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3. Background
Background: The Blizzard of 1978 which caused catastrophic flooding .
of 3,100 homes and businesses in the region initiated the original PROTECTION ‘\

request for the study. Since the project was inactive for more than 7 SANDARD LYNN

years Congress de-authorized it. Now the area requires this updated | wommeasrer

feasibility study before a project can proceed into final design. With HSEATEVEL &
the interest renewed by the communities, Senator Edward Markey and
Representative Katherine Clark sponsored legislation to authorize this

study in the Water Resources Development Act of 2022.
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4. TIDAL HYDROLOGY AND SEA LEVEL RISE

The most significant change over the past 30 years requiring an
update of the Feasibility Report alternatives is the recognition
that sea level is in fact accelerating and projects must be Yy
planned, designed, and built to account for it. The NASA Sea
Level Change Team confirmed, Fall 2022, that sea level rise would
cause near term catastrophic and nuisance flooding, and evidence

indicates the rise is accelerating, and findings confirm the higher rates | " l\#— :
developed by Federal agencies in a Feb 2022 report by NASA, NOAA, PLAN TO 2100 REGIONAL SAUGUS RIVER

FLOODGATE PROJECT
REVERE, LYNN, SAUGUS,
MALDEN, & EVERETT, MA
SPN + SLR PROTECTION
12-7-23

and the U.S. Geological Survey that over the next 30 years, by 2050, -
sea levels on the East Cost will rise 10 to 14 inches, a rise historically B
seen in 100 years. This rise closely aligns with the USACE High Curve
projection under which the project will be evaluated to protect

against. The project would be designed to be easily modified for about a five-foot rise, possibly achieved in
2100. Of like concern, “...by the mid-2030s every U.S. coast will experience more intense high-tide floods due
to a wobble in the Moon’s orbit that occurs every 18.6 years.” Further, “...this lunar cycle, in conjunction with
rising sea level, is projected to worsen the impacts of high-tide flooding during the 2030s and 2040s.”

This study uses a projected 5-foot sea level rise through 2100. The Corps of Engineers appears to
support this rate and has used a 4.2-foot rise by 2090, based on a 2013 baseling, in its Boston flood
studies. That projection corresponds to approximately 5 feet by 2100.

The following STRUCTURE HEIGHTS & GATE CLOSURES table has proven useful. It shows the Corps’
projected sea level rise beginning in 1978 for the 100-year and SPN events, as well as the incremental
increase. The fourth column shows an average 2-foot surge in the estuary or floodplain based on the
1978 storm, which produced a 1- to 4-foot surge, and other 10-year events documented in the Plan
Formulation Appendix. The fifth column adds a 2-foot freeboard for walls, if needed, followed by the
wall height above an average yard elevation of El. 9 ft. NGVD. A 1-foot freeboard in the protected
estuary may be all that’s needed. Currently, the planned closure was designed for EI.7 ft. NGVD with
start of damage at EI.8 ft. NGVD, thus 1-foot of freeboard.



TABLE 41

FLOODGATE CLOSURES WITH SEA LEVEL RISE
(No Change in Start of Damage)

Average
Annual Number
Of High Tides

Average
Annual Number
Of Floodgate

Typicafbi

Sez Level Duration of

The frequency of floodgate closures
for each foot of sea level rise is shown
in the 1990 Feasibility Report’s
Appendix B, Hydrology and Hydraulics
on page B-129, see Table 41: In 1990
“Today” closures would average 2-3
per year; 1-foot sea level rise @

Conditions e i) Closures Gate Closure
(ft, NGVD) (hours)  40/year, or 3/month; 2-feet rise @
Today 6 2-3 ;-g 200/yr or 17/month; 3-feet @ 425/yr
 foot rige 80 35-45 : r 35/month; and 4-f 7/yr or
b fons e T 34 or 35/month; and 4-feet @ 587/yr o
2 :oot rise 625 400-450 ’;'2 49/month. The number of closures
— FA 675 514~606 then approximated for various
decades. The EIS pgs. 150-151
STRUCTURE HEIGHTS & GATE CLOSURES
Boston Tide Elev Estuary Walls SPN Estuary Walls Floodgate
FT.,NGVD Without Floodgate WITH Floodgate, SPN Closures per Month
w/ USACE Rise HIGH SEA LEVEL Option #1 Option #3 / Hrs. Each
100 ¥r. SPN RISE Estuary| +2'FB +2'FB
YEAR USACE SPNEled TopEl. Height Top El Height Without Walls
1978 10.3 12.0 0 +2'Surge Above Avg Above Avg. 0.2/2 Hr.
Mard/Rd EI. 9 Yard/Rd EL.9 in 1978
2000 105 |% 122 +0.2 14.2 |Rounded Mih. Gate Close 2}/Yr.
2030 11.2 12.9 * +0.7 | 149 El. 17 3 Ft. El. 10.5 15Tt 3/2.5
Water El 8.5 ‘34 4/3 1.8%
2050 12.1 13.8 |W +1.6 | 15.8 E. 18 | 9Ft El.11.5 2.5Ft 10/4 5.6%
r
2070 13.2 14.9 +2.7 | 16.9 El.19 | 10Ft. El. 12.5 3.5Ft 23/5
w
‘90 14.7 16.4 +42 | 184 El. 20 11 Ft. El. 14 5Ft. 49/6
2100 15.6 17.3 *+5.1 193 | EL.21 12 Ft. El. 15 6 Ft.
b1
2120 17.4 19.1 +6.9 211 | EL23 14 Ft. El. 17 8 Ft.
i
2130 18.4 20.1 +7.9 22.1 | ElL 24 15 Ft. El. 18 9 Ft.

