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PennDOT Resiliency Policy - Assets

e Highways and Bridges:

- 40,000 miles of PennDOT
nghways

- 121,000 miles of Interstate and
Local Roads

- 25,400 PennDOT owned Bridges____- ==

— Approximately 6,400 Locally
owned Bridges

e Bicycle & Pedestrian:
— Sidewalks
— Bicycle Routes
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PennDOT Bridge Assets

PA DOT Bridges Over Water
3 (27,670 bridges)
¥, Source: PADOT, 2020

New Jer

Sources: Esri, Airbus DS, USGS, NGA, NASA CGIAR, N Robinson, NCEAS, NLS, OS5, NMA,
Geodatastyrelsen, Rijkswaterstaat, GSA.%Q;&@EMA. Intermap and the GIS user community, Sources:
Esri, HERE, Garmin, FAQ, NOAA, USGS, © OpenStreetMap contributors, and the GIS User Community
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PennDOT Bridge Assets

PA DOT Scour Critical Bridges
(3,480 bridges)
Source: PA DOT, 2020
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Maryland

Sources: Esni, Airbus DS, USGS, NGA, NASA, CGIAR, N Robinson, NCEAS, NLS, 05, NMA,
Geodatastyrelsen, Rijkswaterstaat, GSA wﬁqeléﬂﬁk Intermap and the GIS user community, Sources:
Esri, HERE, Garmin, FAO, NOAA, USGS, © OpenStreetMap contributors, and the GIS User Community
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PennDOT Bridge Assets

PA Department of Transportation Bridges
Source: PADOT, 2020

EXPLANATION
Scour critical bridges (3,480 bridges)

= All bridges over water (27,670 bridges) Baltimore
Sources: Esri, Airbus l5§. USGS, NGA, NASA, CGIAR, N Robinson, NCEAS, NLS, OS, NMA,
Geodafaghaelsen, Rijkswaterstaat, GSA, Geoland, FEMA, Intermap and meﬁlsrﬁ‘:?éwtom:numty. Sources:
and iy B Garmin, FAD, NOAA USGS, © OpenStreetMap contributors, and the GIS Uszer Community
.
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PennDOT Resiliency Policy

e The ability to resist, limit impacts, and rapidly return to service
after an extreme event.
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PennDOT Resiliency Policy

e Hazards

Flooding — Primary
Others

Land Slides and
Sink holes

Fire

Vehicle impacts
Barge impact
Terrorist Attacks
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PennDOT Resiliency Policy

e Transportation systems that can effectively resist and readily
adadpt to conditions above and beyond standard design
conditions.

Change is inevitable in'llfe. You can either resist it
and potentikly get run oyer by it, or you can choose

to cooperate with:_;'-?-'-""' ‘ ipbio it, and learn how to
benefit from it. Whe , e change you will
begin to see i
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PennDOT Resiliency Policy

e 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

e 278 Daily and 139 Hourly rainfall gages from April 1863 - December 31,
2000 (137 years)

e Previous IDF Charts were based on data from 1948 - 1983 (35 years)

OO

YL X
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PennDOT Resiliency Policy

Background Pennsylvania IDF Charts @ Nomaames tévoumes
*  NOAA NWS Atlas 14, Vol 2, Version 3 B s -
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 ey
Vutume-:’# *.
:"'-‘ -_’."\. o
| Volume 5. J < - 2
i X Y  Volume 37-_ -

(\/ Hyurometeorolomcal Deslnn sn?

NOAA Atlas 14 —

5V Precipitation-Frequency Atlas
S5 of the United States

Volume 2 Version 3.0: Delaware, District of Columbia,
lllinois, Indiana, Kentucky, Maryland, New
Jersey, North Carolina, Ohio, Pennsylvania,
South Carolina, Tennessee, Virginia, West
Virginia

Geoffrey M. Bonnin, Deborah Martin, Bingzhang Lin, Tye
Parzybok, Michael Yekta, David Riley
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PennDOT Resiliency Policy

