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EXECUTIVE SUMMARY

The Easton Pond Dam and Moat system is almost 70 years old after being reconstructed in the
late-1930s after the 1938 hurricane.  The dam infrastructure forms both North and South
Easton Pond Dams that are a critical part of the City’s water supply reservoir system.  There are
three areas of concern associated with this infrastructure:

ü The aging dam and moat infrastructure has deteriorated over the past 70 years, which is
now resulting in soil loss and threatening the future structural stability of the dam.

ü The moat system has limited capacity to manage all of the runoff that discharges to it,
which results in localized flooding along the moat.

ü The runoff from these neighborhoods as well as activities in and around the dam and
moat system new generate significant bacteria loadings that lead result in beach closures
at Easton Beach.

Our objective is to provide Newport with a comprehensive approach to resolve or mitigate
these problems such that the City has a menu of options from which they can implement future
actions.

EVALUATION OF EXISTING SYSTEMS

North and South Easton Pond Dams

The Easton Pond Dam is comprised of earthen embankments and a spillway structure
enclosing the South Easton Pond (South Pond) as shown on Figure 1. An earthen embankment
forms the northern boundary of this impoundment from the adjacent North Easton Pond
(North Pond).

A visual inspection of the North Pond and South Pond embankment and spillway structures
was conducted on November 21, 2006 to assess current conditions and identify deficiencies.
Historic engineering and construction records on these dams were also reviewed and current
maintenance staff were interviewed as part of this evaluation.  A visual diving inspection of the
South Pond spillway structure, South Pond treatment plant intake structure and North Pond
treatment plant intake structure was also performed on this date. Some of the significant
deficiencies identified during the inspection is provided below:

ü Excessive woody vegetation exists on portions of embankment slopes.
ü Portions of existing upstream slope protection (stone riprap) will not provide adequate

protection during major storm event.
ü Portions of upstream slopes are failing and reducing total embankment cross-section.
ü Numerous animal burrows were observed and reported on the embankments.
ü Moat channel is encroaching on the downstream bench and embankment slope in

several locations, reducing total embankment cross-section and stability.
ü Concrete spillway structures exhibit moderate deterioration.
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ü Worn footpath has developed on embankment crests due to foot traffic, resulting in
areas where stormwater runoff channelizes and damages embankments.

ü Portions of downstream slope and bench are saturated due to the moat channel and
seepage through the embankment.

ü Mowing equipment has difficulty operating on portions of embankments due to narrow
bench, steep slope and saturated conditions leading to excessive woody vegetation exists
on portions of embankment slopes.

ü Excessive vegetation in the North Pond emergency spillway channel reduces the
capacity of this structure to convey flood flows from the North Pond, if required.

Moat Flooding

The Moat is a manmade channel that surrounds the South Pond on its west, south, and east
sides.  The southern end of the Moat meets the eastern end of the Moat at the spillway to the
South Pond.  It then flows under Memorial Boulevard, splitting Easton Beach and Atlantic
Beach and enters Easton’s Bay between these two beaches.

The entire watershed system that drains to the Moat is about 5.3 square miles in size.  This
watershed includes Bailey Brook that drains into the North Pond.  The North Pond drains into
the South Pond which overflows into the Moat via a concrete spillway from time to time,
mostly during wetter seasons.  Subtracting out the Bailey Brook, North and South Pond
watersheds, the watershed that drains directly into the Moat is almost one square mile in size.
This watershed is largely built-out with significant amounts of connected impervious surfaces
with much of the soils being characterized as poorly draining.  As a result, this watershed can
generate significant amounts of flow.

In order to evaluate the storm water flows that enter this system, a hydrologic model was
developed utilizing the NRCS TR-20 method.  Based on this model, peak storm water flows
during a 2-year frequency, 24-hour storm event would be about 627 cubic feet per second (cfs)
just upstream of the Memorial Avenue bridge.  A 50-year frequency storm would generate
about 1,460 cfs at that location.  These flows exceed the hydraulic capacity of the Moat’s
conveyance system.  This is largely due to how very flat the Moat is.

Easton Beach and Watershed

Easton Beach and Atlantic Beach are located in Newport and Middletown, respectively and on
the northern side of Easton’s Bay. Over the past five years, these beaches have attracted the
attention of City residents, beach goers, and State and City officials due to high bacteria levels
that have closed the beaches during and just after rainfall events.  There have been a number of
questions raised over the past couple of years regarding the potential sources of the bacteria
causing these closures.  The first portion of this study was to better understand the potential
sources of bacteria.  In order to accomplish that, the following tasks were completed:

ü Conduct a comprehensive storm water monitoring program, including DNA testing of
the bacteria found at the beach.  While there is a significant amount of historic data
collected by the Newport and Middletown, the State and others (e.g. Clean Ocean
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Access), there was very little data on potential sources discharging to the moat as well as
no flow data.

ü Statistically evaluate current and historic water quality data for clues to potential sources.

ü Identify potential nonpoint sources of bacteria to the beach based on monitoring data
and field observations.

The following paragraphs summarize our conclusions from the evaluation of this data.

Presence of Sanitary Wastewater

Our review of the data found no specific evidence that sanitary wastewater is a source of the
closures. There is a concern with potential illicit discharges are two RIDOT storm water outfalls
and the Middletown storm drain outfall draining the Esplanade.  Water chemistry and/or visual
observations at those outfalls were consistent with what can be an illicit discharge to that outfall
such as a sanitary or grey water connection.

Animal Waste

Animal wastes are a potentially significant source of bacteria in runoff. Anecdotal evidence
suggests that animals such as raccoons and domestic dogs may be a specific source of
Enterococcus to the beach.   Dog wastes were routinely observed on the pond dam embankments.
This represents a very large potential load of bacteria to the beach.

Storm Water

Storm water runoff is the predominant source of bacteria to Easton Beach.  Storm water runoff
sweeps bacteria from impervious surfaces as well as animal wastes into the moat and storm
sewer system.  This observation is reinforced by the very strong correlation between beach
closures and the levels of bacteria measured at the beach with rainfall.  A relative loading
evaluation has been completed for the Moat and stormwater outfall sampling stations to better
understand these sources.

ü Bacteria loadings appear to increase as water flows downstream through the Moat.  That
is, bacteria loadings are highest at the Moat discharge at the beach and lowest at the
upstream end of the Moat.  That is consistent with loadings increasing as more storm
water enters the Moat.

ü Aborn Street outfalls S7 and S8, the RIDOT outfall at the Moat crossing under
Memorial Boulevard (S10) and the Middletown 36-inch storm drain outfall from the
Esplanade have the greatest potential to contribute bacteria loadings for storm water
outfalls.  However, these are just parts of the entire storm water problem and only
happen to drain more runoff than other outfalls.

Bailey Brook
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Although, Bailey Brook is known to be impaired for pathogens, it is probably not a significant
source of Enterococcus to Easton Beach during beach season because flow from the brook does
not reach the beach during most events, especially during the summer when water levels in the
ponds are lower.  When the Ponds are full, Bailey Brook can represent a significant potential
load to the beach.

REMEDIAL ALTERNATIVES

A number of alternatives were identified and developed to address the issues found during our
investigations.  These alternatives include both short- and long-term alternatives, where long-
term alternatives are those that require significant design and capital improvements.  Opinions
of cost were developed to implement/construct each alternative.

Recommended Dam Improvements

Short-Term Dam Improvement Alternatives

There are no short-term alternatives that address the most significant deficiencies identified
during the inspections, but there are several that can reduce the continuing deterioration of the
dam embankment.  These present the most available actions for the City to take to begin
efforts.   These  short-term  alternatives  are  described  in  the  table  below  that  also  summarizes
advantages, disadvantages and implementation issues.

Table 26
Short-Term Dam Alternatives

Dam STA-1 Clear and Grub Vegetation from Embankment Slopes
Implementation

Issues
• Difficult access to

portions of
embankments

• Erosion and
sedimentation
controls

• Permitting

Advantages
• Allows future mowing as

standard maintenance
practice (reduced
maintenance costs)

• Prevents future hazard
from overturned trees

• Allows effective visual
inspection of
embankment surfaces

• Low engineering cost

Disadvantages
• Does not provide slope

protection without
additional
improvements

• Permitting required due
to stump removal; likely
will not qualify as
maintenance

• Difficult access to some
areas

Opinion of
Cost

$236,000

Dam STA-2 Clear and Grub North Pond Emergency Spillway Channel
Implementation

Issues
• Coordinate access

with normal site
activities

• Erosion and
sedimentation
controls

• Permitting

Advantages
• Improves hydraulic

capacity of spillway
channel

• Facilitates visual
inspection of spillway
structures

• Low engineering cost

Disadvantages
• Permitting required;

likely will not qualify as
maintenance

• Expense for benefit
only realized during
relatively rare significant
storm events

Opinion of
Cost

$21,000
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Dam STA-3 Repair North Pond Spillway Concrete Structures
Implementation

Issues
• Erosion and

sedimentation
controls

• Control of water
• Permitting

Advantages
• Relatively low

engineering and
construction  costs

• No groundwater
dewatering, limited
control of surface water
required

• Limited cost to extend
life of existing structures

Disadvantages
• Temporary measure to

extend life of failing
structures

Opinion of
Cost

$36,000

Dam STA-4 Conduct Structural Inspection of South Pond Spillway
Implementation

Issues
• Coordinate

work with low
flows at
spillway

Advantages
• Determine condition of

spillway for future repairs
or limited/full
replacement

Disadvantages
• Limited information on

actual condition (limited
number of samples)

Opinion of
Cost

$29,000

Dam STA-5 Repair South Pond Spillway Concrete Structures
Implementation

Issues
• Erosion and

sedimentation
controls

• Control of water
• Permitting
• Research

waterproofing
measures

Advantages
• Limited cost to extend

life of existing structures
• No groundwater

dewatering, limited
control of surface water
required

Disadvantages
• Only delays future need

to replace spillway
structure

Opinion of
Cost

$281,000
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Dam STA-6 Construct Stormwater Channel Along East Embankment Slope
Implementation

Issues
• May require access

through adjoining
parcel (otherwise
adverse access
conditions result)

• Erosion and
sedimentation
controls

• Control of water
• Permitting

Advantages
• Addresses rilling of

embankment and
uncontrolled stormwater
discharge into
impoundment

• Removes standing water
at toe of embankment
slope

Disadvantages
• Possible neighbor

opposition due to
removal of grassed area
(property boundary
unknown for this study)

Opinion of
Cost

$54,000

Dam STA-7 Repair North Pond Embankment Settlement Area
Implementation

Issues
• Erosion and

sedimentation
controls

• Control of water
• Permitting

Advantages
• Limited cost to extend

life of existing structure
• No groundwater

dewatering, limited
control of surface water
required

Disadvantages
• Surficial measure;

potentially does not
address underlying cause
of settlement

Opinion of
Cost

$25,000

Dam STA-8 Repair East Embankment Settlement Area and Footpath
Implementation

Issues
• Erosion and

sedimentation
controls

• Control of water
• Permitting

Advantages
• Limited cost to extend

life of existing structure
• No groundwater

dewatering, limited
control of surface water
required

Disadvantages
• Surficial measure;

potentially does not
address underlying cause
of settlement

Opinion of
Cost

$14,000

Dam STA-9 Replace Gate Valve in North/South Pond Dividing Embankment
Implementation

Issues
• Dewatering
• Possible Shoring

Advantages
• Restores ability to control

discharge to South Pond

Disadvantages
• May require excavation

controls (dewatering,
shoring) depending on
depth to valve

Opinion of
Cost

$45,000
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Dam STA-10 Conduct Slope Stability Evaluation
Implementation

Issues
• Access for drill rig

Advantages
• Evaluates stability of

embankments following
filling activities by the
City

Disadvantages
• Expense

Opinion of
Cost

$35,000

Dam STA-11 Place Gravel on Bench/Downstream Slope of Accessible Embankments
Implementation

Issues
• Erosion and

sedimentation
controls

Advantages
• Previous construction

activity, knowledge of
procedures by City

• Able to access bench and
downstream slopes from
opposite side of moat

Disadvantages
• Limited measure to

address deficiencies
(does not address
embankment
deficiencies)

Opinion of
Cost

$167,000

Dam STA-12 Install Inlet Screens for Treatment Plant Intake Structures
Implementation

Issues
• Coordinate access

with normal site
activities

Advantages
• Low cost to protect

structure and plant
facilities

• Prevents animals and
debris from being drawn
into the treatment plant
works.

