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EXECUTIVE SUMMARY

ODOT’s linear referencing system for state highways had its origins in 1923 when ODOT was directed by the Oregon Legislature to inventory its roads.  The current ODOT state highway designation of names and numbers began before a national system of routes was established in the late 1920’s. When routes were established, ODOT chose to overlay its current highway numbering system with the route system thus creating the current dual numbering system.

The two highway referencing systems currently in place in Oregon are:
1. US and Oregon route numbers which the public, local agencies and the Legislature use to reference specific routes. 
2. ODOT’s internal state highway numbering system which has historically been used by ODOT to reference specific highways and to manage the state highway system.

Key facts related to the current Oregon dual highway numbering system are as follows:

1. Mileposts on state highways are based on ODOT’s internal historic state highway numbering system. While many people believe that the milepost paddles reflect distances and locations along the signed route, this is not the case.

2. There are often multiple state highway numbers comprising a single US or Oregon route (for example, Oregon Route 140 runs over 7 internal ODOT state highway numbers that are each mileposted independently).  

3. A single US or Oregon route can have multiple instances of duplicate mileposts (for example mileposts 6 through 65 are repeated three times each along OR140).  

4. Approximately 27% of US and Oregon routes (~ 63% of the total US and Oregon route system’s length) have a potential for confusion of milepost paddle locations due to this dual numbering system. This means that 35 of the 131 Oregon and US Routes have this potential for confusion.

5. Section 2D.46 of the 2003 federal Manual on Uniform Traffic Control Devices requires that the distance numbering of milepost markers shall be continuous for each route within a State.

Oregon’s current dual highway numbering system is an ongoing and significant source of confusion for both internal and external ODOT stakeholders. Confusion issues manifest themselves in areas such as ODOT internal conversations, in ODOT conversations with external customers, in development and interpretation of ODOT public reports, and in response to incidents by emergency response personnel, state police and local agency police. 

 This report recommends that ODOT develop and proceed with a plan to remilepost OR140 based on the signed route. This report further recommends that a staged statewide plan to remilepost all Oregon state highways based on the signed route, using lessons learned from the remileposting of OR140, be developed and implemented. It is suggested that this plan begin with interstate routes, then US routes, then major Oregon routes.
6.0   Formal report summarizing Chapters 3-5
6.1
background
ODOT’s LRS had its origins in 1923 when ODOT was directed by the legislature to inventory its roads.  The current ODOT state highway designation of names and numbers began before a national system of routes was established in the late 1920’s. When routes were established, ODOT chose to overlay its current highway numbering system with the route system thus creating a dual numbering system that continues to this day.

The two highway referencing systems currently in place in Oregon are:
1. US and Oregon route numbers which the public, local agencies and the Legislature use to reference specific routes. 
ODOT’s internal state highway numbering system which has historically been used by ODOT to reference specific highways and to manage the state highway system.

6.2
key oregon dual highway numbering system facts
Key facts related to the current Oregon dual highway numbering system are as follows:

1. Mileposts on state highways are based on ODOT’s internal historic state highway numbering system. While many people believe that the milepost paddles reflect distances and locations along the signed route, this is not the case.

2. There are often multiple state highway numbers comprising a single US or Oregon route (for example, Oregon Route 140 runs over 7 internal ODOT state highway numbers that are each mileposted independently).  

3. A single US or Oregon route has duplicate mileposts (for example mileposts 6 through 65 are repeated three times each along OR140).  

4. Approximately 27% of US and Oregon routes (~ 63% of the total US and Oregon route system’s length) have a potential for confusion of milepost paddle locations due to this dual numbering system. This means that 35 of the 131 Oregon and US Routes have this potential for confusion.

5. Section 2D.46 of the 2003 federal Manual on Uniform Traffic Control Devices requires that the distance numbering of milepost markers shall be continuous for each route within a State.
6.3
dual referencing system Issues and Problems
The following is a listing of ongoing issues and problems that have been identified with the current Oregon dual highway number referencing system:

1. Confusion with ODOT processes such as developing public reports, internal conversations between groups and indoctrinating new staff.

2. Confusion with public, other state agencies and local agencies in understanding ODOT reports that reference the internal ODOT highway number, in utilizing the ODOT web site and in conversations with ODOT staff. 

