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1. Background

In September 2007, APS submitted the Interim Report for the ACRP 10-01 Project Phase I activities. The Interim Report contained a summary of the Phase I work, as well as an outline of a proposed Experimental Plan. Subsequent to the submission of the Interim Report, a meeting was held in October 2007 in Washington between APS personnel and the ACRP 10-01 Project Panel. At that meeting, a presentation was provided by APS on the Phase I work, and the proposed APS Experimental Plan was discussed. Following this discussion, the ACRP 10-01 Project Panel selected the four following activities for further research and development in Phase II of the ACRP 10-01 Project: 

· Best Management Practice (BMP) Fact Sheets for Optimization Technologies and Procedures;

· Implementation of Holdover Time Determination Systems;

· Spot Deicing for Frost; and

· Use of Fluid Dilutions (Type I, II, III and IV). 

Subsequent to the Project Panel selection of activities to pursue during Phase II of ACRP 10-01, APS was tasked with developing a Revised Experimental Plan. This document provides the Revised Experimental Plan, as well as provides an elaboration of the budgetary requirements to fulfill the work. 

In Sections 2 to 5 of this document, the four activities selected by the Project Panel will be described, and the research and development tasks for each activity are identified and explained. In Section 6 of this document, a revised budget for the four project activities is presented, along with a revised project timeline. In Section 7, APS provides a brief discussion on potential options to enable completion of the work outlined in this document.   

2. Best Management Practice Fact Sheets For Optimization technologies and procedures

2.1 Background

In Phase I of the ACRP 10-01 study, APS reviewed aircraft ground deicing technical reports, manufacturer product reports, regulatory, government and industry documentation, guidance material and standards, as well as deicing-related patents and applications to identify technologies and procedures that could potentially optimize the use of current de/anti-icing methodologies, most predominantly glycol-based fluids.

The review of literature produced a list of thirty-four potential technologies and procedures. Many of the potential technologies and procedures were deemed to possess technical or operational deficiencies, or to not offer an adequate environmental or operational enhancement, and were thus eliminated in a review process. Technologies and procedures of similar nature were merged under generic titles to eliminate commercial or competitive issues. This process of elimination and merger produced a final list of eighteen technologies and procedures. 

The eighteen technologies and procedures identified in the final list will now be examined in detail to provide a description of each as a best management practice (BMP) available for potentially optimizing the use of de/anti-icing fluids.

2.2 Objective and Tasks

The objective of this project is to provide the information necessary to produce BMP fact sheets for each of the eighteen listed technologies and procedures. Photos will be provided where applicable.

The following topics will be examined for development of BMP fact sheets: 

1) Blowers and/or other mechanical means to remove dry contamination;

2) Deicing-only fluid buffer reduction;

3) First-step deicing fluid buffer reduction;

4) Fluids applied before the start of precipitation to prevent bonding;

5) Forced air used to remove contamination;

6) Implementation of holdover time determination systems;

7) Non-glycol freeze point depressant fluids;

8) Point detection sensors to indicate fluid condition and contamination on aircraft surfaces;

9) Remote ice detection sensors to scan aircraft critical surfaces before departure runway;

10) Spot deicing for frost;

11) Spray-and-go deicing;

12) Tempered steam as a non-glycol gate deicing or pre-deicing tool;

13) Threshold deicing;

14) Type III fluids;

15) Use of 10°C Type I buffer;

16) Use of anti-icing fluid dilutions;

17) Use of infrared deicing technology; and

18) Use of weather forecasting products for deicing process.

Detailed examination may show that grouping more than one topic into a single BMP fact sheet is more appropriate, and thus, fewer than eighteen BMP fact sheets may be developed.

APS will carry out the following tasks to meet the objective: 

· For each of the eighteen listed technologies and procedures, compile the following information (in this format):

· Description:
· Purpose;
· Technology; and
· Documented performance.
· Implementation considerations:
· Applicability assessment;
· Regulatory considerations;
· Planning and design considerations;
· Integration with other BMPs; and
· Operation and maintenance considerations.
· Costs:
· Capital costs; and
· Operation and maintenance costs.
· Group the BMPs according to the nature of their applicability and revise the fact sheet information if necessary; and
· Consolidate the BMP information into a single report.

3. implementation of holdover time determination systems

3.1 Background

Holdover time determination systems (HOTDS), such as D-Ice A/S Deicing Information System and NCAR Checktime, measure meteorological parameters at airport sites that are then used to calculate expected fluid holdover times, thus facilitating better de/anti-icing fluid selection. As holdover time is directly dependent on precipitation intensity, it is vital that the intensity measured and used by the determination system reflects the highest intensity to which the aircraft may be exposed during its departure taxi. It is not known whether a precipitation sensor at a single location on an airport can provide data with sufficient reliability for this application. 

