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The state of Oregon has developed a statewide TSAP and set a goal of zero fatal and incapacitating injuries

on Oregonds transportation system by 2035. The Bend Area TSAP
help the City and partnering agencies  protect people traveling within Bend from injuries. This also contributes

t o ODOT 6ts prateatitr&velers statewide . ThisBend Area TSAP reevaluate scrash trends and issues based

on current data and  identifies a broad range of treatments including projects, policies, and programs, to

address identified issues.

The Bend Area TSAP focuses on the area within the Bend Urban Growth Boundary (  UGB), as shown by the
study area in Figure 2. Deschutes County concurrently develop ed its own TSAP for the area outside the Bend
UGB. The County TSAP includes the area within the Bend Metropolitan Planning Organization (MPO) that is
outside the UGB . Smultaneous ly develop ing the County and City/MPO TSAPs allow ed for coordination
between the two jurisdictions and an understanding of C ity-specific safety performance.  The Framework
Memorandum, provided as  Appendix 1 , summarizes how the two Plan s were coordinated.

Although this Bend Area TSAP focuses on the area within the Bend UGB, additional information is provided to
summarize recommendations and performance measures relevant to the MPO area:

The Performance Measures chapter, Section 3 of the TSAR provides the performance measures for the
Bend UGB area and the MPO area to assist with reporting requirements.

Appendix 2 provides a summary of the recommendations from the Deschutes County TSAP that are
located within the MPO area.

Kittelson & Associates, Inc., Bend, Oregon 5



CITY OF BEND
BEND AREA TRANSPORTAON SAFETY ACTION PAN

1.2 RECENTPROGRESS IN TRANSHRTATION SAFETY

The City of Bend (City) has successfully implemented q uantitative safety evaluations to identify priorities for
transportation safety countermeasures. In 2012, the City completed a multimodal traffic safety program that
identified several focus areas for the City including alcohol -involved crashes, speed -involved crashes,
roadway departure crashes, fatal and injury crashes, and pedestrian and bicycle crashes. The City has

invested in projects to address these issues overt  he past six years. As shown in Figure 1, however, the severe
injury and fatal crashes have continued to increase at a rate that outpaces growth in population and

vehicle miles travelled ( VMT). This TSAPeffort , therefore, include sreevaluat ing crash trend sand issues based
on current data and  identifie sa broad range of treatments that can be applied  comprehensively in Bend

including projects, policies, and programs, to address identified issues causing injuries and fatalities .
A summary of past plans and projects complete is provided in Appendix 3 .
During the development of the TSAP, Bend was concurrently updating its Transportation System Plan (TSP).

Policies, projects, programs, and actions identified in the TSAP will be incorporated into the TSP as a reference
document. It is expected that the recommendations and project list in this TSAP will be incorporated into the
TSP.

1.3 BEND TSP RANSPORTATION SAFETGOALS

The Bend TSRincludes Goals, Policies, and Actions that set the overall direction for how we will implement

and manage our transportation system into the future. The Goals, Policies, and Action Items will be part of the

Bend TSP. The following are the Draft Transporta tion Safety Goals, Policies, and Actions as of ~ September 2019.
These may be updated prior to adoption of the Bend TSP. This section of the TSAP will be updated to reflect

the adopted Transportation Safety Goals.

Many of the Goals, Policies, and Actions ha  ve direct safety implications. This section only summarizes those
that were specifically identified by the Transportation Safety Policy Subcommittee of the CTAC:

Introduction to Safety : The City of Bend aspires to a transportation system that is accessible , welcoming, and
comfortable for all users, including the most vulnerable, and which will result in zero serious injuries or fatal

crashes. The City recognizes that we must design and manage our transportation system with this end in

mind.

S-1. The City will balance safety, connectivity, and travel time reliability for all modes of transportation in
design and construction of transportation projects, and in transportation program implementation.

Actions:

Adopt and implement the 2019 Transportation Safety A ction Plan, including mapping identified crash
emphasis areas.

Amend the Bend Development Code to include safety mitigation as part of development review.

S-2. The City is committed to zero transportation  -related fatalities or serious injuries through design, operation,
maintenance, and enforcement activities.

Actions:

By 2021, the City will develop and adopt an action plan to move the City towards zero traffic deaths or
serious injuries (e.g. Vision Zero). The plan will set a clear goal of eli minating traffic deaths and serious
injuries among all road users within an explicit timeframe and actively engage key City departments.

Kittelson & Associates, Inc., Bend, Oregon 7
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A Prioritize short term transportation projects that relieve congestion, improve safety, including
emergency response times, and increase options for all modes of transportation.

A Develop a transportation funding plan that is equitable, balanced, and resilient.

A Createfimplement communication plan aligning community values with transportation
projects to ensure sustainable funding.

A Participate in development of comprehensive transit plan that improves service levels and is
integrated with the TSP.

Improve the condition and functionality of City sewer, stormwater, transportation and water infrastructure
to keep pace with community needs.

A Improve the average pavement condition index to 75 by 6/30/2021.
A Develop a bridge maintenance and traffic signal plan .

A Continue investments in water, stormwater and waste water treatment systems to keep
pace with demand, regulatory requirements and maintenance needs.

A Create a sidewalk plan and program that shares responsibilities between the City and
adjacent proper ty owners.

A Complete phase one of neighborhood greenways & create plan/funding source for future
phases integrated with the TSP.

Increase events focused on traffic safety by 20% by 6/30/2021 when compared to 6/30/2019.
A Conduct focused DUII enforcement pro  grams or details.
A Conduct focused distracted driving enforcement programs or details.
A Conduct crash reduction enforcement programs or details.
A

Conduct public education and awareness programs.

1.5 PLAN DEVELOPMENT PRGESS

A comprehensive approach to transportation safety acknowledges that policy, planning, programming, and
projects are multidisci7p$dnafr.ysahelt yerweordtvie ®BEher epresents a de
transportation safety through a commitment to evaluate progress and continue to adapt future safety plans

to meet identified future needs:
Engineering;
Emergency Medical Services (EMS);
Enforcement;
Education ;
Encouragement;
Equity; and

Evaluation.

Kittelson & Associates, Inc., Bend, Oregon 9
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By including elem ents from the 7Es that complement each o  ther, the TSAP provides a multidisciplinary
approach that could support policy, programs , and project recommendations to achieve a vision of zero
transportation fatalities or serious injuries on roads within the City of Bend. This would be consistent with the
Oregon statewide vision zero objectives. To achieve this multidisciplinary plan, input was obtained from a

variety of stakeholders throughout the project:

Project Management Team (PMT) 8 The PMT include d key staff from the City of Bend, the Bend MPO, and
the Oregon Department of Transportation (ODOT) who met regularly throughout the project to provide
technical input at key steps throughout the project.

Technical Advisory Committee (TAC) 8 The MPO TAC met three times during the TSAP project to provide
input on the project framework and goals; the existing conditions analysis and emphasis areas; and the
TSAP6s policy, program, and project recommendati ons.

