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AASHTO Adopted Definition

Resiliency:

“The ability to and for,

, from, or more
successfully to adverse events.”



EQ The 4 Rs: Attributes of Resiliency

- the strength of an asset or system to
withstand relevant threats

- the presence of a backup system or plan

- ability to identify, diagnose and treat
problems with available resources

- ability to restore functionality in a timely way

Source: The Multidisciplinary Center for Earthquake Engineering Research



EQ Physical and Organizational Resiliency

Resiliency for a DOT can be:

- the ability of the physical assets to perform to an
acceptable level when subject to a hazard event;

and/or
- an organization’s capacity to make

decisions and take actions to plan and respond to a hazard
event to achieve a desired result.

Both are important!

Source: Bruneau — 2003



Events disrupt
how our system
works.

How Events Disrupt our System

Building resiliency
Into how we do
things minimizes
the disruption.

Source: AASHTO CTSSR — Steering Committee



E@ CDOT Lessons Learned

1976 and 2013 floods in Colorado destroyed many of the same facilities




E@ What can we do now... to avoid this In the future?
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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 Resiliency Program

COLORADO DEPARTMENT OF B POLICY DIRECTIVE
TRANSPORTATION . PROCEDURAL DIRECTIVE
Subject Number

Building Resilience into Transportation Infrastructure and Operations | 1905.0

Effective Supersedes Originating Office

11/15/18 New Division of Transportation Development

I. PURPOSE

The purpose of this Policy Directive is to implement the principles of resilience into Colorado’s
transportation system practices. This will enable the Colorado Department of Transportation to
proactively manage risks, minimize disruptions and adapt to changing conditions in order to
provide continuous transportation service in Colorado. Colorado’s transportation infrastructure
directly or indirectly affects the lives of all people living in the state, and provides the essential
services that underpin the state’s economy and the movement of people, goods, and information.
Maintaining a secure, functioning, and resilient infrastructure is critical to the state’s safety,
prospenity, and well-being.

The benefits or resilience are widespread, including fiscal benefits by saving the state money,

social and economic benefits, by saving the public time and ensuring timely access to markets
for businesses, and safety benefits, by taking action before a disruption becomes disastrous.

Integrating Resiliency at CDOT: Maintenance & Operations




 od A -70 Corridor Risk & Resilience Pilot

* “Pilot” the data, assumptions, and methodology ° o
needed to quantify: o ® RAMCAP ™~

e What are CDOT’s assets?
e Location, value, condition, criticality

 What are relevant physical threats?

i i i I’nonhzmg Cnﬁcul Infrn.structure ra
* Likelihood and location Using the RAMCAP Plus™ Approach _ =

e What impact would they have on our system?
e Consequences and vulnerability

* What are the optimal investments we can make now to
improve resiliency in advance of future events?

BUILDS ON THE 7-step RAMCAP MODEL USED IN FLOOD
RECOVERY

¥ Risk (R) (5) = Potential cost of asset losses in a threat-filled environment :
| Consequence (C) (5) =2 Result of asset failure i
i Vulnerabifity (V) (%) 2 Susceptibility to the threat I
' Threat Likelihood (T) (%) = Potential of threat occurrence '




E@ Some Roadways are more Critical than Others

Criticality Map for System Resilience

ﬁél-?'-ll'-o Road Classification 12322 Equal Weight

Freight S (County) 16.7% mm=  53.8% Low

Tourism 3 (County) 16.7% m== 25.5% Moderate

Redundancy 167 == 20.7% High

SOCIAL ENVIRO ECON ' Lﬂ)

Usage: AADT + Roadway Classification v v v Lk
Economic Impact: Freight (S) + Tourism (S) V4 ; sy 2
Social Impact: SoVI V4 L\ |
System Impact: System Redundancy J J = L




E@ Result - Annualized Risk ($ per threat-asset pair)

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

Owner Cost
o Asset Replacement Cost

User Cost

e Value of time
(delay/detour)




|-70 Pilot Results

User Risk -- Share of Each Threat

All Threats
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Risk and Resiliency Standard Manual

* Published August 2020 --

https://www.codot.gov/programs/planni
ng/cdot-resilience-program

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

= Step by step “Cookbook” on Rist

- Colorado Department of Transportation
how to calculate risk Risk and Resilience Analysis Procedure

