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Overview

1. Background - CDOT Resiliency Program
2. Tools for quantifying vulnerability and risk

3. Using risk data in decision-making
* Culvert mitigation planning



CDOT Resiliency Program




Lessons Learned




... To avoid this in the future?



) O AASHTO Adopted Definition

Resiliency:

“The ability to prepare and plan for,
absorb, recover from, or more
successfully adapt to adverse events.”



CDOT Resiliency Program

» Created in 2018, with Policy Directive
1905.0 - the vision for resilience at CDOT

» Works to integrate resilience in CDOT
functions
 Coordinates resilience activities at CDOT

« Conducts research to support resilience
 Provides resilience knowledge and
resources to CDOT staff



CDOT Tools —
Measuring Vulnerability and Risk




> 7 Asset Criticality — Some Roadways
- are More Critical Than Others

Variables in CDOT's Criticality Measure SOCIAL  ENVIRO  ECON
o v vV

Usage: AADT + Roadway Classification

Economic Impact: Freight value (S) + Tourism value (S) Y 4

Social Impact: SoVI

v v Y

System Impact: System Redundancy

Equal weight assigned to each of the six selected variables.




Criticality Map for
System Resilience

Equal Weight
= 53.8% Low

25.5% Moderate
mm= 20.7% High

AADT 16.7%
ASHTO Road Classification 16.7%
Freight S (County) 16.7%
Tourism $ (County) 16.7%
SoVI 16.7%
Redundancy 16.7%

Reminder: Criticality reflects the importance of each asset to overall operations within CDOT’s network as related to
system resilience only. Criticality is part of Step 1 in a 7-step Risk and Resilience Analysis process.
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* To be published — summer

2020

Standardizes the data,
assumptions, and
methodology for conducting
risk assessment

* Step by step “Cookbook” on

how to calculate risk

Risk and Resiliency Standard - Manual

Colorado Department of Transportation

Risk and Resilience Analysis Procedure

A Manual for Calculating Risk to CDOT Assets from Flooding,
Rockfall, and Fire Debris Flow

aem§

2020
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Risk and Resiliency Standard - Manual

* Based on RAMCAP — 7 step process ® 5 RAMCAP 7

— What is the asset of concern? S RI.
AND RESILIENCE

e Location, value, condition, criticality e T T e

Using the RAMCAP Plus™ Approach  a#" |

— What are relevant physical threats?
 Likelihood and location

— What is the impact on our system?
 Consequences and vulnerability

— What are the optimal investments we can
make now to improve resiliency in advance of future
events?
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Results — Annualized Risk
(S per threat-asset pair)

Given the worst reasonable
event, what are the
consequences? (S)

Owner Cost
* Asset Replacement

Cost

User Cost

e Value of time
(delay/detour)
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Excel Templates — Based on Standard
Model and Assumptions

& C F £} H | J K L M ¥] a P o R S T u 1 i " '
Problem: I Flood I Equations: Step 1: Threat Data Collection Step 2: Asset Data Collection Step 3: Owner Consequence Step 4: User Consequence
Full Closure:
Site Ovefview: [ Culvert Recurrence [nterval | &rnual Threat Likelihood Avg Weh 10464 Yeh Cost: $0.59
IEast |Type: ChiP 25-year .04 See Site Overview Data East g Trek: 1536 Trek Cost: $0.96
Diarmeter: 54 [inches] Bl-pear 0.02 drFC: 3
Length: 78 |ifest] T00-pear 0.0 7 #l  WOCFC:
Conditior: Fair
Peak Flow:  Desigr: 100 [cfs) Total:
28-year; 228 [cfs)
Bl-year: 300 [cfs) Step 5: Yulnerability Assessment Step 6: szessment
100-year: 500 [cfz)
Tatal: AADT Yeh: 20928 |[vehicle] Oe! Od 25-vear 225 Anral Dwner Fizk: 25-vear $1.530 Aral User Risk: 25-uear $37.291
AADT Trek: 072 [truck] B0-uear 3.00 B0-vear $7ES B0-year $12.646
Milepost: 112 100-year 5.00 100-year $2.104 100-year $51.275
Car Uszer: [ Cd | Oef Odwval  25-year 2.7to3 Oe! OdInd 4
Trck Lser: 3 C5 B0-year 2.7to3 4 Total Owner Risk: Total Uszer Fisk:
Cocup: 0 100-year gtd 10
Slope: Lo Culvert Condition: Fair Cond Ind 2 Total Annual Risk:
Ciover: | .l Wulherable  28-uear 0.18 Wuln Indesx ] \
B0-uear 0.18 [
100-year .99 1
Detris Ind 3 1
Ba et [has Calculates output risk data here
Exhibits: o) 38 310
Rainfall Qevent Qdesign Annual Threat Fipe Unit Cost HRoad Threat E ast
Event [cFs) [cFg) Oe! Od Recurrence Interval Likelihood Diam [in] | [$1!]lin ft) Aszzel Type Units Unit Cost Aszszel Debris Flood Scour RockFall
25-uear 225 100 225 1 year 1 <48 $2.208 Approach =qft $350 Approach $207.480
S0-year 300 100 3.00 2 years 05 42 $2,225 Bridge sqft $500 Bridge $212.480 $212. 480 42,500,000
100-year 500 100 5.00 5 vears nz 54 32,660 Culvert lin ft 42 EE0 Culvert $212.480 212,480
10 vears 01 [=in] $3.135 CBC cu ft $55 FTCS $18,1855,000
Events 25-vear: ves 25 years 004 BE $3.660 PTCS =q ft $550 Foadway $212.480 $212.480 $14,564.000
Uzed: Al0-vear: ves A0 vears ooz 72 $4.235 Foadway Aszphalt =0 yds $150
100-vear: ves 100 vears oot 78 $4.865 Foadway Concrete =g yds $350 ARC: For the: East Culwvert
500 vears 0.002 a4 $5.550
50 $10.325 Unit Cost: (3 units)
95 $11.630
Approach Direcions: Lulvert Tupes: Colvert Condiions: o0z $13.760
E ast Corrugated Metal Fipe ChiP Good 108 $14,770
West Corrugated tetal Pipe Ellipse ChPE Fair 120 $13.325
Maorth Feinforced Concrete Box RCE Poor 138 $24 635
South Reinforced Concrete Fipe RCF