Future Pennsylvania IDF Charts

e Update of IDF Curves planned to capture data
from 2000_2020 PF tabular PF graphical upp

tary information

& erintpage
-  NOAA Atlas 14, Volume 13 plans to update — — . —
. . - PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)
precipitation regions D Frge eomce e
1 2 5 10 25 50 100 1000
- Transportation Pooled fu nd s | 0326 0.388 0.473 0.539 0.625 0.691 1.758 1.00
{0.282-0.306) || (0.347-0.437) | (0.423-0.531) | (0.480-0.6803) | (0.553-0.688) | (0.808-0.771) | (0.804-0.845) (0.854-1.11)
. . i 0.507 0.608 0.736 0.832 0.956 106 114 1.24 1.36 146
httpsA//wwwApooledfund.org/Deta|Is/Studv/702 10-min || 10 453.0.580) | (0.542-0.883) | (0.857-0.828) | (0.741.0.831) || (0.845-107) (0.823-1.17) (1.00-1.27) (1.08-1.38) (117-151) (1.24-182)
- 0621 0743 0.903, 1.02 118 130 142 154 1.70 132
{0.565-0.008) || (0.663-0.835) | (0.807-1.01) (0.811-1.15) (1.05-1.32) (1.14-1.45) (1.24-158) (1.34-1.71) (1.48-1.30) (1.65-2.02)
- 0822 0.994 1.24 1.42 1.67 1.85 2.06 2.25 2.52 273
750523 | (osser1z) | (1114139 (126159 (1.48-1.88) (183-207) (176-2.28) (1.65-2.50) (2.17-2.80) (2.33-3.03)
P 1.00 1.22 1.55 1.61 245 244 274 3.05 349 383
(0.587-1.13) (1.08-1.37) (1.38:1.74) 1.61-2.02) (1.822.41) (215-2.72) (2.40-3.08) (2.65-3.38) (3.00-2.57) (3.27-426)
e 144 1.39 1.76 2.06 249 285 22 3.63 423 472
e 1.23 1.49 1.88 219 265 3.03 3.44 3.89 4.54 5.09
TRANSPORTATION (1.10-1.38) (1.33-1.67) (1.87-2.11) (1.95-2.48) 2.34-2.85) (2.86-3.28) (2.00-3.82) (3.36-4.30) (3.87-5.02) 4.30-5.62)
I p POOLED FUND Solicitations v Studies v Tools v Hepv  Q o 152 183 2.28 2.66 3.20 3.65 213 4.65 5.42 6.06
(1.37-1.70) (1852 05) (2.08-2 85) (2.33-2.08) (2.55-3 58) (2.23-4.04) (2.82-4 88) (4.04-5.12) (488-597) (5.15-887)
. 139 2.27 2.32 3.28 3.95 452 544 582 5.3 7.68
Transportation Pooled Fund - Study Detail T2 (1.71-2.10) (205-2.52) (2.54-2.13) (2.05-2.63) (2.52-4.28) (4.00-4.07) (4.51-5.84) (5.08-6.36) (5.85-7.45) (6.50-8.37)
Home » Studies > UPDATE PRECIPITATION FREQUENCY ESTIMATES FOR DELAWARE, MARYLAND, NORTH CAROLINA, PENNSYLVANIA, SOUTH CAROLINA, AND VIRGINIA (NOAA ATLAS 14 VOLUME 13) o 225 270 396 X 269 536 5.08 5.09 507 5.06
(2.082.83) @51-283) (211-2.83) @6i4.21) (3.32-5.05) (#81-5.78) (5.54-5.54) (8.:21-7.38) (7.18-8.89) (7.97-2.70)
— 2ay 2561 343 3.88 451 542 620 7.05 7.97 9.33 105
@ (242-2.54) (2.80- (356-4.2 R 7-5.58) 7 7184 27 @©.18-11.3)
UPDATE PRECIPITATION FREQUENCY ESTIMATES FOR DELAWARE, Print 2.42-2 34) (2.80-2.40) (2.58-421) (4.18-4.85) (4.87-5.38) (5.65-6.68) (8.35-7 80) (7.18-5.58) (8.27-10.1) (8.18-11.3)
278 3.32 4.1 476 5.71 7.38 8.34 9.74 109
