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Nantucket Department of Public Works
c/o Robert D. McNeil III, PE, MPA
Director
188 Madaket Road
Nantucket, MA  02554

RE: Madaket Culverts Evaluation
Final Letter Report

Dear Mr. McNeil:

Fuss & O’Neill has completed a study of several municipally-owned culverts on the Long
Pond/Madaket Harbor estuary system in the Madaket section of Nantucket. The objective of the
project was to evaluate and provide recommendations for potential culvert replacements or
upgrades that would address structural deficiencies, flooding, and degraded water quality in Long
Pond. This letter report is the final deliverable for the “Madaket Culverts Evaluation” project, as
described in the Scope of Services in our Agreement with the Town of Nantucket dated May 23,
2018.

1. Project Background

The Madaket Harbor/Long Pond estuary is a complex, tidally-influenced system located on the
western end of Nantucket Island (Figure 1). Tides from Nantucket Sound propagate from Madaket
Harbor into Hither Creek up through a series of culverts and a man-made channel (Madaket Ditch)
before reaching Long Pond. Water quality in Long Pond (a brackish 70-acre pond) has been
degraded, which is believed to be the result of excessive nitrogen loadings from septic systems, the
Nantucket Landfill located on the eastern edge of the pond, fertilizers in runoff from lawns,
stormwater runoff from impervious surfaces, and nutrient-rich bottom sediments in Long Pond.
Previous studies and monitoring of environmental conditions in the estuarine system has
documented nutrient enrichment, periodic extreme decreases in dissolved oxygen, periodic algae
blooms, elevated levels of fecal indicator bacteria, and altered benthic community structure within
Long Pond.1 The poor water quality of Hither Creek is also partially dependent on the nitrogen
load from Long Pond via Madaket Ditch during ebb tides.2

1 Final Madaket Harbor and Long Pond Estuarine System Total Maximum Daily Loads For Total Nitrogen (CN - 283.0), Massachusetts
Department of Environmental Protection, June 2015.

2 Technical Memorandum: Water Quality Monitoring and Assessment of the Nantucket Island-Wide Estuaries and Salt Ponds, Update
2017, Brian Howes Ph.D. and Roland Samimy Ph.D., Coastal Systems Program, School of Marine Science and Technology (SMAST)
University of Massachusetts-Dartmouth, February 28, 2018.
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Figure 1. Project area – Madaket Harbor/Long Pond Estuary.

The Town’s management of the landfill (i.e., construction of modern landfill liner systems as well
as mining of the original unlined landfill and other ongoing improvements) appears to be reducing
the nitrogen load from the landfill.3 The most recent water quality monitoring results indicate some
reduction in nitrogen levels in Long Pond, consistent with the landfill improvements. Even with
these recent improvements and the recent downward trend in nitrogen levels, Long Pond remains
“impaired” since it does not meet State water quality standards for certain designated uses such as
contact recreation and aquatic habitat.4

Tidal exchange between Madaket Harbor and Long Pond is insufficient to keep up with the
nutrient loads entering the pond, which contributes to the water quality issues in Long Pond.
Previous studies (2010 Massachusetts Estuaries Project) identified two culverts along Madaket
Road as restrictions to tidal exchange that may contribute to degraded water quality in Long Pond.5

3 Technical Memorandum: Water Quality Monitoring and Assessment of the Nantucket Island-Wide Estuaries and Salt Ponds, Update
2017, Brian Howes Ph.D. and Roland Samimy Ph.D., Coastal Systems Program, School of Marine Science and Technology (SMAST)
University of Massachusetts-Dartmouth, February 28, 2018.

4 Massachusetts Year 2016 Integrated List of Waters, Massachusetts Department of Environmental Protection, June 2017.

5 Massachusetts Estuaries Project, Linked Watershed-Embayment Model to Determine Critical Nitrogen Loading Threshold for the
Madaket Harbor and Long Pond Estuarine System, Town of Nantucket, MA, University of Massachusetts Dartmouth School of Marine
Science and Technology and Massachusetts Department of Environmental Protection, November 2010.
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The culverts may also influence flooding within the estuarine system during large storms, as the
roads and other infrastructure in the Madaket area are vulnerable to impacts from storm surge and
projected sea level rise.6

2. Scope of Work

The Town of Nantucket, through the Nantucket Department of Public Works, contracted with
Fuss & O’Neill to evaluate the need to replace the study culverts based on consideration of water
quality, flooding, and structural condition. The following culverts were included in the evaluation
(Figure 2):

¶ Madaket Road over Long Pond (Culvert #1) – corrugated aluminum box culvert (50
inches high, 9 feet wide, and 50 feet long) connecting Long Pond to North Head Long
Pond.