Disadvantages
• Requires future

maintenance to clear
accumulate debris

Opinion of
Cost

$10,000

Dam STA-13 Implement Rodent Control Program
Implementation

Issues
• Research and

develop program
• Public education/

community
relations

• Monitoring and
reporting

Advantages
• Limit damage from

burrowing animals
• Protect  future

investment in
embankment repairs/
improvements

Disadvantages
• Public opposition

from wildlife
enthusiasts opposed
to lawful management
techniques

• Abatement methods
need to be selected
and/implemented to
safeguard public users
if public is not
prohibited from
embankments during
the program.

Opinion of
Cost

$55,000
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Dam STA-14 Prepare Emergency Action Plan
Implementation

Issues
• Research and

document
resources and
contacts

• Develop
contingency plans
for various failure
scenarios

• Coordination of
emergency
response agencies

• Review and update
information
periodically

Advantages
• Provides a prepared plan

of action in the event of a
failure or unanticipated
situation.

• Relatively low cost for a
measure that could save
lives and significant
damage to the dam and
downstream structures.

Disadvantages
Opinion of

Cost

$5,000

Dam STA-15    Control Public Access
Implementation

Issues
• Research and

develop program
• Public education/

community
relations

• Monitoring and
enforcement

Advantages
• Limit damage from foot

traffic and vandalism
• Protect public from

dangerous structures
• future investment in

embankment repairs/
improvements

Disadvantages
• Public opposition

from current users.

Opinion of
Cost

$17,500

Long-Term Dam Improvement Alternatives

Long-term alternatives have been developed to address the long-term stability issues of the dam
embankments and will generally require more significant efforts for planning, design and
permitting, and significant capital planning to fund their implementation.  They are more
focused on fundamental conditions affecting the overall ability of the embankments and
spillways to withstand extreme loadings during significant storm events.  These long-term
alternatives are listed in the following table with a brief description of each, listing of primary
benefits, an order-of-magnitude opinion of cost, and listing of likely implementation issues.
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Long-Term Dam Alternatives
Alternative
Description Benefits

Order of Magnitude
Costs Implementation Issues

Dam LTA-1:
Realign the East and
West Embankments
to address
significant
deficiencies and
provide adequate
bench width along
downstream toe of
slopes. Repair
upstream slope
protection on other
embankments.

• Addresses woody
vegetation on all slopes
and adjacent to
embankments.

• Repairs significant
scarps on
embankments.

• Replaces deficient
slope protection.

• Provides 12’ crest
width for all
embankments for
future maintenance/
repair access.

• Provides 3H:1V
downstream slopes to
facilitate mowing
equipment.

• Provides 10’ wide
bench for maintenance
access and to facilitate
mowing equipment.

• Provides toe drains to
address saturated slope
and bench areas.

• Repairs worn footpath,
promotes proper
surface drainage from
embankment crests.

• Cable-Concrete:
$7,592,000

• Bare Riprap
 $4,358,000
• Grouted Riprap:

$4,580,000
• Soil-Filled Riprap

(vegetated):
$4,412,000

• Cellular
Confinement:
$4,527,000

• Porta-Dam (add-
alternate):
$750,000

• Watertube (add-
alternate):
$640,000

• Reinforced
Walking Surface
(add-alternate):
$96,000

• Control of water
required by temporarily
lowering impoundment
or coffer damming
around work areas.

• Portion of
impoundment storage
capacity lost due to
relocated embankments.

• Significant erosion and
sedimentation controls
required due to
proximity to adjacent
water resources.

• Difficult access to some
portions of
embankments.

• Significant earth
volumes to be handled
will require stockpiling
areas.

• Permits required from
CRMC, RIDEM and
ACOE.

Dam LTA-2: Replace
upstream slope
protection on all
embankments and
widen embankment
crest (no horizontal
relocation of
downstream slopes).

• Addresses woody
vegetation on all slopes
and adjacent to
embankments.

• Repairs significant
scarps on
embankments.

• Replaces deficient
slope protection.

• Provides 12’ crest
width for all
embankments for
future maintenance/
repair access.

• Provides toe drains to
address saturated slope
and bench areas.

• Repairs worn footpath,
promotes proper
surface drainage from
embankment crests.

• Cable-Concrete:
$5,280,000

• Bare Riprap
 $2,888,000
• Grouted Riprap:

$3,055,000
• Soil-Filled Riprap

(vegetated):
$2,867,000

• Cellular
Confinement:
$3,122,000

• Sheet piling and
Cable-Concrete:
$7,842,000

• Porta-Dam (add-
alternate):
$750,000

• Watertube (add-
alternate):

• Control of water
required by temporarily
lower impoundment or
coffer damming around
work areas.

• Small portion of
impoundment storage
capacity lost due to
upstream embankment
filling.

• Erosion and
sedimentation controls
required due to
proximity to adjacent
water resources.

• Difficult access to some
portions of
embankments.

• Permits required from
CRMC, RIDEM and
ACOE.



F:\P2006\0901\A10\TMs and Reports\Final Report091007\mjr090707finaldraft.doc

 xviii

Alternative
Description Benefits

Order of Magnitude
Costs Implementation Issues

$640,000
• Reinforced

Walking Surface
(add-alternate):
$96,000

Dam LTA-3:
Demolish and
replace South Pond
concrete spillway
weir.

• Addresses observed
deficiencies, does not
defer repair.

• Extends lifetime of
existing spillway
structure.

• Reduces risk of failure
to downstream
persons and structures.

• Remove and
replace spillway
weir:
$289,000

• Porta-Dam (add-
alternate):
$140,000

• Watertube (add-
alternate):
$120,000

• Control of water
required to maintain dry
work area and bypass
expected storm flows.

• Groundwater
dewatering system
possibly required.

• Permits required from
CRMC and RIDEM.

Dam LTA-4:
Demolish and
replace South Pond
downstream concrete
apron.

• Addresses observed
deficiencies, does not
defer repair.

• Extends lifetime of
existing spillway
structure.

• Reduces risk of failure
to downstream
persons and structures.

• Remove and
replace
downstream apron:
$234,000

• Control of water
required to maintain dry
work area and bypass
expected storm flows.

• Groundwater
dewatering system
possibly required.

• Permits required from
CRMC and RIDEM.

Dam LTA-5:
Replace North Pond
concrete spillway
weir.

• Addresses observed
deficiencies, does not
defer repair.

• Extends lifetime of
existing spillway
structure.

• Remove and
replace
downstream apron:
$205,000

• Control of water
required to maintain dry
work area and bypass
expected storm flows.

• Groundwater
dewatering system
possibly required.

• Permits required from
CRMC and RIDEM.

Dam LTA-6:
Rebuild/Regrade all
embankment crests.

• Provides 12’ crest
width for all
embankments for
future maintenance/
repair access.

• Repairs worn footpath,
promotes proper
surface drainage from
embankment crests.

• Provides reinforced
surface for public
access

• Rebuild/regrade
embankment
crests:
$303,000

• Erosion and
sedimentation controls
required due to
proximity to adjacent
water resources.

• Difficult access to some
portions of
embankments.

• Permits required from
CRMC, RIDEM and
possibly ACOE.
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Alternative
Description Benefits

Order of Magnitude
Costs Implementation Issues

Dam LTA-7:  Install
moat channel scour
protection as
described in Flood
LTA-2 and LTA-6.

• Reinforces moat
channel banks to
prevent or reduce
further encroachment
into benches and
downstream slopes.

• Install moat
channel scour
protection (riprap):
$2,500,000

• Install moat
channel scour
protection
(concrete):
$3,700,000

• Control of water in
moat channels required
during work.

• Difficult access to some
portions of moat
channel.

• Permits required from
CRMC, RIDEM and
ACOE.

Dam LTA-8:  Install
embankment toe
drains at limited
sections of South,
West and North
Embankments.

• Addresses benches and
downstream slopes
areas that are wet or
saturated.

• Install toe drains:
$524,000

• Erosion and
sedimentation controls
required due to
proximity to adjacent
water resources.

• Difficult access to
portions of West
Embankment.

• Permits required from
CRMC and RIDEM.

Dam Evaluation and Improvements Conclusions/Recommendations

Many of the short- and long-term alternatives presented should be implemented in combination
or proper sequence in order to be most effective.  The short- and long-term alternatives
provided above are listed below in a recommended order of priority based on the significance
and urgency of the condition being addressed, ease/relative cost of implementation, and
contingency relationships.

Short-Term
1. Dam STA-1:   Clear and Grub Woody Vegetation from Embankment Slopes
2. Dam STA-4:   Conduct Structural Inspection of South Pond Spillway
3. Dam STA-2:   Clear and Grub North Pond Emergency Spillway Channel
4. Dam STA-6:   Construct Stormwater Channel Along East Embankment Slope
5. Dam STA-13:   Implement Rodent Control Program
6. Dam STA-14:   Develop an Emergency Action Plan
7. Dam STA-7:   Repair North Pond Embankment Settlement Area
8. Dam STA-8:   Repair East Embankment Settlement Area and Footpath
9. Dam STA-15:   Develop and Implement Program to Control/Prohibit Public Access

Onto Embankments
10. Dam STA-5:   Repair South Pond Spillway Concrete Structures
11. Dam STA-11:   Place Gravel on Bench/Downstream Slope of Accessible Embankments
12. Dam STA-10:   Conduct Slope Stability Evaluation
13. Dam STA-9:   Replace Gate Valve in North/South Pond Dividing Embankment
14. Dam STA-3:   Repair North Pond Spillway Structures
15. Dam STA-12:   Install Inlet Screens for Treatment Plant Intake Structures
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Long-Term
1. Dam LTA-1:  Realign Portions of Embankments
2. Dam LTA-2:  Replace Upstream Slope Protection
3. Dam LTA-7:  Install Moat Channel Scour Protection
4. Dam LTA-8:  Install Embankment Toe Drains
5. Dam LTA-3:  Replace South Pond Concrete Spillway Weir
6. Dam LTA-4:  Replace South Pond Downstream Concrete Apron
7. Dam LTA-5:  Replace North Pond Concrete Spillway Weir
8. Dam LTA-6:  Rebuild/Regrade Embankment Crest

Recommended Moat Improvements

Several alternatives to reduce flooding along the northern section of the Moat, specifically
within the Ellery Road and Eustis Avenue neighborhoods, were identified in the 1991 USDA
Flood Prevention Evaluation for Ellery Road and Eustis Avenue (1991 USDA Study).  While our study
expands from the original USDA study by focusing on flooding throughout the entire length of
the Moat, we reconsidered the alternatives proposed by the USDA and identified other
alternatives to reduce flooding at Memorial Boulevard and at other local roads adjacent to the
Moat.

In order to evaluate the anticipated benefits provided by each of our proposed alternatives, we
developed a baseline hydraulic model to determine approximate water surface elevations within
the Moat during storm events and to identify existing areas of flooding based on different
frequency rainfall events.  Hydraulic modeling of the Moat was completed using the US Army
Corps of Engineer’s model HEC-RAS.

Based on the results obtained from our baseline hydraulic model, the hydraulic capacity of the
Moat is inadequate.  To put the hydraulic inadequacy of the Moat into perspective, the Moat
would need to be more than 50 feet wide to contain all storm events up to the 50-year storm
within its banks.  However, widening the Moat is not possible given existing physical
constraints.

Short-Term Flood Management Alternatives

Although short-term alternatives may slightly increase the hydraulic efficiency of the Moat or
the adjacent roadway closed-conduit drainage systems, no short-term alternatives proposed will
alleviate flooding or significantly reduce water surface elevations within the Moat during storm
events.  These alternatives will, however, ensure that flooding conditions do not worsen and
will also improve stabilization of the Moat bottom to reduce future erosion/scour. The
following summarizes each short-term alternative proposed, the approximate cost of each
alternative and lists potential implementation issues associated with each.
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Short-Term Flood Management Alternatives

Description Benefit
Order of

Magnitude
Costs

Relative
Cost /
Benefit
Rating

Implementation Issues

Flood STA-1:
Remove areas of
sediment deposition
within the Moat and
install riprap at the
outlets of culverts
discharging to the
Moat.

• Slight improvement
of the hydraulic
efficiency of the
Moat.

• Prevents scour at
stormwater outlets

.

$256,000 Low • Excavated soil needs to be
hauled to an appropriate
disposal facility.  The
material will require testing
for contamination. Results
could significantly increase
disposal costs.

• A Maintenance Certificate
may be required from the
CRMC.

Flood STA-2: Install
riprap at the
upstream and
downstream ends of
the Memorial
Boulevard culvert

• Stabilized the
channel upstream
and downstream of
the culvert.

$7,000 Low • Riprap requires little
maintenance, but should be
inspected periodically for
scour or excessive
vegetative growth.

• Riprap can pose a hazard
since children may be
tempted to throw small
riprap.

• A Maintenance Certificate
or Council Assent may be
required from the CRMC
for work below the mean
high water level.

