[bookmark: _Toc129777058]IV. Conducting a Resiliency Assessment and Example Project Scenarios 
Amendments to the Chesapeake Bay Preservation Area Designation and Management Regulations (Regulations) adopted in 2021, require that localities assess the impacts of storm surge, flooding climate change and sea-level rise on any proposed land development within the Resource Protection Area (RPA) during the plan of development or project review process. This document was developed in conjunction with the Chesapeake Bay Preservation Act Guidance: Implementing Coastal Resiliency Provisions, to assist localities and applicants in conducting a Resiliency Assessment. The following describes available resources and steps to take in conducting the Resiliency Assessment (whether by the locality or applicant) and provides five examples for consideration.  
A. Resources
Localities have the option of conducting Resiliency Assessments themselves or requiring it of the applicant; however, it is ultimately the locality’s responsibility to review and approve, approve with conditions (including installation of adaptation measures), or deny approval of projects based on assessment results. 
Several resources were used to develop the example scenarios: AdaptVA and VFRIS, both of which are referenced in the Regulations, and WetCAT. All  of these resources are free and publicly available mapping and data analysis tools and are further described below. In addition to the interactive mapping tools, local real estate assessment information was accessed (where available) for data including parcel recordation date, date of construction for existing structures, and existing impervious surfaces. Individuals conducting resiliency assessments must present a comprehensive view of existing on-site conditions and local staff should require the use of all available resources when considering resiliency assessments. For this exercise, AdaptVA was the predominant resource and is described in more detail on the following pages. 
1. AdaptVA, short for “Adapt Virginia,” is an information gateway on climate change adaptation for individuals, localities, and agencies. AdaptVA integrates the best available science, legal guidance, and planning strategies, including short and long-term sea-level curves and maps, flood mapping, decision-support tools, legal and policy resources, and scenarios that explain adaption through maps and pictures. AdaptVA was developed by four project partners: the Virginia Institute of Marine Science Center for Coastal Resources Management (CCRM), the William & Mary Public Policy Program, the Virginia Coastal Policy Center at William & Mary Law School, and Wetlands Watch. VIMS has developed an AdaptVA Interactive Map User Guide that provides additional information on the use of the interactive tool not available in this document. 
2. Virginia Flood Risk Information System (VFRIS) helps communities and property owners determine an area’s risk of flooding by combining information from the Federal Emergency Management Agency, the National Fish and Wildlife Service, the U.S. Geological Survey, ESRI GIS and the Virginia Geographic Information System. VFRIS allows users to quickly locate a property to determine if it is located within a Special Flood Hazard Area (SFHA), the parcel’s base flood elevation (BFE), and whether it is impacted by a Limit of Moderate Wave Action (LiMWA) (an informational line to alert property owners of flood risk and recommended construction standards), among other information. 
3. The Wetland Condition Assessment Tool (WetCAT), developed by the VIMS, Center for Coastal Resources Management and DEQ, assists resource managers, planners, and other stakeholders with understanding the relative level of stress from human disturbance on a wetland’s capacity to perform important ecosystem functions. Pertinent information that can be gathered from WetCAT includes contractor delineated wetlands and U.S. Army Corps of Engineers confirmed wetland delineations; National Wetland Inventory (NWI) habitat; National Hydrography Dataset (NHD) of waterbodies and their flow direction; and a vulnerability and risk assessment which identifies and classifies risks associated with headwater wetlands and tidal marshes in 2050 and 2100. 
These resources are updated periodically as new data is made available and are provided with the understanding that they are based on the best available information, science, and techniques. 
Section 9 VAC 25-830-155(B) of the Regulations outlines the minimum requirements of a Resiliency Assessment, which is to be conducted based upon the RPA boundary as determined by a site-specific RPA delineation at the time of review of the proposed development. 
B. Conducting a Resiliency Assessment
The following steps for conducting a Resiliency Assessment were used during development of the examples in section C below. 
1. Determine the anticipated lifespan of the proposed project. This information can typically be obtained from the designer, manufacturer, builder, or developer of the proposed structure. 
2. Identify potential impacts of sea-level rise, storm surge, and flooding. Resiliency Assessments are to be conducted using a “model or forecast developed by or on behalf of the Commonwealth of Virginia”. All data required for the Resiliency Assessment can be found within the Sea Level Rise/Flooding/Storm Surge layer group to the left of the AdaptVA Interactive Map. 
a. NOAA 2017 predictions for Sea-Level-Rise (mean high water) are displayed within this layer for the low, intermediate, intermediate-high, and extreme prediction curve scenarios. (Learn more about Virginia sea level prediction curves on the AdaptVA Forecasts web page.) The Regulations specify use of the 2017 NOAA Intermediate-High prediction curve, or its most recent version[footnoteRef:1], for conducting a Resiliency Assessment. Click on the slider bar above the year that approximates the lifespan of the project (bottom of the map) to animate water level changes and assess sea-level rise impacts for the approximate lifespan of the project. Water depth predictions are in feet relative to the land elevation (NAVD88) at the selected point. [1:  Adapt VA will be updated by VIMS CCRM as data becomes available.
] 

