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SCOPE

Even though fatalities at Highway-Rail Grade Crossings have been reduced to less than half the rate of 30 years ago much more can be done to reduce fatalities. In the United States today there are thousands of hazardous crossings that do not have active warning devices.  Also, many of the crossings that have active warning devices do not provide adequate warning, preventing drivers from catastrophic accidents. This is emphasized by approximately half of the fatalities each year being at grade crossings with active warning devices.  This paper will analyze current crossing technology, discussing the most effective means of providing train presence warning to the motoring public.

RECENT CROSSING ACCIDENTS

Stephanie Medley’s automobile was struck by a 60 mph Amtrak train at a private crossing in Festus, Missouri on May 19, 2000.  The sight distance when stopping and looking for a train was less than 200 yards. Even though she was fully aware of the hazard, trained to stop and look for a train every time she crossed the tracks, this did not save her life. The crossing has a significant hump that must be crossed slowly.  Apparently the train was not visible around the curve and while she was negotiating the crossing hump the train approached without her knowledge.

While speaking to Stephanie’s mother she asked, “Is there any way to provide an indication for approaching trains at their private crossing?”  The answer is yes, and changes to make this a reality are discussed below.

One month later, Pearl Smith was traveling west on Old 40 highway just outside of Solomon, Kansas about midnight on June 19, 2000.  She had no idea that this was her last mile to travel.  A black tanker car, part of a train operated by Kyle Railroad, was parked on the west crossing of two crossings that are about 200 yards apart. To Pearl, the black tanker car appeared to be a black hole in the sky.  At 55 mph her car struck the underside of the tanker at mid windshield.  There were no skid marks on the roadway. Pearl never realized she was in a fatal situation.  This is another example of a very dangerous crossing.

Kelly Waldron was killed at a passive crossing that she crossed every day on her way to school and work for five years in Amelia County, Virginia on August 5, 1998.  Kelly probably had never seen a train on the crossing because the train was 1½ hours later than normal.  The sight distance along the track was less than 50 feet when the front end of her vehicle was less than 5 feet from the tracks.  As Kelly approached the crossing she had no indication that a Norfolk Southern train, traveling over 40 mph, was approaching the crossing.

These three examples of passive crossings are typical of the thousands of unprotected crossings in the United States.  In 1877, the United States Supreme Court addressed the relative duties of railroads and motorists at grade crossings in the case of “Continental Improvements Company v. Stead, 95 U.S. 161, 5 Otto, 24 L. Ed. 403 (1877).”  Our highest court described the responsibilities of the highway user and the railroad as being “mutual and reciprocal.”3 The court went on to say that a train has preference and the right-of-way over crossings because of “character, momentum.”4 In other words, trains cannot stop at a crossing to avoid an accident.   The court also stated that, “those who are crossing a railroad track are bound to exercise ordinary diligence to ascertain whether a train is approaching, but that the railroad is bound to give due, reasonable and timely warning of the train’s approach.”4
In today’s world, this can be reasonably interpreted to also mean warning of train presence that would have prevented the Smith accident.  In 1877 there were no motor vehicles traveling at high speeds. Train whistles were adequate for providing warning of train presence.   In today’s world with motor vehicles purposely designed to reduce road noise, along with internal high ambient noise, such as vehicle entertainment systems, fan motors, and so forth, it is in many cases impossible to hear the train whistle.  

On Sunday July 23, 2000, at 9:00 PM eastern CNN showed a video news report on the effectiveness of train whistles.  One example in the report was a recreation of the Fox River Grove school bus accident October 25, 1995.   A school bus was parked at the stoplights in the same position, with the rear of the bus extending over the tracks, as when the accident occurred.  A locomotive was parked 100 feet from the crossing.  With the school bus’ stereo playing, as it was on October 25, 1995, the train whistle could not be heard.  The conclusion of the CNN report was: “Train whistles are inadequate for providing warning of train presence.”  In essence, with the advent of the modern vehicle, railroads are no longer able to provide reasonable and timely warning of train presence at passive crossing.  The statement was also made, “A solution to this problem does not appear to be in the near future.”   This paper, through the implementation of Intelligent Transportation System (ITS) technology, will outline a plan to solve the problem of providing train presence warning at passive crossings.  