MARYLAND, NORTH CAROLINA, PENNSYLVANIA, SOUTH CAROLINA, oy | 2 sga0n (3.08-2.81) (2.80-4.45) (4.28-5.15) (5.246.17) (B.71-7.87) (7.51-8.00) (8.68-10.5) (8.50-11.8)
AND VIRGINIA (NOAA ATLAS 14 VOLUME 13) o 294 352 434 5.02 6.01 7.74 8.72 102 1.4
¥ 272319) (327-3.82) (4.01-4.70) (4.63-5.43) (5.52-5 48) (7.04-5.35) (7.88-8.41) (8.05-11.0) (10.0-12.3)
General Information Financial Summary o 345 v 503 575 5T 761 7y Iy 108 o
Study Number: o N Contract Amounts (3:24372) (2.87-4.43) (4.76-5.38) (537-5.18) (5.287.28) (7.04-8.18) (Eiein (2.63-10.1) (0.78-11.8) (10.7-12.8)
N 401 475 571 6.48 7.55 3.43 934 103 1.7 127
Lead Organization: Federal Highway Administration Total Commitments Received: $1,699,450.00 2V | (3.76-4.28) (4.47-5.00) (5.36-6.10) (6.06-6.02) (7.05-8.07) (7.83-9.00) (2.62-0.08) (8.45-11.0) (10.6-12.6) (11.5-12.7)
Solicitation Number: 1534 100% SP&R Approval: Approved 20-day 5.85 6.54 7.63 8.48 9.64 10.5 11.4 12.3 13.5 14.5
(5.22-5.90) (5.18-5.85) (7.168.11) 7.99-8.02) (9.05-10.2) ©.87-11.2) (10.7-12.1) (11.5-13.1) (125-14.9) (13.315.4)
Partners: South Carolina Office of Resilience, DE, DEQ, MDOT SHA, - e YIS T 939 03 ne 128 14 124 156 165
NC, PADOT, VA Contact Information Y (esi7aT) (7T 74-283) (8.88-0.01) ©.76-10.0) 10.9-12.2) (11.8-122) (12.5-14.2) (13.4-15.2) (14.5-16.5) (15.3-17.5)
, Lead Study Contact(s): Megan Frye J 886 104 1. 12.8 14.1 15.1 16.0 169 18.0 188
status: Cleared by FHWA it BECE D) (2.85-10.8) (11.2:12.4) (12212.5) (13.414.8) (143-15.8) (15.1-18.8) (15.817.8) (16.8-12.0) (17.6:19.9)
Est. Completion Date: ean Frye@dot.goy odey 10.7 125 14.0 15.1 165 17.6 185 19.4 206 214
Contract/Other Number: Phone: 303- 396-9847 (10.2-112) (1.9-13.1) (13.3-147) (14.4-15.8) (15.3-17.3) (187-154) (17.8-10.4) (18.4-20.4) (10.4-216) (202-22 5)
Last Updated: Feb23,2022 FHWA Technical Liaison(s): Cynthia Nurmi T Pracipitation frequency (PF) estimates in this tabls are based on frequancy analysis of partial durstion series (PDS)
Numbers in parenthesis are PF estimates at lower and upper bounds of the 80% co: nce interval. The probability that precipitation frequency estimates (for a given duration and sverage
Contract End Date: Cynthia.Nurmi@dot.gov recurrence interual} will be greater than the upper baund (or less than the lower bound Estimates st upper bounds are not checked against prabable maximum precipitation (FMP)
estimates and may be higher than currently valid PMP values.
Phone: 404-895-0996 Please refer to NOAA Atlas 14 document for mere infrmation.
Estimates from the table in G5V format: | Precipitation frequency estimates « M‘
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https://www.pooledfund.org/Details/Study/702