b. Flooding layers are from the FEMA and the Coastal Barrier Resources System (CBRS) REST map services and can be accessed using either AdaptVA or the VFRIS model. Flooding layers available on the AdaptVA include Limit of Moderate Wave Action (LiMWA) and special flood hazard zones. The LiMWA is the inland limit of where breaking waves (> 1.5 feet) are expected during a 1% annual chance flood event. Changes made to FEMA data are shared with AdaptVA once they are available, which helps localities looking for a single source for data. FEMA has a LiMWA Fact Sheet for more information.
Information in addition to special flood hazard zones and LiMWA is provided on Virginia Department of Conservation and Recreation’s (DCR) Virginia Flood Risk Information System (VFRIS) website, including base flood elevation, flooding cross sections, coastal transects, FEMA Flood Insurance Rate Map panels, letter of map revisions, Virginia National Wetlands Inventory data, and Coastal A Zone. DCR also has a VFRIS Fact Sheet for more information.
c. Storm surge impacts are to be based upon the most recent NOAA “Sea, Lake, and Overland Surges from Hurricanes (SLOSH) model, which is a numerical model used by the National Weather Service to compute storm surge. Storm surge is defined as “the abnormal rise of water generated by a storm, over and above the predicted astronomical tides. Flooding from storm surge depends on many factors, such as the track, intensity, size, and forward speed of a hurricane, and the characteristics of the coastline where it comes ashore or passes by.” The AdaptVA Storm Surge group provides layers for storm categories 1 through 4, and localities identify the storm category typically seen in the area based upon historical data for use by applicants conducting Resiliency Assessments. 
3. Consider additional information available on AdaptVA or other resources that may assist local staff with the Resiliency Assessment. Below is a summary of the information that can be accessed within various layer groups available on the AdaptVA Interactive Map, as available in July 2023. 
a. The Protection/Restoration layer group can be expanded to see restoration opportunities or lands for protection. This layer can assist localities with identifying target areas for creating or restoring shorelines to benefit coastal buildings, including areas suitable for living shoreline to benefit coastal buildings, areas suitable for living shorelines, or the planting of non-structural marshes or marshes with sill recommendations (as determined by the Shoreline Management Model) protection of existing riparian buffers, etc. Also available on this layer are depictions of existing turf grass located in areas that show potential for wetland migration by 2050.
b. The Infrastructure layer group depicts infrastructure that could be helpful in planning an emergency response, as well as infrastructure at less than 10 feet of elevation. Virginia parcel data can be found under the General Infrastructure layer.
c. The Shoreline Management layer group includes recommendations for shoreline erosion control according to the Shoreline Management Model; existing shoreline structures such as defended shorelines, marinas, and public/private access; and a layer pertinent to the Chesapeake Bay Preservation Act 
i. The Shoreline Management Model layer provides a recommended approach(es) for tidal shoreline erosion control (e.g., living shorelines, traditional approaches, and areas with special conditions), which consider existing shoreline conditions such as the presence of tidal marsh, beach, submerged aquatic vegetation (SAV), riparian land cover, bank height, fetch, existing erosion control structures, and nearshore bathymetry into recommended or preferred best management practices (BMPs).
ii. The Existing Structure layers from the CCRM Shoreline Inventory are produced through field observation and the interpretation of high-resolution imagery. The Shoreline Inventory layers are not surveyed to jurisdictional or property boundaries and should not be used for legal purposes; however, they can provide information regarding the potential presence of public or private access structures (e.g. piers, boathouses, boat ramps, wharves), defended shoreline structures (e.g. breakwater, bulkhead, debris, groin field, jetty, marsh toe revetment, riprap either placed on the shoreline or just offshore), and the location of marinas.
iii. Chesapeake Bay Preservation Act layers include a RPA 100-foot buffer (based upon information modeled by VIMS if not available from the locality), as well as the anticipated 2050 upland/interface and potential 2050 wetlands, based on the NOAA Intermediate High projected sea-level rise curve. These are areas of existing wetlands and adjacent lands expected to be tidally flooded in 2050 due to sea level rise. Additionally, a layer depicting sea-level rise projected at five-year intervals and displaying inundation at mean high water has also been developed. These data exclude inundation depth on the ground of less than 0.5 feet (six inches) and only show inundation depth on the ground of 0.5 feet and greater.
d. The Natural Resources layer group identifies existing tidal marsh community types; the presence and type of existing natural and nature-based features (e.g. living shorelines, dunes, beaches, tidal marshes, wetlands, upland wetlands and shrub scrub areas); shoreline conditions from the Shoreline Inventory (e.g. bank height, bank cover, riparian land use/land cover, tree fringe, and presence of Phragmites); nontidal wetlands (National Wetlands Inventory); Submerged Aquatic Vegetation (SAV) from the SAV Monitoring and Restoration Program; shoreline location/boundary (the land-water interface such as the upland edge of a tidal marsh or the beach); and hydrology and contours from the USGS Hydrography products representing water drainage areas and flow lines. 
e. The Vulnerability/Risk layer group provides social vulnerability and physical risk layers for Virginia’s Tidewater area including the Tidal Marsh Vulnerability Assessment which assesses the vulnerability of tidal marshes to climate change. The Social Vulnerability layer refers to the characteristics of an individual or group that impacts their ability to anticipate, cope with, resist and recover from a physical hazard; the level of social vulnerability being dependent upon physical, social, economic, and environmental factors. The Physical Vulnerability Index (PVI) provides a broad perspective on the vulnerability of the Tidewater region, creating a composite measure of general flood impact rather than the threat of any one particular storm track.
4. Assess potential impacts of the proposed project on buffer function, including loss of riparian buffer vegetation and vegetation (wetland) migration, water migration, as well as consideration of the potential need for additional land disturbance in the RPA to protect the proposed development in the future. 
a. The data sets identified above can be active in the map viewer either alone or simultaneously, allowing the user to create a visual composite overlay to assist with analysis of the projected impacts on the project and to aid in the generation of project drawings.
