





























































































































































































































































































































































































































0 FUSS & O’NEILL

not as significant, reductions of approximately 0.2 feet (for the 2-year storm) to
0.0 feet (for the 50-year storm) are expected within the section of the Moat
adjacent to Old Beach Road while decreases in water surface elevations ranging
between 0.3 feet (for the 2-year storm) to 0.1 feet (for the 50-year storm) are
expected in the southwestern portion of the Moat. Refer to Figure FLOOD
LTA-3 for a depiction of improvements proposed under this alternative.

Table 33
Anticipated Changes in Water Surface Elevations
Resulting from Alternative 3 (Flood LTA-3) Improvements

Cross- Cross-Section Anticipated Water Surface Elevation (ft.)ac
Section Description 2-Year | 5-Year 10- 25- 50-
Location Storm | Storm Year Year Year

Storm Storm Storm

Sta.77+82 Downstream of North 12.0 125 12.6 13.0 131
Easton Pond Secondary | (-0.1) (-0.1) (-0.2) (+0.1) | (+0.1)
Spillway

Sta.62+57 Downstream of 48”7 12.0 12.5 12.6 13.0 13.1
Culvert at Northwest (-0.0) (-0.1) (-0.2) (+0.1) | (+0.1)
Corner of Moat

Sta.39+28 Old Beach Road 9.6 10.1 10.4 10.7 10.9
(02) | (03 | (01) | (000 | (0.0
Sta.33+88 Southwest Corner of 9.3 9.8 10.1 10.4 10.5

Moat at Intersection of (-0.3) (-0.4) (-0.1) (-0.0) (-0.2)
Old Beach Road &
Memorial Boulevard

Sta.05+55 Upstream of Confluence 74 8.4 9.0 9.3 94
with Easton Pond (-0.9) (-1.5) (-0.4) (-0.2) (-0.2)
Spillway
Sta.02+65 | Immediately Upstream of 6.9 7.9 8.6 8.9 85
Memorial Boulevard (-0.7) (-1.9) (-0.4) (-0.4) (-0.6)
Culvert

a.  Refer to Appendix F for complete list of computed water surface elevations at all cross-sections
under Alternative 3 (including cross-section output and supporting documentation).

b.  Values in parentheses indicate the computed change in elevation as a result of improvements.

c.  Allelevations listed in table are in reference to National Geodetic Vertical Datum 1929
(NGVD29).

The opinion of cost for this alternative, including materials and installation, is
approximately $650,000.

However, the demolition of the existing culvert and the installation of the new
culverts across Memorial Boulevard will require coordination with the
appropriate utility companies. This cost may increase depending on the extent
of utility work required. The installation of the culverts will also cause a
disruption to Memorial Boulevard traffic during construction. Road or lane
closures, coordinated with RIDOT, will be necessary.

Although reductions in water surface elevations were noted, flooding of
Memorial Boulevard, Old Beach Road, and the residential neighborhood in the
northern portion of the Moat will not be alleviated. This alternative has a low
benefit to cost rating.
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Flood LTA-4: Install a pump station within |
southern portion of moat (adjacent
to Memorial Boulevard culvert) —
The hydraulic capacity of the Moat
channel is severely limited by the
minimal slope of the Moat. The
slope of the channel and width of
the channel cross-section cannot be
practicably increased due to the
existence of an adjacent pond
embankment and roadways. A
stormwater pump station was Photograph 21:  Sample Photograph of Pump Station
considered for this alternative to
quickly remove stormwater from the Moat and discharge to Easton Beach.
Installing a pump station would also eliminate the need to replace or widen the
existing Memorial Boulevard culvert. However, the use of pump stations are
generally recommended only where other systems are not feasible because of
high costs associated with construction, operation, and maintenance in addition
to the potential problems.

There are two types of pump stations: dry-pit or wet-pit. A wet-pit station was
selected for this alternative since they are generally preferred by highway
agencies, primarily due to lower station construction costs,. However, the
selection of station and pump type is subjective and typically dependent on local
preference and experience. The most common types of stormwater pumps are
axial-flow (propeller), radial-flow (impeller) and mixed-flow (combination of the
two). For this alternative, axial-flow pumps were selected (see Diagram 1).
Axial-flow pumps are commonly used for low-head, high-discharge applications
and are generally single-stage, vertical flow pumps.

Axial-flow pumps do not handle debris well _—Motor
because the propellers may bend or possibly = _ Ezgzslfﬂm
break if they strike a relatively large, hard ==

object. Using trash racks upstream of the wet IS |Flow
well is required to prevent large objects from <y

entering the system and possibly damaging Cotumn - Elbow
pumps. Additionally, a sediment basin was

incorporated into the design upstream of the

pump station to capture suspended solids. =

This will reduce the wear on the pumps and Bowl — | | - Suction Bell
limit deposits in the wet well.
A minimum of three pumps is generally Diagram 1. Vertical, Axial-Flow
preferred; however, two pumps are the required minimum for a pump station.
(The third pump is typically installed as a factor of safety should one pump fail.)
This alternative includes two 42-inch axial flow pumps and an above-ground
structure for the pumps, motors, and other equipment.
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Through hydraulic analyses, we determined that the southwestern corner of the
Moat was the most effective location to install a pump station. The
southeastern corner of the Moat, immediately upstream of the Memorial
Boulevard culvert, was also considered as a potential location for a pump
station. However, more significant reductions in water surface elevations were
noted along Memorial Boulevard and Old Beach Road with the pump station
located in the southwestern corner of the Moat.

As shown in Table 34, flood reduction benefits from this alternative were
mainly in the area adjacent to the southern portion of the Moat channel along
Old Beach Road and Memorial Boulevard. Decreases in water surface
elevations ranging between 0.7 feet (for the 2-year storm) to 0.2 feet (for the 50-
year storm) are expected along Old Beach Road. Decreases in water surface
elevations ranging between 1.2 feet (for the 2-year storm) to 0.3 feet (for the 50-
year storm) are expected in the southwestern portion of the Moat along
Memorial Boulevard. Refer to Figure FLOOD LTA-4 for a depiction of all
other minor improvements proposed for this alternative.

Table 34
Anticipated Changes in Water Surface Elevations
Resulting from Alternative 4 (Flood LTA-4) Improvements

Cross- Cross-Section Anticipated Water Surface Elevation (ft.)
Section Description 2-Year | 5-Year 10- 25- 50-
Location Storm | Storm Year Year Year

Storm Storm Storm

Sta. 77+82 Downstream of North 12.0 125 12.6 12.9 131
Easton Pond Secondary | (-0.1) (-0.1) (-0.2) (-0.0) (+0.1)
Spillway

Sta. 62+57 Downstream of 48”7 11.9 12.5 12.6 12.9 13.1
Culvert at Northwest (-0.1) (-0.1) (-0.2) (-0.0) (+0.1)
Corner of Moat

Sta. 39+28 Old Beach Road 9.1 9.9 10.2 10.5 10.7
(-0.7) (-0.5) (-0.3) (-0.2) (-0.2)
Sta. 33+88 Southwest Corner of 8.4 9.6 9.9 10.1 10.3

Moat at Intersection of (-1.2) (-0.6) (-0.3) (-0.3) (-0.3)
Old Beach Road &
Memorial Boulevard

Sta. 05+55 | Upstream of Confluence 7.6 9.1 9.2 94 9.6
with Easton Pond (-0.7) (-0.8) (-0.2) (-0.1) (+0.1)
Spillway
Sta. 02+65 Immediately Upstream 7.3 8.8 8.8 85 7.8
of Memorial Boulevard (-0.3) (-1.0) (-0.2) (-0.8) (-1.3)
Culvert

a.  Refer to Appendix F for complete list of computed water surface elevations at all cross-sections
under Alternative 4 (including cross-section output and supporting documentation).

b.  Values in parentheses indicate the computed change in elevation as a result of improvements.

c.  Allelevations listed in table are in reference to National Geodetic Vertical Datum 1929
(NGVD29).

The opinion of cost for this alternative, including materials and installation, is
approximately $6.5 Million.
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Flood LTA-5:

The new pump station will require the installation of pump discharge pipes
across Memorial Boulevard, which will require coordination with the
appropriate utility companies. As a result, the cost may increase depending on
the extent of utility work that will be required. The installation of the pump
discharge pipes will also cause a disruption to Memorial Boulevard traffic during
construction. Road or lane closures, coordinated with RIDOT, will be
necessary.

The pump discharge pipes will need to outlet to an appropriate erosion control
device. We have incorporated a riprap channel at the pipes "outfalls to
effectively and safely convey flow to the mean low tide elevation of Easton
Beach. The channel should be located as far to the west as practicable;
however, some loss of recreational area will be necessary.

Flooding of Memorial Boulevard, Old Beach Road, and the residential
neighborhood in the northern portion of the Moat will not be alleviated by this
alternative. Because of minimal reduction in flood elevations and the high costs,
the pump station alternative has a low benefit to cost rating.

Install three new 5-foot by 8-foot box culverts at the southwestern corner of
moat (adjacent to Old Beach Road) —Based on the results of our hydraulic
analysis, the existing Memorial Boulevard culvert is a hydraulic restriction during
storms greater than the 2-year, 24-hour storm event and may contribute to
roadway flooding. The installation of three new box culverts in the
southwestern corner of the Moat would convey flow to Easton Beach upstream
of the Memorial Boulevard culvert.

Flow within the Moat will need to be redirected to the proposed culverts by a
diversion channel. The channel will need to be approximately 30 feet in width
to accommodate the overall width of the three box culverts. Due to space
constraints at the upstream end of the culverts, the channel may need to be
lined on both sides with concrete walls.

As shown in Table 35 below, flood reduction associated with this alternative
occurs primarily in the area adjacent to the southern portion of the Moat
channel along Old Beach Road and Memorial Boulevard. Decreases in water
surface elevations ranging between 1.1 feet (for the 2-year storm) to 0.2 feet (for
the 50-year storm) are expected along Old Beach Road. Decreases in water
surface elevations ranging between 2.6 feet (for the 2-year storm) to 0.4 feet (for
the 50-year storm) are expected in the southwestern portion of the Moat along
Memorial Boulevard. Decreases in water surface elevations ranging between 2.5
feet (for the 2-year storm) to 0.5 feet (for the 50-year storm) are expected in the
southeastern portion of the Moat upstream of the Memorial Boulevard culvert.
Refer to Figure FLOOD LTA-5 for a depiction of improvements proposed for
this alternative.
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Table 35
Anticipated Changes in Water Surface Elevations
Resulting from Alternative 5 (Flood LTA-5) Improvements

Cross- Cross-Section Anticipated Water Surface Elevation (ft.)ac
Section Description 2-Year | 5-Year 10- 25- 50-
Location Storm | Storm Year Year Year

Storm Storm Storm

Sta. 77+82 Downstream of North 12.0 125 12.6 12.9 131
Easton Pond Secondary (-0.2)p (-0.1) (-0.2) (-0.0) (+0.1)
Spillway

Sta. 62+57 Downstream of 48”7 11.9 12.5 12.6 12.9 13.1
Culvert at Northwest (-0.1) (-0.1) (-0.2) (-0.0) (+0.1)
Corner of Moat

Sta. 39+28 Old Beach Road 8.9 9.5 9.8 10.2 10.7
(L) | (09 | (07 | (05 | (0.2)
Sta. 33+88 Southwest Corner of 7.0 8.1 8.8 9.4 10.1

Moat at Intersection of (-2.6) (-2.1) (-1.4) (-1.0) (-0.4)
Old Beach Road &
Memorial Boulevard

Sta. 05+55 | Upstream of Confluence 58 6.2 6.6 7.8 9.0
with Easton Pond (-2.5) (-3.7) (-2.8) (-1.7) (-0.5)
Spillway
Sta. 02+65 | Immediately Upstream of 4.7 53 5.9 74 8.9
Memorial Boulevard (-2.9) (-4.5) (-3.1) (-1.9) (-0.2)
Culvert

a.  Refer to Appendix F for complete list of computed water surface elevations at all cross-sections
under Alternative 5 (including cross-section output and supporting documentation).
b.  Values in parentheses indicate the computed change in elevation as a result of improvements.
c.  Allelevations listed in table are in reference to National Geodetic Vertical Datum 1929
(NGVD29).