concluded that closures of 3 to 40/year by raising shorefront walls to raise the start of damage one
foot as sea level rise each foot “would have little impact on the estuary or navigation”. By 2030
estimated closures would reach about 3 per month or 40/year and the shore would be raised at least
one foot, closing when tides reach or approach EI.8.5 ft. NGVD, thus with 2 feet freeboard, wall top
elevation is 10.5. Then, walls would be raised with each foot of sea level rise as shown, approximated
for each shown decade. The graph with the Option#3 Cost and Benefit analysis plots the rise on the
Closure table which shows 1-foot increments of rise for years: 2040, 2060, 2075, 2090 and 2100. It
will likely take several years to plan and construct 25 miles of structures by the time 40 closures per

year is reached, the first year likely when the project is built.
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The analysis being used for this Study has a base hydrology, used in the original study with a 1978
epoch. Itis noted that the MA CZM has adopted a rise of 7.8 fee by 2100. This assumes that projects
should be able to be modified for higher rates of sea level rise.

The original study started with a Mean High Water (MHW) of Elevation 5-feet, NGVD., assigning a 5-
foot rise by 2100, results in an end MHW level in 2100 of El. 10 ft. NGVD. Also, the original height of
the SPN was El. 12 ft., NGVD, for the Boston gauge and ocean level which will become EI.17 ft. NGVD
for 2100. Finally, in this Estuary, conditions are different than the rest of the coast. Due to the
geographic nature of Broad Sound when accompanied by sustained northeast winds piling the water
up for several days, common to a nor’easter, tides are driven inland and into the Estuary surging
generally 2 to 4 feet higher than the ocean as documented during the Blizzard of 1978 and similar
observations during 10-year events. These results are documented in the collected high-water marks in
the Plan Formulation Appendix, and on the Stage-Frequency Curves in the Hydraulics and Hydrology
Appendix. Therefore, using an average increase in height of flood water in the flood plain of 2to 3
feet above the SPN ocean level of El. 17, the design flood level for the SPN in 2100 would range from
El.19 - 20 ft., NGVD for structures within the floodplain and around the Estuary. The table assumed an
average of 2 feet surge. This design flood level will be used for Options #1 & 2.

5. Option#1 LOCAL PROTECTION PLANS: The plan would protect five areas

against the worst coastal storm likely to occur, the Standard Project Northeaster (SPN), with 4,320
buildings including: the Revere Beach Backshore, Point of Pines, Lynn, East Saugus and Town Line
Brook area. These plans are all shown in detail in the 1990 Feasibility Report. The costs, benefits and
impacts are summarized on pages 44-48, and page 61 with Point of Pines. The First Costs at $71.1
million and Average Annual Benefits at $9.06 million are at 1988 price levels. The plans impact 16
acres of Intertidal Habitat Lost, and 17.7 acres of Vegetated Wetland Lost. The “Loss of Views &
Aesthetic Impact is “high throughout area”.

Updating (pages 15 & 16) the plans’ cost is felt should be comparable protection to option#3 for raising
walls and dikes to provide SPN protection with a 5-foot rise in sea level by 2100. It requires 9.8-miles
of walls, dikes and sand dune/beach features which need to be raised to El. 21 ft. NGVD for walls with
an interior design water surface of El. 19.3 as shown on the STRUCTURE HEIGHTS & GATE CLOSURES
table, page 4. The heights of both walls and dikes were reviewed for the LPPs to determine the
average top of walls was about El. 13.5 and dikes were El. 16. The wall height of 6.5 feet had to be
raised to El. 21 for a new height of 14 feet, for an increase of 2.15 times. The dike profile area
changed from 279 SF to 653 SF to reach El. 22, for an increase of 2.34 times. The average increase of
both was 2.25 times and used to roughly estimate the increase in cost due to sea level rise (SLR). The
plan’s cost of $71.1M was updated to 2026 pl with ENR:CCI of 3.17 = $225.4M. The increased cost due
to SLRis 1.25 * $225.4M = $281M. If construction costs are evenly divided into 4-phases the average
cost is about $70.5M/phase. The building of a sand dune/beach system is assumed needed starting
about 2060 and at $30M is divided among the last three phases, then each totaling $87.5M. The first
phase for raising structures is added to First Cost while the remaining three are discounted back from
years 2060, 2075 and 2090 at 5% for a present worth of S29M. The Plan’s total First Cost is $225M +
$70M= $295M. The total investment is $295M + $29M = $324M, for an average Annual cost about

$32M.




The Plan’s Average Annual Benefits of $9.06M are adjusted by ENR:BCI by 3.45 = $31.3M. The SLR
benefits for Option #3, explained later, increased by 36%, thus these are increased the same: $31.3*
1.36 = $42.6M, Say $43M Average Annual Benefits. Net Benegfits = $43M - $32M= $11M, and BCR =
1.3.

