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SYLLABUS 

This General Design Report (GDR), with appendices, provides 
detailed technical engineering information of general design scope 
relating to design features for the authorized Saugus River and 
Tributaries, Flood Damage Reduction Project. The GDR has been 
prepared as an interim review document, prior to final 
accomplishment of the Feature Design Memorandums (FDM), and is 
submitted for review and comments. It will also be utilized in 
obtaining permits for project construction. 

This project was authorized on 31 October 1992 under the water 
Resources Development Act of 1992 (P.L. 102-580). The project will 
protect the cities of Lynn, Malden and Revere and the Town of 
Saugus from coastal flooding. Protection is primarily provided by 
a floodgate structure across the 1300 foot mouth of the Saugus 
River. It includes 500 feet of gated openings across the width of 
the river using a 100 foot wide navigation gate and eight - 50 foot 
wide flushing gates. The gates tie to the shoreline ,with concrete 
walls across the beach and sand flats. Protection also includes 
approximately three miles of new shorefront protection consisting 
of walls, revetments, dikes and sand dunes along shore fronts of 
Revere and Lynn. Acquisition, protection and management of the 
approximate 1,600 acres of land in the Saugus and Pines River 
estuary is required for future floodwater storage. A section of 
the abandoned I-95 embankment would be used to mitigate about five 
acres of wetland habitat lost by the project. A dike required for 
flood control behind Revere Beach would also be developed into 
parkland for public recreation. 

The project is supported by both Congressmen Edward J. Markey 
and Peter G. Torkildsen. The Massachusetts Metropolitan District 
commission (MDC) is the non-Federal sponsor for the project and has 
provided continuous support and participation in the design. Seven 
state legislators support the project and have advised the Governor 
they would sponsor legislation to fund the non-Federal share. 

The authorized project provides a very high degree of coastal 
flood protection against storms more severe than the record 1978 
flood (about a 100 year event) which would have recurring damages 
of $130 million. The entire area, with the exception of Cresent 
Beach, the northern end of Revere Beach and Point of Pines, is 
protected against the Standard Project Northeaster (SPN). Further 
detailed study will determine if additional sand dunes and beach 
replenishment can be provided at Point of Pines to increase the 
level of protection to SPN. The SPN flood plain, to be protected, 
includes over $560 million of potential damages directly affected 



by overtopping along the coast of Broad Sound and the Saugus and 
Pines River streambanks. Over the past 20 years, the area was 
flooded by six coastal storms, ranging from 10 to 100 year 
frequency events. The area protected includes: about 40,000 
residents and employees; 5,000 residential, commercial, industrial 
and public buildings; and transportation arteries and utilities 
serving Boston's North Shore. Damages are also reduced against 
future sea level rise, projecting the historic rate of rise. 
Environment benefits are realized through the acquisition, 
management and protection of the estuary storage area. 

The total project first cost is currently estimated at 
$102,650,000 taken at March 1993 price levels. The fully-funded 
(or inflated) project first cost is currently estimated at 
$115,000,000 through the midpoint of construction. The non-Federal 
contribution of 35.8 percent is currently estimated at $41,200,000. 
The non-Federal share would include a cash payment to the Federal 
Government estimate at $33,500,000 and an estimated $7,700,000 for 
acquiring estuary flood storage lands and construction easements. 



Paragraph 

1-
2. 
3. 
4. 
5. 

6. 

a. 
b. 
c. 
d. 
e. 
f. 
g. 
h. 
i. 

a. 
(1) 
(2 ) 
(3 ) 
(4 ) 
(5) 
(6) 

b. 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 

c. 
( 1) 
(2) 
(3) 
(4) 
(5) 
(6) 

GENERAL DESIGN REPORT 
FLOOD DAMAGE REDUCTION PROJECT 

SAUGUS RIVER & TRIBUTARIES 
LYNN I MALDEN I REVERE AND SAUGUS 

MASSACHUSETTS 

CONTENTS 

Subject 

SYLLABUS 

Page 

PERTINENT DATA 1 
PROJECT AUTHORIZATION 6 
DESCRIPTION OF PROJECT 6 
DEPARTURES FROM THE AUTHORIZED PLAN 9 
HYDROLOGY AND HYDRAULICS 