PennDOT Resiliency Policy

e IDF Curves based on HISTORICAL precipitation data and used for design
purposes

e C(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

pennsylvania
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PennDOT Resiliency Policy

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

pennsylvania
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PennDOT Resiliency Policy

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.

MARCH 2017

Phase 1 Study Tasks

Identify and Compile
1 Engage Stakeholders Historic Impacts of
Extreme Weather

e TV R ldentify Highest Risk

PHASE 1

PENNDOT

EXTREME WEATHER
VULNERABILITY STUDY

EXECUTIVE SUMMARY

3 Change May Affect Future a4

Eloading Locations Locations for Flooding
Assemble an Initial

5 Toolbox of Strategies

to Improve Resiliency

pennsylvania
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PennDOT Resiliency Policy

Extreme Weather and Vulnerability Study
e Assessed historic vulnerability as well as future vulnerabilities

e Future vulnerabilities were determined with a risk formula
- 3 Counties were selected to pilot this process
— Map Data from 2017-2022

Impacts of Climate Change
Share forecast scenarlo vulnerability analyses for
further asse<csment and re

Integration of Reslliency Concepts
Support integration of study results to address
other Department requirerments and initiatives

Support districts and metropaolitan planning

- anizations in conducting resiliency planning
w data sources and agency activities

» flood zones

strategy working groups to evaluate
r more detail.

rabilities and strategies for specific

lacations

pennsylvania
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https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Ftmp-map.s3.amazonaws.com%2Fdot%2Frcrs-2023%2Frcrs2023-flooding.html&data=05%7C01%7Cnvivian%40pa.gov%7Cd7fb5382ae5a4579a4b508db8c4403a9%7C418e284101284dd59b6c47fc5a9a1bde%7C0%7C0%7C638257995984279525%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=EtPTPNYVsWoY9iPQobrvtxQZaLLaSguhsJH9kKGwukQ%3D&reserved=0

PennDOT Resiliency Policy
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PennDOT Resiliency Policy

Critical =
Year
Peak

50

50

50

50

BridgeWatch System

269

269

269

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

KCCX One Hour Mon Jul 18 19:29:25 UTC 2016

Inches ND T 01 025 D5 075

2-HR 3-HR 6-HR 12-HR 24-HR 48-HR T2-HR 96-HR
3.09 345 4.33 5.46 6.53 7.19 771 3.08
3.09 345 433 546 6.53 7.19 7T 3.08
3.09 345 433 546 6.53 719 Ei | 3.08
3.09 345 433 5.46 6.53 7.19 77 3.08

__PENNSYLVANI

WMARYIAND
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PennDOT Resiliency Policy

BridgeWatch System

e Notification Hierarch

— Icon Color changes based on
status

= Information

“‘_"' Maintenance

E Inspection

Monitor

E Closure

DEPARTMENT OF TRANSPORTATION



PennDOT Resiliency Policy

BridgeWatch System

e 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:
e To help design a more resilient bridge in the future

e help refine the threshold values of the structure to generate more accurate
Warnings and Alerts

Post Flood Inspection If the water is not zbove the beams, whatis the measurediappreximated distance from the High
‘Water Mark to the bottom of the Eridge Beams/Slab at the time of inspection?
Freeboard (ft) 5

If the waler is above the beams, what is the r roximated distance from the High
Water Mark o the Established Landmark at the fime of inspection?

Landmark Refrencee (f)

Remarks.

"Debris Follow up Meeded
@ None
Present - >20% of Hydraulic Opening
Remarks:
" Additional Scour Follow up Needed
Hone

® Present

Remarks.

Previous inspection was not able to prabe fo footing. Now, top of pier footing probed through 8"
gravel at SPO1 and SPOZ

Closure Notes:

“Maintenance Required? @ MNo  ()Yes
. Remarks:
New Briage Damage?  @MNo  (Yes -
Maintenance Priority oA 00 1 02 03 04 05
If Yes. Type of Damage:
Threshold Agjustment?
“Pressure Flow? ehe  (OYes Additional Motes:
“Overtopped? #)Ne Yes

pennsylvania
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PennDOT Resiliency Policy

BridgeWatch Example

e USGS Gages

Q, search

& UsGSGages v

Last Time Measured

03106300 Muddy Creek near Portersville, PA 172 252 04/23/2019 9:15:00 AM EDT
03049807 Pine Creek at Grant Avenue at Etna, PA 411 08/24/2019 3:45:00 AM EDT
03049000 Buffalo Creek near Freeport, PA
03043000 Blacklick Creek at Black Lick, PA

05/15/2020 7:30:00 PM EDT

03038000 Crooked Creek at Idaho, PA

P9 R A A=

PENNSYLVANIA

‘pAcwe Tickets e ©
B structures ® o @
©

© o @

o @

pennsylvania
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PennDOT Resiliency Policy

BridgeWatch Example

e 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

pennsylvania
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PennDOT Resiliency Polic

BridgeWatch Example

e Wunderground Rain Data

! Featured Data.

