air into box to accelerate cooling;

¢ Monitor box surface temperature at entry to ensure temperature does not
heat to more than 100°C;

e Monitor and record surface temperature at entry point and 15cm line at 1
minute; and

e Record fluid failure on both box and plate.

Additional measurements (fluid thickness, Brix, plate temperature) will be taken
as detailed in the test plan, which is given in Table 8. The heated tests will be
conducted on the side stand.

2.7 Effect of Runway Deicers on Endurance Times (Runway Deicers)

Recent discussions at SAE G-12 industry meetings have indicated that there
could be a significant degradation of thickened anti-icing fluid effectiveness as a
result of cross-contamination with runway deicing fluids (RDF). This is believed
to occur in two situations:

a) When aircraft use reverse thrusters during a landing prior to a
preventative anti-icing treatment; and

b) When anti-iced aircraft are exposed to RDF when taxiing to the runway.

The objective of this project is to conduct limited flat plate endurance time tests
in outdoor and indoor conditions to investigate the effects of RDF on anti-icing
fluid endurance times. The procedure for the conduct of the outdoor tests is
provided in a separate document - Evaluation Of Degraded Fluid Performance
Following Contamination With Runway Deicer Fluid Phase lI: Endurance Time
Testing Of De/Anti-Icing Fluid Contaminated With Runway Deicer Fluid (5). The
procedure for indoor tests is provided in this document.

Indoor testing will consist of comparative test runs. Each comparative run will
include three tests:
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1. Standard Baseline Test: 1 L of fluid applied as per standard protocol.

2. Preventative Anti-lcing Operation Test: RDF sprayed/misted onto test
plate and immediately after 1 litre of fluid applied.

3. Regular Take-Off Operation Test: 1 L of fluid applied, 5-minute wait time
while fluid settles and dilutes, RDF sprayed/misted onto test plate.

RDF will be applied using a spray bottle to achieve an even mist. The RDF spray
bottle will be measured before and after application to document the amount
applied.

The concentration of runway deicer fluid to be applied in each of the two
scenarios is under investigation and may change prior to testing. Currently, two
concentrations are proposed to simulate a high and low concentration.

e High Concentration — 25% RDF by Volume
o RDF is typically sprayed by operators in 50% concentration;
o RDF is typically sprayed on a wet runway;
o Assume RDF is diluted by another 50% due to moisture on ground,
resulting in a total of 25% concentration by volume;
o Test assumes immediate dilution due to contact with wet runway.

e Low Concentration — 5% RDF by Volume
o RDF will dilute during active conditions;
o Assume RDF is diluted to 1/10™ of original concentration due to
active precipitation;
o Previous wind tunnel data has also been collected with 5%
concentration by volume;
o Test assumes extensive dilution due to active precipitation.

e Application Quantity - 0.1 g/dm? of RDF (1.5ml on a std. test plate)
o Previous flat plate and wind tunnel testing used 0.1 and 0.2 g/dm?
of RDF on the test surface respectively;
o It is recommended that these quantities continue to be used unless
any new data indicates otherwise;
o This simulated a light misting on the test surface (no large beads of
moisture formed).

Additional measurements (fluid thickness, Brix) will be taken as detailed in the
test plan, which is given in Table 9. The tests will be conducted on the main
and/or side stands.
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2.8 Ice Pellet Allowance Time Expansion (lce Pellets)

Ice pellet allowance times were issued for neat Type IV fluids within the
Transport Canada HOT Guidelines and the Federal Aviation Administration
Approved Deicing Program updates for the winter of 2007-08. Allowance times
for operations during mixed conditions with ice pellets have been generated
based on results obtained from testing in the Wind Tunnel and with the Falcon
20 aircraft during the winters of 2005-06 through 2009-10. Restrictions for the
allowance times were issued based on residual contamination observed on the
airfoil, lift characteristics, and limitations of the data collected regarding rotation
speeds, test temperatures and fluid types and dilution, and other pertinent
parameters. The objective of this project is to conduct a series of flat plate tests
with Type IV fluids to provide support for the ongoing expansion and validation
of the current ice pellet guidelines.

The procedure for conducting these tests is given in the document Experimental
Program Adhesion of Aircraft De/Anti-Icing Fluids on Aluminum Surfaces During
Mixed Precipitation Conditions — Ice Pellets/Freezing Rain (6). The duration of
the tests (target allowance time) has been derived based on previous full scale
testing conducted. Fluid thickness will be measured 5 minutes after fluid
application; fluid Brix will be measured at failure.

The test plan for Ice Pellets tests is given in Table 10. These tests will be
conducted at the small end of the chamber outside of the main spray area.

2.9 Documentation of Stand Setup and Sprayer Characteristics (Sprayer)

The objective of this activity is to document the characteristics of the test stand
setup and sprayer system at the NRC climate chamber. In each of the 18
precipitation conditions that will be simulated at this test session, each of the
following measurements will be taken:

Final stand position

Area of spray zone

Cycle time

Time that plate is impacted

AN -

This activity will be done at the end of each condition (when the last plate has
failed) by the project manager. Additional guidance is provided on the data form
(see Section 6). No test plan is required for this project.
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3. PERSONNEL REQUIREMENTS/RESPONSIBILITIES
The personnel requirements for each project are listed below.

1. New Fluid ETs:

e Manager: JD (pours fluids, calls failures)
e Assistant: VZ (preps fluids/data forms)
e Rates Team: SB, YOW

2. Fluid Thickness:

e Manager: MR (runs tests, takes measurements)
e Assistant: DY (records measurements)

3. a) lce Phobic Thickness Tests:

e Manager: MR (runs tests, takes measurements)
e Assistant: DY (records measurements)

b) Ice Phobic Adherence Tests:

e Manager: MR (takes measurements, manages test surfaces)
e Assistant: DY (records measurements)
e Rates Team: SB, YOW

c) lce Phobic Endurance Tests:

e Manager: MR (pours fluids, calls failures, takes measurements)
e Assistant: DY (preps fluids/data forms, records measurements)
e Rates Team: SB, YOW

4. Hangar:
e Manager: MR (pours fluids, calls failures, takes measurements)

e Assistant: DY (preps fluids/data forms, records measurements)
e Rates Team: SB, YOW

5. Deployed Flaps:

e Manager: MR (pours fluids, calls failures, takes measurements)
e Assistant: DY (preps fluids/data forms, records measurements)
e Rates Team: SB, YOW

6. Heated Leading Edge:

e Manager: MR (pours fluids, calls failures, takes measurements)
e Assistant: DY (preps fluids/data forms, records measurements)
e Rates Team: SB, YOW
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7. Runway Deicers

e Manager: MR (pours fluids, calls failures, takes measurements)
e Assistant: DY (preps fluids/data forms, records measurements)
e Rates Team: SB, YOW

8. Ice Pellets:

e Manager: MR
e Assistant 1: DY
e Assistant 2: VZ

9. Sprayer:
e Manager: VZ (takes measurements and video)

The Rates Team will consist of:

e Rate Manager: SB (runs rate station)
e Rate Assistant: YOW1 (runs pans, refills fluids)

In the condition of Cold Soak Wing, additional personnel will be required:

e Box Prep Manager: MR
e Box Prep Assistants: DY, VZ

In addition, personnel will be designated responsible for:
e Equipment: MR
e Pre-test Setup: MR
e Data Form Manager: VZ
e HOT Data Management: SB
e Fluid Manager: DY
In some conditions, SB (Rate Manager) may switch responsibilities with DY/VZ.

The individual task assignments are shown by test condition in Table 11.

4. FLUIDS

The required fluids and fluid quantities are shown in Table 12. Type | fluids will
be diluted prior to testing using the dilution tables provided in Table 13.

5. EQUIPMENT

Table 14 provides a list of the equipment required.
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6. DATA FORMS

The data forms required for each project are listed below.

1. New Fluid ETs:

e Freezing Precipitation Endurance Time Data Form (Figure 4)
o Rate Management Form (Figure 5)

2. Fluid Thickness:
o Fluid Thickness Data Form (Figure 6)

3. a) Ice Phobic Fluid Thickness Tests
e |ce Phobic Fluid Thickness Data Form (Figure 7)

b) Ice Phobic Endurance Time Tests
e End Condition Data Form for Ice Phobic Tests (Figure 8)

c) Ice Phobic Adherence Tests
e End Condition Data Form for Ice Phobic Tests (Figure 8)

4. Hangar:

e Freezing Precipitation Endurance Time Data Form (Figure 4)
e Fluid Brix/Fluid Thickness/Plate Temperature Data Form (Figure 9)

5. Deployed Flaps:

e Freezing Precipitation Endurance Time Data Form (Figure 4)
e Fluid Brix / Thickness Data Form (Figure 10)

6. Heated Leading Edge:

e Freezing Precipitation Endurance Time Data Form (Figure 4)
e Fluid Brix/Fluid Thickness/Plate Temperature Data Form (Figure 9)

7. Runway Deicers:

o Freezing Precipitation Endurance Time Data Form (Figure 4)
e Fluid Brix / Thickness Data Form (Figure 10)

8. Ice Pellets:

e Freezing Precipitation Endurance Time Data Form (Figure 4)

e Fluid Brix/Thickness Data Form (Figure 10)

e Adherence of Fluid Failure Data Form (Figure 11)

e Position of Ice Pellet Dispenser System Data Form (Figure 12)
9. Sprayer:

e Stand Position / Sprayer Characteristics Form (Figure 13)
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

7. PRE-TEST SET-UP ACTIVITIES

The following activities need to be completed prior to arrival at the NRC:

1.
2.

© ® N o o

10.
11.
12.
13.
14.

Mark plates and boxes, including RDF plates (MR).

Check rate pans: check quantity, check for holes, and check all pans are
properly labelled (VZ).

Ensure plates and boxes are equipped with operational and verified
thermistors (MR).

Determine number of loggers required (loggers are on stands already)
(MR).

Prepare PC for logging plate temperatures (MR).
Ensure fluids are prepared in advance according to Table 12 (MR).
Prepare labels for pour containers (MP).
Empty 1 litre containers must be labelled and cleaned for pouring (MR).
Check laptops (2) work for rate station (MR).

Rent cube van (VZ).

Book hotel (VZ).

Update chamber settings file (DY).

Print data forms and procedures (VZ).

Print chamber condition sheets (SB).

The following items should be purchased prior to arrival at the NRC (VZ):

@ & w N

Ink cartridge for printer (1)

Nuts (100)

Propane bottles (4)

Propane torches with auto trigger (4)

Shelving Unit (1)
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

8. SAFETY ISSUES

Managers of each subproject must ensure that personnel involved in the set-up
and conduct of their respective projects are aware of the following:

1. Fluid MSDS sheets are available for review.
2. Waterproof clothing and gloves are available.

3. Rubber mats must be properly placed in and around the test area and
cleaned as necessary.

4. Care should be taken when circulating near the test stand due to
slipperiness.

5. First aid kit, water and fire extinguisher are available.

6. All NRC safety guidelines must be followed.

9. REFERENCES

1. Test Requirements For Simulated Freezing Precipitation Flat Plate Testing,
Version 1.0, January 15, 2004.

2. Experimental Program to Establish Film Thickness Profiles for De-lcing and
Anti-Icing Fluids on Flat Plates, Version 1.0, April 3, 2002.

3. Procedure: Effect of Ice Phobic Products on HOT - Simulated Freezing
Precipitation Tests, Final Version 1.0, March 25, 2010.

4. Evaluation of Endurance Times on Deployed Flaps, Final Version 1.0,
December 23, 2010.

5. Evaluation Of Degraded Fluid Performance Following Contamination With
Runway Deicer Fluid Phase Il: Endurance Time Testing Of De/Anti-lcing
Fluid Contaminated With Runway Deicer Fluid, Final Version 1.0, February
17, 2011.

6. Experimental Program: Adhesion of Aircraft De/Anti-Ilcing Fluids on
Aluminum Surfaces During Mixed Precipitation Conditions — Snow and
Rain, Final Version 1.0, March 31, 2008.
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

FIGURE 1: TEST SCHEDULE

Apr 05| Wed Apr 6

Thurs Apr 7| FriApr8 | | Mon Apr 11

Tue Apr 12

9:00
ZR, -3, 25
9:30 ET=12 ZF, -25, 5
DF=2+1 ZD, -3, 5 ET=4
10:00 HG=2 ET=12 DF=2+1
RDF=3 DF=3+2
10:30 | Packup HG =4
Drive to PH=3 (TI)
11:00 YOW TH=6 RDF =3
PH-T=9
11:30 ZF, -25, 2
Make Ice Pellets ET=4
12:00 DF=2+1
12:30 ZR, -3, 13
i ET=12 ocl
13:00 Eaye Warm to +1°C|
g HG=2 (m)
13:30 -
14:00 | Setup
14:30 NE:;C Make Ice Pellets
15:00 CSW, 1, 5
16:30 EL=S
16:00 ZD, -3, 13
=112
16:30 DF=2+1 (m)
HG=2
17:00 PH=3
RDF=3
17:30
18:00 Make Ice Pellets CsSw, 1, 75
ET=8
18:30
19:00
19:30
20:00
20:30
21:00
21:30
DF = Deployed Flaps Projects per Condition
ET = Endurance Time (HOT) ET only
HG = Hangar ET, DF
IP = Ice Pellets BT, oF, 1P
LE = Heated Leading Edge ET, DF, HG, RDF, PH
PH = Ice Phobic ET ET, DF, HG, RDF, LE
PH-A = Ice Phobic Adherence ET, DF, HG, RDF, LE, PH
PH-T = Ice Phobic Thickness ET, DF, HG, RDF, TH/PH-TH
RDF = Runway Deicing Fluid #s indicate tests per project per condition
TH = Thickness (HOT Fluids) (m) = extra measurements required
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

FIGURE 2: TEST STANDS UNDER SPRAYER

Ll e e Main Stand s s s S A + Side Stand —
C
o
R=R ]
8 ™
Position 1 Position 2 Position 3 Position 4 Position 5 Position 6 o
c
o
=]
w N
o
o
Position 7 Position 8 Position 9 Position 10 Position 11 Position 12 5
= v
w
o
a
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

FIGURE 3: TEST STAND LOCATION MEASUREMENTS

CONDITION: ZR3H ZR3L ZR10H ZR10L ZD3H ZD3L ZD10H ZD10L ZF3H

LOCATION: CEF (Ottawa) DATE: ZF3L ZF10H ZF10L ZF14H ZF14L ZF25H ZF25L CSWH CSWL
3 Sensor Position Stand Position Skywitch Height of
Test Da':e o_f'_FmaI Condition P > iti Sheild P N_orzzle" Rate nozzle Comments
osition Xy Yr Xra Yr x y x1 yi osition | position (1) | Position () over plate
1 04-Apr-01 ZR3H 242" T 227 910" Very Good Top Stand 19' from snow fence
2 04-Apr-01 ZR3L 242" 7 2 910" Very Good Top Stand 19' from snow fence
3 02/04/2001 ZR10H 24 6'9" 228 96" Very Good Top stand is 20 ft. from snow fence
4 02-Apr-01 ZR10L 24 69" 245" g'e" Very Good Top stand is 20 ft. from snow fence
5 27-Mar-01 ZD3H 24'5" 6'6" 22 10'4" Very Good
6 28-Mar-01 ZD3L 25'3" 73" 25'3" 96" Good
7 02-Apr-01 ZD10H 24 g 25'3" 96" Very Good
8 02-Apr-01 ZD10L 24 b o 247 11" Good 20 ft. from Snow Fence
9 10-Apr-01 ZFog3H 24' 6'6" 211" 810" 34' 2"from x | 402" from x | top of plate 11 Good 144"
10 10-Apr-01 ZFog3L 24' 6'6" 211" 810" 34' 2"from x | 40'2" from x | top of plate 11 Good 144"
" 10-Apr-01 ZFog10H 24 6'6" 211" 810" 34’ 2"from x | 402" from x | top of plate 11 Good 144"
12 10-Apr-01 ZFog10L 24 6'6" 211" 810" 34' 2"from x | 402" from x | top of plate 11 Good 144"
13 09-Apr-01 ZFog14H 24' e'8" 211" 810" 34' 2"from x | 402" from x | top of plate 11 Good 144"
14 09-Apr-01 ZFog14L 24' 6'6" 214" 810" 34' 2"from x | 402" from x | top of plate 11 Good 144"
15 06-Apr-01 ZFog25H 24 6'6" 211" 810" 34' 2"from x | 40'2" from x | top of plate 11 Good 144"
16 06-Apr-01 ZFog25L 24 6'6" 211" 810" 34' 2"from x | 402" from x | top of plate 11 Good 144"
17 29-Mar-01 CSWH 25'3" 25'3" 96"
18 29-Mar-01 CSWL 23'11" 7'3" 25'3" 9'6"
0 X
Outdoors
Y er S Notes:
Xr o |Yru * - "From X" refers to the distance from the East wall.
«—— Xy 1 Skywitch Sheild ** - The nozzle should be between positions 5 and 11
¥ RH - Relative Humidity Sensor
T - Temperature Sensor
[e——x —| 1 2 (3|4 |5 |6 ]
E Skywitch W
[« x1—> 5 8 9 |10 [ 11 |12 WEIGH SCALE TECHNICIAN:
LEADER:
N
NEW VALUES (IF DIFFERENT)
Sensor Position Stand Position i i
Date of Final . Y Skyw_ltch Nozzle Height of
Test Position Condition Position Sheild Position (**) Rate nozzle Comments
Xr Yr XrH Yru x y x1 y1 Position (*) over plate
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

ATTACHMENT 1: COLD SOAK BOX PREPARATION PROCEDURE

1. Put containers (20 L) of CSW box fluid (propylene 65/35) in cold
(-30+5°C) freezer overnight. Freezers to be kept in large end of the
chamber.

2. Put all filled CSW boxes in warmer (-11 = 1°C) freezer overnight.
3. Next morning, if freezer in step (2) does not provide fluid and box
temperature of -11+£1°C, then empty boxes in pail and achieve fluid at

-12+1°C in pail.

4. Prepare step (3) in corner of large chamber that is at +1°C; ensure boxes
are cooled to about -11°C. Go to step (6).

5. After first series of tests, empty fluid from boxes into separate pail. Put
empty boxes in freezer to keep cool at -11+2°C.

6. Prepare fluid to -12+1°C by mixing (use small amounts of hot water
and/or cold fluid). Agitate fluid mixture frequently.

7. Fill boxes, ensure -11+1°C on surface of box. This process shall be done
while rates are being measured.

8. Position on stand with cover, but no insulation on top surface. Connect
thermocouples.

9. Allow warming to -10x£0.5°C. This process needs monitoring with rates
measurement to not overshoot temperature (place insulation on top surface
if required).

10. Start test.

11. At end of test, remove box from stand, measure rates, and go to step (5).
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

TABLE 1: ENDURANCE TIME TEST PLAN

. Precip. Fluid
T;St Prechpltatlon Te;mp Rats Fluid Name Dilution TG;St Comments
ype (°C) (g/dm?/h) (%) Surface
1 Freezing Fog -3 2 Cryotech HV1 100 Plate
2 Freezing Fog -3 2 Cryotech HV1 100 Plate
3 Freezing Fog -3 2 Cryotech LV2 100 Plate
4 Freezing Fog -3 2 Cryotech LV2 100 Plate
5 Freezing Fog -3 2 Cryotech HV1 75 Plate
6 Freezing Fog -3 2 Cryotech HV1 75 Plate
7 Freezing Fog -3 2 Cryotech LV2 75 Plate
8 Freezing Fog -3 2 Cryotech LV2 75 Plate
9 Freezing Fog -3 2 Cryotech HV1 50 Plate
10 Freezing Fog -3 2 Cryotech HV1 50 Plate
11 Freezing Fog -3 2 Cryotech LV2 50 Plate
12 Freezing Fog -3 2 Cryotech LV2 50 Plate
13 Freezing Fog -3 5 Cryotech HV1 100 Plate
14 Freezing Fog -3 5 Cryotech HV1 100 Plate
15 Freezing Fog -3 5 Cryotech LV2 100 Plate
16 Freezing Fog -3 5 Cryotech LV2 100 Plate
17 Freezing Fog -3 5 Cryotech HV1 75 Plate
18 Freezing Fog -3 5 Cryotech HV1 75 Plate
19 Freezing Fog -3 5 Cryotech LV2 75 Plate
20 Freezing Fog -3 5 Cryotech LV2 75 Plate
21 Freezing Fog -3 5 Cryotech HV1 50 Plate
22 Freezing Fog -3 5 Cryotech HV1 50 Plate
23 Freezing Fog -3 5 Cryotech LV2 50 Plate
24 Freezing Fog -3 5 Cryotech LV2 50 Plate
25 Freezing Fog 14 2 Cryotech HV1 100 Plate
26 Freezing Fog -14 2 Cryotech HV1 100 Plate
27 Freezing Fog -14 2 Cryotech LV2 100 Plate
28 Freezing Fog -14 2 Cryotech LV2 100 Plate
29 Freezing Fog -14 2 Cryotech HV1 75 Plate
30 Freezing Fog -14 2 Cryotech HV1 75 Plate
31 Freezing Fog -14 2 Cryotech LV2 75 Plate
32 Freezing Fog -14 2 Cryotech LV2 75 Plate
33 Freezing Fog -14 5 Cryotech HV1 100 Plate
34 Freezing Fog -14 5 Cryotech HV1 100 Plate
35 Freezing Fog -14 5 Cryotech LV2 100 Plate
36 Freezing Fog -14 5 Cryotech LV2 100 Plate
37 Freezing Fog -14 5 Cryotech HV1 75 Plate
38 Freezing Fog -14 5 Cryotech HV1 75 Plate
39 Freezing Fog -14 5 Cryotech LV2 75 Plate
40 Freezing Fog -14 5 Cryotech LV2 75 Plate
41 Freezing Fog -25 2 Cryotech HV1 100 Plate
42 Freezing Fog -25 2 Cryotech HV1 100 Plate
43 Freezing Fog -25 2 Cryotech LV2 100 Plate
44 Freezing Fog -25 2 Cryotech LV2 100 Plate
45 Freezing Fog -25 5 Cryotech HV1 100 Plate
46 Freezing Fog -25 5 Cryotech HV1 100 Plate
47 Freezing Fog -25 5 Cryotech LV2 100 Plate
48 Freezing Fog -25 5 Cryotech LV2 100 Plate
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

TABLE 1: ENDURANCE TIME TEST PLAN (cont’d)

s e Precip. Fluid
T;St Pre(;l_pnatlon T(zmp Rat: Fluid Name Dilution Test Comments
ype (°C) (g/dm?/h) (%) Surface
49 Light Freezing Rain -3 13 Cryotech HV1 100 Plate
50 Light Freezing Rain -3 13 Cryotech HV1 100 Plate
51 Light Freezing Rain -3 13 Cryotech LV2 100 Plate
52 Light Freezing Rain -3 13 Cryotech LV2 100 Plate
53 Light Freezing Rain -3 13 Cryotech HV1 75 Plate
54 Light Freezing Rain -3 13 Cryotech HV1 75 Plate
55 Light Freezing Rain -3 13 Cryotech LV2 75 Plate
56 Light Freezing Rain -3 13 Cryotech LV2 75 Plate
57 Light Freezing Rain -3 13 Cryotech HV1 50 Plate
58 Light Freezing Rain -3 13 Cryotech HV1 50 Plate
59 Light Freezing Rain -3 13 Cryotech LV2 50 Plate
60 Light Freezing Rain -3 13 Cryotech LV2 50 Plate
61 Light Freezing Rain -3 25 Cryotech HV1 100 Plate
62 Light Freezing Rain -3 25 Cryotech HV1 100 Plate
63 Light Freezing Rain -3 25 Cryotech LV2 100 Plate
64 Light Freezing Rain -3 25 Cryotech LV2 100 Plate
65 Light Freezing Rain -3 25 Cryotech HV1 75 Plate
66 Light Freezing Rain -3 25 Cryotech HV1 75 Plate
67 Light Freezing Rain -3 25 Cryotech LV2 75 Plate
68 Light Freezing Rain -3 25 Cryotech LV2 75 Plate
69 Light Freezing Rain -3 25 Cryotech HV1 50 Plate
70 Light Freezing Rain -3 25 Cryotech HV1 50 Plate
71 Light Freezing Rain -3 25 Cryotech LV2 50 Plate
72 Light Freezing Rain -3 25 Cryotech LV2 50 Plate
73 Light Freezing Rain -10 13 Cryotech HV1 100 Plate
74 Light Freezing Rain -10 13 Cryotech HV1 100 Plate
75 Light Freezing Rain -10 13 Cryotech LV2 100 Plate
76 Light Freezing Rain -10 13 Cryotech LV2 100 Plate
77 Light Freezing Rain -10 13 Cryotech HV1 75 Plate
78 Light Freezing Rain -10 13 Cryotech HV1 75 Plate
79 Light Freezing Rain -10 13 Cryotech LV2 75 Plate
80 Light Freezing Rain -10 13 Cryotech LV2 75 Plate
81 Light Freezing Rain -10 25 Cryotech HV1 100 Plate
82 Light Freezing Rain -10 25 Cryotech HV1 100 Plate
83 Light Freezing Rain -10 25 Cryotech LV2 100 Plate
84 Light Freezing Rain -10 25 Cryotech LV2 100 Plate
85 Light Freezing Rain -10 25 Cryotech HV1 75 Plate
86 Light Freezing Rain -10 25 Cryotech HV1 75 Plate
87 Light Freezing Rain -10 25 Cryotech LV2 75 Plate
88 Light Freezing Rain -10 25 Cryotech LV2 75 Plate
89 Freezing Drizzle -3 5 Cryotech HV1 100 Plate
90 Freezing Drizzle -3 5 Cryotech HV1 100 Plate
91 Freezing Drizzle -3 5 Cryotech LV2 100 Plate
92 Freezing Drizzle -3 5 Cryotech LV2 100 Plate
93 Freezing Drizzle -3 5 Cryotech HV1 75 Plate
94 Freezing Drizzle -3 5 Cryotech HV1 75 Plate
95 Freezing Drizzle -3 5 Cryotech LV2 75 Plate
96 Freezing Drizzle -3 5 Cryotech LV2 75 Plate
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

TABLE 1: ENDURANCE TIME TEST PLAN (cont’d)

s e Precip. Fluid
T;St Pre(;l_pnatlon T(zmp Rat: Fluid Name Dilution Test Comments
ype (°C) (g/dm?/h) (%) Surface
97 Freezing Drizzle -3 5 Cryotech HV1 50 Plate
98 Freezing Drizzle -3 5 Cryotech HV1 50 Plate
99 Freezing Drizzle -3 5 Cryotech LV2 50 Plate
100 Freezing Drizzle -3 5 Cryotech LV2 50 Plate
101 Freezing Drizzle -3 13 Cryotech HV1 100 Plate
102 Freezing Drizzle -3 13 Cryotech HV1 100 Plate
103 Freezing Drizzle -3 13 Cryotech LV2 100 Plate
104 Freezing Drizzle -3 13 Cryotech LV2 100 Plate
105 Freezing Drizzle -3 13 Cryotech HV1 75 Plate
106 Freezing Drizzle -3 13 Cryotech HV1 75 Plate
107 Freezing Drizzle -3 13 Cryotech LV2 75 Plate
108 Freezing Drizzle -3 13 Cryotech LV2 75 Plate
109 Freezing Drizzle -3 13 Cryotech HV1 50 Plate
110 Freezing Drizzle -3 13 Cryotech HV1 50 Plate
111 Freezing Drizzle -3 13 Cryotech LV2 50 Plate
112 Freezing Drizzle -3 13 Cryotech LV2 50 Plate
113 Freezing Drizzle -10 5 Cryotech HV1 100 Plate
114 Freezing Drizzle -10 5 Cryotech HV1 100 Plate
115 Freezing Drizzle -10 5 Cryotech LV2 100 Plate
116 Freezing Drizzle -10 5 Cryotech LV2 100 Plate
117 Freezing Drizzle -10 5 Cryotech HV1 75 Plate
118 Freezing Drizzle -10 5 Cryotech HV1 75 Plate
119 Freezing Drizzle -10 5 Cryotech LV2 75 Plate
120 Freezing Drizzle -10 5 Cryotech LV2 75 Plate
121 Freezing Drizzle -10 13 Cryotech HV1 100 Plate
122 Freezing Drizzle -10 13 Cryotech HV1 100 Plate
123 Freezing Drizzle -10 13 Cryotech LV2 100 Plate
124 Freezing Drizzle -10 13 Cryotech LV2 100 Plate
125 Freezing Drizzle -10 13 Cryotech HV1 75 Plate
126 Freezing Drizzle -10 13 Cryotech HV1 75 Plate
127 Freezing Drizzle -10 13 Cryotech LV2 75 Plate
128 Freezing Drizzle -10 13 Cryotech LV2 75 Plate
129 Cold Soak Box 1 5 Cryotech HV1 100 Box
130 Cold Soak Box 1 5 Cryotech HV1 100 Box
131 Cold Soak Box 1 5 Cryotech LV2 100 Box
132 Cold Soak Box 1 5 Cryotech LV2 100 Box
133 Cold Soak Box 1 5 Cryotech HV1 75 Box
134 Cold Soak Box 1 5 Cryotech HV1 75 Box
135 Cold Soak Box 1 5 Cryotech LV2 75 Box
136 Cold Soak Box 1 5 Cryotech LV2 75 Box
137 Cold Soak Box 1 75 Cryotech HV1 100 Box
138 Cold Soak Box 1 75 Cryotech HV1 100 Box
139 Cold Soak Box 1 75 Cryotech LV2 100 Box
140 Cold Soak Box 1 75 Cryotech LV2 100 Box
141 Cold Soak Box 1 75 Cryotech HV1 75 Box
142 Cold Soak Box 1 75 Cryotech HV1 75 Box
143 Cold Soak Box 1 75 Cryotech LV2 75 Box
144 Cold Soak Box 1 75 Cryotech LV2 75 Box
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

TABLE 2: FLUID THICKNESS TEST PLAN

Test # Fluid D::qutll‘in Test Surface .?e nr:lb;:;tﬁ:;
TH1 Cryotech HV1 100/0 Std. Aluminum -3°C
TH2 Cryotech HV1 100/0 Std. Aluminum -3°C
TH3 Cryotech HV1 75/25 Std. Aluminum -3°C
TH4 Cryotech HV1 75/25 Std. Aluminum -3°C
TH5 Cryotech HV1 50/50 Std. Aluminum -3°C
TH6 Cryotech HV1 50/50 Std. Aluminum -3°C
TH7 Cryotech LV2 100/0 Std. Aluminum -3°C
TH8 Cryotech LV2 100/0 Std. Aluminum -3°C
TH9 Cryotech LV2 75/25 Std. Aluminum -3°C
TH10 Cryotech LV2 75/25 Std. Aluminum -3°C
TH11 Cryotech LV2 50/50 Std. Aluminum -3°C
TH12 Cryotech LV2 50/50 Std. Aluminum -3°C

Notes:
e The quantity of fluid that will be poured for each testis 1.0 L

e Measurements should be made at the 15-cm line at the time of fluid application, and after 2
minutes, 5 minutes, 15 minutes, and 30 minutes.

e |f the results for one fluid vary by more than 10% repeat the two tests and disregard the
highest and lowest values

TABLE 3: ICE PHOBIC FLUID THICKNESS TEST PLAN

L Manzlflelli:turer Dﬁ::ut::n Test Surface Qnr:::::tﬁri;
PH-TH1 Dow UCAR ADF (EG) 10°B (B=17.0) Std. Aluminum -3°C
PH-TH2 Dow UCAR ADF (EG) 10°B (B=17.0) Nusil 7 / Nusil 8 -3°C
PH-TH3 Dow UCAR ADF (EG) 10°B (B=17.0) Nusil 9 / Nusil 10 -3°C
PH-TH4 Dow UCAR ADF (EG) 32°B (B=30.0) Std. Aluminum -3°C
PH-TH5 Dow UCAR ADF (EG) 32°B (B=30.0) Nusil 7 / Nusil 8 -3°C
PH-TH6 Dow UCAR ADF (EG) 32°B (B=30.0) Nusil 9 / Nusil 10 -3°C
PH-TH7 Kilfrost ABC-S Plus 100/0 Std. Aluminum -3°C
PH-TH8 Kilfrost ABC-S Plus 100/0 Nusil 7 / Nusil 8 -3°C
PH-TH9 Kilfrost ABC-S Plus 100/0 Nusil 9 / Nusil 10 =39C
Notes:

e The quantity of fluid that will be poured for each testis 1.0 L

e Measurements should be made at the 15-cm line at the time of fluid application, and after 2
minutes, 5 minutes, 15 minutes, and 30 minutes.

e |f the results for one fluid vary by more than 10% repeat the two tests and disregard the
highest and lowest values
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

TABLE 4: ICE PHOBIC ENDURANCE TIME TEST PLAN

T;St Precfli_si;:tion 'I;eorg)p P;:;';- Fluid Name D::L":in S:r(::::e Measurements
(g/dm?/h)

PH1 Light Freezing Rain -10 13 (25) Octagon Octaflo EF 10°B(B=27.0) Standard Plate Thickness at 5 mins, Brix at failure
PH2 Light Freezing Rain -10 13 (25) Octagon Octaflo EF 10°B(B=27.0) Nusil 7 / Nusil 8 Thickness at 5 mins, Brix at failure
PH3 Light Freezing Rain -10 13 (25) Octagon Octaflo EF 10°B(B=27.0) Nusil 9 / Nusil 10 | Thickness at 5 mins, Brix at failure
PH4 Freezing Drizzle -10 13 (5) Kilfrost ABC-S + 100/0 Standard Plate Brix/thickness every 15 mins

PH5 Freezing Drizzle -10 13 (5) Kilfrost ABC-S + 100/0 Nusil 7 / Nusil 8 Brix/thickness every 15 mins

PH6 Freezing Drizzle -10 13 (5) Kilfrost ABC-S + 100/0 Nusil 9 / Nusil 10 | Brix/thickness every 15 mins

PH7 Light Freezing Rain -10 25 (13) Dow UCAR EG106 100/0 Standard Plate Thickness at 5 mins, Brix at failure
PH8 Light Freezing Rain -10 25 (13) Dow UCAR EG106 100/0 Nusil 7 / Nusil 8 Thickness at 5 mins, Brix at failure
PH9 Light Freezing Rain -10 25 (13) Dow UCAR EG106 100/0 Nusil 9 / Nusil 10 | Thickness at 5 mins, Brix at failure
PH10 Light Freezing Rain -10 13 (25) Kilfrost ABC-S + 75/25 Standard Plate Thickness at 5 mins, Brix at failure
PH11 Light Freezing Rain -10 13 (25) Kilfrost ABC-S + 75/25 Nusil 7 / Nusil 8 Thickness at 5 mins, Brix at failure
PH12 Light Freezing Rain -10 13 (25) Kilfrost ABC-S + 75/25 Nusil 9 / Nusil 10 | Thickness at 5 mins, Brix at failure
PH13 Freezing Drizzle -3 5(13) Dow UCAR ADF (EG) 10°B(B=17.0) Standard Plate Thickness at 5 mins, Brix at failure
PH14 Freezing Drizzle -3 5(13) Dow UCAR ADF (EG) 10°B(B=17.0) Nusil 7 / Nusil 8 Thickness at 5 mins, Brix at failure
PH15 Freezing Drizzle -3 5(13) Dow UCAR ADF (EG) 10°B(B=17.0) Nusil 9 / Nusil 10 | Thickness at 5 mins, Brix at failure
PH16 Freezing Drizzle -3 13 (5) Kilfrost ABC-S + 50/50 Standard Plate Thickness at 5 mins, Brix at failure
PH17 Freezing Drizzle -3 13 (5) Kilfrost ABC-S + 50/50 Nusil 7 / Nusil 8 Thickness at 5 mins, Brix at failure
PH18 Freezing Drizzle -3 13 (5) Kilfrost ABC-S + 50/50 Nusil 9 / Nusil 10 | Thickness at 5 mins, Brix at failure

Note: Type | tests should be conducted using 1 L of fluid applied at 20°C

TABLE 5: ICE PHOBIC ADHERENCE TEST PLAN

T;S‘ Pre(fli_si;:tion 1;2[8)[) PI;:‘;I; Fluid Name D::I:Jutl:tim SI;‘::e Comments
(g/dm?/h)
PH-AD1 Light Freezing Rain -10 13 No fluid n/a Standard Plate Measure adherence
PH-AD2 Light Freezing Rain -10 13 No fluid n/a Nusil 7 / Nusil 8 Measure adherence
PH-AD3 Light Freezing Rain -10 13 No fluid n/a Nusil 9 / Nusil 10 | Measure adherence
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

TABLE 6: HANGAR TEST PLAN

Te#St Pretfli_;;i:tion 1;?8;) P:;':- Fluid D;{:iiiin SI::::e Measurements Comments
(g/dm?/h)

HG1 Freezing Drizzle -3 5 Cryotech HV1 75/25 Std. Plate Thickness at 5 mins, Brix at failure Fluid/plate at OAT
HG2 Freezing Drizzle -3 5 Cryotech HV1 75/25 Warm Plate Thickness at 5 mins, Brix at failure Fluid/plate @ 20°C
HG3 Freezing Drizzle -3 5 Cryotech HV1 50/50 Std. Plate Thickness at 5 mins, Brix at failure Fluid/plate at OAT
HG4 Freezing Drizzle -3 5 Cryotech HV1 50/50 Warm Plate Thickness at 5 mins, Brix at failure Fluid/plate @ 20°C
HG5 Freezing Drizzle -3 13 Cryotech LV2 100/0 Std. Plate Thickness at 5 mins, Brix at failure Fluid/plate at OAT
HG6 Freezing Drizzle -3 13 Cryotech LV2 100/0 Warm Plate Thickness at 5 mins, Brix at failure Fluid/plate @ 20°C
HG7 Freezing Drizzle -10 5 Cryotech HV1 100/0 Std. Plate Thickness at 5 mins, Brix at failure Fluid/plate at OAT
HG8 Freezing Drizzle -10 5 Cryotech HV1 100/0 Warm Plate Thickness at 5 mins, Brix at failure Fluid/plate @ 20°C
HG9 Freezing Drizzle -10 13 Kilfrost ABC-S + 100/0 Std. Plate Thickness at 5 mins, Brix at failure Fluid/plate at OAT
HG10 Freezing Drizzle -10 13 Kilfrost ABC-S + 100/0 Warm Plate | Thickness at 5 mins, Brix at failure Fluid/plate @ 20°C
HG11 Light Freezing Rain -3 13 Dow EG106 100/0 Std. Plate Brix/thickness/plate temp every 15 mins Fluid/plate at OAT
HG12 Light Freezing Rain -3 13 Dow EG106 100/0 Warm Plate Brix/thickness/plate temp every 15 mins Fluid/plate @ 20°C
HG13 Light Freezing Rain -3 25 Clariant Launch 100/0 Std. Plate Thickness at 5 mins, Brix at failure Fluid/plate at OAT
HG14 Light Freezing Rain -3 25 Clariant Launch 100/0 Warm Plate | Thickness at 5 mins, Brix at failure Fluid/plate @ 20°C
HG15 Light Freezing Rain -10 13 Dow EG106 100/0 Std. Plate Thickness at 5 mins, Brix at failure Fluid/plate at OAT
HG16 Light Freezing Rain -10 13 Dow EG106 100/0 Warm Plate | Thickness at 5 mins, Brix at failure Fluid/plate @ 20°C
HG17 Light Freezing Rain -10 25 Kilfrost ABC-S + 75/25 Std. Plate Thickness at 5 mins, Brix at failure Fluid/plate at OAT
HG18 Light Freezing Rain -10 25 Kilfrost ABC-S + 75/25 Warm Plate | Thickness at 5 mins, Brix at failure Fluid/plate @ 20°C
HG19 Light Freezing Rain -10 25 Cryotech HV1 75/25 Std. Plate Thickness at 5 mins, Brix at failure Fluid/plate at OAT
HG20 Light Freezing Rain -10 25 Cryotech HV1 75/25 Warm Plate Thickness at 5 mins, Brix at failure Fluid/plate @ 20°C
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

TABLE 7: DEPLOYED FLAPS TEST PLAN

Test # Pre(zli_;;i;:tion 'I;irg)p P:;‘/:;zz?:;e Fluid D::I:Jutiiin S:ri:::e Measurements

DF1 Freezing Drizzle -3 5 Cryotech HV1 100/0 Plate (10°) Thickness at 5 mins, Brix at failure
DF2 Freezing Drizzle -3 5 Cryotech HV1 100/0 Plate (20°) Thickness at 5 mins, Brix at failure
DF3 Freezing Drizzle -3 5 Cryotech HV1 100/0 Plate (35°) Thickness at 5 mins, Brix at failure
DF4 Freezing Drizzle -3 5 Cryotech HV1 100/0 Nested Plate (20°) Thickness at 5 mins, Brix at failure
DF5 Freezing Drizzle -3 5 Cryotech HV1 100/0 Nested Plate (35°) Thickness at 5 mins, Brix at failure
DF6 Freezing Drizzle -3 13 Cryotech LV2 100/0 Plate (10°) Brix/thickness every 15 mins

DF7 Freezing Drizzle -3 13 Cryotech LV2 100/0 Plate (35°) Brix/thickness every 15 mins

DF8 Freezing Drizzle -3 13 Cryotech LV2 100/0 Nested Plate (35°) Brix/thickness every 15 mins

DF9 Freezing Drizzle -10 5 Cryotech HV1 75/25 Plate (10°) Brix/thickness every 15 mins
DF10 Freezing Drizzle -10 5 Cryotech HV1 75/25 Plate (20°) Brix/thickness every 15 mins

DF11 Freezing Drizzle -10 5 Cryotech HV1 75/25 Nested Plate (20°) Brix/thickness every 15 mins
DF12 Freezing Drizzle -10 13 Kilfrost ABC-S + 100/0 Plate (10°) Thickness at 5 mins, Brix at failure
DF13 Freezing Drizzle -10 13 Kilfrost ABC-S + 100/0 Plate (35°) Thickness at 5 mins, Brix at failure
DF14 Freezing Drizzle -10 13 Kilfrost ABC-S + 100/0 Nested Plate (35°) Thickness at 5 mins, Brix at failure
DF15 Light Freezing Rain -3 13 Dow Endurance EG106 100/0 Plate (10°) Thickness at 5 mins, Brix at failure
DF16 Light Freezing Rain -3 13 Dow Endurance EG106 100/0 Plate (35°) Thickness at 5 mins, Brix at failure
DF17 Light Freezing Rain -3 13 Dow Endurance EG106 100/0 Nested Plate (35°) Thickness at 5 mins, Brix at failure
DF18 Light Freezing Rain -3 25 Clariant Launch 100/0 Plate (10°) Thickness at 5 mins, Brix at failure
DF19 Light Freezing Rain -3 25 Clariant Launch 100/0 Plate (20°) Thickness at 5 mins, Brix at failure
DF20 Light Freezing Rain -3 25 Clariant Launch 100/0 Nested Plate (20°) Thickness at 5 mins, Brix at failure
DF21 Light Freezing Rain -10 13 Dow Endurance EG106 100/0 Plate (10°) Thickness at 5 mins, Brix at failure
DF22 Light Freezing Rain -10 13 Dow Endurance EG106 100/0 Plate (35°) Thickness at 5 mins, Brix at failure
DF23 Light Freezing Rain -10 13 Dow Endurance EG106 100/0 Nested Plate (35°) Thickness at 5 mins, Brix at failure
DF24 Light Freezing Rain -10 25 Kilfrost ABC-S + 75/25 Plate (10°) Thickness at 5 mins, Brix at failure
DF25 Light Freezing Rain -10 25 Kilfrost ABC-S + 75/25 Plate (35°) Thickness at 5 mins, Brix at failure
DF26 Light Freezing Rain -10 25 Kilfrost ABC-S + 75/25 Nested Plate (35°) Thickness at 5 mins, Brix at failure

Note: For nested flap tests, pour 1 L on 10° plate, then pour 1 L on nested 20°/35° plate
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

TABLE 7: DEPLOYED FLAPS TEST PLAN (CONT’'D)

Test # Pre(zli_;;i;:tion 'I;irg)p P:;‘/:;zz?:;e Fluid D::I:Jutiiin S:ri:::e Measurements

DF27 Freezing Fog -3 2 Cryotech HV1 50/50 Plate (10°) Thickness at 5 mins, Brix at failure
DF28 Freezing Fog -3 2 Cryotech HV1 50/50 Plate (20°) Thickness at 5 mins, Brix at failure
DF29 Freezing Fog -3 2 Cryotech HV1 50/50 Nested Plate (20°) Thickness at 5 mins, Brix at failure
DF30 Freezing Fog -3 5 Cryotech LV2 50/50 Plate (10°) Thickness at 5 mins, Brix at failure
DF31 Freezing Fog -3 5 Cryotech LV2 50/50 Plate (35°) Thickness at 5 mins, Brix at failure
DF32 Freezing Fog -3 5 Cryotech LV2 50/50 Nested Plate (35°) Thickness at 5 mins, Brix at failure
DF33 Freezing Fog -14 2 Kilfrost ABC-S + 100/0 Plate (10°) Thickness at 5 mins, Brix at failure
DF34 Freezing Fog -14 2 Kilfrost ABC-S + 100/0 Plate (35°) Thickness at 5 mins, Brix at failure
DF35 Freezing Fog -14 2 Kilfrost ABC-S + 100/0 Nested Plate (35°) Thickness at 5 mins, Brix at failure
DF36 Freezing Fog -14 5 Clariant Launch 100/0 Plate (10°) Thickness at 5 mins, Brix at failure
DF37 Freezing Fog -14 5 Clariant Launch 100/0 Plate (35°) Thickness at 5 mins, Brix at failure
DF38 Freezing Fog -14 5 Clariant Launch 100/0 Nested Plate (35°) Thickness at 5 mins, Brix at failure
DF39 Freezing Fog -25 2 Dow Endurance EG106 100/0 Plate (10°) Thickness at 5 mins, Brix at failure
DF40 Freezing Fog -25 2 Dow Endurance EG106 100/0 Plate (20°) Thickness at 5 mins, Brix at failure
DF41 Freezing Fog -25 2 Dow Endurance EG106 100/0 Nested Plate (20°) Thickness at 5 mins, Brix at failure
DF42 Freezing Fog -25 5; Kilfrost ABC-S + 100/0 Plate (10°) Thickness at 5 mins, Brix at failure
DF43 Freezing Fog -25 5 Kilfrost ABC-S + 100/0 Plate (35°) Thickness at 5 mins, Brix at failure
DF44 Freezing Fog -25 5 Kilfrost ABC-S + 100/0 Nested Plate (35°) Thickness at 5 mins, Brix at failure

Note: For nested flap tests, pour 1 L on 10° plate, then pour 1 L on nested 20°/35° plate
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

TABLE 8: HEATED LEADING EDGE TEST PLAN

Test # Precipitation Type 1;6078)[' Pn(';(/:(iﬁ{lzl’/l:)te Fluid Brand Dilution Test Surface Measurements

LE-1 Light Freezing Rain -10 25 Cryotech HV1 100/0 Standard Plate Brix/thickness/plate temp every 15 mins
LE-2 Light Freezing Rain -10 25 Cryotech HV1 100/0 Heated Box Brix/thickness/plate temp every 15 mins
LE-3 Light Freezing Rain -10 13 Cryotech LV2 100/0 Standard Plate Brix/thickness/plate temp every 15 mins
LE-4 Light Freezing Rain -10 13 Cryotech LV2 100/0 Heated Box (100°) Brix/thickness/plate temp every 15 mins
LE-5 Freezing Drizzle -10 13 Dow EG106 100/0 Standard Plate Thickness at 5 mins, Brix at failure

LE-6 Freezing Drizzle -10 13 Dow EG106 100/0 Heated Box Thickness at 5 mins, Brix at failure
LE-7* Freezing Drizzle -10 5 Kilfrost ABC-S + 100/0 Standard Plate Thickness at 5 mins, Brix at failure
LE-8* Freezing Drizzle -10 5 Kilfrost ABC-S + 100/0 Heated Box Thickness at 5 mins, Brix at failure

* Optional test, do only if time permitting

Note: For heated box tests, apply fluid, wait 5 minutes, heat box.

M:\Projects\PM2169.003 (TC Deicing 10-11}\Procedures\NRC\Final Version 1.0\NRC Procedure - Final Version 1.0.doc
Final Version 1.0, April 11

26 of 42

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix B\Appendix B4.docx

B-58

Final Version 1.0, October 19



APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

TABLE 9: RUNWAY DEICER TEST PLAN

Test # Precipitation Type 'I;eorg)p P:;fzzz?s)te Fluid Brand Dilution ConS.V\/I%ty* Comments Measurements

RWD1 Freezing Drizzle -3 5 Cryotech HV1 75 N/A Thickness at 5 mins, Brix at failure
RWD2 Freezing Drizzle -3 5 Cryotech HV1 75 25%/1.5mL Apply RWD then ADF | Thickness at 5 mins, Brix at failure
RWD3 Freezing Drizzle -3 5 Cryotech HV1 75 25%/1.5mL Apply ADF then RWD | Thickness at 5 mins, Brix at failure
RWD4 Freezing Drizzle -3 13 Cryotech LV2 100 N/A Thickness at 5 mins, Brix at failure
RWDb5 Freezing Drizzle -3 13 Cryotech LV2 100 5%/1.5mL Apply RWD then ADF | Thickness at 5 mins, Brix at failure
RWD6 Freezing Drizzle -3 13 Cryotech LV2 100 5%/1.5mL Apply ADF then RWD | Thickness at 5 mins, Brix at failure
RWD7 Freezing Drizzle -10 5 Cryotech HV1 100 N/A Thickness at 5 mins, Brix at failure
RWD8 Freezing Drizzle -10 5 Cryotech HV1 100 25%/1.5mL Apply RWD then ADF | Thickness at 5 mins, Brix at failure
RWD9 Freezing Drizzle -10 5 Cryotech HV1 100 25%/1.5mL Apply ADF then RWD | Thickness at 5 mins, Brix at failure
RWD10 Freezing Drizzle -10 13 Kilfrost ABC-S + 100 N/A Thickness at 5 mins, Brix at failure
RWD11 Freezing Drizzle -10 13 Kilfrost ABC-S + 100 25%/1.5mL Apply RWD then ADF | Thickness at 5 mins, Brix at failure
RWD12 Freezing Drizzle -10 13 Kilfrost ABC-S + 100 5%/1.5mL Apply RWD then ADF | Thickness at 5 mins, Brix at failure
RWD13 Freezing Drizzle -10 13 Kilfrost ABC-S + 100 25%/1.5mL Apply ADF then RWD | Thickness at 5 mins, Brix at failure
RWD14 Freezing Drizzle -10 13 Kilfrost ABC-S + 100 5%/1.5mL Apply ADF then RWD | Thickness at 5 mins, Brix at failure
RWD15 Light Freezing Rain -3 13 Clariant Flight 100 N/A Thickness at 5 mins, Brix at failure
RWD16 | Light Freezing Rain -3 13 Clariant Flight 100 5%/1.5mL Apply RWD then ADF | Thickness at 5 mins, Brix at failure
RWD17 Light Freezing Rain -3 13 Clariant Flight 100 5%/1.5mL Apply ADF then RWD | Thickness at 5 mins, Brix at failure
RWD18 Light Freezing Rain -3 25 Clariant Launch 100 N/A Thickness at 5 mins, Brix at failure
RWD19 Light Freezing Rain -3 25 Clariant Launch 100 25%/1.5mL Apply RWD then ADF | Thickness at 5 mins, Brix at failure
RWD20 | Light Freezing Rain -3 25 Clariant Launch 100 25%/1.5mL Apply ADF then RWD | Thickness at 5 mins, Brix at failure
RWD21 Light Freezing Rain -10 13 Dow Endurance EG106 100 N/A Thickness at 5 mins, Brix at failure
RWD22 Light Freezing Rain -10 13 Dow Endurance EG106 100 5%/1.5mL Apply RWD then ADF | Thickness at 5 mins, Brix at failure
RWD23 Light Freezing Rain -10 13 Dow Endurance EG106 100 5%/1.5mL Apply ADF then RWD Thickness at 5 mins, Brix at failure
RWD24 | Light Freezing Rain -10 25 Kilfrost ABC-S + 75 N/A Brix/thickness every 156 mins
RWD25 Light Freezing Rain -10 25 Kilfrost ABC-S + 75 25%/1.5mL Apply RWD then ADF | Brix/thickness every 15 mins
RWD26 Light Freezing Rain -10 25 Kilfrost ABC-S + 75 5%/1.5mL Apply RWD then ADF Brix/thickness every 15 mins
RWD27 Light Freezing Rain -10 25 Kilfrost ABC-S + 75 25%/1.5mL Apply ADF then RWD | Brix/thickness every 15 mins
RWD28 Light Freezing Rain -10 25 Kilfrost ABC-S + 75 5%/1.5mL Apply ADF then RWD Brix/thickness every 15 mins

*Concentrations may be changed during testing, depending on initial results.
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

TABLE 10: ICE PELLETS TEST PLAN

Fluid ) Fluid Precip. Ambient Fluid Precip. Target ]
Test # Type Fluid Name Dilution Type Temp Temp Ratcz-) AIIowanf:e Time Test Surface
(°C) (°C) {g/dm?/h) (min)
IP1 \% Kilfrost ABC-S + Neat IP- -5 -5 25 50+5 Plate (10°)
1P2 v Octagon Max-Flight 04 Neat 1P- -5 -5 25 50+5 Plate (10°)
IP3 v Dow FlightGuard AD-49 Neat IP- -5 -5 25 50+5 Plate (10°)
P4 [\ Kilfrost ABC-S + Neat IP- -5 -5 25 25+5 Plate (35°)
IP5 v Kilfrost ABC-S + Neat IP -5 -5 75 25+5 Plate (10°)
IP6 v Octagon Max-Flight 04 Neat IP -5 -5 75 2545 Plate (10°)
1P7 v Dow FlightGuard AD-49 Neat IP -5 -5 75 25+5 Plate (10°)
IP8 v Dow AD-49 Neat IP -5 -5 75 13+5 Plate (35°)

Notes:
L]
L]

.

