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EXECUTIVE SUMMARY

Under the Ohio Department of Transportation (ODOT) Towing and Recovery Incentive
Payment (TRIP) program, qualified vendors provide heavy-duty towing and recovery
services to expedite the clearance of large commercial vehicles that are blocking one
or more travel lanes. The goal of the TRIP Program is to reduce traffic congestion and
the likelihood of secondary incidents, thereby increasing safety to the motoring
public. Incentive payments are made to vendors meeting the TRIP Program
requirements.

ODOT’s TRIP Program was found to have a benefit-cost ratio of 20.98 when evaluated
for mobility, safety, and environmental benefits. The total benefits were estimated as
$7,903,484 in fiscal year 2019, and 74 percent of the benefits were estimated to be
safety related (primarily due to a reduction in secondary crashes). Additionally, the
TRIP events were categorized into urban and rural events and work zone and non-
work zone events. TRIP events in urban areas had higher benefit-cost ratios than TRIP
events in rural areas. TRIP events in non-work zones had the highest benefit-cost
ratios. The lower benefit-cost ratio of work zone events is most likely due to the
existing congestion present in work zones.

It is difficult to estimate a nationwide average benefit-cost ratio for rapid towing
programs given the variability among states, crashes, data availability, and benefit-
cost calculation methodologies. DOT programs comparable to ODOT’s TRIP Program
have reported benefit-cost ratios ranging from 6:1 to 11:1, which indicates a positive
return on investment. The estimated benefit-cost ratio of ODOT’s TRIP Program for
fiscal year 2019 was greater than this range, largely because the evaluation included
safety benefits and the reduction in secondary crashes.



PROJECT BACKGROUND

Under ODOT’s Towing and Recovery Incentive Payment (TRIP) program, qualified
vendors provide heavy-duty towing and recovery services to expedite the clearance of
large commercial vehicles that are blocking one or more travel lanes. The goal of the
TRIP Program is to reduce traffic congestion and the likelihood of secondary
incidents, thereby increasing safety to the motoring public. Incentive payments are
made to vendors meeting the TRIP Program requirements.

ODOT additionally maintains a TRIP-Lite program where qualified vendors provide
towing and recovery services to expedite the clearance of passenger vehicles involved
in a crash and/or disabled in identified work zones. This program launched with one
pilot location in calendar year 2020. For calendar year 2021, ODOT anticipates having
six to eight work zones in the program.

ODOT funded this study to quantify the benefits of both TRIP programs (user delay,
safety, and environmental impact) and to obtain a comparison of ODOT’s TRIP
Program performance relative to other states, especially in regards to commercial
vehicle clearance times. The tasks for this project included:

e Creating a repeatable methodology and implementation to quantify the benefit
in dollars of TRIP incidents in Ohio.
o The methodology and tool shall determine benefits under the following
classifications and attributes:
= jincidents in urban areas vs. rural areas;
= TRIP vs. TRIP-Lite incidents; and,
» Incidents in work zones vs. non-work-zone areas (for TRIP only).
e Comparing Ohio’s TRIP Program performance to nationwide commercial vehicle
clearance times, including:
o A nationwide average;
o Comparable-program state averages; and,
o Averages for states without quick clearance programs.
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Literature Review: Performance Evaluation Methods of Incident Clearance
Programs

In the broader traffic incident management (TIM) context, incident clearance
programs are the practice of rapidly and safely removing temporary obstructions.
These obstructions can include disabled or wrecked vehicles, debris, and spilled cargo
on the roadway. The goals of TIM are to minimize the exposure of incident responders
to adjacent passing traffic, reduce the probability of secondary crashes, and relieve
overall congestion levels and delay. Incident clearance programs currently in
operation in the United States include the Safety Service Patrol (SSP) program, which
assists motorists on designated routes, and the Towing and Recovery Incentive
Payment (TRIP) program, which facilitates the safe, quick clearance of large
commercial vehicle crashes. This section reviews different types of incident clearance
programs and summarizes the performance evaluation methodologies used in the
previous studies.

Incident Clearance Programs

Safety Service Patrol

Safety Service Patrol (SSP) is an incident management program that assists disabled
vehicles along congested roadway segments to reduce peak-period non-recurring
congestion via detection, verification, and incident removal. Various SSP programs
have been implemented in different states, including

e Freeway Service Patrol (FSP) in California: California’s FSP is a congestion
mitigation program managed in partnership with metropolitan planning
organizations, the California Highway Patrol, and Caltrans. This program
utilizes a fleet of roving tow and service trucks to reduce traffic congestion by
efficiently getting disabled vehicles running again or by quickly towing those
vehicles off the freeways to a safe location.

e Highway Emergency Local Patrol (HELP) in New York: The HELP program
provides free roadside emergency services during peak-period on many major
roads throughout the state. This program helps manage incidents involving
disabled vehicles and supports emergency services by performing services like
changing tires, jump starting batteries, and temporarily repairing radiator
hoses.

e Freeway Incident Response Safety Team (FIRST) in Minnesota: The FIRST has
the primary purpose to minimize congestion and prevent secondary crashes by
quickly responding to and removing incidents. This program reduces congestion
by locating, assisting, and removing stalled vehicles, crashes, and debris from
freeways.

e Highway Helper (HH) in lowa: The HH program provides incident response and
free assistance to stranded motorists on roadways in four of lowa’s metro
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areas. The focus of the HH program is to provide travelers and emergency
responders with a safe and efficient transportation system. HH services can
quickly address the needs of stranded motorists by providing jump starts, tire
changes, up to two gallons of fuel, and transportation to a safe location. In
addition, each truck is equipped to provide traffic control and quick clearance
for emergency responders.

Towing and Recovery Incentive Program

TRIP provides monetary incentives to qualified towing operators for the quick
clearance of incidents involving large commercial vehicles. TRIP programs have been
implemented in several states, including

Rapid Incident Scene Clearance (RISC) in Florida: The RISC program is a
heavy-duty towing and recovery program that supports Florida’s Open Roads
Policy, which establishes a 90-minute goal for clearance of motor vehicle
crashes and incidents on Florida’s roadways. Florida’s Turnpike Enterprise
developed and implemented the RISC program in 2004. The program expanded
statewide in 2007. RISC provides monetary bonuses to qualified and
participating towing companies when they meet quick-clearance goals for more
complex traffic incidents.

Towing and Recovery Incentive Payment (TRIP) program in Georgia: The
Georgia Department of Transportation introduced the TRIP in early 2008 to
provide monetary incentives to qualified towing operators for the quick
clearance of large commercial vehicle incidents. It is a critical component of
Atlanta’s traffic incident management quick clearance program.

Towing and Recovery Incentive Payment (TRIP) program in Virginia: The
Virginia Department of Transportation’s Richmond District began the TRIP pilot
in December 2017. In this TRIP, tow companies receive a monetary bonus for
clearing commercial vehicle crashes within 90 minutes. Richmond’s TRIP pilot
was developed with similar operating characteristics and protocols as incentive
programs developed and implemented in Georgia, Florida, and Ohio.

Major Incident Tow (MIT) Program in Washington: The Washington State
Department of Transportation implemented the Blok-Buster Major Incident Tow
program in 2007 to expedite the removal of heavy truck collisions and meet the
90-minute clearance goal. The initial pilot program was funded for the 2007-
2009 biennium in King, Pierce, and Snohomish Counties. The program name was
later changed to the Major Incident Tow (MIT) program, and coverage has been
extended to include all of Interstate 5 and all major state highways in the
Puget Sound area.
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Incident-Induced Delay Evaluation Methods
Queuing Theory
Incident-induced delay (1ID) can be estimated using deterministic queuing theory from
two primary inputs: (1) the approach volume, and (2) the available capacity of the
roadway during each incident. As illustrated in Figure 1 and Figure 2, the IID is the
area between the arrival (demand) curve and the capacity curve, designated by the
shaded region in the figures. States have used two approaches to calculate 11D using
queuing theory.
e Approach A: Calculate IID using the average incident duration.
This approach first calculates the average incident duration by incident type.
Then, the average IID for each incident type is estimated based on the average
incident duration. Finally, the total IID is calculated by multiplying the average
IID per incident type by the number of incidents of that type.
e Approach B: Calculate of IID for each incident.

This approach calculates IID for each incident based on the arrival and capacity
curves associated with the specific incident.

Vehicles o

in Queue

Cumulative TrafficVolume (veh)
Cumulative Traffic Volume (veh)

capacity

avallable = stanes)

() {with bl

12:00 1:00 2:00 3:00 4:00 5:00 6:00 T:00 8:00

Time

Figure 1. Queuing Theory Based Delay Figure 2. Representative Incident in
Calculation Georgia
(The shaded area represents the [GDOT (2011)]
vehicle delay.)
[GDOT (2011)]

The benefit of the incident clearance programs can be estimated by comparing the
delay cost savings before and after implementation. Table 1 lists the delay
calculation results from four states. Although data sources and delay calculation
methods vary by state, all four states reported a benefit-cost (B/C) ratio greater than
one. Some states have used hourly traffic volumes, while others estimated benefits
based on the Average Annual Daily Traffic (AADT).
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Table 1. IID Calculation and B/C Ratio Comparison
[UC-ITS (2019), FHWA (2021), NJIT (2013), and GDOT (2011)]

Benefit- .
Program State cost Delay Calculation Traffic Volume
Name . Data
Ratio
Freeway . .
Service California 6.0 Average Ir)c1dent Hourly traffic
Duration volume
Patrol
Freeway . Average Incident
Safety Patrol Ohio 1.0 Duration AADT
Safety .
Service New Jersey 1.3 Average Ir)c1dent AADT
26.1 Duration
Patrol
TRIP Georgia 10.96 Each Inc]dent Hourly traffic
Duration volume

Simulation-Based Method

Simulation tools estimate IID by simulating vehicle delays in various scenarios. For
example, to evaluate the performance of the FIRST in Minnesota, scenarios with
varying incident durations and traffic demands were simulated using Paramics to
estimate the total vehicle delay. In Figure 3, the x-axis shows the demand flow in
vehicles per hour on a typical three-lane freeway section in the Twin Cities. The y-
axis shows total delay (in hours). Each curve on the graph corresponds to a specific
incident duration.

Figure 3. Incident Delay and Duration Curves from Simulation [MNDOT (2004)]

Incident Delay vs. Duration
Typical 3-lana Freaway

200 /
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{min)
- — 40
E 180
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g 100 —12 i /
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Performance Metrics
The benefit of an incident clearance program can be estimated using delay cost
savings, fuel savings, emission reduction, and secondary crash reduction.

Delay Cost

The delay cost savings is estimated using the product of vehicle delays and the value
of time (VOT). Table 2 lists the VOT and average occupancy values used in three of
the four program studies discussed above.

Table 2. VOT and Average Vehicle Occupancy Comparison
[UC-ITS (2019), GDOT (2011), and NJIT (2013)]

State California Georgia New Jersey
(Caltrans, 2017) (GDOT, 2011) (NJIT, 2013)
Passenger venicle $13.65 $18.07 $16.00
Truck VOT $31.40 $69.49 $88.00
Vehicle occupancy 1.15 1.22 1.50
Fuel Cost

Fuel cost savings is generally estimated based on the gallons of fuel saved and the
gasoline and diesel prices. For example, based on the Caltrans Mobility Performance
Report (2011), 1.719 gallons of fuel is saved for each vehicle hour of delay saved.
Georgia DOT (2011) calculated fuel cost based on miles of travel and average fuel

economy as follows:
Unit Diesel Price per Gallon

= i X X
Fuel = Miles of Travel X Percent of Truck Truck Fuel Economy

Unit Gasoline Price per Gallon

Miles of Travel x Percent of Cars x
+ Miles of Trave ercent ortars Car Fuel Economy

Where
e Miles of travel = Total Delay (Vehicle Hours) x Average Speed (mph)

Average Queue Length in Miles

e Average Speed =

Average Delay per Veh in Hours

Emission Cost
Like fuel cost savings, emission cost savings can be estimated based on incident-
induced delays.

