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A. Project Description
As truck drivers deal with more stringent
hours of service requirements, a real need
has developed for over-the-road truckers to
have access to accurate, real-time, readily
available information on parking and roadway
conditions. The Colorado Department of
Transportation (CDOT) recognizes this need
and is proposing to develop the Colorado
Truck Parking Information Management
System (TPIMS) to better address commercial
vehicle parking needs throughout the state. The
Colorado TPIMS will monitor commercial and
public parking availability along the National
Highway Freight Network, distribute real-time
parking availability information to operators
and dispatchers, and facilitate parking
reservations, all through multiple technology
applications.
Project development will be forward looking,
and emphasize expandability, interoperability,
and modularity to support participation with
neighboring states. Colorado continues to
work with its neighboring states towards a
multi-state TPIMS in the near future. While
solidifying these plans, Colorado will forge
ahead with the Colorado TPIMS, and plan
wisely for its eventual integration into a larger
multi-western state truck parking system.
These efforts also will align the project
to be compatible, complimentary, and the
next logical extension of the Mid America
Association of State Transportation Officials
(MAASTO) TPIMS approach.
A truck parking information management
system is especially important in Colorado,
where congestion, topography, and severe
weather frequently combine to hinder the
efficient movement of national and regional
commercial freight traffic. Because drive times
often are unpredictable, the drivers’ planned
stopping points frequently are abandoned in
favor of hastily made, last-minute decisions
to stop for rest due to fatigue and depletion

Today’s modern over the road truck drivers
are increasingly experiencing more trouble
around major cities finding adequate
parking after 5pm. Limited parking
situations only add to the stress drivers face
while planning travel to meet strict pickup
and delivery times that the majority of the
public doesn’t understand.
— Kevin Stahly, Celadon OTR Driver
(Kevin shared these thoughts after a rough
delivery trip from Colorado to Chicago)
of available hours of service. These actions
often fill available parking to capacity,
causing drivers to seek alternative parking
sites that may be unsafe, illegal, a nuisance to
communities, or otherwise cause drivers to
exceed hours of service in search of suitable
parking. Under these conditions, truck drivers
create conditions that are unsafe for themselves
and other motorists. The consequences for
these drivers are potentially severe due to not
being able to find legal long-term parking.
A modular and phase-able approach was
developed to provide drivers the information
they need to plan stops or find alternative
routes in the safest and easiest ways possible.
The comprehensive plan and toolsets proposed
for Colorado will significantly improve
truck parking issues. The state-of-the-art
applications of technology, coupled with
connections to current and planned solutions
underway in neighboring states, will produce
an innovative, yet practical and cost-effective,
model for truck parking applications with
national applicability and benefit.
Figure 1 on the following page depicts our
approach to developing an effective TPIMS for
Colorado.
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Figure 1: Colorado TPIMS
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Outcomes

The merits of the Colorado TPIMS benefit
criteria relating to economic competitiveness,
mobility, safety, as well as community and the
environment.
Economic Outcomes
The Colorado TPIMS would improve
freight delivery reliability and shipping time
efficiency by reducing the costs and delays
associated with truck drivers searching for
available parking areas or winter chain up
areas, or drivers deciding to find alternative
routes or making early stops during road
closures or severe weather. As demonstrated
in the Cost-Effectiveness section beginning on
page 12 (including Appendix B), the capital
outlay to create a TPIMS is estimated to return
significant public benefits within one year.
The ability of a TPIMS to greatly improve
freight delivery reliability and shipping time
efficiency is a key aspect of national economic
competitiveness. Figure 2 highlights the freight
analysis framework in Colorado.
Figure 2: 2040 Freight Analysis
Framework Truck Forecast

Mobility Outcomes
When inclement weather or severe crashes
result in unexpected road closures, predictive
road conditions including estimated duration
of closure and parking availability information
will be communicated to both truckers and
dispatchers, thereby allowing drivers to find

Accurate road conditions and closure notices
will improve mobility in Colorado
alternative routes or safe alternative parking
locations far in advance of the closure. Data
will be available for fleet managers and
dispatchers for decision making leading to
improved trip and fleet efficiencies. Traffic
Management Centers (TMCs) can use
real-time information to better implement
operational strategies.
The Colorado TPIMS Project will not add
or replace existing truck parking facilities;
rather, it will deploy an innovative package
of Intelligent Transportation Systems (ITS)
technology at existing facilities to optimize
truck parking facility utilization and
performance. The Colorado TPIMS will use
a system of sensors and cameras to convey
traveler information to eliminate overcrowding
and distribute trucks across a collection of
available parking areas.
Overcrowding at facilities often causes trucks
to park on rest area ramps or on truck stop
exits or roadway shoulders, which leads to
pavement degradation. Pavement on the
shoulders and ramps is not designed to support
commercial vehicle parking. The damage to
the pavement has led to the need for expensive
repairs over time. In urban areas, truck drivers
using the TPIMS spend less time driving in
urban settings looking for parking. Less time
spent on urban streets decreases wear and
tear on those roads. Reduced truck volume
on urban streets also benefits motorists by
decreasing congestion.
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Safety Outcomes
Having real-time TPIMS information about
parking capacity, closed roads, chain-up
stations, road conditions, and pending weather
made available in advance will allow drivers to
make wise—and safe—decisions about where
and when to park. Increased information also
allows truck drivers to make more informed
decisions to reduce the likelihood of hoursof-service violations. With better information,
drivers are more likely to find and use
available parking rather than unsafe parking on
shoulders, ramps, or surface streets, and they
will be able to do this in response to adverse
weather conditions.
Without information about the location and
availability of long-term parking in Colorado,
drivers may be forced to park on highway
shoulders and ramps. CDOT’s Colorado
Rest Areas Management & Maintenance
Study (see Appendix C) concluded that truck
parking deficiencies along the Interstate 70
(I-70) Mountain Corridor force drivers to
park in inappropriate locations because of
limited long-term parking options. Trucks
parked at these unsuitable areas along the I-70
Mountain Corridor are involved in an average
of 2.4 crashes per year. In addition to the
direct safety issue, these incidents also have
a negative effect on traffic operations on the
mainline, creating congestion and subsequent
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CDOT regularly updates its truck parking
guide and studies to ensure accuracy and
availability of information to commercial
drivers

