
WEATHER IT TOGETHER 
Facing the Challenge 

Sea Level Rise Adaption  
Planning for the Annapolis Waterfront 

Presenter
Presentation Notes
Sea-level rise is threatening Maryland's historic seaports.   In Annapolis, the City’s Historic Preservation Division has led the way in developing a Cultural Resource Hazard Mitgation plan to survey, assess and implement protection measures for significant cultural resources in the National Historic Landmark District.  We are partnering with local, state and federal agencies, resident associations, businesses and historic preservation groups to prepare a disaster mitigation plan, primarily addressing the threat associated with sea level rise and flooding. Developing a property inventory, public outreach program, risk assessment tool and model mitigation projects, the plan's development follows the approach recommended by the Federal Emergency Management Agency through its "how-to" guide to State and Local mitigation planning. chapter 5 comprehensive strategy for reducing marylands’ vulnerability to climate change1 Take action now to protect human habitat and infrastructure from future risks.Require the integration of coastal erosion, coastal storm, and sea-level rise adaptation andresponse planning strategies into existing state and local policies and programs. Develop andimplement state and local adaptation policies (i.e., protect, retreat, abandon) for vulnerablepublic and private sector infrastructure. Strengthen building codes and constructiontechniques for new infrastructure and buildings in vulnerable coastal areas. Minimize risks and shift to sustainable economies and investments.Develop and implement long-range plans to minimize the economic impacts of sea-levelrise to natural resource-based industries. Establish an independent Blue Ribbon AdvisoryCommittee to advise the state of the risks that climate change poses to the availabilityand affordability of insurance. Develop a Maryland Sea-Level Rise Disclosure and AdvisoryStatement to inform prospective coastal property purchasers of the potential impacts thatclimate change and sea-level rise may pose to a particular piece of property. Recruit, foster, andpromote market opportunities related to climate change adaptation and response. Guarantee the safety and well-being of Maryland’s citizens in times of foreseen andunforeseen risk .Strengthen coordination and management across agencies responsible for human healthand safety. Conduct health impact assessments to evaluate the public health consequencesof climate change and projects and/or policies related to sea-level rise. Develop a coordinatedplan to assure adequacy of vector-borne surveillance and control programs. Retain and expand forests, wetlands, and beaches to protect us from coastalflooding.Identify high priority protection areas and strategically and cost-effectively direct protectionand restoration actions. Develop and implement a package of appropriate regulations,financial incentives, and educational, outreach, and enforcement approaches to retain andexpand forests and wetlands in areas suitable for long-term survival. Promote and supportsustainable shoreline and buffer area management practices. Give state and local governments the right tools to anticipate and plan for sea-levelrise and climate change.Strengthen federal, state, local, and regional observation systems to improve the detectionof biological, physical, and chemical responses to climate change and sea-level rise. Updateand maintain state-wide sea-level rise mapping, modeling, and monitoring products.Utilize new and existing educational, outreach, training and capacity building programs todisseminate information and resources related to climate change and sea-level rise. State and local governments must commit resources and time to assure progress.Develop state-wide sea-level rise planning guidance to advise adaptation and responseplanning at the local level. Develop and implement a system of performance measures totrack Maryland’s success at reducing its vulnerability to climate change and sea-level rise.Pursue the development of adaptation strategies to reduce climate change vulnerabilityamong affected sectors, including agriculture, forestry, water resources, aquatic and terrestrialecosystems, and human health
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Facing the Challenge 



High Tide on Main Street 
Annapolis Prepares for Rising Seas: 

History Meets the Future 



 
Union of Concerned Scientists 

National Landmarks at Risk 

Since 2001, water 
has reached flood 
levels an average of 
20 days or more a 
year in Annapolis, 
MC; Wilmington, 
NC; Washington, 
D.C.; Atlantic City & 
Sandy Hook, NJ; 
and Charleston, SC. 
Annapolis had the 
highest average 
number of days a 
year above flood 
threshold since 
2001, at 34.  
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Annapolis experienced the greatest increase in nuisance flooding during the last 
50 years - 925% - from an average of 3.8 to 39.3 per year. In the next 50 years, 
nuisance flooding is estimated to occur more than once a day. 