Emission Cost = Total Delay (Vehicle Hours) X Emission Rate X Unit Cost per Ton

Table 3 and Figure 4 list the emission factors used in Georgia (GDOT, 2011) and
California (UCB-ITS, 2016).
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Table 3. Emission Rates for Air Pollutants in Georgia

Emission Emis§ion Rate Cost per Ton
(Tons per Vehicle Hour of Delay)
HC 0.000025676 $6,700
Cco 0.00033868 $6,360
NOXx 0.000036064 $12,875

Figure 4. Emission Rates for Air Pollutants in California

EMISSION RATES (ADDED)
Percent Trucks (%) 9
[Source: 2009 Annual Average Daily Truck Traffic on the
California State Highway System]

N20 Running emission (Auto) 0.235 grfhr
N20 Running emission  (Truck) 0.652 grfhr
CH4 Running emission (Auto) 0.196 grfhr
CH4 Running emission  (Truck) 0.374 grihr
N20 EMISSION RATE 0.23149 gr/hr
CH4 EMISSION RATE 0.62698 gr/hr

[Source: Update of Methane and Nitrous Oxide Emission
Factors for On-Highway Vehicles (2004), U.S. Environmental
Protection Agency]

CO2 EMISSION RATE & 8 kg/gallons
[Source: 2009 Mobility Performance Report]

Secondary Crash

Previous studies have shown that the probability of a secondary crash occurring is a
function of the duration of the primary incident (Raub, 1997). Because incident
management programs are intended to reduce clearance duration, the expected
reduction in secondary crashes can be used to estimate safety benefit. For example,
Guin et al. (2000) estimated the decrease in secondary crashes due to the reduction
in incident duration and then computed the cost savings by multiplying the number of
secondary crashes reduced by the program with the average cost of a crash.

L5}
c=XXpX T_z X cc
» ¢ : cost saving due to secondary crashes reduced
» p: percentage of secondary crashes, typically 15-25 percent of freeway incidents
are secondary crashes
« X : total number of crashes
» T;: average incident duration saving (minutes)
» T,: average incident duration before TRIP (minutes)
» cc: average cost of a crash (dollars)
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Similarly, the Washington State Department of Transportation (WSDOT, 2016)
estimated the economic benefits of avoiding secondary crashes by assuming a 20
percent secondary crash rate. The cost savings from secondary crash reduction is
calculated by multiplying the incident clearance time saved and the average cost per
minute of a crash.

Number of incidents

c= Z (Incident clearance time X 0.2q)

n=1
X $286 per minute of secondary incident )

(1) The Federal Highway Administration (FHWA) estimates that on average there are 20 percent or more
secondary incidents occurring on the system due to the primary incidents (FHWA Traffic Incident
Management Manual - https://ops.fhwa.dot.gov/aboutus/one_pagers/tim.htm, accessed May 2022).

(2) WSDOT (2021) estimates an average cost of $286 per minute of crash scene duration, which is applied to
calculate the final cost.

Literature Review: Other States’ TRIP Benefit-Cost Analysis

Georgia (GDOT, 2011) & Virginia (VDOT, 2019) (TRIP)

Incidents that qualify for TRIP involve large vehicles and complicated debris or
hazardous material spills. For states who adopted TRIP, the goal is to clear such
incidents within 90 minutes using the following timeline (Figure 5).

Figure 5. TRIP Timeline

Basic
Event Supervisor equipment Clear
occurred must arrive 1 5 Event
0 min 30 min 45 min 60 min 90 min

1: 5:30 am to 7:00 pm Monday through Friday
2: Other times


https://ops.fhwa.dot.gov/aboutus/one_pagers/tim.htm
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The incentive structure has the following monetary incentives and fines:
e Incentives:
o $600 if the TRIP company is called, responds within the specified time, but
is ultimately not needed
o $2,500 if the TRIP company is called, responds within the specified time,
and has the roadway cleared and opened to traffic within 90 minutes after
the event occurred
o An extra $1,000 if additional special equipment was required and provided
and all-time requirements were met
e Fines:
o $600 in liquidated damages and an additional $10 per minute if the roadway
is not cleared and opened to traffic within three hours and the fault is
considered due to the TRIP company

Florida (FDOT, 2018)

In 2004, Florida Department of Transportation (FDOT) developed and implemented a
traffic incident management enhancements program, Rapid Incident Scene Clearance
(RISC), to help reduce the impact of major traffic incidents. The RISC contract vendor
has the responsibility to respond to the incident within 60 minutes of the activation
request. Once on scene and provided with a Notice to Proceed by the lead official on
scene, the vendor will have 90 minutes to open the travel lanes for traffic. If the
proper equipment arrives on scene within 60 minutes and the tower clears the lanes
within 90 minutes, they are eligible for the bonus.

RISC is activated for the following types of incidents:
e Tractor-trailer combinations
e Truck over 16,000 pounds
e Motor homes and motor coaches
e Busses capable of carrying 16 or more passengers
e Aircraft
e Large yacht-type boats and mobile homes
e Any complex or extended incident where vehicles cannot be easily towed from
the scene or are creating a hazard to traffic

The RISC contract requires the vendor to have specific extra equipment on hand or
available 24 hours a day, 7 days a week to respond to these major incidents. The
tower vendors can receive an extra incentive for the staging and/or use of this extra
equipment in the incident clearance process. The RISC incident timeline is outlined in
Figure 6.

10
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Figure 6. RISC Incident Timeline

Arrival NTP
Activation O Scene Notice to
of RISC within 60 Proceed
minutes Is given

60 minutas | 90 minutes | 180 minutes over 180 minutes
payment if arrival L s 90-minutes but does 2
minutes, a penalty

minutes and recovery Plus 51,000 bonues if minutes clearance ($600/hour) s

additional time, 50 Bonus
: : assessed
equipment is used

services are not

time within 60-
|, ] not excesd 180- of $10/minute

Washington (WSDOT, 2021)

The Washington State Department of Transportation (WSDOT) launched the Major
Incident Tow (MIT) program in 2007. The MIT program has cleared over 10,000
incidents and saved Washington residents over $10.7 million in time and fuel that
would have been spent on incident-related congestion.

MIT is activated for the following types of incidents:
e Tractor-trailer combination
e Trucks over 40,000 gross vehicle weight (GVW)
e Busses (commercial/motor coach)
e Any other collision or incident deemed by WSDOT to command a major incident
response deployment of equipment listed in the agreement

Benefit-Cost Comparison

Table 4 lists the benefit-cost analysis results from Georgia, Virginia, and Florida.
Given the different operational conditions, methodologies, data, and assumptions
used in the benefit-cost analysis, these benefit-cost ratios should not be used to
directly compare the effectiveness of different TRIPs across various DOTs. However,
all the DOTs that have implemented a TRIP have reported a benefit-cost ratio greater
than one, which indicates a positive return on the investment.

11
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[GDOT (2011), VDOT (2019), and FDOT (2018)]

States Georgia Virginia Florida
(GDOT) (VDOT) (FDOT)'
Number of 110 64 303
Events
Study Period 2008-2009 2018 2017
Clearance Time 165 minutes
Reduction (60 minutes in 65.8 minutes
(minutes) benefit estimation)
Total Benefit $9,154,431.00 $5,473,895.20
Delay Cost
Savings v v
Fuel Cost
Savings v v
Emission Savings v v
Safety Savings - -
Total Cost $835,000.00 $698,685.49
Administrative $551,000.00
Cost (2007-2010) 5563,485.49
. $284,000.00
Incentive Cost (2008-2009) $135,200.00 | $617,900.00
Benefit-cost 10.96:1 6:1-7.8:1 x
Ratio

Available Data

The two primary data sources for this study were the TRIP Event Log and the OH-1
crash reports. The TRIP Event Log provided by ODOT has records of all TRIP events
and contains information regarding the crash location, arrival and clearance times,
the cost, and other pertinent details used in the cost-benefit analysis.

The OH-1 crash reports provided by ODOT were used to identify non-TRIP events or
property-damage-only (PDO) heavy-duty vehicle crashes that occurred in a TRIP zone.
The information detailed in the crash reports was essential to evaluating the TRIP
Program’s performance in comparison to similar crashes that were cleared without
using the TRIP Program.

! The greyed columns indicate information that was unavailable for FDOT.

12
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Additional data available from ODOT’s Transportation Information Mapping System
(TIMS) that was used for this analysis includes the WGIS Traffic Count Segment and
the WGIS Road Inventory. These datasets are used to accurately measure the average
annual daily traffic (AADT) on roadways and to provide roadway geometry information
such as the number of lanes.

Data that was analyzed for this study, but was not used to evaluate the TRIP Program,
includes historic vehicle speed data from RITIS and from INRIX. These datasets were
excluded because an easily-repeatable and user-friendly process for incorporating this
data was not found. In the team’s review, other states did not use these datasets for
similar reasons. Accordingly, the HCM analysis methodology used for this report and
by other agencies is adopted for consistency and to allow for better comparisons
across states.

Definitions
The following is a list of terms and definitions used in this report:

e TRIP Event: A TRIP event is a crash that used ODOT’s Towing and Recovery
Incentive Payment (TRIP) program to respond to and clear the crash.

e Non-TRIP Event: A non-TRIP event refers to a crash that had similar
characteristics to a TRIP event (i.e., heavy-duty vehicle involved, property
damage only, non-hazmat, occurred during peak hours in TRIP zone) but did
not use the TRIP Program to respond to and clear the crash.

e Arrival Time: Arrival time is the time between when the towing company is
notified of the crash and when they arrive at the crash. The TRIP goal is to
have the arrival time be less than 45 minutes.

e Clearance Time: Clearance time is the time between when the towing
company receives notice to proceed with clearance and when the crash has
been cleared and normal traffic flow can resume. The TRIP goal is to have the
clearance time be less than 90 minutes.

It is noted that there may be a lag between when the towing vehicle arrives on the
crash scene (measured by arrival time) and when the tower begins clearing the
incident. This can occur when the site has not been secured or otherwise deemed safe
for clearance by emergency response personnel on site.

METHODOLOGY

A methodology to quantify the benefits of ODOT’s TRIP Program was developed based
on a literature review and assessment of available data. The methodology assesses
the mobility, safety, and environmental benefits of the TRIP Program by comparing
the impacts on safety and operations during a TRIP and non-TRIP event.

The methodology to quantify the benefits of TRIP has seven steps:
e Step 1. Identifying non-TRIP events
e Step 2. Calculating the mobility benefits of TRIP
e Step 3. Calculating the safety benefits of TRIP
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Step 4. Calculating the environmental benefits of TRIP
Step 5. Calculating the total benefits of TRIP

Step 6. Calculating the total cost of TRIP

Step 7. Calculating the benefit-cost ratio of TRIP

Step 1. Identifying Non-TRIP Events
Non-TRIP events were identified from the OH-1 crash reports using the following
method:

1.
2.
3.

9.