safety concerns. In some cases, the crashes
have resulted in lane or road closures. Even if
no crashes occur, simply having large vehicles
parked along the edge of the road can cause
“side friction,” which has a detrimental effect
on the flow of traffic in adjacent lanes.
According to CDOT’s Colorado Traffic
Management Center database, commercial
trucks were involved in more than 159 hours of
full or partial road closures between January
1, 2015, and December 31, 2015, in the I-70
Mountain Corridor alone.
Analysis of truck-related crashes on Colorado
interstate highways from 2012 through 2014
suggests that the current annual monetized
value of these truck crashes is about $700
million per year. The data indicate that fatigue
is a factor in 4 percent of these crashes, with
the driver asleep at the wheel in 70 percent of
the fatigue-related truck crashes.
The Colorado TPIMS is one critical
component among others in CDOT’s holistic
approach to addressing truck parking safety
and addressing the tenets of Section 1401
of MAP-21, or “Jason’s Law.” The parking
system—coupled with a planned update to
CDOT’s truck parking study and truck parking
guide, and the efforts of Colorado’s very active
Freight Advisory Council—provides a suite
of activities to make better use of existing
parking facilities and identify locations in need
of additional parking capacity.
Community and Environmental
Outcomes
Rocky Mountain communities located
along busy freight networks, such as the
I-70 Mountain Corridor, experience trucks
searching for parking in neighborhoods and/or
parking and idling in inappropriate locations
in residential areas. The Colorado TPIMS will
allow drivers to find more suitable locations
to park—to the benefit of Rocky Mountain
communities. Searching to locate parking also
expends more fuel. The Colorado TPIMS will
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make it easier for an operator to find a safe and
convenient parking spot, reducing the time
spent idling in traffic, consuming fuel, and
creating emissions.
Directing trucks to a safe resting area keeps
them off shoulders and ramp areas. Keeping
trucks that haul hazardous materials off the
shoulders of busy highways is especially
important. A crash involving hazardous
materials could have irreversible effects on the
quality of water, wetlands, and air. Providing
short-term solutions for locating truck parking
efficiently, including for trucks hauling
hazardous materials, is critical in promoting
environmental sustainability.
Other Outcomes
CDOT’s TPIMS approach outlined in the
Project Readiness section demonstrates
strong collaboration among a broad range
of stakeholders and the use of innovative
strategies to improve economic, mobility,
safety, and community and environmental
outcomes in Colorado and beyond. The
approach relies on close collaboration with
Colorado and neighboring state partners to
ensure that the TPIMS will fit the immediate
needs of drivers, while also enabling
scalability and interoperability to facilitate
neighboring state participation and expansion
over time.
CDOT’s asset management efforts will benefit
from the additional monitoring of truck
facilities, such as chain-up stations, run-away
truck ramps, and others facilities that will be
monitored through the Colorado TPIMS. Data
can be used to identify deficiencies in truck
parking facilities throughout the region.

Project Solution

Information dissemination is the most
cost-effective tool for improving the use of
existing parking facilities. Information must
be provided to help drivers both plan their
trips and make decisions while driving. While
information currently exists about where

parking areas are located, current information
does not inform drivers of parking availability,
weather conditions, road closures, or any other
real-time data necessary to make informed
decisions about where and when to stop. For
drivers to know where parking is available,
real-time parking availability data must be
collected and effectively disseminated. This
project will build on existing infrastructure to
effectively disseminate real-time truck parking
information to drivers.
There are two components to providing
real-time parking availability information
to drivers: data collection and information
dissemination. The following sections discuss
how this project will collect and disseminate
real-time parking information to drivers.
Data Collection
Data will be collected at both public and
private parking sites. The detection approach
will use existing “off-the-shelf” technology
that has been proven through MAASTO
and other TPIMS efforts. Static cameras
and sensors will be used to monitor parking
TPIMS Capabilities