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

= Fire / Debris flow

2020 aem>



New Excel Templates
Based on Standard Model and Assumptions

A B C 0 E F G H | J K L M M 1] P 2] R 5 T 1] W W X Y
Problem: Flood Equations: Step 1 Threat Data Collection Step Z: Asset Data Collection Step 3: Owner Consequence Step 4: User Consequence
| Full Closure:
i |Site Overview: Clilvert Recurrence Interval | Annual Threat Likelihood Avg Yeh 0464 Veh Cost $0.59
| |East ChP 25-year 01,04 See Site Cverview Data East Awg Trek: B36 Trck Cost $0.96
i 54 50-year 0.02 dFC: 3
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i Conditior Fair
i Peak Fl Dezign: 10 Total:
1 2B-year: )
) Al-year K Step 5 Yulnerability Assessment Step b: Risk Assessment
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p Total AADT Yeh: 20928 J[wehicle) O=f 0d 25-year 2! Annual Civ 2-year $1530 Aninual User Fisk: 2h-year __&
j AADT Trek: 3072 Jitruck] Bl-ear [ B0-year $7ES Bl-year 18 646
| filepost: 112 00-year (] 00-year $2.104 00-year 51279
H Car User ] [ OefOdval  25-year 2103 [QefOdInd 4
j Trck zer: Ch Al-year 2103 4 Total Owner Risk: Total User Risk:
g 00-pear gtd 0
} Culvert Condition, Far __ |Condlnd 2
i Yulmerable  25-year (.18 Wuln Index 5 .
: Enter data S T ; Calculates output risk
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i
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3 Rainfall Qevent | Odesign Annual Threat Pipe Unit Cost Road Threat East
7 Event [cfs) [cfs) Qe! Od Recurrence Interval Likelihood Diam [in] | ($1lin Ft) Asset Type Units | Unit Cost Asset Debris Flood Scour RockFall
3 25-uear 225 jii] 225 1 vear 1 <48 $2.205 Approach aqft $350 Approach $207 480
3 Sluear 300 ] 300 2 ygars 05 48 $2.:25 Bridge aqft 4600 Eridge $212.480 $212.480 | $2500,000
] 100-year 500 100 00 5 years 02 B4 $2660 Culvert lirft $2560 Culvert §212.480 | $212.480
1 10 vears 0 1] $3.135 CBC cuft il PTCS $18,155,000
H Events 25-ear yes 25 years 004 i3 33660 PTCS aqft $550 Foadway $212480 | 212480 §14 564,000
3 Used: Sl-year yes 50 uears 002 72 4235 Foadway Asphalt s yds $150
4 0uear  yes 00 vears oo 78 $4.865 Foadway Concrate 30 uds $350 ARC: fnr the: East Culvert
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; a0 0,325 Unit Cost: [ 2880 ][54 units)
7 % 11630
3 Approach Direcions:  Culvert Tupes: Culvert Conditions: 102 $13.160
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i
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Spreadsheet tabs for each threat asset pair



EQ Calculating Reduced Risk and Benefit Cost

Run the risk model twice
* Once to determine the existing condition and establish baseline risk costs

= Asecond time to analyze the risk reduction of the mitigation proposed

= Estimate cost of proposed mitigation

= Those values can be used to determine a Benefit to Cost ratio

EQUATION 5.1.3

Whe].‘e.

n life expectancy of mitigation

Mitigation Benefit

B/C =

Annual Cost of Mitigation




&, @ Excel Templates - Challenges

= Some input data is not readily

Fesrfonosd Corcrels Fips Eliciss RCFE
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available
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EQ Detour Times are a Critical Input
? & Using the State-wide Travel Demand Model for Detours

* Minimize travel time (weekday 24-hour
average)

* Limit detours to state highways
» Colorado
* Neighboring states

* Travel each highway route in each direction

= One at a time, close each link and find
the new minimum-time path




|-76 Test for the Detour Model
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|-76 Test for the Detour Model

L '- <007 Shringering Aeglon | |
2 0,435 1.45(C/D on-ramp Sharidan off-ramp i 2.155768 0.8110841-704 & 5H 854 (Sharidan Bhd)
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SIE| 125,141 148,711 U5 & on-ramg 5H 58 off-ramp 4| 38.7T908 78827055 &), US 1384 pnd SH 554
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Batch Process - Risk and Resiliency Automation

Bentley® CulvertMaster® v3.3 Problem: (| Giep?  DunerConarqae Suph,  Uset Consequenar §
Gite Overview. Covert ::3‘“" 44 ¥ehCost 0 "L:h il]:;m
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e | ] s::i 1 # | m ot | wam m e | g
S = P A o e
. . . . m ﬁ ﬁ’;!'«: L:; 7; ::_é; m: c?:‘m :::t | ﬁ aRc: [P0 Jote Bt Cdwn
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ArcGIS Pro license and takes two shapefiles as E— =7 o —
input: culverts and detours