b. At a minimum, project drawings should include the site-specific RPA boundary, existing topography, impervious surfaces; the limits of proposed land disturbance and area of new impervious surfaces; vegetation in the RPA proposed for removal (include the number, species, and condition of trees and shrubs), the inland extent of sea level rise, storm surge and flooding, and the anticipated LiWMA boundary, if present.
c. In analyzing the loss of riparian buffer vegetation, both the extent of buffer vegetation being removed by the proposed development as well as the areal extent of buffer to be lost to sea-level rise are to be examined. 
d. [bookmark: _Hlk140741187]Examine the potential for landward migration of coastal wetlands using the NOAA Intermediate-High, 1.5-m global mean sea level rise curve and consider land movement (i.e., subsidence or uplift), site-specific geomorphology, climate, and existing land use and management when assessing sea level rise rates on structure, function, and land area. 
e. Examine whether or not the proposed direct impact in the RPA (i.e., filling, grading, removal of vegetation, building construction, or other changes to level of water or drainage pattern) will result in future land disturbances. For example, the more seaward the initial development, the more likely it will have to be moved or altered in the future due to sea-level rise, resulting in negative impacts to buffer function occurring twice: at the onset of a project and at a subsequent time when a project is removed and/or relocated.
5. Identify available conditions or alterations to the proposed project that may avoid or mitigate predicted impacts based on parcel configuration and location. Factors to consider include, whether the parcel is located within an IDA and existing site conditions such as topography and vegetation; the nature, type, and size of the proposed project; the proposed placement of structures on the site relative to required setbacks, the potential movement of a structure landward (out of the RPA), the extent and depth of predicted impacts, and the potential to minimize future land disturbance by avoiding impacts. Some of the listed factors may be able to be modified or altered in order to avoid or mitigate impacts to the proposed project.  
a. Identify opportunities for minimizing any proposed encroachments into the RPA, land disturbance and impervious surfaces, while preserving the existing riparian buffer.
b. Identify areas on site available for modifying the project as proposed, such as moving structures and impervious surfaces out of the RPA or further away from RPA features, reestablishing riparian buffers, etc.
c. Identify possible reductions in setbacks that may enable a reduction of the RPA encroachment by structures. 
d. Identify possible structural enhancements or alterations and adaptation measures where impacts intersect with proposed development, particularly structures. 
[bookmark: _Hlk135321908]This step may not be necessary if the proposed project is limited to the implementation of an adaptation measure necessary for the protection of existing structures and does not propose land disturbance, impervious surfaces, or removal of indigenous vegetation other than that which is required for installation of the proposed adaptation measure. In this instance, the Resiliency Assessment should merely aid in identifying the placement and extent of an adaptation measure. 
In each of the following Example Scenarios, priority was given to identifying conditions and alterations consistent with existing Bay Act requirements, such as reestablishing or supplementing a RPA buffer or moving the proposed development landward and outside the RPA where possible. Where the predicted impacts would directly impact a proposed development that could not be relocated, structural changes and adaptation measures were utilized. 
6. Identify permitted adaptation measures that may be necessary in addition to the conditions or alterations noted above to protect existing or proposed land development or redevelopment from the predicted impacts, particularly where sea level rise, storm surge or flooding would directly impact the proposed development. Please refer to the Regulations for adaptation measure conditions, particularly those concerning the use of fill as a component of adaptation measures.
a. In planning for living shorelines and other BMPs along shorelines, reviewing for site conditions includes identifying the presence of marshes, beaches, submerged aquatic vegetation, nearshore depth, exposure to waves, and the location of roads and structures. Specific site conditions can change recommendations, and the VIMS Center for Coastal Resources Management has developed several self-guided decision support tools to assist with decision making. These tools include the following: 
i. Self-guided Decision Trees – a series of tree-like flow charts with questions and answers about shoreline characteristics that leads the user to the environmentally preferred approach for management of a shoreline for use by local government staff and citizen board members involved in shoreline management project review and permitting.
ii. Shoreline Management Model – a GIS model that applies decision tree logic to derive the best management practices for a shoreline, including suitability for living shorelines, for use by local staff and citizen board members. The Shoreline Management Model can also be accessed through AdaptVA.
iii. Shoreline Decision Support Tool – an interactive tool that combines on-site observations with the Shoreline Management Model recommendations to provide shoreline best management options based on user input to a sequence of questions for use by homeowners, marine contractors, local staff, and citizen boards.
b. Specifications including site plans detailing the installation of the adaptation measure would be reviewed. Resources include those specifications or permit conditions required for the proposed adaptation measure.  
c. Fill/Grading would be reviewed consistent with specifications based upon the existing grading and for those adaptation measures being permitted (such as living shorelines) consistent with the reviewing authorities requirements (such as VMRC).  Where significant fill and grading is proposed, localities may wish to request a fill plan to accompany the site plan and specifications.  
C. Example Scenarios
The following example scenarios were developed using the resources and processes outlined above by DEQ staff with the assistance of staff from the VIMS CCRM, with graphic analysis and support provided by WPL Landscape Architecture, Land Surveying, and Site Engineering of Virginia Beach. Every assessment conducted by applicants or locality staff will be unique to the site and project application. Although it was not possible to develop examples for every potential scenario, the agency is confident that together with the Guidance document, Model Ordinance, Resiliency Assessment template and newly developed template checklists, these Example Scenarios will assist localities with implementing the coastal resiliency amendments to the Buy Act and Regulations. Should additional assistance on specific projects be necessary, contact your Bay Act Liaison for technical assistance.
These examples underscore the fact that for most proposed development, alterations and conditions would be consistent with existing principles and requirements under the Bay Act. In those instances where existing principles may not sufficiently address the predicted impacts, structural engineering, or adaptation measures were recommended.  