Flood STA-3: Install
riprap at the
upstream and
downstream ends of
the pedestrian bridge
located in the
northwestern corner
of the Moat

• Stabilized channel
upstream and
downstream of the
pedestrian bridge.

$6,000 Low • Riprap requires little
maintenance, but should be
inspected periodically for
scour or excessive
vegetative growth.

• Riprap can pose a hazard
since children may be
tempted to throw small
riprap.

• A Maintenance Certificate
may be required from the
CRMC.

Flood STA-4:
Remove hydraulic
obstruction within
the Moat and install
culverts below access
path

• Improved moat
hydraulics.

$40,000 Low • Improvements must occur
during the dry
season/weather since the
Moat sustains a base flow.

• Dewatering will be
necessary.

• A Maintenance Certificate
may be required from the
CRMC.

Flood STA-5:
Continue to clean
and flush existing
drainage structures
and pipes that

• Reduced roadway
flooding during the
smaller, more
frequent storm
events.

$5,000 per
Maint.
Event

High • Inspection and maintenance
of the closed-conduit
drainage systems and
components must continue
to be performed on a
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Description Benefit
Order of

Magnitude
Costs

Relative
Cost /
Benefit
Rating

Implementation Issues

discharge to the Moat
along Ellery Rd.,
Eustis Ave., Old
Beach Rd.,  and
Memorial Blvd.

regular basis (e.g., inspect
quarterly and maintain twice
a year, at minimum).

Flood STA-6:
Continue to
implement a regular
maintenance /
mowing program to
control the height of
vegetation growing
within and adjacent
to the Moat

• Improved hydraulic
capacity of the
Moat.

$107,000
per

Clearing
Event

High • Due to the instability of the
pond embankment and
bench in some locations,
maintenance needs to be
performed by hand.  Mow
at least twice a year.

• A Maintenance Certificate
may be required from the
CRMC.

Long-Term Flood Management Alternatives

Several long-term alternatives were developed in order to evaluate their effectiveness to reduce
flooding.  Each of these alternatives was modeled utilizing HEC-RAS and the resulting water
surface profiles were compared with the baseline model to evaluate their flood reduction
benefits.  No alternatives were identified that will substantially reduce flooding along the entire
length of the moat.  The alternatives described herein will only have localized benefits.  The
following table summarizes each long-term alternative, the approximate cost of each alternative,
and a list of potential implementation issues.

Long-Term Flood Management Alternatives

Alternative
Description Flood Reduction Benefit

Order of
Magnitude

Costs

Relative
Cost /
Benefit
Rating

Implementation Issues

Flood LTA-1:
Excavate
existing
channel
bottom to
provide a
uniform
channel slope
in sections of
the Moat that
are adjacent to
the identified
areas of
flooding.

• Minimal flood reduction
benefits in areas adjacent
to north portion of moat.

• Decreases in water
surface elevations of 0.2
feet or less would be
expected within northern
portion of moat during
2- and 5-year storm
events only.

$1.4
Million

Low • Improvements must occur
during dry season and dry
weather.

• Moat improvements will need
to be completed in sections
to enable dewatering.

• Excavated soil or muck needs
to be hauled to an
appropriate disposal facility.
The material will require
testing for contamination.
Results could significantly
increase disposal costs.

• Permits required from
RIDOT, CRMC, RIDEM
Water Quality, and ACOE.

Flood LTA-2:
Excavate and
widen the
Moat channel

• Decreases in water
surface elevations of 0.3
feet, on average, would

$2.5
Million

Low • Improvements must occur
during dry season and dry
weather.



F:\P2006\0901\A10\TMs and Reports\Final Report091007\mjr090707finaldraft.doc

 xxiii

Alternative
Description Flood Reduction Benefit

Order of
Magnitude

Costs

Relative
Cost /
Benefit
Rating

Implementation Issues

throughout its
entire length
and line the
base with
riprap.

be expected for 2- thru
10-year storm events in
northern portion of
moat. As a result, 2 of
the 6 flood-prone houses
in this location will be
above the flood damage
elevation during 2- and
10-year storms.

• Minimal to no reduction
anticipated for storm
events greater than the
10-year storm event in all
flood-prone areas.

• Moat improvements will need
to be completed in sections
to enable dewatering.

• Excavated soil or muck needs
to be hauled to an
appropriate disposal facility.
The material will require
testing for contamination.
Results could significantly
increase disposal costs.

• Permits required from
RIDOT, CRMC, RIDEM
Water Quality, and ACOE.

Flood LTA-3:
Replace
existing
Memorial
Boulevard
culvert with
three 5-foot by
10-foot box
culverts.

• Flood reduction benefits
mainly noted within
southeastern corner of
moat just upstream of
Memorial Boulevard.

• Decreases in water
surface elevations
ranging between 0.9 feet
(for 2-year storm) to 0.1
feet (for 50-year storm)
would be expected in
southeastern portion of
moat.

$650,000 Low • Improvements must occur
during dry season and dry
weather.

• Dewatering will be necessary
during construction.

• Will require coordination
with appropriate utility
companies.

• Demolition and construction
work will cause a disruption
to on Memorial Boulevard.

• Permits required from
RIDOT, CRMC, RIDEM
Water Quality, and ACOE.
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Alternative
Description Flood Reduction Benefit

Order of
Magnitude

Costs

Relative
Cost /
Benefit
Rating

Implementation Issues

Flood LTA-5:
Install 3-5’x8’
box culverts at
southwestern
corner of moat
(adjacent to
Old Beach
Road)

• Flood reduction benefits
adjacent to the southern
portion of the Moat
channel along Memorial
Boulevard and Old
Beach Road.

• Decreases in water
surface elevations
ranging between 10
inches (for the 2-year
storm) to 2 inches (for
the 50-year storm)
expected within the
section of the Moat
adjacent to Old Beach
Road.  Decreases in
water surface elevations
ranging between 30.7
inches (for the 2-year
storm) to 4.9 inches (for
the 50-year storm) would
be expected in the
southwestern portion of
the Moat.  Decreases in
water surface elevations
ranging between 29.8
inches (for the 2-year
storm) to 6.0 inches (for
the 50-year storm) would
be expected in the
southeastern portion of
the Moat.

$1.4
Million

Medium • The channel width at the inlet
of the culverts will need to be
increased to 30 feet wide.
Retaining walls may be
required along both sides of
the channel at the culverts.

• Will require coordination
with appropriate utility
companies due to potential
conflicts with roadway
utilities.  The installation of
the culvert will cause a
disruption to traffic as lane
closures on Memorial
Boulevard will be most likely
be required.

• Beach area in the western
section of Easton Beach will
be lost.

• Permits required from
RIDOT, CRMC, RIDEM
Water Quality, and ACOE.

Flood LTA-6:
Provide
uniform
channel slope
and cross-
section
throughout
moat and line
base of channel
with concrete

• Flood reduction benefits
in area adjacent to the
northern portion of
moat.

• Decreases in water
surface elevations
ranging from an average
of 1.8 feet (for the 2-year
storm) to an average of
0.6 feet (for the 50-year
storm) expected in the
northern portion of the
Moat.

• 3 of the 6 flood-prone
houses in this location
houses will be above the
flood damage elevation
for storm events up to
and including the 10-year
storm.

$3.7
Million

Low • Improvements must occur
during dry season and dry
weather.

• Moat improvements will need
to be completed in sections
to enable dewatering.

• Excavated soil or muck needs
to be hauled to an
appropriate disposal facility.
The material will require
testing for contamination.
Results could significantly
increase disposal costs.

• Alternatives such as pre-cast
channel sections or shotcrete
may be more feasible.

• Subdrains or intermittent
weepholes may be required to
minimize hydrostatic forces
on the base and sides of the
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Alternative
Description Flood Reduction Benefit

Order of
Magnitude

Costs

Relative
Cost /
Benefit
Rating

Implementation Issues

channel.
• Permits required from

RIDOT, CRMC, RIDEM
Water Quality, and ACOE.

Hydraulic Analysis Conclusions/Recommendations

Flooding along Ellery Road, Old Beach Road, and Memorial Boulevard can be attributed to the
insufficient hydraulic capacity of the Moat.   Several factors contribute to this deficiency,
including:

ü The amount of flow discharged to the Moat from numerous closed-conduit storm drain
systems and the secondary spillway from North Easton Pond.

ü The relatively flat slope of the Moat and restrictive cross-sectional geometry.
ü Sediment deposition from scour within the Moat as well as from the interconnected

storm drain system, which discharges to the Moat.
ü Vegetative growth within the channel of the Moat.

As a result of these factors, no single short-term or long-term alternative that we analyzed will
attenuate flooding in all flood-prone areas along the Moat.  Each alternative will only have
localized effects.  For the Memorial Boulevard and Old Beach Road area, the installation of
three box culverts in the southwestern corner of the Moat that would span across Memorial
Boulevard (Flood LTA-5) did appear to be a moderately cost- effective solution to reduce
localized flooding.

Recommended Water Quality Improvements

The Easton Beach watershed has a number of physical limitations that significantly constrain
the controls that could be applicable in this watershed.  These include significant storm water
flows generated in the watershed, little space available to site controls, poor soils available for
infiltration and high groundwater which is also prevents use of infiltration.  Based on these
limitations, a set of potential short- and long-term controls have been identified that could be
implemented in the beach-shed to reduce bacteria loads to the beach.

Short-Term Water Quality Alternatives

Several short-term alternatives are available to the City to reduce wet-weather bacteria loadings
to the beach.  They consist of nonstructural controls and will not require a significant
investment or effort to implement.  However, none of these short-term alternatives will solve
the beach closure problems being currently observed.  They would reduce the overall bacteria
load discharged.

WQ STA -1 Public Education – The public’s behavior has a direct effect on water quality.
For example, improperly managed pet waste will contribute significantly to
water quality problems. During our fieldwork on Easton Pond Dam, we noted
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significant quantities of dog waste. We also witnessed dog walking at the beach,
where droppings could easily wash into the beach water. In general, this
alternative involves adapting existing materials for use at Easton Beach. In part
this will involve participation in the Phase II Storm Water Outreach Program
that the City has already agreed to participate in this.  The opinion of cost for
this work is approximately $20,000.

WQ STA-2 Public Participation – Like WQ STA-1, this alternative will also assist the City in
complying with Phase II storm water regulations but it will also build public
awareness of the water quality problems at the beach and what is contributing to
those problems. The City could:

ü Continue to work with Clean Ocean Access and wherever possible support
their efforts to clean up the beach and conduct water quality sampling.

ü The City should also solicit business owner involvement.
ü Pet waste is a significant source of bacteria.  The City should publicize their

existing pet waste ordinance.

The opinion of cost for this work is approximately $10,000.

WQ STA-3 Waste Management at the Beach – Waste management practices at Easton
Beach can be improved to reduce sources of bacteria there.   Our
recommendations are as follows:

ü Add trash cans with hoods to prevent seagulls from foraging.
ü Develop a regular schedule to remove wrack (i.e., piled-up seaweed) from

the beach areas.  Wrack is a potential source of bacteria and it has been
stockpiled adjacent to the Moat discharge to the beach.

The opinion of cost for this work is approximately $20,000.

WQ STA-4 Illicit Discharge Detection and Elimination (IDDE) –Water quality testing
conducted last season showed indications of possible illicit discharges, which
could contribute to higher bacteria levels, specifically with three outfalls S9, S10
and S11 that are owned either by RIDOT or the Town of Middletown.  The
City should coordinate with other entities to remove their illicit discharges. The
opinion of cost for this work is approximately $30,000.

WQ STA-5 Wild Animal Management – Urban wildlife can contribute significantly to water
quality problems. Animals of concern include birds, raccoons, and rodents.
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ü Raccoons have been found living in the storm drain system and should be
removed.

ü The City should also consider developing a waterfowl management plan to
control birds around the beach.

ü As recommended for the dam, a rodent control plan should be considered.

The opinion of cost for this work is approximately $55,000.

 WQ STA-6 Restrict Public Access to Easton Pond Dam –Due to contamination and public
health risks, water suppliers do not usually allow public access to or around
water supplies.  The City should consider prohibiting public access to the dam,
especially if efforts to control dog wastes in these areas are not effective. The
opinion of cost for this work is approximately $17,500.

Long-Term Water Quality Alternatives

The long-term alternatives proposed herein involve major capital improvements and
construction.  Long-term alternatives were first screened by reviewing available technologies to
identify those that have significant potential to be applied in this watershed.  The technologies
that were considered have been grouped into filtration/infiltration technologies, disinfection
and other technologies and are described below.

• Filtration/infiltration.
• Infiltration trenches.
• Disconnected catch basins and proprietary infiltration units.
• Sand filters.
• Catch basins with sand filters.
• Proprietary Filter Media (e.g., Smart Sponge™ ).
• Bioretention.