NOAA Technical Report 
Sea Level Rise and Nuisance Flood Frequency 

Changes around the United States 



Union of Concerned Scientists 
Encroaching Tides – Economic Impacts 

“In Annapolis, home to the U.S. Naval 
Academy, half a foot of water flooded the 
colonial district, a National Historic Landmark, 
at high tide on Chesapeake Bay during 
rainstorms on April 30, May 1 & 16 and Aug. 
12. Shopkeepers blocked doorways with wood 
boards and trash cans; people slipped off shoes 
to wade to work in bare feet.” 

Presenter
Presentation Notes
The National Oceanic and Atmospheric Administration operates more than 200 tide gauges on the U.S. coast and the shores of the Great Lakes. Most of the data is online and available to the public through multiple portals operated by NOAA. The gauges “give a very unbiased view of what’s going on along the coast,” said William Sweet, a NOAA oceanographer. When Tropical Storm Nicole struck Maryland in 2010, it was no stronger than storms in 1928 and 1951 that were “non-events,” said the study’s author, David Kriebel, a Naval Academy ocean and coastal engineer. Nicole, by contrast, swamped downtown Annapolis and the Naval Academy. “It’s partly due to ground subsidence,” Kriebel said. “Meanwhile, there’s been a worldwide rise in sea level over that period.”The study goes on to point out that nuisan flooding can result in  



Within the next 100 years, sea level 
rise is estimated to reach 44 inches.  
To date, 13 islands have been lost in 

the Chesapeake. 

  The Chesapeake Bay 
Lost Landmarks 

Presenter
Presentation Notes
With its expansive coastline, low-lying topography, and growing coastal population, the Chesapeake Bay region is among the places in the nation most vulnerable to sea-level rise. Average sea levels in the Chesapeake Bay have been rising. Many places along the bay have seen a one-foot increase in relative sea-level rise over the 20th century, six inches due to global warming and another six inches due to naturally subsiding coastal lands--a factor that places the Chesapeake Bay region at particular risk. Already, at least 13 islands in the bay have disappeared entirely, and many more are at risk of being lost soon. Sea-level rise in the Chesapeake Bay region could reach 17-28 inches above 1990 levels by 2095.



  

 
City of Annapolis  

Flood Mitigation Strategies 
 Focus on protecting existing structures  
 Study downtown to determine the costs and benefits of  public decision-making 

in mitigating property damage 
 Evaluate the need and options for protecting historic structures 
 Require floodproofing to the extent feasible 

Presenter
Presentation Notes
Maryland Climate Action Plan and sea rise studies conducted for lower EasternShore counties evaluate three possible responses to sea level rise: protect, retreat/relocate,and abandon. Given the importance of the historic district and the waterfront, and therecreational and economic needs for waterfront access, the Annapolis response to sealevel rise must focus on protecting existing structures and infrastructure.Comprehensive PlanTwo policies of the Annapolis Comprehensive Plan (2009) address sea level rise:Chapter 3: Land Use and Economic Development; Policy 10:Evaluate risks from sea level rise in decisions involving land use along the waterfront.The parts of the established downtown which are prone to severe flooding and may beexpected to be impacted by sea level rise should be the subject of a study to determine thecosts and benefits of public decision-making in mitigating property damage.Ongoing comprehensive and neighborhood planning. The impacts of sea level riseshould be incorporated into city planning for areas that may be impacted by coastalflooding. Annapolis already has made progress in this area through the City Dock andEastport studies and this report. Future planning efforts can continue to evaluate the needand options for protecting historic structures and waterfront areas; identify public utilitystructures and equipment that may be endangered by floods; review needs for drainageand road improvements to allow access to flooded areas; and revisit the code sectionsreviewed in this report.Consider providing a process forapproval of emergency repairsfollowing flooding, fire or otherdisaster. The process could allowadministrative review and approval orprovide for an emergency meeting ofthe Historic Preservation Commission.Consider qualifying the varianceprovisions for historic structures:o Clarify that when interior alterationsare made to historic structures, theelectrical and plumbing systemsshould be relocated to the elevationsrequired by sections 180 and 190above.o Require floodproofing to the extentfeasible while preserving the historicbuilding exterior. Materials that cansurvive flooding should be used forinterior renovations; when windowsor doors are replaced, usefloodproofing installation to theextent consistent with historicpreservation goals.