The opinion of cost for this alternative, including materials and installation, is
approximately $1.4 Million.

The installation of these culverts across Memaorial Boulevard will require
coordination with the appropriate utility companies, which may increase costs
depending on the extent of utility work that will be required. The installation of
the culverts will also cause a disruption to Memorial Boulevard traffic during
construction. Road or lane closures, coordinated with RIDOT, will be
necessary.

Flow conveyed by the box culverts will need to discharge to an appropriate
erosion control device. We have incorporated a riprap channel at the culverts”
outfalls to effectively and safely convey flow to the mean low tide elevation of
Easton Beach. The channel should be located as far to the west as practicable;
however, some loss of recreational area will be necessary.

Of the six long-term alternatives considered, this alternative appears to be the
most effective solution to reduce flooding in the project area. Reductions in
water surface elevations are not expected in the northern portion of the Moat;
however, flooding along Memorial Boulevard will be alleviated. This alternative
has a medium benefit to cost rating.
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Flood LTA-6: Excavate and widen the Moat channel throughout its entire length and line the
base of the channel with concrete —This alternative will eliminate areas of scour
and improve the hydraulic capacity of the Moat. The proposed channel cross-
section used in this analysis has a 10-foot bottom width, a 2-foot minimum
depth, and 2:1 side slopes. The dimensions correspond to the average size and
depth of the existing moat. Concrete has a low Manning 3 coefficient,
approximately 0.013, and will improve the hydraulic efficiency of the channel.
Since concrete linings should be placed on a well-consolidated subgrade,
approximately two feet of material below the base of the channel must be
excavated. Preparation should include filling all voids with suitable material,
ensuring adequate compaction of the rest of the foundation by rolling, tamping
or vibrating, and trimming the foundation to the correct shape.

Permanent turf reinforcement matting is proposed to protect the remainder of
the channel 3 side slopes up to the point where the proposed grades match into
existing grades. All slope areas that will be affected by construction, excluding

the channel, will receive a layer of loam and be seeded with a native seed mix.

As shown in Table 36, flood reduction benefits associated with this alternative
are mainly in the area adjacent to the northern portion of the Moat channel
where decreases in water surface elevations range from an average of 1.3 feet
(for the 2-year storm) to an average of 0.4 feet (for the 50-year storm). Refer to
Figure FLOOD LTA-6 for a depiction of all improvements proposed for this
alternative. Minor improvements such as the removal of the wall that bisects
the Moat channel adjacent to the old filtration plant (Sta. 76+89) and the
installation of cross-culverts at the access path adjacent to the old filtration plan
(Sta. 77+65) are also proposed as part of this alternative.
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Resulting from Alternative 6 (Flood LTA-6) Improvements

Table 36

Anticipated Changes in Water Surface Elevations

Cross- Cross-Section Anticipated Water Surface Elevation (ft.)ac
Section Description 2-Year | 5-Year 10- 25- 50-
Location Storm | Storm Year Year Year
Storm | Storm | Storm
Sta. 77+82 Downstream of North 10.8 115 11.9 12.3 12.6
Easton Pond Secondary (-1.3)p (-1.2) (-0.9) (-0.6) (-0.4)
Spillway
Sta. 62+57 Downstream of 48”” 10.7 11.3 11.7 12.3 12.6
Culvert at Northwest (-1.3) (-1.3) (-1.2) (-0.6) (-0.4)
Corner of Moat
Sta. 39+28 | Station along Old Beach 9.9 10.1 10.3 105 10.7
Rd (+0.2) (-0.3) (-0.2) (-0.2) (-0.2)
Sta. 33+88 | Southwestern Corner of 9.9 9.9 10.1 10.3 104
Moat at Old Beach (+0.3) (-0.3) (-0.1) (-0.1) (-0.2)
Rd./Memorial Blvd. Int.
Sta. 05+55 | Upstream of Confluence 95 9.2 9.2 94 9.2
with Easton Pond (+1.2) (-0.7) (-0.2) (-0.1) (-0.3)
Spillway
Sta. 02+65 | Immediately Upstream of 95 9.1 9.1 9.3 9.1
Memorial Boulevard (+1.9) (-0.7) (+0.1) (-0.0) (-0.0)
Culvert

a.  Refer to Appendix F for complete list of computed water surface elevations at all cross-sections
under Alternative 6 (including cross-section output and supporting documentation).
b.  Values in parentheses indicate the computed change in elevation as a result of improvements.

¢.  All elevations listed in table are in reference to National Geodetic Vertical Datum 1929

(NGVD29).

The opinion of cost for this alternative, including materials and installation, is
approximately $3.7 Million.

The water surface elevations within the northern portion of the Moat would
decrease to levels below the lowest flood elevations of three houses (103 Kay
Boulevard, 312 Kay Boulevard, and 70 Ellery Road) for storm events up to and
including the 10-year storm. However, the remaining three houses (129 Bliss
Mine Road and 78 Ellery Road), Memorial Boulevard, and Old Beach Road
would continue to be affected by flooding during storm events. Due to the

relatively high cost associated with lining the channel with concrete, this

alternative has a low benefit to cost rating.

6.2.4 Summary of Long-Term Flood Management Alternatives

The following table summarizes each alternative, the approximate cost of each alternative, the
relative cost to benefit ratio of each alternative, and a list of potential implementation issues
associated with each long-term alternative.
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Table 37

Long-Term Flood Management Alternatives

widen the Moat
channel
throughout its
entire length
and line the
base with

riprap.

to northern portion of
the Moat channel.
Decreases in water
surface elevations of 0.3
feet, on average, would
be expected for 2- thru
10-year storm events in
northern portion of
moat.

2 of the 6 houses in this
location houses 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.

Alternative Flood Reduction Benefit Order of Relative | Implementation Issues
Description Magnitude | Cost/
Costs Benefit
Rating
Flood LTA-1. Minimal flood reduction $14 Low Improvements must occur
Excavate benefits in areas adjacent Million during dry season and dry
existing to north portion of moat. weather.
channel Decreases in water Moat improvements will need
bottom to surface elevations of 0.2 to be completed in sections to
pr(_)wde a feet or less would be enable dewatering.
uniform expected within northern Excavated soil or muck needs
channel slope portion of moat during to be hauled to an
in sections of 2- and 5-year storm appropriate disposal facility.
the Moat that events only. The material will require
are adjacent to testing for contamination.
the identified Results could significantly
?IreaZ'Of increase disposal costs.
ooding. Permits will be needed from
RIDOT, CRMC, RIDEM
Water Quality, and ACOE.
Flood LTA-2. Minimal flood reduction $25 Low Improvements must occur
Excavate and benefits in areas adjacent Million 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 will be needed from
RIDOT, CRMC, RIDEM
Water Quality, and ACOE.
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Alternative Flood Reduction Benefit Order of Relative | Implementation Issues
Description Magnitude | Cost/
Costs Benefit
Rating
Flood LTA-3: Flood reduction benefits | $650,000 Low Improvements must occur
Replace mainly noted within during dry season and dry
existing. southeastern corner of weather.
Memorial moat just upstream of Dewatering will be necessary
Boulevard Memorial Boulevard. during construction.
culvert with Decreases in water Will require coordination with
three 5-foot by surface elevations appropriate utility companies.
cl:SI\];gﬁcts box ranging between 0.9 feet Demolition and construction
: (for 2-year storm) to 0.1 work will cause a disruption
feet (for 50-year storm) to on Memorial Boulevard.
would be expected in Permits will be needed from
southeastern portion of RIDOT, CRMC, RIDEM
moat. Water Quality, and ACOE.
Flood LTA-4: Flood reduction benefits $6.5 Low Architectural and landscaping
Install a pump noted mainly in area Million decisions will need to be
station within adjacent to southern made in regards to
southern portion of moat channel appearance of pump station.
portion of along Memorial Operation and maintenance
moat (adjacent Boulevard and Old of pump stations involves
to Memorial Beach Road. frequent inspection,
Boulevard Decreases in water monitoring, and maintenance.
culvert). surface elevations Will require coordination with
ranging between an appropriate roadway utility
average of 1.0 feet (for 2- companies in addition to
year storm) to 0.3 feet cause a disruption to traffic.
(for 50-year storm) Dewatering will be necessary
within section of moat during construction.
adjacent to Old Beach Permits will be needed from
Road and southwestern RIDOT, CRMC, RIDEM
portion of moat. Water Quality, and ACOE.
Decreases in water
surface elevations
ranging between 0.7 feet
(for 2-year storm) to 0.0
feet (for 50-year storm)
in southeastern portion
of moat.
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base of channel
with concrete

of 1.8 feet (for the 2-year
storm) to an average of
0.6 feet (for the 50-year
storm) would be
expected in the northern
portion of the Moat.