The illustrations in the following examples were produced courtesy of  WPL of Virginia Beach.  [image: Image preview]
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Example 1: New Principal Structure and Accessory Structures
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Proposed Development	2050 Sea Level Rise	Flooding	Category 2 Storm Surge	Combined Impacts
	Approved Development5’-6’ STORM SURGE


Existing Site Conditions: 
The following data concerning existing site conditions was obtained from the local real estate assessor’s property information website, the local zoning ordinance and Bay Act maps, AdaptVA, VFRIS, and WetCAT.
· Parcel data: 39,550 SF (0.91 AC). 
· CBPAs: Known RPA features include tidal wetlands (Type I – Saltmarsh Cordgrass / low marsh, 20% phragmites, 80% Spartina alterniflora) and the 100-foot RPA buffer. The designated RMA is 100 feet from the edge of the RPA; therefore, the remainder of the parcel is RMA with the exception of a small area near the street. 
· Bank height: 0-5 feet.
· Existing shoreline: undefended.
· Zoning and setback requirements: Zoned R1, Single-Family Dwelling. Minimum setback requirements: front yard 35 feet, rear yard 20 feet, side yard 3 feet.
· Flood Zone and Base Flood Elevation (BFE): AE, static BFE 9 feet and VE zone, static BFE of 10 feet.
· Limit of Moderate Wave Action: LiMWA is present on the parcel indicating that waves of greater than 1.5 feet may cause damage during a base flood, and additional construction standards may be necessary.  
Proposed Development:
[bookmark: _Hlk125991023]Proposed land development: A new principal structure, proposed to extend partially into the landward 50 feet of the Resource Protection Area. A pool, pool deck, and gazebo are proposed for construction within the RPA, partially within the seaward 50 feet.
	Proposed Development
	Impervious Surfaces within RPA (SF)
	Land Disturbance within RPA (SF)

	Principal Structure
	1,700 SF
	

	Hardscape (driveway/walkway/pool/pool deck)
	2,000 SF
	

	Gazebo
	50 SF
	

	TOTAL
	3,750 SF
	7,350 SF


Project Lifespan:
Best available industry information indicates the lifespan of the project components is anticipated to be as follows:
· Primary residence with attached garage: a minimum of 30 years. 
· In-ground, fiberglass residential pool and a well-maintained concrete pool deck: 25-30 years. 
· Gazebo: 10-15 years, based upon the strength and hardiness of its construction material(s).
Impact Identification/Assessment:
· [bookmark: _Hlk125999462]Sea-Level Rise: Sea-level rise impacts are projected up to a depth of a minimum of six inches at the landward-most extent from the shoreline by 2050 (AdaptVA). According to VIMS, the sea-level rise projection represents an estimate that can vary by up to 6 inches based upon tidal influences, topography, and other factors. Marsh migration landward from its current location into an area of existing turf grass is also anticipated on this parcel, pushing the area available for buffer establishment upland by approximately 10 to 20 feet. As proposed, the house would likely be impacted by a minimum of six inches and potentially up to 1.25 feet of water, whereas the pool and gazebo are proposed for areas that may see up to 1.5 feet of water from sea level rise with regular frequency.
· Storm Surge: A Category 2 hurricane storm surge would impact the RPA and the proposed project with 0 to 2 feet of water above ground (AdaptVA). The topography in the area of anticipated inundation ranges from 0 to 10 feet, and it is likely that the surge would come inland to the 10-foot contour line. Depending upon the topography and location of structures, it is likely that the accessory structures and house would experience some level of flooding. As proposed, it appears that the area in the vicinity of the pool would experience the worst flooding, possibly up to two feet, with the house and gazebo likely experiencing up to a foot of water periodically from storm surge.
· Flooding:  With the exception of the shoreline, the entire parcel is located within flood zone AE (1% risk of annual flooding - VFRIS). Along the shoreline the flood zone is VE, Coastal High Hazard Area, where flooding is anticipated to be greater than three feet during the annual-chance 1% flood. In this area the BFE is 10 feet. The parcel will be impacted by LiMWA seaward of the 5-foot contour line (AdaptVA). As proposed, all structures are located within the flood zone.
· Conclusion: Based upon the projections for sea-level rise, storm surge, and flooding as they relate to the proposed location of the principal and accessory structures, it is likely that all structures will experience some level of periodic, if not daily, flooding. 
Potential Design Alterations and Conditions:
The proposed project must comply with all Bay Act requirements including the general performance criteria (9 VAC 25-830-130), and completion of a WQIA and a resilience assessment (9 VAC 25-830-155). Potential design alterations and mitigation measures must begin with minimizing the encroachment into the RPA and should include the following:
· [bookmark: _Hlk129345645]Revise the site plan to move all structures and impervious surfaces outside of the RPA, adjusting the footprint of the house, and the size and location of the pool, pool deck, and gazebo, as necessary. 
· Apply for a zoning variance to reduce setback requirements, if necessary, to ensure all land disturbance, structures and impervious surfaces can be implemented without an encroachment into the RPA.
Potential Adaptation Measures:
No adaptation measure is necessary as the property is large enough to accommodate the desired development under typical Bay Act requirements such as requiring construction of the desired improvements outside of the RPA, minimizing land disturbance and impervious surfaces, and preserving indigenous vegetation. Relocation of the principal and accessory structures outside of the RPA should meet the goal of protecting the development from the impacts of sea level rise, storm surge, and flooding for the anticipated lifespan of the structures.
Final “Approved”:
In this instance, given the available space on the parcel, landward movement of the development was identified without the need for structural alterations or adaptation measures. This example highlights that the resiliency assessment would not necessitate action beyond that which is consistent with existing principals of adjusting development as far landward as possible and outside the RPA. 

