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1.0 INTRODUCTION 

 
The Town of Seabrook (the Town) is a coastal community located in the Southeastern corner of New 

Hampshire in Rockingham County. The Town is comprised of approximately 3,970 acres of dry land 

and 2,190 acres of water and wetlands. The coastal area of Seabrook is a mix of permanent and 

seasonal residents, commercial and recreational development, beaches, and the Hampton-Seabrook 

Estuary. Seabrook is highly vulnerable to flooding from sea-level rise (SLR) and coastal surge as a result 

of extensive tidal wetlands, the Blackwater River, and the Atlantic Ocean surrounding much of the Town’s 

low-lying properties. As recently documented in the 

Town’s 2015 Vulnerability Assessment
1

, several key 

roadways and municipal facilities were projected to be 

impacted by SLR and coastal surge under projected future 

climate scenarios. Among these facilities were the 

elementary-middle school, the NextEra power plant, 

multiple sewage pump stations, and the wastewater 

treatment facility (WWTF). Weston & Sampson, in 

partnership with the Town of Seabrook, received funding 

from the New Hampshire Department of Environmental 

Services Coastal Program (NHCP), Coastal Resilience 

Grant to further evaluate the conditions at the Town’s most 

critical wastewater component, the WWTF.  

 

The facility collects and treats domestic, commercial, and industrial wastewater from most of the town. 

The WWTF and other system treatment components are all located on Wright’s Island, a small upland 

area within the salt marsh that straddles the New Hampshire/Massachusetts border south of Route 286. 

Vehicular access to Wright’s Island is a man-made, single-lane causeway from Route 286. The isolated 

nature of the WWTF makes it particularly susceptible to sea level rise and coastal surge, and any 

disruptions to WWTF operations quickly becomes a public health risk.  

 

In addition to the WWTF components located on Wright’s Island, this project evaluated the vulnerability 

of the Route 286 Pump Station (pump station). This station is located approximately 4,000 feet east of 

the WWTF down Route 286. The station is at a slightly lower elevation than the WWTF and is already 

experiencing flooding during extreme storm events. This station was included in the scope of this project 

because it not only transports all of the coastal neighborhoods’ wastewater to the WWTF but contains 

a metering vault where WWTF effluent is monitored and dechlorinated. 

1.1 Project Goal 

The goal of this project was to better understand the specific impacts of climate change to the Seabrook 

WWTF and Route 286 Pump Station, identify potential climate adaptation solutions for increasing 

resilience of critical facilities, and develop and implement an equitable public engagement strategy that 

was both project specific and broad to meet the actions outlined in the Town of Seabrook Coastal 

 
1
 Rockingham Planning Commission. (2015). Tides to Storms, Preparing for New Hampshire’s Future Coast. Town Of Seabrook, New 

Hampshire Vulnerability Assessment Report of Sea-Level Rise and Coastal Storm Surge Flooding.  
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Hazards and Adaptation Master Plan chapter
1

. This project addressed three of the goals outlined in the 

Town Master Plan chapter on Coastal Hazards and Adaptation: 

 

• “Critical facilities are protected against impacts from flooding and other coastal hazards.” 

• “Private property owners are allowed to take protective measures to reduce flood risks.”  

• “Residents and businesses are aware of and better prepared to respond and adapt to coastal 

hazards.” 

 

Nearly all homes and businesses in Seabrook are 

served by municipal wastewater services. For this 

reason, maintaining wastewater services is critical to 

the health and safety of the community. Over time, 

improvements to the WWTF system will be necessary 

to adapt to rising seas, storm-related flooding, and 

power outages. This project served to proactively 

address this concern and identify specific 

improvements and adaptation strategies to protect the 

WWTF and the health of the public. The outreach and 

engagement component of this project served to 

provide information to residents on the impacts of 

climate change and how municipal facilities may be 

affected by SLR and future projected groundwater rise. Residents need to be engaged and informed 

about how their community can increase resiliency in the face of rising seas, coastal storms, and 

increased precipitation during extreme weather events. Being proactive about planning to responding 

to these changing conditions is the best course of action and one that deserves attention. 

1.2 Project Scope 

Weston & Sampson, in partnership with the Town, assessed the specific vulnerabilities at the site and 

evaluated multiple options for improving resiliency. Effective communication and outreach methods 

were also evaluated to continue the conversation about climate change in Seabrook and to engage the 

public in the results of the WWTF assessment. The project work was divided into four tasks: 

 

Task 1 – WWTF Climate Vulnerability Assessment and Sea Level Rise Investigation 

The project team compiled existing SLR, storm surge (SS), groundwater rise, and historic extreme 

precipitation data to produce maps showing the vulnerability of the WWTF and pump station. For the 

climate vulnerability assessment, a planning horizon of 2050 was used, as approximately 25 years from 

now can be considered the end of the design useful life of the WWTF infrastructure. A planning horizon 

of 2100 was also used. The project team utilized the coastal flood risk projections for New Hampshire 

recently published in New Hampshire Coastal Flood Risk Summary – Part I: Science
2

. The North Atlantic 

Coastal Comprehensive Study (NACCS) storm modeling was used to produce storm surge depths. 

 
1
 Mettee Planning Consultants & Seabrook Master Plan Steering Committee. (2016). Town of Seabrook 2011-20 Master Plan. Chapter 9 – 

Coastal Hazards and Adaption. https://seabrooknh.info/boards-and-committeesplanning-boardseabrook-master-plan/9-final-coastal-

hazards-and-adaptation/. 

2
 Wake, C., Knott, J., Lippmann, T., Stampone, M., Ballestero, T., Bjerklie, D., Burakowski, E., Glidden, S., Hosseini-Shakib, I., Jacobs, J. 

(2019). New Hampshire Coastal Flood Risk Summary – Part I: Science. Prepared for the New Hampshire Coastal Flood Risk Science and 

Technical Advisory Panel. Report published by the University of New Hampshire, Durham, NH. https://scholars.unh.edu/ersc/210. 

WWTF Access Road and Surrounding Salt Marsh 

https://seabrooknh.info/boards-and-committeesplanning-boardseabrook-master-plan/9-final-coastal-hazards-and-adaptation/
https://seabrooknh.info/boards-and-committeesplanning-boardseabrook-master-plan/9-final-coastal-hazards-and-adaptation/
https://scholars.unh.edu/ersc/210
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Based on projections and guidance published in the recent reports, and data from NACCS modeling, 

the project team was able to estimate future flood elevations at the WWTF by 2050 and 2100 under 

different storm probabilities. These flood elevations were compared with the latest (2015) lidar ground 

elevation data to map the flood depths and flood extents in the area around the WWTF and pump station. 

These maps illustrate the overall flood risk at the WWTF and pump station at present day, 2050, and 

2100 scenarios.  

 

Task 2 – Public Engagement 

A public engagement strategy was developed through a series of meetings and interviews with Town 

staff, DES, and the New Hampshire Costal Adaptation Workgroup (CAW). Informed by their input and 

additional research, the project team developed an Equitable Community Engagement Guide for 

Climate Resilient Projects. Subsequently, the Wastewater Treatment Facility (WWTF) Resiliency 

Opportunities Analysis project was used as a pilot to test the implementation of the Guide. This phase 

included a meeting with the Board of Selectmen, the creation of an educational video and comment 

form, and the development of promotional materials to get the word out to the community about these 

resources. Section 5 of this report provides more detailed information on this task. Appendix E contains 

all documentation of public engagement materials. 

 

Task 3 – WWTF Climate Resilience Options  

Based on the results of the sea level rise, storm surge, groundwater rise mapping, and extreme 

precipitation analysis, the project team identified climate adaptation options to increase the resiliency of 

the WWTF and pump station. These options included raising roads, living shorelines, deployable 

barriers, flood-proof entryways, other green infrastructure opportunities, and potential relocation and 

raising of critical infrastructure. Each option was evaluated based on permit requirements, design and 

construction constraints, cost, and history of success.  

 

This report contains a detailed description of the methodology used to model groundwater rise, sea 

level rise, coastal surge, and extreme precipitation  in the vicinity of the WWTF; an overview of the WWTF 

and the vulnerability of its most critical components; a comparison of potential climate change 

adaptation strategies; a summary of the community outreach methods; and an outline of 

recommendations for improving resilience and implementing adaptation measures.     
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Figure 1-1: WWTF and Pump Station Locus Plan 
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2.0 STUDY APPROACH AND METHODOLOGY 

 
Based on the New Hampshire Coastal Flood Risk Summary Report; Part II: Guidance for Using Scientific 

Projections
1

, a seven-step approach was applied to assess the flood risk under current and future 

climate scenarios.  

2.1 Step 1. Define Project Goal, Type, Location, and Timeframe(s)  

The goal of this project was to evaluate potential present and future climate threats at the most critically 

important Wastewater Treatment Facility (WWTF) in the Town of Seabrook, NH. As part of the project, 

the Weston & Sampson team evaluated coastal flood risk from sea level rise and storm surge, as well 

as inland flood risk due to groundwater rise and extreme precipitation in the area. The results of these 

analyses are summarized in this section along with the details on the methodology and approach. The 

results of these analyses were used to assess the specific vulnerabilities at the site and assess options 

for improving resiliency. 

 

The facility and other treatment system components are all located on Wright’s Island, a small upland 

area within the salt marsh that straddles the New Hampshire/ Massachusetts border south of Route 286. 

Vehicular access to Wright’s Island is via a man-made, single-lane causeway from Route 286. The 

isolated nature of the WWTF makes it particularly susceptible to sea level rise and coastal surge, and 

any disruptions to WWTF operation quickly becomes a public health risk. 

 

The “useful life” i.e., the extended service life of the treatment plant, is 50 years from the date the facility 

was constructed. The facility was constructed in the mid-1990s, meaning the end of its useful life would 

be just before the year 2050. Considering regular maintenance or upgrades of structural, mechanical, 

and ancillary or support (e.g., electrical, plumbing, HVAC) components to be around 25 years, the 

following planning timeframes were considered for the project: 

 

• Present,  

• Mid-century (2050) 

• Late-century (2100) 

2.2 Step 2. Determine Tolerance for Flood Risk  

Step 2.1 | Identify project characteristics that influence tolerance for flood risk  

The WWTF is critical to public function, has high replacement costs, is highly sensitive to inundation, 

and does not have any redundancy in the likelihood of its failure.  

 

Step 2.2 | Determine tolerance for flood risk based on project characteristics  

Tolerance for flood risk was decided based on Step 2 Table in the CFR Guidance
1

 (Figure 2-1 below).  

The lack of redundancy in the likelihood of its failure along with the characteristics identified above 

indicate that the tolerance for flood risk was Very Low for this project. The project falls under the Class 

 
1
 NH Coastal Flood Risk Science and Technical Advisory Panel. (2020). New Hampshire Coastal Flood Risk Summary, Part II: Guidance for 

Using Scientific Projections. Report published by the University of New Hampshire, Durham, NH. https://scholars.unh.edu/ersc/211/  

 

https://scholars.unh.edu/ersc/211/
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4 of the American Society of Civil Engineers (ASCE) 24-14 flood design and therefore should be treated 

as a higher magnitude, lower probability project and follow the flood design standard proposed by ASCE 

guidelines.  

 

Figure 2-1: Framework for Determining Project Tolerance for Flood Risk  

(Source: CFR Guidance Document
1
) 

 

2.3 Step 3. Select and Assess Relative Sea-Level Rise (RSLR)  

Step 3.1 | Select RSLR estimate(s) for the project  

The timeframes/planning horizons proposed for this analysis were 2050 and 2100. The treatment plant 

was built in the mid-1990s and considering a useful life of 50 years, the choice of 2050 seems 

appropriate. The year 2100 provides a long-range estimate of what climate impacts can be experienced 

at the WWTF site by then. The greenhouse gas emission scenario selected for this analysis was RCP 

8.5.  Table 2-1 show a comparison between RCP 4.5 and RCP 8.5 RSLR values by 2050 and 2100 for 

projects with very low tolerance for flood risk. The difference in RSLR between RCP 4.5 and RCP 8.5 is 

relatively minor (0.2 ft) for 2050. For this analysis, the RCP 8.5 scenario was selected to simulate more 

extreme RSLR estimates by 2100, given the criticality of the treatment plant and the pump station for 

Seabrook. Using the RCP 8.5 scenario for 2100 represents a plausible worst-case scenario for long-

range planning of flooding impacts at the WWTF site from sea level rise and storm surge. Therefore, a 

RSLR estimate of 2.5 feet by 2050 and 7.5 feet by 2100 was used, per Step 3 Table B below from the 

CFR Guidance
1

 (Figure 2-2). 

 

 
1
 NH Coastal Flood Risk Science and Technical Advisory Panel. (2020). New Hampshire Coastal Flood Risk Summary, Part II: Guidance for 

Using Scientific Projections. Report published by the University of New Hampshire, Durham, NH. https://scholars.unh.edu/ersc/211/ 

https://scholars.unh.edu/ersc/211/
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Figure 2-2: Decadal RSLR Estimates  

(Source: CFR Guidance Document
1

) 

 

 

 

 
1
 NH Coastal Flood Risk Science and Technical Advisory Panel. (2020). New Hampshire Coastal Flood Risk Summary, Part II: Guidance for 

Using Scientific Projections. Report published by the University of New Hampshire, Durham, NH. https://scholars.unh.edu/ersc/211/ 

Table 2-1: Comparison of RSLR (ft) Estimates Under Different RCP Scenarios  

(Source: CFR Guidance Document
1
) 

Timeframe RSLR estimate (ft) under RCP4.5 RSLR estimate (ft) under RCP8.5 

2050 2.3 2.5 

2100 6.2 7.5 

https://scholars.unh.edu/ersc/211/
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Step 3.2 | Assess RSLR impacts to the project  

RSLR-adjusted water level was visualized in the project area using available tools, including the New 

Hampshire Sea-level Rise, Storm Surge, and Groundwater Rise Mapper (Sea-Level Rise Mapper), and 

site plans. The evaluated impacts over the range of RLSR estimates were identified in Step 3.2 for both 

the project locations. As noted in CFR Guidance
1

, surface water levels, groundwater levels, waves, and 

current velocities will increase, and sediment erosion and deposition are expected to change in 

conjunction with RSLR-adjusted water levels. Due to absence of surrounding flood-barrier infrastructure 

that will restrict the water flow, the WWTF is at further risk of flooding due to RSLR. In addition, lack of 

redundancy will have significant public health impact in the surrounding communities if the WWTF 

undergoes flooding. The resulting inundation scenarios are discussed in Section 3 and the maps are 

included in Appendix A of the report.  