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

Alternative Flood Reduction Benefit Order of Relative | Implementation Issues
Description Magnitude | Cost/
Costs Benefit
Rating
Flood LTA-5: Flood reduction benefits $1.4 Medium The channel width at the inlet
Install 3-5%8~ adjacent to the southern Million of the culverts will need to be
box culverts at portion of the Moat increased to 30 feet wide.
southwestern channel along Memorial Retaining walls may be
corner of moat Boulevard and Old required along both sides of
(adjacent to Beach Road. Decreases the channel at the culverts.
Old Beach in water surface Will require coordination with
Road) elevations ranging appropriate utility companies
between 10 inches (for due to potential conflicts with
the 2-year storm) to 2 roadway utilities. The
inches (for the 50-year installation of the culvert will
storm) expected within cause a disruption to traffic as
the section of the Moat lane closures on Memorial
adjacent to Old Beach Boulevard will be most likely
Road. Decreases in be required.
water surface elevations Beach area in the western
ranging between 30.7 section of Easton Beach will
inches (for the 2-year be lost.
storm) to 4.9 inches (for Permits will need to be
the 50-year storm) would obtained by RIDOT, CRMC,
be expected in the RIDEM Water Quality, and
southwestern portion of ACOE.
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.
Flood LTA-6: Flood reduction benefits $3.7 Low Improvements must occur
Provide in area adjacent to the Million during dry season and dry
uniform northern portion of weather.
channel slope moat. Moat improvements will need
and cross- Decreases in water to be completed in sections to
section surface elevations enable dewatering.
throughout ranging from an average Excavated soil or muck needs
moat and line

to be hauled to an
appropriate disposal facility.
The material will require
testing for contamination.
Results could significantly
increase disposal costs.
Cast-in-place concrete may be
difficult to construct.
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
channel.
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Alternative Flood Reduction Benefit Order of Relative | Implementation Issues
Description Magnitude | Cost/
Costs Benefit
Rating
Permits will be needed from
RIDOT, CRMC, RIDEM
Water Quality, and ACOE.
Notes

The relative cost/benefit rating value is defined as follows:

High - Highest Benefit (In Terms of Flood Reduction) Relative to Costs Associated with Improvements
Medium - Average Benefit (In Terms of Flood Reduction) Relative to Costs Associated with
Improvements

Low - Minimal Benefit (In Terms of Flood Reduction) Relative to Costs Associated with Improvements

6.25 Other Long-Term Alternatives Considered

The following alternatives were also considered in this study, but not modeled:

Flood LTA-T7:

Flood LTA-8:

Floodproof the six residential homes within the residential neighborhood
adjacent to the northern portion of the Moat —As stated in the 1991 USDA
Study, “floodproofing is the planning and installation of measures that are a
combination of changes or the addition of features to individual buildings,
structures, or properties to reduce or eliminate flooding.”” Various measures
such as water stops or flood shields, elevating and/or enclosing appliances,
bagging appliances, installing relief drains and sump pumps, sandbagging, levees,
floodwalls, and the use of water tolerant construction materials were previously
suggested. Since extensive and costly channel improvements would be required
to alleviate the flooding of these homes during storm events, floodproofing
these individual homes will be more cost-effective.

Reroute flow that is currently discharged to the Moat from the three 36-inch
culverts and 48-inch culvert in the northwestern corner of the Moat directly to
Easton Beach — We determined through our hydraulic model sensitivity analysis
that flows discharged to the Moat from the three 36-inch culverts and the 48-
inch culvert did have a major effect on water surface elevations in the Moat
during significant storm events. However, the slope of the proposed trunk
drain that would be required to divert these flows to Easton Beach would be
approximately 0.07%. Because of the relatively flat slope, the size of the pipe(s)
required to safely convey flows to Easton Beach would be extremely large and
would need to be installed within or parallel to Eustis Avenue and/or Old
Beach Road. Since the elevation of the roadway increases in the direction of
Easton Pond, excavation depths in excess of ten feet would be required to
install trunk drain. The costs associated with this improvement would far
exceed the anticipated benefits.

Flood LTA-10: Eliminate the secondary/emergency spillway of North Easton Pond —Flow

discharged to the Moat from the secondary spillway does affect water surface
elevations within the Moat, but the time at which peak flows are discharged
from the secondary spillway far exceeds the time at which peak flows are
discharged from the adjacent closed-conduit drainage systems. As a result, flow
discharged to the Moat from the adjacent drainage systems was determined to
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have a greater effect on water surface elevations within the Moat than flow
discharged from the secondary spillway.

Flood LTA-11: Do not attempt to alleviate flooding within flood-prone areas along the Moat —
If no action is taken, flooding will continue to affect Ellery Road and the six
residential houses along the northern section of the Moat, Old Beach Road, and
Memorial Boulevard. The City would need to continue its normal maintenance
of the Moat and surrounding drainage structures to ensure that flooding
conditions do not worsen.

6.26 Summary

Several potential alternatives were identified and developed to reduce Moat flooding. However,
none of the alternatives would have a significant affect on water surface profiles during flood
events in the Moat. This is largely due to the fact of the limited capacity of the Moat itself and
the lack of space and hydraulic slope available to significantly increase the capacity along the
Moat. Even to provide localized improvements, significant investments would be required.

6.3 Water Quality Alternatives

A wide range of structural and nonstructural controls exist to address the wet-weather related
bacteria loadings that may contribute to the closure of Easton Beach. A number of limitations
exist which significantly constrain the set of controls that are practical for this watershed.
Limitations include high groundwater, poor soils, large flows, and little space. Our analysis
addresses these limitations.

We have organized the controls into both short- and long-term alternatives. The following
paragraphs provide a detailed description of these alternatives. As part of our review of long-
term alternatives, a discussion of available technologies is included as well as a detailed
description of the alternatives that we think are viable for this watershed.

6.3.1 Short-Term Water Quality Alternatives

Several short-term alternatives are available to the City to reduce wet-weather bacteria loadings
to the beach. They are nonstructural and should be able to be implemented immediately.
Because short-term alternatives do not require new construction, they are less costly, do not
require permitting, and will be relatively easy to implement.

The following paragraphs describe short-term alternatives that we anticipate will reduce bacteria
loadings to the beach. However, with the amount of data that is available, it is not possible to
quantify the actual reduction in bacteria loading. We have classified each alternative as having a
“high”’or “fow”’potential to reduce bacteria loadings. The alternative descriptions also include
a discussion of how each alternative should be implemented and its anticipated cost.

WQ STA -1 Public Education —The public 3 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
significant quantities of dog waste. We also witnessed dog walking at the beach,
where droppings could easily wash into the beach water.
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During field visits, we noted flocks of gulls and other birds in and around the
beach. Bird waste is also a source of bacteria loadings. Feeding birds encourages
them to congregate. Litter and open trash receptacles may also attract birds.

During a recent investigation of the City of Newport 3 storm sewer system,
Earth Tech reported a large number of “Mmutt-mitts*>disposed in the catch
basins near the entrance to the Moat walking paths. Apparently, some dog
walkers use the catch basins for pet waste disposal. These catch basins discharge
to the Moat, which in turn outlets at Easton Beach. This is probably another
significant source of bacteria loadings to the beach.

Public education and participation is a required element of the General Permit for
Rhode Island Pollution Elimination Discharge System Storm Water Discharge from Small
Municipal Separate Storm Sewer Systems and from Industrial Activity at Eligible Facilities
Operated by Regulated Small MS4s (Storm Water Phase 11 General Permit).
Implementing a public education and outreach program will assist the City in
meeting Storm Water Phase 11 requirements.

We recommend the following actions to encourage improved public
stewardship:

Distribute educational materials to the community—T o assist with Phase 11
implementation, Rhode Island Department of Transportation (RIDOT),
Rhode Island Department of Environmental Management (RIDEM) and
the University of Rhode Island (URI) have teamed to develop a statewide
public education and outreach program. The City is currently participating in
development of the program and consider utilizing materials and approaches
developed by that process.

Use existing education materials—Many public outreach materials already
exist. The City may wish to examine public education materials currently
available from RIDEM and other agencies and to adapt them for local use.
Materials should focus on actions that will reduce pathogenic inputs (e.g.,
pet waste, litter, and bird feeding). The City could distribute these materials
with water bills or other planned mailings.

Post prominent signage and messages— he City should also consider
installing prominent signs, stencils and other forms of written messages to:

Encourage dog walkers to scoop dog droppings.

Discourage bird feeding.

Discourage littering and providing sources of food for birds.
Discourage improper waste disposal into catch basins, including
stenciling.

Remind the public that an ordinance requires collection of dog
wastes.
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WQ STA-2

Stenciling in particular, seems to have a considerable affect on public
behavior. Some commonly used stencils include:

Don T dump! Drains to the Ocean.
Please! Don't Pollute! Drains to Ocean.
Dump no waste —Drains to Ocean.

This alternative has relatively high potential to reduce bacteria loadings
compared to other short-term alternatives since the public 3 activities in this
watershed have a direct impact on water quality at the beach. These activities
are also required to comply with the RIDEM 3 general permit for storm water
discharges.

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

Public Participation —Studies show that stewardship messages alter behavior
most effectively when delivered by peers. Individuals who help to deliver these
messages tend to internalize them, which also results in behavior change. Public
participation (i.e., volunteerism) will encourage behavior that will lead to better
water quality at the beach.

Currently, Clean Ocean Access organizes several beach clean-ups in Middletown
and Newport. Clean Ocean Access is a very active community group that
focuses on the overall quality of the beach as a resource. The City should
considering coordinating with Clean Ocean Access and may wish to provide
equipment and other assistance for beach cleanups.

One example of a public participation program is “Adopt-Your-Watershed,””
which was developed by the USEPA. This campaign encourages citizens and
groups to work at protecting and restoring surface and groundwater quality in
their watershed. The networking and training resources available from this
program can help educators, communities, or private citizens improve water
quality. RIDEM, RIDOT, and URI will be developing similar programs
through the Storm Water Outreach Program, discussed in WQ STA 1
“Distribute educational materials to the community”’(above). The City should
consider these or similar public participation programs for Easton Beach.

The City should also solicit business owner involvement. Businesses tend to
benefit from the aesthetics of a clean beach area and will likely share the City 3
interest in managing water quality. Some local businesses may consider
adopting sections of the beaches to patrol and clean on a regular basis.

This alternative has a higher potential to reduce bacteria loadings compared to
other short-term alternatives since the public 3 activities in this watershed have a
direct affect on water quality at the beach. These activities are also required to
comply with the RIDEM 3 Storm Water Phase 11 General Permit.

The opinion of cost for this work is approximately $10,000.
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WQ STA-3

WQ STA-4

Waste Management at the Beach —Waste management practices at Easton
Beach can be improved to reduce sources of bacteria there. We propose
focusing on the two areas—solid waste management and wrack management.
Our recommendations are as follows:

Add trash cans with hoods—Add trash cans with hoods or some form of
cover to prevent rain from entering and also to prevent birds from accessing
the trash. Seagull waste contains concentrated levels of pathogens and can
contribute significantly to water quality problems.

Improve Wrack Management—Develop a regular schedule to remove wrack
(i.e., piled-up seaweed) from the beach areas. During field visits we noted
several large piles of seaweed at the east end of the beach, next to the Moat
discharge. Any piles of wrack should be removed on a regular basis, ideally
as it is raked. Various studies around New England have shown that piles
of seaweed create a breeding ground for bacteria, which can get washed
onto the beach and into the water when it rains.

This alternative has a lower potential to reduce bacteria loadings. While
these sources contribute bacteria, existing data implies that these sources are
relatively small in comparison bacteria contributions from stormwater
runoff. Nevertheless, they represent good management practices to
minimize the overall loads.

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

llicit Discharge Detection and Elimination (IDDE) —Municipal storm sewer
system discharges may include polluted non-storm water sources that can
adversely affect water quality. Sanitary sewage, process wastewater, flows from
floor drains and other wastewaters have been documented in storm sewer
systems throughout the country. 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 locations of these
outfalls are shown on Figure 4. During a field visit on March 21, 2007, a bright
green substance was observed discharging from S10. This is a clear illicit
discharge to the storm sewer system that needs to be investigated.

We understand that the City has already completed an IDDE program for the
storm sewers that drain to Moat. This program did not find any illicit
connections from those outfalls. Similarly, our monitoring program found no
indication of illicit discharges in those outfalls.