Citywide Transportation Advisory Committee (CTAC) 0 The CTAC is a committee of community members

that provides policy recommendations and guidance to the Bend City Council on the update of Bend
Transportation Plan, including transportation -related policies and funding strategies. The CTAC has a sub -

group focused on transportation safety policies . Thissubgroup met to develop recommended

transportation safety policies for the City.

Brownbag Meeting 8 There was one brownbag, informational meeting in which all CTAC members, as
well as the general public, were invited to attend to learn more about ways t o reduce injuries and
fatal ities through infrastructure countermeasures (e.g. design, operations, and maintenance)

Multidisciplinary Stakeholder Group 8 This group included representatives from a variety of  stakeholders ,

including the Deschutes County De  partment of Public Health, Bend Police and Fire, Deschutes County

Sheriff, Bend La Pine School District, and th-e District Att
infrastructure countermeasures.  This group was invited to participate in two of the MPO TAC meetings to

discuss and identifying non -engineering solutions to further support crash reductions.

1.6 HOW TO USE THE TSAP

The TSAP is organized into seven sections. The following overview summarizes the content of each section
and how itis intendedtob e used.

Section 1: Introduction 6Thi s section provides an overview of the Pl ands
City Councilds transportation safety goals, and the study area. T
Plan document.

Section 2: Crash Data Summary 9 This section provides an overview of the key findings from the crash
analysis and the identified emphasis areas for Bend.

Section 3: Performance Measures 8 Thissection summarizes performance measures for the City and MPO
to use in tracking prog ress towards implementing the TSAP

Section 4: Location Specific Applications & Thissection summarizes the specific locations identified for
safety treatments during the TSAP development. Section 4.1 identifies the intersections with the highest
crash frequency and severity in the City; Section 4.2 identifies four areas where specific

recommendations were produced; and Section 4.3 provides summarizes the locations where specific risk
factors were identified. Section 4.3 helps guide the implementat ion of systemic solutions presented in
Section 6 .

Kittelson & Associates, Inc., Bend, Oregon 10
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Section 5: Non -Infrastructure Recommendations 8 Thissection summarizes the educational, enforcement,
programmatic, and policy action items developed to support the engineering recommendations of the
TSARP

Section 6: Systemic Solutions 9 This section is a toolbox of systemic solutions, summarizing the solutions,

planning level cost estimates, and effectiveness at reducing injuries. This toolbox is meant to be

referenced to identify appropriate solutions to address various safety issues throughout the City. These

treatments can often be incorporated into the Cityds regul a

Section 7: Speed Management Toolbox & This section provides a toolbox of treatments that can be
implemented to he Ip reduce travel speeds  which can reduce the severity of injuries

1.7 UPDATING THE TSAP

Implementing the TSAP actions in concert with other Bend and MPO safety, land use, and transportation

plans should result in measured decreases in fatal and severe injuries for the corresponding emphasis areas.
Measuring safety benefits will require reass  essing crash data to consider the TSAP effectiveness and then
generate revised programs to meet future identified safety performance needs. The MPO TAC recommends
this TSAP be assessed in 3 to 5 years as new crash data is available and sufficient time has passed to measure
the effectiveness of the various safety, land use, and transportation plans.

Kittelson & Associates, Inc., Bend, Oregon 11
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Kittelson obtained roadway , traffic, and crash data from the Oregon Department of Transportation (ODOT),

Deschutes County, and the Bend MPO. Reportedc r ash data for Deschutes County was
database for January 1, 2012 through December 31, 2016. Reported crashes include those resulti  ngin an

injury or fatality, as well as those resulting in over $1,500 of property damage. 10DOTds crash database
provides reported crash characteristics such as date, time, crash type, light conditions, roadway conditions,

etc. that Kittelson used to anal  yze and document factors associated with crashes. Additional roadway

characteristics, such as number of lanes and intersection control type, were assigned to the crash data

based on the GIS information received from the Bend MPO or Deschutes County.

Crashes are assigned one of five severity levels based on the most severe injury associated with that crash:

Fatal;

Incapacitating injury (Injury A);
Moderate Injury (Injury B);
Possible Injury (Injury C); or
Property damage only (PDO).

More extensive discussio n of analysis and findings is included in the  Existing Conditions Summary memo,
which is included as  Appendix 4 .

2.1 YEAR AND SEVERITY

Figure 3 presents the year -over -year crash frequency in Bend including the number of crashes resulting in
death or incapacitating injury. The annual numbe r of reported crashes has increased yearly since 2012, with
an average annual increase of nine percent. This average annual growth in reported crash frequency
exceeds the average annual population growth (1.6 percent) and the average annual VMT growth (3.6

percent) during the same time period. Figure 4 illustrates the number of crashes per year along with the VMT
per year.

Table 1 presents crashes by severity and mode . Among the 4,500 crashes analyzed, a relatively small share
(two percent ) were fatal or Injury A crashes while over 41 percent of these crashes resulted in an injury of
some sort. The number of fatal crashes dropped in 2014 and then continued an upward trend in 2015. A
crash classified as injury 0 A describes s evere injuries includ ing skull fractures, internal injuries, broken or
distorted limbs, unconsciousness, severe lacerations, and severe burns. The crash victim is unable to leave
the scene without assistance.

As shown in Table 1, the severity distribution among bicycle and pedestrian crashes is substantially different
than the overall severity distribution. Over 90 percent of reported bicycle and pedestrian crashes resulted in
some level of in jury. One in four reported pedestrian crashes resulted in a fatal or severe injury.

1 ODOT increased the property damage threshold for reporting crashes from $1,500 to $2,500 as of
January 1, 2018. However, the data reflected in this analysis corresponds to a reporting threshold

of $1,500 of damage. (Source:  https://content.govdelivery.com/accounts/ORDOT/bulletins/1cbed84 )
Kittelson & Associates, Inc., Bend, Oregon 13
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Table 1: Crashes by Severity and Mode , Bend, 2012-2016

Pedestrian Crash Count

Share of Pedestrian Crashes by Severity 8% 16% 50% 20% 6% 100%
Bicycle Crash Count 1 7 61 33 10 112
Share of Bicycle Crashes by Severity 1% 6% 54% 29% 9% 100%
Motor Vehicle Crash Count 6 66 432 1,206 2,628 4,338
Share of Motor Vehicle Crashes by Severity <1% 2% 10% 28% 61% 100%
Total Crash Count 11 81 518 1,249 2,641 4,500
Share of Total Crashes by Severity <1% 2% 12% 28%  59% 100%

Source: ODOT

4,500

vehicle crashes A

2 rw

serious .
or fatal

50 112

E:;i:l?;:an bicycle crashes

1 2 serious . '

if?:t:f or fatal

2.2 LOCATION OF REPORTED CRASHES

Kittelson analyzed crashes by location (intersection or segment crashes) and by mode (including motor
vehicle, bicyclist, or pedestrian crashes). Crashes within 250 feet of an intersection were considered
intersection crashes and constituted most crashes w ithin Bend (88%) , as shown in Figure 5.