2.4 Step 4. Identify and Assess RSLR-Adjusted Coastal Storms  

Step 4.1 | Identify RSLR-adjusted Design Flood Elevation (DFE)  

The RLSR adjusted design flood elevation (DFE) estimate was adapted from the information provided 

in Step 4 Table of the CFR Guidance
1

 (Figure 2-3). DFE is the total flood elevation that a project is 

designed to provide protection from. DFE is typically at least the BFE with freeboard, as required by 

building codes. RSLR-adjusted DFE is typically at least the BFE with required freeboard and RSLR
1

 

(Figure 2-3).  

 

The project area is located in the FEMA AE flood zone with an elevation of 9 feet (BFE). However, for 

this project the higher value of 9.3 feet was chosen over FEMA 100-year flood zone elevation to design 

under a more conservative scenario. The chosen BFE was the sum of 2020 Mean Higher High Water 

(MHHW) elevation (4.4 feet-NAVD88) and the 100-year Storm Surge height (4.9 feet). The RSLR adjusted 

DFE was then estimated for 2050 planning horizon with a freeboard height of 2 feet.  

 

 

Figure 2-3: RSLR-Adjusted Design Flood Elevations  

(Source: CFR Guidance Document
1
) 

 

Step 4.2 | Assess RSLR-adjusted coastal storm impacts to the project  

Since the project has a very low risk tolerance, it was crucial to understand the effect of additional factors 

such as coastal storms. RSLR-adjusted coastal storm water levels in the project area were estimated 

using available tools, such as the Sea-Level Rise Mapper. The results are discussed in Section 3 and 

 
1
 NH Coastal Flood Risk Science and Technical Advisory Panel. (2020). New Hampshire Coastal Flood Risk Summary, Part II: Guidance for 

Using Scientific Projections. Report published by the University of New Hampshire, Durham, NH. https://scholars.unh.edu/ersc/211/ 

https://nhdes.maps.arcgis.com/apps/webappviewer/index.html?id=c231e2f3b1f94d05bc0c8faf0265f569
https://scholars.unh.edu/ersc/211/
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the maps are included in Appendix A of the report. 

2.5 Step 5. Identify and Assess RSLR-Induced Groundwater Rise  

Step 5.1 | Identify RSLR-induced groundwater rise for the project  

Seabrook was one of the communities where RSLR induced groundwater rise has been mapped as 

stated in the CFR Guidance
1

. Therefore, RSLR induced groundwater rise has been accounted for in the 

project area.  

 

Step 5.2 | Estimate depth to present-day and future groundwater  

As a basepoint for the mapping, the mean seasonal high groundwater table needed to be determined. 

Therefore, multiple sources of groundwater monitoring data were evaluated. 

USGS National Ground-Water Monitoring Network 

This database contains groundwater quality and 

elevation data from monitoring wells across the 

country, dating back over 10 years. Three water 

level specific groundwater monitoring wells local to 

the WWTF were evaluated. The wells, located in 

Epping NH, East Kingston NH, and Newburyport 

MA, are shown in Figure 2-4. The shallowest 

groundwater level (depth to water, feet below 

ground elevation) from each well was compared. 

The shallowest groundwater table was observed in 

the Newburyport well, at 15.4 feet below ground 

elevation (seasonal high water table). 
 

 

 

 

 

Figure 2-4: Locations of the three monitoring 

wells in relation to the WWTF. The closest well, 

located in Newburyport, is 6.8 miles from the WWTF.   
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WSE Salisbury, MA Flow Metering Project, 2017 

Flow Assessment Services, working as a 

subconsultant for Weston & Sampson during the 

2017 Salisbury, MA Town-Wide Flow Metering 

Program, installed four temporary piezometer 

groundwater gauges in manholes throughout the 

town. Each gauge was installed by inserting a PVC 

pipe through the manhole wall and attaching 

flexible tubing to the pipe. The tubing was 

extended up the manhole so that groundwater 

levels could be determined. Weekly readings were 

taken throughout the 10-week monitoring program 

at each location. 

 

 

The two gauges closest to the WWTF, located in subareas BW and RR shown in Figure 2-5, were 

evaluated. Rainfall events were also recorded during the flow metering period, and these events were 

compared to the dates of groundwater gauge recordings. Post-rainfall groundwater measurements were 

not considered in this analysis, as to avoid using groundwater levels influenced by wet weather events. 

The RR gauge recorded the shallowest average groundwater level at 1.6 feet below ground elevation. 

The average groundwater level from the BW gauge was 8.5 feet below ground elevation.   

 

The Salisbury monitoring gauge data was selected for the groundwater rise analysis, rather than the 

USGS monitoring wells, given the proximity to the WWTF site. The BW gauge was understood to 

resemble the characteristics of the WWTF site more closely, as it was approximately the same distance 

inland as the WWTF. The extremely shallow groundwater table recorded from the RR gauge was 

understood to be a result of its proximity to the shoreline, which was not representative of the WWTF 

site. The water table depth below ground elevation of 8.5 feet was used as the baseline elevation for the 

RSLR-induced groundwater rise analysis.   

 

Figure 2-5. Approximate locations of the two 

closest groundwater monitoring gauges in 

relation to the WWTF. The gauges in subareas RR 

and BW were approximately 1.8 miles and 2 miles 

from the WWTF respectively. 
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Figure 2-6: Approaches for Calculating Depth to RSLR-Adjusted Groundwater  

(Source: CFR Guidance Document
1
) 

 

Step 5.3 | Assess RSLR-induced groundwater rise impacts to the project  

To determine the extent of groundwater rise, the Sea-Level Rise Mapper was utilized. The proposed 

RSLR estimates of 2.5 feet by 2050 and 7.5 feet by 2100 were used in this analysis. However, the closest 

corresponding layers on the online mapper consider 2-foot and 8-foot RSLR scenarios. According to 

the “Groundwater Rise Caused by 2-ft SLR (ft)” layer on the mapper, the expected groundwater rise at 

the WWTF could range from 0.2 – 0.7 feet with a 2-foot RSLR scenario in 2050. According to the 

“Groundwater Rise Caused by 8-ft SLR (ft)” layer on the mapper, the expected groundwater rise at the 

WWTF could range from 1.2 – 2.2 feet for a large portion of the site with an 8-foot RSLR scenario in 

2100. The groundwater rise predictions based on 2-foot and 8-foot RSLR were subtracted from the 

baseline groundwater depth below ground elevation of 8.5 feet. This resulted in the expected 

groundwater depths resulting from RSLR scenarios: 

 

• 2050 depth to groundwater: 7.8 – 8.3 feet 

• 2100 depth to groundwater: 6.3 –7.3 feet 

 

The RSLR induced groundwater rise was further assessed in the project area, as described in Section 

3 of the report. Mapping of the groundwater rise in the project area is included in Appendix B of the 

report. It is recommended that further investigation be performed to confirm groundwater elevations by 

drilling and installing groundwater monitoring wells, as discussed in Section 6.   

2.6 Step 6. Identify and Assess Projected Extreme Precipitation  

Step 6.1 | Account for projected increases in extreme precipitation  

Rainfall depths associated with the 24-hour duration design storms were evaluated under both present 

and future climate planning horizons as listed in Table 2-2. Several recurrence intervals were selected 

for this purpose.  

 

 

 

 
1
 NH Coastal Flood Risk Science and Technical Advisory Panel. (2020). New Hampshire Coastal Flood Risk Summary, Part II: Guidance for 

Using Scientific Projections. Report published by the University of New Hampshire, Durham, NH. https://scholars.unh.edu/ersc/211/ 

https://nhdes.maps.arcgis.com/apps/webappviewer/index.html?id=c231e2f3b1f94d05bc0c8faf0265f569
https://scholars.unh.edu/ersc/211/
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Table 2-2: Summary of Climate Scenarios Used in the Project Area 

(Source: CFR Science Document
1
) 

Climate Parameter Flood Risk Planning Horizons Recurrence Intervals 

Extreme Precipitation Inland 

Flooding 

• Present 

• 2050 

• 2100 

• 2-year 

• 5-year 

• 10-year 

• 25-year 

• 100-year 

 

The design storms’ rainfall depths under present climate conditions (baseline) were derived from the 

NOAA Atlas 14 Point Precipitation Frequency Estimates (NOAA 14). For the 24-hour design storms for 

the 1-, 2-, 5-, 10-, 25- year recurrence intervals, the NOAA Atlas 14 estimates are marginally higher than 

the NRCC estimates. For the 100-, 200- and 500-year storms, the NRCC estimates are significantly 

higher compared to the NOAA Atlas 14 estimates (Table 2-3). Since CFR Guidance does not provide 

any explicit guidance on whether to use NRCC or NOAA atlas 14, the NOAA Atlas 14 numbers were 

selected for the WWTF site. This was because Atlas 14 was more recently published (2015) compared 

to NRCC (2010). 

 

Table 2-3: Present-Day Baseline Precipitation for Different Recurrence Intervals from NRCC and NOAA Atlas14 

Recurrence Interval (Years) NRCC Present Baseline (in.) NOAA Atlas 14 Present Baseline (in.) 

1-year 2.7 2.7 

2-year 3.3 3.4 

5-year 4.1 4.4 

10-year 5.0 5.3 

25-year 6.4 6.6 

50-year 7.6 7.5 

100-year 9.2 8.5 

200-year 11.1 9.7 

500-year 14.1 11.6 

 

Design storms’ rainfall depths under future climate conditions were calculated for each design storm as 

a percent increase over these baseline values. Assuming percent increases do not change significantly 

within a state, the values were adapted from the analysis previously done for Portsmouth, NH. The 

percent increase values used in the Portsmouth, NH study were determined using a statistical analysis 

of annual maximum daily precipitation depths from an ensemble of global climate models (GCMs), 

which were part of the CFR Guidance document
2

. The design storm rainfall depths for present, 2050 

(using a 20-year averaging period from 2040-2059) and 2100 (using a 20-year averaging period from 

2080-2099) are summarized in Table 2-4 and Figure 2-7. 

 

 
1
 Wake, C., Knott, J., Lippmann, T., Stampone, M., Ballestero, T., Bjerklie, D., Burakowski, E., Glidden, S., Hosseini-Shakib, I., Jacobs, J. 

(2019). New Hampshire Coastal Flood Risk Summary – Part I: Science. Prepwered for the New Hampshire Coastal Flood Risk Science and 

Technical Advisory Panel. Report published by the University of New Hampshire, Durham, NH. https://scholar1s.unh.edu/ersc/210. 

2
 NH Coastal Flood Risk Science and Technical Advisory Panel. (2020). New Hampshire Coastal Flood Risk Summary, Part II: Guidance for 

Using Scientific Projections. Report published by the University of New Hampshire, Durham, NH. https://scholars.unh.edu/ersc/211/ 

https://scholar1s.unh.edu/ersc/210
https://scholars.unh.edu/ersc/211/
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Table 2-4: Present and Projected 24-Hour Design Rainfall Depths for Seabrook, NH 

Recurrence 

Interval (Years) 

NOAA Atlas 14 

Present 

Baseline (in.) 

Estimated 2050 

(2040-2059) 

Values (in.) 

Estimated 2100 

(2080-2099) 

Values (in.) 

Percent 

Increase 

2050* (%)
 

Percent 

Increase 

2100* (%) 

2-year 3.4 3.8 4.0 12% 20% 

5-year 4.4 5.1 5.4 15% 22% 

10-year 5.3 6.3 6.6 18% 24% 

25-year 6.6 8.1 8.4 23% 28% 

100-year 8.5 11.0 11.3 30% 34% 

*Percent increase values were taken from Portsmouth, NH 

 

 

 

Figure 2-7: Stormwater Flooding Impacts Due to Changes in Extreme Rainfall Events in Seabrook, NH 

 

Freshwater instream flow and floodplain extent were expected to increase with increasing precipitation 

and impervious cover. Higher relative sea levels may reduce seaward drainage capacity during and 

following precipitation events, which could cause additional flooding. To include these anticipated 

changes in the risk estimates, the more in-depth analysis was chosen over the at least 15% increase  

suggested in the CFR Guidance Step 6 Table (Fig. 2-8). This analysis was chosen for the following 

reasons:  
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• Considers localized rainfall depths specific to the NH region using GCM data from the CFR 

Science Document
1

 

• Considers change in percent increase for each recurrence interval 

• Considers change in rainfall depths for different planning horizons (2050, 2100) 

 

 

Figure 2-8: Approach for Calculating Projected Extreme Precipitation Estimates  

(Source: CFR Guidance Document
2
) 

 

Step 6.2 | Assess projected extreme precipitation impacts to the project 

Based on the analysis conducted in Step 6.1, it appears that extreme precipitation will impact the WWTF 

and the pump station significantly, and rainfall depth will increase up to 2.5 inches for the 100-year 

storm. Therefore, it is important to consider extreme precipitation in the design parameters and 

guidelines.  

