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Aviation Inc.

August 24, 2007
Dear Sir/Madam:
RE: ACRP Survey on Optimizing the Use of Aircraft Deicing and Anti-Icing Fluids

APS Aviation Inc., under the Airport Cooperative Research Program (ACRP), is conducting Project 10-01,
“Optimizing the Use of Aircraft Deicing and Anti-Icing Fluids.” The objectives of this project include:

e Identifying procedures and technologies that can optimize the use of aircraft deicing and anti-
icing fluids (ADAFs) while assuring safe aircraft operations in deicing and anti-icing conditions,
thus reducing the environmental impact of ADAFs; and

e Conducting research to validate the effectiveness of promising procedures and technologies.

Task 1 of this project includes identifying optimization procedures and technologies, and prioritizing these
procedures and technologies for further research and study. The enclosed questionnaire is intended to gain
industry insights and feedback on the procedures and technologies that have been identified, and to
determine the criteria that are important for selecting which procedures and technologies will be chosen
for further study.

The questionnaire has been sent to air carriers, air operators, deicing service providers, deicing equipment
manufacturers, airframe manufacturers, aircraft deicing and anti-icing fluid manufacturers, regulators,
airport authorities, airport environmental personnel and ACRP 10-01 panel members.

We realize that the individuals selected to participate in this survey have very busy schedules; how ever,
your individual feedback is important, as your experience and knowledge are unique, and your feedback
will help determine the direction of study in this field. Therefore, we sincerely appreciate you taking the
time to complete this survey.

Sincerely,

Stephanie Bendickson
Project Analyst

TEL: +1 514-878-4388 = \
FAX: +1 514-861-6310 6700 Céte-de-Liesse, Suite 105 1SO 9001:2000
N——

www.apsaviation.ca Montréal (St-Laurent), Québec HAT 2B5 CANADA




Figure E-1: Focus Group Survey (Cover Letter)
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1. Which of the following criteria would you consider to be MORE important when determining which
optimization procedures/technologies should be researched/developed? Note: Description of criteria are provided
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2. Arethere any criteria that should be considered that have not been included in the list above?





Figure E-1 (cont’d): Focus Group Survey (Page 1)

[image: image3.jpg]3. How useful would the following procedures/technologies be in optimizing the use of aircraft de/anti-icing
fluids in operations if they were available? Note: descriptions of eachprocedure/technology are provided on page 5.

a. Blowers and/or other mechanical means to [ Notuseful — []Somewhatuseful [ Very useful
remove dry contamination

b. Deicing-only fluid buffer reduction [ Notuseful [JSomewhatuseful [ Very useful
c. First-step deicing fluid buffer reduction [ Notuseful [JSomewhatuseful [ Very useful
d. Fluids applied before the start of [ Notuseful [JSomewhatuseful [ Very useful
precipitation to prevent bonding
e. Forced air used to remove contamination [ Notuseful [JSomewhatuseful [ Very useful
f Implementation of holdover time [ Notuseful [JSomewhatuseful [ Very useful
determination systems
g. Non-glycol freeze point depressant fluids [ Notuseful [JSomewhatuseful [ Very useful
h. Point detection sensors to indicate fluid [ Notuseful [JSomewhatuseful [ Very useful
condition and contamination on aircraft
surfaces
i. Remote ice detection sensors to scan aircraft [ Notuseful ~ []Somewhatuseful =[] Very useful

critical surfaces before departure runway
j. Spot deicing for frost [ Notuseful [JSomewhatuseful [ Very useful
k. Spray-and-go deicing [ Notuseful [JSomewhatuseful [ Very useful

1. Tempered steam as a non-glycol gate deicing [ Notuseful [JSomewhatuseful [ Very useful
or pre-deicing tool

m. Threshold deicing [ Notuseful [JSomewhatuseful [ Very useful
n. Type III fluids [ Notuseful [JSomewhatuseful [ Very useful
0. Use of 10°C Type I buffer [ Notuseful — []Somewhatuseful [ Very useful
p. Use of anti-icing fluid dilutions [ Notuseful [JSomewhatuseful [ Very useful
q. Use of infrared deicing technology [ Notuseful [JSomewhatuseful [ Very useful
1. Use of weather forecasting products for [ Notuseful ~ []Somewhatuseful =[] Very useful

deicing process

4. As part of the Airport Cooperative Research Program, the Transportation Research Board will support
research of several de/anti-icing optimization procedures/technologies. Of the 18 optimization
procedures/technologies listed in Question 3, which three would you select for study?
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Figure E-1 (cont’d): Focus Group Survey (Page 2)

