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Agendal/Topics

. Discuss/Define types and approaches to Coastal Infrastructure
Vulnerability Assessments

. Introduce the Climate Preparedness and Resilience Register
(CPRR) Framework

. Define types of Performance Thresholds used in CPRR
assessments of Coastal Infrastructure Vulnerability

. Define work flows and performance models used in CPRR analyses

. Demonstrate the CPRR framework and methods through case
study examples
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Coastal Vulnerability Assessment Frameworks
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Approaches to Coastal Vulnerability Assessments

Types of Coastal Vulnerability Assessments Questions addressed by vulnerability assessment

 Impact focused — Static time horizon —
example year 2085, impacts may be
developed under one or more scenarios

- “plan view” — map impacts

* Performance focused — Dynamic time
horizon, includes past and projected
future under one or more scenarios

« “elevation view” — plot time series
against time scale

» Able to assess vulnerability for a wide
range of coastal infrastructure types —
Flood Risk Reduction, Navigation,
Transportation, Environmental
Restoration

What does the inundation map for the current
1% coastal water level look like in 2085

NOAA Sea Level Rise Viewer
Lots of local products — California

How will a coastal levee perform against non
stationary risk levels caused by sea level
change.

How will current operations of surge barrier
gates change in a 50 to 100 year time period
under multiple sea level change scenarios

How does pumping capacity and O&M costs
change under rising sea levels

Can we identify tipping points/thresholds
across scenarios SERDP s ESTCP
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Climate Preparedness and Resilience Register (CPRR)

(O’Brien, 2017)

1 Datum
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Climate Preparedness and Resilience Register (CPRR)

(O’Brien, 2017)

General Climate Change
Framework

CPRR Framework
For Coastal Infrastructure

USACE Guidance

Tools/Data Sources

Baseline

Datum
Adjustment

ER 1100-2-8160:
Policies for Referencing Project
Elevation Grades to Nationwide
Vertical Datums

VDatum
https://vdatum.no

aa.gov/
NOAA tides and

currents
https://tidesandcu

rrents.noaa.gov/

Data

(Non stationarity)

Coastal

Water Levels

ECB 2018-3
Total Water Level
Guidance (in Preparation)

NOAA tides and
currents
https://tidesandcurrent
s.noaa.gov/

Coastal Hazards System
(CHS)
https://chswebtool.erdc
.dren.mil/

Sea Level Change Curve
Calculator
http://corpsmapu.usace
.army.mil/rccinfo/slc/slc
¢ _calc.htQ

Projections

Scenario
Projections

ER 1100-2-8162
Incorporating Sea Level
Change in Civil Works
Programs

Sea Level Change Curve

Calculator
http://corpsmapu.usace

.army.mil/rccinfo/slc/slc
c_calc.html

Performance
Impacts/Thresholds

Performance Thresholds/

Impacts

ER 1110-2-8159

Life Cycle Design and Performance
ETL 1100-2-1

Procedures to Evaluate Sea Level
Change Impacts, Responses and
Adaptation

NOAA Sea Level Rise Mapper
https://coast.noaa.gov/slr/

Sea Level Change Curve Calculator
http://corpsmapu.usace.army.mil/rcci
nfo/slc/slcc_calc.html
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Performance Thresholds used in the CPRR Framework

* Design - defined as the engineering design level. Performance may
continue past design level

- Adaptation — limit of performance for a particular engineered
structure or measure

« Cost/Operational — continued performance occurs at a significant
increase In cost or change in operations

» Societal/Livability — defined as the overall viability of basic
infrastructure under future sea level change

» Ad-Hoc — defined for specific target or function

SERDP+ ESTCP
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Performance Time Series Examples

