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PREFACE/FOREWORD

Overview of Manual Purpose

The Analysis Procedures Manual (APM) was created to provide a comprehensive source of
information regarding current methodologies, practices and procedures for conducting analysis
of Oregon Department of Transportation (ODOT) plans and projects. Although this information
is extensive, it is not intended to be exhaustive. For example, this manual does not fully address
detailed topics such as Region safety investigations, the traffic signal approval process, or
development review policies which are covered elsewhere.

The APM shall be utilized by ODOT staff as well as external consultants and contractors
conducting and reviewing plans, projects and/or studies for ODOT. It also applies to work
performed under ODOT Grants.

The procedures addressed in this manual have been generally organized to follow the
progression of analysis conducted for a typical transportation plan or project. It begins with
project scoping and data collection, proceeds through the analysis and concludes with the
production of the final report. There are examples provided to “walk” the user through a process.

The APM is generally based on methodologies found in the Highway Capacity Manual (HCM).
However, there are many locations in the APM, either because of limitations in the HCM or
because of ODOT policies, where the APM recommends different methodologies to address
these issues. Traffic analyses shall use the current edition of the HCM in effect at the start of the
analysis unless otherwise specified in the APM.

While the direction provided represents recommended practices for producing consistent and
accurate results, it should be recognized that every project analysis presents a unique set of
opportunities and constraints. Persons applying the APM should consider relevant situation-
specific factors including, but not limited to, cost, funding availability, environmental impacts,
sustainability, economic development needs, community support, community vision, land use
planning context, practical design, and other similar considerations as appropriate. The best
alternative from a traffic analysis standpoint, may not be the best alternative for the project.

While working on various types of projects, a number of situations may arise requiring analysis
methodologies not discussed in this manual. If ODOT does not have a preferred analysis
methodology to offer, there are a number of technical resources available for consultation. Non-
standard analysis proposals shall include thorough documentation of assumptions, methods and
calculations in a methodology memorandum. Alternative methodologies must be approved by
ODOQOT prior to analysis.

This manual is not intended to replace the need for sound engineering judgment, which must
continue to be a vital part in the process of applying the methodologies to individual studies.
Thorough documentation of key assumptions, decisions, and findings should be provided and
archived with project files for future reference/use. Further, early and frequent collaboration
between jurisdictional staff, consultants, contractors, and stakeholders involved in the analyses
will help ensure that the project goals are met.
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Note: All references in this manual to the Department refer to ODOT, and all references to
Regions relate to ODOT Regions.

Manual Structure
Acronyms are shown in parenthesis after a term, phrase or reference is listed the first time. The
acronym is used thereafter in the text.

Manuals, papers and other publication titles are italicized.

There are a number of references to web sites, web pages and web accessed documents. Many of
these references are links within the document shown with blue, underlined text.

Examples are identified with a solid bar the width of the page at the beginning and end of each
example.

¢ Points that are critical for the analysis process are displayed as a box in italics with
the stop sign icon.

Additional information to consider is displayed as a box in italics with the yield icon.

Manual Updates

Analysis techniques and project requirements change over time. The ability to immediately
incorporate new information into this manual is essential to providing users with the most current
resource possible. To accommodate expedient updating, the APM has been designed as an on-
line tool, and the on-line version is the official document.

As this is an on-line document, and will not be published and distributed as a traditional
publication, there is no user list for update notifications. It is the user’s responsibility to verify
they are using the most current version of information as their reference. Updated pages will
have the change date as part of the document footer.

Please send your questions, comments and feedback to: APM@odot.state.or.us.

Manual Website
The on-line version of this document is available at:
http://www.oregon.gov/ODOT/TD/TP/pages/apm.aspx

Detailed document updates are available on the web page so that users can identify what has
changed and when. Supporting information, data and tools used in this manual are available on
the Planning Section Technical Analysis and Tools webpages
at:http://www.oregon.gov/ODOT/TD/TP/pages/reports.aspx#Publications
http://www.oregon.gov/ODOT/TD/TP/Pages/Data.aspx
http://www.oregon.gov/ODOT/TD/TP/Pages/Tools.aspx

Analysis Procedure Manual Version 2 podl Last Updated 09/2016


mailto:APM@odot.state.or.us
http://www.oregon.gov/ODOT/TD/TP/pages/apm.aspx
http://www.oregon.gov/ODOT/TD/TP/pages/reports.aspx#Publications
http://www.oregon.gov/ODOT/TD/TP/Pages/Data.aspx
http://www.oregon.gov/ODOT/TD/TP/Pages/Tools.aspx

Periodic Training
TPAU offers some training related to this manual, generally related to new topics or

methodologies. The ODOT APM User Group is a quarterly venue for training and discussion on
APM procedures. Contact APM@odot.state.or.us to inquire about user group meetings or other

training opportunities.
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1 ODOT INFORMATION

1.1 Purpose

This chapter is an overview of ODOT, how it is organized and where transportation analysis is
within the organization. This section also lists some of the typical units and groups that analysts
may need to work with.

1.2 Coordinating with ODOT

The Oregon Department of Transportation (ODOT), through its various Divisions, is responsible
for developing Oregon’s:
e System of highways and bridges
Bicycle and pedestrian paths
Public transportation services
Rail passenger and freight systems
Driver licensing and vehicle registration programs
Motor carrier operations, and
e Transportation safety programs

The following section describes various divisions, sections and units within ODOT that are
commonly involved in decision making regarding transportation system planning, design and
operations. One or more of these units may need to be contacted for input or to discuss problems
and possible solutions regarding a specific project. It is preferable to begin with staff at the
Region or District level.

1.2.1Transportation Development Division

The Transportation Development Division (TDD) is the part of ODOT that:

Facilitates long and short-term transportation planning

Keeps statistics about transportation

Considers transportation policy

Conducts research to help engineers, planners and project designers

Helps local governments with transportation through a variety of programs and services.

TDD is comprised of four sections: 1) Active Transportation, 2) Planning; 3) Research; and 4)
Transportation Data.

Active Transportation Section

The Active Transportation Section is comprised of the following: 1) Economic & Financial
Analysis Unit; 2) Program & Funding Services Unit; 3) Statewide Programs Unit.

The Economic and Financial Analysis Unit provides Highway Fund revenue forecasts, economic
and feasibility studies, cash flow forecasting, revenue impacts, and DMV transaction analysis. In
addition, the unit provides economic, financial and policy studies to determine Highway cost
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allocation, tax comparisons, transportation finance, value of travel time and cost of delay
estimates, and job and income generation impacts of construction projects.

The Program and Funding Services Unit of the Active Transportation Section is responsible for
the development of the Statewide Transportation Improvement Program (STIP), Project Funding,
Financial Plan and Project Accounting.

The Statewide Programs Unit provides educational opportunities, technical support and federal
oversight to ODOT Regions, local agencies, consultants, and other transportation partners. The
Unit administers the following programs including:

e Bicycle & Pedestrian Program (This includes the planning and funding/grant programs
only as the designs and standards are under the Highway Division’s Traffic-Roadway
Section)

Certification Program for local agencies
ConnectOregon

Funding Programs

Transportation Enhancement

Safe Routes to Schools

Scenic Byways

Sustainability

Planning Section

ODOT’s central Planning section is comprised of four units: 1) Programs and Economic
Analysis Unit; 2) Transportation Planning Unit; 3) Freight Planning Unit: and 4) Transportation
Planning and Analysis Unit (TPAU). This section provides direction for long term management
and improvement of Oregon's transportation system and to promote the cost-effective use of
public funds through effective research, development and technology transfer.

The Programs and Economic Analysis Unit (PEAU) manages the Transportation and Growth
Management Program (TGM), the State Planning and Research Program (SPR), Economic
Analysis Services for the entire agency and jointly manages significant plans, initiatives, and
projects. These currently include Least Cost Planning, and Tolling Policies and Rules for
example. PEAU works closely with programs such as Flexible Funds, Connect Oregon, and
others to help ensure planning program consistency, coordination, and implementation. There are
also TGM planners based in the five ODOT Regions to lead and coordinate the TGM program.

The Transportation Planning Unit (TPU) is responsible for statewide long range planning and
policy development, including creation and maintenance of the Oregon Transportation Plan and
other modal plans, such as the Oregon Highway Plan. In addition, TPU is responsible for
implementation of plans and policies through the preparation and dissemination of multi-modal,
modal, and topic plans, policies, guidelines and administrative rules. A primary role is to provide
assistance designed to help achieve statewide consistency for transportation planning products
and activities. In the development of planning and implementation materials, TPU actively works
with stakeholder committees and works to balance needs. They also respond to legislative
requirements, including initiatives such as Least Cost Planning and greenhouse gas (GHG)
reduction planning, known as the Oregon Sustainable Transportation Initiative.
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In addition, each of the five ODOT Regions also has long-range planners who are familiar with
the local government Transportation System Plans (TSPs) and Comprehensive Plans. They
coordinate directly with City and County jurisdictions, within their respective Region, to ensure
transportation impacts due to private and commercial development are sufficiently mitigated.
These planners typically lead the various transportation planning efforts such as refinement
plans, interchange area management plans, and transportation system plans.

The Freight Planning Unit (FPU) coordinates public-private, state-local and state-federal freight
transportation investment decisions and activities on a state-wide and state-to-state basis to
support goods movement and the Oregon economy. FPU is responsible for developing and
implementing the Oregon Freight Plan, and supporting the integration of freight issues into the
State’s modal plans, corridor plans, and other planning documents and activities. They manage
freight transportation studies and intermodal planning programs and projects, including highway,
rail, marine, pipeline and air transportation.

The Transportation Planning Analysis Unit (TPAU) provides support and guidance for the
development of corridor and urban transportation system plans, transportation model
development and use of computer models to forecast transportation needs. TPAU also supports
ODOT’s project development process by conducting transportation analysis to aid project
selection for the Statewide Transportation Improvement Program (STIP) and developing data for
environmental analysis. TPAU often acts as a resource to Region Traffic Units requesting
technical assistance. TPAU performs analysis and modeling for Regions 2-5. Analysis conducted
in Region 1 is the responsibility of the Region 1 Traffic Section. TPAU is made up of three
teams:

The Facility Analysis and Simulation Team conducts, reviews, and provides technical
support on a wide variety of studies, including transportation system plans (TSPs),
refinement plans, project development, and management plans. The team also maintains
the Analysis Procedure Manual.

The Statewide and Urban Modeling Team works closely with jurisdictions throughout the
state to develop, maintain, and apply state-of-the-art travel demand models for small
urban areas, metropolitan areas, regions, counties, and statewide. The team also has
developed and is maintaining a statewide travel demand model that integrates
transportation, land use and economics to provide a reliable way to forecast and evaluate
policies.

The Systems Analysis Team is responsible for evaluating new alternative performance
measures, mesoscopic tools, and system planning analysis methods. The team also does
system planning analysis using the Congestion Management System (CMS) and the
Highway Economic Reporting System (HERS) that decision-makers use to find cost-
effective ways to manage transportation facilities that alleviate traffic congestion.

Research Section
The Research Section oversees the state's federally funded research, development and technology

transfer program with particular emphasis on new technology intended to enhance the
performance of Oregon's transportation systems. Major current research focuses on safety,
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infrastructure repair and preservation, maintenance practices, innovative contracting and project
delivery, sustainable environmental practices, and the land-use, transportation connection.

Transportation Data Section

The Transportation Data Section (TDS) collects substantial data for system inventory, volumes
and crash information that can be used for the purpose of conducting traffic studies. Because
much of this data is collected and processed by different units within the Department, clear and
frequent communication between units regarding what is desired and what is available is critical
for ensuring these resources are readily accessible. Furthermore, good communication between
units will help to obtain the right data in a timely manner, which is important for maintaining
project schedules. Coordinate with the appropriate ODOT department or staff as noted below.

The Crash Analysis & Reporting Unit (CARU) provides motor vehicle crash data through
database creation, maintenance and quality assurance, information and reports, and limited
database access. Ten years of crash data is maintained at all times. Vehicle crashes include those
coded for city streets, county roads and state highways.

The GIS Unit (GISU) serves the Oregon Department of Transportation by providing geographic
information products and services through the development of spatially-enabled applications,
databases, mapping products, analysis, education and technical support.

Road Inventory and Classification Services (RICS) Unit collects and maintains road information
necessary to classify and monitor the highways, roads, and streets within Oregon; provides
mileage statistics; develops, maintains, and enhances ODOT’s corporate data base known as the
“Integrated Transportation Information System” (ITIS); maintains the Public Road Inventory
which is a compilation of information about the status and condition of the road system in
Oregon; and films and maintains the State Highway Digital Video Log. From data gathered,
reports such as the Federal Highway Performance Maintenance System (HPMS) submittal and
the Oregon Mileage Report are written.

The Transportation Systems Monitoring (TSM) Unit develops and maintains a system to collect
and process traffic related data on Oregon’s Highways. TSM provides traffic volumes, flow
maps, trends, manual counts and vehicle class on state highways to Federal, State, Local, private
and public constituents.

1.2.2Highway Division

The Highway Division consists of a wide array of disciplines involved in the operations,
construction and maintenance of the state's highways, bridges and other parts of the
transportation system.

Traffic-Roadway Section (TRS)
This section prepares specifications, maintains standards for traffic devices and related facilities

and provides design expertise in materials, operations and construction support services. TRS
consists of five central units under the authority of the State Traffic Engineer:
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e Roadway Engineering — This unit is responsible for roadway standards and manuals,
including the Highway Design Manual. It issues design exceptions and technical bulletins
related to highway design. This unit includes interchange design, value engineering and
the engineering portions of the bicycle and pedestrian program.

e Office of Project Letting (OPL) — This unit is responsible for the preparation of project
plans, specifications, cost estimates as well as the process of bid letting and quality
assurance of project documentation.

e Geometronics — This unit consists of the maps and plan center, photogrammetry and the
central units related to surveying which includes geodetic control and preparation of
official survey documents.

e Traffic Engineering — This unit consists of groups that oversee signal operations, the
speed zone investigations, highway safety engineering and traffic investigations. This is
the unit that typically reviews and oversees State Traffic Engineer approvals.

e Traffic Standards; - This unit is responsible for project plans, specifications and standards
for signs, striping, signals, illumination, traffic structures and work zones.

The State Traffic Engineer has delegated authority to approve the installation of all traffic control
devices on state highways, including installation of new signals and major modifications to
existing signals. All delegated authority requests for State Traffic Engineer approval should
follow roughly the same process.
e Consultation with Region Traffic Unit; and
e A request sent through the Region Traffic Manager/Engineer with supporting
documentation.

A list of items that require approval by the State Traffic Engineer for use on state highways can
be found in the ODOT Traffic Manual.

Region Traffic Units

Region Traffic Units provide expertise to region and district staff on current traffic policies and
procedures. Staff is responsible for overseeing all traffic engineering design (including signal
and sign design) for Region projects. Staff actively participates as members of project
development teams (PDT) to help insure traffic related issues are considered early in the process,
and to provide traffic information to the team. They also act as the traffic liaison to local
agencies on behalf of ODOT and can be a data source for traffic signal timing sheets and various
operational investigations.

The Region Traffic Manager/Engineer may authorize standard applications and some
modifications of traffic control devices that are in compliance with the principles outlined in the
Manual on Uniform Traffic Control Devices (MUTCD) and applicable ODOT policies and
guidelines. Items that may be authorized by the Region Traffic Manager/Engineer are listed in
the ODOT Traffic Manual.

Access Management Program

The Access Management Unit (AMU) is part of the Technical Services Branch of the Highway
Division. The AMU is responsible for statewide development and administration of the
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Department’s access management program statutes, rules, and policies.

The Access Management Unit is primarily tasked with the following:

e Training agency staff, consultants and local governments;

e Administering the approach permitting database (CHAMPS — Central Highway
Approach Maintenance Permit System);

e Developing administrative rules;

e Conducting appeals procedures;

e Providing technical consultation, guidance, and training to support Region and District
offices;

e Developing new program initiatives;

e Establishing statewide performance measures and customer service standards;

e Performing research and program evaluation.

In the Regions, Access Management staff implements the policies and guidelines developed by
the Access Management Unit. They report to either the Region Traffic Manager or the Region
Planning Manager. The Region Access Management Engineer (RAME) is the Region technical
expert for access management issues. Tasks include:
e Fielding Access Management applications from private interests;
e Coordinating the Access Management Process between ODOT technical staff, the
applicant, and their representatives (i.e. engineering consultants, lawyers);
e Reviewing technical data (i.e. traffic studies) submitted by the applicant, or the
applicant’s representative;
e Approving or denying access application requests and issuing approach permits.

Bicycle and Pedestrian Program

This program is headquartered within TRS and provides technical assistance to the Department
and local officials regarding pedestrian and bicycle design, construction and maintenance. The
planning and grant funding portions of the program are under the Transportation Development
Division (TDD) Active Transportation Section. Regions typically participate in planning and
project development to ensure that bicycle and pedestrian needs are met. They are the resource
whenever bicycle or pedestrian improvements are proposed or existing facilities are affected by
other proposed improvements.

Construction Section

The Construction Section administers statewide construction policies, procedures and processes
and provides construction expertise and training programs. The traffic analyst may provide
traffic data to the Pavement Services Unit for use in pavement design on projects.

District Maintenance Offices

The District Maintenance Offices are responsible for the on-going preservation and operation of
state transportation facilities and the permitting of all activities (utility, access, miscellaneous)
within the highway right of way. They are familiar with local issues and the operational and
maintenance history of individual highways, and can offer valuable input during the
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identification of needs and alternatives, in addition to tracking the status of existing permits.
Because they are ultimately responsible for maintaining any proposed improvements, they
should be consulted during the selection and design.

The Mobility Unit coordinates the construction/maintenance work zone and other restrictions
that may impact freight movements as well as oversize loads. It mainly does this through the
Highway Mobility Operations Manual. This guide sets project standards and minimum
requirements regarding communication and coordination, vertical and horizontal clearance,
bridge weight restrictions, delays, detours, staging, and design.

Region Environmental/Geo-Environmental Section

The Geo-Environmental Section is responsible for coordinating environmental regulatory
compliance for all transportation improvement programs in the state which use federal funds.
The section is responsible for statewide practices, standards, training, expertise, and asset
management for geology, geotechnical, and environmental disciplines within ODOT. Within the
Section, the Air Quality, Acoustics & Energy Program studies and mitigates the effects of
transportation projects by using the environmental traffic data furnished by the traffic analyst in
order to model air quality, noise and energy impacts. Region staff includes the Environmental
Program Managers (EPMs) who handle the environmental issues on projects, lead the NEPA
(National Environmental Policy Act) process, and manage consultants writing environmental
documents.

Potential issues requiring involvement of the central or region environmental staff includes:
e Environmental justice

Threatened and endangered species

Wetlands

Historic buildings

Air quality

Noise

Erosion control

Stream-bank stabilization

Fish passage

e Storm water quality and quantity

Right of Way (ROW)

ODOT’s central Right of Way Section provides expertise in real estate and other right of way
matters to the Department. The ROW Section is responsible for:
e The appraisal, acquisition, and management of property acquired for public projects.
e Assisting people and businesses in relocating from the acquired rights of way.
e Administering, directing and supervising the various programs that reside in the Right of
Way Section.

The five ODOT Regions each have their own Right of Way section. The Region Right of Way
sections deal with the acquisition of real property and improvements necessary for the
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construction and maintenance of Oregon's transportation system. They also are tasked to
maximize the return on the Highway Trust Fund’s real property investment through efficient
management and sale of surplus property.

Roadway Engineering

The central Roadway Engineering group, which is part of the Traffic-Roadway Section (TRS), is
responsible for many aspects of the project development process. Responsibilities such as the
Highway Design Manual, Standard Drawings, and the Contract Plan Development Guide, which
are essential to the development of projects and the preparation of Contract Plans.

Region Roadway Engineering is responsible for the design of new highways and highway
features and is located in each of the region technical centers. Early consultation when evaluating
potential improvements can help in identifying fatal flaws and ensure design standards can be
met before recommending an alternative. The primary difference between Headquarters
Roadway Engineering and Region Roadway Engineering; TRS Roadway sets ODOT highway
design policies, plus issues specifications and standards for both ODOT and consultant technical
staff. Region Roadway Engineering staff implements the design standards by developing plans,
cost estimates and specifications for roadway project within their respective Region.

1.2.30ther Key ODOT Divisions
Public Transit Division

Public Transit Division is the grantee for Federal Transit Authority (FTA) funds, and is
responsible for state-level transit program development and management. The division is
responsible for assuring the compliance requirements associated with FTA and state funds are
met, even when compliance is primarily the obligation of its recipients. Public Transit provides
grant management and oversight of projects and activities supported with state and federal transit
funds. Technical assistance is provided on an ongoing basis to transit agencies.

Rail Division

The Rail Division has jurisdiction over railroad crossings and traffic control devices used within
crossing areas. They also have exclusive legal authority over public grade crossings and provide
coordination with the railroads for affected private rail crossings. The Rail Division should be
contacted any time a project may have an impact directly to or within 500 feet of a railroad or
rail crossing.

Traffic Safety Division
The Traffic Safety Division provides information, direct services, grants and contracts to the

public and to partner agencies and organizations. More than half the funding comes from federal
funds earmarked for safety programs.
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1.2.40Other Groups

The Aviation Department establishes and enforces airport planning rules, funds infrastructure
improvements, and coordinates efforts to improve airport and airplane safety. When developing
projects adjacent to a public or private airport, the airport’s runway flight triangles must be taken
into consideration, to avoid conflicts. Also, it is a mode of transportation, which should be
considered by ODOT staff and consultants when developing Transportation Impact Analyses
(TIA), Transportation System Plans (TSP) and other plans.
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Appendix 1A — ODOT Traffic Engineering Authority
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2 SCOPING PROJECTS

2.1 Purpose

The purpose of this chapter is to provide guidance to identify the various steps for scoping the
analysis of a transportation study or project. The general flow of traffic analysis steps and the
corresponding APM chapters are shown in Exhibit 2-1 below.

The first step is to have a thorough understanding of the work which is identified in a problem
statement. The next step is to identify the appropriate level of detail and tools. The last step is to
then create a scope of work for the study or project.
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Exhibit 2-1: Process of Traffic Analysis

Purpose and Scope of Project/Study
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Air and Noise TrafficData ________ »  Final Report
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4

Analysis Procedure Manual Version 2 2-2 Last Updated 09/2016



2.2 Problem Statement

2.2.1Project Understanding

One of the most important steps in conducting analysis work is to clearly define the scope and
purpose for the work. Every plan and project is unique with its own set of assumptions and
applicable methodologies. There needs to be a clear understanding of what needs to be done by
when and at what cost. The understanding should be conveyed through a problem statement that
clearly defines the purpose and need for the work. The problem statement is the basis for either
creating an analysis work plan for in-house work or for creating a scope of work for contracted
work. A detailed scope of work or work plan helps to limit scope creep and lays out expectations
for all parties. A problem statement template is available in Appendix 2A.

Information on geometrics, safety, volumes, past studies, prior projects, other analysis performed
along with standards, guidelines, and procedures is available and should be used to gain general
knowledge of the study area. There may be a project prospectus or initial planning/environmental
documents available as well. The analyst should consult or coordinate with the project team to
complete the problem statement. There are many useful tools and resources available on the
ODOT website. Major sources are explained in Chapter 3.

2.2.2Project Constraints

Various constraints need to be considered when the work is scoped. If any of these change
during the project duration, the problem statement and scope of work should be reassessed and
consequences determined. Most constraints fall into two categories. The first is project specific,
given the details of what is needed. The second is the project delivery constraints related to
delivery /completion date and budget for the work.

The analysis work is controlled by various project factors, issues and concerns. The following
questions can focus the problem statement:
e What is the Purpose and Need for the work?
What questions need to be answered?
What key issues should be considered?
What are the Goals and Objectives of the work?
Who is the audience?
At what level will the work need to be analyzed and evaluated?
What types of alternatives need to be evaluated?
What evaluation measures will be used?
What is the overall and traffic analysis study area, if different?
What types of useable information and tools are available and practical?

The purpose and need, goals and objectives and questions and issues typically are determined by
a project team, however direction can come from statutes (ORS), rules (OAR), legislation, the
Oregon Transportation Commission (OTC), ODOT management, or local jurisdiction. The level
of work, types of alternatives and the evaluation measures comes from a process or project/study
management team. The study area, tools and information available influence the work. For
example, a study in the Portland Metro area can rely on data from “PORTAL” which has very
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detailed volume information on the freeways. The rest of the state must rely on physical counts
or nearby data recorders to obtain volume information. This difference can be a constraint on the
project. Similar to data, the choice of performance /evaluation measures can also be a constraint.
Chapter 10 provides more guidance on performance measures and their data needs.

2.2.3Schedule, Resource, and Budget Constraints

The work is driven by a need to deliver an answer in an identified time frame with an identified
resource. Questions to identify these factors include:

e What is the timeframe for the analysis work?

e What are the impacts from changes to Purpose and Need?

e What are the risks from outside sources such as other jurisdictions, stakeholders, and
private citizens? For example, local concerns/issues/ politics can easily add time to a
projected schedule.

e Are there outside factors or time constraints that may dictate delivery of work items? For
example, crash information is needed but cannot be obtained in the specified time frame.
What resources are available? Are they internal or external?

Avre tasks dependent on resources not within analyst’s control?

Does the project funding require certain analysis tools and procedures?

Is the budget adequate to perform the desired analysis and data collection?

What is the availability and quality of existing data?

Can the work be divided? Are tasks independent of each other? Are tasks sequential or
concurrent?

2.2.4 Additional Details

After the problem, schedule and budget constraints are completed, additional thought needs to be
given to what likely performance measures and tools will be used in the project. A project
objective will have specific evaluation criteria/measures that will require a particular
performance measure which then will require a certain tool to be used. Level of detail (see
Section 2.3), and constraints will determine which tools (see Section 2.4) are practical for the
effort. This can be somewhat iterative, so the problem statement may need to be modified as the
scope of work or internal work plan is constructed.

For example, under a project goal or objective of mobility, the evaluation measure may be travel
time. This might be measured by the buffer index which would require either a travel demand
model or a micro-simulation depending on the level of detail needed at a particular step in the
process.

Once the steps in this section and the previous sections are completed, this will give the analyst
the basis to create the scope of work analysis tasks or an internal analysis work plan.

Example 2-1 Problem Statement

The below is an example project statement which includes a summary of the field scoping
conditions and the defining statement questions and constraints.
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OR193 is an older congested regional highway (not a freight route) in an urban arterial corridor
within the city of River City. The highway is mostly four lanes undivided (no center turn lane)
with a 35 mph posted speed and an average daily traffic load that exceeds 25,000. The corridor
has dense retail/service commercial development with limited right-of-way along its length.
There are numerous driveways, many closely spaced, because of past uneven growth patterns.
Parking and bike lanes are spotty along the length. Sidewalks are curb-tight with many poor
slopes in driveway areas and sub-standard curb ramps. In addition, a number of the intersections
are high-crash locations. Congestion extends through the peak hour as a significant bottleneck
exists in the study area at a bridge over a local small river. The bridge is still structurally
acceptable but functionally obsolete with only two lanes, no bike lanes, narrow lanes and
sidewalks. The city wants revitalize the corridor with urban renewal and thus wants to improve
it for all users, not just vehicles. Efforts to improve access management in the past have met with
resistance from property owners. An improvement project has been listed for this location in the
City’s Transportation System Plan.

The project has been scoped and meets the needs for an Environmental Assessment (EA)
because of the potential impacts. A draft project Purpose and Need (P&N) has been developed:
“The purpose of this project is to improve multimodal mobility, increase safety, and enhance the
economic development potential of the corridor.” Some draft Goals and Objectives have been
formed aligning with the P&N on mobility, safety, environmental, limiting natural and built-up
impacts, and economic development.

The project needs to conform to practical design objectives so that the alternatives can stay
within a 25-50 million dollar range. This would keep the project reasonably likely so it could be
included in the next available State Transportation Improvement Plan. A travel demand model is
available for the area.

Problem Constraints

What is the Purpose and Need for the work?

o From the draft P&N: “The purpose of this project is to improve multimodal
mobility, increase safety, and enhance the economic development potential of the
corridor.”

e What questions need to be answered?

0 What are the base conditions to help define the project need? What are the actual
congestion and safety problems? What are the future conditions? What is the
impact of access management on congestion? What are the pedestrian, bike, and
transit needs in the corridor? Are there cost-effective alternatives available that
can address most of the issues?

e What key issues should be considered?

0 Whether to widen or to build a new vehicle and/or ped/bike bridge

o Balancing different modal needs

0 Access management and parking impacts to properties

e What are the Goals and Objectives (G&O) of the work?

o From draft G&O document: Mobility, safety, environmental, limiting natural and

built-up impacts, and economic development.
e Who is the audience?
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The audience is multilevel with state and local staff and stakeholders (i.e business
groups, bike community, neighborhood associations, freight users) and the
general public.

e At what level will the work need to be analyzed and evaluated?

o
o

(0]

Alternative concepts will need to be evaluated on a screening basis.

Once concepts are more developed into alternatives, then the alternatives can be
analyzed at key locations using deterministic tools.

The final set of build alternatives that go into the EA (including the no-build) are
analyzed in full detail including simulation, multimodal and predictive safety
tools. Air & Noise traffic data will be required for the final alternatives.

e What types of alternatives need to be evaluated?

o
o

O o0O0oo

@]

(0]

No-build (this is what other alternatives are measured against)

Possible future land use alternatives as this drives the future improvement needs
(this would need to be settled first before getting into detailed analysis).
Couplet (new) alignments

Bridge replacement

Road diet to better accommodate other modes

Wider or better utilized right-of-way to improve multimodal, parking and
mobility needs including bridge widening.

Transportation System Management (TSM)/Safety improvements including
painted/raised medians, center turn lanes, improved crosswalks, and improved
access management.

Alternative strategies such as a new ped/bike bridge, off-street parking,
transportation demand management (TDM), or TSM.

e \What evaluation measures will be used?

(0]

Ones that are applicable to this project area include: These can include: volume-
to-capacity ratio (v/c), level of service (LOS), queuing, travel time, delay,
emergency response time, multimodal level of service (MMLOS), ped/bike
system connectivity, accessibility, duration of congestion, percent crash reduction,
expected crashes, access spacing, and conflict points.

e What is the overall and traffic analysis study area, if different?

o

Land use and bridge scenarios will require a city-wide look initially to determine
if any significant negative impacts exist on areas potentially outside the project
limits. If these occur, and the alternatives will still be pursued, then the project
limits and/or the analysis study area may need to be modified.

Because this is a congested area and traffic simulation will be necessary, the study
area will need to go out two signalized intersections outside of the project limits
(area of potential impact). The project will at least need to go a couple of block on
each side of the highway to accommodate the couplet alternatives.

e What types of useable information and tools are available and practical?

(0}

O O0OO0o

Inventory data, some counts, analysis and modeling work done for TSP

A travel demand model and local modeling staff time is available.

Mesoscopic methods (i.e. windowing out of a model area)

Highway Capacity Manual (HCM) and Highway Safety Manual (HSM) methods
Micro-simulation
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Schedule, Resource, and Budget Constraints

e What is the timeframe for the analysis work?

o This project is going to kickoff in July, so counts will need to be obtained
immediately to capture the 30th highest hour conditions.

0 The project is one of the Region’s top priorities

o0 Since this is an EA, the end date is somewhat unknown but is expected to last at
least 36 months.

e What are the impacts from changes to Purpose and Need?

o Likely impacts could be additional alternatives, rework of analysis which will
lead to more time required to do the work.

e What are the risks from other sources such as other jurisdictions, stakeholders, and
private citizens? For example, local concerns/issues/ politics can easily add time to a
projected schedule.

o0 Access management and parking concerns will likely cause delay or create issues
with the city council/planning commission.

o0 Potential issues with internal and/or outside business groups

o Environmental/Riparian issues along the river

o Potential additional bridge routes/alignments

e Are there outside factors or time constraints that may dictate delivery of work items? For
example, crash information is needed but cannot be obtained in the specified time frame.

o0 Counts will need to be obtained between July and September in order to stay on
schedule.

o Staff time to perform analysis is limited because of other legislative high-priority
work. Will likely need to have help from consultant to stay on schedule.

e What resources are available? Are they internal or external?

o Internally, there is the project lead (manager) and at least one analyst available.
The EA consultant has additional analysis staff available to help out on
contingency.

e Are tasks dependent on resources not within analyst’s control?

o0 Yes, model applications are dependent on current workload; alternatives are
dependent on region designers, alternative development process is dependent on
feedback from stakeholders, public open houses and the teams themselves.

e Does the project funding require certain analysis tools and procedures?

0 The project falls under NEPA requirements so full counts and inventory data will
be necessary to stay consistent with land use requirements and to support the
environmental analysis. In addition, the travel demand model is required to be
used.

e Is the budget adequate to perform the desired analysis and data collection?

0 The budget is adequate for the data collection, and up to three detailed alternatives
in the EA document.

e What is the availability and quality of existing data?

o State inventory data is current. The TSP analysis is still usable but more counts
and data will be needed for the project analysis.

e Can the work be divided? Are tasks independent of each other? Are tasks sequential or
concurrent?
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o Most work can be divided into concurrent tasks, but simulation work must be

done sequentially from a single source to avoid inconsistencies in assumptions.
Generally, no-build work must precede alternative work.

Additional Details

e Given the above mentioned evaluation measures and other issues what are the likely
performance measures that will be needed?

0 Volume to capacity ratio for the state highway and level of service for the local

system will be required to compare with established performance targets and
standards. In addition, travel time and queuing will be needed to test the overall
efficiency of alternative operations. Multimodal level of service will be used to
gauge the impact of mobility alternatives on the pedestrian/bike/transit operations
and vice versa.

e Likely tools to be used?

0 Analysis of the no-build and the alternatives will require the use of the travel

demand model to help develop the volumes and to create high-level screening
measures to test any model-usable concepts (i.e. road diet, couplet and other
network changes), Tools such as Highway Capacity Manual-based software (i.e.
HCS and Synchro) and the multimodal tools will be needed to develop the
detailed analysis. Micro-simulation will also be needed to create the travel time
measures for the detailed analysis and to create the queuing data.

2.3 Level of Detalil

There are many types of analysis work done for transportation related issues. The analysis ranges
from high-level policy and procedures, through subject or facility plans to specific issues,
locations or improvements projects. For example, a 10-mile long facility plan should have a
different level of analysis than a single intersection realignment. The analysis process can have
multiple levels such as single-issue or fatal flaw screening through detailed reporting like micro-

simulation.

2.3.1Types of Work

Planning Studies

These studies are generally limited to a specific geographic area or corridor or can cover multiple
topics/issues. All of these can be either rural or urban and can overlap into different elements as

well as varying level of detail. In some regions, the terms “corridor”, “facility”, “refinement” all
mean the same level of effort. Expressway plans are similar but deal with a certain facility type
and condition reports only deal with existing or future no-build needs yet the plans may not look
different from a typical refinement plan.

The key difference in plans will be what are the specific questions needing answers and the detail
level needed to answer them regardless of what the plan is named. For example the 1-205
corridor in a dense urban area would involve use of a regional travel demand model, dynamic
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traffic assignment (DTA), and micro-simulation while the comparatively rural US395 corridor
would only have an urban model in a couple locations, and use a higher segment-based analysis.

Examples of each can include:
e Statewide Policy / Plans - This work is generally of a statewide nature but can be topic
specific; typically guidance or an overriding policy such as:
0 Greenhouse Gases (GHG)
0 Least Cost Planning (LCP)
0 Legislative Studies / ORS / OAR
o0 Performance Measures like Alternative Mobility Standards
o OTP and Modal Plans (OHP, Freight Plan, Rail Plan, Bike/Ped Plan)
e System Plans — these focus on:
0 Metropolitan (urbanized) areas —Regional Transportation Plan (RTP)
o County/multiple jurisdictional — County TSP, Regional Transportation Plan.
o City — City Transportation System Plans
e Corridor/Facility Plans — these focus on:
0 Specific highway corridor
0 Land Use (TPR-type zone change, UGB expansion)
e Refinement Plans — these focus on:
0 Topic (Road Diet or Conversion of Two-Way to One-Way)
Feature (IAMP),
Mode (Safe Routes to Schools)
Highway segment
Sub-Area

O 00O

Projects

This operational analysis is limited to specific locations often with specific guidelines or
parameters that influence the work. They include

e Modernization — this work covers large issues / needs that must be measured against
specific data needs or standards. The intent is to bring the facility/project up to standards
and/or formalize exceptions.

e Safety / Operations / Preservation — this work is specific in nature and may allow
deviation from standards. For example on a facility with a high crash rate fitting a
minimal left turn lane within the given right-of way may not have standard widths and
tapers.

o Traffic Impact Analysis (T1A)/Traffic Impact Studies (TIS) — this work is driven by the
development itself. The analysis is to determine facility adequacy, significant effects and
required mitigation.

o Transportation Planning Rule (TPR)/Zone Change —~When a proposed
development requires a change in land use and has a significant effect to the state
facility, certain criteria must be met.

o0 Conforming Use Development- When a proposed development does not fall in
the TPR/Zone change, the analysis is dependent on local land use code and
approach permitting

e Approach Permitting — These are for developments that do not require a TIA. This
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driveway type and location considerations such as sight distance, conflict points,
influence areas.

Other Procedural / Research Studies

This is analysis work in support of a specific topic or tool, such as but not limited to trip
generation studies, determination of analysis factors, procedures or calculators. These studies
should conform to appropriate national methods and accepted analytical processes. This work
needs to be detailed out with specific deliverables and agreed to by the parties requesting and
accepting the work.

2.3.2Level of Analysis

The questions being asked and the data available can determine the level of analysis needed. This
can range from policy and systemic reporting to a very detailed specific need. Resources are
limited, so the level of analysis needs to be tailored to the questions.

e Rules of Thumb — Generalization based on common conditions with very little detail.
Can be in tabular or checklist format or “canned.” For example, when AADT exceeds
60,000 then six lanes are needed. These need to be taken into context as a general
ballpark only. They may be used to help determine a starting point. Actual decisions need
to be based on more detailed analysis.

e Broad Brush (a.k.a. “30,000 or 10,000 foot view”) — Big picture generalized planning
analysis or a preliminary estimate of a more detailed later task. This could include using
daily traffic volumes (AADT’s), assumed roadway geometrics, or default values. This is
typically at the system or corridor level (not intersection level). Data is typically at an
aggregated level.

e Screening — A mid level analysis where some plan/project specific data is available but
likely not fully developed. This process is used to whittle down large number of
scenarios/concepts/alternatives/options to a more reasonable number. This can include
both qualitative and quantitative elements. Measures can include items such as
policy/standard compliance (a.k.a. fatal flaw analysis), natural and built environmental
constraints, segment demand-to-capacity ratios, and key intersection volume to capacity
ratios. Context sensitivity / practical design considerations are important at this level and
below. Typically in a plan or project, multiple levels of screening are used in increasing
detail.

e Detailed — This is a comprehensive look a study area or topic. This uses study-specific
data where the use of defaults is limited. This analysis typically furnishes detailed
numbers for establishment of standards or policies or details for a specific design (i.e.
storage lengths, signal progression). Actual plan or project decisions can be made from
information derived from this level.

2.4 Tools

There are many tools used for transportation and planning analysis. They are a mixture of
commercially developed and internally created programs serving anything from analyzing the
effect of a specific policy to a specific project detail. Often a particular process becomes
identified as a tool and is included for discussion purposes.
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2.4.11Individual Tool Descriptions

The following tool descriptions are not exhaustive list and mainly concentrate on the ODOT-
used ones. Some of these tools are discussed in more detail in following chapters. Some of these
tools could be considered a process, i.e. sub-area modeling or zonal cumulative analysis. Some
tools may package together multiple tools (i.e. HCM analysis and simulation) in a suite format.
Other tools and methodologies not listed here or later in the APM may be acceptable if explained
and documented in a methodology memorandum and approved by ODOT. For more information
or availability of these tools, please contact TPAU staff. The higher model —based tools are
discussed further in the Senate Bill 1059: GHG Modeling and Analysis Tools Report:
http://www.oregon.gov/ODOT/TD/TP/docs/toolkit/modelanalysistool.pdf

SWIM (StateWide Integrated Model) — This model is used for high level projects of statewide
importance that involve freight movements and/or long-term economic impacts. SWIM is not
designed to analyze small or isolated projects.

LUSDR (Land Use Scenario DevelopeR) — This tool is used with a travel demand model for
large-scale regional planning to develop and test a range of future land-use scenarios. A single or
weighted average of these scenarios can be used in system and refinement planning efforts such
as TSP’s and IAMP’s. LUSDR can inform local jurisdictions of future land use development
issues and possibilities and influence decisions on growth areas, the comprehensive plan, and the
future land use patterns.

GreenSTEP (Greenhouse gas Strategic Transportation Energy Planning model) — This model is
used for large-scale regional emissions planning as part of an area’s Greenhouse Gas (GHG)
reduction efforts. The model is used to help establish a transportation strategy for meeting
greenhouse gas targets,

HERS-ST (Highway Economic Requirements System-State Version) — Typically used on a
corridor-basis for determining needs (deficiencies) including capacity, geometric alignment and
pavement based on identified funding thresholds. Data is available for the state highway system
as the HERS-ST input datasets are created mainly from internal ODOT inventory databases and
is updated yearly. Local HERS-ST data can be created if the appropriate data and resources are
available. With varying levels of effort, HERS-ST can be linked to travel demand models. This
produces simplified HCM segment capacities, typically in volume to capacity ratios. Like with
all HCM-based tools there are no interactions between segments. Also, while some intersection
data is included, HERS-ST will not produce intersection performance measures. HERS-ST can
be used to produce benefit-cost ratios for different project improvements which can be used for
screening alternatives or used for high-level project management decisions. It also can be used as
the primary tool for determining existing and future year v/c’s and needs in corridor and facility
plans.

Urban Models (4-Step Travel Demand Models) — Travel Demand Models are generally built as
system-level tools so detail is limited at a facility level; including basic characteristics such as
number of lanes and speed limits. These models can be used as a screening tool using district
travel patterns (origin-destination), demand-to-capacity ratios, percent volume differences, and
high level estimates of travel times. Travel Demand Models are also used to develop future
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volumes for plans and projects through post-processing methods. See the available TPAU and
MPO urban model map on TPAU’s website at:
http://www.oregon.qov/ODOT/TD/TP/pages/tools.aspx

IDAS — (ITS Deployment Analysis System) - This is used for integrating ITS (Intelligent
Transportation System) operations into a travel demand model assignment. IDAS allows global
settings of traffic signal timing, variable messaging and ramp meters in order to modify imported
model assignments. IDAS is only for ITS applications only on a system basis rather than a
corridor or point basis. For smaller areas, IDAS can be applied to a cut-out (window) model
network. IDAS can compare multiple ITS scenarios including on a benefit-cost basis.

Dynamic Traffic Assignment (DTA) - DTA is an alternative mesoscopic method that assigns
traffic across time periods so that adjacent time periods and congestion affect each other. DTA is
useful when the typical peak hour traffic spreads across multiple hours. The assignment is more
detailed as it incorporates basic signal timing and platoons of vehicles which allow for queuing
to be modeled. DTA is a further level of effort and refinement of the model assignment between
the typical travel demand model and micro-simulation. Common DTA software tools are Dynus-
T and Dynameq.

Subarea modeling — This is a mesoscopic technique by cutting out a portion of a travel demand
model (also called windowing) to be used separately or adding detail to a portion of a model
(also called focusing). Both methods involve adding detail to the model (signal timing, smaller
zones, additional centroid connectors, better refined capacities, etc). This additional detail will
improve calibration between the model and field counts, possibly to the point that post-
processing is very limited. Typical software for the windowing method would be VISUM.

HCS (HCM) — Highway Capacity Software is a faithful implementation of the Highway
Capacity Manual methodology. These methods are point/segment based and are isolated so
adjacent sections do not affect each other. This is the only source of deterministic analysis tools
for freeway operations (segment, merge, diverge, and weave). HCS/HCM also considers
pedestrian, bike and transit multimodal analyses. The HCS/HCM is mostly operational (high
detail level) based but there are some planning-level methodologies available using mostly
default values and average daily traffic volumes.

Synchro — Synchro is mainly for the operation and system optimization of signalized study area
networks. Synchro is mainly focused on the analysis of signalized intersections, but can do
unsignalized intersections, roundabouts, and intersection-level multimodal analysis following
current HCM methodologies.

SimTraffic — SimTraffic is a micro-simulation based on the arterial portion of CORSIM and thus
is best suited for simulating arterial networks. This allows system-level analysis of a study area
network for queuing impacts, travel time, delay of individual vehicles as well as network wide.

VISSIM - VISSIM is a complex but comprehensive micro-simulation which can be used to
model virtually any road network. VISSIM also has the capability to handle DTA and multiple
modes. The software is extremely customizable but requires significant effort to calibrate and
report out useable data.
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Trip Generation - This process implements the ITE Trip Generation Manual procedures based on
land uses and other site size and type characteristics.

SigCap — SigCap is currently used as a quick sketch-type analysis and is mainly used to develop
signalized intersection LOS C values for the environmental traffic data process.

Unsig — Unsig is currently used as a quick sketch-type analysis and is mainly used to develop
unsignalized intersection LOS C values for the environmental traffic data process.

EISBase — EISBase is database tool used to calculate the resulting speeds of traffic flows, based
on volumes of auto and trucks, for the environmental traffic data process.

Zonal Cumulative — The Zonal Cumulative volume development process is mainly a manual
three-step (generation, distribution and assignment) analysis. This involves creation of zones,
uses ITE Trip Generation methodologies, external trip origin-destinations, and gravity-based
distribution. Calibration is also required. The VISUM modeling software is used to streamline
the assignment process.

Future Volume Tables — These show the future annual average daily traffic volumes for state
highway segments based on either 20 years of historical traffic counts or travel demand model
based growth trends depending on the location. These are updated annually.

Other Planning Analysis Tools — There are a number of less complex tools that can be used to
evaluate a system at a relatively high level. These also can be used as part of a more detailed plan
or project analysis as an alternative screening tool. Most of these are based on average daily
traffic. Some examples are preliminary signal warrants (PSW), other PSW-based tools, and the
capacity nomographs.

IHSDM - The IHSDM (Interactive Highway Safety Design Model) implements the HSM Part C
predictive method for rural and urban highway segments. The IHSDM evaluates the effects of
geometric changes on safety. The IHSDM has a very high input detail level as it requires full
geometric design data (curves, grader, stationing, super-elevation, etc). This is best suited for
evaluating final design alternatives.

PlanSafe — This is for comparing relative safety levels on a transportation analysis zone or
district basis within a travel demand model. PlanSafe does not use HSM methods.

NCHRP Spreadsheets — These are a free download implementing the Highway Safety Manual
Part C predictive safety analysis methods. These are not technically supported and may not
reflect current changes/fixes in HSM procedures

HiSafe — HiSafe is a software application implementing the Highway Safety Manual Part C
predictive safety analysis methods.

Crash Decoder Tool — This macro-based spreadsheet tool converts the extensive numerical codes
in the typical “long-form” comprehensive PRC crash listing to words. This eliminates the need
for the analyst to be familiar with the crash coding manual. The tool will also summarize and
graph the crash characteristics.
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2.4.2Tool Evaluation/Selection

The second step for scoping is to determine what tools are available and can be used at particular
stages in the analysis effort. Selection of the appropriate analysis procedures from this manual
will often be determined by project-specific characteristics such as the type of project, the
surrounding environment and land uses, availability of data and the type of traffic controls
present in the field. Generally, similar types of projects will use the same analysis procedures to
varying degrees. Depending on the study and the project’s purpose and need, additional data may
be required. For further information on project scoping and selection of traffic analysis
procedures, refer to the Federal Highway Administration’s (FHWA) website for the Traffic
Analysis Toolbox: http://ops.fhwa.dot.gov/trafficanalysistools/

In this manual, tools are broken into two basic categories: deterministic and stochastic and two
sub-categories: systemic and specific. Considering the project needs and constraints, the tool
selection can greatly impact the resources and time necessary to do the analysis.

e Deterministic — These tools use a set of fixed inputs and result in a single set of outputs.
These include, for example, Highway Capacity Manual procedures and the 3- or 4-Step
travel demand models.

e Stochastic — These tools use a set of inputs and create multiple sets of outputs. These
include, for example, micro-simulation and dynamic traffic, land use and economic
assignment models. These tools are much more time-intensive for inputs, process, and
analysis of outputs.

e Systemic — These tools often cover multiple points that interact / influence with each
other

e Specific — These tools analyze a single location

In the sections that follow, the tools are grouped first by study type and then by analysis type,
however, the tables are not exhaustive. Studies likely require more than one type and related
tools over their duration. Even within these tools there is a range of uses from high-level
planning to project specific. Some tools can be used for widely varying efforts depending on the
questions asked. An “X” indicates the tool type in the following exhibits.

The following discussion assumes that these tools have been created, tested, and
operational. If a tool is not fully updated and useable, additional time or special
considerations may be needed in tool selection.

