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Project Overview
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Ongoing Studies
Project Website:

 Comprehensive Sea Level Rise http://www.ybgov.com/pwsl R
and Recurrent Flooding Study
* Assessing existing and future flood _ |

vulnerabilities across the City’s four | fiesting esporse i
unique watersheds

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

Virginia Beach Comprehensive Sea Level Rise and Flooding Response Plan

events
» Master Drainage Study —
* Detailed inventory of the City’s
stormwater system

* Assessing the system’s performance |

« |dentifying deficiencies or needed
improvements

\
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http://www.vbgov.com/pwSLR

Study Approach

3. Implementation
Planning the actions

2. Adaptation Strategies
Talloring the solutions

1. Sea Level Rise/ Recurrent Flooding Impacts
Defining the problem




Timeline of Activities

.. ..6...
. 2015 °
...... o

Planning

Scenarios

Conceptual
model

2016 2017 2018
Study Progression Strategy Focus Synthesis
* Grant award * Structural * Neighborhood
assessment * City-wide alternatives
- Essential analysis to Concepts * Full Draft
inform design * Performance Adaptation
« Down-selection Plan
* Stormwater ] :
coordination * Policy refinement e Stakeholder
: and rankings outreach and
* Policy menu nput
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Hazards and Risk
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VB SLR Planning Scenarios

RECURRENT
FLOODING STUDY
FOR TIDEWATER
VIRGINIA

Time
Life Cycle | Horizon/ Relevance

Alignment Time
Period

Municipal 20-40 years 1.5f Outcomes Key planning value
GELUILC I 2035-2055 Commercial and Utility  Basis for evaluation of all
life-cycles adaptation strategies
Critical Secon wlmnbl
Infrastructure Utility mm" mmnf:mldu insightinto
Long-term - Regti il Transportation  Basis for infrastructu
awareness 3.0t infrastructure - bmu »
2065-2085 ooy cost-effectiveness of

Adaptive
Capacity




Observed Acceleration

Norfolk (Sewells Point), Virginia Boon et al. 2018

1 S S Ceaons RSL Rise Rate: 5.14 mm/year
Quadratic Trend - 2
Upper 95% Confidence Interval Acceleration: 0.119 mm/year
Lower 95% Confidence Interval
0.8} = Linear Trend

= Decadal Signal

Height relative to 1992 MSL (meters)

-0.4 . . . . . A
1970 1980 1590 2000 2010 2020 2030 2040 2050

Year

Figure I1I-4. Relative sea level trends, Norfolk, Virginia, 1969-2017 series
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Impacts

FLILSS

EARTHQUAKE » WIND + FLOOD J‘

Construction quality
Occupancy type
Replacement value
Contents value
Finshed floor eleaton Age

mmetaand
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Consequences of Future Without Action

Annualized Losses (Millions)
$300

$271
$250
$200
$150
$100
$50
$50
THEN
$0 ]
Baseline Scenario 1.5 ft SLR Scenario 3 ft SLR Scenario

Compared to Today: 4x increase 23X increase




12

Focus Areas for Adaptation
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Adaptation Strategies
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Adaptation Strategies

Pollcy Design

Protectlon




Policy Document Overview
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Policy Process




Policy Document
: . Virginia Beach Sea Level Rise

* What It represents Pol?cc Adaptation Rep;/ort
* Guidelines for instilling best

practices to reduce long-term
flood risk

» Starting place for evaluation and s
implementation by City

* Unique reflection of City staff
perspective and priorities

Council goals®

* Not a prescriptive document to
be followed “to the letter”

*A Strategic Plan to Achieve City Council's Vision for the Future and 2017 - 2022 City Council Goals \B
17
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https://protect-us.mimecast.com/s/Jbt7CyPmy7i79qWlSkKO-F?domain=vbgov.com
https://www.vbgov.com/government/departments/city-manager/Documents/20170215-STIR-2017-2022%20City%20Council%20Goals.pdf
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Implementation Vision

 Administered and monitored by the Deputy City
Manager SLR Working Group

 Responsibility will be assigned for action items to
City departments/staff

* City staff will interpret and evaluate the action items
and implement the action in general reflection of
priorities

* |Implementation will occur after public comment

\B‘ Sea Level Wise
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Informing Design

* Rainfall/surge correlation

» >50% of rainfall events occur during elevated
water levels

* Joint-probability of rainfall/storm surge
« Concurrent rainfall/surge design values

* Regional Precipitation Trends

» Atlas 14 outdated

 Heavy rainfall increasing, 20% needed over
design life cycle

0000000000000000000000000000000
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

* Probable maximum event precipitation —
* Design “check storm” | EES

* Wind Tides

 Water level response to wind tide conditions
* Minimum design tailwaters
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Stormwater Design Standard Outputs

Design Rainfall Depths for City of Virginia Beach

Table VIII-0

(in.)