Example 2: New Principal Structure on a Pre-Bay Act Lot
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Description automatically generated]Proposed Development	2050 Sea Level Rise	Flooding	Category 2 Storm Surge	Combined Impacts
	Approved Development5’-6’ STORM SURGE


Existing Site Conditions: 
The following data concerning existing site conditions was obtained from the local real estate assessor’s property information website, zoning ordinance, Bay Act maps, AdaptVA, VFRIS, and WetCAT.
· Parcel data: 20,600 SF (0.47 AC). 
· CBPAs: Known RPA features include tidal wetlands (Type I – Saltmarsh Cordgrass / low marsh (20% phragmites, 80% Spartina alterniflora)) and the 100-foot RPA buffer. The entire parcel has been designated as RPA. 
· Bank height: 0-5 feet.
· Existing shoreline: undefended.
· Zoning and setback requirements: Zoned R1, Single-Family Dwelling. Minimum setback requirements: front yard 35 feet, rear yard 20 feet, side yard 3 feet.
· Flood Zone and Base Flood Elevation (BFE): AE, static BFE 9 feet; VE, static BFE of 10 feet
· Limit of Moderate Wave Action: LiMWA is present on the parcel indicating that the limit of coastal waves 18 inches or more is present across the entire parcel. 
Proposed Development:
Proposed land development: A new principal structure on a pre-Bay Act parcel with limited buildable area and entirely within the Resource Protection Area. 
	Proposed Development
	Impervious Surfaces within RPA (SF)
	Land Disturbance within RPA (SF)

	Principal Structure
	1,700 SF
	

	Hardscape (driveway/walkway)
	1,000 SF
	

	TOTAL
	2,700 SF
	6,000 SF


Project Lifespan:
[bookmark: _Hlk129343468]Primary residence with attached garage: a minimum of 30 years.
[bookmark: _Hlk125721832]Impact Identification/Assessment: 
· Sea-Level Rise: Sea-level rise impacts are projected up to a depth of a minimum of six inches at the landward most extent by 2050 (AdaptVA). According to VIMS, the sea level rise projection represents an estimate that can vary by up to 6 inches, more or less, based upon tidal influences and topography among other factors. Marsh migration landward from its current location into an area of existing turf grass is also anticipated on this parcel, pushing the area available for buffer establishment upland by approximately 10 to 20 feet. As proposed, the house would likely be impacted by a minimum of six inches and potentially up to 1.25 feet of water from sea level rise with regular frequency.
· Storm Surge: A Category 2 hurricane storm surge would impact the RPA and the proposed project with 0 to 2 feet of water above ground (AdaptVA). The topography in the area of anticipated inundation ranges from 0 to 10 feet, and it is likely that the surge would come inland to the 10-foot contour line. Depending upon the topography and location of structures, it is likely that the house would experience some level of flooding with a Category 2 hurricane. As proposed, it appears that the house could experience up to a foot of water periodically from storm surge. 
· Flooding: The entire parcel apart from the shoreline, is located within flood zone AE (1% risk of annual flooding -- VFRIS). Along the shoreline the flood zone is VE, Coastal High Hazard Area, where flooding is anticipated to be greater than three feet during the annual-chance 1% flood. In this area the BFE is 10 feet. The parcel will be impacted by LiMWA seaward of the 5-foot contour line (AdaptVA). As proposed, the location of the house is within the flood zone.
· Conclusion: Based upon the projections for sea-level rise, storm surge, and flooding as they relate to the proposed location of the principal structure, it is likely that the house will experience daily impacts from sea level rise and periodic flooding from storm surge. 
Potential Design Alterations and Conditions:
The proposed project must comply with all Bay Act requirements including the general performance criteria (9 VAC 25-830-130), and completion of a WQIA and a resiliency assessment (9 VAC 25-830-155). Potential design alterations and mitigation measures begin with minimizing the encroachment into the RPA and should include the following:
· Increase the height of finished floor elevation above the base floor elevation. Construction of a structure with a raised elevation involves seeking expert advice for locating living spaces, heating, air conditioning, and other systems above the BFE.
· Reduce the size of the footprint of the house and impervious surfaces for driveway and walkways. Consider requiring the use of permeable pavers for driveways and walkways. Limit or deny the construction of exterior decks or patios. 
· Limit the area of land disturbance on site.
· Apply for a zoning variance to reduce setback requirements, if necessary, to ensure land disturbance, structure and impervious surfaces can be sited as far from the shoreline as possible.
· Preserve existing vegetation and protect mature trees on site, including avoiding land disturbance near the dripline of trees where possible.
· Consider the installation of supplemental riparian buffer and marsh plantings to the RPA as recommended by the Buffer Manual, as appropriate. 
Potential Adaptation Measures:
· Installation of a living shoreline consisting of submerged aquatic vegetation and other marsh plants that will survive periodic saltwater inundation.
· Preservation and supplementation of the existing riparian buffer with the addition of conservation landscaping should also be considered. 
Final “Approved”:
This example highlights a scenario in which there is no ability to relocate or move the proposed structure outside of the RPA and predicted flooding and storm surge impacts are anticipated to intersect with the proposed development. In this case the only option for this parcel would be to move the proposed structure as far landward as is possible and raise the elevation of the home.  Additionally, supplemental buffer vegetation should be added which would reduce the impacts and at minimum should be added in accordance with the Riparian Buffer Manual.  