Hydrology 10 
Hydraulic Analysis 11 
Flood History 11 
Proj ect Design Flood 12 
Floodgate operation 12 
Estuary Storage 12 
Residual Flooding 13 
Sea Level Rise 13 
Laboratory Studies 13 

SPECIFIC DESIGN FEATURES 
Park Dike (City of Revere) 
- General 14 
- Hydrology 14 
- Hyd,raulics 14 
- Civil Design 14 
- Geotechnical 16 
- Structural 16 
Sales Creek Tide Gate (City of Revere) 
- General 16 
- Hydrology 17 
- Hydraulics 17 
- Civil Design 17 
- Geotechnical 17 
- Structural 17 
Ponding Area & Wall (City of Revere) 
- General 17 
- Hydrology 17 
- Hydraulics 18 
- Civil Design 18 
- Geotechnical 18 
- Structural 18 

i 



d. 

e. 

f. 

g. 

7. 

8. 

9. 

Revere Beach (city of Revere) 
(1) - General 
(2) - Hydraulics 
(3 ) - structural 

Point of Pines (City of Revere) 
( 1) - General 
(2) - Hydrology 
(3) - Hydraulics 
(4) - civil Design 
(5) - Geotechnical 
(6) - structural 

Tidal Floodgates (Cities of Revere & 
(1) - General 
(2) - Hydraulics 
(3) - Civil 
(4) - Geotechnical 
(5) - structural 
(6) - Mechanical Design 

Lynn Harbor (City of Lynn) 
(1) - General 
(2) - Hydrology 
(3 ) - Hydraulics 
(4) - civil Design 
(5) -·Geotechnical 
(6) - structural 

MITIGATION PLAN 

COST ESTIMATES 

SCHEDULE FOR DESIGN AND CONSTRUCTION 

LIST OF APPENDICES 
A. Geotechnical 
B. Structural Design - Flood Walls 
C. Floodgate Design 
D. Cost Estimates 
E: Mitigation Plan 

ii 

18 
19 
19 

19 
20 
20 
20 
22 
22 

Lynn) 
24 
25 
25 
27 
33 
39 

42 
43 
43 
43 
46 
47 

55 

55 

57 



Sheet 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 

23 

24 

25 

26 

27 

28 

Plate 
No. 

R1 
R2 
R3 
R4 
R5 

SC1 
PAl 
PA2 

P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
P10 
G1 
G2 

G3 

G4 

G5 

G6 

G7 

G8 

G9 

LIST OF PLATES 

Title 
General Plan 
Revere Beach Park Dike 
Revere Beach Park Dike 
Revere Beach Park Dike 
Revere Beach Park Dike 
Revere Beach Park Dike 
Sales Creek Tide Gate 
Revere Beach Ponding Area 
Revere Beach Ponding Area 
Point of Pines 
Point of Pines 
Point of Pines 
Point of Pines 
Point of Pines 
Point of Pines 
Point of Pines 
Point of Pines 
Point of Pines 
Point of Pines 
Tidal Floodgates 
Tidal Floodgates 

Tidal Floodgates 

Tidal Floodgates 

Tidal Floodgates 

Tidal Floodgates 

Tidal Floodgates 

Tidal Floodgates 

Tidal Floodgates 

iii 

General Plan 
site Plan "1" & Section 
site Plan "2" & section 
site Plan "3" & section 
site Plan "4" & section 
site Plan 
General Plan 
site Plan 
General Plan 
site Plan "1" 
site Plan "2" 
site Plan "3" 
site Plan "4" 
site Plan "5" 
site Plan "6" 
Site Plan "7" 
sections 
structural Details 
General - site Plan 
Excavation Plan By-Pass 

