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Agenda
• Description of ICAT and why it was developed by CDOT

• The goals and benefits of ICAT

• Walk-through guide of each worksheet
o Introduction Data
o Stage 1 Shortlist
o Stage 2 Assessment

• Use of an example case study to illustrate tool functionality
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What is ICAT?
• CDOT’s Intersection Control Assessment Tool (ICAT)
o Data-driven, performance-based approach
o Objectively screen multiple alternatives
o Identify optimal intersection control

• Support Colorado’s safety policies and procedures
o Traceability, transparency, consistency, and accountability                     

when selecting an intersection type
o Shift away from wider/larger intersections & signalization
o Mainstream proven innovative and underutilized strategies
o Emphasize context sensitivity, cost-effectiveness and sustainability 
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Why ICAT?
• Highway Safety Improvement Program: Focus on areas with 

greatest potential to improve safety, including:
o Intersection safety

o Quantitative analysis to select intersection control 

o Consider context-sensitive control strategies

o Consider project life cycle costs (not just capital costs)

o Safe facilities for all users with overall best value

o Evaluation of multiple alternatives using quantitative analysis

o Documentation to support control decision
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Why ICAT?
• Ensure intersection investments across the 

state are prioritized

• Defensible benefits for safety and operations 

• Provide simplified and consistent use of data to 
assess and quantify intersection control 
improvement benefits 
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Benefits of ICAT

Simplified, consistent way to use data to quantify & evaluate intersection control

Reduces time to analyze & compare multiple alternatives

Provide traceability, transparency, consistency and accountability when 
evaluating and selecting control types

Serves as agreed upon decision document in the planning process
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Getting Started
• ICAT is open-source Excel workbook that includes 7 worksheets:
o Introductions and Intersections: Purpose and goals, tool processes and 

responsibilities descriptions and graphics of intersection types and publication links
o Intersection Data: Roadway, intersection, control, safety and traffic data entry
o Stage I: Screening to eliminate alternatives and advance shortlist
o Costs and Stage II: Generate cost estimates, assess shortlisted alternatives and 

select preferred alternative
o Environmental Impacts: Document environmental mitigation needed 

• Computations rely on input from multiple worksheets - no results should be 
considered final until all worksheets are fully complete
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Getting Started
• Several tools provided to assist tool data entry:
o ICAT Users Guide – provides step by step process for entering data
o Data Entry Checklist – provides checklist for all data needed and entered in ICAT 

8



Introduction
• Summarizes tool goal 

and requirements

• Introduces two-phase 
process and roles and 
responsibilities

• Link to ICAT Users Guide

• Track future versions 
and program updates
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Intersections
• Provides information on all 

intersection types in tool

• Educational links – click on 
image to access published 
guides or research on each 
intersection
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Intersection Data

Orange text or boxes 
(drop-down 

selections) are 
REQUIRED

Blue text or boxes 
(drop-down 

selections) are 
OPTIONAL

Inputs in grey-shaded area 
are outside print border
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Case Study Example
• Not actual case study

o Exercise meant to show 
functionality of tool

• Hwy 66 at Pace Street,  
City of Longmont CO
o Signalized T-intersection
o High-speed rural 

highway intersecting 
local collector
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Intersection Data
• Input intersection, volume, crash data
• Project number and requested by
• County selection drop box and CDOT region
• Major and Minor Road data
o Name (limit to 15 characters)
o Typical section (most conservative) and ROW
o Turn lanes (most conservative if different)
o Speed limit

• Area type, current control, general terrain
• Preparer (agency/firm), date, project description
• Type of project (important to evaluation factors)

Rolling

SuburbanEast/West

Minor (Crossing) Rd:

60 MPH

80' ROW

          

Region 4CDOTRegion:

CDOT Project No:

County: 

Major (State) Rd:

Major Rd Direction:

12345 Requested by:

Terrain:

City of Longmont, CO

R-A Regional Hwy

Other Local Road

CO-66 (UTE Hwy)

Pace Street

Single LT and RT lanes

120' ROW

45 MPH

2-ln undivided

Single LT and RT lanes

2-ln undivided

Date:

Area Type:

Boulder

Signalized Intersection

Safety Improvement Project

Region 4 Traffic Engineering 8/23/2021

Type of Project: 

ICAT Training Module

Prepared By:

Project Description:

Intersection Control:
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• Volume factor data
o Existing, Opening 

and Design Year
o Intersection K-factor
o Used to generate 

volume forecasts
• Crash data
o CDOT LOSS Total and 

Severity Score 
o PDO, injury & fatal 

crashes over 5 years

Intersection Data
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• Existing AM (PM) volume data
• Annual growth rate on each approach
• Truck percentage on each approach
• Existing pedestrian crossing data (if 

available)
• Approach volumes, ADT’s and future 

volume estimates appear in graphic
• ICAT not a traffic forecasting tool
o Can import outside traffic forecast data
o Will override calculated data

