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To:  Lisa Cornutt and Anna Henson, Oregon Department of Transportation, Region 3 

From:  Kittelson & Associates, OBEC, and JLA 

Date:  April 18, 2017 

Subject: Task 1.8 Summary of Task 1 Anchoring Activities Memorandum 

 

Executive Summary 

This memorandum summarizes the results of the Phase 1A anchoring tasks which include: 

 Travel time reliability analysis 
o Objective: To establish the frequency, magnitude, locations, and sources of 

congestion which lead to drops in travel time reliability within the I-5 Medford 
Viaduct study area. 

 Travel demand forecasting 
o Objective: To determine how well the Viaduct accommodates existing and future 

travel demand. 
 Origin-destination study 

o Objective: To Identify the existing travel patterns on Interstate-5 (I-5) in the 
Medford metropolitan area 

 Safety performance analysis 
o Objective: To determine the frequency of crashes, crash rate, crash severity, 

and/or crash types present on the Viaduct constitute a safety performance 
concern, and to identify any potential countermeasures. 

 Scenario cost estimating 
o Objective: To provide programming-level estimated costs for the potential 

Retrofit, Rebuild, and Reroute scenarios for the Medford Viaduct 
 Seismic modeling 

o Objective: To describe the seismic modeling process that will be used to define 
the alternative solutions to improve the existing viaduct structure to meet current 
seismic standards (the Retrofit scenario). 

 GIS data inventory and gap identification 
o Objective: To identify the anticipated GIS data needs for the I-5 Medford Viaduct 

project, existing data, and available data sources. 
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Key Results 

The results of the anchoring tasks indicate that: 

 A slightly higher degree of travel time reliability exists in Viaduct vicinity as compared to 
the adjacent upstream and downstream sections of I-5.  

 Up to one third of the “slow down” events (under 45 miles per hour) in the Viaduct 
vicinity are related to non-recurring congestion caused by crashes or incidents. 

 Travel demand on the Medford Viaduct between the years 2015 and 2040 is expected to 
grow from approximately 51,000 to 61,700 vehicles per day, a 21 percent increase. 

 Today, the Medford Viaduct and adjacent merge and diverge influence areas operate 
with V/C ratios less than 0.60. By the year 2040, V/C ratios at these locations would be 
expected to increase to 0.72, still below the Oregon Highway Plan mobility target of 0.85. 

 Defining a “Local Trip” as a trip that starts and ends at the North and South Medford 
interchanges (or vice versa), approximately 8 to 20 percent of all traffic on the Viaduct is 
classified as “Local Trips”. 

 Defining “Through Trips” as an I-5 trip that does not used any of the four Medford-area 
interchanges, less than 50 percent of all traffic on the Viaduct is classified as “Through 
Trips”. 

 Approximately 55 percent of trips that begin at the North Medford interchange end at the 
South Medford Interchange. Approximately 40 percent of trips that begin at the South 
Medford interchange end at the North Medford Interchange. 

 Crash rates on the Medford Viaduct and on adjacent segments of I-5 are lower than 
comparable urban freeways in Oregon. 

 During the five-year study period, there were 84 crashes on the 3.75-mile long I-5 
mainline study segment. 55 percent of those crashes resulted in injuries, though there 
were no fatalities.  

 The retrofit alternatives are the most cost-effective scenario for providing a seismically 
resilient route for I-5 through the Medford area. It is estimated that the design life for this 
option will be limited to 30 years and future repairs will likely be necessary. 

 The rebuild scenario is substantially more expensive than the retrofit scenario.  
However, this option will provide a minimum 75-year design life and will limit the need for 
future maintenance. 

 The reroute scenario is the most expensive and complicated option of the three. This 
option will provide a long design life and low maintenance similar to the rebuild option, 
but the impacts of this option will likely be extensive on the Rogue Valley.   

 Based on initial analysis results, retrofit methods will be modified and iterated through 
the model until a complete solution is developed that meets ODOT and AASHTO design 
criteria.   

