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Summary

The overall purpose of this study is to set forth a logical procedure for the engineering analyses of highway-railroad grade separation proposals.  The suggested procedure is based upon analysis techniques tested through past application and as modified by recent guidelines and requirements.  The resulting procedure, requested by Trans Tech Group’s clients, is sufficiently flexible to encompass a broad range of applications, but also will result in comparable decisions covering the many variables associated with such programs.

Three documents present study results:

1. Work Paper 1, Literature Survey, a survey of published guidelines on the provision of highway-railroad grade crossing separations.

2. Work Paper 2 (this document), summarizes results of a survey of state departments of transportation concerning written guidelines, policies, or procedures for analysis of a highway-railroad grade crossing separation proposal.

3. Final Report, A Procedure for the Provision of Highway-Railroad Grade Separations, presents a recommended procedure, and summarizes the entire study.

For further information, contact:

TransTech Group Inc.®
500 County Road 1

Palm Harbor, FL 34683

727-787-3856

http://www.TransTechGroupInc.com
As an early study activity, a survey was made of state departments of transportation concerning written guidelines, policies, or procedures for the analysis of highway-railroad grade separations. Each state DOT was mailed a request regarding the existence of written procedures, and a request for copies of them if they existed. The survey was conducted in March and April, 1998. Follow up letters were sent as necessary in May, 1998.

Responses were received from 43 states and the District of Columbia (as of November 1, 1998). As expected, only a few states (11) indicated some type of written guideline regarding the provision of grade separations. Twenty-four states specifically mentioned use of an exposure or hazard index composed of roadway traffic volume multiplied by train volume, or an informal comparison of roadway and train volumes in the decision process.  (Very likely, most states use this method to rank or prioritize crossings for improvement.)  Several states mentioned consideration of the grade crossing accident rate.  No state reported use any type of guideline as an absolute decision to provide a highway-rail grade separation, but rather use it as an initial index to warrant further detailed engineering and planning studies.

Federal policies involve grade separations for Interstate routes and crossings of high-speed rail.  The American Association of State Highway and Transportation Officials (AASHTO) also provide guidelines for grade separations, adopted by the Federal Highway Administration as design policy, and referenced in a separate work paper for this study.. 

A state-by-state tabulation of responses is contained in the remainder of this Work Paper. Selected procedures are contained in the Appendix.

Survey of State DOT Procedures

Regarding

Highway - Railroad Grade Separation
Note: Readers should be aware that: (1) not all states responded to the survey request regarding their practices for grade separation of highway-rail grade crossings, (2) it cannot be assumed that any state not reported herein either has or does not have such guidelines, or (3) that any material reported herein represents a policy, standard, or general practice applicable to any private company or governmental agency.
ALASKA

The Alaska Department of Transportation and Public Facilities has an extensive policy on grade crossing traffic control.  Part of this addresses grade separations.  Alaska uses an accident prediction value threshold to base the need for grade separation.  This factor is “the product of a series of factors representing the various characteristics of the crossing, and is equivalent to the expected number of accidents per year at that crossing.” 

Selected excerpts from the Alaska Policy on Railroad-Highway Crossings are as follows: 

2.0
DISCUSSION
. . . The Task Force noted that this prioritization system is only an indicator of the probable treatment required at a given crossing in order to concentrate efforts where they are most urgently needed. In other words1 the final decision as to what major treatment is required at a crossing would be based on an on-site evaluation by a professional diagnostic team, and the APV criterion would not normally be blindly followed, especially for borderline cases. There will be instances in which an evaluation reveals that relatively low-cost improvements such as increased sight-distance in conjunction with better signing might change the accident potential to a level that would not require active devices which are expensive to install and maintain, thereby freeing funds to be applied where they would do more good.

It is also imperative that local jurisdictions be brought into the diagnostic process when they are affected by the engineering decision. Likewise, local jurisdictions, developers, and other State agencies that have the potential to create a rail/highway safety conflict must take this into account in their planning functions. and should be responsible for their fair share of any costs created by their actions.

4.3  Diagnostic Team
4.3.1 A professional diagnostic team should perform an on-site evaluation before any major improvement is planned for an existing crossing or a new crossing is approved.

Existing Crossings
4.4.1 The DOT Accident Prevention Value (APV) should be used as one factor in classifying and prioritizing crossings for improvements.

4.4.3
Diagnostic teams should evaluate crossings which have an APV greater than 0.1 to determine the feasibility of providing grade separations  (overpass/underpass)  or  increasing  the  level  of protection of the warning devices.  Table VIII-l Quantitative Procedures in the Alaska Traffic Manual will be used as part of the process for determining possible upgrades of the existing crossing. The current table is shown in Appendix "B." If the Alaska Traffic Manual is revised, Appendix B will automatically become the revised Table VIII-l.

ALASKA POLICY ON RAILROAD/HIGHWAY CROSSINGS

APPENDIX B

Changes in Level of Protection
Calculated Accident

Existing Traffic
Existing Traffic


Prediction Value


Recommended Action for

Control Device
Control Device


(APV)





Improvement


Passive
Passive




0.08 to 0.12 



See note below.






0.12 to 0.15




Flashing lights






0.15 to 0.23 



Flashing lights or gates and flashing lights.






0.23 to 12.4 



Gates and flashing lights. 






12.4 to 18.5 



Gates and flashing lights or grade separation.






Greater than 18.5


Grade separation.

Flashing lights
Flashing Lights


0.12 to 0.18 



See note below.






0.18 to 3.7 




Gate and flashing lights.






3.7 to 5.6 




Gates and flashing lights or grade separation.






Greater than 5.6 


Grade separation.

Gates
Gates




1.32 to 1.98




See note below.






Greater than 1.98


Grade separation.


Reference Alaska Traffic Manual, Table VIII- I Quantitative Procedure

NOTE - When the calculated hazard index falls within this range the decision may be to do nothing, improve the existing traffic control system, install a different type of traffic control system, or make some other improvement at the crossing.

ARIZONA

The Arizona Department of Transportation indicates that it does not have any written polices, or procedures for grade separation. ADOT does maintain a list of safety ratings for highway-railroad crossings, which are the basis for improvements or reconstruction. (Arizona DOT, April 17, 1998)

ARKANSAS

Arkansas indicates that it does not have written policies to determine when a grade separation is warranted, but that its standard procedure is to:

. . . conduct a study to determine the feasibility of constructing a grade separation. The studies consider many factors such as the average daily traffic volume, the average daily train volume, travel delay, crash history, and hazard rating. The studies also compare the projected benefits of a grade separation such as savings in travel time and reductions in crashes to the estimated cost of the improvement. (Arkansas DOT, April 14, 1998)
CALIFORNIA

California has an extensive process for determination of grade separations. Each year, the California Public Utilities Commission (Commission) is required by state law to establish and furnish to the California Transportation Commission a priority list of railroad grade separation projects in need of “separation, including the elimination of existing or proposed grade crossings, the elimination of grade crossings by removal or relocation of streets or railroad tracks, and existing grade separations in need of alteration or reconstruction.” 

The Commission considers projects nominated by cities, counties, cities and counties, CALTRANS, Commission staff, or any railroad company operating within the state. The Commission has established a procedure for determining a priority index for crossings nominated for separation or elimination, which is based on a detailed examination numerous factors, including the following:

1. Average 24-hour vehicular volume

1. Total project costs

1. Average 24-hour train volume

1. Light rail train volumes

1. Cost inflation factor

1. Accident history

1. Crossing blocking delay

1. Special conditions factor, which is composed of:

1. Vehicular speed limits

1. Railroad maximum prevailing speed

1. Crossing Geometrics

1. Alternate route availability passenger trains

1. Other factors, including:

1. Secondary accidents

1. Emergency vehicle usage

1. Passenger and school buses

1. Hazardous materials

1. Community impact. 

(California DOT, April 1998)

Guidance for the California ranking procedure is contained in the Appendix.

COLORADO

The Colorado Department of Transportation (CDOT) reports that it is currently developing updated written policies and procedures for highway-railroad grade separation. Their current process is as follows:

The approval and authorization of a new or replacement rail-highway grade separation structure ultimately rests with the Colorado Public Utilities Commission (PUC), which acts in response to filings by the interested parties including the railroads1 CDOT, and affected local agencies. Such projects must also be included in CDOT's Statewide Transportation Improvement Plan as approved by the Colorado Transportation Commission, in cooperation with local Transportation Planning Regions, which represent the interests of city and county governments.

The development of a new or replacement grade separation is generally based on a consensus among the parties as to its need and feasibility. If necessary, the PUC will arbitrate differences and order a resolution. Factors to be considered include vehicular traffic volume, train movements, accident history, functional category of highway, age and serviceability of an existing structure, changes in the functional or geometric characteristics of the railroad and/or highway, and funding. Projects may include federal, state, railroad, and/or local funds. (Colorado DOT, April 7, 1998)
CONNECTICUT

The Connecticut Department of Transportation indicates that it does not have any written policies, procedures or guidelines concerning the separation of highway-railroad intersections. They indicate:

The issue of grade separation is assessed on a case-by-case basis, taking into account, safety issues, environmental impacts, community impacts, construction and maintenance concerns, as well as economic considerations.

Due to the high design and construction costs associated with a grade separation project, it has been extremely difficult to justify proceeding with this type of project in lieu of a safety upgrade of an existing at-grade crossing. This is especially true in Connecticut, where vehicle/train accidents are typically very low (eight to ten accidents annually, with a high percentage of these accidents attributed to the driver violating the warning devices, which were operating as intended). In addition to funding issues associated with grade separation projects, physical limitations adjacent to the railroad right-of way will frequently not permit a bridge to be constructed, even utilizing minimum design standards. (Connecticut DOT, April 13, 1998)
DELAWARE

Delaware reports that it is the Department’s policy to grade separate highway-railroad grade crossings in the following cases:


1.
All new highway-railroad crossings


2.
Existing crossings over high speed lines are prioritized to be eliminated.


3.
Existing crossings over low speed lines are evaluated on a case-by-case basis.

(Delaware DOT, July 21, 1998)

FLORIDA

The Florida Department of Transportation cites its Rule Chapter 14-46, F.A.C., Railroads/Utilities Installation or Adjustments for its practices regarding traffic regulatory devices and grade separations at highway-rail grade crossings. They also note an exception to the rule, which is the mandatory requirement of grade separation for the proposed Florida Overland Express (FOX) high-speed rail system. Pertinent sections from Rule 14-46 are as follows:

14-46.002 Responsibility for the Cost of Railroad/Highway Crossings . . .
(c) Grade Separation Structures. The Department shall be responsible for the maintenance cost of railroad overpasses when the structure is located on the State-Maintained Highway System and carries highway traffic over a railroad. The railroad shall be responsible for the maintenance cost of railroad underpasses which carry highway traffic under a railroad.

14-46.003 Highway/Railroad At-Grade Intersections - Authorization for Opening and Closing  . . .
(a) Opening Public Grade Crossing. In considering the opening of a public grade crossing, the following criteria will apply:


1.
Necessity, convenience and safety of rail and vehicle traffic.


2.
Utilization of existing routes where practical.


3.
Effect of public grade crossings on the railroad's operations and expenses.


4.
Design of crossing structure, and road approaches.


5.
Visibility factors affecting either rail or vehicle traffic.


6.
Presence of passing tracks and their effect upon railroad and highway operations.

When estimated highway traffic approaches 30,000 vehicles a day across main line tracks, a benefit-cost analysis must be performed by the applicant to determine if a grade separation is warranted. Conversion of private crossings to public use constitutes opening a new public crossing. An Order or executed Stipulation of Parties must be obtained from the Department prior to such conversion. Active grade crossing traffic control devices meeting the criteria set forth in Section 14-46.003(3) [tabulated below] are required at all new grade crossings. The expenses of installation, maintenance and replacement of grade crossing traffic control devices and grade crossing pavement structures as provided in the Final Order will be the responsibility of the applicant.