The Option#1 plan would continue to have adverse impacts on views and lost wetlands from walls and
dikes reaching heights of about 12 to 17-feet above the shoreline with some properties as low as El. 4 ft.
NGVD. The plans leave unprotected: the Northgate and Upper Saugus River areas which could not be
economically justified for protection; Routes 1, 1A, 107 and B&M railroad; and the Ash Landfill. Of
particular concern are the 80 tide gates for drainage systems and gated access openings. Due to the
difficulty of maintaining them and history of poor maintenance of most tide gates in the region,
documented by Ed Reiner of EPA, failure to close with tide water heights of up to ten (10) feet above
them (water at El. 19, shore at E1.8), which could be devastating from severe leakage or extensive flows.
If the entire 25-miles of shorelines were raised or transportation arteries raised, the cost would escalate
to well over twice as high: For example, if $225M is the cost for 9.8 miles, then 25 miles would cost
about $574M! Support will likely continue to be lacking for this option for obvious reasons and not
warrant further detailed study, but a cursory update as accomplished here. The total original plan
Wetland impact at 16 acres + 17.7 acres = 33.7 acres. Increase this by the increased width of dikes from
50 ft. to 75 ft, or times 1.5 = 51 acres of Wetland impacted. Since 110,000 CY of sand is likely required
from the [-95 embankment for Point of Pines, explained later, the embankment might be breached after
the East Saugus LPP is built, improving the flushing of 500 acres in the upper estuary. The East Saugus
LPP would be built first to avoid increased flooding from higher water levels after breaching as
determined by the Corps modeling by the Waterways Experiment Station (WES). The EPA did their
own gauging check on flows resulting that they believed the embankment does not restrict flows. The
Corps retired Project Manager reviewed EPAs analysis and pointed out that EPAs station was in a
location where the impact of lower water levels might not be detected, and that no EPA data was
obtained during storm conditions. Consequently, the Corps’ WES results should continue to be assumed
that breaching the embankment would cause higher flood levels in East Saugus.

6. Option#2 NON-STRUCTURALN PLANS: The plan would continue to protect
about 7-percent of the buildings described on pages 49 & 50 in the 1990 Main Report.
With the First Cost at $7.4 million, and Average Annual Benefits at $1.4 million to raise
or flood proof 240 buildings at 1988 price level located primarily in the 100-year
floodplain. More detailed information and other alternatives were evaluated, but not
justified, and are described in the Main Report. As sea levels rise more might be justified
as costs likewise rise, raising the need for buildings at greater heights, but there may be
limited feasibility pending the rate at which seas are rising. Since only 3,700 buildings
were damaged surveyed out of 5,000 in the original SPN floodplain, the estimated total
justified for protection might have been 7-percent of 5,000, or 350 buildings. Adjusting
$7.4M cost to 2026 prices for the 240 buildings using ENR:BCI of 3.45 would be:
$25.5M, and cost/building = $106.4k/Bldg. (26pl). The First Cost for 350 buildings =
$37M (26pl). Average Annual Benefits of 240 buildings is $1.4M adjusted at 3.45
=$4,830K, The Benefit per building = $20.13K/Bldg. Thus, Benefits for 350 buildings =
$7.0M against Annual Cost of $4M ($37M * 10%), Net Benefits = $3M, BCR=1.8




The total relocation of all buildings from the SPN floodplain would be about $10
billion+. Main Report states page 49 that the acquisition cost of residential, commercial
and industrial structures in 100-year floodplain of Revere, Lynn and Saugus is about
$1billion (‘88pl), adjusting to at 2026pl * 3.45=$3.5B. The Economics appendix shows
total buildings for this group at 2077 structures in 100-year floodplain. Thus, 6,000
buildings /2077* $3.5B=$10.1B.

7. OPTION#3 REGIONAL SAUGUS RIVER FLOODGATE PLAN

For ease of reference the following are length of structures for Option #3. The Revere Park Dike and
Revere Beach Ponding area are included. The Ponding area wall at the north end of Revere Beach directs
overtopping water toward a ponding area and Pines River. As to be explained, with sea level rise, much
better protection would likely be needed to prevent excessive overtopping along the entire beach after
a foot or two of sea level rise. Until then, the Park Dike and Ponding wall are needed for SPN protection,
and remain project features.

LENGTH OF STRUCTURES: Park Dike & 500LF Pond Wall 3,920 LF = 0.74 Mile
Point of Pines Walls & Sand Dune/Beach 4,290 LF = 0.81 mile

Lynn Harbor Walls & Dikes 8,900 LF = 1.69 miles

Total 17,110 LF = 3.24 miles

Floodgate 1,330 LF = 0.25 mile

Total 18,440 LF = 3.49 miles
Revere Beach Sand Dunes/Beach after about 2050 13,000 LF = 2.46 miles
Total length by 2100, with Revere Beach Dunes /Beach 31,440 LF = 5.95 Miles

