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1. Riverine




St Pennsylvania Avenue - River Flooding

Source: Library of Congress
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Source: National Archives




Georgetown - River Flooding

2010

Source: Flickr user brownpau
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Hurricane Isabel - Storm Surge Flooding
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From: Washington Post



Tidal Basin Flooding at High Tide

2015
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Source: Courtney Elkins
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Federal Triangle - Interior Flooding

2006
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Source: General Services Administration
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Bloomingdale - Interior Flooding

2012
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Source: Bloomingdale Neighborhood Blog
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Crbrte National Mall - Interior Flooding
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Creating a Map from Proxy Data

within

EEgesdnsd 1. DC Water Utility
| e Calls for Service from Standing Water

2. District Department of Transportation

e  Known Areas of Flooding

" gl et
! L —

SG - s 3. WMATA (Metro System)
' e Recorded Flood Incidents

4. National Flood Insurance Program

WMATA, DOT. NFIF and DG Water
Documented Flood Locations Summed
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DC WATER

300 meters

0* 2

@ Represents 1 flood location identified by the four data sources.

* The number below the grids represent the sum of flood locations in each grid.
The colors of the grids in this diagram and their corresponding number do not translate to
. the colors in the map.
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Notes when Using the Map

1. Datasets are at different timescales

2. Datasets use different definitions of flooding

3. Just because no one called, doesn’t mean it doesn’t flood!
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Next Steps

Federal Triangle Workshops Summer 2018
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Sigma Thank you!

Read the Interior Flooding Report:

Contact:
Nick Bonard (National Capital Planning Commission)

Phetmano Phannavong (District Department of Energy and Environment)


https://silverjackets.nfrmp.us/Portals/0/doc/DC/Interior_Flooding_Report_20170825.pdf?ver=2017-09-01-175909-267
mailto:Nick@ncpc.gov
mailto:phetmano.phannavong@dc.gov
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National

Capital DC Clean Rivers Project

Rock Creek —s

Piney Branch
Stream

Rock Creek and
Potomac drainage areas

Rock Creek and Potomac drainage
areas with Green Infrastructure
and targeted sewer separation

Drainage areas with
sewer separation

Potomac River Tunnel
(30 million gallons via gravity)

Anacostia River Tunnel System
(157 million gallons)

@ CsO outfalls (associated with proposed plan)

Blue Plains Advanced
Wastewater Treatment Plant
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https://www.ncpc.gov/docs/Flood_Risk_Management_Planning_Resources_January_2018.pdf
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Section 2 - Flood Risk Management Resources

Storm Surge Inundatlon Maps

-
Hurricane Ity
Category 1-4
Category 2- 4

Category 3-4

P categonva

Purpose: Determine the reasonable worst-case (peak) storm surge from the various intensities of hurricanes that
could strike the region. The end product includes worst-case scenario storm surge mapping for each category
hurricane (i.e., categories 1, 2, 3, and 4) that are used in Hurricane Evacuation Studies.

Underlying Data and Modeling

Modeling: Water surface elevations for worst case storm surges are generated by
a 2014 5LOSH model mun for the Chesapeake Basin (CP5), which are developed by

JAA's National Hurricane Centar. The es are added to the mean higher high
water (MHHW) elevations. USACE owverlaid these surge plus MHHW elevations from
the 5LO5SH gnd on a DEM to create the extent and depth of flooding.

Accuracy: The undertying DEM is from 1 meter LIDAR data obtained in 2008 that
ampled to 10 feet. 5L grid cells range in size and are approximately 500
meters in the Washington, DC area.

MNCR Specific: The 17th Street Levee Closure and the Anacostia Levee System are
not shown as providing protection.
Discussion
Best Uses: The primary purpose of this data is to support hurricane emargency
management planning activities, including identification of evacuation zones. The
map is meant to show the areas that are at nsk for each hurricane category. For
example, if tha NWS pradicts that a Category 4 (CAT4) hurricane is approaching
2014 shington, DC, facility managers can refer to these maps to understand what
b might be flooded. In the event that the area ces a CAT4 hurricane,
it is likely that some areas identified in the maps as being inundated may actually
experience less flooding since the maps reprasent the worst- The maps are
useful in showing the areas that do not have storm surge flood (outside CAT4).
Map Published
’ Limitations: This tool is only available as GIS shapefiles and there are mo risk
Links percentage ch as 1% annual chance) associated with the layers in this map. The
map does not account for increased sea levels or for riverine flooding.