xxInteractive information dissemination
xxIn-cab notifications for drivers
xxWeb-based information for dispatcher
and fleet managers
xxReal-time electronic roadside message
signage
xxApp for making parking reservations
xxTruck parking Information
xxTruck parking facility amenities
xxFacility limitations or requirements
xxReal-time parking availability
xxParking reservations
xxPredictive parking
xxWeather
xxClosures
xxCongestion
xxIncidents
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availability and allow the TMC to verify
accuracy of occupancy information provided
to drivers. The information collected will be
sent to the TMC via CDOT’s cellular modems
or the existing fiber backbone.
Specific system solutions will be determined
in a process described in Task 2 in the Project
Readiness section. The technical solutions
will be selected for their cost-efficiency,
accuracy, and ruggedness for locations of
extreme weather conditions. The Colorado
TPIMS project will leverage improvements
made in recent years in the design of systems
that manage truck parking, on-roadway freight
movement, and commercial vehicle safety and
security. Corporations such as Qualcomm,
Xerox, and Kapsch all have developed and
funded high-tech solutions to help improve
the problems described in this document.
Similarly, research organizations such as
the University of Michigan Transportation
Institute (UMTRI) and other research
institutes also are looking at solutions in
this space as well. The advances in TPIMS
data collection and dissemination will be
thoroughly assessed.
Data Dissemination
When the data are collected, they will be
transmitted to the TMC and disseminated
to drivers through a variety of applications.
A 2007 study (Commercial Vehicle Parking
in California: Exploratory Evaluation of the
Problem and Possible Technology-Based
Solutions) conducted by the University of
California, Berkeley and Davis campuses,
reports drivers’ preferred method for receiving
information is via Variable Message Signs
(VMSs) displaying parking availability. Other
acceptable methods of disseminating realtime parking information are through web
and cell phone applications. This study was
used as a starting point for the development
of Colorado specific solutions and was refined
through stakeholder collaboration. As outlined
in the Project Readiness section, CDOT will

Drivers try and get creative to
find safe parking and many
times end up on the wrong side
of safety due to minor accidents
trying to park or cited by law enforcement
for illegally parking.
— Joe Castrovince
Safety/Compliance Manager, Nestle Purina
build from the current state of research and
practice in terms of TPIMS data dissemination
approaches, and adopt those approaches
that work and have proven to be successful
for MAASTO and others. This sequence,
coupled with considerations for innovation and
incremental advances of proven technology,
ensures project relevancy and eventual ease of
integration with other western state TPIMS.
Signing: Dynamic signing dedicated to truck
parking will be developed to provide drivers
with real-time truck parking information
at public and private parking facilities. The
signing is envisioned to be a combination
of static signs and VMS signs, with each
displaying static information about the parking
facility (type, exit number, etc.) and dynamic
information regarding parking availability.
The static and dynamic signing combination
effectively provides drivers with information in
a more cost-effective manner than does a fully
dynamic sign. It is anticipated that new truck
parking signs will be installed to disseminate
real-time truck parking information to drivers
within the project area. These signs will
be located in advance of parking areas and
contain information regarding upcoming areas,
so drivers can effectively choose parking.
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Website and Mobile Applications: CDOT
provides real-time travel information for
state-operated facilities through the COtrip
website (http://www.cotrip.org) via website and
mobile app, as shown in Figure 3. Real-time
information currently provided:
xxSpeed maps
xxTravel times
xxClosed-circuit television images
xxRoad conditions
xxAlerts and restrictions
xxVMS messages
xxHighway advisory radio (HAR) messages
xxWeather conditions
The current system effectively delivers this
real-time information to drivers. When the
parking data is available, COtrip will be
modified to include information regarding
truck parking availability. By providing webbased information, real-time truck parking
information is effectively made available to
drivers through a variety of media. Drivers
are able to access the information on their
phones, tablets, or laptops using wireless
communications. Kiosks at public and private
stops and ports of entry can provide drivers

with the parking information. Truck fleet
dispatchers can send parking information
to drivers using existing cellular or satellite
communications services, such as Qualcomm.
Providing data on the Internet is seen as
a critical component of this project, since
it creates many other opportunities for
disseminating information to drivers.
Additionally, because CDOT has much of the
infrastructure in place to effectively provide
real-time information on the COtrip website, it
is considered to be an extremely cost-effective
way to disseminate the data.
Telephone: Another way to leverage CDOT’s
existing information dissemination tools is
through use of their 511 telephone application.
CDOT currently provides traveler information
via a 511 number that presents road, weather,
and construction information available through
a simple interactive menu. Truck parking
information can be added to this service so
drivers can access real-time truck parking
information via telephone. This provides an
effective alternative for obtaining parking
information for drivers who may not have
access to the Internet.

Figure 3: COtrip Provides Real-time Traveler Information

7

B. Project Location
The Colorado TPIMS Project will be deployed
across Colorado (see Figure 4) and will capture
each of the three National Highway Freight
Network corridors that traverse the state:
Interstate 25 (I-25), Interstate 70 (I-70), and
Interstate 76 (I-76).
I-25 runs from its intersection
with I-10 in Las Cruces, New
Mexico, to the intersection
with I-90 in Buffalo, Wyoming,
slightly more than 1,063 miles,
and is a major Interstate Highway running
through many cities, including Albuquerque,
Denver, and Cheyenne. The Colorado TPIMS
will be deployed on I-25 through Colorado.
There are 917 truck parking spaces along I-25
in Colorado.
I-70 runs from Maryland to
Utah, slightly more than 2,150
miles, and is a major Interstate
Highway running through many
cities, including Denver, Kansas
City, St. Louis, Indianapolis, and Columbus,
OH. The Colorado TPIMS will be deployed on
I-70 through Colorado. There are 2,004 truck
parking spaces along I-70 in Colorado.
Figure 4: Colorado National Highway
Freight Network

I-76 links Arvada, Colorado,
just outside of Denver, to I-80
in Nebraska. The Colorado
TPIMS will be deployed on all
194 miles of I-76 in Colorado.
The Colorado portion of I-76 contains 587
commercial truck parking spaces.
These facilities and corridors were selected for
the following reasons:
xxI-25, I-70, and I-76 are identified as National
Highway Freight Network corridors that
carry high volumes of commercial vehicles
from outside the region and between the
region’s widely spaced major markets of
Denver, Las Vegas, Salt Lake City, and
others. Commercial traffic use the truck
parking facilities along these corridors as
staging and resting areas prior to delivering
their loads to their destinations.
xxState law enforcement agencies, CDOT’s
Colorado Rest Areas Management &
Maintenance Study, and the Federal Highway
Administration’s Jason’s Law Truck Parking
Survey Results and Comparative Analysis
all indicate that public rest areas and private
truck parking facilities along these segments
experience overcrowding. When this
condition occurs, vehicles spill over onto rest
area and interchange ramps and shoulders,
creating safety and operational concerns.
Enforcement of illegal parking is a
growing challenge.