The attached calculation pages 17 & 18 develop the benefits and costs of the Regional Plan starting
with the sea level rise benefits and costs for a 4.2-foot rise summary on page 94 of the Saugus River
and Tributaries Main Feasibility Report. The figures used are the column that “Maintains the Level of
SPN Protection and Limit Gate Closures”, Case 3 for a 4.2-foot rise in sea level over 100 years. These
values represent “Benefits and Costs per Foot of Sea Level Rise” in $ millions at 1989 price level (pl):
the First Cost to “RAISE Ocean Shorefront & Floodgates is $4.5 m per foot of rise; and the First Cost to
“Raise Estuary Rivers Banks” is $11.1 m per foot of rise, for a total cost of $15.6 M per foot. The total
cost then to raise 4 feet is $62.4M (’89 pl). Using the ENR: Construction Cost Index for 1989 to July
2026: 14,308/4616=3.1; thus, the total first cost to raise 4-feet of sea level rise is $193M (26 pl).

The Option #3 Average Annual Benefit per foot of sea level rise is $2.1 million/Foot at 89 pl.
Converting to 2026 pl using the ENR: Building Cost Index is 8963/2634=3.4, thus the annual Benefit per
foot is $7.14/Foot of rise (‘26pl). The graph on page 17 shows the rise in sea level for case 3, a 4.2 ft
rise by 2090 or 5.1-feet by 2100. Also shown on page 18 are present worth values per $100 Million for
expenditures in 2060, 2075 and 2090 with costs brought back to 2026 over 34, 49 and 64 years,




respectively. Page 18 computes the economic analysis with the Regional Project average annual
benefits from the Feasibility Report pg. 101 at $10,956k (88pl).

As discussed later, the Point of Pines protection is severely lacking using revetments, and the Corps’
Coastal Engineering and Research Center (CERC) strongly recommended using sand dunes and beach
with coarse-grained sand to eliminate overtopping for the SPN plus with sea level rise at a much lower
cost and greater protection. For example, the revetment cost in the GDR is $3.1 million, while the
110,000 cy of dune/beach sand needed at the updated GDR unit price of $16.46/cy compares to
$1.8m, much less than the revetments. Thus, the added benefits for Point of Pines from pg.61
computes remaining benefits at $211k (88pl).

Thus, the Option#3 total avg ann. Benefits are: $10956k + $211k =$ 11,167k adjust X 3.45 = $38.53M
(‘26pl) Avg. Ann. Benefit. The present worth for the sea level rise benefit of $7.14M/foot of rise needs
to be determined. With sea level rise costs and benefits discounted at 5% back to 2026 from years
2060, 2075, and 2090 over the 34, 49, and 64 years, except year#1, the total PW is $9.46M, thus total
benefits are= $38.53M + $9.46M = S48M. In all fairness to the fact that at least 1400+ buildings have
not been damage surveyed, and that the GDR adds 14% contingency for costs, an additional 10% is
added to benefits: $48M X 1.1=552.8M, Say $53M Total Average Annual Benefit Option#3.

Option #3’s total first cost for the Regional Project in the GDR is $102,649,312 at 1993 price levels.
Adjusting to 2026 dollars using the ENR Construction Cost Index (CCl) multiplier of 2.79 yields $286.3
million. The previously developed sea level rise (SLR) cost is $193 million to raise structures by 4 feet,
or $48.25 million per phase over four phases, with the first phase included in the first cost rather than
discounted.

It is assumed that after 1 or 2 -feet of sea level rise by 2060, Rever Beach will require a dune beach
system along its entire 13,000 LF. @ $16/cy * 14% OH = $19/cy. The dune beach system requires a
total quantity computed for SPN+5 ft SLR Protection = 1.6 MCY= $30M total. If divided over 3-phases=
$10M/phase plus $48.25M/phase for raising shorefront structures, discounting for years 2060, 2075
and 2090 at 5%, the PW is S19M.

The Option#3 Total First Cost is: $286.3M + $48.25M = $334.6M Say $335M for Total First Cost.
When adding the SLR PW of $19M = $354M investment, for a 10% Avg. Ann. Cost of $35M. Thus, Avg.
Ann. Net Benefits = $53M - $35M = $ 18M; BCR = $53M / $35M = 1.5 to 1.

8. Buildings Protected: The original study identified 5,100 buildings in the El. 12 ft., NGVD
floodplain. The SPN floodplain with a 5-foot rise is estimated as explained in Tidal Hydrology to have a
design flood level of El. 19-20 ft, NGVD. Available topographic mapping barely reached El. 12.
However, when available building data is plotted by elevation on a graph, the number of potential
buildings in the SPN +5ft floodplain may reach over 7,000. As explained later, only 3,700 buildings
were actually estimated for damages. There were and still are sufficient benefits with the 3700
buildings to justify the Regional Project. The cost and time to pursue damages and benefits for the
remaining 3,300 or so buildings by obtaining topographic mapping, building spot elevations, hydrology
for stage vs. frequency curves, damage surveys and analysis would be very expensive and time



consuming, thus hardly expediting the study as President Biden authorized or in the best interest of
the region and not recommended, except for what can be accomplished in one year.

