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Context Analysis

The city dock in Annapolis Senior Design Team at the . . .

features a sculpture of Alex Sculpture of Alex Haley, in Senior D_eS|gn Team in Downtown
Haley, author of Roots, reading Annapolis (October 11th, 2018). Annapolis (February 26th, 2019).
to children. o

B 1 GEORGE
Image Source: Google, Sculpture of Alex Haley in Annapolis
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https://www.google.com/search?q=Annapolis+features+a+sculpture+of+Alex+Haley,+author+of+Roots,+reading+to+children.&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjy2pGspdXeAhXmQd8KHW3WAUoQ_AUIDigB&biw=1356&bih=721#imgrc=dZb2zBHBBIiXEM:

/ Why does it flood?

e Floods are caused by heavy rains, overflowing rivers, broken dams,
urban drainage basins, storm surges, melting ice glaciers, high tides,
and rise of sea level.

Most Important Cause of Flooding For Our Study:

STORM SURGE

Normal High Tide
(+2 feet)

Sea Level

~

Image Source: Google Images, Storm Surge GEORG
Image Source: Google Images, Annapolis Tidal Flooding ms
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https://www.google.com/search?q=storm+surge&tbm=isch&source=lnms&sa=X&ved=0ahUKEwjk6K6nwNXeAhVBpFkKHU6aCCIQ_AUICygC&biw=1329&bih=721&dpr=1#imgrc=cylFcztaBoEKgM:
https://www.google.com/search?q=annapolis+tidal+flooding&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiOwtTZwNXeAhUHTN8KHRc6DPYQ_AUIDygC&biw=1329&bih=721#imgrc=pr2OJSse_QH_hM:

Flooding in Annapolis

e Between the years of 1957 and 1963 (6
year gap) there were around 3.8 flood
events a year.

e Between the years 2007 and 2013 (6 year
gap), Annapolis experienced floods
a year which is about a Increase.

e City Officials have estimated that
of flooding comes from tidal flooding

—— Scoped area
== = Sea Wall (Concrete Bulkhead) — 4.65 ft NAVD88
® City’s Lowest Elevation - Dinghy Dock Elevation - 1.5 ft NAVD88
A City's Second Lowest Elevation - Newman Street - 1.80 ft NAVD88 ) R G E
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Flood Days

60

40

20

Flooded Days per Year from 2000 to 2018

Water Levels above Minor Threshold (1.83 ft NAVD 88)

2010

Floods in the city of
Annapolis are counted
only once a day, even if
the city experiences
flooding at different
times of a day.

In 2018, alone the city
experience 55 days of

flooding.
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Gwderstanding the Economic Impact \

e 38 businesses in city dock area combined can lose approximately
$100,000 in revenue per flooded day [1]
e 1In 2018, the City experienced 55 flooded days which would be estimated as
a loss of $5,500,000 in revenue for the year.
o This is only revenue, not infrastructure damage
e Hurricane Isabel (2003)
o Surge Height of 6.42 ft
o Incident Period lasted for about a week to 10 days
o The Federal Emergency Management Agency (FEMA) estimated total

damages for Anne Arundel County of $500 million in damages
K[l] City of Annapolis, “State of Maryland Hazard Mitigation Grant Progra /
i nnapolis, nd Hazard Mitigation Grant Program GEORGE
Application” (2017). ms
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thy is the Flooding emisions
getting WO rse? Rise ofAt‘rrnospheric

Temperatures
|
' v
Rise in Sea Surface Melting of Land
Temperature Ice
J' v i‘
Increase | Intensifies Thermal
Precipitation | Storms Expansion
|
Y k.
Storm Surge Sea Level Rise
| |
!
Higher Risk of
Flooding
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o] Why IS the Flooding
getting worse?

k4

Rise of Atmospheric

Tempe|ratures P reCi p itatio n

' v
Rise in Sea Surface Melting of Land
Temperature Ice
¥ ¢
Increase Intensifies Thermal
Precipitation Storms Expansion
|
¥ k.
Storm Surge Sea Level Rise
| |
!
Higher Risk of
Flooding
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10

Maximum Daily Water Level (ft, NAVD88)

Flooding Events Are Not Highly Correlated to Precipitation Events

at Annapolis City, MD

&
gog e

i)

o L0 By

= = =« Sea Wall Elevation (4.65 ft NAVD88)
o = = Newman Street (1.80 ft NAVD88)

o]
o’ == Dinghy Dock, Alex Haley (1.5 ft NAVD88)
&  Days with precipitation (2007-2018)
| | | | |
0.0 0.5 1.0 1.5 2.0

Total Daily Rainfall (inches)
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Greenhouse Gas
Emissions

k4

Rise of Atmospheric

Why is the Flooding getting worse?