Some will argue that all accidents are caused by reckless and risk-taking drivers. In Operation Lifesaver’s educational material the statement is made, “Every collision/crash is similar because the automobile driver had the chance to prevent it.”5  Did Pearl Dean Smith have the ability to avoid the tanker car she was unable to see?  Did Stephanie Medley have time to negotiate the crossing, after looking for a train she did not see, because it was going over 60 mph?  Did Kelly Waldron have time to react because she was not able to see down the tracks?  The reasonable answer to these questions is “no.” The girls were not aware of train presence and it cost them their lives. The railroads have argued that it is the drivers total responsibility to avoid accidents, disregarding the fact that it is the railroads responsibility to provide reasonable and timely warning of train presence. 

Why do accidents occur?  Realistically, the reason for most accidents is that drivers are not aware of train presence before their vehicle enters the danger zone. This leads to the question: What is the most effective grade crossing protection?  Before answering this question two issues will be discussed: 

· Drivers behavior at Highway-Railroad Grade Crossings

· Current Status of Highway-Railroad Grade Crossings

Sterling Stackhouse in his report, “Effectiveness of Marking Campaign for Grade Crossing Safety,” concluded: “We find no evidence that additional programs or public awareness campaigns had any lasting effect on the frequency of grade crossing accidents.”1  The report later indicates that driver educational and awareness programs only have at best a 6-month improvement in driver behavior.  Both Stephanie Medley and Kelly Waldron were fully aware of the possible train hazard at the crossings that they crossed each day.  

In the 1968 report, “Factors Influencing Safety at Highway-Rail Grade Crossings,”6 there is a model of the decision-making process that face the average driver. Noted are the following:

· “The number of events a driver is able to observe in a given time is limited.”

· The driver “cannot be expected to observe all events and some are unrelated to the driving task.”

· “Different levels of motivation influence the number of events which a driver observes”

· “Approximately one time in every 40 decisions the average driver will make the wrong decision.” Furthermore, “approximately 20 percent of the events, which are not observed, result in chance error.”

Both of the above mentioned reports stress that the average driver involved in an accident is not a reckless, inattentive speeder.  The majority of accidents are caused by drivers being unaware of train presence when they made the decision to proceed across the grade crossing.  Both Stephanie and Kelly were not aware of the approaching train.  Kelly’s car had 4 feet of spin marks where she had tried to accelerate across the crossing.  The train obviously surprised her.

What is the solution to the train presence problem?  The solution is to simplify the decision for the driver.  

1. Reflectorize all rail cars in the United States.
2. Upgrade all passive crossings to provide some form of active warning.  

3. Upgrade currently protected crossings to uniform gates, medium barriers and constant warning time control. 

REFLECTORIZATION OF RAIL CARS

“Since May 1959, the Canadian Transport Commission (CTC) and the Board of Transport Commissioners (BTC) have issued Order Number 097788, which required all Canadian freight cars to be reflectorized.”9  Over the past 40 years, many studies have been performed on rail car conspicuity. In the “Freight Car Reflectorization” report, chapter 3 provides a synopsis of these studies.  The “Lepkowski and Mullis (1973)” study, “strongly encouraged a voluntary reflectorization program by the railroad industry.”9 Several railroads have voluntary reflectorization programs, but such programs are not universal on American railroads. 

In 1996, 11 percent of the accidents at grade crossings were motorists that struck the side of a train during nighttime hours.  Many of these accidents would have been avoided if rail cars were uniformly reflectorized. Had the tanker car that Pearl Smith struck been reflectorized and maintained to provide rail car conspicuity the fatal situation she encountered most likely would not have occurred.  It is recommended that federal standards be established and that mandatory reflectorization programs be required for all railroad cars in the United States.
Crossings today basically fall into two categories:  

1. Passive crossings which include public and private. 

2. Active warning device crossings, which include gates with flashing lights, flashing lights only and other crossing. (Table 3, page 14) 

PASSIVE CROSSINGS

Passive crossing are those crossings that do not have a train activated warning or protection device.  In 1998, 51 percent of the fatalities occurred at passive crossings.   Today over 50 percent of the passive crossings do not meet minimum federal standards.   Passive crossings are generally crossings with low traffic volume. Even though some passive crossings have high train volume, the accident rate is low enough that active warning devices have not been installed.   

What is the truth about Passive Crossings?

1. Many public and private crossings do not have proper sight distance and visibility down the track.  The Railroad-Highway Grade Crossing Handbook in Chapter 5, Section D does not relieve the railroad sight distance requirement even if stop signs are employed at passive crossings.   In the National Transportation Safety Board (NTSB) 1998 “Passive Crossing Safety Study, ”1 over half of the 62 crossings used in the accidents study did not meet sight distance requirements along the roadway or along the tracks. 