Example 3: Expansion of Nonconforming Principal Structure
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			                               	Approved Development
Existing Site Conditions: 
The following data concerning existing site conditions was obtained from the local real estate assessor’s property information website, zoning ordinance, Bay Act maps, AdaptVA, VFRIS, and WetCAT.
· Parcel data: 20,600 SF (0.47 AC). 
· CBPAs: Known RPA features include tidal wetlands (Type I – Saltmarsh Cordgrass / low marsh (20% phragmites, 80% Spartina alterniflora)) and the 100-foot RPA buffer. The entire parcel has been designated as RPA. 
· Bank height: 0-5 feet.
· Existing shoreline: undefended.
· Zoning and setback requirements: Zoned R1, Single-Family Dwelling. Minimum setback requirements: front yard 35 feet, rear yard 20 feet, side yard 3 feet.
· Flood Zone and Base Flood Elevation (BFE): AE, static BFE 9 feet; VE, static BFE 10 feet.
· Limit of Moderate Wave Action: LiMWA is present on the parcel indicating that the limit of coastal waves 18 inches or more is present across the entire parcel. 
Proposed Development:
Proposed land development: 900 square foot waterfront expansion to include a room, screen porch, and deck to an existing nonconforming principal structure on a pre-Bay Act parcel with limited buildable area and entirely within the Resource Protection Area. 
	Proposed Development
	Impervious Surfaces within RPA (SF)
	Land Disturbance within RPA (SF)

	Addition
	900 SF
	

	TOTAL
	900 SF
	900 SF


Project Lifespan:
Addition to an existing principal structure: a minimum of 30 years.
Impact Identification/Assessment: 
· Sea-Level Rise: Sea-level rise impacts are projected up to a depth of a minimum of 6 inches at the landward-most extent by 2050 (AdaptVA). According to VIMS, the sea level rise projection represents an estimate that can vary by up to 6 inches, more or less, based upon tidal influences and topography among other factors. Marsh migration landward from its current location into an area of existing turf grass is also anticipated on this parcel, pushing the area available for buffer establishment upland by approximately 10 to 20 feet. As proposed, the waterfront addition to the house would likely be impacted by a minimum of six inches and potentially up to 1.25 feet of water from sea level rise on a regular basis.
· Storm Surge: Category 2 hurricane storm surge would impact the RPA and the proposed project with 0 to 2 feet of water above ground (AdaptVA). The topography in the area of anticipated inundation ranges from 0 to 10 feet, and it is likely that the surge would come inland to the 10-foot contour line. Depending upon the topography and location of structures, it is likely that the proposed waterfront addition and the house would experience some level of flooding. As proposed, it appears that the addition itself could experience up to a foot of foot of water periodically from storm surge. 
· Flooding: The entire parcel with the exception of the shoreline, is located within flood zone AE (1% risk of annual flooding) (VFRIS). Along the shoreline the flood zone is VE, Coastal High Hazard Area, where the flooding is anticipated to be greater than three feet during the annual-chance 1% flood. In this area the BFE is 10 feet. The parcel will be impacted by LiMWA seaward of the 5-foot contour line (AdaptVA). As proposed, the expansion of the existing home is located within the flood zone.
· Conclusion: Based upon the projections for sea-level rise, storm surge, and flooding as they relate to the existing location of the principal structure and its proposed expansion, it is likely that both will experience daily impacts from sea level rise and periodic flooding from storm surge. 
Potential Design Alterations and Conditions:
The proposed project must comply with all Bay Act requirements including the general performance criteria (9 VAC 25-830-130), and completion of a WQIA and a resiliency assessment (9 VAC 25-830-155). Potential design alterations and mitigation measures begin with minimizing the encroachment into the RPA and should include the following:
· Relocate the proposed addition from the waterfront to the side or front (driveway side) of the existing structure to preserve as much of existing riparian buffer area as possible and to ensure that enough area remains to install a living shoreline.
· Reduce the size of the proposed addition. 
· Limit the area of land disturbance on site.
· Apply for a zoning variance to reduce setback requirements, if necessary, to ensure land disturbance, structure and impervious surfaces can be sited as far from the shoreline as possible.
· Preserve existing vegetation and protect mature trees on site, including avoiding land disturbance near the dripline of trees where possible.
· Consider the installation of supplemental riparian buffer and marsh plantings to the RPA as recommended by the Buffer Manual, as appropriate. 
Potential Adaptation Measures:
· Installation of a living shoreline consisting of submerged aquatic vegetation and other marsh plants that will survive periodic saltwater inundation. A living shoreline on this property would further benefit from the installation of a plant sill to improve conditions for survival of the living shoreline.
· Supplementation of the existing riparian buffer with the addition of conservation landscaping that includes saltwater tolerant species of trees, shrubs, and herbaceous vegetation should also be considered.
Final “Approved”:
In this instance, the approved project includes shifting the proposed addition to avoid the predicted impact area. If such alteration is not feasible, then the recommendations from Example #2 should be followed. Additionally, supplemental buffer vegetation should be added which would reduce the impacts and at minimum should be added in accordance with the Riparian Buffer Manual. 



Example 4: New Principal and Accessory Structures 
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Existing Site Conditions:
The following data concerning existing site conditions was obtained from the local zoning ordinance, Bay Act maps, AdaptVA, VFRIS, and WetCAT.
· Parcel data:  39,500 SF (0.91 AC).	
· CBPAs: There do not appear to be any RPA features other than the 100-foot RPA buffer, which remains fully vegetated. The remainder of the parcel has been designated as RMA.
· Bank height: 0-5 feet.
· Existing shoreline: undefended.
· Zoning and setback requirements: Zoned R-1, Single Family Residential. Minimum setback requirements: front yard 35 feet, rear yard 20 feet, side yard 3 feet. Accessory buildings have an interior side yard setback of 5 feet and rear yard setback of 10 feet. 
· Flood Hazard District: A, static BFE -9999 feet.
Proposed Development:
Proposed land development: A new principal structure, proposed for construction outside of the RPA. A pool, pool deck, and pier with a boat house are proposed for construction within the RPA, partially within the seaward 50 feet.
	Proposed Development
	Impervious Surfaces within the RPA (SF)
	Land Disturbance within RPA (SF)

