
 

 

 





Joint Land Use Study Implementation  

ii 
 

 

Tables 
Table 1 Infrastructure vulnerable to sea level rise and storm surge (SS) ................................................................... 3 
Table 2 Locally significant impacted sites in Kittery in two modeled scenarios ...................................................... 6 
Table 3 Range of SLR and storm surge values used in vulnerability studies .......................................................... 10 
Table 4 Climate vulnerable assets: available data ......................................................................................................... 14 
Table 5 Infrastructure with groundwater < 5 feet below the ground surface in three scenarios ........................ 19 
Table 6 Potential asset exposure to salinized groundwater ........................................................................................ 31 
Table 7 Resilience options as applicable to priority areas .......................................................................................... 34 
Table 8 Order of magnitude opinion of probable cost .............................................................................................. 50 
 

Figures 
Figure 1 Analysis process................................................................................................................................................... 1 
Figure 2 Locus map of study area .................................................................................................................................... 7 
Figure 3 Projected pavement life reductions ................................................................................................................ 12 
Figure 4 Spatial distribution of point-based assets and road points ......................................................................... 16 
Figure 5 The Groundwater Rise Zone for 1.6 feet and 3.9 feet of SLR in model domain .................................. 18 
Figure 6 Road sections vulnerable to groundwater shoaling and inundation ......................................................... 21 
Figure 7 Histograms of groundwater depth in 50-foot road sections ...................................................................... 22 
Figure 8 Groundwater depth at sewer pipe locations under two SLR scenarios (1.6 feet and 3.9 feet) ............. 24 
Figure 9 Kittery sewer pump stations ............................................................................................................................ 25 
Figure 10 Groundwater depth at sewer pump stations three SLR scenarios .......................................................... 26 
Figure 11 Vulnerable septic systems .............................................................................................................................. 27 
Figure 12 Histogram of septic systems with groundwater depth .............................................................................. 28 
Figure 13 Kittery wetlands by type ................................................................................................................................ 29 
Figure 14 Simulated relative salinity of groundwater along the Kittery coast ......................................................... 30 
Figure 15 Relative salinity distribution for water-main materials .............................................................................. 31 
Figure 16 Duckbill backflow prevention device in Brisbane, Australia ................................................................... 35 
Figure 17 Flood resilient elevated pump station design ............................................................................................. 36 
Figure 18 Sewer Pipe Lining ........................................................................................................................................... 37 
Figure 19 Porous pavement ............................................................................................................................................ 38 
Figure 20 Bioretention basin ........................................................................................................................................... 39 
Figure 21 Living shoreline ............................................................................................................................................... 40 
Figure 22 Levee revetment .............................................................................................................................................. 41 
Figure 23 Elevated roadway schematic ......................................................................................................................... 42 
Figure 24 Admiralty Village conceptual adaptation design ........................................................................................ 44 
Figure 25 Pepperrell Road conceptual adaptation design .......................................................................................... 46 
Figure 26 Chauncey Creek Road / Seapoint Road conceptual adaptation design ................................................. 48 















Joint Land Use Study Implementation  

7 
 

Figure 2 Locus map of study area  

 

Source: FAO, NOAA, USGS.  





https://www.nhc.noaa.gov/nationalsurge/
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Table 3 Range of SLR and storm surge values used in vulnerability studies  

 Current Conditions  2050 (Near Term)  2100 (Long Term)   

Report  Elevation Type  Year  Likely  1% AEP Likely  5% AEP 1% AEP Likely  5% AEP 1% AEP Storm 
surge  

NOAA tides and 
currents (Seavey 
Island)  

MHHW (ft NAVD88)   4.18         

MHW (ft NAVD88)   3.76         

Storm Tide, 1/13/24 (ft 
NAVD88)   8.46         

New Hampshire  
Coastal Flood 
Risk Summary 

RCP 4.5 2019   0.5-1.3 1.6 2.0 1.0-2.9 3.8 5.3  

RCP 8.5 2019      1.5-3.8 4.9 6.5  

Kittery Flood 
Resiliency 
Checklist  

Sea Level Rise (ft; no 
timeframe  associated)  2020 6.1  8.8   10.9    

Coastal Hazard 
Planning 
Practices for 
Kittery , ME 

Sea Level Rise (ft above HAT)  2020  3.9   6.1   10.9  

NOAA 1% Storm Surge  2020         4-5.3 

State of Maine 
Fact Sheet  

Commit to Manage  2021   1.6   3.9    

Prepare to Manage  2021   3.0   8.8    

Economic 
Resilience 
Assessment for 
York County  

Commit to Manage  2022   1.6       

Prepare to Manage  2022   3.0       

Kittery Climate 
Vulnerability 
Assessment 
Summary  

Commit to Manage  2023   1.6       

Prepare to Manage  2023   3.0       

This study (JLUS 
IV, task 2.4A)  