Tests will be conducted at small end of chamber during Freezing Fog, -3°C conditions
Tests should be run at least 5 minutes longer than target allowance time
Measure/record fluid thickness at t=5 minutes, fluid Brix at failure, and adherence if it occurs.
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

TABLE 11: TASK ASSIGNMENTS BY TEST CONDITION

vz

IP Ast
Sprayer Mgr

HOT Ast
Sprayer Mgr

HOT Ast
Sprayer Mgr

HOT Ast
Sprayer Mgr

HOT Ast
Sprayer Mgr

HOT Ast
Sprayer Mgr

FREEZING FREEZING FREEZING FREEZING FREEZING FREEZING FREEZING COLD SOAK
FOG FOG RAIN RAIN DRIZZLE DRIZZLE DRIZZLE WING
(-3) (-14,-25) (-3) (-10) (-3) (-10, 13) (-10, 5) (+1)
SB Rate Mgr Rate Mgr Rate Mgr Rate Mgr Rate Mgr Rate Mgr Rate Mgr Rate Mgr

YOW Rate Ast Rate Ast Rate Ast Rate Ast Rate Ast Rate Ast Rate Ast Rate Ast
. _____________________________________________________|
HOT Mgr HOT Mgr
JD DF Mgr DF Mgr HOT Mgr HOT Mgr HOT Mgr HOT Mgr HOT Mgr HOT Mgr

HOT Ast
Sprayer Mgr

CS Box Prep
Sprayer Mgr

DF Mgr DIF ¥ikgr DF Mgr DIF ¥t DF Mgr
HG Mar G L PH Mar IE L HG Mgr
MR IP Mgr N/A g LE Mgr g LE Mgr 4 CS Box Mgr
TH Mgr HG Mgr LE Mgr
RDF Mgr i M RDF Magr PiiMac RDF Mgr
9 RDF Mgr 9 RDF Mgr 9
e ——
DY MR Ast N/A MR Ast MR Ast MR Ast MR Ast MR Ast CS Box Prep
S e e e e
HOT X X X X X X X X
Thickness - - X - - - - -
Ice Phobic - - - X X X - -
Hangar - ol X X X X X -
Depl. Flaps X X X X X X X -
Heated LE - - - X - X X -
Runway - - X X X X X -
P X R : - - 5 = :
Sprayer X X X X X X X X

*When YOW?2 is not needed on specific projects, he will be a second Rate Assistant and Fluid Assistant
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

TABLE 12: LIST OF FLUIDS
TYPE |
Fluid Litres Required per Project
Fluid Name Batch # FFP Brix
Type ET TH |PH-TH | PH-ET |PH-AD| HG DF HLE RD P ALL
Dow UCAR ADF (EG) unknown | -13°C| 17.0 - - 3 3 - - - - - - 6
Dow UCAR ADF (EG) unknown | -35°C | 30.0 - - 3 - . g - — = 3
Octagon Octaflo EF WL-102009 | -20°C | 27.0 - - - 3 - - - - - - 3
ALL - - 6 6 - - - - 12
TYPE II/IV
Fhild Name o Fluid Fllfid Litres Required per Project

Type | Dil. ET TH |PH-TH| PH-ET |PH-AD| HG DF HLE RD P ALL

Cryotech HV1 1.035.1600 v 100/0 32 2 - - - 2 7 2 3 - 48
Cryotech HV1 1.035.1600 v 75/25 28 2 - - - 4 4 - 3 - 41
Cryotech HV1 1.035.1600 \% 50/50 12 2 - - 2 4 - - 20
Cryotech LV2 1.042.1430 v 100/0 32 2 - - - 2 4 2 3 - 45
Cryotech LV2 1.042.1430 \% 75/25 28 2 - - - - - - - 30
Cryotech LV2 1.042.1430 \% 50/50 12 2 - - - 4 - - 18
Kilfrost ABC-S + P/282/12/10 \% 100/0 - 3 3 - 2 12 2 3 30
Kilfrost ABC-S + P/282/12/10 \% 75/25 - - - 3 - 2 4 - - 14

Kilfrost ABC-S + P/282/12/10 v 50/50 - - 3 - - - - 3

Clariant Flight DEG4143041 I 100/0 - - - - - - 3 - 3
Clariant Launch USHA024295 \% 100/0 - - - 2 8 3 - 13

Dow FlightGuard AD49 uL24 \% 100/0 - - - - - - 3 3
Dow Endurance EG106 | GMID297182 B5 | IV 100/0 - - 3 - 4 12 2 3 24

Octagon Max-Flight 04 WL122210-4 v 100/0 - - - 2 2
ALL 144 12 3 12 - 20 59 8 28 8 260
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

TABLE 13: TYPE | DILUTION TABLES

Octagon Octaflo EF
-9 1 27.5 18.50 1.1 2.9
=113} -3 32.0 21.25 1.3 2.7
-16 -6 36.0 23.50 1.4 2.6
-20 -10 42.0 27.00 1.7 2.3
-35 -25 56.0 34.50 2.2 1.8
Dow UCAR ADF (EG)
-9 1 21.6 13.50 0.9 3.1
-13 -3 26.0 17.00 1.0 3.0
-16 -6 31.0 19.75 1.2 2.8
-20 -10 36.0 22.50 1.4 2.6
-35 -25 49.0 30.00 2.0 2.0
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OVERALL PROGRAM OF TESTS AT NRC, APRIL 2011

TABLE 14: EQUIPMENT LIST

EQUIPMENT LOCATION | [EQUIPMENT LOCATION
1L Pour containers (see separate list) Site Ink cartridge for printer Buy
Barrel Opener Site Nuts to separate plates x 100 Buy
Boards for cold-soak test x 13 Site Shelving unit x 1 Buy
Brixometer x 3 Site
Buckets for mixing cold-soak fluid* Site Accordian Folder Office
Clipboards x 10 Site ARP 5485 and ARP 5945 Office
Close circuit TV camera for rates Site Chamber Settings Office
Cold-soak box filling stand Site Data Forms printed on Water Phobic Paper Office
Cold-soak boxes (all in good condition) Site Envelopes (9x12) x box Office
Collection pans for stands (one per stand) Site Hard Drive with Current Project folder Office
Electrical Extension Cords x2 Site HOT Report + HOT Tables Office
Fluids (see Table 12) Site Mouse for Rate Station Office
Funnels x 4 Site One Temp Logger Laptop (Old Toshiba) Office
Gloves - cotton Site Paper for printer (1 pack) Office
Gloves - yellow Site Pencils (pre-sharpened) + pens + markers Office
Hard water chemicals Site Printer Office
Inclinometer (yellow level) x 2 Site Rate computer x2 Office
Isopropyl x 15 Site Test Procedures x 2 (1 sided) Office
Large digital clock x 2 Site
Marker for Waste x 2 Site SPRAYER DOCUMENTATION PROJECT LOCATION
Measuring Cups (various sizes) Site MR camera x 1 Site
Memory Card Reader Site Camera Suitcase Pack x1 Office
Paper Towels (lots) Site
Plate covers x 16 Site HEATED LE PROJECT LOCATION
Plates: 12 w/logging + 15 w/o logging Site Un-insulated standard LETE box (no logger) Site
Precipitation Rate Pans x 100 Site Propane torches with auto trigger (x4) Buy
Protective clothing x 6 Site Propane refills (x4) Buy
Rate scales with wiring x 2 Site
Rubber squeegees x 6 Site DEPLOYED FLAPS PROJECT LOCATION
Scrapers x 6 Site 20° test stand x 2 Site
Shop Vac + Sump Pump + Tubing Site 35° test stand x 2 Site
Speed tape Site
Spreaders: 12-hole x 2 Site RUNWAY DEICER PROJECT LOCATION
Tape measure (yellow + small) Site RDF Fluid Site
Temperature probes: immersion x 2 Site Spray bottles x2 Site
Temperature probes: surface x 2 Site
Test Stand Shims (poker chips) Site ICE PHOBIC PROJECT LOCATION
Test Stands: 2 x 6-position Site Ice Phobic Test Plates x2 Site
Test Stands: 9-positions (1,2,3 position stands) Site Adhesion Probe Box Site
Thermistor Kit + blue USB + black RS232 Site
Thermos x 6 (1 full kit with wood holder) Site ICE PELLET PROJECT LOCATION
Thickness Gauges x 4 (both types) Site Ice pellets dispersers x6 Site
Tote for Waste Fluid Site Stands for ice pellets dispensing devices x6 Site
Vise grip (large) for containers Site Ice Pellet control wires and boxes (all) Site
Walkie Talkies x 4 Site IP Styrofoam cont. x20+(10 S/10 L + Extra) Site
Watmans Paper and conversion charts Site Ice bags Order
Weigh Scale x 2 (sartorius) + wiring Site Blenders x6 + Site
White Billboard for water run-off (large & small) Site Ice pellets sieves Site
Yellow Carrying Cases for Pour Containers x 2 Site Folding tables Site
Yellow Ice Pic Site Measuring cups Site
Wooden Spoons Site
Cold-soak fluid pump NRC Rubber Mats Site
Fluid for cold-soak boxes (barrel) NRC
Rubber Mats NRC
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FIGURE 4: FREEZING PRECIPITATION ENDURANCE TIME DATA FORM

REMEMBER TO SYNCHRONIZE TIME

LOCATION: CEF (Ottawa) DATE: RUN NUMBER: STAND #:

TIME TO FAILURE FOR INDIVIDUAL CROSSHAIRS (real time)

Time of Fluid Application:

Initial Plate Temperature (°C)
(NEEDS TO BE WITHIN 0.5°C OF AIR TEMP)

Initial Fluid Temperature (°C)
(NEEDS TO BE WITHIN 3°C OF AIR TEMP)

Plate 1 Plate 2 Plate 3 Plate 4 Plate 5 Plate 6

FLUID NAME/BATCH

B1B2B3

c1c2c3

D1D2D3

E1E2E3

F1F2F3

TIME TO FIRST PLATE
FAILURE WITHIN WORK AREA

FAILURE CALL (circle) V.Difficult  Difficult.  Easy V.Difficult  Difficult.  Easy V.Difficult  Difficult.  Easy V.Difficult  Difficult.  Easy V.Difficult ~ Difficult  Easy V. Difficult ~ Difficult.  Easy

HRZ. AIR VELOCITY * (circle) A B c A B L+ A B o A B [ o4 A B c A B (+

Time of Fluid Application:

Initial Plate Temperature (°C)
(NEEDS TO BE WITHIN 0°C OF AIR TEMP)

Initial Fluid Temperature (°C)
(NEEDS To BE WITHIN 3°C OF AIR TEMP)

Plate 7 Plate 8 Plate 9 Plate 10 Plate 11 Plate 12

FLUID NAME/BATCH

B1B2B3

c1c2c3

D1D2D3

E1E2E3

F1F2F3

TIME TO FIRST PLATE
FAILURE WITHIN WORK AREA

FAILURE CALL (circle) V.Difficult  Difficult.  Easy V.Difficult  Difficult.  Easy V.Difficult  Difficult.  Easy V.Difficult  Difficult.  Easy V.Difficult  Difficult.  Easy V.Difficult  Difficult.  Easy
HRZ. AR VELOCITY * {circle) A B G A B c A B c A B c A B c A B c

NOTE:

AMBIENT TEMPERATURE: °c * A: HORIZONTAL AIR VELOCITY <0.4 mis
. B: 0.4 m/s < HORIZONTAL AIR VELOCITY £ 1.0 m/s

COMMENTS: C: HORIZONTAL AIR VELOCITY > 1.0 mis

PRECIP (circle): ZF, 2D, ZR-, MOD

LEADER / MANAGER:
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FIGURE 5: NRC RATE MANAGEMENT FORM
DATE:
CONDITION: TECHNICIAN:
PAN # TAB TIME OUT |1% or 2" Rate PAN # TAB TIME OUT |1% or 2" Rate|
Retired: 1 2 3 4 5 6 7 8 9 10 11 12
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FIGURE 6: FLUID THICKNESS DATA FORM

DATE: TEMPERATURE °C (beg.): PERFORMED BY:
TEST #: to WIND SPEED, kph (beg.): WRITTEN BY:
STAND: LOCATION: CEF (NRC)
THICKNESS (mil)
Plate: U Run #: Plate: V Run #: Plate: W Run #: Plate: X Run #: Plate: 'Y Run #: Plate: Z Run #:
Fluid: Fluid: Fluid: Fluid: Fluid: Fluid:
Application Time: Application Time: Application Time: Application Time: Application Time: Application Time:
TIME 6" LINE TIME 6" LINE TIME 6" LINE TIME 6" LINE TIME 6" LINE TIME 6" LINE
1\Groups\Cm1680 (01-02)\Procedures\Thickness\Thickness Form
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FIGURE 7: ICE PHOBIC FLUID THICKNESS DATA FORM

LOCATION: NRC CONDITION: DATE: RUN#: STAND#:
PLATE #
SURFACE Aluminum Nusil 7 Nusil 8 Nusil 9 Nusil 10
FLUID NAME
TIME OF
FLUID APP.
1 2 3 1 2 3 1 2 3
Bl o ° B ; ° B| ° <
[~ o o o C| © c] o o
D o ° D ° ° D ° B
g o o g : o g H o
F B . H o : o F B
Aluminum Nusil 7 Nusil 8 Nusil 9 Nusil 10
THICKNESS MEASUREMENTS (mil)
TIME 6" LINE TIME 6" LINE 6" LINE TIME 6" LINE 6" LINE
PERFORMED BY: WRITTEN BY:
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FIGURE 8: ICE PHOBIC END CONDITION DATA FORM

LOCATION: NRC CONDITION: DATE: RUN#: STAND#:
PLATE #
SURFACE Aluminum Nusil 7 Nusil 8 Nusil 9 Nusil 10
FLUID NAME
TIME OF FLUID APPLICATION
TIME OF FLUID FAILURE
1 2 3 1 2 3 1 z 3
B . o . B o ‘E o 8 o q o
Jd . . . B : . B H .
DESCRIBE ADHESION
AND DRAW FAILURE . . . 8 ) : ) o ) : )
AT TIME OF PLATE 1 i :
FAILURE H H
o . s . B " i ; . . H .
H s . . o ) H 2 : 5
Aluminum Nusil 7 g Nusil 8 Nusil 9 § Nusil 10
BRIX MEASUREMENTS (TIME / BRIX]
5MIN | ! | 5MIN ‘ { | | ) I 5MIN | J | | 4 |
e | ’ | el J[ ] e [ ]
ATP1FAIL | / | ATP1FAIL ‘ ! I AT P1FAIL | / I
THICKNESS MEASUREMENTS (TIME / THICKNESS
5MIN | d | 5MIN ‘ / | | ! | 5MIN | ! | | ! |
e | ’ | el J[ ] ee o [ ]
AT P1FAIL | / I AT P1FAIL [ . | | / I ATP1FAIL I i I l / I
RCONALCORIERTE Atuminum Nusil 7 Nusil 9
Nusil 8 Nusil 10
check if there are more notes on the other side [ |
PERFORMED BY: WRITTEN BY:
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FIGURE 9: FLUID BRIX / FLUID THICKNESS / PLATE TEMPERATURE DATA FORM

DATE: PERFORMED BY:
RUN #: WRITTEN BY:
STAND: LOCATION:
Plate / BOX: Plate/BOX: Plate/BOX: Plate/BOX:
Fluid: Fluid: Fluid: Fluid:
TIME Brix Thickness | Plate Temp. TIME Brix Thickness | Plate Temp. TIME Brix Thickness | Plate Temp. TIME Brix Thickness | Plate Temp.
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FIGURE 10: BRIX / THICKNESS DATA FORM

FLUID BRIX/THICKNESS DATA FORM

DATE: PERFORMED BY:
RUN# WRITTEN BY:
STAND: LOCATION:
Plate/BOX: Plate/BOX: Plate/BOX: Plate/BOX:
Fluid: Fluid: Fluid: Fluid:
Brix at Thick. at Brix at Thick. at Brix at Thick. at Brix at Thick. at
AIME 15cmLine |15 cm Ling] TIME 15¢cm Line |15cm Ling] TIME 15¢mLine |15 cm Ling] INE 15cmLine |15 cm Line]
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FIGURE 11: ADHERENCE OF FLUID FAILURE DATA FORM
Date:
Test #: Fluid / Dilution: Plate Location:
t= t= t =
1 2 3 1 2 3 1 2 3
B o o ° B ° ° o B o o o
(o] o o o c ° ° o Cc o o o
D o o o D ° o o D o o o
E o o ° E ° ° o E o o o
F o o ° F o ° o F o o o
L 1
Test #: Fluid / Dilution: Plate Location:
t= t= ]
1 2 3 1 2 3 1 2 3
B o o o B| o ° o B o o o
(o] o o ° c ° ° o c o o o
D o o o D ° ° o D o o o
E o o ° E ° ° o E o o o
F o o ° F ° ° o F o o o
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FIGURE 12: POSITION OF ICE PELLET DISPENSER SYSTEM DATA FORM

DATE:

CONDITICN:

TIME:

TYPE OF PRECIPITATION ON PLATE (circle precip. type)

OPERATIONAL TIME LOG OF ICE PELLET DISPENSER

Pos. 1||Pos. 2||Pos. 3||Pos. 4||Pos. 5||Pos. 6 IP DISPENSER ON |IP DISPENSER OFF | IP DISPENSER ON | IP DISPENSER OFF
ZR 7R 7R 7R 7R 7R
IP IP IP b -} P Ip
ZR/ ZR/ 2R/ ZR/ ZR/ ZR/
IP IP IR Ip e I®
Pos. 7||Pos. 8||Pos. 9||Pos.10|(Pos.1l||Pos.12
ZR ZR ZR ZR ZR ZR
1P TP 1P 1P IP Ip
ZR/ 2R/ ZR/ ZR/ ZR/ ZR/
Ip b 2 Ip ip 1p Ip
POSITION" OF ICE PELLET DISPENSER
Y
X
x Y
Z
Z (height above ground)
MARK POSITION OF DISPENSER RELAT TO PLATES WITH AN “X” IN SP.
(1) origin is bottom left corner of stand
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FIGURE 13: STAND POSITION / SPRAYER CHARACTERISTICS FORM

STEP 1 STEP 2 STEP 3| STEP 4
. . | Time that plate
Final Stand Position Area of spray zone C‘!c © . P
Test | Condition Time is Impacted
X \% x1 v1 x2 v2 x3 y3 sec. secs | video
1 ZR3H
2 ZR3L
3 ZR10H
4 ZR10L
5 ZD3H
6 ZD3L
i ZD10H
8 ZD10L
9 ZFOG3H
10 ZFOG3L
1 ZFOG10H
12 ZFOG10L
13 ZFOG14H
14 ZFOG14L
15 ZFOG25H
16 ZFOG25L
17 CSWH
18 CSWL
Outdoors
Step 1: Measure test stand location at end of condition (during rates) + 2.5 cm
Step 2: Visually inspect where precipitation hits the ground; record area +30 cm
< X2 measure from east wall (closest)
<« X3 measure from east wall (furthest)
{ Y2 measure from south wall {closest}
1 Y3 measure from south wall (furthest)
wW
Step 3: Measure time the spray pattern takes to complete 1 cycle (because of
interlinking of spray pattern the sprayer goes through 2 sweeps) + 1 sec
Step 4: Take video of one plate position for one cycle in each condition (suggest
using blue towel).

Year:

Performed by:

Written by:
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OVERALL PROGRAM OF TESTS AT NRC, JULY 2011
Winter 2010-11

1. INTRODUCTION

This document was prepared to bring together several projects that require
testing at the National Research Council Climactic Engineering Facility (NRC) in
Ottawa. Tests will be carried out from July 19-21, 2011.

The primary objective of the test session is to measure the endurance times of
one new Type | fluid. Several other research projects will also be carried out.
This document provides the schedule, personnel, fluid, and equipment
requirements for each of the projects involved.

A tentative test schedule is included in Figure 1.

2. PROJECTS, PROCEDURES AND OBJECTIVES

The projects that will be carried out at the July 2011 NRC test session are listed
in this section. The objectives and procedures for each project are provided. The
test procedures for some projects are provided in separate detailed documents,
which are referenced in the appropriate subsection and listed in Section 9.

2.1 Endurance Times of New Fluids (New Fluid ETs)

The objective of this project is to measure endurance times of new fluids. This
will include Type | tests and limited Type IV tests, as described below.

* Type I: Tests will be conducted with a new non-glycol Type | fluid over
the entire range of freezing precipitation conditions encompassed by the
Type | HOT table. The fluid will be tested under the fluide code “E2”.

¢ Preliminary Type IV: Tests will be conducted with four experimental
Type IV fluids in select test conditions (ZD/10/5, ZD/10/13, ZD/3/13,
ZF/3/5, ZR/6/13, ZR/6/25, ZR/10/25). The fluids will be tested under the
fluid codes “B1”, “B2”, “K1” and “K2".

* Confirmation of -25°C HOTs for LOUT: Tests will be conducted with a
Type IV fluid (fluid code “C1”) at the fluid’s LOUT (-30.5°C) in freezing
fog to confirm the validity of -25°C holdover times for use at the LOUT.
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The procedure for conducting these tests is given in the document Test
Requirements for Simulated Freezing Precipitation Flat Plate Testing (1). The
test stands should be situated in the cold chamber as per the measurements
provided in Figure 2. The cold soak boxes should be prepared using the
procedure provided in Attachment 1.

The test plan for these tests is given in Table 1. All tests will be conducted on
the main test stand.

2.2 Thickness of New Fluids (Fluid Thickness)

The objective of these tests is to measure the thickness of the Type | non-glycol
fluid (fluid code “E2”) on flat plates. The procedure for these tests is entitled
Experimental Program to Establish Film Thickness Profiles for De-Icing and
Anti-Icing Fluids on Flat Plates (2) and can be found in Transport Canada Report
TP 13991E, Appendix I.

The test plan for Fluid Thickness tests is given in Table 2. The tests will be
conducted at the small end of the chamber outside of the spray area.

2.3 Effect of Runway Deicers on Endurance Times (Runway Deicers)

Recent research showed that when thickened aircraft anti-icing fluid came in
contact with minimal amounts of runway deicing fluids (formate or acetate
based), anti-icing protection provided by the aircraft anti-icing fluid could be
diminished. The separation of the thickening agents in the fluid consequently
reduced holdover time.

Recent EASA guidance indicates that when using a two-step de/anti-icing
process the application of the first step with water or Type | aircraft anti-icing
fluid solution cleans off the contamination from the runway deicing fluid so that
the anti ice protection provided with the second step is not affected by the
runway deicing fluids. Testing is required to verify if the first step application is
limited to water or Type I, or can be generalized to all applicable de/anti-icing
fluids in accordance with current fluid application guidelines.

A limited set of comparative tests will be conducted simulating two-step
applications with different first step fluids (both thickened and un-thickened).
Due to the close connection between fluid thickness and endurance time, and to
limit testing efforts, testing will evaluate fluid thickness during a 30-minute
period following the application of the second step. RDF will be applied in 25%
concentration by volume (diluted with water) and will be applied at 0.1 g/dm?
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(1.5 mL per plate) on the surface at least 1-hour prior to the start of the test. If
large differences in fluid thickness are observed, more extensive comparative
endurance time testing may be necessary and will be recommended to validate
the results obtained. Therefore this set of tests will be scheduled early in the
test session.

The test plan for Runway Deicer tests is given in Table 3. These tests will be
conducted at the small end of the chamber outside of the spray area.

2.4 Endurance Times on Flaps and Slats (Flaps and Slats)

Previous preliminary work conducted in the NRC PIWT and at the NRC CEF on a
2D wing section and flat plates has indicated a potential for early fluid failure on
flaps, especially in cases where a disconnect is present in the fluid flow.
Although no testing was conducted simulating slats, it was assumed that the
scenario would be similar or worst due to the presence of a disconnect in the
fluid flow, and steeper angles on the leading edge. Based on the comments from
the San Francisco G-12 meeting, additional flat plate testing and potentially
full-scale testing was recommended to investigate different flap and slat
configurations to validate the results obtained. The following diagram shows the
different flap and slat configurations.

Testing will have three objectives. Other test objectives related to flaps and
slats were initially proposed, but will not be investigated during this session.
Consideration will be given to including the omitted items in the winter session.

Objective #1 — Nested Flap Configurations with Larger Gaps: Conduct flat plate
test using previously used methodology, however simulating larger gaps
between the top “feeding” plate and the bottom plate. Consider using fans to
simulate wind conditions in the chamber to determine effects on fluid flow.
These tests will be conducted on the main test stand.

2M6e GACLLAP
sévP

Coest chAP

°
J== | MV

’

'

v

20-35°

Objective #2 — Slat Configurations to Investigate Fluid Flow: It is assumed that
fluid will not flow from the main wing section onto the deployed slat, however
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limited testing should be conducted to determine the minimum gap possible to
provide a flow of fluid onto the simulated slat. A similar setup to the deployed
flaps tests will be used. These tests will be conducted at the small end of the
chamber outside of the spray area.

Stk anofPr

N 1
Qi@ OV

Objective #3 - Effect of Slat Curvature on Fluid Endurance Time: Conduct
testing with a curved surface, simulating a deployed slat, to determine the
effects of fluid flow from a curved surface on fluid endurance times. The
endurance time recorded on the curved surface will be compared to a highly
sloped flat plate to validate the procedure previously used. These tests will be
conducted on the main test stand.

Cogved

/220"
2024 Atywi
Pehre

The test plan for the Flaps and Slats tests is given in Table 4. The tests are
numbered according to their objective (Objective 1 = FG, Objective 2 = SF,
Objective 3 = CLE).

2.5 Documentation of Stand Setup and Sprayer Characteristics (Sprayer)

The objective of this activity is to document the characteristics of the test stand
setup and sprayer system at the NRC climate chamber. Initial work was done on
this project at the April 2011 NRC test session using still phtography. In each of
the 18 precipitation conditions that will be simulated at this test session, each
of the following measurements will be taken:

1. Final stand position
2. Area of spray zone
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3. Cycle time
4. Time that plate is impacted

Final stand position, area of spray zone and cycle time were measured at the
April 2011 test session; these meausurements are being taken this test session
to confirm the previous measurements. The time that each plate is impacted will
be documented using video recording equipment.

This activity will be done at the end of each condition (when the last plate has
failed) by the project manager. Additional guidance is provided on the related
data form (see Section 6). No test plan is required for this project.

2.6 Separate Project: Evaluation of Surface Coatings (Surface Coatings)

Tests for a non-TC/FAA funded project will be conducted concurrently with the
other tests described in this procedure. The tests, conducted on behalf of a
commercial airline, are being conducted at the test seesion to take advantage of
cost sharing opportunities. The procedure for these tests is provided in a
separate document; the personnel, fluid and equipment requirements have been
included in this procedure for planning purposes only.

3. PERSONNEL REQUIREMENTS/RESPONSIBILITIES

The personnel responsibilities are listed below.
1. JD: Project Manager (New Fluid ETs)

2. MR: Project Manager (Runway Deicers, Flaps and Slats, Fluid Thickness,
Surface Coatings)

3. SB: Rate Station Manager
4. VZ: Rate Station Assistant (testing), Project Assistant (New Fluid ETs)

5. DY: Rate Station Assistant (calibration), Project Manager (Sprayer),
Project Assistant (Runway Deicers, Flaps and Slats, Fluid Thickness,
Surface Coatings)

In addition, personnel will be designated responsible for:
e Equipment: DY/MR
e Pre-test Setup: DY/MR

e Data Form Manager: VZ
e  Fluid Manager: DY
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4. FLUIDS

The required fluids and fluid quantities are shown in Table 5. Type | fluids will
be diluted prior to testing using the dilution tables provided in Table 6.

5. EQUIPMENT

Table 7 provides a list of the equipment required.

6. DATA FORMS

The data forms required for each project are listed below.

1. New Fluid ETs:

e Freezing Precipitation Endurance Time Data Form (Figure 3)
e Rate Management Form (Figure 4)

2. Fluid Thickness:
e Fluid Thickness Data Form (Figure 5)

3. Runway Deicers:
e Fluid Thickness Data Form (Figure 5)

4. Flaps and Slats:
e Freezing Precipitation Endurance Time Data Form (Figure 3)
e Fluid Thickness Data Form (Figure 5)

5. Sprayer:
e Stand Position / Sprayer Characteristics Form (Figure 6)

7. PRE-TEST SET-UP ACTIVITIES
The following activities need to be completed prior to arrival at the NRC:

1. Mark plates and boxes, including composite plates, RDF plates, etc. (MR).

2. Check rate pans: check quantity, check for holes, and check all pans are
properly labelled (VZ).

3. Ensure plates and boxes are equipped with operational and verified
thermistors (MR).
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Determine number of loggers required (loggers on stands already) (MR).
Prepare PC for logging plate temperatures (MR).

Ensure fluids are prepared in advance according to Table 5 (DY).

Label squeegees (DY).

Prepare labels for pour containers (VZ).

© ©® N o a =

Clean and label 1 litre pour containers (DY).

10. Check laptops (2) work for rate station (MR).
11. Rent cube van (PG).

12. Book hotel (PG/VZ).

13. Update and print chamber settings file (DY/VZ).
14. Print data forms and procedures (VZ).

15. Print chamber condition sheets (VZ).
The following items should be purchased prior to arrival at the NRC (DY):

1. Blue towels

2. Spray bottles

8. SAFETY ISSUES

Managers of each subproject must ensure that personnel involved in the set-up
and conduct of their respective projects are aware of the following:

1. Fluid MSDS sheets are available for review.
2. Waterproof clothing and gloves are available.

3. Rubber mats must be properly placed in and around the test area and
cleaned as necessary.

4. Care should be taken when circulating near the test stand due to
slipperiness.

5. First aid kit, water and fire extinguisher are available.

6. All NRC safety guidelines must be followed.
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9. REFERENCES

1. Test Requirements For Simulated Freezing Precipitation Flat Plate Testing,
Version 1.0, January 15, 2004.

2. Experimental Program to Establish Film Thickness Profiles for De-lcing and
Anti-lcing Fluids on Flat Plates, Version 1.0, April 3, 2002.
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, JULY 2011
FIGURE 1: TEST SCHEDULE
Mon Jul 18 | Tues Jul 19 | Wed Jul 20 | Thurs Jul 21| Fri Jul 22
— ZF. 30521 7R, -6, 25 | zD, -10, 13
. T V=2 gns i
9:30 vpe Type |=4 Type |=4
. Type IV=16 Type V=16
10:00 5 .Pa(t:kquoW ZF, -30.5, 5 (SC) (SC) Packup
g rive to Type IV=2
10:30 Drive to YUL
11:00 Warm to -25
) ZR, -6, 13 _
11:30 ZF, 25,5 | mypeicy | 2he 10013
12:00 Type |=4 Type IV=15 Toem R=4
25 (CLE, FG)
12:30 ZF, -25, 2 ’
- Type |=6
13:00 o (sC) ZD, -6, 13
13:30 at fveel=% | 7R, -10, 25
NRC Warm to -10
14:00 Type 1=6
ZD, -6, 5 Type IV=21
14:30 ZF, -10, 2 e =4 (SC, CLE, FG)
Type |=4
15:00 Small End: SF1-4 Warm to -3
15:30 ZF, -10, 5
16:00 e (=4 ZD, -3, 5
16:30 E— Type |=4 ZD, -10, 5
Type |=7
17:00 ZF, -6, 5 Type IV=19
Type |=4 {SC, CLE, FG)
17:30 Small End: RDF1-8
18:30 fveel=4 | 7D, -3, 13
¢ Warm to + 1
19:00 Warm to -3 TTypTV|=25
ype IV =
19:30 ZF, -3, 2 (sc, cLE, Fg) | CSW, 1,5
Type |=4 Type 1=4
20:00 Small End:
20:30 SC-TH1-9, TH1-2 CSW, 1, 75
Type |=4
21:00 ZF, -3, 5
. Type |=7
21:30 Type V=4
22:00 (s€)
22:30
Projects per Condition Legend
CLE = Curved Leading Edge
bl enly FG = Flap Gap
Type | + Type IV SC = Surface Coatings
SF = Slat Flow-off
Type IV only TH = Thickness
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FIGURE 2: TEST STAND LOCATION MEASUREMENTS

CONDITION: ZR3H ZR3L ZR10H ZR10L ZD3H ZD3L ZD10H ZD10L ZF3H

LOCATION: CEF (Ottawa) DATE: ZF3L ZF1OH ZF10L ZF14H ZF14L ZF25H ZF25L CSWH CSWL
: Sensor Position Stand Position . Skywitch Height of
Test Da':s o_:_FmaI Condition SPkyv;l_lch Sheild P N_:_ZZIG” Rate nozzle Comments
Osition Xr Yr Xgn Yru x y x1 y1 osition Position () | ' °% on () over plate
1 04-Apr-01 ZR3H 24 2 22'7" 9'10' Very Good Top Stand 19' from snow fence
2 04-Apr-01 ZR3L 242" 7 227" 910" Very Good Top Stand 19' from snow fence
3 02/04/2001 ZR10H 24 69" 24'5" 96" Very Good Top stand is 20 ft. from snow fence
4 02-Apr-01 ZR10L 24 659" 24'5" 96" Very Good Top stand is 20 ft. from snow fence
5 27-Mar-01 ZD3H 24'5" 6'8" 22' 104" Very Good
6 28-Mar-01 zZD3L 25'3" 73" 25'3" 96" Good
74 02-Apr-01 ZD10H 24 L1 25'3" 96" Very Good
8 02-Apr-01 ZD10L 24 T 24'7 g 1" Good 20 ft. from Snow Fence
9 10-Apr-01 ZFog3H 24 6'6" 2111 810" 34' 2"from x | 40'2" from x | top of plate 11 Good 144"
10 10-Apr-01 ZFog3L 24 6'6" 211" 810" 34' 2"from x | 40'2" from x | top of plate 11 Good 144"
11 10-Apr-01 ZFog10H 24 6'6" 211" 810" 34' 2"from x | 40'2" from x | top of plate 11 Goeod 144"
12 10-Apr-01 ZFog10L 24 6'6" 211" 810" 34' 2"from x | 40'2" from x | top of plate 11 Good 144"
13 09-Apr-01 ZFog14H 24 6'6" 2111" 810" 34' 2"from x | 40'2" from x | top of plate 11 Good 144"
14 09-Apr-01 ZFog14L 24 6'6" 2111 810" 34' 2"from x | 40'2" from x | top of plate 11 Good 144"
15 06-Apr-01 ZFog25H 24' 6'6" 21'11" 810" 34' 2"from x | 40'2" from x | top of plate 11 Good 144"
16 06-Apr-01 ZFog25L 24 6'6" 211" 810" 34' 2"from x | 40'2" from x | top of plate 11 Goeod 144"
17 29-Mar-01 CSWH 253" 25'3" g6"
18 29-Mar-01 CSWL 23'11" 7’3" 25'3" ' 6"
0 X
Outdoors
Y X7 I S Notes:
X7 o [VRH *-"From X" refers to the distance from the East wall
—— Xpy 1 Skywitch Sheild ** - The nozzle should be between positions 5 and 11
¥ RH - Relative Humidity Sensor
T - Temperature Sensor
[e——x —» 1 2| 3| 4|5 |6 (]
E Skywitch W
[“——x1—> 7 | 8| a |10]|11]12 WEIGH SCALE TECHNICIAN:
LEADER:
N
NEW VALUES (IF DIFFERENT)
Sensor Position Stand Position i i
Date of Final " y Skyw_m;h Nozzle Height of
Test Position Condition Position Sheild Position (** Rate nozzle Comments
1 Xy Yr Xru Yeu x y x1 v1 1 Position (*) ition (**) over plate
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ATTACHMENT 1: COLD SOAK BOX PREPARATION PROCEDURE

1. Put containers (20L) of CSW box fluid (propylene 65/35) in cold
(-30+5°C) freezer overnight. Freezers to be kept in large end of the
chamber.

2. Put all filled CSW boxes in warmer (-11 +1°C) freezer overnight.
3. Next morning, if freezer in step (2) does not provide fluid and box
temperature of -11+1°C, then empty boxes in pail and achieve fluid at

-12+1°C in pail.

4. Prepare step (3) in corner of large chamber that is at +1°C; ensure boxes
are cooled to about -11°C. Go to step (6).

B. After first series of tests, empty fluid from boxes into separate pail. Put
empty boxes in freezer to keep cool at -11+£2°C.

6. Prepare fluid to -12+1°C by mixing (use small amounts of hot water
and/or cold fluid). Agitate fluid mixture frequently.

7. Fill boxes, ensure -11+1°C on surface of box. This process shall be done
while rates are being measured.

8. Position on stand with cover, but no insulation on top surface. Connect
thermocouples.

9. Allow warming to -10x£0.5°C. This process needs monitoring with rates
measurement to not overshoot temperature (place insulation on top surface
if required).

10. Start test.

11. At end of test, remove box from stand, measure rates, and go to step (5).
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TABLE 1: ENDURANCE TIME TEST PLAN
L Precip. .
T;St Pre(fll—;‘),::tlon 'I;eorg)p Ratgp Fluid Code Di'l:lljl:ilgn) SJ:::::e Comments
{g/dm?/h)
Type | Fluid
1 Freezing Fog -3 2 E2 10°B (B=24.0) Al. Plate
2 Freezing Fog -3 2 E2 10°B (B=24.0) Al. Plate
3 Freezing Fog -3 2 E2 10°B (B=24.0) | Comp. Plate
4 Freezing Fog -3 2 E2 10°B (B=24.0) | Comp. Plate
5 Freezing Fog -3 5 E2 10°B (B=24.0) Al. Plate
6 Freezing Fog -3 5 E2 10°B (B=24.0) Al. Plate
7 Freezing Fog -3 5 E2 10°B (B=24.0) | Comp. Plate
8 Freezing Fog -3 5 E2 10°B (B=24.0) | Comp. Plate
9 Freezing Fog -6 2 E2 10°B (B=27.0) Al. Plate
10 Freezing Fog -6 2 E2 10°B (B=27.0) Al. Plate
11 Freezing Fog -6 2 E2 10°B (B=27.0) | Comp. Plate
12 Freezing Fog -6 2 E2 10°B (B=27.0) | Comp. Plate
13 Freezing Fog -6 5 E2 10°B (B=27.0) Al. Plate
14 Freezing Fog -6 5 E2 10°B (B=27.0) Al. Plate
15 Freezing Fog -6 5 E2 10°B (B=27.0) [ Comp. Plate
16 Freezing Fog -6 5 E2 10°B (B=27.0) [ Comp. Plate
17 Freezing Fog -10 2 E2 10°B (B=30.5) Al. Plate
18 Freezing Fog -10 2 E2 10°B (B=30.5) Al. Plate
19 Freezing Fog -10 2 E2 10°B (B=30.5) | Comp. Plate
20 Freezing Fog -10 2 E2 10°B (B=30.5) | Comp. Plate
21 Freezing Fog -10 5 E2 10°B (B=30.5) Al. Plate
22 Freezing Fog -10 5 E2 10°B (B=30.5) Al. Plate
23 Freezing Fog -10 5] E2 10°B (B=30.5) [ Comp. Plate
24 Freezing Fog -10 5 E2 10°B (B=30.5) | Comp. Plate
25 Freezing Fog -25 2 E2 10°B (B=37.0) Al. Plate
26 Freezing Fog -25 2 E2 10°B (B=37.0) Al. Plate
27 Freezing Fog -25 2 E2 10°B (B=37.0) [ Comp. Plate
28 Freezing Fog -25 2 E2 10°B (B=37.0) | Comp. Plate
29 Freezing Fog -25 5 E2 10°B (B=37.0) Al. Plate
30 Freezing Fog -25 5 E2 10°B (B=37.0) Al. Plate
31 Freezing Fog -25 5 E2 10°B (B=37.0) | Comp. Plate
32 Freezing Fog -25 5 E2 10°B (B=37.0) | Comp. Plate
33 Light Freezing Rain -6 13 E2 10°B (B=27.0) Al. Plate
34 Light Freezing Rain -6 13 E2 10°B (B=27.0) Al. Plate
35 Light Freezing Rain -6 13 E2 10°B (B=27.0) [ Comp. Plate
36 Light Freezing Rain -6 13 E2 10°B (B=27.0) | Comp. Plate
37 Light Freezing Rain -6 25 E2 10°B (B=27.0) Al. Plate
38 Light Freezing Rain -6 25 E2 10°B (B=27.0) Al. Plate
39 Light Freezing Rain -6 25 E2 10°B (B=27.0) | Comp. Plate
40 Light Freezing Rain -6 25 E2 10°B (B=27.0) | Comp. Plate
41 Light Freezing Rain -10 13 E2 10°B (B=30.5) Al. Plate
42 Light Freezing Rain -10 13 E2 10°B (B=30.5) Al. Plate
43 Light Freezing Rain -10 13 E2 10°B (B=30.5) | Comp. Plate
44 Light Freezing Rain -10 13 E2 10°B (B=30.5) [ Comp. Plate
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TABLE 1: ENDURANCE TIME TEST PLAN - CONT'D

L Precip. .
T;St Pre:i:-pltatmn Ti'gp Ratep Fluid Code Dﬁlu'.d T(:St Comments
ype (°C) (g/dm?/h) ilution Surface
Type | Fluid
45 Light Freezing Rain -10 25 E2 10°B (B=30.5) Al. Plate
46 Light Freezing Rain -10 25 E2 10°B (B=30.5) Al. Plate
47 Light Freezing Rain -10 25 E2 10°B (B=30.5) | Comp. Plate
48 Light Freezing Rain -10 25 E2 10°B (B=30.5) [ Comp. Plate
49 Freezing Drizzle -3 5 E2 10°B (B=24.0) Al. Plate
50 Freezing Drizzle -3 5 E2 10°B (B=24.0) Al. Plate
51 Freezing Drizzle -3 5 E2 10°B (B=24.0) | Comp. Plate
52 Freezing Drizzle -3 5 E2 10°B (B=24.0) [ Comp. Plate
53 Freezing Drizzle -3 13 E2 10°B (B=24.0) Al. Plate
54 Freezing Drizzle -3 13 E2 10°B (B=24.0) Al. Plate
55 Freezing Drizzle -3 13 E2 10°B (B=24.0) | Comp. Plate
56 Freezing Drizzle -3 13 E2 10°B (B=24.0) | Comp. Plate
57 Freezing Drizzle -6 5 E2 10°B (B=27.0) Al. Plate
58 Freezing Drizzle -6 5 E2 10°B (B=27.0) Al. Plate
59 Freezing Drizzle -6 5 E2 10°B (B=27.0) [ Comp. Plate
60 Freezing Drizzle -6 5 E2 10°B (B=27.0) [ Comp. Plate
61 Freezing Drizzle -6 13 E2 10°B (B=27.0) Al. Plate
62 Freezing Drizzle -6 13 E2 10°B (B=27.0) Al. Plate
63 Freezing Drizzle -6 13 E2 10°B (B=27.0) | Comp. Plate
64 Freezing Drizzle -6 13 E2 10°B (B=27.0) [ Comp. Plate
65 Freezing Drizzle -10 5 E2 10°B (B=30.5) Al. Plate
66 Freezing Drizzle -10 5 E2 10°B (B=30.5) Al. Plate
67 Freezing Drizzle -10 5] E2 10°B (B=30.5) [ Comp. Plate
68 Freezing Drizzle -10 5 E2 10°B (B=30.5) | Comp. Plate
69 Freezing Drizzle -10 13 E2 10°B (B=30.5) Al. Plate
70 Freezing Drizzle -10 13 E2 10°B (B=30.5) Al. Plate
71 Freezing Drizzle -10 13 E2 10°B (B=30.5) [ Comp. Plate
72 Freezing Drizzle -10 13 E2 10°B (B=30.5) | Comp. Plate
73 Cold Soak Box 1 5 E2 10°B (B=19.0) Al. Box
74 Cold Soak Box 1 5 E2 10°B (B=19.0) Al. Box
75 Cold Soak Box 1 5 E2 10°B (B=19.0) Comp. Box
76 Cold Soak Box 1 5 E2 10°B (B=19.0) Comp. Box
77 Cold Soak Box 1 75 E2 10°B (B=19.0) Al. Box
78 Cold Soak Box 1 75 E2 10°B (B=19.0) Al. Box
79 Cold Soak Box 1 75 E2 10°B (B=19.0) [ Comp. Box
80 Cold Soak Box 1 75 E2 10°B (B=19.0) Comp. Box
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, JULY 2011
TABLE 1: ENDURANCE TIME TEST PLAN - CONT'D
L Precip. .
T;St Pre:i:-pltatmn Ti'gp Ratep Fluid Code D!:Iw-d TiSt Comments
ype (°C) (g/dm?/h) ilution Surface
Type IV Fluid
81 Freezing Fog -3 5 K1 50/60 Al. Plate Priority 1
82 Freezing Fog -3 5 K2 50/50 Al. Plate Priority 1
83 Freezing Fog -3 5 K1 50/50 Al. Plate Priority 2 (use split plate)
84 Freezing Fog -3 5 K2 50/50 Al. Plate Priority 2 (use split plate)
85 Freezing Drizzle -3 13 B1 100/0 Al. Plate Priority 1
86 Freezing Drizzle -3 13 B2 100/0 Al. Plate Priority 1
87 Freezing Drizzle -3 13 B1 100/0 Al. Plate Priority 2 (use split plate)
88 Freezing Drizzle -3 13 B2 100/0 Al. Plate Priority 2 (use split plate)
89 Freezing Drizzle -3 13 K1 100/0 Al. Plate Priority 1
90 Freezing Drizzle -3 13 K2 100/0 Al. Plate Priority 1
91 Freezing Drizzle -3 13 K1 100/0 Al. Plate Priority 2 (use split plate)
92 Freezing Drizzle -3 13 K2 100/0 Al. Plate Priority 2 (use split plate)
93 Freezing Drizzle -3 13 K1 75/25 Al. Plate Priority 1
94 Freezing Drizzle -3 13 K2 75/25 Al. Plate Priority 1
95 Freezing Drizzle -3 13 K1 75/25 Al. Plate Priority 2 (use split plate)
96 Freezing Drizzle -3 13 K2 75/25 Al. Plate Priority 2 (use split plate)
97 Freezing Drizzle -3 13 K1 50/50 Al. Plate Priority 1
98 Freezing Drizzle -3 13 K2 50/50 Al. Plate Priority 1
99 Freezing Drizzle -3 13 K1 50/50 Al. Plate Priority 2 (use split plate)
100 Freezing Drizzle -3 13 K2 50/50 Al. Plate Priority 2 (use split plate)
101 Light Freezing Rain -6 13 B1 100/0 Al. Plate Priority 1
102 Light Freezing Rain -6 13 B2 100/0 Al. Plate Priority 1
103 Light Freezing Rain -6 13 B1 100/0 Al. Plate Priority 2 (use split plate)
104 Light Freezing Rain -6 13 B2 100/0 Al. Plate Priority 2 (use split plate)
105 Light Freezing Rain -6 13 K1 100/0 Al. Plate Priority 1
106 Light Freezing Rain -6 13 K2 100/0 Al. Plate Priority 1
107 Light Freezing Rain -6 13 K1 100/0 Al. Plate Priority 2 (use split plate)
108 Light Freezing Rain -6 13 K2 100/0 Al. Plate Priority 2 (use split plate)
109 Light Freezing Rain -6 13 K1 75/25 Al. Plate Priority 1
110 Light Freezing Rain -6 13 K2 75/25 Al. Plate Priority 1
111 Light Freezing Rain -6 13 K1 75/25 Al. Plate Priority 2 (use split plate)
112 Light Freezing Rain -6 13 K2 75/25 Al. Plate Priority 2 (use split plate)
113 Light Freezing Rain -6 25 B1 100/0 Al. Plate Priority 1
114 Light Freezing Rain -6 25 B2 100/0 Al. Plate Priority 1
115 Light Freezing Rain -6 25 B1 100/0 Al. Plate Priority 2 (use split plate)
116 Light Freezing Rain -6 25 B2 100/0 Al. Plate Priority 2 (use split plate)
117 Light Freezing Rain -6 25 K1 100/0 Al. Plate Priority 1
118 Light Freezing Rain -6 25 K2 100/0 Al. Plate Priority 1
119 Light Freezing Rain -6 25 K1 100/0 Al. Plate Priority 2 (use split plate)
120 Light Freezing Rain -6 25 K2 100/0 Al. Plate Priority 2 (use split plate)
121 Light Freezing Rain -6 25 K1 75/25 Al. Plate Priority 1
122 Light Freezing Rain -6 25 K2 75/25 Al. Plate Priority 1
123 Light Freezing Rain -6 25 K1 75/25 Al. Plate Priority 2 (use split plate)
124 Light Freezing Rain -6 25 K2 75/25 Al. Plate Priority 2 (use split plate}
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OVERALL PROGRAM OF TESTS AT NRC, JULY 2011
TABLE 1: ENDURANCE TIME TEST PLAN - CONT'D
. Precip. .
T;St Prec;;;::twn 'I;eor(r;)p Rat; Fluid Code D:::::Iiin SI;:::e Comments
(g/dm?/h}
Type IV Fluid
125 Freezing Drizzle -10 5 B1 100/0 | Al Plate Priority 1
126 Freezing Drizzle -10 5 B2 100/0 | Al Plate Priority 1
127 Freezing Drizzle -10 5 B1 100/0 | Al Plate Priority 2 (use split plate)
128 Freezing Drizzle -10 5 B2 100/0 | Al Plate Priority 2 (use split plate)
129 Freezing Drizzle -10 5 K1 100/0 | Al. Plate Priority 1
130 Freezing Drizzle -10 5 K2 100/0 | Al Plate Priority 1
131 Freezing Drizzle -10 5 K1 100/0 | Al Plate Priority 2 (use split plate)
132 Freezing Drizzle -10 5 K2 100/0 | Al Plate Priority 2 (use split plate)
133 Freezing Drizzle -10 5 K1 75/25 | Al Plate Priority 1
134 Freezing Drizzle -10 5 K2 75/25 | Al Plate Priority 1
135 Freezing Drizzle -10 5 K1 75/25 | Al. Plate Priority 2 (use split plate)
136 Freezing Drizzle -10 5 K2 75/25 | Al. Plate Priority 2 (use split plate)
137 Freezing Drizzle -10 13 B1 100/0 | Al Plate Priority 1
138 Freezing Drizzle -10 13 B2 100/0 | Al. Plate Priority 1
139 Freezing Drizzle -10 13 B1 100/0 | Al Plate Priority 2 (use split plate)
140 Freezing Drizzle -10 13 B2 100/0 | Al Plate Priority 2 (use split plate)
141 Freezing Drizzle -10 13 K1 100/0 | Al. Plate Priority 1
142 Freezing Drizzle -10 13 K2 100/0 | Al Plate Priority 1
143 Freezing Drizzle -10 13 K1 100/0 | Al. Plate Priority 2 (use split plate)
144 Freezing Drizzle -10 13 K2 100/0 | Al Plate Priority 2 (use split plate)
145 Freezing Drizzle -10 13 K1 75/25 | Al Plate Priority 1
146 Freezing Drizzle -10 13 K2 75/25 | Al. Plate Priority 1
147 Freezing Drizzle -10 13 K1 75/25 | Al. Plate Priority 2 (use split plate)
148 Freezing Drizzle -10 13 K2 75/25 | Al Plate Priority 2 (use split plate)
149 Light Freezing Rain -10 25 B1 100/0 | Al. Plate Priority 1
150 Light Freezing Rain -10 25 B2 100/0 | Al. Plate Priority 1
151 Light Freezing Rain -10 25 B1 100/0 | Al Plate Priority 2 (use split plate)
152 Light Freezing Rain -10 25 B2 100/0 | Al. Plate Priority 2 (use split plate)
153 Light Freezing Rain -10 25 K1 100/0 | Al. Plate Priority 1
154 Light Freezing Rain -10 25 K2 100/0 | Al. Plate Priority 1
155 Light Freezing Rain -10 25 K1 100/0 | Al Plate Priority 2 (use split plate)
156 Light Freezing Rain -10 25 K2 100/0 | Al Plate Priority 2 (use split plate)
167 Light Freezing Rain -10 25 K1 75/25 | Al Plate Priority 1
158 Light Freezing Rain -10 25 K2 75/25 | Al Plate Priority 1
159 Light Freezing Rain -10 25 K1 75/25 | Al Plate Priority 2 (use split plate)
160 Light Freezing Rain -10 25 K2 75/25 | Al. Plate Priority 2 (use split plate)
-25°C HOTs for LOUT
161 Freezing Fog -30.5 5 C1 100/0 | Al. Plate Priority 1
162 Freezing Fog -30.5 5 C1 100/0 | Al Plate Priority 2
163 Freezing Fog -30.5 2 C1 100/0 | Al. Plate Priority 1
164 Freezing Fog -30.5 2 C1 100/0 | Al Plate Priority 2
Notes:
e Type | fluids are not tested in freezing rain at -3°C as the latent heat of freezing in calm test conditions produces artificially long ETs.
o Type IV tests MUST be conducted with each fluid in a miniumum of four (4) conditions.
e May need to redo -25°C HOTs for LOUT tests at -25°C if ETs at -30.5°C are different from previously measured -25°C ETs.
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, JULY 2011

TABLE 2: FLUID THICKNESS TEST PLAN

Fluid Fluid Ambient Air
lest 4 Code Dilution Test Surface Temperature
TH1 E2 10°B (B=24.0) Al. Plate -3°C
TH2 E2 10°B (B=24.0) Al. Plate -3°C
Notes:

e The quantity of fluid that will be poured for each testis 1.0 L

o Measurements should be made at the 15-cm line at the time of fluid application, and after 2
minutes, 5 minutes, 15 minutes, and 30 minutes.

e |If the results for one fluid vary by more than 10% repeat the two tests and disregard the

highest and lowest values
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, JULY 2011

TABLE 3: RUNWAY DEICER TEST PLAN

Test # 'I;irg)p FIuFi:jrs(tDﬁ::i’:; ) F?;Zo(r;j“litizz) Test Surface Comments

RDF1 -6 Octaflo EF (10° B) ABC-S + (100/0) Standard Plate |1st App 0.5L 60°C, wait 3 min, 2nd App 1L OAT, Thick 5, 10, 15, 30 min
RDF2 -6 Octaflo EF (10° B) ABC-S + (100/0) RDF 1st App 0.5L 60°C, wait 3 min, 2nd App 1L OAT, Thick 5, 10, 15, 30 min
RDF3 -6 ABC-S + (50/50) ABC-S + (100/0) RDF 1st App 0.5L 60°C, wait 3 min, 2nd App 1L OAT, Thick 5, 10, 15, 30 min
RDF4 -6 ABC-S + (100/0) ABC-S + (100/0) RDF 1st App 0.5L 60°C, wait 3 min, 2nd App 1L OAT, Thick 5, 10, 15, 30 min
RDF5 -6 Dow UCAR ADF (10° B) Cryotech PGA (100/0) Standard Plate [1st App 0.5L 60°C, wait 3 min, 2nd App 1L OAT, Thick 5, 10, 15, 30 min
RDF6 -6 Dow UCAR ADF (10° B) Cryotech PGA (100/0) RDF 1st App 0.5L 60°C, wait 3 min, 2nd App 1L OAT, Thick 5, 10, 15, 30 min
RDF7 -6 Cryotech PGA (50/50) Cryotech PGA (100/0) RDF 1st App 0.5L 60°C, wait 3 min, 2nd App 1L OAT, Thick 5, 10, 15, 30 min
RDF8 -6 Cryotech PGA (100/0) Cryotech PGA (100/0) RDF 1st App 0.5L 60°C, wait 3 min, 2nd App 1L OAT, Thick 5, 10, 15, 30 min

Notes:

e All tests to be conducted in dry conditions (no precipitation)
o Consider use of spreader for first step

o For RDF plates, apply 1.5 mL of RDF at 25% concentration one hour prior to test

M:\Projects\PM2169.003 (TC Deicing 10-11)\Procedures\NRC July 2011\Final Version 1.1\NRC Procedure (July 2011) Final Version 1.1.doc
Final Version 1.1, July 11

18 of 26

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix B\Appendix B5.docx

B-94

Final Version 1.0, October 19



APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, JULY 2011

TABLE 4: FLAPS AND SLATS TEST PLAN

Test Precipitation Temp P;‘ecip. . !:IUi.d Test

# Type o |, /da:\ezlh Fluid Name D|Il:t|on Surface Comments

9 (%)

FG1 Light Freezing Rain -10 25 Cryotech PGA 100/0 Nested 20° 4cm gap. Use top feed plate as 10° baseline for reference.
FG2 Light Freezing Rain -10 25 Cryotech PGA 100/0 Gapped Nested 20° |4cm gap. Use top feed plate as 10° baseline for reference.
FG3 Light Freezing Rain -10 13 Dow EG106 100/0 Nested 20° 4cm gap. Use top feed plate as 10° baseline for reference.
FG4 Light Freezing Rain -10 13 Dow EG106 100/0 Gapped Nested 20° |4cm gap. Use top feed plate as 10° baseline for reference.
FG5 Freezing Drizzle -10 5 Cryotech PGA 100/0 Nested 35° 4cm gap. Use top feed plate as 10° baseline for reference.
FG6 Freezing Drizzle -10 5 Cryotech PGA 100/0 Gapped Nested 35° |4cm gap. Use top feed plate as 10° baseline for reference.
FG7 Freezing Drizzle -3 13 Cryotech PGA 75/25 Nested 20° 4cm gap. Use top feed plate as 10° baseline for reference.
FG8 Freezing Drizzle -3 13 Cryotech PGA 75/25 Gapped Nested 20° |4cm gap. Use top feed plate as 10° baseline for reference.
s1 | e [awo] wa | coowonres 1000 ommam |10)0h o BT ple Suties st e dscomect
2 | wa [sw10] wa | crowenron [ 1000 rmmom |j0riennd 2naioten e Sulses must st decomnct
sa | wn |awto] wa | cooucneea | om0 | 1s20mmea [10106 0 FEAZumom ol St must sovte drcomec
o | wnJowo] wn [ cvomnron oo | ZEnpom [1% ez aznon v, S e it et
CLE1 Light Freezing Rain -10 25 Cryotech PGA 100/0 20-35° Flat Use FG1/2 top plate for baseline.
CLE2 | Light Freezing Rain -10 25 Cryotech PGA 100/0 Curved Plate Use FG1/2 top plate for baseline. Consider using Airfoil.
CLE3 | Light Freezing Rain -10 13 Dow EG106 100/0 20-35° Flat Use FG3/4 top plate for baseline
CLE4 | Light Freezing Rain -10 13 Dow EG106 100/0 Curved Plate Use FG3/4 top plate for baseline. Consider using Airfoil.
CLES Freezing Drizzle -10 5 Cryotech PGA 100/0 20-35° Flat Use FG5/6 top plate for baseline
CLE6 Freezing Drizzle -10 5 Cryotech PGA 100/0 Curved Plate Use FG5/6 top plate for baseline. Consider using Airfoil.
CLE7 Freezing Drizzle -3 13 Cryotech PGA 75/25 20-35° Flat Use FG7/8 top plate for baseline
CLE8 Freezing Drizzle -3 13 Cryotech PGA 75/25 Curved Plate Use FG7/8 top plate for baseline. Consider using Airfoil.
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, JULY 2011
TABLE 5: LIST OF FLUIDS
TYPE |
Fluid Batch Test eee | B Litres Required per Project Pour
Name/Code # Temp ET TH SC RDF FS ALL |Bottles
E2 52620-76 +1 -9 [ 19.0 8 - - - - 8 8*
E2 52620-76 -3 -13 | 24.0 16 2 - - - 18 8
E2 52620-76 -6 -16 | 27.0| 24 - - - - 24 8
E2 52620-76 | -10 | -20 | 30.5| 24 - - - - 24 8
E2 52620-76 | -25 | -35 | 37.0 8 - - - - 8 8*
Dow UCAR ADF (EG) | Aeromag -3 -13 | 17.6 - - 2 - - 2 2*
Dow UCAR ADF (EG) | Aeromag -6 -16 | 20.1 - - - 2 - 2 2*
Dow UCAR ADF (EG) | Aeromag -10 | -20 | 22.9 = = 3 - - 3 3*
Octagon Octaflo EF WTO09 -3 -13 |21.25 - - 8 - 8 8*
Octagon Octaflo EF WTO09 50/50 31.5 - - 2 - - 2 2%
Octagon Octaflo EF WTO9 -6 -16 | 23.5 - - 3 2 - 5 5*
Octagon Octaflo EF WTO09 -10 | -20 | 27.0 - - 2 - - 2 2*
Octagon Octaflo EF WTO9 -25 | -35 | 34.5 - - 2 - - 2 2%
ALL 80 2 22 4 - 108 66
*No other containers needed (for Type Is bring some extra concentrate)
TYPE IV
Fluid Batch Fluid | Fluid Litres Required per Project Pour
Name/Code # Type Dil. ET TH SC RDF FS ALL |Bottles
B1 53233-52 v 100 12 - - - - 12 4
B2 53233-56 \% 100 12 - - - - 12 4
K1 2011.07.12.K.A| IV 100 12 - - - - 12 4
K1 2011.07.12.K.A[ IV 75 12 - - - - 12 12*
K1 2011.07.12.K.A| IV 50 4 - - - - 4 4*
K2 2011.07.12.K.B v 100 12 - - - - 12 4
K2 2011.07.12.K.B \% 75 12 - - - - 12 12*
K2 2011.07.12.K.B \% 50 4 - - - - 4 4*
C1 2011.07.08.LV2| IV 100 4 - - - - 4 4*
Cryotech PGA Lv2 \% 100 - - - 5 12 17 8
Cryotech PGA Lv2 [\ 75 - - - - 4 4 4*
Cryotech PGA Lv2 \% 50 - - - 1 - 1 1%
Dow AD-49 4C-24 \% 100 - - 17 - - 17 6
Kilfrost ABC-S + P/282/12/10 \% 100 - - 9 5 - 14 5
Kilfrost ABC-S + P/282/12/10 v 50 - - - 1 - 1 1*
Dow EG106 WHO0601GKDR \% 100 - - - - 4 4 4*
ALL 84 - 26 12 20 142 81
*No other containers needed (for Type Vs consider bringing some extra 100/0)
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, JULY 2011

TABLE 6: TYPE | DILUTION TABLES

Octagon Octaflo EF (PG)

Test
FFP o . . Glycol Water
(°c) (:f)'l‘g) % Fluid Brix ford L ford L
-13 -3 32.0 21.25 1.3 2.7
-16 -6 36.0 23.50 1.4 2.6
-20 -10 42.0 27.00 1.7 2.3
-35 -25 56.0 34.50 2.2 1.8

Dow UCAR ADF (EG)

Test
FFP 5 @ g Glycol Water
(°c) (:;TE, 7o luid B foralL | fordl
-13 -3 27.4 17.6 1.1 280
-16 -6 31.56 20.1 1.3 2.7
-20 -10 36.3 22.9 1.5 2.5
-3b -25 50.3 30.56 2.0 2.0

E2 (NON-GLYCOL)

Test
FFP o . . Glycol Water
(°c) Jg’:‘;, % Fluid Brix foral | fordlL
-9 +1 28.5 19.00 1.1 2.9
-13 -3 36.7 24.00 1.2 2.8
-16 -6 42.0 27.00 1.3 2.7
-20 -10 48.0 30.50 1.4 2.6
-35 -25 59.5 37.00 1.5 2.5
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, JULY 2011

TABLE 7: EQUIPMENT LIST

HOT and THICKNESS PROJECTS

EQUIPMENT LOCATION| [EQUIPMENT LOCATION
1L Pour containers (see separate list) Site Weigh Scale x 2 (sartorius) + wiring Site
Barrel Opener Site White boards for water run-off Site
Boards for cold-soak test x13 Site Yellow Carrying Cases x2 Site
Brixometer x 3 Site Yellow Ice Pic Site
Empty 20 L containers for -30C CSW fluid Site Cold-soak fluid pump NRC
Clipboards x 10 Site Fluid for cold-soak boxes (barrel) NRC
Close circuit TV camera for rates Site Rubber Mats NRC
Cold-soak box filling stand Site Shelving unit x 1 NRC
Cold-soak boxes (all in good condition) Site Accordian Folder Office
Collection pans for stands (one per stand) Site ARP 5485 and ARP 5945 QOffice
Composite Plates x4 Site Chamber Settings Office
Composite Boxes x4 Site Data Forms (on water phobic paper) Qffice
Electrical Extension Cords x2 Site Envelopes (9x12) x box Office
Fluids (see Table 5) Site Hard Drive with Current Project folder Office
Funnels x 4 Site Mouse for Rate Station Office
Gloves - cotton Site One Temp Logger Laptop (Old Toshiba) Qffice
Gloves - yellow Site Paper for printer {1 pack) Office
Hard water chemicals Site Pencils (sharpened) + pens + markers QOffice
Hard Water (1x18L) Site Printer Office
Inclinometer (yellow level) x 2 Site Rate computer x2 Office
Isopropyl x 15 Site Test Procedures x 2 (1 sided) Office
Large digital clock x 2 Site

Marker for Waste x 2 Site SPRAYER DOCUMENTATION PROJECT
Measuring Cups (various sizes) Site EQUIPMENT LOCATION
Memory Card Reader Site MR camera x 1 (has video capability) Site
Mixing buckets for Type | fluids Site Camera Suitcase Pack x1 Office
Nuts to separate plates x 100 Site

Paper Towels (lots) Site DEPLOYED FLAPS PROJECT

Plate covers x 16 Site EQUIPMENT LOCATION
Plates: 12 w/logging + 15 w/o logging Site 20° and 35° Nested Stands x4 Site
Precipitation Rate Pans x 100 Site Curved Plate (if available) ?
Protective clothing x 6 Site Thin Aluminum plate (if available) ?
Rate scales with wiring x 2 Site Airfoil NRC
Rubber squeegees x 11 Site

Scrapers x 6 Site

Shop Vac + Sump Pump + Tubing Site RUNWAY DEICER PROJECT

Speed tape Site EQUIPMENT LOCATION
Spreaders: 12-hole x 2 Site Spray bottle for RDF w/spray stoppers x2 Site
Tape measure (yellow + small) Site Spray bottle for Type | x2 Site/Buy
Temperature probes: immersion x 2 Site RDF Fluid Site
Temperature probes: surface x 2 Site Spreader x2 Site
Test Stand Shims (poker chips) Site RDF plates labled x4 Site
Test Stands: 2 x 6-position Site Microwave

Test Stands: 6 positions (for small end) Site

Thermistor Kit/blue USB/black RS232/box Site SURFACE COATINGS PROJECT

Thermos x 6 {1 full kit with wood holder) Site EQUIPMENT LOCATION
Thickness Gauges x 4 (both types) Site Fluid thickness gauge Site
Tote for Waste Fluid Site Brixometer Site
Vise grip (large) for containers Site 3 LogistiClean treated plates ?
Walkie Talkies x 4 Site White painted aluminum plate Site
Watmans Paper and conversion charts Site Adhesion probe Site

M:\Projects\PM2169.003 (TC Deicing 10-11)\Procedures\NRC July 2011\Final Version 1.1\NRC Procedure (July 2011) Final Version 1.1.doc

22 of 26

Final Ver:

sion 1.1, July 11

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix B\Appendix B5.docx

B-98

Final Version 1.0, October 19




APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, JULY 2011

FIGURE 3: FREEZING PRECIPITATION ENDURANCE TIME DATA FORM

REMEMBER TO SYNCHRONIZE TIME

LOCATION: CEF (Ottawa) DATE:

RUN NUMBER:
TIME TO FAILURE FOR INDIVIDUAL CROSSHAIRS (real time)
Time of Fluid Application:
Initial Plate Temperature ("C)
(NEEDS TO BE WITHIN 0.5°C OF AIR TEMP)
Initial Fluid Temperature (°C)
(NEEDS TO BE WITHIN 3°C OF AIR TEMP)
Plate 1 Plate 2 Plate 3 Plate 4 Plate 5
FLUID NAME/BATCH ”
B1B2B3 | |
c1c2c3 | |
D1D2D3 | |
E1E2E3 | |
F1F2F3 | |
TIME TO FIRST PLATE
FAILURE WITHIN WORK AREA
FAILURE CALL (circle) V.Diffcult  Difficut.  Easy V.Difficult  Difficult.  Easy V.Diffcult  Difficutt  Easy V.Diffcult  Difficut  Easy V.Diffcult  Difficut  Easy Easy
HRZ. AIR VELOCITY * (circle) A B c A B o A B (] A B ] A B c [
Time of Fluid Application:
Initial Plate Temperature (*C)
(NEEDS TO BE WITHIN 0.5°C OF AIR TEMP)
Initial Fluid Temperature (°C)
(NEEDS TO BE WITHIN 3°C OF AIR TEMP)
Plate 7 Plate 8 Plate 9 Plate 10 Plate 11
FLUID NAME/BATCH ”
B1B2B3 | |
c1c2c3 I |
D1D2D3 | |
E1E2E3 I |
F1F2F3 I |
TIME TO FIRST PLATE
FAILURE WITHIN WORK AREA
FAILURE CALL (circle) V.Diffcult  Difficut.  Easy V.Difficult  Difficult. Easy V.Diffcult  Difficutt  Easy V.Diffcult  Difficult  Easy V.Diffcult  Difficult  Easy Easy
HRZ. AIR VELOCITY * (circle) A B o4 A B o2 A B [+ A B [ A B c Cc
) NOTE:
PRECIP (circle): ZF, ZD, ZR-, MOD AMBIENT TEMPERATURE: °c * A: HORIZONTAL AIR VELOCITY < 0.4 mis

COMMENTS:

B: 0.4 m/s < HORIZONTAL AIR VELOCITY £ 1.0 m/s
C: HORIZONTAL AIR VELOCITY > 1.0 mis

LEADER / MANAGER:
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, JULY 2011
FIGURE 4: NRC RATE MANAGEMENT FORM
DATE:
CONDITION: TECHNICIAN:
PAN # TAB TIME OUT |1 or 2" Rate PAN # TAB TIME OUT |1 or 2" Rate|
Retired: 1 2 3 4 5 6 7 8 9 10 1" 12
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, JULY 2011

FIGURE 5: FLUID THICKNESS DATA FORM

DATE: TEMPERATURE °C (beg.): PERFORMED BY:
TEST #: to WIND SPEED, kph (beg.): WRITTEN BY:
STAND: LOCATION: CEF (NRC)
THICKNESS (mil)

Plate: U Run #: Plate: V Run #: Plate: W Run #: Plate: X Run #: Plate: 'Y Run #: Plate: Z Run #:
Fluid: Fluid: Fluid: Fluid: Fluid: Fluid:
Application Time: Application Time: Application Time: Application Time: Application Time: Application Time:

TIME 6" LINE TIME 6" LINE TIME 6" LINE TIME 6" LINE TIME 6" LINE TIME 6" LINE

1:\Groups\Cm1680 (01-02)\Procedures\Thickness\Thickness Form
Notes:
e The quantity of fluid that will be poured for each testis 1.0 L
o Measurements should be made at the 15-cm line at the time of fluid application, and after 2, 5, 15 and 30 minutes
o If the results for one fluid vary by more than 10% repeat the two tests and disregard the highest and lowest values
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APPENDIX B

OVERALL PROGRAM OF TESTS AT NRC, JULY 2011

FIGURE 6: STAND POSITION / SPRAYER CHARACTERISTICS FORM

STEP 1 STEP 2 STEP 3| STEP 4
. s I Time that plate
Final Stand Position Area of spray zone Cycle = P
Test | Conditi Time is Impacted
X y x1 y1 x2 y2 x3 y3 sec. secs | video
1 ZR6H
2 ZR6L
3 ZR10H
4 ZR10L
5 ZD3H
6 ZD3L
7 ZD6H
8 ZD6L
9 ZD10H
10 ZD10L
11 ZFOG3H
12 ZFOG3L
13 ZFOG6H
14 ZFOG6L
15 ZFOG10H
16 ZFOG10L
17 ZFOG25H
18 ZFOG25L
19 CSWH
20 CswiL
Outdoors
Step 1: Measure test stand location at end of condition (during rates) =2.5 cm
Step 2: Visually inspect where precipitation hits the ground; record area +30 cm
<« X2 measure from east wall (closest)
« X3 measure from east wall (furthest}
1 Y2 measure from south wall (closest)
1 Y3 measure from south wall (furthest)

Step 3: Measure time the spray pattern takes to complete 1 cycle {because of
interlinking of spray pattern the sprayer goes through 2 sweeps) =+ 1 sec.