8

C. Project Parties
CDOT is committed to deploying the Colorado
TPIMS as soon as the FASTLANE grant is
awarded. This project builds on excellent
public and private sector relationships that
CDOT is cultivating to support efficient freight
movement throughout Colorado. Both private
truck stop operators and national trucking
companies support the Colorado TPIMS
(Appendix A). Because many of the region’s
truck parking spaces are privately owned,
relationships like these will be critical to the
overall parking solution. By encouraging
parking to take place at designated public and
private facilities, instead of along the highway
or in communities, state and private partners
will be able to address significant safety,
economic, and environmental issues more
effectively.
Public-private partnerships are a cornerstone
of CDOT’s long-term truck parking program.
CDOT will continue working with the
Colorado Motor Carriers Association (CMCA)
and the individual truck stop operators to
develop mutually beneficial public-private
partnerships for installing the ITS data
collection infrastructure as part of this project.
A CDOT/CMCA survey of private truck
parking facilities indicates an across-theboard desire to work with CDOT to develop
information dissemination systems that direct
drivers to available parking spaces. These
results were echoed in stakeholder meetings
and collaborative brainstorming sessions.
Partnerships will build on the shared goals of
the Colorado Freight Advisory Council (FAC),
which advises CDOT and other organizations
on the needs of freight and commercial
transportation. Council members represent a
cross-section of freight industry stakeholders
and advise CDOT on policy and planning-level
activities and strategies for addressing freightrelated needs. A top FAC priority is addressing

We and our members stand ready to work
with CDOT on addressing these needs and
look forward to the opportunity to do so in
the days and years ahead.
— Gregory D. Fulton, President,
Colorado Motor Carriers Association
the needs of commercial truck parking
throughout Colorado, and on I-25, I-70, and
I-76, in particular.
To ensure Colorado TPIMS interoperability
with others, CDOT will engage neighboring
states and leverage existing working
relationships to build toward a regional
TPIMS. The project also will facilitate
the adoption of common software and
communication interfaces, creating the ability
to share available data throughout Colorado,
other states, and with private-sector parties
who may be able to integrate the information
into existing truck traveler information
services. The standardization of a truck
parking application program interface also
will enable collaboration and partnership with
other groups already working on truck parking
projects, such as the Kansas Department of
Transportation’s regional TPIMS, the I-95
Coalition, and the MAASTO TPIMS, as
well as all other states interested in working
from a shared framework—especially those
neighboring Colorado.
While CDOT will
be the grant recipient
and is ultimately
responsible for
delivering the
Colorado TPIMS, Table 1 on the following
page lists other active participants that will
help shape the project.
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Table 1 - Other Active Participants
Colorado Motor Carriers
CMCA is an organization representing hundreds of trucking
Association
companies and private truck drivers in Colorado. CMCA
has been an active participant in CDOT’s trucking-related
initiatives and has helped bring the issues most pressing to the
truck-driving community to CDOT’s attention. Furthermore,
the Association and affiliate members are champions of
the private sector and is a valuable advisor to CDOT. The
Association assists CDOT in its efforts to avoid parking
solutions that would compete with private parking facilities.
Colorado Wyoming
The Colorado and Wyoming Petroleum Marketers Association
Petroleum Marketers
shares an interest in maintaining the viability of private truck
Association
stops and availability of suitable long-term truck parking
for freight traffic. The Association’s mission is to trade and
related industries, to provide good policy and sound business
principles, and promote fair enactment of state and federal
legislation and regulations relating to petroleum marketing. The
Association is an active participant in brainstorming meetings
and representing the interests of private truck stops and
convenience stores.
Colorado State Patrol
The Motor Carrier Safety Section of the Colorado State Patrol
(CSP) works with CDOT to address safety issues related to
trucks. The safety hazards created by illegally-parked trucks
is of paramount concern to the CSP and, as such, the group is
supportive of CDOT’s past and future efforts to provide safe
and legal long-term truck parking.
I-70 Coalition
The I-70 Coalition is a highly active and organized community
group that is expressly interested in resolving congestion along
the I-70 corridor in a responsible and comprehensive manner.
Their interest in the long-term truck parking program focuses
on improving safety and increasing opportunities for trucks
to stay off the interstate during peak travel periods or unsafe
driving conditions.
Neighboring States
In developing the Colorado TPIMS, CDOT will engage state
Departments of Transportation in Iowa, Nebraska, Nevada,
Utah, and Wyoming. The purpose of this engagement is to
allow CDOT to design its TPIMS in a manner that is scalable
and allows others to “plug in” to the Colorado TPIMS at a later
date.
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D. Grant Funds,
Sources, and Uses of
Project Funds
The Colorado TPIMS project’s financing
package is viable and of excellent value, as
detailed in the Cost-Effectiveness section
and Benefit-Cost Analysis (BCA) (see
Appendix B). The Colorado TPIMS project
has a total estimated capital cost of $9 million.
Deployment costs include design, construction,
and integration. The planning and design cost
was estimated at 25 percent of the construction
cost, integration was estimated at 10 percent
of the construction cost, and Construction,
Engineering and Inspection (CEI) was
estimated to be 12 percent of the construction
cost. The budget is summarized in Table 2.
Table 2 - Overall Project Cost
Project Management,
Research, Marketing, and
$915,000
Analytics
Construction Cost
$5,500,000
Infrastructure Planning and
$1,375,000
Design (25% of Construction)
Integration
$550,000
(10% of Construction)
Construction, Engineering
and Inspection
$660,000
(CEI, 12% of Construction)
Total Capital Cost $9,000,000