This alternative has a higher potential to reduce bacteria loadings compared to
other short term alternatives because illicit connections can contribute
tremendous bacteria loads to the beach as well as other health impacts
depending on what is actually being discharged. Both Middletown and RIDOT
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are required by the RIDEM Storm Water Phase 11 General Permit to complete
IDDE inspections of their outfalls.

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.

Raccoon Management—Raccoons have been found living in the storm drain
system and should be removed. Raccoon waste can build up in the storm
drainage systems and then be washed out in rain events, carrying bacteria
with it. Itis also possible that raccoons may die in storm drains during
heavy rains. Degrading animal carcasses will contribute high levels of
bacteria. Once raccoons are removed from the storm drains, structures can
be installed at the ends of the outfall pipes to prevent raccoons from
reentering. This does not require specific permitting.

Water Fowl Management—T he City should also consider developing a
waterfowl management plan. During our field work, we have observed a
significant number of birds on the Easton Beach parking lot. Birds may
directly contribute sources of bacteria to an impervious surface that
discharges to the beach without treatment. One method of deterring birds
is stringing monofilament line from high points around parking areas. The
actual reason that monofilament line repels birds is not clear; however, it has
been speculated that because monofilament line seems to appear and
disappear, birds are repelled by the uncertainty of whether a barrier exists.
The monofilament line does not pose a physical barrier to the birds and the
lines are spaced far enough apart that the birds could easily pass between
strands. Other options also exist, but some field testing of options would be
needed to determine effectiveness. Effectiveness of controls also varies
between locations.

Rodent Control-As recommended in the Section 6.1.1, a rodent control
plan should be considered. During site visits, burrowing rodents were
observed in the moat. The waste from animals such as muskrats, which
spend most of their time in and around the moat, can be a significant source
of bacteria.

This alternative has a high potential to reduce bacteria loadings. While these
sources contribute bacteria, existing data implies that these sources are relatively
small given the bacteria contributions from pet waste and storm water runoff in
the watershed. Nevertheless, they represent good management practices to
minimize the overall loads. Animal control along the moat and dam
embankments would also be valuable in reducing the sloughing and weakening
of that structure increasing its benefit as an alternative.

The opinion of cost for this work is approximately $55,000.
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WQ STA-6  Restrict Public Access to Easton Pond Dam —The dam has been a recreational
resource to Easton Beach neighborhood for decades, allowing people a quiet
place to walk and jog. However, some of the people that access these trails are
not good stewards and leave their pet wastes behind. As mentioned earlier,
these activities appear to increase bacteria loads to both the beach and the
public water supply.

Public access on this embankment has led to the creation of preferential flow
paths leading to rilling and weakening of its structural integrity
At this time, we would recommend that the City implement other short-term
alternatives including public education before implementing this alternative.
However, if the other alternatives are not effective in reducing the amount of
pet waste on the embankments, the City should consider restricting public
access consistent with other public water supplies.
The opinion of cost for this work is approximately $17,500.
Table 38
Short-Term Water Quality Alternatives
WQ STA-1 Public Education
Opinion of Implementation Anticipated
Advantages Disadvantages Cost Issues Effectiveness
Easy to - None Maybe difficult High
implement $20,000 to quantify
Relatively low water quality
cost benefits
Also required to Change in
comply with attitude/awaren
RIDEM storm ess does not
water general necessarily result
permit in behavior
Can also address change
other public
environmental
issues.
WQ STA-2 Public Participation
Opinion of Implementation Anticipated
Advantages Disadvantages Cost Issues Effectiveness
Existing This alternative Maybe difficult High
organizations will require the $10,000 to quantify
such as Clean City to water quality
Ocean Access participate with benefits
can provide an and track
immediate start activities of
to a public these groups.
participation
program
Relatively low
cost
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WQ STA-3 Beach Management
Opinion of Implementation Anticipated
Advantages Disadvantages Cost Issues Effectiveness
Relatively low Additional Low
cost regular work for $20,000 None
No structural City
changes
WQ STA-4 Ilicit Discharge Detection and Elimination
Opinion of Implementation Anticipated
Advantages Disadvantages Cost Issues Effectiveness
Useful Can be a high Requires High
information for cost $30,000 coordination
the City to have May be some with state and
structural other
changes municipalities
Cooperation
with DOT and
Middletown
may be difficult
May be a high
cost without
expected results
WQ STA-5 Wild Animal Management
Opinion of Implementation Anticipated
Advantages Disadvantages Cost Issues Effectiveness
Relatively low Public criticism Animal control High
cost Permitting $55,000 strategies may
No structural raise special
changes interest group
concerns.
WQ STA-6 Restrict Public Access to Easton Pond Dam
Opinion of Implementation Anticipated
Advantages Disadvantages Cost Issues Effectiveness
Relatively low Public criticism Animal control High
cost Permitting $17,500 strategies may
No structural raise special
changes interest group
concerns.
6.3.2 Long-Term Water Quality Alternatives

The long-term alternatives proposed herein involve major capital improvements and
construction. They will require significant permitting effort and will be more difficult to
implement than the short-term alternatives. The long-term alternatives are also more directly
focused on treatment of the stormwater that is discharged to the beach as opposed to source

reduction.
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This section first describes the general technologies that would have some potential to reduce
bacteria loadings and then considers the feasibility of their implementation in the Easton Beach
watershed. Feasible alternatives are then discussed in terms of size, location, cost and
implementation issues.

Wherever possible, the alternatives proposed in this technical memorandum are based on
descriptions, terminology and standards in the draft Rhode Island Stormwater Design and Installation
Standards Manual (RIDEM, 2006). Some alternatives, such as disinfection, are not addressed in
that manual. In these cases, we have employed manufactures *design specifications and best
available engineering standards.

6.3.2.1 Potential Technologies

There are several challenges in reducing bacteria loads in stormwater runoff that limit the
effectiveness of structural controls. For example, bacteria in settling basins behave much like
very small (colloidal) particles. As a result, conventional gravity separation (i.e., sedimentation),
which is common in stormwater controls, is not effective for removing bacteria. Infiltration
and filtration practices are better suited to this task, but they require more space. Additionally,
while disinfection practices are very commonly used to reduce, or eliminate bacteria, in water or
waste water treatment plants, stormwater treatment works differently because flows are highly
variable and intermittent. Managing flows of this nature requires either very large systems or
large areas where water can be stored.

In the Easton Beach watershed, there are a number of physical constraints that further limit the
controls that are feasible. These physical constraints include the following:

High groundwater exists in the area between the beach and South Easton Pond.
Based on high tide elevations and grades, less than five feet of separation exists in
this area, which includes the beach parking lot and Memorial Boulevard. This
significantly limits the ability to infiltrate water in this location with subsurface
structures, since a typical separation of three feet between the bottom of an
infiltration device and high groundwater is recommended for bacteria removal.
This small change in elevation also imposes a significant hydraulic limitation that
limits feasibility of many alternatives.

Poor soils exist in the upland areas of Newport that drain to this system. The soils
in the Newport neighborhoods to the west of the Moat are classified as HSG C by
the Soil Conservation Service. These soils are typically poor draining making

infiltration in these areas infeasible. Alternatively, the soils at the beach drain well.

Hydraulic loadings in this watershed are very large. The discharge from the
Newport side of the moat is about 96 cubic feet per second for a 24-hour storm
with 1.2 inches of precipitation.

The following paragraphs describe the technologies that were considered under this evaluation,
and viability in the Easton Beach Watershed. The technologies that were considered have been
grouped into filtration/infiltration technologies, disinfection and other technologies.
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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.

Filtration/ Infiltration

Both filtration and infiltration practices employ percolating runoff through a media, such as
graded sand, in order to strain out particulates such as bacteria. Filtration best management
practices discharge treated water through a subdrain to a surface discharge point. Infiltration
practices discharge water through native soils to groundwater. Filtration and infiltration
practices have been well documented as effective mechanisms for treatment of bacteria found
in stormwater.

The capacities of filtration and infiltration practices are limited by their ability to drain water.
The size of these structures is dependant on the hydraulic load they receive and the infiltration
rate of the filtering media (i.e., sand or soil) and its surface area. We consider the following
infiltration and filtration practices to be appropriate for the watershed of Easton Beach.

Infiltration Trenches

An infiltration trench (Diagram 2) is an excavated trench that has been back-filled with stone to
form a subsurface collection area. Stormwater runoff is diverted into the trench where it is
detained until it can be infiltrated into the solil. Infiltration trenches are very adaptable and the
availability of many practical configurations makes them ideal for small urban drainage areas.

LFiltration and infiltration alternatives are generally considered to be different categories of alternative; however,
this memorandum groups them together as they use the same basic pollution removal mechanism (i.e., filtering)
and may be converted (i.e., infiltration to filtration or filtration to infiltration) with the addition or deletion of an
underdrain system.
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Top View Side View

Diagram 2
Infiltration Trench
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Audvantages

Limitations

Particularly appropriate for application around the perimeter of parking lots or
in parking lot islands.

Are unobtrusive and have little adverse affect on site aesthetics.
Significant bacteria removal efficiency.

Very simple technology and easy to construct.

Little maintenance is required.

Inappropriate for tight soils and soils with high ground water (i.e., Hydrologic
Soil Groups C and D).

Most appropriate for relatively flat slopes.
Most appropriate for small drainage areas (i.e., 10 acres or less).
Difficult to restore function after clogging occurs.

This technology would be applicable to the beach parking lot and Memorial Boulevard areas
where there are sandy, flat, well-drained soils and we selected it to be further developed into a
long-term alternative.

Disconnected Catch Basins

Conventionally, storm sewer networks employ catch basins to collect surface water runoff, skim
floatables and settle larger sediment particles such as road sand, and convey runoff to drain
pipes. Disconnected catch basins perform all these functions except that they do not connect to
a pipe network and instead, infiltrate collected runoff through galleys, flow diffusers or
proprietary infiltration units (e.g., Cultec, Stormceptor, Infiltrator, etc.). Disconnected catch
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basins are commonly sized to capture the water quality volume. When runoff exceeds the
volume of disconnected catch basins, flows simply bypass treatment. Disconnected catch basins
may also be designed as off-line alternatives.

Diagram 3
Disconnected Catch Basin
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Source: Adapted From Atlanta Regional Commission, 2001

Advantages
Require little space.
Have been very effective in reducing bacteria loads.

Limitations
Inappropriate for tight soils and soils with high groundwater (i.e., Hydrologic
Soil Group Type C and D).
Difficult to restore function if clogging occurs.
These systems typically require 3 feet of depth to groundwater to meet
regulatory requirements which may be difficult to attain due to their profile.

Given soil types and depth to groundwater, this technology is not appropriate for this
watershed. While well-drained soils exist near the beach, groundwater is too close to the
surface for this practice to function properly.
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Sand Filters

Sand filters employ of an engineered filter media (e.g., sand) for pollutant removal. Sand filters
may be constructed at grade or subsurface. Sand filters are usually designed as off-line systems
with a bypass for flows larger than WQV. In the storm drainage network, the water quality
volume is diverted into a pretreatment settling chamber or forebay where coarse solids are
allowed to settle. This reduces the amount of sediment that reaches the filter and improves filter
efficiency. Water flows to the filter surface, where finer sediment and attached pollutants are
trapped or strained out; and breakdown, and conversion of pollutants such as nitrogen may
occur. A subdrain collects the effluent and discharges it to the conveyance system.

