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• Highways and Bridges:
– 40,000 miles of PennDOT 

Highways
– 121,000 miles of Interstate and 

Local Roads
– 25,400 PennDOT owned Bridges
– Approximately 6,400 Locally 

owned Bridges
• Bicycle & Pedestrian:

– Sidewalks
– Bicycle Routes
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• The ability to resist, limit impacts, and rapidly return to service 
after an extreme event.
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• Hazards
– Flooding – Primary
– Others

• Land Slides and 
Sink holes

• Fire
• Vehicle impacts
• Barge impact
• Terrorist Attacks
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• Transportation systems that can effectively resist and readily 
adapt to conditions above and beyond standard design 
conditions.
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• Intensity-Duration-Frequency (IDF) Charts
– Use to determine precipitation amounts or rainfall intensities for use 

in various design methods
– Current IDF charts were based on NOAA Atlas 14, Volume2, Version 

3 Data
• 278 Daily and 139 Hourly rainfall gages from April 1863 – December 31, 

2000 (137 years)
• Previous IDF Charts were based on data from 1948 – 1983 (35 years)

Photo Source: NOAA, Climate.gov
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Background Pennsylvania IDF Charts 
• NOAA NWS Atlas 14, Vol 2, Version 3

– Initial published 2004, revised 2006
– Rainfall durations ranging from 5 minutes to 60 days
– Rainfall frequency ranging from 1-year to 1000-year
– Available via PDF Publication or Web Application 
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Future Pennsylvania IDF Charts
• Update of IDF Curves planned to capture data 

from 2000-2020
– NOAA Atlas 14, Volume 13 plans to update 

precipitation regions
– Transportation Pooled fund 

• https://www.pooledfund.org/Details/Study/702
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• IDF Curves based on HISTORICAL precipitation data and used for design 
purposes

• Climate models use various FUTURE PROJECTIONS to estimate potential 
FUTURE precipitation data
– Climate model data compared to historical data to create ratios that can 

be considered for future climate scenarios 
– For example; for future design process, IDF Curves would still be used to 

determine precipitation amount and intensity. Future Climate Ratios could 
be used to supplement the historic data for resilient designs at vulnerable 
sites
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Extreme Weather and Climate 
Change
• Concerning number and intensity of storms and damage

• End of July 2019 marked the end of the wettest two-
year, three-year, and four-year periods on record. The 
National Oceanic and Atmospheric Administration keeps 
monthly records dating back to 1895. 

• 24-month period (July 2017-June 2019): 113.13
• 36-month period (July 2016-June 2019): 158.87
• 48-month period (July 2015-June 2019): 198.18
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Extreme Weather and Vulnerability Study

• Initial study completed by PennDOT Program Center March 2017
• Distributed to Districts, MPOs, and other state agencies for comments on maps and methods
• Assessments of flooding vulnerability and risks should be considered an evolving process.
• Goal is to update data yearly.
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Extreme Weather and Vulnerability Study
• Assessed historic vulnerability as well as future vulnerabilities
• Future vulnerabilities were determined with a risk formula 

– 3 Counties were selected to pilot this process
– Map Data from 2017-2022
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Impacts of Extreme Weather
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BridgeWatch System 
• Minimum Input:

– Structure identification data (name, stream intersected, roadway, etc)
– Structure location
– Drainage Area feeding the stream under the structure
– Threshold values for inspection (rainfall, stream flow, etc)

• BridgeWatch background process:
– Monitors the drainage area to determine if the rainfall exceeds threshold
– Monitors stream gages (where relevant) to determine if stream flow exceeds 

threshold
• Output:

– If a threshold is exceeded, alerts are sent out containing the name, the 
threshold value, rainfall amount, etc.

• Next step:
– Go inspect the bridge   
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BridgeWatch System 

• Notification Hierarch
– Icon Color changes based on 

status
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BridgeWatch System 
• Bridge Inspections and Inspection Forms

– Once an inspection form is submitted, the red Alert icon will be replaced with a 
green Inspection icon and Alert will be closed out

– Captures important information that can be used:
• To help design a more resilient bridge in the future
• help refine the threshold values of the structure to generate more accurate 

Warnings and Alerts
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BridgeWatch Example

• USGS Gages
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BridgeWatch Example
• Wunderground Rain Data

– Extra data that has not yet been added to BridgeWatch System
– Numerous rain gages that provide real rain fall data 
– Issue with consistency of data due to power outages  

Source: https://www.wunderground.com/wundermap
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BridgeWatch Example
• Wunderground Rain Data

Source: https://www.wunderground.com/wundermap
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BridgeWatch Example
• Wunderground Rain Data

Source: https://www.wunderground.com/wundermap
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Research
• Partner with 

Academia to develop 
design solutions for a 
more resilient 
transportation 
infrastructure.