3. Travelling public confusion caused by a single route going over several internal ODOT highways and the mileposts being based on the internal ODOT highway number as opposed to the signed route.

4. Emergency and incident response confusion (e.g. receiving a TOC, Police or 911 call to a specific milepoint and having that same milepoint duplicated one or more times on any given route)

5. Confusion and additional complexity when routing/permitting oversize loads.

6. Confusion and potential for miscommunication for issues such as approach permits, development review, etc.

These issues and problems have historically been resolved by continual explanation, clarification and conversation, among ODOT internal and external stakeholders, to identify and clarify the location that is being discussed. The ramifications of incorrectly clarifying highway location range from mild annoyance, as in the case of some internal and external conversations, to potentially life-threatening, as in the case of inefficient response to emergencies along state highways.

6.4
route-based highway referencing system Transition issues:

A variety of issues related to ODOT adoption of a single route-based highway referencing system have been identified by both internal and external ODOT stakeholders. The majority of these issues relate to ODOT internal processes. However, impacts to both internal and external stakeholders must be addressed to ensure a successful transition to a single route-based highway referencing system. Identified issues include:
· The need to ensure historical internal ODOT data is retained and easily accessible.

· The need to address impacts to corporate ODOT databases such as ITIS and its dependents such as Modeling and Mode Plans, Corridor Planning, HPMS, SPIS, TransViewer, Digital Video Log, Crash, etc.

· The need to address impacts to individual Management systems databases.

· The need to ensure retention, integrity and accessibility of current asset data.

· The need to support internal ODOT work processes including paper file modifications.
· The need to communicate the change process so that public and external stakeholders can make needed changes to their work processes and databases. 

6.5
benefit/cost analyses

6.5.1
B/C Analysis Considering Work Flow Process Inefficiency
This B/C analysis will be used to determine ongoing time and resource costs incurred by ODOT staff to address, respond to and resolve confusion issues resulting from the current Oregon dual highway numbering system. This analysis does not include external stakeholder costs for groups such as the general public, Oregon State Police, highway travelers, public ODOT web site users and 911 Call Centers.
Examples of work inefficiencies encountered by ODOT staff include:

1. Developing public reports based on route. When a report is requested by route number (such as a report showing road intersections on US26) ODOT staff must first determine which state highway numbers and milepoint ranges are on US26. They then run the report based on the internal ODOT highway numbers, copy the results to Word or Excel, and change the highway numbers back to the route number. Each report takes an extra 30 minutes to two hours extra depending on the complexity of the route requested. 
2. Responding to emergency and incident calls by TOCs. Each emergency response call must be filtered and additional clarification questions asked to determine the exact location of the emergency incident. In 2007 there were approximately 47,000 incident calls received by Transportation Operations Centers statewide. Those calls, originating from highways that have duplicate milepoints on the same route, require extra staff time, anxiety and effort to ensure accurate incident location is captured. Location referencing, for calls from callers who are unsure of or unable to identify their specific location, take even more time and effort. For incident calls where location referencing cannot be determined, response vehicles are dispatched to multiple potential incident locations.  In addition to this time inefficiency, the ramifications of misdirecting emergency response to an incident are discussed in Section 6.5.2.
3. Developing entry screens for the Transportation Center Operations System (TCOS) project, to accommodate the dual highway numbering system, takes  ~150 hours extra time during setup in application development.
For purposes of this B/C analysis, factors used are based on survey results and data extrapolation. To ensure the validity of this B/C analysis this report will use conservative values for each pertinent factor. Therefore, B/C analysis factors used and methods for determination of factors are: 
· Number of ODOT Highway Division Employees = 3,000
· Annual Loaded Average Employee Salary = $104,000
· Percentage of Employees Dealing With Confusion Issues = 10%
This percentage was derived by extrapolating that 10% of the total ODOT employee pool is represented by ODOT survey respondents who noted either “Regular” or “Occasional” confusion as a result of the current dual highway numbering system.

· Percentage of Work Time Employees Deal With Confusion Issues = 3%
This percentage was calculated based on Survey Question # 1. In this question 48% of ODOT respondents noted “Regular” confusion and 36.7% of ODOT respondents noted “Occasional” confusion as a result of the current dual highway numbering system. As noted above, this pool of respondents equates to 10% of ODOT’s total 3000 employees, or 300 staff.