(3)
Installation Criteria - Warning Devices
(a) Basic Equipment. All new public grade crossings shall have reflectorized railroad crossbucks on the right-hand side of the road on both sides of the tracks as specified in the current U.S. Department of Transportation Manual on Uniform Traffic Control Devices (MUTCD). The reflectorized railroad advance warning sign and pavement markings shall be located at those public grade crossings which are specified in the current MUTCD.

(b) Minimum Active Grade Crossing Traffic Control Devices. All new public grade crossings shall have, as a minimum, roadside flashing lights and bells on all roadway approaches to the crossing, normally placed on the right of approaching traffic. . . . 

(c) Cantilevered Flashing Lights. Pairs of Flashing lights placed on cantilevered arms extended over traffic lanes shall be employed under any one of the following conditions:



1.
Multilane highways (two or more lanes in each direction)



2.
Sight restrictions to the grade crossing affecting either the motorist or train crew.



3.
Signal stanchion located greater than 23 feet from the centerline of the roadway... 

(d)
Automatic Crossing Gates. Automatic crossing gates in conjunction with flashing lights shall be installed if any one of the following conditions exist:



1.
Multilane highway.



2.
Multiple main line railroad tracks including passing tracks.




3.
Multiple tracks at or adjacent to the crossing which may be occupied by a train so as to obscure the movement of another train approaching the crossing.

4.
High speed train operation (greater than 65 mph) or commuter train operation (greater than 45 mph).



5.
Traffic counts greater than 5,000 vehicles per day.



6.
Greater than 30 through trains per day.




7.
Traffic with greater than nine school buses per day and/or substantial number of tracks carrying hazardous material.



8.
Continuance of accident history after installation of flashing lights.




9.
Intersections within 200 feet of tracks (measured from the edge of travelway) providing intersection has traffic signals and/or there are heavy turning movement from parallel highways onto the tracks. 



Rule Chapter 14-46, Florida Administrative Code.

Florida has other regulations calling for grade separations. For the top Florida roadway network, the Florida Intrastate Highway System (FIHS), grade separations are called for:

All limited access FIHS facilities shall have full grade separations at railroad crossings. Grade separations for controlled access facilities shall be considered in the planning and design of the facility. (Procedure for the Development of the Florida Intrastate Highway System, Topic No. 525-030-250-c, Florida Department of Transportation, 1997).

The Florida DOT also provided a copy of its publication, Life-Cycle Cost Analysis for Transportation Projects (new edition being prepared), which is cited as “the backbone of the Department’s procedure for project evaluation.”

In summary of its practices regarding highway-rail grade separations, when highway traffic is greater than 5,000 vehicles per day, Florida's regulations call for automatic crossing gates. When estimated highway traffic approaches 30,000 vehicles per day, a benefit-cost analysis of grade separation must be performed. Note the use of the terms “estimated highway traffic,” and “approaches.” This implies that the investigation must be performed before traffic reaches the noted volume, and could be interpreted to require the investigation when any type of official traffic forecast or projection is made for road planning purposes. In addition, there is a mandatory requirement for grade separations on any high-speed rail system.  (Florida DOT, April 15, 1998)

GEORGIA
The Georgia Department of Transportation reports that while it does not have a written policy, procedure or analysis technique to determine the need for a railroad grade separation, it does have a procedure to evaluate and prioritize at-grade railroad crossings:

A formula that calculates a "hazard index" for at-grade crossings is used by the Office of Traffic Operations, Railroad Section. The formula uses a relationship between the number of daily train crossings, average daily traffic, number of school bus crossings and existing crossing protection devices to develop the "hazard index". The calculated "hazard index" is used for prioritizing crossing upgrade locations statewide.

Grade separation studies are typically performed by the Office of Planning. Within an urbanized area, the Department, in cooperation with that area's Metropolitan Planning Organization (MPO), will evaluate potential grade separation locations as part of the normal transportation planning process. Information typically considered includes: number of daily train crossings, average daily traffic, estimated future traffic, emergency service activity, daily school bus crossings, train speeds at the crossing, vehicular delay times, availability of alternative routes and feasibility of site because of geography or adjacent development (i.e. "Can it be built here?"). if a grade separation is recommended, then it may be included in the MPO's transportation plan.

In rural areas, local jurisdictions usually request the Department to perform a planning study to evaluate the need for a grade separation. The information used in the analysis is the same as for the urbanized areas. The results of the study are forwarded to the Department’s upper management for action. (Georgia Department of Transportation, August 5, 1998)

HAWAII

The Hawaii Department of Transportation reports that it does not have any written policies for highway-railroad grade separations.  The Department cites the AASHTO guidance contained in A Policy on Geometric Design of Highways and Streets, 1994 ed., as some of the information that should be considered. (Hawaii DOT, April 7, 1998)

IDAHO
The Idaho Department of Transportation reports that it does not have a formal policy that is used to establish new or replace existing grade separations at railroad crossings.  The decision to replace an existing grade separation is based on the structural integrity of the existing crossing or a need to increase the capacity of the roadway over or under the crossing.  The Idaho Transportation Department Board makes the decision.  (Idaho Transportation Department, June 1998)

ILLINOIS
The Illinois Department of Transportation uses a combination of accident frequency and benefit cost ratio to indicate when grade separations are warranted. The procedure is contained in the Illinois DOT Design Manual:
3-201.03 WARRANTS FOR GRADE SEPARATION STRUCTURES
A grade separation shall be constructed when a highway is constructed, or reconstructed across a railroad when the accident frequency for gates exceed .02 and the benefit cost ratio equals or exceeds 1.0

The highway grade separation shall be constructed when an expressway in a rural area is constructed or reconstructed across the railroad.
The Design Manual provides a methodology to be used in calculating the accident frequency, which is a modification of the procedure contained in NCHRP Report 50.  The procedure depends on the type of traffic control device installed at the crossing, the highway traffic volume (10 year ADT ) and the train volume. Assuming a train volume of 10 per day, grade separations would be indicated with an urban volume of about 25,000 vehicles per day, and a rural volume of about 8,000 vehicles per day. (These volumes would change with different train volumes.) A benefit cost analysis would then be conducted. (Illinois DOT, March 25, 1998)

The Appendix of this report contains further details on the Illinois DOT procedures for grade crossings.

INDIANA

The Indiana Department of Transportation reports that it does not have any specific warrants for a highway-railroad grade separation.  The Department notes that: 

Our decisions are based on a case-by-case analysis of each project, including such factors as cost of a bridge solution versus an at-grade solution, predicted accident rates and potential accident costs for at-grade crossings versus higher project costs for bridges, more frequent but perhaps less severe accidents on an icy bridge versus fewer but more serious accidents at an at-grade crossing, traffic congestion and driver inconvenience, evaluation of social and environmental impacts, etc. We believe that only by carefully weighing all impacts can a proper decision be made, and not by a set of arbitrary warrants.

NCHRP Report 288, “Evaluating Grade-Separated Rail and Highway Crossing Alternatives,” 1983, and the US DOT Rail-Highway Crossing Resource Allocation Procedure User's Guide, 1987, can both provide some useful insights into the complex issues involved in such decisions. (Indiana DOT, March 31, 1998)

IOWA
The Iowa Department of Transportation reports it does not have a formal policy on when highway-railroad grade separations are needed. The Department indicates that it has responsibility for the railroad crossings on its state highway system, and that it utilizes the FHWA/FRA exposure index procedure as a guide. The Department's communication, in answer to the study inquiry, indicates that its system plan essentially designates the National Highway System (NHS) component as warranting grade separations to maintain the free-flow level of service for “most situations.” (Iowa DOT, April 1, 1998) 

KENTUCKY
The Kentucky Transportation Cabinet reports that it does not have an absolute policy for providing highway-railroad grade separations, and that it examines such issues on a case-by-case basis.  They further report that:

A basic Hazard Index Severity Rate is our starting point for consideration of a separation. This is a nationally recognized chart that predicts potential car-train impacts based on highway ADT and the daily train usage. The chart also is divided for the types of protection that would be considered at each site. Generally, if a hazard index less than 3 (less than 3 impacts in a 5-year period) is determined, a separation is considered as not required. However, in many instances, separations are provided because of the suitability of the terrain even when the warrants do not require it.

When the Severity Index is greater than 3, separation is recommended. However, in those cases, other factors may still come into play. An example would be in an urban environment where considerable development surrounds the crossing.  In such cases, additional factors such as the posted vehicular speed, train speed, and peak hourly volumes of motorists and trains are considered. Ultimately, many decisions for such crossings must come down to the impacts to the public and associated costs.

Where an at-grade crossing is determined to be required despite severity indicators, special consideration for additional safety measures are given.  Raised medians to prevent gate runners are an example of one possible consideration. (Kentucky Transportation Cabinet, June 4, 1998)

MAINE
The Maine Department of Transportation does not have a written policy on grade separations. State law gives the Maine DOT the right to regulate highway-railroad grade crossings or separations, and to apportion costs.

In a previous analysis to replace a highway rail crossing, several structural alternatives were analyzed, including replacement with a grade crossing. In addition to engineering maters, accident frequency and cost, and public opinion were taken into account. (Maine DOT, April, 1998).

MARYLAND
The Maryland Department of Transportation reports that it does not have written policies for grade separation decisions. they note that the “decision to build a separation is generally based on public and elected official interest and available funding; tempered by engineering judgment.”  (Maryland DOT, April 10,1998)

MASSACHUSETTS

The Massachusetts Highway Department’s policy for grade separations at highway-railroad intersections is covered briefly in the MassHighway Design Manual, Chapter 6, although most of this material relates to highway-highway grade separations.  However, the Manual notes that “if an analysis reveals that road-user benefits over the service life of the interchange will exceed the costs, then the interchange will be warranted.”

The Department also reports:

There have been many instances of construction of new rail-highway grade separations in conjunction with new highway construction in Massachusetts over the past several decades, and the grade separation warrant issues are described in the Highway Design Manual. We have been extremely active in replacing deficient and substandard highway bridges over railroad lines for the past several decades. With regard to elimination of existing rail-highway grade crossings through grade separation, no such projects have been constructed in Massachusetts since the 1950s, when crossing elimination projects were constructed . . . . This is due in large degree to the relative decline in railroad traffic volumes and train movements in Massachusetts in recent decades, and the many grade crossing separation projects that were performed prior to the 1950s. (Massachusetts Highway Department, April 21, 1998)
MICHIGAN

The Michigan Department of Transportation maintains two procedures regarding grade separations: new structure projects and structure maintenance projects. The Michigan DOT indicates: 

It will be noted in situations involving existing bridges the decision of when to perform maintenance or schedule reconstruction is based largely on the structure's condition rating determined from bridge inspection reports which are incorporated into a Bridge Management System data base.

In the case of constructing a grade separation to eliminate an at-grade crossing, many factors are investigated by MDOT's Bureau of Transportation Planning and others such as train and vehicular traffic and speed, adjoining topography and land use (to determine extent of right-of-way needed), anticipated project cost, and potential for vehicular delays due to train traffic. Proposed grade separations are not treated differently from other major road and intersection improvements. Projects are proposed by MDOT's various regional offices or bureaus or by local governments, and analyzed simultaneously with competing improvement projects for their relative ability to improve efficiency and safety. For marginal cases, detailed benefit-cost studies may be conducted to aid in the decision to proceed with a project.

MDOT has ranked existing at-grade crossings based on "raw exposure" (number of daily trains X average daily traffic), which can be used to predict the potential for traffic delays due to train movements.  (Michigan DOT, April 9, 1998)

MINNESOTA
The Minnesota Department of Transportation’s Road Design Manual, Chapter 11-6.0, Railroad/Highway Crossings provides guidance on geometric design and traffic control at highway-railroad intersections. The procedure concentrates on grade crossing design, but contains the following advice on grade separations:

Grade Separation - The maximum crossing improvement would be to separate the railroad and highway. However, this usually involves a large expenditure of funds and should be selected only after a cost-effective analysis indicates it would be worthwhile. Grade separations are required on full access controlled highways and are often warranted on high-speed urban and rural arterials. 