For each tool, the general data needs, staffing requirements, and time required are shown. Many
tools may have a range depending on the task at hand which may be “high” for a simulation
model, to “medium” for facility analysis, and to “low” for individual intersection analysis. The
following exhibits attempt to reflect a relative difference between the tools and may not capture
every specific circumstance.

e “High” (H) generally means obtaining large quantities of data, confidential data, data not
readily available, or in the correct format. Long times to collect data or the cost of
collection is also considered. These tools can require a special separate project effort to
collect and clean the data or to customize the tool to the location. Use of default values is
very limited. Some tools may require many staff members such as updating a travel
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demand model or may require many hours from a single person, such as micro-
simulation. Processes may take months or years in some cases.

e “Medium” (M) generally means data obtainable in the field or from available
information/databases although it might still need conversion or cleaning. Staffing
requirements will be a single to a few staff members. Time requirements are generally on
the order of weeks.

e “Low” (L) generally means published data or available data in correct formats and can be
immediately used. The tool may have a high use of default values. Overall data
requirements are limited in total amount or elements. These tools can be used by a single
staff member and time requirements are on the order of days.

Tools Grouped by Study Type

Policy Tools
Used for answering policy level questions such as for the Oregon Transportation Plan or Oregon

Highway Plan. These questions can be from the legislature or upper management. Questions can
be very complex, in order to determine the effects of potential policy decisions involving many
diverse factors in broad areas including economics, land use and transportation. SWIM and
HERS-ST are the primary tools used for this purpose.

Exhibit 2-2: Policy and Statewide Planning Tools
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Statewide Planning Tools

Used for statewide or multiregional analysis studies such as the Bridge Limitation Strategy.
These studies usually involve the highway network or elements such as freight movement,
congestion, economic impacts of delay/detours, etc. SWIM is used for general flows including
freight movements and economic impacts while HERS-ST is a segment-based tool for
prioritizing/analyzing highway needs (deficiencies) and overall benefit/costs across the statewide
network.

System Planning Tools

Used for regional, county or city planning studies such as Regional Transportation Plans (RTP)
and Transportation System Plans (TSP). The tools cover a wide range of uses. GreenSTEP is
used for greenhouse gas emissions in urbanized areas. LUSDR is used to help determine future
land use allocations when there are too many unknowns to use the normal processes. The
urbanized area, county and small city travel demand models are used to determine system travel
patterns or behavior, to compare multiple land use and network scenarios, or can be used to
develop post-processed volumes for more detailed analysis for specific locations.
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PlanSafe is used on a transportation analysis zone (TAZ) or district basis to compare between
network scenarios to determine relative safety levels. Historic crash analysis using the Crash
Decoder Tool is needed to identify current issues as well as support the PlanSafe model if a
travel demand model is available. IDAS can be used to refine vehicle assignments from travel
demand models to help incorporate effects of transportation system management (TSM) and
intelligent transportation systems (ITS) such as ramp metering and variable message signs.
HERS-ST and IDAS can both calculate benefit/costs for alternatives. If no travel demand models
exist, then a zonal cumulative or a traditional historic volume growth process may be used.

Other tools cover specific routes, segments, or locations. Multimodal analysis would be typically
done for major facilities across all applicable modes using HCM methods. HERS-ST can be used
for determining operational results of state highway segments or across an entire area if the data
is available. Highway Capacity Manual operational or planning analysis techniques can be used
to determine operational results of roadway segments for all modes. Other planning analysis
tools include daily-traffic based intersection tools for determining needs or general traffic control

types.
Exhibit 2-3: System Planning Tools
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Corridor Planning Tools

Used for specific highway segments, either over an entire highway or a smaller section within or
between cities. Corridor plans have more detail than system plans yet lack the specific details of
project refinement plans and are limited to the specific roadway in question. These tools form the
full range from systemic travel demand model-based tools to intersection operational analysis to
micro-simulation. Travel demand model based tools are used to compare scenarios or help screen
alternatives. Some tools like dynamic traffic assignment (DTA) or IDAS are used to incorporate
shifting demand or TSM/ITS into the model assignments to better match the field conditions and
limit the amount of post-processing needed. If no travel demand models exist, then a zonal
cumulative or a traditional historic volume growth process may be used.
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Historic crash analysis is needed at the corridor planning level. Predictive crash analysis may be
used on the final solutions for urban arterials and rural non-freeways. The NCHRP HSM
spreadsheets and HiSafe are used to do the predictive analysis while the Crash Decoder Tool is
used to simplify the historic crash analysis.

Analysis would be typically done across all applicable modes at varying levels of detail from
HCM-based analysis to micro-simulation. HERS-ST or HCM planning analysis can be used for
determining operational results of state highway segments along the corridor. Both HERS-ST
and IDAS can be used help determine benefit/costs of alternatives. If intersection analysis is
needed then any of the HCM-based methods and tools (such as HCS or Synchro) can be used.
Typically, micro-simulation will not be needed in corridor plans other than in metropolitan areas.
VISSIM is typically used for freeway operations, complex configurations, and/or including
multimodal issues and SimTraffic is used for signalized arterial corridors.

Exhibit 2-4 shows this group.

Refinement Planning Tools

Refinement plans are more detailed than system or corridor plans, but they are limited to a
specific area or highway segment. Refinement plans generally arise from system or corridor
plans which identify need for more detailed analysis. Travel demand model based tools are used
to compare scenarios or help screen alternatives. Some tools like dynamic traffic assignment
(DTA) or IDAS are used to incorporate shifting demand or TSM/ITS into the model assignments
to better match the field conditions and limit the amount of post-processing needed. The smaller
scope of these plans allows sub-area (window) modeling to be done which will further reduce the
post-processing need. If no travel demand models exist, then a zonal cumulative or a traditional
historic volume growth process may be used.

Historic and/or predictive crash analysis is needed at the refinement planning level. The NCHRP
HSM spreadsheets and HiSafe are used to do the predictive analysis on urban arterials and rural
non-freeways while the Crash Decoder Tool is used to simplify the historic crash analysis.
Analysis would be typically done across all applicable modes at varying levels of detail from
HCM-based analysis to micro-simulation. HERS-ST or HCM/other planning analysis tools are
mainly used for alternative scoping or screening. Both HERS-ST and IDAS can be used help
determine benefit/costs of alternatives. Intersection-level analysis is typically needed so any of
the HCM-based methods and tools (such as HCS, or Synchro) can be used. Micro-simulation
(will generally be used, especially in urban or congested areas. VISSIM is typically used for
freeway operations, complex configurations, and/or including multi-modal issues and SimTraffic
is used for signalized arterial corridors.
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Exhibit 2-4: Corridor & Refinement Planning Tools
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HCM Planning Analysis

Project Tools
Project analysis is the most detailed of all analysis types. Project analysis can involve the full

range of tools from the travel demand model to micro-simulation and may involve specialized
areas such as environmental analysis. Travel demand model based tools are used to compare
scenarios or help screen alternatives and are used to create post-processed design hour volumes
to be used by other tools. Some tools like dynamic traffic assignment (DTA) or IDAS are used to
incorporate shifting demand or TSM/ITS into the model assignments to better match the field
conditions and limit the amount of post-processing needed. The smaller scope of these plans
allows sub-area (window) modeling to be done which will further reduce the post-processing
need. If no travel demand models exist, then a zonal cumulative or a traditional historic volume
growth process may be used.

Detailed historic and/or predictive crash analysis is needed at the project level. Tools like
IHSDM, the NCHRP HSM spreadsheets, and HiSafe are used to do the predictive analysis on
urban arterials and rural non-freeways while the Crash Decoder Tool is used to simplify the
historic crash analysis.

Analysis would be typically done across all applicable modes at varying levels of detail from
HCM-based analysis to micro-simulation. HERS-ST or HCM/other planning analysis tools are
mainly used for alternative scoping or screening. Both HERS-ST and IDAS can be used help
determine benefit/costs of alternatives. Intersection-level analysis is usually needed so any of the
HCM-based methods and tools (such as HCS or Synchro) can be used. In congested areas or
where the HCM methods no longer apply then micro-simulation is required. VISSIM is typically
used for freeway operations, complex configurations, and/or including multimodal issues, and
SimTraffic is used for signalized arterial corridors. Some projects may involve environmental
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traffic analysis for noise, air quality and energy impacts which normally requires the use of (or
the equivalent of) Synchro, SigCap, Unsig, and ElSbase.

Exhibit 2-5: Project Tools
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Specific Analysis Elements

Volume Development Tools

These tools are used to help develop volumes to be used in the analysis at various levels of detail
as warranted by the individual study. Where a travel demand model is available, model
assignments can be created to help in screening and post-processing. Dynamic traffic assignment
and subarea modeling techniques can be used to refine the assignment. Zonal cumulative
analysis is used where a travel demand model is not available. Trip Generation is used in
cumulative analysis using rates from the ITE Trip Generation manual.
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Exhibit 2-6: Volume Development Tools
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Screening Analysis Tools

Screening analysis is typically a high-level analysis used to reduce the number of
scenarios/concepts/alternatives to a manageable level. Most studies will have multiple levels of
screening at increasing detail levels. At the top end, travel demand model-based tools are
typically used for the system impacts. Middle and lower screening levels are more detailed at the
intersection level which may be using key intersection volume-to-capacity ratios, or multimodal
level of services. Screening analysis in a project —level analysis will be more complex than in a
system plan.

Exhibit 2-7: Screening Analysis Tools
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Multimodal Analysis Tools

For a complete analysis of a system or a project area, a multimodal analysis is needed. Urban
MPO (Metropolitan Planning Organization) models can be used to determine mode share for the
base case as well as alternatives. The HCM-based multimodal level of service (MMLOS) is used
to create qualitative comparisons across the auto, pedestrian, bicycle, and transit modes. HCS has
all the modes and does intersections and segments while Synchro does not include transit and
does only intersections. In congested areas or in areas where non-auto modes are very common
mixing with vehicular traffic such as light rail, streetcar, and buses, VISSIM micro-simulation
will be needed to judge the impacts of these modes on each other. VISSIM, and in some cases
SimTraffic, is also needed where heavy rail modes cross roadways. Analysis of the actual modal
operations requires different resources not covered in this manual, such as the Transit Capacity
Quality of Service Manual (TCQSM).

Exhibit 2-8: Multimodal Analysis Tools
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Safety Tools
Most studies will require some sort of safety analysis. At a minimum, a historic crash analysis is

needed. The Crash Decoder Tool simplifies the processing and analysis of individual crash
records. Historic crash data is also needed to support more-detailed predictive analysis. Travel
demand model-based relative comparisons can use PlanSafe, which analyzes crashes on the TAZ
level. Plans and projects can use Highway Safety Manual (HSM)-based screening methods for
establishing critical crash rates within a community or predicting the number of crashes
associated with changes to roadway segments or intersections. Additional HSM-based tools are
available to conduct predictive analyses methods, such as the free NCHRP spreadsheets or
HiSafe software. Interactive Highway Safety Design Manual (IHSDM) software allows for very
detailed evaluation of safety effects of geometric design decisions and requires a project-level
data collection effort to be used appropriately.
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Exhibit 2-9: Safety Tools
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Environmental Traffic Data Tools

Sometimes, plans and projects will require some sort of environmental analysis. This can range
from high level travel demand model based efforts to very detailed traffic volume development.
GreenSTEP is a model based tool that estimates greenhouse gas emissions across a metropolitan
region and thus will be mainly used in the development of regional transportation plans (RTP).
Development of RTP’s requires an air quality conformity determination. Also some metropolitan
and smaller urban areas have been (none currently are) non-attainment areas for air quality. The
urban models feed data into the air quality model (MOVES) which is the tool for determining air
quality conformance. Project analyses will generally involve at least a noise study with many
larger projects needing air quality or energy studies. Tools such as Synchro, SigCap, Unsig, and
ElSbase support the creation of the environmental traffic data to be later used for environmental
analysis. Simulation tools can be used to create simple system-wide deterministic measures such
as fuel used and pollutant levels.

Exhibit 2-10: Environmental Traffic Data Tools
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2.5 Creating a Scope of Work (SOW)

The third step for scoping is to determine the specifics for the scope of work (SOW). SOWSs can
be written for TSPs, Corridor/Facility Plans, Refinement Plans, IAMPs and projects. Traffic
Impact Analyses/Statements (TIAs/TISs) also have a SOW, but specific criteria should be
consistent with Chapter 3 of ODOT’s Development Review Guidelines.

The purpose of establishing a SOW for a transportation study is to define critical parameters
such as the study area boundaries, analysis requirements, data needs and the identification of
specific concerns to be addressed. An effective SOW should always produce a completed study
that satisfies the needs of the corresponding project.

Common elements for most types of transportation studies include:
e Background or Purpose Statement

Obijectives of the Study

List of Work Tasks

Identification of Deliverables

Project Schedule

Project Budget

It is important that the work tasks and corresponding deliverables be clearly defined and that the
party responsible for completing them is identified. The distribution list for deliverables should
generally include all the pertinent teams/groups and specific ODOT sections needed for review.

All ODOT analyses must have a discussion on methodologies and assumptions used. For SOWs
there must be a requirement for a Methodology Memorandum clearly shown. This memorandum
details out the methodologies and assumptions that are to be used in the existing and future
volume development and analysis. It should include the range of analysis methodologies from
identifying count locations through simulation, including any safety and multimodal analysis.
This memorandum should be provided to and approved by ODOT before any analysis work is
conducted. This helps to significantly reduce the amount of review by ODOT and potential re-
work by the Contractor.

The SOW must require that the methodology memorandum is completed by the Contractor and
reviewed by and agreed to by ODOT prior to the Contractor starting any volume development
and/or analysis tasks. In the absence of a SOW requirement, the APM requires use of the same
methodology memorandum. Appendix 2C contains an annotated example methodology
memorandum. This example does not necessarily include all methodologies that may be
applicable in a given context.

2.5.1 Traffic Scoping Considerations

Each SOW likely has specific individual issues; however, there are many common needs such as
professional engineer licensing requirements and specific requirements for the state highway
system. Some typical SOW traffic analysis statements are shown below.
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e

The following lists are typical of suggested statements used in SOW’s for the traffic
analysis tasks and are not exhaustive. Not all of these statements will apply to a
single study. These tasks may be modified as desired to fit a study’s particular needs.

General

Final versions of the Contractor’s transportation analysis must be stamped by an Oregon-
registered Professional Engineer (P.E.) with license being current and in good standing,
with expertise in civil or traffic engineering.

Traffic analysis must follow the Highway Capacity Manual (HCM) 2010 procedures and
comply with ODOT’s Analysis Procedures Manual available at
http://www.oregon.gov/ODOT/TD/TP/pages/apm.aspx. Signalized intersections shall use
HCM 2000 methods in order to produce intersection v/c ratios.

Contractor shall coordinate all traffic analysis with ODOT’s Transportation Planning
Analysis Unit (TPAU) and Region [1-5] Traffic Section. [Coordination with local
jurisdictions or groups such as MPO’s , may be necessary.]

Consultant shall obtain approval of existing and future analysis methodology from TPAU
and Region [1-5] Traffic via a methodology memorandum prior to beginning analysis.
All documents will be readable and usable in black and white [Exceptions can be
specified for certain deliverables.]

All documents must be written in plain language and use an easily understood format.
Contractor shall review all applicable plan/past project documents to the study area
Contractor shall allow two weeks for review of written and analysis deliverables or as
agreed to by the contract administrator.

Contractor shall furnish written and electronic documentation for all assumptions, data,
calculations, and results. This includes paper and computer files (i.e. spreadsheets and
analysis software files).

Consultant shall provide any GIS layers used for inventory and graphic deliverables (i.e.
volumes, Level of Traffic Stress, etc.) to both ODOT’s Transportation Planning Analysis
Unit (TPAU) and the Geographic Information Services Unit (GISU). [Add to end of
Existing Conditions section.]

Inventory

Counts should be broken down by type and duration as suggested in the Analysis
Procedure Manual Chapter 3. For clarity, the count locations, types, durations should be
identified on a map as follows:

o Contractor (or ODOT/Agency) will provide 16-hr intersection classification
traffic counts with 15-minute intervals at the morning and afternoon peak hours at
the following locations:

0 Specific locations in list

o [Note: Similar language is needed for any peak period counts or any road tube
counts]

o0 All counts must have at least 15-minute breakdowns from 2- 6 PM. All counts
must include bicycles, pedestrians, and turning movements.

o State highway volumes and classification information is available here:
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e Field inventory information — lane configurations, traffic controls, speeds, operational
issues (queuing, unique driving behaviors, etc) will need to be obtained by the
Contractor.

e If micro-simulation is desired, then Contractor shall obtain necessary calibration data.

e [Note: Use five years for projects, detailed plans (i.e. IAMP’s), or roadway/study areas
with low number of crashes. Three (3) to five (5) years of crash data shall be obtained
from ODOT’s Crash Analysis & Reporting Unit for state highways and any local
roadways desired in the study area.]

Volumes

e All traffic volumes must be adjusted to reflect the 30th highest hour [Note: use the
alternative standard (i.e. average volumes) if it applies to the study area].

e Areas that are covered by a travel demand model must use the model to develop future
no-build and build alternative volumes.

e Contractor must submit a model request to ODOT’s Transportation Planning Analysis
Unit (TPAU) at least three weeks before the data is needed. The model request form is
available at: http://www.oregon.gov/ODOT/TD/TP/Tools/ModelRunRequestForm.doc
[Note: This is for travel demand models that TPAU has developed only.]

e All raw model numbers must be post-processed or used only in relative (percentage)
comparisons.
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Analysis

e Analysis locations will include at least the traffic count locations. Exact intersection
analysis locations will be determined during negotiations.

e Traffic analysis must follow methods in the Highway Capacity Manual (HCM) 2010
published by the Transportation Research Board (TRB) or as agreed to by ODOT. All
traffic analysis software programs used must follow Highway Capacity Manual 2010
procedures. Signalized intersections shall use HCM 2000 methods in order to produce
intersection v/c ratios. Synchro/ SimTraffic is the ODOT standard software program and
is the preferred format.

e Contractor shall prepare and submit a Methodology Memorandum documenting
methodology and assumptions to be used for existing conditions (i.e. seasonal factors
used), future conditions (i.e. volume development/post-processing methodology), and
alternative analysis (i.e. peak hour factors, analysis parameters, calibration, etc) to TPAU
and Region [1-5] Traffic Section. Consultant shall obtain approval of methodology from
TPAU and Region [1-5] Traffic Section prior to beginning analysis. Consultant shall
obtain approval of analysis and conclusions from TPAU and Region [1-5] Traffic Section
prior to submitting Draft Tech Memos.

e [Note: for existing conditions] Contractor shall obtain the past five years of crash data
from Agency’s Crash Data & Reporting Unit for both state and non-state roadways and
perform crash analysis. Contractor’s data for state highways shall include locations of
Safety Priority Index System (SPIS). If the local agency or region has established a
critical crash rate for intersections or if each intersection type within the study area
includes a minimum of 5 study intersections, Contractor shall use the Highway Safety
Manual Part B Network Screening Critical Crash Rate method for intersections to
compare intersection crash rates to a critical rate. Each reference population used in the
critical crash rate method must have at least 5 (five) sites. If this is not met, intersection
crash rates need to be compared with the published 90™ percentile rates (See ODOT
Analysis Procedure Manual Chapter 4).

e If the local agency or region has established a critical crash rate for segments or if each
segment type within the study area includes a minimum of 5 study segments, Contractor
shall use the Highway Safety Manual Part B Network Screening Critical Crash Rate
method for segments to compare segment crash rates to a critical rate. If fewer than 5
segments exist for a segment type, segment data must be compared with the official
published crash rates (ODOT Crash Tables — Table II) for similar facilities [Does not
apply to urban areas]. Segments must be homogenous in number of lanes, area type, and
volume.

e For intersections that exceed the identified critical crash rate and/or the published 90"
percentile rate, crash patterns, evaluation of causes and potential countermeasures must
be identified for each site. Consultant shall map locations of these safety issue areas and
the Safety Priority Index System sites. Consultant shall utilize the Crash Data and
MMLOS/LTS to identify potential countermeasures and safety improvement alternatives.

e For segments that exceed the identified critical crash rate or published crash rate and
intersections that exceed the identified critical crash rate, analysis of crash patterns,
identification of contributing factors, and potential countermeasures need to be
completed. Contractor shall map locations of these safety issue areas and the SPIS sites.

e [Add to the above before the last sentence for projects and detailed refinement
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plans/IAMPs]. Contractor shall perform HSM Part C predictive analysis for all screened
locations exceeding segment or critical rates for the existing conditions.

e [Note: Future safety for TSP’s, similar detail level plan, and project development
screening] For each alternative developed to specifically address a safety concern,
Contractor shall summarize safety impacts of each design. Contractor shall use the Crash
Modification Factors (CMF) in the HSM Part D and/or the FHWA CMF Clearinghouse
to indicate the potential crash reduction for each safety alternative or countermeasure.
ODOT guidance on the CMF Clearinghouse is available here:
http://www.oregon.gov/ODOT/HWY/TRAFFIC-
ROADWAY/pages/crash_mod_factors.aspx . The ODOT CMF standard is to only use
CMF’s with a quality rating of 3 stars or better.

e [Note: Future safety for projects or detailed refinement plans/IAMP’s] For each
alternative developed to specifically address a safety concern, Contractor shall
summarize safety impacts of each design using HSM Part C predictive methods. Full
predictive analysis should only be completed on and reported out on the final alternatives
(including the future no-build) to be included in the [plan/project].

e Consultant shall conduct a qualitative (*“Good, Fair, Poor”) multimodal assessment for
the Project Area collectors and above as per APM Chapter 14. The assessment analysis
must include bicycle, pedestrian, and transit (if applicable) operations.

e Consultant shall conduct Level of Traffic Stress (LTS) analysis for all roadways in the
Project Area as per APM Chapter 14. As much as possible, data should be obtained from
current aerial photography and (TSP) roadway inventories before field data collection.
Bicycle LTS will be evaluated and results graphically displayed for the existing
conditions.

e Contractor shall conduct a high level MMLQOS analysis for [indicate roadways to be
studied] in the study area. MMLOS analysis must include vehicle, transit, bicycle, and
pedestrian operations. Pedestrian analysis should not include the effective width of
sidewalk data and calculations but rather assume a clear sidewalk width for each side of
each segment. Bike analysis should use the link-level analysis only. Transit analysis
should use as much general or average data from available transit district information as
possible.

e Traffic analysis at ODOT intersections must be consistent with ODOT’s Analysis
Procedures Manual (APM) available on the internet at
http://www.oregon.gov/ODOT/TD/TP/pages/apm.aspx

e Traffic analysis at non-state intersections needs to be compatible with ODOT procedures
and must follow standard engineering procedures and practices.

e ODOT may approve a different or additional intersection analysis method prior to use
when the different method can be justified for local and ODOT facilities. Contractor must
provide documentation fully explaining the issue and the reasons for the proposed
change. Contractor must obtain approval before use.

e Operational targets for state facilities should include the volume to capacity (V/C) ratio.
Existing conditions and future no-build must be compared to the Oregon Highway Plan
(OHP) v/c targets. Build alternative v/c’s are to be compared with ODOT’s Highway
Design Manual v/c’s. Standards for non-state facilities can be v/c and level-of-service
(LOS) or a combination of v/c and LOS, depending on the local standards.

e Other performance measures may be required which can include queuing, MMLOS,
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simulation-based MOE’s, etc. All secondary performance measures shall be included in
the methodology memorandum.

e Simulation to determine queues or other measures of effectiveness should be used if v/c’s
exceed 0.70 and simulation shall be used if v/c’s are equal to or exceed 0.90. Simulation
shall also be used if existing conditions show congested conditions, (i.e. intersection
queuing backs into adjacent intersections/connections) or if Agency requires it.

e |If simulation is desired to obtain 95th percentile queue lengths or other measures of
effectiveness, then the simulation shall be calibrated following procedures in Chapter 16
of the Analysis Procedure Manual.

e Areas with complex freeway geometry/operations, transit operations (bus, light rail, etc),
railroad pre-emption, require simulation and shall follow the VISSIM Protocol available
at: http://www.oregon.gov/ODOT/TD/TP/pages/apm.aspx

Air/Noise/Energy Traffic Data
e Air/Noise/Energy traffic data must be obtained and reported as in the Analysis Procedure
Manual Chapter 17 or as agreed upon by Agency.

Coordination with other Work Areas

e If rail facilities are within the study area, coordination with the ODOT Rail Division is
required.

e |f the study area is adjacent to an airport or includes any overlay zones then coordination
with the Department of Aviation is necessary.

e |f studied facilities are formally recognized freight routes, then compliance with ORS
366.215 “Reduction in Capacity” may be needed if alternative concepts could potentially
restrict the roadway width (i.e. curb extensions, medians, etc).

2.5.2Developing Work Plans

Once a SOW has been determined, a detailed internal workplan that outlines the analysis tasks
and timelines should be developed. This will help the analyst determine the analysis process
necessary to achieve the SOW deliverables. For internal ODOT-only studies, where SOW’s are
not developed, then a detailed workplan is required. This is typically developed by the project
analyst and should be updated as needed. The workplan tasks should be developed to line up
with the Sample Analysis Process Reviewer Checklist.

Exhibit 2-1 shows the typical traffic analysis work flow.

The work plan must include the project title, highway name and number, and a purpose
statement to identify the project objectives. This work plan must be consistent with the overall
project schedule and should be submitted to the project leader for review of timelines. This
document will help explain to the project leader/contract administrator analysis and
staffing/resource needs and timelines. At the very least, this will start conversation about project
expectations. Delays or additional work requests will extend the timelines. The work plan should
be updated as the study proceeds especially if major changes occur. A revision date should be on
the first page of the work plan. A typical analysis will include most, but not necessarily all, of the
following tasks. The tasks are not necessary linear, some may be concurrent or overlap while
others provide feedback to other tasks.
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The following example tasks assume a typical plan or modernization/safety project. This would
need to be modified to fit any specific study.

e Task 1 - Project Identification and Understanding
The purpose of this task is for the analyst to have an understanding to have a purpose and
need of the study, the parameters and constraints that influence it, the questions that need
to be answered, and to define the level of analysis and tools to be used.

The methodology of this task should include the following which impact the analysis:

0 Study purpose and need and goals and objectives

o Identify any prior relevant plans (i.e. TSP’s, refinement plans), analysis (i.e.
prior/adjacent projects, traffic impact analyses) that need to be considered in the
study area

o Identify any concurrent project or planning efforts in or adjacent to study area.
This will require coordination (i.e. data, timelines, project progress etc) between
these efforts.

o0 Identify any new data needs (such as need to update a travel demand model)

o Identify any constraints or issues that may affect the project (i.e funding, natural
or built environment, politics).

Task deliverables includes a summary of any prior or current studies in or adjacent to the
study area with issues, constraints, and impacts to the analysis discussed. A traffic
analysis methodology memorandum may be appropriate if the work needs to be
coordinated with multiple staff and or studies.

e Task 2 — Transportation System Inventory
The purpose of this task is to review existing data and collect additional inventory data
for the study area. Note: Allow 6-8 weeks from date of request for counts requested from
ODOT.

The methodology for this task should specify the following:
0 Count Request — This should include count locations, types and durations and any
other special considerations. Refer to Chapter 3.
o Field inventory data needed including, but not limited to the suggestions in
Chapter 3.
o Office inventory data needed including, but not limited to:
= 3-5 Year crash information for roadways through study area
= Available inventory data
= Pertinent map/aerial photograph of area for figures
= Roadway functional class, designations and planning information
= State and local performance measures
o If simulation, multimodal analysis, or predictive crash analysis will be needed
then more extensive inventory data will be required.
o Other optional inventory data that may be needed, depending on project.

Task deliverables include inventory information, project area map and photo for use in
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the following tasks.

e Task 3 — Develop No-Build (Existing and Future) Design Hour Volumes
The purpose of this task is to develop base year, build year and future year no- build
design hour volumes (30th highest or other alternative standard). Occasionally, other
interim years may be needed such as air quality or project phasing (short-term fixes)
issues. The base year is the year of the study, or when most of the data was gathered. The
build year is the year that has the day of opening of the project. Generally, the build year
is one year (for small projects like intersections) to two or more years (for large projects
like interchanges) from the let date shown on the project prospectus. The future (design)
year is typically 20 years from the build year. For example, a 2015 interchange project
with a let date in 2019 would have a base year of 2012, a build/opening year of 2021 and
a future/design year of 2041.

The methodology for this task is to use the manual count data to obtain the existing/base
30th highest hour volumes (30HV) using historical and seasonal adjustments in Chapter
5. A single system peak hour must be used with volume balancing as appropriate. .

The future volume development methodology should be described, whether by historical
trends, cumulative analysis, or with a transportation model (see Chapter 6).

Task deliverables include the figures/worksheets showing the traffic volume development
process and the balanced base 30 HV and future no-build volumes on figures in the
technical memoranda for the existing and the future no-build conditions.

e Task 4 — Analysis of No-Build Transportation System
The purpose of this task is to evaluate no-build system conditions for the base, build and
future years. This may help identify any deficiencies related to the study purpose and
need.

The methodology for this task should use the base year, build year and future year data
developed in Task 2 along with current Highway Capacity Manual (HCM)-based analysis
software to evaluate the system by performing the following:

0 Use crash data from Task 1 and perform a safety analysis following procedures in
Chapter 4. This needs to include a Highway Safety Manual Part B network
screening process of locations before doing more detailed safety analysis. This
should cover intersections and segments and use historical and predictive
methodologies as appropriate.

o0 Operational analysis including preliminary signal warrants , turn lane criteria,
access/street spacing, and signal progression should be covered (see Chapters X,
Y, and 2)

o Evaluate the volume to capacity (v/c) and level of service (LOS) or other
performance measures as appropriate by jurisdiction for the study area for
intersections, merge/diverge/weaving sections, freeway mainlines and highway
segments.

o Perform multimodal evaluation (such as HCM 2010 MMLOS) across the
pedestrian, bicycle and transit modes.

Analysis Procedure Manual Version 2 2-30 Last Updated 09/2016



0 Micro-simulation modeling may be needed if there are multiple signals involved
or congested conditions exist. All simulations shall be calibrated according to
APM methods. Simulation outputs should at least include 95th percentile queues,
travel times, speeds, and overall hours of delay. Remember to allow the additional
time (least a month) to calibrate the existing condition simulation model.

0 Turn bay storage lengths will be compared to the 95th percentile no-build queues.
Blocking of turn bays and upstream intersections must be noted if
microsimulation is performed.

The task deliverable is a technical memorandum which includes the safety and
operational analysis including the various performance measures. If simulation is used,
then a calibration report will be required.

. Task 5 — Evaluate Preliminary Alternatives (Screening)
The purpose of this task is to work with the project team to develop and screen the
preliminary alternatives.

The methodology for this task is to review goals and objectives with the team considering
identified needs, and evaluate each preliminary alternative by comparing operations at
major intersections or other agreed upon key location(s) for the appropriate years. Travel
demand models can also be used to screen alternatives effectively if the alternatives have
the potential to change traffic patterns beyond the local area. Travel demand model
screening can include relative volume comparisons and link demand-to-capacity (d/c)
ratios. The future no-build alternative needs to be included in the analysis as the baseline
that the preliminary alternatives are compared against.

Any comparisons using HCM-based v/c’s need to use the current Highway Design
Manual (HDM) v/c’s. Travel demand model-based link d/c’s have different methodology
and cannot be directly compared to the HDM v/c’s. Travel demand model-based
screening criteria should be based on relative comparisons. Comparisons may also need
to be made to local jurisdiction operational standards which could be LOS, v/c or delay
based.

The task deliverable is a technical memorandum, with the screening criteria and results
shown for each alternative. A summary comparison table that shows how the alternatives
and the future no-build alternative perform against the screening-level criteria and each
other must be included. Recommendations for keeping or dropping alternatives based on
traffic analysis considerations should be included.

Note: Post-memao project team decisions on alternatives should be documented in the
next technical memorandum on build alternatives and needs to be documented for the
alternatives considered but dismissed section of the final memo/narrative.

. Task 6 — Evaluate Build Alternatives
The purpose of this task is to work with the project team to develop and completely
evaluate the detailed alternatives that satisfy the future transportation needs for this
project. All tasks need consider timelines per alternative. ldeally, no more than three
detailed alternative analyses are performed. Too many full-detail alternatives will result
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in excessive time or budget requirements.

The methodology for this task is:

0 Develop build and future year Design Hour VVolumes (DHVSs) for each of the final
alternatives. Either distribute the no-build volumes on the build alternatives, or create
new build volumes for each alternative if currently diverting traffic that would return
with the new alternative is sufficient to invalidate the use of the no-build volumes.

o0 Operational considerations such as preliminary signal warrants, functional area, and
turn lanes will be evaluated.

o Evaluate the v/c and LOS and other performance measures for the study area for
intersections, merge/diverge/weaving sections, freeway mainlines and highway
segments.

o Perform a predictive safety analysis if appropriate following procedures in Chapter 4.

o Perform multimodal evaluations across the pedestrian, bicycle and transit modes.

o0 Microsimulation of build conditions including determining turn bay storage lengths
using the 95th percentile build queues and blocking of turn bays and upstream
intersections.

0 The output build v/c’s must be compared with the HDM design v/c’s for state
facilities. Non-state v/c or LOS need to be compared with the appropriate local
operational performance measure standard.

o Work with TRS/Region Traffic if new signals or changes to existing signals are
involved. A progression analysis for the study area is needed if more than one signal
is included in the alternative.

o Determine if access, intersection and interchange spacing meets or improves over
current conditions in the OHP spacing requirements.

The task deliverables include a technical memorandum with volumes, v/c, LOS, queues,
safety, multimodal, and other measures of efficiency shown on diagrams for each
alternative, a summary comparison of the alternatives (including a table) and how they
fared against the evaluation criteria and each other. Also, the design storage lengths and
other geometric details need to be forwarded onto the appropriate design staff, either
ODOT or consultant.

e Task 7 — Environmental (Air/Noise/Energy) Traffic Data (If Needed)
The purpose of this task is to produce environmental traffic data for the no-build and
build alternatives. The base year and no-build future year environmental traffic data can
be started immediately after the Task 3 volumes are completed. The build alternative
environmental traffic data should not be started until the final build alternatives are
selected. Note: need to make sure that the data collection efforts properly support this
task (i.e. ADT creation-capable classification counts).

This includes the base year, build year and future volumes. Larger projects may also
require the creation of short-term future year (10 year) data. The analyst should contact
the air/noise/energy specialist(s) who will be using this information before beginning this
task to ensure the correct information is provided. Air quality and energy data may or
may not be needed. There may be some differences in data requirements from project to
project, depending on the needs of the user of the data.
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The methodology for this task uses the balanced hourly volumes, the average daily traffic
(ADT), and the LOS C volume thresholds. The average daily traffic volumes will need to
be developed and balanced for all needed years. The LOS C volumes will also need to be
developed. This volume data, in addition to truck classification data, is needed for the
base, build and future years to compute the environmental traffic data. The LOS C
volumes (representational of the noise hour which is the maximum number of vehicles
moving at the maximum speed) are only needed for noise analysis. Use the TruckSum
summary spreadsheets and the EISBase program. Work with the noise consultant to
confirm years and data results requirements. In congested areas, air quality data might be
needed, which involves intersection LOS and number of stopping vehicles on each
approach. Energy data may be needed on large projects of regional significance
(environmental impact statements) which involves vehicles miles traveled.

The task deliverables include the environmental traffic data for the base, build and future
years delivered to the air/noise/energy consultant(s). Diagrams are also required as the
identification/location key for the data.

Task 8 —Traffic Analysis Narrative/Final Technical Memorandum

The purpose of this task is to prepare the written documentation of the project analysis.
This will assist the project team in making the preferred alternative selection. For large or
complex projects a full narrative report is required. For smaller projects such as single
intersection safety or operational projects can be documented with a final technical
memorandum.

The narrative/memo should draw from, summarize, and discuss information from all of
the previous technical memoranda and any other analyses into a stand-alone document.
Draft and final versions will need to be produced. In addition, the final narrative/memo
needs to have an engineer’s stamp as it is a document of record for the traffic analysis.
The narrative/memo will document all of the selected and dismissed alternatives and may
or may not make any recommendations.

2.5.3Typical Task Times

Every project is different so actual task times can be quite different depending on project
complexity, actual staff time available or overall project schedule (i.e. fast-tracked) to name
some of the factors involved. Timelines should be defined by number of weeks required to
complete each task. Target completion dates for each task should be established but should allow
for overall analyst workload. For example, the timeline may show three weeks to complete the
task if 100% of time was available, but if only 25% of time is available then the target date
should be 12 weeks out. The final task timelines are negotiated with the project leader depending
on the resources involved. Actual task timeline totals will depend on the overall size of the
project, how many different years are analyzed, and number of alternatives/options to be
analyzed.

Here are some general guidelines for typical studies:
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Project Understanding/Scoping

e Allow at least two weeks to develop work plan, identify issues, constraints and impacts to
analysis in review of existing/current plans and projects.

Counts/Inventory
e Allow six to eight weeks for counts to be completed and processed
e Allow at least two weeks if crash data is to be requested from the Crash Analysis and
Reporting Unit
e Count timing — can add many months if the data collection window is passed

VVolume Development
e Allow a month to create the existing 30th highest hour volumes
e Time to update a travel demand model if needed (6 -12 months or more)
o Allow three weeks for model application requests to be completed
e Allow a month to create the future no-build volumes (including all interim years)
e Allow about two weeks to create volumes for each alternative

Analysis
e Allow at least four weeks to perform and report on alternative screening analysis. This
will depend on number of alternatives and how many levels of screening to do (i.e. travel
demand model relative comparisons followed by key intersection v/c’s).
e Allow two weeks for analysis of each build alternative

Simulation

e Allow one to six weeks for simulation model construction/error checking (depends on
software)

e Simulation calibration — SimTraffic (two weeks to a month); Vissim (one month +)?
e Allow one week per alternative for simulation results

Environmental Traffic Data
e Allow one to two weeks to setup link diagrams, spreadsheets, etc

e For smaller projects allow one to two weeks per existing, no-build future and alternatives
(three to six weeks total)

e For larger projects allow four weeks per existing, no-build future and alternatives (12
weeks total).

e Allow one to two weeks for review of data (dependent on reviewer’s schedule).

Documentation/Review
e Allow three weeks to write and review tech memos

e Allow a week for a reviewer to review the draft tech memos/ narrative (dependent on
reviewer’s schedule).

e Allow four to six weeks to write and review draft narrative; two to three weeks for final
publication

e Allow one to two weeks for completed deliverable review and comment
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2.5.4Reviewing Analysis Work

Often times an analyst may be required to review work conducted by others, whether it was
performed within the Department or by a consultant. All traffic analysis work (either done
internally by ODOT staff or by a consultant) must be reviewed by an Oregon-registered civil or
traffic engineer. At a minimum, this can be a peer review if both the analyst and reviewer are
Oregon-registered civil or traffic engineers. The reviewer should be the analyst’s lead
worker/supervisor as they should be involved in the flow of the work. If the analyst is not
registered, then the reviewer must be the lead worker/supervisor who is registered as they must
be familiar with the work as the professional responsibility falls under them. Work performed by
a non-registered consultant analyst must be reviewed by their registered lead worker/supervisor
prior to submission to ODOT for review.

The review parameters such as who the reviewers are, what is going to be reviewed, and what
level of detail the review will be must be documented before the review starts. At least one week
should be allowed for the review of memos and reports. Individual review of analysis
methodology, work in-progress, figures, etc should be completed in two or three days or less.

The following section provides general guidance for reviewing traffic analysis that can be
applied to any type of analysis project. Specific guidance for the review of TISs can be found in
ODOT’s Development Review Guidelines.

2.5.5Purpose of the Review

The reviewer should know what the purpose of the review is as this establishes what the review
needs to cover. Some considerations include:

e Audience - is this only for internal, technical staff or is this to be included as part of a
public document like a traffic study or guideline?

e Completeness — is this a rough draft to start a process or a discussion or is this to report
analysis, discussions or decisions?

e Full Documentation — are there short-cuts taken like referring to other past
memos/reports/projects? Note that report readers may not have access to the other
reports. Reports should stand alone. For example, just stating that “US 101 in the project
has an OHP mobility standard v/c ratio of 0.85 in Tillamook”, leaves out the missing
classification information which includes items like what is the highway classification;
expressway, freight route, or Special Transportation Area designations, etc.

e Accuracy - need to verify things like OHP/HDM standards, speeds, lane configurations
and traffic control

e Consistency - thinking “outside the box” may be good in some cases, but it should not
carry through freely to documentation as readers are looking for specific types of
information and having to sort through pages of data can be difficult.

2.5.6 Organization and General Format

The report should be set up for the specific (target) audience, using words and sentences (word
size and sentence length) appropriately with acronyms defined and used minimally. Most readers
need some sort of organization, so thoughts should be grouped linearly (i.e. time, location, or
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process) or grouped by topic (i.e. safety, configuration/geometrics, policies/standards,
procedures, and findings/conclusions).

The report should have good readability. Color does not always copy well as graphics may just
turn into multiple impossible to differentiate shades of gray. Graphics should use patterns to
distinguish different features as much as possible. Typeface size for general text should be at
least a 12 point (or larger) and should be limited to standard fonts with few “extras” (i.e. Times
New Roman, Georgia, Arial, Verdana). Footnotes in text, tables or figures should not be any
smaller than 8 point. Remember that clarity dissolves with copying and not all programs use all

fonts.

The format should be appropriate, so there should be “white space” instead of continuous lines of
text. Paragraphs after paragraphs of text lead to low readability. Tables are better but can be
complex especially if multiple variables are involved. Tables should make data easy to read by
making comparisons and failing values should be emphasized (bolded, shaded, etc).

Drawings and figures are better than long-winded description paragraphs, but some text is still
needed to point out or explain to the reader the important features, issues, key locations, etc.
Numbers should be noted and balanced appropriately (i.e. future volumes rounded and not to the
exact amount; or not losing traffic between ramps on a freeway). Information should be limited
to about three layers on a single diagram (i.e. street names, classification, and volumes).

2.5.7Checking Information

A reviewer does not have to check every fact and figure, but should cover major sections and
areas that would affect the results of the work. Some of these areas are:

Study Area - When reviewing analysis conducted by others, knowledge of the study area
is typically beneficial. The reviewer should first examine all study area mapping and
photographs available and visit the physical site, if practical to do so.

Roadway Classification and Jurisdiction - This establishes what type of road it is and who
controls it. This will determine what overall performance measure to use (state or local)
and the specific value.

Analysis Methods and Processes — The document should state its purpose and need as
that establishes the level of detail needed in the analysis, the answers that are needed and
what the expected results are. Review the methodology memorandum to make sure that
the assumptions and parameters to be used in the existing conditions, future conditions
and the alternatives is appropriate for the level of detail of the work. As long as the work
follows the memorandum, then the rest of the review is streamlined for both sides. Any
disagreements need to be taken care of before analysis work is started to minimize
rework and issues later. Keep in mind assumptions made by the analyst performing the
work can have a significant effect on analysis results, even if specific analysis procedures
are followed correctly.

Data - With any type of technical analysis the proper collection and processing of data is
critical to obtaining accurate results. Before reviewing the analysis itself, verify the data
used is appropriate for the analysis conducted. Consider things such when was the data
collected, type of data used, and whether any processing of data (e.g., volume balancing)
was conducted correctly.
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Appropriate Factors — This means checking that the count data was correctly obtained
and correctly seasonally adjusted to the 30th highest hour (or other applicable alternative
standard). Are seasonal adjustments less than 30%? Are all the counts adjusted to a
common base year? Are other analysis parameters correct such as the peak hour factor?
Spot Checks — The reviewer should do a few quick checks by pulling the cited data and
verifying correctness. With the given data, can the reviewer reproduce the seasonal and
growth adjustments? Or can they follow the methodology used in a volume development
or future post-processing spreadsheet? The calculations performed in the analysis should
be checked for computational errors, and procedures used must be appropriate for the
given situation and in compliance with accepted ODOT practices. Knowledge of the
study area, prevailing traffic conditions and accepted ODOT analysis procedures will aid
the reviewer in determining which assumptions are appropriate, and which are not.
Correct Processes — Make sure that what is reported was analyzed with the correct
program. For example, queue lengths in congested systems should be from a system
micro-simulation program (SimTraffic), not just the program (Synchro). Also, make sure
that methodologies cited in a scope of work, workplan, or a methodology memorandum,
are being followed.

Correct Targets/Standards — Once the adequacy of the analysis has been verified,
compare the results to ODOT’s adopted performance measures. Check any proposed
mitigation against ODOT’s design standards. Often times the review process will require
coordination with other units within ODOT that have specific expertise in, or authority
over, certain elements of the design or approval of the mitigation proposed.
Reasonableness - In addition to technical accuracy, the results of the analysis must be
evaluated using a “reasonableness” test. The reviewer should compare the subject data,
such as the traffic volume counts, lane configurations and traffic controls, and determine
whether the conclusions and recommendations of the study are reasonable. This type of
test often helps pinpoint sources of error in analysis, and may reveal questions likely to
arise when the project is presented to the public.

Addressing Errors - When sources of error are detected in the analysis, the reviewer
should not only note the error itself, but acknowledge the significance of the error to the
results of the analysis. There may be times when correcting the error would require a
substantial amount of work, but the results of the corrected analysis would not be
significantly different and the recommendations of the study would remain unchanged.
Noting the significance of the error ahead of time will enable ODOT to determine
whether correction is necessary or cost-effective.

2.5.8Documentation

For a typical report, there should be documentation of the following:

Study area map

Methods and assumptions

Applicable polices, standards, background conditions

Local street and highway system including (pedestrian, bicycle, and transit modes)
Data and inventory summary as well as source(s) of the information

Traffic volumes (segments and/or intersections)

Volume development — raw counts, system peak hour, adjustment factors, unbalanced
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volumes, base year, build (opening) year, future years
Trip patterns/distributions

Lane configurations

Land use and zoning maps

Circulation routes

Existing or proposed scenarios/concepts

Existing or proposed alignments/alternatives

Existing & future no-build and build alternative analysis
Summaries as appropriate

Conclusions and recommendations

Technical data included in appendices with electronic files available upon request

Missing sections or other errors/issues found should be addressed in a comment memo or

Email, so the reviewer’s comments can be documented as well. Page, section and/or line number
should be identified for easy reference. Many times the team/project or planning lead will be
consolidating comment from a number of reviews.
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Appendix 2A — Problem Statement Worksheet

Appendix 2B — Sample Analysis Process Reviewer Checklist

Appendix 2C — Sample Methodology Memorandum
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3 TRANSPORTATION SYSTEM INVENTORY

3.1 Purpose

Before any analysis can begin, data for the study area must be collected from the field or other
available in-office sources. This chapter provides guidance in the selection criteria and collection
methods of appropriate inventory data types for use in transportation analysis. Inventory data is
the foundation that all other later decisions are based on, so it is important that the scope of the
data collection is appropriate and adequate to support the needs/outcomes of the plan or project.

3.2 Office Data Resources

There is a wide range of data sources that can be obtained prior to the field investigation.
Gathering this information gives the analyst a “feel” of the study area and what level of data is
available, what may need to be verified versus gathered.

3.2.1Crash Data

Crash data can come from a variety of sources, and is useful for identifying problem areas of the
highway experiencing an above-average frequency of crashes or reoccurring crash patterns. The
analysis procedures that use this data are described in following chapters, while the data itself is
described below.

Sources of Crash Data

The following describes sources of crash related data and information. Tools available for the
analyst to use in crash analysis are discussed in Chapter 4.

Oregon Motor Vehicle Traffic Crash Database

ODOT’s Crash Analysis and Reporting (CAR) Unit provides the official motor vehicle crash
data through database creation, maintenance and quality assurance, information and reports and
limited database access. Crash data since 1985 is maintained at all times. Vehicle crashes include
those coded for city streets, county roads and state highways. The CAR Unit website offers a
variety of publications containing information on monthly and annual crash summaries.

Although there are other sources of information, such as police departments, local groups that
collect information, and anecdotal information, the ODOT CAR Unit data is the standard source.
Oftentimes these other sources include reporting calls, not the actual investigation/report, and
groups often include near-misses and/or don’t have all the facts, so the report is erroneous. The
CAR data has the checks and balances built into the data collection that matches “both sides of
the reports” for a crash, treating all areas the same so comparisons can be made. This is also the
database used to calculate all the comparison rates published in the crash rate books.

The CAR Unit obtains documentation of reported crashes from DMV and other sources which
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they use to code the crash database. It should be noted that not all crashes are reportable, not all
those that should be reported are reported, many of those reportable are filed out by citizens with
attendant limitations on data accuracy, and even those law enforcement reported may have issues
with accuracy. The documentation provided to the CAR Unit can range from being very
thorough to very limited and can include conflicting or incorrect information. The documentation
is carefully checked and may be corrected before being coded. Crash codes are defined in the
ODOT Traffic Crash Analysis and Code manual, available on the TransData Crash Data
webpage. For detailed information about the coding process contact the CAR Unit.