Step 4: Take video of one plate position for one cycle in each condition {suggest
using blue towel).

Month/Year:

Performed by:

Written by:
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APPENDIX C

FLUID MANUFACTURER REPORT:
OCTAGON ECOFLO 2 (TYPE I)






APPENDIX C

Aircraft Ground Anti-lcing Fluid Endurance Time Test Results

Octagon EcoFlo 2
(Type 1)

Prepared for
Battelle Memorial Institute

by

B g@hhN Q
v, WA N
/YA HEBY SN\
Y/ /m N [] QBv

Aviation Inc.

These tests were made possible with the guidance, participation and
contribution of the Transportation Development Centre of Transport
Canada and the Federal Aviation Administration.

August 2011
Version 1.0
Report No. B-O-E2 2010-11
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APPENDIX C

Aircraft Ground Anti-lcing Fluid Endurance Time Test Results
Octagon EcoFlo 2
(Type )
Prepared for

Battelle Memorial Institute

Prepared by: (L/ August 4, 2011

Stephanle)Bendlckson Date
Project Analyst

Reviewed by: \// August 4, 2011

John D’Avirro Date
Program Manager, Eng.

Awomon Inc.

These tests were made possible with the guidance, participation and
contribution of the Transportation Development Centre of Transport
Canada and the Federal Aviation Administration.

August 2011
Version 1.0
Report No. B-O-E2 2010-11
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APPENDIX C

FLUID IDENTIFICATION AND CHARACTERISTICS

Manufacturer:

Fluid Test Name:

Fluid Commercial Name:
Fluid Type / Colour:
Fluid Formulation:
Batch #:

Date of Receipt:

Brix (Measured):

LOUT (Stated)

WSET (from AMIL):

FLUID IDENTIFICATION AND CHARACTERISTICS

Battelle Memorial Institute

E2

Octagon EcoFlo 2

Type | / Orange
Non-glycol
52620-76

July 12, 2011

Concentrate:

High Speed Test:
Low Speed Test:

50/50:

> 50°

-29°C (65/35 dilution)
not tested

4.9 minutes
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SUMMARY

SUMMARY

The primary objective of this project was to measure the endurance time
performance of Octagon EcoFlo 2 over the entire range of conditions
encompassed by the Type | Holdover Time (HOT) tables. This report contains
the results of these measurements and was completed with the support of the
fluid manufacturer, the Transport Development Centre (TDC) of Transport
Canada and the Federal Aviation Administration (FAA).

The HOT test procedure consisted of pouring fluids onto clean aluminum and
composite test surfaces inclined at 10°; the onset of failure was recorded as a
function of time in simulated freezing fog, freezing drizzle, light freezing rain,
and rain on cold soaked wing, and in artificial snow. Endurance time tests were
performed at the National Research Council Canada (NRC) Climatic Engineering
Facility (CEF) located in Ottawa, Ontario and at the APS Aviation Inc. (APS) test
facility located at the Pierre-Elliott-Trudeau International Airport in Montreal,
Quebec.

The endurance time results obtained show Octagon EcoFlo 2 has similar or
superior endurance times to Type | fluids tested in past years. These results
indicate Octagon EcoFlo 2 can be used as a Type | fluid with the current Type |
generic HOT guidelines.

At the request of the manufacturer, this fluid was tested in the summer of 2011
to enable its inclusion in the 2011-2012 Transport Canada / FAA holdover time
guidelines. Limited testing in natural snow is anticipated in the winter of
2011-12 to verify the results of the indoor testing completed in the summer of
2011. An updated version of this report will be issued upon completion of the
natural snow testing.

M AProjects\PM 2169, 003 (TC Dsicing 10-11)\Reportsifiuid ManufacturenBattells Gotagon EcoFlo 2\Battelle Octagon Ecoflo 2 Version 1.0.doc
“ersion 1.0, August 11

v

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix C\Appendix C.docx
Final Version 1.0, October 19



APPENDIX C

This page intentionally left blank.

Vi

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix C\Appendix C.docx
Final Version 1.0, October 19



APPENDIX C

TABLE OF CONTENTS

TABLE OF CONTENTS

Page

.. INTRODUCTION ovvucivmuiamismvisma iy v it v o S v dvms s s 40 v 80 S vis i S s i s s 5w v 1
2 INIETHODIOL O G uarnsry s s s s ey w0 s e P e 3
B B T s - < 2
2.2 Test Equipment ..... 4
2451  Caibtatiohsovssnnnasnmuenns 4
2.2.2 Environmental Chamber Equipment . L4
2.2.3 Test SUMace SIrUGTUIES . ..ot e e 4
2.2.4 Test Surface Materials.. ... 6
2025t TIOET SR S o RS PRSI PRSP, WPREE 6
2.2.6  ColleCtion Pans . ... 7
2.2.7 NRC Sprayer Assembly 7
2.2.8 Refractometer........ 8
2.2.9 12-Hole Spreader... .. 8
2325150 FIUie Shommmmeesmm oo e e e e e e e e o R e 2y 8

2.3 TSt PrOCedUIES ..ttt 8
2.3.1 Test Protocol — Natural SNow TestS . ....oiviii i e 9
2.3.2 Test Protocol — Artificial Snow Tests ... 9
2.3.3 Test Protocol — Simulated Precipitation Tests. ... 9
2.3.4 End Condition Definitions ... ... 10
2.3.5 Precipitation Rate Measursment Procedures .10

2.4 Precipitation Rate Limits in Type | Endurance Time Testing...................cooii. 13
B OB B oo sonssmon omomsnn s, o5 6o s o s s 8 8 s 8 St G oS0 ST K S AT 14
2582 Fro@zZitig. DriZzle s s s s s s s S L S e 14
2.4.3 Light Freezing Rain . ..o e e e 15
2.4.4 Rainon a Cold-Soaked Surface............oooiiiiiii i 15
P (S NN tmsmrerms ot A T T o S T ST A ST 15

2.5 Ambient Temperatures in Type | Endurance Time Testing. .15
2.6 Freezing Precipitation Droplet Sizes ... 16
2.7 Summary of Freezing Precipitation Test Conditions..................cooiiiiii 17
2.8 Analysis Methodology ... ... 18
3. DESCRIPTION OF DATA «ouuvivwsvimsmsvisvum s v oo 5 aus s i s s s v e e s s s v o 27
3T NatUral SOV TeSTS ..o e 27
3.2 Artificial Snow Tests .. .27
VC I (=To0 T (s [ o [ I == 27
Bl Froszirg) DrZEE TEBES s s w6 i s S insssn, S o ss 27
3.5 Light Freezing Rain Tests ... ... 28
3.6 Rain on Cold-Soaked Surface Tests ... 28
3.7 Fluid Thickness Tests .. oo e 28
4.. RESULTS ANDIDISCUSSION cuuvuvvscuvummsisvimmssmus s si et v i s v s i s v i i s sovi s 33
Bl DB .o e 33
B2 DISCUSSION ...t e 33

MAProjects\PM2168,003 (TC Dsicing 10-11)\Reports\Fluid ManufacturenBattele Octagon EcoFlo 2\Battells Ostagon EcoFlo 2 Version 1.0.doc
“ersion 1.0, August 11

Vil

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix C\Appendix C.docx
Final Version 1.0, October 19



APPENDIX C

This page intentionally left blank.

viii

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix C\Appendix C.docx
Final Version 1.0, October 19



APPENDIX C

LIST OF FIGURES, TABLES AND PHOTOS

LIST OF FIGURES Page
Figure 2.1: APS Test Site at Montréal-Pierre-Elliott-Trudeau International Airport..................... 3
Figure 2.2: Standard Test Plate SchematiC..........ooi i e b
Figure 2.3: Cold Soak BoxX SChemMI@tiC. .. ..ot e e e 5]
Figure 2.4: Test Stand Setup SChematiC. . ... 6
Figure 2.5: Schematic of Outdoor Precipitation Measurement Pan ... 7
Figure 2.6: Calculation of Outdoor Precipitation Rate ..., 12
Figure 2.7: Precipitation Rate Limits Used in Endurance Time Testing..................c..oooeiii.. 14
Figure 4.1: Freezing Fog, -3°C and Above, Aluminum Surface .. 34
Figure 4.2: Freezing Fog, -3°C and Above, Composite Surface ... 34
Figure 4.3: Freezing Fog, Below -3 to -6°C, Aluminum Surface..............ooooiiiiiiii 35
Figure 4.4: Freezing Fog, Below -3 to -6°C, Composite Surface ...................ococoiiiiiiiiinnn .. 35
Figure 4.5: Freezing Fog, Below -6 to -10°C, Aluminum Surface ...................coooviiiiiiiiiiinn .. 36
Figure 4.6: Freezing Fog, Below -6 to -10°C, Composite Surface ...................ocooeeiiiiiiinn.. 36
Figure 4.7: Freezing Fog, Below -10°C, Aluminum Surface....................ooooiiii.. 37
Figure 4.8: Freezing Fog, Below -10°C, Composite Surface....... 5 B
Figure 4.9: Freezing Drizzle, -3°C and Above, Aluminum Surface ....... .. 38
Figure 4.10: Freezing Drizzle, -3°C and Above, Composite Surface ... .38
Figure 4.11: Freezing Drizzle, Below -3 to -8°C, Aluminum Surface.................................... 39
Figure 4.12. Freezing Drizzle, Below -3 to -6°C, Composite Surface......................ooiin . 39
Figure 4.13: Freezing Drizzle, Below -6 to -10°C, Aluminum Surface .....................ocoeiinn .. 40
Figure 4.14. Freezing Drizzle, Below -6 to -10°C, Composite Surface ....................cocevvvnnn.. 40
Figure 4.15: Light Freezing Rain, Below -3 to -6°C, Aluminum Surface .... 41
Figure 4.16: Light Freezing Rain, Below -3 to -6°C, Composite Surface ... 41
Figure 4.17: Light Freezing Rain, Below -6 to -10°C, Aluminum Surface .. .42
Figure 4.18: Light Freezing Rain, Below -6 to -10°C, Composite Surface ............................. 42
Figure 4.19: Rain on Cold-Soaked Surface, -3°C and Above, Aluminum Surface ................... 43
Figure 4.20: Rain on Cold-Scaked Surface, -3°C and Above, Composite Surface .................. 43
Figure 4.21. Artificial Snow, -3°C and Above, Aluminum Surface ...................coocie .. 44

LIST OF TABLES

Table 2.1 : Octagor: EcoPhy 2 DHIOn Table v s s o s s s s o s s s w55
Table 2.2: Definition of Weather Phenomenon. ...
Table 2.3: Theoretical and Experimental MVDS. .. ... e
Table 2.4: Summary of Freezing Precipitation Test Conditions (Type | Fluids). .
Table 3.1: Fluid Thickness MeasUrements . .. ... .ot e
Table 3. 21 Burmimiany of T et PErformristl v s s s i s s

LIST OF PHOTOS Page
Phiotol 2.7: APS! Test: Site = View Trom TSPl wo . i s ismsso i e 19
Phioto 2.2; APS: Test Site - ViewW Trom Trailer s sovsrssmses s srins sumie iy s 19
Photo 2.3: Outdoor View of NRC Climatic Engineering Facility .......................ooiiiiii . 20
Photo 2.4 Inside View of NRC Climatic Engineering Facility........................i. 20
Photo 2.5: Test Plates Mounted on Stand. ... 21
Photo 2.6: Cold-Soak / Leading Edge Thermal Equivalent Box ........o.ooiiiiiiiiiii 21
Photo 2.7: Collection Pans Used Indoors at the NRC ... 22

Photo 2.8: Sprayer Assembly..............cooviiviiinin.
Photo 2.9: Sprayer Assembly in Use

MAProjects\PM2168,003 (TC Dsicing 10-11)\Reports\Fluid ManufacturenBattele Octagon EcoFlo 2\Battells Ostagon EcoFlo 2 Version 1.0.doc
“ersion 1.0, August 11

ix

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix C\Appendix C.docx
Final Version 1.0, October 19



APPENDIX C

LIST OF FIGURES, TABLES AND PHOTOS

Photo 2.10: Sprayer NOZzle ...
Photo 2.11: Hand Held Brixometer
Photo 2.12: Twelve Hole Spreader Used for Fluid Application .........................
Photo 2.13:; Standard Plate Setup for Type | Testing with Artificial Snowmaker

MAProjects\PM2168,003 (TC Dsicing 10-11)\Reports\Fluid ManufacturenBattele Octagon EcoFlo 2\Battells Ostagon EcoFlo 2 Version 1.0.doc
“ersion 1.0, August 11

X

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix C\Appendix C.docx
Final Version 1.0, October 19



APPENDIX C

GLOSSARY

GLOSSARY

APS APS Aviation Inc.

ARP Aerospace Recommended Practice

CEF Climatic Engineering Facility

FAA Federal Aviation Administration

HOT Holdover Time

ISO International Organization for Standardization
LWC Liquid Water Content

MVD Median Volume Diameter

MANOBS Manual of Surface Weather Observations

NCAR National Center for Atmospheric Research
NRC National Research Council Canada

SAE Society of Automotive Engineers, Inc.
TDC Transportation Development Centre
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1. INTRODUCTION

1. INTRODUCTION

Aircraft ground de/anti-icing has been the subject of concentrated industry
attention in recent years due to the occurrence of several fatal icing-related
aircraft accidents. Notably, attention has been placed on the enhancement of
anti-icing fluids in order to provide an extended period of protection against
further contamination following initial deicing. This emphasis has led to the
development of de/anti-icing fluid holdover time (HOT) tables. These tables,
accepted by regulatory authorities, are used by aircraft operators for departure
planning in adverse winter conditions. Specifically, they provide the duration of
time that qualified fluids provide protection against ice formation under specific
weather conditions.

Testing has shown that Type Il and Type IV fluid endurance time performance
varies considerably by fluid. As a result, endurance time testing is carried out
with all Type Il and Type IV fluids and fluid-specific HOT tables are developed
for each Type Il/IV fluid based on the results of the testing.

In contrast, a significant body of previcus research and testing has indicated
that Type | fluids formulated with glycol perform in a similar manner from an
endurance time perspective. As a result, all Type | fluids are used with the
Type | generic holdover times (no fluid-specific holdover times are provided) and
regulators no longer require endurance time testing be conducted with Type |
fluids formulated with propylene glycol, ethylene glycol or diethylene glycol.
However, they do require that the endurance time performance of fluids
formulated with other glycol bases or with non-glycol bases be measured. This
is to ensure the endurance time performance of these fluids is similar to the
performance of the Type | fluids that were used to generate the current Type |
generic holdover times.

This report provides a detailed account of the endurance time testing APS
Aviation Inc. (APS) carried out with Octagon EcoFlo 2, a new non-glycol based
Type | fluid. It describes the test methodology used, endurance time data
collected, and conclusions derived from the results.

This report has been created with the support of the fluid manufacturer, the
Transport Development Centre (TDC) of Transport Canada and the Federal
Aviation Administration (FAA).
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2. METHODOLOGY

2. METHODOLOGY

Society of Automotive Engineers (SAE) Aerospace Recommended Practice (ARP)
5945 provides the procedure and requirements for endurance time testing with
Type | fluids under natural and simulated conditions. This chapter summarizes
some of aspects of the test methodology included in ARP5945, and some
aspects which are not included in ARP5945. The chapter includes sections for
test sites, equipment, procedures, precipitation rates and ambient temperatures
used in Type | endurance time testing, and freezing precipitation droplet sizes.
The final subsection describes the analysis methodology used to evaluate Type |
endurance time data.

2.1 Test Sites

Natural and artificial snow testing was performed at the APS test site located at
the Montréal-Pierre-Elliott-Trudeau International Airport. The location of the test
site is shown on the plan view of the airport shown in Figure 2.1. Photos 2.1
and 2.2 show the test site; the site consists of two trailers and three test stand
platforms. The APS test site is located near the Meteorological Services of
Canada (a division of Environment Canada) automated weather observation
station.

Y

Figure 2.1: APS Test Site at Montréal-Pierre-Elliott-Trudeau International Airport
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Tests under conditions of simulated freezing fog, freezing drizzle, light freezing
rain and rain on cold soaked wing were conducted indoors at the National
Research Council (NRC) Climatic Engineering Facility (CEF), where precipitation
is artificially produced. Photo 2.3 provides an outdoor view of the facility giving
a general indication of its size (30 m by 5.4 m, height 8 m). The facility was
originally designed for the testing of locomotives; Photo 2.4 provides an interior
view of the CEF set up for endurance time testing.

2.2 Test Equipment

The key equipment used in endurance time testing is described in this section,
as are the calibration procedures APS follows for ensuring the accuracy of its
test equipment.

2.2.1 Calibration

APS measurement instruments and test equipment are calibrated and/or verified
on an annual basis. This calibration is carried out according to a calibration plan
based upon approved International Organization for Standardization (ISO)
9001:2000 standards, and developed internally by APS.

2.2.2 Environmental Chamber Equipment

The general environmental chamber equipment used during tests (including air
temperature sensor, data acquisition system, temperature control equipment,
etc.) was as stipulated in the requirements set out in ARP5945.

2.2.3 Test Surface Structures

The majority of endurance time testing is carried out on standard flat plates. A
schematic of a standard flat plate is provided in Figure 2.2. It depicts the size
and surface markings of a standard flat plate. Three parallel lines are positioned
at 2.5 cm (17), 15 cm (6”) and 30 cm (12”) from the top of the plate. The
plates are marked with 15 crosshairs, which are used in determining when end
conditions (see Subsection 2.3.4) are achieved. Photo 2.5, taken outdoors at
APS test site, shows six test plates mounted on a test stand.

Figure 2.3 shows a schematic of the sealed boxes used for tests simulating a
cold soaked wing and in natural snow testing with Type | fluids. The top of the
box consists of a flat plate identical to the standard flat plate. A box shaped
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reservoir is welded to the bottom of the plate. Photo 2.6 shows a picture of a
sealed box, which is referred to as a cold-soak box when filled for simulated rain
on cold soaked wing tests and a leading edge thermal equivalent box when used
empty for testing Type | fluids in natural snow conditions.

1 2 3
%T‘—d 2.5 om {1") Line
H H H
. = 15 ¢m (67) Line
e
% H H H
5 e H— 30 cm (12") Line
H H
PO

| |
' 30 cm (127) '

Cross hairs in & aquare 2 cm on a side

Figure 2.2: Standard Test Plate Schematic

Flat Plate Welded to Box

/ 3.2 mm (1/8") thickness

Flat Plate

Wall thickness
0.62 mm (1/16")

’—— SOCm——‘

Figure 2.3: Cold Soak Box Schematic
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2.2.4 Test Surface Materials

Extensive research has shown holdover times of Type | fluids can be shorter on
composite surfaces than on aluminum surfaces. For many years all test surfaces
used in endurance time testing were constructed of aluminum. However, since
Transport Canada and the FAA implemented new holdover times for composite
surfaces in the winter of 2010-11, all new Type | fluids evaluated for endurance
time performance are tested on both aluminum and composite surfaces. The
details of the test surface materials are as follows:

e Aluminum: Alclad 2024 T3 aluminum, 0.32 cm thick; and
o Composite: Carbon fibre cross weave fabric, 0.32 cm thick.

Previous research has shown this composite material produces endurance time
results representative of many composite aircraft materials.

2.2.5 Test Stands

Figure 2.4 shows a schematic of the test platform used for HOT testing. For
natural snow tests, six test plates are normally mounted on the test stand,
which has a working surface inclined at 10° to the horizontal. During normal
winter operations two six-position stands are used in combination. Each plate
represents a flat plate test. For simulated freezing precipitation tests at the NRC,
12 plates are mounted on 2 six-position stands. Photos 2.4 and 2.5 show the
test stands set up for indoor and outdoor testing, respectively.

Typical Flat Plate

T Bl o 2semiium
Tﬁﬂ H
2 +m el 15 em (67} Line
Single Six Position Test Platform 8
. H B @A
M un 33N [127) L
TEST PLATES INCLINED AT 10° SLOPE s/ - oyt
B W E\
!
3 &n (127 \

Cross halrs In & squere 2 £m on & side

Figure 2.4: Test Stand Setup Schematic
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2.2.6 Collection Pans

Figure 2.5 shows a schematic of the collection pan used for precipitation rate
measurement in outdoor testing. It is the same size as a standard flat plate and
is used to make precipitation rate measurements during outdoor tests.
Photo 2.7 shows the collection pans used for measuring precipitation rates
indoors at the NRC.

ol r |
Profile View ;

50 cm

r-f 30 cm—ﬂ

Plan \iew Side View

l—-— 483cm ——

-95mm Holes

3.1 mm Aluminum
_L fin 48:9:em ﬁ4\

30cm 27.8 cm 1 L

\ i 4cmT 43 em

ﬂ % 35cm ﬂ % 3.5cm

Figure 2.5: Schematic of Outdoor Precipitation Measurement Pan

2.2.7 NRC Sprayer Assembly

NRC developed an improved sprayer assembly, shown in Photos 2.8 and 2.9, in
1997-98. The improved sprayer provides a larger scan area and improved spray
uniformity over the test bed area. The scanner consists of a horizontal main
shaft supported by two bearings. The actual spray head assembly is shaft-
mounted on a rotating scanner, so that one scan covers a lateral running strip of
the test bed area. A stepper motor is synchronized to index the relative angle of
the spray head between scans along an axis perpendicular to the scan axis. This
provides two axes of rotation, essentially an x-y plane; one along each axis.
Each scan is consecutively indexed in order to complete the precipitation
coverage of the test bed area. This defines one cycle of the spray unit. The
scan rate, index angle, and the number of scans per cycle are adjusted, along
with the fluid delivery pressures (water and air) to obtain appropriate droplet
sizes and precipitation rates. The spray nozzle is shown in Photo 2.10.
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2.2.8 Refractometer

Freeze points were measured using a hand-held Misco refractometer with a Brix
scale (see Photo 2.11)

2.2.2 12-Hole Spreader

A 12-hole spreader was used to apply fluids during natural and artificial snow
tests (see Photo 2.12).

2.2.10 Fluids

Testing was carried out using fluid diluted to a freeze point 10°C below the
ambient temperature. Information provided by the manufacturer was used to

develop the dilution table shown in Table 2.1, which was used to mix the fluid
to the appropriate freeze point for each test.

Table 2.1: Octagon EcoFlo 2 Dilution Table

Test Temp. FFP Fluid Brix Glycol Water
(°C) (°0 % (°) for4L | for4lL
+1 -9 28.5 19.0 1.1 2.9
-3 -13 36.7 24.0 1.2 2.8
-6 -16 42.0 27.0 1.3 b 30 4
-10 -20 48.0 305 1.4 2.6
-25 -35 59.5 37.0 1.5 2.5

2.3 Test Procedures

ARP5945 provides the procedure for endurance time testing of Type | fluids
under natural precipitation conditions and simulated freezing precipitation
conditions.

The procedure generally consists of pouring de/anti-icing fluids onto clean flat
plates exposed to various winter precipitation conditions, and recording the
elapsed time for the test to reach the defined end condition (see
Subsection 2.3.4), when a specified degree of freezing occurs. The following
subsections provide summaries of the test procedures followed for natural
snow, artificial snow and simulated freezing precipitation testing.
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2.3.1 Test Protocol — Natural Snow Tests

APS developed a specific procedure for Type | testing in natural snow based on
the requirements outlined in ARP5945. Key details of the procedure include:

s Tests are conducted on empty leading edge thermal equivalent boxes (see
Subsection 2.2.3);

e Fluid is diluted to a freeze point 10°C below ambient temperature using
information provided by the fluid manufacturer (see Table 2.1);

e Fluid is applied at a temperature of 60°C;
e 0.5 L of fluid is applied to the test surface with a 12-hole spreader; and

s For each test with a new Type | fluid, a test with a Type | reference fluid
is conducted simultaneously. The reference fluid is a Type | fluid that was
used in the determination of the current Type | generic holdover times.

2.3.2 Test Protocol — Artificial Snow Tests

APS developed a specific procedure for testing in artificial snow based on the
requirements outlined in ARP5485 (currently ARP5945 does not provide a
procedure for artificial snow testing). Key details of the procedure include:

s Tests are conducted on a standard plate with insulated tray (shown in
Photo 2.13);

e Fluid is diluted to a freeze point 10°C below ambient temperature using
information provided by the fluid manufacturer (see Table 2.1);

e Fluid is applied at a temperature of 60°C;
e 0.5 L of fluid is applied to the test surface with a 12-hole spreader; and

s For each test with a new Type | fluid, a test with a Type | reference fluid
is conducted simultaneously. The reference fluid is a Type | fluid that was
used in the determination of the current Type | generic holdover times.

2.3.3 Test Protocol — Simulated Precipitation Tests

APS developed a specific procedure for Type | testing in natural snow based on
the requirements outlined in ARP5945. Key details of the procedure include:
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e Freezing fog, freezing drizzle and light freezing rain tests are conducted
on standard flat plates (see Section 2.2.3);

s Cold-soak surface tests are conducted on filled cold-soak boxes {(see
Section 2.2.3);

e Fluid is diluted to a freeze point 10°C below ambient temperature using
information provided by the manufacturer (see Table 2.1);

o Fluid is applied at a temperature of 20°C; and

1 L of fluid is hand-poured on the test surface.

2.3.4 End Condition Definitions

Failure is called when 30 percent (1/3) of the plate or 5 cross-hairs are covered
with frozen contamination. Appearance of this frozen contamination includes,
but is not limited to:

a) lce front;

b) Ice sheet;

c¢) Slush, in clusters or as a front;

d) Disseminated fine ice crystals;

e) Frost on surface;

f) Clear ice pieces partially or totally imbedded in fluid; and
g) Snow bridges on top of the fluid.

2.3.5 Precipitation Rate Measurement Procedures

The procedures for measuring and determining precipitation rates during
simulated precipitation and natural precipitation conditions are provided below.

2.3.5.1 Simulated precipitation conditions

Prior to the start of the rate collection period, the proper needles and nozzles are
installed in the spray unit, and both the air and water pressures are adjusted.
Water spray calibration is performed by placing catch pans on the test stand,
each pan marked with a number identifying the collection location on the test
stand, and exposing the pans to a predetermined precipitation collection period.

The pans are weighed prior to exposure to precipitation and the weights are
recorded. Prior to the start of the precipitation catch period, the exact time
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(hh:mm:ss) is recorded. The pans are re-weighed following this collection period
and the precipitation rates over the area of the test stand are examined. If the
rates are unacceptable, re-calibration of the water spray is necessary. If the
rates are deemed to be acceptable, the pans are weighed and placed on the
stand for a second collection period. After the second collection period has
expired, the pans are again re-weighed and the rates computed.

Once two rates have been collected at each test location, the catch rates of the
first and second collection are compared. If the average catch rate for any
location is deemed to be acceptable for this condition, then the pouring of fluids
may begin at this location.

Rates are continuously monitored at a minimum of two locations during a test in
order to ensure there are no significant rate fluctuations. Pans will be placed at
these locations and be re-weighed at fixed intervals (15 minutes, typically)
during the course of a test. If a rate fluctuation occurs, the test is stopped.

Following the failure of a test plate, a rate collection pan is weighed and placed
at the plate location for a predetermined time interval. It is then re-weighed and
placed again on the stand to collect a minimum of two additional rates at this
location.

The rate of precipitation for any location on the stand is calculated by averaging
the two rates collected prior to the test and the two rates collected following
the test.

2.3.5.2 Natural precipitation conditions

Two rate collection pans per test stand are used to determine precipitation rates
in natural conditions. Prior to the rate collection period, both pans are marked
(upper and lower), and the inner bottom and sides of the each pan are wetted
with Type IV anti-icing fluid to prevent blowing snow from escaping the pan.
The wetted pans are then weighed to the nearest gram. The start time of the
rate collection period is recorded (h/min/sec) from the timepiece located near the
rate station before leaving the trailer to place the pans on the test stand. The
person responsible for collecting precipitation rate data take the time delay
necessary to proceed outside from the rate station into consideration.

The pans are positioned in locations 6 and 7 (see Figure 2.4) and are allowed to
collect precipitation for 10-minute intervals in normal conditions and 5-minute
intervals in periods of high precipitation rates and high winds. Prior to removal
of the plate pans from the test stand for re-weighing, any accumulated
precipitation on the lips and outer sides of each plate pan is carefully removed.
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The plate pans are then carried to the rate station for re-weighing. Upon
entering the trailer, the exact time is noted. The new weights of the plate pans
are recorded and the pans are brought back outside. This procedure is continued
until the final plate on the test stand has failed.

The rate for any HOT test in natural snow is obtained by computing the
time-weighted average of the rates collected in the upper and lower pans over
the duration of this particular test.

An example of the rate calculation method for tests in natural snow conditions
is displayed in Figure 2.6. Typically, two collections pans are used for each test.
The start and end times of the test are 10:15 and 10:45, respectively.
Precipitation rates for one pan were collected at three periods during this test,
indicated by t1, t2, and t3 (minutes). The calculated rates for each collection
period are indicated by R1, R2, and R3 (g/dm?/h). In order to calculate the
average rate for this pan, the following formula is then used:

(Rixti + Raxtz + Rs X ts)
th +t2+1s

In the example shown in Figure 2.8, the rate is calculated as follows:

(256 x 10 + 22 x8 + 34x5)
10 + 8 +5

The calculated average rate for this pan is 25.9 g/dm?/h. The average rate for
the other collection pan is calculated in similar fashion, and the average of the
two rates is then taken.

Plate Pan Frecipitaton Rate @i mh)
&

NG pSICR D 1R b it arssFLd

s facr B amiots

1000 10:G 1070 1045 1020 1026 1030 1035 10:40 1045 1050 1055 11:0
Time of Gay

Figure 2.6: Calculation of Outdoor Precipitation Rate
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2.4 Precipitation Rate Limits in Type | Endurance Time Testing

Upper and lower precipitation rate limits are an important part of the test
methodology for measuring fluid endurance times. Table 2.2 provides the
meteorologically accepted definitions of weather phenomenon / precipitation
types. It also includes the criteria used to determine precipitation intensity. This
table was compiled by the National Centre for Atmospheric Research (NCAR})
from the World Meteorological Organization Guide to Meteorological Instrumentis
and Methods of Observation (1983} and from the American Meteorological
Society, Glossary of Meteorology WSOH # 7 Manual of Surface Weather
Observations (IMANQBS) (3/84).

Table 2.2: Definition of Weather Phenomenon

‘Weather Phenomenon* Definition* Intensity Criteria**
i Ice crystals that form from ice-saturated air at temperatures Snow(SN), Pellets(GS),G raine{SG),Fra Drizie(FZDTY  Ice Peliets (PE)
below 0°C (32°F) by direct sublimation on the ground or other
( Estimated [Horizontal VDIt Liqud Equivalent
FROST (N" METAR code) exposed objects. Intensity (statute mile) s.tns!ﬁ‘f«mz,--- ...."f..‘."!'..“’c:'.:m,
Note: No Intensity is assigned to FROST. mp———— Scanered pelles
e T visibility is: | e | e ot
¥ . B ight (-) =S8 mi 5 | Visibilny pay
A suspension of numerous minute water droplets which freezes G lokmy |E1Omm o 008D | ey
upon impact with ground or other exposed objects, generally PP [e——
FREEZING FOG (FZFG) reducing the horizontal visibility at the earth’s surface 1o less than Moderate| < Isff;]:;bsl::z ::nl 5 0.05 to 0.10 in/hr | on the ground
: . " ; 1 Visibility reduced
Note: No Inicnsity is assigned 1o FRZ FOG. | 1 km (5/8 mile), PP RPN [ ool T Byt
Precipitation of ice crystals, most of which are branched, star- — i V';‘r:”e'""l“ More than 0.10 inh. | a0 pewsd
. . < mi isat
SNOW (SN) 5{|apod. or mixed w'fh unb::nched crystals. At lemperatures  osimy (> 2.5 mm o 250 gridn®e) :k:'fl{m'ﬂl’f
higher than about -5°C (23°F), the crystals are generally agglom- g it s
i lote: Honzontal visibility is only an estimation of snow and freezing e
erated into snowflakes. ensity. 1 have shown that visibili precip
itati are not always dircctly correlated.

Fairly uniform precipitation composed exclusively of fine drops

FRZING DRIZZLE (FZDZ) [diameter less than 0.5 mm (0.02 in.)) very close logether which - Drizzle Intensity (FZDZ)
freezes upon impact with the ground or other exposed objects. - -
Light(-) Trace to 0.01 in/hr (0.254 mm or 2.54 grfdm*/hr)

Moderate | From 0.01 to 0.02 in/hr (2.54 10 5,08 gdm?fhr)
Heavy(+) | More than 0.02 inhr (> 5.08 gridm?/hr)
Mte: Dri i -

Drizzle > 0.04 invhris usually in the form of rain.

Precipitation of liquid water particles which freezes upon impact
with the ground or other exposed objects, either in the form of
FREEZING RAIN (FZRA) drops of more than 0.5 mm (0.02 in.) or smaller drops which, in

contrast to drizzle, are widely separated. _ Rain (RA), Freezing Rain (FZRA), Ice Pellets (PE)
Precipitation of liquid water particles either in the form of drops Measured Inteasity | UP 10 010 in/hr (2.5 mm or 25 gridm?fhr);
RAIN (RA) of more than 0.5 mm (0.02 in.) diameter or of smaller widely Maximum 0.01 inch in 6 minutes

scattered drops. From scattered drops that, regandless of duration.

do not completely wet an exposed surface up toa
«condition where individual drops are easily seen.

Precipitation of white and opaque grains of ice. These grains are spheri-
SNOW PELLETS (GS) cal or sometimes conical; their diameter is about 2-5 mm (0.1-0.2in.).
Grains are brile, easily crushed; they bounce and break on hard ground.

0.11 in to 0.30 in/hr (7.6 mm or 76 gridm?/hr);
More than 0.01 to 0.03 inch in 6 minutes

Precipitation of very small white and grains of ice. The

P g Rl [ T E Individual drops are not clearly identifiable; spray
SNOW GRAINS (5G are fairly flat or elongated; their diameter is less than | mm (0.04 in.). h
E0 When the grains hit hard ground, they do not bounce or shaiter Bcwog tiier] bl o s et W e
Precipitation of small balls or pieces of ice with a diameter ranging from
HAIL (GR) S0 > 50 mm (0.2 to 2.0 in.) falling either separately or agglomerated Messured Intensiy | MOFe than 0.30 inhr (1.6 mm or 76 gr/dm/hr);
CE T More than 0.03 inch in 6 minutes
Precipitation of transparent {sleet or grains of ice), or translucent {small Heavy (+) "3
ICE PELLETS (PE) hail) pellets of ice, which are spherical or imregular, and which havea | }-----bcnno b Rain seemingly falls in eheets; individual drops
diameter of § mm (0.2 in.) or less. The pellets of ice usually bounce Estimated Intensity | 5 not identifiable; heavy spray 10 height of sev-
Note: Includes Sleet and Small Hail when hitting hard ground. eral inches is observed over hand surfuces.

led by Jeff Cole and Ray Rasmussen of NCAR/RAF June 17, 1597

" Trom World Fescorciopeal Dvgasmzation uide 1o MEorolopical Inarvments and Medhods of Observauon (1733] Compl
- tomary of 684 (Updated for METAR codes)

Amenican 'WSOH 1 MANOBS
#+% NCAR Proposed Definiton for Liquid Equivalent Saomfall Imenaity

The precipitation rate limits established for Type | endurance time testing are
provided in ARP5945 and represented graphically in Figure 2.7. Subsections
2.4.1 to 2.4.5 provide detailed definitions and explanations of the precipitation

M: P ojectsiPM 2169.003 (TC Deicing 10-11)ReportstF luid Manufacturer'Battelle Octagon EcoFlo 21Battelle O ctagon EcoFlo 2 Version 1.0.doc
Yersion 1.0, August 11
13

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix C\Appendix C.docx
Final Version 1.0, October 19
C-25



APPENDIX C

2. METHODOLOGY

types and rate boundaries used in Type | endurance time testing. It should be
noted that in many cases these limits are not the same as the meteorologically
accepted definitions provided in Table 2.2.

ROCSW
VERY
LIGHT LIGHT
SNOW SNOW MODERATE SNOW
P
FOG < P LIGHT FREEZING RAIN
- »
2 4 13 | I
0 5 10 15 20 25 75
Precipitation Rate (g/dm?h})

Figure 2.7: Precipitation Rate Limits Used in Endurance Time Testing

2.41 Freezing Fog

The precipitation rate limits for endurance time testing in freezing fog were set
in 1997 at rates of 2 and 5 g/dm?h. These limits were determined with input
from NRC meteorologists, who helped define an important parameter in the
study of fog referred to as the Liguid Water Content (LWC). This quantity,
expressed in density terms as the mass of water in grams contained in one
cubic meter of air, can generally assume values in the range of 0.2 to 0.6 g/m®.

2.4.2  Freezing Drizzle
The precipitation rate limits for endurance time testing in freezing drizzle are

5 and 13 g/dm’/h. The upper limit in this range was adopted based on
discussions with meteorological experts and aircraft operators on the SAE G-12
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HOT Committee. This range corresponds to heavy drizzle and has been chosen
to provide aircraft operators with a greater margin of safety.

2.4.3 Light Freezing Rain

The precipitation rate limits for endurance time testing in light freezing rain are
13 and 25 g/dm?/h. This range corresponds to the category of light freezing rain
and is the only freezing rain category considered, as operations in periods of
moderate or heavy freezing rain are deemed unsafe.

2.4.4 Rain on a Cold-Soaked Surface

The precipitation rate limits for rain on cold soaked surface are 5 and
75 g/dm?/h. This range encompasses drizzle (5 to 13 g/dm?¥h), light rain (13 to
25 g/dm?/h), and moderate rain (25 to 75 g/dm?%h).

2.4.5 Snow

The precipitation rate limits used to determine holdover times for Type | fluids in
snow are as follows:

a) Very light snow: 4 g/dm?/h;
b) Light snow: 4 and 10 g/dm?/h; and
c) Moderate snow: 10 and 25 g/dm?/h.

Notably, Type Il and Type IV holdover times are determined using the
precipitation rate limits for moderate snow: 10 and 25 g/dm?/h.

2.5 Ambient Temperatures in Type | Endurance Time Testing

The Type | generic holdover time tables provide holdover times for four
temperature ranges:

¢ -3°C and above

s Below -3 1o -6°C

¢ Below -6 to -10°C
Below -10°C

In natural snow testing, endurance time testing is carried out under a range of
temperatures. In simulated freezing precipitation testing and artificial snow
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testing, endurance time testing is typically conducted at the lower limit of each
temperature band.

Freezing Fog: -3°C, -6°C, -10°C and -25°C

Freezing Drizzle: -3°C, -6°C and -10°C

Light Freezing Rain: -6°C and -10°C (see note below)
Rain on Cold Soaked Surface: +1°C

Artificial Snow: -3, -6, -10 and/or -25°C

Note: Testing is not carried out with Type | fluids in light freezing rain at -3°C
as the latent heat of freezing in calm test conditions produces artificially long
endurance times.

2.6 Freezing Precipitation Droplet Sizes

Research has shown that median volume diameter (MVD) of rain droplets is
related to rate of precipitation as follows:

where MVD is in mm and rate of
precipitation is in g/dm?3/h

MVD = (precipitation rate/10) >,

The theoretical MVDs for rain at various rates of precipitation were determined
based on this equation. These values are listed in Table 2.3 beside the
experimental MVDs for each precipitation condition.

Table 2.3: Theoretical and Experimental MVDs

ipitati i Experimental MIVD | Theoretical MVD
Precipitation Condition
Moderate Rain
(High rate: 75 g/dm?/h) 1.4 1.8
Light Rain
(Low rate: 13 g/dm2/h) 1.0 < 1.1
Light Rain
(High rate: 25 g/dm?/h) 1.0 1.2
Drizzle
(Low rate: 5 g/dm?/h) 0.25 < 0.5
Drizzle
(High rate: 13 g/dm?/h) 0.35 < 0.5
Fod < 0.1
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To determine whether droplets produced at the NRC resembled droplets from
natural precipitation, a test was conducted during natural light freezing rain
conditions in 1997-98 at the APS test site. The droplet sizes were compared to
those obtained in simulated light freezing rain at the NRC. The results of these
tests are shown below:

a) For the outdoor test:

Location: Montreal P.E.T. Airport
Precipitation: Natural Light Freezing Rain
Precipitation Rate: 20 g/dm?/h
Calibrated MVD: 1.0 mm

b) For the indoor test:
Location: National Research Council
Precipitation: Simulated Light Freezing Rain
Precipitation Rate: 25 g/dm?/h
Calibrated MVD: 1.0 mm

The MVD for both natural and simulated light freezing rain was 1 mm, indicating
that the NRC produced droplets simulate natural precipitation.

As a result of this testing, the MVDs for freezing precipitation testing were
established as follows:

s Freezing Fog, high precipitation rate (5 g/dm?/h}: 30 ym
¢ Freezing Fog, low precipitation rate (2 g/dm?/h): 30 ym

e Freezing Drizzle, high precipitation rate (13 g/dm?/h): 350 ym
e Freezing Drizzle, low precipitation rate (5 g/dm?/h): 250 ym

s Light Freezing Rain, high precipitation rate (25 g/dm?3/h): 1,000 ym
s Light Freezing Rain, low precipitation rate (13 g/dm?2/h): 1,000 ym

Rain on Cold-Soaked Surface, low precipitation rate (5 g/dm?/h): 250 ym
e Rain on Cold-Soaked Surface, high precipitation rate (75 g/dm?/h):
1,400 pym

2.7 Summary of Freezing Precipitation Test Conditions

The precipitation types/rates, ambient temperatures and droplet sizes for
freezing precipitation testing with Type | fluids were described in the previous
subsections. In summary, freezing precipitation tests are carried out under each
of the 20 weather conditions listed in Table 2.4.
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Table 2.4: Summary of Freezing Precipitation Test Conditions (Type | Fluids}

Precipitation Ambient Precipitation Rate
Type Temperature (Droplet Size)
G 2 g/dm*/h (30 um)
5 g/dm*/h (30 um)
EEE 2 g/dmzlh (30 um)
. 5 g/dm*/h (30 ym)
Freezing Fog 5
-10¢C 2 g/dm‘/h (30 um)
5 g/dm?/h (30 um)
2
2500 2 g/dm?/h (30 um)
5 g/dm*/h (30 uym)
300 5 g/dm3/h (250 um)
13 g/dm?/h (350 pym)
5 g/dm?/h (250
Freezing Drizzle -6°C g/dm?/h { #m)
13 g/dm?/h (350 ym)
10°¢C 5 gf/dm?/h (250 um)
13 g/dm?/h (350 ym)
- 13 g/dm?/h (1,000 um)
25 g/dm?/h (1,000 uym
Light Freezing Rain 9/ Ml fall)
10°¢ 13 g/dm?/h {1,000 um)
25 g/dm?/h (1,000 um)
Rain on Cold- 5 g/dm?/h (250 um)
+1°C
Soaked Surface 75 g/dm?th (1,400 um)

2.8 Analysis Methodology

The endurance time performance of Type | fluids is evaluated by comparing the
data collected to the performance of historical Type | fluids (i.e. the Type | fluids
the generic Type | holdover times are based on). In order for the endurance time
performance of a new Type | fluid to be considered acceptable, the endurance
time results need to be similar or superior to the historical fluid data.

For simulated freezing precipitation, the new fluid data is plotted on endurance
time vs. rate of precipitation charts along with the historic fluid data and a
visual examination determines if the new fluid’s performance is similar or
superior to the historical data.

For snow, the endurance time of each test conducted with a new Type | fluid is
compared to the endurance time of the baseline test conducted simultaneously
(natural snow) or immediately after (artificial snow) the test with a historical
(baseline) Type | fluid. The data set must show that the new fluid has similar or
superior endurance times relative to the baseline test.
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Photo 2.1: APS Test Site - View from Test Pad
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Photo 2.3: Outdoor View of NRC Climatic Engineering Facility
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Photo 2.5: Test Plates Mounted on Stand

Photo 2.6: Cold-Soak / Leading Edge Thermal Equivalent Box
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Photo 2.7: Collection Pans Used Indoors at the NRC
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Photo 2.9: Sprayer Assembly in Use

Photo 2.10: Sprayer Nozzle
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Photo 2.11: Hand Held Brixometer

Photo 2.12: Twelve Hole Spreader Used for Fluid Application
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Photo 2.13: Standard Plate Setup for Type | Testing with Artificial Showmaker

il ¥ i | i
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3. DESCRIPTION OF DATA

This section provides a summary of the number of tests conducted. Breakdowns
are provided for quantity of tests performed by precipitation type, fluid dilution,
test surface and test temperature. A list of the tests conducted is provided in
Table 3.2 at the end of this section.

3.1 Natural Snow Tests

Natural snow tests will be conducted in the winter of 2011-12. A revised
version of this report will be issued upon completion of natural snow testing.
3.2 Artificial Snow Tests

Two tests were conducted with an artificial showmaker at the APS test site.

Both tests were conducted on an aluminum surface at -3°C. For comparison
purposes, the tests were repeated with a baseline Type | fluid.

Fluid Dilution Test Surface -3°C -6°C -10°C -25°C

10°C Buffer Aluminum 2 0 0 0

3.3 Freezing Fog Tests

Tests were conducted in freezing fog conditions at the NRC CEF. The
breakdown of tests conducted is summarized below by fluid dilution, test
surface and test temperature.

Fluid Dilution Test Surface -3°C -6°C -10°C -25°C
10°C Buffer Aluminum 4 6 4 4
10°C Buffer Composite 4 4 4 4

3.4 Freezing Drizzle Tests

Tests were conducted in freezing drizzle at the NRC CEF. The breakdown of
tests conducted is summarized below by fluid dilution, test surface and test
temperature.
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3. DESCRIPTION OF DATA

Fluid Dilution Test Surface -3°C -6°C -10°C
10°C Buffer Aluminum 4 4 4
10°C Buffer Composite 4 4 4

3.5 Light Freezing Rain Tests

Tests were conducted in light freezing rain conditions at the NRC CEF. The
breakdown of tests conducted is summarized below by fluid dilution, test
surface and test temperature.

Fluid Dilution Test Surface -3°C -6°C -10°C
10°C Buffer Aluminum 0* 4 4
10°C Buffer Composite o* 4 4

* Type [ fluids are not tested in freezing rain at -3°C because the latent heat of freezing in
calm test conditions produces artificially long endurance times.

3.6 Rain on Cold-Soaked Surface Tests

Tests were conducted in rain on cold-soaked surface conditions at the NRC
CEF. The breakdown of tests conducted is summarized below by fluid dilution,
test surface and test temperature.

Fluid Dilution Test Surface +1°C
10°C Buffer Aluminum 4
10°C Buffer Composite 4

3.7 Fluid Thickness Tests

The purpose of these tests was to measure the film thickness profile of Octagon
EcoFlo 2 (mixed to a 10° buffer) under dry conditions. Two tests were
performed at an ambient temperature of -3°C.