Bungalow Park
B coonavius

Source

. @ A Sensor Network
|j @y Dorneyville e
| sville E = @ Weather Stations
\ @ Temperature / Wind
it 5= Al
&3] T #* @ Tempecature
~
o wmu 4 &£ Setings
\”_ﬂw“ + f w @ DewPoint/ Humidity
o gh vl o
et )
@ Preciitation
v Alton Park &
Sy 3§ B Ar Quaiiy
3 §
o
(f) E B webcams
L4
o ‘Atmospheric Gonditions
H Minesite
g Map time: Man 2020 234031 GMT-0500 (Fastem Standard Time) B Radar
2
o b o e— 1+ Emmaus B saklit=
L R Junction
st Texas

Weather History for KPAALLEN93

Daily Mode v August v 4 v 2020 v m Next

Summary N
August 4, 2020

High Low Average High Low Average
Temperature  76.3 °F 66.7 °F TM2°F Wind Speed 145 mph 0.0 mph 1.0 mph
Dew Point T3 °F 66.4 °F 69.7 °F Wind Gust 26.2 mph - 2.1 mph
idi % o 9
Humidity 99 % 7% 95 % Mnd ) . . ENE
Direction
Precipitation 7.63in -
Pressure 29.64in 29.06 in
Il Wind Direction
[7.62in
-
-1
B Precip. Accum. Total (in) Precip. Rate (in)

Source: https://www.wunderground.com/wundermap

pennsylvania
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PennDOT Resiliency Policy

6:19 AM A 708 °F 9% SE 0.0mph 0.0 mph 29.54in 0.07 in 0.62in 0

BridgeWatch Example
e Wunderground Rain Data  ©> | 0 D00 D

29
. 6:34AM 714°F 714 °F 99 % ESE 05mph  14mph 2952 0.44in 0.65in 0
Weather History for KPAALLEN93 ° " i win?
6:39AM 714°F 714 °F 99 % SE 00mph  0.2mph 2953 0.42in 065in 0 3;?“;
Daily Mode v August v 4 v 2020 v m Next
Previous 6:44AM 714°F 714 °F 99 % SSE 00mph  0.0mph 2953 0.05in 065in 0
Summary A 12:44 PM 67.5°F 67.2°F 99 % NNW  67mph  139mph  2908in  206in 7.38in 2 2302
August 4, 2020 g - ’ ! ’ wim?
High Low Average High Low Average 12:49 PM 67.4°F 67.0 °F 99 % NW 48mph  11.2mph  29.07in 1.70in 7.48in 1 :““‘:1
Temperature  76.3 °F 66.7 °F 7M.2°F Wind Speed  14.5 mph 0.0 mph 1.0 mph
12:54 PM 67.2°F 66.8°F 99 % NNW  46mph  86mph  29.07in 143in 751 in 1 rand
Dew Point 71.3°F 66.4 °F 69.7 °F Wind Gust 26.2mph = 2.1 mph wim
Humidity 99 % 7% 95% Wind . ENE 12:59 PM 66.9 °F 66.6 °F 99 % NW 53mph  11.0mph  29.10in 0.71in 7.56in 1 1‘”'3
Direction Ll
Precipitation 7.63in - - 1362
Pressure 29.64in 29.06 in - 1:04 PM 66.8°F 66.5°F 99 % West  62mph 106 mph  29.09in  047in 7.88in 1 i
1:09 PM 66.8°F 66.5°F 99 % NNE  49mph  100mph  2940in  035in 7.60in 1 :‘ﬂ‘iz
Hm Wind Direction 1:14 PM 66.9°F 66.6 °F 99 % West  54mph  133mph  28.41in 0.24in 7.62in 0 3:":2
[\7.62in
6 117 PM 66.9°F 66.6°F 99 % 60mph  M7mph  2941in 031in 7.63in 1 C,A‘:S
&
4 29
8:04 PM 764 °F 70.0 °F 82% SSE 0Amph  22mph  2945in  0.00in 762in 0 -
2
A 8:09 PM 76.0 °F 704 °F 82% SSE 00mph  06mph  2945in  0.00in 762in ) .
JA wim?
0 -
W Precip. Acoum. Total (in) Precip. Rate (in) 8:14 PM 75.9°F 70.0 °F 82% South  00mph  06mph 2945 0.00in 762in 0 :fn

Source: https://www.wunderground.com/wundermap

pennsylvania

DEPARTMENT OF TRANSPORTATION



PennDOT Resiliency Policy

Research

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

- Rapidly increase water head difference

- Maximum head difference ~ 18 in.