Table J-12
Design Tidal Elevations for Virginia Beach
All Elevations in feet relative to the North American Vertical Datum (NAVD) of 1988

Location Design Level |1-YR|2-YR|3-YR|5-YR|10-YR|25-YR|50-YR[100-YR [500-YR

L aven Bay & River, Existing Condition | 3.1 | 3.6 | 4.0 | 44 5.2 5.8 6.2 6.7 8.5

1.5 ft SLR 46 | 51 ] 55] 59| 67 7.3 7.7 8.2 10.0

Eastern Branch 3.0 ft SLR 63| 69| 73| 77| 85 | 92 | 96 | 101 | 120

Lynnhaven Bay & River,| Existing Condition | 3.2 | 3.9 | 43 | 48 [ 55 6.3 6.9 7.4 9.3

Incl. all areas other than 1.5 ft SLR 47 | 54 | 58 | 6.3 7.0 7.8 8.4 8.9 10.8

[Eastern Branch 3.0 ft SLR 6.4 | 7.2 | 7.6 | 8.1 8.8 9.7 10.3 10.8 12.8

Existing Condition | 3.2 | 3.8 | 4.1 | 45 5.2 5.9 6.5 7.1 8.5

Chesapeake Bay 1.5 ft SLR 47 15356 60| 67 7.4 8.0 8.6 10.0

3.0 ft SLR 64 | 71|74 ] 78 8.5 9.3 9.9 10.5 12.0

Design Frequency | NOAA Atlas 14 Rainfall ~ Oxfﬁﬁi‘;ﬁ'g 0%)
1-YR 3.00 3.60
2-YR 3.65 4.38
10-YR 5.64 6.77
25-YR 6.99 8.39
50-YR 8.16 9.79
100-YR 9.45 11.34

Note: NOAA Atlas 14 precipitation depths do not vary significantly across
the City (generally < 0.1” difference). The NOAA 14 rainfall values shown
above represent the area northeast of Naval Air Station Oceana.

Atlantic Ocean & Rudee Existing Condition | 3.6 | 4.1 | 45 | 4.9 5.4 6.3 6.8 7.3 8.7

1.5 ft SLR 51 [56[60]64] 69 7.8 8.3 8.8 10.2

Table VIII-1A

Design Storm/Tide Joint Probability Pairs for
Determining Controlling Tailwater Elevation

10-YR Design 25-YR Design 50-YR Design 100-YR Design
Tide Rain Tide Rain Tide Rain Tide Rain
10-YR | 1-YR | 25-YR| 1-YR | 50-YR| 1-YR | 100-YR 1-YR
1-YR | 10-YR | 2-YR | 25-YR | 2-YR | 50-YR 3-YR 100-YR

information.

Note: Refer to Table J-12 Design Tidal Elevations for Virginia Beach in
Appendix J for corresponding tide elevations. Refer to Table 8III-0 Rainfall
Depths for City of Virginia Beach for corresponding rainfall depths and Table
J-13 24-Hour Rainfall Distributions for Virginia Beach in Appendix J for
corresponding rainfall distribution.

Note: Joint probability pairs represent the highest-frequency tide with the
lowest-frequency rainfall and the highest-frequency rainfall with the lowest-
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 5SA) for additional

nlet 3.0 ft SLR 72 | 77| 82 ] 86| 92 10.1 | 10.7 11.2 12.8
Back Bay, North of Existing Condition | - - - - 2.4 3.4 4.2 4.9 6.4
Beggars }l;ridge Creek 1.5 ft SLR - - - - 3.9 4.9 5.7 6.4 7.9
3.0 ft SLR - - - - 7.6 9.0 10.1 11.1 13.2
Back Bay, South of Existing Condition | - - - - - 2.4 2.8 3.3 4.2
Beggars }l;ridge Creek L. ftSLR - - - - - 39 4.3 4.8 57
3.0 ft SLR - - - - - 7.6 8.1 8.8 10.1
Existing Condition | - - - - - 2.8 3.4 3.9 4.9
North Landing River 1.5 ft SLR - - - - - 4.3 4.9 5.4 6.4
3.0 ft SLR - - - - - 6.3 6.9 7.5 8.5
Existing Condition | 2.8 | 3.6 | 4.1 | 47 | 538 6.5 7.1 7.9 10.3
Elizabeth River 1.5 ft SLR 43 151 |56 ]62] 73 8.0 8.6 9.4 11.8
3.0 ft SLR 59167 ] 72|78 89 9.6 10.2 11.0 13.4