 The majority of GIS data needed for additional analysis has already been collected, but 
data gaps remain. Some of the data gaps can be filled through available on-line 
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resources, and the remaining data will need to be provided by public agencies, utility 
companies, or produced by a consultant team. 

Recommendations  

 Complete year 2040 traffic volume forecasting for study intersections including I-5 ramp 
terminals 

 Complete existing year 2015 operational and queuing analysis for study intersections 
including I-5 ramp terminals 

 Complete safety analysis for I-5 on- and off-ramps and study intersections including I-5 
ramp terminals 

 Analyze lighting and drainage on I-5 between the North and South Medford 
interchanges. 

 Fill GIS data gap by identifying and locating needed data from public agencies 
 Develop problem statement and project video 
 Prepare Phase 1B draft scope of work 

Summary of Individual Analysis Memoranda 

Individual memoranda that have been previously submitted and referenced herein provide 
detailed descriptions of the anchoring task methodologies, analyses, and results. This 
memorandum provides a summary of those results, identifies how they relate and support the 
conclusions each other 

Memo 1.1: Travel Time Reliability 

The objective of the travel time reliability analysis was to establish the frequency, magnitude, 
locations, and sources of congestion which lead to drops in travel time reliability within the I-5 
Medford Viaduct study area  specifically within the elevated viaduct segment and immediately 
north and south of the viaduct. The analysis also assessed potential contributing factors 
(weather, time of day, crashes, and other incidents). 

HERE™ travel time and speed “probe” data was provided by ODOT, as permitted by the “Here 
Licenses”, from October 2011 to July 2015 (46 months). ODOT provided data for six traffic 
message channels (TMCs – roadway segments within the HERETM data set) in the project 
vicinity.  

The following metrics were used to asses travel time reliability in the project area. 

 Planning Time Index (PTI) - The ratio of the 95th percentile travel time to the free-flow 
travel time. This value can be viewed as the multiplier that one should apply to their “no 
traffic commute” to insure they will arrive at work, on time, 95 percent of the time. As this 
value increases, the less reliable the commute becomes, and the more “buffer” time one 
needs to build into travel.  

 Average Speed - The observed average speed of the probe vehicles in a TMC, 
recorded in 5-minute bins. 
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 Average Travel Time - The observed average travel time that probe vehicles took to 
traverse a TMC, recorded in 5-minute bins. 

 Slowing Events – Slowing events were identified as two or more consecutive 5-minute 
periods with average speeds recorded below 45 miles per hour (MPH). 

Travel Time/Planning Time Index Analysis  

The Viaduct TMCs had slightly lower PTIs than the 
adjacent Interstate-5 (I-5) TMCs. As such, the Viaduct 
segment TMCs showed greater travel time reliability 
than the adjacent TMCs. 

The analysis of the 46 months of HERE™ travel time 
and speed data (for AM and PM peak periods from 
7:00 - 9:00AM and 4:00 - 6:00PM) is described in 
Memorandum 1.1.   

Seasonal Trend Analysis  

The average speeds observed in the 46 months of 
HERE™ speed data (for all times of day) within the two 
Viaduct TMCs were analyzed to determine if inclement 
weather has a strong effect on on speeds. Data was 
separated into two seasonal periods; April-September 
(less precipitation) and October-March (more 
precipitation). Although, some seasonal variation in 
speeds were noted, the seasonal variations primarily 
occurred at speeds above 50 MPH, meaning any 
slowdowns are relatively minor in nature when 
observed in aggregate.   

Time of Day Analysis  

Year 2014 speed data was analyzed to determine time of day patterns in speeds. Little variation 
was observed in typical speeds within the two Viaduct TMCs. During no time of day was the 5th 
percentile speed recorded as less than 49 MPH. 