Sea Level Rise

11

e The Maryland Commission on
Climate Change’s Scientific and
Technical Working Group
estimates that Maryland shorelines
could see up to a 2 foot increase
In sea level by 2050 and possibly
more than 4 feet by 2100 if global

Temperatures
|
' v
Rise in Sea Surface Melting of Land
Temperature Ice
J' . J J’
Increase _|  Intensifies Thermal
Precipitation - Storms Expansion
|
¥ k.

Storm Surge

Sea Level Rise

emissions of heat trapping gases
are not dramatically reduced.

v

Higher Risk of
Flooding
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Greenhouse Gas
Emissions

k4

Rise of Atmospheric

Why is the Flooding getting worse?

High Risk of Flooding

12

Temperatures
| ([
' v
Rise in Sea Surface Melting of Land
Temperature Ice
J' . J J’
Increase _|  Intensifies Thermal
Precipitation - Storms Expansion
\
¥ k.
Storm Surge Sea Level Rise
| |
!
Higher Risk of
Flooding

Is predicted that a
Category 1 storm in the
future would produce as
much damage as a
Category 2 today.

Co

All measurements are in feet relative to NAVD88 datum
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Stakeholder Diagram

Legend
i Directly Affected By Flooding
———Relationship——»
= aEkn . Flood Mitigation System | Protection
_ Visual ImpaCt _________ " _ -
I
Secondary Stakeholder | ' A
: | _ -
I I
I 1
1
I
Protection | i
I
Cost A A I
! : ! Insurance
i Protection | Insurance Rate
I I
i Tax Rate |
Agreement ' | v

FEMA

Revenue & Publicity Funding & Damage Costs

Annapolis Boat Show
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Proposed drain systems

Current Flood Mitigation
Project in Annapolis

R/ATN
Jl

New Pump Station

Ex Bulkhead .
/ates
Compromise, Randail v
¥ and Dock St
SD Grates
/ € SD Bypass Pipes

Pump Station Collector Pipes

Wet Well

. Pump and
Discharge Pipes

Proposed Concept Design

16 Stormwater and Flood Mitigation Engineering Design Services Concept Desjgn Report
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https://www.annapolis.gov/DocumentCenter/View/9350/Stormwater-and-Flood-Mitigation-Report

Gjrrent Design Specifics \

e “[Stormwater Flood Mitigation Project] does not account for sea level
change projections.”
e Ideal number of submersible electric pumps within each station is three.
o Powered by Baltimore Gas and Electric (BGE)
o Expected service life is 25 - 30 years.
o Expected to operate less than 200 hours annually.

N o
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= =« Sea Wall Elevation (4.65 ft NAVD88) -
Pump Systems Expected Level of Protetion (3.2 ft NAVD88 1 y 500 LI n ear Feet Of
== « Newman Street (1.80 ft NAVD88)
=== Dinghy Dock, Alex Haley (1.5 ft NAVD88)
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/Problem Statement \

e Annapolis, the capital of Maryland, is routinely experiencing significant
flooding events. Its location as a coastal community presents a risk for
tidal flooding which constitutes about 95% of floods.

e With climate change, flood risk is expected to increase due to higher
sea levels which cause higher tides and stronger storm surges.

e Current and past design studies have proposed a near term solution that
do not consider the systemic climate change effects.

/GEORG
\ MASON
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/Need Statement \

e There is a need to reduce the effects of flooding on lives and property in
the near and long term. Therefore, the Government of Annapolis needs to
invest in a systemic climate change design trade-off study for flooding

events in the City of Annapolis.

~
X B{GEORG
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Qatement of Work \

e The project includes research on the long-term threat of climate change and
rising seas, a trade-off analysis, and cost estimates for alternative designs.

e Period of Performance: 9 month with a start date of August 27th, 2018 and
an end date of May 1st, 2019.

e Place of Performance: The majority of work will be done at George Mason
University. Meetings with sponsor will be held at Annapolis City, and
meetings with co-sponsor to be held at Washington DC.

e Objective: Reduce the impact of flooding on lives and property.

