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Ongoing Studies

« Comprehensive Sea Level Rise and
ecurrent Flooding Study

* Assessing existing and future flood
vulnerabilities across the City’s four unique
watersheds

* |dentifying strategies to ensure our city is
resilient to future flooding events

 Master Drainage Study

* Detailed inventory of the City’s stormwater
system

* Assessing the system’s performance

* |dentifying deficiencies or needed
improvements

# Dewberry

Project Website:
http://www.vbgov.com/pwSLR
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Virginia Beach Comprehensive Sea Level Rise and Flooding Response Plan ‘Stormwater Engineering Center

Department of Public Works.

Study Motivation

Comprehensive Sea level Rise and
Flooding Response Plan

The City of Virginia Beach is developing plans to address both repetitive
flooding and projected increases in flooding caused by sea level rise
through the City's Comprehensive Sea Level Rise and Recurrent
Flooding Response Plan. The plan is an effort between local
government and various stakeholders (corporate and individual) to
collect, sort, interpret, and understand the data behind how sea level
L rise is affecting our City and how we should best respond.

The information that we collect and analyze will help us determine the
best methods to use to affect both existing and future development
policies. We will also be able to 1) understand what practices and
methods are best for mitigating current and future property damage;
and 2) determine the best strategies to use to ensure our city is
resilient to future flooding events.

The effort to review our City's vulnerability started in 2015, when the
City Council provided $3 million over 5-years for this critical initiative.
The effort was bolstered when the City received an additional $844,000
from the National Oceanic and Atmospheric Administration's (NOAA)
Office for Coastal Management &g 2046

Virginia Beach Stormwater Master Plan Update

Study Motwation

Builder serme:
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Stormwater Master Planning

The Public Works Department Stormwater Engineering Center works to
minimize flooding and protect the quality of Virginia Beach's waterways
by managing stormwater.

The City of Virginia Beach is currently updating its citywide Stormwater
Master Plan. The purpose of the updated study is to better understand
the volume of storage and conveyance capacity in the City's four

Y primary watersheds (Oceanfront, Elizabeth River, Lynnhaven River, and
Southern Rivers). These watersheds are made up of thirty-one drainage
basins shown In the map to the right. The stormwater modeling results
will provide a foundation for water quality and stormwater
infrastructure capital improvement planning.

This website outlines a “story map” that serves as the go-to resource to
learn about the Stormwater Master Plan Update. Please use this.
interactive resource to learn about the motivation behind the study,
the progress that we have made so far, and the different ways YOU can
get involved. We will be updating this website as we progress with the
study, so please check back often for updates.
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Future Hazards are Complicated!

SOURCE: Increased Precipitation /"

RECEPTOR: Floodplain

increased flood frequency, elevation; & saltwater intrusion

arshes
ian & loss

PATHWAY: M

RECEPTOR: Watershed

increased run-off

RECEPTOR: Built Environment

increased exposure & losses

RECEPTOR: Estuary

ecology, water quality, & circulation changes

RECEPTOR: Barrier Islands

erosion, dune lowering, and failure

SOURCE: Sea-Level Rise
& Increased Storminess
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density, scaled

SLR and non-linear responses

Comparison of Sea Level Height Comparison of Sea Level Height

40cm (1.31 ft) Scenario

100cm (3.28 ft) Scenario
vs Baseline vs Baseline
1% Annual Chance 1% Annual Chance
Elevations Elevations
min: -0.5 ft
max: 3.3 ft
mean: 1.3 ft ‘
std dev: 0.1 ft

count: 136958

long

density, scaled
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min: 0.8 ft

max: 6.7 ft
mean: 3.7 ft
std dev: 1 ft
count: 138063

long '

Distri Ii'on of Seé Level Differences, 4Dcn:| Scenario minus Qaseline (ﬂ_-I\IJAvDSE} '

If surge elevations increased linearly with SLR

' 'Distn'buljr'an of Sea-'l..evel Diﬂefel:es. 1Uﬁci':1 Scenan"n minus Easeline (Tf rlliWDE!S] .
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Hazard and Risk Assessment

3 ft SLR Scenario Annualized Losses
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Hazard and Risk-driven Decision-Making
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The Cost of Doing Nothing...