2. Approximately 25 percent of the traffic each day cross passive crossings the other 75 percent cross active crossings. 

3. Accidents involving trains normalized for highway and rail volumes are approximately three times higher in rural areas.

4. A driver is 7 times more likely to be in an accident crossing a passive crossing than a protected crossing. 

ACTIVE WARNING DEVICES CROSSINGS

A comprehensive study performed in 1968, “Factors Influencing Safety at Highway-Rail Grade Crossings” states: “The following percentages of accident reduction were determined if higher type protection were to be installed at a crossing without automatic protection: Wigwags, 20 percent; flashing light signals 40 percent; automatic gates 90 percent.” 6

From the 1968 report, it is clear that Wigwags should not be allowed at grade crossings and the few that now exist should be upgraded as soon as possible.  The 20 percent improvement over passive crossings hardly justifies the maintenance cost.

Concerning flashing lights only crossings, the 1968 report also indicates there is only a 40 percent improvement for flashing lights only crossings.  The Hedley study on the Wabash railroad, 2 indicated that multiple track flasher only crossings are 40 percent effective, whereas flashing lights at single-track crossings are 65 percent effective.

Since 1975 over 90 percent of the crossings upgraded and new installations have been with some type of motion detection equipment.  Motion detectors where there are a lot of trains stopped or parked on the approach to the crossing have allowed the installation of gates. Before the advent of motion detection equipment, gates on many crossings were not practical because of excessive crossing blockage.  Constant Warning Time (CWT) train detection devices additionally have increased the effectiveness of gate-protected crossings. (See section on Constant Warning Time below).
PROBLEMS WITH ACTIVE CROSSINGS
1. Flashers only crossings are hard to see in bright sunlight.

2. Multiple track crossings are extremely dangerous with a second approaching train move. 

3. Intersecting streets require multiple flashers to protect all lanes. 

4. Incandescent flashers are quite often not properly aligned for the traffic lane they are protecting.

5. Excessive or extended warning time reduces the reliability of the crossings and increases hazard.
CROSSING STATISTICS: (Data compiled from 1998 FRA statistics)
1. In 1998, over 50 percent of the accidents at gated crossings were vehicles stopped, stalled or trapped on the crossing. Only 38 percent of these incidents resulted in injury or death; as contrasted with 53 percent of the incidents at crossings without gates resulting in injury or death.

2. Only 36 percent of the incidents at gated crossings reported the driver going around or through the gates. In the statistics there is no breakdown between going around lowered gates and not being able to stop resulting in damage to the gate.

3. Less than 18 percent of the incidents causing injury nationwide occur at gated crossings.

4. False activation [over one minute], short warning [under 20 seconds] or total failure [no warning] was alleged or confirmed in 12 percent of the incidents at crossings with train activated devices.
After reviewing the problems with passive, flasher only and gated crossings, one might ask, what is the answer to solving these problems?  For over 30 years while working in the railroad supply industry the author of this paper was aware of the problems, but had also been led to believe that the billions of dollars to upgrade all public crossings was cost prohibitive. With the advent of Intelligent Transportation System (ITS) technology the cost of upgrading all crossings is greatly reduced.  First, a 100 percent crossing protection plan will be outlined. Second, a discussion of the plan implementation will be presented.

TEN YEAR 100 PERCENT PROTECTED CROSSING PLAN

Well established is the fact, that flashing lights and gates are over 90 percent effective in the prevention of railroad crossing accidents. These guarded crossings handle the highest volume of encounters between motor vehicles and trains. However, approximately 74 percent of all fatalities occur at railroad crossings that are not equipped with automatic gates. Despite the long established effectiveness of lights and gates, over 80 percent of the public crossings in the country are not equipped with these life-saving, guarding devices.  There are 124,360 public crossings that do not have gates; of these 27,874 are equipped with flashing lights only. Adding relatively inexpensive gates to a lights only installation will prevent approximately two-thirds of the accidents at such railroad crossings. The ten-year plan for implementing active warning devices at all public crossings is as follows: 
TEN-YEAR GRADE CROSSING IMPROVEMENT PLAN

1. Within the first three years of the plan, add gates to all crossings that now have flashing lights only.  This would be the most cost-effective means of reducing the greatest number of accidents. During these three years the majority of public funding would be spent on the gate project.  The remaining funding would continue the installation of lights and gates.