Intersection Data
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ICAT Stage I
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Stage I – 15 Context Questions
• 15 questions related to ROW constraints, safety, road context, operations 

and maintenance and costs to understand intersection needs and context

Q1: Is ROW on major road constrained?
(0=no, 1=somewhat, 2=highly)

Q2: Is ROW on minor road constrained?
(0=no, 1=somewhat, 2=highly)

Q3: Intersection quadrants constrained?
(0=no, 1=somewhat, 2=highly)

Q4: Are there intersection safety issues?
(0=low, 1=moderate, 2=crash hot spot)

Q5: Are there significant pedestrian crossings?
(0=none/low, 1=moderate, 2=high)

Q6: Is there significant bicycle activity?
(0=none/low, 1=moderate, 2=high)

Q9: Are there numerous driveways near 
intersection? (0=no, 1=few, 2=many)

Q12: Are design yr no-build volumes high? No-
Build 2043 V/C=1.65; (0=low, 2=mod, 4=high)

Q7: Are one or more approach speeds high? 
(0=no, 1=moderate, 2=high)

Q8:Do roadway contexts, characteristics transition 
at intersection? (0=no, 1yes)

Q14: Could intersection become interchange in 
next 20 yrs? (0=no, 1=maybe, 2=probably)

Q11: Is this a T-intersection? Or can minor ST thru 
or left turns be eliminated? (0=No, 1=Yes)

Q15: Are costs a primary decision factor?
(0=no, 1=somewhat, 2=yes)

Q13: Are exist LT volumes high? (Max 2021 LT 
=400 vph) ; (0=no, 1=somewhat, 2=yes)

Q10: What is adjacent intersection spacing?
(0=isolated, 1=network, 2= dense network)
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Stage I – 15 Context Questions
• 15 questions related to ROW constraints, safety, road context, operations 

and maintenance and costs to understand intersection needs and context
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Stage I – Shortlist Selection
• Overall intersection 

score determined
• Users can create 

conventional 
alternatives

• Select/deselect 
alternatives (with 
justification) in 
order to shortlist 
alternatives
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Stage I – Shortlist Selection
• Overall intersection 

score determined
• Users can create 

conventional 
alternatives

• Select/deselect 
alternatives (with 
justification) in 
order to shortlist 
alternatives
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ICAT Cost Worksheets (Optional)
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• Optional to aid cost development
• Existing conditions data
• Alternative Specific Data
o Utility, driveway impacts
o Wall, bridge area
o Additional ROW & landscape costs

• Site Conditions
o ROW, drainage type
o Sidewalk/bike/MUP facilities
o Project size / traffic management
o Design/contingency factors

Costs Worksheet
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• Alternative specific factors 
chosen to better define costs

• Examples include:
o Pavement improvement type
o Roundabout diameter
o U-turn crossover distances
o Adding turn lanes
o Intersection spacing
o Median openings
o Median treatments
o Lane channelization
o Special signing and marking

Costs Worksheet
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ICAT Stage II
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• Evaluation of 5 Factors:
o Costs
o Traffic Operations
o Safety
o Environmental Impacts
o Stakeholder Input

• Cost data from Cost worksheet
o Generates costs for each alternative
o Can adjust cost specifics

• Traffic analysis measures
o No-build design year operations
o Delay, V/C for each alternative

Stage II
                        Developed and Maintained in Cooperation with Georgia DOT

CDOT Project Number: 0012345
Project Location: Traffic Analysis Measure of Effectiveness

Existing Intersection Control: Traffic Analysis Software Used
County/Region: Boulder / CDOT Region 4 Analysis Time Period AM Peak Hr PM Peak Hr

Area Type: Suburban 2021 Existing No-Build Peak Hr Intersection Delay 40.0 sec 52.0 sec

Prepared by: 2021 Existing No-Build Peak Hr Intersection V/C ratio 0.80 0.90

Date: 2043 Design Yr No-Build Peak Hr Intersection Delay 64.0 sec 82.0 sec

Type of Project: Safety Improvement Project 2043 Design Yr No-Build Peak Hr Intersection V/C ratio 1.10 1.25

Alternatives Analysis

Project Cost (From Cost Worksheet)
Construction Cost

ROW Cost
Environmental Cost
Reimbursable Utility Cost
Design & Contingency Cost
Cost Adjustment (justification req'd)