Sea Level Rise (ft above 
MHHW) 2024   1.6   3.9    

Storm Surge  2024         3.7 
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Figure 3 Projected pavement life reductions  

Source: Knott et al. (2017)  
Note: Projected pavement life reductions with sea -level -rise-induced groundwater rise at Spaulding Turnpike and  Route 286, a turnpike and  
regional corridor , respectively,  in coastal New Hampshire. Blue bars and red bars represent the pavement life reduction due to fatigue 
cracking and rutting, respectively, with 1.0 and 2.7 -ft SLR.  With 5.2 and 6.6 feet of SLR, Route 286 is projected to be flooded.  (Knott et al., 2017) . 

  







https://www.maine.gov/dot/programs-services/environmental-efforts/climate-initiative/adaptation
https://www.maine.gov/dot/programs-services/environmental-efforts/climate-initiative/adaptation
https://www.researchgate.net/figure/Highways-in-the-Coastal-Environment-FHWA-HEC-25-3rd-edition_fig1_374122164
https://www.researchgate.net/figure/Highways-in-the-Coastal-Environment-FHWA-HEC-25-3rd-edition_fig1_374122164
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Figure 4 Spatial distribution of point -based assets and road points  

  

  
Note: Spatial distribution of point -based assets (blue) and linear assets (yellow) specified flood elevations. Larger clusters indicate a higher concentration of  points below the specified flood 
elevation. Note that this analysis yielded no road points bel ow the elevation 5.8 ft NAVD88. Red pins identify the priority locations of Admiralty Village, Pepperell Road and Chancy Cree k 
Road/Seapoint Road, discussed in Section 5.
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3.1.1.2  Stormwater Infrastructure  

Components of the storm drain system (346 storm drain outfalls, 1,357 catch basins and 18 ditch outfalls) were 
assessed for their vulnerability to flooding from SLR and storm surge. Because of their location directly on the 
coast, storm drain outfalls were found to be the most vulnerable. About 35% of the estimated outfalls in Kittery 
become flooded under the lowest scenario (5.8 ft NAVD88); vulnerability increases to 64% of outfalls under the 
highest scenario (11.8 ft NAVD88). The flooding of storm drain outfalls has two major impacts on town 
infrastructure and residents:  

1. Flooding of outfalls reduces the ability of the storm drain system to convey stormwater away from inland 
locations to the coast, resulting in stormwater flooding;  

2. Outfalls flooded by SLR and storm surge become additional conduits for seawater flooding in inland 
locations, potentially increasing the extent and depth of flooding due to sea level rise and storm surge. 

A small number (four) of ditch outfalls are vulnerable to flooding under the highest scenario. Less than 5% (61) 
of the assessed catch basins were found to be vulnerable to flooding due to SLR and storm surge.  

3.1.1.3 Water and Wastewater Infrastructure  

Of the 343 mapped septic tank locations, only five were found to be vulnerable under the highest SLR and 
storm surge scenario. Similarly, only five of the 206 mapped private wells were found to be vulnerable under the 
highest scenario. Fire hydrants were not found to be vulnerable, with only one potentially flooding at 9.5 ft 
NAVD88 and five potentially flooded at 11.8 ft NAVD88. Even with this small number, this could reduce the 
performance of firefighting units in certain locations during emergencies.  

One water treatment plant (Kittery Water District) and one wastewater treatment plant (Kittery Water Pollution 
Control Facility) were assessed; the facility locations were found not to be vulnerable to flooding from the SLR 
and storm surge scenarios in this analysis.  