For each test, one litre of fluid was poured onto a flat plate mounted at 10° to
the horizontal. Film thickness measurements were taken at the 15-cm (6”) line
at pre-selected time intervals over a 30-minute interval. The thickness after
30 minutes was 0.04 mm. The measurements are displayed in Table 3.1.
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Table 3.1: Fluid Thickness Measurements

Time. Afjcer Thickness {(mm)
Measurement | Application
{mins) Run 1 Run 2
1 2 0.06 0.06
2 5 0.06 0.06
3 15 0.04 0.04
4 30 0.04 0.04
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APPENDIX C

3. DESCRIPTION OF DATA
Table 3.2: Summary of Tests Performed
Test Date Fluid Name FI.Uid Inlce:ir:lsgity EnEiI'Lilr:'?:ce T-:ralj::. Test Precipitation
No. Dil .* {g/dm?/h) {min) {°c) Surface Type
1 19-Jul-11 |Octagon EcoFlo 2| 10°B 2.3 19.3 -3.2 | Aluminum Freezing Fog
2 19-Jul-11 [Octagon EcoFlo 2| 10°B 1.9 20.1 -3.1 Aluminum Freezing Fog
3 | 19-Jul-11 |Octagon EcoFlo 2| 10°B 2.1 18.8 -3.2 | Composite Freezing Fog
4 19-Jul-11 [Octagon EcoFlo 2| 10°B 1.7 20.5 -3.1 Composite Freezing Fog
5 19-Jul-11 |Octagon EcoFlo 2| 10°B 5.5 127 -3.3 | Aluminum Freezing Fog
6 19-Jul-11 [Octagon EcoFlo 2| 10°B 5.0 12:8 -3.3 | Aluminum Freezing Fog
7 | 19-Jul-11 | Octagon EcoFlo 2| 10°B B 115 -3.3 | Composite Freezing Fog
8 19-Jul-11 [Octagon EcoFlo 2| 10°B 4.9 9.7 -3.3 | Composite Freezing Fog
9R | 19-Jul-11 |Octagon EcoFlo 2| 10°B 2.1 14.3 -5.9 | Aluminum Freezing Fog
10 | 19-Jul-11 |Octagon EcoFlo 2| 10°B 2.0 16.9 -6.0 | Aluminum Freezing Fog
10R | 19-Jul-11 |Octagon EcoFlo 2| 10°B 1.9 15.8 -5.9 | Aluminum Freezing Fog
11 | 19-Jul-11 |Octagon EcoFlo 2| 10°B 1.8 13.4 -6.1 Composite Freezing Fog
12 | 19-Jul-11 [Octagon EcoFlo 2| 10°B 2 12.8 -6.1 | Composite Freezing Fog
13 | 19-Jul-11 |Octagon EcoFlo 2| 10°B 4.7 7.9 -5.9 | Aluminum Freezing Fog
13R | 19-Jul-11 |Octagon EcoFlo 2| 10°B 4.7 9.7 -6.1 Aluminum Freezing Fog
14 | 19-Jul-11 |Octagon EcoFlo 2| 10°B 4.9 9.7 -5.9 | Aluminum Freezing Fog
15 | 19-Jul-11 [Octagon EcoFlo 2| 10°B 4.7 T -5.9 | Composite Freezing Fog
16 | 19-Jul-11 |Octagon EcoFlo 2| 10°B 4.7 8.5 -5.9 | Composite Freezing Fog
17 | 19-Jul-11 [Octagon EcoFlo 2| 10°B 1.9 13.1 -9.9 | Aluminum Freezing Fog
18R | 19-Jul-11 |Octagon EcoFlo 2| 10°B 2.2 1.7 -10.2 | Aluminum Freezing Fog
19 | 19-Jul-11 [Octagon EcoFlo 2| 10°B Z.2 10.5 -9.9 | Composite Freezing Fog
20 | 19-Jul-11 [Octagon EcoFlo 2| 10°B 1:8 10.6 -9.9 | Composite Freezing Fog
21 | 19-Jul-11 |Octagon EcoFlo 2| 10°B 5.3 8.7 -9.8 | Aluminum Freezing Fog
22 | 18-Jul-11 [Octagon EcoFlo 2| 10°B 4.9 9.3 -9.8 | Aluminum Freezing Fog
23 | 19-Jul-11 | Octagon EcoFlo 2| 10°B 5.0 7.3 -9.8 | Composite Freezing Fog
24 | 18-Jul-11 [Octagon EcoFlo 2| 10°B 4.6 7.0 -9.8 | Composite Freezing Fog
25 | 19-Jul-11 | Octagon EcoFlo 2| 10°B 1.9 12.7 -25.0 | Aluminum Freezing Fog
28 | 18-Jul-11 [Octagon EcoFlo 2| 10°B 1.7 128.8 -25.0 | Aluminum Freezing Fog
27 | 19-Jul-11 | Octagon EcoFlo 2| 10°B 1.8 1.3 -24.9 | Composite Freezing Fog
28 | 18-Jul-11 [Octagon EcoFlo 2| 10°B 1.8 121 -25.0 | Composite Freezing Fog
29 | 19-Jul-11 | Octagon EcoFlo 2| 10°B 5.0 5.2 -24.6 | Aluminum Freezing Fog
30 | 18-Jul-11 [Octagon EcoFlo 2| 10°B b1 5.8 -24.6 | Aluminum Freezing Fog
31 | 19-Jul-11 | Octagon EcoFlo 2| 10°B 4.9 4.3 -24.6 | Composite Freezing Fog
32 | 18-Jul-11 [Octagon EcoFlo 2| 10°B 4.6 4.5 -24.8 | Composite Freezing Fog
33 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 13.5 8.1 -6.5 | Aluminum | Light Freezing Rain
34 | 20-Jul-11 [Octagon EcoFlo 2| 10°B 13.4 7.8 -6.5 | Aluminum |Light Freezing Rain
35 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 13.2 -3 -6.4 | Composite | Light Freezing Rain
38 | 20-Jul-11 [Octagon EcoFlo 2| 10°B 13.5 7.3 -6.2 | Composite | Light Freezing Rain
37 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 254 9.1 -5.9 | Aluminum | Light Freezing Rain
38 | 20-Jul-11 [Octagon EcoFlo 2| 10°B 251 9.0 -6.2 | Aluminum |Light Freezing Rain
39 | 20-Jul-11 | Octagon EcoFlo 2| 10°B 24.9 2 -6.3 | Composite | Light Freezing Rain
40 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 247 7.3 -6.0 | Composite | Light Freezing Rain
41 | 21-Jul-11 [Octagon EcoFlo 2| 10°B 12.5 B.2 -9.4 | Aluminum | Light Freezing Rain
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Table 3.2 (cont’d): Summary of Tests Performed

Test Date Fluid Name FI.Uid Inlce“r:lsgity EnEiI'Lilr:'?:ce T-:ralj::. Test Precipitation
No. Dil .* {g/dm?/h) {min) {°c) Surface Type

42 | 21-Jul-11 | Octagon EcoFlo 2| 10°B 12.8 a7 -10.2 | Aluminum | Light Freezing Rain
43 | 21-Jul-11 |Octagon EcoFlo 2| 10°B 12.8 5.0 -9.4 | Composite | Light Freezing Rain
44 | 21-Jul-11 |Octagon EcoFlo 2| 10°B 12,5 5.8 -10.0 | Composite | Light Freezing Rain
45 | 21-Jul-11 |Octagon EcoFlo 2| 10°B 245 TR -10.2 | Aluminum | Light Freezing Rain
46 | 21-Jul-11 |Octagon EcoFlo 2| 10°B 251 4.5 -10.1 | Aluminum | Light Freezing Rain
47 | 21-Jul-11 |Octagon EcoFlo 2| 10°B 24.2 4.8 -10.0 | Composite | Light Freezing Rain
48 | 21-Jul-11 [Octagon EcoFlo 2| 10°B 24.6 5.8 -10.2 | Composite | Light Freezing Rain
49 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 4.9 141 -3.0 | Aluminum Freezing Drizzle
50 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 4.7 15.0 -3.0 | Aluminum Freezing Drizzle
51 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 4.8 167 -3.0 | Composite Freezing Drizzle
52 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 4.8 15.6 -3.0 | Composite Freezing Drizzle
53 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 12.8 T -3.4 | Aluminum Freezing Drizzle
54 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 12.7 12.8 -3.4 | Aluminum Freezing Drizzle
55 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 12.7 10.3 -3.4 | Composite Freezing Drizzle
56 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 12.8 1148 -3.4 | Composite Freezing Drizzle
57 | 20-Jul-11 |Octagon EcoFlo 2| 10°B b1 12.4 -6.5 | Aluminum Freezing Drizzle
58 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 4.9 11.6 -6.5 | Aluminum Freezing Drizzle
59 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 4.9 11.4 -6.5 | Composite Freezing Drizzle
60 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 4.8 10.9 -6.5 | Composite Freezing Drizzle
61 | 20-Jul-11 [Octagon EcoFlo 2| 10°B 13.1 5.9 -6.3 | Aluminum Freezing Drizzle
62 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 12.9 6.9 -6.2 | Aluminum Freezing Drizzle
63 | 20-Jul-11 [Octagon EcoFlo 2| 10°B 12:7 7.8 -6.2 | Composite Freezing Drizzle
64 | 20-Jul-11 |Octagon EcoFlo 2| 10°B 12.9 6.8 -6.2 | Composite Freezing Drizzle
65 | 21-Jul-11 [Octagon EcoFlo 2| 10°B b1 8.5 -10.0 | Aluminum Freezing Drizzle
66 | 21-Jul-11 |Octagon EcoFlo 2| 10°B 55 a1 -10.1 | Aluminum Freezing Drizzle
67 | 21-Jul-11 [Octagon EcoFlo 2| 10°B 52 8.8 -10.0 | Composite Freezing Drizzle
68 | 21-Jul-11 |Octagon EcoFlo 2| 10°B 4.8 8.8 -10.3 | Composite Freezing Drizzle
69 | 21-Jul-11 [Octagon EcoFlo 2| 10°B 13.7 5.1 -9.0 | Aluminum Freezing Drizzle
70 | 21-Jul-11 |Octagon EcoFlo 2| 10°B 13.0 5.8 -9.0 | Aluminum Freezing Drizzle
71 | 21-Jul-11 |Octagon EcoFlo 2| 10°B 13.3 6.4 -9.0 | Composite Freezing Drizzle
72 | 21-Jul-11 |Octagon EcoFlo 2| 10°B 12.7 4.6 -9.0 | Composite Freezing Drizzle
73 | 21-Jul-11 [Octagon EcoFlo 2| 10°B 5 5.6 1.6 Aluminum Cold Soak Box
74R | 21-Jul-11 |Octagon EcoFlo 2| 10°B 4.8 6.3 0.6 Aluminum Cold Soak Box
75 | 21-Jul-11 |Octagon EcoFlo 2| 10°B 4.9 6.4 1.5 Composite Cold Soak Box
76 | 21-Jul-11 |Octagon EcoFlo 2| 10°B 5.2 7.0 0.9 Composite Cold Soak Box
77 | 21-Jul-11 [Octagon EcoFlo 2| 10°B 74.7 1.6 1.1 Aluminum Cold Soak Box
78 | 21-Jul-11 |Octagon EcoFlo 2| 10°B 76.8 18 1.2 Aluminum Cold Soak Box
79 | 21-Jul-11 [Octagon EcoFlo 2| 10°B 75.6 1.8 1.2 Composite Cold Soak Box
80 | 21-Jul-11 |Octagon EcoFlo 2| 10°B 75.6 2.4 1.2 Composite Cold Soak Box
S2 | 26-Jul-11 [Octagon EcoFlo 2| 10°B 10.8 10.0 -3.0 | Aluminum Artificial Snow
S2 | 26-Jul-11 | Octagon EcoFlo 2| 10°B 5:5 25.0 -3.0 | Aluminum Avrtificial Snow

* 10°B = Fuid diluted to a freeze point 10°C below test temperature
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APPENDIX C

4. RESULTS AND DISCUSSION

4. RESULTS AND DISCUSSION

The results of endurance time testing with Octagon EcoFlo 2 are presented in
this section. To assess the performance of the fluid, the endurance time results
are compared to historic Type | fluid endurance times.

4.1 Data

Figures 4.1 to 4.21 present the endurance time data collected with Octagon
EcoFlo 2.

Figures 4.1 to 4.20 show the results of testing in simulated freezing
precipitation. There is one chart for each freezing precipitation cell in the Type |
generic holdover time tables, with the exception of the “-3°C and above” light
freezing rain cells (see note in Subsection 2.5). Each chart contains the Octagon
EcoFlo 2 endurance times (represented with solid diamonds), the endurance
times of other Type | fluids (represented with hollow diamonds) and the current
Type | generic holdover times (represented by solid squares).

Figure 4.21 shows the results of testing in artificial snow. The chart shows the
endurance times of Octagon EcoFlo 2 along with the endurance times of the
Type | reference fluid that was tested immediately following Octagon EcoFlo 2.

4.2 Discussion

The data collected shows the endurance times Octagon EcoFlo 2 are similar or
superior to the endurance times of Type | fluids tested in past years and to the
current Type | generic holdover times. These results indicate this non-glycol
based fluid performs similarly to glycol based Type | fluids from an endurance
time perspective and therefore can be used with the generic Type | HOT
guidelines.
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EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON EMDURANCE TIME
Octagon EcoFo 2 (10°C Buffer)
FREEZING FOG, -3°C (ALUMINUM)
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Figure 4.1: Freezing Fog, -3°C and Above, Aluminum Surface
EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME
Octagon EcoFlo 2 (10°C Buffer)
FREEZING FOG, -3°C (COMPOSITE)
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Figure 4.2: Freezing Fog, -3°C and Above, Composite Surface
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EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME
Octagon EcoFlo 2 {10°C Buffer)
FREEZING FOG, -6°C (ALUMINUM)
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Figure 4.3: Freezing Fog, Below -3 to -6°C, Aluminum Surface

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME
Octagon EcoFlo 2 {10°C Buffer)
FREEZING FOG, -6°C (COMPOSITE)
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Figure 4.4: Freezing Fog, Below -3 to -6°C, Composite Surface
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EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME
Octagon EcoFlo 2 {(10°C Buffer}
FREEZING FOG, -10°C (ALUMINUM)
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Figure 4.5: Freezing Fog, Below -6 to -10°C, Aluminum Surface
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Figure 4.6: Freezing Fog, Below -6 to -10°C, Composite Surface
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APPENDIX C

4. RESULTS AND DISCUSSION
EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME
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Figure 4.7: Freezing Fog, Below -10°C, Aluminum Surface
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Figure 4.8: Freezing Fog, Below -10°C, Composite Surface
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APPENDIX C

4. RESULTS AND DISCUSSION

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME

Octagon EcoFlo 2 (10°C Buffer}
FREEZING DRIZZLE, -3°C (ALUMINUM)

| I | |
") | | | |
2 | | | |
e 2 i Ry m—-—-- [ -——--—
- % il | | ol |
» 8 o I e o | |
& b ! 000, 0 !
B Wm | I 4 ," |
5 &
o BT | I ® %o |
=B 3 | | | |
L2 & 8l —————— I
¢ &N | | | |
| I | |
I i I I I
\\\\\\ (EEVEVENING SNEVEVEVETS [NV EVEVETENE SVSVEVI
I | I | |
I i I I I
I | I | |
|||||| EEVEVEVEVE  SVEVEVEVENS EVEVEVEVEVE [EVEVEVEVENS) SVENEVEE
| i | | |
I | I | |
| | I | |
\\\\\\ (IS | RIS [FCIIURICS [CVICINE| SRR
| | | | |
o | | I | |
= | | | | |
N I T [ o o ]
G i i i i |
% I i I I I
o | | I | |
= | | | | |
16—~~~ [ [ [ [
™~ I | I | |
| | | | |
| | | | |
\\\\\\ e et B
| | € | |
| I L | |
| | o B | |
T T LS T T T
| i % o i i
| | ¢ | |
| | | | |
\\\\\\ e et el e
I | I | |
| | | | |
| | | | I
\\\\\\ e i e e
| | | | |
| I | | |
I | I | |
\\\\\\ ERERENENE  SVRVERERENE SR E—T S———
| | | | |
I | I | |
| | | | |
\\\\\\ VIS SUNEVINS. VSNSRI SNV
| | I | |
| | | | |
| I | | |
. . . . .
o w b= w0 o w (=]
® & Y - =

(sownujw) sy snped poid

15

13

12

10

Rate of Precipitation {g/dm2/h)

Figure 4.9: Freezing Drizzle, -3°C and Above, Aluminum Surface

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME
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Figure 4.10: Freezing Drizzle, -3°C and Above, Composite Surface
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APPENDIX C

4. RESULTS AND DISCUSSION

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME

Octagon EcoFlo 2 (10°C Buffer}
FREEZING DRIZZLE, -6°C (ALUMINUM)
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Figure 4.11: Freezing Drizzle, Below -3 to -6°C, Aluminum Surface

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME
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Figure 4.12: Freezing Drizzle, Below -3 to -6°C, Composite Surface
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APPENDIX C

4. RESULTS AND DISCUSSION

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME

Octagon EcoFlo 2 (10°C Buffer}
FREEZING DRIZZLE, -10°C (ALUMINUM)
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Figure 4.13: Freezing Drizzle, Below -6 to -10°C, Aluminum Surface
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. Below -6 to -10°C, Composite Surface

Figure 4.14: Freezing Drizzle
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APPENDIX C

4. RESULTS AND DISCUSSION

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME

Octagon EcoFlo 2 {(10°C Buffer}
FREEZING RAIN, -6°C (ALUMINUM)
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Figure 4.15: Light Freezing Rain, Below -3 to -6°C, Aluminum Surface
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Figure 4.16: Light Freezing Rain, Below -3 to -6°C, Composite Surface
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APPENDIX C

4. RESULTS AND DISCUSSION

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME

Octagon EcoFlo 2 {(10°C Buffer}
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Figure 4.17: Light Freezing Rain, Below -6 to -10°C, Aluminum Surface

EFFECT OF TEMPERATURE AND RATE OF PRECIFITATION ON ENDURAMCE TIME
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Figure 4.18: Light Freezing Rain, Below -6 to -10°C, Composite Surface
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APPENDIX C

4. RESULTS AND DISCUSSION

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME
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Figure 4.19: Rain on Cold-Soaked Surface, -3°C and Above, Aluminum Surface
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Figure 4.20: Rain on Cold-Soaked Surface, -3°C and Above, Composite Surface
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APPENDIX C

4. RESULTS AND DISCUSSION
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Figure 4.21: Artificial Snow, -3°C and Above, Aluminum Surface
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APPENDIX D

FLUID MANUFACTURER REPORT:
CRYOTECH POLAR GUARD ADVANCE (TYPE IV)
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APPENDIX D

FLUID IDENTIFICATION AND CHARACTERISTICS

FLUID IDENTIFICATION AND CHARACTERISTICS

Manufacturer:

Fluid Test Name:
Fluid Commercial Name:

Fluid Type / Colour:

Batch #:

Date of Receipt:

Brix (Measured):

Freeze Point (Stated):

LOUT (Stated):

Viscosity:

WSET (from AMIL):

Cryotech Deicing Technology
Lv2

Polar Guard Advance

Type IV / Green

1.042.1430

February 23, 2011

Neat fluid: 35.75°
75/25 dilution: 28.00°
50/50 dilution: 19.75°
Neat fluid: -37.6°C
75/25 dilution: -25.0°C
50/50 dilution: -20.5°C
Neat fluid: -30.5°C
75/25 dilution: -18°C
50/50 dilution: -9°C
Mfr Method' Stated
Neat fluid: 3,800 cP
75/25 dilution: 8,840 ¢cP
50/50 dilution: see AIR
AIR9968 Method? Stated
Neat fluid: 4,120 cP
75/25 dilution: 9,800 cP
50/50 dilution: 80 cP
Neat fluid: 93 minutes

Measured

4,400 cP

11,600 cP
see AIR

Measured
4,050 cP
9,750 cP

80 cP

! Spindle SC4-34/13R, small sample adapter, 10 mL of fluid, 20°C, 0.3 rpm, for 10 minutes O seconds
2 Spindie LV'1 with guard leg, 600 mL beaker, 500 mL of fluid, 20°C, 0.3 rpm, for 10 minutes O seconds
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SUMMARY

SUMMARY

The primary objective of this project was to measure the endurance time
performance of Cryotech Polar Guard Advance over the entire range of
conditions encompassed by the Holdover Time (HOT) tables. This report
contains the results of these measurements and was completed with the
support of the fluid manufacturer, the Transport Development Centre (TDC) of
Transport Canada (TC) and the Federal Aviation Administration (FAA).

The HOT test procedure consisted of pouring fluids onto clean aluminum test
surfaces inclined at 10°; the onset of failure was recorded as a function of time
in natural and simulated precipitation. Natural snow tests were performed at the
APS Aviation Inc. (APS) test facility located at the Pierre-Elliott-Trudeau
International Airport in Montreal, Quebec. Tests in simulated freezing fog,
freezing drizzle, light freezing rain and rain on cold soaked wing were conducted
at the National Research Council Canada (NRC) Climatic Engineering Facility
(CEF) located in Ottawa, Ontario.

De/anti-icing fluid endurance times were derived from the data using
multi-variable regression analysis, resulting in the generation of the fluid-specific
HOT values shown below. It is expected this table will be published by
regulators for the winter 2011-12 operating season.

Following the submission of Version 1.0 of this report, additional testing was
conducted to ensure the endurance times measured at -25°C are valid for use
at the fluid’s lowest operational use temperature (LOUT). Version 2.0
incorporates the results of the additional testing, which concluded the -25°C
holdover times are valid for use at the fluid LOUT.

Cryotech Polar Guard Advance Type IV Fluid Holdover Times

Qutside Air Approximate Holdover Times Under Various Weather Conditions
Temperature Type IV Fluid {hours:minutes)
Concentration Snow,
Neat . S . Light P
Degrees Degrees . Freezing rlmw Freezing 9 . Rain on Cold
X . Fluid/Water Grains or N Freezing . |Other
Celsius | Fahrenheit| . oono %) Fog SHEW Drizzle Rain Soaked Wing
Pellets
100/0 2:50-4:00 | 1:20-1:50 [1:35-2:00] 1:15-1:30| 0:15-2:00
-3 and 2-and 75/25 2:30-4:00 | 0:45-1:20 [1:40-2:00]| 0:40-1:10| 0:09-1:40
above above
50/50 0:50-1:25 | 0:15-0:35 |0:20-0:45| 0:09-0:20
below -3 | below 27 100/0 0:66-2:30 | 0:55-1:15 [0:35-1:35| 0:35-0:45 CAUTION:
to-14 to7 75/25 0:40-1:30 | 0:35-1:00 |0:25-1:05| 0:35-0:45 No holdover
R mET R R time guidelines
below -14 | below 7 exist
0:25-0:50 | 0:15-0:30
to -30.6 | to-22.9 oo
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GLOSSARY
GLOSSARY

APS APS Aviation Inc.

ARP Aerospace Recommended Practice

CEF Climatic Engineering Facility

FAA Federal Aviation Administration

HOT Holdover Time

SO International Organization for Standardization
LOUT Lowest Operational Use Temperature

LOWV Lowest On-Wing Viscosity

LwcC Liquid Water Content

MVD Median Volume Diameter

MANOBS Manual of Surface Weather Observations

NCAR National Center for Atmospheric Research
NRC National Research Council Canada

SAE Society of Automotive Engineers, Inc.

TC Transport Canada

TDC Transportation Development Centre
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1. INTRODUCTION

1. INTRODUCTION

This report has been created with the support of the fluid manufacturer, the
Transport Development Centre (TDC) of Transport Canada (TC) and the Federal
Aviation Administration (FAA).

Aircraft ground de/anti-icing has been the subject of concentrated industry
attention in recent years due to the occurrence of several fatal icing-related
aircraft accidents. Notably, attention has been placed on the enhancement of
anti-icing fluids in order to provide an extended period of protection against
further contamination following initial deicing. This emphasis has led to the
development of fluid-specific de/anti-icing fluid holdover time (HOT) tables for
Type Il and Type IV fluids. These tables, accepted by regulatory authorities, are
used by aircraft operators for departure planning in adverse winter conditions.
Specifically, they provide the duration of time that qualified fluids provide
protection against ice formation under specific weather conditions.

New anti-icing formulations continue to be developed by leading manufacturers
with the specific objective of prolonging fluid holdover times without
compromising the aerodynamic features of the airfoil. The purpose of the
endurance time testing program is to measure the endurance times of these new
fluids and develop fluid-specific HOT tables that provide guidance for their use.

Flat plate tests, conducted in natural and simulated precipitation, are used to
develop HOT values for new fluids. These tests are carried out according to
Society of Automotive Engineers (SAE) Aerospace Recommended Practice (ARP)
ARP5485, which provides the test protocols for measuring endurance times of
Type I, ll and IV fluids. Along with its counterpart for measuring endurance
times of Type | fluids (ARP5945), ARP5485 has evolved into a refined
procedure for measuring the duration of de/anti-icing fluid protection against ice
formation.

The current data analysis protocol for developing HOT values from endurance
time data was developed in 1996-97 and uses multi-variable regression to
obtain HOT values. HOT values are derived for all cells of the Type Il/IV HOT
tables using this protocol and are used to create a fluid-specific HOT table for
each Type Il/IV fluid tested.

This report provides a detailed account of the endurance time testing conducted
by APS Aviation Inc. {APS) with Cryotech Polar Guard Advance, a new Type IV
fluid. It describes the test methodology used, endurance time data collected,
and analysis completed to derive a fluid-specific HOT table for the fluid. This
table is expected to be published by regulators for use in the winter 2011-12
operating season.
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2. METHODOLOGY

2. METHODOLOGY

This chapter describes the methodology used to conduct endurance time tests.
It is divided into sections that detail the related weather conditions, test sites,
test conditions, test equipment and test procedures; the final subsection
describes the analysis methodology used to derive fluid endurance times.

2.1 Meteorological Definitions of Weather Conditions

Table 2.1 provides the meteorologically accepted definitions of weather
phenomencn / precipitation types. It also includes the criteria used to determine
precipitation intensity. This table was compiled by the National Centre for
Atmospheric Research (NCAR) from the World Meteorological Organization
Guide to Meteorological Instruments and Methods of Observation (1983) and
from the American Meteorological Society, Glossary of Meteorology WSOH # 7
Manual of Surface Weather Observations (MANOBS) (3/94). Subsections 2.1.1
to 2.1.4 provide more detailed information about the precipitation types
encompassed by the fluid-specific HOT guidelines.

Table 2.1: Definition of Weather Phenomenon

Definition*

Ice crystals that form from ice-saturated air at temperatures Sl SMLPYlets(GS).G ralns(SG), Fre Driesle(FZDZN  lee Peltets (PE)
below 0°C (32°F) by direct sublimation on the ground or other Estimaed [Foriornisl VEIRT]  Ligwd s e
exposed objects. Intensity (statute mile) Snew (S) Intensity*** _|Horfzontsl Visiilty|

Weather Phenomenon* Intensity Criteria**

FROST (No METAR code)
‘Note: N Iniensity & assigned 1o FROST,

Tewncred pelers

Light (-} "::;"':f 5| raceto 008 it |ome o
A suspension of numerous minute water droplets which freezes elokm  |Erome 100 primy | P 0

FRE upon impact with ground or other exposed objects, generally LB =
SANG UG (rxe) reducing the horizontal visibility at the earth's surface to less than ;f,;-:;h;;:: :.I L |

3 nti igned 10 FRZFOG, | | km (5/8 mile). (21010 25 moi] Visshibty reduced
Mmooy ‘ ’ (< 1,010 0.5km) l»lﬂdmz!llr-'dn!ml 10 less than T mi
Rapid mecumslsion
Moare than 0.10 nvhr | on the ground

If visibility is:

Precipitation of ice crystals, most of which are branched, star- Heavy (4 < 516 mi

shaped, or mixed with unbranched crystals. At temperatures

W (SN (525 memcr 250 i) | ot
> 25 mmar thaay
SNOW (SN) higher than about -5°C (23°F), the crystals are generally agglom- T w(":lk"“ - ‘: i e
i ote: Florzonta] isiiiy s only an CSUmAtoR of snew and (reezing dr
erated into snowflakes. kot i o
itation intensity are ot alwa directly corelated,
Fairly uniform precipitation composed exclusively of fine drops
[diameter less than 0.5 mm (0.2 in.)} very close together which T R DD
FRZING DRIZZLE(FZDZ) o cpon Impast with the gresind o other expossd objects. i
Light(-) Trace to 0.01 inhr (0.254 mm or 2.54 grfdm?/hr)
M From 0.01 10 0.02 in/hr (2.54 to 5.08 gr/dm’/hr)

Precipitation of liquid water particles which freezes upon impact

with the ground or other exposed objects, either in the form of
FREEZING RAIN (FZRA) drops of more than 0.5 mm (0.02 in.) or smaller drops which, in
contrast to drizzle, are widely separated,

Heavy(+) More than 0.02 infhr (> 5.08 gr/dm?/he)
Nede: Drizzle > 004 inhe is usually i the form of raim.

Rain (RA), Freezing Rain (FZRA), lee Pellets (PE))

Up to 0.10 in/hr (2.5 mm or 25 gridm?/hr);

Precipitation of Tiquid water particles cither in the form of drops
o = pect v Maximum 0.01 inch in 6 minutes

of more than 0.5 mm (0.02 in.) diameter or of smaller widely
scattered drops.

Measured Inteasity

RAIN (RA)

From scanicred drops that, regardiess of deration,
do not completely wet an exposed surface up toa
condition where individusl drops are casily seen

Estimated Intensity

Precipitation of white and opaque grains of ioc. These grains are spheri-
cal or sometimes conical; their diameter is about 2-5 mm (0.1-0.2 in.).
Grains are brittle, easily crushed; they bounce and break on hard ground.

Precipitation of very small white and opaque geains of ice. These grains

Measured mensiey | 0-11 in10.0.30 invhr (1.6 mm or 76 gridm’/hr):

SNOW PELLETS (GS
) @s) More than 0.01 to 0.03 inch in 6 minutes

Individual drops are not clearly ideatifiable; spray

SNOW GRAINS (5G) are farly flat or clongaied; their diameter i less than | mm (0.04 in). 3 :
When the grains hit hard ground, they do not bounce of shatter. BiowcdTomih|!!  JEobtunati ol e pr e
Precipitation of small balls or pieces of ice with a diameter ranging from -

HAIL (GR) 510> 50 mm (0.2 10 2.0 in) falling cither separstely or agglomeratce. Measured Inensiy | More than 0.30 infhe (7.6 mm or 76 gyidm?/he);

More than 0.03 inch in 6 minutes

Precipitation of transparent (sleet or grains of ice), or translucent (small
hail) pellets of ice, which are spherical or irregular, and which have a
diameter of 5 mm (0.2 in.) or less. The pellets of ice usually bounce
when hitting hard ground.
Ty Woekd MErulogal OFpaeltaiion Guioe 10 Meteorolopical [nuruments and Medods of Oveervaton (1983) 1 001 om = 0.1 mm = 0.0039 jn b kﬂcotewdllo Rasmussen of NCAR/RAP June 17, 1997
.- WSOH #7 MANOBS (104) gt 481 1 i ¥ O ¥ d
22 Foom Amercan mmm,m o4 e et e L

ICE PELLETS (PE)
‘Note: Includes Slect and Small Hail

Rain seemingly falls in sheets; individual drops
are not identifisble; heavy spray 10 height of sev-
eral inches is observed over hard surfaces.

Estimated Imensity
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2. METHODOLOGY

Upper and lower precipitation rate limits are an important part of the test
methodology for measuring fluid endurance times. The limits established for
endurance time testing are not necessarily the same as the meteorological limits
described in Table 2.1. The test limits are detailed in Subsection 2.6.2.

2.1.1 Snow

Table 2.1 contains the criteria previcusly used to estimate snowfall intensity in
aircraft ground operations. The criteria uses horizontal visibility to estimate
snowfall intensity:

e Light snow, visibility greater than or equal to 1.0 km;
¢ Moderate snow, visibility 0.5 km to less than 1.0 km; and
¢ Heavy snow, visibility less than 0.5 km.

As stated in Table 2.1, visibility is only an estimation of snowfall intensity. TC
and FAA undertook additional work in the 1990s and early 2000s to better
understand the visibility/snowfall intensity relationship. As a result of this work,
TC and FAA developed updated visibility vs. snowfall intensity tables, which
have been published in their HOT guideline publications since the winter of
2003-04. The tables are based on NCAR field data and theoretical work on
classes of snow, and on extensive field data compiled by APS. APS, NCAR, TC
and FAA all had input into their formation. The tables categorize snow into four
intensities based on visibility, lighting condition and air temperature (wet vs. dry
snow). The TC table is shown in Table 2.2; the FAA table is similar.

Table 2.2: Visibility in Snow vs. Snowfall Intensity Chart

Visibility in Snow
Temperature Range (Statu¥e Miles)
Lighting
°C °F Heavy Moderate Light Very Light
-1and 30 and
b S <1 >1102% >2% 104 >4
Darkness
Below -1 Below 30 =3/4 >3/4 1o 1% >1%t03 >3
:bicg 2%333 <% >%to 1% >1%103 >3
Daylight
Below -1 Below 30 <3/8 >3/8to 7/8 >7i81t02 >2
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2.1.2 Freezing Drizzle

Freezing drizzle is composed of closely spaced fine water droplets with a
diameter less than 0.5 mm (see Table 2.1). Like snow, the intensity of freezing
drizzle is estimated through the measurement of horizontal visibility, as follows:

e Light freezing drizzle, visibility greater than or equal to 1.0 km;
» Moderate freezing drizzle, visibility 0.5 km to less than 1.0 km; and
s Heavy freezing drizzle, visibility less than 0.5 km.

2.1.3 Freezing Rain

Freezing rain exists either in the form of drops with diameters greater than
0.5 mm, or smaller drops which, in contrast to drizzle, are widely separated. For
each of the three intensities of freezing rain listed in Table 2.1, a visual
description is supplied to provide a subjective guideline for the purpose of
estimating rain intensity. However, the following definitions apply when an
instrument is available to measure the intensity of precipitation:

¢ Light Precipitation rate is < 25 g/dm?/h;
e Moderate Precipitation rate is >25 g/dm?/h but £75 g/dm?/h; and
e Heavy Precipitation rate is >75 g/dm?/h.

2.1.4 Freezing Fog

Freezing fog is defined as suspended minute water droplets that freeze upon
impact with the ground or exposed objects. Table 2.1 does not provide any
indication of intensity or liquid water content {(LWC) of the fog other than that
the horizontal visibility is reduced to less than 1 km.

2.2 Test Sites

Natural snow testing is performed at the APS test site located at the Montréal-
Pierre-Elliott-Trudeau International Airport. The location of the test site is shown
on the plan view of the airport shown in Figure 2.1. Photo 2.1 shows the test
site trailer and test stands; the site consists of two trailers and three locations
for test stands. The APS test site is located near the Meteorological Services of
Canada (a division of Environment Canada) automated weather observation
station (Photo 2.2).
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Figure 2.1: APS Test Site at Montréal-Pierre-Elliott-Trudeau International Airport

Tests under conditions of simulated freezing fog, freezing drizzle, light freezing
rain and rain on cold soaked wing were conducted indoors at the NRC Climatic
Engineering Facility (CEF), where precipitation was artificially produced.
Photo 2.3 provides an outdoor view of the facility giving a general indication of
its size (30 m by 5.4 m, height 8 m). The facility was originally designed for the
testing of locomotives; Photo 2.4 provides an interior view of the CEF set up for
endurance time testing. The lowest temperature achievable in the CEF is -46°C.

2.3 Test Conditions

Subsections 2.3.1 and 2.3.2 provide descriptions of the spray assembly and
methods used to produce and calibrate the fine water droplets in simulated
precipitation tests at the NRC CEF. Subsection 2.3.3 provides a summary of the
categories and characteristics of each precipitation type produced.

2.3.1 Droplet Size and Rate of Precipitation

In the past, significant industry attention has been given to the influence of
droplet size on holdover time. To explore this relationship further, experiments
were performed to measure droplet sizes produced by different nozzles (gauge
of hypodermic needle) at various water and air pressures in the spray delivery
unit. Although the gauge of the needles is an important factor in the production
of water droplets with appropriate dimensions, the air and water pressure levels
in the sprayer system are equally important.
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NRC developed an improved sprayer assembly, shown in Photo 2.5, in
1997-98. The improved sprayer provides a larger scan area and improved spray
uniformity over the test bed area. The scanner consists of a horizontal main
shaft supported by two bearings. The actual spray head assembly is shaft-
mounted on a rotating scanner, so that one scan covers a lateral running strip of
the test bed area. A stepper motor is synchronized to index the relative angle of
the spray head between scans along an axis perpendicular to the scan axis. This
provides two axes of rotation, essentially an x-y plane; one along each axis.
Each scan is consecutively indexed in order to complete the precipitation
coverage of the test bed area. This defines one cycle of the spray unit. The
scan rate, index angle, and the number of scans per cycle are adjusted, along
with the fluid delivery pressures (water and air) to obtain appropriate droplet
sizes and precipitation rates. The spray nozzle is shown in Photo 2.6.

Prior to 1995, calibration experiments conducted by the NRC used an optical
gauge manufactured by HSS (Biral UK acquired the HSS technology) to verify
that the simulation of freezing fog, freezing drizzle, and light freezing rain
provided adequate droplet sizes according to ARP5485. Since 1995, APS has
used a manual dye-stain technique to carry out droplet size calibration. This
technique consists of dusting Whatman #1 filter paper discs with a water-
activated, very finely-divided powder form of methylene blue dye. The prepared
discs are manually positioned under simulated precipitation for a fixed time to
acquire a droplet size pattern. A calibration curve is then used to convert the
measured diameter of the droplets on the pattern to the experimental median
volume diameter (MVD).

To determine whether droplets produced at the NRC resembled droplets from
natural precipitation, a test was conducted during natural light freezing rain
conditions in 1997-98 at the APS test site. The droplet sizes were compared to
those obtained in simulated light freezing rain at the NRC. The results of these
tests are shown below:

a) For the outdoor test:

Location: Montreal P.E.T. Airport
Precipitation: Natural Light Freezing Rain
Precipitation Rate: 20 g/dm?/h
Calibrated MVD: 1.0 mm

b) For the indoor test:
Location: National Research Council
Precipitation: Simulated Light Freezing Rain
Precipitation Rate: 25 g/dm?/h
Calibrated MVD: 1.0 mm

The MVD for both natural and simulated light freezing rain was 1 mm.
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Figures 2.2 and 2.3 show an example of the distribution of simulated light
freezing rain droplets obtained at the NRC.
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Figure 2.2: Droplet Diameter Distribution, Sample
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2.3.2 Median Volume Diameter of Rain Drops

The MVD of a rain droplet was researched and found to be related to the
precipitation rate as follows:

MVD = (precipitation rate/10) ®%, where MVD is in mm and rate of
precipitation is in g/dm?3/h

The theoretical MVDs for rain at various rates of precipitation were determined

based on this equation. These values are listed in Table 2.3 beside the
experimental MVDs for each precipitation condition.

Table 2.3: Theoretical and Experimental MVDs

ipitati iti Experimental MVD | Theoretical MVD

Precipitation Condition

{mm) {mm)
Moderate Rain
{High rate: 75 g/dm?2/h) 1.4 1.6
Light Rain
{Low rate: 13 g/dm?/h) 1.0 < 1.1
Light Rain
(High rate: 25 g/dm?2/h) 1.0 1.2
Drizzle
(Low rate: 5 g/dm2/h) 0.25 < 0.5
Drizzle
{High rate: 13 g/dm?/h) 0.35 < 0.5
Feg < 0.1

2.3.3 Characteristics of Precipitation Produced

The following is a point-form summary of the set of test conditions under which
data for freezing drizzle, light freezing rain, rain on cold soaked surface, and
freezing fog were collected:

1. Freezing Drizzle:
High precipitation rate: 13 g/dm?%h;

Droplet median volume diameter: 350 ym; and
Air temperature: -3 and -10°C.

Low Precipitation rate: b g/dm?h;

Droplet median volume diameter: 250 ym; and
Air temperature: -3 and -10°C.
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Light Freezing Rain:
High precipitation rate: 25 g/dm?h;

Droplet median volume diameter: 1 000 ym; and
Air temperature: -3 and -10°C.

Low precipitation rate: 13 g/dm?/h;

Droplet median volume diameter: 1 000 ym; and
Air temperature: -3 and -10°C.

Drizzle on Cold-Soaked Surface:

Precipitation rate: 5 g/dm?/h;
Droplet median volume diameter: 250 ym; and
Air temperature: +1°C.

Moderate Rain on Cold Soaked Surface:

Precipitation rate: 75 g/dm?/h;
Droplet median volume diameter: 1 400 ym; and
Air temperature: +1°C.

Freezing Fog:

Precipitation rate: 2 and 5 g/dm?/h;
Droplet median volume diameter: 30 ym; and
Air temperature: -3°C, -14°C and -25°C.

2.4 Test Equipment

APS measurement instruments and test equipment are calibrated and/or verified
on an annual basis. This calibration is carried out according to a calibration plan
based upon approved International Organization for Standardization (ISO)
2001:2000 standards, and developed internally by APS.

The general environmental chamber equipment used during tests (including air
temperature sensor, data acquisition system, temperature control equipment,
etc.) is in accordance with the requirements set out in the ARP5485.

Figure 2.4 shows a schematic of the test platform used for in HOT testing. For
natural snow tests, six test plates are normally mounted on the test stand,
which has a working surface inclined at 10° to the horizontal. During normal
winter operations two six-position stands are used in combination. Each plate
represents a flat plate test.
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Figure 2.4 also depicts the size and surface markings of a standard flat plate.
Three parallel lines are positioned at 2.5 cm (1”), 15 cm (6”) and 30 cm (12")
from the top of the plate. The plates were marked with 15 crosshairs used in
determining whether end conditions (see Subsection 2.5.2 for definition) were
achieved. Photo 2.7, taken outdoors at APS test site, shows six test plates
mounted on a stand. For simulated freezing precipitation tests at the NRC,
12 plates were mounted on 2 six-position stands, as shown in Figure 2.4,

Figure 2.5 shows the collection (plate) pan, which is of the same size as a
standard flat plate and is used to make precipitation rate measurements during
outdoor tests. Photo 2.8 shows the collection pans used for measuring
precipitation rates indoors at the NRC.

Sealed boxes (7.5 cm deep) were used for simulating a cold soaked wing (see
Figure 2.5). The top of the cold-soak box consists of an aluminium flat plate
identical to the standard flat plate. A box shaped reservoir is welded to the
bottom of the plate.

Freeze points were measured using a hand-held Misco refractometer with a Brix
scale.
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M:\Projects\PM2169. 003 (TC Dsicing 10-11)\Reports\Fluid Manufacturen\Cryotech Polar Guard Advance\Cryotsch Polar Guard Advance Version 2.0.doc
“ersion 2.0, August 11
11

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix D\Appendix D.docx
Final Version 1.0, October 19

D-23




APPENDIX D

2. METHODOLOGY

PLATE PAN USED OUTDOORS
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2.5 Test Procedures

Tests consisted of pouring de/anti-icing fluids onto clean flat plates exposed to
various winter precipitation conditions, and recording the elapsed time for the
test to reach the defined end condition {(see Subsection 2.5.2 below).

2.5.1 Test Protocol

A plan containing a detailed description of the test parameters, precipitation
measurement methods, testing procedure and test equipment for conducting
endurance time tests for Type Il, lll and IV fluids was developed by APS based
on ARP5485. This procedure addresses testing conducted under natural and
simulated freezing precipitation conditions, including natural snow and simulated
freezing fog, freezing drizzle, light freezing rain and rain on cold soaked wing.
Endurance times are evaluated by measuring the minimum exposure time before
a specified degree of freezing occurs.

During the conduct of these tests a series of test parameters are recorded, as
required by ARP5485 The test parameters are grouped into two categories:
generic and specific test parameters. Generic test parameters are recorded once
per winter season (or test session, in laboratory testing) and include: test plate
material, plate dimensions and surface finish, and ice-catch pan dimensions.
Specific test parameters are recorded during each testing session (or weather
condition, in laboratory testing) and include: angle of test stand, synchronization
of timing devices, plate and ambient temperature profile files, icing intensity,
etc. As per ARP5485 requirements, the test surface and ambient temperatures
were recorded at a minimum sampling rate of one datum per minute.

2.5.2 End Condition Definitions

Failure is called when 30 percent (1/3) of the plate or 5 cross-hairs are covered
with frozen contamination. Appearance of this frozen contamination includes,
but is not limited to:

a) lce front;

b) Ice sheet;

c) Slush, in clusters or as a front;

d) Disseminated fine ice crystals;

e) Frost on surface;

f) Clear ice pieces partially or totally imbedded in fluid; and
g} Snow bridges on top of the fluid.
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2.5.3 Precipitation Rate Procedures

The procedures for measuring and determining precipitation rates during
simulated precipitation and natural precipitation conditions are provided below.

2.5.3.1 Simulated precipitation conditions

Prior to the start of the rate collection period, the proper needles and nozzles are
installed in the spray unit, and both the air and water pressures are adjusted.
Water spray calibration is performed by placing catch pans on the test stand,
each pan marked with a number identifying the collection location on the test
stand, and exposing the pans to a predetermined precipitation collection period.

The pans are weighed prior to exposure to precipitation and the weights are
recorded. Prior to the start of the precipitation catch period, the exact time
(hh:mm:ss) is recorded. The pans are re-weighed following this collection period
and the precipitation rates over the area of the test stand are examined. If the
rates are unacceptable, re-calibration of the water spray is necessary. If the
rates are deemed to be acceptable, the pans are weighed and placed on the
stand for a second collection period. After the second collection period has
expired, the pans are again re-weighed and the rates computed.

Once two rates have been collected at each test location, the catch rates of the
first and second collection are compared. If the average catch rate for any
location is deemed to be acceptable for this condition, then the pouring of fluids
may begin at this location.

Rates are continuously monitored at a minimum of two locations during a test in
order to ensure there are no significant rate fluctuations. Pans will be placed at
these locations and be re-weighed at fixed intervals (15 minutes, typically)
during the course of a test. If a rate fluctuation occurs, the test is stopped.

Following the failure of a test plate, a rate collection pan is weighed and placed
at the plate location for a predetermined time interval. It is then re-weighed and
placed again on the stand to collect a minimum of two additional rates at this
location.

The rate of precipitation for any location on the stand is calculated by averaging
the two rates collected prior to the test and the two rates collected following
the test.

M:\Projects\PM2169. 003 (TC Dsicing 10-11)\Reports\Fluid Manufacturen\Cryotech Polar Guard Advance\Cryotsch Polar Guard Advance Version 2.0.doc
“ersion 2.0, August 11

14

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix D\Appendix D.docx
Final Version 1.0, October 19



APPENDIX D

2. METHODOLOGY

2.5.3.2 Natural precipitation conditions

Two rate collection pans per test stand are used to determine precipitation rates
in natural conditions. Prior to the rate collection period, both pans are marked
(upper and lower), and the inner bottom and sides of the each pan are wetted
with Type IV anti-icing fluid to prevent blowing snow from escaping the pan.
The wetted pans are then weighed to the nearest gram. The start time of the
rate collection period is recorded (h/min/sec) from the timepiece located near the
rate station before leaving the trailer to place the pans on the test stand. The
person responsible for collecting precipitation rate data take the time delay
necessary to proceed outside from the rate station into consideration.

The pans are positioned in locations 6 and 7 (see Figure 2.4) and are allowed to
collect precipitation for 10-minute intervals in normal conditions and 5-minute
intervals in periods of high precipitation rates and high winds. Prior to removal
of the plate pans from the test stand for re-weighing, any accumulated
precipitation on the lips and outer sides of each plate pan is carefully removed.
The plate pans are then carried to the rate station for re-weighing. Upon
entering the trailer, the exact time is noted. The new weights of the plate pans
are recorded and the pans are brought back outside. This procedure is continued
until the final plate on the test stand has failed.

The rate for any HOT test in natural snow is obtained by computing the
time-weighted average of the rates collected in the upper and lower pans over
the duration of this particular test.

An example of the rate calculation method for tests in natural snow conditions
is displayed in Figure 2.6. Typically, two collections pans are used for each test.
The start and end times of the test are 10:15 and 10:45, respectively.
Precipitation rates for one pan were collected at three periods during this test,
indicated by t1, t2, and t3 {minutes). The calculated rates for each collection
period are indicated by R1, R2, and R3 (g/dm2/h). In order to calculate the
average rate for this pan, the following formula is then used:

(Rixt1 + Raxte + Rsx ts)
th +t2+1ts

In the example shown in Figure 2.8, the rate is calculated as follows:

{25 x 10 + 22 x 8 + 34 x B)
10 + 8 +5

The calculated average rate for this pan is 25.9 g/dm?/h. The average rate for
the other collection pan is calculated in similar fashion, and the average of the
two rates is then taken.
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Figure 2.6: Calculation of Outdoor Precipitation Rate

2.6 Analysis Methodology

A multi-variable regression procedure is used to derive fluid-specific holdover
times for Type IlI/IV fluids. The procedure is based on the refinement of an
equation for a curve which best represents the test data, and then solving that
equation at the upper and lower limits established for the precipitation type.
These precipitation rate limits, set by the SAE G-12 HOT Committee, are
detailed in Subsection 2.6.1. This approach was developed in the winter of
1996-97 (see TC report, TP 13131E) and has since been used to derive fluid
holdover times. Subsection 2.6.2 describes the analysis methodology in more
detail.

2.6.1 Precipitation Rate Limits

The precipitation rate limits used in the determination of fluid holdover times are
represented graphically in Figure 2.7. Detailed definitions and explanations of
the precipitation types and ranges are described in the following subsections.
Meteorologically accepted definitions of these conditions were outlined in
Table 2.1.
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Figure 2.7: Precipitation Rate Boundaries Used for Evaluation of Holdover Times

2.6.71.1 Snow

For Type Il and Type IV fluids, the upper and lower limits for the snow column
are set at rates of 10 and 25 g/dm?/h, respectively. These limits encompass
moderate snow. The upper precipitation rate limit (25 g/dm?h) corresponds to
the onset of heavy snow. Above this rate, HOT table users are referred to the
cautionary note indicating that no HOTs exist in these conditions.

2.6.1.2 Freezing drizzle

Freezing drizzle is considered to occur over the range of O to 13 g/dm?%h. The
precipitation rate limits for endurance time testing in this condition are set at 5
and 13 g/dm?/h. The upper limit in this range was adopted based on discussions
with meteorological experts and aircraft operators on the SAE G-12 HOT
Committee. This range corresponds to heavy drizzle and has been chosen to
provide aircraft operators with a greater margin of safety. A caution note is
included in the HOT tables indicating that if positive identification of freezing
drizzle is not possible, the light freezing rain HOT is recommended for use.
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2.6.1.3 Light freezing rain

The limits for freezing rain testing are set at 13 and 25 g/dm?*/h. This range
corresponds to the category of light freezing rain and is the only freezing rain
category considered, as operations in periods of moderate or heavy freezing rain
are deemed unsafe.

2.6.7.4 Freezing fog

The precipitation rate limits for freezing fog were determined with input from
meteorologists from the NRC, who helped define an important parameter in the
study of fog referred to as the Liguid Water Content (LWC). This quantity,
expressed in density terms as the mass of water in grams contained in one
cubic meter of air, can generally assume values in the range of 0.2 to 0.6 g/m?®.

The precipitation rate for fog, referred to as fog deposition or simply as
deposition, is given by the empirical expression,

Deposition = LWC x Wind Velocity x Sin 710° x Collection Efficiency

where the Sin 10° term accounts for the 10° inclination of the test plates into
the direction of the wind.

The meteorological circumstances (LWC value and wind speed), and the speed
and orientation of the airfoil relative to the wind (stationary or taxiing),
contribute to uncertainties in the values that the variables in the equation can
assume.

The upper and lower holdover times for freezing fog were set in 1997 at rates
of 5 and 2 g/dm?h, respectively. Discussions at the 1998 SAE G-12 HOT
Committee meeting in Vienna indicated 2 g/dm?/h may not be indicative of low
rate natural fog. However, 2 g/dm?/h was reaffirmed as the lower precipitation
rate limit during a meeting of the Workgroup on Laboratory Methods to Derive
HOT Guidelines in Montreal in March 1998.

2.6.1.5 Rain on a cold-soaked surface

The precipitation rate boundaries for rain on cold soaked surface were set at 5
and 75 g/dm?*/h. This range encompasses drizzle (5 to 13 g/dm?h), light rain
(18 to 25 g/dm?%*h), and moderate rain (25 to 75 g/dm?®/h). Heavy rain is
encompassed in the HOT tables by the cautionary note indicating that no HOTs
exist in these conditions.
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2.6.2 Determination of Holdover Times

A multi-variable regression procedure is used to derive fluid holdover times using
the precipitation rate limits detailed in Subsection 2.6.1. This analysis is
completed on a cell-by-cell basis using the data collected under the weather
conditions encompassed by each cell. The Type |l and Type IV HOT tables are
currently composed of 24 cells; each cell contains a lower and upper time limit
for a total of 48 HOT values in each Type Il/IV fluid-specific HOT table.

The general form of the regression equation is:

t = cR®
where
t = Time {minutes)
R = Rate of precipitation (g/dm?¥h)
a,c = coefficients determined from the regression.

However, modifications are made depending on the conditions under which
testing is conducted.

2.6.2.1 Simulated freezing precipitation festing

The analysis methodology described in this section is used to derive holdover
times from tests conducted in simulated freezing precipitation, including freezing
fog, light freezing rain, freezing drizzle and rain on cold soaked surface.

For each related HOT table cell, four tests are conducted at the most restrictive
(lowest) temperature in the temperature range for that cell: two tests are
conducted at the low precipitation rate limit and two tests are conducted at the
high precipitation rate limit, for a total of four tests per cell. The precipitation
rate limits were detailed in Subsection 2.6.1.

Tests in freezing fog are conducted at the following temperatures and
precipitation rates:

s Temperatures: -3, -14 and -25°C
e Precipitation rates: 2 and 5 g/dm?/h

Tests in freezing drizzle are conducted at the following temperatures and
precipitation rates:

e Temperatures: -3 and -10°C
e Precipitation rates: 5 and 13 g/dm?/h
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Tests in light freezing rain are conducted at the following temperatures and
precipitation rates:

s Temperatures: -3 and -10°C
¢ Precipitation rates: 13 and 25 g/dm%h

Tests in rain on cold soaked surface are conducted at the following
temperatures and precipitation rates:

s Temperatures: +1°C
e Precipitation rates: 5 and 75 g/dm®/h

The equation used to treat the data in these categories of precipitation is:

e t = cR*

The upper and lower HOT values for each cell are determined from the points at
which the best-fit curve intersects the lower and upper precipitation limits,
respectively. The calculated holdover times derived from this analysis are
subject to rounding rules (see Subsection 2.6.3).

2.6.2.2 Natural snow testing

As outside air temperature and precipitation rate can not be controlled under
natural test conditions, tests are carried out at a variety of temperatures and
precipitation rates. An attempt is made to gather data under all temperatures
and precipitation rates encompassed by the HOT tables.

Best-fit curves are plotted for each cell of the snow column using the most
restrictive (lowest) temperature for that cell. Best-fit curves are plotted for neat
fluids at -3°C, -14°C and -25°C; for 75/25 fluids at -3°C and -14°C; and for
50/50 fluids at -3°C.

The general form of the regression equation is modified for natural snow to
incorporate the variable of temperature and also to prevent taking the log of a
negative number as natural snow can occur at temperatures approaching 2°C.
The equation used is: t = cR2-T)".

The upper and lower HOT values for each cell are determined from the points at
which the best-fit curve intersects the lower and upper precipitation limits,
respectively. As detailed previously, the precipitation rate limits for the snow
column of the Type II/IV HOT tables are 10 and 25 g/dm?/h.
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2.6.3 Rounding and Capping Protocols

Regression-generated holdover times are subject to rounding and capping
protocols.

e Rounding Protocol: Holdover times are rounded to the nearest whole “5”
minute, i.e. 55.1 to 57.4 minutes is rounded down to 55 minutes; 57.5
to 59.9 minutes is rounded up to 60 minutes. In cases where the
regression-generated holdover times are below 10 minutes, the numbers
are rounded down to the nearest whole minute as a precautionary
measure. For example, 9.6 minutes is rounded down to 9 minutes.

e Capping Protocol: Holdover time values are capped at 2 hours for all
precipitation conditions except freezing fog values, which are capped at 4
hours.

264 Example

Sample plots of Log t versus Log R are shown in Figure 2.8. The plots contain
data for one Neat Type IV fluid, in one temperature range (-10°C), in light
freezing rain conditions. The best-fit regression line is superimposed onto the
plot and was obtained from the analysis using the lowest temperature in the
temperature range from which the data were chosen.

The same data plotted on a linear scale (failure time t versus precipitation
rate R) are shown in Figure 2.9. The curve, generated from the power law form
of the equation using the coefficients determined from the fit, is superimposed
onto the plot. The HOT range is determined from the intersections of the curve
with the precipitation rate limits defined for light freezing rain.

The holdover times for this fluid at -10°C are 20 minutes at 13 g/dm?h and
35 minutes at 25 g/dm?/h, establishing the HOT range for this particular fluid in
the light freezing rain, neat fluid, below -3 to -10°C cell. This illustrates the
general approach used in the determination of a fluid HOT range for any given
cell in the HOT table.
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Photo 2.1: View of Test Site and Associated Equipment

Photo 2.2: Meteorological Services of Canada Weather Observation Station at
Montréal-Pierre-Elliott-Trudeau International Airport
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Photo 2.3: Outdoor View of NRC Climatic Engineering Facility
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Photo 2.5: Sprayer Assembly

Photo 2.6: Sprayer Nozzle
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Photo 2.7: Test Plates Mounted on Stand

Photo 2.8: Collection Pans Used Indoors at the NRC
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3. DESCRIPTION OF DATA

This section provides a summary of the number of tests conducted in natural
snow, simulated light freezing rain, simulated freezing drizzle, simulated freezing
fog, and rain on cold soaked wing. Breakdowns are provided for quantity of
tests performed by fluid type and temperature.

Lists of tests conducted in natural snow and freezing precipitation are provided
in Tables 3.1 and 3.2 at the end of this section.
3.1 Natural Snow Tests

Tests were conducted in natural snow conditions at the APS test site. The
breakdown of tests conducted is summarized below by fluid dilution and

temperature.
= -3°C -3 10 -14°C | -14 to -26°C | Total
Neat 9 8 0 17
75/25 12 9 0 21
50/50 13 1 0 14
52

3.2 Freezing Drizzle and Light Freezing Rain Tests

Tests were conducted in freezing drizzle and light freezing rain conditions at the
NRC CEF. The breakdown of tests conducted is summarized below by fluid
dilution and temperature.

Freezing Drizzle Light Freezing Rain

-3°C -10°C -3°C -10°C
Neat 4 4 4 4
75/25 4 5 4 4
50/50 4 0 4 0
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3.3 Freezing Fog Tests

Tests were conducted in freezing fog conditions at the NRC CEF. The
breakdown of tests conducted is summarized below by fluid dilution and
temperature.

-3°C -14°C -26°C -30.5°C
Neat 4 4 4 4
75/25 4 4 0 0
50/50 4 0 0 0

3.4 Rain on Cold-Soaked Surface Tests

Tests were conducted in rain on cold-soaked surface conditions at the NRC CEF
with Neat and 75/25 diluted fluids. The breakdown of tests conducted is
summarized below by fluid dilution and temperature.

+1°C
Neat 4
75/25 4
50/50 0

3.5 Fluid Thickness Tests

The purpose of conducting fluid thickness tests was to measure the film
thickness profiles of the fluid in all dilutions under dry conditions.

Two tests were performed for each standard dilution (Neat, 75/25 and 50/50).
For each test, one litre of fluid was poured onto a flat plate mounted on a test
stand inclined at 10° to the horizontal. Film thickness measurements were
taken at the 15-cm (6”) line at pre-selected time intervals over a 30-minute
interval. Tests were conducted at an ambient temperature of -3°C.