[image: image4.jpg]5. Are there any other optimization procedures/technologies that should be considered that have not been
included in thelist given in Question 3?

6. Please provide any additional comments that may be relevant to the study.

To submit your completed survey, please press the “submit by email” button below. Alternately, fax the
completed survey to +1 (514) 861-6310 Attn: Stephanie Bendickson. Thank you for your participation.
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[image: image5.jpg]DESCRIPTION OF EVALUATION CRITERIA

Seven Criteria have been identified as being important for evaluating procedures/technologies. These criteria are
considered to be mutually exclusive and collectively exhaustive, meaning that they are felt to include all the
important parameters needed to make the decisions for evaluating new procedures and technologies and that there
is no “double counting”. The criteria are described below.

1

2.

Capital Cost: This criterion is simply the capital costs needed to implement the procedure/technology.

Operating Cost: This criterion includes the operating costs that would result when implementing a
procedure/technology and this would include costs such as heating costs, maintenance costs,
management/personnel costs, fluid costs, etc.

Environmental Impact: This criterion considers environmental impacts from implementation of the new
procedures/technologies, mostly from de/anti-icing fluid reductions, but also aircraft fuel burn reductions,
and personnel health and safety.

Operational Efficiency: This criterion examines the operational efficiencies that are expected to result
from the new procedures/technologies; this would include airport throughput, passenger and aircraft
delays/enhancements.

Maturity: This criterion examines the level of maturity and readiness of the proposed
procedures/technologies. The level of difficulty to implement new procedures/technologies (for example
regulatory approval) is considered, as is the sustainability of operations using the new
procedures/technologies.

Training: This criterion considers the need and difficulty to provide training to deicing crews or pilots
when implementing new procedures/technologies.

Safety: This criterion examines changes to safety that could occur with the implementation of new
procedures/technologies. While any new technology would not be considered if it posed a safety concern,
certain procedures and technologies have more associated safety risk or safety benefit than others.
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[image: image6.jpg]DESCRIPTION OF OPTIMIZATION PROCEDURES/TECHNOLOGIES

a. Blowers and/or other mechanical means to remove dry contamination: Leaf blowers, brooms, scrapers, etc.
to remove dry contamination prior to de/anti-icing operation (if applicable).

b. Deicing-only fluid buffer reduction: “Deicing-only” conditions exist when an aircraft is not exposed to a
period of active precipitation (i.e. over night precipitation that has ceased by the time of departure). Fluid
freeze point buffer could be reduced further in these conditions to limit glycol dispensed.

c.  First-step deicing fluid buffer reduction: Current industry regulations allow for Type I fluid to be sprayed at
a —3°C buffer (freeze point 3°C above ambient temperature) when used as a first-step deicing fluid (hot water
can also be employed down to ~3°C). Testing has indicated that this buffer could be further reduced.

d.  Fluids applied before the start of precipitation to prevent bonding: Pre-treating of aircraft surfaces with
de/anti-icing fluid to protect surfaces against the adherence of ice (for example, this procedure would be useful
prior to a freezing rain event).

e. Forced air used to remove contamination: Forced air has been employed effectively by the industry for
several years to blow off dry contamination prior to de/anti-icing.

f. TypeIII fluids: Type III is a low viscosity de/anti-icing fluid that could be used in a one-step, heated de/anti-
icing operation. Due to its low viscosity, it can be readily collected at the point of spray application and less
fluid would be carried by aircraft and deposited over the airfield.

g. Implementation of holdover time determination systems: Airport systems, such as D-Ice A/S Deicing
Information System and NCAR Checktime, which measure meteorological parameters at airport sites for use in
scientific computations to enhance the accuracy of fluid holdover times, thus facilitating better de/anti-icing
fluid selection.