Only three of the 774 sewer manholes were found to be vulnerable under the lowest scenario and less than 5% 
(36) sewer manholes were found to be vulnerable under the highest scenario. Despite this small number, 
saltwater flooding of sewer manholes could have potentially devasting impacts in several ways:  

1. Saltwater infiltration can corrode sewer pipes and damage biological treatment processes;  
2. Sewer pipes could convey saltwater flooding further inland, causing sewer overflows into streets and 

connected buildings and residences; and 
3. Under extreme flooding conditions, sewer pipes can become pressurized and manhole covers can erupt 

potentially causing harm to life and property.  

Four of the 24 mapped pump stations could become vulnerable to flooding under the highest scenario. Again, 
despite the small number, this could have outsized impacts due to reduced pumping capacity, potentially 
resulting in sewer overflows and infiltration of buildings.  

3.1.1.4 Emergency Response Infrastructure  

Similar to what was reported in the Kittery CCVA, none of the emergency response facilities (e.g., police 
stations, fire and EMS stations, hospitals) were found to be vulnerable to flooding from SLR and storm surge. 
However, the vulnerability of local roads, particularly Pepperell Road and Chauncey Creek Road/Seapoint 
Road, could drastically impact the ability for emergency services to render aid during storm conditions in 
isolated locations of the town, further enhancing the sensitivity of the relatively small number of road segments 
found to be vulnerable in Kittery. 
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Figure 8 Groundwater depth at sewer pipe locations under two SLR scenarios (1.6 feet and 3.9 feet)   

 
Source: SMPDC GIS sewer infrastructure, accessed in 2025.  
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Figure 9 Kittery sewer pump stations  

 
Source : SMPDC GIS data, accessed in 2025  
Note: Black dots represent Kittery sewer pump stations . The colored dots represent pump stations where groundwater is less than 5 feet deep 
for three SLR scenarios: no SLR (green), 1.6 ft SLR yellow, and 3.9 ft SLR (red).  

The simulated groundwater depth at sewer pump stations where the groundwater is less than 10 feet deep is 
shown for no SLR, 1.6 feet SLR, and 3.9 feet SLR in Figure 10. There is a projected shift from shallow 
groundwater to GWI at PS-1 with 1.6 and 3.9 feet of SLR and at PS-2 with 3.9 feet of SLR. The water table is 
projected to rise to within 2 feet of the ground surface at PS-5 with 3.9 feet of SLR. 
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Figure 11 Vulnerable septic systems  

 
Source: SMPDC GIS data, accessed in 2025.  
Note: Analysis shows vulnerable septic systems with a) 1.6 feet of SLR and b) 3.9 feet of SLR. Vulnerable is defined as septic systems with groundwater less than 5 feet deep . 
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However, the groundwater simulations indicate that six septic systems currently have groundwater less than 3 
feet deep and may be releasing contaminants into groundwater. With 3.9 feet of SLR, the number of septic 
systems with groundwater less than 3 feet deep increases to 18 (Figure 12). 

 

Figure 12 Histogram of septic systems with groundwater depth  

 
Source: SMPDC GIS data, accessed in 2025.  
Note: Histogram shows areas with shallow groundwater, i.e., groundwater less than 10 feet deep. Conventional septic systems are vulnerable 
to failure with groundwater less than 3.5 to 4 feet deep (Kittery, nd; MDHHS, 2024).  

3.1.2.3 Wetlands  

Wetlands help to protect subsurface infrastructure and roads by modulating groundwater levels, which is critical 
as groundwater rises from SLR. Low-lying wetlands often act as natural discharge zones where rising 
groundwater can reach the surface as marsh water, rather than emerging in developed areas (U.S. EPA, accessed 
in 2025). By providing this natural discharge area, healthy wetlands can reduce groundwater levels and help to 
protect nearby roads and subsurface infrastructure from saturation and GWI.  

In Kittery, as sea levels rise, both surface water flooding and groundwater rise are expected to worsen. 
Integrating wetland conservation and restoration into flood resilience planning is increasingly vital for 
infrastructure protection (Neri-Flores et al., 2019; Befus et al., 2020). 

Coastal wetlands are also susceptible to changes in groundwater levels and salinity gradients. Rising groundwater 
leads to prolonged soil saturation, potentially expanding wetland areas or causing die-off of species unable to 
tolerate new conditions (Masterson et al., 2014). Saltwater intrusion from rising seas and groundwater alters 
ecosystem compositions, leading to habitat shifts, loss of biodiversity, and degradation of natural flood 
protection services (Habel et al., 2024; Befus et al., 2020). Barrier island wetlands are particularly vulnerable to 
thinning freshwater lenses and saltwater inundation (Masterson et al., 2014; Hoover et al., 2017). 