Mapped the ODOT-provided TRIP zones into GIS for analysis
Mapped all crashes using latitude and longitude shown in OH-1 crash reports
Selected only crashes that occurred within 500 feet of a TRIP zone using the
select by location tool in GIS

a. Confirmed associated crashes were on roadways in TRIP zones through

manual review of route numbers

Filtered crashes in the TRIP zones to only crashes that involved a semi-truck
using the select by attribute tool in GIS

a. Used semi-truck field in OH-1 crash reports
Filtered crashes by severity (property damage only) using the select by
attribute tool in GIS

a. Used crash severity field in OH-1 crash reports
Filtered crashes by time of day to only include crashes that occurred during the
TRIP Program hours of operation using the select by attribute tool in GIS
Filtered out any crashes identified as ‘hazmat’ in the OH-1 crash reports using
the select by attribute tool in GIS
Assigned a TRIP zone to each crash using the select by location tool in GIS

a. Added field in GIS to attribute table

b. Selected a TRIP zone

c. Selected all crashes within 500 feet of that TRIP zone

d. Used the field calculator to update the new field for all selected crashes

e. Repeated for each TRIP zone
Removed crashes identified as TRIP events by ODOT

a. ODOT provided crash report numbers for TRIP events

10. Exported the attribute table to Microsoft Excel

Figure 7 shows the TRIP and non-TRIP events that occurred in TRIP Zone 6A, which
covers the freeway system in Columbus, OH. The patterns shown in this figure are
representative of patterns observed in the other TRIP zones. TRIP events were
generally concentrated in areas with high concentrations of non-TRIP events. Maps for
all TRIP zones are shown in Appendix B.
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Figure 7. TRIP Zone 6A—Columbus, OH region

The identified non-TRIP events and corresponding crash reports were used to
calculate the total clearance time of non-TRIP events for each TRIP zone. The total

clearance time is the time from which an operator is alerted of the crash to when the
crash is cleared and normal traffic flow resumes. The total clearance time was
calculated for TRIP events using the information from the TRIP Events Log.

Table 5 shows the total clearance times for TRIP and non-TRIP events and the
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difference between the total clearance times for each TRIP zone. On average, the
total clearance time for a TRIP event was approximately 22 minutes faster than the

total clearance time for a non-TRIP event.

Table 5. Total Clearance Time of TRIP & Non-TRIP Events

Total Time

Total Time

Number of Rural/ Difference
TRIP Zone | rpip Events Urban TRIP Non-TRIP (minutes)
(minutes) (minutes)

6A 68 Urban 54.7 79.6 24.9
8A 16 Urban 31.1 58.0 26.9
2A 15 Urban 58.9 74.7 15.8
12D 9 Urban 40.1 54.9 14.8
8B 9 Urban 53.7 62.7 9.0

7A 6 Urban 53.8 75.4 21.6
4B 5 Urban 57.4 68.0 10.6
6C 5 Rural 71.8 79.3 7.5

2B 4 Rural 39.5 84.2 44.7
1B 3 Rural 29.0 85.0 56.0
4A 3 Rural 106.0 69.4 -36.6
6B 3 Rural 51.0 116.1 65.1

12B 2 Urban 37.0 50.3 13.3
12A 1 Rural 407.0 65.5 22.12
12C 1 Rural 57.6 22.13
1A 1 Rural 33.0 84.8 51.8
7C 1 Rural 79.0 91.9 12.9

Step 2. Calculating Mobility Benefits of TRIP

The difference between total clearance time served as the foundation for estimating
the mobility benefits of the TRIP Program. Mobility benefits are the vehicle hours of
delay (VHD) saved by using the TRIP Program converted to dollars based on the
reported value of travel time (VOTT). To estimate mobility benefits, each TRIP event
from fiscal year 2019 was analyzed individually. The county, facility identification,
and mile marker of each TRIP event from TIMS was used to identify the average
annual daily traffic (AADT) and number of facility lanes impacted by direction. The
AADT and number of lanes were used to calculate the peak hour volume by lane using
the peak hour factor (K) and directional split of traffic (D) (Equation 1).

2 TRIP event was removed due to long duration (exceeding five hours). There were no other TRIP events
or non-TRIP events that exceeded five hours.

3 TRIP log did not include the total time. The average difference in clearance time between non-TRIP
and TRIP events weighted by the number of events in each zone was used in the analysis.

16



June 13, 2022 METHODOLOGY

The peak hour factor was assumed to be 0.1, and the directional split of traffic was
assumed to be 0.55.

Equation 1. Peak Hour Volume per Lane

AADT X K X D
Number of lanes

Peak hour volume per lane =

The peak hour volume per lane had to be adjusted for TRIP events that occurred in
work zones. Lane closures associated with work zones reduce the available capacity
of a lane. The peak hour volumes per lane for TRIP events that occurred in work zones
were adjusted using the capacity adjustment factors shown in Table 6. Of all 152
TRIP events in fiscal year 2019, 37 percent (56) occurred in a work zone as indicated
in the TRIP Events Log.

Table 6. Work Zone Capacity Adjustment Factors*

Directional Lanes

(One Direction,
Before Work Zone)

1 Lane Closed

2 Lanes Closed

3 Lanes Closed

2 0.62 N/A N/A
3 0.64 0.64 N/A
4 0.67 0.64 0.60

Next, capacity was adjusted to account for lanes blocked due to a TRIP event. Like
lane closures associated with work zones, lanes blocked due to a crash reduce overall
capacity. Base lane capacity was assumed to be 2,000 vehicles per hour during typical
conditions. The adjusted capacity was calculated using typical lane capacity, the
number of facility lanes in the impacted direction, and the number of blocked lanes
due to the crash (Equation 2). The equation also uses capacity adjustment factors
(CAF) based on the number of lanes and the number of blocked lanes to model the
reduced capacity. The CAFs are shown in Table 7.

Equation 2. Overall Incident Capacity

Overall incident capacity =
(Number of lanes — Number of blocked lanes) X Lane capacity X CAF

4 https: //ops.fhwa.dot.gov/publications/fhwahop13042/appd.htm
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Table 7. Incident Capacity Adjustment Factors?®

- . . . Lanes Closed
Facility Lanes in Impacted Direction Shoulder 1 5 3 2

2 0.81 0.7

3 0.83 0.74 | 0.51

4 0.85 0.77 | 0.5 | 0.52

5 0.87 0.81 | 0.67 | 0.5 0.5
6 0.89 0.85 | 0.75 | 0.52 | 0.52
7 0.91 0.88 | 0.8 | 0.63 | 0.63
8 0.93 0.89 | 0.84 | 0.66 | 0.66

The incident capacity was used to calculate the volume-to-capacity (v/c) ratio for
each TRIP event. The v/c ratios were needed to determine delay savings, which were
later used to estimate the overall mobility benefits of the TRIP Program. The incident
v/c ratio for TRIP events was calculated by dividing the peak hour volume by the
incident capacity (Equation 3). The incident v/c ratios ranged from 0.63 to 2.86 and
had an average of 1.48. Most TRIP events had v/c ratios greater than one, which
indicated congestion and volumes exceeded available capacity. V/c ratios greater
than one are expected for crashes that block lanes and reduce overall capacity.

Equation 3. Incident Volume-to-Capacity Ratio

) ) (Peak hour volume per lane X Number of lanes)
Incident v/c ratio =

Incident capacity

The incremental delay equation (Equation 4) from the Highway Capacity Manual
(HCM) was then used to calculate the delay savings per vehicle in seconds using the
difference between total clearance times for TRIP and non-TRIP events (T), the
incident capacity (Ca), and the incident v/c ratio (X) calculated previously. To
determine the overall mobility benefits of the TRIP Program, the delay per vehicle
estimate was converted to total vehicle hours of delay, and then converted from
hours to dollars.

Equation 4. Incremental Delay (HCM Equation 19-26)

8kIX,
C,T

d = 900T[(X, — 1) + \/(XA —1)2 +

5> https://ops.fhwa.dot.gov/publications/fhwahop13042/appc.htm
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The incremental delay equation produced delay savings per vehicle. To calculate the
total vehicle hours of delay (VHD) saved for each TRIP event, the delay savings per
vehicle was converted to VHD saved by multiplying by the peak hour volume per lane
and the number of lanes (Equation 5). The sum of the VHD saved of all TRIP events in
fiscal year 2019 was 76,237 hours. There were an additional 56 hours of time saved
due to reduced incident durations (Ttotat). To calculate the mobility benefits of the
TRIP Program in dollars, the total VHD and time saved due to reduced incident
durations was multiplied by the VOTT for cars and for trucks (Table 8). The fleet
composition (i.e., percentage of trucks) was determined for each roadway segment
where there was a TRIP event. The estimated mobility benefits of the TRIP Program
were $1,852,178 (Equation 6).

Equation 5. Total Vehicle Hours of Delay Saved

VHD Saved = ﬁ X Peak hour volume per lane X Number of lanes

Table 8. Assumed Hourly Cost for Road Users®

Road User VOTT
Car $20.17 per hour
Truck $55.24 per hour

Equation 6. Total Mobility Benefits

Mobility Benefits = (VHD saved + Tyyeq;) X (0.9 X $20.17 4+ 0.1 X $55.24)

Step 3. Calculating Safety Benefits of TRIP

In addition to mobility benefits, there are safety benefits of the TRIP Program. The
TRIP Program reduces the duration of crashes and therefore reduces the expectance
of secondary crashes, or crashes that occur at an incident scene or in the queue
caused by an incident.” Approximately eight percent of crashes are secondary
crashes. The number of secondary crashes was determined by performing spatial
analysis using the OH-1 crash data. Crashes that occurred within 10 miles of another
crash, on the same day, and at relatively same time were classified as secondary
crashes. Based on the literature review of other states’ rapid towing contracts, TRIPs

6 https://static.tti.tamu.edu/tti.tamu.edu/documents/mobility-report-2021.pdf

7

https://ops.fhwa.dot.gov/publications/fhwahop10010/presentation.htm#: ~:text=%22Secondary%20Cras
hes%22%20are%20defined%20as, resulting%20from%20the%20original%20incident.
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are expected to reduce secondary crashes by approximately 11 percent. This
reduction is largely due to a reduction of incident duration, which limits the
formation of queues and the risk of back-of-queue secondary crashes.

The distribution of crash severity observed along the TRIP zones was used to estimate
the reduction of secondary crashes. The reduction of secondary crashes was
calculated for each crash severity by multiplying the expected percentage of
secondary crashes by the number of crashes along TRIP zones. The estimated average
reduction of secondary crashes by severity is shown in Table 9.

Table 9. Estimated Average Reduction of Secondary Crashes

Crash Severity Number of Secondary Crashes
Reduced

Reduction of secondary fatal 0.2

crashes )
Reduction of secondary injury 2.6

crashes )
Reduction of secondary PDO 59

crashes )

The HSM crash costs by severity (Table 10) were used to convert the estimated
reduction of secondary crashes to monetary benefits (Equation 7). To make the
safety benefits comparable to the mobility benefits, the HSM crash costs provided by
the FHWA Safety Program had to be converted to 2021 dollars using inflation rates.?
The estimated annual safety benefits for ODOT’s TRIP Program were found to be
$5,835,641.