Slowing Events Analysis  

Year 2014 data (all days) for the six TMCs was analyzed to identify the frequency of slowing 
events. As described in Memorandum 1.1, Slowing events were identified as two consecutive 5-
minute periods with average speeds recorded below a 45 MPH.  
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Year 2014 speed data indicated that the total number of 
recorded slowing events was low, with slowing event 
occurring once every 5-8 days depending on TMC.  

The identified slowing events were likely the result of:  

 Localized congestion (on-off ramp maneuvers, 
lane change friction, slow moving vehicles), which 
is not specified in the source travel time data 
(HERETM), and/or; 

 Inclement weather, and/or  
 Incident events, which may include crashes, 

stalled vehicles, or debris/animal on roadway, or 
shoulder vehicle stoppages.   

Incident and Crash Analysis 

The slowing events identified above were compared to 
ODOT Traffic Operations Center System (TOCS) incident 
data and ODOT crash reports, within the bounds of the 
Viaduct TMCs, for year 2014.  

ODOT TOCS reported incidents aligned with 
approximately 33 percent of slowing events. Crash 
Reports aligned with approximately 6 percent of slowing 
events. Additionally, most events occurred outside of peak 
periods. 

Memo 1.2: Travel Demand Modeling 

The objective of the travel demand modeling capacity analysis is to answer fundamental 
questions about the Interstate-5 (I-5) Medford Viaduct, which are:  

 How well does the Viaduct accommodate existing travel demand? 
 Will the Viaduct have enough capacity for forecasted demand in the year 2040?  
 How do the existing merge and diverge areas between the North and South Medford 

interchanges operate today, and how would they operate in the year 2040? 

This memorandum describes the volume-to-capacity (V/C) ratios of the Viaduct section of I-5 
and the operation of the merge and diverge areas for existing conditions (year 2015) and 
projected future conditions (year 2040). The scope of the analysis is shown in the schematic in 
Figure 1 and is limited to the segments described on the second page following the key results. 
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Key Findings 
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Scope of Analysis 

 

The analysis was completed for the weekday PM peak hour for the Viaduct segment and the 
adjacent merge and diverge areas. Existing year 2015 and future years traffic volumes were 
developed using procedures from the Analysis Procedures Manual (APM), count data from the 
I-5 Medford Automatic Traffic Recorder (ATR) located on the Viaduct, turning movement count 
data at the North and South Medford interchanges, the RVMPO Version 3.1 travel demand 
model, seasonal factors, and procedures from the National Cooperative Highway Research 
Program (NCHRP) Report 255.  

Mobility Targets 

The Oregon Highway Plan (OHP) mobility target V/C ratio for Interstate highway facilities within 
the Medford urban growth boundary inside the Rogue Valley MPO is 0.85. This V/C ratio is 
applicable to the I-5 mainline as well as the merge and diverge influence areas.  

Conclusions 

The travel demand modeling capacity assessment results indicate that the I-5 Medford Viaduct 
currently operates below capacity in the year 2015, and would be anticipated to operate below 
capacity in the future year 2040.  

The ultimate capacity needs along the Viaduct segment will eventually lead to the need for six 
lanes somewhere in the 20 and 50+ year timeframe. Given this timeframe, the range of growth 
scenarios that could develop, the difficulty in widening the existing structure to accommodate six 
lanes, and the potential technological advancements (e.g., connected vehicles), the capacity 
needs of the facility should be balanced against other potential year 2040 needs (e.g., seismic) 
throughout the alternative development and screening process. 
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Memo 1.3: Origin-Destination Analysis 

The origin-destination (O-D) analysis provides data on existing travel patterns on Interstate-5 (I-
5) in the Medford metropolitan area. This information will inform the development of a Problem 
Statement which will impact the types of alternatives and design options that may improve 
operations along I-5 through Medford. 

Temporary BluetoothTM media access control (MAC) readers (specifically BlueMACTM) were 
used to collect O-D data in the 9.5-mile long study area. These devices were used to classify 
trip types as shown in Figure 1 in the study area containing the Central Point (MP 33), North 
Medford (MP 30), South Medford (MP 27), and Phoenix (MP 24) interchanges.  