Depending on the level of analysis needed, there are various reports that can be obtained. It
should be noted that even though this database often represents the most current data available,
data for a given year is typically not available until at least 6 months into the following year.

Detailed information for individual crashes can also be obtained by contacting the CAR Unit and
specifying the segment of highway (roadway) and time period of interest. Because crashes are
reported by specific points, an issue may be located just outside of the analysis area. Therefore,
the area of requested crash data should always be greater than the area of analysis. The additional
distance should be enough to catch the character of the road such as the adjacent blocks in an
urban setting and a quarter to half mile in a rural setting.

Crash data is always available from the CAR unit and should be obtained through them for
complex, controversial or legal situations since they are the official reporting source. For most
analysis efforts, using the on-line reports is sufficient. Crash data is available on both state
highways and local roads on the ODOT Internal Crash Reports website or the External Crash
Reports website.

Crash data is requested by state highway number and milepoint for specific years. Local road
crashes are available at the above websites by clicking on the Local Roads tab.

Crash information is categorized first by county, then city and finally by street name. Selecting
the summary detail will bring up the entire length of the roadway. The summary is only useful
when the entire roadway in within the study area. If only a portion of the street is desired, the
data needs to be obtained from the comprehensive report (PRC). The analyst will need to review
the report and select the appropriate crashes to summarize for use in the analysis.

While several years of data may be available for any given roadway segment, it is common
practice to analyze only the most recent, complete three to five (3-5) years of data as factors such
as traffic volumes, environmental conditions and roadway characteristics may change with time.
Three years of data gives a minimal picture and is the minimum analysis period for a safety
analysis, while the five year listing gives a more desirable view. Roadways with a small number
of crashes should be looked at through a five year period to get a better representative sample. In
some circumstances even a longer period may be reviewed. Also, remember that the crash
databases are regularly updated to include more recent data, so care should be taken to select the
correct timeframe(s).
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Safety Priority Index System

The Safety Priority Index System (SPIS) is a method developed by ODOT in 1986 to flag
potential safety issues on state highways. Major revisions have occurred from the original
process. The SPIS score is based on three years of crash data, and considers crash frequency,
crash rate and crash severity. ODOT bases its SPIS on 0.10-mile segments to account for
variances in how crash locations are reported. To become a SPIS site, a location must meet one
of the following criteria:

e Three or more crashes have occurred at the same location over the previous three years.
e One or more fatal crashes have occurred at the same location over the previous three
years.

The use of this information is discussed in the Safety Chapter (4) and the documentation on how
the SPIS is calculated can be found at the Safety Priority Index System website. Any SPIS listing
can be obtained by ODOT staff. Non-ODOT analysts can obtain the SPIS listing by contacting
ODOT Region Traffic personnel. Top 5% and 10% sites need to be included in any crash
analysis of a study area.

SPIS-All Roads (Internal Use Only)

The program is a tool internal to ODOT which is a variation of the standard SPIS program. SPIS-
All Roads contains crash data for local roads as well as the state highway. It allows the data to be
filtered based on specific fields and then have the SPIS calculation reported.

TransGIS Mapping Tool

TransGIS is a web mapping tool designed for users of every skill level. It presents many data
levels in an interactive map format in multi-level views. This mapping tool provides more
detailed information on many types of safety, volume and crash data on a state map. The user
can choose the information that is displayed, and can zoom into the map to increase detail as well
as display city and county maps behind this data. Extensive work with individual layers may be
required in the generic TransGIS application, to obtain all necessary information about a study
segment. A decoded crash layer is available

For external access to the newer TransGIS 2.0 follow the link and click on “New TransGIS 2.0”

The ODOT GIS Unit may be able to produce custom maps or applications in some cases,
depending on the nature of the request and work priorities. GIS maps or web applications may be
possible, as well as additions to TransGIS. A web application is a custom TransGIS website with
pre-defined layers. GIS software is not required. The user can zoom in/out and turn layers on/off
as desired. The application may be permanent or temporary, as needed for the duration of the
project. Examples are located on the GIS Unit Applications Webpage.

All requests for mapping products are submitted to the ODOT GIS Unit (GISU) from ODOT
staff. Consultants may initiate a request through ODOT staff. Requests should be clearly defined
prior to submittal to avoid re-work. Contact the GIS Unit for further information. Custom
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mapping requests need to use the GIS Project Request form which is available by contacting the
GISU.

Crash (Collision) Diagrams

Crash diagrams are typically used to evaluate operational and safety projects, not analytical ones.
The typical project and planning analysis would not require this level of detail. The CAR Unit
can create a crash diagram that depicts the crashes on a given roadway section. Depending on the
size of area requested and the number of crashes in the requested area, this can be time
consuming. For more information, refer to the ODOT Safety Investigation Manual available on
the ODOT Highway Safety webpage.

Crash Rate Tables

Crash Rate Tables have been published annually by the CAR Unit since 1948. Tables in the front
of the book list statewide crash rates for several categories of the State Highway System. More
tables list the crash rates for selected sections of each state highway, as well as a rural/urban
break out. Additional tables list intersection crash data and fatal crash data. These tables are
discussed further in the Safety chapter and are available on the CAR Publications webpage.

3.2.2Roadway Data

ODOT maintains a wide variety of roadway characteristic and features data in Transviewer
which is available on the ODOT Transviewer webpage.

TransGIS including the newer TransGIS 2.0 is available on the ODOT Internal TransGIS
website or the External TransGIS website.

These sites are also available on the Consultant Portal under the Data and Reports section on the
ODOT Internet site.

This data includes and is not limited to:
Roadway alignment — horizontal and vertical (grades)
Roadway cross-sectional data — lane, shoulder and median widths
Roadway features — pavement type, number of lanes, speed limits
Roadway details — structures, connections, mile points and equations
Segment Vehicle Classifications and Characteristics
Summarized Traffic Information

Other data sources are also available through the above links. They include:
Digital Video log
Traffic Count Information
Functional Classifications
Highway Classifications including freight routes, scenic byways
Operations and Performance Standards including spacing and mobility
Design Standards
ODOT generated maps
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Additional Data that should be located includes:
Transit Information

The following information is likely needed from the local transit authority
Transit vehicle characteristics
Route specifics such as paths, schedules, dwell time, headway
Passenger boarding/alighting and occupancy data
Transit specific control and timings

Traffic Signal Timing Sheets

Traffic signal timing sheets are needed when creating analysis files. The best source of current
information for state highways is through the Region Traffic Engineer. Occasionally, the local
jurisdiction will be responsible for the signal timing, so they are the source of that data along
with any local signalized intersections of interest.

Traffic Plan Sheets (If available)

An analyst should obtain information related of the roadway and traffic control for the
intersections of interest. Specific details such as the detector layouts and striping sheets are
available for many areas. Digital PDF copies of signing, striping and signal plans are available at
the FileNet Workplace website. This file sharing site is searchable. You can obtain this
information by logging in as a guest.

Other useful information

Information such as zoning and local classification maps needs to come from local jurisdictions.
Private entities may have aerial photos also available. Although on-line data sources such as
NAVTEQ, Google and Bing may yield useful (scalable) information, they can also contain
information that is not very current and may not be consistent between overhead and street/driver
views. Street names often differ from the official names. Information from these sources needs to
be verified.

3.2.3Reports and Tools

Transportation Planning On-line Database (TPOD)

This is a map-based, graphical tool for locating planning studies within a specific area. This may
include but is not limited to Transportation System Plans (TSP), refinement plans, Interchange
Area Management Plans (IAMP) and others that may have factors that significantly impact the
study. For example, a TSP may include alternative mobility standards, local jurisdiction’s
operational standards, fiscally constrained project list and many more. Because this tool is only
updated periodically, the most recent reports likely are not included in the data. Contact the
region planning manager to verify.
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Features Attributes and Conditions — Statewide Transportation Improvement Program
(FACS-STIP)

This is an ODOT Asset Management database in both listing and map-based forms. Information
includes data such as sidewalks, bike facilities, ADA facilities, access locations, and some traffic
features. This is an evolving database that is being continually expanded as data is collected.
The tool is available at:

In addition to gathering data from TPOD and other on-line databases, the analyst should
determine / locate other studies that may have bearing within the study area, including previous
(related) studies, Safety Investigations, and Traffic Impact Studies (TIS). The analyst should
contact local jurisdictions, the Region Traffic Manager, the Region Access Management
Engineer (RAME) and the Region Planning Manager to locate any of this work.

3.3 Field Inventory

Specific data related to field conditions that may affect traffic safety and operations shall be
collected directly during a visit to the area. In addition, inventory data collected through other
sources such as previously conducted studies or databases maintained by the road authority
should be field verified. There is no substitute for a field visit as an analyst cannot get a good feel
for the project area otherwise. This is a check of other data sources (such as aerial photos) for
accuracy. Notes, photographs and/or video should be taken of the project area in addition to the
inventory data to reference, and possibly include, as graphical elements in the final report. The
most common types of field data needed are discussed below.

3.3.1Geometric Data

Geometric data is the physical characteristics of the facility, typically including:

Street names

Segment lengths

Lane/shoulder/median widths

Lane configurations

Storage bay and ramp taper lengths

Acceleration and Deceleration lane lengths and tapers

Storage bay lengths (from stop-bar to start of taper)

Bike/multi-use facility locations and dimension

Parking locations and dimensions

Raised medians/pedestrian refuges/islands locations and dimensions
Location of stop/yield bar, intersection guidelines (dashes)
Pedestrian facilities (type, condition, location) including crosswalks dimensions (length
and width)

e Intersection and access spacing

e Access type, location, width and land use served
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3.3.20perational Data

Operational data describes the characteristics of traffic control and flow, and typically includes:

Speed limits

Saturation flow, speed and travel time studies

Intersection controls (signalized, stop-controlled, yield, merge, etc.)

Signal characteristics (timed, actuated, split-phased, protected left turns, etc.)

Signing (especially turn prohibitions)

Parking signing, striping, and maneuver frequency

e Pedestrian crossings including at crosswalks and improper (jay-walking) frequency of
use

e Transit stop locations and amenities

e Rail crossing locations, train frequency and duration of blockages

e Intersection sight distance

3.3.3Field Observation Data

Observations related to travel patterns and driver behavior. This can include:

e Perceived or actual operational problems

e Length and duration of queues

e Driver behavior for lane choice, turn paths, upstream and downstream movements or
maneuvers, left turn “sneaker” (left turn drivers that turn enter and depart the intersection
during the yellow or red intervals)

Pedestrian, Bicycle or other user behavior including actual travel paths

Evidence of crashes such as glass on the shoulder, tire marks on curbs or medians

Tire wear on pavements

Damaged or worn physical features

3.3.4Simulation-Specific Data

In addition to the geometric and operational field data, additional simulation specific data is
needed if a project requires simulation. Simulation-specific data typically may include:

e Number of detectors, length, and distances from stop bar or crosswalk

e Turning speeds and radii (if unusual geometrics or conditions exist)

e Free-Flow speeds on ramps, highway segments, or on intersection discharge legs
approaches (can be collected using road tubes or speed guns)

e Floating car travel times and average speeds

e Important travel patterns (OD Data), Example: ~75% of traffic exiting the mall makes
left at Main Street

e Lane Use

o0 Details of user specific lanes (e.g. Heavy Occupancy Vehicle (HOV),
truck/bike/bus)
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0 Use of the shoulder or median to move around blockage points or due to driver
confusion/disregard

0 Lane-change positioning lengths or landmarks where vehicles tend to position
themselves in a lane to make an upcoming turn or merge

o Freewayl/arterial guide sign locations (for lane change distances)

0 Noticeable lane imbalance issues (some lanes used more heavily than others) and
causes (i.e. lane drops, multiple turn lanes, closely spaced intersections/accesses,
etc.)

o0 If more than one lane is available to turn into from an approach, indicate the lane
that turning vehicles align into (left or right alignment) regardless if the
movement is legally proper or not.

e List the approximate average and maximum queues for each lane

e |f upstream intersections or bays are blocked by congestion from the observed
intersection, what percentage of the site visit hour did blocking occur <5%, 10%, 25%,
50%?

e Arrival type for each approach (i.e. are the vehicles arriving in a platoon, if so, are they
arriving on red or green?)

3.3.5Safety-Specific Data

Additional data beyond the general geometric, operational, and observation data may be needed
to support Highway Safety Manual (HSM) techniques (See Section 4.4.4). Safety-specific data
may include:
e Fixed object density and average distance offsets
e Intersection skew angle
e Presence/absence of centerline rumble strips, lighting, red-light cameras, and automatic
speed enforcement
e Number of schools, bus stops and alcohol-selling establishments within 1000 of an
intersection.

3.3.6Field Data Collection Requirements

For studies not needing simulation, the field inventory data is recommended as it can help the
analysis.

For projects requiring simulation, the simulation specific field data and counts MUST be
collected at a time representing the analysis time period (the 30™ highest hour) as closely as
possible. The simulation calibration data should be obtained by the analyst conducting/
overseeing the simulation work. This effort should occur during the vehicle count collection if
feasible. See the Simulation Chapter for guidance and instruction on calibrating simulations.

With some project areas, it is impractical to obtain all counts and inventory on a single day
representing the 30™ highest hour. When this happens, the counts and field inventory at the
primary locations should be on days that closely represent the 30" highest hour. If it is not
possible, then short sample counts should occur during the field inventory collection to factor the
off-peak counts to the day the study area was visited. Factor the counts for seasonal influences
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(described in Chapter 5). If this is the case and simulation is required for the study, use the
seasonal factor methodology to determine if the vehicle count day is representative of the 30™
highest hour.

If the study’s primary counts occurred at a time that is more than 10% different than the 30™
highest hour period (considering seasonal trend type) then short duration sample counts need to
occur during the field collection time to calibrate the “existing conditions” model. The counts
need to be at critical locations (high volumes, bottlenecks, unusual conditions) to assist with
representing the traffic flows. These rules are established to help ensure that calibration volumes
1) are near the 30™ highest hour and 2) represent conditions that have been witnessed in the field.

3.3.7Field Inventory Worksheet

The Field Inventory Worksheet has been designed by the Transportation Planning Analysis Unit
(TPAU) to be generic enough to aid in the collection of field data for all studies. The Field
Inventory Worksheet, Exhibit 3-1, assists the field data collection process. The worksheet is an
example of how to organize/document the information. It shows much of the suggested
information, but it should be customized according the study’s needs. The worksheet can be used
for projects where just geometry and observational data is required or for projects requiring
simulation where all the data listed above should be addressed. Exhibit 3-1 shows a completed
worksheet for a simulation project. Note that the worksheet may be printed multiple times for a
given project area. The collection of worksheets can be placed in a three-ring binder providing a
hard writing surface. A worksheet can be used for each intersection or area of interest in the
study and all copies can be neatly organized in a single project binder.
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Exhibit 3-1 Field Inventory Worksheet - Intended Setup

FIELD INVENTORY WORKSHEET
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Exhibit 3-2 Completed Example Field Inventory Worksheet

‘Label the approaches, lane configurations, and directions to correspond
with the table below

Microsimulation Performance Measures

There are several outputs from microsimulation models that should be compared to field conditions.
Record the following conditions, approximated from your field observations

¥ EastBound or &Z'WestBound or O NorthBound or trSouthBound or
Approach
O 0 =] R 8|
— e - — - P
Movement Q:r) tri R | L | G | R:} L | T | R @ T @
(Circle Appro.) L TR LT | C LT LTR TR & LTR R
~Average
| Queue Length 50 150 | 200 50 200 50
~Maximum Back 1o
Queue Length 150 | 400 Fﬁdge 400 300 300
Upstream Blk
Time {~%) | =
Storage Blk o a
Time (~%) P ' Ls S 25% <_5%
Arrival Type — /f-ﬂatnon \x Random ( Platoon \\ Random Platoon  Random | Platoon @andom P
if Platoon ( Green/ Red |\ Green/ Red Green Red Green Red

Describe the severity of congestion al the intersection:  Little to no congestion most of the hour, except pk § min

Additional Notes and Cbservations

represent a peak hour/season and commuter driving

This Collection seemed to
characteristics. This data should he applicable to counts taken on days representing the

B
Graphics from this Field Inventory Worksheet were copled from the Highway Capacity Manual 2000, Chapler 16, Appendix 1, Field
Saturation Flow Rate Sludy Worksheet,

3.4 Vehicle Count Surveys

The data collected from vehicle count surveys is used in nearly all types of analysis procedures,
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and can include information regarding volumes of vehicles, types of vehicles, vehicle speeds and
directions of vehicle flow. When such information is needed, the analyst must determine the
appropriate time and method of data collection to obtain the desired results.

How many counts of what type is dependent on the context of the plan or project goals and
objectives. For outsourced projects and plans, a draft scope/work plan with a completed
objective section is critical for efficient use of time, money and data for all involved parties. The
level of count detail required will be dictated by the level of detail in the plan or project. For
example, Transportation System Plans (TSP) will be less detailed than a TSP Refinement Plan.

3.4.1Vehicle Count Types and Durations

Intersection Classification Counts

Intersection classification counts provide vital information for project development. They
provide peak hourly volumes (PHV), Average Daily Traffic (ADT) and vehicle classifications
such as cars, pickups, buses and trucks for each approach and movement. Additionally, the K-
factor (percent of ADT in the peak hour) and the D-factor (percent of traffic in a single direction)
can be derived from the intersection count data. These are then used to convert PHV to ADT. For
further explanation of traffic volume characteristics, refer to the Highway Capacity Manual
(HCM) — Part I: Overview.

Intersection classification counts are typically 16-hours in duration, so average daily traffic
(ADT) and other relationships can be created. These counts are used at signalized intersections,
intersections that may become signalized, and other important major intersections, such as
interchange ramp terminals. A 16-hour count is needed when requirements exist such as multiple
peak periods, truck classifications, signal warrants, pavement design, air quality and/or noise
studies in environmental documents. Sixteen—hour counts can also be easily used for other
purposes such as pavement design (see Chapter 6) or other plans or projects. The average cost of
an ODOT-performed 16-hour Full Federal Manual Classification Count is approximately
$1,10002012 costs)-  This cost is dependent on the complexity of the intersection, whether or not it’s
a high-volume intersection, and other special requirements including travel.

Intersection classification counts group 13 different types of vehicles, pedestrians and bicycles.
Refer to the Federal Highway Administration (FHWA) vehicle classification descriptions in
Chapter 6 and in the Environmental Traffic Data Chapter. Classification counts can either be
done manually in the field or by use of video cameras. ODOT typically uses video cameras as it
does not require the presence of a field technician throughout the duration of the count, may have
less influence on driver behavior in some situations, allows for more flexibility in scheduling and
processing counts, and provides a database that can be easily revisited if more information is
desired at a later time or if an error in the count is detected. Data is recorded in the field and is
then sent to the Transportation Systems Monitoring (TSM) Unit for processing.

Passenger and other two-axle vehicles are tabulated both with and without trailers. The number

of axles for single-unit trucks and for all single, double and triple trailer trucks is recorded along
with buses and motorcycles.
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A number will be given to each count so that it can be accessed easily. A hardcopy will be stored
in TSM’s files. Counts are sent to the requestor either electronically as a spreadsheet file or
hardcopy by mail. The first page of the ODOT intersection count provides a sketch of the
intersection counted, the date, location, count number and the ADT for each movement. The
second page provides a summary of movements broken down into 1-hour increments. Some
intersection counts will break the peak periods into 15-minute intervals instead of 1-hour
intervals. Specify 15-minute count intervals for any period when peak hour factors are needed.
The rest of the pages show individual turning movements with the vehicle classifications, a
summary of the bicycle and pedestrian counts (if originally requested) and a summary of the
movement volumes. Sample Count Request and Sample ODOT Counts have been included in

Appendix 3B — Sample Count Request and Sample ODOT Counts.

Peak Period Counts

Peak period counts capture the individual vehicle movements at a location. These counts are
typically used to capture the in/out turning movements at driveway accesses or to count all
movements at minor or unsignalized intersections that are not being considered for signalization.
Generally, separate truck percentages are not available. Use of turning movement counts are
limited to counting in a single peak period. Typical peak periods are morning (6:00 AM - 9:00
AM), mid-day (11:00 AM - 1:00 PM), and evening (3:00 PM — 6:00 PM). A three-hour count is
a typical duration to capture the peak hour. A four-hour afternoon peak period count can be
obtained to capture both school and commuter peaks. Truck peak hours could be any hour
outside of the typical commuter peaks so are unlikely to be captured by a peak period count. For
count durations of more than four hours or when more than one peak period is needed, it is more
practical to collect a 16-hour count. Count durations less than three hours make it difficult to
capture the peak hour and should be avoided unless previous counts clearly identify the system
peak hour in which case shorter duration counts may be acceptable. Typical ODOT count costs
are variable depending on travel, duration, and other specifics, but are in the $600(2012 costs) range.

\" 4 Peak period counts should not be used to create daily traffic volumes (ADT) in most
cases. Exceptions would be volumes to support HSM analyses and preliminary signal
warrants where sufficient 12+ hour counts are available to calculate K-factors to be
applied to the peak period counts. Air/noise traffic data production must use longer
duration counts. See Chapter 5 for more information.

Road Tube Counts

Road tube counts are often employed when the details provided by intersection counts are not
needed, impractical given the data needs, when certain additional data is needed that would best
be collected by tubes, such as roadway speed (Section 3.5.2), or available gaps in traffic. These
count individual vehicles only or can be setup to capture vehicle classifications. These counts are
used to capture mid-block volumes on streets and for segment volumes on most highways and
interchange ramps. Road tubes are subject to vandalism or damage, and should not be done
where vehicles may stop on the tube (in congested areas or near intersections) or cross the tube at
an angle (near intersections or driveways) because under or over-counting may occur. Tubes are
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also susceptible to be damaged on roadways with speeds at or above 40 mph, and for employee
safety reasons, cannot be placed on high-volume expressways and freeways. It is also not
recommended to use road tubes during winter months (November 1% — April 1¥), due to the use
of studded tires, which have been shown to destroy hose tubes, even at slower city speeds. Road
tube counts are typically done in a 48-hour format so an entire 24-hour period can be obtained. A
7-day count can also be done if daily fluctuations over a week are necessary to be captured and
are only done on roadway segments. Typical ODOT road tube count costs are around $2002012

COosts)-
3.4.20ther Sources of Traffic Data Information

Frequently, existing or alternative count sources are overlooked so these should be reviewed
before completing the initial count list. This can, in some cases, substantially reduce the number
of new counts, save on data collection costs, and cut down the number of Scope of Work (SOW)
review iterations. When searching for older traffic counts, generally the counts should only be a
few years old (3-5). The longer period may be acceptable when there is little to no change in
volumes or when developing a preliminary analysis. When counts are older than three years,
growth rates may not reflect the growth when much change is occurring. The further the count is
being interpolated, the more likely for error to be introduced. See Chapter 6 for information on
forecasting.

Transportation System Monitoring (TSM) Unit Data

e Previously Collected Counts

Besides obtaining new counts there are some other sources of count information which may
be used to reduce the overall new count requirement needs. ODOT has a large quantity of
traffic volume data and previously collected counts. Before any new counts are ordered, the
Transportation System Monitoring (TSM) Unit should be contacted to determine if any
previous usable counts are available for the study area.

In general, counts in the study area should be three years old or less. Older counts between
three and five years old can sometimes be used if they are the correct type and no significant
changes, such as new roads or developments, have occurred to influence traffic flows. A
newer count may not accurately represent the traffic flows on a roadway section even if less
than the three years old if recent development has occurred within or near the study area
since the count was taken.

If you have the specific count identifier of a previous count, the count can be requested from
the TSM data analyst who can send either an electronic or hardcopy version of the count.

Typically, internal ODOT staff can access prior counts through the Traffic Count
Management Program (TCM). This program requires approval from TSM to obtain access
to the program. Also, some vendors maintain and sell traffic data from a compiled database.

e Transportation Volume Table (TVT) and Highway Performance Monitoring
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System (HPMS) Count Sites

The 48-hour tube counts used for the development of the TVT and at HPMS sample sites are
available from TSM. These counts are collected in 15-minute intervals at a minimum. Some
TVT and all HPMS counts have vehicle classification information as well. (Note: Volumes
listed in the TVT are for a single point, not the entire segment).

e State Highway Vehicle Classification Data

State Highway vehicle classification information is available through the TSM Unit’s
Internet Traffic Volumes and Vehicle Classification webpage. Exhibit 3-3 shows an
example excerpt of the State Highway Vehicle Classification Report. This report is also the
source of information for highway segments Average Annual Daily Traffic (AADT). With
this information, the daily and hourly volumes can be obtained along with truck
classifications which will substantially reduce the need for 48-hour road tube counts.
Vehicle classes 4 through 13 are considered trucks for most applications, including
Pavement Design and HCM analysis. However, class 3 vehicles may be considered light
trucks in some software.

Note that volumes listed in the State Highway Vehicle Classification report are for
segments, as shown in Exhibit 3-3. A beginning mile point is shown for the starting point of
each segment. VVolumes listed in the Transportation Volume Tables (TVT) are for individual
points, as shown in Exhibit 3-4. The mile point shown is where the traffic count was taken.

Exhibit 3-3 Excerpt from State Highway Vehicle Classification Report
Traffic Volumes and Vehicle Classification

Effective Date 12/31/2011 Highway #: 033 CORVALLIS-NEWPORT Hwy
Beginning AADT AADT 20 YR Design Hour Ton Mileage
Mile Point Roadway Mileage Type Overlap Code Dir Code Volume Volume ATR Count Factor Factor

0.00 1 E 14900 0 N 11.0 6.4

Class1 Class2 Class3 Class4 |Class5 Class6 Class7 Class8 Class9 Class 10 Class 11 Class 12 Class 13

VehicleClass .0 5u35 4304 073] 100 075 021 027 112 082 002 004 009

Percentage
Volume 98 7502 6413 109 283 112 Kyl 40 167 122 3 6 13
Beginning AADT AADT 20 YR Design Hour Ton Mileage
Mile Point Roadway Mileage Type Overlap Code Dir Code Volume Volume ATR Count Factor Factor
0.05 1 E 13000 0 N 11.0 6.4

Class1 Class2 Class3 Class4 Class5 Class6 Class7 Class® Class9 Class 10 Class 11 Class 12 Class 13

Vehicle Class
Percentage 066 5035 43.04 0.73 1.90 0.75 0.21 0.27 1.12 0.82 0.02 0.04 0.09

Volume 86 6546 5545 95 247 a8 27 a5 146 107 3 5 12
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Exhibit 3-4 Excerpt from Transportation Volume Tables

CORVALLIS-NEWPORT HIGHWAY NO. 33
Milepoint indicates distance from Oregon Coast Highway (US101),
in Newport
On Olive Street
0.04 15400 0.04 mile east of Oregon Coast Highway (US101)
0.07 13400 0.02 mile east of Avery Street
0.30 16000 0.02 mile west of Eads Street
0.34 14000 0.02 mile east of Eads Street

e Automatic Traffic Recorders/Automatic Vehicle Classifiers (ATR/AVC) Sites

ATR and AVC sites record bidirectional volumes on an ongoing basis and can be used as
substitutes for classification and regular road tube counts. ATR sites only include
bidirectional volumes, but to understand vehicle classifications, every ATR site is also
counted with a 24-hour classification count every three years which is available from the
TSM Unit. AVCs continually classify data so classification data will be available throughout
a given year at these locations. AVCs are gradually replacing ATRs so eventually all
recorder sites will have classification abilities. ATR/AVC “Critical Hour” listings are also
available which breakdown a year’s worth of data down to the hour level so a 30 Hour
Volume (HV) can be easily obtained at that location.

e Ramp Volume Diagrams

While 16-hour counts at an interchange ramp terminal are preferable, the ramp volume
diagrams in the Transportation Volume Tables and on the TSM Unit webpage can be used to
substitute if a count is not available and intersection turn movements or intersection
operations are not desired. Many of the interchange ramp volumes have 48-hour tube counts
that were used to create these volumes, so an analyst should check for their availability.
These counts are taken on a 3-year schedule. Free-flow ramp volumes (i.e. between two
Interstate highways) can be obtained from the diagrams if a 48-hour tube count is not
available or practical. The TVT ramp volumes are balanced and may not represent the actual
count volumes. Contact the TSM Unit directly if the actual count is needed.

Other Jurisdiction’s Counting Programs
In addition, some counties and larger cities may have traffic counting programs in place. The

TSM Unit webpage also has links to many of these jurisdiction’s Internet traffic data pages on
the Traffic Counting Program webpage.

These counts are typically daily volumes and can be used to supplement the local system and can
reduce the need for 48-hour road tube counts. Sometimes intersection counts are available, but
differing classification breakdowns and durations from ODOT standards can make these difficult
to use except for a source for local peak period counts.
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Traffic Signal Controller Counts

The new Model-2070 and earlier Model-170 traffic signal controllers have the ability to store
loop or video detection information that can be downloaded at a later date. This data is attractive
to the end user as there are a large number of usable installations available. Controller count data
is primarily used by Region signal timers, when preparing field refinements to signal timing
plans. For traffic analysis, controller counts are useful in determining trends between weekday
and weekend traffic, or in establishing relationships for side streets (i.e. seasonal adjustments). It
IS imperative to have a copy of the loop detector diagram for the specific intersection, when
deciphering both Model-2070 and Model-170 controller count data. The Model-2070 controller
stores the data in up to 32 columns or bins, depending on the complexity of the intersection, with
two loops per detector phase (standard). However, field modifications may differ from the *“as-
built” plans, which is why a current detector diagram is necessary. The most recent detector
diagrams can be obtained from the various Region Tech Centers.

Special Vehicle Counts (short duration)

Frequently on projects, there is a need to collect additional peak hour data for driveways, for a
check count, or other overlooked spot. Sometimes these counts are done for specific purposes
such as capturing headways, weaving movements, or saturation flow rates for simulation
calibration. These counts typically are collected by the project analyst rather than region or
consultant counting staff. Counts longer than an hour or in many locations should be done by
region staff, TSM staff or traffic count contractors.

These counts can be manually tabulated in case of a number of small adjacent driveway counts,
or use of a video camera or electronic count board. Video cameras can be useful assuming that a
good vantage point is available that will provide a clear view of all movements being counted.
When using video cameras to collect count surveys, be sure to have an adequately charged
battery and large enough media to collect the amount of data needed.

Typically, when counts are not done by video, some sort of handheld electronic count device is
used. One of these is the JAMAR board which has been used by ODOT in the past to collect
counts. Limitations of the JAMAR boards prevent using these to do a full 13-class count.
However, the boards can be used for volume-only or limited class counts. These counters are
necessary for saturation flow data capture or other simulation/ operational data (see the
Simulation Chapter). The JAMAR traffic count is in raw form which can be downloaded to a
text file through the use of the serial cable and a communications program. Detailed instructions
for this process are available on the Planning Section Technical Analysis and Tools webpage.

3.4.3Vehicle Count Periods

For most traffic studies, the 30™ highest hour volumes (30 HV) should be used to represent
future volumes. It is recommended a top 200- to 500-hour count listing (Critical Hour) of the
ATR(s) is obtained from the Transportation Systems Monitoring Unit. The 30 HV at the ATR(s)
will be included in the list so that it will be possible to determine when the 30 HV occurs during
the day and in the week. Manual counts can then be timed for the period when the 30 HV will
likely occur, minimizing seasonal adjustments. Exhibit 3-5 illustrates the general process for
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identifying when the 30 HV occurs. Refer to Chapter 5 for detailed guidance on each of these
steps.

Exhibit 3-5 Determining When 30 HV Occurs

Determine when
30HV occurs using
top 200-500 listing

from ATR (s)

ATR on site
within 10% of
AADT

YES

NO

YES

Is there a

Characteristic Table characteristic ATR (s

NO

Seasonal
Trend Table

Identify
»  weekday or
weekend trend

To get a typical traffic mix of the 30 HV for the analysis, the counts should be taken as close to
the likely 30™ highest hour as possible. This typically requires collecting counts on a weekday
afternoon in most larger urban areas, but may include weekends for high recreation areas (the
coast or Central Oregon), or areas experiencing lunch hour peaks or high reverse direction flows
during the day. Where capturing school trips is important, counts need to be taken when school
is in session. In some cases two sets of counts may be needed, during months when school is in
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session as well as during the summer. In fully developed portions of Metropolitan Planning
Organization (MPO) areas, the 30™ highest hour is generally assumed to be represented by the
typical weekday evening commuter peak hour. Outside of fully developed MPO areas, a
seasonal adjustment will be required to convert the counts to 30 HV. For access management, the
peak hour is defined as the highest one-hour volume during a typical or average week in urban
areas, and the 30™ highest hourly volume on rural roadways.

Seasonal adjustments should not be more than 30% because the traffic flow characteristics are
most likely NOT represented by the count information. A seasonal adjustment greater than 30%
indicates that the count was taken at the wrong time of year. Turn movement patterns may be so
different they cannot be adequately represented by a seasonal adjustment. Count timing is critical
especially if the project/plan SOW will not be complete until after October. Please refer to
Existing Volume Development (Chapter 5) or contact TPAU for advice.

Counting Considerations to Minimize Seasonal Adjustments

e Coastal or summer recreational areas should be counted during the traditional summer
period (Memorial Day to Labor Day). Outside of coastal/recreational areas, most areas
can be counted from March to October. Larger MPO areas or commuter-based corridors
can be counted most months, but should generally avoid December to February as these
are the lowest traveled months, have a number of holidays, and have the most weather-
related problems. Winter recreation areas (i.e. Mt. Hood area) should be counted in the
December to February timeframe to capture the peak periods. Recreational areas (or
routes that travel to or between recreational areas) may require counting on the weekends.

e |f alternate periods/volume thresholds other than the typical summer/ or 30 HV like what
would be used to create an alternate mobility standard, then counts need to be taken in
those alternate periods so resulting seasonal factors do not exceed 30%. This might mean
for certain efforts, multiple sets of count data may be required. For example, a summer
recreational area that uses a non-summer standard, counts should be obtained in the non-
summer (Oct-Apr) period. For areas that use an annual average, counts should be
obtained in Sep-Oct and/or Apr-May periods. Winter or winter-summer recreational areas
will be a variation/combination of the methods.

e Road tube count placement is limited to the April to October period because of studded
tire damage potential.

e In general, days potentially influenced by state or federal holidays or other significant
events (such as local festivals, sporting events, hunting season, etc.) that may alter normal
traffic patterns should be avoided.

e Counts that may be influenced by nearby construction projects may be affected and such
counts should be thoroughly investigated and may require adjustments.

e [tisalso common to avoid Monday and Friday counts when weekday data is desired, as
the trip characteristics on these days generally differ from the remainder of the week.

e Consideration should be given to the presence of generators such as
schools/colleges/universities because of the enrollment and events (such as spring break)
can vary greatly through the year. Consideration should also be given to major
employers or attractions such as regional shopping centers that experience significant
peaks in generated trips that may or may not occur during the other peaks because of shift
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changes or event scheduling. Note: The City of Corvallis requires that counts occur
when Oregon State University (OSU) is in session because of the large percentage of the
population related to school being in session.

e Inagricultural areas, truck traffic may be highly seasonal and have a substantial impact
on the system. Counts may have to be timed carefully to balance the overall peak months
with the harvest periods.

e Inthe Portland Metro area, while infrequent, there may be times when additional data
must be collected to capture the 2" hour, needed to evaluate the adopted 2-hour Oregon
Highway Plan (OHP) mobility target. This is generally only necessary when the mobility
target for the second hour of the peak period is lower than the mobility target for the first
hour of the peak period and the analysis shows the first hour does not meet its target, but
satisfies the target for the second hour.

Counting Considerations for Congested Conditions

Counting under congested conditions (i.e. Portland Metro area) requires some additional
considerations as there may be places that the actual demand is queued up and unable to flow
smoothly through the system. Volumes are being reflected on the ground while demand is being
reflected in the form of unserved queues (cannot pass through in a single signal cycle over a 15-
minute period at least) . In this case, a typical count would only measure the discharge flow
through the intersection versus what would like to use the intersection. This could lead to an
underestimation of demand especially under a build alternative condition. Both volume and
demand should be quantified in the analysis in order to help inform the analyst on volume
development steps and following analyses.

If there is a suspicion that counts may not reflect true demand...

Step 1: Check existing tube counts or automatic traffic recorders for any peak hour “M” effect
where the shoulder hours on each side of the peak hour/period are higher than the peak
hour/period or the shoulder hours share the same capacity as the peak hour. If this is the
case, demand has likely exceeded capacity.

Step 2: Check existing manual turning movement counts to see if the 15-minute shoulder
intervals of the estimated peak hour/period are higher than the peak hour/intervals.

Step 3: If easily available, check private sector vehicle probe data such as TomTom or Inrix data
to see if the corridor experiences speeds lower than the posted speed for more than one
hour.

Step 4: Do a field visit or have video taken to verify whether vehicles can be served before
ordering counts.

Step 5: Consider collecting counts upstream from the desired count location where the roadway
is not oversaturated if congestion is observed in the field, video, and/or by counts. When
counting upstream, consider counting side streets between the unsaturated count location
and the desire count location that may have traffic leave or enter the roadway.

Other considerations:

e If traffic is heavily favoring a single lane more than others, lane by lane utilization counts
or field observations are needed. For example, this can easily occur in one lane of a dual
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left turn lane because of an immediate lane drop or heavy turn movement downstream.
Lane utilization counts should also be considered where a through lane is reduced
downstream from a traffic signal.

e Locations need to be noted where queue spillback occurs from turn lanes blocking
through lanes or vice versa. This may require additional counts upstream or field
observations.

3.4.4Vehicle Count Locations

Vehicle count locations should be identified in the project work plan/SOW, and should be
determined based on the needs of the subject plan or project. For example, planning efforts that
are expected to generate potential highway projects within three years will require more detailed
counts than a standalone or long-range plans, such as TSPs.

For planning projects it is important to correspond with the local jurisdiction and TPAU/Region
Traffic to make sure that count needs cover the system to be analyzed at the appropriate level of
detail and address issues. The grant/project manager should meet with TPAU/Region Traffic
staff to discuss traffic count requirements after the objective section of the SOW (or project
prospectus) is completed as this section provides the context for the plan/project. For
Transportation Growth Management (TGM) grants, it is usually more efficient to arrange a
meeting with the appropriate TPAU/region staff to go over multiple studies at once. For
construction projects, the project team or at least the region traffic engineer/manager, the
environmental lead, and/or project leader should be consulted.

While differences of opinion may exist on the number and type of counts versus the available
budget, remember that the ultimate goal will be to have enough data to analyze and answer the
questions, address the needs, evaluate alternatives, and cover the level of detail in the
plan/project as described by the project objectives and the local jurisdiction(s). Staff will need to
come to an agreement whether the data collection budget and/or the number/type of counts need
to change.

The following plan/project-specific count location guidelines do not cover every possibility or
combination of elements, but are intended to help generate a reasonable starting point for
discussion. The location guidelines are generally laid out in an increasing level of detail.

County Transportation System Plan (TSP)

The arterial and major collector system needs to be documented (counted). It is generally
unnecessary to count lower functional class roads as these usually carry very little traffic, and
possibly are unpaved unless the county government wants a specific roadway included because
of operational issues. Analysis at the County level is more system-based with a higher emphasis
on ADT rather than peak hour and many of the analysis tools require ADT as an input.

e Need to have at least ADT-level count coverage of the arterial and major collectors.

Acceptable previously taken counts may exist at the state or local level.
e Major arterial intersections with other arterial and major collector intersections should be
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counted where operational issues exist. State highway segments (between major
intersections) should use the TSM Unit’s vehicle classification data to capture volumes
and truck classifications.

The TSM Unit’s ramp volume diagrams (where available) should be used to capture any
free-flow ramp connections.

County arterials and major collectors should have at least a 48-hour classification tube
count performed so truck traffic can be captured and ADT can be calculated.

Peak period counts should be obtained at signalized intersections, unsignalized highway
to highway junctions, and county arterial — highway intersections. If this is a TSP Update,
refer to the old TSP to help identify the critical intersections that should be counted.

City Transportation System Plan (TSP)

The arterial and collector system needs to be documented (counted). It is generally unnecessary
to count lower functional classes unless the roadway is area-significant, provides an alternate
path for trips to bypass congested areas (as in a parallel local street), or the local government has
previously identified operational issues. Analysis at the City level is more centered on the peak
periods and individual facilities/intersections which require more detail.

Need to have at least ADT-level count coverage of the arterial and collectors. Acceptable
previously taken counts may exist at the state or local level.

Major cities (> 50,000 pop,) generally need to have at least the arterial system counted.
Medium cities (10,000 — 49,999 pop.) generally need to have the arterial and
representative/significant collectors counted.

Small cities (<10,000 pop.) generally need to have the arterial and significant collectors
counted.

Major arterial intersections with other arterial and significant collector intersections
should be counted. Peak period counts should be obtained at minor arterial/collector
signalized intersections, unsignalized highway to highway junctions, city arterial —
highway intersections, and major private development accesses (i.e. regional shopping
mall). If this is a TSP Update, refer to the old TSP to help identify the critical
intersections that may need to be re-evaluated.

Significant collectors extend across the city for a considerable distance, are a direct route,
or extend outside the city.

If multiple signals exist, it may not be necessary to have a count at every one, but a
reasonable representation of the system needs to be counted.

Bracketing peak period counts with 16-hour counts is an acceptable practice. Each major
roadway should have truck traffic captured on it in at least one location.

Sixteen-hour counts should be obtained at interchange ramp terminals and signalized
major arterial intersections. If tube classification counts are available to provide ADT and
truck volumes on each leg, then shorter duration counts can be used. The TSM Unit’s
ramp volume diagrams (where available) should be used to capture any free-flow ramp
connections.

State highway segments (between major intersections) should use the TSM Unit’s vehicle
classification data to capture volumes and truck classifications.

City arterials and collectors should have at least a 48-hour tube count performed so ADT
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can be calculated. Larger cities may already have this count data.

e |f detailed refinement plans and/or actual highway projects are expected out of the TSP
within three years and plan to use the TSP data, then the counted major intersections
should be 16-hour counts with the lesser unsignalized intersections or access points using
peak period counts.

Interchange Area Management Plan (IAMP)

The roadway system needs to be counted within at least a half-mile radius of the interchange.
Analysis at the IAMP level can be close to a project-level of detail (see project section)
depending on whether it is standalone or not. If the IAMP is part of a project, then the IAMP
should be using the project counts and volumes and no new counts should be necessary unless
the counts are very old (greater than three to five years old) or development patterns in the area
have changed. It may be necessary to obtain a few “check counts” to see if volumes are
substantially different before replacing all or most of the counts. If the IAMP is a standalone plan
but it is anticipated that a project may occur within three years, then the IAMP needs a project-
level count request. If the IAMP is a standalone plan but no project is anticipated within three
years:

e Major arterial intersections with other arterial and major collector/collector intersections
should be counted.

e Sixteen-hour counts should be obtained at the ramp terminal intersections, other
arterial/arterial intersections, or unsignalized intersections that may need to be signalized.

e Peak period counts should be obtained at other existing signalized and unsignalized
intersections and unsignalized intersections.

e 48-hour road tube counts may be necessary to support HSM safety analyses.

e If multiple signals exist, it is unnecessary to have 16-hour counts at every one. Bracketing
peak period counts with 16-hour counts is an acceptable practice. Each major roadway
should have truck traffic captured on it in at least one location.

e Most, if not all, driveway accesses should be counted with peak period counts as many of
these will be rerouted to new connections.

e State highway segments (between major intersections) should use the TSM Unit’s vehicle
classification data to capture volumes and truck classifications.

e The TSM Unit’s ramp volume diagrams (where available) should be used to capture any
free-flow ramp connections.

Refinement, Management or Facility Plans

The arterial and collector system needs to be counted within the defined study area limits. It is
generally not necessary to count lower functional classes unless the roadway is area-significant,
provides an alternate path for trips to bypass congested areas (as in a parallel local street), or the
local government has previously identified operational issues. If it is anticipated that a project
may occur within three years, then a project-level count request is needed. If no project is
anticipated within three years:

e Major arterial intersections with other arterial and major collector/collector intersections
should be counted.
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o Facilities parallel to the subject arterial should be counted.

e Longer roadway sections without intersections should use road tube counts.

e Sixteen-hour counts should be obtained at signalized intersections and major unsignalized
intersections (i.e., ramp terminals, four-way stops) to capture truck traffic or where larger
scale improvements may be needed.

e Bracketing peak period counts with 16-hour counts is an acceptable practice. Each major
roadway should have truck traffic captured on it in at least one location.

e Unsignalized intersections or major accesses should be counted with peak period counts.

e 48-hour road tube counts may be necessary to support HSM safety analyses.

e If an Interstate Highway or statewide expressway exists in the study area, the mainline
shall be counted by direction between interchanges in addition to any interchange ramp
terminals. Road tube counts may be necessary to capture movements on ramps or
connections.

Local Street Network (LSN) or Downtown Plan

These kinds of plans are generally trying to identify new roadway or multimodal connections to
control congestion on the state highway or make limited improvements in the downtown area.
The arterial and collector system need to be counted. It is generally not necessary to count lower
functional classes unless the roadway is the only access to a neighborhood, provides an alternate
path for trips to bypass congested areas (as in a parallel local street), or the local government has
previously identified operational issues. Larger numbers of peak period counts may be necessary
with a few 16-hour counts at major intersections.

e Major arterial intersections with other arterial and collector intersections should be
counted.

e Sixteen-hour counts should be obtained at signalized intersections and major unsignalized
intersections (i.e., ramp terminals, four-way stops) to capture truck traffic or where larger
scale improvements may be needed.

e If multiple signals exist, it is unnecessary to have 16-hour counts at each one. Each major
roadway should have truck traffic captured on it in at least one location.

e Unsignalized intersections or major accesses should be counted with peak period counts.

e 48-hour road tube counts may be necessary to support HSM safety analyses.

e Bracketing peak period counts with 16-hour counts is an acceptable practice. Each major
roadway should have truck traffic captured on it in at least one location.

e State highway segments (between major intersections) should use the TSM Unit’s vehicle
classification data to capture volumes and truck classifications.

e The TSM Unit’s ramp volume diagrams should be used to capture any free-flow ramp
connections.

Pedestrian or Trail Plans
Generally, counts are only needed if the state highway system will be affected by removing or

narrowing through travel lanes or if new crossings are to be added. Count requirements in the
lane reduction areas should follow the LSN/Downtown Plan recommendations above.
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Plans with proposed mid-block trail crossings of state highways or local arterials should have a
48-hour classification road tube count performed at the crossing location. For plans with existing
pedestrian crossings (formally defined or not) where the number of crossing pedestrians is
desired, the crossing count should be replaced with a 16-hour video classification count with
bike and pedestrians requested.

Pedestrian and/or bicycle counts are more adversely affected by weather conditions than vehicle
counts, and are recommended to be taken when pedestrians and/or bikes are anticipated, such as
not in the winter in many cases, or during school-in-session periods if near a
school/college/university.

Traffic Impact Studies (TIS)

For TISs, the analysis area and study intersections are typically selected from estimates of
anticipated impacts from added traffic based on site trip generation and distribution, and existing
intersection operations. Count requests need to be developed with the guidance of the Region
Access Management Engineer or appropriate region staff and the Development Review
Guidelines.

e Sixteen-hour counts should be obtained at major unsignalized intersections (i.e., ramp
terminals, four-way stops) to capture truck traffic; obtain the basis for signal warrants, or
where larger scale improvements may be needed.

e Signalized intersections may use a 16-hour count or a peak period count depending on the
particular study area.

e If multiple signals exist, it may not be necessary to have 16-hour counts at each one.
Bracketing peak period counts with 16-hour counts is an acceptable practice. Each major
roadway should have truck traffic captured on it in at least one location.

e Unsignalized intersections and accesses should be counted with peak period counts.

e 48-hour road tube counts may be necessary to support HSM safety analyses.

e The Interstate/expressway/highway mainline shall be counted by direction in addition to
any interchange ramp terminals. Road tube counts may be necessary to capture
movements on ramps or connections.

Construction Projects

For most other project types (modernization, safety, operations, etc) the analysis area and study
intersections are selected by considering the problem that is being addressed by the project and
the information that is required to fully assess the problem and propose appropriate solutions.
Project analysis is needed to support roadway and intersection control improvements, pavement
and bridge design, air quality, and noise mitigation. Larger projects, especially those with
required environmental studies (such as noise and air quality) may require multiple full 16-hour
classification counts.

e Sixteen-hour classification counts should be obtained at signalized intersections and

major unsignalized intersections (i.e., ramp terminals, four-way stops) to capture truck
traffic or where larger scale improvements may be needed.

Analysis Procedure Manual Version 2 3-25 Last Updated 09/2016



e Truck classification data must be captured on each roadway segment in the study area.

e Minor unsignalized intersections and accesses should be counted with peak period
counts.

e 48-hour road tube counts may be necessary to support HSM safety analyses.

e Significant driveway accesses should be counted as many of these will be rerouted to new
connections.

e If an Interstate Highway or grade-separated highway exists in the study area, the mainline
must be counted by direction between interchanges in addition to any interchange ramp
terminals. Road tube counts may be necessary to capture movements on ramps or
connections.