Channel & Phase 1 
Excavation Plan 

Phases 2, 3 and 4 
General structural 
Features Navigation and 

Floodgate structure 
Plan & sections 

Navigation structure 
Concrete Geometry Plans 

& sections 
Navigation structure 

Miter Gate-General 
Arrangement, Gate and 
Sill Plan 

Navigation structure 
Miter Leaf Elevations 
& sections 

Navigation structure 
Bulkhead Scheme & 
Bulkhead Half Plan & 
sections 

Floodgate structure 
Pier Geometry Plan, 
Elevations & section 



29 

30 

31 

32 

33 

34 

35 

36 

37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 

48 

49 
50 
51 
52 

G10 

G11 

G12 

G13 

G14 

G15 

G16 

G17 

G18 
G19 
G20 

L1 
L2 
L3 
L4 
L5 
L6 
L7 
L8 

L9 

L10 
Lll 
L12 
M1 

Tidal Floodgates 

Tidal Floodgates 

Tidal Floodgates 

Tidal Floodgates 

Tidal Floodgates 

Tidal Floodgates 

Tidal Floodgates 

Tidal Floodgates 

Tidal Floodgates 
Tidal Floodgates 
Tidal Floodgates 

Lynn Harbor 
Lynn Harbor 
Lynn Harbor 
Lynn Harbor 
Lynn Harbor 
Lynn Harbor 
Lynn Harbor 
Lynn Harbor 

Lynn Harbor 

Lynn Harbor 
Lynn Harbor 
Lynn Harbor 
Mitigation 

iv 

Floodgate structure 
Tainter Gate Plan & 
Elevation 

Floodgate structure 
Bulkhead Plan, 
Elevation & sections 

Floodgate structure 
Bulkhead Pickup Beam 
Plan, Elevation & 
sections 

Tie-in Walls Plan, 
Elevations & sections 

Cofferdam - Phase 1 Plan 
& section 

Cofferdam - Phase 2 Plan 
& Section 

Cofferdam - Phase 3 Plan 
& section 

Cofferdam - Phase 4 Plan 
& section 

Miter Gate Machinery 
Hydraulic Schematic 
Floodgate Structure 

Machinery - Plan & 
Elevation 

General Plan 
site Plan "1" 

site Plan "2" & section 
site Plan "3" & section 
Site Plan "4" 
site Plan "5" & section 
site Plan "6" 
sections & Details 

No. 1 
sections & Details 

No. 2 
Structural Details 
Structural Details 
Structural Detail 
site Plan & Section 



1. PERTINENT DATA 

a. REVERE BEACH PARK DIKE 

(1) Dike 
Type 

Elevation, top 
Width, top 
Length 
Height 
Seaward Slope (stone 

protection) 
Landside Slope 
Miscellaneous Structures 

(2) Principal Quantities 
Excavation General 
Stone Protection 
Compacted Random Fill 
Topsoil Seeded 
Impervious Fill 
Concrete 
Gravel Bedding 

Earth fill wi impervious 
core, stone slope 
protection, gravel 
bedding 
23 feet NGVD 
10 feet 
3,625 feet 
15 feet - Average 
1V on 2.5H 

1V on 2.5H 
Conc retaining walls (5) 
ramps (roadway & 

walkways 
Stop-log structure 
Flood walls (south 

closure) 

21,700 cy 
5,900 cy 

42,200 cy 
16,000 sy 
27,300 cy 
1,800 cy 
5,100 cy 

b. CRESCENT BEACH - INTERIQR DRAINAGE 
Type 5'x 5' tide gate (Sales 

Creek), mounted on 
concrete headwall of 60" 
culvert 

c. PONDING AREA WALL 

Wall 
Type 
Elevation, top 
Length of wall 
Height 
Sandbag Closures 

1 

Concrete gravity wall 
12-16 feet NGVD 
520 feet 
3-7 feet 
three locations 



(2) Principal Ouantities 

Excavation 
Compacted Random Fill 
Gravel Bedding 
Concrete 

1,500 cy 
800 cy 
220 cy 
720 cy 

d. POINT OF PINES 4,150 feet (Reaches A-F) 

(1) Stone Revetment (Reaches 
Type 

Elevation, top 

width 
Length, overall 

Reach A 
Reach B&C 
Reach 0 

Height 

Area 
Seaward Slope 
Access Steps 

(2) Dunes (Reach E) 
Type 
Elevation, top 
Length 
Berm Width, top 
Face Slope 

Access Steps/Ramps 

(3) Concrete Cap (Reach E) 
Type 

. Elevation, top 
Length 
Width, top 
Height 

A-D) 