Annualized Losses (Millions)
$400

$350
$300
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-

$0 ]
Today 1.5 ft SLR 3.0 ft SLR
3.5x increase 15x increase

*reflects structure, content, and displacement costs, no indirect cascading broad economic impacts
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Adaptation Strategies

Policy Design Protection
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Policy Goals

M 2 Plan for a Future with More Frequent and Intense Flooding

% > Enhance the Flood Resilience of Infrastructure Systems

@ﬁnﬂﬂ > Enhance the Flood Resilience of Buildings and Neighborhoods

Hﬂ]u@ > Protect Businesses and Enhance the Local Economy

%
L [ooo

ﬁf 2 Preserve and Enhance Natural Flood Buffers and Open Space

% D> Improve City Coordination and Responsiveness

A

I—T'_.T—l D Advocate for Policy Changes that Support Local Resilience

# Dewberry

Virginia Beach Sea Level Rise
Policy Response Report
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GOAL 1

| |
POI Ic Conte nt Plan for a Future with More Frequent and Intense
Flooding

In order to plan for a future with more frequent and intense flooding, the City is working to incorporate
the most recent data, research, and future projections regarding changing precipitation patterns, sea

L CO n te nt " level rise, and recurrent flooding into local plans, resources, and processes. The institutional use of
" up-to-date data and forward looking projections will inform decision-makers in the implementation of
resilience focused policies, codes, and ordinances.
e / goals
Strategy: To achieve this goal the City should incorporate the most recent sea level rise,
. . precipitation, and recurrent flooding data, such as the CSLRRF analysis outputs, including
o 29 ObJeCtlveS future flooding considerations, into all relevant City plans and process documents during
their next update, or no later than 2025. The following objectives and accompanying

. . action items will help the City plan for a future with more frequent and intense flooding.
175 action items

¢ StrUCtU re fOr GOaIS Objective 1.1: Comprehensive Planning

Incorporate the most recent sea level rise,

¢ Ove rVieW precipitation, and recurrent flooding data into

the next update of the City's Comprehensive

* Objectives Plan
» Actions and Priority

1. Integrate the scientific and legal justification for short- and long—term recommendations for

° Beneﬁts and Considerations - land use regulations needed to accommodate sea level rise.

Overlay areas of expanding floodplains and concentrated flood risk with the land use plan.

3. Adjust existing and future development goals and locations, including 5CAs, based on the
anticipated flood risks.

* Implementation Examples e e e

consider the effects of flood scenarios out to 2075 or 2100.

il

Identify and designate “high and dry”™ areas with minimal flood risk for higher—-density
development and higher-intensity land uses.

6. Incorporate flood-resilience strategies into sections of Comprehensive Plan related to
specific watersheds, zoning districts, and vulnerable neighborhoods.
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Sewell’s Point 1948-2015

Informing Design

» Rainfall/surge correlation
« >50% of rainfall events occur during elevated water levels

» Joint-probability of rainfall/storm surge e
» Concurrent rainfall/surge deSign values w0 ."Hmm.lmymmDavsexceedln924-hr.2-srearralnfauatuonolk

* Regional Precipitation Trends

* Atlas 14 outdated
 Heavy rainfall increasing, 20% needed over design life cycle

 Probable maximum event precipitation
* Design “check storm” B

e Wind Tides

 Water level response to wind tide conditions
* Minimum design tailwaters

DO00000
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Wind Tide Changes with SLR

Water level response
Sustained 15 mph southerly wind

'[3d .  3.0ftSLR

j—p 1.5ft SLR

Water Elevation Feet (NAVDS88)
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Stormwater Design Standard Outputs

Table VIII-0
Design Rainfall Depths for City of Virginia Beach

(in.)