Trip Type Definitions 

 

Key Findings 

Figure 2 and Figure 3 shows the results of the trip type classification for trips on the I-5 Viaduct 
by direction, time of year, and time of day.  

The origin-destination results show that: 

 8 to 20 percent of traffic on the Viaduct is classified as “Local Trips”. 
 Less than 50 percent of traffic on the Viaduct is classified as “Through Trips”. 
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Other travel pattern findings include: 

 During the weekday PM peak hour, approximately 500 trips originate at the North 
Medford interchange and travel southbound on the Viaduct. 

 During the weekday PM peak hour, approximately 675 trips originate at the South 
Medford interchange and travel northbound on the Viaduct. 

 There are more “Local Trips” on the Viaduct segment during the AM Peak period 
than during the PM Peak or daily periods. 
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Potential Opportunities 

Strategies that have the potential to reduce the amount of “Local Trips” and “Rogue Valley 
Regional Trips” may contribute to improvements in I-5 operational or safety performance, or 
reduce growth in travel demand that would maintain capacity for future growth in “Through 
Trips”. These strategies have been previously identified in the I-5 Rogue Valley Corridor Project. 
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Memo 1.4: Safety Analysis 

The objective of the safety analysis is to answer fundamental questions about the Interstate-5 (I-
5) Medford Viaduct, which are:  

 Does the frequency of crashes, crash rate, crash severity, and/or crash types present on 
the Viaduct constitute a safety performance concern?  

 If there are safety concerns, would they be best met through a set of countermeasures 
(retrofit scenario) or another solution (rebuild or reroute scenarios)? 

The safety analysis examines five years (January 2010 to December 2014) of reported crashes 
within a project area consisting of the 3.75-mile mainline segment of I-5 from milepost 26.86 to 
30.61, which includes the merge and diverge influence areas at the North Medford (MP 30) and 
South Medford (MP 27) interchanges. As shown in Figure 1, the reported crashes were 
separated into the following three groups based on reported location. Intersection crashes 
(including the ramp terminals) will be reviewed as part of the Phase 1B effort. 
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In order to compare the rate of crashes on segments of differing length the average crash rate 
per million vehicle miles (MVM) was calculated for the entire 3.75-mile I-5 study segment (which 
includes the Viaduct) as well as for the Viaduct segment alone.  
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Opportunities 

Based on the analysis of the reported crash data, no systemic safety issues were identified with 
the Medford Viaduct. Further detailed analysis may identify locations for spot improvements, 
such as those at the merge and diverge locations near the interchanges, but at the current 
planning analysis level, no countermeasures are proposed at this time. 

While there were no systemic safety concerns identified on the Viaduct or within the 3.75-mile 
study segment of I-5 that would suggest the need to rebuild or reroute the facility, any future 
countermeasures or safety improvement needs at these locations should be balanced against 
other potential year 2040 needs (e.g., seismic) throughout the alternative development and 
screening process.  

Memo 1.5: Estimated Costs for Retrofit, Rebuild and Reroute Scenarios 

Programming-level costs for the potential Retrofit, Rebuild, and Reroute scenarios of the 
Medford Viaduct were estimated.  Because project alternatives have not yet been defined, each 
of these scenarios has many variables and unknowns. These conceptual cost estimates were 
prepared based on the best information available at the time. These are very preliminary 
estimates and are intended only for providing context and understanding the order-of-
magnitude of differences among the scenarios. The consultant team will develop more 
precise cost estimates as part of a later phase, once alternatives are defined to address the 
identified problems.   

ODOT previously estimated the cost of retrofitting or rebuilding the Medford Viaduct structure 
and the consultant team performed a literature search and talked to Region 3 and Bridge 
Section staff in the process of preparing these estimates. For the reroute option, the consultant 
team made assumptions about a likely realignment length and estimated a cost based on 
average costs per mile of other recently completed ODOT projects. Table 1 summarizes the 
estimated costs for each conceptual alternative within the three preliminary scenarios. 