City of Annapolis  
FEMA Flood Insurance Rate Map (FIRM) - 2015 

Blue shading 1% annual chance (100-year) flood  
Orange shading is 0.2% annual chance (500-yr) flood  

Presenter
Presentation Notes
Flood Plain 2010 – Elevation 7.8High Tide – Elevation 3.4Flood Plain 2050 – Elevation 8.3



Flood elevation 8.2 ft. 
1% annual chance flood (4.5') plus 3.7 feet for sea level rise by 2100 

City of Annapolis / USNA 
FEMA FIRM - 2100 



Chesapeake Storm History  

High Tide Marker 
2003 – Isabel = 7.58’ 
1972 – Agnes = 3.04’ 
1954 – Hazel = 5.33’ 
1933 – C&P = 6.35’ 

Presenter
Presentation Notes
But, it’s not just tidal flooding, storms are becoming more extreme as seen in this high tide marker in Annapolis, another City on the Chesapeake with an extensive history of  hurricanes and flooding.  The  History of Chesapeake Bay Hurricanes & Tropical Storms begins with that officially document in 1667 - The "Year of the Hurricane”, when a severe storm tracked through the Chesapeake region on Sept. 6. Anofficial report noted, "A mighty wind on (Sept. 6) destroyed four-fifths of (our) tobacco and corn and blew down in two hours fifteen thousand houses in Virginia and Maryland." It was a benchmark storm for generations.1769 - The Great Chesapeake Bay Hurricane. One of the state's most destructive storms. On Sept. 7-8, itcaused tremendous agricultural and shipping losses in the Chesapeake Bay region. Winds werelikely of hurricane force on the lower two-thirds of the bay.1775 - A hurricane on Sept. 2-3, claimed the State House roof in Annapolis. Today's strikinghurricane-resistant dome, featured on the reverse of the Maryland state quarter, is its replacement.Huge agricultural losses at a time when agriculture powered the local economy.1821 - The Norfolk and Long Island Hurricane tracked over the Maryland shore on Sept. 3. It producedhurricane-force winds along the coast and a destructive storm wave that inundated the barrier islandwhere Ocean City is now located. 1876 - The Centennial Gale on Sept. 16-17 caused the highest tides in generations throughout theChesapeake Bay region and damaging winds throughout the eastern half of Maryland. It alsocaused considerable crop damage and uprooted trees. (Similar in power and scope to HurricaneIsabel in 2003.)1878 - The Great October Gale on the 23rd played havoc with the Chesapeake Bay region. Isolatedhurricane-force gusts, especially on the bay. Considerable crop and structural damage. The steamerExpress sank near Point Lookout. Loss of 16 lives in one of the bay's deadliest disasters.1889 - One of the state's most destructive coastal storms. A hurricane stalled and dissipated off the coastfrom Sept. 8-12. Severe flooding in Ocean City. The sea inundated the island.1896 - A hurricane raced through central Maryland on Sept. 29. Ranks as one of the state's mostdestructive windstorms. Hurricane-force gusts along a 50-mile east-west band struck theWashington, D.C., area and passed through Frederick en route to Pennsylvania. Considerablemoderate to extreme property damage. "The abomination of desolation was on every side,"according to an account from Sandy Spring, Md.1903 - One of Ocean City's notable hurricanes. The storm stalled and dissipated off the coast from Oct. 8-11, swamping the resort.1928 -  Remnant systems on Aug. 11-12 and Aug. 16-17 deluged central sections of the state. More than afoot of rain fell in the Washington, D.C., suburbs. A total of 8.67 inches of rain in Washington onAug. 