YOVENL YEVEIL YEvEnL - -

Landco DebrlsT gEvent gEwent ==L Design Design Design Design  Draina Sl SR Year R e Year = =L
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al = = r - = = - = Risk Risk . Risk Risk Risk R Risk Risk
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E@ Resiliency Integration Project

= Kicked Off - February 2020

= Goal - Demonstrate how to drive the ideas of resilience into CDOT day-to-
day activities

= 5 case studies - proof of concept
 Asset Management - Twice Damaged Assets UNDER WAY
d M & O - Flood Mitigation Plans for Minor Culverts KICKED OFF LATE JULY
A Planning and Project Prioritization =~ |
O Environmental Documents
O Project Scoping and Engineering
= Project Completion - 18 months - late 2021

Coming Soon




Twice Damaged Assets Case Study




E@ Twice Damaged Assets Case Study

November 2020 Deadline

CDOT must prepare evaluations of twice damaged assets before including in
the STIP.

Why are we doing this?

23 CFR 667 - Evaluations of Facilities Repeatedly Requiring Repair and
Reconstruction from Emergency Events

= Conserves federal resources, protects public safety

= DOTs must conduct periodic evaluations to identify road, highway, and

bridge assets with repeated repair and reconstruction stemming from
emergency events since 1997

* Must determine if reasonable alternatives exist to mitigate risk, prevents
repeated investment in assets facing recurring damage
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EQ Twice Damaged Assets Case Study

Locations to analyze:

 US 34 Big Thompson Canyon - Pavement/roadway loss

 1-25 In El Paso County (MP 144 and 155) - Culverts/bridges

 Glenwood Canyon - Rockfall resulting in pavement/bridge damage

1 Dowd Canyon Landslide Complex

d US 24 Waldo Canyon - Debris Flow systems, pavement @ debris flow
systems, drainage systems including pavement/roadway loss

d SH 71 (2013 and 2015 events) - Pavement damage



Culvert Mitigation Planning




& Small Culvert Risk Mitigation Planning Case Study

&

All Threats User Risk -- Share of Each Threat
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EQ Small Culvert - Risk Mitigation Planning Project

4 Step Process:

Step 1. ldentify a high-risk subset of culverts
Step 2. Culvert Field inspection
Step 3. Develop a prioritized Region treatment plan

Step 4. Calculate risk and potential risk reduction. Recommend to the EMT
a list of risk mitigation projects for culverts that meet the target B/C



EQ Step 1. Prioritizing At-Risk Culverts
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E@ Step 2. Culvert Inspection

This fall, over 35 identified
maintenance staff will inspect the
culverts with field visits and
standardize condition data using:

o ESRI Collector App - NEW

o Staff Bridge Rating Guide for
Small Culverts and Drainage
Structures




E@ Step 3. Risk Mitigation Plans

Develop Region Treatment Plan and Prioritize
Potential Mitigation Projects

TREATMENT OPTIONS

v

L

P INCREASED INSPECTIONS » REGRADING APPROACH AND OUTFALL DITCHES P> SLIP LINING
» INCREASED CULVERT CLEANING » PLACE RIPRAP AT ENTRANCE AND OUTFALL » ADD ADDITIONAL CULVERTS FOR

. S INCREASED CAPACITY
P INCREASED DITCH CLEANING > REVEGETATE SLOPES
> FULL REPLACEMENT

$ 5559

MAINTENANCE/REPAIR O, CONSTRUCTION/REPLACEMENT




EQ Step 4. Propose Small Culvert Improvements
y N Where they Make Sense

GOAL:

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



EQ Potential Next Steps — 2020-2021 Projects

J Finish the 5 case studies —
baking resiliency into day to day CDOT business
(J Revise manuals, etc to memorialize new procedures
J Develop Performance Measures for Resiliency
(J New Redundancy measure — and statewide detour map

J Prepare for Federal Resiliency Funding! (if and when it comes)
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Thank You! For more information:

Lizzie Kemp, Resiliency Program Manager
elizabeth.kemp@state.co.us | 303-829-0274
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E o Flood Recovery - FHWA and CDOT-:
&3 Partnership to Build Back Better

= Agreement on methodology was key - RAMCAP

= Used flexibility allowed in the Emergency Relief Program

= Quantitative demonstration of how building back better
made sense from a $$ B/C standpoint.

Of note: flexibility in ER program has not been the case in many
other parts of the country



EQ CDOT/FHWA Risk Review Process:
y N Agreement to Use the 7-Step RAMCAP Model

= How likely is it that future events will happen?
=  Which routes are most “critical” for us?
= How vulnerable are our facilities?