3.2 Objective and Tasks

The objective of this project is to determine if a single location precipitation sensor can reliably report precipitation conditions for the entire airport. The objective will be met by measuring precipitation intensity at several locations at an airport simultaneously. 

Montreal-Trudeau Airport (YUL) has been selected as the primary location for testing, as efficiencies will be obtained by conducting research at the airport where the APS test site is located. Montreal-Mirabel Airport (YMX) has been proposed as an alternative site for the primary location. Test procedures will be developed, tested and refined at the primary test location and then used to collect additional data from two secondary locations, which will be airports in Northern New York State and/or New England. The specific locations will be finalized following contacts with local personnel. 

It is anticipated that data will be gathered during six storm events at the primary location, and during two storm events at each of the secondary locations. The actual winter weather experienced may require this plan be altered. Data will be gathered at the primary location during the first part of the winter season, and at the secondary locations in late February and March 2008. 

APS will carry out the following tasks to meet the objective:

· Prepare for and conduct precipitation intensity measurements at YUL:

· Design a procedure for measuring precipitation intensity and collecting data;
· Identify and assemble required equipment;
· Review the airport runway layout to identify potential testing locations and arrange clearance to conduct tests at the selected locations;
· Conduct a dry run and train selected test staff on the test procedures; and

· Monitor weather conditions and conduct tests to measure precipitation intensity under natural storm conditions.

· Prepare for and conduct precipitation intensity measurements at two airports in either Northern New York State and/or New England: 

· Identify and assemble required equipment;

· Review the airport runway layout to identify potential testing locations and arrange clearance to conduct tests at the selected locations;
· Contact local management at potential test airports to finalize site selection;
· Visit the airport to identify potential testing locations and arrange clearance to conduct tests at the selected locations;
· Identify and arrange for movement of equipment to test locations;
· Arrange test team travel and accommodations for selected locations;
· Monitor weather conditions and move the APS test team and required equipment to the test airport; and
· Conduct tests to measure precipitation intensity under natural storm conditions.

· Analyze the data collected, including completing an analysis of the potential impact on predicted holdover time values;
· Prepare a draft technical report for this activity; and
· Prepare a presentation for ACRP.

4. spot deicing for frost

4.1 Background

Frost occurs when aircraft surfaces cool below 0°C (32°F) due to radiation effects, and moisture in the air freezes on the aircraft surfaces. Frost deicing generally consists of a one-step deicing approach, and holdover times are not required if the frost is not active. Approximately one third of all aircraft de/anti-icing activities worldwide occur in frost conditions. Frost conditions typically affect overnighting aircraft, and the frost deicing activity is a concentrated effort to deice aircraft prior to their first departure of the day. 

In recent years, air carriers have begun to examine different ways for deicing aircraft in frost conditions, as morning deicing events can be very disruptive to air carrier operations. At airports with CDF operations, the aircraft first pushes back from the gate, taxies to the designated deicing pad or facility and then taxies to the threshold following deicing. Air carrier data using a frost spot deicing procedure on aircraft gated at the passenger terminal has demonstrated excellent results. 

4.2 Objective and Tasks

The objective of this project is to gain a better understanding of the current practices employed for frost spot deicing, quantify its potential benefits and provide tools for decision makers to determine whether this procedure would be suitable for their operation.

APS will carry out the following tasks to meet the objective:

· Document current practices for frost spot deicing: 

· Conduct phone interviews with several major deicing operators or air carriers to examine current frost spot deicing practices and ascertain the current extent of usage of spot deicing for frost; and 
· Obtain data on amounts of fluid required for one-step Type I frost deicing procedures from deicing operators currently using this procedure.  

· Examine current industry regulations and SAE activities related to spot deicing for frost: 
· Document existing guidelines for use of spot deicing for frost (SAE ARP 4737); 

· Identify if changes to any industry standards and/or recommended practices are required; and 

· Identify if there is a need for further approvals from airframe manufacturers or regulatory bodies.

· Observation of current industry practices: 

· Identify and document any alternate means available to spot deice hard-to-reach surfaces of large aircraft; and 
· Observe and document spot-deicing applications by Air Canada at Toronto Pearson International Airport (YYZ).