• Disinfection.
• Chlorination.
• Ozonation.
• Ultraviolet disinfection.

• Other Technologies.
• Stormwater Wetlands.

Long-term alternatives were screened from this list of potential technologies.  These alternatives
are somewhat unconventional because of the constraints of this watershed.  These alternatives
are not all equal, they vary significantly with the volumes of storm water they can treat and the
areas of runoff that they can manage as well as their treatment efficiency and reliability.  As
such, long-term alternatives have been organized based on the area that they would be designed
to manage.  The following table summarizes each potential long-term alternative, which
provides size of subwatershed treated, water quality volume treated, treatment efficiency, and
cost of alternative in 2007 dollars.
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Table 39
Long-Term Water Quality Treatment Alternatives

Treatment Alternative Subwatershed
Subwatershed

Size
(acres)

WQV
(cubic
feet)

Bacteria
Removal

Efficiency
(%)

Cost
Benefit Ratio

Easton Beach Parking Lots and Memorial Boulevard
WQ LTA-1
Infiltration Trenches
East Beach Parking Lot

East Beach
Parking Lot 4.1 15,078 75-98 $199,000

$13.3-$17.3(/cf)

WQ LTA-2
Infiltration Trenches
West Beach Parking
Lot

West Beach
Parking Lot 2.3 8,600 75-98 $132,000

$15.3-$20.0(/cf)

WQ LTA-3
Infiltration for
Memorial Boulevard

Memorial
Boulevard 8.6 16,256 75-98 $422,000

$26.5-$34.7(/cf)

WQ LTA-4
Sand Filter East Beach
Parking Lot

East Beach
Parking Lot
Area B

3.1 11,600 40-90 $454,000
$38.8-$50.7(/cf)

Western Residential Neighborhoods Draining to Moat

WQ LTA-5
Chamber Sand Filtersb

3-2
3-3
3-4
3-5
3-6
Total

232.1
84.6
42.1
21.2
36.6
416.6

312,300
143,350
53,060
14,270
24,400
547,380

40-90

$4,897,000
$2,109,000
$807,000
$203,000
$351,000

$8,367,000
$17.8-$40.0(/cf)

WQ LTA-6
Bioretention at Braga
Park

3-1
3-2 263.9 335,634 75-98 $2,714,000

$8.2-$10.7(/cf)

WQ LTA-7
Catch Basin Inserts

3-1
3-2
3-3
3-4
3-5
3-6
3-7
3-8
3-9
Total

31.8
232.1
84.6
42.1
21.2
36.6
2.2
3.2
4.7

458.5

23,300
312,300
143,350
53,060
14,270
24,400
1,200
1,800
2,800

576,480

50-75

$14,000
$313,000
$143,000
$58,000
$47,000
$55,000
$5,000
$5,000
$5,000

$645,000
$1.3-$2/cf
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Moat Discharge

WQ LTA-8
UV Treatment

Easton Beach
Watersheda 594.3 745,000 99 $3,800,000

$5.1/cf
a. Entire watershed includes flow from Middletown that enters the moat near the discharge point.
b. The sand filters are intended for use in the upland to treat portions of the WQV depending on the length and

number installed. Therefore this footprint may be split up amongst several sand filters.
c. The values in the Cost Benefit Ratio column are costs for 2007. The first number is the total cost for the system. The

second listing, in BOLD, is the range of dollars per cubic foot of WQV treated, divided by the bacteria removal
efficiency (cost/WQV/% removal)

Pilot-Testing of Selected Structural Controls

Several innovative structural controls have been proposed as long-term alternatives.  We
recommend some pilot testing of the controls before the City makes any significant investment
in implementing them.  This would allow the City to better understand the relative costs and
benefits of the alternatives as a group.  The structural controls for which we recommend pilot-
testing are:

• Chamber Sand Filters
• Catch Basin Inserts

Pilot testing for these two alternatives would consist of implementing these alternatives on a
small scale in the watershed.

In addition to this pilot-testing, more intensive monitoring of both hydraulic and water quality
in the Moat area near the Memorial Boulevard bridge is also recommended in order to develop
a design for a UV treatment system.  The hydraulics in this area is very complicated and need to
be better understood in order to ensure that the system will operate without causing additional
flooding.  Additional water quality testing is recommended in order to define pretreatment
needs and sizing of the UV system.

Water Quality Improvements Conclusions/Recommendations

Based on our evaluation, we recommend that the City implement a UV disinfection system for
the Moat outfall.  This system is the only alternative that could be applied for the entire
discharge from the moat.  It is also the most reliable in terms of treatment of bacteria and will
achieve the greatest reductions in bacteria that are measured at the beach.  It is also cost
effective compared to other alternatives.  Implementation of structural controls such as this is
eligible for significant funding opportunities through the Rhode Island Watershed Bond Fund
that can provide up to 50% grants for controls such as these.  However, this system should be
reevaluated after preliminary design to reconfirm expected costs to construct and operate the
system and that the system will not significantly impact Moat hydraulics.

Alternatively, the use of catch basin inserts within the watershed to the Moat should be
considered if UV disinfection is not implemented.  This technology would be the least costly,
however, there are many questions regarding its effectiveness.  As a result, pilot testing would
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be recommended for this alternative.  Because this technology could only be applied to a
portion of the watershed that is draining to the Moat, other structural and non-structural
controls will likely be required such as controls for Memorial Boulevard (WQ LTA-3) and
removal of dog and animal wastes from the moat and pond dams as a source of bacteria (WQ
STA-1, -2, and -5).
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1.0 INTRODUCTION

The Easton Pond Dam and Moat system is almost 70 years old after being reconstructed in the
late-1930s after the 1938 hurricane.  The dam infrastructure forms both North and South
Easton Pond Dams that are a critical part of the City’s water supply reservoir system.  The moat
was constructed to manage the storm water that drained from the adjacent neighborhoods and
convey that runoff around the ocean at Easton Beach.  Since then, the neighborhoods draining
to the moat in both Middletown and Newport have been largely built out with development
and low have large percentages of connected impervious areas.  Runoff from those
neighborhoods as well as activities in and around the dam and moat system generates significant
bacteria loadings that result in beach closures at Easton Beach.  Additionally, the aging dam and
moat infrastructure has deteriorated over the past 70 years, which is now resulting in more soil
loss and threatening the future structural stability of the dam.  Also, the moat system has limited
capacity to manage all of the runoff that discharges to it, which results in localized flooding
along the moat.

The City of Newport has retained Fuss & O’Neill to identify reviewing the causes of these
problems and develop potential solutions that the City of Newport can implement in the future.
In order to accomplish this, our services included an evaluation of the existing issues including a
wet-weather water quality monitoring program of the beach, moat, and storm sewer systems; a
comprehensive review of existing data; a visual surface and underwater inspection of the dam
system; and hydrologic and hydraulic modeling of the moat system.  Once this evaluation was
completed, alternatives were identified, screened, and developed to identify those alternatives
that could resolve these issues.

This report summarizes the work that we have completed including reviewing the causes of the
problems the City is currently facing with this system and potential solutions that can be
implemented. We have developed the most viable solutions into short- and long-term
alternatives, which are described in terms of their advantages, disadvantages, implementation
issues, and cost.  Our objective is to provide Newport with an approach to resolve or mitigate
these problems such that the City has a menu of options from which they can implement future
actions.
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2.0 PROJECT BACKGROUND

The Newport Public drinking water supply reservoir system includes North Pond and South
Pond. Both of these ponds are located to the north of Easton Beach and are separated from the
beach by Memorial Boulevard (see Figure 4).

The ponds straddle the Middletown-Newport boundary. While an earthen impoundment
separates the ponds, they connect hydrologically and function as a unit under high flow
conditions. The ponds receive the majority of their flow from Bailey Brook, which emanates
from Middletown.

A manmade earthen channel, referred to as the Moat, encircles the southern three sides of
South Pond and hydrologically separates the ponds from much of what would be their natural
watershed. Thus the Moat prevents untreated runoff from the highly urbanized surrounding
area from entering and polluting the ponds.  The Moat eventually discharges to the eastern side
of Easton Beach.

2.1 Easton Pond Dam

The Easton Pond Dam (State ID#585, Federal ID #RI09101) is comprised of earthen
embankments and a spillway structure enclosing the South Easton Pond (South Pond) as
shown on Figure 1. An earthen embankment forms the northern boundary of this
impoundment from the adjacent North Easton Pond (North Pond).  The embankments were
reportedly completed in 1876 as a municipal water supply.  The spillway and portions of the
southern embankment were destroyed in a hurricane in 1938 and reconstructed thereafter under
a contract issued in 1939.  The northern embankment separating the two ponds was damaged
and partially breached and reconstructed due to hurricane damage in 1985.  Pertinent
information describing the structure, as obtained from RIDEM records dated 1995, is provided
below:



F:\P2006\0901\A10\TMs and Reports\Final Report091007\mjr090707finaldraft.doc

3

Table 1
RIDEM Dam Information

Dam Length: 9,708 ft

Dam Height: 13 ft.

Structural Height: 13 ft.

Hydraulic Height: 12 ft.

Spillway Height: 12 ft.

Spillway Width: 45 ft.

Maximum Discharge: 260 cfs

Maximum Storage: 1,375 ac-ft.

Normal Storage 1,225 ac-ft.

Surface Area 147 ac.

Drainage Area: 4 sq. mi.

Downstream Hazard Low*

Size: Medium

General Condition: Good
* - While the dam is currently classified by the Rhode Island Department of Environmental
Management as low hazard dam, it has reportedly been considered for reclassification as a high -
hazard structure due to its proximity to Kennedy Memorial Boulevard and the Easton Beach
recreational area.

The South Pond embankment is constructed of earth and extends from the emergency
overflow spillway from the North Pond along the western perimeter of the impoundment and
continuing along the southern border along Memorial Boulevard, increasing in height to
approximately 13-ft. from toe to crest as it continues downstream toward Easton Bay.  The
embankment continues along the eastern border of the South Pond in Middletown until joining
with the eastern end of the North Pond overflow spillway.   The berm/embankment dividing
the North and South Ponds serves a water quality function by providing increased detention
times in the North Pond, as well as covering pressure mains carrying raw and treated water to
the Water Division’s service and distribution systems.

A short embankment forming the southwestern boundary of the North Pond adjacent to the
treatment plant was also included in this study.  This embankment is also earthen, having a
height of approximately 5-ft., with grassed downstream slopes along the majority of its length.
The remaining shoreline of the North Pond is formed by up gradient land with no
embankments.

While the upstream slopes of all embankments were originally armored with riprap or laid
stone, significant to severe scarps have formed in many areas and high vegetation is
predominant in many areas.  Several areas of localized erosion were also noted along the up
gradient embankment slopes, which have been and are currently being addressed to the extent
possible by the Newport Water Division’s maintenance crews.  These maintenance crews also
are responsible for mowing the embankment crests, downstream slopes and areas along the
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downstream toe of slope.  The proximity of these areas to groundwater and the Moat channel
limits access by mowing equipment due to the relatively weak soil strength, and so maintaining
these areas becomes a challenge even with specialized mowing equipment.

The main spillway from the North Pond is formed of concrete as a low level-spreader bar tying
into abutments and discharging to a laid-stone apron leading to South Pond.  The South Pond
spillway structure is much higher relative to its downstream floor and is formed of concrete as
well with abutments into the embankments.  This spillway discharges to an outlet channel that
also receives discharge from the moat channel as well as runoff from the channel running along
the eastern embankment.

The activities under this portion of the study were to research and investigate the current
condition of the dam and appurtenant structures, as outlined below:

ó Review previous drawings, reports and studies provided by the City.
ó Review data available in RIDEM files.
ó Conduct visual inspection of dam structures (embankments, spillways).
ó Conduct underwater inspection of South Easton Pond spillway structure.
ó Conduct underwater inspection of treatment plant intake piping structures for

South Easton Pond and North Easton Pond.

The results of these activities are summarized in Section 3.1 below.

2.2 Easton Pond Moat

The Moat is a manmade channel that surrounds the South Pond on its west, south and east
sides.  The southern end of the Moat meets the eastern of the Moat at the spillway to the South
Pond.  It then flows under Memorial Boulevard, splitting Easton Beach and Atlantic Beach and
enters Easton’s Bay between these two beaches.

The Moat serves three basic purposes:

ó To provide a pathway for stormwater to discharge around the drinking water supply
without entering it.  Several stormwater outfall pipes collect stormwater from surrounding
areas and discharge into this Moat.

ó To prevent saltwater intrusion into the drinking water supply. Tidal flow backs up into the
Moat, but an impoundment prevents this flow from entering the ponds.

ó To provide a discharge path when South Pond reaches its full capacity.