2. Starting with year four through year ten, implementation of the Alternative Alerting System (AAS) is proposed.  Many of the currently available devices need approval and competitive development is anticipated during that three-year lead period before installations begin.  Approximately 44,000 crossings will receive AAS over the next seven years. 

3. Each year upgrading of gated crossings with Supplemental Safety Measures (SSM) is proposed.  Median barriers installed where possible and Automated Horn Systems are examples of two of the most cost effective Supplemental Safety Measures (SSM) recently studied by the Federal Railroad Administration (FRA).

4. Close 25 to 30 percent of the crossings within five years. [See the section on Closures, below]

5. Review all active crossings nationwide for adjacent road intersections and the interface with traffic control devices.

The Ten-year plan proposed above is an aggressive plan. Implementation of the plan will take the cooperation of railroads, road authorities, suppliers and government officials.   But to emphasize the words of Gene Russell, Professor of Civil Engineering at Kansas State University, “Let’s stop studying and do something.” The doing something is the implementation of the Ten-year plan. Unless we change direction and implement the plan, only marginal reduction in casualties will be realized ten years from now.   Everyone will benefit railroads, public and government if by the year 2010 deaths are reduced to less than 100 per year.

TEN YEAR PLAN IMPLEMENTATION
Equipping the Head of Train units with Global Positioning System (GPS) train position information is the key to implementation of the ten year 100 percent protection plan.  Dynamic control of the crossing is then possible by receiving the train position information from the head of a train’s radio transmitter.  The train position information is then used to activate the crossing at the appropriate time. A GPS encoding standard for the Head of Train unit should be developed within the next year.  Once the standard is in place and approved by the FRA, an aggressive target date for equipping all over the road locomotives with GPS is January 1, 2003.  One system developed by 3M and Dynamic Vehicles Safety Systems (DVSS) has been successfully tested and proven viable in a Glencoe, Minnesota test.  The estimated cost for equipping the approximate 18,000 locomotives with train position information is $18,000,000.

Operation rules must also be established that will not allow a train to proceed, other than at restricted speed, when the Head of Train transmitting unit is not functional.  A means of verifying correct operation of the Head of Train unit is required. 

Once all locomotives operating over a section of track are equipped with Head of Train GPS then installation of the Alternative Alerting System may proceed.   

ALTERNATIVE ALERTING SYSTEM

The NTSB noted in their 1998 Passive Crossing report: “The [Manual on Uniform Traffic Control Devices] MUTCD indicates that stop signs should be an interim measure until active warning devices can be installed. The Safety Board concurs that stop signs are an interim measure and believes that a long-term solution to eliminating passive crossings and reducing collisions between highway and rail vehicles will be through the use of intelligent transportation systems (ITS) that will be able to alert the motorist to the presence of a train.”1
The Alternative Alerting System (AAS) is the answer to alerting the motorist of train presence.  The AAS would possibly consist of a flashing lights only installation with Light Emitting Diodes (LED) lamps. The addition of strobe lights is also suggested.  The train position information, transmitted by the Head of Train is used to activate the warning system.  The flasher only installation would be solar powered where commercial power is not available.  Each train engine would be equipped with a monitoring system that provides status of each AAS system upon train passage.  A rapid response maintenance program must be established to repair non-operating AAS equipped crossings.  The Alternative Alerting System would only be allowed at unimproved roads or private crossings identified as private crossings by appropriate signs. The NTSB [or Federal Highway Administration] must approve the Alternative Alerting Systems.  

PRIVATE CROSSINGS

Over 16,000 private crossings have traffic volume greater than the mean public crossing.  Many of the crossings classified as private are actually used by the public. The classification of private crossings should be redefined to truly reflect private crossings.  Truly Private crossings are those crossings that are used only by one family or direct employees (limit of four) of that family.   Ownership of a private crossing used by five or more employees, a partnership, or public corporation should reclassify the crossing as public.  All private crossings should be identified with a sign, “Private Crossing, Not for Public Use.”

Truly private crossings would qualify for the Private Alerting System (PAS).  The PAS for private crossings, would at a minimum consist of an active strobe light at the crossing, or if only a limited number of vehicles cross the crossing a “Vehicle Proximity Alerting System (VPAS)” could be employed.

The PAS system would potentially work by utilizing the GPS encoded signal transmitted from the Head of Train unit.  A system could be designed and produced for use at private crossings: Utilizing a strobe light, commercial power or solar panels and battery for power, a radio receiver with decoding the Head of Train GPS signal.  A system such as this could be produced for approximately $1000.   The in vehicle VPAS units cost under $200.  This type of system would provide a cost-effective active warning device, which crossing owners could purchase for their private crossing.  A means for testing the PAS must also be developed.