h. Non-glycol freeze point depressant fluids: Fluid formulated with freeze point depressants other than
propylene, ethylene and diethylene glycol.

i.  Point detection sensors to indicate fluid condition and contamination on aircraft surfaces: Ice sensors that
are imbedded within aircraft surfaces enabling a determination of aircraft surface condition.

j.  Remote ice detection sensors to scan aircraft critical surfaces before departure runway: Ice detection
systems that are mounted (fixed or mobile) close to the runway threshold, enabling the determination of
aircraft surface condition prior to departure.

k. Spot deicing for frost: Use of very limited quantities of glycol-based fluids for frost deicing in a controlled
application.

1. Spray-and-go deicing: De/anti-icing operation conducted near the runway threshold, enabling increased use
of Type I deicing fluids as the primary tool and less thickened fluid application.

m. Tempered steam as a non-glycol gate deicing or pre-deicing tool: Tempered steam technology uses steam at
selected pressures to melt and/or blow away frozen contaminants from aircraft surfaces during gate deicing
actions or during pre-deicing events. It has shown promise when employed during gate deicing events.

n. Threshold deicing: Development and use of remote threshold deicing pads at airports, similar to those built in
Munich. This approach would limit quantities of thickened fluids employed, as the departure point is in close
proximity to the application area.

o. Use of 10°C Type I buffer: Standard deicing fluid concentrations (typically 50% water/50% glycol) have been
employed by the industry, despite the fact that Type I deicing holdover times are based on 10°C buffer fluids.
Use of proportional blending could easily limit the amounts of glycol dispensed in Type I operations.

p. Use of anti-icing fluid dilutions: Anti-icing fluids have been used exclusively in 100/00 concentration in
North America. Many 75/25 anti-icing fluids have holdover times similar to 100/00, and many 50/50 fluids have
holdover times well in excess of Type L.

q. Use of infrared deicing technology: Infrared heat has been employed, with a quantifiable amount of success,
by the industry in the past decade (a system is currently operational at JFK). Use of this approach could reduce
the amounts of glycol dispensed.

r.  Use of weather forecasting products for deicing process: Airport meteorological system product, such as
NCAR WSDDM and SITA Met Office, that would enable better forecasting of oncoming weather and allow for
better deicing planning.

5.
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	#
	Category
	Name
	Affiliation

	1
	Air Carrier
	Adriaan Gerritsen
	KLM

	2
	Air Carrier
	Barb Ries
	United Airlines

	3
	Air Carrier
	David Rogers
	FedEx

	4
	Air Carrier
	Denis Gordon
	Air Canada

	5
	Air Carrier
	Ed Duncan
	Continental

	6
	Air Carrier
	Ian Anderson
	WestJet

	
	
	
	

	7
	Airframe Manufacturer
	Joel Hille
	Boeing

	
	
	
	

	8
	Airport Authority
	Bryan Wagoner*
	Detroit Metropolitan Airport

	
	
	
	

	9
	Deicing Equipment Manufacturer 
	Peter Haug
	Vestergaard

	
	
	
	

	10
	Deicing Service Provider
	Jean-François Morin
	AéroMag 2000

	11
	Deicing Service Provider
	Ken Eastman
	Servisair

	
	
	
	

	12
	Fluid Manufacturer
	Bryan McCreary
	Clariant

	13
	Fluid Manufacturer
	Joe Ferrandini
	Octagon Process Inc.

	
	
	
	

	14
	Regulator
	Barry Myers
	Transport Canada

	15
	Regulator
	Doug Ingold**
	Transport Canada, Flight Standards

	16
	Regulator
	George Legarreta*
	FAA

	17
	Regulator
	Paul Friedman*
	FAA

	18
	Regulator
	Warren Underwood*
	FAA

	
	
	
	

	19
	Other (ATA)
	Paul Railsback*
	Air Transport Association

	20
	Other (Consultant)
	John Lengel*
	Gresham, Smith and Partners


* ACRP Panel Member

** Provided general comments only, did not fill out survey
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APPENDIX G

DETAILED SURVEY RESULTS

APPENDIX G

DETAILED SURVEY RESULTS

This appendix contains the results of the focus group survey. The results are based on nineteen completed surveys. Results are provided by question. For open-ended questions (2, 4, 5, 6), all responses received have been reproduced in their entirety.