Table 10. HSM Crash Costs by Severity (2021 Dollars)

Crash Severity Crash Costs
Fatal $6,116,801
Injury $126,032
PDO $11,291

Equation 7. Safety Benefits of TRIP

Safety benefits of TRIP (dollars) =
(Reduction of secondary fatal crashes X Cost of fatal crash)
+ (Reduction of secondary injury crashes X Cost of injury crash)
+ (Reduction of secondary PDO crashes X Cost of PDO crash)

8 Crash Costs for Highway Safety Analysis (cmfclearinghouse.org)
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Step 4. Calculating Environmental Benefits of TRIP

The final component of the benefit calculations was estimating the environmental
benefits. Environmental benefits account for the emissions and fuel cost reductions
associated with reduced crash durations. Recall that for mobility benefits, the delay
savings for the TRIP Program were assumed to be 76,237 vehicle hours. To find the
total emission cost, the vehicle hours of delay were multiplied by the emission rates
(in tons per vehicle hour of delay) and by the cost per ton of hydrocarbon (HC),
carbon monoxide (CO), and nitrogen oxides (NOx). Table 11 shows the emission rates,
costs per ton, and total emission cost reductions. The total emission cost reduction
for ODOT’s TRIP Program in fiscal year 2019 was $212,738.

Table 11. Emission Cost Reduction

Emission Rate
Emission (tons per vehicle Cost per Ton Emission Cost
hour of delay)
HC 0.00002568 $6,700 $13,115.07
co 0.00033868 $6,360 $164,215.88
NOx 0.00003606 $12,878 $35,417.14
Total Emission Cost Reduction $212,738.09

Environmental benefits also include fuel cost reduction. The fuel cost reduction
calculation depends on assumed miles of travel. The assumed miles of travel are the
miles of travel saved due to faster incident clearance times. For this study, the
estimated miles of travel was determined to be 18,554 miles, calculated from the
total average queue length, average speed in the queue, and vehicle hours of delay as
described below.

The total average queue length (Q) was calculated using HCM Equation 20-60 that
converts control delay (d) and flow rate (v) to queue length (Equation 8). Control
delay and flow rate had been calculated while estimating the mobility benefits.

Equation 8. Average Queue Length (HCM 20-60)

_d><v
Q_3600

The average queue length (in miles) was then divided by the vehicle hours of delay
saved to calculate average speed (in miles per hour). The average speed, 0.2 miles
per hour, was multiplied by the vehicle hours of delay saved to find the assumed
miles of travel. The miles of travel were then used to calculate the cost of fuel that
would be required to travel that distance.

Fuel cost further depends on the fleet composition, which was assumed to be the

average composition of the TRIP events: 85 percent passenger vehicles and 15 percent
trucks. Other assumptions used to calculate the fuel cost for trucks (Equation 9) and
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for cars (Equation 10) are shown in Table 12. The total fuel cost saved due to
reduced incident response time was calculated to be $2,927 (Equation 11).

Equation 9. Fuel Cost for Trucks (Diesel)
Fuel cost for trucks =

Miles of travel X Price of diesel per gallon

P t trucks X
ercentage of trucks Truck fuel economy

Equation 10. Fuel Cost for Cars (Gasoline)
Fuel cost for cars =

Miles of travel X Price of gasoline per gallon

Percentage of cars X
ge of Car fuel economy

Equation 11. Total Fuel Cost

Total fuel cost = Fuel cost for trucks + Fuel cost for cars

Table 12. Fuel Cost Assumptions

Miles of Travel 18,556 miles
Unit Diesel Price per Gallon® $3.00 per gallon
Truck Fuel Economy'? 6.60 miles per gallon
Unit Gasoline Price per Gallon" $2.54 per gallon
Car Fuel Economy'? 24.10 miles per gallon

The total environmental benefits were calculated by combining the emission cost
reductions ($212,738) and the fuel cost reductions ($2,927). The total environmental
benefits for the TRIP Program in fiscal year 2019 were estimated to be $215,665.

9 https://www.eia.gov/dnav/pet/pet_pri_gnd_dcus_nus_a.htm

10

https://www.eia.gov/totalenergy/data/browser/index.php?tbl=T01.08#/2f=M&start=200001%20Gas%20
and%20diesel%20price:%20https://www.eia.gov/dnav/pet/pet_pri_gnd_dcus_nus_a.htm

" https://www.eia.gov/dnav/pet/pet_pri_gnd_dcus_soh_a.htm

12

https://www.eia.gov/totalenergy/data/browser/index.php?tbl=T01.08#/2f=M&start=200001%20Gas%20
and%20diesel%20price:%20https://www.eia.gov/dnav/pet/pet_pri_gnd_dcus_nus_a.htm
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Step 5. Calculating the Total Benefits of the TRIP Program

The total benefits of ODOT’s TRIP Program include the mobility, safety, and
environmental benefits previously discussed. To calculate the total benefits of the
program, the mobility, safety, and environmental benefits were added together. The
total benefits in fiscal year 2019 were estimated to be $7,903,484. The distribution of
the different benefits is shown in Table 13. Of the total benefits, 74 percent were
estimated to be safety benefits from secondary crash reduction on TRIP corridors.

Table 13. Total Benefits of TRIP

Benefit Estimated Value
Mobility $1,852,178
Safety $5,835,641
Environmental $215,665
Total $7,903,484

Step 6. Calculating the Total Cost of TRIP

The total cost of the TRIP Program for fiscal year 2019 was calculated to be $376,780.
The total cost is composed of the cost of each TRIP event paid to the contractors and
the overhead cost of each TRIP event. The average cost of a TRIP event was $2,500,
with $2,200 due to the contractor and $265 in overhead costs for ODOT. The $2,200
due to the contractor takes into consideration times when the towing companies were
paid $600 as a “show up” fee or SO for an unsuccessful TRIP event. The overhead
costs to ODOT had been calculated previously based on the percent of the day spent
on TRIP and labor and facility costs. The distribution of the different costs is shown in
Table 14.

Table 14. Total Cost of TRIP

Cost Estimated Value
Contractors $336,500
Overhead $40,280
Total $376,780

Step 7. Calculating the Benefit-Cost Ratio of TRIP

The benefit-cost ratio for the TRIP Program was calculated by dividing the total
estimated benefits ($7,903,484) by the total costs of the program ($376,780). The
resulting benefit-cost ratio was 20.98. A benefit-cost ratio of 20.98 means that for
every dollar ODOT spent on the TRIP Program in fiscal year 2019, the public received
$20.98 in combined mobility, safety, and environmental benefits.
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COMPARISON OF ODOT’S TRIP
PERFORMANCE

Given the vast variability among crashes throughout the United States, it is difficult to
estimate a nationwide average clearance time. Clearance times can vary significantly
within a state and depending on crash characteristics. In Ohio, there were variable
clearance times for crashes in urban and rural areas within the same year.

Although a nationwide average clearance time is unavailable, many states with rapid
towing programs work to have clearance times of less than 90 minutes. ODOT also
shares this goal and requires TRIP events to be cleared in 90 minutes or less. In fiscal
year 2019, the average TRIP event was cleared in 75 minutes, which met the goal of
the program.

Nationwide Average

As with nationwide clearance times, it is difficult to estimate a nationwide average
benefit-cost ratio for rapid towing programs given the variability among states,
crashes, data availability, and benefit-cost calculation methodologies. Due to
variability among states, benefit-cost ratios should not be used directly to compare
the effectiveness of different states’ rapid towing response programs. Nevertheless,
all DOTs with comparable programs to ODOT’s TRIP Program have reported benefit-
cost ratios greater than one. These benefit-cost ratios range from 6:1 to 11:1,
indicating a positive return on investment. The estimated benefit-cost ratio of ODOT’s
TRIP Program for fiscal year 2019 was greater than this range, however, other DOTs
did not include their programs’ safety benefits in their evaluations. The safety
benefits (through a reduction of secondary crashes) were included in the ODOT TRIP
program evaluation presented here, which explains the greater benefit-cost ratio.

Comparable TRIP Program State Averages

The literature review identified Georgia (GDOT), Virginia (VDOT), and Florida (FDOT)
as having comparable programs to the TRIP Program. As shown in Table 15, ODOT’s
TRIP Program was estimated to have a greater benefit-cost ratio than the other
programs due to inclusion of safety benefits. Of the TRIP Program’s benefits, 74
percent were estimated to be safety benefits from secondary crash reduction on TRIP
corridors. The other states’ analyses did not monetize secondary crash reduction.

VDOT and GDOT did not include estimated safety benefits in their analyses. If safety
benefits were excluded from this analysis, ODOT’s TRIP Program would have a
benefit-cost ratio of 5.49 (mobility and environmental benefits only) as opposed to
20.98 (mobility, environmental, and safety benefits). The greater mobility and
environmental benefits estimated by GDOT and VDOT most likely correspond to
greater reduction in clearance time by GDOT and VDOT. Both GDOT and VDOT
estimated the reduction in clearance time to be 60 minutes or more. On average,
ODOT’s TRIP Program reduced clearance time by 22.1 minutes.
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ODOT’s TRIP Program had a much lower cost per event than GDOT and VDOT. ODOT’s
cost per TRIP event was approximately $2,479, whereas GDOT’s cost per event was
$7,591. VDOT’s cost exceeded $10,000 per event. Overhead or administrative costs
were significantly lower for ODOT (11 percent of the total program cost) than the
other programs (66 percent of the total GDOT program cost and 81 percent of the
total VDOT program cost).

FDOT’s program had a similar cost per event as ODOT’s TRIP Program. However, the
estimated benefits of FDOT’s program are unknown and cannot be compared to the

benefits of the TRIP Program.

Table 15. Comparison of TRIP Program to Other State Programs

States Georgia Virginia Florida Ohio
(GDOT) (VDOT) (FDOT)"3 (ODOT)
Number of 110 64 303 152
vents
Study Period 2008-2009 2018 2017 2019
165 minutes
Reduction in (60 minutes in 65.8 22.1
Clearance Time benefit minutes minutes
estimation)
Total Benefit $9,154,431 $5,473,895 $7,903,484
Total Cost $835,000 $698,686 $617,900 $376,780
B/C ratio 10.96 6:1-7:8 20.98

13 Benefit-cost data was not available for FDOT.
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ANALYSIS RESULTS

In addition to overall program benefits, the TRIP Program benefits were also assessed
by the following classifications:

e Urban and rural areas

e Work Zones and non-work zone TRIP events

e TRIP and TRIP-Lite events

Urban and Rural Areas

TRIP serves both urban and rural areas. One component of this analysis was examining
the difference in clearance times and benefit-cost ratios for TRIP events in urban and
rural areas. In fiscal year 2019, there were 130 TRIP events in urban areas and only 22
TRIP events in rural areas. Urban areas tend to experience more crashes than rural
areas, whereas rural areas tend to have more severe crashes than urban areas.

As shown in Table 16, the average clearance times for TRIP and non-TRIP events were
shorter in urban areas than in rural areas. However, the average difference in
clearance times between non-TRIP and TRIP events was the largest in rural areas.

Table 16. Clearance Times for Urban and Rural TRIP and Non-TRIP Events'4

All TRIP Events | Urban TRIP Events | Rural TRIP Events

Average Clearance
Time TRIP Event 53.10 50.99 59.35
(minutes)
Average Clearance
Time Non-TRIP Event 75.24 72.43 86.07
(minutes)
Average Difference
in Clearance Time 22.10 21.44 26.72
(minutes)

4 Averages are weighted by the number of events in each TRIP zone.
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As shown in Table 17, TRIP events in urban areas had higher benefit-cost ratios than
TRIP events in rural areas. In fiscal year 2019, TRIP events in urban areas accounted
for 86 percent of all TRIP events and approximately 90 percent of all estimated

benefits of the program.