11-12. A total of 12.76 inches of rain in 30 hours in nearby Cheltenham on Aug. 11-12.1933 -  The Chesapeake and Potomac Hurricane made landfall in North Carolina on August 23 beforetracking through Virginia and central Maryland. Pounding surf carved the Ocean City Inlet. Galesoccurred throughout the state. Most sections saw widespread flooding from torrential rain.1935 - The remnants of the Great Labor Day Hurricane deluged the Eastern Shore from Sept. 4-6. A totalof 16.63 inches of rain reported in Easton. Severe flooding in Federalsburg led to nearly half thepopulation of 2,000 displaced. One of the central Eastern Shore's worst natural disasters.1944 - The Great Atlantic Hurricane passed about 50 miles off the coast on Sept. 14 bringing hurricane forcewinds to Ocean City.1954 - Hurricane Hazel on October 15. Hurricane-force gusts swept the eastern half of Maryland. Heavyrains pounded the west. Washington National Airport reported a record sustained wind of 78 mph, agust of 98 mph. Gusts near 100 mph were commonplace throughout the Chesapeake Bay region.Severe flooding along the bay and its tidal tributaries. Flash flooding in western Maryland where 3-6inches of rain fell. Generally, less than 2 inches of rain in the eastern half of the state.1955 - Hurricanes Connie and Diane on Aug. 12 and 18, respectively. Strong gales from Connie sunk thetour schooner Levin J. Marvel, about 20 miles south of its home port of Annapolis. 14 passengersdrowned. Combined heavy rain from Connie and Diane caused major flooding in central Maryland,particularly along the Potomac River.1972 - Hurricane Agnes on June 21-23. Widespread and in some places record flooding wrought one ofthe state's most destructive natural disasters. Many dams menaced. Many roads closed, particularlyin central Maryland. Thousands of evacuations. An ecological calamity for the Chesapeake Bay.1975 - The remnants of Hurricane Eloise pelted the state from Sept. 23-26. Heavy flooding throughoutcentral Maryland.1979 - Hurricane David produced a tornado outbreak on Sept. 5-6. Gales throughout central Maryland.The Baltimore metropolitan area experienced disastrous flash flooding.1985 - Hurricane Gloria tracked about 50 miles offshore on Sept. 27. Extensive damage to the Ocean Cityboardwalk. Several inches of rain fell on the eastern half of Maryland. An offshoot to Hurricane Juancaused severe flooding in western Maryland and along the Chesapeake Bay on Nov. 4-5.1996 - Hurricane Fran brought gales and heavy rain to the state on Sept. 5. A track west of theChesapeake Bay and lengthy high winds caused severe flooding along the bay and lower PotomacRiver.1999 - Hurricane Floyd dumped more than 10 inches of rain on the Eastern Shore and along theChesapeake Bay on Sept. 16-17. Chestertown collected 14.00 inches. Annapolis had 11.60 inches.Floyd's eye passed through Ocean City, with a low barometric pressure of 28.88 inches.2003 - Hurricane Isabel tracked through the state on Sept. 18, bringing widespread gales. More than ninehours of high winds created extreme flooding along the Chesapeake Bay and its tidal tributaries.Isolated gusts near hurricane force in the Chesapeake region. Record power outages. A huge lossof trees.2004 - Hurricanes Frances (Sept. 8), Ivan (Sept 17) and Jeanne (Sept. 28) brought tornado outbreaks andflooding, particularly to central and western Maryland.Hurricane Floyd in 1999, remembered most notably for the flooding it produced in anactive Atlantic hurricane season. Flooding occurred in 11 of the 23 Maryland countiesimpacting the Patuxent River Watershed and most of the Delmarva Peninsula.Hurricane Agnes, a rare June hurricane, caused widespread flooding and destruction in1972. This storm threatened dams, caused extensive road closures and evacuations,thwarted the rail industry and severely damaged the seafood industry due to its ecologicalimpacts on the bay. Agnes was responsible for 128 deaths, the most of which were inMaryland, totaling 19.Hurricane Hazel made landfall in October 1954 in South Carolina. Twelve hours later,she had already passed through Maryland and was impacting Pennsylvania. Due to theelevated speed, Hazel maintained intensity far inland and hurricane force winds weresustained all the way through the lower eastern shore of Maryland. Chesapeake / Potomac hurricane hit Virginia in 1933. Weakening as it moved northward,the storm still had wind and wave action strong enough to create an inlet at Ocean City,Maryland. 