Table 1: Estimated Conceptual Costs by Potential Scenario 

Scenario Conceptual Alternative 
Preliminary 

Order-of-Magnitude 
Cost Estimate 

Design Life 

Retrofit 
Rehabilitation and Seismic 

Retrofit 
$40,000,000 to 

$80,000,000 
30+ Years

Rebuild 

New 4-lane bridge 
on similar alignment 

$410,000,000 
75+ Years

New 6-lane bridge
on similar alignment 

$500,000,000 
75+ Years

Reroute New 13-mile Realignment $1,100,000,000 75+ Years
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Retrofit Scenario 

Making repairs and performing seismic retrofits to the existing Medford Viaduct structure would 
be a significant infrastructure investment.  At the conclusion of such a project, the structure 
should be considered to be low maintenance for an extended period of time.  The design life for 
repairs is assumed to be 30 years. The bridge would also be expected to survive the Cascadia 
Subduction Zone seismic event, meaning seismic retrofit schemes would comply with current 
ODOT methodologies.  

Rebuild Scenarios 

Full replacement of the Medford Viaduct structure was considered. A new structure would have 
a 75-year design life and would be considered low maintenance for at least the first 30 years 
following construction.  Built to current codes, the replacement bridge would be expected to 
survive the Cascadia Subduction Zone seismic event and serve as a Phase 2 lifeline route for 
recovery efforts in Southern Oregon.  US 97 is ODOT's designated Phase 1 lifeline route 
through Southern Oregon.   

The recommended roadway width for a 4-lane structure is 90 feet. In the event that a traffic 
study indicates a 6-lane structure is warranted, the recommended roadway width is 114 feet.  
The length of a replacement bridge is anticipated to be 3,300 feet. The structure would be 
designed to be a more aesthetically pleasing structure than the existing structure and fit in better 
with its surroundings. Extensive public involvement is expected during project development in 
order to choose a design that has the approval of the community.   

Reroute Scenario 

Without an identified alignment for the reroute option, the estimated per mile cost is based on 
several conservative assumptions.  The route has been assumed to depart from I-5 at the 
Blackwell Rd. Interchange at exit 35 and re-connect at the Fern Valley Interchange, exit 24.  
The alignment would likely be located on the east side of I-5 and could require reconstruction of 
both existing interchanges at each end and construction of at least three new interchanges at 
major intersecting roads including Crater Lake Highway, Table Rock Rd. and N. Phoenix Rd.  
The overall length of the reroute scenario was assumed to be 13 miles.   

Other considerations include crossing the Rogue River, Bear Creek and other streams, 
navigating through or around several residential areas, golf courses, the Medford Airport and 
many agricultural farms.  The location and extent of retaining walls and other structures are 
unknown, but are anticipated to be needed.  The average cost assumed in this estimate may 
vary widely depending on the preferred alignment and associated environmental, property and 
structure costs. 

 

Summary 
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In general, the retrofit alternatives are the most cost-effective scenario for providing a 
seismically resilient route for Interstate 5 through the Medford area.  However, it is estimated 
that the design life for this option will be limited to 30 years and future repairs will likely be 
necessary. 

The rebuild scenario is substantially more expensive than the retrofit scenario.  However, this 
option will provide a minimum 75-year design life and will limit the need for future maintenance.  
Full replacement would also support staged construction that would minimize impacts to public 
traffic during construction. 

The reroute scenario is the most expensive and complicated option of the three.  This option will 
provide a long design life and low maintenance similar to the rebuild option, but the impacts of 
this option will likely be extensive on the Rogue Valley. It would also require substantial 
modifications to the local street networks within the Medford and Central Point area. 