Table 17. Benefit-Cost Ratios of Urban and Rural TRIP Events

All TRIP Events | Urban TRIP Events | Rural TRIP Events
Number of Events 152 130 22
Mobility Benefits $1,852,178 $1,864,879 -$12,701
Safety Benefits $5,835,641 $4,991,008 $844,632
Environmental
Benefits $215,665 $184,451 $31,214
Cost $376,780 $327,250 $49,530
Benefit-Cost Ratio 20.98 21.51 17.43

Work Zones and Non-Work Zones
In fiscal year 2019, 56 of the 152 total TRIP events (37 percent) occurred in work
zones. As shown in Table 18, TRIP events that occurred in work zones had faster
average arrival times and faster average clearance times compared to TRIP events
that did not occur in work zones. On average, TRIP events that occurred in work zones
were cleared about seven minutes faster than TRIP events that did not occur in work

Zones.

Table 18. Arrival and Clearance Times for TRIP Events
in Work Zones and Non-Work Zones

TRIP Events in TRIP Events in
Work Zones Non-work Zones
Average Arrival 19.98 23.0915
Time (minutes) ) )
Average Clearance 30.80 37 11
Time (minutes) ) )

However, TRIP events in work zones had a lower benefit-cost ratio (16.05) than both
all TRIP events (20.98) and TRIP events in non-work zones (23.97) (Table 19). The
lower benefit-cost ratio is most likely due to the existing congestion present in work
zones. Work zones typically reduce roadway capacity, and then that capacity is
reduced further when a crash occurs. Such reduced capacity results in more
congestion.

5 TRIP event in TRIP Zone 6A with arrival time of 5,781 minutes was removed.
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TRIP events in non-work zones had the highest benefit-cost ratio. In fiscal year 2019,
TRIP events in non-work zones accounted for 63 percent of all TRIP events and 71
percent of the estimated benefits from the TRIP Program.

Table 19. Benefit-Cost Ratios of TRIP Events in Work Zones and Non-Work Zones

All TRIP Events

TRIP Events in

TRIP Events in

Work Zones Non-Work Zones
Number of Events 152 56 96
Mobility Benefits $1,852,178 $52,937 $1,799,241
Safety Benefits $5,835,641 $2,149,973 $3,685,668
Environmental
Benefits $215,665 $79,456 $136,209
Cost $376,780 $142,240 $234,540
Benefit-Cost Ratio 20.98 16.05 23.97

TRIP and TRIP-Lite Events
ODOT additionally maintains a TRIP-Lite program in which qualified vendors provide
towing and recovery services to expedite the clearance of passenger vehicles involved
in a crash and/or disabled in identified work zones. This program launched with one
pilot location in calendar year 2020. The program is expected to continue to expand.

The benefit-cost analysis for the TRIP-Lite program can use the same spreadsheet tool
as the TRIP Program. It is expected that the program’s arrival and clearance times
and benefit-cost ratio will be similar to those of TRIP events that occurred in work
zones. TRIP events that occurred in work zones had a positive benefit-cost ratio that
resulted in more than sixteen dollars saved for every dollar spent on the TRIP

Program.

TRIP Zone Utilization

A byproduct of this study was determining the utilization of each TRIP zone. Because
TRIP and non-TRIP events (property damage only crashes that involved a semi-truck)
were mapped for each TRIP zone, the utilization of each zone could be easily
calculated. TRIP zone utilization is the percentage of possible TRIP events (TRIP
events and non-TRIP events combined) that used the TRIP Program (Equation 12).

Equation 12. TRIP Zone Utilization

TRIP Zone Utilization (%) =

Number of TRIP events

x 100

Number of TRIP events + Number of non — TRIP events

The TRIP zone utilizations show the effectiveness of the TRIP Program throughout the
state and help identify areas for potential program growth. Of the TRIP zones with
TRIP events in fiscal year 2019, the zone utilizations ranged from 2 percent to 13
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percent (Table 20). Four TRIP zones (2B, 6A, 6C, 6B) had utilizations of more than 10
percent. However, three of these zones (2B, 6C, 6B) had five or fewer TRIP events
and are rural areas that experience fewer crashes overall.

It is important to note that the 152 TRIP events occurred in just 17 of the 36
designated TRIP zones. In fiscal year 2019, 52 percent of TRIP Zones (19 out of 36)
were not used.

Table 20. Utilization of TRIP Zones

TRIP TRIP Non-TRIP

Zone Events Events Utilization
28 4 26 13%
6A 68 464 13Y%
6C 5 38 12%
6B 3 25 1%
12D 9 107 8%
2A 15 194 7%
4A 3 42 7%
8A 16 262 6%
8B 9 172 5%
1B 3 60 5%
7A 6 132 4%
12A 1 27 4%
4B 5 158 3%
1A 1 38 3%
12B 2 79 2%
7C 1 53 2%
12C 1 59 2%

Summary of Findings

ODOT’s TRIP Program was found to have a benefit-cost ratio of 20.98 when evaluated
for mobility, safety, and environmental benefits. The total benefits in fiscal year 2019
were estimated as $7,903,484, with 74 percent of the benefits estimated to be safety
benefits related to secondary crash reduction.

This benefit-cost analysis can be replicated in future years to continue to evaluate

the TRIP Program. Future TRIP events can be input into the spreadsheet tool created
by this study, and the results will populate automatically.
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CONCLUSION

When evaluated for mobility, safety, and environmental benefits, ODOT’s Towing and
Recovery Incentive Payment (TRIP) Program was found to have a benefit-cost ratio of
20.98. The total benefits for fiscal year 2019 were estimated as $7,903,484, with 74
percent of the benefits estimated to be safety benefits related to secondary crash
reduction. Additionally, TRIP events were categorized into urban and rural events and
work zone and non-work zone events. TRIP events in urban areas had higher benefit-
cost ratios than TRIP events in rural areas. TRIP events in non-work zones had the
highest benefit-cost ratio. The lower benefit-cost ratio of work zone TRIP events is
likely due to the existing congestion present in work zones.

It is difficult to estimate a nationwide average benefit-cost ratio for rapid towing
programs given the variability among states, crashes, data availability, and benefit-
cost calculation methodologies. As such, benefit-cost ratios should not be used
directly to compare the effectiveness of different states’ rapid towing response
programs. With that caveat, other DOT programs comparable to ODOT’s TRIP Program
have reported benefit-cost ratios ranging from 6:1 to 11:1, which indicates a positive
return on investment. The estimated benefit-cost ratio of ODOT’s TRIP Program for
fiscal year 2019 was greater than this range; however, other DOTs did not evaluate
their programs’ safety benefits.

Further opportunities to continue the TRIP Program and increase utilization across

Ohio can be beneficial. Additional research opportunities can be explored to refine
the program zones, incentives, and utilization.

30



June 13, 2022 APPENDIX A—References

APPENDIX A—REFERENCES

National Work Zone References:

NCHRP 509: Highway Worker Safety (2017)

A Guide to Short Term, Short Duration, and Mobile Work Zone Temporary
Traffic Control (2016)

NCHRP 600: Human Factors Guidelines for Road Systems: Second Edition (2012)
NCHRP 339: Improving the Safety of Moving Lane Closures (2009)

NCHRP 581: Design of Construction Work Zones on High-Speed Highways (2007)
Dancing Diamonds in Highway Work Zones: An Evacuation of Arrow-Panel
Caution Displays (2002)

Work Zone Traffic Management Synthesis: Selection and Application of Flashing
Arrow Panels (1989)

Human Factors Considerations in Arrow-Board Design and Operation (1979)
Guidelines for the Application of Arrow Boards in Work Zones (1978)

ODOT Work Zone Research References:

Evaluation of Safety Practices for Short Duration Work Zones (2017)
Evaluation of Ohio Work Zone Speed Zones Process (2014)

Improving Work Zone Safety Through Speed Management (2013)

The Examination of Factors Associated in Motorcycle Crashes in Work Zones
(2013)

Improving the Safety of Mobile Lane Closures (2010)

Phase 2 - Improved Work Zone Design Guidelines and Enhanced Model of Travel
Delays in Work Zones (2009)

Human Factors Opportunities to Improve Ohio’s Transportation System (2005)
An Intelligent Decision Support System for Work Zone Traffic Management &
Planning (2004)

Evaluation of Traffic Flow Analysis Tools Applied to Work Zones Based on Flow
Data Collected in the Field (2001)

Traffic Management in Work Zones (2019)

Slow Down Move Over for All Roadside Workers (2019)

Ohio Manual of Uniform Traffic Control Devices, MUTCD (2012 Edition)

2012 MUTCD Major Changes Presentation (2012)

Temporary Traffic Control Manual (2012 Edition)

Other States’ Work Zone References:

Pennsylvania Turnpike Traffic Counts - Web (April 2020)

Work Zone Safety Performance Measures for Virginia (2016)

Virginia Work Area Protection Manual (2011)

The University of Kansas: Evaluation of Innovative Traffic Safety Devices at
Short-term Work Zones (2011)

Florida: Driver Behavior Around Moving Operations (2009)

31



June 13, 2022 APPENDIX A—References

University of Illinois at Urbana-Champaign: Improving the Safety of Moving Lane
Closures (2009)

MnDOT (Minnesota): Work Zone Mobility Impact Assessment Decision Tree
TDOT (Tennessee): Work Zone Manual

Kentucky (KYTC): Kentucky Transportation Center Evaluation of Work Zone
Safety Operations and Issues

Literature Review References:

Angshuman Guin, Christopher Porter, Bayne Smith, and Carla Holmes. Benefits
Analysis for Incident Management Program Integrated with Intelligent
Transportation Systems Operations. Transportation Research Record. No. 2000,
pp. 78-87.

Mauch, M., Lu, X. Y., & Skabardonis, A. (2016). Congestion-Responsive On-
Ramp Metering: Before and After Studies-Phase 1 (No. UCB-ITS-PRR-2016-01).
California. Dept. of Transportation.

California Department of Transportation (2017), California Life-Cycle
Benefit/Cost Analysis Model (Cal-B/C); Technical Supplement to User’s Guide;
Volume 4: Active Transportation, Park and Ride, and Risk Analysis.

Florida Department of Transportation (2018), Rapid Incident Scene Clearance
(RISC) Annual Report; Fiscal Year 2017/2018.

Georgia Department of Transportation (2011), Evaluation of the Towing and
Recovery Incentive Program (TRIP).

Mauch, M. et al. (2016), “CALIFORNIA’S FREEWAY SERVICE PATROL PROGRAM
FSP Beat Evaluation Model; Methodology and Parameter Estimation (FY 2014-
15)”, UCB-ITS-RR-2016-01.

Minnesota Department of Transportation (2004), FIRST Program Evaluation,
2004.

New Jersey Institute of Technology (2013), Estimating the Benefits of NJDOT
Safety Service Patrol.

Raub, R. A. Secondary Crashes: An Important Component of Roadway Incident
Management. Transportation Quarterly, Vol. 51, No. 3, 1997, pp. 93-104.
Skabardonis, A. et al. (2019), “Monitoring the Cost Effectiveness of the Caltrans
Freeway Service Patrol (FSP) SB 1 Funded Expansion”, UC-ITS-2019-20.

Texas Transportation Institute (2021), 2021 Urban Mobility Report,
https://static.tti.tamu.edu/tti.tamu.edu/documents/mobility-report-
2021.pdf.

U.S. Department of Transportation Federal Highway Administration (2021),
CASE STUDY: OHIO DEPARTMENT OF TRANSPORTATION FREEWAY SAFETY
PATROL NAMING RIGHTS PROGRAM,
https://www.fhwa.dot.gov/ipd/value_capture/case_studies/ohio_dept_freewa
y_safety.aspx.