Notes:

1. All elevations sourced from direct sampling and statistical analysis of the distribution of water elevations in each
watershed

2. Lynnhaven, Elizabeth River, and Atlantic Ocean elevations were sourced from the 2015 FEMA Flood Insurance
Study

3. Back Bay and North Landing River elevations were sourced from CIP 7-030, PWCN-15-0014, WO2A
4. The values do not represent potential wind-driven water levels in the Back Bay and North Landing River

5. Back Bay and North Landing River tailwater values have been limited to return periods where tailwater elevations
are above recurring wind tides.

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 Corps of Engineers and the North Carolina Floodplain Mapping Program




Structural Protection
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Structural Flood Risk Reduction

Key Activities:

* Investigate coastal flood
pathways

« |dentify locations for flood risk
reduction

* Develop flood risk reduction
alternatives

* Assess feasibility and
performance

* Provide recommendations

\B Sea Level Wise

A wibrant future for Virginda Beach



Structural Alternative Levels

Nelghborhood

Site
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Protect Most of City
Designed to Future 100-yr flood
Cost: High (Billions)

Protect High Risk Areas
Designed to Future 10- to 50-yr flood
Cost: Moderate (100s Millions)

Address High Risk Properties
Alternative to Structures
Cost: Low to Moderate (Millions)

| Sea Level Wise
A wibrant future for Virginsa Beach
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City-wide Protection Alternatives

» Limitations:
* High-level concepts
» Alignments based on desktop analysis

» Each alignment will have major impacts and

concerns which are not captured in detall

* Drainage, Environmental, Traffic and Circulation, Navigation,
Real Estate, Costs, Constructability, etc...

* Initial results today — final results pending



Coastal Flood Protection Toolkit

then Lavee

Floodwalls Seawalls
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Putting the Pieces Together

* Collaborative
review of possible
alignments

* |dentifying
combinations of
alignments

* Culling options

B
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Conceptualized Alignment Locations

1. Lynnhaven Inlet

2. Long Canal

3. Upper West Branch Lynnhaven
—4—tewer-WestBraneh-byrrhaver——

5. Upper East Branch Lynnhaven
—6LowerEact Branch Lunnhayen

7. Rudee Inlet

8. Elizabeth River

9. West Neck Creek Bridge

10. Knotts Island

11. Sandbridge Road

12. Muddy Creek Road “
. B
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Combinations for Evaluation

Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5

Alternative 6 Alternative 7 Alternative 8 Alternative 9 Alternative 10




30

Model Evaluation

 DHI MIKE21

o Stormwater runoff via
MIKE FLOOD

e Tidal calibrated,
validated

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

« Structure implementation

* Flood depth benefits and
adverse impacts

\Bl Sea Level Wise
A wibrant future for Virginsa Beach
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Model Evaluation Benefits and Impacts

A CHESAREAKE

Citywide Coastal Risk Reduction
Alternative Locations
Municipal Boundaries
Alignment
Diff in Flood Depth (ft)
-8
Bl -4t0-8
i -2to-4
|0to-2
|0
|0t0 0.5

050 1 URGINA ¢

. NORTH[CARGLINA ¢

_ Areas of Benefit

(reduced flood depth)

Areas of Adverse Impact
(increased flood depth)

FOR INFORMATIONAL PURPOSES
Initial values shown, currently under

refinement

B
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Conceptual Alignments

1. Lynnhaven Inlet

2. Long Canal

3. Upper West Branch Lynnhaven
—4—tewer-WestBraneh-byrrhaver——

5. Upper East Branch Lynnhaven
—6LowerEact Branch Lunnhayen

7. Rudee Inlet

8. Elizabeth River

9. West Neck Creek Bridge
—4o—Knetisistand

11. Sandbridge Road

12. Muddy Creek Road T e
32 B
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Down-selection of Alternatives

Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5

Alternative 6 Alternative 7 Alternative 8 Alternative 9 Alternative 10




Down-selected Alternatives
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Citywide Coastal Risk Reduction Citywide Coastal Risk Reduction
Alternative Locations Alternative Locations