Future Eligible Cost

CDOT seeks funding for the following work
phases, as defined above in the overall project
cost table:
xxProject planning and design
xxProcurement of equipment
xxConstruction, implementation, and testing

Availability and Commitment of
Funding Sources and Uses of
Funds
CDOT has $4 million approved for matching
funds to use toward future eligible project
costs. Of this match, state funds account for
$1.8 million and other federal funds account
for $2.2 million.

Federal Funds Already
Provided

Including requested FASTLANE funds,
federal funds will account for $7.2 million,
or 80 percent of the total project cost. The
requested FASTLANE funds are 55.56
percent of the total project cost. Therefore, the
requested FASTLANE funds will not exceed
60 percent of future eligible project costs, nor
will total federal funding exceed 80 percent
of future eligible project costs. CDOT’s share
for the FASTLANE grant is not counted as
the matching requirement for another federal
program.

Amount of Requested Funds

CDOT requests $5 million through the
FASTLANE grant to fund this important
project. This amounts to 55.56 percent of total
project cost and will be used for design and
construction/deployment. As noted above,
the remainder of the project funding will be
provided by state and other eligible federal
funds.
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E. Cost-Effectiveness
As illustrated by the Colorado TPIMS BenefitCost Analysis (BCA; see Appendix B), the
project will deliver anticipated benefits at a
reasonable cost. The BCA projects that the
proposed investment would return more
than $7 in public benefits for every $1
invested. The project is estimated to return

undiscounted monetized public benefits greater
than its capital outlays in the opening year of
the Colorado TPIMS, making the payback
period only one year. Table 3 summarizes
the nature of these beneficial impacts and the
problems addressed by the project. Long-term
outcomes and benefits created by the Colorado
TPIMS project are summarized on Tables 4
and 5, and detailed in the sections below.

Table 3 - Project Benefit-Cost Matrix
Current Status/Baseline Truck drivers face delays hunting for parking for rest periods (every
and problem to be
day) and from queuing at chain-up areas (snow/ice conditions) across
addressed
the state’s interstate highway network
Introduction of the Colorado TPIMS provides real-time information
Change to Baseline
on parking and chain up area availability
Reduced delay in finding parking for rest periods and in locating
Type of Impact
open chain-up areas; improved truck safety
Truck drivers and shippers (reduced delay); all interstate travelers
Population Affected by
(improved highway safety and reduced delay); shippers (improved
Impact
freight delivery reliability and shipping times)
Monetized value of time, fuel, operating cost, truck crash, and
Economic Benefit
emission savings; improved freight delivery reliability and shipping
times (qualitative)
Estimated dollar value of time, fuel, operating cost, truck crash,
Summary of Results
and emission savings. Qualitative improvements in freight delivery
reliability and shipping times.
Page Reference in BCA Appendix B: Sheets 1 to 18
Table 4 - Summary of Benefits/Cost Results
Measure*
Undiscounted
Travel Time Benefits
$45,387,006
Operating Cost Benefits
$61,183,130
Safety Benefit
$33,667,085
Environmental Benefits
$18,396,450
Total Benefits
$158,633,671
Deployment Costs
$9,000,000
Maintenance Costs (10 years) $9,450,000
Total Cost
$18,450,000
Net Present Value
$140,183,671
Benefit/Cost Ratio
—

Discounted at 7%
$25,850,210
$34,846,907
$19,175,118
$11,896,609
$91,768,844
$7,727,168
$5,418,001
$13,145,169
$78,623,675
7.0

Discounted at 3%
$35,327,827
$47,623,037
$26,205,407
$14,293,152
$123,449,424
$8,417,576
$7,376,995
$15,794,571
$107,654,853
7.8

* Benefits and costs are in 2016 dollars
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Table 5 - Project Benefit by Long-Term Outcome
Long-Term Outcome Benefits
Quality of Life
Reduced truck parking in inappropriate locations (e.g., neighborhoods,
entrance and exit ramps, shoulders of roadways), thereby reducing
noise, exhaust emissions, and traffic in these sensitive areas.
Economic
Travel Time Savings—$26 million (7% discount rate)
Competitiveness
Vehicle Operating Cost Savings—$35 million (7% discount rate)
Benefit-cost ratio = 7.0 (7% discount rate), 7.8 (3% discount rate)
Net present value = $78.6 million (7% discount rate), $107.7 million (3%
discount rate)
Improved freight delivery reliability and shipping times
Safety
Assumed 10% reduction in fatigue-related truck accidents, which
would avoid 190 crashes, 61 injuries, and 2 fatalities over 10-year life
of project. Truck crash costs reduced by an average of $3.4 million per
year; reduced hazard from trucks parking on shoulders and ramps.
State of Good Repair
Maintenance and repair savings for shoulder areas or local streets that
would otherwise be used for truck parking or in search of truck parking.
Environmental
Environmental benefits from reduced emissions
Sustainability
xxCO2 reduced by 13,000 to 14,000 metric tons per year ($700,000/yr)
xxVOC reduced by 3 to 4 metric tons per year ($7,000/yr)
xxNOx reduced by 65 to 72 metric tons per year ($500,000/yr)
xxPM reduced by about 1.5 metric tons per year ($600,000/yr)
The BCA is based on conservative
assumptions; e.g., it is estimated that the
average search for truck parking takes 45
minutes; this analysis assumes a 15-minute
saving as a result of the Colorado TPIMS, with
attendant 12 miles and two gallons of fuel
saved. The Colorado TPIMS benefits quality of
life, economic competitiveness, safety, state of
good repair, and environmental sustainability.

