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Abstract: In winter conditions, bridges and tunnels freeze earlier than the approach roads, and are also more prone to frost and ice buildups. This safety concern is even more acute for ramp bridges and tunnels, which are typically horizontally and vertically curved, and are zones of vehicle acceleration/ deceleration. Recognizing the benefits of Fixed Automated Spray Technology (FAST) anti-icing systems to significantly reduce, or even eliminate frost and ice buildup, the Ministry of Transportation (MTO), Ontario, Canada, has expanded the deployment of FAST systems at selected bridges and tunnels, since the first trial installation in the year 2000. Recent FAST installations by MTO include a Road Weather Information System (RWIS) to monitor road and weather conditions and measured quantity of potassium acetate anti-icing liquid is sprayed on the roadway when a pre-defined parameters are exceeded. Notwithstanding the decades of development, many features of this technology are still evolving. This paper provides an overview of the current technology in use in Ontario, Canada, and details the design, construction, and operational challenges encountered with the recently installed FAST system at the Highway 8/401 West-East Ramp Bridge in Cambridge, Ontario. The paper also discusses some of the solutions developed to address various challenges and enhancements implemented by the project team. Additionally, the paper highlights some special aspects related to FAST systems, such as intellectual property rights for software source code, firmware, and other proprietary technologies. Based on the experience gained, recommendations are provided that may benefit future FAST system installations.
1 Introduction
Winter weather in Canada is characterized by snow, ice and sub-zero temperatures. The primary maintenance responsibility of road authorities during winter events is to keep the highways clear of snow and ice. The winter maintenance approach adopted by the Ministry of Transportation (MTO), Ontario, Canada, to keep the highways clear of snow and ice, involves both proactive, and reactive strategies. Proactive strategies are implemented prior to the onset of a winter event. Anti-Icing, is a proactive winter maintenance strategy, which involves preventing or minimizing the formation of a bonded layer of snow or ice, through the application of anti-icing chemicals, prior to the onset of a winter event.
Bridges and tunnels are more susceptible to the formation of bonded layer of snow or ice, especially during freeze-thaw cycles. This poses a public safety concern that is even more acute for ramp bridges and tunnels, which are typically horizontally and vertically curved, and are zones of vehicle acceleration/ deceleration. Recognizing the benefits of Fixed Automated Spray Technology (FAST) anti-icing systems to proactively, significantly reduce, or even eliminate frost and ice buildup, MTO has expanded the deployment of FAST systems at selected bridges and tunnels, since the first trial installation in the year 2000.
It is noteworthy that FAST systems are not standalone winter maintenance solutions. The overall winter maintenance strategy includes FAST systems and other proactive anti-icing strategies, and also requires reactive strategies such as snow plowing, to remove snow during and after a winter event. 
2 FAST System Overview
FAST systems were first developed and installed in the 1980’s in Europe. The first FAST system in Ontario, Canada, was installed by MTO in 2000, on the Highway 401/416 Interchange Ramp Bridge near Prescott, Ontario, following a number of winter weather related accidents, which occurred in the first winter after the construction of the bridge. A case study by Environment Canada, published in 2004, concluded that, since the installation of the FAST system at the Highway 401/416 Interchange Ramp Bridge, no winter weather related accidents had occurred at that location. This conclusion is further supported by MTO’s observations to-date.
The success of the first installation has led to the installation of more than 12 FAST systems by different agencies throughout the Province. Current FAST systems in Ontario have similar operating principles as the earlier systems, i.e. the proactive application of anti-icing liquid in a controlled manner, to significantly reduce or eliminate frost and ice buildups. While the concept is simple, current FAST systems involve complex integration of sensing, spraying, and communication technologies that enable fully automated operation, accuracy in the delivery of the anti-icing liquid, and reliable operation under variable ambient conditions. Current FAST systems operated by MTO include the following primary components (Figure 1):
1. Sensing System: The sensing system senses and relays data that is used to determine the activation of the spraying system. The system includes weather and pavement sensors to accurately measure the micro-climate at the location; sense the presence of frost or ice on the pavement; and sense the presence of anti-icing liquid on the pavement. MTO uses a Road Weather Information System (RWIS) with advanced weather and pavement sensors, as the sensing system.
2. Spraying System: The spraying system includes mechanical, electrical, and hydraulic hardware to pump and spray the anti-icing liquid. This includes spray disks pipes and connectors, pumps, anti‑icing liquid and storage tank(s), power supply, electrical cables and connections, and monitoring and control system.
3. Remote Processing Unit (RPU): The RPU receives input from the sensing system and the spraying system and controls the operation of the spraying system. The input is processed and an appropriate spray program is triggered based on a user-configured algorithm.
4. FAST System Server: The web accessible secure server archives data from all FAST systems operated by MTO, provides a user interface and enables remote adjustment of spraying parameters and other RPU programmable functions.
5. Mechanical Building: The mechanical building houses the RPU, pumping system, electrical distribution system, anti-icing liquid storage tank(s), and other ancillaries.
6. Power Supply and Communications: The operation of the FAST system typically requires a 100 amperes, 120/240 volts single phase power supply. Local communications use hard wired connections and remote communications are based on cellular internet services.