¶ Madaket Road over Madaket Ditch/Long Pond (Culvert #2) – corrugated aluminum
culvert (60 inches high, 16 feet wide, and 60 feet long) connecting the upstream end of
Madaket Ditch to Long Pond.

¶ North Cambridge Street over Madaket Ditch (Culvert #3) - multi-plate steel corrugated
culvert (7 feet tall, 50 feet long, with tapered ends) connecting the downstream end of
Madaket Ditch to Hither Creek.

Figure 2. Study culverts.

6 Massachusetts Sea Level Rise and Coastal Flooding Viewer, https://www.mass.gov/service-details/massachusetts-sea-level-rise-and-
coastal-flooding-viewer, accessed on March 19, 2019.

https://www.mass.gov/service-details/massachusetts-sea-level-rise-and-coastal-flooding-viewer
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The scope of work for this project consisted of the following tasks, which are described further in
the sections below:

1. Structural Condition Assessment
2. Hydrologic and Hydraulic Modeling
3. Alternatives Evaluation

3. Summary of Findings

3.1. Structural Condition Assessment

Fuss & O’Neill conducted structural condition inspections of the study culverts on September 17,
2018.7 The Madaket Road culvert located at the upstream end of Madaket Ditch (Culvert #2) was
last inspected by the Massachusetts Department of Transportation (MassDOT) in 2017. The 2017
inspection report identified “heavy marine growth throughout” but provided no other information
on the condition of the metal culvert. No information was available regarding the condition of the
other two culverts (Culvert #1 and Culvert #3).

The structural condition inspections were performed by Fuss & O’Neill and Childs Engineering
Corporation. The inspections were conducted in accordance with MassDOT and Federal Highway
Administration “National Bridge Inspection Standards.” The underwater inspections consisted of a
visual and limited tactile examination of the accessible interior surfaces of the structures. The
portions of the culverts above the waterline and the Massasoit Bridge superstructure were visually
inspected at the same time as the underwater inspections. The methods and results of the structural
condition assessment are described in a November 29, 2018 letter report, which is provided as
Appendix A. The assessment findings are summarized as follows:

¶ Culvert #1 (Madaket Road between Long Pond and North Head Long Pond) was found
to be in good condition, with some buildup of sand and marine growth (2 to 5 inches
thick), and a minor sinkhole observed at the top of the headwall.

¶ Culvert #2 (Madaket Road at upstream end of Madaket Ditch) and Culvert #3 (North
Cambridge Street at downstream end of Madaket Ditch) were both rated in satisfactory
condition. Culvert #2 had minor deformation of the eastern headwall and some buildup of
sand and marine growth (2 inches or less).

7 The Massasoit Bridge over Long Pond at South Cambridge Street was also inspected although the bridge was not a focus of the overall
evaluation given its relatively large hydraulic opening. A 2015 MassDOT inspection report for Massasoit Bridge provided an assessment
of the condition of the piles and abutments (the pile bracing was decaying and the fasteners were heavily rusted), but it did not address
the timber superstructure.
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¶ Minor corrosion of the plate walls and connections was observed at Culvert #3 and the
original protective coating was in poor condition.

Overall, the three study culverts were observed to be in good to satisfactory structural
condition and did not appear to require any immediate action. Continued monitoring of
their condition and overall sediment buildup is recommended.

3.2. Hydrologic and Hydraulic Modeling

Fuss & O’Neill contracted with Woods Hole Group to conduct a Hydrologic and Hydraulic
(H&H) assessment of the Madaket Harbor/Long Pond estuarine system. The H&H assessment
was conducted to determine the optimal culvert sizing and invert elevations that would improve
water quality in Long Pond by reducing its residence time through increased tidal exchange
between the harbor and Long Pond and limit adverse flooding impacts during storms.

The H&H assessment consisted of field data collection to document existing conditions in the
estuarine system, development of an Estuarine Culvert Model to simulate tidal exchange and water
levels under existing and potential future conditions, and evaluation of alternatives to examine the
potential effects of system improvements on water quality and flooding. Field data collection
consisted of continuous measurement of water level, temperature, and salinity at 5 locations
between October 24 and November 28, 2018, as well as bathymetry survey throughout the
estuarine system and survey of key elevations at the study culverts.

