
   
 

TECHNICAL MEMORANDUM 
 

 
To:   James Pangburn, Mark Thomas & Company, LLC 
 
From:  Sara Hawley, PE and Leslie Suen, PE, LSC Transportation Consultants, Inc. 
 
Date:  November 10, 2019 
 
RE:  SR 36 Complete Street & Safe Mobility Study – Safety Analysis 

 
 
This memo presents a review of existing transportation safety conditions along the State Route 
(SR) 36 study corridor through the City of Susanville, California. First, historical crash data is 
analyzed. Crash rates are calculated and compared to Statewide average rates for similar 
facilities. Next, risk factors are summarized and crash costs by severity are evaluated. Finally, 
potential safety improvement measures are discussed.  

Historical Crash Data  

To evaluate vehicle crashes along the corridor, crash data from the Statewide Integrated Traffic 
Records System (SWITRS) for the last ten years (2009-2018, the most recent 10-year period 
available when data was collected) were compiled. Crash data along SR 36 from Harris Drive 
on the northwest end to Riverside Drive on the southeast were collected.  Any crash within 200 
feet of an intersection was classified as an intersection crash, while incidents occurring beyond 
200 feet from an intersection were classified as roadway segment crashes. With this 
methodology, all crashes are attributed to an intersection in the corridor except for crashes 
along the segment of SR 36 between Russell Avenue and Johnstonville Road. In total, 348 
crashes occurred over the last ten years along the corridor. Tables 1 and 2 show a summary of 
these crashes, with the following key details: 
 

• Of the total crashes, the majority (73.6 percent) resulted in property damage only (no 

injuries reported). 

 

• Approximately 8.6 percent of the total crashes involved a bicyclist or pedestrian. 

   

• One fatality was recorded to have occurred in the last ten years. The fatal crash took 

place near the signalized pedestrian crossing at the high school. A vehicle in the 

westbound through lane hit and killed a pedestrian at the crosswalk at 6 PM (daylight) on 

Wednesday, June 5, 2013. The pedestrian was reported to be under the influence of 

drugs and the vehicle failed to yield to the pedestrian’s right-of-way. Note the pedestrian 
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signal was installed before 2009 (the beginning of the 10 year safety analysis) and was 

therefore active during the entire safety analysis.  

 

• Over the study area, the most prevalent type of crash was rear end (40 percent), 

followed by broadside (28 percent) and sideswipe (15 percent). 

  

• 90 percent of crashes occurred during clear or cloudy weather, wet or icy road 

conditions do not appear to be a significant factor.  

 

• The majority (79 percent) of crashes occurred in the daylight. 

  

Almost one-third (30 percent) of the crashes involved unsafe speeds, while 22 percent involved 

an automobile right-of-way violation.  Additionally, almost half (47 percent) of crashes in the 

vicinity of Lassen Street, Gay Street, and Union Street involved unsafe starting/backing 

violations. This type of crash usually involves a parallel parked car on the side of the road either 

entering or exiting the parking space. In addition, the existing westbound lane drop configuration 

from Gay Street to Lassen Street creates a situation where westbound through vehicles 

approaching Lassen Street can get trapped behind another westbound vehicle waiting to turn 

left. This is a concern because the trapped driver is looking to the right while trying to merge into 

the westbound through lane and might not see a car in front of him/her slowing or stopped to 

make a left turn.  

Figures 1 and 2 present the crash severity and crashes involving bicyclists/pedestrians at key 
intersection locations throughout the corridor.  
 
Crash Rate Analysis 
 
Crash rates at the study intersections were estimated in terms of the number of crashes per 
Million Vehicle Movements (MVM) through each intersection. Similarly, crash rates on roadway 
segments are based on crashes per MVM at a point along the roadway. The resulting “Total” 
crash rates and “Injury or Fatality” crash rates are shown in the middle columns of Table 1. 
Next, the Caltrans 2015 Collision Data on California State Highways publication (which is the 
most recent version available) was reviewed to draw a comparison of Statewide average crash 
rates for intersections of similar geometry and control, and for similar roadway segment types.  
 