Intersections in the City are typically either stop -controlled, signalized, or roundabouts. Stop  -controlled
intersections may betwo -waystop-contr ol l ed (referred to as O0stopo6 in the tab
road traffic does not stop, orall -waystop-contr ol | ed ( r ewagstopecdo nttor oalsl edddd bel ow), i n

Kittelson & Associates, Inc., Bend, Oregon 15
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every approach isrequiredtostop.Usin g the Cityds GIS database of intersection
assigned the reported crash data with the corresponding intersection traffic control configuration. Table 2

shows the distribution of intersection crashes by traffic control type. Almost half of fatal/incapacitating

intersection crashes occurred at stop  -controlled intersections, 28 percent at traffic signals, five percent at all -

way stop -controlled intersections, and three percent at roundabouts. Figure 6 illustrates the location of the

fatal and incapacitating crashes in Bend between 2012 and 2016.

The next section describes the major emphasis areas for Bend based on further analysis.

Figure 5: Crashes by Location (Intersection an  d Non -Intersection), Bend 2012 -2016

2,500 58%
2,318
2,000
1,115
1,000
12%
468 62%
500 26% 323
<1% 2% 1% 1% 0% o
O [ ] —— -
Crash Count Crash Count
Intersection Non-Intersection

m Fatal m Incapacitatingm Non-incapacitatingm Possible injurg, complaint of painm No Injury

Source: ODOT

Table 2. Summary of Distribution by Intersection Control Type

. Percentage of Reported Crashes Percentage of Fatal/Incapacitating
Intersection Control .
Total Intersection Crashes

4-Way Stop -Controlled 4% 5%
Stop-Controlled 43% 49%
Traffic Signal 32% 28%
Roundabout 6% 3%
Other 1% 1%
Unknown 14% 15%

Kittelson & Associates, Inc., Bend, Oregon 16
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2.3 EMPHASIS AREAS

Based o n the crash analysis, Kittelson identified several emphasis areas for the City of

@@@ Bend. These emphasis areas reflect the  crash characteristics, such as crash type,

behavior, or infrastructure , that were associated with fatal and incapacitating injury
crashes. By addressing these emphasis areas, the City has the greatest potential to

reduce fatal and incapacitating crashes. 2
SAFETY EMPHASIS

AREAS The following sections summarize these emphasize areas.

Fatal/incapacitating crash types. The five crash types most frequently associated with fatal/incapacitating
outcomes include these types (which collectively account for 89 percent ):

Turning movement crashes (26% of fatal/incapacitating crashes)
Rear-end crashes (21%)

Angle crashes (17%)

Pedestrian crashes (13%)

Fixed object or other object crashes (12%)

Bicyclist crashes (9%) (Bicyclists crashes are assigned a collision type that is not unique to bicyclists and
are therefore also included in the percentages above, as appropriate)

(]

crashes
890/0 occurred :
L N N N N N N N | [ X N

within 250ft of intersection.

(signalized or unsignilized)

Eighty -eight percent of collisions in Bend occurred within 250 feet of an intersection.  Key trends include:

Arterial roadways. Among fatal/incapacitating crashes, 78 percent occurred on arterials or at
intersections that included at least one arterial roadway.

2 Some of the emphasis areas discuss roadway functional classification (arterials, collectors, and

local streets). These findings do n ot address the volume of traffic by roadway classification in the

City. For example, a high percentage of crashes were reported at arterials. This may be partially

due to the amount of traffic volume traveling through these locations. If traffic volumes ar e higher,
the number of crashes may be correlated.

Kittelson & Associates, Inc., Bend, Oregon 18
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Traffic Control. Among fatal/incapacitating cra shes at intersections, 49 percent occurred at stop -
controlled intersections, and 28 percent occurred at traffic signals.

Intersection collision types. The predominant share of fatal/incapacitating crashes were collision types
most commonly occurring at in  tersections: turning movement, angle, and rear-end crashes.

Twelve percent of collisions in Bend occurred outside of intersection influence areas. Key trends include:

Segment collision types.  21% percent of fatal/incapacitating crashes were fixed object, sideswipe, head
on, or overturn crashes; and

Arterial roadways. 58% percent of fatal/incapacitating crashes occurred on arterial roadways or at
intersections with arterial roadways

Five-lane roa dways. 32% percent of fatal/incapacitating crashes occurred on five -lane roadways.

Although pedestrian crashes accounted for less than one percent of reported crashes in Bend 6 YGB, they
accounted for 13 percent of fatal /incapacitating cr  ashes in the UGB boundar y. Key trends include:

Severe outcomes . Ninety -four (94%) percent of pedestrian collisions resulted in injury or death. Twenty -
four percent (24%) resulted in death or incapacitating injury.

Evening/nighttime crashes. Fatal and inca pacitating pedestrian collisions predominantly occurred in the
evening/nighttime hours as well, with eight of 12 such collisions occurring between 5:00 p.m. and 11:00

p.m. Four fatal pedestrian collisions  (and eight of 12 fatal/incapacitating crashes) occu rred in darkness
with the absence of streetlights

Number of lanes on roadway . Almost half of pedestrian collisions (48 percent) occurred on roadways
with four or five lanes.

Motorists proceeding straight.  Nine of the 12 (75%) fatal/incapacitating pedestrian collisions involved
motorists proceeding straight (rather than turning).

Bicycle crashes accounted for two percent of reported crashes in the Bend UGB and nine percent of
fatal/incapacitating crashes between 2012 and 2016. Key trends include:

Severe outcomes. Among the 112 reported collisions involving people on bikes in the five -year period
analyzed, 90 percent resulted in injury or death. S even percent of collisions resulted in incapacitating
injury or deat h.

High-stress roadways. Seventy percent of bicycle collisions occurred either on roadways with a level of
traffic stress (LT$® score of 3 or 4, or at an intersection including such a street. To put this into perspective,

3 Level of Traffic Stress (LTS) measures the relative traffic stress a bicyclist experiences on the

roadway. It is based on posted speed limit, number of lanes, traffic volume, and available bicycle

facil ities/separation from vehicular traffic.

Kittelson & Associates, Inc., Bend, Oregon 19
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roads with an LTS score of 3 or 4 constitutmeetwarpproxi mately
Therefore, bicycle crashes are over -represented on such roadway s.

Intersection crashes. Ninety -three (93%) percent of bicyclist collisions in Bend

occurred within an intersect iSixty8ight percentl (6&/6 c feet)
of intersection crashes occurred at an intersection with at least one high -stress(with

a level of traffic stress, LTS, of 3 or 4) roadway.

oLeft Ho ok dwenty-threehpersent (23%, 26 crashes) of bicycle crashes

involved vehicles turning left and bicyclists traveling straight in the opposing

direction. The majority of these (23 of  26) occurred at intersections.  The risk is ﬁ
created primari ly by standard intersection design practices in Bend

©
A Eight (8) percent of bicycle crashes involved right -hooks, in which a f
right -turning vehicle and a bicycle traveling through the intersection o o
from the same direction collided. LEFT HOOK

Key trends include:

Excessive speeds. Thirteen percent (13%) of fatal/incapacitating crashes involved excessive speeds; 10
percent of excessive speed crashes resulted in fatality or incapacitating in jury.
Impaired driving . Alcohol/drug involvement was reported in six percent (6%) of reported collisions but in

20 percent (20%) of the fatal/incapacitating subset of collisions.