The film thickness profiles are displayed in Figure 3.1. The final fluid
thicknesses are displayed in Figure 3.2.
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Figure 3.1: Fluid Thickness Profiles of Cryotech Polar Guard Advance
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Figure 3.2: Final Fluid Thickness of Cryotech Polar Guard Advance

M:\Projects\PM2169. 003 (TC Dsicing 10-11)\Reports\Fluid Manufacturen\Cryotech Polar Guard Advance\Cryotsch Polar Guard Advance Version 2.0.doc
“ersion 2.0, August 11

29

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix D\Appendix D.docx
Final Version 1.0, October 19

D-41



APPENDIX D

3. DESCRIPTION OF DATA

Table 3.1: Summary of Tests Performed (Snow)

.:::t Date Fluid Name D:T:.lutiictj)n Em'::'lij:;] ° In!czlr?sgity T-:::J. Pretzli_si;:ﬁon
{min) {g/dm?/h) {°C)

3 25-Feb-11 Polar Guard Advance 100% 118.7 10.4 -4.0 Natural Snow
4 25-Feb-11 Polar Guard Advance 75% 107.0 10.8 -4.0 Natural Snow

7 25-Feb-11 Polar Guard Advance 75% 111.2 9.8 -3.9 Natural Snow

8 25-Feb-11 Polar Guard Advance 100% 115.8 10.0 -3.9 Natural Snow
12 | 25-Feb-11 Polar Guard Advance 50% 61.3 4.5 -3.8 Natural Snow
17 | 25-Feb-11 Polar Guard Advance 100% 148.2 77 -3.8 Natural Snow
18 | 25-Feb-11 Polar Guard Advance 75% 116.4 8.4 -3.8 Natural Snow
27 | 27-Feb-11 Polar Guard Advance 75% 107.2 3.9 -10.2 Natural Snow
30 | 27-Feb-11 Polar Guard Advance 100% 108.0 4.2 -10.1 Natural Snow
31 27-Feb-11 Polar Guard Advance 75% 91.1 4.2 -10.1 Natural Snow
34 | 27-Feb-11 Polar Guard Advance 100% 99.9 4.4 -10.3 Natural Snow
35 | 27-Feb-11 Polar Guard Advance 75% 88.6 4.4 -10.3 Natural Snow
39 | 28-Feb-11 Polar Guard Advance 75% #1.5 16.7 0.3 Natural Snow
41 28-Feb-11 Polar Guard Advance 50% 18.8 21.3 0.1 Natural Snow
44 | 28-Feb-11 Polar Guard Advance 50% 24.3 12.9 0.4 Natural Snow
46 | 28-Feb-11 Polar Guard Advance 50% 247 13.56 0.4 Natural Snow
50 | 28-Feb-11 Polar Guard Advance 50% 13.3 25.0 0.4 Natural Snow
52 | 28-Feb-11 Polar Guard Advance 100% 134.3 17.4 0.7 Natural Snow
54 | 28-Feb-11 Polar Guard Advance 50% 881 19.7 0.7 Natural Snow
56 | 28-Feb-11 Polar Guard Advance 75% 727 20.1 0.6 Natural Snow
B9 | 28-Feb-11 Polar Guard Advance 50% 70.0 16.56 0.7 Natural Snow
61 28-Feb-11 Polar Guard Advance 50% 18.0 23.6 0.7 Natural Snow
63 | 28-Feb-11 Polar Guard Advance 75% 70.9 15.9 0.7 Natural Snow
69 6-Mar-11 Polar Guard Advance 50% 38.0 16.0 -2.3 Natural Snow
71 6-Mar-11 Polar Guard Advance 75% 54.3 14.9 -2.3 Natural Snow
74 6-Mar-11 Polar Guard Advance 100% 96.1 17.2 -2.1 Natural Snow
75 6-Mar-11 Polar Guard Advance 75% 45.4 18.8 -2.1 Natural Snow
77 6-Mar-11 Polar Guard Advance 50% 40.7 10.2 -2.3 Natural Snow
79 6-Mar-11 Polar Guard Advance 50% 32.0 11.8 -2.4 Natural Snow
83 6-Mar-11 Polar Guard Advance 100% 125.5 10.8 -2.4 Natural Snow
84 6-Mar-11 Polar Guard Advance 75% 123.6 10.9 -2.4 Natural Snow
88 6-Mar-11 Polar Guard Advance 50% 36.3 10.9 -2.4 Natural Snow
93 7-Mar-11 Polar Guard Advance 100% 69.6 15.8 -7.9 Natural Snow
96 7-Mar-11 Polar Guard Advance 100% 84.0 18.3 =29 Natural Snow
Q7 7-Mar-11 Polar Guard Advance 75% 38.0 17.3 =TT Natural Snow
101 | 7-Mar-11 Polar Guard Advance 100% 82.3 6.9 =71 Natural Snow
102 | 7-Mar-11 Polar Guard Advance 75% 51.7 12.7 =71 Natural Snow
105 | 7-Mar-11 Polar Guard Advance 75% 45.4 16.2 -8.0 Natural Snow
106 | 6-Mar-11 Polar Guard Advance 75% 102.6 10.9 -2.3 Natural Snow
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Table 3.1 {(cont’d): Summary of Tests Performed (Snow)

.:::t Date Fluid Name D:T:.lutiictj)n Em'::'lij:;] ° In!czlr?sgity T-:::J. Pretzli_si;:ﬁon
{min) {g/dm?/h) {°C)
109 | 10-Mar-11 Polar Guard Advance 100% 123.0 11.5 -0.8 Natural Snow
1711 [ 10-Mar-11 Polar Guard Advance 100% 90.2 18.7 -0.8 Natural Snow
112 [ 10-Mar-11 Polar Guard Advance 50% 38.0 11.5 -0.8 Natural Snow
113 | 10-Mar-11 Polar Guard Advance 75% 56.3 14.9 -0.8 Natural Snow
116 | 10-Mar-11 Polar Guard Advance 100% 128.5 Q.2 1.2 Natural Snow
117 | 10-Mar-11 Polar Guard Advance 75% 92.0 8.6 -1.2 Natural Snow
120 | 10-Mar-11 Polar Guard Advance 100% 98.8 18.1 -0.8 Natural Snow
128 [ 10-Mar-11 Polar Guard Advance 75% 117.7 6.2 -0.6 Natural Snow
126 | 10-Mar-11 Polar Guard Advance 100% 145.9 7.9 -0.6 Natural Snow
127 | 10-Mar-11 Polar Guard Advance 75% 72.8 19.1 -0.8 Natural Snow
129 [ 10-Mar-11 Polar Guard Advance 100% 161.5 8.9 -0.2 Natural Snow
131 [ 10-Mar-11 Polar Guard Advance 50% 28.6 18.3 0.4 Natural Snow
133 | 10-Mar-11 Polar Guard Advance 75% 69.6 19.6 -0.8 Natural Snow

31
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Table 3.2: Summary of Tests Performed (Freezing Precipitation)
1;;‘ Date Fluid Name D:T:Jutiiin Enql'lilr:'?: * Inl(::sgity T:ra:;. Pre(fli_si;i:tion
{min} (g/dm?/h}) (°C)

3 12-Apr-11 | Polar Guard Advance 100 > 4 hrs 1.9 -3.4 Freezing Fog

4 12-Apr-11 | Polar Guard Advance 100 > 4 hrs 1.8 -34 Freezing Fog

7 12-Apr-11 | Polar Guard Advance 75 > 4 hrs 1.7 -3.4 Freezing Fog

8 12-Apr-11 | Polar Guard Advance 75 > 4 hrs 1.8 -3.4 Freezing Fog

11 12-Apr-11 | Polar Guard Advance 50 104.0 1.7 -3.3 Freezing Fog

12 | 12-Apr-11 | Polar Guard Advance 50 84.5 1.8 -3.2 Freezing Fog

15 | 12-Apr-11 | Polar Guard Advance 100 172.6 4.8 -3.2 Freezing Fog

16 | 12-Apr-11 | Polar Guard Advance 100 167.5 B -3.2 Freezing Fog

19 | 12-Apr-11 | Polar Guard Advance 75 155.5 4.7 -3.2 Freezing Fog

20 | 12-Apr-11 | Polar Guard Advance 75 153.5 4.9 -3.2 Freezing Fog
23 | 12-Apr-11 | Polar Guard Advance 50 46.5 5.3 -3.2 Freezing Fog
24 | 12-Apr-11 | Polar Guard Advance 50 49.3 5.0 -3.2 Freezing Fog
27 | 11-Apr-11 | Polar Guard Advance 100 154.9 1.8 -14.1 Freezing Fog
28 | 11-Apr-11 | Polar Guard Advance 100 153.7 2.0 -14.1 Freezing Fog

31 11-Apr-11 | Polar Guard Advance 75 80.4 2.1 -14.3 Freezing Fog
32 | 11-Apr-11 | Polar Guard Advance 75 980.0 2.0 -14.3 Freezing Fog
35 | 11-Apr-11 | Polar Guard Advance 100 53.3 5.3 -13.9 Freezing Fog
36 | 11-Apr-11 | Polar Guard Advance 100 51.9 4.9 -13.9 Freezing Fog

39 | 11-Apr-11 | Polar Guard Advance 75 40.3 4.8 -14.0 Freezing Fog
40 | 11-Apr-11 | Polar Guard Advance 75 39.5 4.6 -14.0 Freezing Fog
43 | 11-Apr-11 | Polar Guard Advance 100 50.5 24 -25.1 Freezing Fog
44 | 11-Apr-11 | Polar Guard Advance 100 48.2 2:2 -25.1 Freezing Fog
47 | 11-Apr-11 | Polar Guard Advance 100 27.2 5.1 -25.1 Freezing Fog
48 | 11-Apr-11 | Polar Guard Advance 100 28.5 5.2 -25.1 Freezing Fog

51 7-Apr-11 | Polar Guard Advance 100 86.8 13.0 -3.2 Light Freezing Rain
52 7-Apr-11 | Polar Guard Advance 100 88.7 13.0 -3.2 Light Freezing Rain
55 7-Apr-11 | Polar Guard Advance 75 74.2 12.8 -3.2 Light Freezing Rain
56 7-Apr-11 | Polar Guard Advance 75 65.0 13.1 -3.3 Light Freezing Rain
58 7-Apr-11 | Polar Guard Advance 50 18.3 13.0 -3.3 Light Freezing Rain
60 7-Apr-11 | Polar Guard Advance 50 17.8 13.0 -3.3 Light Freezing Rain
63 7-Apr-11 | Polar Guard Advance 100 76.2 245 -3.2 Light Freezing Rain
64 7-Apr-11 | Polar Guard Advance 100 71.6 24.7 -3.2 Light Freezing Rain
67 7-Apr-11 | Polar Guard Advance 75 38.8 24 .4 -3.1 Light Freezing Rain
68 7-Apr-11 | Polar Guard Advance 75 40.6 24 .4 -3.1 Light Freezing Rain
71 7-Apr-11 | Polar Guard Advance 50 10.0 24 .4 -3.2 Light Freezing Rain
72 7-Apr-11 | Polar Guard Advance 50 9.3 24.4 -3.2 Light Freezing Rain
75 6-Apr-11 | Polar Guard Advance 100 43.1 12.9 -10.0 Light Freezing Rain
76 6-Apr-11 | Polar Guard Advance 100 45.9 13.0 -10.0 Light Freezing Rain
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Table 3.2 (cont’d}): Summary of Tests Performed (Freezing Precipitation)

Le:_t Date Fluid Name D:T:Jutiictjm Enc'iI'Lilrr:l‘t;1 ° Inl:::s?ty T-tre::). Precfli_;;ipt’:tion
{min) {g/dm?/h) (°C}
79 6-Apr-11 | Polar Guard Advance 75 45.3 12.6 -10.0 Light Freezing Rain
80 6-Apr-11 | Polar Guard Advance 75 441 12.9 -10.0 Light Freezing Rain
83 6-Apr-11 | Polar Guard Advance 100 34.7 24.86 -10.1 Light Freezing Rain
84 6-Apr-11 | Polar Guard Advance 100 34.5 24.8 -10.1 Light Freezing Rain
87 6-Apr-11 | Polar Guard Advance 75 34.0 245 -10.1 Light Freezing Rain
88 6-Apr-11 | Polar Guard Advance 75 37.0 24 .2 -10.2 Light Freezing Rain
91 8-Apr-11 | Polar Guard Advance 100 > 2 hrs 5.2 -3.2 Freezing Drizzle
Q2 8-Apr-11 | Polar Guard Advance | 100 > 2 hrs 4.9 -3.2 Freezing Drizzle
a5 8-Apr-11 Polar Guard Advance 75 > 2 hrs 4.8 -3.2 Freezing Drizzle
96 8-Apr-11 Polar Guard Advance 75 > 2 hrs 4.8 -3.2 Freezing Drizzle
99 8-Apr-11 Polar Guard Advance 50 46.7 4.8 -3.2 Freezing Drizzle
100 8-Apr-11 Polar Guard Advance 50 43.2 5.4 -3.2 Freezing Drizzle
103 7-Apr-11 Polar Guard Advance 100 106.0 13.5 -3.4 Freezing Drizzle
104 | 7-Apr-11 | Polar Guard Advance 100 87.5 13.3 -3.3 Freezing Drizzle
107 | 7-Apr-11 | Polar Guard Advance 75 100.7 13.2 -3.4 Freezing Drizzle
108 | 7-Apr-11 | Polar Guard Advance 75 103.3 13.0 -3.4 Freezing Drizzle
111 7-Apr-11 | Polar Guard Advance 50 19.2 13.3 =32 Freezing Drizzle
112 | 7-Apr-11 | Polar Guard Advance 50 18.1 13.5 -8:2 Freezing Drizzle
115 | 6-Apr-11 | Polar Guard Advance 100 100.6 4.6 -10.3 Freezing Drizzle
116 | 6-Apr-11 | Polar Guard Advance 100 106.3 4.7 -10.3 Freezing Drizzle
119 | 6-Apr-11 | Polar Guard Advance 75 68.0 5.0 -10.4 Freezing Drizzle
120 6-Apr-11 Polar Guard Advance 75 62.6 5.0 -10.4 Freezing Drizzle
123 6-Apr-11 Polar Guard Advance 100 37.3 13.3 -10.1 Freezing Drizzle
124 6-Apr-11 Polar Guard Advance 100 32.7 13.1 -10.1 Freezing Drizzle
127R| 6-Apr-11 Polar Guard Advance 75 25.0 13.5 -10.2 Freezing Drizzle
1273 | 6-Apr-11 | Polar Guard Advance 75 28.2 12.8 -10.2 Freezing Drizzle
127T| 6-Apr-11 | Polar Guard Advance 75 28.3 13.2 -10.2 Freezing Drizzle
131 8-Apr-11 Polar Guard Advance 100 119.2 54 0.8 Cold-Soaked Surface
132 8-Apr-11 Polar Guard Advance 100 > 2 hrs 5.1 0.8 Cold-Soaked Surface
135 8-Apr-11 Polar Guard Advance 75 94.6 5.4 0.8 Cold-Soaked Surface
136 8-Apr-11 Polar Guard Advance 75 103.1 5.0 0.7 Cold-Soaked Surface
139 8-Apr-11 Polar Guard Advance 100 13.6 76.4 1.4 Cold-Soaked Surface
140 8-Apr-11 Polar Guard Advance 100 15.5 75.6 14 Cold-Soaked Surface
143 8-Apr-11 Polar Guard Advance 75 9.0 74.2 1.3 Cold-Soaked Surface
144 8-Apr-11 Polar Guard Advance 75 10.0 74.7 1.2 Cold-Soaked Surface
161 | 18-Jul-11 | Polar Guard Advance 100 23.5 B5.2 -30.2 Freezing Fog
162 | 18-Jul-11 | Polar Guard Advance 100 23.7 5.0 -30.2 Freezing Fog
163 | 18-Jul-11 | Polar Guard Advance 100 45.5 1.9 -30.1 Freezing Fog
164 | 18-Jul-11 | Polar Guard Advance 100 45.5 2.0 -30.1 Freezing Fog
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4. RESULTS AND DISCUSSION

The methods used to evaluate the test data were reviewed in Subsection 2.8.
The holdover times and data used to generate the holdover times are presented
in this section.

4.1 Data

Figures 4.1 to 4.14 present the data collected in natural snow, freezing drizzle,
light freezing rain, freezing fog and rain on cold-soaked surface. These figures
show the effect of temperature, precipitation type and precipitation rate on fluid
endurance time in the conditions encompassed by the Type IV HOT guidelines.

Figure 4.15 presents supplemental data collected in freezing fog at the fluid's
lowest operational use temperature (LOUT). Comparative data at -25°C is
included, as are the results of similar comparative tests conducted with other
Type Il/IV fluids. Further discussion is provided in Subsection 4.3.

Table 4.1 illustrates the outputs from the multi-variable regression analyses
performed on the natural snow, freezing fog, freezing drizzle, freezing rain and
cold soak data. These outputs were used to derive the fluid-specific holdover
time values used in the fluid-specific HOT table (see Subsection 4.2).

4.2 Holdover Time Table

A fluid-specific HOT table for Cryotech Polar Guard Advance is shown in
Table 4.2 at the end of this section. As Cryotech intends to commercialize this
fluid, the table will be published in the 2011-12 FAA and TC HOT guidelines.
Commercialization of this fluid will not affect the generic Type IV holdover
times.

4.2.1 Holdover Times in Snow, Below -14°C to LOUT

Very little endurance time data has been collected in natural snow at
temperatures below -14°C. In the winter of 2003-04, testing was conducted
with artificial snowmakers to collect additional snow data below -14°C. As a
result of this testing, the current propylene Type Il and Type IV fluids were
given generic values in the "Below -14 to LOUT” snow cell. Because no natural
snow tests were conducted below -14°C with Cryotech Polar Guard Advance,
generic values have been used in the “Below -14°C to LOUT” snow cell.
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4.2.2 Holdover Times in Frost

In May 2009, a decision was made by TC and the FAA to move frost holdover
times from the generic and fluid-specific HOT tables to a separate frost HOT
table. Accordingly, frost holdover times have not been included in the
fluid-specific HOT table for Cryotech Polar Guard Advance.

4.2.3 Fluid Viscosity

The viscosity of the fluid samples used in this testing were measured using both
the AIR 9968 method and the manufacturer’'s designated method. The APS
measured viscosities appear at the front of this document and will also be
published in the HOT Guidelines as the lowest on-wing viscosity (LOWYV) for the
fluid. In order for the fluid-specific holdover times provided in this document to
be valid, operators must ensure that the viscosity of the fluid being used is
superior to the published LOWYV.

4.3 Supplemental Testing: Validity of Holdover Times at LOUT

In the winter of 2008-09, a decision was made to change the lower limit of the
lowest temperature band in the Type Il and Type IV fluid-specific HOT tables
from -25°C to fluid LOUT. This decision was based on research conducted with
a number of Type Il and Type IV fluids which showed fluids have similar
endurance times at -25°C and -28.5°C (the average LOUT for propylene-glycol
based Type II/IV fluids). As described in Subsection 4.2.1, generic holdover
times are used in the -25°C snow cell and therefore only freezing fog testing
was required to substantiate this change.

The LOUT of Cryotech Polar Guard Advance is -30.5°C, lower than most other
fluids and notably lower than the temperature at which the previous LOUT
research was conducted (-28.5°C). As a result, testing was required to
determine if holdover times derived from testing at -25°C are valid for use at
-30.5°C. As the LOUT value was determined after the original endurance time
testing was completed, this testing was conducted at a supplemental test
session in July 2011.

Figure 4.15 shows the results of the supplemental testing. It shows the
endurance times measured at -25°C and -30.5°C are similar: the differences are
approximately 10%, which is within experimental error and similar to the results
seen previously. It was concluded from this research that the holdover times
derived for Cryotech Polar Guard Advance at -25°C are valid for use down to
the temperature of the fluid LOUT of -30.5°C.
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APPENDIX D

4. RESULTS AND DISCUSSION

4.4 Discussion

Cryotech has indicated it will commercialize Polar Guard Advance; therefore, the
HOT table created for this fluid, as well as the LOWV and LOUT information,
will be published in the 2011-12 FAA and TC HOT guidelines.
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APPENDIX D

4. RESULTS AND DISCUSSION

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME
TYPE IV - Cryotech Polar Guard Advance (NEAT)
NATURAL SNOW CONDITIONS

I I [gofTests = 17] | | |

777777 pom———g=———-J--—--1-] @ 3°Cand Above H
: : : O Beslow -3 to -14°C
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: : : ® Generic HOT (Below -3 to -14°C)

”””” i B e ]

Generic HOT (Below -14 10 -25°C)

Failure Time {min}

Plate Pan
Rate of Precipitation {g/dm?/h}

Figure 4.1: Type IV Neat — Natural Snow

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME
TYPE IV - Cryotech Polar Guard Advance (75/25)
NATURAL SNOW CONDITIONS

-3°C and above -
Below -3 10-14°C
Generic HOT (-3°C and Above) |7
Generic HOT (Below -3 1o -14°C)

Failure Time (min)

50

Plate Pan
Rate of Precipitation {g/dm?/h}

Figure 4.2: Type IV 75/25 - Natural Snow
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APPENDIX D

4. RESULTS AND DISCUSSION

Failure Time {min)

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME
TYPE IV - Cryotech Polar Guard Advance {60/560)
NATURAL SNOW CONDITIONS

0 -3°C and above ]
. B Generic HOT (-3°C and Above)

10 15 20 25 30 35 40 45 50
Plate Pan
Rate of Pregipitation {g/dm?/h)

Figure 4.3: Type |V 50/50 — Natural Snow
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EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURAMNCE TIME
TYPE IV - Cryotech Polar Guard Advance (NEAT)
FREEZING DRIZZLE
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Figure 4.4: Type IV Neat - Freezing Drizzle
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APPENDIX D

4. RESULTS AND DISCUSSION

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME

TYPE IV - Cryotech Polar Guard Advance (75/25)

FREEZING DRIZZLE
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Figure 4.5

EFFECT OF TEMPERATURE AND RATE OF PRECIPIT ATION ON ENDURANCE TIME

TYPE IV - Cryotech Polar Guard Advance {50/60)
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Figure 4.6
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TYPE IV - Cryotech Polar Guard Advance (NEAT)
LIGHT FREEZING RAIN

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME
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Figure 4.8
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APPENDIX D

4. RESULTS AND DISCUSSION

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME
TYPE IV - Cryotech Polar Guard Advance (50/50)
LIGHT FREEZING RAIN

120
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i | I
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B Current HOT (-3°C and above)

Failure Time (min)
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Figure 4.9: Type |V 50/50 - Light Freezing Rain

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURAMNCE TIME
TYPE IV - Cryotech Polar Guard Advance (NEAT)
FREEZING FOG

240 . P e — " - " "
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! “140C
| -26°C
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Current HOT (Bslow -14 1o -25°C)
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Figure 4.10: Type IV Neat - Freezing Fog
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4. RESULTS AND DISCUSSION

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME
TYPE IV - Cryotech Polar Guard Advance (75/25)
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Figure 4.11: Type IV 75/25 - Freezing Fog

EFFECT OF TEMPERATURE AND RATE OF PRECIPIT ATION ON ENDURANCE TIME

TYPE IV - Cryotech Polar Guard Advance (60/60)

FREEZING FOG

Failure Time {min)

o -3°C
8 Current HOT {-3°C and abovs)

Rate of Precipitation (g/dm?/h}

Figure 4.12: Type IV b0/50 — Freezing Fog
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APPENDIX D

4. RESULTS AND DISCUSSION

EFFECT OF TEMPERATURE AND RATE OF PRECIPITATION ON ENDURANCE TIME
TYPE IV - Cryotech Polar Guard Advance (NEAT)

RAIN ON COLD-SOAKED SURFACE
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Figure 4.13: Type IV Neat — Rain on Cold-Soaked Surface
EFFECT OF TEMPERATURE AND RATE OF PRECIPIT ATION ON ENDURANCE TIME
TYPE IV - Cryotech Polar Guard Advance (75/25)
RAIN ON COLD-SOAKED SURFACE
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Figure 4.14: Type IV 75/25 - Rain on Cold-Soaked Surface
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APPENDIX D

4. RESULTS AND DISCUSSION

Endurance Times of Type II/IV Fluids in Freezing Fog
LOUT vs. -26°C
50
BLOUT Endurance Time
* [3-25°C Endurance Time
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=
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Figure 4.15: Type IV 100 - Comparison of -25°C and LOUT Endurance Times
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APPENDIX D

4. RESULTS AND DISCUSSION

Table 4.1: Regression Equation Coefficient Summary for Cryotech Polar Guard
Advance

Natural Snow Conditions

Intercept | Coeff. Coeff. Total
[{}] Rate {(A) | Tem (B) Pts.
Cryotech Polar Guard Advance Neat 73% 2.6278 | -0.3591 | -0.3246 17
Cryotech Polar Guard Advance 75% 59% 2.7318 | -0.6352 | -0.2744 21
Cryotech Polar Guard Advance 50% 49% 2.5102 | -0.8406 | -0.1391 14
General Equation  t = 10' R (2-T)®

Fluid Dil R?

Simulated Freezing Fog

Intercept| Coeff.

Fluid Dil Temp. R? 0 Rate (A) Total Pts.
Cryotech Polar Guard Advance Neat “S2E 100% 2.5794 | -0.5025 4
Cryotech Polar Guard Advance 75% =BoC 100% 2.5776 | -0.5705 4
Cryotech Polar Guard Advance 50% “BOG 97% 2.1254 | -0.6271 4
Cryotech Polar Guard Advance Neat -14°C 99% 2.5101 | -1.11456 4
Cryotech Polar Guard Advance 75% -14°C 100% 2.2594 | -0.9785 4
Cryotech Polar Guard Advance Neat -25°C 100% 1.9253 | -0.6979 4
General Equation t=10'R"

Simulated Freezing Drizzle

Fluid Dl | Temp. R '"te(’ﬁe"‘ R‘;i’:f&\) Total Pts.
Cryotech Polar Guard Advance Neat =306 76% 2.2682 | -0.2524 4
Cryotech Polar Guard Advance 75% -3°C 89% 2.2204 | -0.1898 4
Cryotech Polar Guard Advance 50% =306 100% 2.2943 | -0.9086 4
Cryotech Polar Guard Advance Neat -10°C 99% 2.7077 | -1.0390 4
Cryotech Polar Guard Advance 75% -10°C 99% 2.4495 | -0.9076 5
General Equation t=10'R"

Simulated Light Freezing Rain

Fluid Dil Temp. R2 '"te('l‘)’ep‘ R:i’:f(;) Total Pts.
Cryotech Polar Guard Advance Neat -3°C 93% 2.2584 | -0.2806 4
Cryotech Polar Guard Advance 75% =3°%C 97% 2.8328 | -0.8896 4
Cryotech Polar Guard Advance 50% -3°C 99% 2.3695 | -0.9996 4
Cryotech Polar Guard Advance Neat -10°C 87% 2.0801 | -0.3886 4
Cryotech Polar Guard Advance 75% -10°C 94.9% 2.0483 | -0.3597 4
General Equation t=10'R"

Simulated Rain on Cold Soaked Wing

Fluid Dil | Temp. R '“te(rﬁe"‘ R‘;i’:f(;) Total Pts.
Cryotech Polar Guard Advance Neat +1°C 100% 2.6681 | -0.7999 4
Cryotech Polar Guard Advance 75% +1°C 100% 2.6248 | -0.8807 4

General Equation t=10'R*
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APPENDIX D

4. RESULTS AND DISCUSSION

Table 4.2: Fluid Specific Holdover Time Guidelines — Cryotech Polar Guard Advance

TABLE 4-CR-PG-A

CRYOTECH TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
POLAR GUARD ADVANCE

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature? Type IV Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees Fluid/Water Freezing Sgo"\f’ Show Freezing Light Rain on Cold 6
Celsius Fahrenheit | (volume %volume %) Fog rains or 3 Drizzle Freezing Rain | Soaked Wing5 Other
i Snow Pellets
100/0 2:50 - 4:00 1:20 - 1:50 1:35-2.00 1.15-1:30 0:15-2:00
-3 and 27 and _ ; _ ; R : . . R ;
ABEVE SR 7525 2:30 - 4:00 0:45-1:20 1:40 - 2:.00 0:40-1:10 0:09 - 1:40
50/50 0:50 - 1:25 0:15-0:35 0:20-0:45 0:09 -0:20
below -3 below 27 100/0 0:55-2:30 0:85-1:15 0:35-1:35" | 0:35-0:45" CAUTION:
to-14 to7 75025 0:40-1.30 | 0:35-1.00 | 0:25-1.05 | 0:35-045 Mocholdover
time guidelines
below -14 below 7 . . . . exist
to-30.5 to-22.0 100/0 0:25 - 0:50 0:15-0:30
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2 Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |V fluid cannot be used.
3 Use light freezing rain holdover times in conditions of light snow mixed with light rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 No holdover guidelines exist for this condition for 0°C (32°F) and below.
6 Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.
7 These holdover times only apply to outside air temperatures to-10°C (14°F) under freezing drizzle and light freezing rain.
CAUTIONS
e The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable
holdover time table cell.
« The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
« High wind velocity or jet blast may reduce holdover time.
e Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.
e Fluids used during ground de/anti-icing do not provide in-flight icing protection.
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APPENDIX E

FREEZING PRECIPITATION STAND SETUP AND
SPRAYER CHARACTERISTICS DATA






APPENDIX E

FREEZING RAIN -3, 25 g/dm2/h
April 7th 2011
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APPENDIX E

FREEZING RAIN -3, 13 g/dm?h

April 7th 2011
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APPENDIX E

FREEZING RAIN -10, 25 g/dmZ/h
April 6th 2011
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APPENDIX E

FREEZING RAIN -10, 13 g/dmZ/h
April 6th 2011
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APPENDIX E

FREEZING DRIZZLE -3, 13 g/dmZ/h
April 7th 2011
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FREEZING DRIZZLE -3, 5 g/dm®/h
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RAIN ON COLD-SOAK WING 1, 75 g/dmzlh
April 8th 2011
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RAIN ON COLD-SOAK WING 1, 5 g/dmZ/h
April 8th 2011
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FREEZING FOG (ALL CONDITIONS)

April 11th and 12th 2011
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APPENDIX F

Transport Canada
Holdover Time (HOT) Guidelines

Winter 2011-2012

Original Issue, July 2011

This document should be used in conjunction with Guidelines for Aircraft
Ground-Icing Operations (TP 14052E, second edition, April 2005).

The two documents complement each other and should be used together for a
thorough understanding of the subject matter.
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CHANGE CONTROL RECORDS

This page indicates any changes made to individual pages within the document. Changed
pages have the appropriate revision date in the footer. Sidebars are shown to assist in
identifying where significant changes have been made on these pages.

It is the responsibility of the end user to periodically check the following website for updates
on Holdover Time Guidelines:

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

REVISION | DATE DESCRIPTION OF CHANGES A’ZEGCET sE D | autHor
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SUMMARY OF CHANGES FROM PREVIOUS YEAR
The principal changes from the previous year are briefly indicated herein.

Frost Table
* The Frost table has been reformatted to clarify that dilutions apply only to Type II, Il and IV fluids.

Type | Fluid

¢ The Type | holdover time (HOT) table has been divided into two tables. Table 1-A contains the holdover
times for aluminum wing surfaces and Table 1-C contains the holdover times for composite wing
surfaces. Guidance appears at the top of the tables to help users select the appropriate table. The
holdover time values have not changed.

Type Il Fluid

* Minor increases/decreases ranging from 1 to 4 minutes have been made to all eight Type Il fluid-specific
HOT tables and to the generic Type Il HOT table as a result of changes made to HOT rounding
protocols.

s The lower limit of the lowest temperature band in the Type Il fluid-specific HOT tables has been
changed from “-25°C or LOUT” to the actual numeric lowest operational use temperature (LOUT) value
for the fluid.

Type Il Fluid
s The Type Il HOT table is unchanged.

Type IV Fluid

o A fluid-specific HOT table has been created for the new Type IV fluid Cryotech Polar Guard Advance.
The addition of this fluid did not impact the generic holdover times.

s Octagon MaxFlo and Clariant Safewing MP IV 2012 Protect have been removed from the Type IV
guidelines as per protocol for removing obsclete data. Removal of these fluids caused significant
changes (all increases) to the generic Type IV fluid holdover times. Twelve cells were affected.

e Minor increases/decreases ranging from 1 to 4 minutes have been made to six Type IV fluid-specific
HOT tables and to the generic Type IV HOT table as a result of changes made to HOT rounding
protocols. The affected tables are: Table 4-Generic, Table 4-A-AD-480, Table 4-C-2001,
Table 4-D-AD-480, Table 4-K-ABC-4S, Table 4-K-ABC-S and Table 4-L-ARCTIC Shield.

e The upper value in the Octagon Max-Flight 04 75/25 below -3 to -14°C show cell has been increased
from 1:20 to 1:25 due to a rounding error.

s The lower limit of the lowest temperature band in the Type IV fluid-specific HOT tables has been
changed from “-25°C or LOUT” to the actual numerical LOUT value for the fluid.

* Notes have been added to the Type IV generic table to identify specific fluids that have more restrictive
LOUTs.

* Notes have been added to the Cryotech Polar Guard and Lyondell Arctic Shield fluid-specific tables to
identify their LOUT constraints.

Lowest Operational Use Temperature (LOUT) Table

e Additional LOUT data has been incorporated into the LOUT table including: additional LOUT data from
fluid manufacturers, LOUTs for Type [I/IAV fluid dilutions, and fluid dilution information for Type |
LOUTs.

 °F data has been be removed from the LOUT table (°C data remains).

Ice Pellet Allowance Time Table
*» The ice pellet allowance time values are unchanged.

Page 3 of 57 July 2011
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CHANGES TO Guidelines for Aircraft Ground-icing Operations
(TP 14052E, second ed., April 2005)

The following changes will be incorporated into TP 14052E at its next revision. They are recorded here in
advance due to the longer life cycle time associated with the updating and publication of TP 14052E and are for
immediate use.

Replace Sub-Paragraph 8.1.2 (2"d paragraph), “Fluid Description”, with the following:

Anti-icing fluids are similar in composition except that they also contain polymeric thickeners. They are
formulated to prevent formation of unabsorbed frozen contamination for a longer period of time than deicing
fluids; however, the protection is still for a limited period of time. Although Type | fluids may be used for
anti-icing, Type I, Ill and IV fluids are typically used in the anti-icing role because they can last for a significantly
longer period of time than the Type | fluids.

Replace entire contents of Sub-Paragraph 8.1.4, “Certification Applicable to Qualified Fluids”, with the
following:

8.1.4 Acceptable Fluids
Transport Canada does not approve or qualify defanti-icing fluids.

The aircraft manufacturer will generally indicate in the Aircraft Maintenance Manual the applicable industry
specification for aircraft consumable materials. The industry fluid specifications for de/anti-icing fluids was
discussed in Section 8.1.3.

The SAE specifications require numerous chemical and physical tests at a specialized laboratory. These tests
are principally for measuring the compatibility of materials used in aircraft construction and the physical
properties of the fluid against the appropriate SAE specification.

Also, the SAE specifications require a series of anti-icing and aerodynamic performance tests. The aerodynamic
performance tests are conducted in a calibrated wind tunnel, in a specialized laboratory, for the purpose of
measuring the aerodynamic and “flow off” characteristics of the fluid against the appropriate SAE specification.

Further, fluids undergo HOT evaluation to assess their HOT characteristics and establish the values for the HOT
guidelines for that particular fluid.

Replace Sub-Paragraph 10.4 (6"' paragraph), “Procedure Selection”, with the following:

The temperature of cold soaked wings can be considerably below the ambient temperature; therefore frost can
build up in localized areas. When active frost is anticipated, the holdover times will be shortened when the wings
are cold soaked, particularly when using Type | fluids. Consider applying SAE Type Il or IV fluid to the surfaces
as these will provide greater holdover times than Type |, along with better safety margins to prevent frost
accumulation. Both wings should receive a symmetrical treatment for aerodynamic reasons.

Replace Sub-Paragraph 10.4.2 (2"d paragraph), “Two Step De/Anti-lcing”, with the following:

If a two-step procedure is used, the first step is typically performed using a deicing fluid; however, alternate
deicing technology or mechanical methods may be used depending on the circumstances. The selection of fluid
type and concentration depends on the ambient temperature, the weather conditions and the desired holdover
time. When performing a two-step process, the freezing point of a fluid used for the first step must not be more
than 3°C above ambient temperature. The freezing point of an SAE Type | fluid used for a one-step process, or
as the second step of a two-step operation, must be at least 10°C below the ambient temperature. The second
step must be completed as quickly as possible following first step fluid application (not more than 3 minutes).
The two-step process may need to be performed area-by-area. When deicing fluid is used in step 1, the
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application of the second step fluid will flush away the first step fluid and leave a film of anti-icing fluid, which is
designed to be of adequate thickness. If freezing of the deicing fluid has occurred, step 1 must be repeated.
Refer to the SAE ARP 4737 document for additional details.

Add Sub-Paragraph 10.8.1, “De/Anti-icing Fluid Compatibility with Runway Deicer”, as follows:

Recent research showed that when thickened aircraft anti-icing fluid came in contact with minimal amounts of
runway deicing fluids (formate or acetate based), anti-icing protection provided by the aircraft anti-icing fluid
could be diminished. The separation of the thickening agents in this fluid consequently reduce holdover time.

This can occur when fluids from the runway are splashed onto the wing by the nose gear wheels or from the use
of engine thrust reversers at landing prior to when the aircraft is anti-iced using a one-step process as protection
for the next flight. Additional tests also showed that when using a two-step de/anti-icing process, the application
of the first step cleans off the contamination from the runway deicing fluid so that the anti-ice protection provided
with the second step is not affected by the runway deicing fluids. Therefore, it is recommended that de/anti-icing
applications be performed using a two-step process.

Replace Sub-Paragraph 10.11, “Applying Anti-Icing Fluid in a Hangar”, with the following:

There are operational conditions when air operators may choose to anti-ice their aircraft while the aircraft is ina
heated hangar. This is one way to reduce the consumption of deicing fluid and to minimize the environmental
impact of deicing.

The period of time after fluid application and the air temperature in the hangar both have an effect on the ability
of the fluid to protect the aircraft when it is pulled out of the hangar and into freezing/frozen precipitation. The
HOT for a fluid is based largely on the fluid's thickness on the surface. The fluid thickness varies with time and
temperature. Unless otherwise approved in an air operator’s program, the holdover time clock must be started at
the time of the first application of anti-icing fluid onto a clean wing. It may not be started when the aircraft is first
exposed to freezing/frozen precipitation.

Replace Sub-Paragraph 10.12.1 (5"' paragraph), “Brooms”, with the following:

Using the wing broom to remove contamination does not always mean that the wing surface is clean and safe
for flight. Every time a broom is used to remove contamination, a tactile inspection must be performed.

Replace Sub-Paragraph 10.13.3, “Hot Water”, with the following:

Hot water may be used to remove large amounts of contamination (such as ice) from an aircraft, provided that
the Outside Air Temperature is -3°C and above as per the application procedures for SAE Type |, II, Il and IV
fluids described in tables 6 and 7 of the Transport Canada HOT Guidelines document.

Delete Sub-Paragraph 10.13.3.1 ltem g) only.

Replace entire contents of 10.13.5 to 10.13.5.4 with the following:
10.13.5

The development of ground ice detection sensors has been stimulated by the difficulty in determining whether
an aircraft is free of frozen contaminants prior to takeoff. Humans have a limited ability to accurately evaluate
the condition of an aircraft’'s critical surface during ground icing operations. Impediments to ensuring the aircraft
is free of frozen contaminants include poor lighting conditions, visibility restrictions due to blowing snow, and the
difficulty in determining whether clear ice is present.

Ground Ice Detection Systems (GIDS)

For the purposes of this document, these sensors are referred to as Remote on Ground Ice Detection Systems
(ROGIDS). A Minimum Cperational Performance Specification (MOPS) for these systems is identified in the
SAE document AS 5681.
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Air operators or service providers seeking authorization to incorporate ROGIDS into their operations should
consult Transport Canada Advisory Circular AC 602-001, “Operational Use of Remote on Ground Ice Detection
Systems (ROGIDS) for Post De-icing Applications”. This document is available at the following website:

http:./fwww . tc.gc.ca/media/documents/ca-opssvs/602-001. pdf

Replace Sub-Paragraph 11.1.2, “Current Holdover Time Guidelines”, with the following:

Current HOT Guidelines can be found at the following website:
http://www.tc. ge.ca/eng/civilaviation/standards/commerce-holdovertime-menu-1877. htm.

The following information can be found at the above website:

a) Active Frost HOT Guidelines;

b) Type | Fluid Generic HOT Guidelines;

c) Type Il Fluid HOT Guidelines;

d) Type Il Fluid HOT Guidelines;

e) Type IV Fluid HOT Guidelines;

f) List of Fluids Tested for Anti-Icing Performance and Aerodynamic Acceptance;
g) SAE Type | Def/Anti-Icing Fluid Application Procedures;,

hy SAE Types I, Type Ill and Type IV De/Anti-Icing Fluid Application Procedures;
i) Visibility in Snow vs. Snowfall Intensity Chart;

j) Lowest On-Wing Viscosity Values for De/Anti-lcing Fluids;

k) Lowest Operational Use Temperatures of De/Anti-Icing Fluids; and

Ice Pellet Allowance Times.

=

Add the following sentence immediately before the example of Sub-Paragraph 11.1.4.1.a “Estimating the
Precipitation Rate™:

This estimate applies to all Type |, 11, Ill, and 1V fluids.

Replace Sub-Paragraph 11.1.5, “Elapsed time is less than the lowest time in the HOT cell”, with the
following:

Transport Canada has previously considered that, under an approved ground icing program, if the lowest time in
a cell has NOT been exceeded for conditions covered by the Guidelines, there is no requirement to inspect the
aircraft’s critical surfaces prior to commencing a takeoff.

This position was based on evidence gained during fluids testing. The HOT values are conservative for the
lowest number in the cell, if:

a) The conditions present are NOT in excess of those conditions represented by the table (e.g. for
show, it would be a moderate snow condition); and

b) The impact of other factors (e.g. jet blast) has been considered and deemed not to affect the
HOT.

If there is doubt surrounding the conditions associated with using the lowest time as a decision-making criterion,
an inspection prior to takeoff would be prudent. This inspection should be conducted in accordance with the
procedures described in the Air Operator's Approved Ground Icing Program.
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Replace Sub-Paragraph 11.1.8, “Meteorological Conditions for which the HOT Guidelines are not
applicable”, with the following:

The HOT Guidelines do not include guidelines for all metecrological conditions.

Holdover time guidelines have not been assessed for the following conditions: a) Hail; b) Mcderate and Heavy
Freezing Rain; and c) Heavy Snow.

Note: Operators need to assess whether operations can be safely conducted under these conditions.

Additionally, holdover time guidelines have not been assessed for ice pellets, since a formal protocol for ice
pellet testing has not yet been developed and included in standard SAE testing methodologies and no visual
failure criteria have yet been identified for ice pellet conditions. Instead, an allowance time based upon research
has been developed for operations during ice pellet conditions.

Replace entire contents of Sub-Paragraph 11.1.9, “Use of approved fluids”, with the following:
11.1.8

The operator is ultimately responsible for ensuring that only fluids tested to SAE AMS 1424 or SAE AMS 1428
are applied when the HOT Guidelines will be utilized operationally.

The Transport Canada Holdover Time Guidelines document published on an annual basis, contains lists of
fluids that have been tested with respect to anti-icing performance (SAE AMS 1424 or SAE AMS 1428) and
aerodynamic acceptance (SAE AMS 1424 or SAE AMS 1428) only.

Therefore, the end user is cautioned that they must confirm that other SAE AMS 1424 or SAE AMS 1428
technical requirement tests such as fluid stability, toxicity, materials compatibility, etc. have been conducted.
The fluid manufacturer will supply all samples for testing and, is responsible for obtaining independent
laboratory confirmation of conformance to these requirements of AMS 1424 or AMS 1428. The fluid
manufacturer should provide certificates of conformance upon request.

Add Sub-Paragraph 11.1.12, “Type | HOT Guidelines for Aircraft with Critical Surfaces Constructed
Using Composite Materials”, as follows:

The recent introduction of new aircraft constructed primarily with composite materials required a review of Type |
fluid holdover time performance when used on these aircraft. This review has shown that the holdover time
performance of Type | fluids on composite surfaces is reduced when compared to aluminum surfaces. Type |
fluid holdover time evaluations were conducted and holdover times have been developed for use with aircraft
critical surfaces constructed primarily with composite materials.

It is not the intent that the composite holdover times be used on aircraft where previous experience has shown
the acceptable use of aluminum holdover times (unless those aircraft have predominately or entirely composite
critical surfaces). If there is any doubt, consult with the aircraft manufacturer to determine whether to use
aluminum or composite holdover times.

Replace Sub-Paragraph 12.1.2, “Ice Pellet Conditions”, with the following:

Holdover time guidelines have not been assessed for ice pellets, since a formal protocol for ice pellet testing has
not yet been developed and included in standard SAE testing methodologies and no visual failure criteria have
been identified for ice pellet conditions.

However, comprehensive ice pellet research was conducted jointly by the research teams of the FAA and
Transport Canada. This research consisted of extensive climatic chamber, wind tunnel, and live aircraft testing
with ice pellets (light and moderate) and light ice pellets mixed with other forms of precipitation. Results of this
research provide the basis for allowance times for operations in light and moderate ice pellets, as well as
allowance times for operations in light ice pellets mixed with other forms of precipitation.

Use of De/Anti-icing Fluids

Page 7 of 57 July 2011

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix F\Appendix F.docx
Final Version 1.0, October 19



APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2011-2012

Replace entire contents of Sub-Paragraph 12.1.7 “Frost”, with the following:
121.7 Frost

Frost occurs frequently during winter operating conditions. Frost due to radiation cooling is a uniform thin white
deposit of fine crystalline texture, which forms on exposed surfaces that are below-freezing, generally on calm
cloudless nights where the air at the surface is close to saturation. When the deposit is thin enough for surface
features underneath the frost, such as paint lines, markings and lettering, to be distinguished it is often referred
to as hoarfrost. Frost can also form on the upper or lower surfaces of the wing due to cold soaked fuel. Frost
has the appearance of being a minor contaminant and therefore does not offer the same obvious signal of
danger as do other types of contamination such as snow or ice. However, frost is an insidious threat to the
safety of aircraft operations because it always adheres to the aircraft surface, is rough and causes significant lift
degradation and increased drag.

12.1.71 Active Frost

Active frost is a condition when frost is forming. During active frost conditions, frost will form on an unprotected
surface or re-form on a surface protected with de/anti-icing fluid where the holdover time has expired.

Frost forms whenever the exposed surface temperature cools below OAT to, or below, the frost point (not dew
point). The mechanisms for cooling include:

1. radiation cooling; or
2. conductive cooling (due to cold soaked fuel).

If the exposed surface temperature is equal to or below the frost point, frost will begin to accrete on the surface.
Once formed, residual accreted frost may remain after the active frost phase if the exposed surface temperature
remains below freezing.

12.1.7.2 Dew Point and Frost Point

The dew point is the temperature at a given pressure to which air must be cooled to cause saturation. The dew
point can occur below or above 0°C.

The frost point is the temperature, at or below 0°C (32°F), at which moisture in the air will condense as a layer of
frost on an exposed surface. The frost point occurs between the OAT and dew point.

METAR does not report frost point, however it does report dew point. The frost point is higher (warmer) than the
dew point for a given humidity in the air. The frost point and the dew point are the same at 0°C; at a dew point of
-40°C, the frost point is 3.2°C warmer (-36.8°C). The following table provides further examples of the correlation
between dew point and frost point.

Dew Point Frost Point
Temperature Temperature
(°C) (C)
0 0.0
-5 -4.4
-10 -8.9
-15 -13.5
-20 -18.0
-25 -22.7
-30 -27.3
-35 -32.1
-40 -36.8
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12.1.7.3  Radiation Cooling

Radiation cooling will generally occur during clear sky (i.e. SKC, high FEW or high SCT), low wind (i.e. less than
10 knots), and low light (i.e. shade, at night or in low angle / obscured sun) conditions. These conditions will
cause the exposed surface temperature to cool below the CAT. Once the exposed surface temperature cools to
the frost point or below, active frost occurs.

Certain surface finishes and material compositions may be more susceptible to radiation cooling, and as a
result, different areas of an aircraft may begin to accrete frost at different times. Radiation cooling can cause an
exposed surface to cool several degrees below the OAT, therefore frost can form on an exposed surface at an
OAT several degrees above 0°C.

Depending on conditions, time to frost formation may range from minutes to hours. As a result, a surface that
appears free of frost during an early inspection may become contaminated later. When conditions are favorable
for active frost formation, a direct inspection of critical surfaces conducted as close as possible to the departure
time is recommended.

12.1.7.4  Cold Soaked Fuel Cooling

Cold soaked fuel cooling results from conductive cooling due to very cold fuel on board at destination or from
refueling with fuel that may be cooler than the OAT. Cold soaked fuel conditions are highly variable and
therefore, only direct surface temperature readings are accurate, but not available at most stations. Fuel
temperature does not accurately predict cold soaked fuel conditions but may provide an initial indication,
particularly in the period after landing and prior to fuelling. The presence of frost under the wing is a good
indication of cold soaked fuel conditions.

In extreme cases, cold soaking may reduce the surface temperature below the fluid LOUT and cause a risk of
fluid freezing.

121.7.5 Combined Radiation and Cold Soaked Fuel Cooling Effects

Cold soaked fuel cooling combined with radiation cocling effects can cause reductions in active frost holdover
times. This is particularly true for Type | fluid holdover times as these are shorter in duration, and therefore use
of a thickened anti-icing fluid should be considered.

12.1.7.6  Def/Anti-Icing in Active Frost Conditions

Frost reforming after removal is an indication of active frost. During active frost, anti-icing protection is required
and operations should be conducted in accordance with holdover time guidelines and minimum fluid quantity
and temperature application procedures therein. In active frost conditions, deicing alone is insufficient, therefore,
once the frost has been removed, a preventative anti-icing coating is required.

121.7.7 Fluid Holdover Times for Active Frost Conditions

Fluid holdover times in active frost conditions differ from holdover times in other conditions as they incorporate
an allowance for the temperature differential (typically 6 to 8°C) between the OAT and the exposed surface
temperature due to radiation cooling. As a result of this allowance, the OAT should be used to determine the
appropriate active frost holdover time.

Active frost holdover times may be reduced in the presence of combined cooling effects or extreme surface
cooling. In extreme cases, the surface temperature may be below the fluid LOUT and cause a risk of fluid
freezing.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2011-2012

12.1.7.8  Frost on the Underside of the Wing

CAR 602.11(3) states: Notwithstanding subsection (12.1.7.9), a person may conduct a take-off in an aircraft that
has frost adhering to the underside of its wings that is caused by cold-soaked fuel, if the take-off is conducted in
accordance with the aircraft manufacturer’s instructions for take-off under those conditions.

12.1.7.9  Frost on the Fuselage

Despite the requirement to clean contamination from critical surfaces, it is acceptable for aircraft, including those
with aft fuselage mounted engines, to take-off when hoarfrost is adhering to the upper surface of the fuselage if
it is the only remaining contaminant, provided all vents and ports are clear. Contact the aircraft manufacturer for
further details.

Replace Sub-Paragraph 12.3 (5"' paragraph), “Configuration During Deicing Procedures”, with the
following:

Two possible options are: delaying slat/flap deployment until just prior to take-off; or deploying the devices prior
to de/anti-icing so that the surfaces under these devices are treated. With the second option, the holdover time
and allowance time will be reduced due to the steeper angles of the slat/flap in the deployed configuration.

Delaying the slat/flap deployment may be the preferred option for optimum protection from ice buildup. If it is
necessary to remove contamination from the slatsfflaps, it may be best to deploy the slatsfflaps for deicing and
anti-icing and then retract them prior to taxi. Consult the Aircraft Operating Manual and/or aircraft manufacturer
for more details.

Replace Sub-Paragraph 12.6.7 “Recommended “Clean Aircraft Concept” practices”, with the following:

e) The general rule for ground icing procedures is that the deicing and anti-icing processes must be done
symmetrically. That is, whatever final treatment (i.e. same brand name fluid) is administered on one wing
must be applied to the other wing for aerodynamic symmetry reasons.
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APPENDIX F
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HOLDOVER TIME (HOT) GUIDELINES FOR WINTER 2011-2012

Table 0

Table 1-A

Table 1-C

Table 2-Generic
Table 2-A-E26
Table 2-AS-Cleanwing Il
Table 2-C-2025
Table 2-C-FLIGHT
Table 2-K-ABC-2000
Table 2-K-ABC-K+
Table 2-N-FCY-2
Table 2-O-EM-II
Table 3

Table 4-Generic
Table 4-A-AD-480
Table 4-A-Ecowing AD-49
Table 4-C-2001
Table 4-C-LAUNCH
Table 4-CR-PG
Table 4-CR-PG-A
Table 4-D-ULTRA+
Table 4-D-E106
Table 4-D-AD-480
Table 4-D-AD-49
Table 4-K-ABC-4S
Table 4-K-ABC-S
Table 4-K-ABC-S+
Table 4-L-ARCTIC Shield
Table 4-O-MF-04
Table 5

Table 6

Table 7

Table 8

Table 9

Table 10

Table 11

Active Frost Holdover Guidelines

SAE Type | Fluid Holdover Guidelines on Aluminum Wing Surfaces

SAE Type | Fluid Holdover Guidelines on Composite Wing Surfaces

SAE Type Il Fluid Holdover Guidelines

ABAX Type Il Fluid Holdover Guidelines Ecowing 26

Aviation Shaanxi Hi-Tech Type Il Fluid Holdover Guidelines Cleanwing I
Clariant Type Il Fluid Holdover Guidelines Safewing MP 11 2025 ECO

Clariant Type 1l Fluid Holdover Guidelines Safewing MP Il FLIGHT

Kilfrost Type Il Fluid Holdover Guidelines ABC-2000

Kilfrost Type Il Fluid Holdover Guidelines ABC-K Plus

Newave Aerochemical Type Il Fluid Holdover Guidelines FCY-2

Octagon Type Il Fluid Holdover Guidelines E Max Il

SAE Type Ill Fluid Holdover Guidelines

SAE Type IV Fluid Holdover Guidelines

ABAX Type IV Fluid Holdover Guidelines AD-480

ABAX Type IV Fluid Holdover Guidelines Ecowing AD-49

Clariant Type IV Fluid Holdover Guidelines Safewing MP IV 2001

Clariant Type IV Fluid Holdover Guidelines Safewing MP IV LAUNCH
Cryotech Type IV Fluid Holdover Guidelines Polar Guard

Cryotech Type IV Fluid Holdover Guidelines Polar Guard Advance

Dow Chemical Type IV Fluid Holdover Guidelines UCAR™ ADF/AAF ULTRA+
Dow Chemical Type IV Fluid Holdover Guidelines UCAR™ Endurance EG106
Dow Chemical Type IV Fluid Holdover Guidelines UCAR™ FlightGuard AD-480
Dow Chemical Type IV Fluid Holdover Guidelines UCAR™ FlightGuard AD-49
Kilfrost Type IV Fluid Holdover Guidelines ABC-4%"

Kilfrost Type IV Fluid Holdover Guidelines ABC-S

Kilfrost Type IV Fluid Holdover Guidelines ABC-S Plus

Lyondell Type IV Fluid Holdover Guidelines ARCTIC Shield™

Octagon Type IV Fluid Holdover Guidelines Max-Flight 04

List of Fluids Tested for Anti-Icing Performance and Aerodynamic Acceptance
SAE Type | DefAnti-icing Fluid Application Procedures

SAE Type II, Type lll and Type IV De/Anti-lcing Fluid Application Procedures
Visibility in Snow vs. Snowfall Intensity Chart

Lowest On-Wing Viscosity Values for De/Anti-Icing Fluids

Lowest Operational Use Temperatures of De/Anti-Icing Fluids

Ice Pellet Allowance Times
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2011-2012
TABLE O
ACTIVE FROST HOLDOVER GUIDELINES FOR WINTER 2011-2012
THE RESPONSIBILITY FCR THE APPLICATION OF THESE DATA REMAINS WITH THE USER
Approximate . Approximate Holdover Times
Outside Air Holdover Times Outside Air Temperature | Concentration (hours:minutes)
Temperature (hours:minutes) Neat
Fluid/Water Active Frost
Active Frost Degrees DeQrees (Volume %/Volume %)
Degrees Degrees - Celsius Fahrenheit Type I** | Type P | Type V**
Celsius Fahrenheit Type I 100/0 8-00 200 12:00
-1 and 30 and -1 and above 2%;”3 75125 5:00 1:00 5:00
above above 50/50 3:00 0:30 3:00
100/0 8:00 2:00 12:00
below -1 below 30 E
o 3 t0 27 bet'g‘fvs 1 bet';"g’fo 75/25 5:00 1:00 5:00
50/50 1:30 0:30 3:00
below -3 below 27 below -3 below 27 100/0 8:00 2:00 10:00
to-10 to 14 0:45
et to-10 to14 75/25 5:00 1:00 5:00
below -10 below 14 ' below -10 below 14 100/0 6:00 2:00 6:00
to-14 to7
° ° to-14 to7 75125 1:00 1:00 1:00
below -14 below 7 4
-y g RRby 0% | ReeRT 100/0 6:00 2:00 6:00
below -21 below -6 below -21 below -6 ; ; :
to 25 to 13 t0 25 t0-13 100/0 2:00 2:00 4:00
NOTES
1 Typel Fluid / Water Mixture is selected so that the freezing point of the mixture is at least 10°C (18°F) below outside air temperature.
2  May be used below -25°C (-13°F) provided the lowest operational use temperature (LOUT) of the fluid is respected.
3 These fluids may not be used below -25°C (-13°F) in active frost conditions.
4 Ensure that the lowest operational use temperature (LOUT) is respected.
5  Value in parentheses is for composite surfaces.
CAUTIONS
* Fluids used during ground de/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2011-2012

TABLE 1-A
SAE TYPE | FLUID HOLDOVER GUIDELINES ON ALUMINUM WING SURFACES FOR WINTER 2011-2012"
This table applies to aircraft with critical surfaces constructed predominantly or entirely of
aluminum materials that have demonstrated satisfactory use of these holdover times.
THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER
Outside Ail‘2 Approximate Holdover Times Under Various Weather Conditions
Temperature (minutes)
. . Rain on
Degrees Degrees Freezing Snow, Snow Grains or Show Pellets Eraasiii Frlélgzr;:l Cold oth 6
Celsius | Fahrenheit Fog ) .3 Drizzle 2Ing Soaked er
Very Light Light Moderate Rain Wing®
ing
- and Zrand | 44 _47 18 11-18 611 9-13 4-6 2-5
above above
below -3 | below 271 g _ 43 14 814 5-8 5-9 4-6
to -6 to 21
CAUTION:
below -6 below 21 No holdover
to -10 to 14 caads ol o= Ay e 28 time guidelines
exist
below -10 | below 14 5-9 7 4-7 2-4

NOTES
1 Typel Fluid / Water Mixture is selected so that the freezing point of the mixture is at least 10°C (18°F) below outside air temperature.
2  Ensure that the lowest operational use temperature (LOUT) is respected.
3  Use light freezing rain holdover times in conditions of very light or light snow mixed with light rain.
4  Use light freezing rain holdover times if positive identification of freezing drizzle is hot possible.
5 No holdover time guidelines exist for this condition for 0°C (32°F) and below.
6

Heavy show, ice pellets, moderate and heavy freezing rain, and hail.

CAUTIONS

+ The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.

Heldover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground de/anti-icing do not provide in-flight icing protection.

* e o e
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

SAE TYPE | FLUID HOLDOVER GUIDELINES ON COMPOSITE WING SURFACES FOR WINTER 2011-2012"

TABLE 1-C

These holdover times apply to newer aircraft with critical surfaces constructed predominantly or entirely of composite materials.

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Airz Approximate Holdover Times Under Various Weather Conditions
Temperature (minutes)
: 5 Rain on
Degrees Degrees | Freezing Snow, Snow Grains or Snow Pellets Freezin Frl-elegzr;; Cold Other®
Celsius | Fahrenheit | Fog — 3 3 Drizzle zing Soaked er
Very Light Light Moderate Rain Wing®
ing
Sad | Frad | o g 12 612 3-6 813 4-6 1-5
above above
below -3 below 27
P to 21 6-8 " 5-11 2-5 5-9 4-6
CAUTION:
No holdover
below -6 below 21 4_8 g 5_9 2_5 4-7 2_5 time guidelines
to -10 to 14 .
exist
below -10 | below 14 4-7 7 4-7 2-4

NOTES

O WhN =

CAUTIONS

+ The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground de/anti-icing do not provide in-flight icing protection.

Type | Fluid / Water Mixture is selected so that the freezing point of the mixture is at least 10°C (18°F) below outside air temperature.
Ensure that the lowest operational use temperature (LOUT) is respected.
Use light freezing rain holdover times in conditions of very light or light snow mixed with light rain.
Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
No holdover time guidelines exist for this condition for 0°C (32°F) and below.

Heavy show, ice pellets, moderate and heavy freezing rain, and hail.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 2-Generic

SAE TYPE Il FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012
THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Approximate Holdover Times Under Various Weather Conditions
Temperature2 Type Il Fluid (hours:minutes)
Concentration - - iah
Degrees Degrees Neat FluuidIWatuer Freezing g?,:';’nsrz:;w Freezin Frelgzin Rain on Cold Other®
Celsius | Fahrenheit | (Volume%/velume ) Fog Drizzle zing Soaked Wing®
Snow Pellets Rain
100/0 0:35-1:30 0:20-0:45 0:30-0:55 0:15-0:30 0:08 —0:40
-3 and 27 and 76125 025-100 | 015-030 | 020-046 | 010-0256 | 0.05-0:25
above above T T i o i
50/50 0:15-0:30 0:02-0:15 0:08 -0:15 0:05-0:09
below -3 below 27 100/0 0:20 -1.05 0:15-0:30 0:20 — 0:45' 0:10-0:20" CAUTION:
to-14 to7 75/25 025-050 | 010-020 | 0:15-0:30" | 0:08—-0:15" No holdover
time guidelines
below -14 below 7 exist
to -25 or to-13 or 100/0 0:15-0:35 0:15-0:30
LOUT LOUT
NOTES
1 Based on the lowest holdover times of the fluids listed in Table 5-2 and Table 5-4.
2 Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |l fluid cannot be used.
3 Uselight freezing rain holdover times in conditions of light snow mixed with light rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
5 No holdover guidelines exist for this condition for 0°C (32°F) and below.
6 Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.
7  These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover

time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.
Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.
Fluids used during ground de/anti-icing do not provide in-flight icing protection.

Page 15 of 57

July 2011

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix F\Appendix F.docx

F-15

Final Version 1.0, October 19



APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

ABAX TYPE |l FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"

TABLE 2-A-E26

ECOWING 26
THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER
Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature® Type Il Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees Fluid/Wat Freezing SN SN Freezin Light Rain on Cold 6
Celsius | Fahrenheit me %owme Fo GRS O Drizzle Freezing Rain | Soaked Wing® Qittier
(Volume %/Volume %) g Snow Pellets® g g
100/0 1:25-2:35 0:40-1:00 0:50-1:35 0:40 — 0:50 0:20-1:25
-3 and 27 and ; ) } } ; . . Z : :
SEVE 5 Rt 75125 1:05-1:55 0:25-0:45 0:45-1.05 0:25-0:35 0:10-1:00
50/50 0:30 -0:45 0:10-0:20 015 -0:25 0:08 - 0:10
below -3 below 27 100/0 0:45-2.15 0:35-0:55 0:30-110" | 0:15-0:35' CAUTION:
to 14 to7 76125 0:35-115 | 025-040 |020-050" | 0:15-025 190 Tisldower
time guidelines
below -14 below 7 ; ) ) ) exist
t0 .05 t0 13 100/0 0:25-0:45 0:15-0:30

NOTES

~NO O W

CAUTIONS

¢« The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover

time table cell.

LI S Y 4

These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |l fluid cannot be used.
Use light freezing rain holdover times in conditions of light snow mixed with light rain.
Use light freezing rain holdover times if positive identification of freezing drizzle is hot possible.
No holdover guidelines exist for this condition for 0°C (32°F) and below.

Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.
These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.
Heldover time may be reduced when aircraft skin temperature is lower than outside air temperature.
Fluids used during ground de/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 2-AS-CLEANWING ||
AVIATION SHAANXI HI-TECH TYPE |l FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"

CLEANWING Il

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature® Type Il Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees Fluid/Wat Freezing SN SN Freezin Light Rain on Cold 6
Celsius | Fahrenheit (Volurlnj: VJVuﬂlrr?:V) Fog Crins:or 3 Drizzle Freezing Rain | Soaked Win95 Qittier
E Snow Pellets
100/0 0:55 -1:50 0:30-0:55 0:35-1.05 0:25-0:35 0:10-0:55
3and 27 e 75/25 050-120 | 025-045 | 035-100 | 020-0:30 | 0:07-050
above above - - o s -
50/50 0:35-1.00 0:15-0:30 0:20-0:40 0:10-0:20
below -3 below 27 100/0 0:45 -1:50 0:30-0:55 0:30-055" | 0:20-0:25' CAUTION:
to 14 to7 76125 0:40-145 | 025-045 |035-040 | 0:20-025 190 Tisldower
time guidelines
below -14 below 7 ; ) ) ) exist
t0 .29 t6 -20.2 100/0 0:20 - 0:50 0:15-0:30

NOTES
These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |l fluid cannot be used.
Use light freezing rain holdover times in conditions of light snow mixed with light rain.
Use light freezing rain holdover times if positive identification of freezing drizzle is hot possible.