Occasional confusion involves 2/3 (200) of affected employees. Occasional confusion requires employee time in the range of 1% - 7%. This time is utilized to resolve dual highway referencing issues for internal conversations, to develop or interpret reports, to respond to public questions, to development/delivery projects, etc. 
Regular confusion involves 1/3 (100) of affected employees. Regular confusion requires employee time in the range of 7% - 20%. This time is utilized by employees to deal with issues such as permits, database development, routing oversize loads, emergency response, etc.
To develop a weighted average, and to maintain a conservative approach, the low end for each range was used in the following equation:

Weighted Average (WA) = (# of staff reporting Occasional confusion) (% of staff time spent resolving confusion issues) + (# of staff reporting Regular confusion) (% of staff time spent resolving confusion issues)/ (# of staff reporting Occasional confusion) + (# of staff reporting Regular confusion)
This equation then becomes: WA = (200) (0.01) + (100) (0.07) / 100+200 = 0.03 or 3%
Given these factors, the following equation can be used to determine the annual costs to ODOT based on use of employee time to respond to current dual highway numbering system issues.
(Number of ODOT Highway Division Employees) (% of Employees Dealing With Confusion Issues) (% of Work Time Employees Deal With Confusion Issues) (Annual Loaded Average Employee Salary) = Average Annual Cost to ODOT to Deal With Confusion Issues

This equation then becomes:
 (3,000 Highway Division Employees) (10% of Employees Dealing With Confusion Issues) (3% of Work Time Employees Deal With Confusion Issues) ($104,000 Annual Loaded Average Employee Salary) = $936,000 Average Annual Cost to ODOT to Deal With Confusion Issues
This means, using annual efficiency cost savings, that any ODOT investment less than $936,000, to make changes necessary for moving to a single route-based highway referencing system, will result in a positive B/C ratio >1.

Carrying this cost over a 10 year time period, any ODOT investment less than $9,360,000, to make changes necessary for moving to a single route-based highway referencing system, will result in a positive B/C ratio >1.

6.5.2
B/C Analysis Considering Delayed Emergency Response

TOCs in Oregon fielded approximately 47,000  incident calls in 2007. These calls range from debris on the road, to broken down vehicles, to crash events. The ramifications, in terms of public costs, for delayed response to any of these calls can be substantial. 

In emergency medicine the “golden hour” is the first sixty minutes after the occurrence of multi-system trauma. It is widely believed that the victim's chances of survival are greatest if they receive definitive care in the operating room within the first hour. Therefore it is intuitive that any delay in getting medical care to a trauma victim should be avoided. This B/C analysis is presented to determine public costs based on a specific incident moving from an incapacitating injury to a fatality as a result of time delay and inefficient response resulting from dual highway numbering system confusion. 
For this B/C analysis the following National Safety Council (NSC), 2005 Average Comprehensive Vehicle Crash Costs By Injury Severity, values were used:

· Death - $3,840,000

· Incapacitating Injury – $193,800

The equation below will determine the costs, of one Incapacitating Injury Crash that moves to a Fatal Injury Crash, as a result of a delayed emergency response due to dual numbering system confusion.
(Cost of a Fatal Injury Crash) – (Cost of a Incapacitating Injury Crash) = Cost of One Incapacitating Injury Crash that moves to a Fatal Injury Crash.

Therefore, plugging NSC values into this equation, it is determined that the benefit of avoiding one such incident is ($3,840,000) – ($193,800) or $3,646,200.
This means, using one crash incident as an example, that any ODOT investment less than $3,646,200, to make changes necessary for moving to a single route-based highway referencing system, will result in a positive B/C ratio >1.
6.6
Summary
The issues concerns and problems inherent in Oregon’s dual highway referencing system are well documented and understood by many ODOT staff.  Historically ODOT has done a remarkable job in developing work arounds for short term resolution of communication, confusion and work process issues related to the dual system. 
Confusion issues related to the dual numbering system manifest themselves for a wide variety of internal and external ODOT stakeholders. It is interesting to note that every 911 Call Center interviewed, except the Jackson County 911 Call Center, noted confusion with the current dual numbering system. The Jackson County 911 Call Center noted no confusion primarily because OR140, in their area of responsibility, is only located on one internal ODOT highway and has no instances of duplicate milepoints. 
Long term solutions to move to a single route-based referencing system have been discussed but never fully implemented. This is so primarily because the impacts of work process changes and the resources needed to modify ODOT databases have been huge impediments. These impediments will need to be overcome for any long-term solution to be effectively implemented. The next chapter will discuss these issues and provide recommendations for resolving identified impediments.
7.0
Recommendation and process for converting Oregon Route 140
Throughout this report a variety of issues have been identified that need to be resolved to move forward with the successful remileposting of OR140 based on the signed route. These issues can be summarized in the categories of: Internal Databases; External Databases; Internal Paper Filing Systems; and Communications.