. . Design Rainfall
Design Frequency | NOAA Atlas 14 Rainfall 8 o
(NOAA Atlas 14 + 20%)
Table J-12
1-YR 3.00 Design Tidal Elevations for Virginia Beach
All Elevations in feet relative to the North American Vertical Datum (NAVD) of 1988
2. YR 3.65
Location Design Level 1-YR 2-YR 3-YR 5-YR 10-YR | 25-YR | 50-YR | 100-YR | 500-YR
10-YR 5.64 . Bay & Existing Condition 3.1 3.6 4.0 4.4 52 5.8 6.2 6.7 8.5
25YR 6.99 E?:::‘Z’E‘TSGIEX [ isasIR 46 51 55 59 6.7 73 77 82 10.0
= : T 30 ftSLR 6.3 6.9 7.3 7.7 8.5 9.2 9.6 10.1 12.0
G OA L 2 _ Lynnhaven Bay & Existing Condition 3.2 3.9 4.3 4.8 5.5 6.3 6.9 7.4 9.3
50-YR 8.16 River, Incl. all areas 1.5 ft SLR 4.7 54 5.8 6.3 7.0 7.8 8.4 8.9 10.8
her than Eastern 3.0 ft SLR 6.4 7.2 7.6 8.1 8.8 9.7 10.3 10.8 12.8
1 o 100-YR 9.45 = S
Enhance the Flood Resilience of Critical Infrastructure Extng Condion | 32 | 58 [ 41 | a5 [ 50 [ 59 [ 65 [ 70 | %5
. . . . (Chesapeake Bay 1.5 ft SLR 4.7 53 5.6 6.0 6.7 74 8.0 8.6 10.0
| ] and Transportation Systems and Invest in Capital Note: NOAA Atlas 14 precipitation depths EXICEH S T T G T B Y T
. - . ) 3 . Existing Condition 3.6 4.1 4.5 4.9 5.4 6.3 6.8 7.3 8.7
— Improvements to Reduce Community Flood Risk the City (generally < 0.1” difference). The J3inte Ocen& 15 ASLR 51 | 56 | 60 | 64 | 60 [ 78 | 83 | %8 | 102
ﬂbOVe l'ep[‘esent the area nOl’theaSt OfNa.Vﬂl 3.0 ft SLR 7.2 7.7 8.2 8.6 9.2 10.1 10.7 11.2 12.8
Back Bay, North of | Existing Condition - - - 1.8 2.4 3.4 4.2 4.9 6.4
[Beggars Bridge 1.5 ft SLR - - - 33 3.9 4.9 5.7 6.4 7.9
Creek 3.0 ft SLR - - - 6.7 7.6 9.0 10.1 11.1 13.2
Back Bay, South of Existing Conditi - - - 1.5 1.9 24 2.8 33 4.2
STORMWATER PLAN AND MANAGEMENT ACTION ITEMS PRIORITY Table VIII-TA - B e o T - B B B B Y
. . ; . ; Design Storm/Tide Joint Probabili ' , , , y y 1 y y )
1. Formally adopt the most recent findings regarding sea level rise estimates and increased sn Sto . . Creek SOMSLR_ 6.3 62 7.6 81 88 | 101
B o 3 B ) ) Determining Controlline Tailwatel Existing Condition - - - 1.3 1.6 2.8 3.4 3.9 4.9
g g
rainfall provisions into the stormwater design requirements and fully integrate these North Landing River 15 ftSLR - - - 238 3.1 43 49 54 64
considerations into stormwater management and design practice. 10-YR Design | 25-YR Design | 50-YR Desi 30 ftSIR = = = 46 | 50 | 63 | 69 | 75 | 85
N N N ) - - Existing Condition 2.8 3.6 4.1 4.7 5.8 6.5 7.1 79 10.3
Tide | Rain | Tide | Rain | Tide | Raingjzabeth River 1.5 fi SLR 43 5.1 5.6 6.2 73 8.0 8.6 9.4 11.8
10-YR. 1-YR | 25-YR| 1-YR | 50-YR | 1- 3.0 ft SLR 5.9 6.7 72 7.8 8.9 9.6 10.2 11.0 134
1-YR | 10-YR | 2-YR | 25-YR | 2-YR | 50-YENotes:
1. All elevations sourced from direct sampling and statistical analysis of the distribution of water elevations in each watershed
Note: Refer to Table J-12 Design Tidal Elevations for |2. Lynnhaven, Elizabeth River, and Atlantic Ocean elevations were sourced from the 2015 FEMA Flood Insurance Study
Appendix J for corresponding tide elevations. Rgfer to_ 3. Back Bay and North Landing River elevations were sourced from CIP 7-030, PWCN-15-0014, WO2A
Depths for City of Virginia Beach for corresponding raij
J-13 24-Hour Rainfall Distributions for Virginia Beach 4. The values do not represent potential wind-driven water levels in the Back Bay and North Landing River
corresp Onding rainfall distribution. 5. The 5-year return period should be used as a minimum elevation for design in Back Bay and North Landing River due to wind tides.
Note: Joint probability pairs represent the highest-frequ 6. Conditions related to a 3-ft rise in sea level include non-linear increases derived from numerical modeling completed by the U.S. Army
lowest-frequency rainfall and the highest-frequency rai (Corps of Engineers and the North Carolina Floodplain Mapping Program