The Minnesota DOT also pointed out:

Grade separations between highways and railroads are typically unique and high cost projects. As such, the merits of each project are studied individually rather than attempting to develop and apply policies to cover all situations. As part of these project studies, multiple issues are considered, such as the highway and railroad traffic volumes, the accident history or potential, the geometrics and sight distances, impacts on any adjacent communities, and the cost/benefit of the various solutions. (Minnesota DOT, April 14, 1998)

MISSISSIPPI

The Mississippi Department of Transportation has a short policy on grade separations for highway-railroad intersections:

GUIDELINES FOR ROADWAY-RAILROAD GRADE SEPARATION
Mississippi Department of Transportation

All State Highways - Excluding State Aid Roads

Roads on New Location require a grade separation with all active railroads.

All other roads will be the same as existing conditions - either at-grade or grade separation.

Note: There are exceptions to the above guidelines under special conditions.

(Mississippi DOT, April 2,1998).

MISSOURI

The Missouri Department of Transportation does not have a written policy for highway-railroad grade separations.  The Department reports that they “analyze each potential crossing on a case-by case basis.  This analysis is focused on safety at the proposed crossing.  The volume of roadway traffic and the number and speed of trains are key elements of this analysis.  In several instances a separation may not be provided; but an at-grade crossing with signalized warning devices may be selected as the proposed improvement.


A regulatory order from the Missouri Division of Motor Carrier and Railroad Safety is sought, and coordination with the railroad involved is provided.  (Missouri DOT, June 18, 1998)
MONTANA
The Montana Department of Transportation does not have a written policy on highway-railroad grade separations.  (Montana DOT, September 28, 1998)

NEBRASKA
The Nebraska Department of Roads indicates that it has no written policy or procedure for highway-railroad grade separation.  The Department does report use of a vehicle-train exposure index, along with other requirements for a feasibility study:

The Department has a committee comprised of representatives from various areas that have input to a grade separation project, such as Roadway Design, Intermodal Transportation, Controller and Program Management. This committee meets as necessary to review programmed grade separation projects and other possible candidates. We currently qualify locations for structures by using an exposure factor. This exposure factor is the product of the number of trains multiplied by the number of vehicles at the crossing. Crossings on the State Highway System with an exposure factor greater than 50,000 qualify for a structure. If the crossing is off the State Highway System and the exposure factor is greater than 100,000, the location qualifies for a structure.

If a request comes form a political subdivision for a grade separation structure, the Department requires the local government to perform a grade separation study. The study must include train data, vehicle data, crossing data, accident history, nearby development, adjacent crossings, sight distances and school locations and school bus usage. It also needs to include location feasibility, socio-economic impacts and cost. Based on these findings, the Department determines if the location is eligible for funding. (Nebraska Department of Roads, April 1, 1998).

NEVADA
The Nevada Department of Transportation does not have any written policies for either upgrading or downgrading an at-grade railroad crossing to (or from) a grade separation. The Department reports that when “a railroad separation structure is in need of replacement, downgrading to an at-grade crossing is evaluated as an alternative.”  (Nevada DOT, April 1,1998).

NEW HAMPSHIRE

The New Hampshire Department of Transportation does not have any written procedures for grade separations, but indicates it makes the decisions on a project by project basis, considering roadway design factors, input from the railroad, and any other supporting data for the location.  (New Hampshire DOT, April 30, 1998)

NEW JERSEY
The New Jersey DOT has no written policies, procedures or analysis techniques used in deciding when a highway-railroad grade separation is warranted.  Grade separations are considered under the following circumstances:

Frequency and length of trains

Number of tracks/rail lines at the crossing

Impact train traffic has on highway congestion

Accident history

Composition of highway traffic, school buses, hazardous material.

The Commissioner of the New Jersey Department of Transportation has the responsibility to approve the establishment of all at-grade highway-railroad grade crossings, and the authority to designate the appropriate protection at every crossing.  This authority, by practice, has been extended to provide grade separations.  (New Jersey DOT, September 9, 1998)

NORTH CAROLINA
The North Carolina Department of Transportation has written guidelines for highway-rail grade separations. In general, these guidelines are based on an exposure index, which is the product of the number of trains per day and the projected average daily highway traffic at the end of the design period. The guidelines call for grade separations to be constructed in rural areas when the exposure index is 15,000 or more, and in urban areas when it is 30,000 or more. The guidelines note that the general values must be “implemented with sound engineering judgment, reasonableness, and attention to costs.”
Full text of the written guidelines is as follows:

RAIL GRADE SEPARATION GUIDELINES
Any project programmed in the Transportation Improvement Program (TIP) which may result in creating a new highway-railroad crossing shall be discussed with the railroad in the early planning (scoping) process. The Rail Division will be notified of all scoping meetings held by the Planning and Environmental Branch. Any Secondary Road, Industrial Access, Small Urban or High Hazard-Safety projects that may result in the creation of a new crossing will also be coordinated with the Rail Division early in the planning process. The Rail Division will be informed of these projects by the Assistant Secretary for Secondary Roads and Economic Development or the appropriate Division Engineer for informational purposes only.

When new highway-railroad crossings are proposed by the Department, the State Highway Administrator will coordinate proposal reviews with the Rail Division and appropriate railroad. It will be the responsibility of the Rail Division to gather data on the number of trains per day and to make recommendations to the State Highway Administrator relative to the potential crossing.

The Board of Transportation (BOT) sets forth the following criteria to serve as guidelines, within the limits outlined below, in the treatment of highway-railroad intersections on new construction projects. These are general guides to establish the desirable conditions for highway-railroad grade separations, but must be implemented with sound engineering judgment, reasonableness, and attention to costs.

The grade separation guidelines are based on use of an exposure index which is the product of the number of trains per day and the projected average daily highway traffic at the end of the design period. Unless information to the contrary is available, such as a pending abandonment of the railroad, the number of trains at the end of the design period should be assumed to be the same as at present.

Separations should be constructed in RURAL areas when the exposure index is 15,000 or more.

Separations should be constructed in URBAN areas when the exposure index is 30,000 or more.

Where two alignments are under consideration and one would make separation feasible, the separation should be considered as one factor favoring adoption of such alignment. It is realized that topography, right-of-way costs, construction costs or other features of the physical situation may make separation impractical even though the index is above the figure set. In this case, the Secretary of the Department of Transportation shall have final authority in decisions to create new at-grade crossings.

It is the policy of the Department of Transportation to permit no net increase in the number of at-grade crossings on the railroad segments having a high volume of train traffic. CSX Transportation's route from Pleasant Hill to Rowland and Norfolk Southern Railway's routes from Pelham to Grover and Pineville are high volume segments.

The railroad will be notified of all final decisions regarding the locations of new at-grade crossings or grade separations. In addition1 a coordinating committee consisting of representatives of the Department and the railroads will meet periodically to discuss upcoming projects that involve both the railroad and highway systems. (NCDOT, Rail Division, March 25,1998)

North Carolina also has two resolutions affecting the issue:


1.
Any new highway-railroad intersection on the Federally-Designated High Speed Rail Corridor (between Raleigh and Charlotte, NC) to be grade separated, and redundant and/or unsafe rail-highway at-grade crossings to be eliminated. (NCDOT Resolution, Dec. 3, 1993).

2.
Reduction of the number of rail-highway at-grade crossings on the State Highway System, through consolidation is encouraged. (NCDOT Resolution, Oct. 6, 1995).

The NCDOT also maintains a state maintained road/railroad crossing closure procedure, including a selection process and inventory forms.

See the Appendix for more details on North Carolina procedures on grade crossings.

NORTH DAKOTA
The North Dakota Department of Transportation does not have written policies for highway-railroad grade separation.  Projects are identified “by management based on need to replace deficient structures, [and that] new separations are unusual but may be programmed as a result of urban development at the request of a city.”  (North Dakota DOT, June 12, 1998)

OHIO

The Ohio Department of Transportation reports that it presently does not have any written policies or procedures for the selection of new grade crossing elimination projects, and that Ohio has never had a separate funding source specifically for this purpose. They do report that projects for the elimination of a grade crossing have historically been selected by ODOT (or by local political subdivisions) on an individual project basis when regular highway construction dollars were available, or when an urban or rural highway was upgraded to controlled or limited access with design criteria that dictated the construction of a separation by policy.

ODOT advises that the Ohio Rail Development Commission is developing a crossing improvement selection procedure. (Ohio DOT, April 13, 1998)

OKLAHOMA

The Oklahoma Department of Transportation’s Rural Design Standards call for highway-railroad grade separations for Interstates and Expressways; and for Other Major Highways and Minor State Highways with 4-lane divided roadways or principal arterials across 1st Class Railroads or where current ADT exceeds 10,000.  They have also considered grade separations when ADT and trains per day exceed 25,000, but that is not a written policy.  (Oklahoma DOT, June 22, 1998)

OREGON
The Oregon Department of Transportation does not have written policies, procedures, or analysis techniques to determine when a grade separation is warranted. ODOT reports:

The decision regarding whether or not to separate a crossing is made in concert with the public road authority, railroad and ODOT staff in attendance. We consider the amount of train traffic, speed of trains, volume of traffic on the roadway, potential delays caused by railroad activity, disruption to the community, and other safety, environmental and political issues surrounding possible construction. Two major considerations are the cost of the project, and the impact on the surrounding properties. I believe cost considerations are self-explanatory. Impacts on surround properties are more difficult to address. We are currently discussing a grade separation with a small community in Oregon. They are trying to develop the last remaining industrial zoned property in the area. Two Class I railroads dissect the land in question. Construction of a separated overpass would render a good portion of the property inaccessible for the intended purpose. These are the kinds of issues we struggle with when considering a grade separation.

ODOT is the agency with the responsibility for such matters. Specifically, the Crossing Safety Unit is group that would handle such matters. However, such a decision is not made without input from all affected parties. (Oregon DOT, Transportation Development Branch, April 13, 1998)

PENNSYLVANIA
The Pennsylvania Department of Transportation notes that they do not have a written policy pertaining to highway-railroad grade separation projects, and that each case is evaluated on its own merits. Approval from the Pennsylvania Public Utilities Commission is required before the project can proceed to construction. (Pennsylvania DOT, April 14, 1998)

SOUTH CAROLINA

South Carolina does not have a written policy on railroad grade separations.  The decisions are made on a case-by-case basis taking into account the train and vehicular traffic and train speeds.  Normally due to the costs involved, a grade separation is only considered when it can be included with adjacent roadway construction.  (South Carolina DOT, August 25, 1998.)

SOUTH DAKOTA

The South Dakota Department of Transportation reports that it does not have a written policy to determine highway-rail grade separations.

The Department does use a highway-rail index and other engineering factors to determine when grade separations are to be pursued. These include the 20-year highway traffic projection and anticipated rail traffic, future increases in rail speed and frequency in making such determinations. The Department reports flexibility in their procedure, as an occasional administrative decision in lieu of a strict engineering decision is made on the type of crossing. (South Dakota DOT, Division of Planning/Engineering, April 2, 1998)

TEXAS
Texas reports that it does not have any written policies or procedures to determine when grade separations are needed for either new construction or reconstruction projects.  Decisions for grade separation on construction projects are determined on a case-by-case basis.  (Texas Department of Transportation, July 30, 1998)

UTAH
The Utah Department of Transportation’s Rule 930-5, UDOT Responsibilities for Establishment and Regulation of At-Grade Railroad Crossings, provides the responsibility to “recommend the construction of grade separation structures to replace at-grade crossings,” and incorporates AASHTO’s Policy on Geometric Design of Highways and Streets (1994 ed.).  Utah’s Rule 930-5 calls for use of a diagnostic team approach, and prescribes cost sharing for crossings and separations.  UDOT also notes the following:

UDOT is responsible to oversee all at-grade public highway/railway crossings in the State of Utah and provide for the safe, efficient operation of vehicles and pedestrians through the highway/railway intersections. UDOT also promotes elimination of at-grade highway/railway crossings, eliminating hazards to improve at-grade crossings, and recommends the construction of grade separation structures to replace at-grade crossings.