~NO O W

No holdover guidelines exist for this condition for 0°C (32°F) and below.

Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.
These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

LI S Y 4

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover

time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.

Heldover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground de/anti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2011-2012

TABLE 2-C-2025

CLARIANT TYPE Il FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
SAFEWING MP Il 2025 ECO

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature® Type Il Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees Fluid/Wat Freezing ST, STow Freezin Light Rain on Cold 6
Celsius | Fahrenheit (\Iolu:; “/Nuﬂm?:“/) Fog Srains:or 3 Drizzle Freezing Rain | Soaked Wing thier
” E Snow Pellets
100/0 1:30 — 2:05 0:40-1:10 0:40-1.00 0:26-0:35 0:10-1:15
= AT 27 Hd 75/25 055-145 | 025-045 | 0:25-045 | 0:20-0:25 0:08 — 0:50
above above o =~ i - -
50/50 0:20-0:35 0:.09-0:15 010-0:15 0:07 - 0:10
below -3 below 27 100/0 0:45-1.50 0:35-1.00 0:35-1:05" | 0:20-0:35" CAUTION:
to 14 to7 75125 0:40-120 | 025-045 |0:30-0:40 | 0:15-0:25" NG helgayer
time guidelines
below -14 below 7 : . ) ) exist
to 275 t0 175 100/0 0:25-0:45 0:15 - 0:30

NOTES

1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.

2  Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |l fluid cannot be used.
3 Uselight freezing rain holdover times in conditions of light snow mixed with light rain.

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

5 No holdover guidelines exist for this condition for 0°C (32°F) and below.

6 Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.

7  These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

¢« The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover

time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.

Heldover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground de/anti-icing do not provide in-flight icing protection.

LI S Y 4
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 2-C-FLIGHT

CLARIANT TYPE |l FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
SAFEWING MP Il FLIGHT

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature Type Il Fluid (hours:minutes)
Concentration
Neat . Snow, Snow . . .
Degrges Degrees_ Fluid/Water Freezing GIaTNE 61 Fre_ezmg L_|ght . Rain on C_old5 Other®
Celsius | Fahrenheit | (volume %olume %) Fog Show Pellets® Drizzle Freezing Rain | Soaked Wing
100/0 3:30 - 4.00 1:00-1:35 1:20 —2:00 0:45-1:25 0:10-1:30
-3 and 27 and } ) } } . . . , : :
SHEVE ABYE 75125 1:50 — 2:45 0:40-1.20 1:10-1:30 0:30 -0:55 0:06 — 0:50
50/50 055-1.45 010-0:25 0:20-0:30 0:10-0:15
below -3 below 27 100/0 0:55-1:45 0:40-1.05 0:35-1:30" | 0:25-045' CAUTION:
to -14 to7 75125 025-105 | 020-040 |025-110 | 0:20-0:35 B Iplgever
time guidelines
below -14 below 7 : . : ) exist
to 99 to 709 100/0 0:30 - 0:50 0:15-0:30

NOTES

~NO NN =

CAUTIONS

*» The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.
Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.
Fluids used during ground defanti-icing do not provide in-flight icing protection.

These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |l fluid cannot be used.
Use light freezing rain holdover times in conditions of light snow mixed with light rain.
Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
No holdover guidelines exist for this condition for 0°C (32°F) and below.
Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.

These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2011-2012

TABLE 2-K-ABC-2000

KILFROST TYPE Il FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012'
ABC-2000

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature® Type Il Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees Fluid/\Water Freezing Sg(;\:;,n?:)c)rw Freezin Light Rain on Cold Other®
Celsius Fahrenheit | (volume %/Volume %) Fog Snow Pellets® Drizzle Freezing Rain | Soaked Wing5
100/0 1:30-3:05 0:30-1:00 0:55-1:35 0:40 - 0:50 0:15-1:10
-3 and 27 and
above above 75125 1:40 -3:30 0:30-1:05 0:45-1:15 0:40 - 0:50 0:15-1:40
50/50 1.00-2:10 0:15-0:30 0:15-0:25 0:08 -0:15
below -3 below 27 100/0 0:35-1:25 0:25-0:45 0:25-050" | 0:10-0:30° CAUTION:
to-14 to7 75/25 035-115 | 025-050 |025-055 | 0:15-0:30° No holdover
time guidelines
below -14 below 7 . . : . exist
to .08 to .18 4 100/0 0:20-0:45 0:15-0:30

NOTES

1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.

2 Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type Il fluid cannot be used.
3 Uselight freezing rain holdover times in conditions of light snow mixed with light rain.

4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

5 No holdover guidelines exist for this condition for 0°C (32°F) and below.

6 Heavy show, ice pellets, moderate and heavy freezing rain, and hail.

7  These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

+ The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2011-2012

TABLE 2-K-ABC-K+

KILFROST TYPE Il FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
ABC-K PLUS

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature Type Il Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees Fluid/\Water Freezing Sg(:\;\;hir::)rw Freezing Light Rain on Cold Other®
Celsius | Fahrenheit | (volume %/volume %) Fog Snow Pellets® Drizzle Freezing Rain | Soaked Wing5
100/0 215-3:45 1:00 —1:40 1:50 —2:00 1:00-1:25 0:20 — 2:00
-3 and 27 and ) ) - ) ) ; ) ) - )
SHEE SBEVE 75125 1:40 —2:30 0:35-1:10 1:25-2:00 0:50-1:10 0:15-2:00
50/50 0:35-1:05 0:07 - 015 0:20-0:30 010-0:15
below 3 | below 27 10010 030-105 | 060-125 |025-100"| 015-035 ,\%A#Jc'&\'e:r
to-14 to7 75/25 0:25-125 | 035-105 |020-055"| 009-0:30 time guidelines
bel 14 below 7 S
elow - elow . . ; .
t0 .29 to 20 2 100/0 0:30-0:55 0:15-0:30

NOTES

1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.

2  Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type Il fluid cannot be used.
3 Uselight freezing rain holdover times in conditions of light show mixed with light rain.

4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

5 No holdover guidelines exist for this condition for 0°C (32°F) and below.

6 Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.

7  These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 2-N-FCY-2

NEWAVE AEROCHEMICAL TYPE Il FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
FCY-2

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature Type Il Fluid (hours:minutes)
Concentration
Neat - Snow, Snow . Light .
Degr(_aes Degrees_ Fluid/Water Freezing Giaine or Fre_ezmg Freezing Rain on C_old5 Other®
Celsius | Fahrenheit | (volume %volume %) Fog Snow Pellets® Drizzle Rain Soaked Wing
100/0 1:15-2:25 0:30-0:55 0:35-1:05 0:25-0:35 0:08 —0:45
3 & 272 75025 050-130 | 020-040 | 025-045 | 0:15-0:25 0:05-025
above above i s - T s
50/50 0:25-0:35 0:15-0:25 0:10-0:20 0:.07-0:10
below -3 below 27 100/0 0:45-1.30 0:15-0:30 0:20-0:45" | 0:15-0:20° CAUTION:
to -14 to7 75125 030105 | 010-020 |015-0307 | 0.08-015 g hielgeyer
time guidelines
below -14 below 7 ) y : . exist
to o8 to -18.4 100/0 0:25-0:35 0:15-0:30

NOTES

1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.

2  Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type Il fluid cannot be used.
3 Uselight freezing rain holdover times in conditions of light snow mixed with light rain.

4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

S No holdover guidelines exist for this condition for 0°C (32°F) and below.

6 Heavy show, ice pellets, moderate and heavy freezing rain, and hail.

7  These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 2-O-EM-II
OCTAGON TYPE |l FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012'
E MAX Il
THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER
Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature Type Il Fluid (hours:minutes)
Concentration
Neat . Snow, Snow - . .
Cetetus | Fahronheit | qeiuidater | Freor® | _orainsor | R | o ering Rain | Soaked Wing® | Ote*
(Volume %/Volume %) g Snhow Pellets® g g
100/0 2:05-3:.45 0:40-1:20 0:45-1:35 0:30 - 0:40 015-1:30
-3 A 27 and 75125 125-250 | 025-055 | 0:40-1:10 | 0:20-0:30 0:10—-1:05
above above e b A T -
50/50 0:30-055 010-0:25 0:15-0:30 0:.08-0:15
below -3 | below 27 100/0 0:50-145 | 035-110 [035-100" | 0:20-0:30" CAUTION:
to-14 to7 75125 030-120 | 025-050 |035-105 | 0:15-0:30° Juerhelaoyar
time guidelines
below -14 below 7 . ] ) ! exist
to .07 to-16.6 100/0 0:20-0:35 0:15-0:30

NOTES
These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |l fluid cannot be used.
Use light freezing rain holdover times in conditions of light snow mixed with light rain.
Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

~NO NN =

No holdover guidelines exist for this condition for 0°C (32°F) and below.

Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.
These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 3

SAE TYPE Ill FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air Approximate Holdover Times Under Various Weather Conditions
Temperature1 Type Il Fluid (minutes)
Concentration
Snow, Snhow Grains . Rain on
Degrees Degrees _Neat Freezing or Snow Pellets Freezin Light Cold 5
N . Fluid/Water . ? Freezing Other
Celsius | Fahrenheit | \olume %volume %) Fog Drizzle Rai Soaked
Very Light*| Light® | Moderate an Wing®
100/0 20 - 40 35 20-35 10-20 10-20 8-10 6-20
-3 and 27 and
above aboyve 75125 15-30 25 15-25 8-15 8-15 6-10 2-10
50/50 10 -20 15 8-15 4-8 5-9 4-6
below 3 | below 27 100/0 20 — 40 30 1530 9-15 1020 8-10 SAUTION.
t0-10 to 14 75125 15-30° 25° 10 - 25° 7-10° 9-—12° 6-9° time guidelines
exist
below -10 below 14 100/0 20 -40 30 15-30 8§-15

NOTES

1 Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |ll fluid cannct be used.

2 Use light freezing rain holdover times in conditions of very light or light snow mixed with light rain.

3 Uselight freezing rain holdover times if positive identification of freezing drizzle is not possible.

4 No holdover guidelines exist for this condition for 0°C (32°F) and below.

S Heavy show, ice pellets, moderate and heavy freezing rain, and hail.

6 For outside air temperatures below -9°C (15.8°F) to -10°C (14°F), these holdover times only apply to aircraft with a take-off profile conforming to the high speed
aerodynamic test criterion (refer to Section 8.1.6.1 f) of TP 14052E). If uncertain whether the aircraft performance conforms to this criterion, consult the aircraft
manufacturer.

CAUTIONS

+ The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover

time table cell.
+ High wind velocity or jet blast may reduce holdover time.

+ Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

» Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 4-Generic

SAE TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012'
THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature® Type IV Fluid (hours:minutes)
Concentration
Neat ) Snow, Show . Light .
Quorees | Dogrees | uidater | Fn0 | “Grainsor | TS| precsing | S2onSol | omer
(Volume %/Volume %) L] Snow Pellets® Rain g
100/0 1:20 - 3:10 0:35-1:15 0:45-1:30 0:25-0:40 0:10-1:15
-3 and 27 and - - } - - - - - - -
ShevE SEEva 7525 1:00 —1:45 0:30 —0:55 0:35-1:05 0:25-0:35 0:09-0:50
50/50 0:15-0:35 0:07 -0:15 0:10-0:20 0:07 -0:10
below -3 below 27 100/0 0:20 -1:20 0:25 -0:50 0:20—1:007 0:10-0:25" CAUTION:
to-14 to7 75/25 025-050° | 020-035° | 015-1.00"° | 0:10-0:25"° No holdover
time guidelines
below -14 below 7 exist
to-250r | to-13or 100/0 0:15-0:40° | 0:15-0:30°
LOUT LOUT
NOTES
1  Based on the lowest holdover times of the fluids listed in Table 5-4.
2 Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |V fluid cannot be used.
3 Uselight freezing rain holdover times in conditions of light show mixed with light rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
S No holdover guidelines exist for this condition for 0°C (32°F) and below.
6 Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.
7  These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
8  For Lyondell Arctic Shield, the temperature is limited to -9.5°C (14.9°F); and for Cryotech Polar Guard, the temperature is limited to -5.5°C (22.1°F). If the fluid is

unknown, these holdover times only apply down to -5.5°C (22.1°F).

9  For Cryotech Polar Guard, the temperature is limited to -23.5°C (-10.3°F); for Dow Ultra+, the temperature is limited to -24°C (-11.2°F); and for Lyondell Arctic Shield,
the temperature is limited to -24.5°C (-12.1°F). If the fluid is unknown, these holdover times only apply down to -23.5°C (-10.3°F).

CAUTIONS

+ The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

+ Thetime of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

+ High wind velocity or jet blast may reduce holdover time.

+ Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

+

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 4-A-AD-480

ABAX TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"

AD-480
THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER
Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature Type IV Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees Fluid/Water Freezing Sg(:\;\;,r:r:)orw Freezing Light Rain on Cold5 Other®
Celsius Fahrenheit | (volume %/volume %) Fog Show Pellets® Drizzle Freezing Rain | Soaked Wing
100/0 2:00 - 3:30 0:40-1.20 0:50-1:30 0:35-0:55 015-1:35
-3 and 27 and : ) } } ; . . : . :
i e 75125 1:30 —2:45 0:30-1.05 0:50-1:15 0:30-0:45 0:10-1:15
50/50 0:30 —-0:45 0:09 - 0:20 015-0:25 0:.09-0:15
? ; ? . ] o’ - AT CAUTION:
below -3 below 27 100/0 0:20 —1:20 0:30-0:55 0:26-1:20 0:156-0:30 ks s
to-14 to7 75/25 025-050 | 020-045 |[025-1:05| 0:15-0:30 time guidelines
exist
below -14 below 7 . . 3 .
t0 .26 to 148 100/0 0:15 -0:40 0:15-0:30

NOTES
These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |V fluid cannot be used.
Use light freezing rain holdover times in conditions of light snow mixed with light rain.
Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
No holdover guidelines exist for this condition for 0°C (32°F) and below.

~NO NN =

Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.

These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover

time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2011-2012

TABLE 4-A-Ecowing AD-49

ABAX TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
ECOWING AD-49

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature® Type IV Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees Fluid/Wat Freezing Snow, Sriow Freezin Light Rain on Cold 6
Celsius Fahrenheit me YN owme Fo Graifsor Drizzleg Freezing Rain | Soaked Wing® QthiEr
(Volume %/Volume %) g Snhow Pellets® g g
100/0 3:20 - 4:00 1:10-1:50 1:25-2:00 1:00 -1:25 0:10-1:55
-3 and 27 and ; ) ; } . . : - . ;
steve bEve 75/25 2:25-4.00 1:20-1:40 1:55-2:00 0:50 - 1:30 0:10-1:40
50/50 0:25-0:50 0:15-0:25 0:15-0:30 010 -0:15
: y . ] ) AeT B By CAUTION:
below -3 below 27 100/0 0:20-1:35 1:10-1:50 0:256-1:25 0:20-0:25 Kb s daver
to-14 to7 75025 0:30-110 [ 120-140 |015-105 | 015-025 time guidelines
bel 14 below 7 SIst
elow - elow s . ) .
to0 -26 to 148 100/0 0:25-0:40 0:15-0:30
NOTES
1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
2  Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type IV fluid cannot be used.
3 Uselight freezing rain holdover times in conditions of light snow mixed with light rain.
4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
S No holdover guidelines exist for this condition for 0°C (32°F) and below.
6 Heavy show, ice pellets, moderate and heavy freezing rain, and hail.
7  These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
CAUTIONS

*» The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover

time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2011-2012

TABLE 4-C-2001

CLARIANT TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
SAFEWING MP IV 2001

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature Type IV Fluid (hours:minutes)
Concentration
Neat . Snow, Snow - . .
Degr(_aes Degrees_ Fluid/\Water Freezing Grains or Fre_ezmg L_|ght . Rain on C_old5 Other®
Celsius Fahrenheit | (volume %Volume %) Fog Show Pellets® Drizzle Freezing Rain | Soaked Wing
100/0 1:20-3:20 1:00-1:55 0:55-1:55 0:40 —1:00 0:15-2:00
-3 and 27 and - ) ) ) ) - ) - ) -
M i Rt 75125 1:20-2:00 0:35-1:00 0:35-1:10 0:25-0:35 0:10-1:25
50/50 0:15-0:40 0:10-0:20 0:10-0:20 0:08 —0:15
below -3 below 27 100/0 0:45-1:35 0:30-0:50 0:556-1:35" | 0:30—0:45 CAUTION:
to-14 o7 76125 0:30-100 | 020-035 |0:40-110 | 0:20-0:307 g hielgeyer
time guidelines
below 14 |  below 7 : , , , exist
to 99 5 0 -91.1 100/0 0:20-0:45 0:15-0:30

NOTES

1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.

2  Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type IV fluid cannot be used.
3 Uselight freezing rain holdover times in conditions of light snow mixed with light rain.

4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

S No holdover guidelines exist for this condition for 0°C (32°F) and below.

6 Heavy show, ice pellets, moderate and heavy freezing rain, and hail.

7  These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

*» The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 4-C-LAUNCH

CLARIANT TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
SAFEWING MP IV LAUNCH

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature Type IV Fluid (hours:minutes)
Concentration
Neat . Snow, Snow . . -
Degrt_ees Degrees_ Fluid/Water Freezing GriiiEor Fre_ezmg L_|ght ) Rain on C_old5 Other®
Celsius | Fahrenheit | (volume %Volume %) Fog Snow Pellets® Drizzle Freezing Rain | Soaked Wing
100/0 4:00 — 4:00 1:05-1:45 1:30 -2:00 1:00 — 1:40 0:15 -1:40
-3and 27 and . - - ) ) ) - ) - )
AbovE AbEvE 75/25 3:40 — 4:00 1:00 —1:45 1:40 -2:00 0:45-1:15 0:10 - 1:45
50/50 1:25 —2:45 0:25-0:45 0:30-0:50 0:20-0:25
below -3 below 27 100/0 1:00 —1:55 0:50-1:20 0:35-1:40" | 0:25-0:45" CAUTION:
to-14 to7 75125 0:40-120 | 045-125 |025-1107| 0:25-0.457 MG hlegver
time guidelines
below -14 |  below 7 , _ _ , exist
to 28 5 to -19.3 100/0 0:30 — 0:50 0:15-0:30

NOTES
These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |V fluid cannot be used.
Use light freezing rain holdover times in conditions of light snow mixed with light rain.
Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

~NO NN =

No holdover guidelines exist for this condition for 0°C (32°F) and below.

Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.
These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover

time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 4-CR-PG

CRYOTECH TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
POLAR GUARD

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature Type IV Fluid (hours:minutes)
Concentration
Neat . Snow, Snow . . -
Cotais | Fahronhait | euoiditiater | Teog © | (Cramsor | TEPR? | Frecring Rain | Soaked Wing® | Other
(Volume %/Volume %} g Show Pellets® g g
100/0 2:15-3:30 0:50-1:30 1:15-2:00 0:50-1:15 015 -1:25
-3and 27 and - ) . } ; . . ; ; ’
AbovE AbEvE 75/25 1:40 — 2:40 0:35-1:10 1.056-1:25 0:35-1:00 010 -1:15
50/50 0:25 - 0:40 0:10-0:15 0:15-0:25 0:10-0:15
below -3 below 27 100/0 0:45-1:45 0:30 -0:55 0:25-1:10" | 0:15-0:35" CAUTION:
to-14 to7 75125 0:35-130° | 020-040° |0:25-105° | 020-0:30° MG hlegver
time guidelines
below -14 below 7 ) . . ) exist
to 93 5 to -10.3 100/0 0:20 - 0:40 0:15-0:30

NOTES

NN RN =

These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.

Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |V fluid cannot be used.
Use light freezing rain holdover times in conditions of light snow mixed with light rain.

Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

No holdover guidelines exist for this condition for 0°C (32°F) and below.

Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.

These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

These holdover times only apply to outside air temperatures to -5.5°C (22.1°F) and above.

CAUTIONS

s s o o

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 4-CR-PG-A

CRYOTECH TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
POLAR GUARD ADVANCE

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature Type IV Fluid (hours:minutes)
Concentration
Neat . Snow, Snow . . -
Degrt_ees Degrees_ Fluid/Water Freezing GriiiEor Fre_ezmg L_|ght ) Rain on C_old5 Other®
Celsius | Fahrenheit | (volume %Volume %) Fog Snow Pellets® Drizzle Freezing Rain | Soaked Wing
100/0 2:50 — 4:00 1:20 -1:50 1:35-2:00 1:15-1:30 0:15 —-2:00
-3and 27 and ) - - ) ) ) - ) - )
AbovE AbEvE 75/25 2:30 — 4:.00 0:45-1:20 1:40 -2:00 0:40 -1:10 0:09 —1:40
50/50 0:50 —1:25 0:15-0:35 0:20-0:45 0:09 -0:20
below -3 below 27 100/0 0:565 —2:30 0:56-1:15 0:35-1:35" | 0:35-0:45" CAUTION:
to-14 to7 75125 0:40-130 | 035-100 |025-1:05 | 0:35-0.45 MG hlegver
time guidelines
below -14 |  below 7 ; _ _ , exist
to 305 to-729 100/0 0:25 - 0:50 0:15-0:30

NOTES
These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |V fluid cannot be used.
Use light freezing rain holdover times in conditions of light snow mixed with light rain.
Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

~NO NN =

No holdover guidelines exist for this condition for 0°C (32°F) and below.

Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.
These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover

time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2011-2012

NOTES

1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.

2  Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type IV fluid cannot be used.
3 Uselight freezing rain holdover times in conditions of light snow mixed with light rain.

4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

S No holdover guidelines exist for this condition for 0°C (32°F) and below.

6 Heavy show, ice pellets, moderate and heavy freezing rain, and hail.

7  These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

TABLE 4-D-ULTRA+

DOW CHEMICAL TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
UCAR™ ADF/AAF ULTRA+

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature? Type IV Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees Fluid/Water Freezing Sré(:\;\;,ngr::w Freezin? Light Rain on Cold5 Other®
Celsius | Fahrenheit | (volume %WVolume %) Fog Snow Pellets® Drizzle Freezing Rain | Soaked Wing
100/0 1:35-3:35 0:35-1:15 0:45-1:35 0:25 - 0:40 0:10-1:20
-3 and 27 and
above above 75123
50/50 CAUTION:
below 3 | below 27 100/0 125-300 | 025-055 |045-125 | 0:30-0:45 NG heldaver
time guidelines
to -14 to7 75125 exist
below -14 below 7 . 3 ; .
t0 .04 to .11 100/0 0:40-2:10 0:20-0:45

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2011-2012

TABLE 4-D-E106

DOW CHEMICAL TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
UCAR™ ENDURANCE EG106

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature? Type IV Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees Fluid/Water Freezing Sré(:\;\;,ngr::w Freezin? Light Rain on Cold5 Other®
Celsius | Fahrenheit | (volume %WVolume %) Fog Snow Pellets® Drizzle Freezing Rain | Soaked Wing
100/0 2:05-3:10 0:40-1:20 1:10-2:00 0:50 —1:15 0:20 —2:00
-3 and 27 and
above above 75123
50/50
= = CAUTION:
below -3 below 27 100/0 1:50 - 3:20 0:30-1:05 0:55-1:50 0:45-1:10 No holdover
to -14 to7 75/05 time guidelines
exist
below -14 below 7 . . . .
to .07 to 16.6 100/0 0:30-1:09 0:115-0:30

NOTES

1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.

2  Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type IV fluid cannot be used.
3 Uselight freezing rain holdover times in conditions of light show mixed with light rain.

4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

5 No holdover guidelines exist for this condition for 0°C (32°F) and below.

6 Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.

7  These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

* The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 4-D-AD-480

DOW CHEMICAL TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"

UCAR™ FLIGHTGUARD AD-480

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature Type IV Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees Fluid/\Water Freezing Sg(:\;\;,r:r:)orw Freezing Light Rain on Cold Other®
Celsius Fahrenheit | (volume %volume %) Fog Show Pellets® Drizzle Freezing Rain | Soaked Win95
100/0 2:00-3:30 0:40 - 120 0:50-1:30 0:35-0:55 015 -1:35
-3 and 27 and - ) ) ) ) ) ) - ) ;
i e 75125 1:30 —2:45 0:30 - 105 0:50-1:15 0:30 —0:45 0:10 =115
50/50 0:30 -0:45 0:09 - 0:20 015-0:25 0:09-0:15
? ; ? . . By - anT CAUTION:
below -3 below 27 100/0 0:20-1:20 0:30 - 0:55 0:26-1:20 0:15-0:30 Kol lboer
to-14 to7 75/25 025-050 [ 020-045 |025-105 | 015-0:30 time guidelines
exist
below -14 below 7 . ) S )
t0 .26 to 148 100/0 0:15-0:40 0:15-0:30

NOTES
These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |V fluid cannot be used.
Use light freezing rain holdover times in conditions of light snow mixed with light rain.
Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

~NO NN =

No holdover guidelines exist for this condition for 0°C (32°F) and below.

Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.
These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover

time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 4-D-AD-49

DOW CHEMICAL TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
UCAR™ FLIGHTGUARD AD-49

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature Type IV Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees Fluid/Water Freezing Sg(:\;\;,nir:)orw Freezing Light Rain on Cold Other®
Celsius Fahrenheit | (volume %Vvolume %) Fog Show Pellets® Drizzle Freezing Rain | Soaked Wing5
100/0 3:20 - 4:00 1:10-1:50 1:256-2:00 1:00 -1:26 0:10-1:55
-3 and 27 and - ) ) ) ) - ) - ) )
i e e 75125 2:25-4:00 1:20-1:40 1:55-2:00 0:50 - 1:30 0:10-1:40
50/50 0:25-0:50 015-0:25 0:15-0:30 0:10-0:15
: . . . . By - BET CAUTION:
below -3 below 27 100/0 0:20-1:35 1:10-1.50 0:26-1:25 0:20-0:25 Ak baidener
to-14 to7 75025 0:30-110 [ 120-140 |015-105 | 015-025 time guidelines
exist
below -14 below 7 , ) y ;
to .96 to.148 100/0 0:256-0:40 0:15-0:30

NOTES

~NO NN =

CAUTIONS

*» The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.
Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.
Fluids used during ground defanti-icing do not provide in-flight icing protection.

These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |V fluid cannot be used.
Use light freezing rain holdover times in conditions of light snow mixed with light rain.
Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
No holdover guidelines exist for this condition for 0°C (32°F) and below.
Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.

These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 4-K-ABC-48

KILFROST TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"

ABC_4sustain

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature Type IV Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees Fluid/Water Freezing Sg(:\;\;,nir:)orw Freezing Light Rain on Cold Other®
Celsius Fahrenheit | (volume %Vvolume %) Fog Show Pellets® Drizzle Freezing Rain | Soaked Wing5
100/0 1:45-3:55 1:00-1:45 1:35-2:00 1:05 -1:30 0:20 -2:00
-3 and 27 and - ) ) ) ) - ) - ) )
i e e 75125 1:00 —1:50 0:30-0:55 0:40 - 1:05 0:25-0:40 0:10-1:20
50/50 0:20-0:35 0:07-0:15 0:10-0:20 0:07 - 0:10
below 3 | below 27 100/0 065-256 | 100-145 | 035-1560 | 1:05-125 NCoAr%II—cljg\'/\le:r
to-14 to7 75025 0:35-210 | 030-055 |025-120" | 015-0:40 time guidelines
exist
below -14 below 7 ) y y ;
t0.99 to 202 100/0 0:40-1:00 0:15-0:30

NOTES

~NO NN =

CAUTIONS

*» The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.
Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.
Fluids used during ground defanti-icing do not provide in-flight icing protection.

These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |V fluid cannot be used.
Use light freezing rain holdover times in conditions of light snow mixed with light rain.
Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.
No holdover guidelines exist for this condition for 0°C (32°F) and below.
Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.

These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.
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APPENDIX F

Transport Canada Holdover Time Guidelines Winter 2011-2012

TABLE 4-K-ABC-S

KILFROST TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
ABC-S

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature Type IV Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees FluidAWater Freezing Sg(:\;\;hir::)rw Freezing Light Rain on Cold Other®
Celsius | Fahrenheit | (volume %Volume %) Fog Snow Pellets® Drizzle Freezing Rain | Soaked Wing5
100/0 2:35-4:00 1:00 —1:40 1:20 —1:50 1:00-1:25 0:20-1:15
-3 and 27 and ) ) - ) ) ) ) ) - )
B0V AbEVE 75125 1:05—-1:45 0:30 - 0:5% 0:45-1:10 0:35-0:50 0:10 - 0:50
50/50 0:20-0:35 0:07 - 015 0:15-0:20 0:08 -0:10
below 3 | bolow 27 100/0 045-205 | 045-120 |020—100"| 010-030" CAUTICN.
elow - elow ' : 3 : : - : : No holdover
to-14 to7 75/25 0:25-1:00 | 025-050 |020-1:10"| 010-0:35" time guidelines
below -14 below 7 S
elow - elow : . ; .
t0 .98 to-18.4 100/0 0:20-0:40 0:15-0:30

NOTES

1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.

2  Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type IV fluid cannot be used.
3 Uselight freezing rain holdover times in conditions of light snow mixed with light rain.

4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

S No holdover guidelines exist for this condition for 0°C (32°F) and below.

6 Heavy show, ice pellets, moderate and heavy freezing rain, and hail.

7  These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

*» The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 4-K-ABC-S+

KILFROST TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
ABC-S PLUS

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature Type IV Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees FluidAWater Freezing Sg(:\;\;hir::)rw Freezing Light Rain on Cold Other®
Celsius | Fahrenheit | (volume %Volume %) Fog Snow Pellets® Drizzle Freezing Rain | Soaked Wing5
100/0 210-4:00 1:15 -2:00 1:50 —2:00 1:05-2:.00 0:25 -2:00
-3 and 27 and i ) - ) ) ) ) ) - )
B0V AbEVE 75125 1:25-2:40 0:45-1:15 1:00-1:20 0:30-0:50 0:10-1.20
50/50 0:30-0:55 0:15 - 0:30 0:15-0:40 0:15-0:20
; . ; ; . AET : ] CAUTION:
below -3 below 27 100/0 0:556-3:30 1:00 —1:45 0:256-1:35 0:20-0:30 il Tl
to-14 to7 75/25 0:45-150 | 035-1.00 |020-1:10"| 015-0:25" time guidelines
bel 14 below 7 S
elow - elow . . ; .
t0 .98 to-18.4 100/0 0:40-1:00 0:15-0:30

NOTES

1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.

2  Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type IV fluid cannot be used.

3 Uselight freezing rain holdover times in conditions of light show mixed with light rain.

4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

5 No holdover guidelines exist for this condition for 0°C (32°F) and below.

6 Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.

7  These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

+ The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

+ Thetime of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

+ High wind velocity or jet blast may reduce holdover time.

* Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 4-L-ARCTIC Shield

LYONDELL TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
ARCTIC SHIELD™

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature Type IV Fluid (hours:minutes)
Concentration
Neat
Degrees Degrees Fluid/\Water Freezing Sg(:\;\;,r:r:)orw Freezing Light Rain on Cold5 Other®
Celsius | Fahrenheit | (volume %/volume %) Fog Show Pellets® Drizzle Freezing Rain | Soaked Wing
100/0 1:65-3:10 0:50-1.25 0:55-1:40 0:45-1.05 015-1.25
-3 and 27 and ; } } . . . . . : :
SHEVE bl 75125 1:20-2:15 0:40-1.05 0:55-1:25 0:30-0:45 0:09 -1.20
50/50 0:35-0:45 0:20-0:35 0:20-0:30 010-0:15
: E 3 . . Ny : an? CAUTION:
below -3 below 27 100/0 1:00 —2:25 0:45-1:.15 0:26-1:30 0:26-0:30 il bsle oy
to-14 to7 75/25 0:50-1:45° | 0:35-055" | 030—115° [ 0:25-0:30° time guidelines
exist
below -14 below 7 : . 3 .
to 045 o -12.1 100/0 0:25-0:45 0:15-0:30

NOTES

NN RN =

These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.

Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |V fluid cannot be used.
Use light freezing rain holdover times in conditions of light snow mixed with light rain.

Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

No holdover guidelines exist for this condition for 0°C (32°F) and below.

Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.

These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

These holdover times only apply to outside air temperatures to -9.5°C (14.9°F) and above.

CAUTIONS

s s o o

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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APPENDIX F

Transport Canada Holdover Time Guidelines

Winter 2011-2012

TABLE 4-O-MF-04

OCTAGON TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2011-2012"
MAX-FLIGHT 04

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air . Approximate Holdover Times Under Various Weather Conditions
Temperature® Type IV Fluid {(hours:minutes)
Concentration
Neat . Show, Show . . .
Degrees Degrees Fluid/Water Freezing Grains or Fre_ezmg Light Rain on C_old5 Other®
Celsius Fahrenheit | (volume %olume %) Fog Snow Pellets® Drizzle Freezing Rain | Soaked Wing
100/0 2:40 - 4.00 1:25-2:00 2:00 — 2:00 1:10 - 1:30 0:20-2:00
-3 and 27 and ’ . ; . ; . : ; ; ;
SIS SEUE 75125 2:05-315 1:05—-2:00 1:50 — 2:00 1:00 —1:20 0:20-2:00
50/50 055 -1:45 0:25-1:15 0:35-1:10 0:25-0:35
below -3 below 27 100/0 0:50 - 2:30 0:35-1:10 0:25-1:30" | 0:20 -0:407 CAUTION:
to-14 to7 75125 030105 | 040-125 | 020-1.00° | 0:15-0:30" g hioidgyer
time guidelines
below -14 below 7 ) ! ) ) exist
to 765 to 157 100/0 020 - 0:45 0:15-0:30

NOTES
These holdover times are derived from tests of this fluid having a viscosity as listed in Table 9.
Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type |V fluid cannot be used.
Use light freezing rain holdover times in conditions of light show mixed with light rain.
Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

NS QN

No holdover guidelines exist for this condition for 0°C (32°F) and below.

Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.
These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover

time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.
High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.
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TABLES

LIST OF FLUIDS TESTED FOR ANTI-ICING PERFORMANCE AND AERODYNAMIC ACCEPTANCE (2011-2012)

Table 5-1: Tested Type | De/Anti-icing Fluids™
EXPIRY

# ComPANY NAME FLUID NAME (Y-N-D)
1-1_|ABAX Industries DE-950 12-06-25
1-2 | ABAX Industries DE-950 Colorless 12-06-26
1-3 | Arcton Ltd. Arctica DG ready-to-use 13-04-08
1-4 | Aviation Shaanxi High-Tech Physical Co. Ltd. | Cleanwing | 12-01-06
1-5 | Aviation Xi'an High-Tech Physical Co. Ltd. KHE-1 11-09-20
1-6 |Battelle Memorial Institute D®: Degradabie by Design™ ADF1006A 08-01-13°

Beijing Phoenix Air Traffic Product
-F De\J/eI%pment and Trading Co. OFR-1 Tafec]
1-8 [Beijing Wangye Aviation Chemical Product Co. |KLA-1 11-09-20
1-9 | Beijing Wangye Aviation Chemical Product Co. | YJF-1 09-02-23%
1-10 | Clariant Produkte (Deutschland) GmbH Safewing MP 1 1938 TF 08-08-21%
1-11 |Clariant Produkte (Deutschiand) GmbH G ME 1550 T : | 07-09-14%
PreMix 60% i.g. ready-ta-use (multiple location)
1-12 | Clariant Produkte (Deutschland) GmbH Safewing MP | 1938 ECO (80) 12-07-24
1-13 |Clariant Produkte (Deutschland) GrmbH Sdfbiing MP Mas8:EC0 (60) PreMicdSinlg. [ 45 p5.0n
ready-to-use

1-14 |Clariant Produkte (Deutschland) GmbH Safewing MP | 1938 ECO 12-06-10
1-15 | Clariant Produkte (Deutschland) GmbH Safewing EG | 1996 12-06-10
1-16 | Clariant Produkte (Deutschland) GmbH Safewing EG | 1996 (88) 11-08-26
1-17 | Clariant Produkte (Deutschland) GmbH Safewing MP | ECO PLUS (80) 15-03-15
1-18 |Chemical Specialists Development Inc. Prist Wing De-lcer 08-05-17%
1-19 |Cryotech Deicing Technology Polar Plus 12-02-09
1-20 [Dow Chemical Company UCAR™ Ajrcraft Deicing Fluid Concentrate 11-09-10%
1-21 |Dow Chemical Company UCAR™ ADF XL54 13-01-21
1-22 |Dow Chemical Company UCAR™ PG Aircraft Deicing Fluid Concentrate | 12-02-05
1-23 |Dow Chemical Company UCAR™ PG ADF Dilute 55/45 12-02-05
1-24 |Harbin Aeroclean Aviation Tech Co. Ltd. HJF-1 13-10-00
1-25 |HOC Industries SafeTemp | ES 07-10-27%
1-26 |HOC Industries SafeTemp ES Plus 14-11-16
1-27 [Kilfrost Limited DF Plus 11-09-27
1-28 [Kilfrost Limited DF Plus (80) 12-07-21
1-29 [Kilfrost Limited DF Plus (88) 11-09-27
1-30 |Kilfrost Limited DFsustain™ 13-02-10
1-31 |Lyondell Chemical Company ARCOPlus 08-02-14%
1-32 |Newave Aerochemical Co. Ltd. FCY-1A 15-05-16
1-33 |Octagon Process Inc. EcoFlo Concentrate 13-07-06
1-34 |Octagon Process Inc. EcoFlo 2 Concentrate 13-07-25
1-35 |Octagon Process Inc. Qctaflo EF Concentrate 14-03-25
1-36 |Octageon Process Inc. Octaflo EF-80 13-12-21
1-37 |Qctagon Process Inc. Octaflo EG Concentrate 13-06-10

CAUTION

M The expiry date was determined based upon the earliest expiry date of the High Speed Aerodynamic Test or Water Spray Endurance Test. Fluids that are tested atter the issuance of this list will
appear in a later update

@ Concentrate fiuids have also been tested at 50/50 (glycoliwater) dilution

B Flids listed in italics have expired and will be removed from this listing four years after expiry.

@ curently in the testre-retest process

This table lists fluids that have been tested with respect to anti-icing performance {SAE AMS 1424 Paragraph 3.5.2) and aerodynamic acceptance (SAE AMS 1424 Paragraph 3.5.3) onlyl The
aerodynamic acceptance tests were conducted by AntiHicing Materials Intemational Laboratory, Université du Québec & Chicoutimi
Website: hitp/taaw. Udac ca/armilindes htm

(a test facility certified as per SAE AS 5900)

The end user is responsible to confirm that other SAE AMS 1424 technical requirement tests, such as fluid stability, toxicity, materials compatibility, etc. have been conducted by contacting the fluid
manufacturer.
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TABLE 5 (cont.)
LIST OF FLUIDS TESTED FOR ANTI-ICING PERFORMANCE AND AERODYNAMIC ACCEPTANCE (2011-2012)
Table 5-2: Tested" Type Il De/Anti-icing Fluids
# CoMPANY NAME FLuiD NAME (I\E()_(;,'Ig)
2-1 | ABAX Industries Ecowing 26 13-06-15
22 é‘é‘:ﬁ%?or‘alsgi?rﬂ’t‘c'le"TeCh Fhgseal Cleanwing Il 11-02-19®
2-3 | Clariant Produkte (Deutschiand) GmbH Safewing MP i 1951 11-05-207
2-4 | Clariant Produkte (Deutschiand) GmbH Safewing MP I 2025 ECO 08-06-28
2-5 | Clariant Produkte (Deutschland) GmbH Safewing MP Il FLIGHT 12-06-03
2-6 | Kilfrost Limited ABC-3 12-08-05
2-7 | Kilfrost Limited ABC-2000 10-07-21%?
2-8 | Kilfrost Limited ABC-K Plus 12-09-08
2-9 | Newave Aerochemical Co. Ltd. FCY-2 13-05-18
2-10 | Octagon Process inc. E Max Il 08-10-319?
Table 5-3: Tested " Type Ill De/Anti-icing Fluids
# COMPANY NAME FLUID NAME (s)f:,:?g)
3-1 | Clariant Produkte (Deutschland) GmbH Safewing MP 11l 2031 ECO 11-06-16@
Table 5-4: Tested """ Type IV De/Anti-icing Fluids
# CoMPANY NAME FLuiD NAME (s)f:,:f{g)
41 | ABAX Industries AD-480 11-07-17?
4-2 | ABAX Industries Ecowing AD-49 12-08-05
4-3 | Clariant Produkte (Deutschiand) GmbH Safewing MP 1V 2001 08-06-26%
4-4 | Clariant Produkte (Deutschland) GmbH Safewing MP IV LAUNCH 12-05-28
4-5 | Cryotech Deicing Technology Polar Guard 12-08-30
4-6 | Cryotech Deicing Technology Polar Guard Advance 13-07-25
4-7 | Dow Chemical Company UCAR™ ADF/AAF ULTRA+ 08-08-212
4-8 | Dow Chemical Company UCAR™ Endurance EG106 DefAnti-lcing Fluid 13-07-25
4-9 | Dow Chemical Company UCAR™ FlightGuard AD-480 12-06-15
4-10 | Dow Chemical Company UCAR™ FlightGuard AD-49 13-04-14
4-11 | Kilfrost Limited ABC-475an 11-07-28?
4-12 | Kilfrost Limited ABC-S 11-07-067
4-13 | Kilfrost Limited ABC-S Plus 13-06-30
4-14 | Lyondell Chemical Company ARCTIC Shield™ 10-05-21%
4-15 | Octagon Process Inc. Max-Flight 04 12-07-13

MThe expiry date was determined based upon the eariest expiry date of the High Speed Aerodynamic Test or Water Spray Endurance Test. Fluids that are tested after the issuance of this list will

appear in a later update.

A Fids listed in italics have expired and will be removed from this listing four years after expiry.

@ curent v in the testfre-test process

CAUTION

This table lists fluids that have been tested with respect to anti-icing performance {(SAE AMS 1428 Paragraph 3.2.4) and aerodynamic acceptance (SAE AMS 1428 Paragraph 3.2.5) onlyl The

aerodynamic acceptance tests were conducted by AntiHcing Materials Intemational Laboratory, Université du Québec a Chicoutimi

Website: Dt Saww Ugac calamilindex fitm

(a test facility certified as per SAE AS 5900

The end user is responsible to confirm that other SAE AMS 1428 technical requirement tests, such as fluid stability, toxicity, materials compatibility, etc. have been conducted by contacting the fluid

manufacturer.
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TABLE 6

the prevailing outside air temperature (OAT)

SAE TYPE | DE/ANTIFICING FLUID APPLICATION PROCEDURES

Guidelines for the application of SAE Type | fluid mixtures at minimum concentrations for

Qutside Air One-Step Procedure
Temp. erat1ure Two-Step Procedure
10AT) Dedfintizicing First Step: Deicing Second Step: Anti-icing” |
-3°C (27°F) Heated mix of fluid and Heated water or a heated Heated mix of fluid and
mix of fluid and water
and above water with a freezing water with a freezing
point of at least 10°C Freezing point point of at least 10°C
Below of heated fluid mixture
-3°C (27°F) (18°F) below OAT shall not be more than (18°F) below OAT
3°C (5°F) above OAT

1

Fluids must not be used at temperatures below their lowest operational use temperature (LOUT).

2 To be applied before first step fluid freezes, typically within 3 minutes.
NOTES
*  Temperature of water or fluidAvater mixtures shall be at least 60°C (140°F) at the nozzle. Upper temperature limit
shall not exceed fluid and aircraft manufacturers’ recommendations.
* To use Type | holdover time guidelines, at least 1 litre/m* (~ 2 gal./100 sq. ft.) must be applied to the deiced
surfaces.
« This table is applicable for the use of Type | Holdover Time Guidelines. If holdover times are not required, a
temperature of 60°C (140°F) at the nozzle is desirable.
* The lowest operational use temperature (LOUT) for a given fluid is the higher of:
a) The lowest temperature at which the fluid meets the aerodynamic acceptance test for a given aircraft type; or
b) The actual freezing point of the fluid plus its freezing point buffer of 10°C (18°F).
CAUTION

Wing skin temperatures may differ and in some cases may be lower than outside air temperatures; a stronger mix
{more glycol) may be needed under these conditions.
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TABLE 7

SAE TYPE I, TYPE lll and TYPE IV DE/ANTI-ICING FLUID APPLICATION PROCEDURES

Guidelines for the application of SAE Type I, lll and IV fluid mixtures
(minimum concentrations in % by volume) as a function of outside air temperature (OAT)

TOutS|de Air One-Step Procedure Two-Step Procedure
emperature
(OAT)' De/Anti-icing
First Step: Deicing Second Step: Anti-icing2
Heated water or
-3°C (27°F) 50/50 a heated mix of 50/50
and above Heated® Type 1AMV Type I, 11, llor IV Type AV
with water
Heated suitable mix of
o o Type |, Type I/I1I/IV and water
gl J328 yIowith ;E not more than 7ol25
and above Heated” Type [I/II/1V 3°C (5°F) Type III/IV
above actual OAT
Heated suitable mix of
5 . Type |, Type I/11I/IV and water
G IR Jani0 ypwith gg not more than 1004
and above Heated” Type II/1I/IV 3°C (5°F) Type IV
above actual OAT
Below -25°C (-13°F) Type II/NAV fluid may be used below -25°C (-13°F) provided that the OAT is at or above the
LOUT. Consider the use of Type | when Type I/IlI/IV fluid cannot be used (see Table 6).

1 Fluids must not be used at temperatures below their lowest operational use temperature (LOUT).
2 To be applied before first step fluid freezes, typically within 3 minutes.
3 Clean aircraft may be anti-iced with unheated fluid.

NOTES

+ For heated fluids, a fluid temperature not less than 60°C (140°F) at the nozzle is desirable. When the first step is
performed using a fluidiwater mix with a freezing point above OAT, the temperature at the nozzle shall be at least
60°C and at least 1 litre/m? (2 gal./100 sq. ft.) shall be applied to the surfaces to be de-iced.

*  Upper temperature limit shall hot exceed fluid and aircraft manufacturers’ recommendations.

* The lowest operational use temperature (LOUT) for a given fluid is the higher of:

a) The lowest temperature at which the fluid meets the aerodynamic acceptance test for a given aircraft type; or
b) The actual freezing point of the fluid plus its freezing point buffer of 7°C (13°F).

CAUTIONS

¢ Wing skin temperatures may differ and in some cases may be lower than outside air temperatures; a stronger mix
{more glycol) may be needed under these conditions.

¢ Whenever frost or ice occurs on the lower surface of the wing in the area of the fuel tank, indicating a cold soaked wing,
the 50/50 dilutions of Type Il, lll or IV shall not be used for the anti-icing step because fluid freezing may occur.

¢ An insufficient amount of anti-icing fluid may cause a substantial loss of holdover time. This is particularly true when
using a Type | fluid mixture for the first step in a two-step procedure.
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TABLE 8
VISIBILITY IN SNOW VS. SNOWFALL INTENSITY CHART'
Temperature Range Visibility in Snow in Statute Miles
(Metres)
Lighting
°C *F Heavy Moderate Light Very Light
-1 and 30 and <1 >1to 2% >2% to 4 >4
above above (£1600) (51600 to 4000) (24000 to 6400) (26400)
Darkness
<3/4 >3/4to 1% >1%to 3 >3
Below:-1 Below 30 (£1200) (51200 to 2400) ($2400 to 4800) (s4800)
-1and 30and V% >%to 1% >1%to 3 >3
above above (<800) (<800 to 2400) (22400 to 4800) (24800)
Daylight
<3/8 >3/8to 7/8 >7/8to 2 >2
Below -1 Below 30 (<600) (<600 to 1400) (21400 to 3200) (£3200)

HOW TO READ AND USE THE TABLE

This visibility table applies to all Type |, II, lll, and IV fluids.

1 Based on: Relationship between Visibility and Snowfall Intensity (TP 14151E), Transportation Development
Centre, Transport Canada, November 2003; and Theoretical Considerations in the Estimation of Snowfall Rate
Using Visibility (TP 12893E), Transportation Development Centre, Transport Canada, November 1998.

Assume that the daytime visibility in snowfall is 1 statute mile and the temperature is -7°C. Based on these
conditions, the snowfall intensity is light. This snowfall intensity is used to determine which holdover time
guideline value is appropriate for the fluid in use.
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TABLE 9
LOWEST ON-WING VISCOSITY VALUES FOR DE/ANTI-ICING FLUIDS
(See Table 9 endnotes)
Table 9-1: Type Il De/Anti-lcing Fluids
LowEeST ON-WING ViscosITY °
FLUID NAME FLUID DILUTION {rmPa.5)
AIR 9968 REVISION A
MANUFACTURER METHOD METHOD
100/0 4900 ° 4600 Y
ABAX Ecowing 26 75/25 2200° 2200°
50/50 50° 50°
100/0 4650 ° 4500 °
Aviation Shaanxi 5 5
Hi-Teoh Cleanwing I e 9450 10900
50/50 10 150 10 200 °
100/0 5500 ° 5750 °
Clariant Safewing =
MP Il 2025 ECO 75125 10 000D 10 000 °
50/50 3 000 3250 °
100/0 3340 ° 3340 °
Clariant Safewing T ;
MP Il FLIGHT 75125 12 900 12 900
50/50 11500 ° 11500 °
100/0 2500 ° 2750°
Clariant Safewing 5
MP 11 1951 75125 2 90(3 3000 °
50/50 50 50°
100/0 2500 ° 2500’
Kilfrost ABC-3 75/25 2000° 2000’
50/50 400 ° 400’
100/0 2350 ° 2350 °
Kilfrost ABC-2000 75125 3000° 3000’
50/50 1000 ° 1000’
100/0 2850 ° 26409
Kilfrost ABC-K Plus 75/25 12 650 ° 12 650 °
50/50 4200 ° 5260 °
Newave Aerochemical 1090 7000 B0
75125 18 550 © 18 550 ©
FCY-2
50/50 6750 ° 7030 °
100/0 13520° 13520°
Octagon E Max Il 75125 11 400° 11 400°
50/50 2820° 2820°
Table 9-2: Type Ill De/Anti-Icing Fluids
LOWEST ON-WING VISCOSITY °
FLUID NAME FLuID DILUTION {rPe.s)
AIR 9968 REVISION A
MANUFACTURER METHOD WETHED
: : 100/0 30" Not Applicable
Clariant Safewing o -
MP 11l 2031 ECO 75125 55 i Not Appl?cable
50/50 10 Not Applicable
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TABLE 9 (cont.)
LOWEST ON-WING VISCOSITY VALUES FOR DE/ANTI-ICING FLUIDS
(See Tabie 9 endnotes)
Table 8-3: Type IV De/Anti-Icing Fluids
LOWEST ON-WING ViScosITY
FLUID NAME FLuID DILUTION (mpa's)AlR 9968 REVISION A
MANUFACTURER METHOD METHOD
100/0 15200 ° 12800 ©
ABAX AD-480 75125 16 000 ° 12 400 °
50150 4000 ° 3800°
100/0 12 150" 11 000 °
ABAX Ecowing AD-49 7525 30 700" 32350
50150 19 450 % 21150/
. _ 100/0 18 000° 18000 ©
C'al\r/ﬁ,nltvs%%";'ng 75/25 8000 Z 11500 ¢
50150 1200 1750°
. . 100/0 75507 7550°¢
Cl\:,laFr,l?\;]tLSAEEjeNméEg 75125 18000° 18 000°
50/50 17 800° 17 800°
100/0 32100" 36 300
Cryotech Polar Guard 75125 24 200" 27 800"
50150 6200" 7500°
100/0 4400" 4050°
Cryotech Polar Guard = Z
Advance 75125 11 600 9750
50/50 80° 80°
Dow UCAR™ 100/0 36000 28000 °
ADF/AAF ULTRA+ 75125 Dilution Not Applicable Dilution Not Applicable
5050 Dilution Not Applicable Dilution Not Applicable
Dow UCAR™ 100/0 24 850" 2230°
Endurance EG106 75125 Dilution Not Applicable Dilution Not Applicable
50/50 Dilution Not Applicable Dilution Not Applicable
Dow UCAR™ 100/0 15200 ° 12800 °
FlightGuard AD-480 L5 16 oo e i
50/50 4000 °© 3800°
Dow UCAR™ 100/0 12150~ 11 000 °
FlightGuard AD-49 75125 30 700i 32 350:
50/50 19 450 21150
100/0 18 400° 18400 ©
Kilfrost ABC-4°ustan 75125 15 400° 15 400 °
50150 4700° 5050°
100/0 17 000 ° 17 000 ©
Kilfrost ABC-S 75125 12000 ° 12000 ©
50/50 2000° 2000’
100/0 17 900° 17 900°
Kilfrost ABC-S Plus 75125 18300° 18 300°
50/50 7500° 7 500’
See next page for additional Type IV fluids
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Transport Canada Holdover Time Guidelines Winter 2011-2012
TABLE 8 (cont.)
LOWEST ON-WING VISCOSITY VALUES FOR DE/ANTI-ICING FLUIDS
(See Tabie 9 endnotes)
Table 9-3: Type IV De/Anti-lcing Fluids (cont.)
LOWEST ON-WING VISCOSITY °
FLUID NAME FLuID DILUTION (mPa.s)
AIR 9968 REVISION A
MANUFACTURER METHOD METHOD
Lyondell 100/0 23150 28000 °
ARCTIC Shield™ 75125 21 700 22100
50/50 6400 7640°
100/0 5540 " 5540°
Octagon Max-Flight 04 75/25 15000 ¢ 15000 °
50/50 5200 ¢ 5200°

NOTES

The Aerospace Information Report (AIR) 9968 Revision A (December 2004) viscosity method should only be used for field
verification and auditing purposes; when in doubt as to which method is appropriate, use the manufacturer method.
Brookfield Spindle SC4-34/13R, small sample adapter, 10 mL of fluid, at 20°C, 0.3 rpm, for 15 minutes O seconds.
Brookfield Spindle LV2-disc with guard leg, 150 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes O seconds.

Brookfield Spindle LV1 with guard leg, 500 mL of fluid, at 20°C, 0.3 rpm, for 33 minutes 20 seconds.

Brookfield Spindle SC4-34/13R, small sample adapter, 10 mL of fluid, at 20°C, 0.3 rpm, for 30 minutes O seconds.
Brookfield Spindle SC4-31/13R, small sample adapter, 10 mL of fluid, at 0°C, 0.3 rpm, for 10 minutes O seconds.
Brookfield Spindle LV1 with guard leg, 500 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes 0 seconds.

Brookfield Spindle LVO, UL-Adapter, 16 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes O seconds.

Brookfield Spindle SC4-31/13R, small sample adapter, 9 mL of fluid, at 20°C, 0.3 rpm, for 33 minutes O seconds.
Brookfield Spindle LV1 with guard leg, 150 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes 0 seconds.

Brookfield Spindle SC4-31/13R, small sample adapter, 10 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes O seconds.
Brookfield Spindle LV-2 disc with guard leg, 500 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes O seconds.

Brookfield Spindle SC4-31/13R, small sample adapter, 9 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes 0 seconds.
Brookfield Spindle SC4-34/13R, small sample adapter, 10 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes O seconds.

SIGNIFICANCE OF THIS TABLE

The viscosity values of the fluids in this table are those of the fluids provided by the manufacturers for holdover
time testing. For the heoldover time guidelines to be valid, the viscosity of the fluid on the wing shall not be lower
than that listed in this table. The user should periodically ensure that the viscosity value of a fluid sample taken
from the wing is not lower than that listed.
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TABLE 10
LOWEST OPERATIONAL USE TEMPERATURES' OF DE/ANTI-ICING FLUIDS (2011-2012)

Table 10-1: Type | De/Anti-lcing Fluids

LOWEST OPERATIONAL USE TEMPERATURES' (°C)
WITH CORRESPONDING FLUID DILUTION,

FLUID NAME NEAT FLUID/WATER (VOLUME %/VOLUME %)

2 2
LOW SPEED AERODYNAMIC TEST HIGH SPEED AERODYNAMIC TEST

ABAX DE-920

Not tested*

-24 for 60/40 dilution

ABAX DE-950 Colorless

Not tested*

-24 for 60/40 dilution

Arcton Arctica DG ready-to-use

-26 as supplied

-26 as supplied

Aviation Shaanxi Hi-Tech Cleanwing |

Not tested*

-39 for 75/25 dilution

Aviation Xi'an Hi-Tech KHF-1

Not tested*

-38 for 75/25 dilution

Batelle D% Degradable by Design™
ADF1006A

Not available®

Not available®

Beijing Phoenix Air Traffic CBSX-1

Not tested*

=26 for 75/25 dilution

Beijing Wangye Aviation Chemical KLA-1

Not available®

Not available®

Beijing Wangye Aviation Chemical YJF-1

Not available®

Not available®

Clariant Safewing EG | 1996

-35.5 for 75/25 dilution

=43 for 75/25 dilution

Clariant Safewing EG | 1996 (88)

-39.5 for 70/30 dilution

=44 for 70/30 dilution

Clariant Safewing MP 1 1938 ECO

-25.5 for 65/35 dilution

-32 for 65/35 dilution

Clariant Safewing MP | 1938 ECO (80)

=25 for 71/29 dilution

-32.5 for 71/29 dilution

Clariant Safewing MP | 1938 ECO (80)
PreMix 55 i.e. ready-to-use

Not tested*

-19 as supplied

Clariant Safewing MP | 1938 TF

-26.5 for 71/29 dilution

Not available®

i.e. ready-to-use (multiple location)

Clariant Safewing MP | 1938 TF PreMix 60%

Not available®

-29.5 as supplied

Clariant Safewing MP | ECO PLUS (80)

-25 for 71/29 dilution

-33 for 71/29 dilution

Chemical Specialists Prist Wing De-lcer

Not available®

Not available®

See next page for additional Type | fluids

NOTES

1 The lowest operational use temperature (LOUT) for a given fluid is the higher of:

a) The lowest temperature at which the fluid meets the aerodynamic acceptance test for a given aircraft type; or

b) The actual freezing point of the fluid plus its freezing point buffer of 10°C (18°F).

The values in this table were determined using pre-production fluid samples when available. In some cases, the fluid manufacturer requested the publication of a more

conservative value than the pre-production test value.

2 If uncertain whether the aircraft to be treated conforms to the low speed or the high speed aerodynamic test, consult the aircraft manufacturer. The aerodynamic test is defined

in SAE AS 5900 (latest version).

3 Manufacturer has not provided LOUT information at the time of this publication. Contact the fluid manufacturer or use another fluid.

4 Manufacturer has indicated fluid was not tested. Consult with the fluid manufacturer and/or airframe manufacturer for further guidance.

CAUTION

®  LOUT data provided in this table is based strictly on the manufacturer's data, the end user is responsible for verifying the validity of this data. In case of discrepancies between the

values in this table and the fluid manufacturer's data, use the manufacturer's data.
*  Fluids supplied in concentrated form must not be used in that form and must be diluted.

° For the fluids in the table that are intended to be diluted, the LOUT is derived from a dilution that provides the lowest possible operational use temperature. For other dilutions,
determine the freezing point of the fluid, and add a 10°C freezing point buffer, as a dilution will usually yield a higher and more restricti

ional use t

ture. Consult the

fluid manufacturer or fluid documentation for further clarification and guidance on establishing the appropriate operational use temperature of a diluted fluid.
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TABLE 10 (cont.)