 
• Research program 

cultural change to 
focus on extreme 
events and resiliency.
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Resilience Improvement Plan – DRAFT POLICY

• New IIJA PROTECT Funding expands importance of resiliency policy 
to funding.

• Process to develop the policy – To be added to (PUB 13) DM-2, 
Chapter 10.

• Draft policy coordination with Resiliency Team
• Poll with Districts on draft policy
• Discuss poll results and update policy; additional coordination 

with resiliency team and OCC for a few legal coordination 
questions

• Review Current Draft Policy

• Planned Examples
• Bridge Example – Complete
• Culvert Example – Under development
• Slide Example – Under development

PennDOT Resiliency Policy



www.dot.state.pa.us

Resilience Improvement Plan– DRAFT POLICY
• New section of DM 2, Chapter 10 Section 

10.6.7 10.6.7 – Resilient Design Assessment …
1. If PennDOT has not previously assigned a resilient design level at project scoping, determine the 

vulnerability score for the project using Exhibit 10.21. The following resources may be helpful in 
determining which conditions are applicable for a project:

a. The completed existing and proposed hydraulic analysis

b. Scour calculations performed for the proposed project

c. BMS2 (bridge inspection) data

d. Field observations

e. Project scoping information

f. Environmental documents

g. Floodplain maps

2. Based on the vulnerability score, determine if the project meets the requirements for an exception. If 
you meet the requirements for an exception outlined in 2.a., a full, quantitative assessment is not 
required. However, it is recommended to consider resilient design options as part of the project, and it 
is required to document the vulnerability score and any resiliency measures that were included in the 
design as a separate memo to be included with the TS&L/Design Field View submission. If the project 
does not meet the requirements for an exception, then complete steps 3-8.

a. Projects must meet ALL of the following criteria for an exception:

i. Any proposed structures are culverts (closed-bottom structures); and

ii. Roadway has an ADT less than 400; and

iii. Vulnerability score is 2 or less.

b. If you do not meet the requirements for an exception, apply the applicable ratio from Exhibit 
10.22 to project design discharges computed using applicable methods in Section 10.6.C. 
Alternatively, a designer can choose to increase discharges using best available climate 
science for future conditions out to the year 2080 under representative concentration pathway 
(RCP) 8.5.
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• New section of DM 2, Chapter 10 Section 
10.6.7

3. Re-run the proposed hydraulic model for your project using the future condition discharges determined in Step 2 for the 
project design event, 0.01 AEP (100-year) event, and additional worst-case scour design events, if needed. The 
minimum level of detail needed to evaluate the resilient design flows in the hydraulic model should be incorporated.

4. Complete the Resilient Design Checklist that is applicable for your project (Exhibit 10.23 for bridges and culverts and 
Exhibit 10.24 for roadways). It is important to note in the checklist if a project site is eligible for PROTECT funds.

5. Use the results of the Resilient Design Checklist, engineering judgment, interdisciplinary coordination, and knowledge of 
existing and proposed site conditions to determine the project’s potential for resilient design. The checklists consist of 
interdisciplinary parameters, including hydraulics, traffic, safety, and others, that are compared between proposed and 
future conditions to determine if the site will be more vulnerable to issues such as scour, stability, and roadway 
overtopping.

6. Where possible, design adjustments should be considered to provide at least 1 foot of freeboard for the design storm 
under future conditions. However, adjustments to freeboard that would require roadway profile increases and result in 
upstream water surface elevation increases must be avoided. Where the freeboard requirement cannot be met, 
additional consideration should be given to other countermeasures.

7. Recommend reasonable design adaptations and countermeasures to improve the resiliency of the project design under 
future climate scenarios, such as:

a. Adjustments to scour protection, foundations, or structure hydraulic opening to reduce future scour potential.

b. Additional embankment protection or changes to structure anchoring to reduce impacts of increased frequency, 
depth, or velocity of overtopping flow.

c. Possible changes to bridge or beam type if structure low chord may be inundated under future conditions, but 
not under current proposed conditions.

d. Possible superstructure design adjustments if future condition may increase overtopping depth at bridge or result 
in bridge barrier overtopping.