The Estuarine Culvert Model was developed to simulate existing tidal flows originating at Madaket
Harbor, propagating through the Hither Creek/Madaket Ditch channel, and into the Long Pond
system.  The Madaket ECM uses the topography and bathymetry of the individual reaches that
comprise the system, the geometry of the structures connecting each of the basins, together with
the tidal boundary conditions at Madaket Harbor to simulate water levels throughout the estuary.
In addition to simulating typical tides, Woods Hole Group also applied the model to assess the
effects of the 1%-annual-chance (100-year) storm surge and rainfall events, as well as projected sea
level rise, on the Madaket estuarine system.  The details of the model development and application
are described in a Woods Hole Group memorandum (Madaket Harbor, Hither Creek, and Long
Pond, Nantucket, MA–Hydrologic & Hydraulic Assessment of the Madaket Estuarine System)
dated March 20, 2019 (Appendix B).

The major findings from the existing conditions model are:

¶ Based on the 38-day field measurement program, the primary tidal restriction was
shown to occur within Madaket Ditch between North Cambridge Street and
Madaket Road. Further investigation of the channel elevations and field
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observations indicate that the tidal dampening is likely due to the combined effects
of the natural sinuosity of the channel and flow restrictions caused by the
asymmetric bed elevations at the channel bends.

¶ With the existing Madaket Ditch channel and current-day tides, the study culverts
are not restrictive and are sufficiently sized to convey flow in the upper reach of the
Madaket estuary.

¶ In a 100-year coastal storm event, the culverts within the system and the Madaket
Ditch channel would attenuate the surge peak from 7.4 in the harbor to 4.7 feet in
Long Pond.  The Madaket Ditch channel is shown to restrict drainage of the
upstream basins resulting in a 4-day drainage period. With projected 4.3 feet of sea
level rise in 2070, the culvert at North Cambridge Street would start to restrict tidal
flow to Madaket Ditch and the culvert under Madaket Road connecting Madaket
Ditch to Long Pond would slightly restrict tides in Long Pond.

¶ The North Cambridge Street and Madaket Road crossings would be inundated in a
100-year coastal storm event and in typical tides with 4.3 feet of sea level rise.

3.3. Alternatives Evaluation

The existing conditions model results indicate that, under normal tidal conditions, the Madaket
Ditch is the primary tidal restriction rather than the study culverts. In order to develop a greater
understanding of the system dynamics, a series of model simulations were conducted using an
improved channel in Madaket Ditch (i.e., dredging of the channel) as an initial alternative for
increasing tidal exchange and optimizing drainage within the system.

The proposed alternative channel configuration included dredging of shoaled areas along the main
channel to effectively double the cross-sectional flow area and reduce the channel friction
coefficient.  The channel improvements were assumed in a 465-foot section of the channel that was
modeled as a restriction.  It was assumed the natural sinuosity of the channel would remain
unchanged.  The combined effects of the increased cross-sectional flow area and the reduced
friction were then assessed by conducting the same model simulations of typical tides with and
without an increased sea level as well as extreme storm events.

The major findings from the proposed conditions model of the Madaket Ditch dredging alternative
are:

¶ The simulated channel improvements will enhance tidal exchange during typical
tides with an increased tidal range in Long Pond.  The improved channel is also
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shown to reduce the time required for the upper reaches of the system to drain
following storm events.

¶ The improved Madaket Ditch channel would not completely alleviate the
restriction to tidal exchange. The natural sinuosity and some frictional effects of the
channel would still remain, causing reduced tides further upstream.  Improving the
channel along its entire length and providing a more uniform channel throughout
would help to minimize these effects.

¶ With the improved channel configuration and current-day tides, the culvert under
Madaket Road to Long Pond would not significantly affect water levels; however,
the culvert to North Head Long Pond would become slightly restrictive.  An
increased culvert size equivalent to a 15-foot wide by 5-foot high concrete box
would be required at this location to alleviate the restriction.

¶ In a 100-year coastal storm event with an improved channel, surge elevations in the
upper reach of Madaket Ditch would be higher and reach up to 5.5 feet NAVD88,
which would impact/overtop Madaket Road.  The improved Madaket Ditch
channel is shown to reduce the drainage period of the upstream Long Pond basins
from 4 days to 2 days.

¶ For typical tides and a projected 4.3 feet of sea level rise in 2070, both the culvert
under Madaket Road connecting Madaket Ditch to Long Pond and the culvert to
North Head Long Pond would restrict tidal exchange with an improved Madaket
Ditch channel.

¶ In order to not restrict typical tides with a projected 4.3 feet of sea level rise in 2070,
the following minimum culvert sizes (or equivalent) would be required. The
existing invert elevations could be maintained:

o 15’ wide by 5’ high concrete box at Madaket Road to North Head Long
Pond (Culvert #1)

o 16’ wide by 10’ high concrete box at Madaket Road to Long Pond (Culvert
#2)

o 20’ wide by 10’ high concrete box at North Cambridge Street (Culvert #3)

¶ An improved Madaket Ditch is shown to provide water quality benefits for Long
Pond, reducing its local residence time by 36% (from 6.1 to 3.9 days).