Question 1:
Which of the following criteria would you consider to be MORE important when determining which optimization procedures/technologies should be researched/developed?

	Criterion 1
	vs.
	Criterion 2

	capital cost
	16%
	or
	operating cost
	84%

	capital cost
	21%
	or
	environmental impact
	79%

	capital cost
	11%
	or
	operational efficiency
	89%

	capital cost
	42%
	or
	maturity
	58%

	capital cost
	45%
	or
	training
	55%

	capital cost
	11%
	or
	safety
	89%

	operating cost
	21%
	or
	environmental impact
	79%

	operating cost
	11%
	or
	operational efficiency
	89%

	operating cost
	68%
	or
	maturity
	32%

	operating cost
	53%
	or
	training
	47%

	operating cost
	11%
	or
	safety
	89%

	environmental impact
	47%
	or
	operational efficiency
	53%

	environmental impact
	74%
	or
	maturity
	26%

	environmental impact
	53%
	or
	training
	47%

	environmental impact
	11%
	or
	safety
	89%

	operational efficiency
	82%
	or
	maturity
	18%

	operational efficiency
	58%
	or
	training
	42%

	operational efficiency
	16%
	or
	safety
	84%

	maturity
	32%
	or
	training
	68%

	maturity
	8%
	or
	safety
	92%

	training
	16%
	or
	safety
	84%


Using the binary analysis methodology described in Section 2.3, these results show the industry rank the criteria in the following order of importance (from most important to least important): safety, operational efficiency, environmental impact, operating cost, training, maturity and capital cost.

Question 2:
Are there any criteria that should be considered that have not been included in the list above?

	Comments

	· Life cycle costs, aesthetics.

· Economic viability of commercial air transport.  Survival of commercial air transport at current scale and economic viability (affordable air travel for most people).


It was determined from the limited comments received for question 2 that the proposed criteria were appropriate.

Question 3:
How useful would the following procedures/technologies be in optimizing the use of aircraft de/anti-icing fluids in operations if they were available? 

	Procedure/Technology
	Not Useful
	Somewhat Useful
	Very Useful

	a. Blowers and/or other mechanical means to remove dry contamination
	5%
	58%
	37%

	b. Deicing-only fluid buffer reduction
	11%
	74%
	16%

	c. First-step deicing fluid buffer reduction
	28%
	44%
	28%

	d. Fluids applied before the start of precipitation to prevent bonding
	6%
	56%
	39%

	e. Forced air used to remove contamination
	0%
	42%
	58%

	f.  Implementation of holdover time determination systems
	5%
	26%
	68%

	g. Non-glycol freeze point depressant fluids
	5%
	58%
	37%

	h. Point detection sensors to indicate fluid condition and contamination on aircraft surfaces
	17%
	61%
	22%

	i.  Remote ice detection sensors to scan aircraft critical surfaces before departure runway
	0%
	58%
	42%

	j.  Spot deicing for frost
	5%
	26%
	68%

	k. Spray-and-go deicing
	11%
	26%
	63%

	l.  Tempered steam as a non-glycol gate deicing or pre-deicing tool
	11%
	26%
	63%

	m.  Threshold deicing
	5%
	42%
	53%

	n. Type III fluids
	32%
	53%
	16%

	o. Use of  10°C Type I buffer
	5%
	53%
	42%

	p. Use of anti-icing fluid dilutions
	26%
	42%
	32%

	q. Use of infrared deicing technology
	32%
	47%
	21%

	r.  Use of weather forecasting products for deicing process
	0%
	37%
	63%


The responses to question 3 indicate that all procedures/technologies included in the study are seen by the industry to have some usefulness. All but four procedures/technologies (Type III fluids, use of infrared deicing technology, first-step deicing fluid buffer reduction, and use of anti-icing fluid dilutions) were seen as somewhat or very useful by 80% or more of respondents.