There are approximately 2,580 acres of wetlands in Kittery (Figure 13). Approximately 598 acres of land are 
projected to be inundated with rising groundwater from 3.9 feet of SLR. Approximately 167 acres of GWI, or 
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3.2 Summary of Vulnerability Assessment  

Overall, this analysis found areas in Kittery vulnerable to SLR and storm surge as well as rising groundwater 
levels, as described in this section.  

3.2.1 Surface Water Flooding  

SLR is accelerating along the Maine coast and is projected to be 1.6 feet by mid-21st century and 3.9 feet by late 
21st century in the Town of Kittery. The vulnerability of transportation, stormwater, water and wastewater 
infrastructure, and emergency response facilities to flooding from SLR and extreme (1% annual exceedance 
probability) storm surge was assessed under four scenarios: 1.6 ft and 3.9 feet of SLR and 1.6 and 3.9 ft of SLR 
plus an extreme storm surge height of 3.74 ft. For a conservative estimate of flood vulnerability, these SLR and 
storm surge heights were assumed to occur during high tide by adding them to MHHW (4.18 ft NAVD88) 
yielding flood water surface elevations of 5.8, 8.1, 9.5 and 11.8 ft NAVD88. 

A small number of roads were found to be most vulnerable in this analysis, especially segments of low-
lying roads adjacent to Piscataqua River, Spruce Creek and Chauncy Creek. These vulnerable road sections are 
especially sensitive to flooding because they can offer sole access to residents that occupy the many peninsulas 
and islands that make up the Kittery coastline. The bridge on US Rt 1 at Spruce Creek was found to be 
potentially vulnerable under highest SLR and storm surge scenarios. Coastal bridges vulnerable to flooding from 
SLR and storm surge are especially sensitive because of their location and overall importance to the 
transportation network.  

The vulnerability of stormwater infrastructure exposed at the surface (e.g., manholes, outfalls) were assessed. 
Because of their location directly on the coast, storm drain outfalls were found to be the most vulnerable 
components of the stormwater system, with about 35% of the estimated outfalls becoming flooded under the 
lowest scenario (5.8 ft NAVD88), increasing to 64% of the estimated outfalls under the highest scenario (11.8 ft 
NAVD88). The flooding of storm drain outfalls has two major impacts on town infrastructure and residents:  

1. Flooding of outfalls reduces the ability of the storm drain system to convey stormwater away from inland 
locations to the coast, resulting in stormwater flooding;  

2. Outfalls flooded by SLR and storm surge become additional conduits for seawater flooding in inland 
locations, potentially increasing the extent and depth of flooding due to sea level rise and storm surge.   

Stormwater and wastewater infrastructure were found to be vulnerable to SLR and storm surge. While 
the locations of the Kittery Water District and the Kittery Water Pollution Control Facility were found not to be 
vulnerable to flooding from the SLR and storm surge scenarios in this analysis, three of the 774 mapped sewer 
manholes assessed were found to be vulnerable under the lowest scenario; this vulnerability increased to 36 
sewer manholes under the highest scenario. Despite these small numbers, saltwater flooding of sewer manholes 
could have potentially devasting impacts to the sanitary sewer system including sewer pipe corrosion, damage to 
biological treatment processes, and/or sewer overflows into streets and connected buildings and residences. 
Under extreme flooding conditions, sewer pipes can become over-pressurized and manhole covers can erupt 
potentially causing harm to life and property. Four of the 24 mapped pump stations could become vulnerable to 
flooding under the highest scenario, which could have outsized impacts due to reduced pumping capacity and 
the potential for sewer overflows and infiltration of buildings.  