Elevation, Function

Elevation-time, Critical Infrastructure Elevations Function-time, Pump efficiency, 1800 cfs pump station
18 - Future Flooding from 100 year AEP 3
San Francisco Waterfront Pier 221/2 -~
16 -
14 4 Muni Tunnel 12200
. Agricultral Building 3
8 124 BART Embarcadero 3 1000
Q ft-——mmmmmmm e = -=--11.0 H — — USACEHigh Rate
g 10 Embarcadero Roadwa —————— 95 % 8.00 = « = USACE Intermediate Rate
°© § e USACE Low Rate {Current Rate)
g 2 600
) i; 50yr epoch
4 ;'1)(% 5:;%2 USACE Low 499 918 HP
) —— 100 year ACE USACE Int. :"‘“‘j:‘
2 100 e AGE NoAR i e i L
@ Performance Thresholds /__i_z_;:.’.-————'“ 432 HP
0 T v T T v T v T T v T v T T T v 1 0.00 A e c"';“o'";":"m_;':"o':._; PR o =
1890 1915 1940 1965 1990 2015 2040 2065 2090 2115 2140 § 8888288882388 82e88882387773333z3328z8:+s
year -
Levees Wave Overtopping
Floodwalls Pump efficiency
Roadways Navigation gate closures
Navigation depth Wetland accretion CERDP . ESTER

Jetty crest height g Shoaling Rates SYMPUSIUM
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Performance Time Series Types

Reliability, Reliability based metrics

* Reliability-time performance
Water Levels overtopping Embarcadero Roadway Water Levels overtopping Embarcadero Roadwa m O d e I -S m a.y b e d eve I O p e.d fro.m
it o - Elevation-time and Function-time
* models

« Several reliability based metrics
may be developed from a base
reliability model

* Reliability index

Wt Lvals oarpsingEnbaradarRosiay * Prob ab|||ty of fa”ure(non_

performance)

* Annual exceedance probability (AEP)

-~ Additional metrics allow multiple
roject elements to be compared
ogether (by scenario)

B Reliability Index

ACE Low_

|11

AEP

year year SERDP + ESTCP
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CPRR Framework Methods/Workflow

-Vew M
Uning 32 Long Torm Seations.

T
- I =
l_f - MSL, MSL1929, NGVD 1929

v anon Cterence imeters|
EEE2EEZE:

T3 THER VROA TRIR TRAE TRER TR TRER 1AL VM TRTE TATE TRB 100 1ee
Teme (years)

Midpoint of Current Tidal Datum

1. Datum Adjustment

» Adjust original design
data to geodetic datum
(NAVD88)

+ Adjust tide gauge data
to geodetic datum
(NAVD88)

« Account for RSLC in
historical water levels

2. Coastal Water

Levels

* TWL model for
critical/design water level
» Hydrodynamic model

output
« Offshore wave buoy data
» Computation of wave run
up, overtopping
* Tide Gauge Analysis
« Statistical tests for non-
stationarity

* Detrending, de-tiding
time series

* Application of statistical
distribution models, i.e.
GEV, GPD, Logistic

Ol Mt St Lot (o beres 1K)
¥ x S ¥ S

* Global Sea Level Rise,
Relative Sea Level
Change

» Equation with “b” constant
* Observed/Historical
+ USACE
* NOAA

* Unique Storm Events

* Example Hurricane
Sandy with SLR
» Scenario based future
time series created by
adding RSLC to
Statistical Model created
in #2

10

Coastal Coastal
Water Lovels Infrastructure

AX

Common Vertical Datum

4. Performance
Thresholds

* Develop simple
performance models for
range of infrastructure
types

* Define limit state for
analysis (original design,
ad hoc values)

* Determine critical
performing TW, frequency
and duration

* Apply correct TWL(s) or
combination of TWL
component

SERDP+ ESTCP
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CPRR Framework Methods/Workflow
Elevation-Time Series Example

Datum
Adjustment

Coastal

Water Levels Select Critical

Infrastructure

Elevation

Scenario Elevation (NAVDSS) Plot Projected Critical

Projections Water Levels by
” Select Critical Scenarios Determine Performance
FEARTRIEE Function Water Level Locate Intersections Thresholds
Thresholds . o
with Critical