Comparisons: Compare to "Flood Insurance Rate Maps®™ on page 16 and "Hood
ack bow for "':'"'"5”’?" Inundation Mapping Tool™ on page 17. Instead of layers created by annual risk
(FIRMs) or by nlnvatmn (FIMs) this tu:u:l has layers corresponding to Hummn.u
strength. This too
docs/2009 USACE Hurricane SRIM df Ilnwlng dD-EI.II'I'h-.'nt futhﬂr dﬂscr
how these maps compara with FIRMs: httpe//nhma.info/uploads/resources/flood/
( IFloodMapsFactshest Finalpdf

Expla natmn Dr 5 LD:H

Brto -:rrprrt- pproach)

This Information sheet Is part of a serles documenting the flood risk resources specific to the Matlonal Capital Reglon.
This information sheet was last updated 12/26/207. G 33
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Purpose: Provide maps that show the : (1 year) _2% annual chance (500-year) floods. The
maps are used by the local jurisdictions to regulate development in floodplains and are used by the National Flood
Insurance Program to determine flood insurance reguirements.

Underlying Data and Modeling

Meodeling: The maps are created through a complex process that is detailed in
chapter "3. Mapping Current Flood Risk™ on page 28. The process combines
historical data analysis contained in the 2010 Flood Insurance Study with the USACE
HEC-RAS software to model the water flow.

Accuracy: Washington, DC's floodmaps are derived from LIDAR data obtained in
1999, used to create a Digital Elevation Model (DEM) with 1 meter contours.

NCR Speclficc Washington, DC's maps were recently updated to show the 17th
Streat Levee ure as protecting against the 1% annual chance [but not the
0.2% annual chance) riverine or coastal flood. Much of the Federal Triangle area
is still in the 1% annual chance floodplain because interior flooding risk remains.
Federal Triangle is the only location in Washington, DC where interior flooding is
mapped. The original 2010 Flood Insurance Rate Maps (FIRMs) and associated Flood
insurance Study did not analyze interior flooding.

Discussion

Best Uses: This tool is bost used for screening of assets at a master planning level.
It is unique because it shows inundation from an extreme water level perspective,
with layers for the annual chance {100-year) flood and the 0.2% annual chance
{500-year) flood.

Limitations: The underlying DEM data and resulting limited horizontal resolution
means that this tool should only be used for high-level scragning. Thi | does not
incorporate future flood rsks and projections of the 100 and 500-year floods are
based on existing conditions as of the effective date of the FIRM.

Comparlsons: Compare to "Surging 5eas Risk Finder" on page 21, which can
provide annualized risk from a di nt perspective. The user determines the
od Insurance Study height of fisoding from 1 to 10 feet, and the viewer will provide the probablity that

Inttps:/www nepc qov/docs/DC_Fl the salected flood will occur.
. E— a—

This Information sheet Is part of a serles documenting the flood rsk resources specific to the National Capital Reglon.
This Information sheet was last updated 1/2472018. 34
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Coastal

Purpose: Provide maps that show the : (1 year) _2% annual chance (500-year) floods. The
maps are used by the local jurisdictions to regulate development in floodplains and are used by the National Flood
Insurance Program to determine flood insurance reguirements.

Underlying Data and Modeling

PI'OjECtiOI'I Modeling: The maps are created through a complex process that is detailed in
chapter "3. Mapping Current Flood Risk™ on page 28. The process combines
historical data analysis contained in the 2010 Flood Insurance Study with the USACE
HEC-RAS software to model the water flow.

Accuracy: Washington, DC's floodmaps are derived from LIDAR data obtained in
1999, used to create a Digital Elevation Model (DEM) with 1 meter contours.

NCR Speclficc Washington, DC's maps were recently updated to show the 17th
Streat Levee ure as protecting against the 1% annual chance [but not the
0.2% annual chance) riverine or coastal flood. Much of the Federal Triangle area
is still in the 1% annual chance floodplain because interior flooding risk remains.
Key Facts Federal Triangle is the only location in Washington, DC where interior flooding is
mapped. The original 2010 Flood Insurance Rate Maps (FIRMs) and associated Flood
insurance Study did not analyze interior flooding.

2004 —

Topographic Data Best Uses: This tool is best used for screening of assets at a master planning level.

It is unique because it shows inundation from an extreme water level perspective,
with layers for the annual chance {100-year) flood and the 0.2% annual chance

- S R —— (500-year) flood.
Available nationwide, .
though this page refers ) Limitations: The underiying DEM data and resulting limited horizontal resolution

- - . ~ P means that this tool should only be used for high-level scragning. Thi | does not
. ] [o] 0 the =
Maf—‘s Published - nly to the DC maps incorporate future flood rsks and projections of the 100 and 500-year floods are
based on existing conditions as of the effective date of the FIRM.