- Piping and slope failure before overtopping

- Global failure was observed with overtopping

e Research program
cultural change to
focus on extreme
events and resiliency.
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PennDOT Resiliency Policy

Resilience Improvement Plan — DRAFT POLICY

New IIJA PROTECT Funding expands importance of resiliency policy sess —oae
to funding. by e

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

pennsylvania
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PennDOT Resiliency Policy

. /]
Resilience Improvement Plan— DRAFT POLICY

* New section of DM 2, Chapter 10 Section

10.6.7 - Resilient Design Assessment ...
10.6.7

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:

The completed existing and proposed hydraulic analysis

o o

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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Resilience Improvement Plan— DRAFT POLICY

1 1 3. Re-run the proposed hydraulic model for your project using the future condition discharges determined in Step 2 for the
NeW SeCt|On Of DM 2’ Chapter 1 O SeCtlon project design event, 0.01 AEP (100-year) event, and additional worst-case scour design events, if needed. The
1 O 6 7 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.
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 Vulnerability Score

Existing 100-year Discharge Event Velocity SMS Scalar & Vector Datasets Proposed 100-year Discharge Event Velocity SMS Scalar & Vector Datasets

Exhibit 10.21 Vulnerability Scores by Condition

Number to Add to Score

Condition

Yes No

The site provides access to essential services, such as hospitals,

other emergency services, major utilities, etc., or is an evacuation
. ) R . . 4 0

route for residential or public facilities, such as nursing homes or

prisons.
The detour length for alternate access exceeds 10 miles. 3 (0]
The route is an only point of access for homes, schools,
R . . 4 0
businesses, etc., with no available detour.
Serves members of the community that only have access to non- 2 o
motorized transportation options.
The site is located in a FEMA Zone AE floodplain (detailed study 1 0
area).
The site has an overtopping frequency of 0.01 AEP (100-year) or 2 0
more.
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 3 0
concerns.

The bridge is under pressure flow for any return period. 2 0
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Exhibit 10.22 Resilient Design Discharge Multiplier

» Discharge Multiplier

Vulnerability Score (Based on Exhibit 10.21) Discharge Multiplier
0-3 1.1 (10% increase)
- NumberS and 4-7 1.2 (20% increase)
8+ 1.3 (30% increase)
percentages based on
PennDOT Climate
Change Study
pennsylvania
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Exhibit 10.23: Resilient Design Checklist for Bridges

Indicates
Future

Pi d Conditi - A Potential fi
Parameter roposed tondition Condition (Flows with otentia’ior

 Resilient Design Coaom” | S iy | bt

Hydrology Method

Embankment

Checklist for Bridges e

Frequency
Design Event
Frequency

and Culverts iy

Project is Eligible
for PROTECT Funds
Discharge (cfs)

% Q Bridge
Pressure Flow
Bridge Velocity
(fps)
Overtopping
Velocity (fps)
Overtopping Depth
(Roadway) [ft]}
Overtopping Depth
(Structure) (ft)
Adjacent
Roadway(s)
Impacted
Discharge (cfs)

% Q Bridge
Pressure Flow
Bridge Velocity
(fps)

Scour Depth (ft)
Riprap Size
Overtopping
Velocity (fps)
Overtopping Depth
(Roadway) (ft)
Overtopping Depth
(Structure) (ft}
Adjacent
Roadway(s)
Affected

Site Data

Design Event

0.01 AEP Event
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Exhibit 10.24: Resilient Design Checklist for Roadways

AL Indicates
Proposed Condition Potential for

* Resilient Design Sl
Checklist for g
Roadways :

Overtopping
Frequency
Design Event
Frequency
Provides Access to
Critical Services

Site Data

Project is Eligible
for PROTECT Funds
Discharge (cfs)
Channel Velocity
(fps)