ADDING GATES ONLY PROGRAM

Adding gates to flasher lights only crossings would provide a significant reduction in the number of crossing accidents.  The crossing upgrade program would consist of adding gates to already flasher only installations.  For improved roads, adding median barriers and/or the Mounted Horn System is also recommended.  Federal money should not be used for upgrading train detection devices.  Constant warning upgrading of these crossings is recommended and can be accomplished by adding dynamic control to the existing crossing control detection system by receiving train position information from the Head of Train GPS unit.

A, mast-mounted, self-contained modular gate system can easily be developed, which contains the gate delay relay and a battery for gate motor control.  Only commercial power and the existing flasher inputs would be required for gate control.  Upgrading existing flasher only crossings in this manner would reduce crossing upgrade costs, allowing many more crossings to be upgraded each year.  This modular gate system would allow the instillation of gates at crossings without having to dig under the street and tracks to add additional wires.  The modular gates could possibly be controlled by a radio data link from the signal case.  Installing the radio data link interface in the existing signal case would be a relatively easy, inexpensive process. 

Ultimately, all crossings should be upgraded to gates that provide barrier protection.  Each year many vehicles break through the gates resulting in train vehicle accidents.  

SUPPLEMENTAL SAFETY MEASURE PROGRAM

In 1994, Congress passed the Swift Rail development act, Public Law 103-440 (Swift Act), which added Section 20153, Audible warnings at High-Rail Crossings, to Title 49 of the United States Code. §20153 directed the FRA to issue a rule requiring the use of train horns at all public highway-rail crossings.  The FRA also was given the authority to make reasonable exceptions to the use of train horns in certain qualified circumstances. 7
In April 1995, FRA prepared its nationwide study on train Whistle Bans, to examine the nation-wide safety implications of whistle bans.  The Study showed that, in the absence of compensatory safety measures, whistle bans substantially increase the risk of deaths and injuries at Highway-Rail Crossings. According to §20153 subsection (c)(1)(c): “In the judgement of the Secretary, Supplemental Safety Measure (SSM) may be used if they fully compensate for the absence of the warning provided by the locomotive horn. The FRA has determined that SSMs do compensate for the lack of a locomotive horn.” 

SSMs are designed to reduce the incidents of motorists driving around gates.  Table 1 lists the supplemental safety measures being studied by the FRA.  The effectiveness of these devices ranges from 75 to 100 percent.  With the addition of supplemental safety measure and constant warning time to gated crossings, estimated effectiveness is over 95 percent.

The Mountable Curb Median system with channelization devices is the least expensive proposed SSM.  One manufacturer of a mountable curb system is Qwick Kurb, Inc. of Lakeland, Florida. The mountable curb medium has the advantage of allowing emergency vehicles to make a “U” turn across the median, seeking an alternative route.  Mountable medians are motorist friendly reducing the probability of loss of vehicle control when struck.  

The Automated Horn System (AHS) is the next least expensive SSM.   The system as designed is installed at crossings with Constant Warning Time (CWT) train detection devices.  The AHS system as designed and sold by Railroad Controls Limited (RCL) replicates the train horn at the crossing as the train approaches.  The horn is turned off once the train occupies the crossing.  An indicator, strobe light, mounted on top of the horn mast provides visual feedback to the train engineer that the horn system is operating.  Currently the AHS is being tested for consideration as a supplemental safety measure.  A before and after AHS installation, seven month, test is being performed in Courtland, Illinois starting in October 2000.  If the AHS test proves to be as effective as the train horn, it will then be included in the proposed whistle ban FRA ruling as a SSM.

Table 17

	Supplement Safety Measures
	Effectiveness

Percent
	Other information

	Temporary closure of a public highway-rail grade crossing
	100

For period Closed
	Nighttime or other time-of day whistle bans: horns at the discretion of the community.

	Four-quadrant gates, no vehicle presence detection
	82
	Gates and circuitry only are estimated to cost $244,000 to $318,000. Annual maintenance cost are estimated at $3,750

	Four-quadrant gates, with vehicle presence detection
	77
	Cost same as above; cost of presence detection not known.

	Four Quadrant Gates, with median protection at 60 feet, With or without presence detection
	92
	Cost same as above; cost of medians as below; cost of presence detection not known.