32



June 13, 2022 APPENDIX A—References

e Virginia Department of Transportation (2019), Assessment of the Richmond
District’s Towing and Recovery Incentive Program (TRIP) Pilot.

e Washington State Department of Transportation (2016), WSDOT’s Handbook for
Corridor Capacity Evaluation.

e Washington State Department of Transportation (2021), Major Incident Tow
(MIT) Program Handbook.

33



June 13, 2022 APPENDIX B—TRIP Zone Maps

APPENDIX B—TRIP ZONE MAPS

34



June 13, 2022

APPENDIX B—TRIP Zone Maps

Creek Twp

TRIP Zone 1A
TRIP Events: 1
Non-TRIP Events: 38

R

Elida sy, @

nydale $t

American Twp ¢

Shawnee Twp

Cridersville o

" Duchouquet
Twp

" Wapakoneta

B - -sweeRoutssz— ——

Kohler Rd

Utilization: 3%

Cairo

Bath Twp

Latay ette
Jackson Twp

Lima
EEImSt

s Harding Hwy

Harrod

wse kg PoOIy Twp

Auglaize Twp

Uniopolis
Waynestield
Wayne Twp

Union Twp

" — S EELT T — ———Goshen Tup
New Hampshire Yy, o o

Clay Twp ;

Legend
]

i Non-TRIP Event

TRIP event matched to crash report

e TRIP Zone 1A

N

I R iles

35




June 13, 2022

APPENDIX B—TRIP Zone Maps

Marion Twp

TRIP Zone 1B
TRIP Events: 3

Utilization: 5%

Non-TRIP Events: 60

Contnental
wp
Greensburg
Twp
Union Twp
"L.Ll
"
¥ o L

Tiberty Twp :
VanBurenTwp | &
State Routs 611 ,«
Leipsic
-
Vit e s 5 Route 224
ain 8t tate Rou
. Ottavia i

Road 5

Riley Twp

State-Roug g5

Columbus

Pleasant Twp Grove

clumbus Grove Elufiio

P Deshler

Blanchard Twp

=

Htr}v Twp 1
191 DeshlerRd Northl
Baitimore.
5w
Allen Twp
cr?
& E
McCaomb °
3 e
Findlay Marien Twp
§ oSt 2
| =
o —
Aman
Jackson Twp
Arlingten Delaware Twp

3 5
& g
i Monroe Twp H 2l
5 - i x Beaverdam
o o Ohio kincoin-Highway Hisysde BYPT e e
& L r - =
”n‘(‘ =
. 4
z
& z
American Twp s ) Dunkirk
z ! i P Roumst
‘ g Blanchard Twp
[ AdaRd ™ Liberty Twp
i | Bath Twp ok oot Jackson Twp %
81)  Atlentown Rd I 3_
Lima ‘ ?
nda Twp WEImSt | g
B W71 Marding Hwy State Route 308 g
scervill Rd &
¥l Bt Wi
Shawnes Twp »
= Hamod Ra
Cj,—\]} & Marion Twp
Perry Tw o
i Fortshawnee sl
4 Augl 2
: uglaize Twp ok
5L Amherstad : :
o i Kenton
| Pleasant Twp
Duchougquet Buck Twp
e State Routs 87 Waynesfield  Wayne Twp', 3
ton Tup Union Twp Roundhead Twp el
e Wapakoneta Middlo Pike Creek Twp m: g

Legend
@
@

Y

@ Non-TRIP Event

e TRIP Zone 1B

TRIP event not matched to crash report

TRIP event matched to crash report

36

N

3.5 14
D T il




June 13, 2022

APPENDIX B—TRIP Zone Maps

> stbrns Rd % T Coat Sterns Rd %
44 | T y
4 7
TRIP Zone 2A .| Smith Re I g
. . o | T e
| TRIP Events: 15 o WoAlexis Rd S -1 E Alexis R, Al MaBl.lmee
e L = ay
Non-TRIP Events: 194 . £
ol . . W Laskey Rd =
Utilization: 7% 3
* Sylvania AV * £
= o & =
I § T N W Contral Ave. & i
' A - BT T entral Ave n
& | o s v : %2 & £ CedarPointRd
o - e
3 : ) & Ottawa Hills g =
. W BancroftSt 3 3 E ; . o z Corduroy Rd
$ ? Do §t aman St Oregon
Jank fort Rd spmc“ Twp e
Hill Ay s g N o =
Springfield South Ave — 4 = Navarre Ave )
Twp  AngolaRd i ! L
= Old State Line Rd R B F e
I L _nirp gendateave &7 !
' K- d will !
@ ' B illis
. Garden Rd - & koo
- e 3 §. %
= I G % ~
: N sahso!¥ R F B K
- § Maumee Western g © \a -
= Monclova w =
5 o WP—MonclovaRd- 2|
= -3 o
= F & 2
@ . 5 z o,
§0bseRd w‘,}- Sttt Rd . Y
%’ N 24 Clay
g —Whi &
= &
“f‘ terville f
pliz Waterville Rd E
3

£
y Middl
o z z
65| — s
oA - \ 25 Middleton Pike [582) £ Troy
‘@s P ; ’f.: Z Twp E
o 5 Q
P : _ % g
W © Plain Twp Sugar Ridge Rd "-., i
“ |
Kellogg Rd %
2 Freedom Twp
Webster Twp  °  gd 105
e, - - A3 ’ -
[64] P o« ch® -4
{ i 5 s¢° 2
£ &
5 5 ‘gstate Route 600 |
en Rd W Y6 Bowling Breen 3 ;
Westen Twp “’(‘ Endloi 5 |
e o8 _d = ,M% __,:
: qudgeRE » ®GreenRu g 2
Weston Sand - 1
2 ! f
- 5 =
Legend N
@  TRIP event not matched to crash report
TRIP event matched to crash report
[ ] Non-TRIP Event
0 2.25 4.5 9

s TRIP Zone 2A

37

I T iles



June 13, 2022

APPENDIX B—TRIP Zone Maps

. Montgon
Liberty Twp . Portage Twp A Twp
TRIP Zone 2B g
TRIP Events: 4 o z
Non-TRIP Events: 26 2 BaysRd
Utilization: 13%
5 « A b
4 CygnetRd - E
- = E
: ] §
Deshler 3 Z Bloom Twp & Perry Twp
Henry Twp 2
5 Pelton Rd
Deshier Rd Nort @
Baltim¢Se
Route 613
8 S‘jle
Allen Twp
i McComb < f 1/ as_:_\\:npgton
W US Route 224 O y ”
- i (S i
Q Findlay Marion Twp
chard Twp acu® A ans -
& | ] —
=113 %
o e [E
 Amanda Twp
/ ;
Union/Twp 15k
6 Jackson Twp 103
Blisfften i _
Legend
® TRIP event matched to crash report
[&] Non-TRIP Event
e TRIP Zone 2B 0 2 4 8

38



June 13,

2022

APPENDIX B—TRIP Zone Maps

4 T Baberton 3
o » g Coventry Twp] - 1%
= m Tv |
TRIP Zone 4A H '6° e 1 . TR rtaf
F b
TRIP Events: 3 (st
. ! w
.| Non-TRIP Events: 42 le Y Lake Twp
ope . 2
Utilization: 7% & 5 -l ) &
= < = ) E
il °’nn¢ :—; g o § Green ® € If c; 14
o9 | £ < N 3 18 3 b
x F 3 E < CEVPA w
% \a RS * onsh S 7 w
% W Nimis¥ 2 » < shurg Ry e F g =
1 F % i
: ! z '3 k- <
ARG S——— A  t BT B 3
o3l 241 - < § Stiteseng §
%, — : H § H
% J‘(“ Canal Fulton 3 frausser StNW 24 ;é = -
: "9/ % eoriages Y Ly s d
or TNW iy
: = e mz ~e 2> anton Plain TWp Easzton StNE
Bav.“/lf,ss_” 3 = < g
Hiop g Jackson Twp - . &
04 Ry E Lawrence Twp z Fur, o =z 3% 55th StNE \“\\:u-;@
] o 2 A © Nimishillen
Baughman ® ®Ava Ny, ¥ 2 2 Twp
= Twp = 3 4 £
z = § 5 2 Lou|
- o } 1 - = oy
g = 4 21} Pérr, =
g - E b > E
g AL i3
| s o % =
2 | 3 T 1 v
<  Tuscarawas E

Jrst__
& S Faird@1sts -1
T o e Navarra @RS " ;S“’W Canton Twp?, (4]
\\\“': < ® L3
o e 5 ORI STSW : % N
2 Elton-StSw & % |
AR e 5 5 !
Fg B 82! % s Feway, N
d F ‘ £ = %, a e, T
5 o ‘ P9, Pike Twp ¢ 9 3
\ | Sy, 4 g &
aint Twp  Sugarcreek s e SR - % @
N Twp a‘* 3 3 ethlehem Twp 2 (‘;
» < & m
& - 4 Py
" o 2 r i -
S e ¢ 2 p & 163
an StV ,_'l_;‘ - - — - - - _———-
ence Twp Sandy Twp | %a
s X
5 p (800 ‘ Q‘u
I I 5;z
i ‘.ti
& Franklin' Twp Brass ReW
o2y s =
Legend
@ TRIP event not matched to crash report
@ TRIP event matched to crash report
@  Non-TRIP Event 0 225 45 9

e TRIP Zone 4A

I T iles

39



June 13, 2022 APPENDIX B—TRIP Zone Maps

= —= 5 T
TRIP Zone 4B %
| | TRIP Events: 5 e i
.| Non-TRIP Events: 158 >l
Utilization: 3%
I' rost Rd
|
Richfield Twp s‘ln‘feeggg_:__o

|
| 3 e ¢
Eas 5 g s
w =2
‘(q' "Norton R:!_< : &
s /] e
< < e >
| i | % i ==
' > | q_. % |
| | o %
I Stow =

W Bath Rd

summ

0
]

5
-
i

Rd

§ Medina Line Rd

o
T30 Ch,
AT T

L 14 8

8 ‘ Rd

é-‘ Springfield * 'b"t‘:ht Ave
& Twp A %

-~ _g N c\%

Mags\”ﬁl’l Rd

Green
<

z _d E ®
W NimisW 2 E ®nsburg Rg

Legend N
@  TRIP event not matched to crash report
TRIP event matched to crash report

@  Non-TRIP Event " — s g
TRIP Zone 4B I T s

40



June 13, 2022 APPENDIX B—TRIP Zone Maps

-} L ) T I
Fad A
TRIP Zone 6A [ty & l‘
TRIP Events: 68 I g E 1 ;
Ny, - L
| Non-TRIP Events: 464 |- . o T"““"E Twp
Utilization: 13% B2 €, |
7 = g oy |
2 " i Vans vy, ad Z\L*’ :
i 8l Z ®
Home Rdi:_' — gﬁ 3 !
E IS e 1
% 0| < enoa Twp
2 z
z

G\“"Rd ~ Liberty Twp

e e 4 257

Main 5t Westerville
E Wainutse

Hard Rd

- 2
Lat Collage Ry “‘,

2 h, - S
3 i =
3 z S
£ (-3
5 § 5 |
9% 00 ) Morse Rd 2 & |
= ® o z 1 Mors:
= > E ©
: L 3 R ’
e § K |
2 x Innie Ry | c\“':, | =
sishinger Rd ) w
Al Mitflin Twp 2 : &
ahanna Havens cor®* R B E
Bl £
cR sl T
g | Sus-
S
E SthoAvE 1 2 = T
z )
r
earosd St whitehall i
& ! )
£ Mainst ro Twp l _
. § Reynoldsburg —]
L L u = ELivingsion Avg , ,
\ 8 ; o - pmaa ORI
;F £ Hall Ra f
- a 5 2 Violet Twp =
& 3 &5 "B 3
' -3 '3 o <
| = “Ra § v | Refugee Ra
\ pe e$ o::“ & Blacklick | N
o =
: 3 %‘Qlﬁ- i WilliamsRd J”"" o ! I‘Z_ful
i » * z w Pickerington
oe® City Rd & e ol o o
o i
Kroppra - © Grov adison Twp o o & Reyy, |
" E | il g
Q (=] I
s