Location 1 - Lynnhaven Inlet VIRGINIAY Location 1* - Lynnhaven Inlet (Extended) VIRGINIAY
NORTH[CAROLINA! Municipal Boundaries NORTH[CAROLIINA
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Municipal Boundaries




own-selected Alternatives

UTaECEES
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o OCEAN
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® CHESAPEAKE

Citywide Coastal Risk Reduction
Alternative Locations

Location 1 - Lynnhaven Inlet
| ocation 7 - Rudee Inlet
= | ocation 7* - Sandbridge Beach
= | ocation 9 - West Neck Creek Bridge
e |ocation 11 - Sandbridge Rd
s | ocation 12 - Muddy Creek Rd
NORTH

Municipal Boundaries
DRREH QUESAIY

Citywide Coastal Risk Reduction
Alternative Locations

s | ocation 2 - Long Canal

| ocation 3 - Upper West Branch Lynnhaven
Location 5 - Upper East Branch Lynnhaven

= | ocation 7 - Rudee Inlet

| ocation 7* - Sandbridge Beach

= | ocation 9 - West Neck Creek Bridge

e | ocation 11 - Sandbridge Rd

e | ocation 12 - Muddy Creek Rd

Municipal Boundaries
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PATIANTIC
PYCCEAN

VIRGINIA'BEACH

VIRGINIA
NORTH[CAROLINA
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own-selected Alternatives

\VIRGINIA'BEACH

Citywide Coastal Risk Reduction
Alternative Locations

Location 1 - Lynnhaven Inlet
mmmm— | ocation 7 - Rudee Inlet
= | ocation 7* - Sandbridge Beach
' Location 8 - Elizabeth River
B | ocation 9 - West Neck Creek Bridge
emmm—— | ocation 11 - Sandbridge Rd
e | ocation 12 - Muddy Creek Rd

Municipal Boundaries

\VIRGINIZY
NORTH[CAROIINA

IATIANTIC
° OCEAN

[calc=viag

2

NORFOLKH

VIRGINIA'BEACH

Citywide Coastal Risk Reduction
Alternative Locations

e | ocation 2 - Long Canal
wmmm— | ocation 3 - Upper West Branch Lynnhaven
» Location 5 - Upper East Branch Lynnhaven
= | ocation 7 - Rudee Inlet
= | ocation 7* - Sandbridge Beach
Location 8 - Elizabeth River
= | ocation 9 - West Neck Creek Bridge
s | ocation 11 - Sandbridge Rd
e | ocation 12 - Muddy Creek Rd

\VIRGINIZY
NORTH[CAROIINA

s Municipal Boundaries

IATITANTIC
o OCEAN

[Galc=viag

4




37

Renderings — Lynnhaven Inlet

Ve

CHESAPEAKE BAY

LYNNHAVEN INLET

EXISTING BRIDGE

EXISTING CONDITIONS (ENLARGED)

LYNNHAVEN INLET




38

Renderings — Lynnhaven Inlet
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SAND DUNE WITH
SHEET PILE
REINFORCEMENT

HORIZONTAL
SECTOR GATE

CHESAPEAKE BAY

\B @ Dewberry |-,

LYNNHAVEN INLET
EXISTING BRIDGE

= IN-WATER -
" MOVABLE GATE [

.

COMBINATION GATE SOLUTION (ENLARGED)

LYNNHAVEN INLET




Renderings — Muddy Creek Rd

BACK BRY '
NATIONAL
'WILDLIFE REFUGE

BEGGAR'S
BRIDGE CREEK

EXISTING CONDITIONS (ENLARGED VIEW)

\B @ Dewberry" ., MUDDY CREEK ROAD
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Renderings — Muddy Creek Rd

RAISED ROAD

B MITER GATE

BEGGAR'S
BRIDGE CREEK

\B @ Dewberry ).,

GATE LEVEE
- et

a*
SERVICE |
8 ACCESS

BACK BAY
NATIONAL
WILDLIFE REFUGE

MITER GATE (ENLARGED VIEW)