	Mountable curb mediums with or without channelization devices
	75
	Estimated cost: $11,000. This cost assumes 60 feet of mountable median barriers with high intensity yellow reflective sheeting and reflective arcs.

	Barrier curd mediums with or without channelization devices
	80
	None

	One way street with gates
	82
	None

	Photo enforcement 
	78
	Capitol cost is estimated at $55,000 to $75,000 per grade crossing. Annual Operating Costs = $20,000 to $30,000 per grade crossing. ... Costs may be offset by revenue generated by citation collection.

	*Automated Horn System (AHS) 

Installed with  CWT only
	53
	Estimated cost $30,000 to $35,000; installed with CWT only.


Note:
Effectiveness rates have been calculated by the FRA.

CWT – Constant Warning Time

*Not currently approved as a SSM.

CROSSING REVIEW PROGRAM

In response to the school bus accident in Fox River Grove, Illinois, October 1995, the Illinois Commerce Commission launched project “Interconnect.” The Illinois Department of Transportation, in cooperation with the railroads, evaluated all the crossings in the state of Illinois to identify crossings with street intersections adjacent to the crossing.  Some 250 crossings were identified as requiring an upgrade of the interface between the crossing signals and the traffic control devices.

As mentioned earlier, over 50 percent of gated crossing accidents are due to vehicles blocked, stalled or stopped on the crossing.  All states should follow the program initiated in Illinois and launch a program to investigate crossings with adjacent intersections.  The nationwide program could possibly be integrated into the “rail improvement districts,” defined in the section on closures.

All efforts should be expended for each crossing to eliminate the potential of cars or trucks from stopping or being blocked on a crossing.  Also, an effort to eliminate traffic stops in the vicinity of active crossings is desirable.  A vehicle accelerating from a stop is the predominate cause for the vehicle stalling on tracks.
CROSSING MOUNTED HORN SYSTEM

The Crossing Mounted Horn System would consist of a modular system with a self-contained battery.  The horn system should meet the FRA audio standards.  Like the modular gate system the horn system would only require commercial power and flasher inputs to control the horn.  The horn would not necessarily replicate the train whistle but would only sound until the gates are level.  This horn system would only be considered on single-track installations because of the extra hazards associated with multi-track crossings.  For these crossings the AHS or equivalent system should be used.   The crossing mounted horn system should not be used in whistle ban territory.

CONSTANT WARNING TIME (CWT)

When a train is approaching a crossing equipped with a constant warning detection device, the train detection devise calculates the speed and distance of the train from the crossing.  The time to crossing is calculated and the crossing warning system is activated at a predetermined time before the train reaches the crossing. CWT devices provide the same (typically 30-second) crossing warning time with varying train speeds.  Harmon Industries HXP-3 (Now GE Harris Harmon Technologies) and the Safetran model 3000 are the two CWT units being installed today.  

Constant warning time can be added to existing crossings inexpensively by adding dynamic detection via head of train GPS radio data link.  The receiver should be designed with fail safe principles (possible by using redundant receivers).  The advantages of this type of inexpensive constant warning upgrade of non-CWT crossings increase the integrity of the crossing.  When upgrading crossings for Supplemental Safety Measures as recommended in the improved roads section, constant warning time can be added inexpensively using dynamic control.

CROSSING RECOMMENDATIONS

CLOSURES

“In an effort to reduce the number of fatalities at grade crossings, the FRA Administrator announced an initiative in 1991 intended to eliminate 25 percent of all grade crossings by the year 2001.”1 Through July 30, 2000 public crossings have been reduced from 174,085 in 1991 to 156,733, a 9.97 percent decrease. All crossings, public and private, have been reduced from 280,503 (1992) to 256,515 July 30, 2000, an 8.55 percent decrease.   In an effort to accelerate crossing closures the following is proposed: Each state shall establish “rail improvement districts” of approximately 100 crossings per district. Districts shall be aligned so that each district has approximately equal portions of rural and urban crossings. Those districts will be given the duty to close 25 percent of all crossings in the district. The NTSB [or Federal Highway Administration] may recommend a higher percentage of closures.  If the district is successful in closing that percentage of crossings then there will be no need for the district to share any cost of upgrading the remaining crossings in the district. In the event the requisite percentage of crossings are not closed then the districts will be required to contribute to upgrading all remaining public crossings in the district.  The NTSB [or Federal Highway Administration] shall establish a sliding scale on cost sharing.  States shall be empowered to arbitrate disputes between  “rail improvement districts” and railroads in the crossing closure program.
IMPROVED ROADS: 
Improved roads (those roads made of concrete, asphalt or other such material) must be uniformly protected with lights, gates and barrier containment or a Mounted Horn system where median barriers are not possible.  These installations would be considered adequately guarded crossings for improved roadways. If the road authority has seen fit to improve a road for heavier traffic volumes, higher speeds or any other reason justifying the cost of such improvement, then any motorist could reasonably assume that the railroad crossings on that roadway have also been uniformly improved. This logical assumption is all too frequently fatal.  Approximately 52,344 improved roads have railroad grade crossings with no lights or gates.  Many don’t even have crossbucks that comply with minimum standards.