LOWEST OPERATIONAL USE TEMPERATURES' OF DE/ANTI-ICING FLUIDS (2011-2012)

Table 10-1: Type | De/Anti-Icing Fluids (cont.)

FLUID NAME

LowEST OPERATIONAL USE TEMPERATURES' (°C)
wITH CORRESPONDING FLUID DILUTION,
OLUME %/VOLUME %)

NEAT FLUID/WATER (

2
LOW SPEED AERODYNAMIC TEST

2
HIGH SPEED AERODYNAMIC TEST

Cryotech Polar Plus

-27 for 63/37 dilution

-32 for 63/37 dilution

Dow UCAR™ ADF XL54

-33 as supplied

-33 as supplied

Dow UCAR™ Aircraft Deicing Fluid
Concentrate

-36.5 for 75/25 dilution

-45 for 75/25 dilution

Dow UCAR™ PG ADF Dilute 55/45

-24 as supplied

-25 as supplied

Dow UCAR™ PG Aircraft Deicing Fluid
Concentrate

-25 for 65/35 dilution

-32 for 65/35 dilution

Harbin Aeroclean Aviation HJF-1 Not tested* -35 for 60/40 dilution
HOC SafeTemp | ES Not tested* -23.5 for 55/45 dilution
HOC SafeTemp ES Plus Not testec* -29 for 65/35 dilution

Kilfrost DF Plus

-24 for 69/31 dilution

-32 for 69/31 dilution

Kilfrost DF Plus (80)

-23.5 for 69/31 dilution

-31.5 for 69/31 dilution

Kilfrost DF Plus (88)

-24 for 63/37 dilution

-32 for 63/37 dilution

Kilfrost DFS“stanm

-36 for 68/32 dilution

-41.5 for 68/32 dilution

Lyondell ARCOPIlus

-13 for 63/37 dilution

-27 .4 for 63/37 dilution

Newave FCY-1A

=34 for 75/25 dilution

-34.5 for 75/25 dilution

Octagon EcoFlo Concentrate

-27 for 60/40 dilution

-30.5 for 65/35 dilution

Octagon EcoFlo 2 Concentrate

Not tested*

-29 for 65/35 dilution

Octagon Cctaflo EF Concentrate

-25 for 65/35 dilution

-33 for 65/35 dilution

Octagon Cctaflo EF-80 Concentrate

=25 for 70/30 dilution

-33 for 70/30 dilution

Octagon Cctaflo EG Concentrate

-40.5 for 70/30 dilution

-44 for 70/30 dilution

NOTES

1 The lowest operational use temperature (LOUT) for a given fluid is the higher of:

2

3
4

CAUTI

a) The lowest temperature at which the fluid meets the aerodynamic acceptance test for a given aircraft type; or

b) The actual freezing point of the fluid plus its freezing poirt buffer of 10°C (18°F).
The values in this table were determined using pre-production fluid samples when available. In some cases, the fluid manufacturer requested the publication of a more
conservative value than the pre-production test value.
If uncertain whether the aircraft to be treated conforms to the low speed or the high speed aerodynamic test, consult the aircraft manufacturer. The aerodynamic test is defined
in SAE AS 5900 (latest version).
Manufacturer has not provided LOUT information at the time of this publication. Contact the fiuid manufacturer or use another fluid.
Manufacturer has indicated fluid was not tested. Consult with the fluid manufacturer and/or airframe manufacturer for further guidance.

10N

LOUT data provided in this table is based strictly on the manufacturer's data, the end user is responsible for verifying the validity of this data. In case of discrepancies between the
values in this table and the fluid manufacturer's data, use the manufacturer's data.

Fluids supplied in concentrated form must not be used in that form and must be diluted.

For the fluids in the table that are intended to be diluted, the LOUT is derived from a dilution that provides the lowest possible operational use temperature. For other dilutions,
determine the freezing point of the fluid, and add a 10°C freezing point buffer, as a dilution will usually yield a higher and more restrictive operational use temperature. Consult the
fluid manufacturer or fluid documentation for further clarification and guidance on establishing the appropriate operational use temperature of a diluted fluid.
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TABLE 10 (cont.)

LOWEST OPERATIONAL USE TEMPERATURES' OF DE/ANTI-ICING FLUIDS (2011-2012)

Table 10-2: Type Il De/Anti-Icing Fluids

S NEATDILtLLJJ.IrI!)cI)\'I“V’ATER LOWEST OPERATIONAL USE TEMPERATURES' (°C)
(VOLUME %/VOLUME %) HIGH SPEED AERODYNAMIC TEST
100/0 -25
ABAX Ecowing 26 75125 14
50/50 -3
100/0 -29
Aviation Shaanxi Hi-Tech Cleanwing II 75125 -14
50/50 -3
100/0 -28
Clariant Safewing MP 1l 1951 75/25 -14
50/50 -3
100/0 275
Clariant Safewing MP 1l 2025 ECO 75/25 -14
50/50 -3
100/0 -29
Clariant Safewing MP Il FLIGHT 75/25 14
50/50 -3
100/0 -27
Kilfrost ABC-3 75/25 -14
50/50 -3
100/0 -28
Kilfrost ABC-2000 75125 -14
50/50 -3

See next page for additional Type |l fluids

NOTE:
1

S
The lowest operational use temperature (LOUT) for a given fluid is the higher of:

a) The lowest temperature at which the fluid meets the aerodynamic acceptance test for a given aircraft type; or
b) The actual freezing point of the fluid plus its freezing point buffer of 7°C (13°F ).

Forthe 75/25 and 50/50 dilutions, the holdover time table temperature band limits are posted in the cases where the manufacturer's LOUT is lower than those limits

The values in this table were determined using pre-production fluid samples when available. In some cases, the fluid manufacturer requested the publication of a more conservative value than

the pre-production test value

2 If uncertain whether the aircraft to be treated conforms to the low speed or the high speed aerodynamic test, consult the aircraft manufacturer. The aerodynamic test is defined in SAE

AS 5300 (latest version)

CAUTION

L LOUT data provided in this table is based strictly on the manufacturer's data, the end useris responsible forverifying the validity of this data. In case of discrepancies between the values in this
table and the fluid manufacturer's data, use the manufacturer's data
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TABLE 10 (cont.)
LOWEST OPERATIONAL USE TEMPERATURES' OF DE/ANTI-ICING FLUIDS (2011-2012)

Table 10-2: Type Il De/Anti-Ilcing Fluids (cont.)
FLuib NAME NEA'II'DII:ILLIJJ-II-II:)I\T\,IATER LowEST OPERATIONAL USE TEMPERATURES' (°C)
(VOLUME %/VOLUME %) HIGH SPEED AERODYNAMIC TEST
100/0 -29
Kilfrost ABC-K Plus 75125 A4
50/50 -3
100/0 -28
Newave Aerochemical FCY-2 75125 i
50/20 -3
100/0 27
Octagon E Max || 75125 14
50/50 -3

Table 10-3: Type lll De/Anti-Icing Fluids

DiLuTon, LowesST OPERATIONAL USE TEMPERATURES' (°C)
FLuiD NAME NEAT FLUID/WATER
(VOLUME %/VVOLUME %) | LOW SPEED AERODYNAMIC TEST? HIGH SPEED AERODYNAMIC TEST:
100/0 -16.5 -29
Clariant Safewing MP 111 2031 75/25 -9 -10
50/50 -3 -3
NOTES
1 The lowest operational use temperature (LOUT ) for a given fluid is the higher of:

a) The lowest temperature at which the fluid meets the aerodynamic acceptance test for a given aircraft type; or
b) The actual freezing point of the fluid plus its freezing point buffer of 7°C (13°F ).
Forthe 75/25 and 50/50 dilutions, the holdover time table temperature band limits are posted in the cases where the manufacturer's LOUT is lower than those limits
The values in this table were determined using pre-production fluid samples when available. In some cases, the fluid manufacturer requested the publication of a more conservative value than
the pre-production test value
2 If uncertain whether the aircraft to be treated conforms to the low speed or the high speed aerodynamic test, consult the aircraft manufacturer. The aerodynamic test is defined in SAE
AS 5900 (latest version)

CAUTION
.

LOUT data provided in this table is based strictly on the manufacturer's data, the end user is responsible for verifying the validity of this data. In case of discrepandies between the values in this
table and the fluid manufacturer's data, use the manufacturer's data
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TABLE 10 (cont.)
LOWEST OPERATIONAL USE TEMPERATURES' OF DE/ANTI-ICING FLUIDS (2011-2012)
Table 10-4: Type IV De/Anti-Icing Fluids
DILUTION, LOWEST OPERATIONAL USE TEMPERATURES' (°C)
FLuID NAME NEAT FLUID/WATER >
(VQLUM E %/\VVOLUME ‘7/0) HIGH SPEED AERODYNAMIC TEST
100/0 -26
ABAX AD-480 72125 -14
50/50 -3
100/0 -26
ABAX Ecowing AD-49 79125 -14
50/50 -3
100/0 -29.5
Clariant Safewing MP IV 2001 75/25 -14
50/50 -3
100/0 -28.5
Clariant Safewing MP |V LAUNCH 75125 -14
50/50 -3
100/0 -23.5
Cryotech Polar Guard 75/25 -5.5
50/50 -3
100/0 -30.5
Cryoctech Polar Guard Advance 75125 -14
50/60 -3
100/0 -24
Dow UCAR™ ADF/AAF ULTRA+ 75125 Dilution Not Applicable
50/50 Dilution Not Applicable
100/0 -27
Dow UCAR™ Endurance EG106 — -
DefAnti-Icing Fluid 75125 Dilution Not Applicable
50/50 Dilution Not Applicable
See next page for additional Type IV fluids
NOTES
1 The lowest operational use temperature (LOUT) for a given fluid is the higher of:
a) The lowest temperature at which the fluid meets the aerodynamic acceptance test for a given aircraft type; or
b} The actual freezing point of the fluid plus its freezing point buffer of 7°C (12°F )
Forthe 75/25 and 50/50 dilutions, the holdover time table temperature band limits are posted in the cases where the manufaciurer's LOUT is lower than those limits
The values in this table were determined using pre-production fluid samples when available. In some cases, the fluid manufacturer requested the publication of a more conservative value than
2 t\’;iEgzﬁarﬁwduwchtgﬂetfﬁtth\f‘;reoraﬁ to be treated conforms to the low speed or the high speed aerodynamic test, consult the aircraft manufacturer. The aerodynamic test is defined in SAE
AS 5900 (latest version).
CAUTION
o LOUT data provided in this table is based strictly on the manufacturer's data, the end user is responsible forverifying the validity of this data. In case of discrepancies between the values in this
table and the fluid manufacturer's data, use the manufacturer's data
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TABLE 10 (cont.)
LOWEST OPERATIONAL USE TEMPERATURES' OF DE/ANTI-ICING FLUIDS (2011-2012)
Table 10-4: Type IV De/Anti-lcing Fluids (cont.)
DILUTION, LowEST OPERATIONAL USE TEMPERATURES' (°C)
FLuID NAME NEAT FLUID/WATER p
(VOLUME %/VOLUME %) HIGH SPEED AERODYNAMIC TEST
100/0 -26
Dow UCAR™ FlightGuard AD-480 75125 -14
50/50 -3
100/0 -26
Dow UCAR™ FlightGuard AD-49 75125 -14
50/50 -3
100/0 -29
Kilfrost ABC-4*"" 75125 14
50/50 -3
100/0 -28
Kilfrost ABC-S 75125 -14
50/50 -3
100/0 -28
Kilfrost ABC-S Plus 75125 -14
50/50 -3
100/0 -24.5
Lyondell ARCTIC Shield™ 75125 -85
50/50 -3
100/0 -26.5
Octagon Max-Flight 04 75125 -14
50/50 -3
NOTES
1 The lowest operational use temperature (LOUT) for a given fluid is the higher of:
a) The lowest temperature at which the fluid meets the asrodynamic acceptance test for a given aircraft type; or
b) The actual freezing point of the fluid plus its freezing point buffer of 7°C (13°F ).
Forthe 7525 and 50/50 dilutions, the holdover time table temperature band limits are posted in the cases where the manufacturer's LOUT is lower than those limits
The values in this table were determined using pre-production fluid samples when available. In some cases, the fluid manufacturer requested the publication of a more conservative value than
2 t\’;zggz;)ar\?wdsﬁgpléfﬁt&w?gfaaﬁ to be freated conforms to the low speed or the high speed asrodynamic test, consult the aircraft manufacturer. The aerodynamic test is defined in SAE
AS 5800 (latest version).
CAUTION
o LOUT data provided in this table is based strictly on the manufacturer's data, the end user is responsible for verifying the validity of this data. In case of discrepancies between the values in this
table and the fluid manufacturer's data, use the manufacturer's data
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ICE PELLET ALLOWANCE TIMES FOR WINTER 2011-2012

Comprehensive ice pellet research was conducted jointly by the research teams of the FAA and Transport
Canada. This research consisted of extensive climatic chamber, wind tunnel, and live aircraft testing with
ice pellets (light or moderate) and light ice pellets mixed with other forms of precipitation.

Results of this research provide the basis for allowance times for operations in ice pellets (light or moderate)
and operations in light ice pellets mixed with other forms of precipitation.

Additionally, Type IV anti-icing fluid with ice pellets embedded was evaluated for its aging qualities over
periods of time beyond the allowance times, when the active precipitation time was limited to the allowance
times.

Operational Guidelines

1) Tests have shown that ice pellets generally remain in a frozen state embedded in Type IV anti-icing
fluid and are not dissolved by the fluid in the same manner as other forms of precipitation. Using
current guidelines for determining anti-icing fluid failure, the presence of a contaminant not dissolved
by the fluid (remaining embedded) is an indication that the fluid has failed. These embedded ice
pellets are generally not readily detectable by the human eye during pre-takeoff contamination
inspection procedures.

2) The research data have also shown that after proper deicing and anti-icing, the accumulation of light
ice pellets, moderate ice pellets, and light ice pellets mixed with other forms of precipitation in
Type IV fluid will not prevent the fluid from flowing off of the aerodynamic surfaces during takeoff.

3) The allowance times were developed based on this aerodynamic testing and are contained in
Table 11.

4) Research has also shown that propylene glycol (PG) and ethylene glycol (EG) fluids behave
differently under certain temperature and ice pellet precipitation conditions. Specifically, higher
aircraft rotation speeds are required to effectively remove PG fluid contaminated with light or
moderate ice pellets at temperatures less than -10°C. Therefore, there are no allowance times
associated with the use of PG fluids on aircraft with rotation speeds of less than 115 knots in
conditions of light or moderate ice pellets at temperatures below -10°C.

5) Furthermore, recent research with newer generation type airfoils has shown that the allowance times
are shorter when using PG fluids under certain conditions. Since it is challenging to determine
exactly which aircraft may be affected, the allowance time when using PG fluids at temperatures of
-5°C and above is limited to 15 minutes in moderate ice pellets.

6) The ice pellet allowances are contingent on the operator's approved ground icing program being
updated to incorporate the ice pellet information contained herein, including the following conditions
and restrictions that must be satisfied:

a) The aircraft critical surfaces must be properly deiced before the application of Type IV anti-icing
fluid;

b) The allowance time is valid only if the aircraft is anti-iced with undiluted Type IV fluid;

c) These allowance times are applicable from the start of the Type IV anti-icing fluid application;
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N

d) The allowance time is limited to aircraft with a rotation speed of 100 knots or greater (subject to
4) above);

e) If the takeoff is not accomplished within the applicable allowance time in Table 11, the aircraft
must be completely deiced, and if precipitation is still present, anti-iced again prior to a
subsequent takeoff;

f) The allowance time cannot be extended by an inspection of the aircraft critical surfaces from
either inside or outside the aircraft;

g) If the temperature decreases below the temperature on which the allowance time was based,
where the new lower temperature has an associated allowance time for the precipitation
condition and the present time is within the new allowance time, then that new time must be
used as the allowance time limit;

h) If ice pellet precipitation becomes heavier than moderate or if the light ice pellets mixed with
other forms of allowable precipitation exceeds the listed intensities or temperature range, the
allowance time cannot be used;

i) If the precipitation condition stops at, or before, the time limit of the applicable allowance time in
Table 11 and does not restart, the aircraft may take off up to 90 minutes after the start of the
application of the Type IV anti-icing fluid. However, under conditions of light ice pellets mixed
with light freezing rain, the OAT must not decrease during the 90-minute period.

Examples:

a) Type IV anti-icing fluid is applied with a start of application time of 10:00, OAT is 0°C, light ice
pellets fall until 10:20 and stop and do not restart. The allowance time stops at 10:50; however,
provided that no precipitation restarts after the allowance time of 10:50; the aircraft may take off
without any further action until 11:30.

b) Type IV anti-icing fluid is applied with a start of application time of 10:00, OAT is 0°C, light ice
pellets mixed with freezing drizzle falls until 10:10, stops and restarts at 10:15, and stops at
10:20. The allowance time stops at 10:25; however, provided no precipitation restarts after the
end of the allowance time at 10:25, the aircraft may take off without any further action until 11:30.

c) Type IV anti-icing fluid is applied with a start of application time of 10:00, OAT is 0°C, light ice
pellets mixed with light freezing rain falls until 10:10, stops and restarts at 10:15, and stops at
10:20. The allowance time stops at 10:25; however, provided that the OAT remains constant or
increases and no precipitation restarts after the end of the allowance time at 10:25, the aircraft
may take off without any further action until 11:30.

d) On the other hand, if Type IV anti-icing fluid is applied with a start of application time of 10:00,
OAT is 0°C, light ice pellets mixed with freezing drizzle falls until 10:10, stops and restarts at
10:30, with the allowance time stopping at 10:25, the aircraft may not take off, ho matter how
short the time or type of precipitation after 10:25, without being deiced and anti-iced if
precipitation is present.
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TABLE 11

ICE PELLET ALLOWANCE TIMES FOR WINTER 2011-2012

OAT -5°C and OAT less than OAT less than
above -5°C to -10°C -10°C
Light Ice Pellets 50 minutes 30 minutes 30 minutes'
Moderate Ice Pellets 25 minutes® 10 minutes 10 minutes’
Light Ice Pellets_ Mixet_:l with Light or BE iniies ABminifas
Moderate Freezing Drizzle
Lig_ht Ice Pellets Mixed with Light Freezing 55 minutes iBsminufas
Rain
Light Ice Pellets Mixed with Light Rain 25 minutes® Caution: No
allowance times
currently exist

Light Ice Pellets Mixed with Moderate Rain 25 minutes®
Light Ice Pellets Mixed with Light Snow 25 minutes 15 minutes
Light Ice Pellets Mixed with Moderate Snow 10 minutes

NOTES

with light freezing rain.

4 No allowance times exist in this condition for temperatures below 0°C.

1 No allowance times exist for propylene glycol (PG) fluids, when used on aircraft with rotation speeds less than
115 knots. (For these aircraft, if the fluid type is not known, assume zero allowance time).

2 Allowance time is 12 minutes for propylene glycol (PG) fluids, or when the fluid type is unknown.

3 No allowance times exist in this condition for temperatures below 0°C; consider use of light ice pellets mixed
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APPENDIX F

OFFICIAL FAA HOLDOVER TIME TABLES

WINTER 2011-2012

The information contained in this document is the FAA official guidance,
Holdover Tables, and Allowance Times for use the Winter 2011- 2012. The
content of this document is included by reference in the FAA Winter 2011 -
2012 Update N 8900.167 that is published in FSIMS. The content of this
document in conjunction with N 8900.167 should be used as the official winter
2011-2012 HOT/Allowance Times and associated guidance.

Questions concerning FAA aircraft ground de/anti-icing requirements or Flight Standards
policies should be addressed to charles.j.enders@faa.gov or 202-493-1422.

Questions on the technical content of the holdover time tables should be addressed to
warren.underwood@faa.gov or 404-305-7163.

Questions regarding editorial content or web access issues should be addressed to
sung.shin@faa.gov or 202-267-8086
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SUMMARY OF CHANGES FROM 2009-2010

TYPE I FLUIDS. The Type I holdover time table has been divided into two tables, Table 1 for
aircraft with critical surfaces constructed predominantly of aluminum, and Table 1A for aircraft
with critical surfaces constructed predominantly of composites.

The recent introduction of new aircraft constructed primarily of composite materials required a
review of Type I fluid holdover time performance when used on these aircraft. This review has
shown that the holdover time performance of Type I fluids on composite surfaces is reduced
when compared to aluminum surfaces. As a result of extensive research and testing showing that
holdover times of Type I fluids are shorter on composite surfaces than aluminum surfaces,
holdover time values for composite surfaces have been developed and added to the Type I table
and the Active Frost table .

The Type I fluid holdover times for composite surfaces (Table 1A) must be applied to aircraft
with all critical surfaces that are predominantly or entirely constructed of composite materials.
However, the Type I fluid holdover times for composite surfaces do not need to be applied to
aircraft that are currently in service, have a demonstrated safe operating history using Type I
fluid aluminum structure holdover times, and have critical surfaces only partially constructed of
composite material. If there is any doubt, consult with the aircraft manufacturer to determine
whether aluminum or composite holdover times are appropriate for the specific aircraft.

TYPE II FLUIDS. Minor increases or decreases ranging from 1 to 4 minutes have been made to
all eight of the Type II fluid-specific holdover tables, and to the Type II generic holdover table
due to changes made in holdover time rounding protocol.

The lower limit of the lowest temperature band for the fluid in the Type II fluid-specific holdover
tables has been changed from -25 °C(13 °F) or LOUT to the actual lowest operational use
temperature

TYPE III FLUIDS. The Type III fluid HOT table values are unchanged.

TYPE IV FLUIDS. A fluid-specific table has been created for a new Type IV fluid: Cryotech
Polar Guard Advance. The addition of this fluid did not impact the generic holdover times.

Clariant Safewing MP IV 2012 Protect and Octagon MaxFlo have been removed from the Type
IV guidelines as per the protocol for removing obsolete data. Removal of these fluids caused
significant increases in twelve cells in the Type IV generic holdover table.

Minor increases or decreases ranging from 1 to 4 minutes have been made to six Type IV fluid-
specific holdover tables, and to the Type IV generic holdover table due to changes made in
holdover time rounding protocol. The affected tables are: Table 4 SAE Type IV fluid, the generic
table, Table 4A AD-480 (ABAX), Table 4C 2001, Table 41 AD-480 (Dow), Table 4K ABC-
45USTAN Table 41 ABC-S, and Table 4N ARCTIC Shield.
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The lower limit of the lowest temperature band in the Type IV fluid specific holdover tables has
been changes from -25 °C (-13 °F) or LOUT to the actual lowest operational use temperature
(LOUT) value for the fluid.

ACTIVE FROST HOLDOVER TIMES. The Type I fluid portion of the frost table has been
separated from the Type IL, III, IV fluid portion for clarity.

ICE PELLET ALLOWANCE TIMES. The Ice Pellet Alowance Time Table values are
unchanged for 2011-12.

EARLY FLUID FAILURE ON EXTENDED SLATS AND FLAPS. Rescarch has determined
that fluid degradation may be accelerated by the steeper angles of the flaps/slats in the takeoff
configuration. The degree of potential degradation is significantly affected by the specific aircraft
design. Further rescarch is anticipated to characterize the extent of the effect on the Holdover Times
and Allowance times. The FAA advises all operators to review their policies and procedures in light
of this information to assure appropriate consideration.

LOWEST OPERATIONAL USE TEMPERATURE (LOUT) TABLE. Lowest Operational
Use Temperature (LOUT) information for Type L IL, III and IV fluids has been added to the
holdover time guidelines. This information has been derived by the FAA based on data provided
by the fluid manufacturers. The LOUT information can be found in Table 7. Contact the fluid
manufacturer if further clarification with respect to the information in these tables is required.
The Lowest Operational Use Temperature, or LOUT is the lowest temperature at which a de-
/anti-icing fluid will adequately flow off aircraft eritical surfaces and maintain the required anti-
icing freezing point buffer which is 7 °C (13 °F) below outside air temperature (OAT) for SAE
Type 11, Type 11, and Type IV fluids and 10 °C (18 °F) below (OAT) for SAE Type I fluids,

For example if a Type IV fluid has been acrodynamically tested and demonstrated adequate flow
off capability down to -30 °C (-22 °F), and the freezing point of this fluid is -35 °C (-31 °F), the
LOUT would be -28 °C (-18.4 °F) to account for the required 7 °C (13 °F) freezing point buffer.
In this case, the freezing point buffer requirement is the LOUT limiting factor

Similarly if a Type I fluid has been found to adequately flow off down to -29 °C (-20.2 °F), and
the freezing point is -40 °C (-40 °F) , the LOUT would be -29 °C (-20.2 °F) to account for the
lowest temperature at which the fluid adequately flows off the aircraft. Here, in this example, the
fluid aerodynamic flow off capability limits the LOUT.

There are two acrodynamic fluid flow-off test protocols for fluids; the low speed test is for
aircraft with rotation speeds less than 100 knots and the high speed test for aircraft with rotation
speeds greater than 100 knots. Type IL, and Type IV fluids generally do not pass the low speed
test. Therefore in order for these fluids to be used on a low rotation speed aircraft (rotation speed
of 100 knots or less), the aircraft manufacturer must conduct testing to determine if these fluids
can be safely applied on these aircraft and to identify operational procedures that must be
implemented to insure the safe operation when these fluids have been applied.

In the case of Types II, 111, and IV fluids there can be multiple LOUTs to account for the neat
(100/0) and the 50/50 and 75/25 dilutions. The LOUTs for these fluids are accounted for in the
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temperature bands which are an integral part of their holdover tables. If a fluid has a LOUT
which is warmer than the lowest temperature in a particular band, this information will be noted
on the appropriate table.

The LOUTSs for Type I fluids are provided in Table 7-1 as well as the manufacturer specified
fluid/ water concentration used to establish the LOUT for each fluid. This concentration should
not be exceeded.

The LOUTSs for undiluted Type I, Type III, and Type IV fluids (100/0) are provided in Tables 7-
2 through 7-4 at the end of this document. The LOUTSs for the 50/50, and 75/25 dilutions are
shown in the fluid-specific holdover tables if the temperature is warmer than the lowest
temperature in a given band.

As previously stated, for 2011-12 the fluid-specific LOUT data has been included in the
corresponding HOTs.

STANDARDIZED INTERNATIONAL GROUND DEICING PROGRAM (SIGDP) For
those air carriers participating in the SIGDP one change was agreed upon after the 2010-2011
winter revisions were made to the SIGDP. This change will be included in the 2011-2012
revision. This change addresses a concern that the air carriers have expressed over the
completion of the annual audits within the anniversary month. In addition to the scheduling
difficulties that this has generated, it has also necessitated that many of the audits be conducted
in late summer and early fall prior to the service providers being in a full operational mode. In
many cases this has limited the auditor’s effectiveness and has not been conducive to the high
quality audit that is fundamental to the success of the SIGDP. Therefore it was agreed upon by
the member air carriers participating in the SIGDP and the FAA policy office that the grace
month concept that is currently applied to the training/qualification annual requirements under
the SIGDP will be also applied to the annual audit requirements. This allows a three month
period in which the audit can be conducted and credited as though it was conducted in the month
it was originally due. For example if the audit in 2009 was completed in September the next
audit is due in September 2010. The 2010 audit can be completed in either August, September or
October 2010 and credited as completed in its original due month of September 2010. The next
audit will be due in September 2011 regardless of which of the three months the audit was
completed in 2010. The same grace month rational will apply for the 2011 audit as well. If the
recurring audit is not completed in the three month applicable period then the service provider
would be considered as a new service provider under the SIGDP and an initial detailed
qualification audit would need to be completed prior to any SIGDP participating air carrier
utilizing their services under the SIGDP.
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2011-2012 Holdover Times Tables

TABLE 0. FAA GUIDELINES FOR HOLDOVER TIMES IN ACTIVE FROST, SAETYPE |, TYPE Il, TYPE lll, AND TYPE IV FLUIDS

Approximate Outside Air Approximate Holdover Times
Outside Air Heldover Times Temperature Concentration (hours:minutes)
Temperature (hours:minutes) Neat Fluid/Water )
pomemores B = vl P ool IR R
Dagrees | Degrees ve Fros Type IP | Type lI® | Type IV
Celsius | Fahrenheit Type1™? 100/0 8:00 2:00 12:00
-1 e avand 75125 5.00 1:00 5.00
-1 and 30 and Above above : : :
Above above 50/50 3.00 0:30 3:.00
100/0 8.00 2:00 12:00
Below -1 | Below 30 Bi';’%'1 Betf‘gfo 75125 5.00 1:00 5:00
to -3 to 27
50/50 gpié! 0:30 3:.00
Below 3 Below 97 Below -3 Below 27 100/0 8:00 2:00 10:00
to -10 to 14 045, 18 e 14 75/25 5:00 1:00 5:00
(0:35)
Below -10 Below 14 Below -10 Below 14 100/0 6.00 2:.00 6.00
to -14 to7 44 o7 75025 1:00 1:00 1:00
Betlc?\fv2 %1 4 Bilaoyevs 7 B?'g‘_’;f“ ch')ofg 7 100/0 6:00 2:00 6:00
Below -21 Below -6 Below -21 Below -6 . ’ .
to -25 t0-13 to -25 fo 13 oo 210 200 e

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

FOOTNOTES:

1. Type | Fluid / Water Mixture is selected so that the freezing point of the mixture is at least 10°C (18°F) below outside air temperature.
2. May be used below -25°C (-13°F) provided the lowest operational use temperature (LOUT) of the fluid is not exceeded.

3. These fluids may not be used below -25°C (-13°F) in active frost conditions For Type I, lll, or IV fluids with a LOUT warmer than -25°C (-13F)

undiluted or -3°C (27°F) in the 50/50 dilution, or -14°C (7°F) in the 75/25 dilution, limit usage to the actual LOUT value.

4. Value in parenthesis is for composite aircraft.

CAUTION: FLUIDS USED DURING GROUND DEICING/ANTI-ICING DO NOT PROVIDE IN-FLIGHT ICING PROTECTION.

8/29/11
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TABLE 1. FAA GUIDELINES FOR HOLDOVER TIMES SAE TYPE | FLUID MIXTURES ON CRITICAL AIRCRAFT SURFACES COMPOSED
PREDOMINANTLY OF ALUMINUM AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

FAA TYPE | HOLDOVER TIME GUIDELINE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
**This column is for use at temperatures above 0 degrees Celsius (32 degrees Fahrenheit) only

I Heavy snow, ice pellets, moderate and heavy freezing rain, hail
T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

SAE Type | fluid/water mixture is selected so that the freezing point of the mixture is at least 10 °C (18 °F) below OAT.

CAUTIONS: THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN THE RANGE.

HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

Outside Air Approximate Holdover Times Under Various Weather Conditions
Temperature (hours: minutes)
Wing Snow, Snow Grains or Snow Pellets
’ i Light
Degrees | Degrees Swirface Freezing FDTIZ'IZ? Fregzin Rain on Cold
Celsius |Fahrenheit Fog - : . Tg Soaked Wing**
VeryLight | Light Moderate Rain
-3and 27 and : L . 440 060 09.0- 9.0 09.0-
above above Aluminum | 0:11-0:17 0:18-0:22 0:11-0:18 0:08-0:11 0:09-0:13 | 0:02-0:05 0:02-0:05
bet'o"é'c’ Q?etlo"2"1 Aluminum | 0:08.0:13 | 0114017 | 0:08-0114 | 0:05-0:08 | 0:05-0:09 | 0:02-0:05
0 - 0 CAUTION: No holdover time|
below -6 below . ; ) o ) _ _ _ _ _ _ _ guidelines exist
to 10 1 to 14 Aluminum | 0:06-0:10 0:11-0:13 0:06-0:11 0:04-0:06 0:04-0:07 | 0:02-0:05
Bi'%"" bﬁ'g"" Aluminum | 0:05-0:09 | 0:07-008 | 0:04-007 | 0:02-0.04
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FAA TYPE | HOLDOVER TIME GUIDELINE

TABLE 1A. FAA GUIDELINES FOR HOLDOVER TIMES SAE TYPE | FLUID MIXTURES ON AIRCRAFT CRITICAL SURFACES COMPOSED
PREDOMINANTLY OF COMPOSITES AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

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

Wing
Degrees | Degrees Surface Freezing

Celsius |Fahrenheit Fog

Snow, Snow Grains or Show Pellets Freezing Light

Drizzle* Freezing
VeryLight | Light | Moderate Rain"

Rain on Cold
Soaked Wing*™*

-3 and 27 and

above above Composite | 0:09-0:16 0:12-0115 0:06-0:12 0:03-0:06 0:08-0:13 | 0:02-0:05 0:01-0:05

below -3 below

to -6 27 to 21 Composite | 0:06-0.08 0:11-0:13 0:05-0:11 0:02-0:05 0:05-0:09 | 0:02-0:05

CAUTION: No holdover time
guidelines exist

below -6 below ; : : 9.0-19 5.0 9.0 040" a9.0-
t0 10 M to 14 Composite | 0:04-0:08 | 0:09-0:12 0:05-0:09 0:02-0:05 0:04-0:07 | 0:02-0:09

Bi'%"" bﬁ'g"" Composite | 0:04-0:07 | 007-008 | 0:04-007 | 002004

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
**This column is for use at temperatures above 0O degrees Celsius (32 degrees Fahrenheit) only
I Heavy snow, ice pellets, moderate and heavy freezing rain, halil
T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

SAE Type | fluid/water mixture is selected so that the freezing point of the mixture is at least 10 °C (18 °F) below OAT.

CAUTIONS:
« THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH MOISTURE
CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN THE RANGE.
HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

e SAE TYPE I FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT PROVIDE PROTECTION DURING
FLIGHT.

8

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix F\Appendix F.docx
Final Version 1.0, October 19



APPENDIX F

2011-2012 Holdover Times Tables

TABLE 1B. FAA GUIDELINES FOR THE APPLICATION OF SAE TYPE | FLUID MIXTURE
MINIMUM CONCENTRATIONS AS A FUNCTION OF OUTSIDE AIR TEMPERATURE

Outside Air Temperature One-step Procedure Two-step Procedure
(OAT) Deicing/Anti-icing'
First step: Deicing Second step: Anti-icing "2
Heated water or a mix of fluid
-3°C (27 °F) Mix of fluid and water and water heated to 60 °C Mix of fluid and water heated
and above heated to 60 °C (140 °F) (140 °F) minimum at the to 80 °C (140 °F) minimum
minimum at the nozzle, nozzle at the nozzle, with a freezing
with a freezing point of Freezing point of heated point of at least 10 °C (18 °F)
Below at least 10 °C (18 °F) fluid mixture shall not be below OAT
3°C (27 °F) below OAT more than 3 °C (5 °F)
above OAT

1) Fluids must only be used at temperatures above their lowest operational use temperature (LOUT).
2) To be applied before first-step fluid freezes, typically within 3 minutes.

Notes:
o Upper temperature limit shall not exceed fluid and aircraft manufacturers’ recommendations.

e To use Type | holdover time guidelines, at least 1 liter per square meter (2 gal. Per 100 square feet) fluid must be

applied to the deiced surfaces.
¢ This table is applicable for the use of Type | Holdover Time Guidelines. If holdover times are not required, a

temperature of 60 °C (140 °F) at the nozzle is desirable.
e The lowest operational use temperature (LOUT) for a given Type 1 fluid is the higher of:
a) The lowest temperature at which the fluid meets the aerodynamic acceptance test for a given aircraft type, or
b) The actual freezing point of the fluid plus a freezing point buffer of 10°C (18°F).

Caution: Wing skin temperatures may differ and, in some cases, be lower than OAT.
A stronger mix (more glycol) may be needed under these conditions.

8/29/11
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TABLE 1C. SNOWFALL INTENSITIES AS A FUNCTION OF PREVAILING VISIBILITY

8/29/11

. Temp. Visibility (Statute Mile)
Time of
Day Degrees Degrees_ 1112 1 3/4 172
Celsius Fahrenheit
oolder{]equal colder/equal 30 Light Light Moderate Moderate
Day
warme1r e warmer than 30 Light Moderate Moderate
colder{]equal colder/equal 30 Moderate Moderate
Night "
Warme1r an warmer than 30 Moderate

NOTE 1: This table is for estimating snowfall intensity. It is based upon the technical report, “The Estimation of Snowfall Rate Using
Visibility,” Rasmussen, et al., Journal of Applied Meteorology, October 1999 and additional in situ data.

NOTE 2: This table is to be used with Type |, II, 1, and IV fluid guidelines.

10
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FAA TYPE Il HOLDOVER TIME GUIDELINE

TABLE 2. FAA GUIDELINES FOR HOLDOVER TIMES SAE TYPE Il FLUID MIXTURES
AS AFUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

Outside Air Temperature Type Il Fluid Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
Concentration
Degrees Degrees Neat-FluidMater | Freezing |Snow, Snow| Freezing Light Freezing | Rain on Cold Soaked Other*
Celsius Fahrenheit |(volume %/Nolume %) Fog Grains or Drizzle* Raint Wing**
Snow Pellets|
100/0 0:35-1:30 | 0:20-0:45 0:30-0:55 0:15-0:30 0:08-0:40
-3 and 27 and S ] ] ] ] ] ] ] ; ]
above above 75125 0:25-1:00 | 0:15-0:30 0:20-0:45 0:10-0:25 0:05-0:25
50/50 0:15-0:30 | 0:05-0:15 0:08-0:15 0:05-0:09
b By 100/0 0:20-1:05 | 0:15-0:30 | **0:20-0:45 ***0:10-0:20 CAUTION:
3 teoo-v‘lvél 27et<;vv7 No holdover time
75125 0:25-0:50 | 0:10-0:20 | ***0:15-0:30 | ***0: 08-0: 15 guidelines exist
Below -14 Below7
to-25 or to-13or 100/0 0:15-0:35 | 0:15-0:30
LOUT LOUT

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
**This column is for use at temperatures above 0 °C (32 °F) only
***No holdover time guidelines exist for this condition below -10 °C (14 °F)

1 Heavy snow, ice pellets, moderate and heavy freezing rain, and hail

T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:
s THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES CR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN
THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

s SAE TYPE Il FLUID USED DURING GROUND DEICING/ANTI-ICING 1S NOT INTENDED FOR AND DOES NOT PROVIDE PROTECTION
DURING FLIGHT.

11
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2011-2012 Holdover Times Tables

TABLE 2A. FAA GUIDELINES FOR HOLDOVER TIMES ABAX ECOWING 26 TYPE Il FLUID MIXTURES
AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Qutside Air Temperature Manufacturer Specific Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
Type Il Fluid
Degrees Degrees Ccz,rf)oentration Freezing Fog | Snow, Snow Freezing |Light Freezing| Rain on Cold Other*
Celsius Fahrenheit Grains or Drizzle* Rain' Soaked Wing**
Neat-FluidMater Snow Pellets
(Volume %/Volume %)
100/0 1:25-2:30 0:40-1:00 0:50-1:35 0:40-0:20 0:20-1:25
-3 and above | 27 and above 75125 1:05-1:5% 0:25-0:45 0:45-1:05 0:25-0:35 0:10-1:00
50/50 0:30-0:45 0:10-0:20 0:15-0:25 0:08-0:10
o . CAUTION:
below below 100/0 0:45-2:15 0:35-0:55 0:30-1:10 0:15-0:35 No -ZOlﬁover timte
4 o guidelines exis!
Sto-14 2Tto7 75125 0:35-1:15 0:25-0:40 | **0:20-0:50 | ***0:15-0:25
below below
14to0 -25 7to-13 100/0 0:25-0:45 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
** This column is for use at temperatures above 0 °C (32 °F) only
*** No holdover time guidelines exist for this condition below -10 °C (14 °F)

I Heavy snow, ice pellets, moderate and heavy freezing rain, and hail

T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

s THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES CR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN

THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

s ABAXECOWING 26 TYPE Il FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT PROVIDE

PROTECTION DURING FLIGHT.

12
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TABLE 2B. FAA GUIDELINES FOR HOLDOVER TIMES AVIATION SHAANXI HI-TECH CLEAN WING Il TYPE Il
FLUID MIXTURES AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES

8/29/11

Cutside Air Temperature

Manufacturer Specific

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

Type Il Fluid
Degrees Degrees_ Cgr?oentration Freezing Fog Snow, _ Fre_ezing Light Fr_e(;:zing Rain on Other*
Celsius Fahrenheit Snow Grains Drizzle* Rain Cold
Neat-Fluid/vvater or Show Soaked
(Volume %/Volume %) Pellets Wing**
100/0 0:55-1:50 0:30-0:55 0:35-1:05 0:25-0:35 |0:10-0:5%
3 and abovel27 and above 7525 0:50-1:20 0:25-0:45 0:35-1:00 0:20-0:30 |0:07-0:50
50/50 0:35-1:00 0:15-0:30 0:20-0:40 0:10-0:20
CAUTION:
belaw belaw 100/0 0:45-1:50 0:30-0:55 | **0:30-0:55 | ***0:20-0:25 No holdover time
d g guidelines exist
3to-14 27to7 75125 0:40-1:45 0:25-0:45 | **0:35-0:40 | **0:20-0:25
below below
14 to -29 7 to -20.2 100/0 0:20-0:50 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible

**This column is for use at temperatures above 0 °C (32 °F) only

***No holdover time guidelines exist for this condition below -10 °C (14 °F)
I Heavy snow, ice pellets, moderate and heavy freezing rain, and hail
T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

» THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES CR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN

THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

» AVIATION SHANXI HI-TECH TYPE Il FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT
PROVIDE PRGCTECTION DURING FLIGHT.

13
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TABLE 2C. FAA GUIDELINES FOR HOLDOVER TIMES CLARIANT SAFEWING MP 11 2025 ECO TYPE Il FLUID
MIXTURES AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Outside Air Temperature Manufacturer Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
Specific Type Il
Degrees Degrees P FIuidyp Freezing [Snow, Snow| Freezing [Light Freezing| Rainon Other*
Celsius Fahrenheit Concentration Fog Grains or Drizzle* Raint Cold
Snow Soaked
Neat-Fluid\Water Pellets Wing**
(Volume
%/Volume %)
100/0 1:30-2:05 | 0:40-1:10 0:40-1:00 0:25-0:35 |0:10-1:15
-3 and above |27 and above 75125 0:55-1:45 | 0:25-0:45 0:25-0:45 0:20-0:25 |0:.08-0:50
50/50 0:20-0:35 | 0:09-0:15 0:10-0:15 0:07-0:10
o o CAUTION:
below below 100/0 0:45-1:20 | 0:35-1:00 0:35-1:09 0:20-0:35 No holdover time
¥ o guidelines exist
3to-14 2rtor 79125 0:40-1:20 | 0:25-0:45 | **0:30-0:40 | **0:12-0:20
below below 5 ’ : :
A4t0-975 | 710175 100/0 0:25-0:45 | 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
**This column is for use at temperatures above 0 °C (32 °F) only
*** No holdover time guidelines exist for this condition below -10 °C (14 °F)
1 Heavy snow, ice pellets, moderate and heavy freezing rain, and hail
1 Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

» THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN

THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE 18 LOWER THAN OAT.

» CLARIANT SAFEWING MP Il 2025 ECO TYPE Il FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES

NOT PROVIDE PROTECTION DURING FLIGHT.

14
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 2D. FAA GUIDELINES FOR HOLDOVER TIMES CLARIANT SAFEWING MP Il FLIGHT TYPE Il FLUID
MIXTURES AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Outside Air Temperature | Manufacturer Specific Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
Type Il Fluid
Degrees Degrees Cgrfcentration Freezing |Snow, Snow| Freezing |Light Freezing| Rain on Other*
Celsius Fahrenheit ) Fog Grains or Drizzle* Raint Cold
Neat-Fluid/Water Snow Pellets Soaked
(Volume %/Volume %) Wing™*
100/0 3:30-4:00 | 1:00-1:35 1:20-2:00 0:45-1:25 [0:10-1:30
-3 and above |27 and above 75125 1:50-2:45 | 0:40-1:20 1:10-1:30 0:30-0:55 |0:06-0:50
50/50 0:55-1:45 | 0:10-0:25 0:20-0:30 0:10-0:15
o o CAUTION:
below below 100/0 0:55-1:45 | 0:40-1:05 0:35-1:30 0:25-0:45 No holdover time
_ - guidelines exist
3to-14 27107 75125 0:25-1:05 | 0:20-0:40 | ***0:25-1:10 | ***0:20-0:35
Below Below . . . .
14 10-29 710 -202 100/0 0:30-0:50 | 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible

** This column is for use at temperatures above 0 °C (32 °F) only

*** No holdover time guidelines exist for this condition below -10 °C (14 °F)
F Heavy snow, ice pellets, moderate and heavy freezing rain, and hail
tUse light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

e THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN

THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT

e CLARIANT SAFEWING MPII FLIGHT TYPE Il FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT

PROVIDE PROTECTION DURING FLIGHT.

15
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 2E. FAA GUIDELINES FOR HOLDOVER TIMES KILFROST ABC-2000 TYPE Il FLUID MIXTURES
AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Outside Air Temperature | Manufacturer Specific Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
Type Il Fluid
Degrees Degrees Cgrf)centration Freezing Snow, Freezing [Light Freezing] Rain on Other*
Celsius Fahrenheit Fog Snow Grains| Drizzle* Rain® Cold
Neat-Fluid/Water or Snow Soaked
(Volume %/Volume %) Pellets Wing*™
100/0 1:30-3:05 | 0:30-1:00 0:55-1:35 0:40-0:50 [0:15-1:10
3 and above |27 and abovel 75125 1:40-3:30 | 0:30-1.05 0:45-1:15 0:40-0:50 [0:15-1:40
50/50 1:00-2:10 | 0:15-0:30 0:15-0:25 0:08-0:15
. . CAUTION:
below below 100/0 0:35-1:25 | 0:25-0:45 0:25-0:50 0:10-0:30 No holdover time
E ¥ guidelines exist
248 A ek 75125 0:35-1:15 | 0:25-0:50 | **0:25-0:55 | ***0:15-0:30
Below Below
1410 -28 7t0-18.4 100/0 0:20-0:45 | 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

*Use light freezing rain holdover times if positive identification of freezing drizzle is not possible

**This column is for use at temperatures above 0 degrees Celsius (32 degrees Fahrenheit) only
*** No holdover time guidelines exist for this condition below -10 °C (14 °F)

I Heavy show, ice pellets, moderate and heavy freezing rain, and hail

1 Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

s THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES CR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN

THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

» KILFROST ABC-2000 TYPE Il FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT PROVIDE

PROTECTION DURING FLIGHT.

16
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 2F. FAA GUIDELINES FOR HOLDOVER TIMES KILFROST ABC-K PLUS TYPE Il FLUID MIXTURES
AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Outside Air Temperature | Manufacturer Specific Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
Type Il Fluid
Degrees Degrees Cgr?centration Freezing Snow, Freezing [Light Freezing] Rain on Other*
Celsius Fahrenheit Fog Snow Grains|  Drizzle* Raint Cold
Neat-Fluid/Water or Snow Soaked
(Volume %/Volume %) Pellets Wing**
100/0 2:15-3:45 | 1:00-1:40 1:50-2:00 1:00-1:25 |[0:20-2:00
T ?’13:\?3 75125 1:40-2:30 | 0:35-1:10 1:25-2:00 0:50-1:10 [0:15-2:00
50/50 0:35-1:05 | 0:05-0:15 0:20-0:30 0:10-0:15 CAUTION:
No holdover time
100/0 0:30-1:05 | 0:50-1:25 | **0:25-1:00 | **0:15-0:35 guidelines exist
below below
o8- aFmr 75125 0:256-1:25 | 0:35-1:05 | **0:20-0:55 | **0:09-0:30
below below ] ] ) )
410 20 710 -20.2 100/0 0:30-0:55 | 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
**This column is for use at temperatures above 0 degrees Celsius (32 degrees Fahrenheit) only
*** No holdover time guidelines exist for this condition below -10 °C (14 °F)

I Heavy show, ice pellets, moderate and heavy freezing rain, and hail

T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

« THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES CR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN

THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

« KILFROST ABC-K PLUS TYPE Il FLUID USED DURING GROUND DEICING/ANTI-ICING 1S NOT INTENDED FOR AND DOES NOT PROVIDE

PROTECTION DURING FLIGHT

17
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 2G. FAA GUIDELINES FOR HOLDOVER TIMES NEWAVE AEROCHEMICAL FCY-2 TYPE Il MIXTURES
AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Outside Air Temperature | Manufacturer Specific Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
Type Il Fluid
Degrees Degrees Cgrfcentration Freezing |Snow, Snow| Freezing |Light Freezing| Rain on Other*
Celsius Fahrenheit ) Fog Grains or Drizzle* Raint Cold
Neat-FluidWater Snow Pellets| Soaked
(Volume %/Volume %) Wing**
100/0 1:15-2:25 | 0:30-0:55 0:35-1:05 0:25-0:35 |0:08-0:45
AR EETE Qazgcg 75/25 0:50-1:30 | 0:20-0:40 | 0:25-045 | 0115025 |0:05-0:25
50/50 0:25-0:35 | 0:15-0:25 0:10-0:20 0:07-0:10
o . CAUTION:
below 100/0 0:45-1:30 | 0:15-0:30 0:20-0:45 0:15-0:20 No holdover time
below -3t0 14| 27t07 guidelines exist
75125 0:30-1:05 | 0:10-0:20 | **0:15-0:30 | ***0:08-0:15
below below 100/0 0:25-0:35 | 0:15-0:30
-14to0 -28 7t0-18.4

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible

** This column is for use at temperatures above 0 °C (32 °F) only
** No holdover time guidelines exist for this condition below -10 °C (14 °F)

I Heavy snow, ice pellets, moderate and heavy freezing rain, and hail
T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

« THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES CR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN

THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

+ NEWAVE AERCCHEMICAL FCY-2 TYPE Il FLUID USED DURING GROUND DEICING/ANTI-ICING 1S NOT INTENDED FOR AND DOES NOT

PROVIDE PROTECTION DURING FLIGHT.

18
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 2H. FAA GUIDELINES FOR HOLDOVER TIMES OCTAGON E-MAX TYPE Il FLUID MIXTURES
AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

8/29/11

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

Outside Air Temperature | Manufacturer Specific Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
Type |l Fluid
Degrees Degrees Cgr?centration Freezing Snow, Freezing [Light Freezing] Rain on Other*
Celsius Fahrenheit Fog Snow Grains|  Drizzle* Raint Cold
Neat-Fluid/\VWater or Snow Soaked
(Volume %/Volume %) Pellets Wing**
100/0 2:05-3:45 | 0:40-1:20 0:45-1:35 0:30-0:40 ]0:15-1:30
Hraridiabove 2a7bc&)1\r/1§ 75125 1:256-2:60 | 0:25-0:55 0:40-1:10 0:20-0:30 |0:10-1:05
50/50 0:30-0:55 | 0:10-0:25 0:15-0:30 0:09-0:15 CAUTION:
No holdover time
100/0 0:50-1:45 | 0:35-1:10 | **0:35-1:00 | ***0:20-0:30 guidelines exist
below below
Bl 13 ey 75125 0:30-1:20 | 0:25-0:50 | ***0:35-1:05 | ***0:15-0:30
below below ) ) ) )
447027 | 710 168 100/0 0:20-0:35 | 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible

** This column is for use at temperatures above 0 °C (32 °F) only

*** No holdover time guidelines exist for this condition below -10 °C (14 °F)
THeavy snow, ice pellets, moderate and heavy freezing rain, and hail
T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

* THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH

MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN
THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

e OCTAGON E-MAX TYPE Il FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT PROVIDE
PROTECTION DURING FLIGHT.

19
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APPENDIX F

2011-2012 Holdover Times Tables 8/29/M11
FAA TYPE Il HOLDOVER TIME GUIDELINE

TABLE 3. FAA GUIDELINES FOR HOLDOVER TIMES SAE TYPE Il FLUID MIXTURE AS A FUNCTION OF WEATHER CONDITIONS AND
OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

Outside Air Temperature Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
C.rgr?c?ewtralfi?n Snow, Snow Grains or Snow Light Fisilii 61
Degrees Degrees ; Pellets : g
Celsius Fahrenheit Neat Freezing Fre.ezlng Freezing Cold Othert
Fluid/Water Fog : - i Drizzle* S+ Soaked
(Volume Very Light Light Moderate Rain Wing*
%/Volume %)
100/0 0:20-0:40 | 0:85-0:40 | 0:20 - 0:35 | 0:10-0:20 | 0:10-0:20 | 0:08 - 0:10 | 0:06 - 0:20
-3 and above 27 and above 75125 0:15-0:30 | 0:25-0:85 | 0:15-0:25 | 0:08-0:15 | 0:08 - 0:15 | 0:06 - 0:10 | 0:02 - 0:10

50/50 0:10-0:20 | 0:08-0:15 | 0:04-0:08 | 0:05-0:09 | 0:04-0:06

i 1000 | 0:20-0:40 015-030 | 0:09-0:15 | 010-0:20 | 0:08-0:10 CAUTION:
elow 27 to ;
below-3 to-10 14 No holdover time
w7525 | 0:15- 0:30 010-025 | 0:07-0:40 | 0:09 - 0:12 | 0:06-0:09 uidelines exist
below P 1000 | 0:20-0:40 |0:80-0:86 | 0:15 - 0:30 | 0:08 - 0:15

SAE Type Il fluid may be used below -10 °C (14 °F), provided the freezing point of the fluid is at least 7 °C (13 °F) below OAT and aerodynamic acceptance criteria (LOUT) are met.
For the currently available Type Il product, the High Speed LOUT is -29 °C (-20.2 °F) and the Low Speed LOUT is -16.5 °C (2.3 °F). Consider the use of SAE Type | when Type lll
fluid cannot be used.

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
**This column is for use at temperatures above 0 °C (32 °F) only
**For aircraft with rotation speeds less than 100 knots, these holdover times only apply to outside air temperatures of -9°C (15.8°F) and above

I Heavy show, ice pellets, moderate and heavy freezing rain, and hail
T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:
« THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH MOISTURE CONTENT,
HIGH WIND VELOCITY, OR JET BLAST WILL REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN THE RANGE. HOLDOVER TIME MAY BE
REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

« SAE TYPE Il FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT PROVIDE PROTECTION DURING FLIGHT.
20
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 4. FAA GUIDELINES FOR HOLDOVER TIMES SAE TYPE IV FLUID MIXTURES AS A FUNCTION OF
WEATHER CONDITIONS AND OQUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

FAA TYPE IV HOLDOVER TIME GUIDELINES

8/29/11

Outside Air Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
Temperature
Type IV Fluid
Degrees | Degrees Concentration Freezing | Snow, Freezing Light Rain on Cold Other*
Celsius [Fahrenheit| Neat-Fluid/Water Fog Snow Drizzle* Freezing [Soaked Wing**
(Volume %/Volume %) Grains or Raint
Snow
Pellets
100/0 1:20-3:110 |0:35-1:15]  0:45-1:30 0:25-0:40 0:10-1:15
-3 and 27 and ) . . : : ; . : : ;
ABGVE ABEUE 75125 1:00-1:45 |0:30-0:55| 0:35-1.06 0:25-0:35 0:09-0:50
50/50 0:15-0:35 [0:07-0:15| 0:10-0:20 0:07-0:10 CAUTION:
below below 100/0 0:20-1:20 |0:25-0:20| ***0:20-1:00 |***0:10-0:25 No holdover time
- - ideli ist
sto-14) 27to7 7525 0:25:0:50 |0:20-0:35| ***0:15-1:00 | **0:10-0:25 GHIRRIRES LS
below below
-14t0-26| 710 13 or 100/0** 0:15-0:40 [0:15-0:30
or LOUT LOUT

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain heldover times if positive identification of freezing drizzle is not possible
**This column is for use at temperatures above 0 °C (32 °F) only
*** No holdover time guidelines exist for this condition below -10 °C (14 °F)

T Heavy snow, ice pellets, moderate and heavy freezing rain, and hail

T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

¢ For Lyondell Arctic Shield temperature is limited to -9.5 °C (15 °F); for Cryotech Polar Guard temperature is limited to -5.5 °C (22 °F).

+¢ For Cryotech Polar Guard, temperature is limited to -23.5 °C (-10.3 °F); for Dow Ultra+ temperature is limited to -24 °C (-11.2 °F) and for Lyondell
Arctic Shield temperature limited to -24.5 °C (-12.1 °F). If the fluid-specific brand is unknown, all of the temperature limitations in this and the preceding

note apply.

CAUTIONS:

» THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HCOLDOVER TIME BELOW THE LOWEST TIME STATED IN
THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

s SAE TYPE IV FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT PROVIDE PROTECTION

DURING FLIGHT.
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 4A. FAA GUIDELINES FOR HOLDOVER TIMES ABAX AD-480 TYPE IV FLUID MIXTURES AS A
FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Outside Air Temperature

Manufacturer Specific

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

Type IV Fluid

Degrees Degrees Concentration Freezing Fog Snow, Freezing |Light Freezing| Rain on Other*
Celsius Fahrenheit Snow Grains Drizzle* Rain Cold
Neat-Fluid/Water or Snow Soaked
(Volume %/Volume %) Pellets Wing™
100/0 2:00-3:30 0:40-1:20 0:50-1:30 0:35-0:55 |0:15-1:35
-3 and above |27 and above 75125 1:30-245 | 0230105 | 050115 | 0:30-0:45 |0:10-1:15
50/50 0:30-0:45 0:09-0:20 0:15-0:25 0:09-0:15
CAUTION:
100/0 0:20-1:20 0:30-0:55 | **0:25-1:20 | **0:15-0:30 _No holdover
3btelov‘;/4 2b79|tOW7 time guidelines
Ll < 75125 0:25-0:50 | 0:20-0:45 | **0:25-1:05 | **0:15-0:30 exist
below below ; . : y
ALl | Thoetan 100/0 0:15-0:40 | 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
** This column is for use at temperatures above 0 degrees Celsius (32 degrees Fahrenheit) only
** No holdover time guidelines exist for this condition below -10 °C (14 °F)

T Heavy show, ice pellets, moderate and heavy freezing rain, and hail

1 Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

« THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN

THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

« ABAX AD-480 TYPE IV FLUID USED DURING GROUND DEICING/ANTI-ICING 1S NOT INTENDED FOR AND DOES NOT PROVIDE
PROTECTION DURING FLIGHT.