Sand filters are most commonly used to treat runoff from small drainage areas; however, they
can be adapted for use in larger drainage areas. Some typical applications include parking lots
and small developments, areas with high pollution potential such as industrial sites, and highly
urbanized areas where space is limited. A number of surface and underground stormwater filter
design variations have been developed for these types of applications. Underground filters can
be placed under parking lots or roadways and are well suited to highly urbanized areas or space-
limited sites since they do not consume much surface area.
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Diagram 4
Earthen Surface Sand Filter
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Audvantages
Applicable to use under roadways and parking lots.
Highly effective for a wide range of pollutants found in urban runoff including
pathogens and TSS.
May be installed subsurface and, therefore, can work where there are significant
site constraints.

Limitations

Pretreatment is generally required to prevent sand media from clogging.
Frequent maintenance is required— generally, twice a year. Maintenance costs
tend to be higher than other filtration/infiltration management practices.

This technology would be applicable to the Newport neighborhoods to the west of the moat
where infiltration is impractical. This technology could also work to treat runoff from the beach
parking lot where enough vertical space between the parking lot and high tide may exist. As a
result, it was selected to be further developed into a long-term alternative.

Proprietary Filter Media (e.g., Smart Sponge™ )

Filter media is a relatively new form of treatment for pathogen removal in stormwater. This
practice employs materials such as polymer that are coated with an antibacterial liquid. At the
microscopic level, the media resembles a layer of stiff fibers extending outward in all directions.
These fibers carry a slight electrical charge. As the stormwater passes through the foam and the
bacteria come into contact with the stiff fibers, the fibers puncture the cell membrane and an
electrical charge shocks the cell.

Filter media is placed in catch basin inserts that are attached to its frame under the grate. These
inserts can be placed in any catch basin.

Advantages
Can be inserted into a catch basin over a large area or a small area to targeted
known areas from which high bacteria loads emanate.
Relatively inexpensive.
Not a major infrastructure change.
Limitations

New technology, little data on effectiveness.
Needs semi-annual maintenance and replacement at 18 months.
May change the hydraulics of catch basins and other stormwater infrastructure.
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Bioretention

A bioretention system consists of a soil bed planted with native vegetation located above a sand
layer that can be subdrained if the native soil is unable to accept effluent. . Bioretention may
be designed in two forms—nfiltrating and exfiltrating. Infiltrating bioretention systems
discharge to in-situ soils. Where soil discharge is inappropriate, a subdrain may be employed.
Subdrained bioretention is referred to as exfiltrating. Due to the nature of the soils in the
Easton Beach watershed, we anticipate that any proposed bioretention system will be
subdrained. Diagram 5 depicts an exfiltrating bioretention system.

Bioretention systems are used to remove a wide range of pollutants, such as suspended solids,
nutrients (including nitrogen), and bacteria from stormwater runoff. Bioretention can also be
used to provide a reduction in peak runoff rates. Like sand filters, bioretention systems are
most commonly used to treat runoff from small drainage areas, but can be adapted for use in
larger drainage areas. Bioretention systems can be designed to receive and treat runoff from a
variety land uses. The systems can be installed in virtually any open area including parks, lawns,
median strips, parking lot islands, unused lot areas, and easements.
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Diagram 5
Bioretention
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Audvantages

Very high solids, nutrient, metals, and bacteria removal efficiency.

Applicable for use in open spaces, such as parks.

Can be planted with various types of vegetation to maintain the existing open
space use and aesthetics.
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Limitations

Some studies indicate bioretention to be less effective during the winter months
due to freezing of the filter bed.

More expensive to construct than other filtration/infiltration management
practices.

Exfiltrating bioretention would be applicable to the Newport neighborhoods to the west of the
moat where infiltration is impractical. Braga Memorial Field is a large open area that has good
potential for installation of a bioretention system. As a result, we selected biorentention to be
further developed into a long-term alternative.

Disinfection

The process of disinfection refers to the elimination of pathogens, either by killing or disabling
of their infectious mechanisms. Disinfection may include chemical methods, physical methods,
and irradiation (e.g., exposure to certain frequencies of ultraviolet light). Some disinfection
methods have been proven practical (i.e., safe and effective) for stormwater management at
sites such as Easton Beach. In this report, we analyze three options that have some potential:

Chlorination
Ozonation
Ultraviolet disinfection

Chlorination

Chlorine treatment is commonly used as the final process of treating drinking water. It is also
used to treat wastewater effluent, and combined sewer overflows (CSOs). It can be applied in
either a gaseous form or as a solid. The gas can present a significant safety hazard and is highly
corrosive.

Chlorine disinfection is heavily dependant on the contact time between the chlorine and
pathogens. Because suspended solids can inhibit the chlorine from reacting with the bacteria,
disinfection is usually used in conjunction with an additional technology that specifically reduces
the suspended solids. Potential pre-treatment could consist of a hydrodynamic separator or a
constructed wetland in the moat area to offer TSS removal.

When chlorine is added to the stormwater, it forms a residual, which remains in the water after
the initial application. In some cases, it is necessary to remove the chlorine. This process is
called dechlorination. Dechlorination may be needed to protect sensitive receptors from the
corrosive and harmful effects of chlorine exposure.

Audvantages
Can remove pathogens to very low levels.
A chlorine treatment unit, for the entire watershed, could be housed at a single
location.

Limitations

Requires pretreatment to remove TSS.
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Requires a separate system to manage peak flows.

Expensive to construct.

Halogenated organics, which are toxic, may be a byproduct of the chlorination
process

May require dechlorination to protect sensitive ecologies.

Chlorine is toxic and may be hazardous to humans and the environment if
managed improperly.

May be difficult to permit in a system such as the Moat that is regulated as a
natural system.

This technology was not considered further, because it poses a significant risk and may be
difficult to permit. It is also expensive compared to other disinfection technology.

Ozonation

Ozone is a strong oxidizer and is commonly used to treat bacteria in wastewater. Its use for
disinfection of stormwater is relatively new in the United States, and there are few facilities
currently using ozone for disinfection. As a disinfectant, ozone is as effective or superior to
chlorine and it does not cause the formation of halogenated organics, which may be
carcinogenic or otherwise toxic.

Because ozone must be generated on-site, and the amount generated is dependent on

demand, ozone is not currently considered practical for intermittent use (i.e., in situations where
the system would be frequently turned on and off or where there are wide fluctuations in flow
rate and disinfection demand, such as in stormwater treatment applications).

Audvantages
Ozone is generated on site and does not have to be stored.
Low doses are required to complete disinfection.
Treatment unit needs a relatively small footprint.
Does not require pre-treatment to remove TSS.

Limitations

Requires a separate system to manage peak flows.

Requires pretreatment to remove TSS.

Very expensive to construct.

Ozone escaping to the atmosphere may contribute to air pollution problems.

Requires a start-up period to treat pollutants effectively; therefore, a detention
area will be required to hold polluted runoff while the system activates.

This technology was not considered further because of its cost. Also, feasibility appears to be
limited by required start-up periods.

Ultraviolet Light

UV disinfection works by exposing pathogens to UV light for a period of time in a detention
area. The UV light penetrates the cell walls of pathogenic organisms and structurally alters their
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DNA, preventing the cells from reproducing, or functioning (e.g., infecting other organisms).
No hazardous chemicals are produced or released while treating stormwater with UV.

UV is not a chemical disinfection method, it disinfects without altering the physical or chemical
properties of water. However, like chlorination, UV efficiency is affected by suspended solids in
the wastewater, which can block the light from being absorbed by the pathogens. Thus, UV
disinfection needs some level of pretreatment in order to be more effective. Potential
pretreatment could consist of a constructed wetland in the moat area to offer TSS removal.

Advantages
Does not alter the physical or chemical properties of the stormwater.
Capable of providing pathogen treatment to very low levels.
Once constructed, a UV treatment facility can treat all stormwater at a single
site.

Limitations

Requires a bypass system to manage high flows.
Expensive to construct.

This technology has potential to be applied near the Moat outfall, upstream of the Memorial
Boulevard crossing. It presents excellent economies of scale and will likely be cost effective for
treating stormwater flows observed near the discharge of the moat. As a result, this technology
was further developed into a long-term alternative.

Other Technologies

Constructed Wetlands

Constructed wetlands have long been used in the final treatment of municipal wastewater and in
the last decade have been used increasingly for treating stormwater. Wetlands remove
pollutants through sedimentation, plant uptake, microbial decomposition, sorption, filtration,
and exchange capacity.

Constructed wetlands incorporate the natural functions of wetlands to aid in pollutant removal
from stormwater. In part, constructed wetlands work by retaining stormwater in a vegetated
“permanent”’pool where particulates settle between storms, and plants uptake pollutants. Water
is displaced from the permanent pool by incoming runoff during storm events. The newly
entering runoff is stored in the wetland until the next storm. This dynamic creates long
detention times and high treatment effectiveness. Constructed stormwater wetlands may
provide some of the ecological functions of natural wetlands as well.

A constructed wetland (Diagram 6) consists of a soil bed planted with native vegetation located
above liner or suitable soils. Constructed wetlands are especially appropriate where
groundwater levels are close to the surface, as groundwater can supply the necessary water
required for sustaining the wetland system during dry periods (e.g., July and August).
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We have examined the potential use of these controls and have determined that they are not
feasible for several reasons some of which are described in the study. The following
summarizes some of these reasons.

0

(@}

(@

(@

A constructed wetland system sized to treat the Water Quality Volume (runoff
generated from 1.2>”of precipitation) from the Moat would need to be more than 10
acres in size. This is a large area of land and there is no space available outside of
the ponds available to construct this.

From discussions with CRMC, the ponds are regulated as Type 1 waters. Asa
result, “filling”>these waters for the construction of storm water controls will be
difficult if not impossible. Relocating the embankment of the pond to would also
reduce the reservoir system 3 capacity and ultimately its yield capacity. While
relocation of the embankment is recommended in the report for dam repair, the
embankment relocation for dam repair would be less extensive than would be
required for a constructed wetland.

Constructed wetlands discharge pollutants at certain irreducible levels. Pathogens
are noted to discharge at levels up to ten times greater than water quality standards
for recreational waters. As a result, it cannot provide the same level of reliability
that alternatives, such as UV disinfection can provide.

Using a detention basin or constructed wetland to temporarily store water such that
it could be pumped into the ponds would also not be recommended. If the water is
not acceptable for swimming, we cannot recommend that it be introduced into a
public water supply.

Therefore, constructed wetlands are not recommended as stand-alone treatment systems at
Easton Beach. Notwithstanding this concern, constructed wetlands do provide an excellent
pretreatment option preceding disinfection.
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Diagram 6
Constructed Wetland System
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Audvantages

Limitations

Sedimentation of particulate pollutants.
Enhancement of vegetation diversity and some wildlife habitat.

Can provide significant water quality improvement across a broad spectrum of
constituents.

Expensive to construct.

Very difficult to permit in-situ.

May not achieve desired bacteria reductions.