In response to your request for information on policy and procedures to determine when a highway/railway grade separation is warranted (in relation to new construction), we strongly encourage grade separation when dealing with highway/railroad crossings. If the cost of the structure is prohibitive, then the minimum we would approve is full active warning devices, flashing lights and gates.

On existing crossings, we prioritize the crossings based on their accident rate. The UDOT surveillance team will evaluate the highest crossing on the list and recommend the proper protection.

The guidelines that we are using in order to determine if a grade separation is required are the following:

1. If the crossing has full protection (flashing lights and gates), and continues to be high on the priority list.

2. Traffic congestion due to an at-grade crossing.

These factors help us determine if a highway/railway grade separation is warranted. (Utah DOT, March 31,1998).

VIRGINIA

The Virginia Department of Transportation notes that in response to a resolution from the 1990 Virginia General Assembly, it developed a methodology to define the benefit-cost relationships for highway-railroad grade separations. The report includes the following:

Since funds are not available to construct grade separations at all locations in Virginia, a method of prioritizing and selecting crossings on which to spend scarce resources was developed. Cost-effectiveness analysis was used as the basis for the methodology. The basic assumption is that a grade-separated crossing becomes economically justified when the cost to construct the grade separation is equal to or less than the costs associated with doing nothing, (i.e., retaining the at-grade crossing).

The major costs associated with an at-grade crossing include costs incurred by those involved in crossing accidents and those delayed by waiting for the passage of a train. The delay costs consist of two components--the cost of a person's time and the cost of excess fuel being burned by idling vehicles.  Costs of the grade separation include that of the bridge or overpass structure, the roadway approaches to the structure, and the right-of-way.  A grade separation is justified if the cost to construct is equal to or less than the costs of accidents and delay at the existing at-grade crossing.

General assumptions were made for some of the variables for an urban crossing and for a rural crossing.  By substituting the assumed values and known values (expected accident rate, number of trains, traffic volume) into the formulas which were developed for this study, all crossings were evaluated to determine those that potentially satisfy the above fundamental A total of 56 crossings were identified.

Planning cost estimates of grade separating . . . selected crossings were then developed . . . .  The cost estimate included the structure, roadway approaches, and right-of-way, and was based on similar structures and in-house cost data available to the Department. To assist in preparing the cost estimates, a conceptual layout for each location was prepared. A field review was made at most of the sites prior to the development of the layouts to determine possible concept designs. (Virginia DOT, April 14, 1998)

Refer to the Appendix for additional information.

WASHINGTON
The Washington State Department of Transportation reports that it does not have any official written policies for highway-railroad grade separation, and that its focus is on warning devices and consolidation of crossing locations. (Washington State DOT, April 17, 1998)

WEST VIRGINIA
The West Virginia Department of Transportation, Division of Highways reports that it does not have written procedures for the construction of railroad grade separations, but that they  “grade-separate all crossings on freeway and expressway facilities.”  (West Virginia DOT, June 16, 1998)

WISCONSIN
The Wisconsin Department of Transportation’s Facilities Development Manual contains a procedure to determine when a grade separation is warranted.  In general, Wisconsin examines several factors, as follows:

GRADE SEPARATION STRUCTURES
Grade separation project selection is based on a favorable analysis of the following:

1. The existing terrain is economically suitable for separating the railroad and highway grades.

2. The construction of a crossing at grade is deemed uneconomical, excessively hazardous and would not serve the public interests.

3. The construction/maintenance cost analysis indicates a separation structure is cost competitive with an at-grade crossing.

4. The potential hazards of train crossings and delays to highway traffic are generally found to be excessive where the following exposure factors are exceeded:

a. In rural areas separation of grade structures should be considered when the highway design speed exceeds 50 mph and the exposure factor exceeds 15,000. [Exposure factor is the product of highway ADT (Design Year) and the average number of trains per day.]

b. In urban areas, where train/highway traffic speeds are generally lower but the highway ADT higher, separation of grade structures should be given consideration when the exposure factor exceeds 100,000.

Projects to replace existing grade separation structures should also generally satisfy the above criteria. However, the final determination to replace an existing grade separation structure with another structure at crossings which no longer satisfy these exposure factors for a grade separation, should still be decided on a favorable economic analysis, safety and public convenience. The above exposure factors for a grade separation structure could be reduced by one third and still be considered reasonable.  However, the removal of an unsatisfactory grade separation structure and the construction of a crossing at grade may also be determined to be economical and in the public interest where traffic operations and safety can be reasonably and adequately accommodated. Exposure factors are an indication of the expected frequency of grade crossing accidents.  Other factors are also important.  In addition to the train crossings, conditions that make an at-grade intersection less desirable include the following:

-
Sharp crossing angle.

-
Large number of tracks to cross

-
Presence of high speed freight and passenger trains.

-
Route of school and commercial buses.

-
Numerous crossings of trucks carrying hazardous materials.

-
Potential for unusually long delays for motorists.

-
Poor sight distances.

-
Potential for serious accidents.

Future expansion or reduction In railroad and/or highway facilities must also be considered. Grade separation structures are to be provided on all freeways. (Wisconsin DOT, April 6, 1998)
Refer to the Appendix for additional information.

WYOMING

The Wyoming Department of Transportation reports usage of a diagnostic team approach, with the team consisting of DOT, railroad representatives and local officials as appropriate to “determine the impact and necessity of grade separations” for roads not directly under the jurisdiction of the DOT.  State roads and highways are determined by the Wyoming Transportation Commission with input from the DOT Utility/Right-of-Way office.  With one railroad company planning to construct a new rail line into the Powder River Basin for coal haulage, the DOT has directed that all state highways crossed by the new track will have grade separations. (Wyoming DOT, May 4, 1998)

DISTRICT OF COLUMBIA
The District of Columbia does not have any written policy on when a highway-rail grade separation should be considered.  The District reports that it follows requirements of 23 USC 130 and Chapter VII of the MUTCD for grade crossings.  (District of Columbia Dept. of Public Works, August 1998)

APPENDIX A

Rail-Highway Grade Crossing Separation, Consolidation

and Other Guidelines for Selected States

California

Illinois

North Carolina

Virginia

Wisconsin
CALIFORNIA

FORMULA FOR CROSSINGS NOMINATED FOR SEPARATION OR ELIMINATION

[image: image1.wmf]
[image: image2.wmf])

(

)

(

SCF

BD

AH

F

C

LRT

T

V

P

+

+

´

´

+

=

1

0

.


[image: image3.wmf]
Where:

P = Priority Index Number

V = Average 24-Hour Vehicular Volume

C = Total Separation Project Costs (in Thousands of Dollars)

T = Average 24-Hour Train Volume

LRT = Light Rail Train Volume

F = Cost Inflation Factor

(based on Current Construction Cost Index)

AH = Accident History

BD = Crossing Blocking Delay

SCF = Special Conditions Factor = VS + RS + CG + AR + PT + OF

VS = Vehicular Speed Limit

RS = Railroad Prevailing Maximum Speed

CG = Crossing Geometrics

AR = Alternate Route Availability

PT = Passenger Trains

OF = Other Factors (secondary accidents, emergency vehicle usage, passenger buses, school buses, hazardous materials trains and trucks, community impact)

POINTS IN EACH CATEGORY ARE ASSIGNED ACCORDING TO THE FOLLOWING SCHEDULE:

V = Average 24-Hour Vehicular Volume = 1 point per vehicle

C = Total Separation Project Costs = 1 point per thousand dollars in costs

T = Average 24-Hour Train Volume = 1 point per train

LRT = Light Rail Train Volume = 1 point per train

F = Cost Inflation Factor = 
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Construction Cost Index (CCI) 1975-76 = 2100

“f” for 1975-76 = 24

Construction Cost Index for Current Year = (see current Engineering News Record Journal)

For this investigation, the Cost Inflation Factor (F) = (2100 x 24) I CCI for current year

AH = Accident History (last 10 years from filing due date)

The Commission records reportable incidents for each crossing under jurisdiction in a form called FORM A. The AH points will be based on accidents which involve trains at the crossing and are recorded on the Commission's Crossing record, Form A. For each accident the Commission will assign points based on the following:

Points = (1 + 2 x No. Killed + No. Injured) x PF

PF = Crossing Protection Factor based on warning device at crossing:

Standard #

Points
#9

1.0

#8

0.4

#3

0.2

#1

0.1

Note 1: No more than three points shall be allowed for each incident prior to modification by protection factor.

Note 2: Each Incident shall be rated separately and modified by a factor appropriate to the warning devices in existence at the time of incident.

BD = Blocking Delay Per Train (The time by which vehicular traffic is delayed to allow a train to pass at crossing.)

1.
To calculate the blocking delay for a typical day, observe when trains pass the crossing and begin timing from the point that warning devices are activated at the crossing and stop timing after the train has passed and warning devices are reset. Measure the elapsed time in minutes. i.e. If delay was 2 minutes and 30 seconds, then the time is 2.5 minutes.

2.
Using the above method, calculate a delay time for each train that crosses the intersection.

3.
Add all delays and divide the total time by the number of trains that passed the intersection. This average is the Blocking Delay points. Note: The maximum BD points is 10. If the average delay per train is 10 minutes or more, then your agency will be credited with the maximum of 10 points for the BD.

EXAMPLE: At a highway-railroad crossing the following observations were made:

· A train with 100 cars passed the crossing with a blocking delay time of 7.5 minutes.

· Later that day, another train passed the crossing with a blocking delay time of 5.6 minutes.

· In the afternoon, another train passed the crossing with a blocking delay time of 8.1 minutes.

· The BD per train is:(7.5min. + 5.6 min. + 8.1 min.) / 3 = 7.1 (Round off the average to the nearest tenth of a point.)

VS = Vehicular Speed Limit

Posted Speed Limit 

MPH


Points
   0 - 30


0

31 – 35


1

36 – 40


2

41 – 45


3

46 – 50


4

51 – 55
 

5

RS = 
Railroad Prevailing Maximum Speed

MPH


Points
   0 - 25


0

26 - 35


1

36 - 45


2

46 - 55


3

56 - 65


4

66 - 75


5

76 - 85


6

86 +


7

CG = Crossing Geometrics

0 - 17 points based on relative severity of physical conditions, i.e. grade, alignment, site distance, etc.

AR = Alternate Route Availability:

The AR is the nearest crossing available that vehicles may cross if the highway-railroad grade crossing is blocked by train(s).  i.e. If a train is passing by the Avenue T grade crossing and is long enough that it also blocks Avenue S and Avenue R, then the nearest crossing that vehicles may cross is at Avenue Q. Assume that Avenue Q is 4252 ft. from the Avenue T grade crossing. Therefore, based on the table below, the AR for Avenue T is 4 pts.

Distance in Feet

Points
   up to 1,000

0

1,001- 2,000

1

2,001- 3,000

2

3,001- 4,000

3

4,001- 5,000

4

5,001 +


5

Since some crossings are shared by railroads the alternate route may vary depending on the train length and speed. For situations where trains of different lengths utilize the crossing, determine the Alternate Route for each train that crosses on a typical day. Then, average the Alternate Route calculations and use the average number to determine the AR points.

For example, at a crossing three trains traveled on the same day. First, a 100 car train crossed and blocked two adjacent crossings in addition to the proposed crossing for separation. Assume that the nearest alternate route for the train was 4,852 ft. Next, a 10 car passenger train crossed and only blocked one additional adjacent crossing. Assume that the alternate route for the passen​ger train was 1,734 ft. A two car commuter train then crossed later that day and only blocked the intersection of the proposed grade separation. Assume that the nearest alternate route for the commuter train was 851 ft. The average of the three trains is 2479 ft [ (4852  + 1734 + 851) / 3 = 2,479 ft.] .   This average corresponds to an AR of 2 points.