[image: image3.jpg]Camera

Sensor Data

Pavement
Sensors

Atmospheric
Sensors oy

ol

FAST
Sensor
Signaing

FAST

Spraying
System

A=

Value Added Meteorologist (VAM)
(RWIS data only)

ascil

FAST Systen] Web Server|
user ntert Integrated
Sofvare) RWIS Data
<
’
/
’
7
.
-
“Telephone
Netwo)
FAST
Control
signaing

Resenvoir

Telephone
Network

\ o®

Highway
< Maintenance

TO System
Users

Gisystem
Adminisirator

im)
&G

Vendor





Figure 1: FAST system diagram
This niche technology has a limited number of commercial suppliers in North America. At present, all FAST systems operated by MTO are supplied by Boschung America.
3 Background
The Highway 8/401 West-East Ramp Bridge is located in Cambridge, Ontario (Figure 2). Built in 1985, the 149 metres long, 14 metres wide, four span, post-tensioned circular voided deck slab structure, is horizontally curved, with a radius of curvature of 400 metres. The bridge is also on a longitudinal crest curve, and carries two lanes of traffic over Highway 401, prior to merging Highway 8 to Highway 401.

At this location, Highway 8 Eastbound has an Annual Average Daily Traffic (AADT) count of 13,000 vehicles, and Highway 401 Eastbound has an AADT count of 137,000 vehicles. Prior to the installation of the FAST System, the ramp bridge experienced frequent callouts to address isolated slippery road conditions. Considering the importance of this bridge, that provides a freeway to freeway connection in a busy transportation corridor, MTO first installed a FAST system at this bridge in 2003. In 2014, MTO decided to take advantage of the upcoming rehabilitation of this bridge, to also replace the FAST system that was nearing the end of its service life, and to benefit from advances in this technology since 2003.
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Figure 2: Highway 8/401 West-East Ramp Bridge

4 Design
4.1 
Incremental Improvement Approach
Considering the complexity and the ongoing evolution of this technology, MTO has opted to deploy commercially available FAST systems, rather than developing an in-house system. As the development of the commercial technology is still being driven primarily by experiences in Europe, where FAST systems first originated, MTO has deliberately adopted an incremental improvement approach to adapt the available commercial technology to meet the specific needs of the Province. The incremental improvement approach has also enabled MTO to incorporate construction and operational lessons learned, in successive FAST system installations in the Province.
4.2
Site Selection

Site selection is an important consideration, as FAST systems have high initial and operating costs. Currently, MTO has a soft-criteria approach for site selection, which is based on a qualitative evaluation of factors such as site location, highway vertical and horizontal geometry, winter weather related collision history, micro-climate at the location, history and potential for frost and ice buildup, and traffic volumes.

The decision to replace the FAST system at the Highway 8/401 West-East Ramp Bridge was based on a review of the criteria above, the success of the existing FAST system in minimizing the occurrence of frost and ice buildup, and also the recognition that the aging spraying system would be significantly impacted by the bridge rehabilitation.