· Based on the results of the phone interviews and initial work, develop a survey, distribute the survey and analyze the results. The survey will gather pertinent information from a wider audience, including: 
· The extent of spot deicing in the industry; 

· The practice as followed by different operators; 
· How the fluid is applied and the amounts used; 

· Fluid concentrations employed; 
· Manpower requirements; 

· Equipment requirements; 

· Deicing locations (on-gate or off-gate); 

· Practice limitations, such as certain aircraft surfaces or extreme OAT; and 

· The extent of benefits reported by users, including the reduction of flight delays.

· Design and conduct tests on standard aluminum plates or airfoil sections during two natural frost events to examine implications of different fluid strengths and temperatures: 
· Examine whether 10°C buffer is adequate or whether full strength fluid is required to protect wing surfaces that are colder than OAT; 

· Determine the fluid temperature at which fluid should be applied; and
· Determine strength of fluid required at different temperatures, especially at cold OATs.

· Design and conduct tests to gather data on amounts of fluid required for spot deicing applications. Tests will measure fluid amounts used when applied by manual methods and when applied by a deicer spray nozzle;
· Develop a cost/benefit model that can be scaled for airports of different sizes. Provide an example to show how the model can be used to quantify benefits of spot deicing;
· Prepare a draft technical report for this activity;
· Develop presentation aids; this information would be structured to influence and aid decision-makers in identifying whether this approach would be suitable and justifiable in their environment; and
· Prepare a presentation for ACRP.

5. Use of fluid dilutions (SAE Type I, II, III, IV)

5.1 Background - Industry Use of 10°C Type I Buffer

The SAE Aerospace Recommended Practice ARP 4737 states that SAE Type I fluids used for either one-step deicing/anti-icing or as the anti-icing fluid in a two-step operation must have a fluid freeze point (FFP) at least 10°C (18°F) below the ambient temperature. Type I fluid holdover times are measured using fluids mixed to this FFP. 

With some exceptions, the general industry practice when deicing/anti-icing with Type I fluid has been to apply Type I fluid at the standard, as-delivered, fluid concentration (typically 50% water/50% glycol). This practice results in dispensing much more glycol content than is necessary, and leads to unnecessary operational costs and increased stress on the environment.

In the more recent past, deicer manufacturers have developed fluid blending systems into their mobile deicers, which blend SAE Type I fluid with water. Broad application of such systems to dispense Type I fluid at the approved FFP would reduce the amount of glycol dispensed in Type I operations. 

5.2 Background - Industry Use of Anti-Icing Fluid Dilutions

SAE Types II, III and IV anti-icing fluids are available at fluid concentrations of 100/00, 75/25, and 50/50. Fluid holdover times are measured using fluids mixed to these concentrations and published fluid holdover time guidelines document corresponding holdover times. Many 75/25 anti-icing fluids have holdover times similar to 100/00 fluids, and many 50/50 fluids have holdover times well in excess of SAE Type I fluid.

Despite the opportunity to employ lower fluid concentrations, deicing operations in North America have been based exclusively on 100/00 fluid concentrations. As a result, there is a considerable opportunity to reduce the amount of glycol dispensed by applying fluid at lower, already approved, concentrations. 

5.3 Objective and Tasks

The objective of this project is to examine current practices and regulations related to use of fluid dilutions and to document the opportunities, limitations, obstacles and potential benefits associated with moving in the directions described above.

APS will carry out the following tasks to meet the objective:

· Conduct phone interviews with several major deicing operators or air carriers to document current practices related to use of fluid dilutions and identify obstacles preventing wider use of fluid dilutions;
· Examine current industry regulations and SAE activities to determine if there is a need for changes to industry standards and recommended practices or a need for further approvals from airframe manufacturers or regulatory bodies;
· Based on the results of the phone interviews, develop and conduct a survey formulated to gather pertinent information from a wider audience. The survey will gather pertinent information from a wider audience, including:
· The extent of use in the industry; 

· The practice as followed by different operators;

· Fluid concentrations employed;

· Equipment requirements; 

· Practice limitations; 

· Obstacles preventing wider use, such as the need for increased fluid storage, lack of adequate fluid blending equipment, etc.; and 

· The extent of benefits experienced by users.

· Investigate the availability of fluid blending equipment for Type I, II, III, and IV fluids and document the estimated capital and operational costs;
· Attempt to gather data from fluid manufacturers on the quantities of fluid sold at different strengths to quantify the potential environment and cost savings of increasing use of fluid dilutions;
· Develop a cost/benefit model that can be scaled for airports of different sizes. Provide an example to show how the model can be used to quantify benefits of increasing use of fluid dilutions; 

· Prepare a draft technical report for this activity;
· Develop presentation aids; this information would be structured to influence and aid decision-makers in identifying whether this approach would be suitable and justifiable in their environment; and
· Prepare a presentation for ACRP.
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