3.4.50DOT Internal Count Request Process

When ordering counts, the request must contain the name of the contact person (requestor), the
person to whom the data will be sent, the locations, time periods, dates, types of counts and
collection methods must be clearly communicated to those conducting the counts. Count
requests should group different count types (classification, peak period, road tube) separately for
clarity. The count request should also list any special requests, count intervals, count time
windows (start and finish dates), and a charge number (Expenditure Account (EA) for internal
counts). A couple examples of a special request would be counting only on a specific day or
counting certain intersections or elements of intersections at the same time. Because of staffing
restrictions, classification counts for 2012 and beyond will not have pedestrian and bikes counted
by default. Pedestrians and bike counts will need to be specifically requested.

A map showing the count locations, durations and other special requirements should also be
provided to help eliminate misunderstandings since often times the text is separated from the
map. Please keep in mind that the field counting staff usually only has the map in hand so all
pertinent information (count locations, durations, types, intervals, and special requests) needs to
be on the map. A Sample Count Request including map have been included in Appendix 3B —

Sample Count Request and Sample ODOT Counts.

When ordering intersection counts, be sure to specify the duration and type for each location.
Fifteen-minute intervals must be specified for at least the standard morning, noon and evening
peak periods in 16-hour counts. Peak period counts should be done in 15-minute intervals. It is
not required, but very helpful if 48-hour road tube counts are counted in 15-minute intervals as
well.

Specify the latest acceptable date by which the count is needed for analysis. Keep in mind,

based on scheduling and staff limitations, that it can take at least five weeks from the date of the
request date to get the count scheduled (not including weather restrictions) and then another three
to four weeks to have the count processed, recorded and distributed. Therefore, counts need to be
requested about nine weeks ahead (or more if weather is a factor) of when they will be needed
for the analysis work.

All count requests should have copies sent to both the Region Traffic Manager and to the TSM
unit to alert them that they are requested and need to be scheduled. Either TSM or the region
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staff will have the counts performed (in-house or with contractors) and should assure that the
data is processed into an ODOT format before being released to the requestor. The TSM Unit
needs know what counts are available so staff resources can be allocated. The TSM Unit
coordinates the counting schedules of all Region traffic counting staff. Coordinating with the
TSM Unit in the loop allows for these counts to be added to ensure the count databases are
properly maintained, which can avoid unnecessary duplication and limit counting needs by
others and minimize delays. ADT —capable counts performed by third parties or consultants are
also encouraged to be submitted to the TSM Unit to be added to the database.

3.4.6 Using the Traffic Count Management (TCM) Program (ODOT Employees Only)

TCM is a program maintained by the TSM Unit and available for installation on ODOT staff
computers. It contains recent counts (2008 forward) conducted throughout the state of Oregon.
Counts performed by the TSM Unit and counts provided to the TSM Unit are entered into the
program. It is important to contact the TSM Unit if you are unable to find counts in your study
area or to determine if there are existing counts that have not been processed.

There are many different count types and each requires TCM to generate a different report. TCM
must be installed on a computer and an individual user name and password is required. Contact
the TSM Unit for access. The Traffic Count Management (TCM) Program Count Report Guide,
included in Appendix 3C — Traffic Count Management (TCM) Program Count Report

Guide, provides step-by-step instructions on how to obtain traffic count information from TCM
in the correct format for the most common types of counts used by the analyst. This includes
intersection counts, ATR/AVC sites, TruckSum, and tube (machine) counts.

3.4.7 Count Validation

Once counts are completed and processed and are available to the analyst , the counts should be
checked to make sure that everything is furnished as requested. This includes count days, time
periods, 15-minute intervals, movements, and classification requirements. Missing data,
intersection approaches, etc should be reported back to the TSM Unit and the appropriate region
for recounting (if possible) or reprocessing (in case of a video count) as soon as possible. Do not
wait until all of the counts are completed to perform these checks.

Check the counts for any “red flags.” Do the values look okay? Counts have had approaches mis-
labeled, or wrong orientations (i.e.flipped east to west but also can be west to north) .

As counts are being assembled for volume development, additional issues may arise between
adjacent counts. Compare these counts with previous counts with adding in factored
historical/seasonal growth; they should be similar if nothing has changed in the field between the
counts. If adjacent or a whole section of counts appear to be very low or high, then verify that no
incidents (road closures on the subject or adjacent roadways, crashes, bad weather, or scheduled
events nearby) occurred while the count was in progress. If the count is 18 months or older then
crash data records can be checked. Recent counts may require more investigation (contact TSM
Unit, Region traffic units, local maintenance districts, or traffic operation centers).
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3.5 Travel Time, Speed and Other Data Collection

3.5.1Travel Time

Travel time surveys measure the duration of time taken for a vehicle to travel from one point to
another along a designated route, and are often used to quantify congestion over a corridor. The
data collected from travel time surveys works well with statistical analysis, and the results are
often more easily understood by the public than other methods used for measuring congestion.

Data Collection

One common method used for this data collection uses a “floating car.” The elapsed time is
measured from a car driven along the designated route maintaining an average travel speed
relative to other cars on the road. Other methods include vehicle or license plate matching and
the use of various intelligent transportation system technologies. Travel time data is collected at
the beginning and end of a designated route, and can be collected between predetermined points
along the route as well, depending on the level of information desired. Travel time can also be
calculated from Inrix speed data using the average speed and segment length (see section on
Speed below).

When collecting travel time data, all measurements should be taken under good weather
conditions and during a time representative of the period of interest for the study. Except when
collecting the data for simulation calibration, it is good to distribute the travel time runs over
several days and over multiple weeks that are representative. To have an accurate representation
of the field conditions for simulation calibration, travel times need to be taken at the same time
as the operational field data collection.

It is recommended that a minimum of 10 travel time runs be collected in each direction for each
hour to be simulated (and each lane where lane imbalances occur) for both freeways and
arterials. The 10 travel time runs should be collected during the same time as other data
collection if possible but can be collected over multiple days if necessary. The travel time runs
can also be a combination of the floating car and Bluetooth data methods. For VISSIM
simulations, refer to Section 3.5 in the VISSIM Protocol.

Floating Car Data Collection with GPS

Floating car travel time runs are conducted using a handheld GPS device that records vehicle
location, speed, and direction of travel every 1 to 5 seconds. This method allows the actual
roadway conditions to be analyzed as the data returned from the probe vehicles will reflect the
periods of congestion and free-flow speeds experienced by other motorists. The floating car
technique requires the driver to mimic or match the speed of the traffic stream for a given
roadway. However, it may be difficult for test drivers to mirror the actions of the traffic stream
as drivers often revert to their own driving habits instead of staying with the majority of traffic.
When designing a floating car study, the goal is to have a large enough sample which is
optimally spaced for the purpose of capturing variability within the traffic stream. Some things
to consider:

1. Route selection
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a. Tryto include as many key intersections, segments as necessary
The number of floating car “probes” and the area (route) covered per run
a. In general, increasing the number of probes sampled during the run and/or
reducing the area size will increase the resolution of the samples.
Lane position of probe car
a. Results are provided in fine enough detail to determine speeds based on lanes
occupied. It may be difficult for the driver to determine which lane most closely
represents the average vehicle speed.
Weather, Tree cover and %trucks along route.
a. High instances of either will lead to signal disruption and loss of data points.
Start the routes at least 15 minutes ahead of recording period
a. Establishing the route prior to the recording time minimizes driver route errors
Driver Notes are helpful (see Exhibit 3-5 Determining When 30 HV Occurs).
a. Record queue position at intersections
b. Lane position

Exhibit 3-6 Example of Notes

| hit lots of reds on OR99E. There were only a couple instances where | hit greens along the cooridor.

| was in the inside lane on OR99E and the outside lane on I5. | used the inside lane going northeastbound on OR99E to position myself in the
appropriate ramp lane, but also because the curbside lane delayed at driveways (Especially at Killdeer) as people turned into the shopping center. |
used the inside lane going southwestbound on OR99E to position myself for a quick turnaround at Ermine Drive and to avoid delays due to right-
turning traffic. | remained in the right hand lane on 15 for all but (2) loops. The ramps are closely spaced. As long as | was following multiple vehicles,
| did not feel disadvantaged by sitting in the right hand lane. During (2) loops, | was behind a semi-truck and followed other vehicles around the slow
moving truck.

The queues were no more than 10 cars-
The longest queues existed for the inside lane southwestbound OR99E at Albany/Airport Road and both lanes for northeastbound OR99E at Waverly

4:30-4:45 loop - | didn't turn left at the appropriate location- this will show in the GPS
5:10-6:20 loop - stuck behind a Hay truck turning left from Century Drive to Old Salem Road at the Murder Creek Interchange

5:20-5:33 - Used the left lane going NB on |5 to go around a semi
5:33-5:39 - Used left lane going SB on 15 to go around a semi

- no reds on QRI9E

Upon completion of the of the floating car runs, the data is downloaded to an ArcGIS shapefile
format for cleaning and analysis (see Exhibit 3-7). It is typical that some data cleaning will be
required such as removing outliers and converting the speed to MPH. This is easily done in

ArcGIS.

Exhibit 3-7 Data format

A B C D E F G H | J K L M N (4] P [s] R 5 T u v w
1 LATITUDE | LOWGITUDE |ALTITUDE|EAS THIGINORTHiNG| UTCDATE[UTC TME| S06] COG|MAG VAR|SATS USED|APE|VPE|EpE |HDOP| VDGR |PDOP|GUALITY|DIFF AGE|DIFF. D] DEPTH|DEPTH GFF |WATERTEMP |
2 |44 9436862720|-123.0151426395] 25062 |-123.015 | 44545 [3312011] 221953 [ 517 553 298.0 4 anjoojo0] 24 51 57 1 | oo 0.0 0.0
3 | 44 9486749269123 0149701418] 25 319 | 123015 44,949 3312001 271954 (471 952 3022 5 00j00)j00]| 24 51 57 1 00 00 00
4 |44 9486586104 | 123 0146570282| 25515 123015 3 B 0.7)] 528 3283 5 00|00 64| 24 b1 a7 1 0.0 0.0 0.0
£ | 449486549742 -123.0145250729] 25643 | -123.015 HE| T EITE] [] Q0] 00|64 ] 24 51 57 1 0.0 0.0 0.0
B [42 9486544700 123 0143104536] 3% 730 123014 959 (252|890 3591 5 00|00 ) 64] 24 51 57 1 00 00 00
7 |44 9486555260123 0142312615 | 25 766 123014 44949 | 3312011[ 222000 [ 199 | 886 0.0 5 00)|00)64]| 24 51 &7 1 0.0 0.0 0.0
8 449436582178 |-123.0141097766) 25544 | 123014 | 44545 [312011] 222002 | 145 | B85 3585 H Q0] 00|64 ] 24 51 57 1 0.0 0.0 0.0
9 |44 9486774096 (123 0140094421 31 027 123014 44585 [359/2011[ 220004 (128 147 27 5 00|00 64 18 33 kl] 1 00 00 00
10 | 44 9457257761 -123.0139409302| 31.848 | -123.014 44 549 33172011 222005 [ 70 |3 69 L] 00|00)6G4] 43 33 54 1 0.0 0.0 0.0
1 44 1230133490074 ] 31.053 | 123014 | 44.345 20172011 222007 | 21 | 41.2 24 5 Q0|00 T4] 18 p ] 8 1 0.0 0.0 0.0
12 |44 9487274773 123 0139084054 31 876 123014 44885 3892011 [ 225008 | 06 |174.7 350 6 [ 00|00 74] 43 33 54 1 00 00 00
13 44 9456788817 | -123.0139464597| 30.948 | -123.014 44 549 13312011 222010 [ 01 | 897 342 L] 00|00 T4 18 33 38 1 0.0 0.0 0.0
14 44.9486784515-121.0135470807] 30.861 | -123.014 222012 | 0.0 (1725 2535 [] Q0j00)61) 18 p ] a8 1 0.0 0.0 0.0
15 | 44 948678ATA2 | 123 0139470839 30 B43 123 014 222013 | 00 3021 3536 [ 00]00])61 18 33 Kk} 1 00 00 00
16 44 S456TETI55|-123.0139472568| 30.763 | -123.014 22015 | 01 411 a5 L] 000061 18 33 is 1 0.0 0.0 0.0
1T | 44.9486TETTIT|-123.0138475311] 30.690 | -123.014 M 2z2017 | 0.1 |22 353.0 [} Q0j00)61) 18 p ] a8 1 0.0 0.0 0.0
18 | 44 9486787242 | 123 0139477957 30 A40 123 014 222018 | 00 |3480 3539 [ 00]00])61 18 33 Kk} 1 00 00 00
19 | 44 S456T869TT|-123.0139478561| 30656 | -123.014 222020 | 01 | M6 a4 & 000061 18 33 is 1 0.0 0.0 0.0
20 | 44 9486784582 | 123 0139481406| 30636 | 123014 44,989 3392011 [ 222021 | 01 |2531 35310 [ 00|00 61 18 33 ia 1 00 00 00
21 44 9486782224 | 123 0139486591 30 538 123 014 44949 | 312011] 222023 | 01 1879 333 [ 00]00])61 18 33 Kk} 1 00 00 00
22 44 94B6TE2015|-123.0139457914| 30514 | -123.014 44549 | VI2011] 222025 | 0.1 |2619 3524 & 000061 1 33 38 1 0.0 0.0 0.0
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Example 3-1 Floating Car Data Collection with GPS

For a project in Albany, travel time data is needed for calibration of a simulation model for the
Existing Year. See Chapter 15 for calibration procedures.

Floating car data was collected on March 31 2010 in the peak hour between 4:45 PM and 5:45
PM. Three vehicles were equipped with GPS units and each assigned a separate travel route. In
order to represent the most likely driving conditions drivers were asked to travel according to
their best judgment of the traffic stream’s speed and collect as many full routes as possible during
the data collection period.

Average speeds along the routes were recorded in the GPS tracklog where time/location points
set to record at 1 second intervals. A greater interval period could be used in other applications
such as for a rural corridor. At each 1 second interval, the GPS recorded the coordinate location,
the date and time the data point was recorded and the instantaneous speed of the vehicle.
Instantaneous speed and travel times along each route were averaged over the total number of
completed runs and summarized based on link segments from the SYNCHRO network. The
figures below display the floating car data collection route and output results. The table below
summarizes the results of the data collection.
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Floating Car Data Collection, Route 2
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Floating Car Data Output Results
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Route 2 Floating Car and SimTraffic Data Comparison

Roadway Section Floating Car Data Collection SimTraffic Calibration
US20 BETWEEN SANTIAM INTERCHANGE Speed (mph) 24 | Speed (mph) 11
RAMP TERMINALS (EB)
Travel Time (s) 29 | Travel Time (s) 59
BETWEEN SANTIAM 15 NB RAMP
US20 TERMINAL / SPICER DR SE / US20 AND  |->Reed (mph) 39 | Speed (mph) 27
PRICE RD SE Travel Time (s) 14 | Travel Time (s) 22
US20 BETWEEN PRICE RD SE AND TIMBER ST | Speed (mph) 46 | Speed (mph) 37
SE
Travel Time (s) 13 | Travel Time (s) 17
US20 BETWEEN TIMBER ST SE AND Speed (mph) 35 | Speed (mph) 32
GOLDFISH FARM RD SE
Travel Time (s) 28 | Travel Time (s) 28
US20 BETWEEN GOLDFISH FARM RD SE AND | Speed (mph) 45 | Speed (mph) 36
TIMBER ST SE
Travel Time (s) 22 | Travel Time (s) 25
US20 BETWEEN TIMBER ST SE AND PRICE RD | Speed (mph) 46 | Speed (mph) 36
SE
Travel Time (s) 14 | Travel Time (s) 17
US20 BETWEEN PRICE RD SE AND SANTIAM Speed (mph) 42 | Speed (mph) 28
15 NB SLIP ON-RAMP
Travel Time (s) 5 | Travel Time (s) 5
BETWEEN I5 NB SLIP ON-RAMP AND
US20 SANTIAM 15 NB RAMP TERMINAL / Speed (mph) 12 | Speed (mph) 10
SPICER RD SE Travel Time (s) 27 | Travel Time (s) 41
US20 BETWEEN SANTIAM INTERCHANGE Speed (mph) 13 | Speed (mph) 10
RAMP TERMINALS (WB)
Travel Time (s) 53 | Travel Time (s) 69
US20 BETWEEN SANTIAM 15 SB RAMP Speed (mph) 35 | Speed (mph) 27
TERMINAL AND CENTER ST SE
Travel Time (s) 13 | Travel Time (s) 20
US20 BETWEEN CENTER ST SE AND BAIN ST | Speed (mph) 38 | Speed (mph) 40
SE
Travel Time (s) 19 | Travel Time (s) 33
BETWEEM BAIN ST SE AND WAVERLY Speed (mph) 14 | Speed (mph) 7
us20 DR SE
Travel Time (s) 42 | Travel Time (s) 69
BETWEEN WAVERLY DR SE AND BAIN Speed (mph) 32 | Speed (mph) 29
US20 ST SE
Travel Time (s) 17 | Travel Time (s) 18
US20 BETWEEN BAIN ST SE AND CENTER ST | Speed (mph) 36 | Speed (mph) 35
SE
Travel Time (s) 19 | Travel Time (s) 20
US20 BETWEEN CENTER ST SE AND SANTIAM | Speed (mph) 19 | Speed (mph) 25
15 SB SLIP ON-RAMP
Travel Time (s) 9 | Travel Time (s) 8
BETWEEN SANTAIM I5 SB SLIP ON-
US20 RAMP AND AIRPORT RD SE / SANTIAM  [->Peed (mph) 6 | Speed (mph) 6
15 SB RAMP TERMINAL Travel Time (s) 53 | Travel Time (s) 49
Bluetooth

Bluetooth uses probe vehicles. Probe vehicle techniques involve direct measurement of travel
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time (along a route or point to point) using data from a portion of the vehicle stream. Probe
measure technology (cell phone triangulation or GPS location tracking) is based on collecting
vehicle ID data and timestamps of vehicles passing a roadside reader device and checking
against the last reader passed to determine the travel time between reader locations. Many
computers, car radios, navigation devices, PDA’s, cell phones, headsets and other personal
devices are Bluetooth enabled to allow wireless communication between devices. Both types of
probe technologies provide direct travel time output. Bluetooth-based travel time measurement
involves identifying and matching the MAC address of blue-tooth enabled devices. This can be
used to measure arterial travel time, average running speed, and OD patterns of travelers (see
sections below).

There have been several recent studies evaluating the effectiveness of the bluetooth device
matching method compared to ground truck data. The results indicate that blue tooth is capable
of reproducing floating car data, while providing a significantly higher number of data points
than the floating car method.

3.5.2Speed

Speed data is used in multiple areas of analysis. There are measured and calculated speeds. A
measured speed is a direct “point” measurement obtained with the use of equipment such as road
tubes, Radar, or Lidar. A calculated speed is derived from a combination of a time and distance
information (i.e. travel time over a specific length segment).

Measured Speed

One of the easiest ways to obtain a measured speed is through the use of road tubes with vehicle
classifying counter. This method can only be used for free-flow non-congested segments where
tubes can be safely placed, outside the influence of any intersections causing platooning effects.
Collection of tube count data is restrained by weather and installation issues and needs to be
coordinated with count program staff. Another method to obtain a measured speed is through the
use of hand-held speed devices such as Radar/Lidar. See the Speed Zone Investigations Manual
for procedures for measuring speeds with these devices.

Measured speeds can be used to calculate segment speeds and headways. A measured speed may
also be needed to determine/verify a specific segment speed such as a turning speed around a
“non-standard” radius or corner for the purpose of simulation.

Speed data can also be obtained from fee-based private sources, such as Inrix. Inrix is a private-
sector provider of travel time and speed data at the link level worldwide with over 400 different
sources of input data (mobile, fleet, in-pavement, etc). Inrix speed is based on GPS observations
from fleets of probe vehicles (mostly commercial) which capture speed along major roadway
segments. Average speed is available for every hour of the year. The travel time is calculated
from the average speed and segment length.

ODOT has purchased an Inrix historical archive of real time data covering the state of Oregon.
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The historical data is a comprehensive database of speed statistics by day of the week. In rural or
smaller urban areas, data coverage is generally limited to state highways (which have the most
probe vehicles). Larger urban areas are more likely to include data on non-state facilities.

ODOT has also purchased Inrix Analytics, a web-based tool which facilitates data extraction and
reporting. The Analytics Tool is available at www.inrixtraffic.us. The Analytics Tools uses
historical 1-minute or 5-minute bins of real-time data with TMC, speeds, travel times and quality
scores. Quality scores indicate whether the data is based on real-time, average, or reference
speeds (30, 20, or 10 respectively). Scores of “30” also have a confidence value (0-100) which
indicates consistency with itself, the average, and overall trends.

Public agencies within Oregon can freely use the data for planning and analysis. ODOT can
authorize contractors to do the same on ODOT’s behalf. Some limitations are that Inrix data
cannot be merged or averaged with competitor’s data (i.e. Tom-Tom) and that Inrix must be
given credit when the data is used. Contact the ODOT ITS Unit for more information on data
availability.

Calculated Speed

Calculated speeds are obtained from sources that furnish point or vehicle identification with a
time stamp so data matching can yield a time between known points to determine an average
speed. Data may be obtained from vehicle detection equipment, historic data or private sector
sources. Common uses for calculated speeds are for calibration and validation of simulation
models and creation of performance measures.

Floating car and MAC address matched travel time data can be converted into “running speed”,
segment or corridor travel speeds as long as distances are available.

3.5.30ther Data Collection
Origin-Destination (O-D) Surveys

These surveys obtain route information that a vehicle takes between specific points. Project
complexity can range from simple, such as a weave study, to medium focusing on select paths
within a project/study area, to complex such as a city-wide network. The number of “interview”
stations adds complexity to the process.

o Direct Interview - This process entails stopping a sample of vehicles to ask specific
data collection such as point of beginning and ending, trip purpose, route choice, etc.
Sometimes these are viewed as disruptive and invading privacy. These are very
expensive (labor and traffic control) and require Oregon Transportation Commission
(OTC) approval for state highways because of impacts to the traffic flows.

0 License Plate Surveys — This process uses in-person or recorder images of vehicle
identification (license plates) to obtain routing information without the stops
associated with a direct interview process. This method can be expensive and labor
intensive to match the data inputs. The more stations that are recorded, the more
complex the process.
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0 Mail Survey — This process uses a sampling method to deliver/receive route
information from driver input. This method requires a large distribution of requests to
get a valid sampling of information. It can have accuracy (driver reporting), privacy
and timeliness issues.

0 MAC Address Reader (Bluetooth) - This process uses roadside detectors (portable or
permanent) to record an identifying signature of an electronic device. Using multiple
detectors, the device can be tracked to a specific route. To alleviate privacy issues,
only a minimal amount of characters needed to uniquely specify a device is recorded.
The electronic files of data can be matched using software programs, thus reducing
labor costs.

Saturation Flow Rate Studies

The saturation flow rate is a critical component in signalized intersection analysis. It is defined as
the flow in vehicles per hour accommodated by a lane group assuming that the green phase is
displayed 100 percent of the time. Saturation flow rate data is collected on an ongoing basis.
Oregon saturation flow studies done to date show that the HCM 2010 value of 1750 passenger
cars per hour of green per lane is appropriate for small urban areas.

Except in larger urban areas, field conditions generally do not allow the HCM saturation flow
study procedures in Chapter 31 of the 2010 HCM to be met. A roadway approach may not have
long enough queues during the study or intersection spacing may be so tight that long enough
gueues without gaps are not possible. In these cases, a default ideal unadjusted saturation flow is
determined as follows:

e Outside of the Portland, Salem and Eugene MPO urban areas the unadjusted saturation
flow rate is 1750 passenger cars per hour of green per lane (pcphgl).

¢ Inside the Portland, Salem and Eugene MPO urban growth boundaries an unadjusted
saturation flow rate of 1900 pcphgl may be used, unless one or more of the following
conditions is present, in which case 1750 pcphgl shall be used. Conditions indicating use
of lower base saturation flow rate inside urban growth boundaries:

0 On-street parking

0 Greater than 5% trucks

0 Roadways intersect at severe skew angle (i.e., greater than 20 degrees off
perpendicular)

0 One or more driveway approach(es) with a combined volume in excess of 5 vph,
are present downstream of the intersection within the functional area (see Chapter
4) or upstream within the length of the standing queue

o Poor signal spacing or observed queue spillbacks between signals during the peak
hour

0 Less than 12-foot travel lanes

The ideal (unadjusted) saturation flow rate is converted to an actual flow rate by applying

adjustment factors to account for the influence of lane widths, heavy vehicles, approach
grades, on-street parking, frequent bus stoppages (3-4 or more per hour per direction) in the
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intersection vicinity or roadway segment, area type, lane utilization, turning movements and
bicycle and pedestrian conflicts. Theoretically, once adjusted, the result would be equivalent
to the field measured value.

Field Measurements of Saturation Flow Rates

When an analyst desires a verification of the saturation flow (conditions are outside the default
conditions above or a need for simulation), an investigation should be performed. The field
measurement of the saturation flow rate shall be in accordance with methodology described in
Chapter 31 of the 2010 Highway Capacity Manual (HCM) and submitted on the HCM Field
Saturation Flow Rate Field Study Worksheet(s).

The measurement is performed by recording the following data for each signal cycle and each
desired lane. In order for a cycle to be used, it needs to have a minimum of 8 vehicles in the
stopped queue at the start of green. First record the number of vehicles in the stopped queue
when the signal turns green. Then record the elapsed time elapsed between when the front axle
of the fourth vehicle in queue crosses the stop line and when the front axle of the last vehicle in
queue crosses the stop line. Finally record the end of green. These values are used to calculate
the average saturation flow headway per vehicle. Signal cycles with events such as downstream
queues blocking the flow of traffic or presence of emergency vehicles should be discarded. A
minimum of 15 signal cycles with a minimum of 8 vehicles in the stopped queue is needed to
obtain a statistically significant value.

Saturation Headway = (Time of last stopped vehicle - Time of 4th vehicle)
(Vehicle position of last vehicle - 4)

Saturation Flow = 3600 s/h
saturation headway

In order to facilitate this process, a Saturation Flow Rate Data Collection Form and a Saturation
Flow Rate Calculator tool have been developed. The data collection form is arranged as one row
per cycle. For each cycle, the analyst records the time of the 4™ vehicle, time of last stopped
vehicle, number of stopped vehicles and time at end of green. Once collected, the data from the
form are directly entered into the calculator office form tab. If more than 25 cycles of data have
been collected, additional cycles can be added to the calculator by pressing the “Add 25 More
Cycles” button.

Once the analyst has input the field data, click the “Calculate Sat Flow” button. The calculator
automatically checks to ensure there are at least 15 cycles with 8 or more vehicles in queue.
Cycles with less than 8 vehicles in queue are ignored. For more specifics on the tool see the
Instructions tab.

Field measured saturation flow rates are preferred over estimation and do not require further
modification. Using default values and adjustment factors will not produce more accurate results.
If possible, saturation flow rates should be collected at no less than one major intersection on
each main study area roadway. When using these values in analysis be sure to set all of the
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adjustment factors to 1.0.

Once the field saturated flow rate is obtained, the ideal (unadjusted) saturation flow rate should
be back-calculated by applying adjustment factors to account for the influence of lane widths,
heavy vehicles, approach grades, on-street parking, bus stops, area type, lane utilization, turning
movements and bicycle and pedestrian conflicts. Heavy vehicles, parking maneuvers, turning
movements, and bicycle and pedestrian conflicts must be collected during the same period as the
field saturation flow study to be able to back- calculate an accurate value.

TPAU has a limited database of saturation flow rates. To find out if specific saturation flow rates
are available for a specific site/area, contact TPAU analysts. Copies of saturation flow rate
studies should be sent to TPAU for inclusion in appropriate studies such as verification of default
values. Coordinate data collection and verification with TPAU so any acceptable saturation flow
studies can be included in the database.
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Appendix 3A — Field Inventory Worksheet

Appendix 3B — Sample Count Request and Sample ODOT Counts

Appendix 3C — Traffic Count Management (TCM) Program Count
Report Guide

Appendix 3D — Saturation Flow Rate Data Collection Form
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4 SAFETY

4.1 Purpose and Overview

The purpose of this document is to provide guidance on safety analysis procedures for specific
transportation planning and project development applications with a safety component. All
planning and project development efforts need to be individually scoped as there are a number of
different tools and techniques that can be applied. APM Section 4.1.2 identifies the
recommended safety analysis procedures for common planning and project development
applications.

The primary goal of any safety analysis presented in this chapter is to promote a proactive
approach to reducing the frequency of fatal and serious injury (Injury-A) crashes. This is
consistent with the Oregon Transportation Plan (OTP) that states “it is the policy of the State of
Oregon to continually improve the safety and security of all modes and transportation facilities
for system users including operators, passengers, pedestrians, recipients of goods and services,
and property owners.” The Oregon Transportation Safety Action Plan implements the OTP

policy.

The first edition of the Highway Safety Manual (HSM) provides the technical foundation for
many of the procedures discussed in this chapter. However, this chapter does not replicate the
entire guidance of the HSM, and the reader is encouraged to consult the HSM directly where
appropriate. The HSM is published by the American Association of State Highway and
Transportation Officials (AASHTO) with support from the Federal Highway Administration
(FHWA), the Institute of Transportation Engineers (ITE), and the Transportation Research Board
(TRB) Highway Safety Performance Committee (ANB25).

The HSM is a national guide—and the first of its kind—providing science-based methods,
procedures, and measures that integrate quantitative estimates of crash frequency and severity
into roadway planning, evaluation, and project development. Prior to the HSM, crash analysis for
planning and project development was typically limited to simple evaluations of crash data and
somewhat subjective analysis. Evaluations of future safety performance were primarily limited to
meeting design standards, with few options for comparing alternatives. In contrast, the tools in
the HSM allow safety to become a meaningful performance measure that can be implemented at
any stage of the transportation decision-making process.

As stated in the HSM, it is neither intended to be, nor does it establish, a legal standard of care
for users or professionals.

. HSM methodologies are provided to assist agencies in their effort to integrate safety

C@ into their decision-making processes, but are not intended to be a substitute for the
exercise of sound engineering judgment. No standard of conduct or any duty toward
the public or any person shall be created or imposed by the publication and use or
nonuse of the HSM. The HSM does not supersede publications such as the
MUTCD, the AASHTO Green Book, or other AASHTO and agency guidelines,
manuals and policies.
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HSM screening tools provide a robust methodology for objectively evaluating historical crash
data based on frequency, severity, collision type, and other crash characteristics. The screening
tools identify locations with the highest potential for reducing the frequency and severity of
crashes and, by identifying factors contributing to the crashes, help choose effective potential
countermeasures. Screening tools are discussed in APM Section 4.3.

The HSM Predictive Method is the first comprehensive model for estimating the frequency and
severity of crashes based on traffic, roadway, and roadside characteristics. Predictive analysis
can be applied to quantify the safety impact of design alternatives and forecast scenarios, using
the understandable language of crash frequency and severity. Predictive analysis can also be
applied in conjunction with historical data analysis to overcome statistical limitations inherent in
historical data analysis. Predictive tools are discussed in APM Section 4.4.

The HSM framework also provides local agencies a methodology to expand on the foundation of
the HSM by calibrating to local conditions and developing custom safety performance functions
(SPFs). ODOT’s webpage on the HSM includes information on completed and future research
projects.

v The APM does not address ODOT highway safety program procedures or traffic

operations-level safety analysis. This includes road safety audits, collision
diagrams, detailed safety investigations, and benefit-cost analyses. Contact the
Traffic-Roadway Section for procedures related to those programs.

4.1.1Statewide Crash Rate References

Statewide average crash rates are used in the critical crash rate analysis method and are useful
resources for informal discussions of crash frequency.

The Oregon State Highway Crash Rate Tables are published annually by the ODOT CAR Unit.
Crash Rate Table Il shows statewide average crash rates for each of the last five years, by urban
and rural area and by roadway classifications for state highways. These crash rates are based on
overall crash frequency and total vehicle miles traveled on mainline state highways. Federal
functional classifications can be found on the ODOT Federal Functional Classification (FC)

webpage.

Exhibit 4-1 shows intersection crash rates by land type and traffic control, based on a 2011
assessment of data from 2003-2007. The crash rates here are based only on crashes that occurred
at an intersection or because of an intersection and are given as a rate per million vehicles
entering the intersection [million entering vehicles (MEV)].

Intersection crash rates also need to be compared to the published statewide 90™ percentile

intersection crash rates in Exhibit 4-1. Any rates close to or over the 90" percentile rates need to
be flagged for further analysis. The intersection crash rate is calculated by the following formula:
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Intersection Crash Rate per MEV =

The values shown in Exhibit 4-1 represent the 90™ percentile crash rates from a study of 500

Annual Number of Crashes x 10°

(AADT)x (365 days/year)

intersections in Oregon. The crash rates are grouped by rural/urban, signalized/unsignalized, and

three-leg/four-leg intersections. Intersections with crash rates that exceed the 90™ percentile

values shown in the table should be flagged for further analysis. For more information on crash

rates and using this table, see Section 4.3.4 Critical Crash Rate.

Exhibit 4-1: Intersection Crash Rates per MEV by Land Type and Traffic Control

Rural Urban
3SG 3ST 45G 4ST 3SG 3ST 4S5G 4ST
No. of Intersections 7 115 20 60 55 77 106 60
Mean Crash Rate 0.226 0.196 0.324 0.434 0.275 0.131 0.477 0.198
Median Crash Rate 0.163 0.092 0.320 0.267 0.252 0.105 0.420 0.145
Standard Deviation 0.185 0.314 0.223 0.534 0.155 0.121 0.273 0.176
Coefficient of Variation 0.819 1.602 0.688 1.230 0.564 0.924 0.572 0.889
90" Percentile Rate 0.464 0.475 0.579 1.080 0.509 0.293 0.860 0.408

Source: Assessment of Statewide Intersection Safety Performance, FHWA-OR-RD-18, Portland State

University and Oregon State University, June 2011, Table 4.1, p. 47.

Note: Traffic control types include 3SG (three-leg signalized), 3ST (three-leg minor stop-control), 4SG
(four-leg signalized), 4ST (four-leg minor stop-control).

4.1.2Tools and Procedures by Application Type

Safety analysis tools should be specified during the scoping process. Model scoping language is

provided in APM Chapter 2. In order to facilitate scoping of tools, this section describes the

recommended safety analysis tools and procedures for common application types as shown in
Exhibit 4-2. Safety analysis tools are identified in order of increasing level of effort in the chart
going from left to right. Plan or project level of detail is shown in increasing level of detail in the

chart going from top to bottom. Best practice/recommended methods are shown with closed

circles, while open circles identify optional or supplemental methods.
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Exhibit 4-2: Applicability of Safety Analysis Tools by Plan or Project Type

 Level of Effore ) +

Other Methods Highway Safety Manual (HSM) Methods
Statistical .Cr.as]l Data Predictive Methods
Plan or Screening
Frolect Type State Excess Net Change in Efoase
Crash | SPIS [ Queue | CMFs Critical Proportion | Predicted Crash PlanSafe
Rate : Expected
Crash of Specific Frequency or Crash
Rate Crash Predicted Frnions
Types Crashes bR
System Plans o . - - ~ 2
(TSP, RTP etc.)
MMA’s [ ] o [ ] & O @]
Facility Plan o] (3] (6] 0 (0] (@] [ ] [ ]
Development
Rovicw 8] @] O 0] O @] L] [ ]
NEPA / Project
+ Development ° ) =) & € © L ®

® Best practice or recommended method
O Supplemental methods

The tools and procedures recommended here describe the crash analysis appropriate for the
scope and scale of typical applications. A balanced approach to safety analysis should also
consider queues, sight distances, safe and convenient crossing opportunities, and other safety-
related techniques where appropriate for the application context.

e All Applications:
o0 Safety Priority Index System (SPIS) — Identify top 5% or 10% locations from the
most recent three (3) SPIS Site listings
e RTPs, Transportation System Plans (TSPs) and High-Level Corridor Plans:
o Critical Crash Rate — required
0 Excess Proportion of Specific Crash Types — required
o0 Crash rate comparison — minimum requirement when other methods can’t be
applied. Compare intersection crash rates to the 90" percentile crash rates
(Exhibit 4-1) and segment crash rates to Table Il in the CARS crash rates tables.
0 PLANSAFE - optional, system-wide predictive method. Recommended if there
are regional transportation network changes proposed or if there is an expectation
of significant demographic changes.
o Crash Modification Factors (CMFs) — Optional. Use to estimate potential crash
reduction of alternatives.
e Multimodal Mixed-Use Areas (MMAS)
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o MMA:s are governed by OARs which require that public safety is not
compromised. The primary safety analysis methods recommended for MMAs are
the OAR requirements:

= |f the area has a crash rate above statewide averages. Crash rates are
generally considered on the mainline and the crossroad.

= |f the area includes a top 10% SPIS site

= |f existing or future traffic queues will create a safety concern on the
mainline highway exit

0 The new safety analysis options could provide additional value for MMA
analysis.

0 The Critical Crash Rate could be a complement to crash rates as described in the
OARs.

0 Excess Proportion of Specific Crash Types can be used to identify crash patterns
and multimodal safety concerns.

0 The HSM Predictive Method can also be used to evaluate an MMA location and
identify mitigation needs before an MMA is granted, or could be incorporated
into guidelines for evaluating plan amendments within MMAs.

e Facility Plans/Refinement Plans:
0 HSM Predictive Method — required if valid model exists
= Excess Expected Crash Frequency — use for existing conditions evaluation
= Net Change in Predicted Crash Frequency — use for alternatives evaluation
o If no valid model exists:
= Use Critical Crash Rate, Excess Proportion of Specific Crash Types, and
statewide crash rate comparisons for existing conditions
= Use CMFs for alternatives evaluation
e Development Review:
0 HSM Predictive Method — recommended if valid model exists
= Excess Expected Crash Frequency — use for existing conditions evaluation
= Net Change in Predicted Crash Frequency — use for alternatives evaluation
o If no valid model exists:
= Use Critical Crash Rate, Excess Proportion of Specific Crash Types, and
statewide crash rate comparisons for existing conditions
= Use CMFs for alternatives evaluation
e Project Development / National Environmental Policy Act (NEPA) Work:
0 HSM Predictive Method — required if valid model exists
= Excess Expected Crash Frequency — use for existing conditions evaluation
= Net Change in Predicted Crash Frequency — use for alternatives evaluation
o If no valid model exists:
= Use Critical Crash Rate, Excess Proportion of Specific Crash Types, and
statewide crash rate comparisons for existing conditions
= Use CMFs for alternatives evaluation
e Countermeasure Development:

0 Using site characteristics and analysis results, identify contributing factors

o0 Document Crash Modification Factor(s)

o Perform additional geometric safety assessments, as applicable:

= Intersection functional area
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= Sight distance
= Conflict points
= Access management

4.2 Crash Data

Crashes are used as the basis of safety analysis presented in this chapter. Crash frequency
(number of crashes per year) and crash severity (rating based on most severe injury sustained in a
crash) are fundamental indicators of the “safety” of a roadway.

Observed crash data provides information for describing and analyzing crash frequency and
severity for historical time periods. Predictive methods proactively estimate crash frequency and
severity for situations where observed crash data are not available, such as for future conditions.
This chapter focuses on analysis of “objective” safety, which is based on quantitative measures
that are independent of the observer. Objective safety is not directly experienced by a traveler,
unless he or she is involved in a crash. In contrast, analysis of “subjective” safety involves the
perception of how safe a person feels while using the transportation system. An assessment of
subjective safety for the same location may vary between observers, and techniques for assessing
the subjective safety of a location are not covered in this chapter. Subjective safety is an
important component of many design and policy decisions. A person’s choice of mode and route
is strongly affected by how safe and comfortable the mode and route feels.

4.2.10DOT Crash Data Sources

The ODOT Crash Analysis and Reporting Unit (ODOT CAR) maintains a statewide crash record
database that includes all reported crashes involving a motor vehicle on public roads. These data
are collected by the Department of Motor Vehicles from police and driver reports then provided
to ODOT CAR for quality assurance, standardization, and distribution. ODOT CAR produces a
variety of publications annually that summarize crashes throughout the state of Oregon.

Crash data only includes reported crashes to the Department of Motor Vehicles
(DMV). Many crashes are not reported because they fall under the $1,500 reporting
threshold or are just not reported (i.e., single vehicle incident, or on tribal lands).
Errors can still occur in the coded crash records so it is important to carefully
review and note any anomalies. Reporting errors on officer reports and DMV forms

and officer reports such as crash location are common and while the crash
reporting technicians attempt to reconcile them, sometimes data are not available or
is incomplete. This is why sometimes perceived crash issues from local residents
differ from available crash data. See Chapter 3 for more information.

The Crash Data System provides analysts access to detailed crash reports for a custom study area
and time period. The Crash Data System can be accessed online on the Internet through ODOT’s
Unified Access Gateway and ODOT’s Intranet site.

The Crash Data System provides tools for querying crash data by jurisdiction, location, and time.
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Crash data formatting and querying is different for state highways, city streets (non-state roads
within city limits), and county roads (non-state roads outside city limits). Crash data can be
downloaded in print-formatted or spreadsheet-formatted reports. Report download options
include:

e Summary by Year CDS150: A general summary of crashes for the queried location,
displayed by year, collision type, and generalized severity (fatal, nonfatal injury, property
damage only).

e Crash Location CDS390: A detail report with a single line of data for each crash,
including location, date, collision type, injury severity, and contributing factors.

e Comprehensive (PRC) CDS380: A detail report with at least three lines of data for each
crash, including a row for every vehicle and participant in the crash. Summary includes
location, date, collision type, injury severity, contributing factors, and more.

Data extracts are also available, providing unformatted full access to records for every crash,
vehicle, and participant individually. Data extracts are available as a comma-delineated text
document or as an Access database. The Access database includes code definitions and pre-
defined report queries, making it a valuable resource for analysts familiar with database
software.

The Comprehensive (PRC) CDS380 report or data extracts are recommended for use with the
analysis procedures listed here, as these are the only formats that include the full injury severity
scale (KABCO) and identify crashes involving pedestrians or bicyclists. The summary reports
identify crashes involving pedestrians, but not bicyclists, and only include severity as fatal,
nonfatal injury, or property damage. Summary reports may not include sufficient information for
all analysis methods described in this chapter.

The crash data reports are heavily code-based and use of the Statewide Crash Data System Motor
Vehicle Traffic Crash Analysis and Code Manual is required for a full understanding of the crash
data. This manual and the online help documents provide additional important information about
the crash data and reports and are available through the ODOT CAR Publications page or from
within the Crash Data System.

Crash data are geocoded with latitude and longitude coordinate values. This allows for easy
display on a map using a Geographic Information System (GIS) such as ArcMap, QGIS, or other
online tools. If crash data are mapped using coordinate values, care should be taken to identify
any records with the “Unlocatable_Flag” indicating that the coordinates are nonspecific default
values.

Caution should be exercised when identifying actual crash locations from reported data. Crashes
may be reported at the nearest integer milepoint or intersection even if they occurred hundreds of
feet away. Crash data should be checked for discrepancies, such as where a crash occurred on a
curve but where the reported location is a straightaway section.
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4.2.2 Crash Characteristics, Trends, and Patterns

Crash analysis involves identifying trends and patterns on facilities. Analyzed crash types or
severities may be all crashes or a more specific subset of crashes, such as fatal and serious injury
crashes. These trends can then be used to identify applicable countermeasures for future
mitigation. For guidance on performing a detailed on-site investigation and diagnosis of a safety
trend, refer to the ODOT Safety Investigations Manual.

ODOT crash data includes many characteristics that can be used to identify trends and patterns.
The analysis methods in this chapter primarily use the following characteristics:

e Crash Location: Geographical crash location is described by milepoint, distance to
nearest intersection, and latitude and longitude coordinates.

e Intersection-Related: Crashes are identified as located at an intersection or related to the
functioning of an intersection.

e Driveway-Related: Crashes are identified that are related to the use of a driveway.

e Severity: Crash severity is equal to the most serious injury sustained by anyone involved
in the crash, based on the on-scene assessment (but which may not align with final
medical determination of injuries). Severity is ranked on the KABCO scale:

(0}
o

(0]

(0}

(0}

K — Fatal injury, an injury that results in death

A — Incapacitating injury, a nonfatal injury that prevents the person from walking,
driving, or doing activities they were capable of before the injury

B — Non-incapacitating evident injury, an injury that is evident to observers at the
scene of the crash

C — Possible Injury, an injury or claim of an injury that is not evident to observers
at the scene of the crash

O — No injury, also described as Property Damage Only (PDO)

e Collision Type: This field describes the intended movements of the vehicle(s) at the time
of collision. Crashes are coded as one of the following collision types:

(0]

Angle — Vehicles collided while traveling on crossing or perpendicular paths,
such as would occur if a vehicle ran a red light and crashed into a vehicle
traveling on the crossing roadway

Head-On — Vehicles collided while traveling in opposite directions, their forward
movement impeded while attempting to occupy a location simultaneously
Rear-End —Vehicles collided while traveling in the same direction, with one
vehicle hitting the rear end of the second vehicle

Sideswipe-Meeting —Vehicles collided while traveling in opposite directions, with
the side of at least one vehicle involved

Sideswipe-Overtaking — Vehicles collided while traveling in the same direction,
with the side of at least one vehicle involved

Turning Movement — Collision involved one or more vehicles turning, originally
traveling on parallel paths

Parking Maneuver — Collision involved one or more vehicles entering or leaving a
parked position. Parking begins when a vehicle first exits the traffic lane and ends
when a vehicle resumes travel in the traffic lane.
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Backing — Collision involving one vehicle backing in a traffic lane that struck
another vehicle also in a traffic lane, does not include parking maneuvers
Fixed-Object or Other-Object — Collision where one vehicle struck a fixed object
or other object (identified in the event field) on or off the roadway

Pedestrian — A collision where the first harmful event was an impact between a
vehicle in traffic and a pedestrian. Does not include crashes where pedestrians are
injured subsequent to the first impact, in which case pedestrians are coded as
supplemental events to the crash.

Miscellaneous Collision — Any crash that does not fall into the other collision type
categories, including collisions with animals

Non-Collision — Crash involved only one vehicle and is not classifiable as any
other collision, for example, a roll-over

e Bicyclist Involvement: This information is contained in “Crash Type” field, separate
from the “Collision Type” field described above. Bicyclist involvement is designated
with the “Pedalcyclist” description.

The crash data includes a wealth of other characteristics that may be of interest to the analyst,
including direction of travel, lighting, weather and road conditions, work zones, vehicle and
occupant details, use of alcohol and other drugs, use of safety restraints, cell phone use,
speeding, and other contributing causes and events prior to the crash.

4.2.3 Assigning Crashes to Intersections and Segments

The safety analysis methods in this chapter require that each crash be uniquely assigned to an
analysis site. Often this requires determining if the crash was intersection-related or roadway
segment-related. The location and characteristics of the crash can be used to help determine the
proper assignment for the crash.

Crashes that occur within an intersection are assigned to that intersection, as are crashes that
occur on the intersection legs and are intersection-related in character. All crashes that are not
assigned to an intersection are assigned to a segment. Exhibit 4-3 illustrates this concept. All
crashes that occur in the “A” regions are intersection crashes. Crashes that occur in the “B”
sections may be assigned to an intersection or the roadway segment on which they occur,
depending on their characteristics.
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Exhibit 4-3: HSM Definition of Roadway Segments and Intersections

Segment Length

(center of intersection to center of intersection)

| |
B, B,
| |

————— A T o e i N B B
| |
Bl BI

A All crashes that occur within this region are classified as intersection crashes.

Crashes in this region may be segment or intersection related, depending on
the characteristics of the crash.

Source: HSM Part C, Appendix A, Figure A-1

ODOT crash records include a field called “Intersection Related” that indicates a crash was
related to an intersection, even though the crash was not coded as occurring at the intersection.
(Note this field is not used for crashes coded as occurring at the intersection.) However, it may
be that not all intersection-related crashes are identified with this field. The analyst should
examine crashes near an intersection to determine if they have characteristics consistent with an
intersection-related crash. For instance, rear-end collisions on an intersection approach are likely
intersection-related. Conversely, run-off-the-road crashes or turning crashes near a driveway are
likely segment-related. An understanding of the intersection’s functional area (see APM Section
4.8.1) is also useful for assigning crashes to intersections and segments. The analyst also needs to
observe operations in the field as part of the assessment, for example extent of queuing in
determining intersection related crashes (see Chapter 3 for data collection procedures).

When performing both segment-based and intersection-based analyses, care should be taken to
not double-count crashes. It is good practice to add a field identifying the analysis site to which
each crash was assigned when including crash records in a project report.

It should be noted that there may be more than one roadway segment analysis site between
adjacent intersections, depending on roadway conditions. Segmenting, the process of dividing
the study area into homogeneous analysis sites, is discussed in APM Sections 4.3.3 and 0.