PT =
Passenger Trains

Number of 

Trains Per Day

Points
    1 - 2


1

   3 - 5


2

  6 - 10


3

11 - 20


4

21 - 30


5

31 - 40


6

41 - 50


7

51 - 60


8

61 - 70


9

71+


10

OF = Other Factors

Other Factors are valued in a range from 0 to 18 points based on:

     Category



Points
Secondary Accidents


3

Emergency Vehicle Usage

3

Passenger Buses


3

School Buses



3

Hazardous Materials Trains

and Trucks*



3

Community Impact


3

*NOTE: In past OFs, applicants were counting each and every train and truck that passed by the crossing as carrying hazardous materials because the vehicles operate on a fuel which is considered hazardous (diesel, gasoline, etc.). This is not acceptable. The correct tally is the count of trains and trucks which transport hazardous materials (chemicals, fuels, etc.) and its cargo is clearly labeled as hazardous content by a diamond shaped sign. If the load is not labeled, then the vehicle or train can not be counted as transporting hazardous materials.

FORMULA FOR EXISTING SEPARATIONS

NOMINATED FOR ALTERATION OR RECONSTRUCTION
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Where:

P = Priority Index Number

V = Average 24-Hour Vehicular Volume

T = Average 24-Hour Train Volume

LRT = Average 24-Hour Light Rail Train Volume

C = Total Separation Project Costs (in Thousands of Dollars)

F = Cost Inflation Factor (based on Current Construction Cost Index)

SCF = Special Conditions Factor = WC + HC + SR + AS + PF + AP + DE

Where:

WC = Width Clearance

HC = Height Clearance

SR = Speed Reduction

AS = Accidents at or near structure

PF = Probability of Failure

AP = Accident Potential

DE = Delay Effects

POINTS IN EACH CATEGORY ARE ASSIGNED ACCORDING TO THE FOLLOWING SCHEDULE:

V = Average 24-Hour Vehicular Volume = 1 point per vehicle

C = Total Separation Project Costs = 1 point per thousand of dollars in costs

T = Average 24-Hour Train Volume = 1 point per train

LRT= Light Rail Train Volume = 1 point per train

F = Cost Inflation Factor = 
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CCI (Construction Cost Index) for 1975-76 = 2100

"f" for 1975-76 = 24

Construction Cost Index for Current Year (see current Engineering News Record Journal)

For this investigation the Construction Cost Index (F) is (2100 x 24) I CCI for current year

SCF = Special Conditions Factor = WC + HC + AS + PF + AP + DE

Where:

WC = Width Clearance Points: 0-10

Based On:

Width (in Feet)



Points
16' + 12(N)



0

12' but less than 16' + 12(N)

2

8' but less than 12' + 12(N)

4

Less than 8' + 12(N)


6

11 (N)




8

Less than 11(N)



10

Note:
N = Number of Traffic Lanes

HC = Separation Height Clearance
0-10 

Based On:

Underpass Height (feet)

Points
15' and above


0

14' but less than 15'

4

13' but less than 14'

8

Less than 13'


10

Overpass Height (feet)

Points
22.5' and above


0

20' but less than 22.5'

4

18' but less than 20'

8

Less than 18'


10

SR = Speed Reduction or Slow Order

Points
None         


0

Moderate


2

Severe



5

AS = Accidents at or Near Structure (10 years)

Number



Points
0-10



0

11-20



1

21-30



2

31-40



3

41-50



4

51-60



5

61-70



6

71-80



7

81-90



8

91-100



9

100 +



10

PF = Probability of Failure (10 points maximum) (Taking structure age into account)





Points

Minimal / None


0

Slight



2-3

Moderate


4-6

Extreme


7-10

AP = Accident Potential (10 points maximum)

Points
None 



0

Slight



2-3

Moderate


4-6

Extreme


7-10

DE = Delay Effects (10 points maximum)

Points
None 



0

Slight



2-3

Moderate


4-6

Extreme


7-10

________________

ILLINOIS
RAILROAD HIGHWAY IMPROVEMENT (3-200)
GENERAL (3-201)
3-201.01
SCOPE

As State highways and railroads are expanded or modernized, it is inevitable that new highway-railroad crossings will need to be established and that existing crossings will need to be modernized, reconstructed or eliminated.  Basically, there are two methods of accomplishing these crossings:

A. At-grade crossing - where the highway and railway intersect at the same elevation requiring proper warning to reduce the inherent hazard of collisions between trains and highway vehicles.

B. Grade separation crossing - where the inherent collision hazard is eliminated by the construction of a structure to carry the highway over or under the railroad.

3-201.02
WARRANTS FOR GRADE CROSSING WARNING DEVICES

At railway-highway crossings where grades are not separated, the following types of warning signal devices are warranted and shall be installed when construction or reconstruction of the approach highway is undertaken, or when construction or reconstruction of the crossing is undertaken as the result of a formal agreement between the Railroad and the State, subject to the limitation of available funds.

A. Reflectorized crossbucks, pavement markings and advance warning signs as indicated in the Illinois Manual on Uniform Traffic Control Devices for Streets and Highways shall be the minimum warning devices at all crossings.

B. Flashing light signals shall be installed at crossings where the warrants for gates are not met and when the expected accident frequency equals or exceeds .02.  The method determining the expected accident frequency is shown in Figure 3-201.02.

C. Cantilevered flashing light signals shall be installed, in addition to other warning devices, on multilane highways that qualify for active warning devices where the possibility of a truck blocking the view of the roadside signals is present. Cantilevers should also be considered at frequent accident locations that could possibly be improved by more visible signals.

D. Flashing light signals and gates shall be installed when one or more of the following conditions are met:

1. Multiple main line railroad tracks.

2. Multiple tracks at or in the vicinity of the crossing which may be occupied by a train or locomotive so as to obscure from view, the movement of another train approaching the crossing.

3.
High speed train operation combined with limited sight distance at either single or multiple track crossings.

4.
A combination of high speeds and moderately high volumes of highway and railroad traffic.

5.
Either a high volume of vehicular traffic, high number of train movements, substantial numbers of school buses or trucks carrying hazardous materials, unusually restricted sight distance, continuing accident occurrences or any combination of these conditions.

6.
The expected accident frequency for flashing lights exceeds .02 and the benefit cost ratio equals or exceeds 1.0. The method for determining the benefit cost ratio is shown in Figure 3-20l.02a.

7.
A diagnostic team recommends them.

In individual cases where a diagnostic team justifies that gates are not appropriate, gates will not be required.

E.
A higher type of warning device, not justified under any of the preceding warrants, may be provided on the basis of continuing or potential accident occurrence due to:

1.
Unusual track or roadway geometrics.

2.
Restricted sight distance.

3.
Other unusual conditions, such as when there exists exceptional accident consequences to a large number of people as rail or highway passengers or as the result of an accident involving hazardous materials.  Conversely, in other instances, a lower level device may be justified if concurred in by a diagnostic team.

When the distance measured along the centerline of the highway between two regularly used adjacent tracks is less than 100 feet , the crossing should be considered as a multiple track crossing and warning devices installed accordingly.  When the distance is 100 feet or more, the crossings should be considered as individual  crossings with each signalized in accordance with the preceding warrants.

Refinements to activation circuitry should be recommended where the credibility of the warning devices could be beneficially increased. This includes shortening the signal "starts" to the present train speeds or installing or upgrading Constant Warning Time Devices (predictors) or Motion Detectors.

EXPECTED ACCIDENT FREQUENCY = A x B x CURRENT TRAINS PER DAY

   VEHICLES

    PER DAY

  (10 OR. ADT)

   'A' FACTOR
250
.000347

500
.0006Y4

1000
.001377

2000
.002627

3000
.003981

4000
.005208

5000
.006516

6000
.007720.

7000
.009005

8000
.010278

9000
.011435 -

10000
.012674

12000
.015012

14000
.017315

16000
.019549

18000
.021736

20000
.023877

25000
.029051

30000
.034757



EXAMPLE
ASSUME

URBAN AREA

CROSSBUCK PROTECTION

5000 VEHICLES PER DAY

5 TRAINS PER DAY

EXPECTED ACCIDENT FREQUENCY

EA. = .006516 X 3.06 X 5

EA. = 0.10

EA. = 1 ACCIDENT EVERY TEN YEARS

ACCIDENT FREQUENCY IS GREATER THAN 0.02. THIS WOULD INDICATE NEED FOR HIGHER TYPE DEVICE.

TRY FLASHING LIGHTS

'B' = 0.23

EA. = 006516 X .23 X 5

EA. = 0.01

THEREFORE, FLASHING LIGHTS ARE WARRANTED.







 “B” FACTOR COMPONENTS

(“B” FACTOR BASIC VALUE ADJUSTMENTS)
BASIC VALUES FOR EXISTING DEVICES
A
Crossbucks. highway volume less

than 500 per day
3.89

B
Crossbucks, urban
3.06

C
Crossbucks, rural
3.08

D
Stop signs. highway volume less 

than 500 per day
4.51

E
Stop signs
1.15

F
Wigwags
0.61

G
Flashing lights. urban
0.23

H
Flashing lights. rural
0.93

I
Gates. urban
0.08

J
Gates. rural
0.19

BENEFIT COST RATIO ANALYSIS PROCEDURE
Definitions:

EAF. = Expected Accident Frequency = A x B x T, trains/day (from Figure 3-201.02)

Z = Cost of accident = ratio of deaths and injuries per accident (average for latest 3 yrs. in Ill.) x cost per accident (National Safety Council accident cost data which is documented and also periodically up-dated) = $21,205 (to be revised annually by Central Office)

U = Cost of flashing lights divided by expected life = __________

V = Yearly maintenance cost of flashing lights = __________

Y = Cost of gates divided by expected life = __________

W = Yearly maintenance cost of gates = __________

L = Cost of grade separation divided by expected life = __________

M = Yearly maintenance cost of grade separation = __________

STEP #1 EA. for present installation = A x B x T = ________
STEP #2 EA. for proposed installation = A x B x T = ________

STEP #3 Savings in EA. per year = Step # 1 - Step # 2 = ________

STEP #4 Benefit = Z x Step #3 = ________

STEP #5 Cost of proposed installation = Y+W, or U+V, or L+M = ________

STEP #6 Benefit Cost Ratio = Step 4 divided by Step 5 = ________

Figure 3-201.02a

Predictors are to be installed at crossings of at least 1000 ADT and an average daily train traffic of at least 5 trains a day or there are concentrations of train or vehicular traffic during “rush hours” when:

A.
There are switching moves on the approach circuits or

B.
At least 25% of the average daily trains operate at speeds 25 mph slower than the fastest train on the line or

C.
There is unusual track and crossing geometry.

Motion detectors are to be Installed at crossing where:

A.
Gates are involved

1.
When there is a stopping or other lengthy occupancy of the approach circuits or

2.
When there are new gate installations or

3.
When there Is upgrading of crossings with flashing light signals to gate Installations or

4.
When there are major control circuitry changes required at existing installations.

B.
Flashing light signals are involved

1.
When there is stopping or other lengthy occupancy of the approach circuits or

2.
When there are new flashing light signal Installations with 1000 ADT or more and 5 or more trains per day or

3.
When there are major control circuit changes required by changes in or additions to flashing light signals at crossings with 1000 ADT or more and 5 or more trains per day.

3-201.03
WARRANTS FOR GRADE SEPARATION STRUCTURES
A grade separation shall be constructed when a highway is constructed, or reconstructed across a railroad when the accident frequency for gates exceed .02 and the benefit cost ratio equals or exceeds 1.0

The highway grade separation shall be constructed when an expressway in a rural area is constructed or reconstructed across the railroad.