Scour Depth (ft)
Event Frequency
Discharge (cfs)
Channel Velocity
(fps)
Overtopping
Velocity (fps)
Overtopping Depth
(Roadway) (ft)
Discharge [cfs)
Channel Velocity
(fps)
Overtopping
Velocity (fps)
Overtopping Depth

(Roadway) (ft)

Bank full Flow

Design
Event

0.01 AEP Event
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Bipartisan Infrastructure Law (BIL)
Infrastructure Investment and Jobs Act (IIJA)

= i i o o
On November 15, 2021, the President signed the Sustalnab|I|ty }
Infrastructure Investment and Jobs Act (IIJA) (Public <
- - silience FHWA — Environment — Sustainability
Law 117-58, also known as the “Bipartisan —— . ’
‘Adaptation Framework Res] hence
Infrastructure Law"”) (BIL) into law. > Case Studies —
» Ongoing & Current Research q ecenttems
New Guidance " Updted: A0l
* Ppilots and Sustainabllity
" Highlights (11/1/22)
* Policy & Guidance + EROTECT Formula Program Guidance e * Updated: Webinars
. The BIL added the Promoting Resilient Operations for  publicatons norzerz)
- - = - ¥ Tools Exti ther, level ch: , and ch i i tal diti threaten th I% iderable federal
Tl‘ansformatlve, EffICIent, a I1d COSt-SaVIng b Webinars m)i/;ztr?nee:te; t:n:irtea\;ieo:i:f’:'g:trﬁgtu::Qae\ﬁls/;r;sex;l:g:g‘tv?ts Sctoar;e‘s ‘ao:j m;:raosg\itai a?'z:s :;ain:rezs:rtahe health and longevity of

the Nation's Highways through:

Transportation (PROTECT) Formula Program in section - Ve e i

« Assessing vulnerabilities
» Related Links 9

- - « Considering resilience in the transportation planning process

176(C) of title 23, United States Code (23 U-S-c-)- Susializ Bl iy il « Incorporating resilience in asset management plans
Energy and Emissions * Addressing resilience in project development and design
Newsletter « Optimizing operations and maintenance practices
Contacts _ Guid

- T B Guidance
[ ]
PennDOT receives an average Of 60 mllllon per ¢ HEC-17: Hydraulic Engineering Circular 17: Highways in the River Environment - Floodplains, Extreme

B Sien up for Sustainable
Transportation and Resiliency
updates.

Events, Risk, and Resilience

year for the next 5 years provided by FHWA for

P rojects under this Guidance For mo: v:fur:v:m;nl please contact:

- Significant money dedicated to wildlife crossings

2020)
«  FHWA Order 5520
«  Funding Eligibility Memo

on a competitive grant basis
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PROTECT Funding

L] Financial Guidance meetings to discuss distribution.

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

O O O 0O 0O O

. Options - Statewide Program vs formula distribution to planning partners.

PROTECT Formula Program Summary 12-01-2022
Pennsylvania 5-year Total 2022 2023 2024 2025 2026
Totals: %301 million 558 million = $5% million 560 millicn 61 million 63 million

Program Guidance:

PROTECT Formula Program Guidance

Program Purpose:

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

Eligible

Eligible

The Bipartisan Infrastructure Law (BIL) establishad the Promoting Resilient Operations for
Transformative, Efficient, ond Cost-Saving Transportation (PROTECT) Formula Program
Focuses on funding to maks surface transportation more resilient to natural hazards, including
climate change, sea level rise, flooding, extreme weather events, and other natural disastars
The PROTECT Program includes both formula funding distributed to States and competitive
grants, This summary describes the program's fermula funding

Activities:

Resifience Planning — Development of state Resilience Improvement Plans, other resilience
planning activities, capacity building, and evacuation planning and preparation

Resifience improvements — Projects to make existing surface transportation assets mare
resilient, such as improving drainage, upgrades to meet or exceed design standards, relocating
roadways, or elevating bridges

Community Resilience and Evacuation Routes — Improvements to make evacuation routes more
resilient or add capacity and radundant evacuation routes

At-Risk Coastal Infrastructure — Protecting, strengthening, or relocating coastal highway and
non-rail infrastructure

Facilities (Projects are treated as Federal-aid projects):