This section will: provide a recommendation for a course of action regarding remileposting of Oregon Route 140 (Section 7.1); further discuss issues that need to be resolved (Section 7.2) and provide recommendations for resolution of issues (Section 7.3).

7.1
Recommendation

This report recommends that ODOT develop and proceed with a plan to remilepost OR140 based on the signed route. This recommendation is made considering; 
· MUTCD requirements, 
· current dual highway referencing system problems, issues and risks, 
· the relatively good timing for a project such as this due to the current major rewrite of the corporate ITIS database, and 
· the ongoing and significant benefits of having a single route-based highway referencing system 
This report further recommends that a staged statewide plan to remilepost all Oregon state highways based on the signed route, using lessons learned from the remileposting of OR140, be developed and implemented. It is suggested that this plan begin with interstate routes, then US routes, then major Oregon routes.

Specific recommendations for OR140 are:

· Develop an implementation plan to accomplish remileposting. Plan should provide a critical path analysis and must address internal and external stakeholder issues.
· Remilepost OR140 from its proposed start location at Interstate 5 (based on the jurisdictional transfer currently being processed) continuously along its length to its ending point at the Oregon/Nevada border.

· Place milepost markers, in areas with multiple routes on the same physical roadbed, to reflect the milepoints on the dominant route.

· Utilize MUTCD approved milepost markers with incorporated route shield.
· Retain existing internal historic highway numbers, for use by ODOT, to simplify the transition to route-based referencing. It is anticipated that over time the current numbers will become redundant and their use will not be necessary.
· Assess possibilities to leverage funds and/or make other needed transportation system or internal process improvements. 

· Remilepoint exit numbers, interchanges, connections and frontage roads consistently with route-based milepoints.

Global recommendations for consideration are:

· Assess the use of the State Plane Coordinate System as the fundamental referencing system to manage the state highway system. 

· As the public needs to have a physical highway referencing system, develop routes and route-based milepoints as the secondary highway referencing system layer. 
· Assess and resolve statewide issues before proceeding with the remileposting OR140.

· Use this project as impetus to identify and rectify internal ODOT process, system and file management issues. 
7.2
Issues to resolve to convert OR140
7.2.1
Internal ODOT Databases

Uncertainty regarding how to effectively modify internal ODOT databases is the main historic reason cited for not taking the action needed to eliminate Oregon’s current dual highway referencing system and to create a single route-based highway referencing system. Previous assessments of required database changes ranged from unknown to more impactful than Y2K. 

In the survey discussed in Section 5.3 of this report:

· 59% of ODOT respondents, responsible for databases, noted that impacts to their databases would be “Major”.

· 26% of ODOT respondents, responsible for databases, noted that impacts to their databases would be “Somewhere In Between Major and Minor”.

· 15% of ODOT respondents, responsible for databases, noted that impacts to their databases would be “Minor”.

One respondent noted that, based on the volume of work needed to perform database modification, database impacts would be minor for OR140 but major if the entire highway network was converted at one time.

7.2.2
External Databases

The impacts to external databases, while important, aren’t as significant as those for internal ODOT databases.
In the survey discussed in Section 5.3 of this report:

· 12% of external stakeholder respondents, responsible for databases, noted that impacts to their databases would be “Major”.

· 19% of external stakeholder respondents, responsible for databases, noted that impacts to their databases would be “Somewhere In Between Major and Minor”.

· 69% of external stakeholder respondents, responsible for databases, noted that impacts to their databases would be “Minor”.