  
Tropical Cyclone Isabel  

September 19,  2003  

Market Space  

Naval Academy 

Eastport 

Presenter
Presentation Notes
Initially a Category 4 Hurricane, Isabel was downgraded to a Tropical Cyclone by the time it reached the Chesapeake Bay.  The wind field continued to expand as Isabel’s large eye pushed ashore near Drum Inlet along North Carolina’s Outer Banks. Isabel was the worst hurricane to affect the Chesapeake Bay region since 1933. Storm surge values of more than 8 feet flooded rivers that flowed into the Bay across Virginia, Maryland, Delaware, and Washington, D.C. The most intense hurricane of the 2003 season directly resulted in 17 deaths and more than 3 billion dollars in damages. The large wind field toppled trees and cut power to more than four million customers. Wind is the greatest threat to ships anchored in the Annapolis Anchorage.  Eight tropical cyclones produced winds greater than or equal to 22 knots in Annapolis during the period from 1945 to 1962.Although the Annapolis Anchorage is not designated a hurricane haven, the infrequency of strong winds makes it a good anchorage for the passage of most storms. During the passage of Hazel, however, winds of up to 48 knots were recorded in Annapolis. The most dangerous storms for Annapolis Harbor, Naval Station Annapolis, and the U.S. Naval Academy are those that cause surges up the Severn River and result in flooding. Storm surges in Annapolis are produced when winds from the south retard the Severn River outflow. The effects of a storm are further amplified by heavy rainfall and resulting runoff.  Flooding of the inner basin of the Annapolis Harbor can occur whenever a storm surge of three feet or greater is experienced at the mouth of the Severn River.  Category two tropical storms or greater passing in close proximity to Annapolis have a reasonable chance of causing flooding in the harbor and making the seawalls at the U.S. Naval Academy unusable. 



Comprehensive Plan 

“In conjunction with the development of a Hazard Mitigation Plan to protect historic 
resources… the City will explore and present to the City Council for consideration several 
strategies for addressing the 100-year flood and sea level rise…” 



Hazard mitigation planning is the 
process of determining how to reduce 

or eliminate the loss of life and 
property damage resulting from 
natural and manmade hazards.  

 
1. Organizing your efforts to develop 

a mitigation plan;  
2. Identifying hazards and assessing 

losses to your community;  
3. Setting mitigation priorities and 

goals and writing the plan; 
4. Implementing the mitigation plan, 

including project funding.  

 
Protecting Our Historic Seaport 

FEMA Hazard Mitigation Planning 

Presenter
Presentation Notes
The importance of integrating historic property and cultural resource considerations into mitigation planning has been made all too apparent in disasters that have occurred in recent years, such as the Northridge Earthquake , the Midwest floods and Hurricanes Katrina and Sandy. . Whether a disaster impacts a major community museum, a historic "main street," or collections of family photographs, the sudden loss of historic properties and cultural resources can negatively impact a community's character and economy, and can affect the overall ability of the community to recover from a disaster event.This publication shows communities, step by step, how to develop and then implement a pre-disaster planning strategy for their historic properties and cultural resources. This guide provide community planners with the tools and resources they need to consider historic properties in mitigation planning activities. While the emphasis is on the built environment, the guide has made a special effort to include cultural institutions to address the mitigation of cultural heritage, including museum collections, works of art, and books and documents.



 
Weather It Together 

Identify & Map the Floodplain Study Area 



Worksheet #3 
 Name/Address of Resource 

 Date of Construction 

 Type of Property 

 Square Footage 

 Structural System 

 Primary Materials 

 Current Function 

 Current Condition 

 Owner Interest in Mitigation 

Weather It Together 
Conduct a Cultural Resource Survey 

Presenter
Presentation Notes
Worksheet #3- Name/Address of Resource- Date of Construction- Type of Property- Square Footage- Structural System- Primary Materials- Current Function- Current Condition- Owner Interest in Mitigation



22 Sample Properties 
 Property Vulnerability (High, 
Med, Low) 
 Loss to Structure ($) 
 Loss to Contents ($) 
 Loss of Function / Use ($) 
 Displacement Cost ($) 

Total Projected Loss/Cost 

Weather It Together 
Assess Property Vulnerability 

Presenter
Presentation Notes
Cultural Resource Inventory / Worksheet #3 (cont.)- Property Vulnerability (High, Med. Low)- Loss to Structure ($)- Loss to Contents ($)- Loss of Function / Use ($)- Displacement Cost- Total Loss for Hazard EventCommunity Value (High, Med. Low)



Worksheet #4 
 Historic Designation (NR, Local) 
 Geographic Context of Significance 
 Level of Significance (H/M/L) 
 Public Sentiment (H/M/L) 
 Economic Importance (H/M/L 
 Degree of Integrity (H/M/L) 

Total Level of Community Value 

Weather It Together 
Determine Community Value 

Presenter
Presentation Notes
Cultural Resource Inventory / Worksheet #4- Historic Designation (NR, Local)- Geographic Context of Signif. (National, State, Local)- Level of Significance (High, Med., Low)- Public Sentiment (H/M/L)- Economic Importance (H/M/L- Degree of Integrity (H/M/L)- Total Level of Community Value (H/M/L)