Quality of Life

The primary impact on quality of life of the
Colorado TPIMS will be to reduce truck
parking in inappropriate locations, such as
neighborhoods. Public involvement conducted
on behalf of previous truck and other
transportation projects in these communities
reveals irritation with trucks parking on local
community streets and shoulders due to noise,
exhaust, and traffic. Likewise, the quality of
life of drivers benefits from expending less

time and effort finding safe and legal places
to park or chain up while also avoiding long
unplanned trips onto local roads in search of
parking. These benefits are magnified during
Colorado’s periodic road closures due to snow
storms or other severe weather. During these
situations, the Colorado TPIMS will provide
drivers information about parking limitations
well in advance of a road closure so that trucks
may park sooner than originally planned or
find alternative routes to their destination.
These Colorado TPIMS-informed
choices spare communities from being
inundated with truck noise, exhaust, and
traffic during these events.

Economic Competitiveness

Moving freight efficiently on the interstate
system is a key aspect of national economic
competitiveness. The Colorado TPIMS would
improve the efficiency of moving freight
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on the interstate highways in Colorado. It
would improve freight delivery reliability and
shipping times by reducing the costs and travel
time associated with truck drivers searching
for available parking areas to take their rest
breaks, as well as reducing delays when
stopping to chain up as required by severe
weather events. The TPIMS would provide
information on the availability of more than
3,500 parking spaces in the deployed facilities
and the status and location of more than 440
chain-up spaces.
As summarized above, estimated BCA
economic statistics (see Appendix B for
details) are robust: the BCA projects that
the proposed investment would return
more than $7 in public benefits for every
$1 invested. The benefit-cost ratio is 7.0
for a 7-percent discount rate and 7.8 for
a 3-percent discount rate, based on capital
costs of $9 million expended in 2017 through
2019 and annual operating costs of $945,000.
The net present value of discounted benefits
minus discounted costs over an expected
10-year life cycle from 2020 through 2029
is estimated to be about $79 million for a
7-percent discount rate and about $108 million
for a 3-percent discount rate. The payback
period is one year, meaning that the project
is estimated to return undiscounted monetized
public benefits greater than its capital outlays
in the opening year (2020) after implementing
the Colorado TPIMS. The internal rate of
return (IRR), the discount rate for which net
present value is zero, would be 89 percent for
the project.
The reduction in parking search time and cost
accounted for the majority of the benefits;
reductions at chain-up areas contributed only
2 percent of the benefits, primarily because
chain-up areas were assumed to operate only
10 days per year. The monetized value of
time savings plus vehicle operating and fuel
cost savings comprise about 66 percent of the
benefits, with the largest component being the

value of time savings. Time savings makes
up about 28 percent of total benefits, based on
a conservative assumption that the Colorado
TPIMS would save truckers an average of
15 minutes in finding a parking space in
the deployed corridors. This parking search
time savings translates to assumed savings
of two gallons of fuel and 12 miles of travel,
which contribute 16 percent and 22 percent,
respectively, to the total monetized benefits
of fuel and non-fuel operating cost savings.
At a 7-percent discount rate, the discounted
monetized benefits over 10 years would be
about $26 million for time savings, $15 million
for fuel savings, and $20 million in non-fuel
operating cost savings.
The impact on freight delivery reliability and
shipping times is not quantified, but the ability
of the Colorado TPIMS to help drivers find
truck parking more quickly and reliably should
improve both measures.

Safety

Analysis of 2012-2014 truck crash data on I-70,
I-76, and I-25 in Colorado yields an estimated
monetized value of about $700 million
per year for truck-related crashes in 2016.
Fatigue-related crashes, defined as a crash in
which either the driver fell asleep or fatigue
was cited as a crash causal factor, constitute

The Colorado TPIMS would have an assumed
10 Percent reduction in fatigue-related truck
accidents.
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4 percent of the total truck crash value, or
about $30 million per year. The data indicate
that the driver was asleep at the wheel in 70
percent of the fatigue-related truck crashes.
The Colorado TPIMS assumes a 10-percent
reduction in fatigue-related truck accidents
by making truck parking for rest periods
easier to find. The resulting truck-related
crash saving would be more than $3 million
per year based on avoiding 190 crashes, 61
injuries, and 2 fatalities over the 10-year life
of the project. These safety benefits make up
21 percent of the total benefits. There also
would be reduced hazards with fewer trucks
parking on shoulders and ramps because of
better information on truck parking. During
snow storms, the Colorado TPIMS would
reduce queuing for chain-up spaces, with
resulting improved safety from less highway
obstruction, particularly in periods of reduced
visibility.
Incident statistics for I-70, I-25, and I-76 in
Colorado show a total of 81 truck incidents
over the 32 months ending in February 2016.
Of these, 44 involved overturned or jackknifed vehicles or hazardous spills, and most
of the 44 were rated “severe” incidents. The
cumulative time from incident start to incident
clearing was 189 hours for all incidents. The
proportion of incidents that were fatigue
related is not known, but it could be assumed
to be similar to the 4 percent for truck crashes.
The Colorado TPIMS would reduce both the
frequency and cost of fatigue-related incidents
and crashes.