Question 4:
As part of the Airport Cooperative Research Program, the Transportation Research Board will support research of several de/anti-icing optimization procedures/technologies. Of the 18 optimization procedures/technologies listed in Question 3, which three would you select for study?

	Procedure/ Technology
	Respondents Selecting Procedure/ Technology

	a. Blowers and/or other mechanical means to remove dry contamination
	2

	b. Deicing-only fluid buffer reduction
	1

	c. First-step deicing fluid buffer reduction
	2

	d. Fluids applied before the start of precipitation to prevent bonding
	0

	e. Forced air used to remove contamination
	7

	f. Implementation of holdover time determination systems 
	7

	g. Non-glycol freeze point depressant fluids
	3

	h. Point detection sensors to indicate fluid condition and contamination on aircraft surfaces
	2

	i. Remote ice detection sensors to scan aircraft critical surfaces before departure runway
	9

	j. Spot deicing for frost
	2

	k. Spray-and-go deicing
	1

	l. Tempered steam as a non-glycol gate deicing or pre-deicing tool
	4

	m. Threshold deicing
	3

	n. Type III fluids 
	2

	o. Use of 10°C Type I buffer
	2

	p. Use of anti-icing fluid dilutions
	1

	q. Use of infrared deicing technology
	1

	r. Use of weather forecasting products for deicing process
	8


Question 5:
Are there any other optimization procedures/technologies that should be considered that have not been included in the list given in Question 3?

	Comments

	· Hot air unit that could be hand held to remove engine ice and not exceed 175 deg F, fast, efficient and reduces environmental impact.

· The effectiveness of combined techniques/procedures would be very interesting - such as a tempered steam threshold deicing system. It appears that we have many innovative ideas, but have not attempted to look at what happens when we put them together.

· Snow event forecasting.

· Review and optimization of coordination among airlines, aircraft deicing facilities, airport authorities (for optimizing the coordination of plowing/deicing the runways and taxiways), and ATC to obtain the safest and most efficient operation during icing events. I would like to see a study that combines a WISDDM system which can tell airport personnel if a snow squall in imminent so fluid won't be wasted deicing/anti-icing aircraft or effort wasted plowing runways, when the heavy event will be over in, for example, 20 minutes. This nowcasting information would be used in conjunction with a LWC system and optimal coordination in all areas of airport operation in a model to work out maximum potential efficiencies.

· Aerodynamic failure determination for optimizing fluid design.

· Aircraft manufacturers design internal heating systems in wings, fuselage.


Question 6:
Please provide any additional comments that may be relevant to the study.

	Comments

	· With high price of petroleum based product, cost is a huge factor. But all methods must perform. We must have a performance standard attached to any new or current products. Example of foaming issues costing the air carriers taxi time, crew assurance (flight crews seeing foam, believing it is contaminated) and reapplication of fluids, is a costly reminder that performance must be a priority.

· In my experience witnessing deicing/anti-icing operations, the amount of fluid being sprayed is usually way more than what is needed, leading me to believe that Training is a very important aspect to reduce fluid use. This also means that Training and Environmental Impact are directly related, as better training leads to less fluid usage which leads to less environmental impact.

· The questions in Question 1 where rather difficult to answer since the criteria are all so closely related. As an engineer specifying or considering these technologies, we generally consider all of these criteria and attempt to find a solution that meets them all understanding that when compared to each other, a likely candidate will shake out. 

· Operational thru-put costs. Which technology gives the best thru-put at what cost?

· Increased use of Type II/IV fluids and the increased sloughing outside of collection areas is a concern to me.

· Responses provided in this survey represent the opinion of one individual, and not the collective opinion of the FAA as an agency.

· Many people are mistaken that a reduction in glycol being sprayed on aircraft, that is, less accumulation of running, translates into better environmental management. In fact, a small release of glycol into a stream is viewed and recorded as a major spill at many airports. Airports pay the $ fine whether it is several gallons of glycol or a truck load. I say this because your cover letter to industry says it. 1st bullet on cover.
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