Crisfield, Somerset County MD 

US Army Corps of Engineers 
Complete a Non-Structural Mitigation Assessment 



Weather It Together 
Develop Adaptation Alternatives 

Planning, Land Use & Building Codes 
 Density controls  
 Design Review Standards 
 Easements 
 Floodplain Overlay Zoning 
 Open Space Preservation 
 Special Use Permits 
 Subdivision & 

Development Regulations 
 Transfer of Development 

Rights 
 Environmental Review 

Standards 
 Building Codes 
 Coastal Zone Management 

Presenter
Presentation Notes
ESTIMATING DESIGN AND CONSTRUCTION COSTS Flood protection measures of public areas for the City Dock are very limited due to the fact that the vast majority of the land is privately owned. Protecting City Dock from major flooding events will necessitate a public/private partnership in order to fully utilize available options. City of Annapolis could also share responsibility with the United State Naval Academy for protecting the shoreline at the area where the Dock is adjacent to the Academy. There is roughly 4,500 linear feet of shoreline that will need protection. In addition to structural measures for surface flooding, sewer and electrical services will need to be evaluated to determine if they could be affected by water during flood events. Backflow preventers would need to be installed at each sewer connection. A combination of floodwalls, coffer dams, pumping station, temporary pumps, backflow preventers, flap valves and duckbill valves will be needed. Based on data provided by manufacturers, costs have been estimated for purchase of materials and some design. Unlike permanent structures (pumping station, flap/duckbill valves, floodwall foundations and backflow preventers), labor cost for temporary systems (floodwalls, coffer dams, and pumps) should include the cost for both installation and removal at every flood events. 



Weather It Together 
Develop Adaptation Alternatives 

Public Engagement 

 Website / 
Social Media 

 Branding 
 High Water 

Markers 
 Interpretive 

Kiosks 
 Videos 
 Media 
 Publications 

Presenter
Presentation Notes
ESTIMATING DESIGN AND CONSTRUCTION COSTS Flood protection measures of public areas for the City Dock are very limited due to the fact that the vast majority of the land is privately owned. Protecting City Dock from major flooding events will necessitate a public/private partnership in order to fully utilize available options. City of Annapolis could also share responsibility with the United State Naval Academy for protecting the shoreline at the area where the Dock is adjacent to the Academy. There is roughly 4,500 linear feet of shoreline that will need protection. In addition to structural measures for surface flooding, sewer and electrical services will need to be evaluated to determine if they could be affected by water during flood events. Backflow preventers would need to be installed at each sewer connection. A combination of floodwalls, coffer dams, pumping station, temporary pumps, backflow preventers, flap valves and duckbill valves will be needed. Based on data provided by manufacturers, costs have been estimated for purchase of materials and some design. Unlike permanent structures (pumping station, flap/duckbill valves, floodwall foundations and backflow preventers), labor cost for temporary systems (floodwalls, coffer dams, and pumps) should include the cost for both installation and removal at every flood events. 



Weather It Together 
Develop Adaptation Alternatives 

Natural Resources 

Before - Erosion 

After – Living Shoreline 

Presenter
Presentation Notes
There are several types of purpose-built flood barriers suitable for historic buildings. Raising a building is of course one option, but it is not always suited to the historic context of a neighborhood or the design of a building.  Most door and window barriers consist of various types of waterproof board and seals, which are inserted at times of flooding into small-section timber or metal channels on either side of the front door frame. Some have ingenious self-sealing closing devices, while others rely on tongue-and-groove boarding connections with mastic-covered joints. Some are of fixed height and protect buildings from known or predictable flood levels; others are adjustable, and can be higher or lower according to need. Perimeter barriers are installed at the boundary of the property, and are intended to prevent water reaching the building at all. They may consist of brick walls, toughened glass barriers or a combination of both, with watertight doors installed in gate openings.



Weather It Together 
Develop Adaptation Alternatives - Dry Floodproofing 

Dry floodproofing involves sealing building walls with waterproof compounds and using 
shields (dams or perimeter barriers) to seal off doors, windows and other openings to 
keep the building watertight.  This technique can only be used when the walls are 
strong enough to withstand the hydrostatic force of the water.  