Drivers immediately distinguish an improved road from a gravel or dirt road.  Their driving behavior is modified accordingly. It is the logical and natural reaction to the improvement of a roadway.  In fact, roadways are improved for the purpose of accommodating modified driving behavior.  When traveling on an improved road, the motorists must have the right to presume that traffic control devices for that roadway have also been improved uniformly.  

The uniform installation of lights, gates and median barrier containment at every improved roadway in this country is economically feasible.  It will also provide motorists with uniform improvements that match driver expectation.  No improved roadway shall be considered to have adequately guarded crossings unless those crossings are protected with lights, gates and median barrier containment, except when other “reasonable accommodations” have been incorporated to protect the public.

UNIMPROVED ROADS 
Unimproved roadways consist of roads made of sand, gravel, dirt or other raw surface. High volume unimproved roadways, multiple track crossings and any crossings within the “guarding radius” of any city or town must be protected with lights and gates. These installations would be considered adequately guarded crossings for such unimproved roadways. No high volume unimproved roadways, multiple track crossings, or crossings within the “guarding radius” of a city or town shall be considered to have adequately guarded crossings unless those crossings are protected with lights and gates. Low volume, rural unimproved roadways at single-track crossings may qualify for the Alternative Alerting System (AAS) that can been installed to warn the public.  The AAS must comply with the following:

1. “Alternative alerting systems” shall only be allowed at crossings with “adequate sight distances” as recommended in Chapter IV, Section D, of the Railroad Highway Grade Crossing Handbook.  

2. “Alternative alerting systems” shall not be allowed at crossings within the “guarding radius” of a city or town. The “guarding radius” surrounding cities and towns shall initially be considered to be within the boundary of three miles beyond the city’s boundary, and be subject to future modification by the NTSB [or Federal Highway Administration].
3. “Alternative alerting systems” shall not be allowed at multiple track crossings;

4. “Alternative alerting systems” shall not be allowed at crossings on high volume unimproved roadways.
MULI-TRACK CROSSINGS

As indicated earlier all multi-track crossings to be considered adequately guarded must have at a minimum lights and gates.  Train moves that are extremely dangerous at multi-track crossings, include:

1. Parked railroad cars near the crossing, obstructing sight distance of approaching trains.

2. A train departing a crossing, with an approaching train on the other track.
3. Two trains arriving at a crossing at the same time.
The three mentioned situations have led to many accidents. At a minimum the installation of medium barriers and a second train alert system should be installed.  The second train system would consist of both an audio and visual warning system.  An inexpensive mounted horn system and strobe lights, such as the AHS, would activate on the approach of each train until the crossing is occupied.  

REDUCED COST GRADE CROSSING SYSTEMS 

Presently available on the market is a grade crossing system that consists of a non-track circuit system that can be installed at approximately $80,000 as compared to the $150,000 for the track circuit systems that are currently available.  EVA Signal Systems of Omaha, Nebraska offers one such system.  The EVA system uses magnetic detectors buried along the track and infrared sensors for island detection.   There are detection technologies that have not been extensively tested and proven viable that could also significantly reduce the cost of train detection.  A description of these technologies at this time is not possible because of non-disclosure agreements.

MAINTENANCE

Reliability of the grade crossing warning system is a major factor in the integrity of the grade crossing.  Frequent false activation or excessive crossing activation time compromises the integrity of the crossing.  Many accidents occur when motorists drive through crossings that are in failure mode. For these reasons some type of crossing failure reporting system should be incorporated nationwide.

The reporting system for each crossing should consist of either a sign with an 800 number or some type of intelligent electronic reporting system.  Labarge Inc. and GE Harris Harmon both have remote monitoring systems for grade crossings.