The Moat receives flow from a number of sources including:

ó Groundwater discharge
ó Tidal backflow
ó Storm water discharge from land adjacent to the ponds
ó Storm water from Memorial Boulevard
ó Overflow from South Pond
ó Wave Avenue Pump Station
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These flows are cyclical and intermittent. They depend on conditions such as tidal cycle,
weather and season. The Moat, therefore, contains a somewhat uncertain mixture of flows from
various fluctuating sources.

Land Adjacent to the Moat
Land areas in the drainage
catchment of the Moat include
parts of Memorial Boulevard as
well as several small commercial
areas, dense residential
neighborhoods and vegetated
areas along the ponds.  The
residents of these neighborhoods
use the vegetated areas
surrounding the South Pond,
including the earthen
embankments of the pond, as a
recreational area (e.g., dog
walking, running, cycling, etc.).
The City provides “mutt mitt”
stations for residents to use to
pick up after their dogs. During
several prior investigations by the
City, used mutt mitts were found
at the bottom of catch basins and
along curbs along the western boundary of the Moat.  During the same investigation, raccoons
were found in several of the storm water manholes. While these observations are anecdotal and
circumstantial in nature, they do present very apparent water quality concerns.

Wave Avenue Pump Station
The Wave Avenue Pump Station is located just north of Memorial Boulevard.  A large
percentage of Middletown’s wastewater is pumped through this pump station to Newport’s
wastewater treatment facility.  During large rain events, the combined stormwater and
wastewater system may surcharge causing the pump station to releases flow into the Moat,
which discharges into the bay near Easton Beach.  The pump station is designed to function
this way.  The overflow causes water quality impairments and is currently being addressed under
enforcement action by RIDEM.  Future upgrades are planned for this facility to allow the
facility to handle larger flow without discharging into the Moat.

Memorial Boulevard
Memorial Boulevard runs between the Moat and Easton Beach.  It is a 4-lane, State-owned road
with a separate storm drainage system that, in part, drains into the southern side of the Moat via
several stormwater outfalls.  One outfall from the boulevard also drains directly to Easton
Beach (see outfall S9 in Figure 4).

Currently, flooding occurs near Memorial Boulevard and adjacent parking lots and at other local
roads adjacent to the Moat during significant storm events.  Flooding is often exacerbated by
tidal and storm surge influences.  Several factors contribute to this flooding, including increases
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in impervious area, which results in increased runoff volumes and flow rates within the
contributing watershed area, sediment deposition in the Moat from the adjacent storm drain
system, and vegetative growth within the channel.

2.3 Easton Beach

Easton Beach and Atlantic Beach are located in Newport and Middletown, respectively and on
the northern side of Easton Bay.  Over the past five years, these beaches have attracted the
attention of City residents, beach goers, and State and City officials due to high bacteria levels.
Several organizations conduct sampling at these beaches as part of studies as well as for the
safety of the public.  In addition, community groups such as Clean Ocean Access, City of
Newport and the Town of Middletown work together with the State of Rhode Island
Department of Health (RIDOH) to conduct beach sampling.  Sampling results from all of these
organizations continue to validate growing concerns regarding the overall water quality of these
areas; specifically, high bacteria levels during periods of heavy rain.

A number of potential bacteria sources exist that could be causing these impacts.  These
sources include the moat and the storm water runoff as well as other discharges that enter it,
Bailey Brook and discharges from the reservoir system.  However, during an average year, the
City reports that the South Pond discharges to the moat only about a dozen times, typically
during wet seasons in the winter and spring.

At the beach itself, the parking and pavilion areas are large impervious areas that have
significant potential to contribute pollutants during runoff events.  As at most beaches, Easton
Beach also supports a large population of seagulls that frequent the parking lots as well as the
sandy areas.  They are not generally observed around the South or North Ponds, but tend to
remain at the beach, proper.  No other waterfowl (swans, ducks, etc.) were observed anywhere
around the beachshed during sampling events; however, swans and ducks have been observed
in the ponds at other times by City officials.



F:\P2006\0901\A10\TMs and Reports\Final Report091007\mjr090707finaldraft.doc

7

3.0 DAM EVALUATION

Existing Information Reports and records provided by the City of Newport and obtained from
RIDEM files for the dam were reviewed prior to the inspection.  A summary of this review is
provided below, along with anecdotal information obtained during interviews with City staff
familiar with the dam’s history, current condition and maintenance practices.

3.1 RIDEM Files

ó October 18, 1985 RIDEM Inspection Report regarding hurricane damage to
dividing embankment

ó Sections at former drawdown pipe (20” dia., abandoned in place) at south pond
embankment, dated 1898

ó June 6, 1995 RIDEM Inventory Data Sheet (reported as completed in 1876, noted
in good current condition, low downstream hazard, noted 5/31/95 inspection but
no form present in file).

3.2 Reports Provided by City

• 1939 contract manual for reconstruction of portions of south embankment and
reinforced concrete spillway provided by City

• 1939 plans of Newport Water Works Spillway (former South Pond spillway)
showing boring profiles

• June 28, 1991 engineering report of borings and stability analysis of north
embankment and north end of west embankment

• Noted embankments as in “marginally unstable” condition

• Noted deepened silty sediment in Moat, increasing effective embankment
height and resulting instability

• Recommended dredging/backfilling Moat (City placed large volume of trap-
rock fill, which consolidated into soft underlying material in early 1990’s).

• Identified remedial alternatives:

§ place culvert in Moat and backfill

§ move Moat away from toe of slope, flatten downstream slope

§ construct conc. lined channel further from slope as replacement to
Moat

• Noted wet areas at toe of slope of south embankment, recommended
further evaluation regarding effect on stability

• Recommended continuing inspections and mowing along embankment
(trees noted not to exist on embankment)

• Noted extensive rodent holes along embankment, recommended backfilling
as needed.  Recommended rodent control program.
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ó 1978 plans of  water plant South Pond inlet reconstruction (for diving inspection)

3.3 Operational Data from Staff Interviews

The following items were noted by City staff during interviews conducted during the
inspection.

ó Flow in Moat channel is noted to have scoured in places reducing the width of the
bench adjacent to the embankment’s downstream slope; in some places the Moat
channel is noted to be actually encroaching into the embankment toe.

ó Compacted gravel has been placed remotely by specialized equipment to reinforce
soft/weak/settled areas on downstream slopes and adjacent bench.

ó Animal burrows common on embankments, addressed by backfilling with
compacted gravel; it was noted that a program formerly existed to address rodents.

ó One seep previously noted during high water conditions at west end of southern
embankment.

ó Access to embankments is very difficult/cost-prohibitive for significant repair or
construction projects.

ó Brush clearing occurs approximately one or two times per year; cuttings were noted
to sometimes be left in the impoundment where cut.

ó Riprap gabions and geotextile fabric are often used to repair significant scarps
formed on upstream slopes.

ó Ability to properly clear vegetation on embankments and repair slopes to original
configuration is limited.

ó Operating on short-term solutions for upstream slope undermining/scarping.

ó Steep/saturated slopes and narrow/saturated benches limit access even for custom
mowing equipment.

ó Riprap slope protection lost by youths/vandals throwing units onto ice in winter or
other loss into impoundment by sliding/settlement.

ó South Pond drawdown valve exercised about every 5 years.

ó One of two valved drawdown conduits in dividing embankment not operational.

3.4 Limited Field Survey

A limited field survey was conducted to obtain cross-sections of portions of the North,
West and South embankments and adjacent moat channel.  Survey information was not
obtained for other slopes/embankments; however our visual observations did not
indicate a large variance from these measurements.  Slope angles based on the field
survey are summarized below in Table 2.
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Table 2
Surveyed Embankment Slope Angles

Location Slope Range

Down stream slopes on the north end of the
West Embankment

2.1H:1V to 2.7H:1V

Up stream slopes on the north end of the
West Embankment

1.1H:1V to 1.5H:1V

Down stream slopes on the south end of the
West Embankment

2.25H:1V to 3.0H:1V

Down stream slopes on the North
Embankment

2.3H:1V to 2.9H:1V

Up stream slopes on the North Embankment 1.5H:1V to 1.9H:1V

Down stream slope on the South
Embankment was measured near the spillway

5H:1V

A visual inspection of the North Pond and South Pond embankment and spillway structures
was conducted on November 21, 2006 to assess current conditions and identify deficiencies.  A
visual diving inspection of the South Pond spillway structure, South Pond treatment plant
intake structure and North Pond treatment plant intake structure was also performed on this
date.

A summary of observations and findings from these inspections is provided below.  The diving
inspection report is provided in Appendix A.  Photographs from the dam inspections are
provided in Appendix B.

3.4.1 Spillway Structures

3.4.1.1 South Pond Spillway

Description

• Reinforced concrete spillway and abutments

• Steel sheeting cutoff wall below structure

• Valved drawdown structure at right abutment (operable)

• Weep holes in downstream apron

• Construction joints
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Deficiencies

• Spillway

• Voids detected and/or delamination in progress on top section of concrete
spillway (inferred from hollow sound from hammer blows and efflorescence
at cracks which is indicative of loss of interior material).

• Metal guide rails for weir boards in low flow channel not completely secure;
joint spalling along rails observed.

• Efflorescence/horizontal cracking observed along downstream spillway
face.

• Spalling observed on edges of low flow channel.

• Surface scaling/coarse concrete observed on spillway crest.

• Right Abutment

• Efflorescence, pattern cracking and spalling observed.

• Left Abutment

• Faint efflorescence, no pattern cracking.

• Construction joint on left abutment opening, approx. 1/4” at surface.

• Fair soil contact (no rilling), large area of settlement adjacent to upstream
wall.

• Gate chamber

• Gate valve operational, demonstrated and flowed full all day to clear
sediment.

• Efflorescence and horizontal cracking inside drawdown gate chamber.

• Minor spalling on gate chamber exterior concrete.

• Aprons

• Downstream apron concrete noted as soft (disintegrates easily with hammer
blows), covered with approx. 6” soft sediment.

• Upstream apron appeared in good condition, covered with approx. 6” soft
sediment.

• Weep holes in downstream apron full of sandy sediment.

• No scouring or undermining of aprons noted.

• Stone armoring observed on channel bottom immediately downstream of
apron.

• No scour protection observed on south slope of outlet basin immediately
downstream of spillway.
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• Downstream Channel

• No scour protection on downstream channel banks.

• Significant voids exist and actively developing along top of dry stone
training wall adjacent to pump station chain link fence and Memorial
Avenue box culvert.

3.4.1.2 North Pond Primary Spillway

Description

• Low reinforced concrete spillway bar between reinforced concrete abutments.

• Placed-stone scour protection apron in downstream channel graded to match
elevation of spillway bar.

• Some riprap scour protection upstream of spillway bar.

• Significant vegetation in spillway channel (cleared for inspection).

• Void at bottom of left downstream abutment training wall (34”W x 40”D x 12”
H, apparently formed by design based on smooth appearance of roof), brick
observed at interior wall facing void opening.

Deficiencies

• 2” vertical dislocation at transverse crack in spillway bar approx. 42” from left
abutment.

• Significant horizontal cracks (approx. 1/4” wide) on abutment faces.

• Several transverse cracks across spillway bar.

• Several large voids in placed-stone scour protection apron immediately
downstream of spillway bar (two observed, each approx. 30” W x 20’ L x 2’ D);
voids apparently resulting from missing scour protection, not sinkholes.

• Minor horizontal deflection of left end of spillway bar.

• Missing upstream riprap scour protection along 10’ section near middle of
spillway bar.

• Significant brush and vegetation in spillway channel.

• Signs of channelized stormwater runoff (rilling) on earthen embankment
adjacent to right abutment; likely due to pedestrian foot-traffic.
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3.4.1.3 North Pond Emergency Spillway

Description

• Low riprap spillway bar.

• Mortared field stone abutment walls.

• Low mortared field stone training wall along right downstream channel.

• Significant woody vegetation along spillway and throughout downstream
channel.

Deficiencies

• Dislodged cap stone at left abutment.

• Excessive woody vegetation over spillway crest and in downstream channel.

• Downstream channel not clearly defined; adjacent wet areas outside observed
channel.

3.4.2 Earthen Embankments

3.4.2.1 South Embankment

Description

• Earthen embankment, crest width approx. 10’.

• Good grass cover on crest (except worn pedestrian footpath), downstream slope
and bench.

• Riprap/placed-stone armoring at bottom of upstream slope.

• Approx. 2.5H:1V grassed downstream slope.

• Embankment height approx. 8’ (from crest to downstream toe of slope).

• Grassed bench width 10’-15’ (between toe of slope to Moat channel), some
areas reinforced with gravel fill.

• Limit of bench formed by approx. 12” high scarp to Moat channel bed.