Key trends include:

Dark, unlit conditions. Twenty -two percent (22%) of fatal/incapacitating crashes occurred in dark, unlit
conditions . Four percent (4%) of crashes in dark, unlit conditions resulted in fatality or incapacitating
injury.

Relative share compared to peer citie  s. A substantively higher proportion of collisions in Bend (13
percent) occurred in darkness with no street lights compared to  Corvallis, Medford, and Springfield.

Kittelson & Associates, Inc., Bend, Oregon 20
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Performance measures are used to evaluate progress in completing the actions identified in the TSAP and in
achieving the desired outcomes of the Plan. The Oregon TSAP identifies two general types of performance
measures. The Bend Area TSAP used the state -level descriptions to help inform its own | anguage of
performance measurement , as summarized in Table 3.

Table 3. Overview of Types of Performance Measures

Oregon TSAP Measure Bend Area TSAP Measure

Track the results of a
program or activity. For

Effectiveness Performance example, track how many Safety Effectiveness Performance
Measures fatalities or injuries occurred, Measures

or number of non -motorist

fatalities.

Track effort and output . For

example, track how many

activities were conducted, TSAP Implementation Objectives
or miles of treatment were

installed.

Efficiency Performance
Measures

3.1 SAFETY EFFECTIVENBXSRFORMANCE MEASURE

The Oregon Department of ~ Transportation and the Bend MPO area have adopted the federally required
performance measures, which are effectiveness performance measures, as summarized in the Transportation
Safety Regulatory Memorandum, provided in Appendix 5 .

MPOs and state departments of transportation (DOTSs) are required to report annually on the following
performance measures:

Fatalities

Fatality Rate

Serious Injuries

Serious Injury Rate

Non -motorized Fatalities and Serious Injuries
Rural Road Safety (DOT only)

Older Driver and Pedestrian Safety (DOT only)

MPOs can choose to adopt the state established targets or establish targets speci fically for the planning area

for performance measures |isted above (the first five bullets
established targets, which are based on an S -curve forecast trend using five  -year averages to achieve the

vision of zero fa talities and life -changing injuries by 2035. The targets are applicable to all public roads in the

MPO and must be reported annually. For reference , Table 4 identifies e ach target baseline and five  -year
Kittelson & Associates, Inc., Bend, Oregon 22
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average target for the five performance measures from the baseline five -year average (either 2010 -2014 or
2011-2015, depending on the data set) to 2017  -2021 for the entire state of Oregon.

Table 4. ODOT Performance Targets (Five -Year Average)

Fatality Rate Serious Injury Non -motorize d
Fatalities (People per SECSIRIIES Rate (People Fatalities and
Base Period (People) (2011- 100 Million (People) (2011- | per 100 Million Serious Injuries
2015) VMT) (2011- 2015) VMT) (2011- (2011-2015)
2015) 2015)
Baseline 357 1.04 1,491 4.42 234
2013-2017 357 0.94 1,491 4.42 234
2014-2018 350 0.89 1,461 4.33 229
2015-2019 343 0.83 1,432 4.24 225
2016-2020 328 0.78 1,368 4.06 215
2017-2021 306 0.73 1,274 3.78 200

220142018 is the first period that targets must be established for the HSIP Program.

Table 5 summarizes the resulting performance measures based on the 2012 0 2016 reported crash data used

in the TSAP. The table summarizes the performance measures for the Bend UGB area, which is the T SAP study

area, and the entire MPO ar ea. AsoZ26l6fatality rate and sehioas ifjugybtalee, Bend 6 s
were below the state682017dmegeribpds f or t he 2013

Table 5. Bend UGB Area and Bend MPO Area Perfo rmance Targets (2012 -2016)

" Fatality Rate Serious Serious Injury Rate Non -motorized
Base Fatalities - . .
Period (People) (People per 100 Injuries (People per 100 Fatalities and Serious
P Million VMT People Million VMT IHES

Bend
UGB
Area
2012-
2016
Bend
MPO
Area
2012-
2016

12 0.45 88 3.31 19

13 0.49 102 3.84 20

3.2 TSAP IMPLEMENTATIORBJECTIVES

Implementation measurement focuses on tracking the efforts and outputs that are expected to lead to
positive safety outcomes as  defined by reducing serious injury and fatal crashes. The Bend Area TSAP will
track these activities and efforts through implementation objectives.

To maintain consistency with existing Bend Area safety policies, these implementation objectives should be:
Measurable;
Concise;
Maintainable; and

Tied to the TSAP Emphasis Areas.

Kittelson & Associates, Inc., Bend, Oregon 23
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activiti

es will focus on

ensuri

ng the

Table 6 provides initial steps toward implementation. The performance objectives ensure each action is
connected to the Bend TSAP and City Council goals. The activities are listed in order or recommended

implementation, starting with governance

activities.

Table 6. TSAP Initial Implementation Activities Tracking

TSAP Section TSAPImplementation  Activity Implementation  Objective

1.5 Plan Development
Process

2.3 Emphasis Areas

2.3 Emphasis Areas

2.3 Emphasis Areas

2.3 Emphasis Areas

2.3 Emphasis Areas

6. Systemic Solutions

3.1 Transportation
Safety Effectiveness
Performance
Measures

1.

Establish a TSAP governance structure,
which could include an executive
committee, Emphasis Area ( 0 E)devel
committees, etc.

Devel op an approach to each

Emphasis Area (e.g., identify a
champion, establish an emphasis area
team, etc.)

Prioritize the Emphasis Areas based on
need, funding, and staff capacity, and
develop an implementation plan to
consider each area in safety planning.
For each Emphasis Area: Prioritize sub -
areas by need and feasible systemic
and hot spot countermeasures (Sec
4 and 6 of the TSAP)

tion

For each Emphasis Area (will vary by
EA): Develop a strategic plan for
meeting as a team, identifying needs,
conducting activities to meet those
needs, and track progress

For each Emphasis Area (will vary by
EA): Identify safety stakeholders,
including those not directly involved in
the TSAP development, for
collaboration  opportunities.

Revise City of Bend standard drawings
and specifications to incorporate
proven safety countermeasures into
future arterials roadway design  s.

Maintain a data warehouse of installed
safety treatments to support before -
after safety calculations and quantify
return on investment analyses.

Kittelson & Associates, Inc., Bend, Oregon

-related actions, then strategy, and then

A TSAP governance

f ocus

of

specific strategic

document detailing structure

and actions of safety

-focused

teams and individual roles.

Number of Emphasis Areas

with a documented

implementation approach

Prioritized list of Emphasis Areas

Prioritized list of sub -areas for

each Emphasis Area

Emphasis Area Team strategic

plans (as applicable)

Number of partners and
collaborative meetings/events
with them (as applicable)

Number of safety

countermeasures added to

standard plan

A safety treatments database
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Table 7 identifies the TSAP Emphasis Areas, sub -areas, and example metrics that will help safety professionals
determine progress toward achieving safety goals. Each potential activity should be measu
track progress. This table is meant to illustrate how some of the emphasis areas may be tracked. The first steps
Table 6 above, include developing an action plan to address each
emphasis area. That action plan should specify how the City plans to track the detailed TSAP activities.

towards implementation, summarized in

Individual actions to meet performance objectives should be identified

red regularly to

, assigned, and tracked on a regular

basis by the Emphasis Area Champion or other responsible party. The tools in this plan are meant to give the
City options to address issues; treatments are not applicable at all locations. The City should use their

judg ment in applying these treatments.