Total Cost

Traffic Operations
   Traffic Analysis Software Used

Analysis Period AM Peak Hr PM Peak Hr AM Peak Hr PM Peak Hr AM Peak Hr PM Peak Hr AM Peak Hr PM Peak Hr AM Peak Hr P   
2043 Design Yr Build Intersection Delay 30.0 sec 35.0 sec 55.0 sec 66.0 sec 40.0 sec 48.0 sec 24.0 sec 53.0 sec 0.0 sec  
2043 Design Yr Build Intersection V/C 0.65 0.70 0.95 1.10 0.70 0.90 0.55 0.98 0.00

$730,000

$701,608

$0
$70,161

$0

#VALU
#VALU

$673,383

$0
$20,202
$336,692 #VALU

#VALU

                     ICAT STAGE 2: ALTERNATIVE SELECTION DECISION RECORD
       CDOT ICAT Version 1.0 | Release Da  

Existing / Design Year No-Build Traffic Operations

$0
$51,321

Continuous Green-T

Add addt'l descr  

N/A

$0
$40,000
$240,000

Add addt'l description here

$1,403,215

Add addt'l description here

$513,215

$2,003,936
0% 0%

Proposed Control Type Improvement: Medians,Add FYA

$0
$450,000

$0
$1,439,400

Multilane Roundabout

$283,058

Add addt'l description here

Superstreet / RCI

Add addt'l description here

0% 0% 0%
$2,458,042 $1,030,277 #VALU

SIDRA 7 Synchro 10 Synchro 10

$0

--select oSynchro 10

8/23/2021

Intersection Delay

Alternat  Alternative 4

Region 4 Traffic Engineering

Signalized Intersection Synchro 10

Alternative 3Alternative 2Alternative 1

CO-66 (UTE Hwy) @ Pace Street
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• Safety benefit by change of intersection 
control determined using FHWAs CMF 
Clearinghouse (www.cmfclearinghouse.org)
o CMFs (Crash Modification Factor) used to 

compute the expected number of crashes after 
implementing a given improvement

o CRFs (Crash Reduction Factors) estimates % 
reduction in crashes

• Many CMFs predefined based on existing/ 
proposed control; for some, users may have 
to find or develop and document

Stage II: Safety
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• Safety data from CMF 
Clearinghouse or added 
from other data sources

• Identify any potential 
environmental impacts 
for each alternative

• Environmental Impacts 
worksheet used to 
identify mitigation 
efforts; add mitigation 
costs to Cost worksheet

Stage II
Safety Analysis

Predefined CRF: PDO
Predefined CRF: Fatal/Inj

   Predefined CRF Source:

User Defined CRF: PDO
User Defined CRF: Fatal/Inj
User Defined CRF Source                        
(write in if applicable):

Environmental Impacts
Historic District/Property: 
Archaeology Resources: 
Graveyard: 
Stream: 
UST/Hazmat: 
Park Land: 
EJ Community: 
Floodplain: 
Wetland: 
T&E Species Habitat: 

 
                

0%

-

15%

FHWA Clearinghouse 
ID:9984

26%
71%

FHWA Clearinghouse 
IDs: 4196 / 4195

0%

CDOT CMF Factor

None
None
None
None

15%
4%

CDOT Study ID:8655

None

None
None
None

None

None

None
None

None

None
None

None

8%
8%

None

None

None
Minimal
None
None

None
None
None

None

NoneNone

None
None

None
None
None

None
Significant Minimal

None
None

None

None

4%
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• Stakeholder Inputs (if known)
o Negative, neutral or supportive
o Local Community Support
o CDOT Region Support

• Final score and ranking and 
input of any comments

Stage II

Stakeholder Support:
Local Community Support
CDOT Region Support

Strong Negative

Multilane RAB is final selected alternative
Design to provide for future fourth intersection leg

Neutral
Neutral

Supportive Negative Supportive

Provide additional comments and/or 
explain any unique analysis inputs, or 

results (as necessary):

Final ICAT Stage 2 Score:
Rank of Control Type Alternatives:

Continuous Green-T

Negative

Proposed Control Type Improvement: Medians,Add FYAMultilane Roundabout Superstreet / RCI

4.3
2

6.3
4

3.1
3

3.8
1
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Conclusions
• ICAT process is intended to:
o Provide the optimal intersection solution
o Document the data and approach used to select control choice

• Tool should NOT replace good engineering judgement
o Use best judgment entering data
o Lower scoring alternative can be selected (with justification) if scores are close

• CDOT will soon be issuing guidance on how and when to use ICAT 

• Suggestions for improvements to the tool are welcome, and updates to ICAT are 
expected in future version releases

• Thank you and please visit the Learning Lane to view additional training videos, the 
ICAT worksheet and Users Guide
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