	Principal Structure
	N/A
	

	Hardscape (Driveway/walkways)
	N/A
	

	Pool/pool deck
	500 SF
	

	Pier/boat house
	430 SF
	

	TOTAL
	930 SF
	2,400 SF


Project Lifespan:
Based upon best available industry information, the lifespan of the project components was anticipated as follows:
· Primary residence with attached garage: minimum of 30 years.
· In-ground, fiberglass pool with a well-maintained concrete pool deck: 25-30 years.
· Wooden pier: 20-25 years.
· Boat house with roof: 15-25 years.
Impact Identification/Assessment:
· Sea-Level Rise: Sea-level rise impacts are projected up to a depth of an average of one foot at the landward-most extent, and approximately 5 feet at the shoreline by 2050 (AdaptVA); however, these impacts do not extent more than 50 feet landward, are well within the wooded RPA buffer, and will not reduce the buildable area of the parcel. As proposed, it appears that only the pier will be impacted by sea level rise on a regular basis.
· Storm Surge: A Category 1 hurricane storm surge would impact the RPA at the northeast corner of the property with up to one foot of water above ground (AdaptVA). If a Category 2 storm is anticipated, then that impact could increase to seven feet in the same location. As the area of inundation for both storm categories is very close to the shoreline, it is likely that the surge would only affect the bank; however, depending upon the location of the pier and boathouse they may experience some level of flooding. As proposed, and depending upon their location, it appears that the pier and boathouse may experience anywhere from one to seven feet of water periodically from storm surge.
· Flooding: Approximately one third of the parcel is located within flood zone A (with a 1% annual chance of flooding, a 26% chance of experiencing a 100-year flood during any thirty-year period, or high risk) and all of that appears to be within the fully vegetated RPA (VFRIS).  The parcel is not impacted by LiMWA. Most of the parcel is rated as low risk for flooding on the AdaptVA physical vulnerability index. As proposed, only the proposed pier will be located within the flood zone.
· Conclusion: Based upon the projections for sea-level rise, storm surge, and flooding as they relate to the proposed location of the principal and accessory structures, it is likely that only the proposed pier, possibly the pool and pool deck will experience some level of periodic, if not daily, flooding. 
Potential Design Alterations and Conditions:
The proposed project must comply with all Bay Act requirements including the general performance criteria (9 VAC 25-830-130), and completion of a WQIA and a resiliency assessment (9 VAC 25-830-155). Potential design alterations and mitigation measures begin with minimizing the encroachment into the RPA and should include the following:
· The principal structure should remain outside the RPA as proposed and as close to the front yard setback as possible to avoid unnecessary encroachments into the RPA. Location of the proposed accessory uses such as the pool and pool deck should be moved outside of the RPA.
· Reduce the size of the footprint for the house, addition, and impervious surfaces for driveway and walkways and consider requiring the use of permeable pavers for driveways and walkways, where possible. 
· Limit the area of land disturbance on site.
· Apply for a zoning variance to reduce setback requirements, if necessary, to ensure land disturbance, structure and impervious surfaces can be sited as far from the shoreline as possible.
· Impervious surfaces should be kept to a minimum and materials that are pervious should be considered for drives and walkways.
· Do not permit RPA encroachment other than that necessary for access to the pier and boathouse. Preserve existing vegetation and protect mature trees, including avoiding land disturbance within the dripline.  Access to the water, sight lines, and vistas should be achieved with as little disturbance to existing vegetation as possible through judicious pruning, limbing up, and removal of dead, diseased or dying trees as per existing guidance. 
· Construction access for the pier and boat house should be required from the water, with no access permitted overland, if at all possible. Laydown areas for building materials and heavy equipment shall be located outside of the RPA. Mitigation for land disturbance for the pier and waterfront access through the RPA should be in the form of vegetative plantings according to the Riparian Buffer Manual.
· Siting the pier on the highest point along the waterfront is recommended, as is meeting requirements for special flood hazard areas that include elevating structures and raising electrical and other systems at least 12 inches above the base flood elevation.
· Shoreline enhancements such as the creation of vegetated wetlands and/or supplementation of the existing riparian buffer may be considered. 
· Relocation of the principal and accessory structures (except for the pier) outside of the RPA should meet the goal of protecting the development from the impacts of sea level rise, storm surge, and flooding for the anticipated lifespan of the structures. A marine construction specialist should be consulted to determine the best location for the pier and boathouse and raising the elevation of the pier may be necessary depending upon existing shoreline conditions.
Potential Adaptation Measures:
No adaptation measure is necessary as the property is large enough to accommodate the desired development under typical Bay Act requirements such as requiring construction of the desired improvements outside of the RPA, minimizing land disturbance and impervious surfaces, and preserving indigenous vegetation. 
Final “Approved”:
In this instance, the approved project includes an increase in the elevation of the water-dependent facility which would reduce the need for future changes and land disturbance in the RPA due to sea-level rise. Sufficient space exists to shift the remainder of the development outside of the RPA. In this case, significant vegetation already exists within the RPA and should be maintained consistent with standard Bay Act principles. 