Highway projects eligible under Title 23

Transit projects eligible under Chapter 53 of Title 49

Port facilities

Matural infrastructure, storm surge and flood protection, and aguatic ecosystem restoration

Federal / Non-Federal Share:

Maximum 80% Federzal share; 20% non-Federal

Other Federal Funds can be used for the non-Federal share

Mon-Federzl share may be reduced by—

if the State develops a Resilience Improvemant Flan that prioritizes the project; and
a State Resilience Improvement Plan is incorporated into the metrapolitan
transpartation plan or the statewide long-range transportation plan
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PROTECT Funding

« Example Projects — District 5

The KR 1029 (Smoketown Road) bridge was a single-span steel spread beam bridge that crossed
Saucony Creek in Rockland Township, Berks County upstream of Bowers, PA. In May 2021, the
bridge was closed after a motorist reported that the far (north) bridge abutment had settled. The
Bridge Problem Area Inspection Report completed on May 6, 2021 noted that there was
approximately 8 feet of scour in front of the far abutment, and 4 feet of lateral undermining.
Streambank erosion had also cut behind the stone masonry abutment and was beginning to
undermine a portion of the approach roadway. This erosion extended along the far bank upstream
of the far upstream wingwall. A previous inspection report completed in July 2016 also noted
significant scour along the far abutment and wingwall with both the footing and previously
completed underpinning exposed. Inspections completed after the road closure determined that
repairs to the abutment and wingwall were not feasible, so the bridge and associated abutments
were removed, and riprap was added to both the near and far streambank.

Figure 1: Existing Conditions
S.R. 1029 Bridge Over Saucony
Creek Stream Stabilization

Bowers, Berks County, PA

erosion from poor

Streambank
«channel alignment and insufficient
upsiream extension of far bank riprap. |
P : Legend
——-— Zone A FEMA Floodplain
Erosion downstream af existing near 2 % Bl <=+~ Approximate Historic Mill Race

bank riprap due to turbulent flow from

| Delineated Wetland

e —

'A] GANNETT
FLEMING
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P R OT E CT F I [ Ire 2: Alternative 1 — Extend Riprap Protection and Install J-Hook Vanes \lternative 2 — Stabilization Using Rootwad Deflectors and J-hook Vane

- B
» Example Projects — District 5 N : e
e . i s | tall iprap slong the lendyh |1
Table 1: Concept Alternative Construction Cost Estimates Dy ; ‘"',“I\“”“‘”\'"i

K| Item Description Alternative 1 Alternative 2 Alternative 3 Alternative 4

Survey $4,000 $4,000 $4,000 $6,000

Temporary

Measures $17,000 $17,000 $17,000 $42,000

Construction

Activities $44,000 $46,000 $40,000 $303,000

Arch Pipe

Installation $20,000 $20,000 $20,000 $20,000

Plantings $6,000 $6,000 $6,000 $15,000

Subtotal $91,000 $93,000 $87,000 $386,000

10% Contingency $9,100 $9,300 $8,700 $38,600

Total Cost Estimate $100,100 $102,300 $95,700 $424,600
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PROTECT Funding

» Example Projects — District 11

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

Nick,
See below and attached. We have an area called the “bathtub” that you may or may not be aware of on the parkway east (I-376) in the City of Pgh, approaching the Ft Pitt bridge. When the Mon Warf floods to a

certain elevation it overtops the roadway barrier and floods this section of roadway. We have a future project, unfunded for construction, to most likely raise the barrier to keep the water out, but until that time we are
looking to improve the flood monitoring system, which is managed by our maintenance folks when the rivers rise in flooding/potential flooding events.
We were wondering if we would be able to leverage the PROTECT funds to purchase this system and yearly monitoring fee. In addition, we may also pursue for funding the bigger project, but this would ensure we

have a more reliable system in the interim.
Let me know if this is even a slight possibility and T can arrange a meeting vith Lori Musto our ADE Maintenance and some of the others involved in the current process of monitoring/closure of the interstate due to a

flooding event.
Thanks!
Doug
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What if we resist, do nothing?

Billion-Dollar Disasters s numsers (1ss0-2020,

-

ear NOAA started tracking Number of billion-dollar
i rs events from 2010-201¢
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e Questions?
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