Table 7. Example Detailed TSAP Activities Tracking

Emphasis Area Sub-area
Arterial
roadways

2.3.2 Traffic

Intersection control
Intersection
collision
types

233Roadway ~ ooament
collision

Segments
types

TSAPImplementation

Activit y

Increase intersection
warning with signing
and striping

Install raised divider
on stop approach

Provide flashing
beacon at stop -
controlled
intersections

Increase sight
distance

Install roundabout

FHWA basic set of
signal and sign
improvements at
signalized
intersections

Increase all -red
clearance interval

Widen paved
shoulder

Install chevron signs
on horizontal curves

Install dynamic
feedback sign on
curves

Kittelson & Associates, Inc., Bend, Oregon

Initial Step Required to
Track Activity

Develop an intersection
attribute dataset and
process to update as
improvements are
completed

Develop signal control
inventory and process
to update as
improvements are
completed

Develop a sign and
signal improvement
inventory and process
to update as
improvements are
completed

Develop a roadway
segment attributes
dataset and process to
update as
improvements are
completed

Implementation
Objective

Number of listed
treatments
installed

Number of listed
treatments
installed

Number of listed
treatments
installed

Number of listed
treatments
installed

25



Emphasis Area

234
Pedestrians

Sub-area

Arterial
roadways

Five-lane
roadways

Severe
outcomes

Evening/
nighttime
crashes

Number of
lanes on
roadway

CITY OF BEND
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TSAPImplementation

Activit y

Increase pavement
friction

Remove, relocate, or
protect fixed objects

Install wider
edgelines

Reconfigure lanes

Reconfigure lanes

Install leading
pedestrian interval at
signal

Install pedestrian
countdown timer

Install pedestrian -
scale lighting

Add curb extension

Add pedestrian
refuge island

Add rapid
rectangular flashing
beacon

Add pedestrian
hybrid beacon

Add pedestrian
signal

Kittelson & Associates, Inc., Bend, Oregon

Initial Step Required to
Track Activity

Develop a roadway
segment attributes
dataset and process to
update as
improvements are
completed

Develop a roadway
segment attributes
dataset and process to
update as
improvements are
completed

Develop signal control
inventory and process
to update as
improvements are
completed

Updated and maintain
the existing conditions
lighting dataset and
process to update as
improvements are
completed

Develop signal control
inventory and process
to update as
improvements are
completed

Implementation
Objective

Number of
reconfiguration
projects funded

Number of
reconfiguration
projects funded

Number of listed
treatments
installed

Number of listed
treatments
installed

Number of listed
treatments
installed
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TSAPImplementation

Activit y

Initial Step Required to

Track Activity

Implementation
Objective

Severe
outcomes

High-stress
roadways

2.3.5 Bicyclists

Intersection
crashes

Left-turning
vehicles

2.3.6 Road User Excessive
Behavior speeds

Install, buffer, or
separate bicycle
lanes

Construct
neighborhood
greenway

Install green bike
lanes at conflict
points

Construct protected
intersection

Install bike box /
advanced stop bar

Install two -stage turn
boxes

Convert left turn
permissive to
protected phasing

Table 10, A13:
Develop a speed
management
program

Add transverse lane
marking

Add speed advisory
markings in lane

Add colored
pavement advisory
markings

Narrow travel lanes
by widening
shoulders, installing
wider edgelines, or
adding vertical
centerline posts

Kittelson & Associates, Inc., Bend, Oregon

Develop a roadway
segment attributes
dataset and process to
update as
improvements are
completed

Develop a roadway
segment attributes
dataset and process to
update as
improvements are
completed

Develop an intersection

attribute dataset and
process to update as
improvements are
completed

Develop a roadway
segment attributes
dataset and process to
update as
improvements are
completed

Develop a roadway
segment attributes
dataset and process to
update as
improvements are
completed

Number of listed
treatments
installed

Number of listed
treatments
installed

Number of listed
treatments
installed

Number of
protected phases
added

Number of listed
treatments
installed
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Emphasis Area Sub-area

Impaired
driving
N Dark, unlit
2.3.7 Lighting conditions
Table 9. Safety
Culture and .
Educational SO I
Action Items
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TSAPImplementation

Activit y

Add horizontal
deflections

Realign int ersection
Install speed tables

Add dynamic speed
displays

Add community
gateway signs

Table 10 Action Items

Al7 0 A24

Add intersection
lighting

Develop a plan of
action to prioritize
and track progress
on each item.

Regularly update the
value, feasibility, and
prioritization of each
action.

Kittelson & Associates, Inc., Bend, Oregon

Initial Step Required to
Track Activity

Develop an existing
conditions lighting
dataset and process to
update as
improvements are
completed

Develop the datasets
and processes needed
and track the

impro vements for
communication and
reporting purposes.

Implementation
Objective

TBD

Number of listed
treatments
installed

Tracking process

developed and
implemented

28
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After identifying emphasis areas based on reported crashes in Bend , Kittelson implemented a network
screening approach to identify priority locations for recommendations . Network screening refers to a process
to review a roadway network for the purpose of identifying and ranking locations that would benefit from

safety countermeasures. Kittelson used two network screening performance measures to identify locations, as
described below. The performance measures identified locations with high collision frequen cy and severity
(eq uivalent property damage only, or EPDO, screening) and locations with a high concentration of particular
collision types (excess proportions of specific crash types screening)

4.1 EQUIVALENT PROPERTYAMAGE ONLY (EPDO)
SCREENING

The EPDO performance measure assigns weighting factors to collisions by severity . The weighting factors
generally reflect an order of magnitude difference between societal costs of fatal and incapacitating

collisions versus less severe injury co llisions. The weighting factors, shown below, are based on the Oregon
Safety Priority Index System (SPIS) scoring method, which assign scores of 100 to fatal and incapacitating
collisions, 10 to Injury B and C collisions, and one to property damage only (P DO) collisions:

Fatal and Injury A Collisions: 100 points
Injury B and Injury C Collisions : 10 points
PDO collisions: 1 point

Kittelson used EPDO as the primary performance measure to prioritize site-specific recommendations
because it captures the overall frequency and severity of collisions.  We identified the intersections with the
top 25 EPDO scores in the City, showni n Table 8 and Figure 7. Based on input from City staff, 12 locations
were identified for further crash analysis. Kittelson prepared crash diagrams for these intersections. Crash
diagrams are provided in  Appendix 6 and referenced in Table 8 below. Of these intersections, the City
selected four, s hown in bold in Table 8 for further recommendations.
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Table 8: Top Sites for Safety Improvement , Identified with EPDO Performance Measure