Door & 
Window Dams 

Storefront Vestibule - CMU 

Presenter
Presentation Notes
There are several types of purpose-built flood barriers suitable for historic buildings. Raising a building is of course one option, but it is not always suited to the historic context of a neighborhood or the design of a building.  Most door and window barriers consist of various types of waterproof board and seals, which are inserted at times of flooding into small-section timber or metal channels on either side of the front door frame. Some have ingenious self-sealing closing devices, while others rely on tongue-and-groove boarding connections with mastic-covered joints. Some are of fixed height and protect buildings from known or predictable flood levels; others are adjustable, and can be higher or lower according to need. Perimeter barriers are installed at the boundary of the property, and are intended to prevent water reaching the building at all. They may consist of brick walls, toughened glass barriers or a combination of both, with watertight doors installed in gate openings.



Weather It Together 
Develop Adaptation Alternatives – Barriers 

Temporary Flood Wall Backflow Preventers 

Permanent Flood Wall 

Temporary Door Dam 

Presenter
Presentation Notes
ESTIMATING DESIGN AND CONSTRUCTION COSTS Flood protection measures of public areas for the City Dock are very limited due to the fact that the vast majority of the land is privately owned. Protecting City Dock from major flooding events will necessitate a public/private partnership in order to fully utilize available options. City of Annapolis could also share responsibility with the United State Naval Academy for protecting the shoreline at the area where the Dock is adjacent to the Academy. There is roughly 4,500 linear feet of shoreline that will need protection. In addition to structural measures for surface flooding, sewer and electrical services will need to be evaluated to determine if they could be affected by water during flood events. Backflow preventers would need to be installed at each sewer connection. A combination of floodwalls, coffer dams, pumping station, temporary pumps, backflow preventers, flap valves and duckbill valves will be needed. Based on data provided by manufacturers, costs have been estimated for purchase of materials and some design. Unlike permanent structures (pumping station, flap/duckbill valves, floodwall foundations and backflow preventers), labor cost for temporary systems (floodwalls, coffer dams, and pumps) should include the cost for both installation and removal at every flood events. 



Weather It Together 
Develop Adaptation Alternatives - Elevation 

Building Exterior Building Interior  

“Elevation may alter the appearance and scale of  a historic building and redefine 
its relationship to its setting… If  the building is raised only several feet, elevation 
should not severely alter scale.” 
“A preservation-sensitive alternative would be the elevation of  floors within the 
building, particularly feasible in historic commercial structures with tall ceilings…” 

Presenter
Presentation Notes
There are several types of purpose-built flood barriers suitable for historic buildings. Raising a building is of course one option, but it is not always suited to the historic context of a neighborhood or the design of a building.  Most door and window barriers consist of various types of waterproof board and seals, which are inserted at times of flooding into small-section timber or metal channels on either side of the front door frame. Some have ingenious self-sealing closing devices, while others rely on tongue-and-groove boarding connections with mastic-covered joints. Some are of fixed height and protect buildings from known or predictable flood levels; others are adjustable, and can be higher or lower according to need. Perimeter barriers are installed at the boundary of the property, and are intended to prevent water reaching the building at all. They may consist of brick walls, toughened glass barriers or a combination of both, with watertight doors installed in gate openings.

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://raisedfloorlivingpro.com/the-advantages/reduced-flood-risk/&ei=ZZNOVLjDEse6ogTElYLwDw&bvm=bv.77880786,d.cWc&psig=AFQjCNG6ZpRfkBf8L4EeZE-_iDmH2zLctw&ust=1414522069396670


“MHT is funding the project in part so that we can use it as a model for 
other communities throughout the state that have cultural resources 
threatened by sea-level rise.” – Nell Ziehl, Chief of Planning 

Weather It Together 
Promote the  Program Model 

Crisfield, Somerset County 

St. Michaels, Talbot County 



Weather It Together 
2016 Maryland Historical Trust Preservation Award  
Excellence in Education and Community Engagement 

www.Annapolis.gov/WeatherItTogether 

http://www.annapolis.gov/


“Every $1 spent on mitigation saves 
society an average of $4.” 

National Institute of Building Sciences 

Weather It Together 
Facing the Challenge 

Maintain – Preserve, protect and prepare 
your property 
Mobilize – Create and share resources 
that educate, inform and incentivize your 
community 
Mitigate  - Eliminate or reduce impacts 
and risks of hazards through pre-disaster 
planning in your community 
Monitize – Protect and enhance the 
value of your building, business, 
community and the Chesapeake 

Presenter
Presentation Notes
The principle of modern times is to neglect buildings first, and restore them afterwards
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