Infrastructure Elevation

Reliability
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CPRR Examples — Elevation (Design) threshold for several Key

Infrastructure features, San Francisco waterfront

18 - Future Flooding from 100 year AEP
| San Francisco Waterfront Pier 221/2 Infrastructure Perform.ance Coastal USACE USACE' US.ACE N(?AA
Element Metric Water Level Low Intermediate High High
16 (feet NAVD88) (feet NAVD88) (year) (year) (year) (year)
1 . Embarcadero SWL > 9.50 King Tide > 2120 2097 2051 2043
144 Muni Tunnel R:adw:y d
R Agricultral Building SWL > 9.50 10-year AEP >2120 2068 2036 2031
§ 124 BART Embarcadero 10
<>( 10 Embarcadero Roadway ~~ ___~ __—— 0.5 SWL > 9.50 100-year AEP 2068 2038 2021 2018
> .
g Agriculture SWL > 11.00 King Tide >2120 > 2120 2076 2065
A Building,
Muni Tunnel,
| Pier 22&1/2 d BART SWL > 11.00 10-year AEP > 2120 > 2120 2065 2056
4 =100 year ACE USACE Low Embarcadero
=100 year ACE USACE Int.
A ~—100 year ACE USACE High SWL > 11.00 100-year AEP > 2120 2109 2057 2047
2 — 100 year ACE NOAA High
] @ Performance Thresholds
0 L 1 L L 1 L 1 T 1 —
1890 1915 1940 1965 1990 2015 2040 2065 2090 2115 2140
SERDP + ESTCP
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AEP

CPRR Examples — Elevation threshold for several Key

Infrastructure features, San Francisco waterfront (AEP)

San Francisco Waterfront Infrarstructure Elements

100000 5 ) )
] AEP , NOAA High Scenario
1 — Agriculural Building
10000 ‘ —— BART Embarcadero
Muni Tunnel
1 ——= Embarcadero Roadway
1000
100 100
: N
10 3
= N
N 2
14 ~ = 1
0.1 T T T T I
1980 2000 2020 2040 2060 2080

year

WATER
WATER LEVEL

LEVEL FEET
NAVDS8
BART Station
e 12.24 Embarcadero
11.00 £ 0.60 feet NAVD88 .
5ft 11.24 \ A & Embarcadero Roadway
9.50 £ 0.25 feet NAVD88

' 4 €10.24
9.24

8.24

7.24

6.24
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CPRR Examples — Adaptation Threshold defined by topography

and flooding pathways, Ala Wai canal, Hawaii

Ali Wai Middle (ALA2) and Lower (ALA1) RB Floodwall Performance

14 : Performing Water Level - MHHW + IAV
5 feet MISL o
. 12 -='Ahi Wai Canal Floodwall Sta 4439
¥ Flooding ol et 052 Wl
8 transmitted ~10
N n
: by Ala Wal E Kalakaua Bridge Crossing //
7 Canal § 8 Adaptation/Engineering Threshold :
c
L 6 - - - - -
g Start of Floodwall +5.0 ft /
2 msL
w 2 /
. 2 /
« 7 feet MSL 0 Planning Period 2025-2125
-oy, . 1980 2000 2020 2040 2060 2080 2100 2120 2140
s Flooding Year
& transmitted Topography south of Ala Wai canal at 7 feet MSL defines a
43 by Ala Wai adaptation threshold. Design elevations for a proposed
* canal +open floodwall above 7 feet will not ameliorate flooding south of
" coast the canal, since the flood pathways have changed
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CPRR Examples — Cost/Operational Threshold