As shown in Table 1, half of the total intersections/roadway segment across the study area had 
a crash rate above the Statewide average rate. The following intersections/roadway segment 
exceed the Statewide averages for total crash rate and/or injury/fatal crash rate: 
 

• Roop Street (total and injury) 
• Lassen Street (total and injury) 
• Gay Street (total) 
• Union Street (total) 
• Weatherlow Street (total) 
• Berkley Street (total and injury) 
• Pacific Street (total and injury)  
• Park Street (total) 
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• Ash Street (total) 
• Hall Street (total) 
• McDow Street (total and injury) 
• Mesa Street (total) 
• Laurel Street/Fair Street (total) 
• Russell Avenue (total) 
• Roadway segment between Russell Avenue and Johnstonville Road (total) 

 
Note that crash rates are not available for the signalized pedestrian crossing. 
 
Risk Factors 
 
“Risk” is a measure of the probability of a crash to occur given exposure to potential crash 
events. Potential risk factors are identified for the intersection and roadway segment locations 
that have crash rates exceeding the Statewide average rates. The risk factors are listed in Table 
3. Existing risk factors at each location are represented by stars, and the total number of risk 
factors is shown. As indicated, the total number of risk factors at each location ranges from four 
to six. The following three intersection locations have the highest number of risk factors (6): 
 

• Roop Street 
• Weatherlow Street 
• Laurel Street/Fair Street 

 
Next, the exposures for vehicle/pedestrian encounters and vehicle/bicycle encounters are 
calculated for the intersection locations where pedestrian and bicyclist volumes are available. 
Exposure is a measure of the number of potential opportunities for a crash to occur, and is often 
directly related to the number of people who walk and bike. Multiplying the pedestrian volume by 
the vehicle volume yields the pedestrian exposure. Similarly, multiplying the bicycle volume by 
the vehicle volume yields the bicycle exposure. The calculated exposures are shown in the far 
right columns of Table 3. Intuitively, the pedestrian exposures during the peak hour are shown 
to be highest within the vicinity of the high school (Weatherlow Street to Pacific Street). Note 
that this method does not account for the distance or time traveled by pedestrians or bicyclists, 
which can be an important weighting mechanism in exposure measures. The total crashes and 
bike/pedestrian crashes, as well as percent of Statewide average crash rate are included in 
Table 3 for comparison purposes.  
 
Crash Costs 
 
The impact of traffic crashes can be analyzed based on the cost of the crashes. Crash costs by 
severity are evaluated and summarized in Table 4. The average cost per crash is provided in 
the Caltrans 2015 Collision Data on California State Highways. The location with the highest 
total crash cost is the pedestrian signal at the high school, due to the fatality crash. The next 
three intersections with the highest estimated crash costs over the ten-year period are all 
signalized intersections (Alexander Avenue, Johnstonville Road, and Johnstonville Road). 
Interestingly, none of these three intersections have crash rates exceeding the Statewide 
averages. The reason these intersections do not exceed the Statewide averages is the average 
crash rates for signalized intersections are much higher than for unsignalized intersections. 
Additionally these three intersections have many injury accidents which increase the cost of the 
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crashes. Finally, over the past ten years the 348 total crashes had a total impact of 
approximately $31.7 million dollars, or about $3.2 million dollars per year, on average.  
 
Crash Countermeasures 
 
Table 5 shows potential crash countermeasures for the 10 intersection/roadway locations with 
crash rates that exceed the Statewide average by more than 125 percent and for the signalized 
pedestrian crossing. The effectiveness of the countermeasures is quantified by the crash 
reduction factor (CRF). A CRF is the percentage crash reduction that might be expected after 
implementing a given countermeasure at a specific site.  
 
The following types of countermeasures are considered (and some were recently constructed, 
as discussed below): 
 

• Road Diet - A road diet typically involves converting an existing four-lane undivided 
roadway to a three-lane roadway consisting of two through lanes and a central two-way 
left-turn lane. This improvement reduces traffic speeds (the Federal Highways 
Administration reports that this type of conversion typically reduces the 85th-percentile 
travel speed (the speed that is only exceeded by 15 percent of vehicles) by 3 to 5 miles 
per hour) and increases safety conditions for pedestrians and bicyclists (by reducing 
vehicle speeds and reducing the crossing distance). 
 
More than half of the crashes at Lassen Street and almost half of crashes at Gay Street 
involved unsafe starting/backing. Implementation of the road diet and marked parking 
spaces reduces the potential for this type of violation. It would also eliminate the safety 
concern associated with the existing westbound lane drop configuration from Gay Street 
to Lassen Street.  

 

• Improved signal timing could improve traffic flow and reduce crashes.  