Hydraulics will be very difficult to work given the lack of elevation and slope
near the end of the Moat.
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Typically requires a large contributing drainage to ensure maintenance of the
permanent pool and aquatic vegetation during dry periods of the year.
Not effective for pathogen treatment to limits of beach standards.

6.3.2.2 Recommended Long-Term Alternatives

The following paragraphs outline our recommendations for use of long-term water quality
alternatives in the Easton Beach watershed with the objective of reducing bacteria loadings.
The evaluation of alternatives summarized herein is based on limited information. As such,
some modifications in layouts, designs, and costs should be expected as the City moves to
completing final design. Pilot testing is also recommended for alternatives before full-scale
implementation to better understand treatment efficiency, maintenance needs, and sizing. In
order to account for the uncertainty inherent at this stage of the project, opinions-of-
construction costs include a 50% contingency.

All of the controls described herein have been sized to manage the water quality volume as
defined in the Rhode Island Storm Water Design and Installation Standards Manual; that is, the first
inch of runoff from impervious surfaces. This is equivalent to the volume of runoff generated
from impervious surfaces during a 1.2-inch rain event. For the purposes of determining the
total hydraulic loads to these controls, a 1.2 inch storm was applied across both pervious and
impervious portions of the watershed.

The following paragraphs describe specific applications, implementation issues, design issues,
and costs. The long-term alternatives have been organized based on the area that they would be
designed to manage. Following the descriptions of each specific application, we summarize
alternatives in Table 39, which provides size of subwatershed treated, water quality volume
treated, treatment alternative footprint, and cost of alternative in 2007 dollars.

Easton Beach Parking Lots and Memorial Boulevard

The Easton Beach and Memorial Boulevard area is largely underlain by well-drained sands. As
a result, we have recommended several alternatives for this area that rely on infiltration
technologies to take advantage of these soils. A sand filter has also been proposed as an
alternative to the infiltration practices for the east parking lot where existing elevations would
likely provide adequate change in elevation to allow this technology to work.

This area manages a relatively small percentage of the total WQV that is discharged to the
beach. The east parking lot discharges about 15,000 cubic feet of runoff the west parking lot
discharges 9,000 cubic feet and Memorial Boulevard discharges about 16,000 cubic feet during a
WQV event. This is compared to a WQV of 745,000 cubic feet that is discharged by the Moat.
While this area is a relatively small contributor, it is still a potential source of bacteria
immediately adjacent to the beach. These controls should be considered as follow-up actions
following implementation of the larger scale controls that follow.

Lastly, controls are not contained herein for the pavilion area as that area drains through weep
holes into the sand. Based on our visual observations, there is an adequate separation to
groundwater above the weeps to control bacteria from the parking areas. However, any of the
controls proposed for the parking lot could also be implemented in the pavilion area.
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The following design considerations were used to size and locate the infiltration alternatives:

The locations of the infiltration surfaces are based on the existing low areas and grading
of the parking lots and road. Since regrading the parking lots and road represents a
significant cost, we located the infiltration systems in existing low areas. The locations
are shown in Figures WQV LTA-1 through 3.

In the parking lot, the proposed trenches will be located in the existing low spots,
between the catch basins. Under this alternative, the catch basins and an 8-foot wide
section of pavement around each catch basin will remain in place. Concrete curb will be
installed between the asphalt cut and the infiltration trench to provide the grade
transition. Once the trench storage area is filled, runoff in excess of the WQV will
bypass into the catch basins and be conveyed using the existing conveyance system.

Field measurements will be required to determine the actual infiltration rate of in-situ
soils. If the infiltration rate is less than 7 feet per day, the footprint or storage depth may
need to be increased. For purposes of our analysis, we assumed an infiltration rate of
seven feet per day, which is the maximum allowable rate according to the Rhode Island
Stormwater Design and Installation Standards Manual. We assumed that the soil will be
amended to reduce the infiltration rate to seven feet per day if the native soil has a
higher infiltration rate.

The proposed trenches were sized to handle beach sand sedimentation without
lessening the effectiveness of the trenches in treating the WQV for bacteria. Over time,
as the trenches become filled with sand, the ability of the runoff to be stored in the
trench storage area will be constrained by the infiltration rate of the sand, in which case,
the runoff will pond in the parking lot above the trench.

Pretreatment for floatables, such as oil and grease, is not included in our design. While
infiltration provides some removal of these pollutants, direct infiltration does create a
conduit for pollutants to enter and contaminate groundwater.

Depth to groundwater is not definitively known. If groundwater is within 3.25 feet of
the surface, infiltration may become infeasible. The trenches we propose are designed
with the infiltration surface at three inches below ground surface. Three feet of
separation between the infiltration surface and the seasonally high groundwater table is
typically required by state regulation.

Sand tends to accumulate at vertical surfaces, such as at retaining walls or curbs. To
increase sediment-removal maintenance interval, a curb with curb-cut inlets could be
installed along trenches that are located at the edge of the parking lots; however, this
would reduce the size of the parking lot and may, where the trenches are wider, reduce
the number of parking spaces.

Maintenance for the infiltration systems will include the following:
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WQ LTA-1

Remove sediment from infiltration surfaces when sediment accumulation has
reduced the available storage area or restricted overflow devices.

Till or add gravel as necessary to maintain the proposed slopes. As use in the
parking lot increases, settling may occur over time.

Replant and mow vegetation for infiltration swales and adjacent vegetated slopes.

Sweep parking lots and roads.

Trenches for the East Beach Parking Lot —For the east beach parking lot, we
propose installing three infiltration trenches along the length of the lot to treat
its runoff. Figure WQV LTA-1 presents a detail of the infiltration trench as well
as the trench layouts and contributing areas.

Infiltration trenches are proposed as exposed trenches that would bare vehicular
traffic as well as collect and directly infiltrate runoff that sheet flows into from
adjacent paved surfaces. The trenches we propose include the following design
features:

Six inches of crushed stone surrounded on the sides and bottom by six
inches of amended soil (i.e., soil altered for use in infiltration) with
geotextile surrounding the amendment soil. The amended soil is
required to enhance the treatment of soils that are too well-drained.

The surface of the trench will be three inches lower than the
surrounding paved area. This three-inch depth above the trench will
serve as storage for stormwater before it infiltrates through the trench.
As a result, during large storm events there may be standing water in the
trenches.

Where the trenches meet asphalt surfaces, a one-foot wide concrete
transition curb sloped to match grades will be required.

Normally, infiltration trench design assumes that both the sides and the
bottom can accept infiltrate; and that incoming water may be stored in
the void above the infiltrating surface. We assumed the infiltration
surface was at the top of the trench, and storage was only above the top
of the infiltration surface to account for the fact that wind-blown beach
sand will clog the pore spaces of the crushed stone.

We propose using infiltration trenches in three of the east parking lot areas:

East Beach Area A

Area A is the western most portion of the parking lot, north of the building
area. In this area, we propose an 8-foot by 220-foot trench located in between
the catch basins.
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WQ-LTA-2

WQ LTA-3

East Beach Area B

Area B makes up most of the remaining parking lot area. We propose a 15.5-
foot by 645-foot trench located in between the catch basins. In Areas A and B,
we propose installing trenches around the existing catch basins, which would
remain to convey runoff volumes greater than the WQV.

East Beach Area C

Area C is a 20-foot wide strip along the southern edge of the parking lot. We
propose a 1.5-foot by 845-foot trench. In this area, the trench would be installed
along the edge of the parking lot.

The opinion of cost for this work is approximately $199,000.

Trenches for the West Beach Parking Lot —The west beach parking lot does
not have catch basins. Our observations indicate that runoff flows overland
toward the north and south edges of the parking lot where openings in the
concrete walls that surround the lot allow runoff to flow to the beach (to the
south) or road (to the north). The trenches would be designed as described
WQ-LTA-1. For the west parking lot, we propose two infiltration trenches as
follows:

West Beach Area A

Area A consists of a 20-foot wide section along the northern edge. The trench
for this area is located between Memorial Boulevard and the parking lot, at the
same elevation as the road, so that flow from Memorial Boulevard could also be
directed to the trench (resized to handle additional flow from Memorial
Boulevard, this trench would be 6 feet by 590 feet). We also consider this part
of the road area as part of LTA-3.

West Beach Area B

The main trench would treat Area B (as shown on Figure WQV LTA-2) and
would be located along the southern edge of the parking lot. This trench would
need to be 11 feet wide by 480 feet long.

The opinion of cost for this work is approximately $132,000.

Swales and Trenches at Memorial Boulevard —In order to manage runoff from
the portion of Memorial Boulevard between Easton Pond and Easton Beach,
we propose a combination of trenches and, swales. This alternative consists of
utilizing low impact design techniques that are commonly used on site. That is,
these controls will consist of allowing runoff to sheet flow from the road to be
infiltrated into the ground either through vegetated swales (bioretention) or
infiltration trenches.

We divided the subwatershed into three smaller areas, which consist of the
south-side eastbound lane (Area A), the north-side east bound lane (Area B),
and the westbound lanes (Area C). The eastbound lanes are crowned in the
middle, directing flow to both sides. The westbound lanes are sloped down
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toward the north side of the road. Therefore, we made the following general
assumptions:

§ 25 percent of the WQV is generated from Area A.
§ 25 percent of the WQV is generated from Area B.
§ 50 percent of the WQV is generated from Area C.

Figure WQ LTA-3 shows the subwatershed boundary and general layout of the
proposed controls. These controls include:

Memorial Boulevard Area A (Eastbound Lane— South Side)

Area A drains to the south side of Memorial Boulevard, which, beyond the curb,
consists of a concrete sidewalk that extends to the parking lot retaining walls.
On this side, we propose installation of curb inlets at regular intervals between
catch basins to direct the flow to an infiltration trench. The trench would have
dimensions of 1.5 feet wide by 2,900 feet long to manage the WQV from this
area. The trench would be approximately one foot lower than the top of the
road curb and the sidewalk. The existing catch basins in the road would remain
in place to manage larger storms.

To match grades between the trench and sidewalk, we include a grass slope. To
properly size and install the trench and grass slope, approximately 5 feet of the
sidewalk would need to be converted to the trench and slope. Based on visual
observation, this would appear to leave approximately half of the existing
sidewalk. Alternatively, the sidewalk could be replaced and lowered, which
would decrease the amount of sidewalk lost to between 1.5 and 2 feet. However,
there would be an additional cost to replace the sidewalk that has not been
included.

Memorial Boulevard Area B (Eastbound Lane— North Side)

Area B drains to catch basins on the north side of the road. The ground surface
north of the curb consists of a median between the eastbound and westbound
lanes. Curb inlets would be installed at regular intervals on the south side of the
median, and the median would be converted to an infiltration swale. The
infiltration swale would function like an infiltration trench, but would consist of
seeded topsoil instead of gravel. The storage area would still be above the
ground surface but would only be one inch deep (instead of three inches as
allowed for the trenches). To construct the swale, the ground surface of the
median would be lowered to allow for a storage depth of 1 inch across the
median. The surface would be vegetated. The area of the required swale in the
median is 30,140 square feet. The depth of the swale can be increased to
decrease the size of the swale surface area.