2.7 Step 7. Assess Cumulative Risk and Evaluate Adaptation Options  

Step 7.1 | Assess cumulative coastal flood risk to the project  

It is important to consider possible compound impacts to the project area as a result of coastal flood 

risk from RSLR, coastal storms, RSLR-induced groundwater rise, extreme precipitation, and/or 

freshwater flooding occurring together. The cumulative risk of these factors was considered in Sections 

3 and 4 of this report. It should be noted that further investigation is required to quantitatively evaluate 

the risk of these compounding flood factors. 

 

Step 7.2 | Identify and evaluate adaptation options to mitigate coastal flood risk  

Adaptation options were categorized within a framework of five action categories: no action, avoid, 

accommodate, resist, and relocate. The adaptation options identified based on the flood risk in the 

project area are discussed in Section 4. This section also discusses the degree to which each of the 

possible action alternatives reduces vulnerability to flooding and exacerbates or minimizes negative 

environmental impacts. Section 4 also discusses the cost effectiveness of each alternative.  

 

Step 7.3 | Select and implement preferred option(s) or revisit previous steps 

The most viable adaptation options chosen for the project location are discussed in Section 6. Multiple 

public engagements methods were used by the Town and project team to disclose assessed flood risk, 

implemented actions, and any future actions that may be necessary to further mitigate flood risk and to 

 
1
 Wake, C., Knott, J., Lippmann, T., Stampone, M., Ballestero, T., Bjerklie, D., Burakowski, E., Glidden, S., Hosseini-Shakib, I., Jacobs, J. 

(2019). New Hampshire Coastal Flood Risk Summary – Part I: Science. Prepwered for the New Hampshire Coastal Flood Risk Science and 

Technical Advisory Panel. Report published by the University of New Hampshire, Durham, NH. https://scholar1s.unh.edu/ersc/210. 

2 
NH Coastal Flood Risk Science and Technical Advisory Panel. (2020). New Hampshire Coastal Flood Risk Summary, Part II: Guidance for 

Using Scientific Projections. Report published by the University of New Hampshire, Durham, NH. https://scholars.unh.edu/ersc/211/ 

https://scholar1s.unh.edu/ersc/210
https://scholars.unh.edu/ersc/211/
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educate the community. The details of the public engagement strategies adapted for the project are 

discussed in Section 5.
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3.0 WASTEWATER TREATMENT FACILITY VULNERABILITY 

 
The following section presents the results of the SLR and storm surge inundation mapping and the 

subsequent WWTF and pump station vulnerability assessment. Section 3.2 provides a summary 

description of the WWTF and pump station to provide context for the vulnerability assessment. It was 

important to understand how flooding may impact each asset individually and how damage to each 

component may impact the operation of the facility as a whole. Section 3.3 details the function and 

makeup of each asset, the point at which critical assets become vulnerable to flooding, and the 

consequences of flood damage. The specific vulnerability of different components at the WWTF and 

pump station were evaluated based on the projected flood elevations shown in Table 3-1 below, a review 

of record drawings, and on-site GPS survey.  

3.1 Inundation Mapping Overview 

As detailed in Section 2 of this report, three planning horizons were assessed: present day (2020), 2050, 

and 2100. At the 2050 planning horizon, the WWTF and pump station will be just over 50 years old, 

which was the end of their estimated useful life. For each horizon, the water level during dry weather 

mean higher-high water (MHHW) conditions was mapped. For the 2050 and 2100 horizons, this water 

level was adjusted for projected SLR. A 100-year (1% chance) storm surge event was also mapped for 

each of the planning horizons. The additional projected depth of storm surge was added to the MHHW 

and SLR water levels. In total, six scenarios were assessed: 

 

Table 3-1: Mapped Flood Scenarios 

Flood Scenarios 
Water Level Elevation (ft-

NAVD88) 

2020 MHHW  4.4 

2020 MHHW + 100-year SS
3
  9.3 

2050 MHHW
1
  6.9 

2050 MHHW
1
 + 100-year SS

3
  11.8 

2100 MHHW
2
  11.9 

2100 MHHW
2
 + 100-year SS

3
  16.8 

1
Includes 2.5ft of RSLR plus present day MHHW 

2
Includes 7.5ft of RSLR plus present day MHHW 

3
100-year SS is 4.9 feet 

 

All six scenarios were mapped at both the WWTF and pump station project areas (separate maps for 

each facility). Appendix A contains all inundation maps. The maps represent a “bathtub model” of the 

flooding that can be expected to occur given the projected flood elevations and existing topographic 

characteristics of the facilities. The maps provide a visualization of the depth of flooding that may occur 

around buildings and process tanks, but do not represent which structures and buildings will be fully 

submerged in the given flood scenario. Buildings may appear to be fully submerged based on the 

colored graphical representation of flooding, however, this should not be interpreted as flood waters 

overtopping the rooves of the buildings. For example, as shown on the 2050 storm surge map, the flood 

graphic was superimposed on the roof of the influent building, operations building, and others. Given 

the 2050 storm surge depth of 11.8 feet, these buildings will not be fully submerged. However, the 
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ground levels (and basements) of the buildings may be severely flooded, as water was projected to rise 

approximately 1 foot above the elevation of the building entryways. If a building or structure was not 

superimposed by the colored flood graphic, that was an indication that the component was not expected 

to experience flood damage in that particular scenario.  

3.2 Overview of Wastewater Treatment Facility and Pump Station Vulnerability 

Weston & Sampson has developed a sophisticated understanding of the WWTF process areas and 

building systems through multiple site visits and previous comprehensive evaluation work at the WWTF 

and pump station. The Town of Seabrook owns and operates an extended aeration wastewater 

treatment facility that has been in continuous service since the mid-1990s. Municipal wastewater is 

transported to the facility via the Town’s collection system, which consists of approximately 50 miles of 

sewer mains and several pump stations. The collection system extends to all parts of town, including 

businesses and residences in Seabrook’s shoreline neighborhoods. On average, 0.7 million gallons per 

day (MGD) of wastewater is processed at the WWTF, although the plant was designed to treat a peak 

flow of 2.4 MGD. The treatment process consists of screening, grit removal, secondary treatment via 

oxidation ditches, secondary clarification, disinfection via chlorination, and dechlorination. Treated 

wastewater is pumped off-site and discharged through an outfall in the Atlantic Ocean. The Seabrook 

WWTF also contains a sludge processing building, where sludge that is removed from the process is 

dewatered before being trucked offsite. Figure 3-1 below provides a layout of the WWTF’s treatment 

processes and operational assets.  

 

 
Figure 3-1: WWTF Overview 

 

Three figures depicting the site layout of the WWTF and pump station are included in Appendix C. These 

figures indicate the location, elevation, and accuracies of the GPS survey points. The elevations sourced 

from record drawings of buildings, tanks, etc. are also indicated on these figures. All elevations on these 

figures are in reference to the NAVD88 datum.   
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The original record drawings for the pump station and WWTF referenced the NGVD29 datum. Since 

Lidar data and flood maps referenced NAVD88, elevations from the record drawings were converted to 

the NAVD88 vertical datum using the NOAA VERTCON tool. As directed by the VERTCON tool output, 

0.78 feet was subtracted from all NGVD29 elevations to convert them to NAVD88. All elevations 

referenced below in Section 3.3 are in the NAVD88 datum.  

 

In general, the model showed that the WWTF is currently at low risk of flooding and will not experience 

significant flooding until a 100-year storm surge event in 2050. Historically, no flooding has occurred 

during MHHW, non-storm, conditions at the WWTF or pump station. The modeling suggested that 

present day, 100-year, storm surge at an elevation of 9.3 feet has the potential to flood the pump station 

metering vault. The Town has reported that flooding to the pump station metering vault has already 

occurred during extreme wet weather events. The projected MHHW and SLR elevation in 2050 of 6.9 

feet was less than the projected 2020 storm surge depth of 9.3 feet. The only asset that would be 

impacted by this scenario is the pump station metering vault. At the projected depth of 6.9 feet, the vault 

would be submerged by 1-2 inches.  

 

The modeling results demonstrated that by 2050, under 100-year storm surge conditions, the WWTF 

could experience disastrous flooding. Figure 3-2 below provides a visual comparison of 2050 dry 

weather, MHHW conditions at the WWTF versus the conditions during a 100-year SS.  
 

   

  

Figure 3-2: Storm surge Conditions at the WWTF in 2050 
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As depicted above, a 100-year storm surge in 2050 may flood several WWTF components, including 

the: 

• Access Road  

• Main Transformer 

• Operations Building 

• Influent Building and Influent Screw Pumps  

• Septage Receiving and Holding Tanks 

• Sludge Pump Building  

• Flow Metering Vault 

• Sludge Dewatering Building 

• Storage/Maintenance Garage 

 

The modeling projected that the pump station would also experience disastrous flooding during 2050, 

100-year storm surge conditions. Not only would the pump station and metering vault flood, but the 

surrounding roads, homes, and businesses would likely experience severe flooding. Figure 3-3 below 

provides a visual comparison of 2050 dry weather, MHHW conditions at the pump station versus the 

conditions during a 100-year SS.  

 

   

 

Figure 3-3: Storm surge Conditions at the Pump Station in 2050 

 

For 2100, the projected MHHW and SLR elevation was 0.1 feet greater than the projected 2050 storm 

surge elevation. The additional 0.1 feet would result in the flooding of the same assets that were affected 

by the projected 2050 storm surge scenario. However, 2100 MHHW conditions would occur much more 
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frequently than a 100-year SS. Unlike the 2050 storm surge scenario (where flood conditions would only 

be temporary and the operation of the facility may return to normal after a short period of time), the 

campus-wide flooding would be a daily reality. During the projected 2100 storm surge conditions, 

several more assets will experience flooding, including the secondary clarifiers, chlorine contact tanks, 

and effluent pumps.  

 

Although not within the study area, the modeling suggested that the large portions of Town east of the 

WWTF may be significantly affected by SLR and storm surge flooding as early as 2050. By 2100, the 

majority of the area serviced by the pump station may be underwater due to a projected MHHW elevation 

of 11.9 feet (roughly a 7.5-foot increase). As discussed further in this report, the planning horizon of 

climate resilience options for the pump station need not exceed the projected lifespan of its service 

area. Furthermore, it is recommended that a facilities plan be developed to evaluate the future of 

Seabrook’s wastewater collection system assets, including all 17 primary pump stations, approximately 

100 grinder pump stations, and associated low pressure sewers, as a result of climate impacts.  

 

Freshwater contributions from precipitation-driven flooding was not quantified as part of this 

assessment. Flood impacts from extreme precipitation can be evaluated using a site-specific 

hydrologic/hydraulic (H/H) model for the WWTF site and the surrounding areas. To better understand 

the joint flood risks from coastal flooding and freshwater flooding, an integrated hydrodynamic model 

will need to be developed as discussed in Section 7.  

 

Groundwater rise impacts from this analysis suggests that flooding will not be significantly exacerbated 

by groundwater rise. The majority of buildings and process tanks are above the depth to groundwater 

projected for 2050. The basement of the sludge storage building, WWTF pump building, and pump 

station buildings are the only rooms below the projected depth. Multiple other structures, including the 

influent vault and sludge storage tanks, are also at or below the 2050 projected depth to groundwater. 

While groundwater rise does not pose a significant threat to these assets, it is recommended that these 

structures receive updated waterproofing and concrete crack sealing to prevent groundwater infiltration. 

Furthermore, it is recommended that additional investigation be performed to confirm groundwater 

elevations by drilling and installing groundwater monitoring wells at or in the vicinity of the WWTF site. 

This higher accuracy data can be used to perform buoyancy calculations on existing structures such as 

tanks and vaults. These calculations are necessary to confirm structures will not be under the influence 

of hydrostatic uplift.   

3.3 Vulnerability of Critical WWTF and Pump Station Components 

As described in the previous section, the WWTF contains multiple buildings and extensive process 

equipment. To determine optimal coastal flood adaptation strategies, it was important to identify the 

assets most critical to the operation of the WWTF and the point at which floodwaters would likely damage 

those assets. Critical assets were classified in this report as those that were essential to the effective 

movement, treatment, and discharge of wastewater. It should be noted that not all of these assets were 

vulnerable to flooding in the SLR and storm surge scenarios considered in this report. The following sub-

sections: provide a comprehensive description of the identified critical assets at the WWTF and pump 

station; identify when and how each asset will experience flooding; qualitatively identify the flood risk in 

reference to the six flood models; and explain what the consequences of flood damage may be. 
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the vault is at an elevation of 10.6 feet and is at high risk of flooding 

through the 2050 storm surge projection and beyond.  
 

The ground floor of the influent building has three rooms, enclosing 

an oil storage tank, hot water boiler, and operation & maintenance 

equipment. Sitting next to the influent building is an odor control 

system on a concrete pad. The odor control system was not 

considered critical to the operation of the WWTF. Flood waters that 

enter through the ground floor doors of the influent building may 

damage the plant hot water boiler and oil storage tank. The first 

flood entry points are at an elevation of 10.6 feet and were projected 

to begin flooding during 2050 storm surge conditions.        