Links 2 i res: shirgtons: 20 Comparlsons: Compare to "Surging 5eas Risk Finder" on page 21, which can
provide annualized risk from a di nt perspective. The user determines the
height of flooding from 1 to 10 feat, and the viewer will provide the probablity that

Online Map Viewer and DC Resources tosfuntpepe Andecs/oE food the selected flood will occur.
https://msc.fema.gov/portal/

search?AddressQuery=washington%20dc

This Information sheet Is part of a serles documenting the flood rsk resources specific to the National Capital Reglon. 3 5
This Information sheet was last updated 1/2472018.
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Purpose: Provide maps that show the : (1 year) _2% annual chance (500-year) floods. The
maps are used by the local jurisdictions to regulate development in floodplains and are used by the National Flood
Insurance Program to determine flood insurance reguirements.

Underlying Data and Modeling

Meodeling: The maps are created through a complex process that is detailed in
chapter "3. Mapping Current Flood Risk™ on page 28. The process combines
historical data analysis contained in the 2010 Flood Insurance Study with the USACE
HEC-RAS software to model the water flow.

n
Accuracy: Washington, DC's floodmaps are derived from LIDAR data obtained in U n d e r I yl n g D ata a n d

1999, used to create a Digital Elevation Model (DEM) with 1 meter contours.

n
NCR Speclficc Washington, DC's maps were recently updated to show the 17th M Od e I I n g

Streat Levee ure as protecting against the 1% annual chance [but not the
0.2% annual chance) riverine or coastal flood. Much of the Federal Triangle area
is still in the 1% annual chance floodplain because interior flooding risk remains.
Federal Triangle is the only location in Washington, DC where interior flooding is
mapped. The original 2010 Flood Insurance Rate Maps (FIRMs) and associated Flood
insurance Study did not analyze interior flooding.

Discussion

Best Uses: This tool is bost used for screening of assets at a master planning level.
It is unique because it shows inundation from an extreme water level perspective,
with layers for the annual chance {100-year) flood and the 0.2% annual chance
{500-year) flood.

Limitations: The underlying DEM data and resulting limited horizontal resolution
means that this tool should only be used for high-level scragning. Thi | does not D H H
incorporate future flood rsks and projections of the 100 and 500-year floods are ISC u SS I o n

based on existing conditions as of the effective date of the FIRM.

Comparlsons: Compare to "Surging 5eas Risk Finder" on page 21, which can
provide annualized risk from a di nt perspective. The user determines the
od Insurance Study height of fisoding from 1 to 10 feet, and the viewer will provide the probablity that

Inttps:/www nepc qov/docs/DC_Fl the salected flood will occur.
. E— a—

This Information sheet Is part of a serles documenting the flood rsk resources specific to the National Capital Reglon.
This Information sheet was last updated 1/2472018. 36
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Flood Risk Management Resources for Washington, DC

The 11 resources described in this guide are listed below. Attributes of each study, Flood Type and Tool Type, are shown on page
13. Markers under Flood Type indicate that resource is useful for the specified types of flooding; rivering, interior, or coastal.
Markers under Tool Type indicate what kind of resource to expect: "Projection” indicates that the resource has predictions
about future climate conditions like saa level rise or precipitation, "Map” indicates that the resource includes a map or a model
that can be used to visualize flood impacts, and "Report” indicates that the resource includes a written report with usaful
information on flood risk management.

Flood Type Tool 1

Riverine Interior Coastal Projection Report
16 Flood Insurance Rate Maps (FEMA) 2010 @ ® .
17 Floed Inundation Mapping Tool (USACE) 2016 [ ] [ ]
18 North Atlantic Coast Comprehensive Study (USACE) 2015 @ @ [ ] 9o
19 Storm Surge Inundation Maps (USACE) 2016 ® @
20 Sea Level Rise Viewer (NOAA) 2017 ® ®
2 Surging Seas Risk Finder (Climate Central) 2017 o L ®
- Sea Level Change Curve Calculator (USACE) 2017 .
B Precipitation Modeling (DOEE) 2015 [ ] ®
24 Federal Triangle Flood Study 2008 2008 [ ] @
% Federal Triangle Flood Study 2011 2011 ® o
6 CMIP Climate Data Processing Tool (DOT) 2010 @ ®
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Section 5 - Interior Flooding

39



' National

Planning
Commission

Section 6 - Coastal Flooding

Relative Sea Level (RSL) Projections for Washington, DC

Relative sea level (RSL) projections specific to Washington, DC are summarized below. All RSL projections start with a global
madel that projects global mean sea leval (GMSL). These GMSL projections are then modified by one or more local factors to
create RSL projections. GMSL projections that underly RSL projections are noted under "Global Factors” The chart simplifies a
wary complax procass of how projections are created, which typically invelves consideration of a combination of historical data,
gutput from dimate models, and expert judgement. The chart should not be used to determine which projection is best, but
as an "apples-to-apples” comparison of all local projections and their underlying global models available as of December 2017.