Memorial Boulevard Area C (Westbound Lane)

Area C drains to catch basins on the north side of the road. Beyond the curb is a
grassed area, which separates the road from the Moat. In this area, either
trenches, swales or a combination of both could be used. We used trenches to
size this alternative. Trenches can be designed with greater storage depth than
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WQ LTA-4

swales; and have the capacity to treat a greater volume of water in a given
footprint.

We sized the infiltration trench to be 2.5 feet by 2,900 feet. To construct this
alternative, the ground surface north of the curb will need to be regarded and
curb inlets will need to be installed at regular intervals. Our proposed regrading
accounts for lowering the infiltration surface directly adjacent to the curb by
about one foot and then sloping the ground surface beyond the trench back to
the existing grade. The majority of the grassed area between the road and the
Moat in this area is wider than 10 feet, which appears to provide enough space
to construct the trenches in most cases. However, there is a 600-foot portion of
the 2,900-foot length that appears to be less than 10 feet wide. Existing grades
may make construction of trenches infeasible in this area.

The opinion of cost for this work is approximately $422,000.

Sand Filter for the East Beach Parking Lot Area B

A sand filter consists of a structure which contains energy dissipaters, a
sedimentation chamber, a filtration basin, and an underdrain discharge. The
sand filter would be open-topped to allow for maintenance and inspection.

We propose a sand filter to treat Area B of the east beach parking lot (refer to
WQ LTA-1 for a description of Area B). Our design includes a trench drain to
convey flow to the sand filter installed at the east end of the parking lot. We also
propose the removal of the catch basins in the parking lot. Our design allows
for storms larger than the WQV to overtop the sand filter and discharge to the
Moat. We anticipate the footprint of this alternative to be less than 4,000 square
feet.

As discussed above, the sand filters include a sedimentation chamber. This part
of the system allows for settling of larger suspended particles. The sediment
chamber will not control floatables such as oil and grease. To prolong the useful
life of the filter media, an oil absorbent may be added into the filter chamber.
These materials are available commercially. The absorbent is not a design
requirement for a sand filter.

The opinion of cost for this work is approximately $454,000.

Western Residential Neighborhoods Draining to Moat

The residential neighborhoods that drain to the moat in Newport are characterized by poor
soils that have poor drainage characteristics and slope. As a result, infiltration technologies are
not appropriate in these neighborhoods. Instead filtration technologies have been proposed for
these neighborhoods including sand filters and bioretention that do not rely on the underlying
soils for hydraulic capacity. Space is also a significant constraint as these areas are largely built
out with residential development. Braga Park is the only significant open space in these
neighborhoods.
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This area manages a significant part of the total Water Quality Volume (WQV) that is
discharged to the beach. These neighborhoods discharge about 524,000 cubic feet of runoff
compared to a WQV of 745,000 cubic feet that is discharged to the beach during a storm event.
The following design considerations were used to determine the sizing and location of the sand
filters.

Depth to groundwater should be determined during later stages of design. Two feet of
separation between the sand filter and the seasonally high groundwater table is desirable.
If this depth cannot be met, an impervious liner may be installed around the system to
prevent groundwater from infiltrating into the system and disrupting treatment
dynamics.

The sand filters should be installed according to the manufacturer 3 requirements for
infiltration chambers. Portions of the system such as the access and maintenance ports
may need to be modified to allow inspection of the sand filter and underdrain.

The filter media in the subsurface sand filters cannot be replaced without removing and
replacing the entire filter system. This is a significant constraint to this design. Asa
result, pilot testing of the system would be recommended beforehand to better
understand maintenance frequency.

We propose sand as the filter media. Sand has an infiltration rate of 8 feet per day. A
proprietary filter media (such as Smart Sponge™ ) could be substituted. The infiltration
and bacteria removal rates of the proprietary media depend on the packing density. This
may alter the size of the system. Additional information about proprietary filter media is
provided in Section 6.3.2.1. The filter media in the parking lot sand filter could also be
replaced with the proprietary media.

Maintenance considerations for the sand filters include the following items.
Ensure proper operation of the pretreatment device.

Remove sediment and debris from bottom of storage area (and other
accumulation areas).

Replace filter media as needed.

Follow manufacturer 3 recommended maintenance program for proprietary
equipment, such as infiltration chambers.

WQ LTA-5  Subsurface Sand Filters on the West Side of the Watershed —This alternative
consists of a sand filter, which employs proprietary infiltration chambers (e.g.,
Stormtech Chambers), partially filled with filtration media and underdrained.
The proposed sand filters were designed using SC-740 Stormtech™ Chambers.
Each filter will have a filtration surface width of 6.25 feet. Where necessary an
impervious liner may also be included to prevent infiltration by groundwater.
Figure WQV LTA-5 illustrates the cross-sectional and side view of the sand
filter.

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

156



0 FUSS & O’NEILL

WQ LTA-6

We propose the sand filters for use in parts of Subwatersheds 3-2, 3-3, 3-4, 3-5,
and 3-6. We envision retrofitting multiple sand filters where catch basins are
currently installed. The sand filters will work most effectively if installed as close
to the source (i.e., the catch basin collecting the runoff) as possible. As a result,
this alternative will consist of installing a number of small sand filters for
individual groups of catch basins. The area treated per linear foot of sand filter
for each subwatershed was estimated as presented in Table 39. The total length
of sand filter needed to treat an area of watershed depends on the curve number
of the drainage area and is also outlined in that table. This is a total area for the
subwatershed that would then be divided between catch basins.

Pretreatment may be achieved using deep-sump catch basins with floatable
controls (e.g., hooded outlets); however, other pretreatment systems (e.g.,
proprietary hydrodynamic separators) would reduce the need for maintenance
and increase the useful life of the filter media. A minimum of four feet between
the inlet and outlet of the catch basin leading to the sand filter is required to
divert the WQV to the sand filter and to drain the treated runoff back in to the
catch basin from the underdrain while still allowing bypass of the larger storms
without restricting the flow from the underdrain.

If this alternative is selected, the sand filters will be sited based on the location
of existing utilities and catch basin invert elevations. The sand filters are gravity-
driven systems and require certain pipe slope (i.e., elevation difference between
inlet and outlet) in order to work properly.

The opinion of cost for this work is approximately $4,897,000 if applied to the
entire watershed to the west of the moat. This cost would be reduced if only
applied to smaller subwatersheds in that area.

Bioretention at Braga Memorial Field —Bioretention is a versatile practice and
can be sited on large or small sites with subdrains or infiltrating to the soil.
Because of space constraints, bioretention is appropriate only at Braga Memorial
Field.

We propose a bioretention area planted with grass to allow for continuation of
existing recreational use after its installation. Installation may also be phased to
allow for recreational use during construction. This design will result in the field
flooding during storm events but then draining and being reusable after a 24-
hour period. This system will not eliminate current flooding problems, but will
allow the field to drain more quickly. The proposed system is not expected to
significantly impact activities that take place at the park; however, establishment
of new vegetation will limit use of the field during the establishment period,
which could take up to two growing seasons. Construction of the bioretention
system should be phased so it is established before runoff is routed to it.

Bioretention requires incoming flow to be in the form of sheet flow (i.e., very
shallow even runoff, such as that which occurs on gently sloping lawn).
Therefore, we propose redirecting the existing runoff to outfall protection
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WQ LTA-7

outlets (reinforced, turf-covered outlets) and subsequently to swales that will
function as level spreaders. Level spreaders are structures designed to convert
stream flow to sheet flow.

The bioretention requires elevation differences to function properly. The
underdrain should discharge to the Moat above the water surface elevation
during the design storm.

Three feet of separation between the bioretention surface and the seasonal high
groundwater table is required. If this depth cannot be met, it will be necessary
to install an impervious liner under the underdrain to prevent groundwater from
infiltrating into the system.

Based on field observation, we propose converting approximately 3.4 acres of
Braga Memorial Field to bioretention. The bioretention area was sized to treat
the entire WQV from Subwatersheds 3-1 and 3-2; however, it may not be
possible to capture the entire WQV of both subwatersheds, specifically the
portions that are south or down-gradient of the bioretention area. The actual
size of the bioretention area and portions of the contributing subwatersheds that
will be diverted to the bioretention area should be determined during final
design. Subwatersheds 3-1 and 3-2 contribute 336,000 cubic feet of the total
WQV that is discharged to the beach area. This the volume for which the
bioretention area was sized. Figure WQV LTA-6 shows the conceptual layout
for bioretention at Braga Memorial Field.

The opinion of cost for this work is approximately $2,714,000.

Catch Basins Inserts with Proprietary Filter Media West Side of the Watershed

As an alternative, we have proposed the use of catch basin inserts with a
proprietary filter media (e.g., Fabco, SmartSponge, etc.). This alternative simply
involves insertion of a tub below the grate of a standard catch basin. In general,
water that enters the catch basin is trapped in a tub. The incoming water then
drains through one or two filter cartridges. The system includes a bypass that
can manage flow in excess of the cartridge filter flow rate. These structures
have a reported initial filtration rate of 120 gallons per minute per cartridge
which may be reduced to 60 gallons per minute before replacement. With a two
cartridge system, the operating flow rate would be 0.52 cubic feet per second
per catch basin.

The filter media used with these inserts are a relatively new and innovative
practice for pathogen management. The inserts are purported to achieve good
removal of pathogens— an average 77 percent of fecal coliform and e coli. However,
testing data is very limited and largely supplied by vendor-initiated studies,
which yet to be independently verified. Before this alternative is fully
implemented, we recommend implementing a pilot-testing program to confirm
bacteria removal efficiencies and maintenance requirements. This pilot testing
program would be recommended to be implemented on at least a half dozen
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catch basins where removal efficiencies and long-term hydraulic capacity can be
evaluated.

Semi-annual inspections are recommended in March and November, to coincide
with seasonal sanding and cleaning of roads. Maintenance considerations for the
catch basin inserts are limited to inspection, cleaning, and replacement of
clogged media. Cleaning involves seasonal removal of sand and debris. We
anticipate replacement will be approximately every 18-24 months. Current
materials costs for replacing cartridges are $100 a piece, $200 per catch basin if
two cartridges are used. This would be equivalent to an annual material
replacement cost of 31,000 for 235 catch basins.

If the City decides to implement this alternative, inserts would be installed in all
of the catch basins in the neighborhoods draining to the western Moat

These include subwatersheds 3-1, 3-2, 3-3, 3-4, 3-5, 3-6, 3-7, 3-8, and 3-9. For
the purposes of developing a comparative cost, these neighborhoods were
estimated to have about 235 catch basins, but that needs to be confirmed, using
a detailed survey, if this alternative is selected.

The opinion of cost for installing these inserts is approximately $645,000.

Moat Discharge

The Moat discharges most of the stormwater runoff that appears to be causing the water quality
impairments at the beach. As a result, a single control that can substantially reduce bacteria
loadings in this discharge could significantly improve beach water quality. The constraints
related to the Moat include high hydraulic loads (96 cfs) for the water quality storm (i.e., the
storm that generates the WQV), and limited space for installation of a treatment system.
Ultraviolet disinfection could provide excellent bacteria treatment despite these constraints.