4.3
Design Considerations
The design of the FAST system for the Highway 8/401 West-East Ramp Bridge was guided by the lessons learned from the existing installation at this location, experience gained by MTO in the use of this technology and the incremental improvement approach.
4.3.1
Previous FAST System

The previous FAST system was a retrofit installation, in 2003, and since then, there had been significant technological advances. Some of the lessons learned from the previous installation included:
1. Plumbing mounted on the exterior face of the barrier wall required special equipment for maintenance.
2. Location of spray disks and pavement sensors along the low side of the super-elevated bridge, led to increased interference from debris and snow that accumulated naturally along the low side.
3. Drop in pressure at spray disks located farther from the pump house affected spraying coverage.
4. Lowest operating temperature of minus 10oCelsius was not optimal.
5. Stainless steel spray disks were susceptible to corrosion.
6. Galvanized and brass components were incompatible with the anti-icing liquid.
7. The tanks had low capacity, cumbersome re-filling process, and no containment area for spills.
8. Spares for many critical components, such as active sensors, were no longer available.
4.3.2
Design Improvements
The layout of the new FAST system is shown in Figure 3. In addition to lessons learned from the existing installation, a number of improvements that are listed below, were also incorporated in the design. 
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Figure 3: Plan view showing layout of the new FAST system

1. Sensing System: The sensing system was designed to integrate RWIS with advanced pavement sensors, which can operate effectively even at minus 40oCelsius. The pavement sensors were sited at the high-side of the bridge, to provide accurately measure pavement conditions of the driving lane, while also minimizing interference from traffic spray and debris contamination.
2. Spraying System: The spraying system hardware was designed to be free of galvanized and brass components, and to operate effectively even at minus 40oCelsius. The spray disks were sited at the high-side of the bridge, to provide optimal spraying coverage, while minimizing blockage from debris. The design also provided “accumulators” (Figure 4) to maintain uniform pressure for optimal spraying performance; and shut-off valves to isolate leaking or defective valves and disks. The barrier wall design was optimized to embed the piping and control boxes inside the barrier wall. Boxes for valves and accumulators were designed to meet structural, functional and maintenance requirements, and incorporate a back-plate mounting system for easy maintenance access.
3. RPU: The RPU requirements included short-term data recording capability.
4. FAST System Server: The server design included the requirement to integrate RWIS and FAST system data, provide an improved user interface, and the capability to remotely query, retrieve, and archive the FAST operational data.
5. Mechanical Building: The mechanical building was designed with an insulated section to house the monitoring and control system, and the pumping system. The design provided twin 8,000 litres tanks in a spill containment area, and incorporated a requirement for remote monitoring of the liquid levels in the tanks by both volume and percentage-full.
6.  Miscellaneous Requirements: Some of the operational and safety improvements included: Remote system restart capability, delayed system restart after power failure, remote diagnostics, and advanced notification functions; Pan-Tilt-Zoom (PTZ) camera to monitor traffic, and the performance of the FAST system; Software source code to safeguard future uncertainties in a commercial environment; Provision for the availability of spare parts over the service life of the system.
[image: image7.emf] [image: image8.emf]
Figure 4: Barrier wall mounted plumbing and boxes

5 Construction
The construction of the FAST system was part of a larger contract that also involved the replacement of two nearby bridges over Highway 401, east of the Highway 8/401 West-East Ramp Bridge. The construction of the project commenced in May 2014 and was completed in November 2016. The commissioning of the FAST system was completed on October 15, 2016 and successful burn-in was completed on January 14, 2017.
Inherent to the incremental improvement approach, there was recognition that, while some of the improvements are more readily achievable, others would require additional effort. An initial meeting with the contractor, the sub-contractor, and the FAST System supplier, led to a better understanding of the improvements that were achievable and where additional effort would be needed. As construction progressed, a series of meetings were held to work collaboratively and develop solutions to resolve the more complex issues.