 

Located behind the chlorine contact tanks are concrete septage 

receiving and septage storage tanks. The receiving tank collects 

influent flow from septage trucks that enter and exit the facility by the 

access road. Influent septage moves by gravity into the septage 

holding tank and then into the influent screw pump 

vault. If flood waters were to rise above the tank 

entry points, the tanks would begin to flood, and 

floodwaters may enter the influent vault downstream 

of the tanks. The access points to the septage 

receiving and storage tanks sit at a grade of 11.6 

feet and 10.5 feet, respectively. Just like the influent 

building and screw pumps, these tanks should be 

considered at high risk of flooding in 2050 and are 

expected to begin flooding during 2050 storm surge 

conditions.  

3.3.3 Secondary Treatment and Sludge Pumping 

Following headworks, wastewater flows by gravity to the three (3) concrete oxidation ditches for 

biological treatment. The top of the oxidation ditch tanks is at an elevation of 22 feet, which is over 10 

feet above grade. The oxidation ditches were one of the only assets that are not vulnerable to flooding 

in any of the projected flood scenarios.       

 

Following the oxidation ditches are the secondary 

clarifiers. The secondary clarifiers serve as a key 

step in the biological treatment process. If flood 

waters were to reach the lowest point of the top of 

the tank and mix with the wastewater, the treatment 

process would become non-operational. Both 70-

foot diameter, concrete clarifiers are raised above 

grade, with the lowest point of the tank walls at an 

elevation of 16.3 feet. The clarifiers are at low risk of 

flooding until 2100 storm surge conditions.  

 

Influent Screw Pump Vault 

Septage Receiving Tank 

Oxidation Ditches 
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Adjacent to the oxidation ditches is the concrete 

pump building, which houses two (2) sludge 

wasting pumps, three (3) return activated sludge 

(RAS) pumps, and two (2) plunger scum pumps. 

The first floor of the building houses the control 

panels and motor control center for the 15 

horsepower (hp) return activated sludge (RAS), 

7.5 hp waste sludge, and 15 hp scum pumps. All 

mechanical pumping equipment is located in the 

basement. The array of sludge pumps is critical to 

recycling and wasting sludge removed from the 

secondary treatment process. If flood waters reach the elevation of the sludge building doorway, and 

the first floor and basement flood, the pumps, motors, and controls may be damaged and become non-

operational. This would prevent sludge recycle in secondary treatment and complicate the entire 

treatment process. The pump building ground floor is at an elevation of 10.7 feet and is therefore at high 

risk of flooding after 2050.   

3.3.4 Disinfection and Effluent Pumping 

The secondary clarifier effluent flows by gravity through a flow metering vault and into two (2) concrete 

chlorine contact tanks. Liquid sodium hypochlorite is added and mixed with the effluent to achieve 

disinfection. Chemical dosing is based on the reading from the flow meter. Disinfection is a critical 

process in wastewater treatment as it serves to inactivate and destroy disease-causing organisms 

present in the wastewater. If flood waters reach the top of the disinfection tanks and mix with the 

wastewater, it would render the disinfection system non-functional. The top of the tanks are at an 

elevation of 13.7 feet, which means the system is not at risk of flooding until after 2050. The tanks are at 

high risk of flooding during 2100 storm surge conditions. 

 

Following disinfection, three (3) vertical turbine 

pumps discharge effluent twice per day to the 

outfall during high tide periods. The pumps 

were covered by a modular building that 

provides protection from the elements. The 

effluent pumps are critical to the operation of 

the WWTF because they facilitate the 

movement of all effluent flow off of Wright’s 

Island and to the outfall in the ocean. If the 

pumps were to be put out of service from flood 

waters rising to the grade of the pumps, the 

pumps may be damaged. In this scenario, 

effluent could not be removed from the WWTF and the plant would eventually experience an overflow of 

wastewater from process tanks. These pumps are positioned on a concrete slab next to the chlorine 

tanks, which sits at an elevation of 11.92 feet. The pumps are not at high risk of flooding through 2050. 

As SLR intensifies after 2050, the pumps will quickly become vulnerable to flooding during storm surge 

events. 
   

Clarifiers (Bottom Left & Right) and Pump Building (Center) 

Chlorine Contact Tanks 
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The flow metering vault was identified as a critical asset 

because it houses the flow meter that controls the chlorine 

dosing system. If the vault were to flood and the flow meter 

became non-operational, the disinfection system would 

need to be manually controlled. Also, there would be no 

indication of flow to properly dose chlorine to the disinfection 

tanks. The top of the metering vault is at an elevation of 9.7 

feet, which is lower than the average grade of the facility. 

This vault may experience up to two (2) feet of flooding 

during 2050, 100-year storm surge conditions. The vault sits 

at the same elevation as the present day, 100-year storm 

surge and was therefore already at risk of flooding.  

 

 

3.3.5 Sludge Storage and Processing 

Waste sludge is routinely removed from the 

treatment process and pumped to two (2) aerated 

sludge storage tanks which are located directly 

behind the concrete sludge processing building 

(also referred to as the sludge disposal building or 

dewatering building). The top of these concrete 

tanks are elevated above grade and were not 

found to be vulnerable to flooding in any of the 

modeled flood scenarios. On the ground floor of 

the sludge processing building sits a storage area 

and dried-sludge collection area. The second floor 

of the building holds all critical sludge processing equipment, including the belt-filter presses, storage 

tank blowers, and lime mixing system. The basement of the building contains the belt belt-filter press 

feed pumps, polymer storage and dosing system, and an oil 

storage tank. Directly next to the building there is a silo containing 

lime which is used for sludge stabilization and odor control. Also 

neighboring the building is a bulk chemical storage area that 

contains three storage tanks elevated on concrete pads.  

 

The sludge dewatering system is critical to the operation of the 

WWTF because it allows sludge to be partially dried, reducing the 

volume of sludge requiring vehicular transportation off Wright’s 

Island. While most sludge dewatering equipment is located on 

the second floor, floodwaters may still cause system interruptions 

if it were to enter the first floor of the sludge processing building 

through various entryways. Floodwaters may interfere with the 

dried sludge collection process, as well as enter the basement of 

the building, potentially damaging the sludge feed pumps and 

other equipment. The exterior doors of this floor were at an 

Flow Metering Vault 

Sludge Processing Building 

Bulk Chemical Storage 
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elevation of 10.8 feet. Therefore, the building becomes susceptible to flooding during the projected 2050 

storm surge conditions.  

3.3.6 Operations Building and Related Assets 

The operations building contains multiple critical 

components of the WWTF, including an office 

room, lunch/break room, bathrooms, laboratory, 

mechanical equipment room, generator room, 

chemical storage room, and motor control center 

(MCC) room. If flood waters enter the building 

though the front door, the entire building may flood, 

and equipment may become damaged and non-

operational. The concrete building consists of a 

single floor which sits at an elevation of 10.7 feet. 

The building is at high risk of flooding from 2050 

storm surge conditions.  
 

Outside the operations building is the main transformer. 

This piece of electrical equipment is critical for 

sustainable power supply to the facility. If flood waters 

exceed the height of the concrete pad and interfere with 

the equipment, the asset may become non-functional. 

In this case, the voltage of the incoming electrical 

service (provided by Unitil) cannot be processed, and 

the facility would need to rely on its standby generator. 

The transformer sits on a concrete pad at an elevation 

of 9.6 feet. While the transformer will become 

increasingly vulnerable as SLR and storm surge 

intensifies, it may currently be considered at low risk of 

flooding. By 2050, it will be at high risk of flooding. 

 

An office building is also situated on Wright’s Island. This 

building is raised above grade to a currently unknown 

elevation. The office building does not contain any 

equipment that is required for the WWTF to function and was 

therefore not considered a critical asset.  

 

Wright’s Island also contains a garage used for 

equipment/vehicle storage and maintenance. Although no 

record elevations or survey data exist for this asset, the 

entrance appears to be level with surrounding grade of 10.2 

feet. This asset is vulnerable to flooding during 2050 storm 

surge conditions. 

Operations Building (Right) and Effluent Pumps Shed (Left) 

Main Transformer 

Storage/Maintenance Garage 
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3.3.7 Route 286 Pump Station and Metering Vault 

After disinfection, the WWTF effluent is pumped off Wright’s Island, approximately a mile down the road, 

where it passes through a metering vault outside the Route 286 Pump Station. This structure contains 

equipment that monitors flow and chlorine residual and injects sodium bisulfide to dechlorinate and 

achieve a desired chlorine residual in the treated effluent. The equipment inside the vault is vital to the 

monitoring and dechlorination of effluent. If water overtops the vault entrance and floods the vault, the 

equipment may be damaged. It is critical that operations staff can access this vault daily, and this would 

not be possible if the vault floods. The top of this vault is at a grade of 6.8 feet. In a present-day, 100-

year event, flood waters could submerge the vault by as much as 2.9 feet. The Town has reported that 

this vault already experiences minor flooding during extreme wet weather events. Currently, this asset 

should currently be considered at high risk of flooding. 

 

The brick pump station building, 

located upgrade and approximately 

150 feet back from Route 286, pumps 

all the Town’s wastewater originating 

east of Blackwater River to the WWTF. 

This station has three levels: one 

above ground and two below ground. 

The first floor/ground floor, at an 

elevation of 10.2 feet, contains an 

emergency generator. The mid-level 

of the station contains the motor 

control center, control panel, and 

influent comminutor. The third level is divided into two separate spaces: one half of the floor contains 

two 20-hp flooded-suction centrifugal wastewater pumps; the second half contains two wetwells. The 

building is at very high-risk of 2050 storm surge flooding.  

 

Directly behind the pump station building is the dechlorination building. This building is architecturally 

similar to the pump station building and is also at a grade of 10.2 feet. However, this building only has 

one level, which contains the bisulfide storage tanks and chlorine residual analyzers. The building is 

also projected to flood during 2050 storm surge conditions.  

 

Table 3-2 summarizes the vulnerability of critical WWTF and pump station components. The table 

indicates the elevation of critical assets and the depths of flooding that would result in all six of the 

modeled flood scenarios. Elevations represent the point at which flood water will cause the asset to 

cease to function as intended. Flood pathways and elevations of equipment and structures were 

informed from previous site visits, Lidar elevation data used in the mapping, and review of record 

drawings. The elevations of many assets were also confirmed by on-site GPS survey. Where record and 

GPS elevations differed, the lowest elevation was referenced.  

 

Prior to the design of any flood protection measures (discussed in Section 4), the elevations of flood 

pathways should be confirmed with additional survey work. None of the building entryways were 

measured with GPS survey, as GPS accuracy is reduced by the unit being in close proximity to buildings. 

There is a need for further survey to confirm many structure elevations that are currently only informed 

by record drawings.    

Route 286 Pump Station (Top Left) and Metering Vault (Bottom Right) 
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Table 3-2: Depth of Flooding at Critical WWTF and Pump Station Components 

WWTF Asset 
Elevation 

(ft) 

Depth of Flooding Above Asset Elevation (ft) 

2020 

MHHW 

(4.4 ft-

NVD88) 

2020 

Storm 

Surge (9.3 

ft-

NAVD88) 

2050 

MHHW & 

SLR (6.9 

ft-

NAVD88)  

2050 

Storm 

Surge 

(11.8 ft-

NAVD88) 

2100 

MHHW & 

SLR (11.9 

ft-

NAVD88) 

2100 

Storm 

Surge 

(16.8 ft-

NAVD88) 

Access Road/Causeway 10.2 N/A N/A N/A 1.6 1.7 6.6 

Septage Receiving 

Station 
11.6 N/A N/A N/A 0.2 0.3 5.2 

Septage Holding Tank 10.5 N/A N/A N/A 1.3 1.4 6.3 

Main Transformer 9.6 N/A N/A N/A 2.2 2.3 7.2 

Operations Building 

(Ground Floor) 
10.7 N/A N/A N/A 1.1 1.2 6.1 

Influent Building (Ground 

Floor) 
10.6 N/A N/A N/A 1.1 1.2 6.1 

Influent Screw Pump Vault 10.6 N/A N/A N/A 1.1 1.2 6.1 

Oxidation Ditch (Top of 

Tank) 
22.0 N/A N/A N/A N/A N/A N/A 

Pump Building (Ground 

Floor) 
10.7 N/A N/A N/A 1.1 1.2 6.1 

Secondary Clarifiers (Top 

of Tank, Lowest Point) 
16.3 N/A N/A N/A N/A N/A 0.5 

Chlorine Contact Tanks 

(Top of Tank) 
13.7 N/A N/A N/A N/A N/A 3.1 

Effluent Pumps 11.9 N/A N/A N/A N/A N/A 4.9 

Effluent Metering Vault 9.7 N/A N/A N/A 2.1 2.2 7.1 

Sludge Disposal Building 

(Ground Floor) 
10.8 N/A N/A N/A 1.0 1.1 6.0 

Rt. 286 Pump Station 

Dechlorination/Metering 

Vault 

6.8 N/A 2.5 0.1 5 5.1 10.0 

Rt. 286 Pump Station 

(Ground Floor) 
10.2 N/A N/A N/A 1.6 1.7 6.6 
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4.0 WASTEWATER TREATMENT FACILITY CLIMATE RESILIENCE OPTIONS 

 

A preliminary evaluation of climate resilience options was conducted based on the assessment of 

coastal flood risk to the WWTF and pump station. Multiple adaptation options were identified that may 

minimize the coastal flood impacts to the facilities and keep the WWTF and pump station operational 

during future SLR and storm surge conditions. According to the CFR Guidance
1

, all climate resilience 

options may fall into the framework of five action categories:  

 

• No Action 

• Avoid 

• Accommodate 

• Resist 

• Relocate 

 

Given the size and complexity of the WWTF and pump station project areas, a combination of adaptation 

options from each of the categories may be the optimal solution for reducing flood risk, protecting 

equipment, and ensuring service is not interrupted during coastal flooding events. Several specific 

accommodation and resistance options were identified and were conceptually evaluated based on 

permitting requirements, effectiveness, and cost.  