WQ LTA-8

Ultraviolet Treatment at the Moat Outlet —Ultraviolet disinfection is a highly
effective means of pathogen reduction in stormwater. We propose to
implement UV disinfection as an end-of-pipe treatment near the Moat outfall,
upstream of the Memorial Boulevard crossing.

A UV treatment system can treat all of the WQV of all Newport subwatersheds
contributing flow to the Moat (runoff from approximately 600 acres of land).
The WQV associated with the flow in the Moat at this point is 600,000 ft* with a
peak flow of 96 cfs (62 MGD). For the purposes of developing this alternative,
we conceptually sized this system to remove 99% of the pathogens in the
discharge, which will yield a 30-day geometric mean below 104 cfu/100 ml (i.e.,
the beach closure standard).

We propose constructing a weir across the Moat to divert flows and the WQV
into the UV system. The weir will allow flows greater than the WQV to bypass
the UV system.
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The UV system outlet weir will keep the lamps submerged regardless of flow.
After the disinfected water flows over the UV system outlet weir, it will
discharge via two outlet pipes. The pipes will cross under Memorial Boulevard
and discharge to the downstream side of the Memorial Boulevard Bridge. In
order to manage the WQV, twin 30-inch HDPE storm drains would be
required. The UV system has a total head loss of about 10 inches at the design
flow. Upstream of the Memorial Boulevard Bridge, the Moat does not provide
enough head differential to allow gravity flow. In order for the discharge to flow
via gravity, the UV system outlet must be piped to a lower water surface
elevation beyond the Memorial Boulevard Bridge.

As part of this study, we sampled water in the Moat in the vicinity of the
Memorial Boulevard Bridge. The samples were collected on March 16, 2007
during a storm event and the results are as follows:

UV transmittance: 79% without filtration
Total suspended solids: 11 mg/I
UV transmittance: 84% with filtration

These samples are cleaner than what would be expected. We based our design
on more conservative numbers in keeping with typical stormwater quality. The
UV system was sized for a UV transmittance of 55% and total suspended solids
of 30 mg/|.

We propose a UV system consisting of an 8-foot by 50-foot diversion channel,
leading to an 8-foot by 39-foot UV reactor channel. The UV reactor channel
will contain one UV reactor configured in a two-stage arrangement that houses
336 lamps. The footprint area of the UV system along with the diversion
channel and the outlet piping are pictured in Figure WQ LTA-7. This system
would be constructed of 304L stainless steel that may be passivated, if required,
due to its proximity to the coast. Passivation of stainless steel enhances steel 3
resistance to the corrosive effects of salt.

The UV system control center requires an electrical service of one 120 volt, 1
phase, 2 wire (plus ground), 16.7 amps. Each power distribution center requires
an electrical service of one 277/480 volt, 3 phase, 4 wire (plus ground), 568.9
kVA. Each UV reactor has one hydraulic system center and requires an
electrical service of one 120 volt, 2 phase, 1 wire (plus ground), 50 amps.
Electrical requirements will be evaluated during later design phases.

This system could operate automatically with feedback from a rain gauge and/or
outlet flow meter. The intensity of the UV lights may be varied to optimize
treatment and minimize cost. Operator attention will be limited to semi-annual
inspection of the UV system 3 control-panel display. Lamp replacement may be
deemed necessary from these inspections, but lamps are estimated to need
replacement an average of once every three years. For the purposes of this
evaluation, we assumed that an annual average of 40 storms would be treated
for duration of 48 hours.
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Before implementation, we recommend pilot testing as follows in order to
confirm that pretreatment will not be required. Specifically, the pilot testing and
monitoring proposed includes:

Sampling of a set of storm events to better understand flow, moat
hydraulics, and water quality, specifically TSS, UV transmittance and
collimated beam evaluations.

Settling tests.

Hydraulic monitoring of the moat, specifically using data loggers to
measure water elevations during storm events.

The opinion of cost for the construction and installation of this alternative is
approximately $3.8 million, not including pretreatment. The opinion-of-cost for
operation and maintenance is up to $206,000 per year of power costs
($0.10/kwh) assuming that the system operates at maximum current upon
startup and for 40 storm events per year (48 hour duration per storm).
Operational practices that would reduce power requirements include scaling
lamp intensities based on volumes treated. Also, approximately $37,500 should
be budgeted annually for lamp replacement, which does not include labor.
These costs are presented in 2007 dollars.

6.3.3 Summary of Water Quality Long-Term Treatment Alternatives

Table 39, “t.ong-Term Water Quality Treatment Alternatives,”’provides a summary of the
alternatives discussed in Section 6.3.3. It provides size of the subwatershed treated, water
quality volume treated, treatment-alternative footprint, and cost of alternative in 2007 dollars.

We also estimated cost per cubic foot for each alternative. Most alternatives will cost
approximately $13 - $15 per cubic foot of WQV treated. Because we developed opinions of
cost with limited information, we believe these costs ratios to be essentially equal. Two
alternatives had much higher costs per cubic foot of WQV treated— WQ LTA-3 trenches and
swales at Memorial Boulevard ($26/cubic foot), and WQ LTA-4 sand filter near the east side
beach parking lot ($38/cubic foot). If the City selects these alternatives, we recommend waiting
until later in the implementation process to install them in order to keep cost-benefit
efficiencies high.
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Table 39
Long-Term Water Quality Treatment Alternatives
Subwatershed | WQV FBeztr:rt]?)U:I Cost
Treatment Alternative | Subwatershed | Size (cubic . . .
Efficiency | Benefit Ratio
(acres) feet) (%)
Easton Beach Parking Lots and Memorial Boulevard
WQ LTA-1
Infiltration Trenches East Beach $199,000
East Beach Parking Lot | Parking Lot 41 15078 75-98 $13.3-$17.3(/cf)
WQ LTA-2
Infiltration Trenches West Beach $132,000
West Beach Parking Parking Lot 23 8,600 75-98 $15.3-$20.0(/cf)
Lot
WQ LTA-3 .
Infiltration for Mermorial 8.6 16256 | 7598 | o0 $é4§§40(7)(() et
Memorial Boulevard ' '
WQ LTA-4 East Beach $454.000
Sand Filter East Beach Parking Lot 3.1 11,600 40-90 $38 8-$56 7(/cf)
Parking Lot Area B ' '
Western Residential Neighborhoods Draining to Moat
3-2 232.1 312,300 $4,897,000
3-3 84.6 143,350 $2,109,000
3-4 42.1 53,060 $807,000
\S/\L/JSSLIJ_I‘-]!;?(;SSan d Filtersd 3-5 21.2 14,270 40-90 $203,000
3-6 36.6 24,400 $351,000
Total 416.6 547,380 $8,367,000
$17.8-$40.0(/cf)
WQ LTA-6
. . 3-1 $2,714,000
E;cr)lietentlon at Braga 3.0 263.9 335,634 75-98 $8.2-$10.7(/cf)
3-1 318 23,300 $14,000
3-2 232.1 312,300 $313,000
3-3 84.6 143,350 $143,000
3-4 42.1 53,060 $58,000
3-5 21.2 14,270 $47,000
OQLIAT |3 36.6 24400 | 5075 $55,000
3-7 2.2 1,200 $5,000
3-8 32 1,800 $5,000
3-9 4.7 2,800 $5,000
Total 458.5 576,480 $645,000
$1.3-$2/cf
Moat Discharge
WQ LTA-8 Easton Beach $3,800,000
UV Treatment Watersheda 594.3 745,000 9 $5.1/cf

d.  Entire watershed includes flow from Middletown that enters the moat near the discharge point.

e.  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.
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f.  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)

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 s 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
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).

6.3.3.1 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:

Subsurface Sand Filters
Catch Basin Inserts

Pilot testing for these two alternatives would consist of implementing these alternatives on a
small scale in the watershed. For example, install catch basin inserts in 4 or 5 catch basins, or
install 20 feet of a subsurface sand filter. These structures should then be monitored such that
hydraulic performance and influent and effluent quality is measured. Based on the results of
this analysis, the effectiveness and sizing of these structures can be better defined.

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.
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6.3.3.2 Water Quality Management Implementation

Implementation of a water quality management program commonly occurs over the course of
several years. Time frames vary for many reasons including, but not limited to, financing, public
concern, interagency coordination, construction delays and complications, and technical issues.

While incidence of beach closure can be reduced with the controls proposed herein, no control
or set of controls will completely eliminate all beach closures. That is, there will always be some
storm event or set of circumstances that will cause closures at the beach. As a result,
implementation of controls should be stepwise, that is, implement a round of controls and
evaluate their effectiveness before implementing a second round of controls.

The following paragraphs outline a recommended plan to implement the water quality controls
for Easton Beach.

Year 1

Conduct additional hydraulic and water quality monitoring required to develop
preliminary design of UV system at Easton Beach. (WQ LTA-8)

Begin coordination with state agencies on permitting. This should include DOT, DEM,
and CRMC.

Begin coordination with the media regarding development of anticipated controls for
the watershed.

Develop plan with Middletown to develop controls for the watershed. These include
both shared controls such as a UV system as well as controls that need to be
implemented by Middletown such as illicit discharge and detection program and
structural controls for their outfall at S-11. Newport and Middletown should consider
cost-sharing for controls such as the UV system based on the water quality volume that
they would both contribute. (WQ STA-5 and LTA-8)

Coordinate with DOT on implementation of an illicit discharge detection program and
the potential to relocate their Moat discharge at the Memorial Boulevard Bridge to a
point that can be managed by the UV system. Also, begin discussions on cost-sharing
for a potential future UV system. (WQ STA-5and LTA-8)

Develop public education program for the watershed. This is an item that should also
be coordinated between Middletown and Newport. The program should be focused on
activities that lead to increased bacteria loads and storm water pollution (e.g., pet waste
management, activities on the pond dams). (WQ STA-1)

Coordinate with local groups to develop and implement public-participation activities
such as beach cleanup to continue to improve public awareness of the issues. (WQ
STA-2)
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Year 2

Year 3

Develop preliminary (30% complete) design of UV system (WQ LTA-8). The purpose
of this preliminary design will be to:

o Confirm that Moat hydraulics will work with this system.

0 Size the system based on updated data.

o Develop a more accurate opinion-of-cost for both construction and operation
and maintenance.

0 Make a final decision as to whether or not UV disinfection is the preferred
alternative.

Pilot-test catch basin inserts as described herein as a fall back strategy if UV disinfection
is not advanced beyond preliminary design.

Advance the preliminary design plans for the UV system to 70% complete. Update
opinions-of-cost.

Prepare permit applications to CRMC and RIDEM water quality certification.

Apply for funding to RIDEM to the Nonpoint Source Bond Fund for the selected
alternatives.

Prepare construction documents for the UV disinfection system.

Follow-up on RIDEM grant funding.
Bid construction of capital improvements after grant awards are made.

Construct capital improvements. The scheduling of the construction of these
improvements will be dependant upon RIDEM 3 schedule to make these awards.

Consider the implementation of other improvements. We suggest that the City
implement an adaptive management approach where the success of implemented
controls is evaluated based on their impact on beach closures. The City would continue
to select and implement controls until beach closures are reduced to the point that
would be acceptable based on the scale of investment that the City wants to make.
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