8. Document the Design Assessment process and any resiliency measures recommended for consideration in the Resilient 
Design Assessment Report. Appendix J includes examples of Resilient Design Assessments for bridge and roadway 
projects. Resiliency measures that are recommended based on the Resilient Design Assessment should be coordinated 
with other disciplines in the design team, such as structures, roadway, and foundations, and incorporated into the 
design, as appropriate.

PennDOT Resiliency Policy
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• Vulnerability Score
Exhibit 10.21 Vulnerability Scores by Condition 

Condition 
Number to Add to Score 

Yes No 

The site provides access to essential services, such as hospitals, 
other emergency services, major utilities, etc., or is an evacuation 
route for residential or public facilities, such as nursing homes or 

prisons. 

4 0 

The detour length for alternate access exceeds 10 miles. 3 0 

The route is an only point of access for homes, schools, 
businesses, etc., with no available detour. 4 0 

Serves members of the community that only have access to non-
motorized transportation options. 2 0 

The site is located in a FEMA Zone AE floodplain (detailed study 
area). 1 0 

The site has an overtopping frequency of 0.01 AEP (100-year) or 
more. 2 0 

There are buildings in the 0.01 AEP (100-year) floodplain. 1 0 

There are existing scour or stream stability concerns, such as 
migration or deposition, or the site has potential for future 

concerns. 
3 0 

The bridge is under pressure flow for any return period. 2 0 
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• Discharge Multiplier

 Numbers and 
percentages based on 
PennDOT Climate 
Change Study

Exhibit 10.22 Resilient Design Discharge Multiplier 

Vulnerability Score (Based on Exhibit 10.21) Discharge Multiplier 

0-3 1.1 (10% increase) 

4-7 1.2 (20% increase) 

8+ 1.3 (30% increase) 
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• Resilient Design 
Checklist for Bridges 
and Culverts

Resilience Improvement Plan– DRAFT POLICY
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• Resilient Design 
Checklist for 
Roadways
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Bipartisan Infrastructure Law (BIL)
Infrastructure Investment and Jobs Act (IIJA)

 On November 15, 2021, the President signed the 

Infrastructure Investment and Jobs Act (IIJA) (Public 

Law 117-58, also known as the “Bipartisan 

Infrastructure Law”) (BIL) into law. 

 The BIL added the Promoting Resilient Operations for 

Transformative, Efficient, and Cost-Saving 

Transportation (PROTECT) Formula Program in section 

176(c) of title 23, United States Code (23 U.S.C.). 

 PennDOT receives an average of 60 million per 

year for the next 5 years provided by FHWA for 

projects under this Guidance

 Significant money dedicated to wildlife crossings 

on a competitive grant basis
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PROTECT Funding
 Financial Guidance meetings to discuss distribution.

o 01-09-2023
o 02-07-2023
o 02-21-2023
o 03-02-2023
o 04-26-2023
o 05-02-2023 

 Options - Statewide Program vs formula distribution to planning partners.

o Current plan is – first three years statewide, remaining years to be formula.

o Committee members to review projects. 

 Request Districts to provide problem locations so we can consider projects for 
allocating the PROTECT funds.

o Information from the District Maintenance staff: 
i. Roads and bridges that are continually flooded
ii. Roads and bridges that are continually at risk of land/rockslides
iii. Roads and bridges that experience repetitive wash outs

o Information from the District Design staff: 
i. Roads and bridges (Emergency repair projects)

o Information from RPOs/MPOs: 
i. Known problem areas 
ii. Known areas that receive repetitive repairs

o Flooding issue in these areas are:
i. Stormwater infrastructure based
ii. Stream flooding/floodplain based 
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• Example Projects – District 5

PennDOT Resiliency Policy
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PROTECT Funding
• Example Projects – District 5
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• Example Projects – District 11

 Electronic Communications to 
monitor water levels and improve evacuation / 
road closure for safety until larger improvement 
project is funded. 

PennDOT Resiliency Policy
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What if we resist, do nothing?
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• Questions?

PennDOT Resiliency Policy
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