Further information on assigning crashes to intersections and segments can be found in the HSM
Part C, Appendix A, Section A.2.3.
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4.2.4Regression-to-the-Mean

Crashes are rare and random events, in that they represent a very small proportion of all events
occurring on the transportation system and are partially influenced by factors that are
unpredictable. As such, there is a natural variability in crash frequency at any specific location
that should be considered when doing a crash analysis. This natural variation means that short-
term crash frequencies using samples of one to five years of data may vary significantly from the
long-term average crash frequency. Exhibit 4-4 illustrates this phenomenon. It is difficult to tell
if the short-term sample represents a high, average, or low point in the natural variation of the
crash frequency.

Exhibit 4-4: Variation of Short-Term Crash Frequency

Short-Term
Average Crash

\ /\ A : \/\‘ /\ <+— Expected Average

v v E / V AV% \ Crash Frequency

Short-Term Short-Term
Average Crash

Observed Crash Frequency

Average Crash
Frequency

Years

Source: HSM Part A, Chapter 3, Figure 3-4

When a relatively high crash frequency is observed using a short-term sample, it is statistically
probable that the next observation of that location will have a lower crash frequency. Similarly,
when a low crash frequency is observed, it is likely that subsequent observations will be higher.
This phenomenon is known as regression-to-the-mean (RTM), and is illustrated in Exhibit 4-5.

Analysis Procedure Manual Version 2 4-50 Last Updated 09/2016



Exhibit 4-5: Regression-to-the-Mean Bias

Site Selected for (4
Treatment due to T~

Short=Term Trend Perceived

Effectiveness
9 > of Treatment

Actual Reduction
v / | due to Treatment

Expected Average
Crash Frequency
(without Treatment)

RTM
Reduction
A\

Observed Crash Frequency

Years

Source: HSM Part A, Chapter 3, Figure 3-5

In a safety analysis, the effects of RTM can lead to a selection bias that prioritizes and evaluates
countermeasures based on short-term trends. This may obscure locations with a higher expected
average crash frequency or make it difficult to determine the actual reduction in expected
average crash frequency due to a countermeasure.

Using a long-term sample is a way to account for RTM, and it is recommended that five years of
crash data be used whenever possible. The predictive method described in this chapter uses
statistical models to estimate the expected average crash frequency for a location with specific
characteristics. Another way to account for RTM is to combine the predictive method with crash
data [known as the Empirical-Bayes (EB) Method].

The analyst should be mindful of variations in conditions that may need to be accounted for
when using multiple years of crash data—such as traffic volume changes, geometric and control
changes, or disruptions due to construction. The predictive method is performed on a year-by-
year basis, reflecting variations in conditions. When using screening methods, care should be
taken to not include data from times with fundamentally different conditions.

4.2.5Tools for Summarizing Crash Data
Crash Decoder Tool
The Crash Decoder Tool is an Excel-based spreadsheet with macros that uses the Comprehensive

(PRC) CDS380 crash report (in Excel format) and the Excel look-up tables to translate the
information. Once the sheet has decoded the information, filters can be applied to the data set to
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investigate specific locations or issues. This tool also allows the analyst to create crash graphs
that are helpful in both analysis and reporting. This tool can be used on all roadways. It is
available on the ODOT Highway Safety Webpage.

Crash Graphing Tool (ODOT Employees Only)

The Crash Graphing Tool summarizes crash information of the “Direction” listing (in an Excel
format) report from the State Highway Crash Reports and presents the information in standard
graphs and charts. This report only analyzes state highways. Only ODOT employees can access
this internal tool by contacting Information Services.

Crash Summary Database (ODOT Employees Only)

The Crash Summary Database, produced annually since 1990, is useful to generate quick
summary reports that are often sufficient to answer questions when there is not time to do a
detailed analysis. This software must be installed by an Information Services field technician.
The crash summary database is a product of the most current Safety Priority Index System
(SPIS) run so it uses the same three years of data. The crash summary gives an estimated crash
rate based on the number of crashes, the average of the AADTS at the beginning and ending mile
points of the segment and the numeric difference in the same mile points. This summary does not
account for interruptions in the mile point distance (equations) or variation in the volumes when
crossing multiple segments. The output reports only an estimated value along with the highest
and number of SPIS sites within the section. It should not be used to report a formal crash rate
unless all of the above items have been accounted for.

4.2.6 What Data to Report

When reporting the results of a crash analysis the narrative should describe the data and
assumptions used, trends observed in the data, and the results of any crash analysis performed.
Special consideration should be given to characterizing fatal and injury-A crashes and crashes
involving transit, pedestrians, and bicyclists. The appendix should include data sufficient to
reproduce the analysis, including the complete crash records used.

Try to use words like “more crashes than expected,” “over-representation of crashes,” “requires
more investigation,” or “will likely reduce crashes” when speaking about safety review locations.
These words are more defensible because they are based on quantitative data and analysis. Avoid
using subjective or qualitative words like “problem,” “hazard,” “unsafe,” etc.

e Crash Analysis Narrative
o Data sources
o0 Years of analysis
o Assumptions used, including reference population descriptions
0 General crash trends and traffic conditions
o Description of fatal, injury-A, transit, pedestrian, and bicycle crashes
e Crash Analysis Results Summary (as applicable)
o Crash frequency per year at each study location by severity and by collision type

Analysis Procedure Manual Version 2 4-52 Last Updated 09/2016


http://www.oregon.gov/ODOT/HWY/TRAFFIC-ROADWAY/highway_safety.shtml#Analysis_Tools___Data_

Crash rates and critical crash rates, including comparisons to statewide averages
Locations exceeding critical crash rates

Locations with an excess proportion of specific crash types

Excess expected average crash frequency

Predicted average crash frequency

PLANSAFE results

e Appendix (as applicable)

Crash records, including the corresponding study location assigned to each
Reference population statistics and descriptions

AADT values used for each study location

Unabridged critical crash rate results

Unabridged excess proportion of specific crash type results

Predictive method characteristics and results

o O 0000 O0

O O0OO0OO0Oo

4.3 Screening Methods

Screening methods are used to quickly characterize observed crash data from a large study area
using a minimum of extra data. The results are used to identify a smaller set of locations that can
then be analyzed in more detail. The HSM discusses network screening in more detail in Part B,
Chapter 4. Screening methods are recommended for use with large-scale planning efforts such as
Transportation System Plans (TSPs) and refinement plans. The flow chart in Exhibit 4-6 gives an
overview of the process for crash data screening.
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Exhibit 4-6: Crash Screening

Crash Screening

Process for Transportation System Plans and High-Lewvel Comidor Plans. CCR (left path) screens for high crash
frequency. EP {night path) screens for overexpressed crashcharacteristics. Some steps are common to both.
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4.3.1Safety Priority Index System (SPIS)

Recommended Uses | All project types

Data Required None

More Information Safety Priority Index System website

The SPIS is an analysis tool used by ODOT that provides an automated method of screening and
ranking of state highway segments. SPIS All-Roads covers all local roadways that have traffic
volume data available in addition to state highways (typically these include all functionally
classed public roads in Oregon). SPIS incorporates crash rate, frequency and severity
components to generate a single index to compare a roadway or intersection. Each annual SPIS
list uses crash data from the three most recent available years.

Locations with the top 5% and 10% are determined for each year of data and reported as
locations for further investigation. Detailed documentation on SPIS can be found on the Safety
Priority Index System website.

As part of a complete safety analysis, the analyst needs to identify and report any top 5% sites in
the study area along with a summary of crash trend information that may contribute to the SPIS
score. Overlapping segments should be reported as one group using only the highest SPIS score.
The analyst should identify relevant improvements and/or countermeasures and whether any
interim roadway or operational changes have taken place since the data were collected. Identified
SPIS sites may differ from those highlighted using the previously identified in HSM screening
methods due to differences in methodology.

The top 5% SPIS ranking requires the Region Traffic offices to conduct a safety investigation
each year to determine if there is an appropriate safety improvement fix to the problem. Contact
the Region Traffic office to obtain any applicable safety investigations performed in the study
area. The SPIS ranking can be determined by contacting the appropriate Region Traffic office for
assistance or on the SPIS webpage.

4.3.20regon Adjustable Safety Index System (OASIS) (ODOT Employees Only)

OASIS was developed as an online safety analysis tool that is capable of performing “SPIS-like”
safety analysis while allowing users to vary the settings, crash conditions, and scoring formula.
Parameters and filters that can be modified in OASIS include:

Crash Years

Segment Length

Segment Qualifier (minimum crash history required for inclusion in analysis)
Road Jurisdiction

Collision Type

Light Condition

Road Surface Condition

Work Zone Involved
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Speed Involved

Alcohol or Drugs Involved
Pedestrian or Bike Involved
Truck Involved

Deer or Elk Involved

Cell Phone Involved

Scoring Formula and Weighting

The OASIS tool allows the user to quickly create a statewide custom safety analyses, for
example, examining only crashes involving pedestrians and bicyclists. This program is available
only to Traffic Roadway staff and ODOT Region Staff.

4.3.3Reference Populations

Recommended Uses | Critical Crash Rate and Excess Proportions of Specific Crash Types

Data Required Crash frequency for target crash types of interest

Site characteristics such as:

Land Use (Rural/Urban)

Geometry (Number of through lanes, intersection legs, etc.)
Traffic Control (Signalized, two-way stop control, etc.)
AADT Traffic Volumes

More Information HSM Part B, Chapter 4, Section 4.2.2

Reference populations are central to the HSM screening methods presented in this chapter.
Reference populations are groups of study sites (such as intersections or roadway segments) that
have similar characteristics and serve as a comparison for evaluating safety performance.

Reference populations represent the typical safety performance for a specific type of study site.
The safety performance of an individual study site is compared to the average safety
performance of a reference population, using either the Critical Crash Rate method or the Excess
Proportion of Specific Crash Types method to establish a performance standard specific to the
study site and reference population.

Potential characteristics that can be used to define reference populations include:

e Traffic control (e.g., signalized, two-way or four-way stop control, yield control,
roundabout)

Number of approaches (e.g., three-leg or four-leg intersections)

Cross-section (e.g., number of through lanes and/or turning lanes)

Functional classification (e.g., arterial, collector, local)

Adjacent land use (e.g., urban, suburban, rural)

Traffic volume ranges [e.qg., total entering volume (TEV), peak hour volume, average
annual daily traffic (AADT)]

Terrain (e.g., flat, rolling, mountainous)

e Access density (e.g., driveway and intersection spacing)
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e Median type and/or width
e Operating or posted speed

Defining characteristics for a reference population will vary depending on the amount of detail
known about each study site, the size of the network to be screened, and the focus of the safety
analysis. Each reference population must contain at least five sites to be statistically valid.

Reference populations may be composed of “internal” or “external” sites, or a combination of
both. Internal sites are locations being studied for the safety analysis; external sites are locations
not being studied for the safety analysis.

For example, a city TSP may be screening the safety performance of a variety of intersections
within the city. An internal reference population might be composed of four-way stop-controlled
intersections being screened in the city. An external reference population might be composed of
four-way stop-controlled intersections from similar adjacent cities.

Internal reference populations are the minimum requirement for network screening. Since all
data are being collected for the project, there is no need to gather extra data. Internal reference
populations are best for prioritizing locations within a study area or for identifying outliers
within a study area.

External reference populations may be used when it is desired to assess statewide safety
performance conditions to assess statewide safety performance, use the mean crash rate from
Exhibit 4-1.

When reporting screening results, clearly identify the reference populations used.

4.3.4Critical Crash Rate

Recommended Uses | Transportation System Plans and Corridor Plans

May be used for existing conditions assessment in development review or
project development when predictive methods are unavailable

Data Required Crash frequency by severity
AADT traffic volumes
Reference populations

More Information HSM Part B, Chapter 4, Section 4.4.2.5

Crash rates describe crash frequency in relation to traffic volume. Crash rates at intersections are
typically given in units of crashes per million entering vehicles (crashes/MEV). Crash rates for
segments are typically given in units of crashes per million vehicle miles traveled
[crashes/million vehicle miles traveled (MVVMT)]. It is recommended that Annual Average Daily
Traffic (AADT) values be used in calculating crash rates. APM Section 5.7 contains procedures
for calculating AADT. If AADT data are not available, Average Daily Traffic (ADT) can be
substituted.

The Critical Crash Rate analysis method evaluates each study site’s crash rate compared to the
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average crash rate of that site’s reference population. Study sites with significantly higher crash
rates (exceeding the Critical Crash Rate) are identified for further analysis.

The Critical Crash Rate method evaluates the overall magnitude of the observed crash rate for
one target crash type at a time. Two variations on Critical Crash Rate are commonly used, one
evaluating total crash rate and one evaluating the crash rate considering only fatal and injury-A
severity crashes.

The Critical Crash Rate method does not allow for estimates of future safety performance and
cannot be used for evaluating alternatives. This method does not address RTM, so short time
periods (less than three years) should not be used. Crash rates also do not account for the non-
linearity of crash frequency with respect to traffic volumes. Analysts should be aware that crash
rates may be reduced simply by an increase in traffic volumes alone. A reduction in crash rate at
higher traffic volumes is often the expected roadway behavior and does not indicate a
fundamental change in underlying safety performance. The predictive methods discussed in
APM Section 0 can address all three of these limitations.

A spreadsheet is available from the safety analysis tools section of the ODOT Transportation
Development Planning Technical Tools website that automates much of the Critical Crash Rate
calculations.

The general procedure for network screening using the Critical Crash Rate method is as follows:

1. Identify analysis sites and assign observed crashes (see APM Section 4.2.3)

2. For each analysis site, using the target crash frequency and AADT traffic volume
calculate the crash rate (or observed crash rate) on a MEV basis

3. Establish reference populations and calculate the average crash rate for each reference

population

Choose the desired statistical significance level (95% is recommended)

For each analysis site, calculate the reference population critical crash rate. This value is

unique for each analysis site and is a function of the reference population average crash

rate, traffic volume at the site, and the desired statistical significance.

6. For each analysis site, calculate the statewide comparison critical crash rate. This value is
unique for each analysis site and is a function of the mean crash rate from Exhibit 4-1,
traffic volume at the site, and the desired statistical significance.

7. Identify any sites where the observed crash rate is greater than the calculated reference
population critical crash rates

8. Identify any sites where the observed crash rate is greater than the calculated statewide
comparison critical crash rates

9. Identify any sites where the observed crash rate is greater than the published statewide
comparison rates. Intersections should also be compared with the 90™ percentile rates in
Exhibit 4-1. Segments should also be compared with the average rates in Crash Rate
Table 11.

SRR

This process is repeated for each area of interest. The analysis should be done using a critical
crash rate based on total crashes. An additional suggested analysis is to use a critical crash rate
based on only fatal and injury-A severity crashes. If multiple sets of reference populations are

Analysis Procedure Manual Version 2 4-58 Last Updated 09/2016


http://www.oregon.gov/ODOT/TD/TP/Pages/Tools.aspx
http://www.oregon.gov/ODOT/TD/TP/Pages/Tools.aspx
http://www.oregon.gov/ODOT/TD/TDATA/car/docs/Crash_Rate_Table_II.pdf
http://www.oregon.gov/ODOT/TD/TDATA/car/docs/Crash_Rate_Table_II.pdf

being used (e.g., internal and external), the process is repeated for each set of reference
populations.

The process is generally the same for intersections and for segments. Intersection critical crash
rate analysis should use only crashes associated with intersections and segment critical crash rate
analysis should use only crashes associated with segments (see APM Section 4.2.3).

For intersections and segments, the crash rate is derived using different measures of traffic
exposure. For intersections, crash rates are derived using Million Entering Vehicles (MEV),
while segments are derived using Million Vehicle Miles Traveled (MVMT).

_ AADT x365xn
~ 1,000,000
MEV = Million Entering Vehicles
n = Number of Years
AADT xLx365xn

1,000,000
MVMT = Million Vehicle — Miles of Travel
L = Segment Length
n = Number of Years

MEV

MVMT =

Segments also must be divided into sites that are similar in character, as described in APM
Section 4.3.3 on reference populations. Segment boundaries should be placed where the
reference population changes, at intersections that have observed crashes, and at other logical
breakpoints in order for segments not to exceed two or three miles in length. For some very long
corridors such as in rural eastern Oregon, segments could be up to five miles in length. Segments
should ideally be close to one mile in length. For urban areas, obtaining one mile segments is
difficult, however the majority of urban crashes are intersection related. Short sections less than a
half mile in length typically skew the crash rates and should be avoided.

However, it may not be possible to avoid short segments in which case the length

should be normalized to a mile and the rate recalculated. This recalculated rate
would be compared to Table 11 to see if it still exceeds. For example, if a 0.25 mi
segment had a crash rate of 8.0 crashes per MVMT, then the normalized rate would
be 8.0 crashes per MVMT x 0.25 mile = 2.0 crashes per MVMT.

For segments on milepointed highways, length may be calculated based on Begin and End
Milepoint. All crashes (both intersection and non-intersection) are included in a Table Il-based
segment crash analysis. Segment lengths need to be adjusted if they contain a milepoint equation.
Milepoint equations can be found from the Equations and Milepoint Range Report.
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When reporting the results of this method, include the following for each target crash type:

Crash frequency for each analysis site

AADT (or ADT) traffic volume for each analysis site
Reference population characteristics and summary statistics
Observed crash rate for each analysis site

Critical crash rate for each analysis site

Sites identified as exceeding their critical crash rate

For this method to be statistically valid, there needs to be at least five to ten sites in each
reference population. If there are fewer than five sites available to create a reference population,
these methods do not apply (since there are not enough sites to screen). This method may also
produce small crash rate variances that may overlook sites with a significant crash problem.
Also, the sites within the study area reference populations may have different variances when
compared to similar sites statewide. To minimize these issues, crash rates should also be
compared to published statewide crash rates as described below. The Critical Crash Rate method
can also be used for a statewide comparison by replacing the reference population average crash
rate with the appropriate mean crash rate from Exhibit 4-1.

Segment crash rates should be compared to the appropriate average crash rate from the Oregon
State Highway Crash Rate Tables, annually published by the ODOT CAR Unit. In this
document, crash rates for given segments of all state highways are calculated and listed for each
of the last five years.

Crash Rate Table 11 is the primary table used in segment crash rate analysis. It shows statewide
average crash rates for each of the last five years, by urban and rural area, and by roadway
classification. Federal functional classifications can be found on the ODOT Federal Functional
Classification (FC) webpage.

The following examples illustrate the calculation of MEV, segment crash rates, and the
calculation of Critical Crash Rates for intersections and segments.

Example 4-1: Segment Crash Rate Calculation and Comparison

A 1.6-mile principal highway segment in a rural area has experienced 22 reported crashes over
the last three years. The segment AADT from the State Highway Vehicle Classification Data
Report is 23,000.

Number of Crashes X 1,000,000

Length (in miles) X AADT X (Yrs X 365)
22 X1,000,000
1.6 X 23,000 X 3Yrs X 365
0.55 Crashes per Million Vehicle Miles (MVM)

Rate
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As shown in the table below, the statewide average crash rates are:

2005 0.67
2006 0.69
2007 0.68

Average  0.68

The segment crash rate of 0.55 is less than the average statewide rate of 0.68.
Statewide Crash Rate Table

TABLE lI: FIVE-YEAR COMPARISON OF STATE HIGHWAY CRASH RATES
Table |l presents a comparison of state highway crash rates for the past five years, for urban and
rural areas, by functional classification. Mileage is shown for the current data year only.
See Table IV for information on official highway mileage and VMT data
JURISDICTION AND 2007 2006 2005 2004 2003
FUNCTIONAL CLASSIFICATION MILES* Rate Rate Rate Rate Rate
TOTAL STATE HWY SYSTEM 7,455.23 0.85 0.85 0.87 0.79 0.98
Interstate Freeways 729.57 0.38 0.39 041 0.38 042
Other Fwys/Expressways 52.26 0.73 0.78 0.80 078 0.87
Non-Freeways (combined) 6673.40 1.27 1.26 125 113 145
Other Principal Arterials 3,281.04 1.28 1.29 1.28 1.16 1.52
Minor Arterials 1,964.61 1.20 1.14 1.14 1.02 120
Urban Collectors 8.69 1.10 0.68 1.19 123 208
Rural Major Collectors 1,382.20 1.25 1.1 1.14 093 125
Rural Minor Collectors 36.86 0.64 0.66 1.30 0.32 1.30
Rural Local 0.00 0.00 16.52 423 268 8.06
Rural Areas 6,414.01 0.58 0.58 0.59 0.51 0.59
Interstate Freeways 539.37 0.28 0.2 0.31 025 0.26
Non-Freeways (combined) 5874.64 0.79 0.77 0.77 068 0.80
Other Principal Arterials 2,658.39 0.68 0.69 0.67 061 0.71
Minor Arterials 1,839.04 0.99 0.93 0.98 0.83 0.97
Rural Major Collectors 1,340.60 124 1.08 1.10 092 120
Rural Minor Collectors 36.61 0.69 0.36 140 0.35 140
Rural Local 0.00 0.00 16.52 423 268 8.06
* Couplet and Roadway 3 data are included. Frontage moad and connection data are excluded

A segment crash rate that exceeds the statewide average crash rate may be an indication that
further investigation is necessary, although it is possible that upon further investigation it may be
determined that no improvements are necessary. Likewise, cost-effective improvements to
reduce crashes could still be identified even with a segment crash rate lower than the statewide
average.

Example 4-2: Million Entering Vehicles (MEV)

As a part of an urban street modernization project, a safety analysis needs to be done for Main St.
This street is a congested urban corridor with a mixture of unsignalized and signalized
intersections with varying numbers of lanes.

Traffic counts were taken at each intersection and crashes for the previous five years have been
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compiled. In order to calculate the HSM Ceritical Crash Rate the total MEV is needed for each
intersection.

Data Needs

Directional count data are needed for each leg of each intersection. If ADT-capable counts are
not available and the best data available are the Traffic Volume Tables (TVT) or a non-
directional tubular count, a 50/50 directional split can be assumed. For the intersection of Main
St. and 3" St., ADTSs entering the intersection from each leg were developed and are shown in
the diagram below. See Chapter 5 for the process to develop directional ADTSs.

Entering ADTs at Main St and 3rd St

Step 1: Adjustment of ADTs to AADTs

The ADTs entering the intersection need to be converted to AADTS. See Chapter 5 for the
process to develop the appropriate adjustment factors. Note: If using the TVT for volumes, this
step does not apply. The volumes in the TVT have already been adjusted to AADT. In this case
move directly to Step 2.

AADT = ADT x Adjustment Factor*

Entering AADTSs at Main Street and 3rd Street
AADT, = 23936 % 0.94 = 22500

AADT, ,, =11489x0.94 =10800

AADT,,, =9149x0.94 =8600

AADT,,., =5000x0.94 = 4700
* See Chapter 5 for steps to calculate the adjustment factor.
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Step 2: Million Entering Vehicles (MEV)
Total Entering AADT = z Entering AADTS

Total Entering AADT, ... sreetatsrd sreet = 22500 +10800 + 8600 + 4700 = 46,600

Total Entering AADT x365xn
1,000,000
AADT = AnnualAverage Daily Traffic
n = Number of Years
_ 46,600x365x5
Main Street at 3rd Street — 1'000’000

MEV =

MEV =85.0MEV

Example 4-3: HSM Critical Rate for Intersections with Internal Reference Population

As part of an urban street modernization project corridor plan, a safety analysis needs to be done
for Main St. This street is a congested urban corridor with a mixture of unsignalized and
signalized intersections with varying numbers of lanes.

The project engineer has created existing year average daily traffic (ADT) volumes from
available intersection counts. The ADT counts were converted into AADT (an average value for
2005-2009 using appropriate seasonal factors and annual growth factors), which are shown as
daily total entering volumes in the figure below. In addition, intersection crash data for the past
five years are shown in the table below. Crash data are summarized by year and by severity.

A critical crash rate analysis will be performed considering all crashes and considering Fatal plus
Injury-A crashes as the target crash type.

Data Needs
Existing Year Annual Average Daily Entering Traffic Volumes

Water St
2nd
3rd
4th
6th
—_

009¢
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Intersection Crashes Per Year

Intersection Type Year Total
2005 | 2006 | 2007 | 2008 | 2009
Water St. Unsignalized 2 1 0 1 2 6
1% st. Unsignalized 0 0 0 0 0 0
2" st. Unsignalized 0 0 0 0 1 1
3 st. Signalized 6 8 5 6 4 29
4™ st Unsignalized 0 0 0 1 1 2
6" St. Unsignalized 6 2 3 2 1 14
7" st. Signalized 3 1 2 6 3 15
8" st. Unsignalized 0 0 2 3 0 5
o™ st. Signalized 3 6 2 0 1 12
Total 20 18 14 19 13 84
Intersection Crashes By Severity
Intersection Type Severity Total
Fatal Inj. A Inj. B Inj. C PDO

Water St. Unsignalized 0 2 0 1 3 6
1% st. Unsignalized 0 0 0 0 0 0
2" st. Unsignalized 0 0 0 0 1

3" st. Signalized 0 3 5 9 12 29
4" st Unsignalized 0 0 0 0 2 2
6" St. Unsignalized 0 5 1 3 5 14
7" st. Signalized 0 1 1 4 9 15
8" st. Unsignalized 0 0 1 1 3 5
o" st. Signalized 0 1 3 3 5 12
Total 0 12 11 21 40 84

The HSM Critical Rate screening method will be used to determine the intersections with the

greatest need.

Note: All sample calculations given at the intersection of Water St. and Main St.
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Step 1: At each intersection, calculate the volume on a Million Entering Vehicle (MEV)

basis

AADT x365xn
1,000,000

MEV = Million Entering Vehicles
n = Number of Years

7,600x365x%x5

1) MEV =

MEV = =13.9 MEV
1,000,000
Step 2: Calculate the crash rate at each intersection
2) R= Crash Total
MEV

n

R = Observed Crash Rate

Crash rate for all crashes
6 0.43 Crashes

R=—
MEV

139
Crash rate for Fatal and Injury-A target crash type

2 Fatal +A Crashes
R,,——=0.14
13.9 MEV
Intersection Daily MEV Crash F+A Crash | Crash Rate F+AF\Q§treash
Volume Q) Total Total 2) @)
Water St. 7,600 13.9 6 2 0.43 0.14
1% st 6,700 12.2 0 0.00 0.00
2" st 10,900 19.9 1 0 0.05 0.00
3" st. 46,600 85.0 29 3 0.34 0.04
4" st 21,500 39.2 2 0 0.05 0.00
6" St. 22,300 40.7 14 5 0.34 0.12
7" st 23,100 42.2 15 1 0.36 0.02
8" st. 19,800 36.1 5 0 0.14 0.00
9™ st. 22,100 40.3 12 1 0.30 0.02
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Step 3: Calculate the average crash per population

(3a) Divide the intersections into varying populations (groups) based on operational (i.e.,
unsignalized/signalized/roundabouts) or geometric (i.e., three-leg/four-leg) differences. Only one
reference population of sufficient size exists for this example. Six intersections fall under the
unsignalized type (Type 1) reference population. There are not enough three-leg or four-leg
unsignalized intersections to further subdivide the reference populations. The critical rate method
cannot be used for the signalized intersections (Type 2) since there are only three in the reference
population. TPAU will be contacted to propose adding external reference sites to the signalized
reference population (not included in this example).

Z(Nobs,i)
(3b) R, =W

R, = Average crash rate for reference population a
Rea@) = Average Fatal + A crash rate for reference population a
Average Crash Rate for Unsignalized Intersections reference population:
R - 6+0+1+2+14+5
13.9+12.2+19.9+39.2+40.7+36.1
017 Crashes

MEV
Average Fatal + Injury-a Crash rate for Unsignalized Intersections reference
population:

2+0+0+0+5+0

R =
FAM " 13.9412.2+19.9+39.2+40.7+36.1
004 Crashes
MEV

Equation (3b) is a reduced version of Equation 4-10 found in the 1% edition

Highway Safety Manual, Volume 1, Chapter 4.

Step 4: Calculate a critical crash rate for each intersection

(4) R, =R, +Confidence Level x R, + L
MEV, 2xMEV,

R, =Critical crash rate

R, =Weighted average crash rate for reference population
Critical crash rate for all crashes

R, =017 +1645x |00, 1 _ g 3qCrashes
139 ' 2x13.9 MEV

Critical crash rate for Fatal + Injury-A crashes
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Reac) =0.04+1.645 ‘/2'04 + L

390  2x139

F + A Crashes

0.17
MEV

Table 4-9 in the HSM (page 4-36) gives P-levels to correspond to differing confidence levels.
Typical use would be 95% confidence (P=1.645).

Intersection Critical Crash L
Intersection Population Type Cras(g)Rate Rate Over(%:)nncal
(3a) 4)
Water St. 1 0.43 0.39 Over
1% st 1 0.00 0.41 Under
2" st 1 0.05 0.35 Under
4™ st 1 0.05 0.29 Under
6" St. 1 0.34 0.29 Over
8™ st. 1 0.14 0.30 Under
Intersection F+A Critical Over F+A
Intersection Population Type G Cr(zgh REUS Crash Rate Critical
(3a) 4) %)
Water St. 1 0.14 0.17 Under
1% st. 1 0.00 0.18 Under
2" st 1 0.00 0.14 Under
4™ st 1 0.00 0.11 Under
6" St. 1 0.12 0.11 Over
8™ st. 1 0.00 0.11 Under

Step 5: Compare observed crash rate with critical crash rate
Compare the critical crash rate with the crash rate for each intersection. Any intersection with a

crash rate that exceeds its critical rate should be flagged for further review.

In the above example, the following intersections were flagged for further analysis:
e Water St. and Main St.
¢ 6" St. and Main St.
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Step 6: Compare observed crash rate with statewide 90" percentile rates (Exhibit 4-1)
The crash rates at all study intersections (including those without a reference population) are
compared to the statewide 90" percentile crash rates for urban three-leg minor stop-controlled
(U3ST), urban four-leg minor stop-controlled (U4ST), and urban four-leg signalized (U4SG)
intersections.

. th
. Intersection Observed Crash StateW|de. 90
Intersection Population Tvpe Rate Percentile
P yp Crash Rate
Water St. U3ST 0.43 0.293
1% st. U3ST 0.00 0.293
2" st U3ST 0.05 0.293
3" st U4SG 0.34 0.860
4" st. U4ST 0.05 0.408
6" st. U4ST 0.34 0.408
7" st U4SG 0.36 0.860
8™ st. U4ST 0.14 0.408
9™ st. U4sG 0.30 0.860

In the above example, the following intersection was flagged for further analysis:
e Water St. and Main St.

Step 7: Conclusions

From the analysis, the intersections of Main St. and Water St. and Main St. and 6™ St. exceed the
critical rate. Main St. and 6™ St. also exceeds the Fatal plus Injury-A critical rate, and the
statewide 90™ percentile crash rate. These intersections are “safety focus” locations that need to
be reviewed in more depth. At a minimum, crashes and patterns need to be identified and
potential countermeasures indicated. More in-depth HSM predictive analysis could be done for
the existing conditions and any later future conditions, which could also include finding the most
cost-effective countermeasures.

Example 4-4: HSM Critical Rate for Intersections with Statewide Reference Population

As part of an RTP update, screening level statewide comparative safety analysis is to be
performed on ten urban four-leg signalized intersections within the RTP area. The goal of this
analysis is to identify intersections that have crash rates above other similar intersection types
statewide. This analysis will consider all crash types and severities.

The project engineer has created existing year average daily traffic (ADT) volumes from
available intersection counts and converted into AADT (total entering volumes). In addition,
intersection crash data for the past five years are shown in the table below. Crash data are
summarized by year and by severity.
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Data Needs

Existing Year Annual Average Daily Entering Traffic Volumes

KO SCALE

—

RTP Area

Intersection Crashes Per Year

Year
Intersection Type 2010 2011 2012 2013 2014 Total

1 Signalized 5 5 3 4 2 19
2 Signalized 4 3 5 4 2 18
3 Signalized 1 1 2 1 1 6

4 Signalized 4 1 1 5 5 16
5 Signalized 4 1 1 4 2 12
6 Signalized 3 3 4 3 3 16
7 Signalized 1 1 1 1 5 9

8 Signalized 4 1 4 5 4 18
9 Signalized 3 1 2 5 1 12
10 Signalized 1 4 1 2 1 9
Total 30 21 24 34 26 135
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The HSM Critical Rate screening method will be used to determine the intersections with the
greatest need.

Note: All sample calculations given for Intersection #1

Step 1: At each intersection, calculate the volume on a Million Entering Vehicle (MEV)
basis
AADT x365xn

1,000,000
MEV = Million Entering Vehicles
n = Number of Years

1) MEV =

MEV — 9,700 x 365x5 _177 MEV
1,000,000
Step 2: Calculate the crash rate at each intersection
2) R= Crash Total
MEV

n

R = Observed Crash Rate
Crash rate for all crashes

R :ﬁ 107 Crashes
17.7 MEV
Intersection Vgﬁjze M(E)V %ﬂ\ Cras(g)Rate
1 9,700 17.7 19 1.07
2 19,700 36.0 18 0.50
3 12,400 22.6 6 0.27
4 12,300 22.4 16 0.71
5 11,000 20.1 12 0.60
6 16,600 30.3 16 0.53
7 11,500 21.0 9 0.43
8 8,000 14.6 18 1.23
9 8,600 15.7 12 0.76
10 11,500 21.0 9 0.43

Step 3: Calculate the average crash per population
(3a) Because this is a statewide comparison, use the mean crash rate for Urban 4SG intersections
from Exhibit 4-1.
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Exhibit 4-1: Intersection Crash Rates per MEV by Land Tyvpe and Traffic Control

Rural Urban
3SG | 3ST | 485G | 4ST | 38G | 38T [ 45G || 4ST
No. of Intersections 7 115 20 60 35 77 106 60
Mean Crash Rate 0.226| 0.196| 0324 | 0434| 0275| 0131 0.477] 0198
Median Crash Rate | 0.163| 0092 | 0320 0267| 0252| 0105| 0420 0145
Standard Deviation | 0185| 0314| 0223 0534 0155| 0121] 0273 0176
52;?:;?““f 0819 1602| 0688 | 1230| 0564| 0924| 0572| 0889
90%: Percentile Rate | 0.464| 0.475| 0579 | 1.080| 0.509| 0293| 0860| 0.408

Source: Assessment Of Statewide ntersection Safety Performance, FHWA-OR-RD-18, Portland State
University and Oregon State University, June 2011, Table 4.1, p. 47.

Note: Traffic control types include 385G (three-leg signalized), 35T (three-leg minor stop-control), 45G
(four-leg signalized), 45T (four-leg minor stop-control).

Step 4: Calculate a critical crash rate for each intersection

(4) R, =R, +Confidence Level x R,
MEV,

1

R. = Critical crash rate

+
2x MEV,

R, =Weighted average crash rate for reference population
Critical crash rate for all crashes

R. =0.477+1.645x

1

17.7

0.477
_l_

2x17.7

0.78

Crashes

MEV

Table 4-9 in the HSM (page 4-36) gives P-levels to correspond to differing confidence levels.
Typical use would be 95% confidence (P=1.645).

Intersection POISL(T;i%Cr:I'CIJ';pe Cras(g)Rate Crltl(i?a;tce:raSh Ol (g)ritical
(3a) (4)

1 Signalized 1.07 0.78 Over

2 Signalized 0.50 0.68 Under

3 Signalized 0.27 0.74 Under

4 Signalized 0.71 0.74 Under

5 Signalized 0.60 0.76 Under

6 Signalized 0.53 0.70 Under

7 Signalized 0.43 0.75 Under

8 Signalized 1.23 0.81 Over

9 Signalized 0.76 0.80 Under

10 Signalized 0.43 0.75 Under
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Step 5: Compare observed crash rate with critical crash rate

Compare the critical crash rate with the crash rate for each intersection. Any intersection with a
crash rate that exceeds its critical rate should be flagged for further review. In the above
example, intersections #1 and #8 were flagged for further analysis.

Step 6: Compare observed crash rate with statewide 90" percentile rates (Exhibit 4-1)
The crash rates at all study intersections (including those without a reference population) are
compared to the statewide 90" percentile crash rates for urban three-leg minor stop-controlled
(U3ST), urban four-leg minor stop-controlled (U4ST), and urban four-leg signalized (U4SG)
intersections.

. th

ntersection | pmersection | Observed Crash | ®pefCente

Crash Rate
2 U4SG 0.50 0.860
3 U4SG 0.27 0.860
4 u4sG 0.71 0.860
5 U4SG 0.60 0.860
6 U4SG 0.53 0.860
7 u4sG 0.43 0.860
9 U4SG 0.76 0.860
10 u4sG 0.43 0.860

In the above example, intersections #1 and #8 are flagged for further analysis.

Step 7: Conclusions

From the analysis, intersections #1 and #8 exceed the critical rate based on a statewide
comparison as well as the statewide 90™ percentile crash rate. These intersections are “safety
focus” locations that need to be reviewed in more depth. At a minimum, crashes and patterns
need to be identified and potential countermeasures indicated. More in-depth HSM predictive
analysis could be done for the existing conditions and any later future conditions, which could
also include finding the most cost-effective countermeasures.

Example 4-5: Critical Crash Rate for Segments

A screening level safety analysis is to be performed on North Santiam Highway, a rural state
highway corridor. The route is approximately 80 miles in length and has both level and rolling
terrain . It contains multilane, two-lane, passing and climbing lane sections. It is desired to
identify segments for further safety analysis. The Critical Crash Rate method will be applied to
segments within the corridor. The study area is shown below.
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Study Area

All sample calculations given are for the reference population 4-lane highway, and

for Segment 5.

Step 1: Obtain comprehensive (PRC) crash report in Excel format for corridor

Five years of crash data should be obtained using the PRC crash report, available for both state
highways and local roads on the ODOT Internal Crash Reports website or the External Crash
Reports website. The PRC report contains multiple records per crash. Only the crash level record
(first record) is needed. The vehicle and participant level records should be filtered out so that
only the crash level record remains for each crash.

Step 2: Filter out urban areas and rural intersections

The PRC report identifies intersection crashes using the RD_CHAR_SHORT_DESC field. Filter
out these crashes. Intersection crashes can generally be assumed to be any that are at an
intersection with at least one crash, plus 0.01 miles on either side of the intersection milepoint, as
well as any coded as intersection-related. Segments are subdivided at intersections with at least
one crash. Intersections with no crashes can be included within segments. The intersections with
crashes can be analyzed separately using the Intersection Critical Rate method described
previously.

Step 3: Obtain AADTSs from the State Highway Vehicle Classification Report
For state highways, AADTSs are obtained from the State Highway Vehicle Classification Report.
For non-state highways, AADTs will need to be calculated following procedures in Chapter 5.

Step 4: Segmenting

Segments are developed based on reference populations. Segment boundaries should be placed
where the reference population changes, at intersections that have crashes, and at other logical
breakpoints in order for segments not to exceed two or three miles in length. For some very long
corridors such as in rural eastern Oregon, segments could be up to five miles in length.

A variety of potential reference populations could be considered, including:

Urban/rural

Freeways/arterials

Number of travel lanes (2, 3, 4, 5, etc.)

Divided/undivided

Presence of auxiliary lanes (passing lanes, climbing lanes)
Terrain (level, rolling and mountainous)

Geographic area or elevation

e AADT level

Data sources for determining reference population boundaries include TransGIS, Transviewer,
the digital video log, and the State Highway Vehicle Classification Report.
At least five segments are needed for each reference population. If there are enough segments, it

Analysis Procedure Manual Version 2 4-73 Last Updated 09/2016


http://highway.intranet.odot.state.or.us/tad/tvc/
https://zigzag.odot.state.or.us/
https://zigzag.odot.state.or.us/

may be possible to have subgroupings, such as initially by number of lanes and then by terrain. It
may also be desirable to separately analyze more than one reference population. This may help to
further identify crash trends. Specific types of crashes could be examined as well, such as those
involving snow and ice or fatal and injury crashes.

Freeway reference populations could include basic freeway lane sections, weave sections, and
ramp merge or diverge sections.

Each segment is assigned a Begin and End Milepoint. Segment lengths need to be adjusted if
they contain a milepoint equation. Milepoint equations can be found from the Equations and
Milepoint Range Report.

Step 5: Identify the number of crashes in each segment

Each segment is assigned the total number of crashes within that segment. This process can be
automated using the PRC crash data from Step 1 as a lookup table to sum the number of crashes
in each segment between begin and end milepoints.

In this example, five segments were identified within the reference population of four-lane
divided highway segments, as show in the following table.

. 5-Year
S PopRueI;(?[irgrq cil?ype Mﬁ:ggi]nt MiIEeBgint (.:I.r;zrl\ AADT Cé:feh
1 4 Lane Divided 4.10 6.84 21 24400 0.17
2 4 Lane Divided 6.88 8.89 7 19100 0.10
3 4 Lane Divided 8.93 11.53 8 19100 0.09
4 4 Lane Divided 11.54 13.23 8 13100 0.20
5 4 Lane Divided 13.24 13.80 5 8900 0.55

Step 6: Calculate the crash rate for each segment
The remaining steps can be automated using the Critical Rate Calculator. It is convenient if the
data previously developed is formatted to paste directly into the calculator input cells.
1) MVMT = AADT x Lx365xn
1,000,000

MVMT = Million Vehicle — Miles of Travel

L = Segment Length

n = Number of Years

Number of Crashes

MVMT
The MVMT for Segment 5 is calculated as follows:

iy - 8900x (1380 -13.24)x365x5 _
1,000,000

R = Crash Rate =

The crash rate for Segment 5 is calculated as follows:
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R= S 0.55
9.10

Step 7: Calculate the average crash rate for each reference population
Z(Nobs,i)
Ve
> (MVMT,)
i=1

R, = Average segment crash rate for reference population a

For the reference population of four-lane divided highway segments, the average crash rate is
calculated as follows:
21+7+8+8+5

R =
' 122.01+70.06+90.63+40.40+9.10

=0.15Crashes/ MVMT

Step 8: Calculate a critical crash rate for each segment

(3) R, =R, +Confidence Level x Ry + 1
MVMT,  2x MVMT,

R, = Critical crash rate

R, =Weighted average crash rate for reference population
The segment 5 critical crash rate is calculated as follows:

RC=O.15+1.645><‘/%+ L =0.41Crashes/ MVMT
910 2x9.10

Step 9: Compare observed crash rate with critical crash rate
Segments can be ranked and prioritized by the amount the segment crash rate exceeds its critical
rate. Mapping the safety priority locations may be desirable for visualization.

Segments identified for further analysis can then be analyzed in more detail by identifying
specific crash types, causes, and locations within the segment. For example, for a climbing lane
segment, each portion of the climbing lane can be examined—the uphill, crest, and downhill
sides.

For Segment 5, the observed crash rate is 0.55, which exceeds Segment 5’s critical crash rate of
0.41.

Step 10: Conclusions

From the analysis, Segment 5 exceeds the critical rate and is a “safety focus” location that needs
to be reviewed in more detail. At a minimum, crashes and patterns need to be identified and
potential countermeasures indicated. More in-depth HSM predictive analysis could be done for
the existing conditions and any later future conditions, which could also include finding the most
cost-effective countermeasures. A variation of this method could be to calculate fatal and injury-
only crash rates. This could help to identify segments with potential crash severity issues.
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4.3.5Excess Proportion of Specific Crash Types

Recommended Uses | Transportation System Plans and Corridor Plans

May be used for existing conditions assessment in development review or
project development when predictive methods are unavailable

Data Required Crash frequency by collision type, and pedestrian and bicyclist involvement
Reference populations
More Information HSM Part B, Chapter 4, Section 4.4.2.10.

The example in HSM Section 4.4.2.9 has a number of errors and the APM

spreadsheet should be followed instead.

The Excess Proportion of Specific Crash Types method quantifies the extent to which a specific
crash type (the target crash type) is overrepresented at an analysis site, compared to the average
representation within a reference population. Sites with significant overrepresentation are “safety
focus” locations identified for further analysis. Since it does not require traffic volumes, it is well
suited to large-scale regional analysis.

This analysis method can be used to assess any number of target crash types simultaneously.
Analysis of collision type, pedestrian involvement, and bicyclist involvement are required. The
analyst is encouraged to additionally include other crash characteristics that may be relevant to
the project.

The Excess Proportion of Specific Crash Types analysis does not consider the overall frequency
or rate of crashes, instead it considers only the types of crashes observed. It is useful for
identifying locations that may benefit from targeted countermeasures. This method is best used
in conjunction with Critical Crash Rate, as the two methods have complementary strengths and
weaknesses.

This method does not allow for estimates of future safety performance and cannot be used for
evaluating alternatives.

This method is generally unaffected by RTM. However, the analysis may be of limited
usefulness for small study areas having low crash frequencies of the target crash type. For this
method to be statistically valid, there needs to be at least five sites in each reference population.
In addition, a minimum of two of those sites must have two or more observed crashes of the
target crash type. It is preferred to have more than the minimum number of sites.
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X7 While the methodology will work with only two sites, caution should be exercised
where there are fewer than 5 sites meeting the criteria. If this is an issue and the
study area is a portion of an urban area, expanding the study area for this

methodology to include the entire urban area should be considered. Also,
expanding the number of years of crash records should be considered as long as no
significant changes occurred within that timeframe that may have affected crash
history.

A spreadsheet is available under safety analysis tools on the ODOT Transportation Development
Planning Technical Tools webpage that automates much of the Excess Proportion of Specific
Crash Types analysis. The analyst can provide input data in a summary table manually or can use
automated extraction macros to analyze a PRC comprehensive crash summary report directly
from ODOT. If the automated method is used, the results should be reviewed to ensure that all
intersection-related crashes have been included, even those not identified as such in the records.
The analyst must clean and format the results as described in the instructions tab before use.

v Using the automated process still requires cleaning of the data as described in the

instructions for the spreadsheet. The cleaning becomes more time consuming when
using local roadways.

The general procedure for network screening using the Excess Proportion of Specific Crash
Types method is as follows:

1. Identify analysis sites and assign observed crashes (see APM Section 4.2.3)

2. For each analysis site, determine the total crash frequency and the crash frequency for the
target crash type

3. For each analysis site, calculate the proportion of total crashes for the target crash type.
This is the number of target crashes divided by the number of total crashes (the observed
proportion)

4. Establish reference populations and calculate the proportion of total crashes for the target
crash type for each reference population (the threshold proportion)

5. Calculate the sample variance and “alpha” and “beta” parameters for the target crash type
for each reference population

6. Using these results, at each site calculate the probability of the observed proportion
exceeding the threshold proportion

7. Select the limiting probability for the analysis. Only sites with a probability over this
limiting probability will be further evaluated. The recommended minimum value is 60%,
but higher values can be used to limit the number of sites to a reasonable study size. The
limiting probability can be interpreted as the likelihood that the expected long-term
observed proportion actually exceeds the expected long-term threshold proportion.

8. For all sites that exceed the limiting probability, calculate the excess proportion of the
target crash type by subtracting the threshold proportion from the observed proportion.
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This process is repeated for each target crash type. If multiple sets of reference populations are
being used (e.g., internal and external), the process is repeated for each set of reference
populations.

Results can be used to help diagnose crash trends at each analysis site. For each target crash type,
the greater the excess proportion, the greater the likelihood that the site will benefit from a
countermeasure that addresses that crash type.

When reporting the results of this method, the following should be included:

Crash frequency of each target crash type at each analysis site
Reference population characteristics and summary statistics
Limiting probability used

Excess proportion of each target crash type at each analysis site

Example 4-6: HSM Excess Proportions at Intersections

As a part of a corridor safety project, a safety analysis needs to be completed for 25 intersections
along Salem Highway (#072). The focus of this study is to increase safety by reducing angle
crashes. The project is to reduce crashes at five intersections along the corridor. There are no
ADT-capable counts along the corridor and the budget does not allow for taking any new counts.
Crashes occurring along the corridor are examined, and those that are determined to be
intersection crashes (see APM Section 4.2.3) are summarized by intersection and crash
characteristics. The analyst also has the option of importing the length of the highway in
question using the spreadsheet to summarize the data. Using the PRC data requires a cleaning
process to take place after the data is pulled.
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General & Site Information

Analyst: LIP
Agency/Company: 0oDOT
Date: /716
Project Name: APM Example 4-6
Highway Mumber and Name: 072 Salem Hwy
Mile Points: All
Crash Years Pulled: 2008-2011

Calculate Probability

Intersection Crash Data
Type of Crash
MP Reference Pop Strest 1 Street 2 Angle Rear Total

154 456G Salem Parkway Verda Ln NE 5 14 22
3.16 A5G Broadway St NE Salem Parkway 13 17 36
SHEE 38T Hickory St NE Liberty St NE 1 0 2
3.56 38T Commercial St NE  [Hickory St NE 4 0 5
3.57 358G Commercial St NE  |Pine St NE 3 3 8
3.62 356G Liberty S5t NE Pine 5t NE 18 2 20
373 35T Grove St NE Liberty St NE 2 1 5
4.24 38T Commercial St NE  |Hood St NE 7 3 13
4.30 38T Commercial St NE  |Gaines St NE 2 8 10
4.36 356G Commercial St NE  |Market St NE 5 13 24
479 358G Commercial St NE  |Union St NE 14 3 22
4.84 35T Front St Parkway NE |Union St NE 5 3 13
4.85 358G Commercial St NE  |Marion St NE 3 8 42
539 386G Commercial 3t NE  [Ferry St SE 20 7 33
543 386G Commercial St NE  [Trade St SE 8 6 31
547 358G Ferry St SE Liberty St SE 8 3 19
5.52 35G Liberty 5t SE Trade 5t SE 10 3 18
5.65 358G Church St SE Ferry St SE 5 8 18
5.69 356G Church St SE Trade St SE 5 1 7
5.93 456G Pringle Creek Parkway{Winter St NE 3 6 13
6.20 486 Pringle Creek Parkway12th 5t SE 4 10 18
6.77 335G Mission 5t SE 17th 5t SE 1 23 33
7.52 456 Mission St SE 25th St SE 2 a0 60
7.92 486G Mission St SE Tumer Rd SE 3 36 51
8.26 35G Hawthorne Ave SE |Mission 5t SE 5 68 44

Step 1: Organize Sites into Reference Populations

Intersections are divided into reference populations by traffic control and number of intersection
legs (see APM Section 4.3.3). Reference populations are identified by the analyst during the
initial steps of the spreadsheet. Each intersection is then placed into a reference population. Use
of the digital video log, aerial photos and other electronic sources is suggested for placing

intersections into reference population.

