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Introduction
The Town of Nantucket has retained Fuss & O’Neill, Inc. (F&O) to
complete a Stormwater Management Plan (SMP) for the 355-acre
watershed that drains to the Children’s Beach pumping station.

Figure 1. N. Beach & Easton Street (2018)

Figure 2. N. Beach (2018)

The purpose of the SMP is to assess the performance of the
pumping station and outfall discharge under various climatological
scenarios.

Objective
The objective of the study was to evaluate potential improvements
to the pumping station in its existing location on Harbor View Way.
This stormwater management plan includes:
• Hydrologic and hydraulic (H&H) existing conditions analysis;

N. Beach & Easton Street

•

H&H analysis of proposed improvements to the interim
Children's Beach pumping station

Harbor View Way
Interim Pumping Station

•

Inundation Maps to represent potential flood reductions ;

•

Conceptual design sketch of pumping station improvements; and

•

Budgetary opinion of construction costs for the proposed
pumping station improvements.

Figure 3. Watershed & Study Area

Children’s Beach Watershed
Stormwater System & Conceptual Design Overview
Precipitation & Tidal Data
Analyses for the existing conditions and the proposed alternatives were run the following
rainfall recurrence intervals :
• maximum monthly rainfall , 2-year, 5-year, future 2-year, and future 5-year
Analyses included:
• mean low (MLW), mean high (MHW), and future tidal elevations due to sea
level rise.
Discussion of future precipitation and tidal elevations are on the following slide.

Soil Data

Storm Event

Tidal Condition &
Elevation (ft)
NAVD88

Total Rainfall
Depth (in)

Duration
(hr)

Typical Monthly
2-year
5-year
Typical Monthly
2-year
5-year

MLW (-1.89)
MLW (-1.89)
MLW (-1.89)
MHW (1.15)
MHW (1.15)
MHW (1.15)

1.00
3.09
3.88
1.00
3.09
3.88

24
24
24
24
24
24

Table 1. Nantucket Present Day (2021) Storm Events

Rainfall infiltration rates were calculated using the Modified Green-Ampt
Method. Infiltration parameters are from the USDA Natural Resources
Conservation Service’s National Cooperative Soil Survey.

Hydrologic & Hydraulic Modeling Data
The existing stormwater components and proposed improvement
alternatives were analyzed using the PCSWMM software.
Elevation data was obtained from a 1-meter digital elevation model (DEM)
originating from the 2013-2014 USGS LiDAR.
Model elements, including catch basins, manholes, and pipes, were provided
as part of the Town’s ArcGIS storm drainage data layer.
Supplemental data obtained during a topographic survey performed by
Baxter & Nye in March 2020 was used during the development of the model.

Basis of Study:
1. Elevation Data: Baxter & Nye. Topographical Survey (March
2020) & 2013-2014 U.S. Geological Survey CMGP LiDAR: Post
Sandy, Massachusetts
2. Precipitation Data: NOAA Atlas 14, Type III Distribution
3. Soil Data: USDA NRCS Soil Web Soil Survey
4. Tidal Data: NOAA’s Nantucket Island Tidal Station (ID: 8449130)
5. Stormwater Infrastructure Data: Town of Nantucket GIS
Database
6. Hydrologic Model: PC SWMM 2D Model Version 7.3.3080

Children’s Beach Watershed
Future Climate Considerations
Background
The operational life for a stormwater pumping station in the region is assumed to be 50
years; therefore, the year 2070 was selected to be the planning horizon year for
infrastructure design.
Two pieces of hydrologic data were the focus of this design: relative sea level change
projections and 24-hour storm event total precipitation projections.

Increased Tidal Influence from Sea Level Rise (SLR)
The Nantucket Coastal Resiliency Advisory Committee (CRAC) has developed a Coastal
Resiliency Plan to address the impact of climate change and sea level rise.
This plan present multiple probabilistic scenarios (intermediate, high, extreme, etc.)
considering various future greenhouse gas concentration trajectories.
CRAC conservatively advises to use the “high” sea level rise projection scenario .
The sea level rise projections for the 2070 planning horizon under the high scenario for
the referenced 2017 NOAA and 2018 University of Massachusetts Amherst reports are
5.15 feet and 4.30 feet, respectively.