L3178 Groveport

Jackson Pike

Canal

Rot, &

Legend N
@  TRIP event not matched to crash report
@  TRIP event matched to crash report

[ ] Non-TRIP Event
s TRIP Zone 6A I T Viles

41



June 13, 2022

T
TRIP Zone 6B _
TRIP Events: 3 161 B AT Westervilld
Non-TRIP Events: 25 - =] Wo n
f Utilization: 11% fburg
g iE
[4} Hilliard
T e 4
-
5 esl ) [ 7 Columbus W
Jefferson I Ry
ngfield

Lisbon

South
Charleston

Ashville
35 104]
Circleville
il Washington
d Court House 07
2
Sabina
ton E]
Legend N
@ TRIP event not matched to crash report
@ TRIP event matched to crash report
@  Non-TRIP Event 0 4.25 85 17

DN T VoS

TRIP Zone 6B

42

APPENDIX B—TRIP Zone Maps



June 13, 2022 APPENDIX B—TRIP Zone Maps

| 36 2 o -
] gy Darby Twp "4, - Al
TRIP Zone 6C i
161 Hard Rd
. S LY == e —-unis
TRIP Events: 5 ; - £ ST
» 2 .
. & 2 = Worthin|
Non-TRIP Events: 38 o ay RANE 2l % | = | %
aps . o ' 8 guain - | P H
. @ A % L L H
Utilization: 12% S e J : | . ¢ 2 4 i
- % e § o £\ F 2% g
1 & 3 w g
I £ 2 s s ! ¥ g BemelRd 3
g ' £ & 2 o s =
&5 8 s J 2 E 3 3
& . g L} 3 % &
P § 0y E g & Sciato p, 3 Norwi WP ]
o, N E orby Creok Ry T
C 2 w ., Up,
“2e] % z ¥ils o, | | fishingerRd
P 2 R, j o,__“’ | Arling
- Lue, | e sl )
s e =, i, : e FWL
e~ q g an|
E %
z by
" {
% “f’d &
% e
i1
®
W Broad St
US Highway40- 40 § W Main 51 a 2 sumwv:v"’;:““ﬁ
P
% >
tional Rd ] & = - i Bigl
f 481 = < ] g e g " R
¥ 4 S e 3 H S Franklin Twp
= / & gt H | >
E / 142 3 \ =]
2 Rd Old -« 8~ \
2 Plaggpu’™® i Id s a8 e [
$ Tattsh ] Pring fiotd g & wd a':- |
g / London 51 Routeg,, 5 \
o / oot Union Twp § als
‘ a
/ e 5
i N q.“l
7 Big Piain, F |
@b 5 ey o |
South™ / Paint Twp oy eville 2 |
Charleston L Fairfield Twp § |
Madison Twp I} o &
f s,
%
Srte-762 Scioto Tw
) p— Darby Twp
41 Ran wp ¢ b3
3 State Route 223 Dy u
o Stokes Twp tate Route 323 q’,ﬂ : -
3 L3 "
B =
T j— i [318
3 s S |
@ z — %= Menroe Twp Muhlenberg
5 3 =0 S Twp
Z I ¢ g 5 (=) o
z o 71 o % —= e
# z %, £
s - Toa | P
ey Jeffersonvi . et wa
734} OM.73 4 NW ; E = o Ye,
State Rnuten‘“k w ! % I %,
: B -1 I g 0,
% é‘# = "eton,, Sayy
@ % & 27 ik §
g % . W RS 5
s 3 & ! " el g ey

Legend N

@ TRIP event not matched to crash report
@ TRIP event matched to crash report
® Non-TRIP Event

0 2.75 5.5 1
N T i
e TRIP Zone 6C Miles

43



June 13, 2022

APPENDIX B—TRIP Zone Maps

T 7 =
flevood a Shult-Rd f i
e I
TRIP Zone 7A =P — |
Tayi, 9
TRIP Eventso 6 Huber Taviorsville gy |
=il . Heights I
!
.
.| Non-TRIP Events: 132 b L
e g o & hambarsbing Ry o8 ‘ T B
Utilization: 4% :
° % Fishbur Ry & ] .
T & ——— | 5
T 2 & I, : 3
] s
é v ) | a
- § 48] & ¥ |
£ ] "¥idgs Ry Bag'Twp W Yeliow
z ellow S pyy
§ B SR ] ow Spr
a 4 |
= TUrgy 3 |
P y = > ] | . e,
S % z 4 Wrght- Patterson <
% » i i Fars Base :
Trotwood H
Main St Free Piks W Sishenthaler Ave 1 i
wolt i3 ;- & 2 B
3 W Hillcres tAve & b & a ' ““"ﬂn,,m (444}
4 ¢ S ' | \
H & 'V‘vo :;‘" H o wpsyten ¥
I | B ol 8 Riverside | &
¥ 3
e Richmond Rd Cornell Drs | L Gronn HY
7 ® S | calo
Yameg s = . g Rd <
Gopr s B e 3 New-Gorma
L | - many Frebein Re
o Hoovsr Ave & ! s
H ‘ z
<
H | Kemp Ry
= WSt g %
f » g %
20 Jetterson Twp 3 Wyoming 51 = = &
. o ws b '3 % ]
= o™ e ri5tg 3 E S wans o, £ e T
w o [
: % Sigay. : L
oty Pika 8 Nicholas Rd- &
e 5 i
' ® s Q e Beavercreek
= a
] 4 Patter 2,
Durby Re 3 2 B L sonRy Y,
£ fhryownRa = s
= £ Forrer Biyg e, Beavercreek
o Twp
T Shakertown RO
o'f s
P\uﬂnt\'“ E
2 S Indian Ripp/eRd 3
= w2 Moraine * | ESwoap Ra %
5 ¥ @
) West 5 £ -5 EDavidRe i &
E Carrditon ¢ =S | -4 -
5 £ - - o
s o ey Ly 7 $ el
E i ol < 3 § ueP e
B & % ER%p g 2 # [
2 3. & 2 A
8 S 2 3 %
2 3 .
4 & s i % g
3 e"“ ¥ Wownipe Rd £ Whipp @ Fire R & s
B <
L @
o
"hesRa ¢
Miamisburg E Alex Ball R &
2 " W-Fra, & 4
57 J s "4y zy  Bellbrook o
5.3 e ha A z g Sugarcreek won*
z e o % Twp
R 2 : 2 e )
2 > Washington ¥ " 9 i
% D, { - $tapgpouts 1?5
: Benner g =) Twp | & & Spring Valley
3 ﬂ“me Rd i Centerville £ Spring Vaije, i z I Twp
B %s " @ Spring Valley
x % . | 5 ® W
R £ 4 g
3 £ 5 = ECor v,
gl ] F f {8 i Conterville Ry o Y, ,
2 < Ausnp, - NuttRd A -] Ptarg,,,
i Vg g R f] ™ T i g 4
- - K} 754 Social Row Rd ESog) |
lin Twp B e s "o\l

Legend
@
@

TRIP event not matched to crash report
TRIP event matched to crash report
Non-TRIP Event

e TRIP Zone TA

1.5

B W e

44



June 13, 2022

APPENDIX B—TRIP Zone Maps

W US-35
TRIP Zone 7C phway 36 = L2 59
TRIP Events: 1 J € Py
%, &
.| Non-TRIP Events: 53 *Routy.ap $
Utilization: 2% il EStateRT2g
ST = Urbana Twp Union Twp Goshen Tw
& 5 f Pisgah.g
s x | L Pt
o* a | 54
1/ 1] :
k] &
— N K] £
=2 N b
E “ounty Line Ry L - )
o <« E — .
& Moorefield o Gy,
& Twp .
German & B .é‘ tony, |
Troy Ry 5o Twp <3 & x %4’ ‘
:\5, g £ % “Northridge % X
g % B 3 2 5 g
a 5 = [a Vills Rd = Pleasant Twp = B
3 % 5 4 % /
. Y] 5 2
z = E Home Ry éx. I
4 2 anll
{40

Springfield

E-High s,

~Harmony Twp

40 P
J o
x -
s [
:’ £
= 5 -
5 8 -PrarrpurS P Old-g
-3 7
X 4 i
b s, £
2 - ™ o
H a % & /
- ®
' z ™
S g i 98 )
H 142
;,”: Green Twp
)
= % S outh / &
- E Charl eston J 4¢
m B »
2 g 2 Madison Twp f o®
s | &
) s s A /
ik )aj o TWP‘ State R iz 7 '0?'6
; “]-Jva r.‘““
£ r—— o
§F g e * /
W Hydes Ry > % o
?, (9
(A ——— /
3 e
a > _—
o & & : | - J
o o Cedarville
o & Twp ! |
£ . 0. |
= £ Cedarville %
& L] (41
Xenia Twp 35: 4 State Route 223
2 @ : | =2 ;
@ Brush.p Az B T L x P
Legend
@  TRIP event not matched to crash report
Non-TRIP Event
8

®

e TRIP Zone 7C

45



June 13, 2022

APPENDIX B—TRIP Zone Maps

d

Kilby Rd

e

B\ Ry

-
Yo

Delhi Twp

u -~
enc
urg &y,
TaRd
% o
% &
- =
! s =
“"/a = a
R, =
Qx' Burlington
% o
— 0
2 18] gus®
&
S 5
& =
% & 5

I (753 e T 4
7 =
TRIP Zone 8A &
TRIP Events: 16
. Hamiltonj: e
Non-TRIP Events: 262 st s L ol
Utilization: 6% & ‘ PNy
3 H = Z
:g o’"o_,»o Morgan Twp I - g sym’_"“" R
T %’.' Vitte i Fairfield L
£ (125) By

Springfield

Comp ton RS Twp

Fairfield Twp

fe—Butier-County.yigy

Springfield pike

e
-t
-

Princeton Rd

(747)

Trleraviye Rd

uh’on

Legend
O

@
®

TRIP event not matched to crash report
TRIP event matched to crash report
Non-TRIP Event

s TRIP Zone 8A

46

: 10
I T \iles



June 13, 2022 APPENDIX B—TRIP Zone Maps

e - T
X *ﬂ“ = = ~ Wuml‘,,g‘o" Rd
~ L Y
= TRIP Zone 8B o =<
Q
‘I TRIP Events: 9 ¥ o
i —— 4 3
Non-TRIP Events: 172 L 75) J' 5 N -
.re s L 6 5
Utilization: 5% -Votar, Bothany pg ph
X 747 S-Huy—
ER! )
t 9 T .
o Yo svine Ra / 5 Mason i =
2 “Viimeg o ‘ YlersvilaRd & s 2™ 12
v a N d v > & & €
= 5 X "'Dno F ® = 9'3’ < %
Fairtield 0, i R : - g
= oy %l oweet ARV % Hamilton Twp - ™
Eig P40 Chester | 22 £ = : % &
Bu tfler inoviil
PRy ey o S S Gikr field Twp .
B ForestPark b gl Fislds Ertel Rd i % o
Py - sk & N
= o 3 e a1 ' ao® o
B g W:Sharen.Ri ‘ /i N Sapge ﬁ"i' G State
M'z = § g . NN RY ¢ Loveland
> % o Sharonville ot —— %
?‘_ @ Pordale Milford Rq 148) 3
Springfield =/ nigomery SN, %,
Com 4 Twp 3 I cootrRa B ey -
P lon R < : oﬂ“‘;‘%‘ 4’/,6‘ Ry Goshen Twp
! £ : 0 %,
albraity Rd g : ¥y %
W o 2 4 s‘-""s w125} 090 e PiKe
orth B a4 Ayt
i v J Miami Twp ~ W°°
Q g M adeira ’ 9
| - o 7 b
“_‘_‘ o 7 < Shawnee Run Ry J "0‘4,0’
" B 131)
4 52 £ T
r £
- = o
2 S
|28 :
P S
Bl —
LAY TSR elic)
] - ;r
e TN (4
g ¢
¥, Fs\ .;"
£ Z
. . g
Co o Ord OH-T (77
Oy, ;
Il "8y,
{ Batavia Twp Sy &
< 7] K
% ) »
% wil
Legend N
@  TRIP event not matched to crash report
@ TRIP event matched to crash report
8