The next 6 steps are all done within the spreadsheet. Once the sites have been organized, the

spreadsheet can calculate the following steps.

Step 2: Calculate Observed Proportions

N

observed i

pi:N

observed,i(total)

Where: Pj= Observed proportion at site i
Nobserved,i= NUMber of observed target crashes at i

Nobserved’i(totaD: TOta| number Of CraSheS a.t i
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Step 3: Calculate a Threshold Proportion

2 / Nobserved,i

- Z Nobserved,i(total)
Where: P;= Threshold proportion

> Nobserved,i= Sum of observed target crash frequency within the population
2 Nobserved,itotaly= Sum of total observed crash frequency within population

P

Step 4: Calculate Sample Variance®
E2(x) [Var(X) N Var(Y) Cov(X,Y)
E*(y)| E*(X)  E*(Y)  EQOE(Y)

Var(X/Y) =

Where:
E(X) = Mean number of target crashes.
E(Y) = Mean number of total crashes
Cov(X,Y) = using the Excel Covariance function (COVARIANCE.S)
Var(x) = using the Excel Variance function (VAR.S)
Var(Y) = use the Excel Variance function (VAR.S)

G If the number of sites with more than two type ‘i’ crashes is not greater than one,
the variance is zero. There are also rare instances where the variance is calculated

to be zero. If the variance is zero, the probability cannot be calculated because
there is nothing to compare.

Step 5: Calculate the Alpha and Beta Parameters
2 3 [ 2
B P —P% _szkp*i )
B Var(N)
f==—ua
124

Where:

Niies = Total number of sites being analyzed

P* = Threshold proportion

Pi = Observed proportion
Var(N) =s?

Step 6: Use the Excel Function to Calculate the Beta Distribution

Pi >p; ) 1 b . *
= 1— betadist(p;,a + N, b+ N ; _ .
p<Nobserved,i'Nobserved,i(total) (pl ’ observed,ir :8 observed,i (total)—N,pserved,i

! This replaces Equation 4-20 in HSM 1st Edition 2010, which was found to have a number of errors.
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Where;

P*. = Threshold proportion
P, = Observed proportion

N Total number of crashes for site i

observed (total ) =

— Observed target crashes for site i

observed,i

The resulting number is the probability of a specific crash type being greater than the long-term
expected proportion of that crash type at the specified intersection type.

Steps 7 and 8: Choose Limiting Probability and Calculate the Excess Proportion
Par =P — P
Where:
p*, =Threshold proportion
p, =Observed proportion

The spreadsheet first calculates the probability of each crash type exceeding a threshold
proportion. . The calculated probability can be interpreted as the likelihood that the long-term
expected proportion of a crash type at the intersection is greater than the threshold proportion.
In order to calculate the excess proportion the analyst must use engineering judgement to set the
limiting probability. According to the HSM “the selection of a limiting probability can vary
depending on the probabilities of each specific crash type exceeding a threshold proportion. If
many sites have a high probability the limiting probability can be set higher.” The default
limiting probability of the spreadsheet is 90% but is adjustable. The excess proportion that is
calculated is simply the difference in the observed crash proportion and the threshold proportion
for the reference population. The data output and a short explanation of the output for this
example is shown here. The spreadsheet places the output onto the Probability tab. If the analyst
chooses, they can use the “Create Report” button to create a printer friendly summary of the
intersections with an excess proportion.

Steps 9: Interpreting Results

The Report Tab summarizes those intersections with a probability greater than the set limiting
probability. It separates out each crash type and sorts each crash type by descending Excess
Proportion. According to the HSM, the greater the excess proportion, “the greater the likelihood
that the site will benefit from a countermeasure targeted at the collision type under
consideration.”
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Genaral & Sita

Analyst: LF Highway Number and Name 072, Old Salem Hwy Notes
|Agency/Company. oDoT Wile Points: Al
Date: 1/26/2016 Crash Years Pulled: 2008-2011
Project Nzme: APM Example 4.6 Limiting Probability 0.3
Angle Crashes Rear Crashes
Excess Excess Excess

MP RefPop  Street1l Street2 Probability Proportion  MP RefPop  Strest1 Street2 Probability Proportion  MP RefPop  Strestl Street2 Probabilit Proportion

362 356 Liberty St NE Pine St NE 1.00 0.62 43 35T Commercia 15t NE Gaines StNE 1.00 0.43

473 336 Commercial St NE Unien StNE 1.00 0.36 2.26 336 Hawthorne Ave SE Mission St SE 1.00 0.40

5.33 336 Commercial StNE FerryStSE 1.00 032 £.77 336 Mission St SE 17thStSE 1.00 0.28

5.52 336 Liberty 5t SE Trade 5t SE 0.33 0.27 7.52 436 Mission St SE 25th St SE 1.00 017

3.1 456 BroadwayStNE  Salem Parkway 100 0.21

5.47 356 Ferry StSE Libarty $tSE 0.50 0.14

Fix Crashes
Excess
MP RefPop  Streetl Street2 Probability Proportion
6.2 456 Pringle Creek Park 12th St SE 0.57 0.08

5.43 336 Commercial St NE Trade $tSE 0.95 0.06

4,85 336 Commercial StNE Marion St NE 0.92 0.04

3.16 456 BroadwayStNE  Salem Parkway 093 0.02

Head Crashes

Excess
MP RefPop  Streetl Street2 Probability Proportion
5.43 356 ‘Commercial ISt NE Trade StSE 1.00 0.04
4,85 336 Commercial StNE Marion St NE 1.00 0.02
NonCol Crashes
Excess
MP RefPop  Streetl Street2 Probability Proportion
543 356 Commercial 5t NE Trade StSE 093 0.06
485 356 ‘Commercial 15t NE Marion 5t NE 0395 0.06
55-M Crashes
Excess
MP RefPop  Streetl Street2 Probability Proportion
4,85 336 Commercial StNE Marion St NE 100 0.07
5.47 356 Ferry StSE Libarty StSE 100 0.06
5.43 356 Commercial StNE Trade $tSE 100 0.05
479 356 ‘Commercial 5t NE Union St NE 1.00 0.04
677 356 Mission StSE 17th 5t SE 1.00 0.04
) 436 356 ‘Commercial 15t NE Market S5t NE 1.00 003
Turn Crashes
Excess
MP RefPop  Streetl Street2 Probability Proportion
3.57 356 Commercial StNE Pine St NE 0.32 0.17
5.33 456 Pringle Creek Park Winter St NE 0.54 0.11
485 356 ‘Commercial 15t NE Marion 5t NE 091 0.04

Using the Liberty Street and Trade Street intersection, the 0.274 means that there are 27% more
observed angle crashes than the calculated threshold for three-leg stop-controlled intersections in
this population.

Angle Crashes

Excess
MP RefPop Streetl Street 2 Probability Proportion
3.62 35G Liberty St NE Pine 5t NE 1.000 0.619
4,79 35G Commercial St NE Union 5t NE 1.000 0.355
5.39 350G Commercial St NE_Ferry St SE 1.000 0.325
5.52 35G Liberty 5t SE Trade 5t SE 0.992 0.274
3.16 45G Broadway St NE  Salem Parkway 0.998 0.211
5.47 35G Ferry 5t SE Liberty St SE 0.501 0.140

For this population of intersections, a total of 6 intersections have a greater than 90% chance of
having a greater proportion of angle crashes than expected. Intersections with a probability
greater than the limiting probability (default of 90%) and an excess proportion of at least 0.10 or
a probability greater than the limiting probability and flagged by either the Critical Rate or the
SPIS top 10% need to be further investigated.

In looking at the probability of 0.992, this means that there’s a 99.2% chance that the long term
expected proportion of angle crashes at Liberty St SE and Trade St SE will be greater than the
long term expected proportion of angle crashes at 3-legged Signal-Controlled intersections when
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compared to the rest of this population of intersections. Then the 0.274 in the excess proportion
column implies the “the likelihood that the site will benefit from a countermeasure targeted at the
collision type under consideration.” (HSM 4-58) The greater the excess proportion the greater
the likelihood.

Turn Crashes
Excess
MP RefPop  Streetl Street2 Probability Propartion
357 353G Commercial 5t ME Pine 5t NE 092 017
5.493 455G Pringle Creek Park Winter 5t NE 094 0.11
485 356 Commercial 5t NE Marion St NE 091 0.04

The spreadsheet will automatically grey out intersections with an excess proportion of less than
0.10. Unless these intersections are flagged by either the Critical Rate calculation or the SPIS
10% they may dropped from further investigation. Use engineering judgement to determine if
there are other factors at the greyed out intersections to determine if they need to be further
investigated.

4.4 Predictive Methods

Predictive methods are used for detailed assessment of safety performance at the segment or
intersection level. These methods are based on models developed for predicting crash frequency
based on geometric and operational characteristics. The results are used to evaluate existing,
future and alternative conditions. The HSM discusses predictive methods in more detail in Part
C. Predictive methods are recommended for use with more detailed efforts such as Facility
Plans, Development Review and Project Development.

Recommended Uses | Facility Plans, Development Review, and Project Development

Data Required Crash frequency by severity, collision type, and pedestrian and bicyclist
involvement [if using the Empirical Bayes (EB) Method]

AADT traffic volumes for major and minor roads
Pedestrian and bicyclist volumes or estimates
Traffic control information

Geometric design and roadway details

Data requirements vary by predictive model and are discussed in APM Section
4.4.6. Complete HSM Part C data requirements can be found in HSM Part C,
Sections 10.4, 11.4, and 12.4

More Information HSM Part C, Chapters 10-12
ISATe User Manual
PLANSAFE User Manual

The flow chart in Exhibit 4-7 gives an overview of the process for HSM Predictive Method.
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Exhibit 4-7: HSM Predictive Method

HSM Predictive Method

Process for Refinement Plans, Development Review. and NEPA Project Development. Excess Expected Crash
Frequency (left path) evaluates existing conditions. Net Change in Predicted Crash Frequency (right path)is
usedfor evaluating project alternatives. Some steps are commeon to both.

v b
Exnsting Conditions Alternatives Evaluation
Excess Expected Net Change in Predicted
Crash Frequency Crash Frequency
v )
Choose Predictive Model

If no predictive model exists for Study Area, use Crash Screening techniques

: i

Collect Data on Site Characteristics and AADT

¥ ¥
Segment the Study Area into Analysis Sites
¥ v

Model Sites using Safety Performance Functions (SPFs) and Crash
Modification Factors (CMFs)

v v
Apply Calibration Factor, if available

¥ ¥
Calculate Predicted Crash Frequency

¥ ¥

Assign Observed Crash Datato
Sites
v

Repeat Modeling Process to
Calculate Predicted Crash

Dislculsc Eapecied frash Frequency for each Alternative

Frequency using Empirical-
Bayes (EB) Adjustments

¥

Excess Expected
Crash Frequency

(Excess) —(Predicted)

Use Net Change in Predicted
Crash Frequency to Evaluate
Alternatives

The HSM has introduced a new way of evaluating safety performance of a roadway segment
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and/or intersections using substantive safety. This new predictive method, detailed in Part C of
the HSM, was created from extensive research and analysis rather than relying on design
standards (also known as nominal safety). The overall method estimates crashes per year and
severity, depending on specific local conditions.

Predictive methods do not require observed crash data to derive quantitative safety evaluations,
and therefore can be used with future scenarios or design alternatives that do not yet exist. This
allows for a rigorous quantitative safety analysis in circumstances where it was previously
impossible, such as development review or National Environmental Policy Act (NEPA) project
development. Predictive methods also allow for a fine-grained safety analysis of locations
without need of a reference population, which is beneficial for detailed corridor studies where an
established safety concern exists.

The HSM predictive equation is located in HSM Section C.4 but is generalized to:
Predicted Crashes =

Safety Performance Function x Crash Modification Factor(s) x Calibration Factor

The HSM makes a distinction between the crashes based only on characteristics (Predicted
Crashes) versus characteristics plus local crash history (Expected Crashes). Predicted Crash
Frequency is based on the geometric design, traffic control and traffic volumes of the local
conditions. The Expected Crash Frequency is the combination of the predicted crash frequency
with the historical crash frequency (using the Empirical-Bayes methods).

Expected Crashes =
(EB Weighting Factor x Predicted Crashes) + [(1- EB Weighting Factor) x Observed
Crashes]

The generalized process for the predictive method is as follows:

1. Divide the study area into homogenous analysis sites, called “segmentation,” for
intersections and roadway segments

Choose an appropriate predictive model for each site

Gather AADT or ADT traffic volumes, roadway characteristics, and traffic control
features for each site

Characterize each site using SPFs and CMFs from Part C of the HSM

Apply calibration coefficients, if available

Calculate predicted crashes

If using Empirical Bayes (EB) method, assign crashes to sites and calculate expected
crashes

wn

No ok

This process is then repeated for each alternative to be evaluated. APM Section O describes the
HSM Predictive Method process in more detail.

Because predictive methods have very specific methodology requirements and are under
frequent revision, it is recommended that the analyst consult the appropriate source
documentation (including published updates and errata) before beginning a predictive analysis.
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The SPFs, CMFs, and calibration coefficients used for a predictive analysis are collectively
referred to as the predictive model. Predictive models are specific to a particular type of roadway
and require substantial research effort to produce. The HSM provides a methodology for
jurisdictions interested in developing local predictive models.

4.4.1 Available Predictive Models and Current Limitations

Predictive models are available to analyze the following types of roadways:

Rural two-way, two-lane roads (HSM Part C Chapter 10)

Rural multilane highways (HSM Part C Chapter 11)

Urban and suburban arterials (HSM Part C Chapter 12)

Freeways, interchanges, and ramp terminals (ISATe / HSM Supplemental Chapters 18
and 19)

However, the predictive models mentioned above cannot be used in the following situations:

Highways or arterials with six or more through lanes

Rural freeways with eight or more through lanes

Urban freeways with ten or more through lanes

Interchange designs other than diagonal or partial clover (Parclo)

Single-point urban, crossing/diverging diamond, or continuous flow interchanges
Freeway ramp terminals on a one-way street, metered entrance, or roundabout
All-way stop intersections

Yield-control intersections

Rural three-leg signalized intersections

ODOT is in the process of developing additional predictive models for:

e Access management (SPR 720)
e Roundabouts (SPR 733)
e Improved SPFs for signalized intersections (SPR 756)

When predictive models are not available or cannot be used for a location, the analyst should use
the screening methods described in APM Section 4.3 and other techniques described in APM
Section 4.8 to describe the existing conditions. The effect of potential countermeasures can be
estimated using CMFs as described in APM Section 4.6.

If the predictive method can be applied to all but a small portion of the study area, it is
acceptable to implement the predictive method where available. In this case, the narrative should
explain the reasoning and expected impact of the omission and omitted locations should be
clearly identified.
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4.4.2 Safety Performance Functions (SPFs)

SPFs are developed using empirical research and regression models. SPFs predict crash
frequency for a “base condition” roadway as a function of traffic volume. A unique SPF is
developed for significant base condition variations, such as rural multilane highway segments or
urban four-leg signalized intersections. CMFs adjust these predictions to account for differences
from the SPF base conditions.

SPFs account for the fundamental non-linearity of crash frequency with respect to traffic
volumes. An example of a non-linear SPF plot is shown in Exhibit 4-8. Crash rates alone do not
capture the non-linearity of crash frequency with respect to traffic volumes. Analysts should be
aware that crash rates may be reduced simply by an increase in traffic volumes alone. A
reduction in crash rate at higher traffic volumes is often the expected roadway behavior, and does
not indicate a fundamental change in underlying safety performance.

For example, consider the function in Exhibit 4-8 for a minor AADT of 1,000 vehicles/day (the
bottom curve). At a major AADT of 8,000 vehicles/day, the predicted average crash frequency is
approximately five crashes per year. This is a crash rate of 1.52 crashes per MEV. At a major
AADT of 35,000 vehicles/day, the predicted average crash frequency is approximately

15 crashes per year. This is a crash rate of 1.14 crashes per MEV. Although the crash rate is
lower in the second case, it is due to expected roadway behavior and not a change in underlying
safety performance.

Exhibit 4-8: Rural Multilane SPF Four-leg Signalized Intersections (4SG)*
50

AADT,;=18,500

45 +
AADT, =15,000

40 + AADT,,.=12,000
AADT,,,=9,000
N /
AADT, . =6,000
30 _—
25 ///// AADT,,..=3,000

20 +

AADT,,=1,000

Predicted Average Crash Frequency

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000
AADT,,,; (veh/day)

*Source: Fig 11-7 on p 11-23 in Ch. 11 of Volume 2, Part C, 1* Edition HSM
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4.4.3 Crash Modification Factors (CMFs)

CMFs describe the effect of specific treatments on the estimated crash frequency. In the HSM
predictive method, CMFs adjust the “base condition” prediction of an SPF to account for
additional characteristics of the local site. HSM predictive models require specific CMFs (from
HSM Part C) that must be included in the model and developed in conjunction with the SPF. The
required CMFs are further described in the HSM chapters for each predictive model and are
included in the model spreadsheets or other computational tools.

In general, a CMF is multiplied with the crash frequency predicted by the SPF to account for any
change in predicted crashes from the base condition. A CMF greater than 1.0 implies an increase
in crashes, while a CMF less than 1.0 would have a decrease in crashes. A CMF equal to 1.0
means no change is expected.

For example a base model SPF may have four-foot shoulders but the actual site has eight-foot
shoulders. In this example, one would expect a crash reduction because the roadway has a wider
shoulder, so the CMF should be less than one. The actual value of the CMF will vary depending
on facility type.

CMFs can also be used to estimate the effects of countermeasures or changes in conditions on
observed crash frequency, independent from predictive models. CMFs for general use are
included in the HSM Part D and CMF Clearinghouse, among other sources. These CMFs are
based on independent research and are reviewed and approved by the HSM Task Force. There is
a considerably wider selection of CMFs that can be used this way.

CMFs are an active area of research, and the best available CMF for a situation may change
frequently. See APM Section 4.6 Countermeasure Selection and Evaluation for further
information on selecting and applying CMFs to evaluate countermeasure effectiveness.

Part C CMFs were developed in conjunction with the model development and are

unique to the HSM Predictive Method.

CMFs in Part C should only be used with Part C SPFs and the HSM Predictive
Method.

The term crash reduction factor (CRF) was part of the early discussions of predictive crash
methods (and is still frequently used in other literature) but was dropped in preference to the
modification factors. CRFs relate to CMFs in the following way (see Section 4.6 for more
information on CRFs):

CMF = 1- (CRF/100), so a CMF of 0.2 is a CRF of 80%.
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4.4.41 ocal Calibration Coefficients

Calibration coefficients are developed locally by comparing predictive results to locally observed
results. These adjust the prediction to account for differences in geography, crash reporting,
enforcement policy, and driver behavior between the general models provided in the HSM and
the location of application. Oregon calibration coefficients are not yet available for all predictive
models. In cases where a state- or region-specific SPF has been produced, calibration
coefficients are not applied.

In Oregon, crash reporting is a driver responsibility with some enhancement for enforcement.
This means that it is more likely to have a police report if there was a serious injury than for a
crash involving property damage only. Oregon’s required reporting threshold is typically higher
than many other states (at $1,500) so many minor crashes are not reported and do not show up in
the crash data. Because of these reporting requirements, Oregon conditions data should not be
directly related to national averages or adjacent states (i.e., Washington), which have different
reporting thresholds.

ODOT has created Oregon calibration factors for the HSM Part C models in the report,
Calibrating The Future Highway Safety Manual Predictive Methods For Oregon State
Highways. This report covers the Rural Two-Lane models, Rural Multilane models, and
Urban/Suburban Arterial models for both segments and intersections. The ODOT Driveway
Safety models do not require calibration, because they were developed using local Oregon data.
PLANSAFE does not require calibration by the analyst, because the program self-calibrates
using provided data. Enhanced Interchange Safety Analysis Tool (ISATe) is not currently
calibrated for Oregon conditions and must be reported uncalibrated, as described below.

The locally-derived calibration factors listed in Exhibit 4-9 adjust total predicted crash
frequencies to a value that is representative of Oregon conditions. Predicted crashes are
multiplied by the calibration factor to determine the calibrated predicted crashes. For example, if
an uncalibrated model estimated 10 predicted crashes per year and had a local calibration factor
of 0.50, the locally-calibrated result would be five predicted crashes per year.
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Exhibit 4-9: Locally-Derived Oregon HSM Calibration Factors

Facility Type Callzi:(gféiron
Segments
Rural Two-Lane
R2 2-lane undivided 0.74
Rural Multilane
MRU Undivided 0.37
MRD Divided 0.77
Urban/Suburban Arterials
u2u 2-lane undivided 0.62
u3T 3-lane with TWLTL 0.81
u4ab 4-lane divided 1.41/0.64*
u4u 4-lane undivided 0.63
usT 5-lane with TWLTL 0.64
Intersections
Rural Two-Lane
R3ST 3-leg, minor stop 0.31
R4ST 4-leg, minor stop 0.31
R4SG 4-leg, signalized 0.45
Rural Multilane
MR3ST 3-leg, minor stop 0.15
MR4ST 4-leg, minor stop 0.39
MR4SG 4-leg, signalized 0.15
Urban and Suburban Arterials
U3ST 3-leg, minor stop 0.35
U4sT 4-leg, signalized 0.45
U3sG 3-leg, signalized 0.73
u4sG 4-leg, signalized 1.05

* Value of 1.41 based on small sample size and geometric designs no longer
used. Value of 0.64 should be used for all future new designs.

Source: Calibrating The Future Highway Safety Manual Predictive Methods For Oregon
State Highways

Additional locally derived severity and crash type distributions are included in the calibration
report linked to the above table. The best way to ensure that all appropriate Oregon calibration
factors are accounted for is to use or refer to the HSM Spreadsheets that are pre-filled with
Oregon calibration factors. These spreadsheets include tables with all recommended locally
derived calibration factors and distributions, and are described in APM Section 4.4.13 below.

Where an Oregon calibration factor does not exist, the results of the predictive analysis should
only be used for relative comparisons such as net difference in predicted crashes or percent

Analysis Procedure Manual Version 2 4-90 Last Updated 09/2016


http://www.oregon.gov/ODOT/TD/TP_RES/docs/reports/2012/hsm.pdf
http://www.oregon.gov/ODOT/TD/TP_RES/docs/reports/2012/hsm.pdf

change in predicted crashes. Uncalibrated predicted crashes should be identified as such and

reported separately from calibrated predicted crashes or expected crashes.

4.4.5Excess Expected Crash Frequency using Empirical Bayes (EB) Adjustments to
Include Historical Crash Data

The HSM makes a distinction between the crashes based only on characteristics (predicted
crashes) versus characteristics plus local crash history (expected crashes). Predicted crash
frequency is based on the geometric design, traffic control and traffic volumes of the local
conditions. The expected crash frequency is the combination of the predicted crash frequency
with the historical crash frequency (using the EB Method). The benefit of the EB method is that
it accounts for the RTM error, which is the natural fluctuation of crashes that occurs over the
years independent of the contributing factors the analysis is trying to review. The EB method
results in a more reliable estimate of crash frequency, while still accounting for unique site
characteristics that influence safety but are not included in the predictive models.

The EB method requires a calibrated prediction model (with overdispersion factor) and
substantial similarity between the analysis period for which crash data exists and the analysis
period being used for the predictive method.

EB Method Can Be Used EB Method Cannot Be Used
e Existing Conditions e Uncalibrated predictive models, such as ISATe
e Future conditions with traffic volume changes e Where no crash data from any time period is
only available
e Future conditions with minor geometric e Future conditions with entirely new roadways
changes (i.e., wider shoulders) or addition of where none existed before
turn or passing lanes. e Future conditions modifying existing roadways
that include major alignment changes, the
addition of through lanes, or a change in traffic
control devices

The EB method can be performed at a site-specific level or a project level. Site-specific EB
adjustments are done for each analysis site and require the analyst to associate each crash with a
specific site. Project EB corrections are done using crash data aggregated over all analysis sites
and do not require crashes to be associated with a specific site. The site-specific EB method is
preferred and should be used in most situations, since crash data available through ODOT is
geocoded and can be associated with specific analysis sites.

When the EB method is performed, the result is an expected crashes value. This value is reported
using the “Excess Expected Average Crash Frequency,” defined as:

Excess Expected Average Crash Frequency = Expected Crashes — Predicted Crashes

An example of Excess Expected Average Crash Frequency is illustrated in Exhibit 4-10. In this
example, Excess Expected Crash Frequency is a positive number, meaning the long term average
crash frequency at this site is greater than for comparable sites. The site should be investigated
further for potential safety countermeasures. In other cases, Excess Expected Crash Frequency
may be a negative value, meaning the long term average crash frequency at the site is less than
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for comparable sites.

Exhibit 4-10: Excess Expected Crash Frequency

Observed
Crashes

Expected
Crashes

Predicted Excess
Crashes Expected
. Crashes

APM Section 4.2.3 contains guidance for assigning observed crashes to an analysis site and
determining if they are intersection-related or roadway segment-related.

Instructions and examples for using the EB method are provided in the HSM Part C, Appendix
A, Section A.2.

4.4.6 Net Change in Expected or Predicted Crashes

Alternatives should be compared using the net change in expected or predicted crashes, by
severity, if possible. Expected crashes can be determined for alternatives if the only changes are
in AADT (see APM Section 4.4.5 for more information). If expected crashes can be calculated
for all alternatives under consideration, use net change in expected crashes. Otherwise, use net
change in predicted crashes. Calculate expected or predicted crashes for each alternative,
including the no-build alternative. Subtract the expected or predicted crash frequency of the no-
build alternative from each build alternative to determine the net change in expected or predicted
crashes for the build alternative. Any alternative with a negative net change in expected or
predicted crashes indicates a modeled decrease in crashes. Alternatives with positive net change
in expected or predicted crashes indicate a modeled increase in crashes.

Net Change In Expected/Predicted Average Crash Frequency = Expected/Predicted No Build
Crash Frequency - Expected/Predicted No Build Crash Frequency

An example of Net Change in Expected/Predicted Average Crash Frequency is illustrated in
Exhibit 4-11. In this example, the Net Change in Predicted Crashes represents a reduction in
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crash frequency, meaning that in comparison to the No Build, the Build Alternative will reduce
the long term average crash frequency at this site by the amount of the Net Change.

Exhibit 4-11: Net Change in Expected/Predicted Average Crash Frequency

Future
No Build
Crashes
Net
Build Change
Alternative In Predicted
Crashes Crashes

The Net Change in Crash Frequency can also be used to compare alternatives with each other, as
shown in Exhibit 4-12.
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Exhibit 4-12: Net Change in Expected/Predicted Crashes for Comparing Alternatives
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4.4.7Data Needs and Sources

HSM predictive methods require a substantial amount of roadway, geometric design, and traffic
control data. Primary data are routinely collected during a project or are available in the ODOT
TransGIS Database or the ODOT State Highway Inventory Reports. The ODOT Transportation
Development Trans Data Portal provides a quick guide to many ODOT data sources. Other data
will need to be collected through a desk survey using satellite imagery and street-level imagery
(such as the ODOT Digital Video Log or Google StreetView) or through field visits. Some
information may be infeasible to collect and can be estimated using the resources in this section.

Each HSM predictive model requires different data to estimate crashes, depending on the SPF
base condition and available model CMFs. The analyst should consult the appropriate model
methodology reference text before beginning an analysis to determine the data needed for each
model and for the required data collection procedures.

Rural two-lane roads (HSM Part C Chapter 10, Section 10.4)

Rural multilane roads (HSM Part C Chapter 11, Section 11.4)

Urban and suburban arterials (HSM Part C Chapter 12, Section 12.4)
Freeways and interchanges (ISATe User Manual, Chapter 2, Page 19)
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Based on sensitivity tests performed with the HSM models, accurate information on AADT
volume data is the most important input. This includes minor street AADT for all models and
pedestrian volumes for urban intersection models.

If minor street AADT is not available from the local jurisdiction, the analyst should provide a
best estimate. If AADTSs will be estimated, consult with TPAU to determine the appropriate
methodology before beginning an analysis. In some situations, minor AADT may be inferred
from nearby volumes or travel demand models may help provide an estimate. The major road
AADT to minor road AADT ratio of similar intersections is another possible starting point for
estimation. ITE trip generation rates may be appropriate for isolated minor roads.

If daily pedestrian volumes are not available, HSM Table 12-15 provides guidance on estimating
daily pedestrian volumes based on general level of pedestrian activity.

Exhibit 4-13 is meant to give a general sense of the site characteristic data required for the HSM
predictive method, but it is not intended to be exhaustive.
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Exhibit 4-13: Data Needed for HSM Predictive Methods

Information Needed

‘ Data Source

Roadway Segments

Length of Segment

TransGIS or Imagery

AADT

TransGIS or Inventory Report or Project

Lane Width

TransGIS or Inventory Report or Imagery

Shoulder Width and Type

TransGIS or Inventory Report or Imagery

Horizontal Curve Dimensions

TransGIS or Inventory Report or Imagery

Grade

Imagery or Inventory Report or Elevation Maps

Driveway Density and Type

TransGIS Imagery

Centerline and Edgeline Rumble Strips

Imagery

Passing Lanes

TransGIS or Inventory Report or Imagery

Two-Way Left-Turn Lanes

TransGIS or Inventory Report or Imagery

Roadside Hazard Rating Imagery
Segment Lighting Imagery
Automated Speed Enforcement Imagery

Median Type and Median Width

Imagery or Inventory Report

Sideslope Imagery
Type of On-street Parking Imagery
Roadside Fixed Object Density and Offset Imagery

Actual or Posted Speed

TransGIS or Imagery

Intersections

Number of Intersection Legs

TransGIS or Imagery

Type of Traffic Control

Imagery

Intersection Skew Angle

TransGIS or Imagery

Approaches with Right-Turn Lanes Imagery
Approaches with No Right-Turn on Red Imagery
Approaches with Left-Turn Lanes Imagery

Approaches with Left-Turn Signal Phasing

Imagery or Signal Timings

Intersection Lighting

Imagery

Most Traffic Lanes Crossed by Pedestrians

Imagery

Number of Bus Stops within 1,000 feet

TransGIS or Imagery

Presence of Schools within 1,000 feet

Imagery or Other Point-of-Interest Reference

Number of Alcohol Sales Locations within 1,000
feet

Imagery or Other Point-of-Interest Reference

Presence of Red Light Camera

Site Visit
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4.4.8Predictive Method Process

The HSM Predictive Method process consists of 18 steps that result in an estimation of crash
frequency for a project area. Each analysis site is considered individually for each year of
analysis. These individual results are summed to determine the study area total. This process is
repeated for each alternative to be evaluated. Exhibit 4-14 illustrates this process graphically.
HSM Section C.5 describes these steps:

Step 1: Define the limits of the roadway and facility types in the study network, facility,
or site for which the expected average crash frequency, severity, and collision types are to
be estimated

Step 2: Define the time period of interest

Step 3: For the study period, determine availability of AADT and (if using the EB
Method) observed crash data

Step 4: Determine geometric design features, traffic control features, and site
characteristics for all sites in the study network

Step 5: Divide the roadway network or facility under consideration into individual
roadway segments and intersections, which are referred to as sites

Step 6: Assign observed crashes to the individual sites (if using the EB Method)

Step 7: Select the first or next individual site in the study network. If there are no more
sites to be evaluated, go to Step 15.

Step 8: For the selected site, select the first or next year in the period of interest. If there
are no more years to be evaluated for that site, proceed to Step 15.

Step 9: For the selected site, determine and apply the appropriate SPFs for the site’s
facility type and traffic control features

Step 10: Multiply the result obtained in Step 9 by the appropriate CMFs to adjust the
predicted average crash frequency to site-specific geometric design and traffic control
features

Step 11: Multiply the result obtained in Step 10 by the appropriate calibration factor
Step 12: If there is another year to be evaluated in the study period for the selected site,
return to Step 8. Otherwise, proceed to Step 13.

Step 13: Apply site-specific EB Method (if using the EB Method)

Step 14: If there is another site to be evaluated, return to Step 7, otherwise, proceed to
Step 15

Step 15: Apply the project level EB Method (if the site-specific EB Method is not
applicable)

Step 16: Sum all sites and years in the study to estimate total crashes or average crash
frequency for the network

Step 17: Determine if there is an alternative design, treatment, or forecast AADT to be
evaluated. Steps 3 through 16 of the predictive method are repeated for each alternative.
Step 18: Evaluate and compare results
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Exhibit 4-14: HSM Predictive Method Process

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step 8

Step 9

Step 10

Step 11

Step 12

Step 13

Step 14

Step 15

Step 16

Step 17

Step 18

Define roadway limits and facility type.
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Define the period of study.

!
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data for every year in the period of interest.

!

Determine geometric conditions.

!
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roadway segments and intersections.
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| Assign observed crashes to individual sites (if applicable). I
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Select a roadway segment or intersection.

|

v

|

Select first or next year of the evaluation period.

v

Select and apply SPF.

|

v

Apply CMFs.

|
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Apply a calibration factor.
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another year?

Apply site-specific EB method (if applicable).
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another site?

Apply project-level EB method (if applicable).

2
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Is there
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design, treatment, or YES

forecast AADT to
be evaluated?

Compare and evaluate results.

Source: HSM Section C.5, Figure C-2
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4.4.9Study Area Segmentation

Segmentation, step 5 in the predictive method, is the process of dividing the study area into
smaller analysis sites that are each relatively uniform in character. Sites should be
comprehensive, collectively covering all of the study area. When a segment ends or begins at an
intersection, the segment lengths are measured from the center of the intersection.

Each intersection with a public road should be an individual site, even if it is a minor local road.
Roadway segments, such as highways, streets, freeways, and ramps, should be divided into
individual sites at a minimum at every intersection. Segments between intersections may need to
be split into multiple sites, so that each site is uniform in character for the predictive model.
Segments do not need to be split at driveways. Limiting the minimum segment length to

0.10 miles is appropriate to keep the analysis manageable.

Segments should always be split into distinct sites where any of the following change:

Number of through lanes
AADT

Land use (rural/urban)
Presence or type of median
e Posted speed limit

Continuous values such as lane width, shoulder width, or grade are generally rounded to some
extent for the purposes of segmenting. The unrounded values are then averaged (weighting by
length) for the predictive analysis. Some characteristics, such as the presence of curves and
rumble strips, may not require the creation of a new site in some models and can instead be
expressed as a percent of the site with that characteristic.

Segmenting requirements vary by predictive model, and the analyst is referred to the appropriate
predictive model methodology reference text for further details before starting an analysis.

Rural two-lane roads (HSM Part C Chapter 10, Section 10.5)
Rural multilane roads (HSM Part C Chapter 11, Section 11.5)
Urban and suburban arterials (HSM Part C Chapter 12, Section 12.5)
Freeways and interchanges (ISATe User Manual, Chapter 2, Page 34)

4.4.10 Multiple-Year Analysis

The predictive method requires each year of the analysis period to be modeled individually. For
future alternatives, a single year of analysis is adequate. For historical analysis, three to five
years of crash data and matching site characteristics should be used. Often, most site
characteristics do not change over the analysis period aside from the AADT.
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When AADT is not available for every year in the analysis period, the following rules can be
used for estimating AADT:

e For years between two known AADT values, use a linear interpolation
e For years after the latest known AADT value, use the latest known AADT value
e For years before the first known AADT value, use the first known AADT value

Example 4-7: HSM Predictive Analysis

Predictive Method for Urban and Suburban Arterial Intersections

The predictive method for urban and suburban arterials is described in the 1% edition HSM,
Volume 2, Chapter 12, Section 12.4. The HSM lists an 18-step process for the urban/suburban
arterial predictive method.

Note: The predictive method example is based on Adams St. and 128" St., which is a four-leg
signalized intersection. The example is done only for the year 2010. A full analysis would
analyze each year in the study period, from 2006-2010.

Step 1: Determine the limits of the roadway and facility types that will be included in the study
network, facility, or site

Step 2: Define the time period of interest

Step 3: Determine AADT and availability of crash data for each year in the period of interest

Step 4: Determine geometric design features, traffic control features, and site characteristics for
all sites in the study network

Data for the case study of the Adams St. and 128" St. intersection are shown in the following
table for use in this example problem. The figure below shows these data in the HSM
spreadsheet tool.
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Data Requirement

Intersection of Adams St. and 128" St.

AADT (vehicles/day)

AADTSs were found through the local agency’s traffic
counts information page. Major street AADT is 23,150
vpd, and minor street AADT is 12,300 vpd.

Pedestrian volumes

The pedestrian volume was estimated as 50
pedestrians per day. Table 12-15 of the 1% edition
HSM, Volume 2, Chapter 12 gives estimates of
pedestrian crossing volumes based on the general
level of pedestrian activity.

Number of intersection legs

The intersection has four legs.

Type of traffic control

The intersection is signalized.

Number of approaches with a left-turn lane

All four of the approaches to the intersection have
left-turn lanes.

Number of approaches with left-turn signal
phasing and type of left-turn signal phasing for
each movement

All four of the left-turn lanes have
protected/permissive phasing.

Number of approaches with a right-turn lane

None of the approaches to the intersection have
right-turn lanes.

Number of approaches with right-turn-on-red
operation prohibited

None of the approaches have prohibited right-turn-
on-red movements.

Presence/absence of intersection lighting

There is intersection lighting.

Presence/absence of Red Light Cameras

No red light cameras.

Maximum number of traffic lanes to be crossed
by a pedestrian in any crossing maneuver at the
intersection considering the presence of refuge
islands

The maximum number of lanes to be crossed by a
pedestrian is five lanes.

Number of bus stops within 1,000 feet of the
intersection

There are four bus stops located within 1,000 feet of
the intersection.

Presence of schools within 1,000 feet of the
intersection

There are no schools located within 1,000 feet of the
intersection.

Number of alcohol sales establishments that sell
alcohol within 1,000 feet if the intersection

There are four different establishments that sell
alcohol within 1,000 feet of the intersection.
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HSM Spreadsheet Data Input

Worksheet 2A -- General Information and Input Data for Urban and Suburban Arterial Intersections

General Information Location Information
Analyst TPAU Roadway Adams Street
Agency or Company oDOT Intersection 128th Street
Date Performed 01/01111 Jurisdiction
Analysis Year 2010
Input Data Base Conditions Site Conditions
Intersection type (35T, 35G, 4587, 45G) — 486G
AADT puaier (vED/dY) [ AADTwx= 67700 (veniday) = 23 150
AADT rminey (vEh/day) [ AADTwx= 33400 (veniday) = 12,300
Intersection lighting (present/not present) Not Present Present
Calibration factor, C; 1.00 1.05
|Data for unsignalized intersections only: -
Number of major-road approaches with lefi-turn lanes (0.1.2) 0
Number of major-road approaches with right-turn lanes (0,1.2) 0
Data for signalized intersections only:
Number of approaches with lefi-turn lanes (0.1,2.3.4) [for 3SG, use maximum value of 3] 0 4
Number of approaches with righi-turn lanes (0.1.2,3.4) [for 358G, use maximum value of 3] 0 o
Number of approaches with left-turn signal phasing [for 35G, use maximum value of 3] - 4
Type of left-turn signal phasing for Leg #1 Permissive Protected / F
Type of left-turn signal phasing for Leg #2 - Protected / F
Type of left-turn signal phasing for Leg #3 - Protected / F
Type of lefi-turn signal phasing for Leg #4 (if applicable) - Protected / F
Number of approaches with right-turn-on-red prohibited [for 358G, use maximum value of 3] 0 0
Intersection red light cameras (preseni/not present) Not Present Mot Present
Sum of all pedestrian crossing volumes (PedVol) — Signalized intersections only 50
Maximum number of lanes crossed by a pedestrian (Niznesx) - 5
Number of bus stops within 300 m (1.000 ft) of the intersection 0 4
Schools within 300 m (1.000 ft) of the intersection (present/not present) Not Present Mot Present
Number of alcohol sales establishments within 300 m (1.000 ft) of the intersection 0 4

Step 5: Divide roadway into individual roadway segments and intersections
e Since there is only one site to be analyzed, this step is unnecessary.
Step 6:  Assign observed crashes to individual sites

e |tis useful to summarize the observed crashes to match with the crash prediction
categories used by the predictive model. The Urban/Suburban Intersection model predicts
multiple vehicle crashes and single vehicle crashes separately using different SPFs. It
also provides predicted crash breakdowns by severity, fatal and injury (FI) or property
damage only (PDO). Vehicle-bicycle crashes and vehicle-pedestrian crashes are
independently identified.

e A total of nine observed crashes in 2010 were assigned to this site:

0 4 Fl crashes

5 PDO crashes

8 multiple-vehicle crashes

1 single-vehicle crash

1 vehicle-bicycle crash (also considered a single-vehicle crash)

O 00O

Step 7: Select a roadway segment or intersection

e The intersection of Adams St. and 128" St. has been selected for further study.
Step 8: Select first or next year of the evaluation period

e Year 2010 is being considered in this example.
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Step 9: Select and apply SPF

e SPFs relevant to Urban and Suburban Arterial Intersections are found in Section 12.6.2 of
the 1% edition, HSM, Volume 2.

e Multiple-vehicle collisions: 6.884 total, 2.284 Fl, 4.601 PDO

e Single-vehicle collisions: 0.435 total, 0.113 FI, 0.322 PDO

e Vehicle-bicycle collisions (predicted as a fixed portion of all vehicle collisions): 0.070
total, 0.070 FI, 0 PDO

e Vehicle-pedestrian collisions: 0.029 total, 0.029 FI, 0 PDO

Step 10: Apply CMFs

e Intersection left-turn lanes: CMF;, (Table 12-24 in the 1% edition, HSM, Volume 2,
Chapter 12)
o For the intersection of Adams St. and 128" st., CMF;, = 0.66

e Intersection left-turn signal phasing: CMF,; (Table 12-25 in the 1% edition, HSM, Volume
2, Chapter 12)

CMF

o For the intersection of Adams St. and 128" St., 2i= 0,96

e Intersection right-turn lanes: CMF;, (Table 12-26 in the 1% edition, HSM, Volume 2,
Chapter 12)

CMFE

o For the intersection of Adams St. and 128" St., 8i=1.00

e Right-turn-on-red: CMF,,
CMF,, = 0.98"™®
Where:
CMF,; = crash modification factor for the effect of prohibiting right turns on red on
total crashes
e — NUMber of signalized intersection approaches for which right-turn-on-red is

prohibited

CMF

o For the intersection of Adams St. and 128" St., 41=1.00

 Lighting: CMF;
o) CMF5i:1—O.38>< P
Where:

CMF,;, = crash modification factor for the effect of intersection lighting on total
crashes
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P, = proportion of total crashes for unlighted intersections that occur at night Default
values for P,; can be found in Table 12-27 in the 1% edition HSM, Volume
2, Chapter 12. It is recommended to replace the default values with locally

derived values.
o For the intersection of Adams St. and 128" st., CMF;; =0.95 using a locally-

derived value ( P,;=0.154)

e Red-light cameras: CMF
o CMF, is based on the presence of red-light cameras. The base condition is their
absence. There are no red-light cameras at the intersection of Adams St. and 128"

St., so for the example CMF; =1.00. The formula for CMF;; is (12-37) found in
the 1% edition HSM, Volume 2, Chapter 12.

CMFy;

CMF,

CMF3;

CMF,;

CMFs;

CMFs;

CMF;

1.00

1.00

0.95

1.00

0.60

0.66 0.96

The CMFs above apply to vehicle crashes and have a combined value of 0.60.
The CMFs below apply only to vehicle-pedestrian crashes and have a combined value of 4.65.

e Bus stops: CMF, (Table 12-28 in the 1* edition, HSM, Volume 2, Chapter 12)

0 There are more than three (two bus stops at 128" and Adams St., one a block
north on 128™ and one half a block west on Adams St.) bus stops within 1,000

feet of Adams St. and 128" St., so CMF,=4.15,

e Schools: CMFZP (Table 12-29 in the 1st edition, HSM, Volume 2, Chapter 12)

o There are no schools within 1,000 feet of Adams St. and 128" St., so CMF,
=1.00.

e Alcohol sales establishments: MF3'° (Table 12-30 in the 1st edition, HSM, Volume 2,

Chapter 12)
o0 There are four (two stores, one restaurant, and one gas station) alcohol sales

establishments within 1,000 feet of Adams St. and 128" St., so CI\/|F3p =1.12.

CMFs3, CMF,

CMFy, CMFy,
1.12 4.65

4.15 1.00

Step 11: Apply a calibration factor
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e The recommended Oregon Highway Safety Manual Calibration factor for urban and
suburban four-way signalized intersections is 1.05.
e The resulting predicted crash values are:
0 4.4 predicted multiple-vehicle crashes
o0 0.3 predicted single-vehicle crashes
0 0.14 predicted pedestrian crashes
0 0.07 predicted bicycle crashes

Step 12: Is there another year? If yes, return to step 8. (Only one year is included in this
example.)

Step 13: Apply site-specific EB Method (This step is not included in this example.)

e Observed crashes are matched with the output of each SPF, and the EB Method is
performed using the overdispersion parameter of the SPF.

e The following graphic shows the results of the site-specific EB Method calculation for
vehicle crashes using the HSM Spreadsheets.

HSM Spreadsheet Results with Site-Specific EB Method

Worksheet 3A -- Predicted Crashes by Severity and 5ite Type and Observed Crashes Using the Site-Specific EB Method For
Urban and Suburban Arterials

& ] [2] I [3] [ 4] (5l (Bl (7l (8
Predicted average crash frequency Observed | Overdispersio \l._l'eighted Expected
crashes. |n Parameter, k| adjustment. | average crash
o ) [crasheslyear] N “ . —
obrerusd d
Collision bR LSUBWRe s [ Naam ] Wosn  |iesese) Equation &5 | Ecuation -4
[TOTAL) (PDO) frarm Part C frarmn Part C
Appendix Appendix
INTERSECTIONS
Multiple-vehicle
Intersection 1 | 4367 [ 1450 [ 24918 [ o [ 0.390 | 0370 [ F.EAE
Single-vehicle
Intersection 1 0275 0.071 0.204 1 0360 0.910 0.3
COkBIMED [2urn of colurmnin] 4643 15241 3122 9 -- -- £.997

Worksheet 3B -- Predicted Pedestrian and Bicycle
Crashes for Urban and Suburban Arterials

4
n (2] ]
Site Tvpe N,.. My,
INTERSECTIONS
Interzsection 1 0. 0.073
COMBIMED [=urn af calurnn] 0,141 0.073
| Worksheet 3C — STtefSpecmc EB Method Summary Results for Urban and Suburban Arterials
r ] (2] 3] [4) (5] (6]
Crash severity level N esicred N.,.. N i | [P— 4 CYEHICLE) | — 4
Total [2) pore From Workshest 34, [2) gope fromn “Workshest 38 [3) pone From Worksheet 38 (8] oome Workshest 24 [3]+[4)+[5]
45 01 01 70 7.2
Fatal and injury (FI) [ 3 sone From Worksheset 34 (2) sore from Wworksheet 38 [3gome From Wwarksheet 38 (Sl rorar ™ (20t [2) rorac [3]+(4)+[5]
15 0.1 0.1 23 25
Property damage oty (FO0] | [4)oems from Workshes! 32 - - Blreras” (Zleoot (2] rom [E+(4)+(5]
31 0.0 0.0 47

Step 14: Is there another site? If yes, return to step 7. (This step is not included in this example.)

Step 15: Apply project-level EB Method (This step is not included in this example.)
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Step 16: Sum all sites and years

e Results from all sites and all years would be summed together for the study area total.
e For this intersection, the calibrated predictive method results for 2010 are:

O 7.2 expected crashes

0 2.5 expected fatal and injury crashes

0 4.7 expected property damage only crashes

0 0.14 predicted pedestrian crashes (assumed fatal or injury)

0 0.07 predicted bicycle crashes (assumed fatal or injury)
e Results should ultimately be reported as excess expected, which is the expected crash

value minus the predicted crash value.