 

It is important to note that the flood resilience options presented in this section are primarily selected to 

mitigate coastal flooding impacts from sea level rise and storm surge. Additional flood resilience 

strategies may need to be implemented to mitigate flooding impacts from extreme precipitation, both 

for high-intensity short-duration events, as well as longer-duration heavy rainfall events.   

4.1 Design Flood Scenario for Climate Resilience Options 

The vulnerability assessment conducted at the WWTF and pump station indicated that the majority of 

components were at little to no risk of flooding until 2050. Given the projected SLR in 2050, a 100-year 

storm surge coupled with MHHW conditions could result in disastrous flooding across Wright’s Island 

and the pump station campus. Given the substantial capital investment into the WWTF and pump 

station, it would be in the Town’s best interest to continue utilizing these facilities for the remainder of 

their useful lives. Both facilities were constructed in the mid-1990s. Assuming a useful life of 50-years, 

the Town should invest in keeping these facilities operational until at least 2050. Therefore, the following 

accommodation and resistance strategies for the Seabrook WWTF and pump station were proposed as 

means to keep the facilities functional through 2050.   

 

After 2050, not only will the facilities have exceeded their useful lives, but the service area and collection 

system downgrade and east of the WWTF will likely be suffering from extensive flooding. While not in 

the direct study area, the flood modeling provided insight on how roadways, homes, and businesses 

may be impacted by SLR and SS. By 2100, the entire coastal region of Town may be underwater. To 

keep the pump station and WWTF operational, coastal flooding adaptation measures will likely become 

technically and financially unrealistic. Therefore, the project team did not consider accommodation or 

 
1
 NH Coastal Flood Risk Science and Technical Advisory Panel. (2020). New Hampshire Coastal Flood Risk Summary, Part II: Guidance for 

Using Scientific Projections. Report published by the University of New Hampshire, Durham, NH. https://scholars.unh.edu/ersc/211/  

https://scholars.unh.edu/ersc/211/
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resistance strategies intended to keep the WWTF and pump station operational past 2050. After 2050, 

it is recommended that the Town relocate the WWTF or evaluate inter-community wastewater treatment 

options. This is discussed further in Section 4.6.  

 

To properly accommodate the 2050 100-year storm surge floodwaters, the climate resilience measures 

should be designed based on the 2050 design flood elevation (DFE) of 13.8 feet. This DFE is a 

combination of the existing MHHW level, projected 2050 SLR, projected 100-year storm surge depth in 

2050, and 2 feet of additional freeboard.  

 

It is important to note that there are several limitations to the modeling approach that was used to project 

the 2050 DFE. Section 7 describes these limitations and the need for a more advanced hydrodynamic 

model to assist in the planning, design, and implementation of adaptation options. 

4.2 No Action 

No action is only recommended when coastal flood risk is very low and the tolerance for flood risk is 

high. The coastal flood risk assessment indicated that the flood risk to the pump station is high even in 

a present-day storm surge scenario. The flood risk to the WWTF is generally low until 2050, where with 

SLR paired with storm surge may cause flooding to multiple critical assets. During an extreme 100-year 

SS, the flooding would be disastrous. Both the WWTF and pump station are critical to the collection and 

treatment of all or a significant portion of the Town’s wastewater so the tolerance for flood risk is 

considered low.  

 

A “No Action” approach is not recommended to address the effects of SLR and storm surge at the 

pump station, given the metering vault is already at high risk of flooding. It is recommended that the 

entrance to the vault is raised to the DFE and critical internal components (some of which have already 

sustained flood damage) are replaced. This project should be implemented as soon as possible. Given 

the low flood risk that currently exists at the WWTF, the implementation of physical accommodation 

and/or protection measures may not occur immediately. However, as discussed later in Section 6, there 

is additional investigation work that should be conducted prior to the construction of the recommended 

climate adaptation alternatives. This work should be conducted over the next few years in preparation 

for the design and construction of physical adaptation measures.  

4.3 Avoid 

The CFR Guidance
1

 recommends that investment into future assets should be avoided if the location 

presents any potential flood risk and there was a moderate to low tolerance for flooding. The location of 

both the WWTF and pump station are at high risk of flooding by 2050. Given the low tolerance for 

flooding in those areas, stakeholders should avoid investing heavily into new infrastructure in these 

areas. This does not include investments into existing infrastructure repairs and replacement of failing 

equipment. Reasonable investments should be made to keep the existing facilities operational for the 

remainder of their useful lives, or until 2050. Also, it is recommended that the Town does invest in 

protection and accommodation measures to safeguard existing critical infrastructure from temporary 

flooding.   

 
1
 NH Coastal Flood Risk Science and Technical Advisory Panel. (2020). New Hampshire Coastal Flood Risk Summary, Part II: Guidance for 

Using Scientific Projections. Report published by the University of New Hampshire, Durham, NH. https://scholars.unh.edu/ersc/211/ 

https://scholars.unh.edu/ersc/211/
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4.4 Accommodate 

Accommodation measures are recommended when the risk of coastal flooding is moderate and the 

tolerance for flood risk is also moderate. Generally, the goal of accommodation strategies is not to 

prevent flooding entirely, but rather to control the damage done by flooding, maintain functionality of 

key assets, and prevent unsafe conditions. Typically, accommodation measures are less costly and 

require less environmental disturbance than resistance measures. Example accommodation strategies 

may include raising equipment above projected flood elevations, improving floodproofing of buildings 

and structures, or improving emergency operation and evacuation procedures.  

 

For the purpose of this evaluation, some resistance measures (defined in Section 4.5) were considered 

accommodation strategies when applied to individual buildings or structures. These protection options, 

such as deployable flood barriers, are designed to keep flood waters out of certain areas. They were 

evaluated as accommodation options in this section because they would be used to keep floodwaters 

out of buildings once the WWTF has already fallen victim to flooding. Protection measures that would 

extend the perimeter of the facility and keep floodwaters from entering the WWTF campus entirely are 

discussed in Section 4.5.  

 

Potential accommodation options that were considered include: 

 

• Raise the grade of the access road. 

• Widen the culverts underneath the access road.  

• Raise the entry points of underground vaults and tanks. 

• Construct barriers around vaults and tanks. 

• Install flood-proof doors and access hatches. 

• Install deployable flood barriers around building entryways.    

• Raise critical equipment and controls. 

• Improve waterproofing of below grade structures. 

4.4.1 Road Raising and Culvert Widening 

Raising the causeway above future flood elevations is one potential way to maintain access to the facility 

under future flood conditions. The basis of this design would be raising the road to the DFE of 13.8 feet 

to accommodate the 2050 100-year storm surge flood elevations. Additionally, the culverts underneath 

the roadway may be widened as part of the same project. A hydraulic analysis would need to be 

conducted to confirm the effects of culvert widening. Several alternative methods of raising the roadway 

have been considered. Road raising alternatives were only considered for the access road and not for 

roads and driveways within the WWTF site boundary. 

 

One alternative for raising the causeway or access road to the WWTF would require elevating the 

roadway utilizing a raised berm strategy with a 2:1 to 3:1 slope which would extend into the wetlands. 

While likely the least costly alternative to raise the roadway, it would have the greatest impact on 

wetlands, in particular salt marsh. One benefit of this approach is it would be possible to incorporate a 

living shoreline into the project, which would help to offset environmental impact and reduce erosion of 

the berm.  
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Figure 4-1: Conceptual Cross-Section of Raised Access Road with Berm 

 

Similar to the berm, the causeway could be raised utilizing driven sheet piles into the ground at the edge 

of the access road to support the reconstructed elevated roadway. This would limit the impact to 

environmental resources and abutting wetland resource areas.  An in-depth geotechnical analysis would 

need to be performed to identify if this alternative were feasible.   

 

 
Figure 4-2: Conceptual Cross-Section of Raised Access Road with Sheet Pile 

 

If the geotechnical analysis finds that the soft, organic, clay and silty soils cannot support steel or vinyl 

sheet piles, a precast or rock wall could be investigated. The precast wall would also limit wetland 

impacts but may require additional ground improvement to support the weight of the wall. This approach 

achieves the revised causeway elevations and has the least permanent impact to the surrounding 

wetlands.  

 



 

 

 

 

 

 
 

4-5 

WASTEWATER TREATMENT FACILITY 

CLIMATE RESILIENCE ASSESSMENT 

TOWN OF SEABROOK, NH 

westonandsampson.com 

 

Figure 4-3: Conceptual Cross-Section of Raised Access Road with Rock Wall 

 

Permitting Requirements: 

Potential permits required for raising the causeway include the following: 

 

• NHDES Wastewater Engineering Design Review 

 

• Shoreland Permit: 

o Shoreland Application to the NH Department of Environmental Services (NH DES) 

Shoreland Program. This permit is anticipated because the subject property is located 

within 250ft of the Protected Shoreland which includes coastal waters and rivers, all land 

located within 250 feet of the reference line of public waters per RSA 483.B.4. XV.  

 

• Standard Dredge and Fill Wetlands Permit Application – Major: 

o Major Impact Wetland Application to the NH Department of Environmental Services (NH 

DES) Wetlands Bureau. This project classification is based on Env-Wt 610.17 “a major 

project shall be (1) (1) Any dredging, filling, or construction activity, or any combination 

thereof, that is proposed to (a) occur within 100 feet of the HOTL; and (b) Alter any tidal 

shoreline bank, tidal flat, wetlands, surface water, or undeveloped uplands”. 

 

• Alteration of Terrain: 

o Alteration of Terrain Bureau Permit Application to the NH Department of Environmental 

Services (NH DES) Alteration of Terrain Bureau. This permit is anticipated because an 

AOT permit is needed when a project proposes to disturb more than 50,000 square feet 

of area within the Protected Shoreland. (May not be required if the only earthwork 

necessary is located at the causeway, if coupled with earthwork at WWTF the Permit will 

be necessary). 
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• 401 Water Quality Certification: 

o Water Quality Certification Application to the NH Department of Environmental Services 

(NH DES) Watershed Management Bureau. This permit is anticipated because Water 

Quality Certification under §401 of the federal Clean Water Act is required for any 

federally-licensed or permitted project that may result in a discharge into waters of the 

United States. 

 

• Army Corps Permit ACOE IP: 

o An initial New Hampshire General Permits (GP’s) Appendix B - Corps Secondary Impacts 

Checklist form will be submitted with the NHDES Major Impact Standard Dredge and Fill 

Application, at which time additional permitting requirements (e.g. Individual Permit) are 

anticipated from the ACOE based on the classification as a Major Impact project. 

 

• Coastal Zone Management Act (CZMA) Federal Consistency Review with the New Hampshire 

Coastal Program: 

o This permit is anticipated because a Coastal Zone Management Act (CZMA) Federal 

Consistency Review is required for projects within the Coastal Zone of the New 

Hampshire Coastal Program when the proposed activity requires a non-federal applicant 

to obtain a federal license or permit (for example activities requiring U.S. Army Corps of 

Engineers Section 10 or 404 permits). 

  

• Historic Properties- New Hampshire Division of Historic Resources. A Request for Project 

Review: 

o Section 106 Historical/Archaeological Resource Review with NH Division of Historical 

Resources (DHR). This review is required as part of a Major Impact project. 

 
• Threatened and Endangered Species/ Biological Resources:  The U.S. Fish and Wildlife 

Service’s online tool, IPaC (Information for Planning and Consultation): 

o US Fish and Wildlife Service Information for Planning and Consultation (IPAC) Review. 

This review is required as part of a Major Impact project and because there is a federal 

nexus. 

o NH Natural Heritage Bureau (NHB) – Database Check. Complete an NHB database 

check to determine whether a proposed project could have potential impacts to rare 

species or critical habitat. 

 
• National Marine Fisheries Service Coordination: 

o Based on the NHB database results and proposed project impact area, consultation with 

the National Marine Fisheries Service may be required per the Endangered Species Act 

and the Marine Mammal Protection Act. 

 

• NH Fish & Game Coordination: 

o Based on the NHB database results coordination may be needed regarding construction 

timing restrictions. 
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Estimated Cost for Resiliency Option: 

Conceptual level estimated costs for Permitting, Design and Construction of elevating the causeway 

roughly 3 feet in height for approximately 1,000 linear feet is as follows: 

 

Table 4-1: Conceptual Costs for Raising Access Road 

Option/Alternative Estimated Cost 

Vegetated Berm $2.5M 

Living Shoreline $2.92M 

Vinyl Sheet Pile $3.68M 

Block Wall $3.1M 

4.4.2 Flood-Proofing Vaults 

Raising the entryways of vaults and/or constructing perimeter barriers is one practical way to 

accommodate flood waters at the WWTF and pump station site. There are three (3) vaults that have 

been identified as priority assets where accessibility must be maintained whenever possible: the influent 

screw pump vault, the WWTF flow metering vault, and the pump station metering vault.  

 

Influent Screw Pump Vault: 

The geometry of the influent screw pump channels must be considered when designing resiliency 

modifications to the influent vault. The three (3) screw pump channels, housing the screw pump augers, 

are directly connected to the influent vault. These channels begin below grade and extend to the 

headworks area of the influent building at a 45-degree angle. The channels are three sided, allowing 

access to the augers from the top side. The top sides are covered with fiberglass panels during 

operation. Given that the covers are not flood-proof, the lower portions of the channels (starting at grade 

up to the DFE) are vulnerable to flooding. Floodwaters entering the channels would have similar 

consequences to flood waters entering the vault itself (this was discussed further in Section 3.3.2).  

Raising the vault alone would not protect the influent channels. 