Increased Storm Event Precipitation Depths
(Intensity & Frequency)
The Resilient Massachusetts Action Team (RMAT) recently submitted the Climate
Resilience Design Standards and Guidelines report in April 2021. The guidance document
presents methodologies to determine design criteria for extreme precipitation.
There are three tiered methodologies for determining total precipitation depth for 24hour design storms. Tier 1 and Tier 2 utilize the current NOAA Atlas 14 Precipitation
values, whereas Tier 3 is an extreme value analysis of approximately 14 Global Climate
Models (GCMs).
RMAT currently recommends following the Tier 2 methodology for determining design
criteria values

2021
Storm Event
Return Period
1-Year
2-Year
5-Year
10-Year
25-Year
50-Year
100-Year

inches
2.62
3.10
3.89
4.54
5.44
6.13
6.83

24 Hour Duration Storm Event
Total Precipitation (inches)
2070 (Tier 2 Method)
Percent
inches
Increase
3.20
22.00%
3.78
22.00%
4.75
22.00%
5.54
22.00%
6.64
22.00%
7.48
22.00%
8.33
22.00%

Table 2. Nantucket 24-hour Storm Event Total Precipitation (in) 2021 (Present Day)
& Future Conditions

F&O Recommended Projections of Sea Level Rise & Climate Change
Sea Level Rise Projection:
F&O recommends utilizing NOAA’s 5.15 feet sea level rise projection for the planning year
2070.
This value aligns with:
• CRAC’s recommended use of the “high” sea level rise protection scenario
• the top elevation of a nearby tide gate (5.1 feet) that reduces backflow from the
Atlantic Ocean into the Children’s Beach watershed.
Precipitation Projection:
The RMAT Tier 2 methodology was used to estimate future precipitation. This results in a
total precipitation of 3.78 inches and 4.75 inches for the 2-year and 5-year storm events in
the 2070 planning year, respectively.

Existing Conditions Analysis
DESCRIPTION: The PCSWMM model of the Children’s Beach watershed was used to analyze flooding issues caused by the deficiencies in the existing stormwater system and pumping station. The results of the
existing conditions model identified and confirmed key areas of expected flooding and stormwater system inadequacies in the watershed and were used as a baseline for assessing the effectiveness of proposed
pumping station improvements.
Note: Surface flooding less than 0.5 inches in depth is not shown in the figures. Additionally, the figures show surface flooding related to stormwater surcharging from catch basins and manholes (i.e. surface flooding
due the capacity of the stormwater system be exceeded). The concentration and conveyance of stormwater runoff prior to entering model elements (i.e. catch basins, surface channels, etc.) is not shown on the figures.

SUMMARIZED RESULTS

In general, the results of the existing conditions model showed surface flooding at the following locations for the typical maximum monthly storm events:
•

Northern portions of North Beach Street and Walsh Street

•

East Lincoln Avenue

For the 2- and 5-year storm event, the results of the existing conditions model showed surface flooding at the following locations:
•

Northern portions of Willard Street and the intersection of Willard street with Easton Street

•

Walsh Street and East Lincoln Avenue

•

Various locations on North Beach Street

•

South Beach Street between Sea Street and Easton Street.

•

Locations on Easton Street west of North Beach Street

In the 5-year storm events, surface flooding is also shown to significantly worsen in the following locations near the downtown area:
•

Easton Street

•

North Beach Street (particularly at its intersection with Easton Street)

•

South Beach Street (particularly at its intersection with Harbor View Way)

•

Spillover of flood waters from Brant Point Wetland

Inundation Mapping depicted on following pages.

Existing Conditions Results
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Pumping Station Alternative

Budgetary Opinion of Construction Cost
Proposed Improvements
Children’s Beach Pumping Station

Estimated Cost

-15%

+30%

$3,875,000

$3,300,000

$5,040,000

DESCRIPTION: Investigation of an alternative for the pumping station configuration and control improvements.
The proposed improvements are based on the total volume of stormwater runoff during the peak rainfall intensity.
While there are opportunities to improve stormwater infrastructure elsewhere in the watershed, the focus of this SMP was solely placed on the Children’s Beach pumping station in its current
location.