N o
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OjeCt Scope (~1500 ft around City Dock)

e The area analyzed in this study is:
o low lying areas of Annapolis
[city dock]
o Prince George Street
Intersection with Dock St
e Red dots on map represent the
lowest elevation areas at the dock
1.5t NAVDESS elevation
e Red triangle represents the second
PSR lowest elevation - 1.8 ft NAVDS8

— Scoped area .
= = Sea Wall (Concrete Bulkhead) - 4.65 L NAVDSS e Dotted line represents the current
2 Citya Socond Lowss: Elovatn - Newran Sleet - 150 t NAVDGS
g | sea wall - 4.65 ft NAVDS8 ZCEORGE
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Project Methodology

DESIGN ANALYSIS

CONSTRAINS

DATA
FLOOD ANALYSIS
RISING SEA -
LEVELS _‘—wpm—i
CAUSES OF
TOPOGRAPHY FLOOD MODEL FLOODING
LAND ELEVATION FUTURE WATER
B LEVEL
FLOOD
INPUT PHASE |
STORM SURGES OUTPUT (EAC)
TIDAL FLOODING >
PUMPING SYSTEM LEVEL OF
L —»|  PROTECTION
NEEDED
ANNPOLIS
REPORT FOR
PUMPING SYSTEM
OUTPUT
EXPECTED LEVEL
OF PROTECTION

24

v

POSSIBLE
ALTERNATIVES

| INPUT—|

UTILITY ANALYSIS

MATHEMATICAL
MODEL

M OUTPUT—

TRADE-OFF
ANALYSIS

COST-UTILTY
CURVE
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FLOOD MODEL

Flood Model

REGRESSION
MODEL FIT FOR
DATA OBSERVED MEAN
SEA LEVEL (MS5L)
OBSERVED MEAN
SEA LEVEL (MSL)
TIDES
p| FUTURE WATER
NOAA-WATER — OUTPUT LEVEL
ELEVATIONS INPUT—)| MEAN SEA LEVEL . >
. .
(2000-2018) MINUS WATER B iATiR I EVELS »| TIDE AMPLITUDE
LEVELS
NOAA 2017-SEA ,
LEVEL RISE MPUT.
PREDICTIONS
SURGES
TIDE AMPLITUDE
>
| wainus waTeR > SUR;EC:S';;HT
LEVEL

-~
G
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Sea Level (feet, NAVD88)

Sea Level Rise and Surge Projections
(water elevations relative to NAVD88)

—~——_

6.42 t (1sabel '03)

65 ft (Sea Wall)_ 467

1.5 ft (Dingh

City's Lowest ELevation points

Sea Wall (Concrete Bulkhead) Elevation
Sea Level Rise Quadratic Fit Model
95% CIl Quadratic Fit Model

Tide Height (Amplitude of 0.72 ft)

Surge Height relative to Sea Level Rise

& Observed Max Water Elevations (2000-2018)\

I I I I I I I I
1980 1990 2000 2010 2020 2030 2040 2050

Year
Gauge: 8575512 Annapolis, Maryland

Preliminary probabilistic analysis
for future water elevations of a
storm surge: 4.67 ft NAVDSES (£
1.25 ft NAVD88) by 2050

Recommended protection height
to be at an elevation of 4.5ft
NAVDSES all around the scoped

area.
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@ystem Alternatives Requirements \

e Stakeholders want a long term solution
o “Long term” meaning 30 - 35 years (2050)
e Historic Preservation Commission has a manual that all structural buildings
must comply with
o Do not want a structural solution with a high visual impact
e The solution needs to protect from at least 4.5 feet water elevation relative to
NAVD 88.