The Labarge system, CellularRTU, uses what is called the ScadaNET Network.  The Scada network is the backbone for the cellular system that tracks the location of cellular phones. Crossing monitoring and alarms are accessible through the Internet.   Also, the Labarge system has the ability to automatically page the crossing maintainer.  The state of Illinois is currently installing the CellularRTU at all active crossings.

The Harmon system uses what is called the HarmonNet. Features include Alarm Processing, Secure Internet Access, Integrity Verification, Site Profile Information, Incident Routing, Field Data Retrieval and Event Data Archiving. 

THE MOST EFFECTIVE GRADE CROSSING PROTECTION

In essence the most effective grade crossing protection is to have every crossing protected with an active warning system. Exceptions to the every crossing protected policy should only be approved for low volume, low speed spur tracks or sidings and low volume roads. The above plan provides a beginning blueprint for accomplishing this task. 

Presently the 66,788 active crossings comprise only 26 percent of all grade crossings.  At the current rate of crossing upgrades the percentage of decrease in accidents is decreasing. This year the fatality rate is higher than in 1999 - 247 fatalities through July 31, 2000 as compared to 212 through July 31, 1999.  With the increase of railroad traffic and the motoring traffic over the next few years, at the current rate of crossing improvement, it is likely that accidents will increase.  At the best only a slight decrease of accident rates will be realized.  This opinion is based on the fact that currently over 50 percent of the accidents and fatalities are at unprotected crossings.   

Implementation of this plan will take the sincere cooperation of the railroads, FRA, FHWA, state transportation officials and industries suppliers to implement the plan.  In this year 2000 over 300 people will be killed and many more critically injured, just because they were unaware of the presence of an approaching train.  Studies have shown that the cost to society for saving hundreds of lives is at the least a break-even investment.  With the possibility of protecting thousands of crossings inexpensively the capitol investment cost will be significantly less than the monetary return to society.  Deaths at crossings over the past several years have averaged 3 to 4 times the fatality rate of commercial airlines in the United States. In this age of technology, if the general public were aware of the fatality rate and that there is technology to solve the problem, there would be a public outcry to remedy the situation.

COST EFFECTIVE GRADE CROSSINGS

With the goal of reducing crossing accidents, obviously it is desirable to get the biggest bang for the buck.  The implementation of the Ten-year plan should be open for competitive bids. The “Economic Assessment … Grade Crossing”8 paper, published by Richards, Heathington and Fambro in January 1990 states: “If all of the $160 million [federal funds] was allocated to upgrading passive crossings to be used for gates with flashing light signals, an increase of 2,137 crossing upgrades per year could be achieved if a bidding process was used.”8 The railroad industries should strive to upgrade as many crossings per year as possible with the limited resources. For many years this author felt it was too expensive to protect every crossing.  With today’s technology it is possible. 

Table 2

Highway-Rail Incidents

By Warning Device, 1998

Total Incidents
	Warning Device
	Total
	#       Fatal
	%         Fatal
	#       Injury
	%          Injury

	
	#
	%
	
	
	
	

	Gates
	773
	22.04
	113
	26.2
	224
	17.2

	Flashing Lights
	735
	20.95
	93
	21.6
	309
	23.7

	"HWTS,WW,

Bells"
	82
	2.34
	4
	0.09
	33
	2.5

	Watchman
	58
	1.65
	1
	0.02
	17
	1.3

	Stop Signs
	449
	12.8
	64
	14.9
	195
	15

	Crossbucks
	1277
	36.4
	147
	34.1
	501
	38.5

	Other
	8
	0.023
	-
	-
	1
	0.08

	None
	126
	3.59
	9
	2.1
	23
	1.8

	Total
	3508
	100
	431
	-
	1303
	-


Table 3

Highway-Railroad Grade Crossing Inventory

Compiled form FRA Inventory Database as of June 12, 2000

	Warning Devices


	Public Crossings
	Private Crossings

	Gates
	33,327
	21.13%
	62
	0.06%

	Flashing Lights
	27,874
	17.68%
	97
	0.10%

	Wigwags, Bells

Highway Signals
	1,465
	0.93%
	11
	0.01%

	Non-Train Activated

Special Protection
	3,874
	2.46%
	78
	0.08%

	Crossbucks
	84,684
	53.70%
	1300
	1.30%

	Stop Signs
	594
	0.38%
	40
	0.04%

	Other Signs
	489
	0.31%
	11
	0.01%

	No Warning Device
	5371
	3.41%
	478
	0.48%

	No device Indicated
	9


	0.01%
	97891
	97.92%

	Total
	157,687
	100.00%


	99968
	100.00%
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