 

Therefore, as an alternative to raising the vault, it is recommended that a concrete wall be built around 

the perimeter of the vulnerable areas. This wall would extend vertically to the DFE, and horizontally 

around the perimeter of the vault and bottom of the influent channels on both exterior sides of the 

structure. The wall would secure into the side of the influent channels, creating a flood-proof seal that 

will keep water up to the DFE out of both the channels and the vault.  

 

During any modifications to the influent vault, it is recommended that the influent sluice gates are 

replaced, and controls are relocated above grade. The sluice gates are already outdated and in need 

of replacement. The controls are currently inside the vault and raising them above grade would prevent 

operators from entering the confined space. This would not only eliminate a safety hazard during flood 

conditions, but also during routine operation of the plant.  

 

Flow Metering Vault and Pump Station Metering Vault: 

Given the low grade of the top of these metering vaults, it is crucial that the structures are raised to 

prevent flooding. For both vaults, the concrete top slab and access hatch should be removed, and 

additional concrete sections should be cast (or precast sections may be added). The additional 
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concrete sections should extend as necessary so the top slab will reach the DFE. A new top slab should 

be cast with a water-tight access hatch, as an extra precaution.  

 

While conducting modifications to the vaults, existing joints and cracks should be sealed and select 

internal components should be replaced. Sealing joints and cracks will prevent groundwater from 

entering the vault, which has already begun to occur in the flow metering vault. This is due to 

groundwater following the path of least resistance through the bedding of the pipes and entering the 

annular space between the piping and the vault. If the structural concrete is not properly waterproofed, 

the vaults will continue to fill with water as groundwater rise intensifies in the future. There is a need for 

replacing equipment due to age, and due to water damage that has already occurred to some 

components.  

 

Permitting Requirements: 

There would be minimal permitting required for raising/modifying vaults. NHDES Wastewater 

Engineering Design Review would be required. 

 

Estimated Cost for Resiliency Option: 

Conceptual level estimated costs for Permitting, Design and Construction of vault modifications are as 

follows: 

Table 4-2: Conceptual Costs for Vault Modifications 

Option/Alternative Estimated Cost 

Influent Screw Pump Vault Modifications $132,500 

Flow Metering Vault (including new meter) $75,000 

Route 286 Pump Station Vault (including new internals) $75,000 

4.4.3 Raising of Critical Equipment and Controls 

Several critical electrical components were identified as being at high risk of flooding during a 2050 

storm surge scenario. If no campus-wide flood protection, or building specific flood prevention 

measures are implemented, there are possible ways to reduce the risk of flooding to these specific 

components: 

 

Main Transformer: 

The concrete equipment pad of the main transformer may be raised above the DFE. If implemented, 

this project should include replacement in-kind of the existing transformer, which was recently inspected 

and is in need of replacement in the near future. Additionally, the project would include the 

extension/waterproofing of local conduit as necessary.  

 

Operations Building Electrical Components: 

The operations building contains electrical equipment that is critical to the operation of the WWTF. The 

standby generator, the source of emergency plant power, may be raised to the DFE by modifying its 

concrete equipment pad, or casting a new pad. The MCC should also be raised above the DFE. For 

this to occur, all components would have to be temporarily taken offline and relocated while 

modifications are made to the existing electrical enclosure(s).  
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Sludge Building Electrical Components:  

In the sludge disposal building, there are several low-lying components on the first floor and basement 

that could be damaged by floodwaters. These components could be raised, similarly to the components 

in the operations building.  

 

Permitting Requirements: 

There would be minimal permitting required for raising critical equipment and controls. Potential permits 

include: 

• Building Permit 

• NH State Electrical Permit 

• NHDES Wastewater Engineering Design Review 

 

Estimated Cost for Resiliency Option: 

Conceptual level estimated costs for Permitting, Design and Construction of raising critical equipment 

and controls are as follows: 

  

Table 4-3: Conceptual Costs for Raising Controls and Equipment 

Option/Alternative Estimated Cost 

Raise Pad to Main Transformer (includes Transformer) $61,000 

Raise Generator, MCC & Electrical Equipment  $135,000 

Raise Sludge Disposal Building Electrical $67,500 

4.4.4 Flood-Proof Entryways  

One simple, yet effective way of accommodating 

2050 storm surge flooding at the WWTF and pump 

station would be to flood-proof all building 

entryways. All critical buildings at the WWTF are 

constructed of concrete and are therefore 

essentially flood-proof, except for the entryways 

(doors, windows, vents, etc.). All doors and other 

entry points for floodwaters beneath the DFE may 

be sealed off to protect the entire building from 

flooding. If done properly, this would eliminate the 

need to raise internal components above grade in 

anticipation of internal flooding.  

 

There are multiple solutions to floodproofing 

entryways that are both permanent and temporary. Flood-proof doors and hatches are a great 

permanent solution for protecting building and vault internals from temporary floodwaters. Flood-proof 

components can be sized to match the existing entryways, and little to no modification would be 

required. This strategy is easily the least intrusive and simplest way to protect the WWTF and pump 

station buildings. Appendix D includes additional information on flood-proof doors and water-tight 

hatches.  

Flood-Proof Door 

https://floodcontrolinternational.com/
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One limitation to flood-proof doors and hatches is that they cannot be opened while the exterior of the 

structures are flooded. To combat this limitation, flood proof doors could be used in conjunction with 

deployable/demountable flood barriers (discussed in Section 4.4.5). One select entryway of each 

building could be modified to open inwards and fitted with a demountable barrier. If there is an 

emergency reason to enter the building while the site is flooded, staff could climb over the demountable 

barrier and open the door inward to enter the building. It should be noted that flood-proof entryways 

currently do not meet the Americans with Disabilities Act (ADA) requirements for doorways. Therefore, 

modifications would be required to meet the current standards.   
 

Permitting Requirements: 

There would be minimal permitting required for installing flood proof entryways. Potential permits 

include: 

• Building Permit 

• NHDES Wastewater Engineering Design Review 

 

Estimated Cost for Resiliency Option: 

Conceptual level estimated costs for Permitting, Design and Construction of permanent flood-proof 

entryways are as follows: 

  

Table 4-4: Conceptual Costs for Flood-Proof Entryways 

Option/Alternative Est. Cost Per EA Estimated Cost 

Flood-Proof Entry Ways Single Door $27,000 $216,000 

Flood-Proof Entry Ways Double Door $40,500 $364,500 

Total   $580,500 

*Eight (8) Single Width Doors and Seven (7) Double Width Doors at WWTF 

**Two (2) Double Width Doors at Pump Station 

4.4.5 Deployable Flood Barriers 

A great alternative to flood-proof doors are deployable barriers. Deployable flood barriers are defined 

as a barrier system that is deployed before and/or during a flood event and retracted after a flood event. 

Deployable barrier system types vary and include, but are not limited to, barriers that are:  

• Pre-installed or partially pre-installed at the location of deployment.   

• Mobile, i.e. units brought to the location of deployment, constructed, and then removed, such 

as sand bags;  

• Passive systems that deploy and retract automatically based on flood levels without human 

intervention or electricity;  

• Rigid hard structures (i.e. walls);  

• Soft flexible structure (i.e. membranes);  

• Stackable or with features to adjust height of flood protection during an event;  

• Tubes filled with air or water;  

• Containers filled with water or aggregate (soil or rock);   

• Standalone flood defense systems; and/or connected to permanent flood protection barriers 

(such as reinforced walls and doors). 
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Demountable Barriers for Entryways: 

One simple and cost-effective deployable type is a 

demountable panel barrier. This is a partially pre-

installed, rigid, and stackable type barrier consisting 

of watertight panels that are stacked vertically in front 

of building entryways. The barrier frames would be 

pre-installed with watertight seals on the exterior 

faces of the buildings. Before storm surge flooding is 

expected, staff can simply place the panels into the 

frames to create a barrier to flood waters. The panels 

come in a standard height of 12 inches. The system 

may be designed to accommodate the stacking of 

four panels, which would allow four feet of flood 

protection above the existing floor elevation. The top 

of the four-foot barriers would be at an approximate 

elevation of 14 feet (depending on the building), which is just over the DFE. Further investigation and 

review of the ADA requirements for doorways and barriers should be completed to confirm the 

demountable flood barriers meet ADA current standards and requirements.  

 

Lift-Hinged Flood Gates: 

The demountable panels are only available in spans up to 10 feet. For larger entryways, such as the roll-

up garage doors at the sludge disposal buildings, lift-hinged flood gates may be used instead. These 

gates would mount to the building exterior in a similar fashion to the demountable flood barriers. The 

gates would be completely pre-installed. Before an expected flood event, staff would only need to swing 

the gate over and latch it shut. The lift-hinge flood barrier system could also be used for individual pieces 

of equipment throughout the facility, such as the main transformer. 

 

It should be noted that flood proof doors and/or barricading entryways with flood gates/deployables will 

not work for every building on site. These strategies only work for buildings that are constructed of cast 

concrete or masonry blocks. Certain structures, like the steel-frame maintenance/storage garage, will 

be susceptible to flood damage even if the building entrance is protected. Rather than protect the 

contents of the maintenance garage, it is recommended that all vehicles, equipment, etc. are moved to 

a safe location prior to projected flood events.    

 

Demountable Flood Barrier 

Lift-Hinge Flood Gate for Entryways  Lift-Hinge Flood Gate for Equipment  

https://floodcontrolinternational.com/
https://floodcontrolinternational.com/
https://floodcontrolinternational.com/
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Permitting Requirements: 

There would be minimal permitting required for the installation of temporary or deployable flood barriers. 

Potential permits include: 

• Building Permit 

• NHDES Wastewater Engineering Design Review 

 

Estimated Cost for Resiliency Option: 

Conceptual level estimated costs for Permitting, Design and Construction of temporary or deployable 

barriers are as follows: 

  

Table 4-5: Conceptual Costs for Deployable Flood Barriers 

Option/Alternative Est. Cost Per EA Estimated Cost 

Deployable Flood Barriers- Single Door $7,425 $59,400 

Deployable Flood Barriers- Double Door $12,825 $115,425 

Total 
 

$174,825 

*Eight (8) Single Width Doors and Seven (7) Double Width Doors at WWTF 

**Two (2) Double Width Doors at Pump Station 

4.5 Resist 

Resist strategies, also referred to as protection strategies in this report, are recommended when the risk 

from coastal flooding is high and the tolerance for flooding is low. Resistance measures involve the 

addition of a physical barrier between flood waters and vulnerable assets with the goal of keeping water 

out. Example flood protection measures include deployable flood barriers, sea walls, flood protection 

berms, or concrete gravity walls.    

 

Potential protection options that were evaluated include: 

 

• Develop living shorelines around the perimeter of the WWTF.  

• Construct a vegetated berm around the perimeter of the WWTF. 

• Install permanent vinyl sheet pile barrier around the perimeter of the WWTF.  

• Install deployable flood barriers around the perimeter of the WWTF. 

 

The approach to flood protection would be the same for each of the resistance measures considered. 

Each alternative shall: establish a perimeter around Wright’s Island that is structurally resilient enough 

to withstand a 100-year storm surge; satisfy the height requirements for the DFE; and prevent 

floodwaters from inundating the WWTF campus. These alternatives may be implemented in conjunction 

with accommodation measures for the access road, such as raising the road with a vegetated berm or 

sheet piling. Figure 4-4 depicts the alignment around the facility perimeter where protection measures 

would be constructed to protect the facility from flooding.  
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Figure 4-4: Coastal Protection Alignment for Resistance Measures 
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This climate resilience approach has both benefits and drawbacks. One benefit is that the WWTF could 

operate as usual during an extreme storm event, provided barriers are properly and prematurely 

deployed (this step could be avoided if the Town were to implement a permanent flood barrier system). 

Resisting flood waters entirely would also eliminate a substantial safety hazard for operators who need 

to move about the facility. Furthermore, if this strategy were utilized in addition to or instead of 

accommodation measures, it would eliminate the risks associated with using accommodation measures 

alone. Accommodation measures were designed to serve select assets, and therefore not all WWTF 

components may be equally protected, and some may not be protected at all. The negative aspects of 

permanent full-site flood resistance include substantial capital costs and permitting requirements. 

Depending on the alternative, the environmental impact to the surrounding salt marsh may be severe.  

 

It should be noted that the cost and permitting requirements for the following protection options were 

evaluated for the WWTF site only. However, these options may be adapted to the pump station campus 

as well. 

4.5.1 Vegetated Berm 

A vegetated berm is a type of earthen 

embankment or levee designed and 

constructed to prevent flood waters from 

reaching downstream areas. The berm would be 

constructed at a 3:1 slope which would extend 

into the wetlands. The construction of a 

permanent berm would require extensive cut 

and fill, extending into the adjacent wetland. Not 

only would this flood protection option be 

extremely costly, but it would have the greatest 

impact on wetlands, in particular salt marsh. 

Additionally, the berm would be susceptible to 

erosion and would require regular maintenance. Vegetation should be planted across the berm to 

combat erosion and scour. Alternatively, riprap may be installed across the slopes.  One benefit of this 

approach is it would be possible to incorporate a living shoreline into the project, which would help to 

offset environmental impact and reduce erosion of the berm.  

 

Prior to the construction of a vegetated berm, a geotechnical investigation should be conducted to 

evaluate slope stability, potential for settlement, seepage, and scour. The berm should be designed in 

accordance with the United States Army Corps of Engineers (USACOE) guidance provided in EM 1110-

2-1913, Design and Construction of Levees. Design of a berm should account for the estimated 

settlement by providing additional freeboard. Design considerations would also need to be made to 

prevent seepage underneath the berm (underseepage). Underseepage control may be accomplished 

by cutoff walls such as steel sheeting or an impervious trench, flood-side or dry-side blankets, dry-side  

seepage berms, pressure relief wells, and/or pervious toe trenches as described in EM 1110-2-1913 

and EM 1110-2-2502. 