• Limited portions of downstream lower toe of slope and bench along
downstream toe of slope reinforced with gravel fill and vegetated.

• 1939 reconstruction drawings show rock-fill toe drain and steel sheeting cutoff
at limited portion of west end of embankment.

• 1939 reconstruction drawings show placed-stone armoring on entire upstream
slope.

Deficiencies

• Consistent minor scarp along upstream top of slope.
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• Significant scarp at portions of upstream top of slope.  Likely caused by
combination of wave action on insufficiently protected slopes and burrows
leading to voids/sloughing of sections of slope.

• Armoring does not extend to upstream top of slope.

• Woody vegetation (brush) on portions of upstream slope.

• Wet areas along majority of lower ¼ downstream slope with saturated bench;
evidence of minor seeps observed at some locations.

• Worn footpath along entire embankment crest.

• Some grassed/erosion rills on portions of lower downstream slope.

• Evidence of burrows on downstream slope.

• Portions of bench and lower downstream slope rutted by mowing equipment.

• Minor seep and slough noted on downstream slope near west end of this
embankment section.

3.4.2.2 West Embankment

Description

• Earthen embankment, approx. 10’ typical crest width.

• Good grass cover on crest (except worn pedestrian footpath), downstream slope
and bench.

• Riprap armoring at bottom of upstream slope along waterline.

• Approx. 2.5H:1V grassed downstream slope.

• Embankment height approx. 8’ at south end, approx. 4’ at north end (from crest
to downstream toe of slope).

• Grassed bench width varies between 0’-8’ (toe of slope to Moat channel), one
area noted as reinforced with gravel fill.

• Limited portions of downstream lower toe of slope and bench along
downstream toe of slope reinforced with gravel fill and vegetated (near
footbridge at Old Beach Road).

• Limit of bench formed by 12”-24” high scarp to Moat channel bed.

Deficiencies

• Consistent significant scarp along upstream top of slope (typically 12”-18”
high); no riprap protection.

• Severe scarps (42” high) at limited areas of north end of embankment, crest
width narrowing to 3’-5’ wide (flagged for protection of public at time of
inspection); recent repairs completed by placing compacted gravel or riprap
gabions on filter fabric.  Likely caused by combination of wave action on
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insufficiently protected slopes and burrows leading to voids/sloughing of
sections of slope.

• Inadequate armoring height on upstream slope; slope subject to erosion by wave
action.

• Woody vegetation (brush) on entire upstream slope (north end of embankment
recently cleared for inspection).

• Wet areas along majority of lower 1/3 of downstream slope with saturated
bench, evidence of some minor seeps.

• Worn footpath along entire embankment crest.

• Moat channel scarp at toe of downstream slope along portions of embankment.

• Portions of bench and lower downstream slope rutted by mowing equipment.

• Erosion at upstream end of left stone masonry training wall along Moat channel.

• Reported animal burrows.

3.4.2.3 North Embankment

Description

• Earthen embankment, approx. 12’ crest width.

• Fair grass cover on crest (except worn pedestrian footpath).

• Good grass cover on downstream slope and bench (outside of gravel fill
reinforcement to portions of downstream slope and bench).

• Riprap armoring on upstream slope.

• Approx. 2.5H-3H:1V grassed downstream slope (visual estimate).

• Embankment height approx. 4’ at west end, approx. 3’ at east end (from crest to
downstream toe of slope).

• Grassed bench width varies between 1’-5’ (toe of slope to Moat channel).

• Limited portions of downstream toe of slope and bench along downstream toe
of slope reinforced with gravel fill and vegetated.

• Limit of bench formed by 12”-24” high scarp to Moat channel bed.

• Portion of upstream slope near water treatment plant stock yard reinforced with
riprap gabions.

Deficiencies

• Armoring does not fully cover upstream slope (some thin/bare areas); slope
subject to erosion by wave action.

• Minor woody vegetation (brush) on entire upstream slope.

• Wet areas along majority of lower 1/3 of downstream slope with saturated
bench.



F:\P2006\0901\A10\TMs and Reports\Final Report091007\mjr090707finaldraft.doc

15

• Worn footpath along entire embankment crest, some widened bare areas.

• Moat channel scarp near toe of downstream slope at portions of embankment.

• Portions of bench and lower downstream slope rutted by mowing equipment.

3.4.2.4 East Embankment

Description

• Earthen embankment, crest width varies from 5’-10’.

• Fair grass cover on crest (except worn pedestrian footpath).

• Significant woody vegetation (brush) on slopes and bench along downstream
slope.

• Limited riprap armoring at bottom of upstream slope along waterline.

• Approx. 2H:1V downstream slope (visual estimate).

• Embankment height approx. 4’ at north end, approx. 8’ at south end (from crest
to downstream toe of slope).

• Bench width varies between 0’-4’ (toe of slope to drainage ditch.

Deficiencies

• Consistent significant scarp along upstream top of slope (varies 12”-18” high).

• Severe scarps (42” high) at limited areas of embankment, crest width narrowing
to 3’-5’ wide, previous repairs noted at some locations by placing riprap gabions
on filter fabric. Likely caused by combination of wave action on insufficiently
protected slopes and burrows leading to voids/sloughing of sections of slope.

• Upstream slope settled adjacent to left main spillway abutment.

• Outlet for drainage channel along downstream slope not freely draining near
middle of embankment; unstabilized overflow channel over embankment crest
resulting in erosion gully.

• Armoring does not extend to upstream top of slope.

• Woody vegetation (brush) on both upstream and downstream slopes.

• Worn footpath along entire embankment crest.

• Channel scarp near toe of downstream slope at portions of embankment.

• Animal burrows and rodents observed.

3.4.2.5 South Pond/North Pond Dividing Embankment

Description

• Earthen embankment, approx. 12’ crest width.

• Good grass cover on crest (except worn pedestrian footpath).
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• Riprap armoring on approx. 2H:1V slopes (visual estimate).

• Embankment height approx. 4’ (from crest to downstream waterline).

• Portions of downstream slope reinforced with riprap gabions.

Deficiencies

• Armoring does not fully cover slopes (some thin/bare areas).

• Minor woody vegetation (brush) on slopes (recently cleared for inspection).

• Worn footpath along entire embankment crest.

• Severe scarps at several locations on downstream slope.  Likely caused by
combination of wave action on insufficiently protected slopes and burrows
leading to voids/sloughing of sections of slope.

3.4.2.6 North Pond Embankment

Description

• Earthen embankment, approx. 4’ crest width.

• Good grass cover on crest and downstream slope.

• Riprap armoring on approx. 2H:1V upstream slopes (visual estimate).

• Embankment height approx. 5’ (from crest to downstream toe of slope).

• Significant woody vegetation (brush and trees) on upstream slope.

Deficiencies

• Large void (approx. 15’ L x 3’ W x 2’ D) on upstream side of embankment in
area where North Pond intake structure penetrates embankment, adjacent area
saturated/ponded with standing water.

• Significant woody vegetation at two outlet structures adjacent to treatment
plant; some erosion adjacent to concrete headwall at one structure.

• Trees and woody vegetation at north end of embankment adjacent to treatment
plant.

3.4.3 Drawdown Structures

3.4.3.1 South Pond Primary Drawdown Structure

Description

• 24” cast iron pipe and valve.

• Discharges to downstream spillway apron.

• Gate structure with access chamber adjacent to right spillway abutment.

Deficiencies

• No apparent deficiencies.
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• Reported by DPW personnel to have last been operated 5 years ago.

• Opened and closed with normal effort.

• Significant sediment discharged when first opened, allowed to flow full day of
inspection.

3.4.3.2 North Pond Drawdown Structures

Description

• Reported 16” or 18” pipe structures penetrating the western and eastern side of
the South Pond/North Pond Dividing Embankment.

• Gate boxes in top of embankment.

• West gate valve reported operable.

Deficiencies

• East gate valve near North Pond Spillway reported inoperable in open position.

3.4.4 Water Plant Intake Structures

3.4.4.1 South Pond Intake Structure

Description

• Precast concrete box structure with internal baffle walls.

• 30” intake pipe with bar screen inlet.

Deficiencies

• Screen over top of structure (reportedly formed of chain link fencing) is missing.

3.4.4.2 North Pond Intake Structure

Description

• Precast concrete box structure with internal baffle walls.

• 30” intake pipe with bar screen inlet.

Deficiencies

• Screen over top of structure (formed of chain link fencing) severely deteriorated.

3.4.4.3 Blowoff Structure

Description

• 12” pipe connected to reported 17” raw water line from Paradise Pump Station.

• Pipe opening located near north end of North Pond Emergency Spillway.
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Defic1iencies

• Pipe opening discovered with inlet flow forming a small vortex at pond surface.

• Noted as possible location where turtles enter plant piping and raw water
system; inlet screen apparently missing.

• Plant staff closed valve to stop inflow during inspection.

3.5 Issues of Concern

A summary of primary issues of concern from the inspections is provided below.

3.5.1 Operational Concerns

3.5.1.1 Vegetation

• DPW workers reported to clear vegetation and leave cuttings in impoundment.

• Saturated slope and bench areas and narrow/eroded bench areas limit mowing.
equipment access

3.5.1.2 Construction/Maintenance

• Cannot gain access by heavy equipment in majority of embankment areas due to
limited crest width/poor stability, and limited bench width/saturated condition.

• Moat channel scouring bench and encroaching on downstream toe of slope.

• Specialized equipment subcontractor hired by DPW to “sling” gravel across
Moat where needed to reinforce bench and slopes.

• Youth/vandals reported to throw slope armor/channel scour units
(riprap/placed stone) onto/through ice during winter, resulting in
reduced/missing slope protection.

3.5.1.3 Rodent Control

• No formal rodent control program (e.g., trapping).

• Addressing burrows by placing compacted gravel, but cannot address all
burrows before they form to voids and contribute to scarping/failure of
upstream slopes.

3.5.2 Dam Stability Concerns

3.5.2.1 Downstream Slope Stability

• Partially implemented 1991 report recommendations:  filling of Moat channel
with riprap units and placing gravel on bench and slope to strengthen soils.

• Saturated and narrowed/missing bench reduces buttress force on downstream
embankment slope, reducing slope stability FS.
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• Many downstream slopes at 2H:1V or steeper, not in accordance with current
dam safety guidelines.

• Severe scarps noted on west embankment and north/south dividing
embankment.

3.5.2.2 Upstream Slope Stability

• Consistent scarps noted all embankments.

• Severe scarps noted on west, north and east embankments.

• Missing slope armor units, public foot traffic, animal burrows and woody
vegetation all possibly contributing factors.
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4.0 MOAT EVALUATION

4.1 Hydrologic Evaluation of Contributing Watersheds

Our hydrologic evaluation of the watershed areas surrounding North Pond and South Pond
and the Moat included three major tasks: delineating watershed and/or subwatershed areas,
defining basin hydrologic parameters, and establishing a hydrologic model accounting for
watershed hydraulic connectivity.

4.1.1 Watershed Delineation

The first task of our hydrologic evaluation was to delineate watershed and subwatershed areas.
As part of our evaluation, all watersheds discharging to the Moat and to North and South
Ponds were considered and were delineated utilizing topographic information provided by
USGS mapping services.  Drainage structure mapping provided by the City of Newport was
also used to refine overall watershed delineations and further divide the watersheds into
subwatersheds.

As depicted in Figure 2, the overall area of land draining to the Moat and to North and South
Ponds was divided into three major watershed areas referred to herein as Watersheds 1, 2, and 3.
Watershed 1 is the area of land that drains to North Pond, Watershed 2 is the area of land that
drains to South Pond, and Watershed 3 is the area of land that drains to the Moat.

Watershed 1 contains several natural and manmade areas of detention and storage.  Additionally,
two major streams/brooks are located within the watershed that convey runoff to North Pond
via several roadway culverts.  Consequently, peak flows generated by this watershed (during
significant storm events) are most likely influenced by such areas of storage and the numerous
hydraulic restrictions within the watershed.  Although every area of storage/detention or
roadway culvert within the watershed was not accounted for as part of this analysis, impacts to
peak flow rates resulting from flow restrictions associated with the Green End Avenue culvert
were accounted for.  As a result, Watershed 1 was divided into two subwatersheds: Subwatersheds
1-A and 1-B.  Storm water runoff generated by Subwatershed 1-A is conveyed to the wetland
system located immediately upstream of Green End Avenue prior to being discharged to North
Pond through an approximate 12-foot wide by 8-foot high box culvert that would function as a
hydraulic restriction during significant storm events.  Runoff generated by Subwatershed 1-B is
conveyed directly to North Pond via a combination of closed-conduit drainage systems and
overland flow.