State of Good Repair

The Colorado TPIMS would provide real-time
information to eliminate overcrowding and
spread truck parking across many available
facilities. Overcrowding at facilities or lengthy
searches for parking often cause trucks to park
on the entrance/exit ramps of rest areas or
truck stop exits and the shoulders of roadways.

This causes the degradation of the pavement
because pavement on the shoulders and ramps
was not designed to support loaded commercial
vehicles for extended periods of time. Avoiding
damage to the pavement will reduce the need
for expensive repairs over time. In urban
areas, truck drivers using the Colorado TPIMS
would spend less time driving in urban settings
looking for parking. Less time spent on urban
streets decreases wear and tear on those roads.

Environmental Sustainability

The Colorado TPIMS would reduce damages
from greenhouse gas emissions and air
pollutants by reducing the amount of diesel
fuel consumed by trucks searching for parking
and, to a lesser extent, queuing at chain-up
areas. The assumed two-gallon reduction in
diesel fuel to access the 3,500 parking spaces
(at 80 percent occupancy) along the deployed
corridors translates to savings of 1.3 million
to 1.4 million gallons of diesel fuel per year
over the project life of 2020 to 2029. Carbon
dioxide (CO2) emissions would be reduced
by about 13,000 to 14,000 metric tons per
year, for an annual monetized value of about
$700,000 based on the social cost of carbon
at a 3-percent discount rate. Volatile organic
compounds (VOC) would be reduced by 3 to 4
metric tons per year, for an annual monetized
value of about $7,000. Nitrogen oxide (NOx)
emissions would be reduced by 65 to 72 metric
tons per year, for an average annual value of
$500,000. Particulate matter (PM) emissions
would be reduced by about 1.5 metric tons per
year, for an average annual value of $600,000.
The discounted monetized value of the reduced
CO2 emissions would total $5.4 million or 6
percent of the benefits, while the discounted
value of the other emissions would total $6.5
million or 7 percent of the benefits (7 percent
discount rate).
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F. Project Readiness
Because the TPIMS will use proven
technology that has been demonstrated
to be feasible elsewhere, the project has
negligible risk and high certainty of success.
This, coupled with a well-planned technical
approach and project partner readiness,
ensures project success.

Technical Feasibility

The proposed project for which FASTLANE
funding is requested is exceedingly
feasible and low risk. The project builds
upon existing technological infrastructure,
uses industry-tested solutions, is phaseable, and components have already been
implemented in Colorado and beyond with
great success. As noted below, the project
will build upon long-standing partnerships
and stakeholder participation, integrate with
existing data collection and informationsharing technologies operated by CDOT, and
will be built around existing off-the-shelf
technologies. Feasibility also is ensured
through a technical approach and schedule that
has been successfully deployed by CDOT for
other projects. This approach is outlined in the
following six tasks.
Task 1: Stakeholder Participation
For this project to be successful, it is necessary
to have on-going participation from all project
partners and key stakeholder groups. The
stakeholders identified earlier (in the Project
Parties section) will be integral to this project.
Other stakeholders may be identified as
important for the entire project or for specific
components.
Upon receiving the notice of award, CDOT
will organize working meetings with
partners to refine schedules and establish
regular recurring progress meetings, team
assignments, public/private partnership
frameworks, and all other details necessary to

…we continue to support public/private
solutions such as the National Association of
Truckstop Operators (NATSO) “Oasis” model
that utilizes private industry properties while
partnering with CDOT to assure a safe and
secure facility to the general motoring public
and particularly truck drivers.
— Mark Larson, Executive Director,
Colorado Wyoming Petroleum
Marketers Association
initiate the project and begin work on Task 2.
Task 1 also solidifies commitments to engage
stakeholders and industry. The task will last
for the duration of the project.
Task 2: Develop Parking Detection ITS
Strategy
The Colorado TPIMS strategy is to keep it
simple. A simple strategy has the benefit of
being cost-effective, easy to maintain, and
easy to duplicate and expand. As described
in the Project Solution section, the detection
approach will use existing “off-the-shelf”
technology. Static cameras and sensors will be
used to monitor parking availability and allow
the TMC to verify occupancy information
collected. The information collected will
be sent to the TMC via cellular modems or
the existing fiber backbone. During Task
2, the requirements of the detection system
will be established. Strategies for operating
the parking detection system also will be
developed during this task. CDOT will develop
a parking detection strategy that augments
camera solutions, and also is scalable to
include new systems as they develop. The
Colorado TPIMS strategy will emphasize
solutions that allows openness to new,
cost-effective technologies as they become
available.
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Task 3: Develop Dissemination Strategy
The general strategy for disseminating realtime truck parking information via ITS has
been developed. During this task, the specific
locations and information presented on the
signs, as well as the specific information and
strategy for broadcasting the information via
mobile apps, Internet, and the 511 telephone
system, will be developed. Detailed phasing
plans are developed through Task 3, and are
revisited during Task 6.
Task 4: Design and Construct ITS
Infrastructure
During this task, the physical ITS
infrastructure for collecting parking
information and disseminating it to drivers
will be designed and constructed for all of the
facilities, including existing public rest areas,
existing private truck stops, the new parking
facilities, and way-side signing. The ITS
components to be designed and constructed
include all of the detection equipment,
necessary communications connections, static/
VMS signs, application development, and
computer infrastructure at the CDOT TMC.
Task 5: Monitor and Refine Strategy
It is important that the real-time parking
information provided to drivers be accurate.
If the information is inaccurate, drivers will
quickly begin to distrust the system and will
ignore the functionality. Therefore, the system
will be monitored, evaluated, and the parking
detection and information dissemination
algorithms and strategies may be refined to
ensure accurate real-time parking information
is available to drivers.
Task 6: Project Evaluation
The strategies to improve long-term truck
parking used in this project will be evaluated
to determine their effectiveness. The results
of the evaluation and a summary of all of
the project components will be compiled in
a project report. The report will contain the
information necessary for CDOT and other