 

Construction of a Vegetated Berm  

https://www.publications.usace.army.mil/Portals/76/Publications/EngineerManuals/EM_1110-2-1913.pdf?ver=FNvAjjrkr3DzvbKHsKbZIg%3d%3d
https://www.publications.usace.army.mil/Portals/76/Publications/EngineerManuals/EM_1110-2-1913.pdf?ver=FNvAjjrkr3DzvbKHsKbZIg%3d%3d
https://www.publications.usace.army.mil/Portals/76/Publications/EngineerManuals/EM_1110-2-1913.pdf?ver=FNvAjjrkr3DzvbKHsKbZIg%3d%3d
https://www.publications.usace.army.mil/Portals/76/Publications/EngineerManuals/EM_1110-2-2502.pdf?ver=OICp1hSiUUXsNyIHGHv5lA%3d%3d
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4.5.2 Living Shoreline 

A living shoreline is an optional protection measure 

that may be incorporated into the implementation of 

a vegetated berm. Living Shorelines are a means of 

controlling coastal erosion and wave action by 

mimicking natural coastal habitats. In addition to 

native vegetation, shorelines may be fitted with low-

profile rock structures, biodegradable organic 

materials, stone containment, oyster castles, and 

reef balls. Living shorelines reduce energy of coastal 

storm surge while allowing for the continuation of 

important natural processes that maintain the health 

of the broader coastal system.  

 

A living shoreline could be developed along the exterior slope of the vegetated berm and extend beyond 

the berm into the adjacent wetlands. It is estimated that approximately 50 feet of land would be required 

to build the living shoreline at a gradual slope (in addition to the area required for the berm). 

 

While the shoreline would likely aid in erosion control of the berm (if implemented properly), there are a 

few complications that must be considered. Vegetation across the entire living shoreline would not be 

maintainable until SLR conditions occur. Additionally, the effectiveness of living shorelines is not proven. 

4.5.3 Vinyl Sheet Pile Barrier 

Vinyl Sheet pile barriers are a low-impact, cost-

effective option for permanent site perimeter 

flood protection. The modular sheet piles were 

low-maintenance, lightweight, and relatively 

easy to install. The sheet piles would be driven 

into the ground along the perimeter alignment. 

The depth of driving would be determined during 

a thorough geotechnical investigation. The 

geotechnical investigation may determine that 

this approach was entirely infeasible due to soft, 

organic clay or silty soils. Significant earthwork 

would be required, but substantially less than for 

a full levee. Wetland impacts would also be 

limited, as this option requires no permanent wetlands footprint.  

4.5.4 Permitting Requirements for Permanent Flood Barriers 

Potential permits required for installing permanent barriers around the WWTF include the following: 

 

• Shoreland Permit: 

o Shoreland Application to the NH Department of Environmental Services (NH DES) 

Shoreland Program. This permit is anticipated because the subject property is located 

Living Shoreline  

Vinyl Sheet Pile Barrier  

https://www.cmilc.com/products/shoreguard-vinyl-sheet-piling
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within 250ft of the Protected Shoreland which includes coastal waters and rivers, all land 

located within 250 feet of the reference line of public waters per RSA 483.B.4. XV.  

 

• Standard Dredge and Fill Wetlands Permit Application – Major: 

o Major Impact Wetland Application to the NH Department of Environmental Services (NH 

DES) Wetlands Bureau. This project classification is based on Env-Wt 610.17 “a major 

project shall be (1) (1) Any dredging, filling, or construction activity, or any combination 

thereof, that is proposed to (a) occur within 100 feet of the HOTL; and (b) Alter any tidal 

shoreline bank, tidal flat, wetlands, surface water, or undeveloped uplands”. 

 

• Alteration of Terrain: 

o Alteration of Terrain Bureau Permit Application to the NH Department of Environmental 

Services (NH DES) Alteration of Terrain Bureau. This permit is anticipated because an 

AOT permit is needed when a project proposes to disturb more than 50,000 square feet 

of area within the Protected Shoreland.  

 

• 401 Water Quality Certification: 

o Water Quality Certification Application to the NH Department of Environmental Services 

(NH DES) Watershed Management Bureau. This permit is anticipated because Water 

Quality Certification under §401 of the federal Clean Water Act is required for any 

federally-licensed or permitted project that may result in a discharge into waters of the 

United States. 

 

• Army Corps Permit ACOE IP: 

o An initial New Hampshire General Permits (GP’s) Appendix B - Corps Secondary Impacts 

Checklist form will be submitted with the NHDES Major Impact Standard Dredge and Fill 

Application, at which time additional permitting requirements (e.g. Individual Permit) are 

anticipated from the ACOE based on the classification as a Major Impact project. 

 

• Coastal Zone Management Act (CZMA) Federal Consistency Review with the New Hampshire 

Coastal Program: 

o This permit is anticipated because a Coastal Zone Management Act (CZMA) Federal 

Consistency Review is required for projects within the Coastal Zone of the New 

Hampshire Coastal Program when the proposed activity requires a non-federal applicant 

to obtain a federal license or permit (for example activities requiring U.S. Army Corps of 

Engineers Section 10 or 404 permits). 

  

• Historic Properties- New Hampshire Division of Historic Resources. A Request for Project 

Review: 

o Section 106 Historical/Archaeological Resource Review with NH Division of Historical 

Resources (DHR). This review is required as part of a Major Impact project. 

 
• Threatened and Endangered Species/ Biological Resources: The U.S. Fish and Wildlife Service’s 

online tool, IPaC (Information for Planning and Consultation: 
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o US Fish and Wildlife Service Information for Planning and Consultation (IPAC) Review. 

This review is required as part of a Major Impact project and because there is a federal 

nexus. 

o NH Natural Heritage Bureau (NHB) – Database Check. Complete an NHB database 

check to determine whether a proposed project could have potential impacts to rare 

species or critical habitat. 

 
• National Marine Fisheries Service Coordination:  

o Based on the NHB database results and proposed project impact area, consultation with 

the National Marine Fisheries Service may be required per the Endangered Species Act 

and the Marine Mammal Protection Act. 

 

• NH Fish & Game Coordination:  

o Based on the NHB database results coordination may be needed regarding construction 

timing restrictions. 

 

• NHDES Wastewater Engineering Design Review 

 

Estimated Cost for Resiliency Option: 

Conceptual level estimated costs for the Permitting, Design and Construction of roughly 2,000 linear 

feet of permanent barriers are as follows: 

 

Table 4-6: Conceptual Costs for Permanent Flood Protection Options 

Option/Alternative Est. Cost Per LF Estimated Cost 

Vegetated Berm $1,350 $2.7M 

Living Shoreline $1,550 $3.1M 

Vinyl Sheet Pile $750 $1.5M 

*Costs include implementation of options around the perimeter of Wright’s 

Island, not including the access road.  

4.5.5 Deployable Flood Barriers  

There are multiple types of deployable flood barriers 

that are suitable for deployment across the perimeter 

of the WWTF campus to provide resistance to 

flooding. The three variations that were considered 

were membrane flood barriers, modular flood 

barriers, and inflatable flood barriers. These barriers 

are intended to be deployed only during storm events 

and should not remain deployed once flood waters 

have receded.   

 

Membrane Flood Barriers: 

This type of deployable barrier is a passive system 

that uses floodwater to seal and stabilize the flexible 

structure. They are reusable and often cheaper than other deployable solutions. One advantage of 

Inflatable Flood Barrier  
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membrane barriers over rigid barriers is they can be used on various surfaces and do not require site 

modifications. They can be deployed across the perimeter alignment without modifying the existing 

grade. Proper planning and preparation should be conducted prior to storm events to ensure there is a 

clear deployment path across the perimeter that is unobstructed from rocks, debris, and/or large 

vegetation. Although membrane barriers are relatively simple to deploy and clean up, the process may 

be very time consuming. This variety of barrier does not offer much protection from high-velocity flooding 

and wave action.   

 

Figure 4-5: Before and After Photographs of Membrane Flood Barriers 

 

Modular Flood Barriers: 

Modular flood barriers are rigid, yet passive, structures that can be constructed of a wide range of 

materials. Similarly to membrane barriers, modular barriers use the energy of floodwaters to deploy. No 

fastening or fill material is required, as each panel is individually self-stabilized by the weight of the water.   

Creating a suitable perimeter surface for the deployment of modular barriers may be more labor 

intensive than the process for a flexible barrier. Modular barriers, such as the AquaFence product 

pictured in figure 4-6, require a relatively flat surface to allow for proper stabilization of the rigid structure. 

The site perimeter may need to be leveled in some areas, in addition to removing rocks, debris, and 

large vegetation. One advantage of modular flood barriers is that they are typically more resilient than 

flexible barriers and may be reused dozens of times. Additionally, the deployment and storage of the 

barrier panels may be more efficient than flexible barriers.  

 

https://aquafence.com/
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Figure 4-6: Before and After Photographs of Modular Flood Barriers 

 

Inflatable Flood Barriers: 

Inflatable barriers are flexible tubes that are inflated with water to form a barrier from flood waters. To 

inflate the barriers, staff may pump water from the marsh into the tube before a storm event. Similarly to 

the other deployable options, inflatable barriers would require a path around the site perimeter that is 

relatively flat and cleared from rocks and large vegetation. The size of available products would need to 

be evaluated to ensure a barrier is large enough to provide protection to the DFE around the entire 

perimeter of the site. Modifications to existing grade may be required. Additionally, installation of an 

inflatable barrier would likely require a forklift for proper positioning and adjustments after inflation.  

 

 

Figure 4-7: Before and After Photographs of Inflatable Flood Barriers 
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Regardless of the type of deployable barrier, seepage through the ground into the protected area is to 

be expected. Seepage control pumps should be placed at low points throughout the facility to remove 

seepage water as it accumulates. Alternatively, one main seepage pump station could be constructed, 

along with a network of catch basins and seepage collection sewers. The existing catch basins and 

drainage piping on Wright’s Island could possible be utilized, although further investigation would be 

required. 

 

It is important to consider the risk of improper deployment and damage that exists for all types of 

deployable barriers. This risk is exacerbated by lengthy perimeter of the site. Additionally, it is important 

to consider the lengthy and intensive site preparation and deployment effort that would be required to 

protect the entire project area. It is recommended that further hydrodynamic analysis be performed to 

better understand the timing of when staff would initiate installation of the deployable barriers. The 

benefits of a hydrodynamic model are described in Section 7.    

 
Permitting Requirements: 

Permitting required for installation of temporary or deployable flood barriers would be minimal, and 

would depend on the type of deployable barrier, location and setbacks. NHDES Wastewater 

Engineering Design Review would likely be required. 

 

Estimated Cost for Resiliency Option: 

The conceptual level estimated cost for the Permitting, Design and Construction/Implementation of 

temporary or deployable barriers is roughly $500,000-$600,000 or roughly $250-$300 per linear foot of 

temporary barrier. In addition, seepage pumps and/or seepage pump stations will be necessary to 

pump out seepage water within the deployable barrier perimeter. Costs for seepage pumps could range 

from $25,000 each for several remote seepage pumps or up to $350,000 for a main seepage pump 

station with collector basins and pumps.   

 

Table 4-7: Conceptual Costs for Deployable Flood Protection Options 

Option/Alternative Est. Cost Per LF Estimated Cost 

Deployable Flood Barrier $250-$300 
$500,00-

$600,000 

Seepage Pump Stations - 
$150,000-

$350,000 

Total  
$650,000-

$950,000 

*Estimated costs include a range of $150,000 for 6 remote seepage 

stations or one main seepage pump station, including electrical, controls, 

and piping. 

4.6 Relocate 

Relocation, also referred to as retreat, is an acceptable strategy when the risk of coastal flooding is high 

and the tolerance for flooding is low. Relocation strategies accept that accommodation or protection 

measures may not be technically, financially, or politically possible, and instead aim to remove and/or 

relocate assets from vulnerable areas. Retreat strategies typically require a greater degree of planning 
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and coordination than other protection and accommodation strategies. Examples of retreat strategies 

include the relocation of individual assets or entire facilities to low-risk areas.   

 

Again, it is recommended that the existing WWTF and pump station facilities are protected and kept 

operational up through 2050 (the remainder of their useful lives). After this point in time, further 

investment into keeping the facilities operational is not recommended. After 2050, not only will the 

facilities have exceeded their useful lives, but much of the collection system and service area east of the 

WWTF will be underwater. Also, significant construction costs may be warranted to keep the plant 

operational due to the age of the facility. Furthermore, new more stringent Permit Limits will likely be 

required and may necessitate advanced technologies that are not currently operating at the WWTF. 

 

As the plant nears the end of its useful life the Town should consider relocating the WWTF and 

abandoning Wright’s Island. The new plant would be constructed on a new parcel, upland from the 

existing WWTF. The piping connections to the existing outfall could likely be reused. Given the modeled 

results for years beyond 2050 and looking toward 2100, the new WWTF may not be required to support 

the beach area as the homes in low lying areas will be inundated frequently and likely underwater.  

 

Because the cost is significantly expensive and a major capital investment for the Town, it makes sense 

to plan for the relocation and plant overhaul together. Given the modeling results to 2050, the Town has 

adequate time to investigate the relocation and begin planning for and appropriating funds for this long-

term project.  It is not uncommon for a new WWTF to take 10-15 years from planning stages to operation. 