Watershed 2 consists of South Pond and the area of land immediately adjacent to the pond that is
within the confines of the surrounding dike.  Storm water runoff generated by this watershed is
discharged to the pond via overland flow.

Storm water runoff generated by Watershed 3 is directly discharged to the Moat via numerous
drain outlets.  Consequently, Watershed 3 was subdivided into 12 subwatersheds corresponding
with each outlet where sampling was conducted as part of our water quality analysis.

Although the area draining to both ponds and the Moat have been hydrologically divided into
three major watershed areas, all watersheds are hydraulically connected (i.e. during significant
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storm events).  North Pond has been designed with primary and secondary spillways.  The
pond’s primary spillway, located in its southeastern corner, discharges overflow to South Pond
when the water level in the pond reaches an elevation of approximately 10.6 feet (as verified by
survey).  The pond’s secondary spillway, located in its southwestern corner adjacent to the
Water Department’s old water treatment filtration plant, discharges overflow to the Moat when
the water level in the pond reaches an approximate elevation of 10.9 feet (as verified by survey).
South Pond has also been designed with a spillway, located in its southeastern corner, that
discharges overflow to the Moat and ultimately to Easton Bay.

4.1.2 Composite Curve Number and Time of Concentration

The second task of our hydrologic analysis was to define the hydrologic parameters of each
watershed and subwatershed analyzed.  The various soil types, land uses, and hydrologic cover
conditions within a watershed have a significant impact on the amount of flow generated by a
watershed.  To estimate the composite curve number of each contributing watershed and
subwatershed, the following sources were referenced:

• The Soil Survey of Rhode Island (USDA, July 1981).  Delineations of the numerous soil
hydrologic groups within the numerous watersheds and subwatersheds contributing
storm flow to the Moat and to North and South Ponds were imported from the Rhode
Island Geographic Information System (RIGIS) website, and are based on soil
delineations provided by the Soil Survey of Rhode Island.  The majority of soils within
the contributing watershed areas have a “Type C” hydrologic classification and consist
of Newport silt loams, Newport-Urban land complex, and Pittstown silt loams.  For
analysis purposes, all areas covered by water were assumed to have an impervious curve
number (CN of 98) and any areas underlain by soils with no specific hydrologic group,
such as ‘Udorthents,’ were assumed to display similar soil characteristics as the most
conservative surrounding soil group.

• Rhode Island Geographic Information System Website (1999).  Delineations of the
numerous land uses within all contributing watershed and subwatershed areas were
imported from the RIGIS website.  These included land use information such as
residential districts of various lot sizes, commercial areas, industrial/institutional areas,
recreational areas, wetlands, pond areas, and open space.  Refer to Figure 3 for a
depiction of the numerous land uses within the watershed and Appendix A for all
supporting documentation used in developing the composite curve numbers for each
watershed and subwatershed area.  This documentation includes a breakdown of
approximate percentages of specific land uses within each watershed.

• Technical Release 55 - Urban Hydrology for Small Watersheds (NRCS, 1986).  With the
soil types, land uses, and hydrologic conditions determined for the watershed, curve
numbers for each land use type (underlain by each hydrologic soil group) were obtained
from this publication and used to develop the composite curve number of each
watershed and subwatershed.
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The time of concentration, Tc, is another hydrologic parameter that has an effect on the amount
of flow generated by a watershed or subwatershed areas.  Several methods have been developed
for estimating the time of concentration.  The method used in this hydrologic analysis was the
Lag Method.  The Lag Method requires two input variables: the hydraulic length of the
watershed and the average slope of that path.  The hydraulic length is the distance from the
hydrologically most distant point in the watershed to the watershed outlet point.  The path used
to calculate the hydraulic length of each watershed and subwatershed analyzed is illustrated in
Figure 2 of this report.

4.1.3 Summary of Watershed Hydrologic Characteristics

The following summarizes the hydrologic characteristics (including the composite curve
numbers and times of concentration) of each watershed and subwatershed area contributing
storm flow to North Pond (Subwatersheds 1-A and 1-B), South Pond (Watershed 2), and the Moat
(Subwatersheds 3-1 through 3-12):
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Table 3
Summary of Watershed Hydrologic Characteristics

Subwatershed Area
(Acres)

Approximate % of
Impervious Area

Composite
Curve

Number

Time of
Concentration

Subwatershed 1-A
(To North Easton

Pond)

2167.4
Acres

33.4% 84.0 272.3 Minutes

Subwatershed 1-B
(To North Easton

Pond)

485.6
Acres

33.5% 87.5 64.0 Minutes

Watershed 2
(To South Easton

Pond)

140.7
Acres

0.0% 97.0 6.0 Minute
(Minimum)

Subwatershed 3-1
(To Moat)

31.8
Acres

34.3% 82.4 23.3 Minutes

Subwatershed 3-2
(Sampling Point S8)

232.1
Acres

57.5% 88.0 55.4 Minutes

Subwatershed 3-3
(Sampling Point S7)

84.6
Acres

66.4% 90.2 30.9 Minutes

Subwatershed 3-4
(Sampling Point S6)

42.1
Acres

54.6% 87.3 30.3 Minutes

Subwatershed 3-5
(Sampling Point S5)

21.2
Acres

31.6% 81.6 24.5 Minutes

Subwatershed 3-6
(Sampling Point S4)

36.6
Acres

31.6% 81.6 18.0 Minutes

Subwatershed 3-7
(Sampling Point S3)

2.2
Acres

23.2% 79.6 6.6 Minutes

Subwatershed 3-8
 (Sampling Point S2)

3.2
Acres

24.2% 79.8 6.6 Minutes

Subwatershed 3-9
(Sampling Point S1)

4.7
Acres

27.2% 80.6 8.5 Minutes

Subwatershed 3-10
(To Southern Moat)

8.6
Acres

72.0% 91.0 6.0 Minutes
(Minimum)

Subwatershed 3-11
(To Eastern Moat)

8.2
Acres

85.0% 94.0 6.0 Minutes
(Minimum)

Subwatershed 3-12
(Sampling Point S10)

119.0
Acres

49.7% 86.1 56.2 Minutes

Subwatershed 4-1*
(Sampling Point S11)

116.9
Acres

49.7% 85.9 23.4 Minutes

Subwatershed 4-2a

(Sampling Point S9)
1.1

Acres
72.0% 91.0 6.0 Minutes

(Minimum)
Note
a Note that Subwatersheds 4-1 and 4-2 discharge directly to Easton Beach and do not contribute storm

water runoff to North or South Easton Ponds or to the Moat.  Hydrologic characteristics associated with
these subwatersheds were included for water quality purposes only.
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For verification purposes, the composite curve numbers for Subwatersheds 1-A and 1-B as
computed above were compared with the composite curve numbers provided in the 1991
USDA Flood Prevention Evaluation of Ellery Road and Eustis Avenue for both subwatersheds.
As anticipated, the newly computed composite curve numbers for Subwatershed 1-A and
Subwatershed 1-B (of 84.0 and 87.5, respectively) were higher than those previously computed
by the USDA (of 82.4 and 86.0, respectively).  These increases in curve numbers can most likely
be attributed to an increase in impervious area experienced as a result of development.

4.1.4 Peak Flow Rates and Volumes

The third task of our hydrologic evaluation was to calculate approximate peak flow rates and
volumes generated by each watershed and subwatershed discharging to both ponds and the
Moat.  With the curve numbers and times of concentration calculated, Hydraflow Hydrographs
(2002), a program that utilizes the NRCS TR-20 Method to generated hydrographs, was used to
calculate peak flow rates generated by each watershed and subwatershed area for the water
quality storm event (corresponding to a 1.2-inch rainfall amount over a 24-hour period) and for
the 2-, 5-, 10-, 25-, 50-, and 100-year, 24-hour storm events.  Rainfall amounts used in the
analysis were obtained from Technical Paper No. 40, Rainfall Frequency Atlas of the United
States (May 1961).

The following summarizes runoff peak flow rates and volumes generated by each watershed
and subwatershed area that contributes storm flow to the Moat and to North and South Ponds.
Refer to Appendix A for all existing condition hydrologic calculations and supporting
documentation.
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Table 4
Peak Flow Rate Summary Table

Subwatershed

Water
Quality
Storm
 (1.2-

Inches)

2-Year,
24-Hour
Storm

(3.4-Inches)

5-Year,
 24-Hour

Storm
(4.3-Inches)

10-Year,
 24-Hour

Storm
(4.9-Inches)

25-Year,
 24-Hour

Storm
(5.7-Inches)

50-Year,
 24-Hour

Storm
(6.5-Inches)

100-Year,
24-Hour
Storm

(7.1-Inches)

Subwatershed 1-A
(To North Easton

Pond)

78.2 cfs 692.0 cfs 994.5 cfs 1,201.5 cfs 1,481.3 cfs 1,763.8 cfs 1,976.6 cfs

Subwatershed 1-B
(To North Easton

Pond)

74.0 cfs 481.5 cfs 664.3 cfs 787.0 cfs 950.8 cfs 1,114.3 cfs 1,236.6 cfs

Watershed 2
(To South Easton

Pond)

148.6 cfs 474.8 cfs 605.9 cfs 692.9 cfs 808.7 cfs 924.3 cfs 1,010.9 cfs

Subwatershed 3-1
(To Moat)

3.86 cfs 42.3 cfs 61.1 cfs 74.0 cfs 91.3 cfs 108.8 cfs 122.0 cfs

Subwatershed 3-2
(Sampling Point S8)

41.1 cfs 255.6 cfs 350.9 cfs 414.7 cfs 499.8 cfs 584.6 cfs 648.1 cfs

Subwatershed 3-3
(Sampling Point S7)

26.1 cfs 135.1 cfs 181.6 cfs 212.6 cfs 253.7 cfs 294.6 cfs 325.1 cfs

Subwatershed 3-4
(Sampling Point S6)

9.44 cfs 61.9 cfs 85.3 cfs 101.1 cfs 122.1 cfs 143.0 cfs 158.7 cfs

Subwatershed 3-5
(Sampling Point S5)

2.19 cfs 26.5 cfs 38.7 cfs 47.0 cfs 58.3 cfs 69.7 cfs 78.2 cfs

Subwatershed 3-6
(Sampling Point S4)

4.16 cfs 51.5 cfs 75.1 cfs 91.3 cfs 113.2 cfs 135.3 cfs 151.8 cfs

Subwatershed 3-7
(Sampling Point S3)

0.21 cfs 4.07 cfs 6.04 cfs 7.4 cfs 9.25 cfs 11.1 cfs 12.5 cfs

Subwatershed 3-8
 (Sampling Point S2)

0.33 cfs 5.97 cfs 8.85 cfs 10.8 cfs 13.5 cfs 16.2 cfs 18.3 cfs
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Subwatershed

Water
Quality
Storm
 (1.2-

Inches)

2-Year,
24-Hour
Storm

(3.4-Inches)

5-Year,
 24-Hour

Storm
(4.3-Inches)

10-Year,
 24-Hour

Storm
(4.9-Inches)

25-Year,
 24-Hour

Storm
(5.7-Inches)

50-Year,
 24-Hour

Storm
(6.5-Inches)

100-Year,
24-Hour
Storm

(7.1-Inches)

Subwatershed 3-9
(Sampling Point S1)

0.52 cfs 7.94 cfs 11.7 cfs 14.3 cfs 17.7 cfs 21.2 cfs 23.9 cfs

Subwatershed 3-10
(To Southern Moat)

5.23 cfs 25.1 cfs 33.4 cfs 38.9 cfs 46.3 cfs 53.6 cfs 59.0 cfs

Subwatershed 3-11
(To Eastern Moat)

6.70 cfs 26.0 cfs 33.8 cfs 39.0 cfs 45.9 cfs 52.7 cfs 57.8 cfs

Subwatershed 3-12
(Sampling Point S10)

16.2 cfs 119.7 cfs 167.2 cfs 199.3 cfs. 242.2 cfs 285.1 cfs 317.3 cfs

Subwatershed 4-1*
(Sampling Point S11)

24.2 cfs 180.2 cfs 251.6 cfs 299.9 cfs 364.4 cfs 428.9 cfs 477.2 cfs

Subwatershed 4-2*
(Sampling Point S9)

0.67 cfs 3.20 cfs 4.26 cfs 4.97 cfs 5.91 cfs 6.84 cfs 7.53 cfs

* Note that Subwatersheds 4-1 and 4-2 discharge directly to Easton Beach and do not contribute storm water runoff to North or South Easton Ponds or to the Moat.  Peak flow
rates generated by these subwatersheds were included for water quality purposes only.
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Table 5
Runoff Volume Summary Table

Subwatershed
Water Quality

Storm
 (1.2-Inches)

2-Year,
24-Hour
Storm
 (3.4-

Inches)