 

• Left-turn lanes allow separation of the left-turn movement from the through movement, 

which minimizes turn-related crashes and eliminates unnecessary delay to through 

vehicles. Currently between Lassen Street and Gay Street the configuration includes a 

lane drop which eliminates a westbound through lane. However, there is no westbound 

left-turn lane (for turns from Main Street onto Lassen Street). This creates a situation 

where westbound vehicles on Main Street approaching Lassen Street can get “trapped” 

behind another westbound vehicle waiting to turn left. This is a safety concern, because 

the trapped driver looks to the right while trying to merge over the westbound through 

lane and might not see a car in front of him/her slowing/stopped to make a left turn. 

Implementation of a left-turn lane at Lassen Street would mitigate this concern.  

 
The need for new left-turn lanes along SR 36 at other intersections was reviewed. Based 

on the peak-hour volume warrant criteria provided in National Cooperative Highway 

Research Program (NCHRP) Report 457 – Evaluating Intersection Improvements: An 

Engineering Study Guide, the peak-hour traffic volumes on the following left-turn 

movements meet the warrant for a left-turn treatment: 
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o Pacific Street – westbound left-turn warrant met in AM only 

o McDow Street – eastbound left-turn warrant marginally met in AM and met in PM 

o McDow Street – westbound left-turn warrant met in PM only 

 

One disadvantage of adding a left-turn bay to the highway approach is that it would 

require reallocating the existing pavement or widening of the approach cross section. If 

left-turn bays were implemented without a road diet, this may require the removal of 

some on-street parking spaces and can affect adjacent business significantly. Also, if 

additional right-of-way is needed, this can be costly. Finally, there does not appear to be 

enough spacing between Pacific Street and Foss Street to install a westbound left-turn 

pocket at Pacific Street without reducing the length of the existing eastbound left-turn 

lane at Foss Street (which would negatively impact traffic flow during peak periods). 

 

• Edgeline striping is used to create formal bicycle lanes, parking lanes, or edge lines 

along the roadway. The recently marked on-street parking spaces along Main Street in 

Uptown enhance safety conditions, as the edge of the travel lane is better delineated. 

Enhanced edgeline markings are also a potential countermeasure at locations in 

Midtown and the Gateway area, as there is currently no delineation between the travel 

lanes and the parking lanes. 

 

• Access management refers to the design, application, and control of entry and exit 

points along a roadway. Opportunities to consolidate or eliminate driveways will be 

reviewed as a part of the draft corridor plan. 

 

• Speed feedback signs provide real-time speeds that are relayed to drivers and flash 

when speeds exceed the limit. (There is an existing speed feedback sign in the 

eastbound direction on SR 36 opposite Quarry Street, for drivers approaching Uptown.) 

 
• Bulbouts (curb extensions) reduce the crossing distance and allow pedestrians about to 

cross and approaching vehicle drivers to see each other when vehicles parked in a 

parking lane would otherwise block visibility.  Bulbouts were recently installed at the key 

intersections from Roop Street to the signalized pedestrian crossing west of Pacific 

Street. 

 

• Transverse pavement markings are a series of white transverse bars - either flat or 

raised - placed across the center of the lane and spaced progressively closer together to 

create the illusion that driver speed is increasing. 

 
• Gateway enhancements would provide traffic calming benefits/reduced speeds, as they 

would make drivers more aware that they are entering Susanville. For instance, a 

gateway feature west of Uptown could reduce eastbound vehicle speeds approaching 

Roop Street. 
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• Warning beacons at crosswalk locations are common throughout the United States. 

Crosswalk warning beacons consist of a single or series of flashing yellow signals. They 

can be implemented in numerous configurations (e.g. overhead, side of roadway, with 

signs, single flasher, alternating flashers, in advance of crossing location, etc.) to 

address issues specific to the locations where they are being used. Some pedestrian 

crossing warning beacons operate continuously, while others are pedestrian actuated. 

Warning beacons at crosswalk locations are most effective if they operate only when a 

pedestrian is present, as warning beacons that flash continuously quickly become 

routine and are subconsciously ignored by drivers. Therefore, an active (push-button 

activated) or passive (no action required by the pedestrian) pedestrian detection system 

should be used with the warning beacon.  

 
Vehicle yielding rates are generally higher for pedestrian crossing warning beacons with 

active detection than beacons with passive detection. Vehicle yielding rates for overhead 

warning beacons at crosswalks on four-lane roadways are between 30 and 75 percent 

for push-button activated beacons (reference National Cooperative Highway Research 

Project (NCHRP) Report 562, which conducted studies of pedestrian warning beacons 

at locations with speed limits of 30 and 35 mph). There was limited statistical correlation 

between driver compliance rates and speed limits for pedestrian warning beacons.  