O 2.6 excess expected crashes

0 1.0 excess expected fatal and injury crash

0 1.6 excess expected property damage only crashes

Step 17: Repeat for alternative designs, treatments, or forecast AADT to be evaluated

e The predictive method is repeated for each alternative to be evaluated; however, no
alternatives are included in this example.

e Countermeasures that are included in the predictive model can be evaluated by changing
the CMFs used in the predictive method. This includes the addition of dedicated turn
lanes, left-turn signal phasing, lighting, etc. This can be quickly achieved by duplicating
and modifying the HSM spreadsheet used for the original analysis.

e Countermeasures that are not included in the predictive model can be evaluated by using
CMFs from other sources. No more than three CMFs should be evaluated simultaneously
in this fashion.

e See APM Section 4.6 for further information on countermeasures.

e See APM Section 4.4.5 to determine if the EB Method can be applied to alternative
designs, treatments, or forecast AADT.

Step 18: Evaluate and compare results

e The evaluation and reporting of predictive method results is discussed below, in APM
Section 0.

Note: Although the steps seem quite lengthy, the calculations can be expedited through the use of
spreadsheets or other tools, discussed below in APM Section 4.4.13.

4411 Reporting Predictive Method Results

When reporting predictive results, include the predictive models used along with a table of sites
and characteristics. Depending on the availability of calibration factors and the use of the EB
Method, the predictive method will result in one of these types of estimates for each site:

e Uncalibrated predicted crash frequency
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e Calibrated predicted crash frequency
e Expected crash frequency
e Excess expected crash frequency

Depending on the predictive model used, these results may be reported by crash severity and/or
collision type. Within a study area, this may result in a mix of these estimate types. When
summing the predictive results for a project area total, each estimate type (uncalibrated
predicted, calibrated predicted, expected, and excess expected) should be summed individually
by severity and identified in the reporting. Any sites that are analyzed uncalibrated should be
denoted.

Existing conditions evaluations should be reported using excess expected crash frequency, by
severity, if possible. A positive excess expected crash frequency indicates that the site is
performing more poorly than the HSM models suggest is normal for that site. Higher values of
excess expected crash frequency indicate more potential for improvement.

Alternatives should be compared using the net change in expected or predicted crashes, by
severity, if possible. Expected crashes can be determined for alternatives in limited situations
(see APM Section 4.4.5 for more information).

Predicted or expected crashes should be reported over the study period as the total number of
crashes in the study period, rounded to the nearest integer (for example, 15 crashes over five
years). Alternatively a long-term yearly average frequency could be reported, for example 3.4
crashes per year.

4.4.12 Project-Induced Volume Changes

A project build alternative will often create new capacity and relieve congestion in the study
area. As a result, the new roadway can attract previously latent demand. The project build
alternative will thus have higher forecast traffic volumes than the no-build alternative. For large
projects with regional impact, the difference in forecast volumes can be substantial.

It may be valuable to report and discuss the safety impacts of a project’s design, independent of
the effects of increased vehicle exposure. If there are significant (more than 10%) volume
changes due to project build alternatives, the analyst has the option of reporting predictive results
using both the actual build volumes and the future no-build volumes on the build alternative. The
use of future no-build volumes must be clearly identified as such, and the report should
acknowledge that the results are not the actual forecast estimates and are for discussion purposes
only.

4.4.13 Tools for Implementing Predictive Methods

Computational tools are available to help in implementing the HSM Predictive Method. These
tools are recommended to ensure uniform and transparent application of analysis techniques.

HSM Spreadsheets
The HSM spreadsheets were developed as part of National Cooperative Highway Research
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Program (NCHRP) Project 17-38, Highway Safety Manual Implementation and Training
Materials, to aid in training the HSM Part C predictive method (see Exhibit 4-15). These
spreadsheets are designed for only two segments and two intersections for one year, but can be
modified to include additional segment and intersection capacity. However, adding worksheets
to increase the number of segments and intersections in an analysis can be moderately time
consuming.

The spreadsheet displays results by segments and intersections and also separates the results into
crashes by single-vehicle, multiple-vehicle non-driveway, and multiple-vehicle driveway-related.
The worksheets are free to download, but do not have any technical support, at this time, for any
changes or updates to the HSM. Data needs are consistent with the normal HSM Part C
requirements.

The basic NCHRP spreadsheets allow the user to apply the EB Method for the current analysis
period, but post-processing is required to apply the EB Method to alternatives where no observed
crash data are available. See the discussion in APM Section 4.4.5 for more information on
applying the EB Method.

The spreadsheets containing Oregon-specific calibration factors and crash proportions can be
downloaded from the ODOT HSM Webpage. The general, non-calibrated, spreadsheets can be
downloaded from the HSM Website.
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Exhibit 4-15: HSM Spreadsheet Screenshot

=] \
(B Ele Edt view Insert Format Tools Data Window Help  Adobe PDF Typeaquestionforhep - o @ X
RN WE NI D A BT AR e Y AN] E) [r=tesd)
: Arial 0 -|B I U|E=E=G$ % 0 WB|ESE DS A-PED R | | & Hy g3 | voR d nd R 3
Al - 3
A [ B [ c [ D | E [ F [ G| H [ ] | K | L [ wm [ N ] O
1
Zz Worksheet 2A -- General Information and Input Data for Urban and Suburban Arterial Intersections
3 General Infc tion Location Inf
| 4 |Analyst Justin Neill Roadway State St
| 5 |Agency or Company oDOT Intersection State St and 17th St
| 6 |Date Performed 07/02112 Jurisdiction oDoT =
T Analysis Year 2010
8 Input Data Base Conditions Site Conditions
9 |[Intersection type (3ST. 3SG, 45T, 45G) -
10 [AADT e (veh/day) [ AADTwac= 67,700 (vehiday) ~ 22,042 AADT OK
11 [AADT miner (veh/day) | AADTwa= 33400 (vehiday) - 11,711 AADT OK
| 12 |Intersection lighting (present/not present) Mot Present b
13 |Calibration facter. C: 1.00 1.05
| 14 |Data for unsignalized intersections only- - —
15 Number of major-road approaches with left-turn lanes (0,1.2) 0
16 Number of major-road approaches with right-turn lanes (0.1.2) 0
17 |Data for signalized intersections only: - -
18 Number of approaches with left-turn lanes (0,1.2,3.4) [for 38G. use maximum value of 3] 0
19 Number of approaches with right-turn lanes (0,1,2,3 4) [for 35G, use maximum value of 3] 0
20 Number of approaches with left-turn signal phasing [for 38G, use maximum value of 3] -
21 Type of left-tum signal phasing for Leg #1 Permissive
22 Type of left-turn signal phasing for Leg #2 -
23 Type of left-turn signal phasing for Leg #3 -
24 Type of leftturn signal phasing for Leg #4 (if applicable) -
| 25 | Number of approaches with right-turn-on-red prohibited [for 3G, use maximum value of 3] 0
| 26 | Intersection red light cameras (present/not present) Not Present
27 Sum of all pedestrian crossing volumes_(PedVol) — Signalized intersectians onl 50
28 Maximum number of lanes crossed by a pedestrian (Napes) — 5
29 Number of bus stops within 300 m (1,000 f) of the intersection 0 3
30 Schools within 300 m (1,000 #) of the intersection (present/not present) Mot Present —
31 Number of alcohol sales establishments within 300 m (1,000 ft) of the intersection 0 4
32
|33 |
| 34|
5 Worksheet 2B -- Crash Modification Factors for Urban and Suburban Arterial Intersections
36 ) (2) G) (4) 5) (6) 0]
| 37| CMF for Left-Turn Lanes | CMF for Left-Tum Signal | CMF for Right-Turn Lanes CMF for Right Turn on Red CMF for Lighting CMF for Red Light Cameras Combined CMF
38 Phasing
39 CMF 1i CMF 2i CMF 3i CMF 4i CMF 5i CMF 61 CMF coms
40 from Table 12-24 from Table 12-25 from Table 12-26 from Equation 12-35 from Equation 12-36 from Equation 12-37 (FEFErErE’e)
H 0.66 0.96 1.00 1.00 0.95 1.00 0.60
42
43|
4 V]
W« » W)\ Instructions { Segmentl £ Segment2 { Segment Tables 3 Intersectionl { Intersection2 / Intersection Tables { Ur [ m ] =1
Ready UM

Cost-Effectiveness Index Analysis spreadsheet

The Cost-Effectiveness Index Analysis spreadsheet is an adaption of the HSM spreadsheets to
analyze countermeasures for bicycle and pedestrian crashes on urban and suburban arterials. This
spreadsheet allows up to 9 segments and 8 intersections to be analyzed. If countermeasure costs
are known a cost effectiveness index can be calculated.

ISATe

The Enhanced Interchange Safety Analysis Tool (ISATe) is a predictive model for freeway
mainline segments and common interchange elements in both urban/suburban and rural contexts,
implemented as a macro-enabled spreadsheet. The methodology used is consistent with the HSM
Part C Predictive Method. ISATe has been incorporated in the HSM 2014 Supplement as
Chapters 18 and 19. The ISATe spreadsheets and users guide are available for download from
the HSM website as one of the spreadsheet tools.

ISATe can be used to analyze a single type of site, such as an extended length of freeway
mainline. It can also be used to analyze a collection of interconnected sites of different types,
such as a complex interchange. If the study area includes sites that are not covered by ISATe,
other HSM Part C predictive methods can be used to complete the study area analysis. For
example, the urban arterial predictive model may be used to evaluate the freeway overpass or
neighboring intersections as applicable.

Analysis Procedure Manual Version 2 4-109 Last Updated 09/2016


http://www.oregon.gov/ODOT/HWY/TRAFFIC-ROADWAY/docs/excel/CEI_Analysis_Bike-Ped_Final2015.xls
http://www.highwaysafetymanual.org/documents/NCHRP-1738_XLS.zip
http://www.highwaysafetymanual.org/documents/NCHRP-1738_XLS.zip

Predicted crashes are reported by each of the KABCO severity levels and by crash type.
Expected crashes can be reported using the site-specific or project-level EB Method if crash data
are available. The spreadsheet automates applying the EB Method with crash data from any time
period, not only the analysis time period. The EB Method should be used only when study
conditions are similar to those during the crash period, as described in APM Section 4.4.5.

As with other HSM predictive methods, ISATe requires the analyst to segment the facility into
homogenous sites. Segmentation requirements for ISATe are somewhat more specific than other
HSM models. Additional details are available in the “Segmentation Criteria” section of the
ISATe User Manual on page 34. ISATe screen captures are shown Exhibit 4-16 through Exhibit
4-18.

Exhibit 4-16: ISATe Main Screen

Enhanced Interchange Safety Analysis Tool

General Information
Project description: |Sample Data
Analyst: JAB Date: 6/22/2013 |Area type: Urban

First year of analysis] 2013
Last year of analysis] 2015
Crash Data Description

Freeway segments

I Dataforeachindividualsegmnt;l|":_ : ey |
ITST Year or cras ata:

2005 |Last year of crash data: | 2007

Ramp segments ) Data for eac h individual segmeniJ -
I £ |First year of crash data | 2005 |Last year of crash data: | 2007

Ramp terminals o o erminal ~|r
I |First year of crash data: | 2005 |Last year of crash data: | 2007

Program Control
1. Enter data in the Main, Input Freeway Segments, Input Ramp Segments, Input Ramp Terminals worksheets.
2. Click Perform Calculations button to start calculation process.

Perform Calculations Prnnt Results (optional) Pnnt Site Summary (optional)

3. Review results in the Output Summary worksheet. Optionally, click the Print buttons to print the summary worksheets.
4. Optionally, detailed results can be reviewed in the Ouiput Freeway Segments, Ouiput Ramp Segments, Output Ramp
Terminals worksheets.
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Exhibit 4-17: ISATe Input Worksheet (Partial)

Analysis Procedure Manual Version 2 4-111

Last Updated 09/2016

Input Worksheet for Freeway Segments
Segment 1 Segrnent 2 Segrment 3 Segrnent 4
Sl | el s | ok Grash ‘ Study | Crash | Study | Crash | Study | Crash | Study
[View results in Columnn AY]  [View results in Advisory Messages) Period | Period | Period Period Period | Period | Period Period
Basic Roadway Data
Number of through lanes (n): = I 5 E 4 4 4 4
Freeway segment description: Station 0+00.00 Station 4+75.20 Alt seg
Segment length (L), mi: Y 009 | 009 005 [ 005 0.08 0.08 0.25 0.25
Alignment Data
Horizontal Curve Data “¥-See note
1|Horizontal curve in segment?: No No No No No No Both Dir_ | Both Dir
Curve radius (Ry). ft: 3 2800 2800
Length of curve (L), mi: & 0.23 0.23
Length of curve in segment (Lgy <=5). Mic 0.15 0.15
2|Horizontal curve in segment?: 3 No No
Curve radius (Rg). fi: 3
Length of curve (L.z), mi: 3
Length of curve in segment (Lezc25). Mic
3|Horizontal curve in segment?: 4
Curve radius (Ra). fi: 3
Length of curve (L), mi: 3
Length of curve in segment (Lea,z25). Mic
Cross Section Data
Lane width (W), ft: TS 12 10.8 10.8 12 12 12 12
Outside shoulder width (W.), ft: B 4 4 5 5 9 9 10 10
[inside shoulder width (w..), ft: s oI5 2.5 25 9 9 9 9
Median width (W), i 7 7 7 7 21 21 22 22
Rumble sfrips on outside shoulders?: No No No No Yes Yes Yes Yes
Length of rurnble strips For travel in increasing milepost direction, mi: 0.08 0.08 0.25 0.25
Length of rurnble strips For travel in decreasing rmilepost direction, mi: 0.08 0.08 0.25 0.25
Rumble strips on inside shoulders?: No No No No Yes Yes Yes Yes
Length of rurnble strips For travel in increasing milepost direction, mi: h 0.08 0.08 0.175 0175
Length of rurnble strips For travel in decreasing milepost direction, mi: 5 0.08 0.08 0175 0.175
Presence of barrier in median: " Center | Center | center | Center | Center | Center | Center | Center




Exhibit 4-18: ISATe Output Summary (Partial)

Output Summary
General Information
Project description: |Sample Data
Analyst: JAB |Date:  [12/16/2014 |Area type: |Urban
First year of analysis] 2013
Last year of analysis] 2015
Crash Data Description
Freeway segments |Segment crash data available? Yes First year of crash data: 2005
Project-level crash data available? No Last year of crash data: 2007
Ramp segments Segment crash data available? Yes First year of crash data: 2005
Project-level crash data available? No Last year of crash data: 2007
Ramp terminals Segment crash data available? Yes First year of crash data: 2005
Project-level crash data available? No Last year of crash data: 2007
Estimated Crash Statistics
Crashes for Entire Facility Total K A B Cc PDO
Estimated number of crashes during Study Period, crashes: 120.5 0.3 1 109 403 67.4
Estimated average crash freq. during Study Period, crashes/yr: 402 01 06 36 13.4 225
Crashes by Facility Component Nbr. Sites| Total K A B c PDO
Freeway segments, crashes: 4 24 5 01 0.4 2.2 43 17.5
Ramp segments, crashes: 5] 49 0.0 01 0.7 1.1 3.0
Crossroad ramp terminals, crashes: 5] 91.1 01 1.2 8.0 349 46.9
Crashes for Entire Facility by Year Year Total K A B C PDO
Estimated number of crashes during 2013 401 0.1 06 36 134 224
the Study Period, crashes: 2014 40.2 0.1 06 36 134 225
2015 40.2 0.1 06 3.6 13.4 225
PLANSAFE

PLANSAFE is a free GIS-based tool that estimates the anticipated safety impact of changes in
traffic flow, demographics, and safety policy at a regional scale. PLANSAFE is not an HSM-
based tool, although it is based on a similar methodology that has been modified for macroscopic
implementation. The PLANSAFE SPFs were designed for use with the limited data typically
available for a long-range regional analysis.

The tool uses outputs from a travel demand model and historic crash data with macro-level
predictive analysis to determine the predicted future safety performance at a census block group
or Transportation Analysis Zone (TAZ) unit of resolution. The results can be used to evaluate
relative safety across an entire study area, neighborhoods/districts, a city, or a region.

PLANSAFE is available for download on the PLANSAFE TRB webpage. An updated version is
in development but is not yet publically available.

PLANSAFE is an option for use on TSPs that involve major transportation network
modifications or significant demographic changes. It provides a system-wide safety assessment
for future scenario analysis that is unavailable with any other tool.

Minimum data requirements for PLANSAFE are the following GIS layers (geocoded) for
baseline and alternative conditions:
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Road network (arterials and higher) with traffic volumes

Intersection locations

Baseline safety performance measure, such as total observed crash frequency

At least one measure of demographic information, such as number of housing units

Safety performance predictions can be reported using various target crash types including all
crashes, fatal and serious injury crashes, bicyclist crashes, pedestrian crashes, and others. Results
are reported for each census block group or TAZ and can be exported in tabular or map form.
PLANSAFE includes a variety of SPFs for each target crash type. These SPFs are dynamically
evaluated and self-calibrated using observed crash data to provide the best performance with the
data available. The analyst should always choose to use the SPF with the highest “Goodness of
Fit” value. Additional data can be included to improve the accuracy of predictions.

Recommended data varies based on the target crash type being predicted. Recommended data
sets for each target crash type are shown in Exhibit 4-109.

Exhibit 4-19: PLANSAFE Recommended Data

Variable TC | Int | NInt | KA | KAB | Ped | Bike | Deer

Target Crashes/Polygon X

Total Number of Intersections/Polygon

Total Roadway Length/Polygon (mile)

X | X | X | X

VMT/Polygon

Number of Intersections/Mile

Population between 16 and 64/Polygon

Proportion Urban Population/Polygon

X | X | X[ X|[X
X
X

Proportion Minority Population/Polygon

Housing Units/Polygon

X | X | X | X
X | X | X | X
X | X | X | X

Density of Children in K12/Polygon

Number of Schools/Polygon X

Average Household Income/Polygon X

Proportion Population in Urban Areas/Polygon X

Rural Minor Arterial/Polygon (mile)

Rural Major Collector/Polygon (mile)

Sum of Combined Freeways, Principal Arterial,
Rural Minor Arterial/Polygon (mile) X

TC = Total Crashes, Int = Intersection Crashes, NInt = Non-Intersection Crashes, KA = Injury Level K
and A, KAB = Injury Levels K, A, and B. Ped = Pedestrian Crashes, Bike = Bike Crashes, Deer = Large
Animal Crashes

Analysis Procedure Manual Version 2 4-113 Last Updated 09/2016




Recommended data varies based on the target crash type being predicted.

Using all recommended data, PLANSAFE SPF predictions are of a similar accuracy to HSM
models, though the results are not as geographically specific as the HSM Predictive Method.
Baseline and future roadway and traffic data are typically derived from a travel demand model.
Baseline demographic data are available from the U.S. Census or American Community Survey.
The analyst will need to provide future demographic conditions forecast through a travel demand
model or by other methods. Data GIS layers are summarized by TAZ or census block group
polygons using the PLANSAFE GIS tools or manually following the methodology in the
PLANSAFE documentation.

PLANSAFE prediction sensitivity to demographic conditions vary based on the underlying SPF.
Variables in the SPFs used in PLANSAFE generally have elasticities between 0 and 2, which
describe how responsive the SPF prediction is to change in that variable. At an elasticity of 1, an
X% increase in the variable will result in an X% increase in the predicted crashes. For example,
consider an SPF predicting fatal and serious injury crashes that includes a variable for the
percentage of population in urban areas at an elasticity of 1. An increase in urban population
from 25% to 35% would increase the prediction from 100 to 110 fatal and serious injury crashes
per year.

CMFs for countermeasures can be manually added to the future predictions to specific
geographic regions or as systemic actions to the study area as a whole. Although a table of CMFs
is provided in the PLANSAFE software, it is the responsibility of the analyst to ensure that any
CMF is used appropriately and of sufficient quality (see APM Section 4.6). For example, a CMF
that is intended for use with intersection crashes should not be applied to all crashes throughout
the region.

At the time of this writing, some of the GIS toolbox components for PLANSAFE do
not function with recent versions of ArcGIS. Without these tools, PLANSAFE can be

very time-intensive and is best performed by analysts familiar with the software
model. Consult the PLANSAFE manual for required GIS methodology.

Exhibit 4-20 gives an overview of the data flow within PLANSAFE and Exhibit 4-21
summarizes the analysis steps.
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Exhibit 4-20: PLANSAFE Data Flow

State DOT/MPO US Census Bureau
T
Emmzﬂtan:'CﬁDrAmGIS l
TAZ Shape File (Polygon) | Census Blockgroup Shape File
: (Polygan}

Roadway Shape File (Line) State-wide Census Data

Intersection Shape File (Point)

Crash Shape File (Point)

! I

PLANSAFE GIS Tool PLANSAFE Census Tool
Total Crashes/Polygon Population/Polygon
Total Roadway Length/FPolygon Total Housing Units/Polygon

: i
i

Median Household
Total WMT/Polygon Income/Polygon

PLANSAFE Main Tool

!

Predict Safety With/Without Countermeasure
at the Planning Level
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Exhibit 4-21: PLANSAFE Analysis Steps

Step 1: Select Analysis Area and Unit
-TAZ ar Census Blockgroup

PLANSAFE GIS Tool [— l
Step 2: Prepare Current Baseline Data
» - Aggregated Crashes by Polygon
PLAMNSAFE Census - Exposure variables by Polygon
Tool
!

Step 3: Select Target Area

I

Step 4: Prepare Future Baseline Data
- Aggregated Crashes by Polygon
- Exposure variables by Polygon

!

Step 5: Predict Baseline Safety
- Find Safety Performance Function
-View Prediction Results

!

Step 6: Evaluate Safety Project
- Safety Countermeasure Table
- Select Safety Investments
- View Safety Project Evaluation Results

¥

Safety Project Evaluation Results at the Planning
Level

Example 4-8: PLANSAFE Regional Safety Analysis

The City of Klamath Falls is preparing an update to its TSP that includes plans for considerable
new residential development. In addition to an intersection-based safety analysis, it would like to
perform a PLANSAFE predictive analysis to assess the overall impact of residential growth, set
citywide safety performance goals, and help direct its systematic safety countermeasures.

The results of a travel demand model were exported by TAZ for the current year and for the
horizon analysis year. A desktop GIS client was used with the PLANSAFE GIS tool and the
PLANSAFE Census tool to post-process crash data, census data, and roadway data into the
format needed for analysis in PLANSAFE.

The City’s TSP safety policy is focused on reducing the total number of crashes, so this was
chosen as the target crash type for the PLANSAFE analysis. Exhibit 4-22 shows the data input
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screen where field names from the GIS shapefile are matched with the required variables, shown
with white input boxes. Grey boxes are optional, but including them increases model
performance.

Exhibit 4-22: PLANSAFE Data Input Screen

Select File: C:\Documents and Settings\dhpou'My Documen g A Ty

Unique Polygon ID: TAZID v Total Crashes/TAZ v

Required Variables:
Total Crashes/Folyaon NUMCRSH :v | Housing Units/Polygon [Acres) [
Total Number of Intersections/Polygon NumINTER | Density of Children in K12/Polygon v
T otal Roadway Length/Polugorn [mile) MILE| .v.g Mumber of Schools/Palygon _. v
YMT /Polygon WMT | Average Household Income/Polygon [+
Number of Intersections/Mile INTER_MI ~|  Pottion Population in Litban Areas/Polygon I™
Population between 16 and 64/Palygan POP16_64 | Rual Minor Auteial/Polygon mile) v
Paortion Urban Population/Polygon FROPURE ™| Fural Major Callector/Polygon (mile] _f v
Portion Minanty Population/Polygan PPOPMIN |  Sum of Combined Functional Class 1, 2, and FC123 P | %

= 3/Polygon [mile] .
Note: Input data fields should be defined for as many of the active variables as possible. Additional parameters
relating to user defined models can be defined in a remaning grayed box or as a user defined variable.

After the variables in the GIS file have been identified for the current baseline data, the analysis
zone is selected and the process is repeated for the future baseline data. PLANSAFE
recommends the best available SPF based on the data available, which is chosen by the City
analysts. Exhibit 4-23 shows the SPF performance summary screen.

Exhibit 4-23: PLANSAFE Safety Performance Function Summary Screen

Safety Perfformance Function (SPF) Goodness of Fit (R-Square): 47.48 %
Predictor Variables: WVMT,

Predicted Baseline Safety

Target Zones All Fones
A, Expected Crash Frequency (Current Baseling): 1476.01 1476.01
B. Predicted Crash Frequency (Future Baseling): 1876.66 1876.66
C. Change in Safety Due to Socic-Demographic Growth (%)% =274 % =274 %

* Negative value indicates increase in crash due to Socio-Demographic Growth.

Using the selected SPF, PLANSAFE predicts the current expected crash frequency (current
baseline) and future predicted crash frequency (future baseline). The results can be viewed in
tabular form and with a map. Exhibit 4-24 displays the results by TAZ in table form, while
Exhibit 4-25 shows the results on a map, with red indicating high predicted crash growth.
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Exhibit 4-24: PLANSAFE Tabular Results

Fg PLANSAFE - =
Analysis Steps H File
/ 1. Select Analysis Area and Unit Export to MS Excel |28
,/ 2. Frepare Cument Bassine Data Predicted Baseline Safety
J 3. Select Target Area Analysis Target Crash: Total CrashesTAZ
J 4. Prepare Future Baseline Data Polygon ID Expe%ﬁiﬂasé;;rﬁg:;ncy Pmd%ﬁu?eaggszl?rﬁenw :
410359710002 50.08 133
b 5. Predict Baseline Safety 410359708002 366 112.89
410355708001 87.36 107.81
J 5.1 Find Safety Perfformance Function 410353705001 324 9928
5.2 View Predicted Baseline 410355709003 7335 58.98
Safety 410355707001 80.42 58.16
5.3 View Baseline Safety Report 410355703002 64.24 2843
410355710001 80.14 88.14
[] Optional Analysis 410355715001 56.54 8049
410355703001 40.58 58.62
410355707002 46 56.93
410355712001 47.44 55.83
410359703002 4011 5533
410359711002 3555 447
410355718003 3367 43359
410355711004 3453 4132
410355713006 3307 4065
410355720004 3359 3863
410359715002 2997 B72
410359713003 2991 3537
410355720002 2949 34.95
410359717001 29.85 3415
v
= = = Target Zones All Zones
Expected Crash Frequency (Current Baseling): 1476.01 1476.01
Predicted Crash Frequency (Future Baseline): 1876.66 1876.66
Change in Safety Due to Socio-Demographic Growth (%)™ -27.14 % -27.14 %
* Negative value indicates increase in crash due to Socio-Demographic Growth
Close Map >> << Back Next >>
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Exhibit 4-25: PLANSAFE Results Map

Based on the analysis, it is anticipated that the 24% growth in vehicle miles traveled (VMT),
15% growth in population and 18% growth in housing units in the region will, on average, result
in a predicted increase in crashes by 27%, to 626 per year by the year 2025.

The analysis results estimate that without additional systemic countermeasures, there will be a
27% growth in the total number of crashes in the city due to demographic growth. Based on this,
the City implements a safety program in its TSP with the goal of keeping the city’s total crash
growth below 15% through the forecast horizion.

Later in the TSP process, the City will evaluate systemic countermeasure options using
PLANSAFE to quantify the expected results.

4.5 Multimodal Safety Analysis

Pedestrians and bicyclists are considered to be vulnerable road users, and identifying and
improving conditions for these road users is an important part of many transportation plans and
projects. Safety analysis for these modes is more difficult than for typical motor vehicle crashes
because of practical limitations such as:

e Compared to motor vehicle crashes, fewer pedestrian and bicycle crashes occur and only

a portion are reported. With fewer reported crashes to study, identifying statistically
significant crash patterns is more difficult than for other types of vehicular crashes.
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e Exposure data, such as pedestrian and bicycle volumes, is not widely available and travel
patterns vary by user.

e Few systematic countermeasures for reducing pedestrian and bicycle crashes have been
studied.

Although most frequently discussed in the context of pedestrian and bicycle safety, these
limitations apply to other modes with limited data—such as motorcycles, freight, and transit—
that may also be of interest in a safety analysis.

These practical limitations may limit the multimodal utility of the screening and predictive
analysis methods included in this chapter. Additionally, subjective safety (the perceived safety
by the traveling public) is an important component of multimodal planning and design. A
person’s choice of mode and route is strongly affected by how safe and comfortable the person
feels about them.

4.5.1Using Screening and Predictive Methods with Multimodal Crashes

When an analysis has few records of crashes involving pedestrians and bicyclists, reporting the
details of those crashes with a narrative may be the only option available. In instances where
sufficient crash data and/or exposure data exists, the screening and predictive analysis methods
described in this chapter may be used.

4.5.2Screening

SPIS does not include explicit consideration of multimodal crashes, but OASIS can be used to
quickly identify hot-spots of crashes involving pedestrians or bicyclists across a large geographic
region. This is done by adjusting the OASIS crash conditions criteria to include only pedestrian-
or bike-involved crashes. The same can also be done for truck-involved crashes.

The critical crash rate method can be applied with a multimodal focus in two ways. One way is
to use the traditional critical crash rate methodology with multimodal crashes as the target crash
type. This would evaluate the pedestrian and bicycle crash frequency while controlling for
vehicular exposure. Since vehicles are involved in all recorded multimodal crashes and vehicular
exposure is usually at least an order of magnitude higher than multimodal exposure, this is
generally sufficient.

Another potential way is to use pedestrian or bicycle volumes in the analysis. This should be
limited to situations where multimodal traffic is generally high and varies in the project area,
with available good historic data. An example is a popular mixed-use path with many street
crossings. This analysis uses the same critical crash rate methodology described in APM Section
4.3.4, but with a crash rate calculated for a specific target mode, such as vehicle-bicycle crashes
per million entering bicycles. Considerations would need to be given for historically and
seasonally adjusting the pedestrian and bicycle volumes. This alternative analysis should be in
addition to a traditional critical crash rate.

The excess proportions of specific crash types method is well suited for multimodal crash
analysis, as this method does not require exposure data. As long as the target mode is included as
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a crash type to be considered, the analysis will flag locations where crashes of that mode are
overrepresented. However, the analyst should be aware that this method may overlook crash
types that are not well represented in the overall sample, which may hinder multimodal analysis
particularly for small study areas.

4.5.3Predictive

Most HSM Part C predictive analysis methods report pedestrian and bicycle crashes separately
from other crash types and thus can be used for multimodal analysis. In general, the pedestrian
and bicycle HSM predictive methods are less well developed than the motor vehicle predictive
methods. Pedestrian crashes at urban and suburban signalized intersections are characterized by a
unique SPF, considering vehicle and pedestrian volumes and pedestrian crossing distance.
However, all other pedestrian and bicycle crashes are predicted using a locally derived crash
adjustment factor. This factor is developed for each basic road configuration, considering vehicle
speed, and predicts pedestrian or bicycle crashes as a simple fixed percentage of motor vehicle
crashes.

ISATe does not predict pedestrian or bicycle crashes. Although freeways are generally not
designed for pedestrians or bicyclists, interchange terminals may have high amounts of
multimodal activity. Safety for these users is not evaluated through ISATe.

PLANSAFE does allow for pedestrian or bicycle crash prediction, though results are reported
aggregated by census block group or TAZ.

4.5.4Risk-based Multimodal Safety Analysis

The recent ODOT Pedestrian and Bicycle Safety Implementation Plan includes an effort to
address the limitations inherent in multimodal safety analysis through a risk-based screening
methodology. The risk-based process identifies roadway characteristics that have contributed to
pedestrian and bicycle crashes in the historical crash data then evaluates the road network based
on the presence of high-risk characteristics. This allows for a prioritization of safety projects that
is proactive, addresses perceived safety by users, and is applicable where no or few pedestrian or
bicycle crashes have been recorded.

Identified high-risk screening characteristics include:

Posted speed

Number of lanes

Presence of bicycle facilities

Number of driveways

Presence of transit stops

Occurrence of pedestrian or bicycle crashes

Annual average daily traffic

The presence of signalized intersections or pedestrian activated systems

The risk-based method of the plan is limited by the availability of data for the roadway network.
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Although the risk of serious pedestrian crashes is probably related to factors such as pedestrian
volume, pedestrian age, and volume of turning vehicles, these factors were not included in the
method because the data were not available across the roadway network.

This risk-based screening method is distinct from the HSM screening and predictive methods.
Unlike the HSM screening methods, it is not based on crashes and does not require any crashes
to have been recorded in the study area. Unlike the HSM predictive methods, the aim is not to
quantify the effects of any particular treatment or roadway design. Risk-based screening is a
complement to HSM analysis methods.

Although risk-based safety analysis methods can be useful in many planning contexts, the results
cannot be used to apply for funding from the FHWA’s Highway Safety Improvement Program
(HSIP). Risk-based analysis results can be used to support an application to the “Enhance”
portion of ODOT’s State Transportation Improvement Program (STIP) but not to the “Fix-It”
portion of the STIP.

The analyst is encouraged to contact TPAU if a risk-based multimodal safety analysis is being
considered for a project or system plan.

4.6 Countermeasure Selection and Evaluation

Most crash analysis projects will specify general or potential ranges of countermeasures. The
results of the analysis methods in this chapter can be used as a starting point for identifying
countermeasures. Sites that demonstrate an excess of a specific crash type are more likely to
benefit from countermeasures targeted at that crash type.

There are many resources that provide potential countermeasures for a given crash pattern.

e The initial source for countermeasures should be the ODOT approved set of proven
countermeasures and associated CRFs that are used for the All Roads Transportation
Safety (ARTS) Program. Use of these CRFs allow for all countermeasures to be
evaluated consistently and fairly. If the desired countermeasure is not in the ARTS CRF
list, a CMF from Part D or from the CMF Clearinghouse (studies with 3 star rating or
better) may be used.

e Information on countermeasure selection is included in the ODOT Safety Investigations
Manual and Chapter 6 of the HSM.

e Part D of the HSM is also an extensive resource of countermeasure treatments and
includes quantitative CMFs that estimate the expected change in crash frequency
resulting from implementation.

e The CMF Clearinghouse (http://www.cmfclearinghouse.org) is an active online database
maintained by the FHWA providing CMFs and supporting research. The FHWA has
developed a list of proven systemic countermeasures that are widely applicable to
common situations. The ODOT CMF Instructions page provides guidance for using the
CMF Clearinghouse and selecting appropriate CMFs.
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e PedBikeSafe.orq is an interactive FHWA guide to pedestrian and bicycle safety
countermeasures. The website guides users to targeted countermeasures based on crash
trends, patterns, and the road context.

Some CMFs are applicable only for specific facility types, AADT ranges, or base conditions.
Engineering judgment is critical in selecting the appropriate CMF for a project. CMFs are an
active area of research, and the best available CMF for a situation may change frequently.

If CMFs are being used that are not derived from the ARTS CRF list, the ODOT

CMF standard is to use CMFs with quality ratings of three stars or better (star
rating is a rating of the type of research and more stars indicate better, more
reliable results). For many countermeasures, there may be multiple CMFs
available with different levels of crash reduction.

Care should be taken not to just pick the CMF with the highest reduction because a particular
CMF may apply to all crashes, or just severe crashes, or for a particular crash type. The CMF
study parameters may limit applicability to a particular roadway configuration or to a specific
volume range. The CMF AADT range should be no more than +/- 10% away from the
countermeasure location AADT. Values greater than this indicate that the subject roadway likely
does not have the same characteristics as the one in the CMF study.

Certain countermeasures may require coordination, review, or approval by the Region or State
Traffic Engineer (see list of ODOT Traffic Engineering Authorities). Region Traffic will likely
perform a detailed safety investigation of the crash patterns later during project delivery/design
phase. When selecting countermeasures, the analyst should coordinate with Region Traffic
and/or ODOT TRS.

Countermeasures can generally be grouped into four categories: education, enforcement,
emergency medical services and engineering.

e Education is a variety of public information campaigns using a broad range of media to
reach a target audience. These campaigns can be effective in reducing driver error or
problematic behaviors by making motorists aware of the risks and consequences of
certain driving behaviors and environments encountered. These can be handled by the
Region Public Information office (for a specific area) or by the Traffic Safety Division
(for programmatic issues).

e Enforcement involves increased policing activity to encourage compliance with existing
traffic controls and regulations. Increased enforcement is often implemented due to
frequent driver violations. The application of enforcement countermeasures is typically
coordinated by Region Traffic Sections.

e Emergency Medical Services (EMS) involves working with EMS providers to improve
response time to incidents, which plays a role in the severity of the crash.

e Engineering is a broad range of improvements to the transportation system to improve
roadway safety. These may include geometric improvements, ITS applications, changes
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to traffic controls (signing, striping, signals, etc.), changes to roadway surfacing, or
operational enhancements.

Specific investigation into countermeasures should be at the appropriate level for the analysis
being conducted.

Countermeasure options in a system plan or alternative design concepts should be screened
based on the relative safety improvement expected, which may be reported as a range of feasible
values. This reduction can be determined using CMFs applied to historic crash values. Reporting
should indicate the source and quality of CMFs used. Reporting should also identify what types
of crashes the CMFs are expected to reduce. When possible, report crash reductions by severity
level with an emphasis on fatal and serious injury crashes.

4.7 Multimodal Mixed-Use Areas (MMAS)

A recent amendment to Oregon Administrative Rule (OAR) 660-012-0060 (Plan and Land Use
Regulation Amendments) introduced the Multimodal Mixed-Use Area (MMA) designation that
local governments can use to gain new flexibility in applying transportation performance
standards in specific locations. An MMA allows a local government to amend a functional plan,
comprehensive plan, or land use regulation without consideration of motor vehicle congestion,
delay, or travel time.

Amendments within an MMA must still comply with transportation standards and policies
promoting safety for all modes.

In evaluating a local request for ODOT concurrence with a proposed MMA designation near an
interchange, ODOT must consider the following safety factors per OAR 660-012-0060(10)(a):

e Whether the interchange area has a crash rate that is higher than the statewide crash rate
for similar facilities. The statewide crash rate tables are available on the ODOT Crash
Analysis and Reporting Unit Publications webpage.

e Whether the interchange area is in the top 10% of locations identified by the SPIS. SPIS
locations can be found on the SP1S webpage or through TransGIS.

e Whether existing or potential future traffic queues on the interchange exit ramps extend
onto the mainline highway or the portion of the ramp needed to safely accommodate
deceleration. Procedures for estimating queue lengths are found in Section 7.5 of the
APM Version 1. Intersection functional areas are discussed in APM Section 4.8.1.

It is strongly encouraged that these considerations be taken into account during ODOT review of
all proposed MMA designations, including those that are not near an interchange. In addition, a
predictive analysis is encouraged for roadways within the proposed MMA to determine the
excess expected average crash frequency. This crash frequency can be used in addition to crash
rates to characterize the prevailing safety conditions of the MMA area.

Additionally, for local governments, it is suggested that safety performance standards using one
of the predictive methods described in this chapter be established for considering land use
amendments within designated MMAs. Standards could be based on reducing or maintaining
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within a predetermined range the predicted or expected crash frequency. Increases in estimated
crashes caused by exposure would be offset by proposed safety countermeasures or payment into
a safety fund.

4.8 Other Safety-related Techniques

The techniques listed in this section provide a detailed review of the safety impact associated
with intersection functional areas, sight distance, intersection conflict points, and segment access
management. These techniques can be used in addition to the screening and predictive tools
identified in this APM chapter to assist in evaluating a proposed build alternative or safety
mitigation. The application of these techniques incorporates necessary human factors into the
analysis. Functional area, sight distance, conflict points and other techniques focus on the need to
spread apart the necessary driver information processing points. Drivers can be confused or miss
obstacles if information about driveways, intersections, and other elements are too closely
spaced. In addition, as the driving population ages, the importance of analyzing the human factor
cannot be overstated. The analyst is strongly encouraged to be familiar with Chapter 2 of the
HSM.

4.8.1Functional Area of an Intersection

A functional area analysis should be done to evaluate the impact of closely-spaced intersections,
access points, or any combination of both. This can be for either existing or proposed
(alternative) conditions. Areas with long queues should also be reviewed for functional area
impacts. The analysis should also be done when adding new connections to a roadway to verify
that functional area overlap does not occur and vehicle maneuvers can be performed lawfully.
The functional area of an intersection is the area in which an intersection affects vehicle paths.
The intersection functional area—defined as the physical area where two roads overlap—
influences driver decisions, vehicle movements, and vehicle queues. The sections beyond the
intersection area are composed of upstream and downstream functional areas. The upstream
functional area for vehicles moving toward the intersection has four maneuvering elements. The
downstream functional area for vehicles traveling away from the intersection has one. These
maneuvering elements are listed in the next section. Each element is unique in its contribution to
the functional area. Exhibit 4-26 shows the functional area of an intersection.

The upstream functional area described in this section is defined similarly to the
“influence area’ used in the Highway Safety Manual (HSM). The HSM does not use
the downstream functional area definition. In addition, the functional area in this

section is not the same as the weaving distance calculation used in the approach
permitting (development review) process
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Exhibit 4-26: Components of the Functional Area?
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Both upstream and downstream functional areas may need to be studied for an intersection
improvement or any project with access in the immediate intersection area. However, only the
upstream functional area needs to be studied if an access is opened upstream of an intersection
and only the downstream functional area needs to be studied if an access is opened downstream
of an intersection. Functional area analysis may determine the placement of an access, the
provision of turn movements, or the number of travel lanes.

Upstream Functional Area
Four elements make up the distance a vehicle travels as it approaches an intersection:

¢ Distance traveled during the perception-reaction time (d;): The perception-reaction
time has four phases—perception, intellection, emotion, and volition (PIEV). This
distance involves the driver seeing the intersection, thinking about their options, making a
decision, and initiating their response. The perception-reaction time is 2.0 seconds for
desirable conditions and 1.0 seconds for limiting conditions as set by the Transportation
Research Institute (TRI) of Oregon State University in Discussion Paper No. 7,
Functional Intersection Area (January 1996), which was prepared for ODOT to support
its policies, practices, and procedures. A table of perception-reaction distances for
varying time intervals is shown in Exhibit 4-28.

2 Data referenced through exhibits in this section were obtained from the Discussion Papers presented to the Oregon
Department of Transportation by the Transportation Research Institute (TRI) of Oregon State University.
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¢ Distance traveled while the driver decelerates or brakes and moves laterally into a
turn bay (d,): The limiting condition for a vehicle traveling laterally over a 12-foot lane
is three seconds in urban areas with an assumed lateral movement at four feet per second
(fps). For each 12-foot lane, three seconds of travel time should be added. Four seconds
of travel time per 12-foot lane should be assumed for rural conditions, with an assumed

lateral movement at three fps.

e Distance traveled during full deceleration (ds): These maneuver distances are based on

a 6.7 fps® deceleration rate accommodating 85% of drivers. The limiting condition

accommodates 50% of drivers with a deceleration rate of 9.2 fps? or higher. The distances
of dy, dz, and d3 are dependent on vehicle speed. Maneuver distances (d, + d3) and PIEV

plus maneuver distance (d; + dy + d3) are based on the intersection functional area

approaches from the ODOT’s Access Management Manual. Values for just the maneuver
distance and PIEV plus maneuver distance are developed from the uniform acceleration
formulas and are listed in the table in Exhibit 4-29. Note that storage length, dg, is not

included in the values of Exhibit 4-29. Perception-reaction time may not always be
included in an upstream functional area analysis if decisions are made prior to the
driver’s approach to the intersection.

e Storage length (dJ): Calculated by the 95™ percentile queue for turning or through
traffic, whichever is greater.

Exhibit 4-27 depicts the succession of these movements.

Exhibit 4-27: Upstream Functional Area; d;, d;, d3, and d,

| ‘ ]

—

d d, d; d, A
Perception-Reaction Distance / // ﬁ
Deceleration and Lateral Move Distance
Storage Length

Full Deceleration Distance
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Exhibit 4-28: Perception-Reaction Time, d;

Distance Traveled During Perception-Reaction
US Customary Units (Feet)®®
Speed Perception-Reaction Time (Seconds)®
(mph) 1.0 2.0 3.0 4.0 5.0
30 45 90 130 175 220
40 60 115 175 235 295
45 65 130 200 265 330
50 75 145 220 295 370
60 90 175 265 355 440
70 105 310 310 410 515

(1) Rounded to 5 feet
(2) US Customary: distance (feet) = 1.47*(speed in mph)*t

(3) Distance traveled in t-seconds
A functional area analysis has four possible values:

The unfamiliar path under desirable conditions
The unfamiliar path under limiting conditions
The familiar path under desirable conditions
The familiar path under limiting conditions

Limiting conditions are used for projects that have design constraints. A project using limiting
conditions must justify this reasoning and provide appropriate documentation. From one to all of
these scenarios may need to be checked depending on driver types and roadway conditions.

The familiar vehicle path would be used by drivers who would anticipate the intersection and
know the lane to be in to complete the turn. This is more likely near grocery stores or residential
areas. The unfamiliar vehicle path would be used by drivers who may not know anything about
the intersection before approaching. This is more likely near developments such as tourist areas
and regional stores.

Exhibit 4-29 demonstrates the difference between desirable conditions and limiting conditions.
Desirable conditions allow for a longer perception-reaction time and a lesser rate of deceleration.
Area demographics may affect these values because older, younger, and unfamiliar drivers may
have longer perception-reaction times.
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Exhibit 4-29: Upstream Functional Intersection Area, d; + d, + ds3

Upstream Functional Intersection Area
Excluding Storage, in Feet®
Desirable Conditions Limiting Conditions
Speed Maneuver PIEV® Plus Maneuver PIEV® Plus
(mph) Distance® © Maneuver Distance® © Maneuver
(ft) Distance (ft) (ft) Distance (ft)
d, +d, d, +d, +d, d, +d, d, +d,+d,
20 70 130 70 100
25 110 185 105 140
30 160 250 145 190
35 215 320 190 240
40 275 395 245 305
45 345 475 300 365
50 425 570 365 440
55 510 670 435 515
60 605 780 510 600
65 710 900 590 685

(1) Rounded to 5 feet

(2) 10 mph speed differentials, 5.8 fps? deceleration while moving from the
through lane into the turn lane; 6.7 fps? average deceleration after completing
lateral shift into the turn lane

(3) 2.0 second perception-reaction-time

(4) 10 mph speed differential; 5.8 fps? deceleration while moving from through
lane into the turn lane; 9.2 fps? average deceleration after completing lateral
shift into the turn lane

(5) 1.0 second perception-reaction time

(6) Assumes turning vehicle has “cleared the through lane” (a following through
vehicle can pass without physically encroaching on the adjacent through lane
when the turning vehicle has moved laterally 10 ft. Also assumes a 12 ft. lateral
movement will be completed in 3.0 seconds

Turn lanes may be installed at unsignalized intersections to improve safety and at signalized
intersections to expand the roadway capacity. The minimum length for a turn bay (including the
taper) is the deceleration and lateral move distance and the full deceleration distance, plus the
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storage length (d, + ds + dg). The upstream functional area increases/decreases with the number
of lanes (related to d,), the rate of deceleration (related to ds), and the queue (ds). Vehicles that

change lanes at an intersection expand the influence area of the intersection and the intersection
functional area.

Turn lanes remove turning vehicles from the general flow of traffic allowing through vehicles to
proceed without significant slowing or stopping. Research indicates that the crash potential
between turning vehicles and through traffic increases exponentially as the speed differential
increases. It is desirable to have no more than a 10 mph speed differential between vehicles in
the through lanes and vehicles entering turn bays. Providing a turn lane with adequate
deceleration distance significantly lowers the speed differential between turning vehicles and
through traffic.

Turn lanes at a signalized intersection serve as capacity expanders and are constructed where
demand approaches or exceeds capacity. The typical urban turn bay is 100 feet unless capacity or
speeds require it to be longer, while the typical rural turn bay is 150 feet. The 95" percentile
queue is generally calculated by traffic analysis software for signalized intersections. Chapter 13
contains the procedures to consider turn bays for intersections and estimating the length for right-
turn and left-turn vehicle queues.

Example 4-9: Upstream Functional Area Distance Calculation

A development proposes to access the roadway upstream of a signalized intersection. The
intersection shown has a volume of 100 vph using the left-turn lane.

The road has a posted speed of 35 mph. How close to the intersection can a proposed driveway
be placed?

Assume the signal has a 120-second cycle length.

Upstream Functional Area Example

Posted Speed = 35 mph

‘
‘ { ‘ y
107

/ (e}

=

Y
( d; d, ds d, B
Perception-Reaction Distance / / ﬁ

100’ Turn Signal Distance Storage Lenath
Deceleration and Lateral Move Distance orage Leng

Full Deceleration Distance
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Solution

PIEV Plus Maneuver Distance (d; + d; + d3)
Check values from Exhibit 4-29:
Limiting Condition
dy1 =d; + dy + d3 = 240 feet
Desirable Condition
dp1 =d; + d, + d3 =320 feet

Storage Length (d4)
For this signalized intersection, the Left-Turn Movement Queue Estimate Technique
from Chapter 14 was used.