None of the emergency response facilities (e.g., police stations, fire and EMS stations, hospitals) were 
found to be vulnerable to flooding from SLR and storm surge. However, the vulnerability of low-lying road 
segments, particularly Pepperell Road and Chauncey Creek Road/Seapoint Road, could drastically impact the 
ability for emergency services to render aid to isolated locations of the town during storm conditions, further 
enhancing the sensitivity of the relatively small number of road segments found to be vulnerable in Kittery. 
Additionally, a small number of fire hydrants were found to be vulnerable to flooding, which could impede 
firefighting capabilities during storm conditions.  
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4.1 Stormwater Outfall Backflow Prevention  

Backflow prevention devices are a critical component of flood resilience in coastal communities, particularly 
where stormwater infrastructure discharges near or into tidal waters. These devices are installed at the discharge 
end or within a stormwater outfall pipe to prevent high tides, storm surge, or elevated coastal water levels from 
entering and overwhelming the stormwater system. Common types include flap gates, duckbill valves (Figure 
16), inline check valves, and self-regulating tide gates, each suited to specific site conditions and hydraulic 
requirements. These devices are passive in nature, meaning they function automatically in response to water 
pressure, which makes them a cost-effective and low-maintenance solution. 

These devices are particularly effective in low-lying areas where stormwater systems are hydraulically connected 
to coastal waters and subject to frequent backflow during high tide or storm events. Their use is most 
appropriate in locations where existing drainage infrastructure cannot be easily relocated or upgraded and where 
minor to moderate tidal flooding is already occurring. When used in combination with other flood mitigation 
strategies, such as elevating roads or adding bioretention areas for runoff treatment and storage, backflow 
prevention devices can help maintain system function and protect public infrastructure. They are also 
compatible with living shorelines and berm construction, as they address the interaction between built 
infrastructure and natural water levels, helping to create a layered and adaptive flood defense system. 

This strategy would be particularly beneficial at Admiralty Village, where low elevations and existing outfalls 
make the area vulnerable to backflow during high tides and storms. Both Chauncey Creek/Seapoint Beach Road 
and Pepperrell Road could also benefit from this intervention in areas where tidal creeks intersect with road-
adjacent drainage outlets. 

Figure 16 Duckbill backflow prevention device  in Brisbane, Australia  

 
Source: The Western Creek Floodgate http://www.oncewasacreek.org/2014/08/the -western -creek -floodgate -a -reality -after -125-years/   
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In Admiralty Village, some sewer pipes are vulnerable to groundwater infiltration and sewage exfiltration 
exacerbated by corrosion from salinized groundwater. Figure 18 shows a sewer pipe lining that covers cracks or 
separations without digging.  Other options include replacing the cracked pipes with PVC or inserting a smaller 
diameter pipe into the damaged one and grouting the area separating the two pipes (slip lining). 

 
Figure 18 Sewer Pipe Lining  

Source: Rocket Plumbing https://rocketplumbingnow.com/trenchless -sewer -repair/   
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4.7 Elevated Roadways  

Elevated roadways are a critical adaptation strategy for maintaining access and mobility in flood-prone areas. 
These roads are raised above anticipated flood levels, either by constructing a structural bridge or by placing the 
roadbed atop engineered fill or berms. Elevated roads ensure that emergency routes, evacuation paths, and 
access to key community services remain functional during storm events or tidal flooding. 

This approach is particularly important in coastal or low-lying areas where roadway flooding can isolate 
neighborhoods or prevent access to essential infrastructure like pump stations or healthcare facilities. Elevated 
roads are often planned alongside other measures such as stormwater outfall backflow prevention and shoreline 
stabilization. They can also serve as flood protection barriers if designed with integrated berms or floodwalls. 

This strategy would be appropriate at all through conceptual design locations, and the road elevation should be 
raised to meet a design flood elevation (DFE). The DFE is the minimum elevation to which a structure or 
facility is required to be elevated or floodproofed to reduce flood risk. It is typically determined by adding a 
specified freeboard (safety margin) to the Base Flood Elevation (BFE), which represents the height of the 1% 
annual chance (100-year) flood. For the purposes of this Report, an appropriate DFE would be 11.8 ft NAVD, 
which is equivalent to the 1% flood with some additional freeboard. 

Elevating sections of roadway to the DFE would help to maintain safe access across low-lying marshland and 
tidal flats during future storm events or daily high tides at both the Pepperrell Road and Chauncey Creek / 
Seapoint Road locations. In Admiralty Village with denser housing, raising sections of Philbrick Avenue could 
protect homes and critical connections to the larger road network. 

Figure 23 Elevated roadway schematic  

 
Source: Old Dominion University . 
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Figure 24 Admiralty Village conceptual adaptation design  
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Figure 25 Pepper rell Road  conceptual adaptation design  
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