Navigation Gate Closures (NGC) for a Surge Barrier

e Surge Barrier protects a small harbor from coastal flooding due to hurricanes and nor'easters

e Historical NGC 1970-2014 ranged from O to 26 per water year

* The surge barrier is not staffed, crew are dispatched to operate barrier as needed. A operational threshold
of 52 NGC/water year (once per week) was defined as a significant cost threshold, since the surge barrier
would have to be staffed with a full time crew due to the increased closure frequency

b NGC by Water Year 1970-2115 Reliability of Harbor Open to Navigation
Historical Navigation Gate Operations, 1970 - 2014 S — T T T T
400 | T T T T T T T T i .‘§ 1 0 | . 1 0
+ NGC Actual 1970-2013
0r = 1 |E—Nec usace Low S Sa— 1 .8 L
. ; | 0 [ NS = 1 3osl 1os
8 ® - ° 2 . 1 . Z . .
i 8 r @ . o * " 8 300 / T 8 L
p Harbor Flooding Target Elevation - 5.9 % - ] // / | S
c =9, o ® ® : ° ® — i / n () | _
2 feet NAVD 88 "o % R o % 250 // // o3 0.6 0.6
z 6 F *e %o 2 ' g | / —
[} Q%!a* .;fzg {% 20 3 $° 2wp’ °5 e 200 / / - o
= Se 4 { o & \ L @0 @ oy Ay 4 & 5 / /
% ° < %k‘ﬁi ] s}&: auﬂcu ? o ¢ o gqu %\%ﬁ . 08 8 E / / 1 'g 04 | 404
E 4 | Operational Target Elevation - 4.7 2 8 150 // / T I
§ feet NAVD 88 > l ) ] G
1001 i T >02} 402
J = = Reliabilty E B h Harbor Open USACE Low
5 5 52 NGC/water year / / = | — R:I::b:lty E aiiﬂﬁh H:rbgr Oﬁen USACE Int. ~
~ g = Reliabilty E Branch Harbor Open USACE High |
0 _ ..~..’-,_ﬂ.~:;;__.;»,"=; ] & 0.0} —40.0
0 - - L = = L = = 3, T T T T —T T T T T Y T v T T T = L L L + L . L = L . L = L
1968 1973 1979 1984 1990 1995 2001 2006 2012 2017 1960 1980 2000 2020 2040 2060 2080 2100 2120 1980 2000 2020 2040 2060 2080 2100 2120
Water Year Water Year
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CPRR Examples — Cost/Operational Threshold

Navigation Gate Closures (NGC) for a Surge Barrier, Methods

January @ February March April
12 a. «_ a @
N G c per Water Yea r’ 1970-20 14 Observed Water Levels, (1 Day Maximum Elevation) 1970 - 2014 : s s c
o , o1 , o1 , o7 , o1
R R s R h
el | ® a4 ® g4 - =g ® g4
3 T T T T T T T T T S e 3' & S S
0 2 4 & 02 4« & 0 2 4 6 0 2 4 &
: | |
z | | | May June July August
S 6 Harbor Flooding Target Elevation - 5.9 2 2 3 24
@ = feet NAVD 88 < < < <
2 k i dh i i i
g W S o | S o S o S | {
o %4 gr-T-v—v—h—ﬁ e AR Dbt
o = . ‘ . ‘
® 5 Operational Target Elevation - 4.7 ¢ ¢ ° ¢ 0 N ° ¢
() § 2 | feetNAVD 88 o o o o
i - | ¢ l H | e ;‘ September October November December
o f : : - -
iz \ iz ﬂn iz [m iz [m
2 ; o ; coreeis g ;

1975 1380 1985 1330 1935 2000 2005
1968 1973 1979 1984 1990 1995 2001 2006 2012 2017 02 4 6 02 4 6 02 4 & 02 4 6