@ Non-TRIP Event
0 2 4
I T Viles

s TRIP Zone 8B

47



June 13, 2022

APPENDIX B—TRIP Zone Maps

TRIP Zone 12A
TRIP Events: 1
Non-TRIP Events: 27
Utilization: 4%

Ogi Ry
o

=

Madison Twp Gen

x
2
&
z
L)

Middie Ridge Rd

Madison

o Foom

awd g Leroy Twp .. Thompson Twp
o 2 quompson-Rd
& FLE Y Trumh
~ s 'I"‘ %
= e L
5
Eastlake ? a
g STYEsk, Mﬂp\‘ z .s“’“w
S te, ‘ £ o¥ b3
évens 3
VineSt SRR A4 Z 608
s §
s &
o & | N
= ’L GarHwy | ¢
5%’ ) = Emlnku. 4 ‘
o 3 I
e 1 z Chardon °
y @ »
e Y {
" ® B Chardon Windsor Rd
= 3 2
b o i
“and Rd g
% | B
i | Wwilson Mills Rd
{ g urg Ts o3|
o l‘l Claridon.Jep Huntsburg VIVP
A field Rd
) Mayfeld way
uth Eu;l::lhld = Hellghts Chester Twp
d J
4 > 4 o L
P y o i
Cedar Rcl,f/ = %, 3
I FairmountRd % gorton AF. |
Beaﬂhwood £ S \
sker Bivd Jf ] |
| E ]
15 w,f‘» E = Burton Twp Middlefield w
o« | S Wog, § B g7} E i
vd g : - R Kinsman Rd 3 Middlefield "insmanRd
5 o
Il = ‘! il Z Twp =
Legend
()  TRIP event matched to crash report
[&] Non-TRIP Event
e TRIP Zone 12A 0 2.25 4.5 9
BN T Viles

48



June 13, 2022

APPENDIX B—TRIP Zone Maps

TRIP Zone 12B
TRIP Events: 2
Non-TRIP Events: 79
Utilization: 2%

Lake gy
Bay Village

[ ad &
= a
z ©lz P g 10)
= g
- U %
zllg A
i @
i North Olmsted
1
i e
|

fon-Bivd
o Ay
Lakewood Vo, 3
g Ave
MadisenAve

Lak -

Parma Heiﬁﬁts

=
@
“and Rd _§
%
East’ oy, 1
~  Cleveland b
- * South Euclid
g Cleveland """
Heights
ester Ave et
Carnegie Ave ~ Cedar Rd CedarRd
University
= Heights
I i Beachw]
® 7, Susheefie Shaker Blvd
(1 "ng,  Shaker B
ights
_Union Ave Heig = Chagrin Bivd &
& -

Wd hve
o0 el Warrensville
Heights

p Parma
“ockRd oimsted Twp
W Rd = Al A
- 3 Bagley g " o &
: N Berea E ; 7
Sprague Rd S WSy allleRqg u P - -
= % - - =
@ (-4

KN s I AbionRd | 3 x %9 S Sagamoretgfioe Rdg\

% ¢ i 2 : o ~ Hills Twp -

b G I = North = 2 % : i

w = \ - Rd w
| S swongsville gy alton) G—tRAY & ) e ik

& 'Cotumbi'a"l’wﬁ“'"“:“ e é 3 X E: 2 %
&/ 8 = > < 8 hisnd

w2 o L Edgrton Rd —_— \g\ 1 8 ] Rd

RE Draka Rd = mﬁu ul ~ s i‘\ 5

Legend
TRIP event not matched to crash report A
i Non-TRIP Event
e TRIP Zone 12B 0 2.25 45 °]

49

I T iles



June 13, 2022 APPENDIX B—TRIP Zone Maps

o T
FTogii 2
s fih s Newburah 3
z @ e Heights
‘ =
Wiils Rd e L8
5 North Olmsted
i H]
| 1 4
2 | . P
H > -
> - » g
= £ 4 %
% s % ‘e £ ;|
£ < E %, Parma Heights %,, i
z Shaldon Rd = E I T o
8 4 & Parma chostnufile A
Olmsted Tup 3 5 g 3
I W & Bhdependence i
Ollvlvn“hd S 2 middeplirg 2 d
oagiey e Falls g, m “ Heldl 2 H o
aley agley R ) £ Seven Hills Hilsde
< U Berea ] & ; 8
1 3 8 wasiy Fagiey Rd | . ity AT T n S | E Plsasantyy
I 5 . o4 i
! L B 4 W SEragUR Ry
pragus 3 .;
4 -3 2 g EWallings Rel
& 4 g g '
£ i e oy = = b
: #, N 4 ¥ * %
P 3 | ” & N\l ) Atbion Rd 7 L
| < s 0 ¥ sy Broadview y 3
Coumbia 5" | nigion Rd o il Heights % 3
Station Z, 1= ) e
Lt o, —
l = = it { Brecksville
g villd
T Columbia Twp i z UL VR & Roystton R
? g 1 Siream a -
] T Run & By
> M i sanaton B > =
g i : P—
i H o a
Drake Ri-3] - -
Emmons fd - ¥ 2 T b“c U
s, sn
" < i £ Boston R
i B e - i T y
i 2 s s,
| = ! ‘x =
-4 | % %
Rd Grafton Rd Gration Rd : 4 3 | ‘f:
z & & | &
3 s |
z = ]
Hincxley Richfield
) - Brunswick e Tw i Richfield fvp
e | Liverpool Twp. o\ foo (3 z e ‘
3 H ) .,
i £ [ |
5 . :
t Brunswick
& Hills Twp way,
3 | z Steepy Hollow Rd i
i : i
s
I it Evers!
L7
[ !
Ty, 42 U Rd
@ A - e
% 0y &
s
Granger Twp ]
Medina Twp * v i H
i =
Fenn Rd ! Bath Twp 5 wslin ko
TRIP Zone 12C i
TRIP Events: 1 wrem ]
& % |
Non-TRIP Events: 59 ] /
on- vents: /
g . (y * ir i
Utilization: 2% e e T s o
n b3
) g
i 4 ) 5

Legend
@ Non-TRIP Event
@ TRIP event matched to crash report

@ TRIP Zone 12C 0 1.75 3.5
I T \iles

50



June 13, 2022 APPENDIX B—TRIP Zone Maps

\',; 2l g 3l Eagle Rd : %‘% 4
{ &
TRIP Zone 12D o A 4 2 |
. vy z = | 3 __Cha
TRIP Events: 9 VAP § Chardon g, .
Non-TRIP Events: 107 | | (R D A S, B | %
ope . L
Utilization: 8% g 1
rd Rd g . \
y; 4’% = = -5 Wilson Mills Rd |
o —
2 - ___aaeyfieldRd
“ South Euclid N ____Chester Twp_i57}
T P L L i L =
~ w o4 { Heights
#"""Ea:&guma Cedar Rd ! CedarRd 5 DY
ull"l’i:i:h!lry ‘; : FairmountRd ?P‘p
hak ar B | Beaflhwood 5 | -
g, S N !Shihsr Bivd 2 P i 4
on Ry Shaker = (175 8 & | ®
ts o L SW 0 = L E
Y il e Heigh ';Chagnn]BlvdE Duq_ond e zé : Kinsman Rd Iil ;
T \ [ & ® ot 4 <
Harird AYE Xyt Ave i \ I i ;- i
T Warrensville ek z I
& Heights &) emery #8750, \ $ Z BoiRe 2
= X - A g . = £
$ 0.0 g @ o Miles Rd e B 13 Z
& Libby Rd * T i = g
Maple. \J el | é
: ghts - Jeights AR | f
e 4 = “Bedford 3° I |
o %
£ \. Solon Auburn wpi. |
B g s g Y. I 44)
9 Nl 3 S i
| an‘t = g L |
—— 5 . o Pettibone Rd
w + e i ‘:43] v |
[ oA
e / \ (." W
£ LffeRd ¥
=, E Sagamore T | LN
& ~ Hills Twp 2 ; *s i
> 1\ G Twinsbur : W . L
BRI & " — " Macedonia - . 1‘5‘3“"\6 Aurora |CEPRu—
& N ] ; Gy o | ®
8 lighland Ry ‘:: | Q‘b |
e ‘ % ® Sl & ‘
: % 2N F)
£ &-‘— &
P % [~]
o ‘e.‘p | N |
L4
== Sl e s Hil R I rost Rd
T X e ]
Wg Streetsboro ™77 2 i
) < I
I
9
8 =
Legend N
@ TRIP event not matched to crash report
TRIP event matched to crash report
@ Non-TRIP Event
0 2 4 8
@ TRIP Zone 12D D D Viiles

51



	LIST OF FIGURES
	LIST OF TABLES
	EXECUTIVE SUMMARY
	PROJECT BACKGROUND
	RESEARCH BACKGROUND
	Literature Review: Performance Evaluation Methods of Incident Clearance Programs
	Incident Clearance Programs
	Safety Service Patrol
	Towing and Recovery Incentive Program

	Incident-Induced Delay Evaluation Methods
	Queuing Theory
	Simulation-Based Method

	Performance Metrics
	Delay Cost
	Fuel Cost
	Emission Cost
	Secondary Crash


	Literature Review: Other States’ TRIP Benefit-Cost Analysis
	Georgia (GDOT, 2011) & Virginia (VDOT, 2019) (TRIP)
	Florida (FDOT, 2018)
	Washington (WSDOT, 2021)
	Benefit-Cost Comparison

	Available Data
	Definitions

	METHODOLOGY
	Step 1. Identifying Non-TRIP Events
	Step 2. Calculating Mobility Benefits of TRIP
	Step 3. Calculating Safety Benefits of TRIP
	Step 4. Calculating Environmental Benefits of TRIP
	Step 5. Calculating the Total Benefits of the TRIP Program
	Step 6. Calculating the Total Cost of TRIP
	Step 7. Calculating the Benefit-Cost Ratio of TRIP

	COMPARISON OF ODOT’S TRIP PERFORMANCE
	Nationwide Average
	Comparable TRIP Program State Averages

	ANALYSIS RESULTS
	Urban and Rural Areas
	Work Zones and Non-Work Zones
	TRIP and TRIP-Lite Events
	TRIP Zone Utilization
	Summary of Findings

	CONCLUSION
	APPENDIX A—References
	APPENDIX B—TRIP Zone Maps




Accessibility Report





		Filename: 

		Division of Operations Research_Task3.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 2



		Passed: 26



		Failed: 2







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Skipped		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Failed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Failed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Skipped		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top