Number
: Crash
Intersection . of .
Involves an DIRGJENT Reported AP
Intersection Location* Reference EPDO
ODOT (Appendix ClEsEs Score
Facility? p';)** 2012-
2016

Highway 20 & 27th Street Yes Figure 6-1 61 87.8
Highway 20 & 8th Street Yes Figure 6-2 37 77.6
Purcell Boulevard & Pettigrew Road &
Bear Creek Road No Figure 6-3 32 71.2
NE Third Street & Butler Market Road &
Mt Washington Drive Yes Figure 6-4 36 66.6
NE Third Street & NE Olney Avenue Yes Figure 6-5 41 65.8
SE Third Street & Reed Market Road No Figure 6-6 56 63.4
Highway 97 & Powers Road Yes Figure 6-7 47 59.8
NE Third Street & NE Franklin Avenue No Figure 6-8 47 58.0
Highway 20 & NE Purcell Boulevard Yes No 21 56.4
SE Wilson Avenue & SE Third Street No No 45 55.8
Third Street & Powers Road No Figure 6-9 25 55.4
Miller Avenue & Third Street No Figure 6-10 14 53.2
Neff Road & Purcell Boulevard No No 50 53.2
NW Greenwood Avenue & NW Hill
Street No No 17 50.2
Second Street & Franklin Avenue No No 9 48.6
NE 27th Street & Neff Road No Figure 6-11 37 47.0
Highway 97 & Robal Lane Yes No 42 46.2
NE 15th Street & Highway 20 Yes No 25 42.8
Highway 97 & Cooley Road Yes No 43 39.2
3rd/Pinebrook No No 17 37.6
NE Medical Center Drive & NE Neff
Road No No 17 37.6
Highway 20 & NE 10th Street Yes No 16 37.4
SW Columbia Street & SW Colorado
Street No No 15 37.2
Cooley Road & Highway 20 Yes No 11 36.4
3rd Street & Division Street/NE Revere
Avenue Yes Figure 6-12 28 36.2

*Note: Bolded entries indicate that concepts have been developed for these sites; the following section
discusses these sites and presents the crash  diagram.

**Crash diagrams at several locations were expanded to include the area(s) near the intersection. Multiple
figures are provided for these locations.

Kittelson & Associates, Inc., Bend, Oregon 31



CITY OF BEND
BEND AREA TRANSPORTAON SAFETY ACTION PAN

4.2 SI'E SPECIFIC EVALUATIN

Kittelson developed high -level concepts for the four sites identified through the EPDO screening with the
Cityds input. Thi s s e-spedifiogharacteristivsa gollisorepatternsh and reconimendations
at these sites .

In some cases, near -term and long -term concepts are provided. Near -term concepts are typically lower -
cost, easy to implement solutions and often include elements from the Systemic Toolbox. Long -term concepts
are typically higher -cost and need additional project development to further refine.

Purcell Boulevard , Pettigrew Road , and Bear Creek Road are two -lane roadways with a posted speed limit of
35 mph. Bear Creek Road is classified as a minor art  erial road that runs parallel to Highway 20 and serves as
an east -west connection through the City of Bend to Highway 97. Purcell Boulevard/Pettigrew Road is a

north -south major collector road. There is a westbound bike lane on Bear Creek Road east of Purc ell
Boulevard/Pettigrew Road; no other bike lanes are present. Sidewalk is also discontinuous on both streets.
Without bike lanes or sidewalks, people are walking and bike riding on the edge of the motor -vehicle travel
lane.

Approximately 78 percent of crashes reported at this intersection were angle crashes, as shown in Figure 8.

Half of all crashes resulted in some level of injury. Nearly ~ one -third (28 percent) of all crashes occurred in dark,
dusk, or dawn lighting conditions.

The near -term concept is summarized in ~ Figure 9 and includes properly placin g stop bars, enhancing signing
by doubling up and/or installing larger signs, and assessing sight lines. The systemic recommendations for
stop -controlled intersections provide additional information about low -cost treatments.

The longer -term recommendation is to complete both streets and control crossing and turning movements
with a single lane roundabout as shown in ~ Figure 10, to reduce angle crashes and injury crashes. The
geometry of roundabouts eliminates crossing conflicts, thus reducing conflict points between these road
users. The complete street treatments should include storm water management  as well as walking and
bicycling facilities.
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The 3 Street (US20) & Butler Market Road/Mount Washington Drive intersection near the Division Street

intersection and the southbound entrance ramp to US 97.

influenced by these other intersections. For this reason, the analysis and review of this location included the
surrounding areas, northto  O.B. Riley Road and south to the US 97 entrance ramp.

3rd Street has a five -lane cross -section and is classified as a principal arterial. Posted speeds north of Butler
Market Road/Mt Washington Drive are 35 mph and 45 mph south of Butler Market Road/Mt Washington
Drive. The posted speed limit for Mount Washington Drive is 30 mph. Bike lanes are provided on the four
approaches to the intersection.

Approximately half (49 percent) of reported crashes in this area were reported as rear -end crashes and 36
percent were turning crashes, as shown in Figure 11 through Figure 16.

Concepts at this location are provided for information. However, coordination with ODOT is needed to
pursue these. The on -going ODOT Parkway Study and t hei 6 Emt o Greenwood Pfushere
evaluating these options.

There are two concepts developed to show different options for reducing injuries. B oth concepts include an
additional connection between Highway 97 and 3 d Street, as shown in Figure 17 and Figure 18. The overall
intent of either co ncept is to reduce traffic volume at the Butler Market Road/Mt. Washington Drive

intersection by increasing overall network connectivity to provide more and direct route choices.

In addition, each concept realigns the US 97 southbound exit ramp from 3 d Sreet onto Division Street and
Highway 97. This realignment helps to formalize the intersections at Division Street and Highway 97, helping to

reduce wayfinding confusion for southbound vehicles. Concept 1, shown in Figure 17, is based on a new one -
way connection, and Concept 2, shown in Figure 18, is based on atwo -way connection. The two -way
connection would provide a direct connection from Division Street to Butler Market Road.

Kittelson & Associates, Inc., Bend, Oregon 37
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The Highway 97 & Powers Road evaluation considered the ramps to/from Highway 97. Highway 97 is a four -
lane state highway with a posted speed limit of 45 mph. Highway 97 serves as a major north -south
connection thro ugh Bend as well as throughout Central Oregon. Powers Road is a minor arterial that serves

as a connection between residential and commercial land uses. Marked bike lanes are provided in both

directions on Highway 97 and Powers Road. The intersectionissi  gnalized with restricted movements; no left -
turns are permitted at the intersection. Vehicles making left -turns must pass through the signal and make

right -turn movements.

Approximately three -quarters (78 percent) of reported intersection crashes are rear -end crashes, as illustrated
in Figure 19 through Figure 22. Approximately 15 percent of reported crashes occurred in dark , dusk, or dawn
lighting conditions. Just over half (51 percent) of the reported crashes in the Highway 97 & Powers Road Area
resulted in some level of injury. The highest concentration of crashes were reported as being at or near the
northbound on -ramp to Highway 97.