There were 5,000 buildings identified in the 1990 Feasibility Report, plus 100 in Everett identified later, in the
Standard Project Northeaster (SPN) floodplain. Those not yet surveyed include: 2,100 buildings, including 1,200
in the Town Line and Linden Brook floodplain, and 900 in the remaining SPN floodplains of Revere, Lynn and
Saugus. First, in Revere, Lynn and Saugus, there are: (1) about 350 buildings in the floodplain two feet above
the 1990 SPN level, which is the additional area vulnerable to flooding by 2070, over the next 50 years; (2) there
is an additional roughly a 4% increase in new development in the floodplain previously surveyed, or about 150
buildings. This is based on Revere’s growth in new construction reported in Dec. 2022. Revere’s floodplain was
previously surveyed with 1,750 buildings in 1982, now there are 71 new buildings, or 4%: 66 new structures with
5,565 new housing units, and five (5) large city or commercial buildings. Details are included in the Economics
section of this report and a list with the City; and (3) The Upper Saugus River and Shute Brook areas in Saugus
were not evaluated for damages because of the cost of extending surveys. There are about 300 buildings in the
original SPN floodplain, many flooded in the Blizzard of 78 and other storms. Besides these 300 buildings there
are an estimated 100 buildings 2.5 feet above the original SPN level. Altogether, there are 900 buildings not
surveyed for the Regional Project.

(4) The Town Line and Linden Brook areas in the floodplain of Revere, Malden and Everett were not
evaluated for damages in the 1990 Feasibility Report since the Metropolitan District Commission, since
dissolved, had planned to address the problem, however, no action was eventually taken. In the Blizzard of
1978, 100-year tide, and the 1979-10-year tide event with heavy rain, both events produced depths of water
from 3 to 4 feet deep in the area flooding to El. 7 to 8 ft. NGVD. A field survey with EPA revealed the potential
cause of flooding into the Town Line and Linden Brooks area, documented on the web site, including leaking and
damaged tide gates on culverts under US#1, overtopping of stop log structures fronting other US#1 culverts, an
open tide gate on a culvert into Linden Brook, overtopping of the
embankment into Linden Brook, and debris and vegetation plugging
the Town Line Brook channel. Several neighborhoods are located
between the 5-and 10-foot NGVD contours. In addition to the
estimated 1100 buildings in the original SPN floodplain, also those not
damaged surveyed there are about 200 buildings 2.5 feet above the
original SPN floodplain. This will account for the half foot of sea level
rise since the damage survey, plus 2 feet of sea level rise to be
evaluated in the SPN+1 and SPN+2ft sea level rise plans. During
coordination with Revere, it became apparent that the Town Line
Brook floodplain extended into the City of Everett, which would
benefit from regional protection.

Since the Regional Saugus River Floodgate Project was initially
optimized without the benefits of this area, and due to the amount of effort to determine benefits, it is
recommended that the complete analysis of benefits for this floodplain proceed after completion of the new
Feasibility Report, if necessary. This area will benefit from a regional project that prevents coastal flood waters
from overtopping their shore front, and from entering many of the malfunctioning tide gates. Also, the Regional
Floodgate project will facilitate their drainage during gate closures, while operating their pumping station.

9. Floodgate Changes: Of particular important to note are changes in the design of the Regional Floodgate Plan
since the 1990 Feasibility report. The Project Description was modified in November 1993 from the GDR and
H&H FDM#2 which should be reviewed. For example, the floodgate structure has revised flushing/Tainter gate
dimensions, number and locations within the structure, as a result of the models, and has a concrete wall across
the river in lieu of a dike. The Miter Gate’s circular cofferdam was redesigned and enlarged and should be
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reviewed. There are 5 large artist renderings of the floodgate structure to be turned over to the team by the
PM. Lynn Harbor includes public access and landscaping along the new dike. Nahant Causeway needs to be
maintained, which reduces waves especially in Lynn Harbor, and reduces the design top elevations.

10 -Revere Changes & Mitigation: At Point of Pines, WES modeling recommended that revetments be
eliminated along the north half, and that dunes be built with 1-95 sand, in lieu of revetments, be considered as a
better alternative with higher protection for the south half as explained below. At the Revere Beach Park Dike,
the rip rap may not be needed, and the dike top elevation is dependent on beach profiles, possible similar to
eroded conditions in 1978 before beach restoration. The Mitigation plan location and design will likely need to
be redone for a new location. Also, if the project is recommended with removal of the I1-95 embankment as an
ecosystem restoration measure, the need for a mitigation site may not be required with the ecosystem benefits
from removal of the 1-95 embankment. See the features from the Draft Restoration Report on the web site. See
the Hydrology and Hydraulics FDM#2, not the GDR, for the design and top elevations for building the: dunes at
Point of Pines, Reaches A to E; and Park Dike. The GDR was prepared before CERC completed their report on the
value of Sand Dune/Beach Systems.

11- Point of Pines’ Revetment vs. Dune &, 1-95 Sand: Based on information in the Hydrology & Hydraulics FDM
pages 75 — 77 and Apdx. Il by the Corps and their Coastal Engineering Research Center, both the numerical and
physical models of erosion and overtopping at Point of Pines beach and seawalls show that the planned
revetments fronting the seawalls in Reaches A to D (Carey Circle north to the existing sand dunes) would not
provide the level of protection needed as shown in the reports, using conditions represented by the 1945 storm
(and other storms): with SPN overtopping between 3,600 Acre-Feet Table B1 (with beach built up to 10.5 ft.
MLW) to 7,300 Ac-Ft Table C2 (existing beach). For more frequent storms there’d be less overtopping, eg. 10
year at 148-343 Ac-Ft., 20 yr. at 184-379, 50 yr. at 548-1250, and 100 yr. at 663 -1613. But as sea level rises,
significant overtopping would increase for frequent storms to the severe detriment of the area.