The Colorado TPIMS will minimize the
hours commercial truckers are stuck in a road
closures
agencies to use the information learned from
this project to improve or partner with CDOT
similar ITS strategies and develop similar
partnerships. Before and after data will be
collected and used to derive conclusions about
improvements in parking occupancy, changes
in illegally parked trucks, the use of existing
facilities, and a refined cost-benefit analysis.
The evaluation will be performed by an
independent party.
The results of the evaluation will leverage a
re-examination of the phasing plan developed
during Task 3. Additional knowledge gained
from the project evaluation as well as any
evolving views captured through on-going
stakeholder participation (Task 1) will be
reviewed and incorporated, as applicable.

Project Schedule

Planning and site identification for the
Colorado TPIMS Project is currently
underway. Assuming grant award by
September 1, 2016, CDOT will begin
construction in January 2018 and commence
operations in December 2019. The project
schedule is illustrated on Figure 5.

Required Approvals

With FASTLANE support to implement the
Colorado TPIMS, all necessary activities
will be completed to allow grant funds to be
obligated sufficiently in advance of statutory
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Figure 5: Project Schedule

deadlines, and any unexpected delays will not
put the funds at risk of expiring before they
are obligated. This will allow construction
to begin rapidly, thereby bringing TPIMS
benefits to drivers and communities as soon as
possible.

Environmental studies have not been
completed, but any studies required to ensure
NEPA clearance, such as a Categorical
Exclusion as discussed above, are expected
to be minor in nature and will not hinder the
quick implementation of this project.

Environmental Permits and Reviews
CDOT has considerable experience providing
NEPA clearance for projects such as this that
install new communication and information
technology on its existing facilities and ITS
infrastructure. The project will deploy new
traffic sensors, cameras, and dynamic truck
parking signs at or around existing truck stops,
rest area locations, and at interchanges within
existing right of way, with exact locations
and designs for equipment to be determined.
Installation activities are not expected to have
direct or indirect impacts of any significance
on the built or natural environment, and
CDOT will clear the project with a Categorical
Exclusion as allowed by 23 CFR 771.117(c)
(21). CDOT will follow its Environmental
Stewardship Guidance in designing facilities,
and the environmental review will be
completed prior to final design activities
taking place.

Ongoing public engagement with respect to
the topic of truck parking is overwhelmingly
supportive of efforts to improve drivers’ ability
to reach suitable truck parking locations.
Colorado community feedback indicates
eagerness and urgency to have trucks directed
to approved parking locations instead of
navigating community streets searching for
spots, or worse yet, parking in the hearts of
communities. Industry feedback also is very
supportive of the Colorado TPIMS because of
its operating cost savings, travel time savings,
and safety benefits. And, it simply makes life
easier for drivers.
State and Local Planning
The Project is in conformance with state
and local plans, including Colorado’s multimodal statewide plan and statewide freight
plan. If awarded funding, the project will be
expeditiously included in Colorado’s Statewide
Transportation Improvement Program (STIP).
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G. Assessment of
Project Risks and
Mitigation Strategies
The following section summarizes the most
significant risk areas with the proposed
Colorado TPIMS and CDOT’s strategies for
addressing them.

Cross-State Data Sharing

Risk: Future expansion of Colorado’s TPIMS
to connect with neighboring state IMSs risks
having incompatibility issues if not developed
in close coordination with one another. Failure
to have interoperability will reduce the
effectiveness of interstate TPIMS operations.

Appendix A: Letters of support
Letters of support are located at
https://atkins.app.box.com/CDOTFASTLANE

Appendix B: Benefit-Cost
Analysis

The benefit-cost analysis is located at
https://atkins.app.box.com/CDOTFASTLANE

Appendix C: Related Plans and
Studies

Related plans and studies are located at
https://atkins.app.box.com/CDOTFASTLANE

Mitigation: The first task of this project is to
establish meaningful and ongoing coordination
between states and key stakeholders. CDOT
and neighboring states have excellent working
relationships and will leverage these further to
ensure opportunities to expand are embedded
into the IMS’s design.

Environmental Clearance
(NEPA)

Risk: Implementation will be delayed because
of prolonged NEPA review.
Mitigation: CDOT will only implement
the Colorado TPIMS within its own right of
way in areas not expected to have direct or
indirect impacts of any significance on the
built or natural environment. CDOT will
quickly clear projects in these locations with a
Categorical Exclusion, as allowed by 23 CFR
771.117(c) (21).
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