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CDOT Statement of Support 
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CDOT Tunnel Overview

• # of Vehicular Tunnels: 39 total
– On-System 20 vehicular, 2 closed
– Off- System 11 with 6 closed

• Types of Tunnels:
– Rock Lined
– Cast in Place Lined
– Shotcrete Lined

• Max Elevation: 11,158 ft with avg snowfall 
of 380 inches

• Current Asset Value Estimate - $1.8 Billon
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Why Colorado?

• Number of tunnels
• Environment
• Past Research
• Olson Engineering 
• FHWA

5



Supports the Peaks

• Supports CDOT Goals 
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SHRP2 Plan of Action

• Begin 2015
– Figure out program
– Implementation 

support meeting
– Analyze different 

options • 2016
– Implementation of 

NDT technique
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• 2017 
– Expanded Efforts
– Showcase
– Report



SHRP2 Plan of Action

Proof of Concept
Use in:
• Inspection
• Asset Management
• Design
• Construction
and integrate into cycle
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SHRP2 Plan of Action 2016

• Built in 1940’s
• Abandoned Tunnel 1990’s
• Shotcrete and CIP Lined 

Sections
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SHRP2 Plan of Action 2017

• Expand mobile scanning to 
Interstate tunnels

• Collect and analyze 
temperature in longer tunnel 
to optimize collection timing

• Tile lined Hanging Lake Tunnel
• Data collection in Clear Creek 

tunnels 1,2,3,5 & 6
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Implementation

• Selected Method
– Mobile LiDAR with Thermal Camera
– Technology

• Service Provider:
– Surveying and Mapping, Inc. (SAM)

11



Surveying and Mapping, Inc.

• How did we get to SAM?
1. Application with inspection program
2. Mobile
3. Cost Effective
4. Capabilities of Contractor
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The Grass Roots

• CDOT attended a brownbag at a private firm
– Brownbag topic was LiDAR, highlighting mobile 

acquisition and DOT experience  
– CDOT approached SAM with interest
– Follow up meeting was set
– CDOT pitched the concept (challenge) 
– SAM accepted and started investigating
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First Steps

• Moving to the “The Laboratory” (Tunnel 4)
1) Tunnel 4 is an abandoned highway tunnel 
2) Worked with Flir’s Scientific Division
3) Tested multiple cameras and lenses
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Contracting

• Funding
– SAM, LLC. had multiple existing NPS contracts with CDOT

• Scoping
• Approached as a Research and Development Project 
• Defined CDOT’s Goals within and around SHPR2 strategic goals
• Broke out Deliverables into 2 groups

– Existing 
» SAM’s standard DOT compliant formats 

– Goals
» Incorporating the thermal information into formats and 

usable platforms for a DOT
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The Foundation

• Mobile LiDAR
– Survey Grade Accuracy 
– Up to 500,000 pts per second 
– Military grade IMU

• Thermal Camera
• Flir A6700sc series 
• Cooled camera
• High frame rate
• Fast integration time
• Exports suitable for integration with our mobile system
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The Foundation

• Temperature Study
– Thermocouples installed in long 

tunnel 4000LF. 
– Compare temperatures of known 

delamination and solid areas to 
determine ideal conditions for 
collection

– Run Ventilation or Not?
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Validation 

Finding areas of interest and comparing to confirm 
effectiveness. 

Thermal Image Actual Photo
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Lessons

• Entry level thermal cameras will 
not meet expectations

• Renting or owning cameras 
• # of cameras and processing 
• Artificial warming at portals from 

sun during daytime collection
• Hard permanent reference 

markers installed for future 
monitoring 
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Lessons

• Camera calibration
• Time of day for best thermal 

gradients
• Snap shot or long term 

observations
• Deliverables

– Lidar
– 3D model
– Data for inspectors and design
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Tunnel Asset Management 

• Tunnel NTIS 
Data Driven 
Asset 
Management 
Cycle
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Tunnel Asset Management 

• Tunnel Data – Update with NTIS
– Initially using past inspection data.
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Tunnel Asset Management 

• Age/Life Transition per Condition State 
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Tunnel Asset Management 

• Treatment Types Minor, Major, Replace
• Unit Costs – Important!
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Tunnel Asset Management 

• Identify Critical Elements
• Tunnel NTIS Element #
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Tunnel Asset Management 

• Performance Metric Evolution
– 2014-15

• Key components of fire/life safety must not 
exceed 100% of useful life, based on 
manufacturer’s specifications, condition 
inspections and maintenance history.

– 2015-16
• Percentage of tunnels with all elements in 

equal or better condition than 2.5. 
(performance at 91%)

– Current Metrics and Performance Target
• Percent of network tunnel length with all 

elements in equal or better condition than 
2.5 Weighted Condition Index. 
(performance at 52%)
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Tunnel Asset Management 

• Performance Metric 
Comparison

• By Tunnel – 91.3%  

• By Tunnel System Length 
– below 50%

• Closer to the true need!

27



Tunnel Asset Management 

• Recommendation List and Post Processing
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Tunnel Asset Management 

• Recommendation List and Heat Map Display 
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Project Selection
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Project Selection

• Condition 
Data

• Budget
• Model Run

• Project List
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Project Selection - Workshop

• NCHRP 14-27 workshop – Fall 2017
• Volunteered to test 
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Tunnel Asset Management 

• Complete 
Cycle every 
year as new 
data is 
collected.
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Next Step for R06G 

• Complete additional tunnels
• Complete Final Report
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CDOT 2017 Field trip

• 10 tunnel tour
• Field trip to tunnel No. 4
• Continue on to Eisenhower/ Johnson Tunnel 
• Passing through new Veteran’s Memorial 

Tunnel (2-lane to 3-lane expansion project)
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CDOT Maintenance Engineer
Tyler.Weldon@state.co.us
303-512-5503
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Mark Treon
Survey and Mapping, LLC.
mtreon@sam.biz
720-965-0085

Region 3 Asset Manager
David.tedrow@state.co.us
970-485-2527

Thank you

mailto:Tyler.Weldon@state.co.us
mailto:mtreon@sam.biz
mailto:David.tedrow@state.co.us

	Slide Number 1
	Slide Number 2
	CDOT Statement of Support 
	CDOT Tunnel Overview
	Why Colorado?
	Supports the Peaks
	SHRP2 Plan of Action
	SHRP2 Plan of Action
	SHRP2 Plan of Action 2016
	SHRP2 Plan of Action 2017
	Implementation
	Surveying and Mapping, Inc.
	The Grass Roots
	First Steps
	Contracting
	The Foundation
	The Foundation
	Validation 
	Lessons
	Lessons
	Tunnel Asset Management 
	Tunnel Asset Management 
	Tunnel Asset Management 
	Tunnel Asset Management 
	Tunnel Asset Management 
	Tunnel Asset Management 
	Tunnel Asset Management 
	Tunnel Asset Management 
	Tunnel Asset Management 
	Project Selection
	Project Selection
	Project Selection - Workshop
	Tunnel Asset Management 
	Next Step for R06G 
	CDOT 2017 Field trip
	Slide Number 36