5-Year,
 24-Hour

Storm
(4.3-

Inches)

10-Year,
 24-Hour
 Storm
(4.9-

Inches)

25-Year,
 24-Hour

Storm
(5.7-

Inches)

50-Year,
 24-Hour

Storm
(6.5-

Inches)

100-Year,
24-Hour
Storm

(7.1-Inches)

Subwatershed 1-A
(To North Easton

Pond)

40.6 ac-ft 315.7 ac-ft 451.6ac-ft 545.3 ac-ft 673.1 ac-ft 803.1 ac-ft 901.8 ac-ft

Subwatershed 1-B
(To North Easton

Pond)

14.2 ac-ft 85.3 ac-ft 118.3ac-ft 140.8 ac-ft 171.3 ac-ft 202.0 ac-ft 225.3 ac-ft

Watershed 2
(To South Easton

Pond)

10.8 ac-ft 36.9 ac-ft 47.7 ac-ft 54.9 ac-ft 64.6 ac-ft 74.2 ac-ft 81.5 ac-ft

Subwatershed 3-1
(To Moat)

0.54 ac-ft 4.53 ac-ft 6.53 ac-ft 7.92 ac-ft 9.82 ac-ft 11.8 ac-ft 13.2 ac-ft

Subwatershed 3-2
(Sampling Point S8)

7.17 ac-ft 41.8 ac-ft 57.7 ac-ft 68.6 ac-ft 83.3 ac-ft 98.1 ac-ft 109.3 ac-ft

Subwatershed 3-3
(Sampling Point S7)

3.29 ac-ft 16.8 ac-ft 22.8 ac-ft 26.9 ac-ft 32.3 ac-ft 37.9 ac-ft 42.0 ac-ft

Subwatershed 3-4
(Sampling Point S6)

1.22 ac-ft 7.40 ac-ft 10.3 ac-ft 12.2 ac-ft 14.9 ac-ft 17.6 ac-ft 19.6 ac-ft

Subwatershed 3-5
(Sampling Point S5)

0.33 ac-ft 2.94 ac-ft 4.27 ac-ft 5.20 ac-ft 6.46 ac-ft 7.76 ac-ft 8.74 ac-ft

Subwatershed 3-6
(Sampling Point S4)

0.56 ac-ft 5.02 ac-ft 7.30 ac-ft 8.88 ac-ft 11.0 ac-ft 13.3 ac-ft 14.9 ac-ft

Subwatershed 3-7
(Sampling Point S3)

0.03 ac-ft 0.29 ac-ft 0.43 ac-ft 0.52 ac-ft 0.66 ac-ft 0.79 ac-ft 0.90 ac-ft

Subwatershed 3-8
 (Sampling Point S2)

0.04 ac-ft 0.42 ac-ft 0.63 ac-ft 0.77 ac-ft 0.96 ac-ft 1.16 ac-ft 1.31 ac-ft
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Subwatershed
Water Quality

Storm
 (1.2-Inches)

2-Year,
24-Hour
Storm
 (3.4-

Inches)

5-Year,
 24-Hour

Storm
(4.3-

Inches)

10-Year,
 24-Hour
 Storm
(4.9-

Inches)

25-Year,
 24-Hour

Storm
(5.7-

Inches)

50-Year,
 24-Hour

Storm
(6.5-

Inches)

100-Year,
24-Hour
Storm

(7.1-Inches)

Subwatershed 3-9
(Sampling Point S1)

0.06 ac-ft 0.63 ac-ft 0.92 ac-ft 1.12 ac-ft 1.40 ac-ft 1.68 ac-ft 1.90 ac-ft

Subwatershed 3-10
(To Southern Moat)

0.37 ac-ft 1.81 ac-ft 2.45 ac-ft 2.88 ac-ft 3.45 ac-ft 4.03 ac-ft 4.47 ac-ft

Subwatershed 3-11
(To Eastern Moat)

0.47 ac-ft 1.93 ac-ft 2.55 ac-ft 2.96 ac-ft 3.52 ac-ft 4.08 ac-ft 4.50 ac-ft

Subwatershed 3-12
(Sampling Point S10)

3.03
ac-ft

19.9 ac-ft 27.9 ac-ft 33.4 ac-ft 40.8 ac-ft 48.3 ac-ft 54.0 ac-ft

Subwatershed 4-1
(Sampling Point S11)

2.90
ac-ft

19.3 ac-ft 27.1 ac-ft 32.4 ac-ft 39.6 ac-ft 46.9 ac-ft 52.5 ac-ft

Subwatershed 4-2
(Sampling Point S9)

0.05 ac-ft 0.23 ac-ft 0.31 ac-ft 0.37 ac-ft 0.44 ac-ft 0.51 ac-ft 0.57 ac-ft

* Note that Subwatersheds 4-1 and 4-2 discharge directly to Easton Beach and do not contribute storm water runoff to North or South Easton Ponds or to the Moat.  Peak flow
rates generated by these subwatersheds were included for water quality purposes only
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5.0 EASTON BEACH AND WATERSHED EVALUATION

Sources of water and flow at Easton Beach include discharge from the Moat, tidal reflux from
Easton’s Bay and direct discharge from several stormwater pipes.  Discharge from the Moat
includes flows from a number of intermittent and fluctuating sources that mix together and
discharge to Easton’s Bay from the Moat’s mouth. Therefore the watershed— or beachshed—
can be said to include all the sources of the Moat and the ponds.

The purpose of the water quality study portion of the Moat evaluation is to:

• Statistically evaluate current and historic water quality data for clues to potential sources.

• Identify potential nonpoint sources of bacteria to the beach based on monitoring data and
field observations.

• Identify best management practices to restore water quality at Easton Beach.

5.1 Historic Water Quality

Historically, some sampling has been conducted at storm water outfalls that discharge directly
to the beach, but the focus of most historic sampling has been at locations on the beach itself,
not in the beachshed.  Lack of water quality data in the Moat and upstream in the beachshed
limits our ability to draw precise conclusions regarding potential sources.  Notwithstanding, we
are able to make some basic comparisons between the sampling stations and these comparisons
do indicate direction for further study and investigation.

The questions considered in our analysis of historic water quality data include the following:

1. Do patterns in the water quality data indicate particular problem locations at the beach or in
the beachshed?

2. How does water quality at the beach respond to rain events?
3. Have there been any significant changes in water quality at the beach locations from 2003 to

2006?

5.2 Tools Used for Statistical Analysis

In our analysis, we employ the following statistical tools:

• Boxplots
• Cumulative percentage curves.
• Line Graphs
• Correlation Analysis (Pearson’s r)

Boxplots
A boxplot, also called a box and whisker plot, provides a graphic depiction of certain data
characteristics.  The bottom of the box demarks the line separating first and second quartiles of
the data. Twenty-five percent of the data values are below the bottom of the box and 75% are
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above.  The top of the box demarks the line separating the third and fourth quartiles of the
data. Twenty-five percent of the data values are above the top of the box and 75% are below.
The box itself represents the range of the data between the 25th and 75th percentiles. This is also
referred to as the interquartile range (IQR).

In our report, the median value of the data is represented as a line within the box. The split of
the box by the median line demonstrates the skew of the data (i.e., whether the box is split
evenly by the median line or whether the split leaves the box lopsided).  The lines or whiskers
are 1.5 times the height of the box, or 1.5 times the interquartile range, and extend from the top
and bottom of the box.  Values that lie outside the range of the whiskers are termed outliers
and are indicated by a “*.”

Cumulative Percentage Curves
Cumulative percentage curves (CPCs) are linear plots of data (e.g., Enterococcus concentrations)
against percentile. CPC graphs generally include a reference line (e.g. the 104 cfu/100 ml
swimming standard for Enterococcus) to show the percentage of a data set occurring above or
below a threshold. Several CPCs may be plotted in a single chart to allow for comparison of
related data sets.

CPCs help to insulate data analysis from data anomalies (i.e., outliers) and artificial data
boundaries. We use CPCs in our analysis to help us focus on the frequency of violations of the
104 cfu/100 ml Enterococcus swimming standard and to protect our analysis from data skewing
due to the laboratory upper detection bounds.

Line Graphs
Line graphs compare two variables. Each variable is plotted along an axis.  Line graphs help
show specific values of data, meaning that given one variable, the other can easily be
determined.

Correlation Analysis (Pearson’s r)
Correlation analysis is a statistical technique that evaluates the relationship between two
variables; i.e., how closely they match each other in terms of their individual mathematical
change. Correlation analysis is useful to compare data variable to try to determine if  one
variable (X) moves or changes in a certain direction, does the second variable (Y) also move or
change in a similar or complementary direction.

5.2.1 Available Historical Data

Water quality sampling data collected in the Easton Beach watershed (also called beachshed in
this discussion) from 2003 to 2006 was utilized in the analysis of historic water quality impacts.
The sources and extent of the historic data are shown in Table 6.
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Table 6
Summary of Historic Water Quality Data for the Easton Beach Beachshed

Data Source Locations(s) Sampling
Period

Frequency Parameters

RIDOH Easton Beach,
Moat Outlet,
Atlantic Beach
Club

2003 – 2006
swimming
seasons (mid-
May through
August)

2 times/week or
more frequently
if violation

Enterococcus, daily
total rainfall

Newport
Recreation
Department

Easton Beach,
Moat Outlet

June-August
2006

Variable, 13
sampling events

Enterococcus

Clean Ocean
Access/RIDOH

Easton Beach,
Atlantic Beach
Club; Surfer’s
Rick

October 10,
2006 –
December 15,
2006 (sampling
is on-going)

2 times/week
(Tuesday and
Friday)

Enterococcus, daily
rainfall at
Newport

Wave Avenue –
(unknown
collection
source)

Easton Beach,
Atlantic Beach
Club

July 2006 5 consecutive
days

Enterococcus, daily
rainfall at
Newport

Some sampling has been conducted at stormwater outfalls that discharge directly to the beach,
but the focus of the historic sampling has been at locations on the beach itself, not in the
beachshed.  While RIDOH samples during the swimming season with the goal of monitoring
beach water quality for the protection of public health, the lack of information about water
quality in the Moat and upstream in the beachshed limits the ability to draw conclusions about
potential sources or identify possible corrective measures based on historic data.  However, the
multi-year record of microbial water quality at locations at Easton Beach, the Moat Outlet, and
the Atlantic Beach Club to allow for meaningful analysis and comparison of the water quality at
these stations.  The following sections provide analysis of the historic data we have been
provided.

5.2.2 Rhode Island Department of Health

RIDOH has collected since 2003.  This is the longest record of sampling available from a single
entity.  Chart 1 shows boxplots of the Enterococcus concentrations at the three Easton Beach
monitoring locations during the 2003-2006 summer swimming seasons.
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Chart 1
Enterococcus Concentrations Measured by RIDOH

at Easton Beach Sampling Stations by Year

While the median concentrations for all stations for the four years of data are below the 104
cfu/100 ml single sample water quality standard, the boxplots in Chart 1 show that the data for
all years at all stations are skewed by instances of high measures of Enterococcus.  The boxplots
show a consistent pattern across the sampling locations, that is higher and more variable
measures tend to occur on the eastern side of the beach.
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Chart 2
Enterococcus Concentrations Measured by RIDOH by Year

at Sampling Stations Nearby Easton Beach
En

te
ro

co
cc

us
 (

cf
u/

10
0

 m
l)

Year

At
lan

tic
 Be

ac
h 
Clu

b O
ut
fal

l

At
lan

tic
 Be

ac
h C

lub

Mou
t O

utl
et

20
06

20
05

20
04

20
03

20
06

20
05

20
04

20
03

20
06

20
05

20
04

20
03

2000

1500

1000

500

0
104 cfu/100 ml

Chart 2 shows boxplots of the Enterococcus concentrations from samples collected by RIDOH at
the Atlantic Beach Club, the Moat Outlet and the Atlantic Beach Club outfall.  Note that data
for the Atlantic Beach Club outfall was only available for 2006 and the data for the Moat Outlet
was sparse in 2003 and missing in 2004.

We offer the following observations based on Chart 2:

• Although data for the Atlantic Beach Club Outfall was only available for 2006, it has the
highest median and interquartile range of all the stations discussed above.

• Like Chart 1, boxplots for the Moat Outlet and Atlantic Beach Club stations show lower
values in 2005.

• The data from these stations have higher median values and a larger range of values than
the Easton Beach sampling stations.

Chart 3 shows the cumulative percentage curves (CPCs) of the data collected at the Easton
Beach stations, the Atlantic Beach Club, the Moat Outlet and the Atlantic Beach Club Outfall
(see Section 6.2 for discussion of how to read CPCs).  The vertical line marking the 104
cfu/100 ml Enterococcus concentration is included as a point of comparison between data sets for