Modeling of sand dunes at Point of Pines in the H&H FDM Apdx. Il confirms the very high level of protection
which would be afforded by a complete dune system in Table C1 with “0” or no overtopping for all events
including the SPN using the coarse-grain 1-95 sand. Dunes would be built with a 30-foot-wide berm built at a
minimum top El. 21 ft. MLW (16.5 ft. NGVD), the same elevation as top of seawalls along the south half of the
shorefront, but at Carey Circle built to El. 23 ft. MLW (18.5ft. NGVD). The full dune design with sand fences and
walkways across the dunes at the end of each street is strongly recommended, showing no overtopping for the
SPN and likely higher storms as sea level rises.

As reported Apdx. Il page 103: “Analysis of the dune optimization profile response results indicates that the
dune designs tested with a coarse-grained beach fill are extremely resistant to erosion in response to the SPN.”
The General Design Report (GDR) was prepared before these results were available. The total dune system for
Point of Pines needs to be documented in the Feasibility Report to replace the revetment plan. This will provide
much higher protection, higher project benefits, lower costs than revetments, and much less overtopping.
Overtopping would likely be cut in half (see FDM Apdx. Ill) and reduce the overtopping estuary storage
requirement when the gates are closed, currently at 660 acre-feet (FDM pg.127).

The cost estimates, stage-frequency curves and hydrographs would need to be revised for Point of Pines. The
sand migrating from Revere Beach to nourish the beaches at Point of Pines will continue to help maintain a full
dune system. Due to the need for more investigation for the effects of sea level rise on the sand dunes,
additional modeling may be required during the GDR phase. For the feasibility investigation a suggested dune
top elevation of EI.23 ft. MLW (El. 18.5 ft. NGVD) should be considered as an estimate for protection against the
SPN + 1 foot rise, and for SPN+5 ft. Rise (EL. 17) use El. 22 ft. NGVD top of dune.

10



Available I-95 Sand & POP: The amount of sand needed for the full dune system at Point of Pines Reaches A thru
D, including Carey Circle to POP’s existing dunes, is estimated at 110,000 cy. The available course-grained sand
in a few areas of the abandoned I-95 embankment in the estuary is about 209,000 cy. This material is located in
the “flood control berm” (see cross-section in website, Reports, Environmental Restoration Report) for areas
#18, #23, #29 and the Pines River opening (shown on EPA’s Map of Rumney Marsh Restoration) page 19. The
full dune system would not likely be built, or I-95 breached, until the floodgates were operational due to the
possibility of increasing flood levels in East Saugus. The removal of this material would create about 16.7 acres
of ecosystem habitat and open up about 4,900 LF of open marsh to facilitate natural flushing and flooding of the
500 acres of upper estuary. The Draft Environmental Restoration Report on the web site evaluates options to
mitigate slightly higher tides along the marsh edge of East Saugus, and describes benefits from restoring the
upper estuary.

The Total sand above EL5 ft. NGVD is 1.03MCY, plus to El.-4ft is 600kcy: which Totals 1.63 million CY.

12-Revere Beach, Park Dike & Dunes:

During design the Dec. 93 Hyd and Hyd Feature Design Memorandum #2 (FDM), pages 74 through 81 and it’s
Apdx. lll and IV on the web site, evaluated the modeling for overtopping Revere Beach seawalls based on both
the 1978 (pre-restoration profiles) and 1991 profiles with and without the Park Dike behind Revere Beach in the
vicinity of the police station. The design level of protection is the Standard Project Northeaster (SPN) which is
the worst storm likely to occur. Modeling the Park Dike top at El. 19.5 ft. NGVD, less than El. 23 ft. NGVD, which
it is currently set at, the dike performs well eliminating 92% of the SPN overtopping with the 1978 profile, 96%
with the 1991 profile. The EI. 23 ft. NGVD dike, plus lowering the seawall, and providing vegetation and
walkways on the park surface should further reduce overtopping of the park dike. The El. 23 ft. NGVD Park Dike
performs well with the SPN storm +1-foot rise in sea level with the 1991 beach profile but would see significant
overtopping with the beach eroded to 1978 conditions. Maintenance of the beach is critical for reducing
overtopping. The project’s operating manual would clearly explain the need for maintenance.

At the north end of Revere Beach, overtopping as currently designed would be directed back to the estuary for
storage. The FDM addresses several conditions for an eroded beach with sea level rise; however more modeling
may be required during the GDR phase. The 1990 Local Cooperation Agreement between the Commonwealth
(MDC) and Federal Government for the Revere Beach Erosion Control Project allows for 50 years of cost sharing
65/35 for the periodic maintenance of the beach, estimated to average 3,000 cubic yards per year.