Memo 1.6: Development of Seismic Modeling Approach 

The seismic modeling process that will be used to analyze alternative solutions to improve the 
existing Viaduct structure was detailed and defined. The modeling process will be used to 
determine what specific improvements would be needed to retrofit the Medford Viaduct to 
survive a Cascadia Subduction Zone seismic event. This information will subsequently be used 
to develop cost estimates for the retrofit scenario and inform the comparison of the scenarios.  

A three-dimensional seismic model will be used to evaluate the Medford Viaduct for seismic 
rehabilitation. The purpose of the model is to analyze the bridge, determine the seismic 
deficiencies, and identify retrofit schemes.  

The American Association of State Highway and Transportation Officials Load and Resistance 
Factor Design (AASHTO LRFD) Earthquake Resisting System (ERS) and its Earthquake 
Resisting Elements (EREs) will be identified for the existing bridge and then analyzed to identify 
existing vulnerabilities. As part of subsequent tasks, proposed Retrofit Scenario alternatives can 
be added to the model by modifying the EREs to model successful retrofit solutions of the 
existing bridge.  

Criteria and Methodology  

Modeling methods for of the Viaduct bridge are described in details in Memorandum 1.6. The 
seismic modeling approach will be based on the assumption that the structure will be retrofitted 
to resist large seismic motions. The model of the existing structure will be prepared initially to 
identify seismic deficiencies (base model). This model will then be modified during iterative 
analysis based on the structural deficiencies observed in the base model.   

If the existing bridge is to be widened, the future layout of the bridge and the design of these 
new elements will significantly influence the performance of the bridge and the recommended 
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retrofit solutions. Based on a review of the plans, the following retrofit methods appear likely to 
be implemented: 

 Encase and tie down footings (add top mat reinforcement) so that footing capacity 
exceeds that of the columns. 

 Add ductility to columns with fiber-reinforced polymer (FRP) confinement. 
 Thicken and strengthen crossbeams to exceed strength of columns and improve joint 

detailing. 
 Isolate the currently integral Bent 39 superstructure and crossbeam from the columns. 
 Widen the bents with additional stronger, stiffer columns and foundations to control 

deflections.  

The 2006 FHWA Seismic Retrofitting Manual for Highway Structures will be used as the basis 
for proportioning retrofits where the BDDM or Guide Spec does not adequately address the 
situation. Components of the seismic model will include the following: 

 Frame Layout 
 Node Layout and Member Connectivity 
 Superstructure Boundary Conditions 
 Member and Material Properties 
 Foundation Springs and Boundary Conditions 
 Loadings 

Summary 

Sample calculations for several steps in the modeling phase are provided in the Appendixes to 
Memorandum 1.6.  These will serve as the basis for the detailed modeling of the bridge. Based 
on initial analysis results, retrofit methods will be modified and iterated through the model until a 
complete solution is developed that meets ODOT and AASHTO design criteria.   

Memo 1.7: GIS Data Inventory and Gap Identification 

This effort summarized the anticipated GIS data needs for the I-5 Medford Viaduct project. 
Further it summarized the expected data sources, identified the data that the project team has, 
data that is readily available, and data that may not be readily available. The primary sources of 
mapping data were Jackson County, the City of Medford, and the ODOT GIS Unit. Other 
sources included the Rogue Valley Metropolitan Planning Organization, U.S. Bureau of the 
Census, Pacific Power, and natural resource databases. 

The following 10 categories of data were identified:  

 Base Mapping 
 Transportation 
 Land Use and Planning 
 Right-of-Way 
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 Utilities 
 Parks/Recreation/Wildlife Areas 
 Cultural Resources 
 Natural Systems/Habitats/Threatened and Endangered Species 
 Geology 
 HazMat 

Memorandum 1.7 details the GIS data that the consultant team anticipates would be needed to 
complete the I-5 Medford Viaduct project facility plan and NEPA phases. The majority of this 
data has already been collected but many data gaps exist. Some of the data gaps can be filled 
through available on-line resources. The remaining data will need to be provided by public 
agencies, utility companies, or produced by the consultant team.  

 