= How much will it cost? consequences ($)

| & EORAMCAPPIs
= Will “betterments” reduce future risk? Z
= What’s the cost of betterments compared to ALL-HAZARDS RISK
. AND RESILIENCE
reduced rISk? B/ C? Prioritizing Critical Infrastructure

Using the RAMCAP Plus* Approach .. s

* Demonstrate to FHWA that building back better

makes good long-term financial sense (Benefit -

Cost analysis)



E@ Step 2. ESRI Field Collector App

C U IVe rt CO N d i ti O n Ap p <: ] Culvert Condition 1000 Highway Criticality Map... wmE 0

€« Culvert Condition 1000 Highway Criticality Map... €
GPS accuracy 13.9 ft

It uses ESRI Collector for ArcGIS to ——
-, = y) Culvert Information
collect culvert condition data. .

= User selects/clicks on a culvert of

Functional Location
C0-050A-RS00336

interest. -~ A
= Show culvert information. =
= Aset of forms allow users to fill -
out general and inlet/outlet e
culvert conditions information.

T
07/16/2020 12:53 PM ‘\A

Sunny

= Submit data during collection
time or later.







CDOT 2019 Fire/Flood & Debris-Flow
Mitigation Planning

Flood Vulnerability Analysis
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Methodology: ] o ]
Diata Preparation: Afier gathering the necessary datasets, a fow simple processes were run @ Repional Pricrity Assets === Regional Priority Assets [ Analysis Results Assets

in arder 1o prepare the data for analysis. Bum scars were given mult-ring buffers 1o indude ) - ) )
areas within 1 and 5 miles of the ariginal burm scar, Bridges and Culvens were given a simpified ——— High Criticality Road Sections |:| 100 Year Flood Plains
seour rating of 1-4 with 4 baing those assets with the wers! soour rating. Criticality was

symbolized using the standard values of 1-3 with 3 being the most crfical roadways. Finally, 2018-2018 Burn Scars with Buffers |:| 500 Year Flood Plains
100- and 50{-year flood plains were selected from the National Flood Hazard Layer (NFHL). - 1 rai l:l 5 mi

Analysis for Highest Flosd Danger Assets; Analysis invelved using the select by
lecation ool fo identify those road sections and assets thal cvertayed both the flocd plairs
and areas in and arcund the burn scars 5 FOMA, USGS, CODT



= Published last week — available
on the CDOT Resiliency

Program Website!

https://www.codot.gov/programs/planning/c
dot-resilience-program

» |[ncludes Post-fire / Flooding
and Debris-flow as one of the
standardized risk calculations.

Risk and Resiliency Standard Manual

~ a4 COLORADO
enar Department of T ration

Colorado Department of Transportation

Risk and Resilience Analysis Procedure
A Manual for Calculating Risk to CDOT Assets from Flooding,

Rockfall, and Fire Debris Flow

2020 aem>


https://www.codot.gov/programs/planning/cdot-resilience-program

Resiliency Standard/Manual

Risk and Resilience Analysis Procedure 2020

416 Fire Impact Map 2 of 4

ExHIBIT 4.3.7
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Risk and Fesilience Analysis Procedure 2020

Resiliency Standard/Manual

ExmieIT 4.3.3
SUMMARY OF
Desris FLow
Risk

ExmIEIT 4.3.4
SUMMARY OF
IMPACTED
ASSETS

Roadwavs Culverts Total
Fire Crwner User Crwner User Cramner User Total
416 $390,110 | $512,040 |$2,102,310|%1,6581,860(52,992,420(52,193,900| 55,186,320
Spring
Creek 591,310 | %462,200 | $25,170 536,080 | 5116480 | 5345,830 | $665,300
Junkins £8,980 £1,130 520,440 54,190 529,420 55,320 534,740
Cold
Springs £20,150 %0530 £4.850 3,330 525,000 £12,860 537,800
TOTATL|$3,163,320(%2,760,960| 55,924,250

Summary of Impacted Assets

Exhibit 4 3 4 includes the statistics of assets anticipated to be impacted by debris flow
across the four fires. The 416 fire is anticipated to impact the most CDOT assets, with 35
road segments totaling more than 3 miles of roadway anticipated to be impacted by
projected debris flow. In addition, 23 culverts are at risk for debris flow near the 416

fire.
Miles # of Road Culverts
Fire Location Impacted Segments Impacted
416 s 3530 3.06 mi 35 3
Spring Creek US 160 0.56 mi 13 &
Junlkins CO-163 029 mi 4 3
Cold Spi'ﬂiﬁ'ﬁ Cio-119 019 mnd 4 1
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