Maintenance needs to be maintained for beaches, as well as the entire project. Discussions were held on how
to achieve and assure project maintenance happens. A strong recommendation was to establish a committee to
oversee and manage continued maintenance from an escrow account established at the beginning of the
Regional Project.

The above Carey Circle dune profile discussed with Point of Pines (30 feet wide berm at El. 18.5 Ft. NGVD
sloping 1 on 15) is effective for SPN+1-foot sea level rise, thus an SPN of El. 13ft.NGVD. The top of dune berm at
El. 18.5 is thus about 5-feet above the SPN El. 13. The 5-foot above an SPN level was used in the following
Revere Beach cross-section for the 5-foot rise in sea level for an SPN+5 at El. 17, requiring a top of dune at El.
22ft. NGVD. Since Carey Circle is the north end of Revere Beach, an area of concentrated wave energy, this
dune profile was used to estimate the 1.6 million CY of sand required to create the profile for the full 2.5 miles
of Revere Beach. A 50-foot-wide top width of dune was used for Revere Beach, in lieu of 30 feet, similar to the
required width when the beach was restored in 1990/91. The feasibility of this system for Revere Beach needs
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to be evaluated with modeling, if necessary, during design, and the timing of when needed established., likely
started around 2050.

Besides the over topping at POP, the north half of Revere Beach contributes about half of the 660 acre-feet of
SPN overtopping into the estuary during gate closure. There remains about 100,000 cy of I-95 material available
in the above four (4) areas plus more in other areas which could be used to create sand dunes along this
northern reach, plus restore design levels along the beach. Currently some sand dunes have been created along
the north beach which benefit migrating birds. Sand could be used to create a much better protective dune and
eliminate the SPN overtopping all along Revere Beach and make more estuary storage available as sea levels
rise. This has not previously been evaluated but may be considered in the feasibility study with additional
modeling delayed until the GDR stage, so as not to delay the Feasibility Report

The attached figure show a schematic of a dune/beach system at Revere Beach to stop overtopping with a 5-ft
sea level rise and SPN storm in 2100. The Carey Circle recommended profile by CERC was raised for a 2100 plus
5-foot sea level rise berm to stop SPN overtopping. It was drawn above the 1990 restored beach profile shown
on the attached figure and the additional quantity computed at 1.6 million CY. Consequently, all of the 1-95 sand
could be used for creating a Revere Beach Dune System, although some would be used for Point of Pines initially
and later years would likely complete the profile which could be accomplished in phases.

Revere Beach 2100 w/ 5 Ft.
Walkways & Sea Level Rise
Sand Fences CIM
& SAND DUNE & BEACH 10 Ft. USACE
El. 22 ""’l, SPN 100 Yr
§ 50 Ft. ‘. IE_FVFEI Level
, . FL.
6 FL. . 18.4, 2100
Still Water NGVD |4
Existing 8
Top Wall Sand Dune & 14.9,2070
El. 15.7 1
¥
13.1,2050
1
Ocea h 11.9,2030.
600,000
o 1
D

0 100 Ft. 200 300 400 500

13. ECOSYSTEMS RESTORATION

The following information substantiates the importance of agency objectives to restore the Rumney Marsh
Estuary. This Option#3 Regional Project requires the use of the I-95 embankment’s coarse-grained sand, at least
110,000 Cy for Point of Pines and eventually 1.6 million cy for Revere Beach, likely around 2060. The removal of
this much embankment could restore most of the natural flushing to the upper 500-acres of the estuary
resulting in a number of environmental benefits. The authorization legislation for the Study includes Ecosystem
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Restoration. The Estuary, better known as the Rumney Marsh, is adorned with opportunities to restore 14
ecosystems (156 acres) because of restricted channels where invasive species have flourished and 12 areas of fill
(67 acres) which could be removed. For now this report is primarily interested in: 1) the quantity of available
sand from the 1-95 embankment for building Sand Dune/Beach systems at Point of Pines, Revere Beach and
possibly, if necessary along the Nahant Causeway; (2) identifying the environment advantages of removing the
embankment for improving the flushing to the upper 500-acres above the embankment; and (3) determining the
amount of acreage beneath the embankment that can be restored to wetlands.

The following three-page pdf includes the EPA Rumney Marsh Restoration Areas Map dated 1-19-22
with a list of all potential restoration sites in the Rumney Marsh with a map showing their locations, and
condition of tide gates.
https://www.epa.gov/system/files/documents/2022-01/rumney-marsh-restoration-areas-2022.pdf

The list of sites on page 3 of the pdf includes potential projects in yellow and red. The red ones are 14
sites (156 acres) dominated with invasive species; and yellow are 12 sites (67acres) of potential upland fill
removal locations totaling on the order of 400,000 cy of sand. The sand when screened was used in the past to
restore Revere Beach and is suitable for dune restoration with the grain size called for by the Corps’ Coastal
Engineering Research Center for Point of Pines. It is very resistant to wave erosion.