RSL Projections

2050 2100
Low Low
High High

MASKs BSL projections are based on MASA's own GMSL projections that
NASA Incorporate 7 global cimate models and 3 emissions scenarios. Only the +0.2m #5= +0.3m ===
high GMSL projections incorporats raphd lce-melt. Local s=a level changes

{201 21 due to ocaan dynamics were dertved from the global models. vertical land +0.7m @5 +1.4m #=x=l
maotion data was denived from the Peltier database,
LUSACE's B5L projections for the low scenario are based on the historic ate of
USACE GMSL risa. Intermediate and high GMSL projections are from the 1587 NEC +0.2m +0.3m
report that USACE modified using the mast recent IPCC and MRC projections.
{201 3J GM3EL projections are localized with vertical land motion based on data from +0.6m +1.7m
HOAAs Seg | evel Trends webste. (This text represents the default settings)
MOAAS RSL projections ane found on the USACE SIC curve caloulatorn by
NOAA  nodifving the default settings twhich show LSACE 2013 RSL). Select "NOAA" +0.2m +0.3m
as output agency and "Regionally Comacted” as S1LC Rate. GMSL projections
{201 3:' are basad on the NOAS 2012 repor and then localized with wertical land +0.7m +2.1m
motien based on data from 2 2013 HOAA technical report,
Th !
Maryland s pmgecunm fn:-m lheiﬂlmmasaslxllng pomr_ The GMSL +0.2m +0.7m
projections are then adjusted for local factors by the Sdentific and Technical
(2013) Working Group using peer reviewed soence that uses data approporiate to +0.7m +1.7m
Maryland's location.
Climate Climate Captral (CC) allows users o view RSL projections based on shx
ghobal models (NRC 2012, NOAA 2012 (National Climate Assessment), IPCC +0.2m +0.4m
cEntral 2013 Kopp et al 2014, Kopp et al 2017, and NOAA 201 7). CC then localizes
the projections that aremt already localired. Projections at right are CC's +0.6m +2.0m
{201 71 localization of GMSL projections in the NOAA 2012 report,

RSL projections for DOD Installations by the Coastal Assessment Reglonal
CARSWG ScenarioWorking Group (CARSWG) used GMSL projectionsin the NCAA 2012
report and then localized them with peer reviewed scence and local data.
Only the process for ceating RSL projections i publically available 1n the
CARSWG Report. DC projections shown hens were provided as an exception.

+0.2m === +0.2m

(20186) +0.5m "= +2.4m

The process for creating NOAA's RSL projections as well as the actual GMSL
projections they derive from are described in the MOAS 3017 teport The +0.2m +0.3m
regionalization process Is similar o that used In CARSWG 2016 but differs
by using new data sets slightly modified from Kopp et 3l 2014, Data Cosv +1.1m +3.6m
format) for multiple locations s provided In low, medium, and high scenarios.

NOAA
(2017)

Note on Projectlons: Only lowest and highest projections are shown for 2050 and 2100, though many of the RSL projections
include intermediata scenarios as well. Projactions that follow with a year in superscript indicate a particular study that did not
pubdish projections for the years 2050 or 2100, and used an alternate time horizon instead. For example, NASA's low projection
of "+0.2m (20505)" indicates that NASA projects +0.2m of sea level rise in the years 2050-2059. All projections in this chart are
standarized to start at zero in 1992, This year is often used because it is the mid-year of the NOAA Maticonal Tidal Datum Epoch
(NTDE) of 1983-2001. Pojections are roundad to one decimal place.

Global Factors +

GMSL Thermal Land-Water Glaclers & Greenland & Vertical Ocean Ice-Melt
Projection  Expanslon Storage leeCaps  Antarctic lce Land Motion Dynamics Fingerprinting

(58 page 55

® L ) [ ]
* Projections do not include
rapid Ice-melt scenarios

Cacasen S 3 =

*Depends on which model selected

D e @ ® ® ® o ®
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