MUDDY CREEK ROAD



Cost Estimation

Intervention Location
Total Length (feet): 18,0380
L Total Capital Cost: $197,881,115.13
7 s verage Anmmaal OBM Cost: 52.796,765.06
O Criterts
BFE) (207 78] + (1.5 54%)
A #8) + (3.0 SR
1
Magnltl Ide Mot Ths sheet 3 oched n # rotected stase However sicer ot o
13| eoaenss6 | 702024 33 . 711750 0548
us  |mean s arthen Levee 27 sa 279,385.97 05,208.32
ilized ArcGIS and Auto e~ - e
ws | 2w | 2 2036 | Deploystie rlood ) w0 225,13 199773
105 742096 | 5085 Floodwad wss a4 s wmons|s w2
. 105 | 1202228 | 34 Foodwad 133 18 18215090 masa
® l 'nlts COStS frol II l ': ;ACI 105 | 304575 [ 1302650 | Deploystie Floodwalt ». 83 151,003 829900
)
103 | 1902630 | e Floodwst 54 %02,058.78 w728
P IAN ‘ etC 05 1803264 | 2007950 Sector Gate 213 10,5887 159,111,686.40 95761663
) " s o794 | 2306 Poodwat 148478163 1912040
.
° Average parameters by unit T e ‘ - -
arg Cout Contingarcy Sok Cout Contngency Appeen.
o : E st 308 Cont Compenenits o Coms — oual Cont
T Commresion! - ¥ | lenchosing OAM)
w 6,00 11,477,434 000 714,430,800, 00 Olsin (nabudes Held inwesrigan . 66,790 65 7.759.005,000
Vst Geaabdiont w G o asswssment B mhi ata
ast Deachirorn 6 Drainase mprovements 514
Inland 3 [Ts—— 07
wo 40,000 765,000 $24,353.000.00  Dewign (nchudes field investigan. A 4,160,008 78 518,000
Beachiromt wor Enwkonmectal asses
(nainage inprovements
Utibay e ationt
- ates Gate 25 4300 $5L170.000  $130.234.000.00  Desin (mchubes frokd inwostsni 2210977148 $1.024.942.000
. . nod ns Envkonmental arcescmont & mal
¢ Lontungencies 1or: : '
Unihey retoc.asion
" v b Gt b bk 7300 v, 162,000 T2A0000  Desigen Grnobinbes field investigatl 579,906, 224,967,000
Erwnonmental assessment & sl
. Diainages improvements
"
In-wates Gate B intand 300 2767.708 000 ISIA4LII000  Oesign Unahudes Held invesrigan DEANIITS  3470.557.000
vwionmendal wssessment B mbi
Drainasye mprovements
Utibey rotoe ation
2478497000 $495,699.400.00 84,260,871 697,014,000

Soft Costs

» Escalation for future
date of construction

2018 Total Costs [Hard +Soft)

(927 Increase)

*Approximate equivalent to Association for the Advancement of Cost

Engineering Class 5 estimate for conceptual engineering phase
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Down-Selected Alternative Summary

SUMMARY OF ALTERNATIVES*

Approximate Overall
Structure Length (miles) T 34.5 33.0 26.1 11.1
Flooded Area Reduction
(square miles) -2

Mit ted St t
I ———— 45.5 43.1 40.1 36.5 27-13.8%%

CITYWIDE ALTERNATIVES
ITEMS
2 4 6 8 9a
7

-28 -23 -24 -18

Total Design &
Construction Cost $3.79%* §2.73** $2.77 $1.71 $2.81
(Billion USD 2018)
North North
Adjacent Municipal Carolina, Carolina, CNorlfch CNorI'Fh
Areas Affected Norfolk, Norfolk, SO A Norfolk
Norfolk Norfolk

Chesapeake Chesapeake

*Values subject to change pending final modeling and cost adjustments for gate types
**Cost includes flood barrier in Norfolk that benefits Virginia Beach, Norfolk, and Chesapeake
42 ***Final count to be determined from model runs
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Future With/Without Alternatives

Annualized Losses (Millions)

$300

$250

$200

$150

$100

$50

N

$271

$12
]
Baseline Scenario

2 4 ) 8
3 ft SLR Scenario

- Losses without Project
- Losses with Project Alternatives
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Next Steps

SRS . Finalize evaluation
Projection

Site/Parcel
Strategies

 Key opportunities
 Aggregate Benefits over Areas

\Eolplofelialeleei «  Complete for 5
Protection locations

Hybrid * What's the
Alternatives best

Draft
Adaptation
Plan

mix?

 Study
Synthesis

Review &
Stakeholder

Engagement
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Discussion
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