NGC Operation CDF (1970-2014) 1 NGC Forecast Model

CPRR Workflow Diagram
100% 100 p
1992
o 80% 80 k
s -
Datum 8 $
H
Adjustment 2 o o 5
@ k4 60 |
Coastal Identify Operational Create E %
Water Levels Targets, Constraints Navigation Gate 2 ]
Define for Navigation Gate oot Z 0% a0 |
Scenario o Function — Closure (NGC) : ; 2
e Elevation S Simulation i i
Projections Navigation Develop S Output Time 8 —— Operational Curve - Navigation Gate )
GateClosures 4 Model using Series of & o ——Mean Annual Closures Low SLC Scenario
Operational Curve PWL PDF and 0 2 | 5% Confidence Interval
Performance by Water Year Navigation -
Thresholde Function for NGC based on NGC CDF i East Branch Harbor Flood Threshold 5% Confidence Interval
Performance Historical NGC Closures by B Actual Navigation Gate Closures
Thresholds— (1970-2014) versus ‘linvut gSLC e o% R
iabili - i o r a4 6 8 10 12
EElisy 52 one day maximum geliSetcd B 1980 2000 2020 2040 2060 2080 2100 2120 2140
Closures/Year Stamford Harbor PDF into Harbor Elevation (feet NAVD88)
Water Levels Simulation Water Year
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CPRR Examples — Societal/Livability Threshold defined by

transportation network

Would non-structural measures

Feet NAVD88

Jew s 2oesn  zim (raising homes) be effective ?
1yrevent 4.9 7.5 10.2
N 1992 Base Year Eo;'.m Analysis A@:ptation/Planning Period
Cr. Elev # 1 D 'M'-
Primary Roads %\b
If Primary Road elevations = 6 1% H

to 8 feet, road and drainage
infrastructure could be
underwater or flooded for
significant periods of time

Adaptation Threshold (14 ft NAVD)

/ Proposed 12 ftNAVD)
/ levee

1% |
__)é/ 1% L

_L---—" Prim. Roads Elevation

- ]

Tidal Datum

-
B e
MHW
. sL
. W
B LW
I NAVDES 2000 2020 2040 2060 2080 2100 2120
B 100y
S0yt YEAR
I 20y
10yr SERDP+ ESTCP
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CPRR Summary Points

 CPRR Framework informs robust Coastal Vulnerability Assessments
* Tiered approaches possible, additional levels of detail may be added

* Approach is scalable, and be used on a wide range of coastal
infrastructure types

* Allows for separable a design element analysis which may be incorporated
Into a systems approach which isolates the most vulnerable elements

* Design parameter uncertainty may be incorporated into the vulnerability
assessments as more information becomes available using reliability-time
series

 The CPRR Framework is very effective in assessing adaptive and
resilience measures necessary to maintain performance of existing coastal
infrastructure and for planning/engineering proposed coastal infrastructure

SERDP+ ESTCP
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Case Studies, More Information
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vulnerability under global sea level rise

URI
https://hdl.handle.net/10217/185711

View/Open
OBrien_colostate_0053A_14530.pdf
(7.263Mb)

Metadata
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The assumption of hydrologic stationarity has formed the basis of coastal design to date.
At the beginning of the 21st century, the impact of climate variability and future climate
change on coastal water levels has become apparent through long term tide gauge
records, and anecdotal evidence of increased nuisance tidal flooding in coastal areas.
Recorded impacts of global sea rise on coastal water levels have been documented over
the past 100 to 150 years, and future water levels will continue to change at increasing,
unknown rates, resulting in the need to consider the impacts of these changes ...

Contributor

O'Brien, Patrick S.;

Date Submitted
2017

Collections
2017- CSU Theses and Dissertations
Theses and Dissertations - Civil and Environmental Engineering

https://mountainscholar.org/handle/10217/185711

Patrick.OBrien@ColoState.edu

19

SERDP+ ESTCP

SYMPOSIUM

#SerdpEstcp2018


mailto:Patrick.OBrien@ColoState.edu
https://mountainscholar.org/handle/10217/185711