__________________

NORTH CAROLINA

RAIL-HIGHWAY GRADE CROSSING CONSOLIDATION

SELECTION PROCESS
l
Identify Crossings for Possible Closure
A railroad-highway grade crossing having any of the following characteristics should be analyzed for closing:

a) Redundant railroad crossings such as crossings in cities/towns where the track crosses a road every few hundred feet.

b) Crossings on unpaved roads and those with minimal average daily traffic (ADT) where an alternative route is readily available.

c) Any crossing without active warning devices being considered for the installation of active warning devices.

d) Adjacent crossings that are located within one-half mile of any crossing being upgraded or grade separated.

e) Crossings involved in a high speed corridor or passenger route.

f) Crossings with four or more trains crossing per day.

g) Crossings where the geometrics of the track and/or roadway make the location of the crossing a hazardous location such as a "humped” crossing where trucks could get stuck on the track or a diagonal crossing where there is no safe way for a truck or long machinery to cross safely due to limited sight distance. (One solution to closing a diagonal crossing is to build a parallel road with the tracks to the next crossing).

Keep in mind that the road crossing the track should not serve as a main route for fire, ambulances or any other emergency vehicles.

II
Select Crossings for Possible Closure
Target crossing(s) for possible closure. Survey the community or surrounding area for crossings that meet any or all of the above-mentioned criteria. Drive the roads several miles each way from the tracks to determine if the crossing could be closed or a least dead-ended. Crossings of specific rail corridors, or within an individual county or community, should be evaluated.

Prepare a field investigation. Prior to the field investigation, find out as much information as possible about the crossing including the information on page 1 of the attached form. This data can be obtained by reviewing the railroad inventory, Investigative Index, contacting the NCDOT's Traffic Engineering Branch or the appropriate railroad. It is also helpful to have an aerial photograph (which, if available, may be obtained from NCDOT's Photogrammetry Unit) and a location map of the crossing.

III
Investigate the Crossing in the Field
Provide a map (from county' or city road maps) and a detailed sketch of the crossing and surrounding roads (see pages 4-6). Also, include photographs of the site.

IV Answer the Questionnaire [shown below]
For question 1, state the initial reason(s) this crossing was proposed to be closed.

The answer to questions 2, 3, 5, 6, 9, 10 and 11 may be obtained by contacting the City Manager, City Traffic Engineer, Mayor, Division Engineer, Area Traffic Engineer, Statewide Planning Branch, Division Traffic Engineer and/or the Planning and Environmental Unit.

Questions 4, 7 and 8 can be determined by the field investigation. For instance, if an unpaved road runs parallel to the track and connects two separate streets which cross the track, it may be possible to pave the unpaved connector road and close one of the crossings.

The answer to question 11 may be the biggest obstacle to prevent the closing of the crossing. For instance, if a business is located near the crossing, the owners may oppose closing the crossing because of the inconvenience to their customers and employees. Home owners also may oppose the closing of a crossing. When a municipal system crossing is proposed to be closed, the town/city council will have to be involved with the closing of the crossing and a public hearing must be held. Public opinion has a significant impact on any action to close a crossing and public opposition to closing an existing railroad grade crossing ensures that any closing will be difficult. However, safety should always be considered as a priority over convenience.

Per Section 8A-4 of the Manual on Uniform Traffic Control Devices, "Any highway grade crossing for which there is not a demonstrated need should be closed." Having obtained as much information as possible by completing the Railroad Crossing Closing Form, you are now ready to recommend whether or not the crossing should be closed.

RAILROAD CROSSING CLOSING FORM
CROSSING NO
DIVISION
COUNTY
CITY
ROUTE
ACCIDENTS

/10 YEARS








MILEPOST
RR NAME
PROJECT IN THE TIP
SCHEDULED IN FFY
PROGRAM I.D.



(CIRCLE ONE)

YES      NO



Circle type of rail traffic that applies: High Speed Corridor Passenger  Freight

Normal Daily Train Moves = _____; Day (6am-6pm) = _____;

Night (6pm-6am)=_____

Maximum Daily Train Moves = _____ (Include an explanation if necessary.)

Maximum Train Speed = _____ mph. Is train speed variable?

(Circle)  Yes  No

Normal Passenger Train Speed = _____,

Normal Freight Train Speed = ______

Number of Tracks = _____Thru; _____Switching/Auxiliary

Existing Invest. Index = _____

Existing Preemption? (Circle)  Yes  No

Existing Average Daily Traffic (ADT) = _____

Projected ADT Increase Per Year = _____% School Bus Factor = ___

Existing Warning Devices are (Circle): (a) Crossbucks

(b) Flashers 8 Cantilevers (d) Flashers & Gates (e) Cantilevers & Gates (f) STOP Signs (g) Diamond-Grade Material (h) Buckeye Crossbucks (i) Other

Is this railway track a candidate for future abandonment or is any significant increase or decrease anticipated in train traffic at this location?

Circle One: Yes No Unknown

FIELD INVESTIGATION FOR CROSSING NO. _____
DRAW SKETCH ON NEXT PAGE TO INCLUDE THE FOLLOWING:

1 Indicate road name/state road number and intersecting alternative road.

1 Indicate paved or unpaved roadways.

1 Indicate railroad name and track configuration.

1 Indicate type of road, (i.e., connector, dead end, etc.).

1 Indicate location and type of warning devices at adjacent crossings.

1 Indicate distance to adjacent crossings and alternative road routes.

1 Indicate type of warning devices at adjacent crossings.

1 Show existing and proposed traffic patterns including length of road in miles (kilometers).

1 Indicate quadrants with sight distance problems and type of problems  (i.e., trees obscuring view, high embankrnents, horizontal & vertical curves).

1 Indicate approximate location and names of local businesses, location of adjacent homes and any other pertinent information.

1 Indicate potential roadway residue remaining as result of potential crossing closure.

If aerial photograph available, attach to closing form package.

Mission No. _____ Photo No. _____ Date of aerial photograph ____

QUESTIONNAIRE
1) What is/are the reason(s) this crossing is proposed to be closed?

2) Provide the estimated ADT on alternative road routes after traffic shift (list affected roads and respective ADT):

3) Is the roadway paved? If not, when is it scheduled to be paved?

4) If any, how much additional mileage is required because of the re-routing of roadway traffic due to the closing of the crossing? How much inconvenience in terms of alternative route time will the closing cause?

5) Are there any nearby safety operations such as fire, police or rescue departments which could be adversely affected by the closing of the crossing?

6) Is the crossing located on a School Bus route?

7) Do any of the other roads in the vicinity of the crossing need to be upgraded to facilitate traffic movement if the crossing is closed?

8) If the crossing is closed, will any roadway residues remain that may be abandoned?

9) How many homes could be affected by the closing? Are any businesses affected? If so, provide company name and approximate number of employees.

10) Is road part of a future thoroughfare or any other long term development project?

11) Do you anticipate any local opposition? If so, who and why? (For example. city' officials, local citizens, local industries, etc.)

12) Would you recommend closing this crossing (include any pertinent comments)?

October 6,1995

____________________
VIRGINIA
COST-EFFECTIVENESS PROCEDURE

In order to justify the replacement of an at-grade railroad crossing with a grade-separated crossing, the costs associated with retaining the at-grade crossing must be equal to or greater than the costs of constructing the  grade separation  Relating it more  specifically, the costs of train/vehicle accidents and the costs of delay and excess fuel consumption to motorists awaiting the passage of trains must be equal to or greater than the costs of a new bridge or overpass.

This principle is sound in theory, and provides a valid tool for evaluating specific at-grade crossings. It was not practical, however, to evaluate all 2,497 crossings in Virginia. Therefore, a procedure based on rational assumptions and available data was developed which selected those crossings meeting this basic principle. This procedure is described in the remainder of this section.

Definitions of Costs
Costs associated with at-grade crossings include costs which are incurred by those involved in crossing accidents and those delayed by waiting for the passage of a train, both in time of delay and excess fuel consumption. Other costs include those associated with a possible leakage of hazardous materials resulting from a collision and those associated with the delay of an emergency vehicle waiting for a train to pass. Costs associated with a grade separation include that of the bridge or overpass structure, the roadway approaches to the structure, and the right-of-way.

Accident Costs
It is obviously impossible to predict the actual costs of future accidents that might occur at a crossing.  Therefore, the standard practice is to use the average cost of railroad crossing accidents that have occurred previously, and multiply it by the expected number of accidents. Based on a total of 70 accidents (29 rural and 41 urban) at public crossings in Virginia in 1989, and on the accident costs recommended by the Federal Highway Administration (FHWA) (4), it was determined that a rural accident costs $141,126 and an urban accident costs $102,942. It is important to note that the FHWA costs are from nationwide data and reflect the average costs of fatal, injury, and property damage only accidents.

The expected number of accidents per year is determined by applying the Hazardous Index Formula.  This New Hampshire model generates an expected accident rate (EAR) for a crossing based on certain characteristics of the crossing such as location, number of trains, existence of warning devices, etc.

Total accident costs are then obtained by multiplying together average cost per accident and EAR. This is expressed as:

CA = $C (EAR), where







Eq. 1

CA = annual cost of accidents

$C = average cost per accident ($141,126 rural, $102,942 urban)

EAR = expected accident rate per year

Delay Costs
The cost of a person's time is often used in cost~effectiveness analysis when evaluating a proposed improvement. For purposes of this study, average wage rates in urban and rural areas were used. While this varies somewhat among areas, the Virginia Employment Commission reported an average wage in 1989 of $10.85/hour in a representative urban area and $7.80/hour in a representative rural county.

The amount of delay varies from crossing to crossing depending upon the length and speed of a train (6). Mathematically, the time a crossing is effectively blocked by the passage of a train is expressed as:

MT = [(L/S) (60) + 0.6 + 0.05], where





Eq. 2

MT = minutes required for passage of a train

L = length of train in miles (a maximum length of 9,000 feet was assumed)

S = speed of train in mph (assumed as 45 mph rural, 25 mph urban)

60 = conversion to change mph to miles per minute

0.6 = average minutes for activation/deactivation of warning devices

0.05 = average minutes for motorists to react and start up after train has passed

By assuming all trains at the crossing are the same length and travel at the same speed, the number of minutes a crossing is blocked during an average day is expressed as:

M = MT (T), where







 Eq. 3

M = minutes during an average day that a crossing blocked

MT = minutes required for passage of a train (Eq. 2)

T = number of trains/day

The probability that a vehicle will be delayed is expressed as:

P - M / 1440, where







Eq. 4


P = probability of a vehicle being delayed during an average day

M = minutes during an average day that a crossing is blocked (Eq. 3)

1440 = number of minutes in a day

The number of vehicles delayed during an average day is expressed as:

N = P (AADT), where







Eq. 5

N = number of vehicles delayed during an average day

P = probability of a vehicle being delayed during an average day (Eq. 4)

AADT = average annual daily traffic volume using the crossing

These three equations can then be combined to calculate the total delay to vehicles during an average day:

D = [P (AADT)] [MT / 2]







Eq. 6

D = total minutes daily delay

P (AADT) = number of vehicles delayed (Eq. 5)

MT / 2 = average minutes of delay per vehicle resulting from the passage of a train (An average is used to reflect the fact that some vehicles will arrive as the train is just coming and some as the train is just leaving.)

In addition to the cost of time, there is also excess fuel consumption resulting from vehicles idling during the passage of the train. For purposes of this study, it was assumed that gasoline cost $1.10/gallon.