7.2.3
Paper Filing Systems

Many ODOT staff expressed concerns with converting existing paper filing systems from the current internal ODOT highway number filing system to a single route-based filing system. In the survey referenced in Section 5.3, there was no specific question related to impacts to change paper filing systems, however, while some ODOT staff saw this as a “Minor” impact the majority of ODOT staff viewed this conversion to be of ”Major” impact. Some staff also saw this project as providing impetus to “clean-up” and reorganize current filing system processes.
7.2.4
Communications

The majority of respondents to the survey referenced in Section 5.3 noted the need for clear, concise and relevant communications that focuses on the needs and issues of both internal and external ODOT stakeholders.

7.3
Recommended Processes for resolution of issues
7.3.1
Internal ODOT Databases

The impacts and changes needed to convert ODOT databases to utilize a single route-based highway referencing system need to be accurately quantified. As part of this project a “Database Impact Survey” was sent to key ODOT database owners. The survey asked specific questions regarding: anticipated database impacts; the need for IS support; and timelines needed to make needed database modifications. Additionally respondents were given opportunity to bring forth any database conversion ideas they had as well as discuss non-database issues and work process impacts. (Refer to Appendix B for discussion of the Database Impact Survey). To accomplish this quantification the following recommendations are made:
1. Perform a test conversion, based on the “Database Impact Survey” results, for a selected representative sample of ODOT databases. Suggested databases for this test are ITIS, CHAMPS, Upermits, Oregon Transportation Network for GIS, TCOS, PONTIS, Crash, Digital Video Log and Congestion Management System. Project must include the development of historic reports using the route-based highway referencing system.
2. Prepare a summary report based on test database results. Develop and implement a plan to convert all databases. Plan to include methods/tools to retain access to historic data.
3. Ensure that adequate time to resolve impacts to internal databases is included in the critical path timeline for the OR140 remileposting project.

7.3.2
External ODOT Databases

Impacts to external databases ranged from no impact for US Postal Service databases, to “Minor” impact for the Oregon Counties Integrated Road Information Systems database, to “Somewhere In Between Major and Minor” for Oregon State Police databases, to “Major” impact for American Medical Response’s Emergency Medical Reports (EMR) database. All respondents that noted a database impact, assessed that impacts would be addressed by use of a conversion table. Specific recommendations for external database issues are:
1. Develop a listing of external stakeholders who might have database impacts as a result of ODOT conversion to a route-based highway referencing system.

2. Prepare and distribute an informational document to identified external stakeholders, informing them of the OR140 project, asking them for assessment of impacts to their databases and asking if ODOT provided GIS shape files and/or conversion tables would be useful to them.
3. Prepare ODOT GIS shape files and/or conversion tables, from the test databases discussed in Section 7.3.1, and submit to OSP, American Medical Response, TOCs, US Forest Service and 911 Call Centers so they can test these files in their databases. 
4. Ensure that adequate time for externals to resolve impacts to their databases are included in the critical path timeline for the OR140 remileposting project.

7.3.3
Paper Filing Systems

Historically, the key referencing system used by ODOT to manage the Oregon state highway system has been the internal ODOT highway number and associated milepoints. Therefore it is reasonable that converting paper files to a new route-based highway referencing system is a major issue for ODOT staff. The following is a list of recommendations to assist ODOT staff in dealing with paper file conversion issues.
1. Prepare a draft “Modifying Paper Files to Address Changes in Routes or Milepoints” white paper.
2. Utilize suggestions contained in this white paper to determine optimum paper file modifications for a representative test sample of central and regional ODOT paper files. Coordinate with the Technical Services, Transportation Development Division, District and District 11 to determine paper files to be assessed.
3. Finalize the “Modifying Paper Files to Address Changes in Routes or Milepoints” white paper. Include tools and support available to internal stakeholders.
7.3.4
Communications

Appropriate communication focused to address both internal and external stakeholder needs is vital for this project to be successful. The following is a list of communications recommendations.

1. Develop a communication plan that touches all private and public stakeholders.
2. Develop outreach materials  including a one-page media statement.

3. Develop clear speaking points and communication tools for the public and internal staff that provides reasons for expenditure of public funds for this project. 
4. Utilize local partners such as local Chamber of Commerce offices to help communicate the project need and implementation process.
5. Send notice to impacted residents along OR140 to describe project need, process and timelines.

6. Consider long term informational signing along OR140 that describes the project.

7. Work with the ODOT GIS Unit to develop a plan and timeline for updating public maps.