frequency tide for each design frequency, as informed by joint probability
studies undertaken by the City. Please refer to the City of Virginia Beach study
titled “Joint Occurrence and Probabilities of Tides and Rainfall.” dated October
2017 (CIP 7-030, PWCN-15-0014, Work Orders 2 and 5A) for additional
information.
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Flood Intervention Strategies

LYNNHAVEN INLET
EXISTING BRIDGE

SAND DUNE WITH [
| SHEET PILE
REINFORCEMENT

HORIZONTAL
SECTOR GATE

- CHESAPEAKE BAY >

Natural and Nature-based Photo courtesy of ERDC
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Compound Flooding g B Rainfal
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Displacement of floodwaters
Adverse Impacts
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Reduced coastal flooding
Blockage of runoff drainage
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Integrated Modeling

* DHI MIKE21 - coastal surge
* MIKE FLOOD - stormwater

e Tidal calibrated,
validated

* 10-/100-yr surge forcing
with/without 10-yr runoft

» Structure implementation

* Flood depth benefits and adverse impacts
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Model Evaluation Benefits and Impacts

* Insights gained:
 Areas of benefit,

adverse impacts
* Drainage impacts

 Pumping requirements

 Economic benefits
(via Hazus and FEMA BCA
modeling)

Areas of Benefit
(reduced flood depth)

A CHESAREAKE

Citywide Coastal Risk Reduction
Alternative Locations

Municipal Boundaries
Alignment

Diff in Flood Depth (ft)

-3

Il -4t0-8

[ -2t0-4

Areas of Adverse Impact
(increased flood depth)

URGINIA ¢
NORTA[CARDLINA *
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Future With/Without Alternatives

Annualized Losses (Millions)

$300

$271
$250
$200
$150
$100
$50
$12
$0 |
Baseline Scenario 3 ft SLR Scenario

- Losses with Project Alternatives




# Dewberry

Challenges

* Broader and better consideration of system-wide future
conditions

* Integration of surge and rainfall in process

* Regional perspective in adaptation strategies
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Questions?

Project Website:
http://www.vbgov.com/pwSLR

City of Virginia Beach Dewberry

Department of Public Works Study Manager

Sue Kriebel, P.E. Brian Batten, Ph.D., CFM
skriebel@vbgov.com bbatten@dewberry.com
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