An FHWA report indicated that idling vehicles burn 0.013 gallons gasoline/minute (7).  Total gasoline consumption due to delay during average day is therefore estimated as:

G = 0.013 D, where







Eq.7

G = daily gallons of gasoline consumed by idling vehicles

0.013 = idling consumption in gallons/minute

D = total minutes of daily delay (Eq. 6)

In order to calculate the annual costs of delay, the equations and unit costs are combined and expressed as:

CD = 365 D [($1.10) (0.013) + ($W / 60)], where



Eq. 8

CD = annual cost of delay

365 = number of days in a year

D = minutes of daily delay (Eq. 6)

$1.10 = cost of gasoline/gallon

0.013= idling consumption in gallons/minute

$W = average hourly wage ($7.80 rural, $10.85 urban)

 60 = conversion to change hourly wage to per minute wage

Hazardous Materials Costs
It is very difficult to quantify the costs associated with the leakage of a hazardous material. In fact, there is no known documentation of such costs.  Based on the statistics presented earlier, however, grade-crossing accidents resulting in the leakage of hazardous materials are very rare. Accordingly,  the validity of the cost-effectiveness  analysis is not compromised by eliminating these costs from consideration.

Emergency Vehicle Delay Costs
There is no known documentation of costs resulting from the delay of emergency  vehicles at the at-grade railroad crossings.  Common sense indicates, however, that the probability of such an occurrence is very small. When the probabilities of an emergency occurring at a location that is completely isolated by railroad tracks and at a time when a train actually blocks the tracks are combined, there is very little total probability of such an event. Accordingly, the analysis is not compromised by eliminating these costs from consideration.

Grade Separation Costs
These  costs were based on the Department's in-house information regarding the general construction costs of a highway bridge and required approaches, and the procurement of additional right-of-way. For the purpose of  this study  it was assumed that  a grade-separated crossing costs $1.2 million in a rural area and $6.0 million in an urban area. Further, an average life of 50 years was assumed.

Development of Selection Criteria
As stated at the outset, a grade-separated crossing is economically justified if the costs associated with the existing at-grade crossing are equal or greater than the costs of constructing the grade separation. This is expressed as:

CA + CD = [or greater than] CB / 50, where






Eq. 9

CA = annual cost of accidents (Eq. 1)

CD = annual cost of delay (Eq. 8)

CB = cost of bridge ($1.2 million rural, $6.0 million urban

50 = average life of a bridge in years

Accident Criteria
If costs due to delay are assumed to be zero, and Eq. 1 is substituted, Eq. 9 becomes:

$141,126 (EAR) = [or greater than] $1,200,000 / 50 (rural), and

$102,942 (EAR) = [or greater than]  $6,000,000 / 50 (urban)

The sums $141,126 and $102,942 are weighted average costs for all grade crossing accident costs which occurred in 1989 (2).

The accident criteria are determined by solving the above equations for EAR.  Thus, the minimum expected accident rate, or EAR, for which a grade-separated crossing is justified is 0.17 in rural areas and 1.17 in urban areas.

Delay Criteria
If costs due to accidents are assumed to be zero, and Eq. 8 is substituted, Eq. 9 becomes:

365 D [($1.10) (0.013) + ($7.80 / 60)] = [or greater than]  $1,200,000 / 50 (rural), and

365 D [($1.10) (0.013) + ($10.85 / 60)] = [or greater than]  $6,000,000 / 50 (urban).

The delay criteria are determined by solving the above equations for D. Thus, the minimum daily minutes of delays, or D, for which a grade-separated crossing is justified is 455.67 minutes in rural areas and 1,684.92 minutes in urban areas.

Combination Accident and Delay Criteria
If both accident and delay costs are considered, and Eq. 1 and Eq. 8 are substituted, Eq. 9 becomes:

2,679.44 (EAR) + D = [or greater than]  455.67 (rural) and

1,445.41(EAR) + D = [or greater than]  1,684.92 (urban).

Selection of Crossings
The Department maintains a computerized inventory of at-grade public railroad crossings in Virginia. The Department of Transportation's (Federal) Hazardous Index Formula, or New Hampshire model can be run on this inventory to produce expected accident rates (EARs) for each crossing. Additionally, the Department developed a computer program which uses the criteria just described to select those crossings for which a grade separation is potentially  justified.  The following describes in general terms the Department developed program.

Urban Versus Rural
The inventory was reviewed to separate the urban crossings and rural crossings.

Application of Accident Criteria
The aforementioned Hazardous Index Formula program was run to produce EARs for each crossing.  Rural crossings with an EAR = [or greater than]  0.17 and urban crossings with an EAR = [or greater than]  1.17 were selected and set aside.

Application of Delay Criteria
Daily delay is not a value that is maintained on the Department's inventory; accordingly, it has to be expressed in terms of inventory data items. This is done by starting with Eq. 6:

D  [P (AADT)] [MT / 2], and substituting Eq. 4 and Eq. 3

D = [((MT) (T) / 1440) AADT] [MT / 2]

D = (MT)2 (T) (AADT) / 2880, and substituting Eq. 2

D = [(L / S) (60) + 0.6 + 0.05]2 (T) (AADT) / 2880, thus 

For rural (s = 45 mph), D = 0.003 (T) (AADT)

For urban (s = 25 mph), D = 0.008 (T) (AADT)

The number of daily trains (T) and the daily traffic (AADT) included in the inventory for each crossing is substituted into these formulas to calculate the minutes of daily delay. Rural crossings having a delay ≥ 455.67 minutes and urban crossings having a delay = [or greater than] 1684.92 minutes were selected and set aside.

Application of Combined Criteria
The expected accident rate (EAR) and delay (D) were then used for the combined criteria such that rural crossings with 2,679.44 (EAR) + D = [or greater than]  455.67 and urban crossings with 1,445.41 (EAR) + D = [or greater than]  1,684.92 were selected and set aside.

Check for Duplication
Finally, the crossings selected and set aside from the above procedures were checked for duplications. Duplicates were discarded, and a master list of at-grade crossings for which a grade separation is potentially justified was compiled.

(Report of the Virginia Department of Transportation on Railroad Grade Crossings, House Document No. 12, Richmond, 1991)
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BACKGROUND
The Department has authority under Section 84.05 Wisconsin Statutes to undertake highway  improvements which cross railroad tracks. After the highway improvement is determined and the project concept is approved and authorized, the Department shall endeavor to make an arrangement with the railroad and all OTHER persons involved. The Department has authority for making surveys, including soundings, on railroad lands. Figure 1 is a sample letter notice to the railroad for this purpose. The letter notice is generally prepared and sent to the railroad by the district about four weeks prior to the time the survey work on railroad lands is to start.

Projects for the elimination of crossings at grade can be accomplished by the following methods:

-
Constructing a grade separation structure.

-
Relocating the highway.

-
Relocating the railroad.

-
Closing the crossing.

The closing of crossings without OTHER highway or railroad changes is seldom done. However, in special circumstances, it can be accomplished for good cause by petitioning the Office of the Commissioner of Transportation (OCT) or by closing the segment of road across the track or by vacating a portion of a street.

Railroad participation in the cost of a highway improvement project is required under the following conditions:

1 The railroad has responsibility for maintenance of the existing grade separation structure, or

2 A rail-highway grade crossing that has train activated warning devices is closed as part of the project.

The railroad's share for conditions described above are as follows: 

2 Value based on its future savings in structure maintenance expense that are relinquished. This may be equated to the cost of railroad force work required for the project and the cost of granting the additional highway crossing easement.

2 Five percent of the costs to eliminate the existing highway crossing.

Betterment of the highway is the responsibility of the highway authority. The criteria for determining the cost sharing Is in the Federal-Aid Highway Program Manual 6-6-2-1.

GRADE SEPARATION STRUCTURES
Grade separation project selection is based on a favorable analysis of the following:

1 The existing terrain is economically suitable for separating the railroad and highway grades.

2 The construction of a crossing at grade is deemed uneconomical, excessively hazardous and would not serve the public Interests.

3 The construction/maintenance cost analysis Indicates a separation structure is cost competitive with an at-grade crossing.

4 The potential hazards of train crossings and delays to highway traffic are generally found to be excessive where the following exposure factors are exceeded:

a. In rural areas separation of grade structures should be considered when the highway design speed exceeds 50 mph and the exposure factor exceeds 75,000. [Exposure factor is the product of highway ADT (Design Year) and the average number of trains per day.]

b. In urban areas, where train/highway traffic speeds are generally lower but the highway ADT higher, separation of grade structures should be given consideration when the exposure factor exceeds 100,000.

Projects to replace existing grade separation structures should also generally satisfy the above criteria.  However, the final determination to replace an existing grade separation structure with another structure at crossings which no longer satisfy these exposure factors for a grade separation, should still be decided on a favorable economic analysis, safety and public convenience. The above exposure factors for a grade separation structure could be reduced by one third and still be considered reasonable.  However, the removal of an unsatisfactory grade separation structure and the construction of a crossing at grade may also be determined to be economical and In the public interest where traffic operations and safety can be reasonably and adequately accommodated. Exposure factors are an Indication of the expected frequency of grade crossing accidents.  OTHER  factors are also important.  In addition to the train crossings, conditions that make an at-grade intersection less desirable include the following:

-
Sharp crossing angle.

-
Large number of tracks to cross

-
Presence of high speed freight and passenger trains.

-
Route of school and commercial buses.

-
Numerous crossings of trucks carrying hazardous materials.

-
Potential for unusually long delays for motorists.

-
Poor sight distances.

-
Potential for serious accidents.

Future expansion or reduction In railroad and/or highway facilities must also be considered.

Grade separation structures are to be provided on all freeways.

DEVELOPING THE AGREEMENTS
There are usually two agreements made with the affected railroad for grade separation structures. One is termed a STIPULATION and includes all of the items and provisions for the highway crossing, construction, traffic operations, cost sharing and maintenance.  The OTHER is an AGREEMENT for the performance of railroad force work and is necessary only when there are railroad facilities to be modified or installed. This usually involves adjustments of the railroad signal and communication lines, the track changes made necessary by the project, the removal of a grade crossing if one is to be closed and in some instances the construction of a temporary crossing for the contractor's construction operations.  (The contract special provisions usually require the highway contractor to make his own arrangements with the railroad for a temporary crossing).

After receiving approval and authorization for the railroad crossing project from the Bureau of Program Management, the District submits the program forms necessary to enter the project in the Master Contract Schedule and the Railroad Negotiations Status Report. The Utilities and Roadsides Section (URS) then negotiates with the railroad to obtain project acceptance and approval for the project including arrangements for work by railroad forces.

1.
STIPULATION.
The procedure in developing the Stipulation is as follows:

a. The District prepares and sends to the Central Office Design the following materials:

4 Design Study Report.

2.
Title Sheet (four copies).

2 Typical Section Sheet (four copies).

2 Plan-Profile Sheet (four copies).

2 Cross Sections for highway approaches to the structure 100 feet. minimum on each side of the crossing (four copies).

2 Drainage Plan (four copies).
7.
Right of Way Plat, as needed (four copies).

8.
Easement Description, when needed, with adjacent land value or comparable land sales (one copy).

b. Central Office Bridge provides a copy of the Bridge record for the existing structure and the preliminary bridge plan (four copies) to URS.

c. URS sends a project proposal letter to the railroad. The proposal sets forth the concept of the highway improvement, what work is required the proposed structure maintenance responsibility and the proposed' apportionment of costs. The letter may authorize engineering by the railroad for any required railroad force work. Information on railroad flagging for subsequent highway construction may also be requested at this time.

d. If the project proposal is acceptable to the railroad, the railroad will indicate their concurrence in the project concept and provide comments or acceptance of the preliminary bridge plan, cost sharing and right of way.

The railroad will also develop a cost estimate and send it to Central Office Design in accordance with the request contained in the proposal letter.

e. When the railroad and Central Office Design reach agreement on all items, the URS will draft the Stipulation. Two originals and one copy are sent to the railroad (three originals and one copy if the local unit of government has a project obligation or financial interest). If the Stipulation Is acceptable to the railroad, the railroad will have the originals signed and returned to Central Office Design.  The originals of the Stipulation are forwarded to the State Design Engineer who obtains approval of the Division Administrator.

f. If extensive negotiations fail to produce acceptance by the railroad of the project in accordance with the proposal letter and subsequent negotiations, the matter will be placed before the Office of the Commissioner of Transportation (OCT). The OCT will hold a public hearing, investigate the matter, and Issue an order binding upon all persons. The order sets forth the terms for the construction, the apportionment of costs and the party responsible for maintenance of the structure.