Reinforced Concrete Fipe Ellipse RCFE

> Rockfall-PTCS | Rockfall-Bridge Rockfall-Roadway | Flood-Roadway | Flood-Bridge | Flood-Bridge Approach | Flood-Minor Culvert | ... & 4




Using the Tools to Make Decisions --
Prioritizing Which Risks to Mitigate




1-70 Corridor Risk & Resiliency Pilot

* Analysis of risk potential from physical

threats on I-70 from Kansas to Utah
U

03" s
* Looked at
— all assets — roads, bridges, culverts, etc. AL HAZARDS Risk L2

— Wide range of threats — flood, Lo

avalanche, rockfall, etc.

 Proactive look at optimal investments
we can make now, in advance of
future events, to improve system
resilience




| 70 Pilot Results

All Threats

$180,000,000 $164,667,186
$160,000,000
$140,000,000
$120,000,000
$100,000,000
$80,000,000
$60,000,000
$40,000,000
$20,000,000 $6,136,494
S —
Owner Risk (OR) User Risk (UR)
= Owner Risk (OR) =  m User Risk (UR)

User Risk -- Share of Each Threat

\

® Flood $118,190,629 = Rockfall $35,781,405 = Avalanche $8,516,650

= Landslide $2,161,863 = Wind $9,738

= Bridge Strike $6,901

Decision — Focus on minor
culverts

$120,000,000
$100,000,000
$80,000,000
$60,000,000
$40,000,000
$20,000,000

S-

User Risk Related to Flood

Approach  Bridge Minor  NBI CulvertRoad Flood Wall Flood
Flood Flood Culvert Flood
Flood
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Culvert Mitigation Planning




What can we do now ....

<2:09714/2043

... To avoid this in the future?
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June 29, 2020

Integrating Resiliency at CDOT:
Operations

Maintenance &
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Prioritizing At Risk Culverts

*  With over 60,000 culverts under 4 feet across the state, which
subset should we focus on first?

« Proposal: Focus first on culverts in poor condition that are also on
critical routes --- 1,000 culverts statewide

Criticality Map for System Resilience

S S,

Criticality 5 Y \/, — \ 7
m== 53.8% Low A A
m== 25.5% Moderate \ W( .
mem  20.7% High < A e
NGV e 1%k
W -+




=S Proposed Culvert Mitigation Plans

Step 1: complete an inspection of identified high-risk culverts (update
condition in database)

Step 2: identify and document specific proposed mitigation action for
each culvert based on inspection

Capital improvement
* e.qg. replace culvert, slip line, etc.

Operational fix

* e.g. increased cleanout frequency, install
technology to monitor flows, etc.

Step 3: Run risk calculation for both base condition (as is) and mitigated
condition — to determine potential risk reduction. Calculate Benefit /Cost.



Propose Culvert Improvements

GOAL: based on solid data, recommend a project
list and funding for culvert improvements that
meet a justifiable benefit cost (B/C) in order to
reduce CDOT risk.
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Extra slides



May 1, 2020

Colorado Resiliency Framework

A

=% COLORADO
Sesme. RESILIENCY &
=== FMEWORK

s

Created by the Colorado
Resiliency Office (DOLA)
Defines re-sil-ience for Colorado

“The ability of communities to
rebound, positively adapt to, or thrive
amidst changing conditions or
challenges—including human-caused
and natural disasters—and to maintain
quality of life, healthy growth, durable
systems, economic vitality, and
conservation of resources for present
and future generations.”

Integrating Resiliency at CDOT: Asset Management
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