22
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 4B. FAA GUIDELINES FOR HOLDOVER TIMES ABAX ECOWING AD-49 TYPE IV FLUID MIXTURES AS A
FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Qutside Air Temperature

Manufacturer Specific
Type IV Fluid

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

Degrt_ees Degrees_ Concentration Freezing Fog Snow, _ Fre_ezing Light Fr_eezing Rain on Other*
Celsius Fahrenheit Snow Grains Drizzle* Rain Cold
Neat-Fluid/WVater or Show Soaked
(Volume %/Volume %) Pellets Wing*™*
100/0 3:20-4:00 1:10-1:50 1:25-2:00 1:00-1:25 |0:10-1:55
4 and abovel37 and shove 7525 2:25-400 | 1:201:40 | 155200 | 0:50-1:30 [0:10-1:40
50/50 0:25-0:50 0:15-0:25 0:15-0:30 0:10-0:15
CAUTION:
100/0 0:20-1:35 110-150 | **0:25-1:25 | **0:20-0:25 “No holdover
3bt9|0V%’4 ZbTEItOW7 time guidelines
e © 75125 0:30-1:10 | 1:20-1:40 | ***0:15-1:05 | ***0:15-0:25 et
below below
14to0 -26 7to-14.8 100/0 0:25-0:40 0:10-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

*Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
** This column is for use at temperatures above 0 °C (32 °F) only
*** No holdover time guidelines exist for this condition below -10 °C (14 °F)

T Heavy snow, ice pellets, moderate and heavy freezing rain, and hail

T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

s THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN

THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

» ABAXECOWING AD-49 TYPE IV FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT PROVIDE

PROTECTION DURING FLIGHT.
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 4C. FAA GUIDELINES FOR HOLDOVER TIMES CLARIANT SAFEWING MP IV 2001 TYPE IV FLUID
MIXTURES AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Outside Air Temperature

Manufacturer Specific

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

Type IV Fluid

Degrees Degrees e trati Freezing Fog Snow, Freezing |Light Freezing| Rain on Other*
Celsius Fahrenheit oncentration Snow Grains Drizzle* Raint Cold
Neat-Fluid/Water or Snow Soaked
(Volume %/Volume %) Pellets Wing™
100/0 1:20-3:20 1:00-1:55 0:55-1:55 0:40-1:00 |0:15-2:00
-3 and above |27 and above 75125 1:20-2:00 0:35-1:00 0:35-1:10 0:25-0:35 |0:10-1:25
50/50 0:15-0:40 0:10-0:20 0:10-0:20 0:08-0:15
CAUTION:
B ElE Bl 5 100/0 0:45-1:35 0:30-0:50 | ***0:55-1:35 | **0:30-0:45 No holdover time
K _ guidelines exist
Sto-14 27to7 75125 0:30-1:00 0:20-0:35 | ***0:40-1:10 | **0:20-0:30
below Below : : ’ '
1410 995 | 7t0.911 100/0 0:20-0:45 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
** This column is for use at temperatures above 0 °C (32 °F) only
** No holdover time guidelines exist for this condition below -10 °C (14 °F)

1 Heavy show, ice pellets, moderate and heavy freezing rain, and hail

1 Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

« THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES CR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN

THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

o CLARIANT SAFEWING MP IV 2001 TYPE IV FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT

PROVIDE PROTECTION DURING FLIGHT.
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 4D. FAA GUIDELINES FOR HOLDOVER TIMES CLARIANT SAFEWING MP IV LAUNCH TYPE IV FLUID
MIXTURES AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

8/29/11

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

Outside Air Temperature

Manufacturer Specific
Type IV Fluid

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

Degrees Degrees Concentration Freezing Fog Show, Freezing |Light Freezing| Rainon Other*
Celsius Fahrenheit ) Snow Grains Drizzle* Raint Cold
Neat-FluidVater or Snow Soaked
(Volume %/Volume %) Pellets Wing**
100/0 4:00-4:00 1:05-1:45 1:30-2:00 1:00-1:40 |0:15-1:40
-3 and above[27 and above 75/25 3:40-4:.00 1:00-1:45 1:40-2:00 0:45-1:15 |0:10-1:45
50/50 1:25-2:45 0:25-0:45 0:30-0:50 0:20-0:25
CAUTION:
Biiow belaw 100/0 1:00-1:55 0:50-1:20 | *0:35-1:40 | **0:25-0:45 No holdover time
- - guidelines exist
=1a-14 2Lt 75125 0:40-1:20 0:45-1:25 | ***0:25-1:10 | **0:25-0:45
below below . . . .
1410985 | 7t0-193 100/0 0:30-0:50 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
**This column is for use at temperatures above 0 °C (32 °F) only
***No holdover time guidelines exist for this condition below -10 °C (14 °F)

T Heavy snow, ice pellets, moderate and heavy freezing rain, and hail

T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

* THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH

MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN
THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE 1S LOWER THAN OAT.

» CLARIANT SAFEWING MP IV LAUNCH TYPE IV FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES
NOT PROVIDE PROTECTION DURING FLIGHT.
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 4E. FAA GUIDELINES FOR HOLDOVER TIMES CRYOTECH POLAR GUARD TYPE IV FLUID
MIXTURES AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

8/29/11

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

Outside Air Temperature

Manufacturer Specific

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

Type IV Fluid

Degrees Degrees Concentration Freezing Fog Snow, Freezing |Light Freezing[Rain on Cold Other*
Celsius Fahrenheit ) Snow Grains | Drizzle* Rain woaked
Neat-Fluid/Water or Snow Wing
(Volume %/Volume %) Pellets
100/0 2:15-3:30 0:50-1:30 1:15-2:00 0:20-1:15  [0:15-1:25
-3 and above|27 and above 75/25 1:40-2:40 0:35-1:10 1:05-1:25 0:35-1:00 |0:10-1:15
50/50 0:25-0:40 0:10-0:15 0:15-0:25 0:10-0:15 CAUTION:
No holdover time
100/0 0:45-1:45 0:30-0:55 | **0:25-1:10 | ***0:15-0:35 guidelines exist
below below
31014 27 75/25¢ 0:35-1: 30% | 0:20-0:40% | 0:25-1:05% | 0:20-0:30*
Below Below ) ) . .
A410-235 | 7to0-10.3 100/0 0:20-0:40 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
**This column is for use at temperatures above 0 °C (32 °F) only
** No holdover time guidelines exist for this condlition below -10 °C (14 °F)

T Heavy snow, ice pellets, moderate and heavy freezing rain, and hail

1 Use light freezing rain holdover times in conditions of light snow mixed with light rain.

* Temperature is limited to -5.5 °C (22 °F) when using 75/25 dilution of this fluid.

CAUTIONS:

» THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH

MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN
THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

» CRYOTECH POLAR GUARD TYPE IV FLUID USED DURING GROUND DEICING/ANTI-ICING 1S NOT INTENDED FOR AND DOES NOT
PROVIDE PROTECTION DURING FLIGHT.
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 4F. FAA GUIDELINES FOR HOLDOVER TIMES CRYOTECH POLAR GUARD ADVANCE TYPE IV FLUID
MIXTURES AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Outside Air Temperature |Manufacturer Specific Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
Type IV Fluid
Degrees Degrees Cgﬁoemraﬂon Freezing Fog Snow, Freezing |Light Freezing| Rain on Other*
Celsius Fahrenheit ) Snow Grains Drizzle* Rain' Cold
Neat-Fluid/Water or Snow Soaked
(Volume %/Volume %) Pellets Wing**
100/0 2:50-4.00 1:20-1:50 1:35-2:00 1:15-1:30 |0:15-2:00
A and above 157 and above 75125 2:30-4.00 0:45-1:20 1:40-2:00 0:40-1:10 |0:09-1:40
50/50 0:50-1:25 0:15-0:35 0:20-0:45 0:09-0:20 CAUTION:
No holdover time
100/0 0:55-2:30 0:55-1115 | ***0:35-1:35 | ***0:35-0:45 guidelines exist
below below
Sto-14 2rto7 75125 0:40-1: 30 0:35-1:00 0:25-1:056 0:35-0:45
Below Below : 2 : :
1410305 | Tte-229 100/0 0:25-0:50 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
**This column is for use at temperatures above 0 °C (32 °F) only
*** No holdover time guidelines exist for this condition below -10 °C (14 °F)

T Heavy snow, ice pellets, mederate and heavy freezing rain, and hail

T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

» THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN
THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

» CRYOTECH POLAR GUARD TYPE IV FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT
PROVIDE PROTECTION DURING FLIGHT.
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 4G. GUIDELINES FOR HOLDOVER TIMES DOW UCAR™ ULTRA+ ADF/AAF TYPE IV FLUID
MIXTURES AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Qutside Air Temperature

Manufacturer Specific
Type IV Fluid

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

Degrt_ees Degrees_ Concentration Freezing Fog Snow, _ Fre_ezing Light Fr_eezing Rain on Other*
Celsius Fahrenheit Neat-Fluid/Water Sngrwsﬁcrs/ms Drizzle Rain SOC;I((id
0, 0,
(Volume %/Volume %) Pollets Wing*
100/0 1:35-3:35 0:35-1:15 0:45-1:35 0:25-0:40 (0:10-1:20
-3 and above[27 and above 75/25 N/A N/A N/A N/A
50/50 N/A N/A N/A N/A CAUTION:
No holdover time
below below 100/0 1:25-3:00 0:25-0:55 | ***0:45-1:25 | **0:30-0:45 guidelines exist
3to-14 27to7 75125 N/A /A N/A N/A
Below Below
Adto -24 7to0-11.2 100/0 0:40-2:10 0:20-0:45

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible

**This column is for use at temperatures above 0 °C (32 °F) only
***No holdover time guidelines exist for this condition below -10 °C (14 °F)
T Heavy snow, ice pellets, moderate and heavy freezing rain, and hail
T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

s THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES CR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN

THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

¢ DOW UCAR ULTRA+ ADF/AAF TYPE IV FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT

PROVIDE PROTECTION DURING FLIGHT.
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 4H. FAA GUIDELINES FOR HOLDOVER TIMES DOW UCAR™ ENDURANCE EG106 TYPE IV FLUID
MIXTURES AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

Outside Air Temperature |Manufacturer Specific Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
Type IV Fluid
Degrees Degrees Cgﬁcentration Freezing Fog Snow, Freezing |Light Freezing| Rain on Other*
Celsius Fahrenheit Neat-Fluid/Water Sngrv\/sﬁcr)awins Drizzle* Rain® Socacl)lgd
0, 0,
(Volume %/Volume %) Pellets Wing™
100/0 2:05-3:10 0:40-1:20 1:10-2:00 0:50-1:15 |0:20-2:00
75125 NFA N/A N/A N/A
-3 and above|27 and above
50/50 NFA N/A N/A N/A CAUTION:
No holdover time
100/0 1:50-3:20 0:30-1:05 | ***0:55-1:50 | **0:45-1:10 guicelines exist
below below
Sie-l4 | Eled 75125 N/A NIA N/A N/A
below below ; . . ;
Adto .07 710 -16.6 10040 0:30-1:05 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
** This column is for use at temperatures above 0 degrees Celsius (32 degrees Fahrenheit) only
*** No holdover time guidelines exist for this condition below -10 °C (14 °F)

I Heavy snow, ice pellets, moderate and heavy freezing rain, and hall

T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

» THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN
THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

» DOW UCAR ENDURANCE EG106 TYPE IV FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT
PROVIDE PROTECTION DURING FLIGHT.
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APPENDIX F

2011-2012 Holdover Times Tables 8/29/11

TABLE 4l. FAA GUIDELINES FOR HOLDOVER TIMES DOW UCAR™ FLIGHTGUARD AD-480 TYPE IV FLUID
MIXTURES AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEQFF CHECK PROCEDURES.

Outside Air Temperature |Manufacturer Specific Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
Type IV Fluid
Degrees Degrees ngoentration Freezing Fog Snow, Freezing Light Freezing [ Rainon Other*
Celsius Fahrenheit Snow Grains Drizzle* Rain Cold
Neat-FluidVater or Snow Soaked
(Volume %/Volume %) Pellets Wing*
100/0 2:00-3:30 0:40-1:20 0:50-1:30 0:35-0:55 0:15-1:35
27 and 75125 1:30-2:45 0:30-1:05 0:50-1:15 0:30-0:45 0:10-1:15
-3 and above
above
50150 0:30-0:45 0:09-0:20 0:15-0:25 0:09-0:15 CAUTION:
. ) ) . xx . . . No holdover
(5 Bl 100/0 0:20-1:20 0:30-0:55 0:25-1:20 0:15-0:30 time guidelines
3 d exist
3to-14 27to7 75125 0:25-0:50 0:20-0:45 #*40:25-1:05 | ***0:15-0:30
below below . . ; :
441096 710148 100/0 0:15-0:40 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
** This column is for use at temperatures above 0 degrees Celsius (32 degrees Fahrenheit) only
** No holdover time guidelines exist for this condition below -10 °C (14 °F)

I Heavy snow, ice pellets, moderate and heavy freezing rain, and hail

T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:
» THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN
THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE 1S LOWER THAN OAT.

» DOW UCAR FLIGHTGUARD AD-480 TYPE IV FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT
PROVIDE PROTECTION DURING FLIGHT.
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 4J. FAA GUIDELINES FOR HOLDOVER TIMES DOW UCAR™ AD-49 TYPE IV FLUID MIXTURES AS A
FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Outside Air Temperature

Manufacturer Specific

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

Type IV Fluid ) ; . ; ; E:
Degrt_ees Degrees_ Concentration Freezing Feg Snow, _ Fre_ezmg Light Fr_e$2|ng Rain on Othe
Celsius Fahrenheit Snow Grains Drizzle* Rain Cold
Neat-Fluid/VWater or Snow Soaked
(Volume %/Volume %) Pellets Wing**
100/0 3:20-4.00 1:10-1:50 1:25-2:00 1:00-1:25 0:10-1:55
-3 and above |27 and above 10125 2:25-4.00 1:20-1:40 1:55-2:00 0:50-1:30 0:10-1:40
50/50 0:25-0:50 0:15-0.25 0:15-0:30 0:10-0:15
CAUTION:
100/0 0:20-1:35 | 110150  [**0:25-1:25 |**0:20-0:25 “No holdover
Sbte|°‘/1"4 ’,_?76|tOW7 time guidelines
e ° 75125 0:30-1:10 | 1:20-1:40  [**0:15-1:05 |**0:15-0:25 exist
below below 100/0 025040 | 0:15-0:30
-14to -26 7to-148 ’ ’ ’ ’

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
** This column is for use at temperatures above 0 °C (32 °F) only
*** No holdover time guidelines exist for this condition below -10 °C (14 °F)

I Heavy snow, ice pellets, moderate and heavy freezing rain, and hail

T Use light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:

» THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES CR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN

THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

« DOW UCAR™ AD-49 TYPE IV FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT PROVIDE

PROTECTION DURING FLIGHT.
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 4K. FAA GUIDELINES FOR HOLDOVER TIMES KILFROST ABC-45'S™N TYPE |V FLUID MIXTURES
AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Outside Air Temperature

Manufacturer Specific

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

Type IV Fluid

Degrt_ees Degrees_ Concertration Freezing Fog Snow, _ Fre_ezing Light Fr_eezing Rain on Other*
Celsius Fahrenheit Snow Grains Drizzle* Rain Cold
Neat-Fluid/VVater or Snow Soaked
(Volume %/Volume %) Pellets Wing**
100/0 1:45-3:55 1:00-1:45 1:35-2:00 1:05-1:30 | 0:20-2:00
-3 and above |27 and above 75125 1:00-1:50 0:30-0:55 0:40-1:05 0:26-0:40 (0:10-1:20
50/50 0:20-0:35 0:07-0:15 0:10-0:20 0:05-0:10
CAUTION:
bel bel 100/0 0:55-2:55 1:00-1:45 | **0:35-1:50 | ***1:05-1:25 No holdover time
3 teoo-v';/4 2768/"7 guidelines exist
75125 0:35-2:10 0:30-0:55 | ***0:25-1:20 | **0:15-0:40
below below . : : :
4 t0 .29 710 -90.2 100/0 0:40-1:00 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
** This column is for use at temperatures above O degrees Celsius (32 degrees Fahrenheit) only
*** No holdover time guidelines exist for this condition below -10 °C (14 °F)

$ Heavy snow, ice pellets, moderate and heavy freezing rain, and hail

Use light freezing rain holdover times in conditions of light snow mixed with light rain

CAUTIONS:

« THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES CR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN

THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

» KILFROST ABC-4 °S™N TYPE |V FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FCR AND DOES NOT PROVIDE

PROTECTION DURING FLIGHT.
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APPENDIX F

2011-2012 Holdover Times Tables 8/29/M11

TABLE 4L. FAA GUIDELINES FOR HOLDOVER TIMES KILFROST ABC-S TYPE IV FLUID MIXTURES
AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

Outside Air Temperature |Manufacturer Specific Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
Type IV Fluid
Degrees Degrees Cgﬁoentration Freezing Feg Snow, Freezing |Light Freezing| Rain on Other*
Celsius Fahrenheit Snow Grains Drizzle* Rain’ Cold
Neat-Fluid/VVater or Snow Soaked
(Volume %/Volume %) Pellets Wing*™*
100/0 2:35-4.00 1:00-1:40 1:20-1:50 1:00-1:25 |0:20-1:15
75125 1:05-1:45 0:30-0:55 0:45-1:10 0:35-0:50 [0:10-0:50
-3 and above |27 and above
50/50 0:20-0:35 0:07-0:15 0:15-0:20 0:08-0:10
CAUTION:
B - 100/0 0:45-2:05 0:45-1:20 | ***0:20-1:00 | ***0:10-0:30 No holdover time
clow il guidelines exist
-3to-14 27to7
75125 0:25-1:00 0:25-0:50 | **0:20-1:10 | **0:10-0:35
below below 100/0 020040 | 015030

1410 -28 7to-184

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
** This column is for use at temperatures above 0 degrees Celsius (32 degrees Fahrenheit) only
*** No holdover time guidelines exist for this condition below -10 °C (14 °F)

1 Heavy show, ice pellets, moderate and heavy freezing rain, and hail

TUse light freezing rain holdover times in conditions of light snow mixed with light rain.

CAUTIONS:
s THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES CR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN
THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

» KILFROST ABC-S PLUS TYPE IV FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT PROVIDE
PROTECTION DURING FLIGHT.
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 4M. FAA GUIDELINES FOR HOLDOVER TIMES KILFROST ABC-S PLUS TYPE IV FLUID MIXTURES
AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Outside Air Temperature

Manufacturer Specific

Type IV Fluid

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

Degrees Degrees C trati Freezing Fog Snow, Freezing |Light Freezing| Rain on Other*
Celsius Fahrenheit oncentration Snow Grains Drizzle* Raint Cold
Neat-Fluid/Water or Snow Soaked
(Volume %/Volume %) Pellets Wing™
100/0 2:10-4:00 1:15-2:00 1:50-2:00 1:05-2:00 |0:25-2:00
-3 and above |27 and above 75125 1:25-2:40 0:45-1:15 1:00-1:20 0:30-0:50 |0:10-1:20
50/50 0:30-0:55 0:15-0:30 0:15-0:40 0:15-0:20
CAUTION:
bel bel 100/0 0:556-3:30 1:00-1:45 | **0:25-1:35 | **0:20-0:30 No holdover time
clow S0 guidelines exist
-3to-14 27to7
75125 0:45-1:50 0:35-1:00 | **0:20-1:10 | **0:15-0:25
below below 100/0 0:40100 | 0:16-0:30
-14to -28 7to-18.4 : : ) ’

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
** This column is for use at temperatures above 0 °C (32 °F) only
*** No holdover time guidelines exist for this condition below -10 °C (14 °F)

$ Heavy snow pellets, ice pellets, moderate and heavy freezing rain, and hail

Use light freezing rain holdover times in conditions of light show mixed with light rain

CAUTIONS:

» THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN

THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

» KILFROST ABC-S PLUS TYPE IV FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT PROVIDE

PROTECTION DURING FLIGHT.
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 4N. FAA GUIDELINES FOR HOLDOVER TIMES LYONDELL ARCTIC SHIELD™ TYPE IV FLUID
MIXTURES AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Outside Air Temperature |Manufacturer Specific Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
Type IV Fluid
Degrees Degrees ngoentration Freezing Fog Snow, Freezing |Light Freezing| Rain on Other*
Celsius Fahrenheit Snow Grains Drizzle* Raint Cold
Neat-Fluid/Water or Snow Soaked
(Volume %/Volume %) Pellets Wing**
100/0 1:55-3:10 0:50-1:25 0:55-1:40 0:45-1:05 |[0:15-1:25
-3 and above |27 and above 75125 1:20-2:15 0:40-1:05 0:55-1:25 0:30-0:45 |0:09-1:20
50/50 0:35-0:45 0:20-0:35 0:20-0:30 0:10-0:15 CAUTION:
No holdover time
100/0 1:00-2:25 0:45-1:15 | **0:25-1:30 | **0:25-0:30 guidelines exist
below below
214 2 ed 75/25¢ 0:50-1:45% | 0:35-0:55* | 0:30-1:15* | 0:25-0:30*
Below Below 3 . . .
Adt0.245 | Tio-121 100/0 0:25-0:45 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
** This column is for use at temperatures above 0 °C (32 °F) only
*** No holdover time guidelines exist for this condition below -10 °C (14 °F)

I Heavy Show, ice pellets, moderate and heavy freezing rain, and hail

TUse light freezing rain holdover times in conditions of light snow mixed with light rain

* Temperature is limited to -9.5 °C (15 °F) when using 75/25 dilution of this fluid.

CAUTIONS:

« THE TIME CF PROTECTICN WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES CR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN

THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

s | YONDELL ARCTIC SHIELD TYPE IV FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT

PROVIDE PROTECTION DURING FLIGHT.

35

M:\Projects\PM2169.003 (TC Deicing 10-11)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix F\Appendix F.docx

F-96

Final Version 1.0, October 19



APPENDIX F

2011-2012 Holdover Times Tables

TABLE 40. FAA GUIDELINES FOR HOLDOVER TIMES OCTAGON MAX-FLIGHT 04 TYPE IV FLUID MIXTURES
AS A FUNCTION OF WEATHER CONDITIONS AND OUTSIDE AIR TEMPERATURE

CAUTION: THIS TABLE IS FOR DEPARTURE PLANNING ONLY AND SHOULD BE USED IN CONJUNCTION WITH PRETAKEOFF CHECK PROCEDURES.

8/29/11

Outside Air Temperature |Manufacturer Specific Approximate Holdover Times Under Various Weather Conditions (hours: minutes)
Type IV Fluid . : . 5 :
Degrees Degrees C trati Freezing Fog Snow, Freezing |Light Freezing| Rain on Other*
Celsius Fahrenheit oneentration Snow Grains Drizzle* Rain® Cold
Neat-Fluid/Water or Snow Soaked
(Volume %/Volume %) Pellets Wing™
100/0 2:40-4:00 1:25-2:00 2:00-2:00 1:10-1:30 | 0:20-2:00
-3 and above |27 and above 75125 2:05-3:15 1:05-2:00 1:50-2:00 1:00-1:20 |0:20-2:00
50/50 0:55-1:45 0:25-1:15 0:35-1:10 0:25-0:35 CAUTION:
No holdover time
100/0 0:50-2:30 0:35-1:10 *¥**0:25-1:30 | ***0:20-0:40 guidelines exist
below below
Rl =T d 75125 0:30-1:05 0:40-1:25 ***0:20-1:00 | ***0:15-0:30
below below
14t0-265| 7to-157 100/0 0:20-0:45 0:15-0:30

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER.

* Use light freezing rain holdover times if positive identification of freezing drizzle is not possible
** This column is for use at temperatures above 0 °C (32 °F) only
*** No holdover time guidelines exist for this condition below -10 °C (14 °F)

1 Heavy snow, ice pellets, moderate and heavy freezing rain, and hail

1 Use light freezing rain holdover times in conditions of light show mixed with light rain.

CAUTIONS:

» THE TIME OF PROTECTION WILL BE SHORTENED IN HEAVY WEATHER CONDITIONS. HEAVY PRECIPITATION RATES OR HIGH
MOISTURE CONTENT, HIGH WIND VELOCITY, OR JET BLAST MAY REDUCE HOLDOVER TIME BELOW THE LOWEST TIME STATED IN
THE RANGE. HOLDOVER TIME MAY BE REDUCED WHEN AIRCRAFT SKIN TEMPERATURE IS LOWER THAN OAT.

» OCTAGON MAX-FLIGHT 04 TYPE IV FLUID USED DURING GROUND DEICING/ANTI-ICING IS NOT INTENDED FOR AND DOES NOT
PROVIDE PROTECTION DURING FLIGHT.
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APPENDIX F

2011-2012 Holdover Times Tables

TABLE 5. FAA GUIDELINES FOR THE APPLICATION OF SAE TYPE I, TYPE Ill, AND TYPE IV FLUID MIXTURES

MINIMUM CONCENTRATIONS AS A FUNCTION OF OUTSIDE AIR TEMPERATURE concentrations in % Volume

Outside Air Temperature One-step Procedure Two-step Procedure

(OAT) Deicing/Anti—icingw First stepn: Deicing Secaond sten Anti-icing! 2
-3°C (27 °F) 50/50 Heated water or a
and above Heated” Types I, [l or IV heated mix of Type |, I, 1l 50/50 Type I, IIl, or IV
or IV _and water
Below -3 °C (27 °F) 75/25 Heated suitable mix of

Heated® Types I, Il or IV Type I, 11, Il or IV, and water
with a freezing point not more than

3 °C (5 °F) above actual CAT

to-14°C (7 °F) 75125 Type I, lll, or IV

below -14 °C (7 °F) 100/0
10-25 °C (-13 °F) Heated” Types II, lll or IV

Heated suitable mix of
Type |, 11, Il or IV, and water
with a freezing point not more than
3 °C (5 °F) above actual OAT

100/0 Type II, I1l, or IV

SAE Type I/IV fluid may be used below -25 °C (-13 °F) provided that the OAT is at or above the LOUT.

Below -25 °C (-13 °F) SAE Tvpe Il fluid mav be used below -10°C (14°F) provided that the OAT is at or above the LOUT.

1) Fluids must only be used at temperatures above their lowest operational use temperature (LOUT).
2) To be applied before first step fluid freezes, typically within 3 minutes.

3) Clean aircraft may be anti-iced with unheated Type Il. IIl, or [V fluid.

NOTES:

e For heated fluids, a fluid temperature not less than 60 °C (140 °F) at the nozzle is desirable. Upper temperature limit shall not
exceed fluid and aircraft manufacturers’ recommendations.

*  The lowest operational use temperature (LOUT) for a given Type Il llI, or IV fluid is the higher of:
a) The lowest temperature at which the fluid meets the aerodynamic acceptance test for a given aircraft type, or

b) The actual freezing point of the fluid plus a freezing point buffer of 7°C (13°F).
CAUTIONS:

e Wing skin temperatures may differ and in some cases may be lower than OAT. A stronger mix (more glycol) can be used under

these conditions.

e Asfluid freezing may occur, 50/50 Types Il lll, or IV fluid shall not be used for the anti-icing step of a cold-soaked
wing as indicated by frost or ice on the lower surface of the wing in the area of the fuel tank.

e An insufficient amount of anti-icing fluid, especially in the second step of a two-step procedure, may cause a substantial loss

of holdover time, particularly when using a Type | fluid mixture for the first step (deicing) of a two-step procedure.

e Repeated deicing/anti-icing with heated thickened fluids without the frequent use of Type | fluid/water mixtures for deicing can

lead to the buildup of residue which can re-hydrate and freeze on control surfaces, hinges, and associated actuators during
flight and restrict movement of these devices, leading to an unsafe condition. If repeated deicing/anti-icing with heated
thickened fluids occurs, periodic inspections and removal of residue in accordance with the aircraft manufacturers
instructions and procedures should be followed.
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APPENDIX F

2011-2012 Holdover Times Tables 8/29/11
TABLE 6. LOWEST ON-WING VISCOSITY VALUES FOR ANTI-ICING FLUIDS
(See Page 40 for Table 6 Notes)
Table 6-1: Type Il Anti-lcing Fluids
LOWEST ON-WING VISCOSITY ?
{mPa.s)
FLUID NAME FLUID DILUTION
MANUFACTURER AIR 9968 REVISION A
METHOD METHOD
e g
ABAX (SPCA) Ecowing 100/0 4,900 4,500
26 75125 2,200 2,200
50/50 50° 50°
c ]
Aviation Shaanxi 2000 2650 = 4500 =
High-Tech Cleanwing || 7525 9,420 10,000
50/50 10,150 ° 10,200 9
: . 100/0 5,500° 57509
C'a”anztoszzfz"ggg WE I 75/25 10,000 ° 10,000 9
50/50 3,000° 3,2509
: : 100/0 3,340 ¢ 3,340°9
Gelariant ?:a;if:mmg M 75/25 12,900 12,900’
50/50 11,500 ¢ 11,500 ¢
b
Clariant Safewing MP Il 100/0 2,200 21509
1951 75/25 2.900 3.0004q
50/50 50° 50g
100/0 2,500°¢ 2,500’
Kilfrost ABC-3 75125 2,000° 2,000
50/50 400 © 400
100/0 2350° 23509
Kilfrost ABC-2000 75/25 3,000 ¢ 3,000
50/50 1,000 ¢ 1.000'
100/0 2,850 °¢ 2.640°
Kilfrost ABC-K Plus 75/25 12.650 © 12.650 ©
50/50 4.200° 5260 ¢
. 100/0 7.000° 8920°9
Newa"eFPg\;‘_’ghem'ca' 75/25 18,550 © 18,550 ©
50/50 6,750 ¢ 7,030°
100/0 13,5201 13,5209
Octagon E Max |l 75125 11,400° 11,4009
50/50 2,820°9 2,8209
Table 6-2: Type Ill Anti-lcing Fluids
LOWEST ON-WING VISCOSITY ®
FLUID NAME FLUID DILUTION U ABTONER (mPa.s)
METHOD AIR 9968 REVISION A METHOD
h T
Clariant Safewing MP 172[?2/2 gg m sot Qpp:!cag:e
Il 2031 ECO - ol Applicable
50/50 10 Not Applicable
38
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APPENDIX F

2011-2012 Holdover Times Tables 8/29/11
Table 6-3 Type IV Anti-lcing Fluids
Fiilis LOowEST ON-WING VISCOSITY * (mPa.s)
FLuID NAME BILUTION SAE AIR 9968
MANUFACTURER METHOD REVISION A METHOD
ABAX 100/0 15,200 ° 12,800 °
AD-480 75/25 16,000 ® 12.400°¢
50/50 4,000 3,800 gg
. 100/0 12,150 11,000
AEAL. oY 75/25 30,700" 32,350
50/50 19,450 ¢ 21,150
Clariant Safewing 100 18’000: 18,000 °
MP IV 2001 75/25 8,000 11,500 ¢
50/50 1,200° 1,750 ¢
Clariant Safewing 100 750 /5502
MP IV Launch 75125 18,000° 18,000°
50/50 17,800° 17,800°
100/0 32,1007 36,300
Cryotech Polar Guard 25175 24,2007 27.800"
50/50 6,200™ 7,500 ¢
100/0 4,400 " 4,050 ¢
Cryotech Polar Guard ™=5/25 11,600 9,750°
7000 N 000"
B ULCJI’_"TRRQEF’AAF 75125 Dilution Not Applicable Dilution Not Applicable
50/50 Dilution Not Applicable Dilution Not Applicable
100/0 24,850° 2,230¢
Dow UCEA;%gd”ram 7525 Dilution Not Applicable Dilution Not Applicable
50/50 Dilution Not Applicable Dilution Not Applicable
e c
T 100/0 15,200e 12,800c
FlightGuard AD-480 | —/9/25 15,000 12,400
1000 50" R
Flightouard D49 |_75125 30,700 32,350
50/50 19,450 ¢ 21,150
100/0 18,400 18,400 °
Kilfrost ABC-4 SUSTAN 75/25 15,400 15,400 ©
50/50 4,700 ° 5,050 ¢
100/0 17,000 ¢ 17,000 °
Kilfrost ABC-S 75/25 12,000 ¢ 12,000 ¢
50/50 2,000 ° 2,000
100/0 17,900° 17,900°
Kilfrost ABC-S PLUS 75125 18.300°¢ 18.300°
50/50 7.500°¢ 7,500’

FOOTNOTES A-N are located on page 40
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APPENDIX F

2011-2012 Holdover Times Tables 8/29/11

Table 6-3 Type IV Anti-lcing Fluids (Continued
100/0 23,150 28,000 °
Lyondell Arctic Shield 75/25 21,7001 22.100 ©
50/50 6,400’ 7.640°9
Octagon 100/0 5,540 ¢ 5,540°9
Max-Flight 04 75/25 15,000 ° 15,000 ¢
50/50 5,200°9 5,200°

FOOTNOTES

A. The SAE Aerospace Information Report (AIR) 9968 Revision A (December 2004) viscosity method should only be used for field
verification and auditing purposes; when in doubt as to which method is appropriate, use the manufacturer method.

B. Brookfield Spindle SC4-34/13R, small sample adapter, 10 mL of fluid, at 20°C, 0.3 rpm, for 15 minutes 0 seconds.
C. Brookfield Spindle LY2-disc with guard leg, 150 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes 0 seconds.

D. Brookfield Spindle LV1 with guard leg, 500 mL of fluid, at 20°C, 0.3 rpm, for 33 minutes 20 seconds.

E. Brookfield Spindle SC4-34/13R, small sample adapter, 10 mL of fluid, at 20°C, 0.3 rpm, for 30 minutes O seconds.
F Brookfield Spindle SC4-31/13R, small sample adapter, 10 mL of fluid, at 0°C, 0.3 rpm, for 10 minutes O seconds.
G. Brookfield Spindle LV1 with guard leg, 500 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes O seconds.

H.. Brookfield Spindle LVO, UL-Adapter, 16 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes O seconds.

1. Brookfield Spindle SC4-31/13R, small sample adapter, 9 mL of fluid, at 20°C, 0.3 rpm, for 33 minutes O seconds.

J. Brookfield Spindle LV1 with guard leg, 150 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes O seconds

K. Brookfield Spindle SC4-31/13R, small sample adapter, 10 mL of fluid, at 20°C, 0.3 rpm, for 10 minutes O seconds
L. Brookfield Spindle LV-2 disc with guard leg, 500 mL of fluid at 20°C, 0.3 rpm, for 10 minutes 0 seconds.

M. Brookfield Spindle SC4-31/13R, small sample adapter, 9ml of fluid at 20°C, 0.3 rpm for 10 minutes 0 seconds.

N. Brookfield Spindle SC4-34/13R, small sample adapter, 10mL of fluid at 20°C, 0.3 rpm, for 10 minutes 0 seconds.
SIGNIFICANCE OF TABLE 6. The viscosity values of the fluids in Table 6 are those provided by the fluid manufacturers for holdover

time testing. For the holdover time guidelines to be valid, the viscosity of the fluid on the wing shall not be lower than that listed in this
table. The user should periodically ensure that the viscosity of a fluid sample taken from the wing is not lower than the value listed here.
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APPENDIX F

2011-2012 Holdover Times Tables

8/29/11

TABLE 7. LOWEST OPERATIONAL USE TEMPERATURES" OF ANTI-ICING FLUIDS (2011-2012)

TABLE 7-1: Type | Anti-lcing Fluids

LowEST OPERATIONAL USE TEMPERATURES WITH DILUTION PER CENT
FLUIDAWATER AT LOUT IN PARENTHESIS

FLUID NAME Low SPEED AERODYNAMIC TEST HiGH SPEED AERODYNAMIC TEST
DEGREES DEGREES DEGREES DEGREES
CELsIUS FAHRENHEIT CELsIUs FAHRENHEIT
ABAX DE-950 Not tested® Not tested® 24 (60/40) -11.2 (60/40)
ABAX DE-950 Colorless Not tested® Not tested? -24 (60/40) -11.2 (60/40)
Arcton Arctica DG ready-to-use sth?pl(iii!) sL?:Sl(e?js) s-uzp?pl(izsd) Slésléads)
Aviation Shaanxi Hi-Tech Cleanwing | Not tested? Not tested? -39 (75/25) -38.2 (75/25)4
Aviation Xi'an Hi-Tech KHF-1 Not tested® Not tested? -38 (75/20) -36.4 (75/25)4

Batelle D*: Degradable by Design™
ADF1006A

Not available®

Not available?

Not available?

Not available?

Beijing Phoenix Air Traffic CBSX-1

Not tested®

Not Tested®

-26 (75/25)

-14.8 (75/25*

Beijing Wangye Aviation Chemical KLA-1

Not available?

Not available?

Not available?

Not available?

Beijing Wangye Aviation Chemical YJF-1

Not available?

Not available®

Not available?

Not available®

Clariant Safewing EG | 1996 -35.5 (75/25) -31.9 (75/25) -43 (75/25) -45.4 (75/25)
Clariant Safewing EG | 1996 (88) -39.5 (70/30) -39.1 (70/30) -44 (70/30) -47.2 (70/30)
Clariant Safewing MP | 1838 ECO -25.5 (65/35) -13.9 (65/35) -32 (65/35) -25.6 (65/35)
Clariant Safewing MP | 1838 ECO (80) -25 (71/29) -13 (71/29) -32.5 (71/29) -26.5 (71/29)
Caran s M 0E0E) | s | nwsed | o | 22
Clariant Safewing MP | 1938 TF -26.5 (71/29) -15.7 (71/29) Not available? Not available®
Clariant Safewing MP | 193.8 TF Pre_Mix Not available? Not available? -29.5las -21.1 as
60% i.e. ready-to-use (multiple location) supplied supplied
Clariant Safewing MP | ECO PLUS (80) -25 (71/29) -13 (71/29) -33 (71/29) -27.4 (71/29)

Chemical Specialists Prist Wing De-lcer

Not available?

Not available?

Not available?

Not available?

Cryotech Polar Plus -27 (63/37) -16.6 (63/37) -32 (63/37) -25.6 (63/37)
Dow UCAR™ ADF X154 -33 (_as —27.4_(as -33 (_as —27.4_(as
supplied) supplied) supplied) supplied)
Dow UCAR™ Alrcrait Deicing Fluid 365 (75/25) | -387 (75/25) | -45(75/25) | -49 (75/25)
oncentrate
Dow UCAR™ PG ADF Dilute 55/45 -24 (as LB o s 13 e
supplied) supplied) supplied) supplied)

See next page for additional Type | fluids

FOOTNOTES 1-3 are located on page 42
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APPENDIX F

2011-2012 Holdover Times Tables 8/29/11
Table 7-1 Continued: Type | Anti-Icing Fluids (cont’d)
LowEST OPERATIONAL USE TEMPERATURES WITH DILUTION PER CENT
FLUIDAWATER AT LOUT IN PARENTHESIS
FLUID NAME Low SPEED AERODYNAMIC TEST HiGH SPEED AERODYNAMIC TEST
DEGREES DEGREES DEGREES DEGREES

CELSIUS FAHRENHEIT CELSIUS FAHRENHEIT

Dow UCAR'™ PG Alraraft Deicing FlLid 05 (65/35) 13 (65/35) 32 (65/35) | -25.6 (65/35)

Harbin Aeroclean Aviation HJF-1 Not tested® Not tested? -35 (60/40) -31 (60/40)
HOC SafeTemp | ES Not tested® Not tested? -23.5 (55/45) -10.3 (55/45)
HOC SafeTemp ES Plus Not tested?® Not tested? -29 (65/35) -20.2 (65/35)
Kilfrost DF Plus -24 (69/31) -11.2 (69/31) -32 (69/31) -25.6 (69/31)
Kilfrost DF Plus (80) 235(6931) | 103 (69/31) | -31.5(69/31) | -24.7 (69/31)
Kilfrost DF Plus (88) -24 (63/37) -11.2 (63/37) -32 (63/37) -25.6 (63/37)

Kilfrost DFS-stain -36 (68/32) -32.8 (68/32) | -41.5(68/32) -43 (68/32)
Lyondell ARCOPIus -13 (63/37) 8.6 (63/37) 27.4(63/37) | -17.3 (63/37)
Newave FCY-1A -34 (75/25) -29.2 (75/25) | -34.5(75/25) | -30.1(75/25)
Octagon EcoFlo Concentrate -27 (60/40) -16.6 (60/40) | -30.5(65/35) | -22.9 (65/35)
Octagon EcoFlo 2 Concentrate Not tested® Not tested® -29 (65/3%) -20.2 (65/35)
Octagon Cetaflo EF Concentrate -25 (65/35) 13 (65/35) -33 (65/35) -27.4 (65/35)
Octagon Cctaflo EF-80 Concentrate -25 (70/30) 13 (70/30) -33 (70/30) -27.4 (70/30)
Octagon Cetaflo EG Concentrate -40.5 (70/30) | -40.9 (70/30) -44 (70/30) -47.2 (70/30)

FOOTNOTES

available.

CAUTION:
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1. The lowest operational use temperature (LOUT) for a given fluid is the warmer of:
a) The lowest temperature at which the fluid meets the low and/or high speed aerodynamic acceptance test, or

b) The actual freezing point of the fluid plus its freezing point buffer of 10°C (18°F).

The values in this table were provided by the fluid manufacturer and were determined using pre-production fluid samples when

3. Manufacturer has indicated fluid was not tested. Consult with the fluid manufacturer for further guidance..

* Fluids supplied in concentrated form must not be used in that form and must be diluted.

2. Manufacturer has not provided LOUT information at the time of this publication. Contact the fluid manufacturer or use another fluid.

o | OUT data provided in this table is based on the manufacturer’s data. In case of discrepancies between the values
in this table and the fluid manufacturer's data, use the manufacturer’s data.

¢ For the fluids in the table that are intended to be diluted, the LOUT is derived from a dilution that provides the lowest
possible operational use temperature. For other dilutions, determine the freezing point of the fluid and add a 10°C
(18°F) freezing point buffer, as this will usually yield a higher (warmer) and more restrictive operational use
temperature. Consult the fluid manufacturer or fluid documentation for further clarification and guidance on
establishing the appropriate operational use of a diluted fluid.
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Table 7-2: Type Il (100/0) Anti-lcing Fluids
LowEST OPERATIONAL USE
TEMPERATURES
FLUID NAME HicH SPEED AERODYNAMIC TEST
DEGREES CELSIUS F?js:NE'f;T

ABAX Ecowing 26 -25 -13
Aviation Shaanxi Hi-Tech Cleanwing || -29 -20.2
Clariant Safewing MP [l 1951 -28 -18.4
Clariant Safewing MP 1| 2025 ECO -27.5 -17.5
Clariant Safewing MP Il Flight -29 -20.2
Kilfrost ABC-3 -27 -16.6
Kilfrost ABC-2000 -28 -18.4
Kilfrost ABC-K Plus -29 -20.2
Newave Aerochemical FCY-2 -28 -18.4
Qctagon E Max |l -27 -16.6

Table 7-3: Type Il {100/0} Anti-icing Fluids

LowEST OPERATIONAL USE TEMPERATURES

FLUID NAME Low SPEED AERODYNAMIC TEST HicH SPEED AERODYNAMIC TEST
DEGREES DEGREES
DeGREES CELSIUS FaIRERET DeGREES CELSIUS EREREER
Clariant Safewing MP [Il 2031 -165 23 -29 -20.2

FOOTNOTES
1. The lowest operational use temperature (LOUT) for a given fluid is the warmer of:
a) The lowest temperature at which the fluid meets the low and/or high speed aerodynamic acceptance test; or
b) The actual freezing point of the fluid plus its freezing point buffer of 10°C (18°F).
The values in this table were provided by the fluid manufacturer and were determined using pre-production fluid
samples when available.

2. Manufacturer has not provided LOUT information at the time of this publication. Contact the fluid manufacturer or use
another fluid.

3. Manufacturer has indicated fluid was not tested. Consult with the fluid manufacturer for further guidance.

CAUTION: LOUT data provided in this table is based on the manufacturer’s data. In case of discrepancies between the
values in this table and the fluid manufacturer’s data, use the manufacturer's data.
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Table 7-4: Type IV (100/0) Anti-Icing Fluids
LowesT OPERATIONAL USE
TEMPERATURES
FLuiD NamE HicH SPEED AERODYNAMIC TEST
DEGREES CELSIUS Fi)lfs:NE'f;T
ABAX AD-480 -26 -14.8
ABAX Ecowing AD-49 -26 -14.8
Clariant Safewing MP [V 2001 -29.5 211
Clariant Safewing MP |V LAUNCH -28.5 -19.3
Cryotech Polar Guard -23.5 -10.3
Cryotech Polar Guard Advance -30.5 -22.9
Dow UCAR™ ADF/AAF ULTRA+ -24 -11.2
™

DerAnticing Fud 27 166
Dow UCAR™ FlightGuard AD-480 -26 -14.8
Dow UCAR™ FlightGuard AD-49 -26 -14.8
Kilfrost ABC-4°"" -29 -20.2
Kilfrost ABC-S -28 -18.4
Kilfrost ABC-S PLUS -28 -18.4
Lyondell ARCTIC Shield™ 245 -121
Octagon Max-Flight 04 -26.5 -15.7

FOOTNOTES
1. The lowest operational use temperature (LOUT) for a given fluid is the warmer of:
a) The lowest temperature at which the fluid meets the low and/or high speed aerodynamic acceptance test; or
b) The actual freezing point of the fluid plus its freezing point buffer of 10°C (18°F).
The values in this table were provided by the fluid manufacturer and were determined using pre-preduction fluid
samples when available.

2. Manufacturer has not provided LOUT information at the time of this publication. Contact the fluid manufacturer or use
another fluid.

3. Manufacturer has indicated fluid was not tested. Consult with the fluid manufacturer for further guidance.

CAUTION: LOUT data provided in this table is based on the manufacturer’s data. In case of discrepancies between the
values in this table and the fluid manufacturer's data, use the manufacturer's data.
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TABLE 8. LIST OF FLUIDS TESTED FOR ANTI-ICING PERFORMANCE AND AERODYNAMIC

Company Name

Fluid Name

ABAX Industries (formerly SPCA)

ABAX DE-950

ABAX Industries (formerly SPCA)

ABAX DE-950 Colorless

Arcton Ltd.

Arctica DG Ready to Use

Aviation Shaanxi High-Tech Physical Co. Ltd.

Cleanwing |

Aviation Xi'an High-Tech

KHF-1

Battelle

D®: Degradable by Design Deicer™ ADF 1006A

Beijing Phoenix Air Traffic Product
Development and Trading Co.

CBSX-1

Beijing Wangye Aviation Chem. Prod. Co.

KLA-1

Beijing Wangye Aviation Chem. Prod. Co

YJF-1

Chemical Specialists and Development

Prist Wing Deicer

Clariant GmbH

Safewing MP| 1938 TF

Clariant GmbH Safewing MPI 1838 TF Pre-mix 60%
Clariant GmbH Safewing MP | 1938 ECO (80)

Clariant GmbH Safewing MP | 1938 ECO (80) Pre-mix 55%
Clariant GmbH Safewing MP | 1938 ECO

Clariant GmbH Safewing EG | 1996

Clariant GmbH Safewing EG | 1996 (88)

Clariant GmbH Safewing MP | ECO PLUS (80)

Cryotech Deicing Technology

Polar Plus

Dow Chemical Company

UCAR™ ADF Concentrate

Dow Chemical Company

UCAR™ ADF XL-54

Dow Chemical Company

UCAR PG ADF Concentrate

Dow Chemical Company

UCAR™ PG ADF Dilute 55/45

Harbin Aeroclean Aviation Tech Co. Ltd.

HJF-1

HOC Industries

SafeTemp | ES

HOC Industries

SafeTemp | ES Plus

Kilfrost Kilfrost DF PLUS

Kilfrost Kilfrost DF PLUS (80)

Kilfrost Kilfrost DF PLUS (88)°

Kilfrost Kilfrost DFSUSTAM ™

Lyondell Chemical Company ARCOPIus®

Newave Aerochemical Company FCY-1A

Octagon Process EcoFlo

Octagon Process EcoFlo 2

Octagon Process Octaflo EF

Octagon Process Octaflo EF-80

Octagon Process Octaflo EG
FOOTNOTES 1-2 are located on page 47
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TABLE 8. CONTINUED. LIST OF FLUIDS TESTED FOR ANTI-ICING PERFORMANCE AND
AERODYNAMIC ACCEPTANCE-WINTER 2011-2012

Type |l Deicing/Anti-Icing Fluids?

Company Name

Fluid Name

ABAX Industries

ABAX Ecowing 26

Aviation Shaanxi Hi-Tech Physical Chemical
Co. Ltd.

Cleanwing 1|

Clariant GmbH Safewing MP Il 1951
Clariant GmbH Safewing MP 11 2025 ECO
Clariant GmbH Safewing MP Il Flight
Kilfrost Kilfrost ABC-3

Kilfrost Kilfrost ABC-2000

Kilfrost Kilfrost ABC-K PLUS
Newave Aerochemical Technology FCY-2

Octagon Process E-Max

Type lll Deicing/Anti-Icing Fluids®

Company Name

Fluid Name

Clariant GmbH

Safewing MP Il 2031 ECO

Type IV Deicin

IAnti-Icing Fluids®

Company Name

Fluid Name

ABAX Industries

ABAX AD-480

ABAX Industries

ABAX Ecowing AD-49

Clariant GmbH

Safewing MP IV 2001

Clariant GmbH

Safewing MP IV Launch

Cryotech Deicing Technology

Polar Guard

Cryotech Deicing Technology

Polar Guard Advance

Dow Chemical Company

UCAR™ ADF/AAF ULTRA+

Dow Chemical Company

UCAR" Endurance EG106

Dow Chemical Company

UCAR" FlightGuard AD-480

Dow Chemical Company

UCAR" FlightGuard AD-49

Kilfrost Kilfrost ABC-4 SUSTAN
Kilfrost Kilfrost ABC-S
Kilfrost Kilfrost ABC-S Plus

Lyondell Chemical Company

ARCTIC Shield™

Octagon Process

Max-Flight 04

FOOTNOTES 1-2 are located on page 47
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FOOTNOTES
1. This table lists fluids that conform to anti-icing performance requirements according to SAE AMS 1424, Paragraph
3.5.2 and have demonstrated acceptable aerodynamic performance according to SAE AMS 1424, Paragraph 3.5.3 by
the Anti-Icing Materials International Laboratory at the University of Quebec at Chicoutimi, Canada, web site:
http://www.ugac.ca/amil/index.htm. The end user is responsible for confirming that other SAE AMS 1424 technical
requirement tests, such as materials compatibility, and stability, etc, have been performed by contacting the fluid
manufacturer.

2. This table lists Types Il, lll, or IV fluids that conform to anti-icing performance requirements according to SAE AMS
1428, Paragraph 3.2.4 and have demonstrated acceptable aerodynamic performance according to SAE AMS 1428,
Paragraph 3.2.5. The end user is responsible for confirming that other SAE AMS 1428 technical requirement tests,
such as materials compatibility, and stability, etc, have been performed by contacting the fluid manufacturer.
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ICE PELLET ALLOWANCE TIMES
2011-2012

1. Background: During the winter of 2006-2007, operations in ice pellets were approved for “light ice pellets”
with an allowance time of 25 minutes. That time was based on limited research conducted late in the winter of
2005-2006 at the request of various industry groups. Additional and more comprehensive ice pellet research
was conducted jointly by the research teams of the FAA and Transport Canada during the 2007-2008 winter
season. This research consisted of extensive climatic chamber and wind tunnel testing with ice pellets (light and
moderate) and light ice pellets mixed with other forms of precipitation. Additionally, Type IV anti-icing fluid
with ice pellets embedded was evaluated for its aging qualities over periods of time beyond the allowance times,
when the active precipitation time was limited to the allowance times. Results of this research provide the basis
for extended allowance times for operations in light ice pellets, as well as allowance times for operations in
moderate ice pellets and light ice pellets mixed with other forms of precipitation. Additional ice pellet research
was conducted during the winter season of 2008-2009 which further expanded the ice pellet allowance times
under specified conditions. Guidance was also provided for Type IV anti-icing fluid with embedded ice pellets
“aged” beyond its allowance time when the precipitation stops at or prior to the expiration of the allowance
time.

During the winter of 2009-2010, wind tunnel research conducted with a newer generation type airfoil showed
that Propylene Glycol (PG) and Ethylene Glycol (EG) fluids behave differently under certain temperature and
ice pellet conditions. Specifically, higher aircraft rotation speeds are required to effectively remove PG fluid
contaminated with light or moderate ice pellets at temperatures less than -10°C. Therefore, there are no
allowance times associated with the use of PG fluids on aircraft with rotation speeds of less than 115 knots in
conditions of light or moderate ice pellets at temperatures below -10°C.

Furthermore, research with this newer generation type airfoil has shown that the allowance times are shorter
when using PG fluids under certain conditions for all aircraft regardless of the rotation speed. This research
resulted in the allowance time when using PG fluids at temperatures of -5°C and above being limited to

15 minutes in moderate ice pellets

2. Operations in Light and Moderate Ice Pellets and Light Ice Pellets mixed with other forms of
precipitation.

A. Tests have shown that ice pellets generally remain in the frozen state imbedded in Type IV anti-icing
fluid, and are not absorbed by the fluid in the same manner as other forms of precipitation. Using current
guidelines for determining anti-icing fluid failure, the presence of a contaminant not absorbed by the fluid
(remaining imbedded) would be an indication that the fluid has failed. These imbedded ice pellets are generally
not readily detectable by the human eye during pre-takeoff contamination check procedures. Therefore, a visual
pre-takeoff contamination check in ice pellet conditions may not be of value and is not required.

B. The research data have also shown that after proper deicing and anti-icing, the accumulation of light ice
pellets moderate ice pellets, and ice pellets mixed with other forms of precipitation in Type IV fluid will not
prevent the fluid from flowing off the acrodynamic surfaces during takeoff except as noted above. This flow off
due to the shearing forces occurs with rotation speeds consistent with Type IV anti-icing fluid recommended
applications, and up to the applicable allowance time listed in Table 9 below. These allowance times are from
the start of the Type IV anti-icing fluid application. Additionally, if the ice pellet condition stops, and the
allowance time has not been exceeded, and the OAT has remained constant or increased from the temperature
on which the allowance time was based, the operator is permitted to consider the Type IV anti-icing fluid
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effective without any further action up to 90 minutes after the start of the application time of the Type IV anti-
icing fluid.

Examples:

1) Type IV anti-icing fluid is applied with a start of application time of 10:00, OAT is 0°C, light ice
pellets fall until 10:20 and stop and do not restart. The allowance time stops at 10:50; however, provided that
the OAT remains constant or increases and that no precipitation restarts after the allowance time of 10:50 the
aircraft may takeoff without any further action up to 11:30.

2) Type IV anti-icing fluid is applied with a start of application time of 10:00, OAT is 0’c, light ice
pellets mixed with freezing drizzle falls until 10:10 and stops and restarts at 10:15 and stops at 10:20. The
allowance time stops at 10:25, however provided that the OAT remains constant or increases and that no

precipitation restarts after the allowance time of 10:25, the aircraft may takeoff without any further action up to
11:30.

3) On the other hand, if Type IV anti-icing fluid is applied with a start of application time of 10:00,
OAT is 0°C, light ice pellets mixed with freezing drizzle falls until 10:10 and stops and restarts at 10:30 with
the allowance time stopping at 10:25 the aircraft may not takeoff, no matter how short the time or type of
precipitation after 10:25, without being deiced and anti-iced if precipitation is present.

C. Operators with a deicing program approved in accordance with Title 14 of the Code of Federal
Regulations (14 CFR) part 121, section 121.629, will be allowed, in the specified ice pellet conditions and
corresponding outside air temperatures (OAT) listed in Table-1, up to the specific allowance time listed in
Table-1 after the start of the anti-icing fluid application to commence the takeoff with the following restrictions:

1) The aircraft critical surfaces must be free of contaminants before applying Type [V anti-icing fluid.
If not, the aircraft must be properly deiced and checked to be free of contaminants before the application of
Type IV anti-icing fluid.

2) The allowance time is valid only if the aircraft is anti-iced with undiluted Type IV fluid.

3) Due to the shearing qualities of Type IV fluids with imbedded ice pellets, this allowance is limited
to aircraft with a rotation speed of 100 knots or greater or 115 knots as indicated in the Ice Pellet Allowance
Table below.

4) Ifthe takeoff is not accomplished within the applicable allowance time in Table-1, the aircraft must
be completely deiced, and if precipitation is still present, anti-iced again prior to a subsequent takeoff. If the
precipitation stops at or before the time limits of the applicable allowance time in Table-1 and does not restart,
the aircraft may takeoff up to 90 minutes after the start of the application of the Type IV anti-icing fluid
provided the temperature on which the allowance time was based remains constant or increases.

5) A pre-takeoff contamination check is not required. The allowance time cannot be extended by an
internal or external check of the aircraft critical surfaces.

6) Ifice pellet precipitation becomes heavier than moderate or if the light ice pellets mixed with other
forms of allowable precipitation exceeds the listed intensities or temperature range, the allowance time cannot
be used.

7) If the temperature decreases below the temperature on which the allowance time was based,
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a). And the new lower temperature has an associated allowance time for the precipitation condition

and the present time is within the new allowance time, then that new time must be used as the allowance time

b). And the allowance time has expired (within the 90 minute post anti-icing window if the

TABLE 9. ICE PELLET ALLOWANCE TIMES 2011 - 2012

precipitation has stopped within the allowance time), the aircraft may not takeoff and must be completely
deiced and, if applicable, anti-iced before a subsequent takeoff.

OAT -5°C and | OAT less than | OAT less than
above -5°C to -10°C -10°C

Light Ice Pellets 50 minutes 30 minutes 30 minutes'
Moderate Ice Pellets 25 minutes? 10 minutes 10 minutes’
Light Ice PeIIets: Mixet_j with Light or S e P iinuies
Moderate Freezing Drizzle
Light _Ice Pel_lets Mixed with Light 58 minutes {Bmintfes
Freezing Rain

. - - - Caution: No
Ililg'ht Ice Pellets Mixed with Light 55 wiitiae alleurrcs

ain "

- - - times
Light Ice Pellets Mixed with 5 minutes* currently exist
Moderate Rain
Iélght Ice Pellets Mixed with Light 55 minutes 15 minutes

now
Light Ice Pellets Mixed with $8 trinioles
Moderate Snow

1.

FOOTNOTES

No allowance times exist for propylene glycol (PG) fluids when used on aircraft with rotation speeds less than 115
knots. (For these aircraft, if the fluid type is not known, assume zero allowance time).

Allowance time is 15 minutes for propylene glycol (PG) fluids, or when the fluid type is unknown.

No allowance times exist for this condition for temperatures below 0 °C; consider use of light ice pellets mixed

with light freezing rain.

No allowance times exist in this condition for temperatures below 0 °C
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Operations in Heavy Snow 2011-2012 (No Change from 2010-2011 Guidance)

1. Tactile and Visual Checks of Aireraft. No holdover times (HOT) exist for heavy snow conditions in the
current HOT tables. Review of existing data from past testing has indicated takeoffs may be safely conducted
with proper tactile and/or visual checks, as appropriate for the aircraft, and a determination that the fluid has not
failed. A tactile and/or visual check in heavy snow conditions must be accomplished in a manner that provides
an assessment that can be accurately accomplished. It is imperative that the tactile and/or visual check
procedures to determine if the anti-icing fluid has failed in heavy snow conditions be at least as comprehensive
as the authorized procedures for the operator’s pretakeoff contamination check (when HO'Ts have been
exceeded) for those precipitation conditions for which HOTs exist. Anti-icing fluids dissolve the snow and
absorb the resulting moisture into the fluid. When the fluid begins to fail it starts to change in appearance (e.g.,
less glossy and more opaque) and the snow starts to accumulate on and in the fluid. At this stage, the fluid has
failed and takeoff is not authorized. If the operator’s procedure to accomplish this check is different from the
operator’s approved pretakeoff contamination check procedures for other precipitation conditions, this check
procedure must be verified and approved by the operator’s principal operations inspector (POI).

2. Takeoffin Heavy Snow Conditions. Operators with a deicing program approved in accordance with
§ 121.629, will be allowed to takeoff in heavy snow conditions subject to the following restrictions:

1) The aircraft must be anti-iced with undiluted Type IV fluid.

2) The aircraft critical surfaces must be free of contaminants, or the aircraft be properly deiced before the
application of the anti-icing fluid.

3) When appropriate, the operator must accomplish an approved tactile and/or visual check of the aircraft
critical surfaces within 5 minutes of takeoff.

4) If this check is accomplished visually from within the aircraft, the view must be such that it is not
obscured by de/anti-icing fluid, dirt, or fogging. If the critical surfaces cannot be seen due to snowfall,
distance from the viewing position, or inadequate lighting, or for any other reason, the check must be a
visual or tactile check conducted from outside the aircraft.

5) If a definitive fluid failure determination cannot be made using the checks prescribed, takeoff is not
authorized. The aircraft must be completely deiced, and if precipitation is still present, anti-iced again
before a subsequent takeoft.

Note: Current aircraft certification standards only require testing of flight instrument sensing devices
and engine anti-icing systems in moderate snow levels. Ground operations in heavy snow conditions
may exceed the capabilities or limitations of these system and devices to adequately provide anti-icing,
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