Concept s at this location are provided for information. However, coordination with ODOT is needed to
pursue these. The on -going ODOT Parkway Study is further evaluating these options.

Because the on -going Parkway Study is currently evaluatin g longer -term treatments at this location, this
configuration focuses on near  -term, interim solutions that may be considered by ODOT until funding for
longer -term treatments becomes available. Concepts for the Highway 97 & Powers Road Area are
summarized i n Figure 23. Based on the crash patterns around Highway 97 & Powers Road, installing a
deceleration lane (shown in the figure as a parallel exit lane) should be conside red. The parallel lane
provides a deceleration lane for vehicles exiting Highway 97 to Powers Road and removes turning traffic from
the through traffic stream at higher speeds compared to existing conditions.

Because the highest number of crashes were rep orted at the Highway 97 northbound on -ramp, Kittelson
suggests realigning the entrance ramp to reduce intersection skew and improve sight distance to the left for
right turning drivers to see northbound Highway 97 vehicles.

In addition, The TSAPsuggests evaluating additional illumination levels in this area and integrating enhanced
cross walk marking (such as continental stipes) to maximize the visibility of the pedestrian cross walks.
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31 Street is a five -lane roadway classified as a principal arterial that runs north -south through Bend, parallel to
Highway 97. Although the intersection of 3 Street and Miller Avenue was identified through the EPDO
screening process, fHislbcatiern waoenpargdedrtoecansidemadjarent intersection and
surrounding area. Many intersections along this section of 3 rd Street share similar characteristics with Miller
Avenue. In addition, the issues exhibited at 3 ™ Street and Miller Avenue are  somewhat a function of the
network in this area. Therefore, several of the concepts include larger network considerations.

Crash Analysis

Miller Avenue & 3d Street

Miller Avenue is one of several short  east-west connections between 3 ™ Street and 2 "4 Street, which provides
a connection to Colorado Avenue and Highway 97. On -street parking is permitt ed on both sides of Miller
Avenue. 3 Street and Miller Avenue is a minor  -street stop -controlled intersection, located immediately south

of the 3 ™ Street railroad undercrossing, where 3 ' Street narrows from five -lanes to two -lanes.

As shown in Figure 24, nearly three -fourths (71 percent) of reported crashes at 31 Street and Miller Avenue
were turning movement, and of those , 80 percent were eastbound to northbound left -turning movements.
Approximately 21 percent of  the crashes were reported as angle crashes. Over half (57 percent) of all
reported crashes resulted in some  level of injury, two of which  resulted in a fatal/incapacitating injury.
Approximately 29 percent of  reported crashes occurred in dark, dusk, or dawn conditions.
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Woodland Boulevard & 3 Street

Woodland Boulevard & 3 ' Street is a minor -street stop -controlled intersection , located immediately south of
Miller Avenue . Woodland Boulevard is an east -west local roadway  with parking on both sides that also
provides a con nection to 2 " Street.

Approximately 56 percent of crashes at this intersection were reported as turning -movement crashes,
including one that involved a pedestrian and resulted in a fatality , as shown in Figure 25. One -third (33
percent) of reported crashes were angle crashes. Out of the reported crashes , approximately 44 percent

involved some level of injury.

Kittelson & Associates, Inc., Bend, Oregon
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Concepts

As noted in the introduction to this location, some of the issues exhibited at this location are likely similar at

other nearby intersections and are a product of network traffic circulation con ditions. In addition, the 3
Street traffic is funneled into atwo  -lane railroad undercrossing of 3 @ Street, which expands back to f  ive-lanes
on either side of the crossing in the vicinity of these study intersections. With congestion in the area and

limited east -west connections, the local east  -west connections to 2 " Street, including Miller Avenue and
Woodland Boulevard, are frequently used by motorists to avoid congestion at the Wilson Avenue signalized
intersection.

The concepts for this area includ e localized concepts in the Miller Avenue vicinity, as well as some larger
network considerations. These larger network considerations are intended to serve as conceptual ideas for
further discussion and exploration in the future. Given the network context , any localized intersection
treatments should be part of a broader study of 3 d Street between SE Cleveland Avenue and the railroad
undercrossing.

LocalizedConceptsNear 3d Street and Miller Avenue
Figure 26 through Figure 29 show four localized concept options for 3 ' Street between the railroad bridge
and Urania Lane. These option s are described below.

The current location and length of the 3 d Street northbound lane drop has a long transition lane that occurs
through the intersection with Miller Avenue where there are several potential points of conflict. This lane drop
represents conditions dating back to the time 3 d Street was the primary highway through Bend and volumes
were lower . Two of the four small scale options address the northbound lane drop between Woodland

Boulevard and Davis Avenue. The overall intent of northbound schemes is to eliminate lane changing
associated with the lane drop in the location of turning traffic to and from Miller Avenue.

Figure 26 presents one option of dropping the second northbound lane at Miller Avenue by converting the
outside lane to a right -turn only lane and installing curb bump  -outs at Miller Avenue. The curb bump outs
reinforce the lane drop and shorten the crossing distance of 3 rd Street for ped estrians. The lane drop could
occur at any number of locations south of Miller Avenue depending upon area circulation patterns and

needs. In any case, it eliminate sthe existing condition of northbound drivers focusing on the impending lane
drop in an ar ea of intersection and driveway conflicts near Miller Avenue.

A second northbound lane drop option involves shifting the lane drop to occur entirely north of Davis

Avenue, as shown in  Figure 27. This option maintains the two -lanes of travel and avoids dropping the lane
through an intersection. In addition to shifting the lane drop, SE Railroad Street may need to be converted to

a cul -de -sac and restrict access to emergen  cy vehicles only. The concept relocates the lane drop northward
outside adjacent intersection and driveway conflict areas. This concept may require widening of 3 d Street to
the east and cutting the rock face as the grade change begins downward.

City staff observations of traffic proceeding north from Wilson Avenue show that most drivers are already
traveling in the inside northbound lane as early as Yew Lane and few drivers merge from the outside

northbound lane between Woodland and Davis. This early mergi ng behavior allowsfor a variation on these
first two concepts by moving the merge further south closer to Wilson Avenue . Providing a 20:1 merge taper
rate would match the 35 mph postedtravelspeeds (220 feet for an 1L1Bitingthiatapet | ane mer

between Lee Lane and Woodland Boulevard has the benefit that there are no driveway accesses on the
east side of 3 " Street between these streets. This reduces conflicts in the vicinity of both Woodland and Miller
and allows safer crossings to be create  d at both Woodland and Miller
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Figure 28 illustrates the third localized configuration, which addresses the southbound lane on 3 d Street. This
concept would carry the existing single southbound lane on 31 Street south of Miller Avenue. Shifting the
southbound lane addition south of Miller Avenue creates less conflicts for vehicles turning between 31 Street
and Miller Avenue.

The single-lane continuation would address the high percentage of turning crashes revealed in the Miller
Avenue & 3rd Street crash analysis by reducing the number of potential conflict points. To supplement the
continued single southbound lane, installing curb bump outs at the northwest and southwest corners of Miller
Avenue & 3rd Street and the southwest corner of Davis Avenue could help manage vehicle speeds and

reduce pedestrian crossing lengths.