5.1
Sensing System and RPU

The new sensing system incorporates advanced BOSO (Boden Sonde i.e. Ground Sensor)), ARCTIS (Advanced Road/ Runway Condition Temperature of Ice Formation Sensor), and BoPAS (Boschung Passiv Sonde i.e Boschung Passive Sensor) pavement sensors with the RWIS. These sensors are capable of operating even at minus 40oCelsius, and furthermore, the calibration of these sensors is automated. The sensors were installed in the asphalt pavement, simultaneously with the installation of the spray disks.
The RPU and RWIS electronics are co-located in the insulated section of the mechanical building, for optimal performance. The RPU has been enhanced to provide 24 hours local recording capability. A pole mounted PTZ camera was installed at the west end of the bridge, to provide remote monitoring of both the traffic and the operation of the FAST system. Additionally, the RWIS and the camera have been configured to share their data with the public-facing MTO’s RWIS web server.
5.2
Spraying System

The spraying system was constructed with all plumbing, electrical and communications embedded in the high-side barrier wall. As required by the contract, the system includes accumulator tanks to facilitate consistent spraying pressure, valve controllers, and manually operated shut-off valves to provide the ability to isolate each pair of spray disks (Figure 5). The spray disks are non-metallic and not susceptible to corrosion. The spraying system is capable of operating at a temperature as low as minus 40oCelsius.
The spray disks, sensors and connections were installed in the asphalt pavement, on the high-side of the super-elevated bridge (Figure 6). Apart from performance benefits, the installation in the asphalt pavement facilitates future inspection and replacement without any impact to the bridge structure.
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Figure 5: Barrier wall with accumulator and valve boxes (left); Spray disk (right)
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Figure 6: Spray disk and sensor (left); Spray disk in operation (right)
5.3
FAST System Server

The available FAST system server had poor integration of the FAST and RWIS data, limited access to historical data, and no ability to monitor and control user access. During initial discussions, the FAST supplier identified that a software enhancement was being developed by the parent company, which may provide some of the requested improvements. MTO offered to participate in the beta testing of this software, as this would also provide an opportunity to provide input into the enhancements.

The high cost of the software was an area of concern for the Contractor, as their bid-price did not include this software add-on. Eventually, MTO agreed to share the cost of the software, with agreement that the software would be made available to other existing FAST installations in the Province at no additional cost. The final solution integrated the software with the RWIS web server of MTO’s service provider, to provide improved integration of the FAST and RWIS data.
5.4
Mechanical Building

The new mechanical building measuring 6 x 5 metres, was built with an insulated section (Figure 7). The Contractor proposed and installed two larger 16,000 litres storage tanks, located inside the spill containment area. Both tanks are filled with potassium acetate during winter, and during summer one tank is filled with water to facilitate maintenance. Electric fill valves interlocked with the garage door are provided to avoid spillage during refilling of the tanks, which is done from outside the mechanical building.
The insulated section of the building houses the RWIS and RPU electronics, monitoring and control system, and the pumping system. As an improvement, an auxiliary system was installed that monitors aspects of the system health, and includes remote restart capability, delayed system restart in the event of power failure, and advanced notification functions to report fire, smoke, temperature, intrusion, power failure, manifold pressure etc.
      [image: image13.jpg]


                   [image: image14.jpg]



Figure 7: Mechanical building (left); RWIS tower (right)
5.5
Alarms and Spray Programs

The FAST alarms and spray programs of the system are triggered using algorithms, when pre-set parameters are exceeded. A simplified list of the algorithm is in Table 1. The algorithms are programmed to cover various ambient conditions that are encountered during the operation of the system, and also include fail-safe measures to avoid excessive spraying.
Table 1: Alarms and Spray Programs
	Alarms
	Spray Programs

	Alarm
	Detected By
	Program
	Trigger

	1
	BOSO
	
	Pre Alarm (Wet and Atmospheric Temperature < 0°C or Ground Temperature < 0°C))