4. Recommendations

Based on the assessment results, we recommend that the Town of Nantucket initially pursue
dredging of Madaket Ditch, which is anticipated to enhance tidal exchange and improve water
quality in Long Pond. Replacing the study culverts with larger structures and elevating portions of
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the associated roadways should be considered as a longer-term recommendation to increase the
resilience of the Madaket area against future sea level rise and coastal storms.

3.4. Madaket Ditch Dredging

As a first step in improving tidal exchange in the system, the stream bed in Madaket Ditch should
be leveled at channel bends and any potential obstructions removed, at a minimum. Figure 3 shows
areas identified for potential improvements based on collected bathymetry and channel cross-
sections. The total length of channel identified for sediment removal is approximately 850 feet.

Figure 3. Areas identified for sediment removal (red) and potential locations for post-channel improvement
monitoring stations (green arrows).

Following implementation of targeted channel grading, continued monitoring of water levels at
three locations in the Madaket Ditch channel would help to assess the immediate effects of the
channel improvements and to provide insight into additional maintenance needs/management
alternatives for the channel.

Alternately, the Town could pursue a more extensive dredging project, such as dredging the entire
length of the channel (approximately 3,500 feet). Improving the channel along its entire length and
providing a more uniform channel throughout would further alleviate the restriction to tidal
exchange and provide additional water quality benefits. Routine maintenance dredging of the
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channel would be required to maintain sufficient tidal exchange in the system over time regardless
of the scope of the initial dredging.

Dredging costs will vary depending on the extent of dredging and volume of dredged material, the
quality of the dredged sediment and potential disposal/reuse, and other factors such as dredging
method and site constraints. Dredging activities within the channel and marsh areas adjacent to
Madaket Ditch will also require regulatory review and environmental controls to avoid or minimize
impacts to the sensitive coastal environment.  Dredging costs could range from $75 to $125 per
cubic yards of dredged material. For the targeted dredging scenario described above (improving the
cross-sectional flow area along 850 feet of the channel), preliminary planning-level dredging costs
could vary from $80,000 to $140,000. Costs associated with dredging of the entire length of the
channel (3,500 feet) could range from $350,000 to $600,000.

A dredging feasibility evaluation is recommended to build upon the field data collection and tidal
exchange modeling that has already been completed. The feasibility evaluation would include:

¶ Sediment sampling and analysis for grain size and chemical constituents to identify possible
sediment disposal/reuse options and to support subsequent permitting.

¶ Wetland and resource delineation.

¶ Supplemental channel survey, as required.

¶ Refined estimates of dredging volumes.

¶ Required permits and approvals for the initial dredging and routine maintenance dredging.

¶ Order-of-magnitude opinion of cost for the design, permitting, and implementation of
proposed dredging scenarios (targeted dredging versus dredging of entire length of
channel).

The results of the dredging feasibility evaluation would inform the selection of a preferred dredging
option and support subsequent design and permitting should the Town choose to move forward
with a dredging project for Madaket Ditch.

3.5. Culvert Replacement

The H&H modeling demonstrated that the study culverts do not restrict tidal exchange and are
sufficiently sized with the existing Madaket Ditch channel configuration and current-day tides.
However, the study culverts are expected to become restrictive to tidal exchange and be inundated
in a 100-year coastal storm event and in typical tides with 4.3 feet of projected sea level rise by
2070. With an improved Madaket Ditch, the study culverts are predicted to become more



Mr. Robert D. McNeil III, PE, MPA
April 19, 2019
Page 10

F:\P2017\1100\C10\Deliverables\Final Letter Report\Madaket Culverts Evaluation Final Report 20180319.docx

restrictive to tidal flow and surge elevations in the upper reach of Madaket Ditch would be higher,
which would impact/overtop Madaket Road.

Therefore, the Town should consider replacing the study culverts with larger structures as they
reach their useful life, which would help to maintain tidal exchange with future sea level rise.
Continued monitoring of the structural condition and sediment buildup at each culvert is
recommended. The Town should also evaluate the benefits of elevating portions of the roads (and
roadway approaches) at the study crossings to avoid or reduce the frequency of
inundation/overtopping during coastal storms and future sea level rise. A more detailed parcel-level
assessment of potential flooding impacts should also be conducted during subsequent design and
permitting if replacing the culverts.

Please contact me should you have any questions regarding our evaluation or recommendations.

Sincerely,

Erik V. Mas, P.E.
Vice President

Appendices: A – Culvert Structural Condition Assessment Letter Report
B – Hydrologic and Hydraulic Assessment Technical Memorandum
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Appendix A

Culvert Structural Condition Assessment Letter Report
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