/GEORG
K - MASON

Stormwater and Flood Mitigation Engineering Design Services Concept 'DESan Report ] ] '
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https://www.annapolis.gov/DocumentCenter/View/9350/Stormwater-and-Flood-Mitigation-Report
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System Alternatives

“\ 'l" :

”/A;//zJ L

N Self Closing Flood Barrier GMU Dynamic Pneumatic CofferdammESORG E
Image Sources. Flood Control, TigerDams - GMU Volgenau School gf Eagieefifidson Unjversity Department of Systems Engineering and Operation Research UN I VERSITY

Self Closing Flood Barrier AquaFence



https://usfloodcontrol.com/products/
https://selfclosingfloodbarrier.com/scfb/primary-protection
https://volgenau.gmu.edu/
https://www.6sqft.com/aquafence-flood-barriers-pop-up-at-nyc-waterfront-buildings/

él\/lu Dynamic Pneumatic Cofferdam Design \

e Sit on top of the ground
e Held down by weight of water and

bolts
e Dimensions: A
o Width of N\ {
e Passive height of 25t "%
e Steel Cable of 2.5 feet at 1 foot / £ th .
intervals to hold angle
e Total Protection of Wi

° long sections v
e Adjustable to other sizes 4 GEORGE
) MASON
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Utility vs. Cost Hierarchy

33

Value vs Cost

.T

Utility

Responsiveness

Cost

Customizability

Life Expectancy

Agquisition

¥

b

I 1

Aesthetics

A J

Labor

Lifecycle
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System Alternatives Specifications

Scoped area

m m ® Concrete Bulkhead (Sea Wall)

— — = Porposed Location for Protective Barriers (~1,500 ft)

@® City's Lowest Elevation - Dinghy Dock Elevation - 1.5 ft NAVD88
A City’'s Second Lowest Elevation - Newman Street (1.80 ft NAVD88)

e Map shows the proposed locations for
the alternatives highlighted in purple
divided in sections:

o #1:~100 ft
o #2:~700 ft
o #3:~700 ft

/
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@ystem Alternatives Specifications (Cont.) \

e Labor Cost

O (Installers Required * Installation Time * Installers’ Hourly Wage)*2
o Hourly Wage ~$14.00/hr
e Total Cost for AquaFence, TigerDam, and GMU Dynamic Pneumatic
Cofferdam

o (Acquisition Cost * Number of Uses)+(Labor Cost * Length of Barrier)
o Length of Barrier in feet

e Total Cost
o (Length of Barrier * Height of Barrier)*Acquisition Cost
e Life Cycle

o Number of Purchases*Total Cost
/G EORG
I‘/[ASON
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@ternative Comparison for a 30-Year Llife Cycle\

Installation
Alternative Life Cycle Cost
v y S Time ()
AquaFence (4 ftx 1,500 ft) | $  2,000,000.00 1.7
FM Aproved 42" Super
. 850,000.00 6.0
TigerDam (3.5 ft x 1,500 ft) ’
Self-Closing Flood Barrier (3
4.200.000.00 -
ft x 1,500 ft) 5 4,200,
GMU D ic Pneumati
yRAMIE FRCUAte 1 ¢ 720,000.00 1.0

Cofferdam (3 ft x 1,500 ft)
K P [/GEORG
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Marginal Utility for a Three (3) Foot Structure

37

Utility

o

0.7

0.6

0.5

0.4

o  Self Closing Flood Barrier (SCFB)

A GMU Cofferd ;
Tiger D:cz:mer o 088 e Overall, the GMU Dynamlc

il Pneumatic Cofferdam yields
the highest value in the cost-
utility analysis of 0.76, while

076 029 Self-Closing Flood Barrier
yields the lowest value in the
1 o055 cost-utility analysis of 0.18

I I T T I T T

T T T
05 10 15 20 25 30 35 40 45 50

Cost gin millions)
Cost = Total Cost for the 30-Year Lifecyle B 1 GEORG
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/Recommendations \

e Protect against 4.5 feet relative to NAVDES at any given location in the
scoped area.
o The current sea wall already accounts for 4.65 feet relative to
NAVDS88, but some areas lay as low as 1.5 feet relative to NAVDSS8.
o Any solution proposed will be able to compensate for the low elevation.
m Based on the trade-off analysis
® George Mason University’s Dynamic Pneumatic

Cofferdam yields the greater trade-off between utility and
total life cycle cost.

. o
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/Recommendations (Cont.) \

e Annapolis needs address the climate change effects when planning for the
future.
o Symbiotic phasing of solutions.
m Current Stormwater Mitigation Project
e .. does not account for sea level change projections.”
m Protective Barrier
e Improve resilience for any flooding event

N o
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