The fourth localized concept for 3 ™ Street between the railroad bridge and Urania Lane includes a hybrid of
the three previ ously mentioned options, as shown in  Figure 29. In this configuration, the second northbound

lane is dropped and converted to a right -turn only at Woodland Boulevard, an  d a single southbound lane is
continued from Davis Avenue to south of Miller Avenue. This option maximizes potential safety benefits by
reducing the number of potential conflict points at Miller Avenue and reducing the crossing distance of 3 rd

Street for p edestrians.

A variation on this would be to add the second southbound travel lane south of Woodland, between
Woodland and Urania. This would enable pedestrians to cross fewer travel lanes at both Miller and Woodland
while still providing more than 1,000 fe et of traffic signal storage on the Wilson Avenue signal approach.
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Larger Network Concepts

This section summarizes the larger network considerations, which may stretch from the railroad bridge south
to Cleveland Avenue. These larger network considerations are intended to serve as conceptual ideas for
further discussion and exploration in the fut  ure.

Currently, 3 ™ Street has many commercial access points, in addition to frequent intersections with local

roads, along this segment. These frequent access points create tension between 3 ' Street& dual purposes:
providing direct access to local road s and commercial driveways and acting as an arterial for through

traffic . The frequent access points create multiple potential conflict points along the corridor and increase

crash risk. Access management along the corridor, as illustrated by the concept i n Figure 30, is one way of
improving3 St reet s ability to serve through traffic while
properties .

Corridor access managemen trefers to consolidating, limiting, and removing access points along a roadway,

when possible. Close coordination with property owners to provide alternate access onto side streets or

through shared access points would be needed before considering impleme ntation of access management
concepts. Implementation of access management could reduce crash frequency and improve the safety of
traffic flow. Specific access management treatments may include installing raised medians and full or partial

closure of drive ways along 3 " Street. Road users would be redirected to public side streets to access

properties rather than providing direct access from 3 d Street.

The second option for the 3 ™ Street corridor is a couplet, shown in  Figure 31. A couplet consists of two parallel
one -way streets that carry traffic in opposing directions. By reducing traffic to one -direction, potential

conflicts at side streets are reduced and traffic can flow more uniformly without as many turning conflicts . This
concept provides an additional benefit for 3 d Street by creating opportunities to install on -street parking to
better serve the small commercial enterprises between Wilson Avenue and the railr oad. It may also provide

an opportunity to enhance the existing narrow bike lane to increase the appeal and safety of riding a bike to

these commercial properties

The couplet would run southbound on 2 nd Street and northbound on 3 ™ Street between Clevelan d and the
railroad. There could be an entry feature at Cleveland northbound to facilitate the northbound split and

facilitate the southbound merge . This entry can act as a visible gateway between the larger lot commercial
format south of Cleveland and the smaller lot commercial enterprises north of Cleveland. The addition of on -
street parking can serve to encourage economic vitality and provide on -lot flexibility for increased retail

square footage.
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4.3 EXCESS PROPORTION OBPECIFIC CRASH TYRE
SCREENING

The excess proportion performance measure quantifies, for a given location, the difference between the
observed proportion of a specific collision type and the proportion among the relevant reference population
(i.e., all intersections). The excess proportion oses t
threshold. For example, if 40 percent of reported intersection collisions are angle collisions, a site with 70

percent angle collisions would represent a 30 percent excess proportion. The largest such excess proportion
represents the greatest potentia | for improvements targeting a specific collision type.

The analysis was performed by using an  excess proportion screening to identify locations with a

concentration of collision or environmental characteristics. The excess proportion screening helps to id entify
locations that would benefit from a particular countermeasure or suite of treatments (e.g., system locations
with a high incidence of run  -off road collisions would benefit from similar treatments). These locations are

intended to help the City ident  ify priority locations for implementation of systemic recommendation from the
Systemic Solutions in Section 3, as well as focus some of the Non -Infrastructure Recommendations such as
enforcement and education, summarized in Section 6.

Analysis results ide ntified t he following emphasis areas in the existing conditions work to be associated with
increased risk of severe outcomes  and were therefore used for the excess proportion of specific crash types
screenings :

Aggressive driving collisions : Figure 32 illustrates the top intersections and segments  with excess
proportion of aggressive driving collisions. Aggressive driving collisions include those involving speed and
following too closely. The Speed Management Toolbox, presented in Section 4, and the Education and
Enforcement recommendations in Chapter 6 best address these crash types.

Dark, with no street lights present : Figure 33 illustrates the top intersections and segments with excess
proportion of crashes occurring during dark conditions with no street lights present, according to the
crash reports. These locations may benefit from installing additio  nal illumination and/or roadway
delineation, as summarized in the Systemic Toolbox.

Angle collisions (includes angle and turning movement collisions) 4: Figure 34 illustrates the top
intersections with excess proportion of angle and turning movement crashes. These locations may be
good candidates for the systemic signalized and unsignalized intersection treatments, particularly those

that increase intersection awareness.

Rear-end collisions 4: Figure 35 illustrates the top intersections with excess proportion of rear -end crashes.
These locations may be good candidates for the systemic signalized and unsignalized intersection
treatments, particularly those that increase intersection awareness.

Head -on collisions 5: Figure 36 illustrates the top segments with excess proportion of head -on collisions.
These locations may be good candidates for the speed management toolbox, roadway departure
systemic countermeasures, and increased enfo rcement .

4 This collision characteristic was only screened at intersection locations
5 This collision characteristic was only screened along segments
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Roadway departure (includes fixed object and non -collisions) ®: Figure 37 illustrates the top segments with
excess proportion of roadway departure crashes. These locations may be good candidates for the
roadwa Yy departure systemic toolbox  and increased enforcement

Alcohol/drug involvement  : Figure 38 illustrates the top intersections and segments with excess proportion
of alcohol/drug impaired crashes. Thes e locations may be good to target for education outreach and
enforcement actions.

The maps showing the results of each screening also include the top 10 percent of intersections and
segments based on the EPDO screening to illustrate where the excess proportion of specific crash types also
overlaps with high crash frequency and severity.
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Pedestrian and bicyclist collisions are identified as an emphasis area for the City of Bend based on the

severity of these crashes. However, because of their relatively low numbers of these reported crash types , the
analysis did not include a specific excess proportion screening for pedestrian and bicyclist crashes. With 50
reported pedestrian collisions and 112 reported bic yclist collisions in the dataset, the comparison of

proportions among sites with low collision frequency or only a single collision involving these road users is of

limited value. Instead, the analysis assessed roadway conditions including speed and lane ¢ onfigurations as
well as user behavior patterns that can be addressed systemically. These assessments are summarized in
Sections 2, 6.4, and 6.5 of the TSAP and more thoroughly in ~ Appendix 4 .

To pro vide further resources for determining locations for systemic application of pedestrian and bicyclist

treatments, Figure 39 illustrate s the location of the  reported pedestrian crashes in  the Bend UGB, and Figure
40 illustrates the location of reported bicyclist crashes in the Bend UGB
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