With this in mind, Table 4-8 outlines the recommended implementation schedule: 

 

Table 4-8: Conceptual WWTF Relocation Schedule 

Proposed Action 
Approximate Schedule/Recommended 

Completion Dates 

Submit for CWSRF Funding 2030 

Facility Planning 2033 

Facility Planning/ Public Approval 2034 

Finalize Facility Planning 2035 

Land Acquisitions/Easements 2040 

Preliminary Design 2042 

Final Design and Permitting 2045 

Submit for CWSRF Funding 2045 

Advertise & Commence Construction 2046 

Complete Construction 2050 

 

It is recommended that further hydrodynamic analysis be performed to better understand the timing of 

when the WWTF relocation would be required to allow ample time for the long-term relocation of the 

facility. The benefits of a hydrodynamic model are described in Section 7.    
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Permitting Requirements: 

Potential permits required for relocating the WWTF include the following: 

• NHDES WW Engineering Design Review 

• Sewer Connection Permit 

• Various other Permits based on technology, footprint and location of new WWTF 

 

Estimated Cost for Resiliency Option: 

Conceptual level estimated costs for Permitting, Design and Construction of a new WWTF may be in the 

range of roughly $30-40M in today’s dollars (2021) and roughly $60-80M in 2050 dollars. Cost will be 

determined by the technology required for upcoming more stringent permit limits and the capacity of 

the WWTF. This estimate does not include the cost for land acquisition or easements. Assumptions have 

been made during cost estimating based on Weston & Sampson’s experience on similar projects and 

recent local bids.   

 

As an alternative to constructing another Town owned WWTF, Seabrook should consider regional 

solutions to wastewater treatment. There are several communities along the seacoast that will 

experience similar SLR and storm surge flooding and will need to invest in climate adaptation measures. 

Alternatively, these communities should look to regionalize wastewater infrastructure and wastewater 

treatment plants. This will lessen the financial burden on each community and provide cost-sharing 

opportunities for the operation and maintenance of the facilities. 

4.7 Comparison of Climate Resilience Options  

Table 4-7 contains a matrix that compares all the climate resilience options that were evaluated. The 

most preferable options (highest scoring) have a combination of low cost, low maintenance, 

effectiveness, and environmentally friendly aspects.  

 

It is important to note that this matrix has certain limitations, and the indicated scores should not be the 

sole deciding factor when implementing adaptation options. While all five categories of adaptation 

options were included in the matrix, not all aspects of these options are directly comparable. For 

example, the retreat strategy, which received a below average score in the matrix, should not be ruled 

out purely due to other options having higher scores. This matrix does not take into account that the 

relocation strategy becomes much more attractive in the longer term, after the year 2050. In the shorter-

term, prior to 2050, simpler options such as deployable flood barriers are the clear choice. After 2050, 

when other factors such as town-wide flooding become significant, the retreat alternative is clearly the 

best strategy.   
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Table 4-9. Comparison of Climate Resilience Options 

Resilience Option 

Environmental 

Impact and 

Permitting 

Construction 

Cost 
Maintenance 

Evidence of 

Success 
Total Score 

No Action 5 5 5 1 16 

Avoid 5 5 5 1 16 

Accommodate           

Road Raising - Berm 1 2 3 3 9 

Road Raising - Berm 

with Living Shoreline 
3 2 2 2 9 

Road Raising - Sheet 

Pile 

3 1 5 4 13 

Road Raising - Rock 

Wall 

2 2 5 3 12 

Raising Vaults 5 5 5 5 20 

Flood-Proof 

Entryways 
5 4 5 4 18 

Deployable Flood 

Barriers - Building 

Entryways 

5 5 3 4 17 

Raising of Equipment 

and Controls 
5 5 4 3 17 

Resist           

Vegetated Berm 1 2 3 3 9 

Berm and Living 

Shoreline 
3 2 2 2 9 

Sheet Pile Permanent 

Barrier 
3 3 5 4 15 

Deployable Flood 

Barriers - Site 

Perimeter 

4 4 1 3 12 

Retreat 1 1 1 5 8 

Lower score = less preferred   

Higher score= more preferred  
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5.0 PUBLIC ENGAGEMENT 

 
The Town of Seabrook’s 2016 Coastal Hazards and Adaptation Master Plan Chapter (CHAMP) identified 

community engagement as a top priority and recommended providing informational materials about 

flood risk reduction to the public. Community outreach and engagement was also identified as a need 

in the 2015 Tides to Storms Vulnerability Assessment.  

 

Informed by this context, a public engagement strategy was developed through a series of meetings 

and interviews with Town staff, DES, and the New Hampshire Costal Adaptation Workgroup (CAW). 

Informed by their input and additional research, the project team developed an Equitable Community 

Engagement Guide for Climate Resilient Projects. The Guide was intended to assist with conducting 

both equitable community outreach and engagement in Seabrook based on previous experiences, local 

and regional expertise, and existing resources. The Guide includes a summary of key target audiences, 

specific messaging about climate resilience, available communication and distribution channels, and 

steps to implement engagement efforts. This local playbook can be applied across project types and 

could inform the development of similar equitable engagement guides in other communities. Appendix 

E contains a copy of the Guide. 

 

  

Figure 5-1: Pages from the Equitable Community Engagement Guide for Climate Resilient Projects 

 

The Wastewater Treatment Facility Climate Resilience Assessment project was used as a pilot to test 

the implementation of the Guide. Through a series of calls and iterative review with the Town and DES, 

the project team created an educational video defining key terms and summarizing climate risks to the 

WWTF, conceptual resiliency strategies for flood mitigation, and next steps. The video was paired with 

an online comment form where residents could submit questions. The video was shared through the 

Town website, social media, and Channel 22. The video and comment form were advertised through 

social media posts, a press release, and direct outreach to key partners listed in the Engagement Guide. 

The video was posted on June 23, 2021, and the online comment form was active until July 7, 2021. No 

comments from the general public were received. 

 

https://seabrooknh.info/wp-content/uploads/2019/07/9-FINAL-Coastal-Hazards-and-Adaptation-.pdf
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The video can be used as a tool during future meetings to introduce information about local climate 

risks and critical infrastructure. As part of the public engagement task for this project, the Town also 

gave a verbal presentation and overview of the project to the Board of Selectmen on April 19, 2021, 

supported by Weston & Sampson. Appendix E contains documentation of these engagement formats, 

including copies of meeting materials, social media posts, video stills, the comment form, and more. 

 

   
 

Figure 5-2: Left: a frame from the educational video. Right: the online comment form. 
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6.0 CONCLUSION 

 

The comparison of climate adaptation alternatives showed that the most cost-effective, environmentally 

friendly, and low-maintenance strategy would be to pursue accommodation measures in lieu of 

permanent or deployable full-campus protection measures. It is recommended that the Town pursue 

the design and implementation of measures that seal-off building and structure entryways and prevent 

floodwaters from entering, such as demountable flood barriers, flood-proof doors, and watertight 

hatches. The critical buildings and tanks on the WWTF campus are all constructed of concrete, and they 

are essentially waterproof except for the existing entryways. It would be feasible to create a flood-proof 

space and protect all internal components by flood-proofing all entryways. This individual 

accommodation approach is not only substantially cheaper than full campus flood protection measures, 

but it would prevent any environmental impact on the surrounding salt marsh. Table 6-1 below provides 

a compiled list of the recommended climate resilience options with their associated costs. 

 

Table 6-1: Recommended Climate Resilience Options 

Resilience Option 
Total Score 

from Table 4-7 
Description of Resilience Option  

Conceptual 

Level 

Estimated 

Costs 

Raising Vaults 20 

Influent Screw Pump Vault 

Modifications: $132,500 

 

Flow Metering Vault (including new 

meter): $75,000 

 

Route 286 Pump Station Vault 

(including new internals): $75,000 

 $282,500 

Deployable Flood 

Barriers - Building 

Entryways 

17 

Deployable Flood Barriers – Single 

Doors: $59,400 

 

Deployable Flood Barriers – Double 

Doors: $115,425 

 $174,825 

Raising of 

Equipment and 

Controls* 

17 
Raise Pad to Main Transformer 

(includes Transformer): $61,000 
 $61,000 

   Subtotal $518,325 

   
10% 

Contingency 
$51,832 

   Total $570,157 

*Raising of Generator, MCC, Electrical Equipment and Sludge Disposal Building Electrical would not be required 

if flood barriers are installed or deployed in front of building accessways and doors.  

 

It should be noted that deployable flood barriers were recommended to flood-proof building entryways 

instead of water-tight doors even though deployable barriers scored lower on the comparison matrix. 

This was because flood-proof doors were substantially more expensive than the deployable barrier 
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The next steps for implementing the recommended climate resilience options include: 

 

1. Present project findings to the Town of Seabrook Board of Selectmen. 

 

2. Develop a hydrodynamic coastal flood model to further quantify flood timing/duration, freshwater 

inputs, and other dynamic factors, as discussed in Section 7 below.   

 

3. Preferred conceptual adaptation options should be studied further in a preliminary design, which 

may include: 

 

a. Additional survey investigation to confirm the elevations of all potential flood pathways 

into buildings and structures prior to the design and implementation of climate resilience 

measures. 

 

b. Further investigation into buoyancy of existing structures at the WWTF and the influence 

of projected groundwater rise. It is recommended that further investigation be performed 

to confirm groundwater elevations by drilling and installing groundwater monitoring wells.  

 

c. Investigation into the redundancy of WWTF equipment, controls, automation, and 

communication. 

 

4. Stakeholders should meet with regulatory agencies to determine what projects were permittable. 

 

5. Develop a budget that meets the spending goals set in the Town’s capital improvement plan. 

This may include implementing smaller projects to satisfy budget requirements. 

 

6. Apply for low-interest loans and grant funding to support. 

 

7. Final design, permitting, and construction. 

 

8. Develop a wastewater facilities plan for 2050 and beyond.  

 

This climate resilience study has allowed the Town of Seabrook to look further into the vulnerability of 

their most critical wastewater, and public health, asset, the WWTF. The findings of this study should be 

considered when construction and repair is undertaken at the WWTF and Route 286 Pump Station. 

Furthermore, NHDES has funded and administered an asset management program, an energy audit, 

and now a climate resilience assessment for the Town of Seabrook. Further discussion is warranted to 

review methods for incorporating the data collected during the energy audit and climate resilience 

assessment efforts into their asset management program to enable data-driven decision making. 
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7.0 LIMITATIONS 

 

The modeling approach used in this project to understand the impacts of sea level rise and storm surge 

impacts at the WWTF site is primarily a bathtub approach. While this approach provides a planning level 

estimate of flooding impacts at the site from sea level rise and storm surge, it has limitations in terms of 

accurately predicting flood impacts and variability of these impacts at the WWTF site and in the 

surrounding areas. This section briefly describes five key limitations of the bathtub modeling approach 

and how these can be overcome by developing a hydrodynamic model for the larger study area.  

 

1. The water surface elevation projected by simply adding storm surge to mean higher high water 

is a static approach and does not consider the dynamic interaction of storm surge, tides, waves, 

wind speeds and wind directions, which can be simulated using a hydrodynamic model.  

 

2. The bathtub approach results in maximum static water surface elevations for the study area and 

does not factor the spatial variations in bathymetry, topography, waves, tide, and surge 

conditions that may result in spatially variable maximum water surface elevations at the WWTF 

site and surrounding areas. This implies that a hydrodynamic model can simulate more accurate 

different flood elevations at different locations within the WWTF site, the pump station and 

surrounding areas. These spatially variable water surface elevations from a hydrodynamic model 

may result in flood elevations that are different from the values used in this project and can inform 

more accurate flood resilience design standards that need to be adopted for the WWTF site and 

the surrounding areas.  

 

3. The water surface elevations estimated from the bathtub approach are based on single 

deterministic values from a single event corresponding to a 100-year storm surge event and 

does not consider the probabilistic nature of water surface elevations that can result from a range 

or ensemble of flood events. The 100-year storm surge is an approximation and is not an 

accurate representation of the future 1% annual flood elevation in the study area. True 

probabilistic based water surface elevations for present and future climate scenarios can be 

determined by developing a probabilistic hydrodynamic coastal flood model that simulates 

several thousands of historical and hypothetical storms to estimate percent probabilities over a 

range (e.g. 2050 and 2100 water surface elevations for 20%, 10%, 1%, 0.2% percent 

probabilities).  

 

4. The bathtub modeling approach does not have the ability to account for combined flood risks 

from extreme precipitation and sea level rise and storm surge. Flood impacts from extreme 

precipitation can be evaluated using a site-specific hydrologic/hydraulic (H/H) model for the 

WWTF site and the surrounding areas. To better understand the joint flood risks from coastal 

flooding and freshwater flooding, an integrated hydrodynamic model will need to be developed, 

which can factor peak flows from the H/H model coupled with dynamic tide and storm surge 

conditions simulated from the hydrodynamic coastal flood model.  

 

5. Finally, and most importantly, a static bathtub model does not provide any indication in terms of 

duration of flooding. Understanding flood duration in terms of parameters, such as how long it 

takes for peak storm surge to reach a site, how long the flood waters persist at specific elevation 

thresholds, and how long it takes for flood waters to recede below a particular threshold are 
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critical considerations for flood resilience operations and response planning efforts. For 

example, deploying temporary flood barriers at the WWTF site or the pump station will need to 

be accompanied by a robust flood response plan that will track the advancement of a storm in 

terms of flood elevation and timing of when the flood barriers need to be brought out from 

storage, tested and deployed to mitigate flood impacts. This type of flood response planning 

can only be conducted using a hydrodynamic coastal flood model.  
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WWTF and Pump Station Inundation Maps
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