 

There are limited guidelines for the installation and use of warning beacons at pedestrian 

crossings. The California MUTCD specifies that a flashing warning beacon “may be used 

as emphasis for a midblock crosswalk.” There is no pedestrian crossing volume warrant 

for the installation of warning beacons.  

 
• Rectangular Rapid Flashing Beacons (RRFB) are a pedestrian flasher option that is 

gaining popularity. While the RRFB is not included in the latest edition of the California 

MUTCD, its use is allowed throughout California as an Interim Approval as of August 10, 

2011. RRFBs consist of a panel with two rectangular yellow LED lights that mounts 

underneath a typical crosswalk warning sign. The beacons can easily mount to a sign 

pole and can be solar powered. The existing crosswalk location warning signs on SR 36 

could be supplemented with RRFB. A properly designed beacon system with active 

pedestrian activation will alert the approaching drivers that a pedestrian is definitely 

present and give him/her enough advance warning to yield comfortably. Installation of a 

RRFB has been shown to reduce vehicle/pedestrian crashes by up to 47 percent. 

 

• Pedestrian hybrid beacons (also known as High intensity Activated crossWalK or HAWK 

signal) provides a protected crossing for pedestrians. The hybrid beacon is so-named as 

it combines the warning aspects of a flashing beacon with the regulatory aspects of a 

traffic signal. The hybrid pedestrian beacon includes a regulatory red indication, but is 

not as restrictive to vehicles as a full traffic signal. The hybrid beacon signal consists of 

overhead mounted signal heads for vehicles and pedestrian signal indications. The top 

row of the signal indications contains two adjacent red displays and below there is a 
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single yellow indication. Hybrid beacons rest in a dark mode with the pedestrian 

indication displaying “Don’t Walk” until a pedestrian activates the beacon.  

 

The CA MUTCD contains pedestrian and vehicle volume warrant guidelines for 

pedestrian hybrid beacons. The warrant guidelines consider pedestrian volumes, 

conflicting vehicle volumes, and crosswalk length. There are separate warrant guidelines 

for low-speed roadways (posted speed limit of 35 mph or less) and high-speed roadways 

(posted speed limit greater than 35 mph). Both warrants suggest a minimum crossing 

volume of 20 pedestrians during the peak hour to consider use of a pedestrian hybrid 

beacon. Pedestrian hybrid beacons have been shown to reduce vehicle/pedestrian 

crashes by 57 percent. However, based on the relatively low pedestrian volumes 

observed as a part of this corridor study, pedestrian hybrid beacons are not warranted at 

any of the unsignalized crosswalks along SR 36. Note that a pedestrian hybrid beacon 

was recently installed on SR 89 in the Camp Richardson area in Lake Tahoe’s South 

Shore, but was later taken out of operation because drivers were confused when the 

signal was in dark mode. Visitor vehicles were stopping when the beacon was dormant 

because they thought the signal wasn’t working.  
 

Countermeasures Cost Benefit Analysis 
 
The cost verses the benefit of the recommended countermeasures was evaluated by Mark 
Thomas using the FHWA Highway Safety Benefit Cost Analysis tool. Four countermeasures 
were analyzed based on their high crash reduction factors: road diet, installation of a left-turn 
lane, access management, transverse pavement markings. The assumptions used in this 
analysis are as follows: 
 
• 20-year life cycle of proposed countermeasures 
 
• 8 percent truck traffic (from July 2016 CAPM Traffic Analysis report) 
 
• Economic costs and value of time values updated from federal rates to CA published rates 
   
• The collisions applicable to each countermeasure were selected from Table 1 
 
• The average crash reduction factor of the listed range for each countermeasure was used 
 
• Severity of each injury collision was based on TIMS and SWITRS data 
 
As shown in Table 6, all four studied countermeasure’s benefits will far outweigh the costs. 
Detailed cost sheets can be found in Appendix A.  
 

 

Attachments: Tables 1-6 
  Figures 1-2 
  Appendix A: Cost Sheets 
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Table 6: Countermeasure Cost Benefit Analysis

Countermeasure Total Cost
Total Benefit             

(20 Year Lifecycle)

Road Diet $80,000  $1,414,660 

Install Left‐Turn Lane $80,000  $561,233 

Access Management $1,470,000  $5,393,092 

Transverse Pavement Markings $20,000  $262,217 

Source: Mark Thomas
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