EPA’s map shows 67.6 acres in yellow along embankment that is "Potential Upland Removal Area”. The Green
area is “Complete” for restoration, 66.4 acres. Red areas are ”Invasive Species/Insufficient Tidal Flow” 179.3
acres

An Area of Critical Environmental Concern (ACEC) is the highest level of protection that the
Commonwealth can give to a resource area. The Rumney Marsh received the designation during the 1990
Feasibility Study as a result of the environmental investigations on the estuary. In the designation provided on
the web site, the Regional Saugus River Floodgate Project is specifically exempted.

The ACEC Designation states: “The Saugus River Flood Damage Reduction Project is the first project to be
exempted from the designation... this project will be exempted as it is approved by the Office of Coastal Zone
Management through its Federal Consistency review. | feel that the ongoing interagency review process,
directed by the Corps of Engineers, will allow the project to be closely scrutinized as to its environmental
impacts and provide for appropriate mitigation. This process will meet or exceed the intent of the designation
with regard to the proposed project.”

The ACEC Designation states the goal of the Executive Office of Energy and Environmental Affairs (EEA)
is to remove the I-95 Embankment: “The second exemption is the removal of sand from the so-called “I -95
Embankment”. While the removal of this material may not present a problem even under the designation, in the
interest of clarity and facilitation of an important beach nourishment project, this activity Rumney Marshes
ACEC Designation 22 August 1988, Page 5 is also exempt. It is presumed that this excavation will be consistent
with the existing Secretarial Certificate for the project. In general, | am, and have been, very concerned with the
ultimate fate of this fill. To restate my position, our ultimate goal is to remove the fill and restore the marsh. Any
activity which does not further this goal will be deemed inconsistent with the designation.”

Taken from the ACEC Restoration Plan: “The Rumney Marshes Area of Critical Environmental Concern
(ACEC) has been characterized by the U.S. Fish and Wildlife Service as one of the most biologically significant
estuaries in Massachusetts north of Boston. The ACEC is 2,634 acres in size and is located in the municipalities of
Boston, Revere, Winthrop, Lynn and Saugus. The ACEC is comprised of two marsh systems, Rumney Marsh and
Belle Isle Marsh. These two areas are now disconnected, but were formally portions of a much larger salt marsh
complex.”
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https://www.epa.gov/system/files/documents/2022-01/rumney-marsh-restoration-areas-2022.pdf

“The Rumney Marshes ACEC is ecologically diverse with salt marsh, tidal flats, subtidal channels and abutting
upland. An extraordinary variety of birds use the area, including five state-listed endangered, threatened, or
species of special concern according to the Massachusetts Natural Heritage and Endangered Species Program.
The marshes also provide habitat for commercial fish and shellfish; a filtering system for improved water quality;
) Rumney Marsh X2 —‘,/' and rec'reational, ‘
1:95 Embankment b N “S’: /L B educational, and scenic
' " resources. The extensive
holdings of the (formerly)
Metropolitan District
Commission (MDC) in both
Rumney Marsh and Belle
Isle Marsh offer public
access to the marshes and
uplands for hiking, nature
study, boating, and fishing
for area residents and
visitors. The recent opening
of the Bear Creek Wildlife
Sanctuary in Saugus further
enhances public access to
the ACEC and its salt

Baverwo LSRR USOS Owicww W93

NOAA o the GIS Uvar Comemunty marshes. The salt marshes

£ Reon 1| GIE Corder Nap 910801, 10201

are vitally important to the

surrounding human population in their capacity to prevent flood damage by providing floodwater storage.”

The ACEC Designation reported: “Nearly 70 percent of all commercial fish and shellfish resources are
dependent on estuaries for spawning and nursery grounds. Winter flounder, alewife, smelt, blueback herring,
and American eel are a few of the more common finfish that occur within the nominated estuarine
ecosystems...Intertidal habitats...support a wide variety of invertebrate resources. These include soft shelled
and razor clams, mussels, snails, marine worms, and other invertebrates that are integral components of the
marine food chain. Although many of the shellfish beds are too contaminated for human consumption, they
represent an important food source for wildlife, attracting large numbers of wintering waterfowl to the area
annually". The list of bird species, migratory or indigenous, is extraordinary.”

14-NAVIGATION GATE VS. LOCK: The 100-foot-wide Navigation Gate was designed for passage of the oil barge
used by General Electric. A scale model of the barge and lobster boat were built by the Corps’ Waterways
Experiment Station for the modelling of the Floodgates. GE has long since discontinued use of barges in favor of
road transportation due to environmental reasons. Also, the open width of the General Edwards Bridge is 100
feet. Now however there’s the opportunity to reconsider the width of the gate and potential design of a
navigation Lock to avoid delays in both recreation and lobster boat passage. Generally, recreation boats are 8.5
feet or less in width and lobster boats in the Saugus River appear about the same. A 25-foot-width for recreation
boats is common for locks. The attached diagram, page 20, of the Existing Plan for the 100-foot-wide navigation
gate with the 3-Revere flushing gates shows the width of the navigation gate structure with 32-foot-wide
abutments on either side at 164 feet-wide. The figure below the Existing Plan, the Potential Plan shows 2-
additional 50-foot-wide flushing gates added plus a 25-foot-wide navigation gate or lock gate in the same 164 -
wide space, both figures drawn to scale. The cost comparison on page 21 shows the potential comparable cost
of the two layouts.
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EPA’s ESTUARY & i-95 RESTORATION MAP
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