	2
	BOSO
	4
	Wet or Dry and Ground Temperature < 0°C  and ice or frost detected

	2
	ARCTIS
	6
	Difference between  Ground Temperature and Freeze Point Temperature < 2°C

	3
	BOSO
	3
	Ground Temperature < 2°C and Ice Present or Ground Temperature < 0°C and Frost Present

	3
	ARCTIS
	5
	Difference between  Ground Temperature and Freeze Point Temperature < 0.2°C

	3
	BOSO + Precipitation
	2
	Snow 10 min and Ground Temperature < 0.2°C or Rain and Ground Temperature < 0°C

	3
	BOSO + Pavement Moisture
	7
	Ground Temperature – Freeze Point Temp < 0.2°C 


5.6
Software Source Code
The supplier was required to provide the software source code, in an attempt to safeguard against future uncertainties in a commercial environment. Initial discussions identified that an escrow account may be an acceptable solution. Subsequent discussions highlighted the complexities related to the escrow process, such as the need to maintain the escrow current. Eventually the supplier was able to demonstrate that the risk of future uncertainties was low, and continued support would be available.
5.7
Burn-In and Post-Construction
Due to unseasonable warm weather during the 2016-17 winter season, the ambient conditions required for burn-in testing, were not available. As a result, the acceptance of the FAST system was delayed, pending successful burn-in. Successful burn-in was eventually completed in January 2017. As part of the installation, the Sub-Contractor also organized full-day training sessions for maintenance staff involved in the operation of the system. During post-construction reviews, instances of blocked spray disk nozzles due to sand and debris on the bridge deck were observed, highlighting the importance of removal of accumulated snow, sand, and debris, after a winter event. Apart from this, the post-construction performance of the system has been satisfactory.
6 Improvements
An abridged list of the FAST system improvements delivered through this project is at Table 2. 

Table 2: FAST system improvements
	Improvement Item
	Original Status
	Final Status

	Spraying system operating range
	minus 10°C
	minus 40°C

	Verification and calibration of sensors
	Manual calibration
	Automated for pavement sensors. 

	Auxiliary monitoring system
· System health monitoring
· Remote security notifications

· System remote restart

· System delayed restart
	Only power failure available through online review
	· Selectable email notifications: building security, power failure, fire, smoke etc.
· Manifold pressure monitoring

· System can be restarted remotely

	RPU data recording capability
	Not available
	24 hours recording capability

	FAST system server improvements
· RWIS and FAST integration

· Database query facility

· User interface
	Limited RWIS and FAST integration. No database query feature. Limited user interface
	Software add-on with better RWIS and FAST integration; and other features

	Mechanical building additional features
	Standard storage shed
	Insulated section, spill containment area, advanced safety features, etc.

	Remote polling of liquid levels in storage tanks (by volume and by percentage-full)
	Only one of the two options available
	Both options available

	Spare parts over service life
	Not available
	Contract requirement with assurance from supplier

	Intellectual Property Rights
	Not available
	Contract requirement


7 Recommendations
Pertinent recommendations that may benefit future FAST system installations are listed below:
1. Pre-Bidders Meeting: Considering the complexity of FAST systems, a mandatory pre-bidders meeting may be beneficial, to ensure uniform understanding of the work by general contractors, sub-contractors, and suppliers.
2. Site Selection: With the experience gained thus far, the development of quantified criteria to identify the suitability of a location for FAST system installation, is recommended. Further evaluation can be based on site-specific and risk-based qualitative criteria. The quantified criteria will be especially beneficial for new highway alignments, which have limited or no historical data to aid in site selection.
3. FAST Server and RWIS Integration: While the new software add-on provides better integration, more work is needed in this area. It is suggested that direct discussions, highlighting the benefits of better integration to both the supplier and end-users, should be held with FAST suppliers.
4. Standalone FAST Contract: Standalone FAST installation may enable more efficient construction. This would however require significant coordination related to advance installation of embedded FAST components by the highway contractor, during construction or rehabilitation of the bridge.
5. System Burn-In: Criteria for successful burn-in should take into consideration, the impact of weather-related delays in achieving successful burn-in, on the overall construction contract.
6. Training and Regular Maintenance: The importance of training maintenance staff, and ongoing maintenance, for the successful operation of the FAST system, cannot be overstated. Measures that facilitate maintenance, such as easy refilling of tanks, spill containment area etc. were found to be very effective. Additionally, routine maintenance spraying is critical for reliable operation.
7. Winter Maintenance: After a winter event, early removal of accumulated snow, sand, and debris will help avoid blockage of spray disk nozzles and malfunctioning of sensors.
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