It is the policy of WisDOT to send approved stipulations for grade separation structures to the OCT for its Information.  The OCT schedules a public hearing for the named railroad-highway crossing.

g. The STIPULATION includes the following items:

1.
Regulatory provisions of the federal government. (Federal-aid projects).

2.
Description of the work to be done by each party.

3. The method of payment.

4. The extent to which the railroad is obligated to move or adjust its facilities at state expense or at its own expense.

5. The railroad's share of project costs.

6. The method of performing the work, either with railroad forces or by private contractor.

7. Structure maintenance responsibility.

8. Applicable plans and special provisions as exhibits.

9. Requirements for third-party railroad protective insurance as an exhibit.

10. Right of Way provision indicating what easements are to be conveyed and amount of reimbursement to the railroad for the easement.

11. Description of highway appurtenances to be constructed or installed on or removed from railroad property.

12. Location exhibit, right of way exhibit, structure exhibits and special provision exhibit.

During the time the formal stipulation is being prepared and processed, the right-of-way conveyance is also prepared and mailed to the railroad for execution. The conveyance document is usually signed after the Stipulation is executed by the railroad. For discussion of responsibilities to acquire interests in railroad property, see Procedure 17-15-20.

2.
AGREEMENT FOR RAILROAD FORCE WORK

a. The content of an agreement for work by railroad forces would be similar to OTHER force work agreements. (See 17-15-5 Contents of the Agreement.)

b. The URS requests the plan and cost estimate from the railroad, prepares the agreement and sends it to the railroad for approval and signing. After its return to the URS, It is forwarded to C.O. Construction for final authorization checks and the approval of the Administrator.

HIGHWAY RELOCATION

This alternative would not require an agreement with the railroad unless an existing railroad grade crossing having train activated warning devices is closed as a result of the highway relocation. If such a crossing is closed the railroad share of the cost would be based on five percent of a theoretical structure project to separate the existing crossing (see FHPM 6-6-2-1). There may be other factors to consider in determining the railroad's share of the project costs. The amount would be negotiated and likely a "lump sum" amount would be contributed by the railroad.

A hearing and an order from the Commissioner of Transportation would be required to close a grade crossing and to apportion the project costs, if not agreed to by the parties.

RAILROAD RELOCATION

This alternative would require the approval of the railroad and a formal agreement. The probability of selecting this alternative to eliminate a grade crossing Is unlikely due to the high cost of constructing railroad tracks. The same criteria would apply as contained in the FHPM 6-6-2-1 to determine the apportionment of costs. If such an alternative were determined to be feasible and cost effective, a hearing and an order of the Commissioner of Transportation would be required to close the existing grade crossing.

FEDERAL - 23 C.F.R. 646 - RAILROADS

Regulations of the U.S. government pertinent to highway-railroad issues are contained in 23 CFR Part 646, and relate primarily to federal funding of improvements.  However, 23 CFR 646.212 discusses grade separations, and 23 CFR 646, Subpart B, Appendix, provides additional regulations.

23 CFR 646.212   Federal share. 

(a) General. (1) Federal funds are not eligible to participate in costs incurred solely for the benefit of the railroad. 

(2) At grade separations Federal funds are eligible to participate in costs to provide space for more tracks than are in place when the railroad establishes to the satisfaction of the State highway agency and FHWA that it has a definite demand and plans for installation of the additional tracks within a reasonable time. 

(3) The Federal share of the cost of a grade separation project shall be based on the cost to provide horizontal and/or vertical clearances used by the railroad in its normal practice subject to limitations as shown in the appendix or as required by a State regulatory agency. 

(b) “G'' Funds. (1) The Federal share of the cost of a “G'' funded project may be up to 100 percent of the cost of preliminary engineering and construction and 75 percent of the cost of right‑of‑way and property damage, except that the Federal share shall be reduced by the amount of any required railroad share of the cost. 

(2) Projects for the elimination of hazards of railroad‑highway crossings, either by crossing elimination, improvement, or the reconstruction of existing grade separations, as described in 23 CFR 646.206(a) are eligible for “G'' funding subject to the following limitations: 

(i) For a new or reconstructed grade separation, the entire structure or structures and necessary highway and railroad approaches to accommodate both vehicular and pedestrian traffic. 

(ii) Where another facility, such as a highway or waterway requiring a bridge structure, is located within the limits of a grade separation project, the estimated cost and limits of work for a theoretical structure and necessary approaches as in ' 646.212 (b)(2)(i) without considering the presence of the waterway or other highway. 

(iii) For railroad or highway relocation the actual cost of the relocation project or the estimated cost of a theoretical structure and necessary approaches to eliminate the grade crossing(s) as in 23 CFR 646.212(b)(2)(i), whichever is less. 

(iv) Grade crossing improvements in the vicinity of the crossing and related work, including construction or reconstruction of the approaches as necessary to provide an acceptable transition to existing or improved highway gradients and alignments, and advance warning devices.[40 FR 16059, Apr. 9, 1975, as amended at 47 FR 33955, Aug. 5, 1982; 53 FR 32218, Aug. 24, 1988]
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Appendix to Subpart B ‑‑ Horizontal and Vertical Clearance Provisions for Overpass and Underpass Structures

The following implements provisions of 23 CFR 646.212(a)(3).

a. Lateral Geometrics

        A cross section with a horizontal distance of 20 feet, measured at right angles from the centerline of track at the top of rails, to the face of the embankment slope, may be approved. The 20‑foot distance may be increased at individual structure locations as appropriate to provide for drainage if justified by a hydraulic analysis or to allow adequate room to accommodate special conditions, such as where heavy and drifting snow is a problem. The railroad must demonstrate that this is its normal practice to address these special conditions in the manner proposed. Additionally, this distance may also be increased up to 8 feet as may be necessary for off‑track maintenance equipment, provided adequate horizontal clearance is not available in adjacent spans and where justified by the presence of an existing maintenance road or by evidence of future need for such equipment. All piers should be placed at least 9 feet horizontally from the centerline of the track and preferably beyond the drainage ditch. For multiple track facilities, all dimensions apply to the centerline of the outside track. 

        Any increase above the 20‑foot horizontal clearance distance must be required by specific site conditions and be justified by the railroad to the satisfaction of the State highway agency (SHA) and the FHWA. 

b. Vertical Clearance

        A vertical clearance of 23 feet above the top of rails, which includes an allowance for future ballasting of the railroad tracks, may be approved. Vertical clearance greater than 23 feet may be approved when the State regulatory agency having jurisdiction over such matters requires a vertical clearance in excess of 23 feet or on a site by site basis where justified by the railroad to the satisfaction of the SHA and the FHWA. A railroad's justification for increased vertical clearance should be based on an analysis of engineering, operational and/or economic conditions at a specific structure location. 

        Federal‑aid highway funds are also eligible to participate in the cost of providing vertical clearance greater than 23 feet where a railroad establishes to the satisfaction of a SHA and the FHWA that it has a definite formal plan for electrification of its rail system where the proposed grade separation project is located. The plan must cover a logical independent segment of the rail system and be approved by the railroad's corporate headquarters. For 25 kv line, a vertical clearance of 24 feet 3 inches may be approved. For 50 kv line, a vertical clearance of 26 feet may be approved. 

        A railroad's justification to support its plan for electrification shall include maps and plans or drawings showing those lines to be electrified; actions taken by its corporate headquarters committing it to electrification including a proposed schedule; and actions initiated or completed to date implementing its electrification plan such as a showing of the amounts of funds and identification of structures, if any, where the railroad has expended its own funds to provide added clearance for the proposed electrification. If available, the railroad's justification should include information on its contemplated treatment of existing grade separations along the section of its rail system proposed for electrification. 

        The cost of reconstructing or modifying any existing railroad‑highway grade separation structures solely to accommodate electrification will not be eligible for Federal‑aid highway fund participation. 

c. Railroad Structure Width

        Nine feet of structure width outside of the centerline of the outside tracks may be approved for a structure carrying railroad tracks. Greater structure width may be approved when in accordance with standards established and used by the affected railroad in its normal practice. 

        In order to maintain continuity of off‑track equipment roadways at structures carrying tracks over limited access highways, consideration should be given at the preliminary design stage to the feasibility of using public road crossings for this purpose. Where not feasible, an additional structure width of 8 feet may be approved if designed for off‑track equipment only. 

[53 FR 32218, Aug. 24, 1988] 

_______________

23 CFR 625.4 incorporates by adoption the AASHTO publications, A Policy on Geometric Design of Highways and Streets, 1994 ed. and A Policy on Design Standards - Interstate System, as the standards for roadway and appurtenances.

_______________

Rail-Highway Crossing Safety, Action Plan Support Proposals,

(U.S. DOT, FRA, 1994)
Appendix II of the Rail-Highway Crossing Safety, Action Plan Support Proposals report contains a capsule summary of crossing improvements required on high-speed rail lines.  Pertinent sections are presented in Work Paper 1.

Excerpt From the Transportation Equity Act

for the 21st Century (TEA 21)
(The following are sections of TEA-21, as enrolled, that may be of interest to grade separation issues.)

SEC. 501. DEFINITIONS.
For purposes of this title:

(E) In estimating net present values, the discount rate shall be the average interest rate on marketable Treasury securities of similar maturity to the cash flows of the direct loan or loan guarantee for which the estimate is being made.

(5) The term ‘intermodal’ means of or relating to the connection between rail service and other modes of transportation, including all parts of facilities at which such connection is made.

SEC. 502. DIRECT LOANS AND LOAN GUARANTEES.
(a) General Authority.--

The Secretary may provide direct loans and loan guarantees to State and local governments, government sponsored authorities and corporations, railroads, and joint ventures that include at least 1 railroad.

(b) Eligible Purposes.--

(1) In general.--Direct loans and loan guarantees under this section shall be used to--

(A) acquire, improve, or rehabilitate intermodal or rail equipment or facilities, including track, components of track, bridges, yards, buildings, and shops;

(B) refinance outstanding debt incurred for the purposes described in subparagraph (A); or

(C) develop or establish new intermodal or railroad facilities.

(2) Operating expenses not eligible.--Direct loans and loan guarantees under this section shall not be used for railroad operating expenses.

(c) Priority Projects.--In granting applications for direct loans or guaranteed loans under this section, the Secretary shall give priority to projects that--

(1) enhance public safety;

(2) enhance the environment;

(3) promote economic development;

(4) enable United States companies to be more competitive in international markets;

(5) are endorsed by the plans prepared under section 135 of title 23, United States Code, by the State or States in which they are located; or

(6) preserve or enhance rail or intermodal service to small communities or rural areas.

APPENDIX B
Survey Form Concerning State DOT Practice for

Rail-Highway Grade Separation Guidelines
Dear _________ :

The TransTech Group is conduction research on how State Transportation Agencies decide when a highway-railroad grade separation (either new construction or reconstruction) is warranted.  We are particularly interested in any written policies, procedures, or analysis techniques that your agency may have, and will greatly appreciate your assistance in this issue.

1.
If your agency has any written policies, procedures, or analysis techniques in the subject area, would you please send us a copy?

2.
If your agency does not have such policies, procedures, or techniques, would you so indicate, and provide a brief statement of how you do make the decision?

3.
If your agency does not have this responsibility, please indicate which agency is responsible.

4.
If you would like a copy of our compilation of this research, please so indicate.

Thank you for your assistance.  I will be glad to answer any questions you may have about this request or the research project.

Sincerely,

(s) TransTech Group, Inc.

_____________________________


Prepared by Trans Tech Group, Inc.
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