Assume each cycle is 120 seconds (30 per hour)
Assume the constant, t, is 1.85 to find the 95™ percentile queue. (See Chapter 7 for

background information)

Length = volume *t* 25feet

#of cycles/hour

100 vph

——————*1.85 *25 feet =154.17 feet =154 feet (rounded)
30 cycles/hr

Turn Signal Length
Another 100 feet must be added to provide distance for the turn signal to be used.

Total Functional Area Length
Limiting Condition
diTota = d1 + d + d3 + dg + Signal Distance = 240” + 154° + 100” = 494 feet
Desirable Condition
dpTotar = d1 + dz + d3 + dy + Signal Distance = 320° + 154’ + 100’ = 574 feet

Upstream Functional Area Desirable Condition

l

Posted Speed = 35 mph

154° ﬁ

100’ Turn Signal Distance 320°+100°+154" = 574" (575°)

Using the values for a 35-mph speed in Exhibit 4-29, the desirable conditions path is 575 feet
long and the limiting conditions path is 495 feet long. The desirable condition calculated using
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the value from Exhibit 4-29 is the greatest distance and is the closest location to access the
highway with respect to the intersection. The driveway should be no less than 575 feet from the
intersection.

Downstream Functional Area

As a vehicle travels away from an intersection the driver needs a minimum stopping sight
distance (ds) before approaching another intersection or driveway. The stopping sight distance is
the distance traveled while braking to avoid an unexpected obstacle. Stopping sight distance is
determined by AASHTO by the speed, brake reaction time, and the deceleration rate. A table
developed from the following AASHTO equation is shown in Exhibit 4-30:

2
d:1.47*V*t+1.O75*[VT]

Where: V - speed, mph
t — brake reaction time, 2.5s
a — deceleration, ft/s?

If an acceleration lane is present, the stopping sight distance is measured from the end of the
taper. The downstream intersection functional area includes the distance traveled during
acceleration before merging into the general traffic flow. Acceleration lanes are rarely provided
for at-grade arterials. Lane drops that have an auxiliary lane longer than the distance traveled
during acceleration before merging will not be included in the functional area analysis.

Exhibit 4-30: Downstream Functional Area

Downstream Intersection Functional Area
Speed (mph) AASHTO Stopping Sight Distance (Feet)
20 115
25 155
30 200
35 250
40 305
45 360
50 425
55 495
60 570

Note that the downstream functional area analysis is a check for adequacy in safety and legality.
Further analysis will be necessary to ensure the adequacy of the design.

Functional Intersection area is detailed in the ODOT Access Management Manual and further
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information is contained in Discussion Paper No. 7, Functional Intersection Area, Transportation
Research Institute (TRI) of Oregon State University (January 1996).

Example 4-10: Downstream Functional Area Distance Calculation

A driveway is located 350 feet downstream of the intersection shown. The main street has no
traffic control and a speed of 35 mph.

Is there adequate spacing between the intersection and the driveway? What is the stopping sight
distance (ds) for this intersection? The following figure shows a general diagram of the
intersection area.

Downstream Functional Area Example

@ Posted Speed = 35 mph

<

|

Stopping Sight Distance, d

Solution

Stopping Sight Distance, ds
Check values from Exhibit 4-30: AASHTO Stopping Sight Distance at 35 mph

ds = 250 feet

The driveway must be at least 250 feet from the next downstream intersection to avoid a
stopping sight distance conflict. Keep in mind that the downstream functional area analysis is a
check for adequacy in safety and legality. Further analysis will be necessary to ensure the
adequacy of the design.

Functional Area Application

The principles of functional area can be used to test geometric and operational adequacy before
detailed analysis starts. The primary objective is to check vehicle paths for adequate length to
perform safe and legal maneuvers. For example, a path that connects a right turn onto a roadway
to a turn left at the next intersection, or two paths come from two roadways merging together and
terminating at a signal, may require lane changes that have safety and legal constraints. Although
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a functional area analysis may reveal potential conflicts, simulation is used to ensure the
adequacy of design in the detailed analysis. Generally, functional area overlaps will appear in
simulation results as slowdowns or bottlenecks.

Example 4-4: Functional Area Application — Geometric Adequacy

There is a two-lane ramp transitioning from a freeway to an arterial and has geometry similar to
an interchange. An intersection is proposed on the arterial near this ramp as shown in the
following figure. The queue at a speed limit of 45 mph is estimated at 400 feet.

Test the adequacy of the design for a driver in either lane of the exit ramp to turn left into the
driveway. Can movements from the off-ramp to northbound intersection leg occur safely in this
design? Check both the familiar path and the unfamiliar path.

Upstream Functional Area Application Example Paths

To Freeway &

Z .

Familiar Path =

Unfarﬁii{a;r Path Posted Speed = 45mph ?
Solution

Familiar drivers will generally use the familiar path, the lane closest to the turn bay, in
anticipation of the left turn. Unfamiliar drivers may take the unfamiliar path, which starts from
the furthest lane or the “wrong lane” and must change lanes into the turn bay. The maneuver
distance over one lane is 198 feet when a three-second maneuver time is assumed.

At Speed Maneuver Distance

45miles 1hr 5280ft
* * *35 = 198ft (200 feet
[ hr j (36005) (1milej (200 feet)

Perception-reaction (PIEV) distances are found in Exhibit 4-28. Assume a two-second PIEV
(130 feet) for desirable conditions and a one-second PIEV (65 feet) for limiting conditions as set
by the TRI.

The maneuver distances for the turn bay include the deceleration and lateral move distance along
with the full deceleration distance. The maneuver distances are found in Exhibit 4-29. For a
speed of 45 mph, there should be 300 feet of distance to meet the limiting conditions and 345
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feet is desirable.

Lane changes and turn movements should be signaled for 100 feet prior to the action. If an
unfamiliar driver follows the unfamiliar path, a lane change must be signaled to move laterally
into the near lane and the turn bay separately. The following figures show the components of the
unfamiliar path and familiar path for desirable and limiting conditions.

Unfamiliar path (desirable conditions)

dup = 130’ (PIEV) + 100’ (turn signal) + 200’ (at speed maneuver) + 100’ (turn signal) +
345’ (desirable distance into the turn bay) + 400° (queue)
dUD = 1,2751

Unfamiliar path (limiting conditions)

duL =65 (PIEV) + 100’ (turn signal) + 200 (at speed maneuver) + 100’ (turn signal) +
300’ (limiting distance into the turn bay) + 400° (queue)
dU|_ = 1,165,

Upstream Functional Area, Unfamiliar Path (Desirable Conditions)

1,275’ @
130°100", 200" (100’ 345’ 400’

To Freeway &

{r @)
100
@)

UnfaniiTiar Path ﬁ

Upstream Functional Area, Unfamiliar Path (Limiting Conditions)

1,165’ @
657,100° 200° (100 300’ —
To Freeway
o -

=

()]

7
,/,“,4/,,/,4/,4 )

Unfan%i[iar Path = ?

Familiar path (desirable conditions)
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drp = 130° (PIEV) + 100’ (turn signal) + 345’ (desirable distance into the turn bay) +
400’ (queue)
dFD =975’
Familiar path (limiting conditions)
drL =65’ (PIEV) + 100’ (turn signal) + 300 (limiting distance into the turn bay) + 400’

(queue)
d|:|_ =865’

Upstream Functional Area, Familiar Path (Desirable Condition)

975’ ﬂ

1307100’ 345 400

To Freeway <=

Upstream Functional Area, Familiar Path (Limiting Condition)

865’ ﬂ

65’ 100” 300 400

To Freeway =

Unfamiliar path (desirable conditions): dyp = 1,275’
Unfamiliar path (limiting conditions): dy,. = 1,165’
Familiar path (desirable condition): dep = 975’
Familiar path (limiting condition): dg_ = 865’

Ideally, the design would need to allow 1,275 feet between the stop bar at the intersection back
to the gore point. If the distance available was between 865 feet and 1,165 feet, then drivers
using the unfamiliar path would be subject to high speed differentials.
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4.8.2 Sight Distance

The length of roadway visible to a driver is referred to as “sight distance.” The amount of visible
roadway needed by a driver at any given time depends on the maneuvers or decisions that must
be made at that moment. The four basic categories of sight distance are:

Note

Intersection sight distance
Stopping sight distance
Decision sight distance
Passing sight distance

: Some portions of the access management process use different sight distance methods than

what would be normally used for operations and project development. See OAR 734-051 for
more information.

Although each of these is briefly described below, intersection and stopping sight distance are
most frequently examined in traffic analysis. For additional information on sight distance refer to
ODOT’s Highway Design Manual or Section 3.2 of the AASHTO Green Book.?

Intersection sight distance is considered adequate when drivers at or approaching an
intersection have an unobstructed view of the entire intersection and of sufficient
approach lengths of the intersecting roadways to see oncoming vehicles and select
appropriate turning gaps. Sight distance must be unobstructed along both approaches at
an intersection and across the corners to allow the vehicles simultaneously approaching to
see each other and react in time to prevent a collision. Intersection sight distance should
be obtained at every road approach, whether it is a signalized intersection or private
driveway. In no case should the sight distance be less than safe stopping sight distance
(minimum).

Stopping sight distance is the minimum distance required for a vehicle traveling at a
particular design speed to come to a complete stop after an obstacle on the road becomes
visible. This distance is used frequently for fatal-flaw screening in project analysis.
Decision sight distance should be provided at locations where multiple information
processing, decision making, and corrective actions are needed. Sample locations where
decision sight distance is needed include unusual intersection or interchange
configuration and lane drops.

Passing sight distance is the minimum distance required for a vehicle to safely and
comfortably pass another vehicle. If adequate passing sight distance opportunities cannot
be accommodated in the project design, passing lanes or climbing lanes should be
considered.

4.8.3 Conflict Points

¥ AASHTO A Policy on Geometric Design of Highways and Streets, 6th Edition, 2011.
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Introduction

It is good practice to determine the conflict points at intersections and major accesses in the
study area for most analysis work other than TSPs. Bicycle and pedestrian conflicts especially
should be determined in areas of high multimodal demand such as transit-oriented developments
(TODs) and MMAs. Areas with functional area overlaps or overrepresentation of crashes should
have the conflict points quantified. The number of conflict points can also be a good alternative
screening evaluation criteria.

Every roadway access creates conflict points for drivers, pedestrians, and bicyclists. Conflict
points are locations where one vehicle path impacts another. Each conflict point is a possible
crash location. Crashes occur at conflict points when one roadway user fails to yield to another.
The crash potential associated with each conflict point varies depending on the complexity,
volume of the movements, and speed. Multilane highways have more conflict points and a higher
crash potential because of the increased exposure area, exposure time, and potential for
obstructed sight distance by vehicles in adjacent lanes. Reducing the number of conflict points
decreases crash potential.

Conflict points are classified as diverging, merging, weaving, turning, and crossing. Crossing
paths are major conflicts. Diverging, merging, and weaving paths are minor conflict points.
Diverging conflicts occur where one path separates into two. Merging conflicts occur where two
paths come together. Weaving conflicts involve vehicles changing paths. Both major and minor
conflict points may occur at high speeds, but minor conflicts typically involve vehicles traveling
in the same direction. Vehicles crossing paths at high speeds may not have the sight distance or
ability to minimize the severity of the crash.

Turning and crossing conflicts can also involve pedestrians and bicyclists. A crossing conflict
point, which involves pedestrians and bicyclists, occurs where a vehicle path passes through a
crosswalk or bike path; a turning conflict point occurs where the turning vehicle path passes
through a crosswalk or bike path. Pedestrian crashes are not limited by locations. The pedestrian-
vehicle conflicts are counted separately from vehicle-vehicle conflict points.

This section is a reference only. Every intersection is unique and must be analyzed appropriately.
The analysis should consider geometry, permitted turn movements, the level of control of non-
permitted movements, and the number of lanes for each movement. Reducing conflict points
allows drivers to move through an area with less distraction so that traffic flows smoothly at
constant speeds. With fewer conflict points, drivers can better maintain their attention on
roadway conditions.

Conflict points can be reduced through three measures:
e Limit the number and/or type of access points
¢ Install medians, channelization, and other control devices (e.g., roundabouts) to restrict or

control turning movements
e Grade separate traffic flows
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Limit the Number and/or Type of Access Points

Limiting driveways or access points should be considered at locations with limited sight
distance, high crash frequency, high volume-to-capacity ratios, or poor access to facilities.
Combining driveways reduces access and conflict points. Accommodating entering traffic at one
location simplifies driver tasks. Combining multiple driveways into one joint-use driveway
directs traffic more safely, clearly, and efficiently.

Exhibit 4-31 shows the relationship between access density and crash rates in Lincoln City and
Lincoln Beach. The crash rates increase as the density of access points increases. The area
labeled City Limit in Exhibit 4-31 is Lincoln City on US101, which has a high density of access
points. The area labeled Parkway is in Lincoln Beach where a non-traversable landscaped
median limits access to driveways and side streets. Crash rates in the Parkway section are greatly
reduced.

Exhibit 4-31: Access Points Per Mile vs. Crashes Per Mile
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Crashes Per Mile on a Segment of US 101 in Oregon
From Analysis of Traffic Accidents Within the Functional Area of Intersections and Driveways
Technical Report Trans 1-85 1995

Locating driveways on lower classification roadways or backage/frontage roads also reduces the
number of conflict points along the main roadway. Removing driveways from an arterial or a
collector decreases delay caused by turning vehicles. Diverting traffic to local roads directs
traffic to one access point and simplifies conditions.

Refer to OAR 734, Division 51 for information concerning signal spacing, backage/frontage
roads, or access rights. Sometimes access rights to individual parcels are obtained. Rules
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regarding obtaining property access rights to state highways, signal spacing, and
backage/frontage roads are found in OAR 734, Division 51 and on the ODOT Access
Management website.

Non-Traversable Median or Traffic Control Devices to Restrict Turning Movements
Medians are a roadway element intended to separate traffic traveling in opposite directions. A
median can be traversable or non-traversable. A traversable median may be a painted or concrete
mountable median that allows emergency traffic to cross over it. A non-traversable median is a
physical barrier (examples include the Jersey barrier, landscaped, or grassy median) that
separates opposing traffic and prohibits movement across the median. Installing a non-
traversable median restricts turning and crossing movements at roadway accesses. Non-
traversable medians reduce conflict points by eliminating turn movements that impact the
general traffic flow. More information about median types can be found in Chapter 5.5 of the
Oregon Highway Design Manual (HDM).

A median that impacts the State Highway Freight System must comply with the ORS 366.215
which states that the Oregon Transportation Commission (OTC) may not permanently reduce the
vehicle-carrying capacity of an identified freight route when altering, relocating, changing, or
realigning a state highway unless safety or access considerations require the reduction.
According to the Transportation Research Board, Access Management Manual 2003, 47% of
crashes involve left-turn ingress movements and 27% of crashes involve left-turn egress
movements, shown in Exhibit 4-32. Controlling turn movements can allow one turn direction
and divert others elsewhere.

Exhibit 4-32: Percent of Driveway Crashes by Movement
16%

27%

10% ﬂ
| 47%

Non-traversable medians reduce overall crash frequency, improve pedestrian safety, and enhance
visuals. They restrict traffic from making complex left turns and provide median openings at
designated locations. They may also provide a pedestrian refuge between directions of traffic and
decrease pedestrian clearance intervals. Including a raised median can significantly reduce
pedestrian collisions at uncontrolled locations, with CMFs of 0.61 when used with an unmarked
crosswalk and 0.54 when used with marked crosswalks.” Replacing a two-way left-turn lane with

4 Zegeer, C. V., Stewart, R., Huang, H., and Lagerwey, P., "Safety Effects of Marked Versus Unmarked Crosswalks
at Uncontrolled Locations: Executive Summary and Recommended Guidelines." FHWA-RD-01-075, McLean, Va.,
Federal Highway Administration, (2002)
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a raised median in urban environments has demonstrated a CMF of 0.77 for all crashes.”
Landscaping large medians improves the aesthetics of the roadway. Although medians improve
the roadway, they are costly and may require the acquisition of right-of-way.

Grade-Separated Roadways

Grade-separated roadways are locations where one roadway crosses over the other. Grade
separation should be considered where an at-grade signal cannot accommaodate traffic capacity or
where crash history indicates a need for grade separation. Conflict points are decreased by
removing major flow grade crossings and by rerouting turning traffic. Interchanges are grade-
separated connections of two or more roads. Interchanges reduce conflict points and the severity
of crashes. Although interchanges occupy a large amount of space and require costly structural
work, they reduce delay, reduce crashes, and improve efficiency of a corridor.

It can be difficult to accommodate pedestrians at interchanges because of the separation of paths.
For more information about accommodating pedestrians or bicyclists, refer to the Oregon
Bicycle and Pedestrian Plan and the related Bicycle & Pedestrian Design Guide.

Weaving Segments

Weaving segments, where vehicles traveling in the same direction cross paths, create several
conflict points. Exhibit 4-33 and Exhibit 4-34 show two examples of weaving vehicle paths
entering and exiting the roadway. A single-lane change weaving segment has five minor conflict
points. A lane-balanced two-lane change weaving segment has seven minor conflict points. More
information about weaving segments can be found in Chapter 12.

Exhibit 4-33: Conflict Points for a Weave with One Lane Change
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® Mauga, T. and Kaseko, M., "Modeling and Evaluating the Safety Impacts of Access Management (AM) Features
in the Las Vegas Valley." Transportation Research Record: Journal of the Transportation Research Board 2171, pp.
57-65, 2010
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Exhibit 4-34: Conflict Points for a Weave with Two Lane Changes

\\/_D 7
—
T
—
T
O 1-Weaving §
/A 3 Diverging
[ 3—Merging
7 Conflicts

Unchannelized Intersections

Unchannelized intersections are where two roadways without medians and/or turn restrictions
intersect and that allow full access to traffic. Every such intersection should be analyzed as a
unique situation. Unchannelized intersections may have other forms of traffic control such as a
traffic signal. Although a traffic signal does not reduce the number of conflict points, it increases
driver communication and awareness. For movements that operate with separate signal phases,
the exposure to conflicts is significantly reduced compared to movements that operate with
unsignalized control or permissive signal phasing.

Note: The intersections analyzed and illustrated in the figures are typical configurations;
however, for clarity, turn lanes are not included. The addition of single turn lanes should not
increase the number of conflict points. Any additional through or dual turn lanes must be
included in the analysis.
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Four-Leg Intersection

The four-leg intersection with no medians, shown in Exhibit 4-35, has the most conflict points of
all intersections. The four-leg intersection allows movement in all directions and is the most
familiar to drivers.

Exhibit 4-35: Conflict Points for a Four-Leg (Both Two-Way Roads) Intersection
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Four-Leg Intersection of a Two-Way Road and a One-Way Road
A four-leg intersection of a two-way road and a one-way road is shown in Exhibit 4-36. The one-
way road may be part of a couplet. The one-way road limits turns and reduces conflict points.

Exhibit 4-36: Conflict Points for a Four-Leg Intersection of a Two-Way Road and a One-
Way Road
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Four-Leg Intersection of Two One-Way Roads
A four-leg intersection of two one-way roads is shown in Exhibit 4-37. The one-way roads may
be part of a couplet. The one-way roads limits turns and reduce conflict points.

Exhibit 4-37: Conflict Points by Lane for a Four-Leg Intersection of Two One-Way Roads
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A T-intersection is a location where one roadway ends at its intersection with another roadway.
The T-intersection shown in Exhibit 4-38 permits turns in all directions. The intersection in the
figure has nine conflict points, three of which are major.

Exhibit 4-38: Conflict Points for the T-Intersection
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Channelized Intersections

A channelized intersection restricts turn movements by signs, pavement markings, medians, or
some other type of traffic control. Channelized intersections include, but are not exclusive to,
right-in/right-out intersection, non-traversable median separated four leg intersection, left-turn
ingress intersection, left-turn egress intersection, and roundabout. Both ends of the non-
traversable median should be analyzed for the required traffic control in order to meet traffic
needs safely.

Intersections and driveways that are restricted to right-in/right-out have two conflict points, but
complex channelized intersections may have up to eleven conflict points.

Right-In/Right-Out (RIRO) Intersection

The right-in/right-out (RIRO) geometry shown in Exhibit 4-39 restricts traffic to right-turn
movements only and forces roadway users to complete a left turn at another location either in a
permitted U-turn or at a completely different intersection or roadway. Additional lane
changing/weaving may also be necessary. This reduces crashes at the location of the right-
in/right-out intersection, but requires left-turning vehicles to travel farther to get to their
destination. The analyst needs to address where the left-turning vehicles will end up so potential
safety issues are not created elsewhere.

Exhibit 4-39: Conflict Points for the Right-In/Right-Out Intersection
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Non-Traversable Median Separated Four-Leg Intersection

Installing a non-traversable median changes the traffic flows of the typical four-leg intersection
by effectively creating two right-in/right-out intersections as shown in Exhibit 4-40. Left-turning
or crossing vehicles must complete those maneuvers at another location, eliminating the major
conflict points. This reduces the conflict points from the typical 32 to just four. The intersection
is restricted to right turns, which improves safety and operations but also adds out-of-direction
travel.

Exhibit 4-40: Conflict Points for a Median Separated Four-Leg Intersection
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Roundabout

Roundabouts are considered at locations where speeds and volumes may not require a traffic
signal for smooth operations. The roundabout, shown in Exhibit 4-41, directs all traffic to move
in a counter-clockwise direction that allows movements in all directions. This limits conflict
points to merging and diverging movements. It also reduces vehicular travel speed, which
reduces the severity of any associated crashes. Bypass lanes would produce additional conflict
points at their respective merge and diverge locations. A multilane roundabout, shown in Exhibit
4-42, has more conflict points and increased capacity. Chapter 13 contains capacity analysis
procedures for roundabouts and bypass lanes.

Exhibit 4-41: Conflict Points for a Single Lane Roundabout
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Exhibit 4-42: Conflict Points for a Multilane Roundabout
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Left-Turn Ingress Intersection

The left-turn ingress intersection shown in Exhibit 4-43 permits one direction of traffic to turn
left, from a turn bay, while the opposing left and crossing movements are prohibited. The
permitted left turn may have significantly higher volumes or may service a critical access.

Exhibit 4-43: Conflict Points for a Median with One Left-Turn Ingress Intersection
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Two Left-Turn Ingresses Intersection

Exhibit 4-44 shows the geometry for two left-turn ingresses. Only the traffic turning left into the
access street is permitted through the median. Vehicles can remain in the median until there is a
sufficient gap to complete the turn. More left-turn egress and left-turn ingress examples are
shown in Exhibit 4-45 through Exhibit 4-47. Locations that provide a median restricting egress
or ingress turns require median openings for vehicles to make U-turns. The median openings add
a merge and a diverge point to the segment or intersection. Any intersection along a median that
permits U-turns must be analyzed for conflict points, with the inclusion of the merge and diverge
conflict points caused by the U-turn.

Exhibit 4-44: Conflict Points for a Median with Two Left Turn Ingresses Intersection
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Exhibit 4-45: Conflict Points for a Median with a Left-Turn Ingress and Egress
Intersection
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Exhibit 4-46: Conflict Points for a Median with One Left-Turn Egress Intersection
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Exhibit 4-47: Conflict Points for a Median with Two Left-Turn Egresses Intersection
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Some intersections require creative accommaodations for left turning vehicles. The treatment of
left turns must be considered at intersections with restricted turns, high volumes or high speeds
to achieve the greatest capacity and safety for traffic.
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J-Turn

The J-turn is an opportunity for larger vehicles to turn left on either side of a non-traversable
median. The median restricts intersections and driveways to right-in/right-out, which reduces the
conflict points. Vehicles can turn left at median openings which may be accompanied by a stand-
alone J-turn, a J-turn intersection, or a signalized J-turn intersection. The J-turn intersection
shown in Exhibit 4-48 has sixteen conflict points. Locations where the J-turn does not meet a
crossing roadway or driveway have three conflict points: one diverge, one crossing, and one
merge conflict point.

The J-turn intersection also allow turning vehicles to join traffic moving in its desired direction.
An add-lane at the J-turn will eliminate the merge conflict point, shown in Exhibit 4-48, and
increase the capacity of the segment. The J-turn reduces the congestion and improves the safety
of median openings. A J-turn intersection may or may not have pedestrian crossings.

Exhibit 4-48: Conflict Points for a J-Turn Intersection
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Note: The J-Turn is sometimes located at an intersection. J
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Jug Handle Intersection

The jug handle intersection, shown in Exhibit 4-49, is commonly used when there are high left-
turn volumes which cannot be accommodated by a signalized intersection. The left-turning
traffic passes through the intersection as a through movement both before and after diverging
onto a loop ramp to complete the left turn. This reduces the congestion by removing phases from
the traffic signal and improves the safety of the intersection by reducing the number of conflict
points. The jug handle can be located in various quadrants of the intersection depending on the
restricted turn movements.

Note: Jug handle configurations are not always installed as pairs and are not always
accompanied with right turn bypass lanes.

Exhibit 4-49: Conflict Points for a Jug Handle Intersection
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Pedestrian Conflict Points

Pedestrian conflict points are counted separately from vehicle-vehicle conflict points. Pedestrian
conflict points are located at the intersection crosswalks or midblock crossings. Turning vehicles
and crossing vehicles are counted separately. Intersections with wide cross-sections, such as a
median separated four-way intersection, are more attractive to pedestrians when a curb-protected
pedestrian refuge is provided between directions of travel. Exhibit 4-50 through Exhibit 4-52
show examples of pedestrian conflict points for intersections of two-way roads with and without
a median and a four-way intersection with restricted left-turn ingresses.

Exhibit 4-50: Pedestrian Conflict Points for a Four-Leg Intersection
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Exhibit 4-51: Pedestrian Conflict Points for a Median Separated Four-Leg Intersection
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Exhibit 4-52: Pedestrian Conflict Points for a Median with One Left-Turn Ingress
Intersection
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Grade-Separated Access

High-speed and high-volume junctions may need grade-separated access to meet traffic capacity
while reducing crashes. Interchanges remove major flow grade crossings increasing capacity and
reducing conflict points. Interchanges may have as few as six conflict points (directional
interchange) or as many as 28 conflict points (left-turn flyover).

Directional Interchange

The directional interchange has all free flow ramps with only four (three diverging and three
merging) minor conflict points in the system as seen in Exhibit 4-53. It is similar to a T-
intersection with large volumes and high speeds. Traffic does not cross paths due to the grade
separation. Each free-flow connection has a merge and diverge conflict point. Due to the high
volumes and speed, pedestrian crossing does not occur at the street level.

The full-directional interchange, shown in Exhibit 4-53, has three levels of grade separation. A
partial directional interchange is a junction where one leg has lower speeds and is accommodated
by a loop ramp. A partial directional interchange has only two levels of grade separation. Since
each free-flow ramp has one merge and one diverge conflict point, the partial directional
interchange has the same conflict points as the full-directional interchange. Likewise, a four-way
directional interchange would have eight conflict points, four merge and four diverge. Add
itional conflict points could be introduced if ramps are closely spaced.

Exhibit 4-53: Conflict Points for a Directional Interchange
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Left-Turn Flyover Intersection

The left-turn flyover intersection, shown in Exhibit 4-54, is commonly used when one direction
has high left-turn volumes that cannot be accommodated by a signalized intersection. The left-
turning traffic is grade-separated as it crosses over the opposing traffic, reducing conflict points
and congestion. Pedestrian crossings may or may not be modified from the standard intersection.

Exhibit 4-54: Conflict Points for a Left-Turn Flyover Intersection
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Diamond Interchange

The diamond interchange has four ramps and may have traffic control at the minor road. Traffic
is directed to turn on or off each ramp, which creates conflict points. There is potential for
weaving conflicts if this interchange has two or more lanes in each direction. Conventional,
compressed, and tight diamond interchanges all travel the same paths and the conflict points are
the same. Exhibit 4-55 shows the conflict point configuration for a conventional diamond
interchange.

Pedestrian crossings are generally not provided at locations along the major, free-flowing
movement.

Exhibit 4-55: Conflict Points for a Diamond Interchange
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Split Diamond Interchange

A split diamond interchange, shown in Exhibit 4-56, has only four ramps that connect to each
other with segments that travel parallel to the major roadway. This type of interchange is
appropriate where minor roads are one-way streets and will most likely be accompanied with
traffic signals at the ramp terminals. It may be furnished on a regular grid system where the
minor streets are two-way as well.

Exhibit 4-56: Conflict Points for a Split Diamond Interchange
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Single Point Urban Interchange (SPUI)

The single point urban interchange has four ramps that converge to one point that is controlled
by a traffic signal. All minor movement vehicles must travel through the same grade-separated
intersection. This type of interchange conserves space and provides large capacity, since the
signal operates with fewer phases. These conflict points are shown in Exhibit 4-57.

Exhibit 4-57: Conflict Points for a Single Pomt Urban Interchange
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Divergent Diamond Interchange

The divergent diamond interchange has four ramps where vehicles that want to turn right may
get on or off the roadway, as shown in Exhibit 4-58. The divergent diamond is designed so that
as traffic on the minor roadway approaches the interchange intersections, the opposing lanes
change the side of the road that is being used. This allows turn conflicts to be merge/diverge
rather than crossing. Vehicles that want to turn left follow the appropriate traffic flow and merge
into the receiving lane without interference of opposing traffic. The divergent diamond overlap
allows vehicles to turn left at the designated signalized intersections reducing crossing paths and
conflict points. This configuration also allows the use of fewer phases in the traffic signal
operation.

Due to high speeds and high volumes, the divergent diamond must consider appropriate
pedestrian crossings. There have been designs that show pedestrian crossings over the ramps and
down the middle of the minor leg.

Exhibit 4-58: Conflict Points for a Divergent Diamond Interchange
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Partial Cloverleaf Interchange

The partial cloverleaf, shown in Exhibit 4-59, reduces conflict points by providing elevated
ramps to maneuver on and off the roadway. The on ramps are free flow but the off-ramps are
controlled by traffic signs or signals. Vehicle paths cross only for left-turning traffic from the
ramps. There is potential for weaving conflicts if this interchange has two or more lanes in each
direction.

Although a full cloverleaf configuration is a possible design, Oregon and many other states no
longer use them because of the short distance between the merging/diverging paths of the ramps.
If present, pedestrian crossings would direct people over the ramps where the speeds are lowest
and drivers have adequate sight distance.

Exhibit 4-59: Conflict Points for a Partial Cloverleaf Interchange
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4.8.4 Access Management

Access management is the location, spacing, design, and operation of driveways, median
openings, interchanges, and street connections to a roadway. Appropriate access management
promotes the safe and efficient use of the transportation network while providing access to
adjacent land uses. Access management can often be a low-cost solution to congestion and
reduce crashes.

In 1948, the Oregon State Highway Department was tasked with policing access to Oregon’s
state highways. The state highway approach permitting process was created to regulate the
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number of private driveways or public approaches onto a state highway. The Highway Division
was also required to regulate the design of driveways, in order to ensure they complied with
current design standards. When ODOT was established in 1973, access management remained a
department duty with processes specified in the Oregon Administrative Rules (OARs). The goal
of this policy was and is to protect viability of the state’s highway infrastructure and to provide
the motoring public with safe and reasonable access.

Note: Conflict points are discussed in detail in Section 4.8.3

4.8.5Effects of Access Management Implementation

Good access management techniques improve both the roadway and adjacent land use. Details
and research citations on the safety, operational, economic and other effects of access
management as noted below are documented in the TRB’s Access Management Manual®.

Safety Effects

e Reduction of crashes involving vehicles as well as pedestrians and bicyclists’

e Limit number of traffic conflict points

e Separate conflict areas

e Preserve functional area of intersections
Fewer conflicts for bicyclists
Medians reduce crashes as well as provide pedestrian dwelling areas for two-stage
crossings
e Reduced speed differentials resulting from through traffic meeting with turning traffic.
e Improved sight distance

Operational Effects

e Proper spacing of access points and intersections improves the flow of traffic. Poor
spacing, design and location of driveways may reduce average travel speeds by up to
5 mph to 10 mph from desired speeds.®

e Reduced access density improves free-flow speed and reduces delay and congestion

e Up to 40% fewer vehicle hours of delay on access controlled roadways as compared to
uncontrolled roadways

e Preserve integrity of the roadway system

e Extend functional life of the roadway

Economic Effects
e Access improvements on corridors have been shown to result in increased property
values by decreasing travel time.
e Predictable travel times benefit service industries and manufacturing facilities operating
under “just in time” delivery contracts

® Access Management Manual, Transportation Research Board, 2003.

" HSM Part D, Chapter 13, Section 13.14 includes CMFs for access management on rural two-lane roads and
urban/suburban arterials. See also ODOT Driveway Safety Models.

& Access Management and the Relationship to Highway Capacity and Level of Service, Florida DOT, 1996
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e Combining driveways creates more room for parking and landscaping and may result in
lower maintenance. Providing cross-access between retail parking lots often encourages
multistop business trips by customers who otherwise may not have stopped.

e Non traversable median projects generally have little or no overall adverse impact on
business activity.

Other Effects
e Improved traffic flow resulting from access management reduces vehicle emissions and
fuel consumption.

Driveway Safety Assessment Predictive Models

ODOT has produced a predictive model to assist with assessing driveway safety on rural and
urban arterial roadways in Oregon. The Revised ODOT Driveway Safety Models are available as
a spreadsheet tool with instructions, with background information available in the Validation
Report and Original SPR 720 Report.

The Revised ODOT Driveway Safety Models spreadsheet can be used to quantify and predict the
effect of access management changes on non-intersection crashes. It includes a model for urban
arterials and for rural arterials. The model has the following data requirements:

Segment length

Annual average daily traffic

Speed limit

Total number of through travel lanes

Presence of a two-way left-turn lane (urban only)

Number of commercial plus industrial driveways (urban only)

Total driveways in segment (rural only)

Number of industrial driveways (rural only)

Total number of driveway clusters (rural only, methodology included in spreadsheet)

The spreadsheet provide the number of predicted crashes in five years, split into a baseline
exposure value and an additional roadside and driveway effect value.

Rules, Policies, and Guidance
Laws pertaining to the control of access to public highways in Oregon are found in Oregon
Revised Statutes (ORS) Chapter 374.

Administrative rules for highway approaches, access control, spacing standards and medians are
found in OAR Chapter 734, Division 51 (OAR 734-051). Division 51 establishes procedures,
standards, and approval criteria used by ODOT to govern highway approaches, access control,
spacing standards, medians and restriction of turning movements.

The Oregon Highway Plan (OHP) serves as the policy basis for implementing OAR 734-051
through three goals:
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e Goal 1: System Definition. To maintain and improve the safe and efficient movement of
people and goods and contribute to the health of Oregon’s local, regional, and statewide
economies and livability of its communities.

e Goal 2: System Management. To work with local jurisdictions and federal agencies to
create an increasingly seamless transportation system with respect to the development,
operation, and maintenance of the highway and road system that:

o Safeguards the state highway system by maintaining functionality and integrity;
o0 Ensures that local mobility and accessibility needs are met; and
0 Enhances system efficiency and safety.

e Goal 3: Access Management. To employ access management strategies to ensure safe
and efficient highways consistent with their determined function, ensure the statewide
movement of goods and services, enhance community livability and support planned
development patterns, while recognizing the needs of motor vehicles, transit, pedestrians
and bicyclists.

The ODOT Access Management program website provides guidance on access management.

Types of Access Management Efforts

Access management encompasses a variety of different activities. The following is a brief
description of each area. Detailed guidance on these efforts can be found on the ODOT access
management website. It is important to coordinate with the Region Access Management
Engineer (RAME) and other access management staff early in planning and project development
processes.

Standards

Section 4020 of Division 51 contains standards for approval of private approaches, including the
access spacing tables for roadways and interchanges. The spacing standards are also contained in
OHP Appendix C. In addition, Table 12 of OHP Appendix C contains standards for spacing
between interchanges.

Planning

Access management is one of the principal goals of the OHP (Goals 1, 2 & 3). Plans involving
public road connections to the highway should be coordinated with the RAME as they are not
subject to the approach permitting process. A resource for more information on access
management in planning is NCHRP Report 548, A Guidebook for Including Access Management
in Transportation Planning.

ODOT encourages the development of access management plans and interchange area
management plans to maintain and improve highway performance and safety by improving
system efficiency and management before adding capacity. Division 51 includes requirements
and criteria for Access Management Plans and Interchange Area Management Plans in section
734-051-7010.

An Access Management Plan (AMP) is a plan adopted by the OTC for managing access on a

designated section of highway or the influence area of an interchange to maintain and improve
highway performance and safety. Detailed guidance on AMPs can be found on the ODOT access
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management website.

An Interchange Area Management Plan (IAMP) is a plan to determine transportation
solutions or land use/policy actions needed in an interchange area and how best to balance and
manage transportation and land use issues over time. It is an important tool in protecting the
function and operations of state highway interchanges and the supporting local street network.
Assistance in the preparation of IAMPs is available in the ODOT Interchange Area Management
(IAMP) Guidelines.

Project Development

Access management in project delivery in addressed in Division 51 Section 734-051-5120.
ODOT encourages the development of access management strategies and access management
plans during project delivery to maintain and improve highway performance and safety by
improving system efficiency and management before adding capacity.

An Access Management Strategy (AMStrat) is a product developed by the project team that
identifies the location and type of approaches and other necessary improvements that will occur
as part of the project. The strategy may range from general statements on a preservation project
to maps showing specific access closures in a modernization project. Division 51 requires access
management strategies for modernization projects, projects within an influence area of an
interchange where the project includes work along the crossroad, or projects on an expressway.
Access management strategies may be developed for other highway projects.

The goal of an AMStrat is to improve safety and operations through measures taken during
project delivery. These may include physical improvements to reduce conflicts such as medians
and deceleration lanes, with treatments of existing approaches to mitigate, modify, relocate,
consolidate, or close them as needed and as resources allow.

Operational notices provide requirements and guidance on access management in project
development and delivery. PDLT Notice 03 addresses access management in project
development. PDLT Notice 03(A) addresses access management specifically for pavement
preservation projects.

A tabular evaluation of spacing standards should be conducted as part of existing conditions,
future no-build, and alternative analyses and documented in the appropriate technical
memorandums and narratives. This should cover all applicable roadway segments in the study
area. Local jurisdiction’s spacing standards shall be used for non-state roadways.

Example 4-5 Access Spacing Standards Reporting

This is an example of a typical access spacing standards reporting at the project development
level included in a technical report.

The spacing and location of intersections and driveways affect traffic safety and operations.

These access points introduce conflicts and are frequently the cause of slowing or stopping
vehicles that can significantly degrade the flow of traffic and reduce the efficiency of the
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transportation system. Appendix C in the OHP has spacing standards for public road approaches
and private access to be used in the planning process.

The following spacing standards apply to this project:®

e Interchange to interchange: Two miles for freeway interchanges with two-lane
crossroads in a rural area, measured between interchange lane tapers.

e Next intersection adjacent to ramp terminal: 1,320 feet for a two-lane crossroad in a
rural area next to a full or right-in/right-out intersection.

e Street spacing: 1,320 feet for a rural statewide highway at 55 mph and 500 feet for a
rural district highway at 45 mph. There is no standard for private accesses as they are
discouraged on state highways.

The table below shows the comparison between roadway segments and their appropriate spacing
standard. Existing street and ramp spacing is well below standards for all segments in the project
area. In the example, on 184 the distance between the Biggs-Junction and Rufus interchange is
approximately five miles, which is compliant with standards. Bargeway Lane directly accesses
the 184 westbound on-ramp acceleration lane. The access point is less than 300 feet downstream
of the 184 westbound ramp terminal intersection and approximately 600 feet upstream of the
freeway entrance. Extending the length of the on-ramp, so that the acceleration lane begins west
of the Bargeway Lane, will reduce the potential for accelerating vehicles to crash with slow
moving and/or turning vehicles entering/exiting Bargeway Lane.

On US97, the distance between the 184 EB ramp terminal and the Celilo-Wasco/Biggs Rufus
Frontage Rd and US97 intersection is less than half the spacing standard. Queuing and blocking
on this segment will become an issue as volumes grow; however, because of the topography and
waterway constraints, meeting the spacing standards for this segment will not be possible even
under the best conditions. On the segment south of the Celilo-Wasco/Biggs Rufus Frontage Rd.
and US97 intersection, there are two driveways for the Shell Gas and Travel Stop; the first (for
cars) is approximately 550 feet south of the intersection and the second (for trucks) is
approximately 900 feet south of the intersection.

On the Celilo-Wasco Spur, there are multiple driveways on both sides of the highway. The first,
for McDonalds and the Grand Central Travel stop on the opposite side of the road, is
approximately 150 feet west of the Celilo-Wasco/Biggs Rufus Frontage Rd and US97
intersection. The second, for both locations, is approximately 300 feet west of the intersection.

® OAR 734-051, Highway Approach Permitting, Access Control, and Access Management Standards. Effective June
30, 2014.
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Spacing Standard Summary

NEHEEE Spacing Existing
Mana_g.emgnt R SEYET Standard* Conditions™
Classification

Interchange to 184 Between Biggs Junction and 2 miles 5 miles
Interchange Rufus Interchange
Next intersection Between 184 EB ramp terminal
; and Celilo-Wasco/Biggs Rufus .
adjagent to ramp us97 Frontage Rd and US97 1320 feet 600
terminal . .
intersection
. Between Celilo-Wasco/Biggs
Street Spacing:
Statewide US97 Rufus Frontage Rd and US97 1320 feet 0 fee
Highways intersection and entrance to Shell
Gas and Travel Stop
Between Celilo-Wasco/Biggs
Street Spacing: Celilo- Rufus Frontage Rd and US97 500 feet 0 fec
District Highways Wasco Spur | intersection and the entrance to

McDonalds / Travel Stop

* OHP Spacing Standards
**Approximate approach spacing
Black-shaded cells indicate that the spacing standard is not met.

Permits

An Application for State Highway Approach is required for new approaches and in other
circumstances. The outcome of the permitting process is issuance of a permit to construct the
approach. Once construction is approved, a final Permit to Operate, Maintain and Use a State
Highway Approach is issued. Details on the permitting process are found in Division 51 as well
as Chapter 4 of ODOT’s Access Management Manual.

Access Management Techniques

A variety of administrative and design techniques can be applied to preserve and enhance the
safety and operational character of a roadway segment and to mitigate the traffic problems at
many types of locations. The appropriate technique depends on the context of the roadway,
traffic, land use, and environmental characteristics. There is no one-size-fits-all solution. The
following is not an exhaustive list. HDM Section 8.2 contains additional information on the
design of road approaches.

e Minimize: Relocate driveways to farthest edge of property, consolidate driveways to
increase separation, close, acquire access rights, joint and cross access, provide secondary

access

e Administrative: Access policies and codes, subdivision and partition review, vehicle use
limitations, purchase of access control, Division 51, spacing tables

e Alternate Access: Backage or frontage roads

e Restrictions: Painted/Non Traversable medians, porkchops to preclude direct left turns.
Raised medians remove major conflict points from direct left turns. Studies indicate
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significant crash reductions from installation of raised medians.'® Raised medians also
significantly benefit pedestrian safety.™

e Location: Sight distance, spacing, corner clearance, signal spacing

e Design: Width reduction, definition, throats vs. aprons, curb radius, directional median
openings, shoulder bypass, jug handles, frontage roads, service roads, illumination, visual
cues at driveways. Indirect turns such as U-turns and J-turns or roundabouts are safer
than direct left turns.*? Frontage and backage roads facilitate traffic circulation by
separating local from through traffic.

e Channelization: Left- and right-turn lanes on adjacent roadway and on access. Providing
space for left turns away from through traffic can significantly reduce crashes.™

4.8.6 Turn Lane Criteria and Traffic Control

Certain crash types and the overall crash frequency at a location may be addressed by mainline
turn lanes or improved traffic control. Analysis of the existing or no-build conditions should
identify these safety deficiencies that are addressed in the build alternative analysis. Left- and
right-turn lanes at unsignalized locations can be installed to reduce high-speed rear-end collisions
by removing slower turning vehicles from through traffic. The criteria for turn lanes are outlined
in detail in Chapter 7.

High frequency of turning or angle crashes may indicate a need to investigate traffic control
improvements. Traffic control improvements may remove simultaneous conflict points such as
an all-way stop, roundabout, or a traffic signal. Conflict points could also be removed or
minimized by using medians, channelization, or grade separation. Traffic control may also
include bike or pedestrian islands and devices. Traffic control is discussed in detail in subsequent
chapters.

4.9 Online Safety Resources

4.9.10DOT Safety Resources

Oregon Highway Safety Website
Overview webpage describing ODOT safety programs and resources. Includes links to many
analysis tools and data resources, as well as information on funding sources and ODOT research.

Oregon Highway Safety Manual Website

9 Mauga, T. and Kaseko, M., "Modeling and Evaluating the Safety Impacts of Access Management (AM) Features
in the Las Vegas Valley." Transportation Research Record: Journal of the Transportation Research Board 2171, pp.
57-65, 2010

11 Zegeer, C. V., Stewart, R., Huang, H., and Lagerwey, P., "Safety Effects of Marked Versus Unmarked Crosswalks
at Uncontrolled Locations: Executive Summary and Recommended Guidelines.” FHWA-RD-01-075, McLean, Va.,
Federal Highway Administration, (2002)

12 Xu, L., "Right Turns Followed by U-Turns Versus Direct Left Turns: A Comparison of Safety Issues." ITE
Journal, Vol. 71, No. 11, Washington, D.C., Institute of Transportation Engineers, (2001) pp. 36-43.

B Lyon, C., B. Persaud, N. Lefler, D. Carter, and K. Eccles. "Safety Evaluation of Installing Center Two-Way Left-
Turn Lanes on Two-Lane Roads." TRB 87th Annual Meeting Compendium of Papers CD-ROM. Washington, D.C.,
2008.
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Oregon-specific HSM tools, research, and implementation information. Includes links to pre-
calibrated HSM Predictive Method spreadsheets.

Highway Safety Investigations Manual

The Highway Safety Investigations Manual is a resource to assist ODOT traffic investigators and
analysts with detailed highway safety project screening and evaluations. The manual includes
checklists and analysis procedures suitable for a variety of field and office safety investigations
and assessments. A set of worksheets is available containing tools and forms to facilitate the
analysis.

Low-Cost Systemic Safety Countermeasures

Guidance and fact sheets on the use of research-proven low-cost safety countermeasures that can
be deployed on a systematic basic. Through the collective efforts of ODOT's Traffic Operations
Leadership Team (TOLT) and Highway Safety Engineering Committee (HSEC), many of these
safety countermeasures are thoroughly integrated into the options the ODOT Regions must
consider when addressing highway safety issues to reduce fatal and serious injury crashes
throughout Oregon.

Transportation Development Trans Data Portal
Index page that lists many transportation data sources available through ODOT.

4.9.20DOT Safety Plans

Transportation Safety Action Plan (TSAP)

The TSAP is the guiding safety policy document for ODOT and includes the specific actions that
are being taken to provide a safer travel environment. The document also serves as the federally
mandated Strategic Highway Safety Plan (SHSP).

Roadway Departure Safety Implementation Plan

Roadway Departure crashes account for approximately 66% of all fatalities in Oregon. Data
analysis of Oregon crashes was combined with cost-effective strategies to identify locations for
the most effective use of funds to achieve an approximate 20% reduction in roadway departure
fatalities. This systematic approach involves deploying large numbers of relatively low-cost,
cost-effective countermeasures on targeted segments of road with a history of roadway departure
crashes.

Intersection Safety Implementation Plan

This plan developed by Oregon and FHWA focuses on reducing fatal and major injury crashes at
intersections. In Oregon, an average of 72 fatalities at intersections occurs each year. Although
this number is declining, this plan is geared towards reducing this number even more. Using
cost-effective strategies to apply both systemic improvements as well as hot spot improvements
can be used to reach approximately a 13% reduction in intersection fatalities.

Bicycle and Pedestrian Safety Implementation Plan

Provides a systemic approach to reducing pedestrian and bicycle risks and crashes in Oregon.
Includes two network screening methods, a traditional crash-based process and a risk-based
systemic safety planning process using roadway characteristics that have contributed to
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pedestrian and bicycle crashes over the study period. The plan provides a list of candidate
priority locations and a toolbox of relevant countermeasures.

4.9.3National Safety Analysis Resources

Official AASHTO Highway Safety Manual Website
Includes purchasing information, case studies, implementation tools, and online training guides
for the HSM. Also includes user forums for practitioners and published corrections to the HSM.

Crash Modification Factors Clearinghouse

Companion tool to HSM Part D Crash Modification Factors. Provides a searchable database of
up-to-date CMFs with details on applicability and links to the original research. This is a free
web site funded by FHWA and maintained by the University of North Carolina Highway Safety
Research Center.

PEDBIKESAFE.org

FHWA website for the Pedestrian Safety Guide and Countermeasure Selection System
(PEDSAFE) and Bicycle Safety Guide and Countermeasure Selection System (BIKESAFE). The
site includes practitioner guidebooks, proven countermeasure information, and various case
studies covering