Example 5: Living Shoreline
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Existing Site Conditions: 
The following data concerning existing site conditions was obtained from the local real estate assessor’s property information website, zoning ordinance, Bay Act maps, AdaptVA, VFRIS, and WetCAT. Additionally, a site plan and landscape design plan were available for installation of the living shoreline. 
· Parcel data: 0.68 acres (29,793 square feet).
· CBPA status: Entire pre-Bay Act parcel is designated RPA. Known RPA features include a tidal marsh on a neighboring parcel which extends onto the northeast corner of the property (Type IV - saltbush dominated by Iva frutescens, Baccharis halimifolia) and the 100-foot RPA buffer. The entire parcel is designated as Resource Protection Area with an Intensely Developed Area overlay. 
· Bank height: 0-5 feet.
· Existing shoreline: undefended.
· Shoreline conditions: the parcel has approximately 110-linear feet of shoreline, with an eroding bank overgrown with invasive plants and that contains concrete debris that increases the area of impervious surface. The existing buffer consists of a cluster of shrubs at Mean High Water with the remainder appearing to be lawn grass. 
· Zoning and setback requirements: Zoned SF-T, Single Family – Traditional. Minimum setback requirements: front and rear yard 20 feet, side yard 5 feet. The existing residence is setback 70’ from the shoreline. The parcel is located within the Coastal Resilience Overlay District and the Flood Plain/Coastal Hazard Overlay District.
· Flood Hazard District: AE, with a BFE of 9 feet, impacts all but a small corner of the parcel.
Proposed Development:
The shoreline of this property is identified as a potential restoration opportunity area suitable for the installation of a non-structural plant marsh or a marsh area with a sill by the Shoreline Management Model. Installation of the proposed living shoreline involved grading of the bank and installation of marsh plants, coir logs, or oyster reefs along the shoreline. Below are the specifications of the living shoreline that was installed:
· The project implemented the installation of 105 linear feet of living shoreline with a rip rap toe. 
· During design and construction, consideration was given to the elevation of the bank and the proximity of the existing tidal marsh. 
· To minimize land disturbance in the RPA, construction was completed by using a mini-excavator and creating pathways to the shoreline with boards (skid steer) for the delivery of materials, allowing for minimal damage to the shoreline. 
· Stone and sand used for fill were delivered to a staging area on site and transferred to the shoreline using the skid steer pathway. 
· The 85-foot-long rip-rap sill was 3 feet tall and was placed at mean low water. Five cubic yards of oyster shell were placed on the channelward side of the rip-rap revetment and on top of the sill. The sill was constructed in two segments: a 60-foot segment from the tidal marsh on the northern property line and a 25-foot segment tying into the neighboring property’s revetment. A gap of approximately 20 feet occurred between the two sections of living shoreline to enable tidal flush and to accommodate the existing pier. 
· Within the 60-foot section, shrubs along the northern property line were removed in conjunction with grading to enable the installation of the sill. The 25-foot section of living shoreline called for the retention of existing upland shrubs and the planting of nine-feet in width of low marsh and 10 feet of high marsh. 
· Clean sand (57 cubic yards) was placed landward of the sill and graded to the existing elevation. That area was planted on 12” to 18” centers with native wetland grasses which were protected by goose exclusion fencing and marked with florescent flagging. Spartina alterniflora was planted closest to the shore in the low marsh area and Spartina patens was planted in the high marsh, or upland area. In addition, the restoration of a 15-foot-high marsh of Spartina patens was planted within the existing lawn area, closest to the home. 
· The native planting area varied from 17’ to 26’ in width, with an average width of 17.8’. In total the proposed living shoreline was 1,870 square feet. 
Project Lifespan:
· Once planted, a living shoreline traps sediments from tidal waters, allowing them to grow in elevation as sea level rises. 
· The Bay Model assigns a duration of 10 years to urban vegetated living shorelines, which would be affected by factors such as site conditions, ongoing maintenance, and storm events. 
· Ongoing maintenance includes debris removal, replanting of vegetation, adding additional sand fill, and ensuring that the organic and structural materials remain in place and continue to stabilize the shoreline.
Impact Identification/Assessment: 
· Sea Level Rise: Sea level rise impacts are projected up to a depth of an average of approximately six inches at the landward-most extent, with a potential depth of 3.75 feet at the shoreline by 2050 (AdaptVA). According to VIMS, the sea level rise projection represents an estimate that can vary by up to 6 inches, based upon tidal influences and topography, among other factors. Marsh migration landward from its current location into an area of existing turf grass on this parcel is also anticipated, which will reduce the area available for buffer establishment upland by 20-30 feet. As proposed, the living shoreline is located within the area projected be impacted by sea level rise. Marsh plants should be able to withstand inundation from tidal waters and will likely migrate upland over time given favorable conditions and as shown in the “approved development” image above.
· Storm Surge: A Category 2 hurricane storm surge would impact the entire parcel with 1 to 4 feet of water above ground (AdaptVA). The topography in the area of anticipated inundation ranges from 0 to 5 feet, and it is likely that the surge could potentially cause flooding within in the existing home. As proposed, the living shoreline is located within the area projected to receive a storm surge. Marsh plants used for the living shoreline should be able to withstand inundation from tidal waters.
· Flooding:  The entire parcel is located within flood zone AE (1% risk of annual flooding) (VFRIS). In this area the BFE is 9 feet and the parcel sits at 5 feet. As proposed, the living shoreline is located within the flood zone.
· Conclusion: Based upon the projections for sea-level rise, storm surge, and flooding as they relate to the proposed location of the living shoreline, it is likely that the living shoreline will experience some level of daily flooding, as well as periodic storm surge, and that there is potential for upland marsh migration. The impact analysis in this instance provides guidance for the location and placement of the living shoreline and an additional assessment would not be required.  
Potential Design Alterations and Conditions:
No alterations or conditions were necessary as the project proposed installation of a living shoreline. The resiliency assessment can serve to guide the placement of living shoreline by considering the extent and depth and extent of the predicted impacts but no additional mitigation, including potential design alterations or conditions, would be required. 
Proposed Adaptation Measure:
A living shoreline was the proposed development project. No additional adaptation measure is necessary.
Final design and installation of the proposed living shoreline are “Approved”.
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