Modular Pump Station Design: A group of three modular precast concrete pumping stations each equipped with duplex centrifugal 35 Hp pumps was conceptually designed to replace the
existing temporary pumping station composed of a single 10 Hp centrifugal pump.

SUMMARIZED RESULTS

As projected flows increase , additional modules of two pumps can be incrementally added in parallel to increase firm pumping capacity.
In general, the proposed pumping station improvements help to reduce stormwater flooding in downtown areas near the Children’s Beach pumping station. Minimal improvements in
locations upland of the downtown area.
Summaries of the simulated flood reductions as a result of the proposed pumping station improvements are as follows:
• No significant reduction in maximum flood depths for any of the typical maximum monthly storm event scenarios (MLW, MHW, SLR).
• The flooding from these storms do not appear to be a result of an overloaded existing pumping station but rather an insufficient drainage system in the watershed that
conveys stormwater to the pumping station.
• No significant reduction in maximum flood depths for 2-year MLW, 5-year MLW, Future 2-year MLW, and Future 5-year MLW scenarios.
• Portions of North Beach Street, South Beach Street and their intersections with Easton Street and Harbor View Way experienced the most significant reductions in flood depth
and duration.
• North Beach Street and South Beach Street experienced simulated flood reductions on the order of 2.5 to 3.5 inches
• The proposed modular pumping station reduced the flood depths on Harbor View Way by 3.5 to 6+ inches under 5-year return intervals.
• Reduction in water levels within wetland area near Brant Point during various storm events and higher tidal scenarios.
• Reduced the duration of surface flooding in the aforementioned streets and intersections.

Pumping Station Alternative Results – Present Day Storms
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Pumping Station Alternative Results – Future Storms
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Children’s Beach Watershed
Pumping Station Challenges
Pumping Station Challenges: The Town of Nantucket must overcome complex challenges in order to become more resilient in a changing climate. For the
Children’s Beach watershed, a properly designed pumping station will contribute to reducing flooding depths experienced in the area.
The existing location of the Children’s Beach Pumping Station poses a challenge due to its close proximity to the ocean.
If the pumping station is to remain in its current location, the design any improvements to the facility must consider changing tidal conditions. It is
notable that much of the area surrounding the pumping station is projected to be partially under water by the 2070 planning horizon.
An alternative to improvements to the existing pumping station is to relocate the facility either further inland or to an area on the coastline with a
ground elevation greater than EL 5.1 feet, which is equal to the top of the tide gate on Harbor View Way and the predicted year 2070 sea level rise.

Children’s Beach Watershed
Additional Potential Stormwater Drainage Improvements
Other opportunities also exist for improvements to the stormwater drainage system within the watershed to relieve additional stresses placed on the pumping station
that exacerbate the current flooding issues. These include:

IMPROVEMENT
OPPURTUNITIES

• Infrastructure Improvements
• Installation of larger storm pipes

• Fixing incorrectly pitched existing storm pipes
• More frequent cleaning of obstructions in stormwater drainage infrastructure
• Installation of deeper sumps in shallow catch basins
• Reduce Peak flow and Volume
• Greater utilization of natural surface storage in upstream, low-lying , and undeveloped areas
• Subsurface storage in highly developed areas
• Infiltration Facilities
• Redirect a portion of flow to an adjacent drainage system
• Redirect a portion of flow to a new outfall

Children’s Beach Watershed
Closing Thoughts
Conclusion: The results of the proposed conditions analyses have been compared to the existing conditions results to evaluate the response and efficiency of
the proposed pumping station improvements. In general, the results of the proposed conditions model show:
•
•

Reduction in peak flood depths and reduced durations of flooding in the downtown area.
No meaningful improvements in areas further upland in the watershed.

The results of the analyses also indicate that increasing the pumping station capacity alone would not provide significantly better results. The effectiveness of
the proposed pumping station, however, could potentially be increased if other improvements were made to the upstream stormwater drainage system.

The pumping station in its current location is predicted to be increasingly at risk of being inundated by tidal flooding.
It is recommended that before completing improvements to the existing facility, an evaluation be performed for the feasibility of moving the pumping station
further inland to an area that will be less susceptible to coastal flooding and future sea level rise.

Thank you for your time.
Questions?
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