(4) Concrete T-Wall (Reach F) 
Type 
Elevation, top 
Width, top 
Length 
Elevation, base 
Access Steps 

2 

Armor stone face, stone 
underlayer and gravel 
bedding 
13.2 ft NGVD (Reach A) 
16.0 ft NGVD (Reach B&C) 
14.5 ft NGVD (Reach D) 
10 to 22 feet 
1,580 feet 
240 feet 
890 feet 
450 feet 
14.5 - 16.0 feet above 
existing beach 
5 acres 
1V on 3H 
4 locations 

Sand 
18.2 feet NGVD 
1,670 feet 
50 feet 
1V on 15H (seaward) and 
1V on 5H (landward) 
7 locations 

Reinforced concrete 
14.0 feet NGVD 
250 feet 
5 feet 
1.7 feet above existing 
wall 

Reinforced concrete 
14 to 15.0 ft NGVD 
1.25 feet 
900 feet 
1.0 feet NGVD 
2 locations 



(5) Principal Ouantities 
Armor stone 
Underlaying stone 
Gravel Bedding 
Excavation 
Sand Dune 
Concrete 
Reinforcing Steel 

30,000 cy 
16,500 cy 
5,500 cy 

44,000 cy 
130,000 cy 

1,040 cy 
40 tons 

e. SAUGUS RIVER FLOODGATE STRUCTURE 

(1) Navigation Gate Structure 
Type 
Length (along river) 
Width, total 
Width, opening 
Height 
Elevation, top 

(2) Navigation Gates 
Type of Gate 
Size of Gate 
Gate sill Elevation 

(3) Flushing Gate Structures 
Type of Structure 
Length (along gate) 

width of Base Slab 
Height above Sill 
Elevation, top 

(4) Flushing Gates 
Type of Gate 
Size of Gate 
Gate Opening 
Gate sill Elevation 
Number of Gates 

Reinforced concrete 
115 feet - 6 inches 
164 feet 
100 feet 
33 feet from gate sill 
15 feet NGVD 

Miter (2 leaf gates) 
34.5 ft H x 100 ft W 
-18 feet NGVD 

Reinforced concrete 
174 ft south of navig­
ation structure 
290 ft north of navig­
ation structure 
59 feet - 4 inches 
29 feet 

Varies 15 to 33 feet NGVD 

Tainter 
21 feet H X 50 feet W 
21 feet H x 50 feet W 
-14 feet NGVD 
eight 

(5) Concrete Gravity Wall/Access Road 
Type Mass concrete 

reinforced concrete 
Elevation, top of curb 16 feet NGVD 
Width, top 14 feet 
Length of Wall 305 feet - south wall 

445 feet - north wall 
Height, above base Varies 19 to 35 feet 

3 



(6) Cofferdam (for construction) 

(a) Ring Wall Cofferdam 
Type 

(Phase 1) 

Size 

Height 

Elevation, top 

Steel sheet pile wi 
box girder compression 
rings 
300 feet inside 
diameter 
42.5 feet above bottom 
excavation 
13 feet NGVD 

(b) Braced Cofferdam 
Type 

(Phases 2-4) 

Width 
Length 

Height 

Elevation, top 

(7) Principal ouantities 

Steel sheet pile with 
bracing 
80 feet 
409 feet (phase 2) 
599 feet - 4 in (phase 3) 
141 feet (phase 4) 
35 feet above bottom 
excavation 
13 feet NGVD 

Dredging 40,000 cy 
Concrete 38,000 cy 
Concrete Piles 125,000 If 
Reinforcing steel 1,250 ton 
Miter Gate 33' x 100' (opening) 1 each 
Tainter Gate 21' x 50' (opening) 8 each 
Timber Fenders 204,840 bf 
Timber Piles 52,270 If 

f. LYNN HARBOR: DIKES AND WALLS 8,800 ft total (Reaches B-F) 

(1) Dikes (Reaches B, C & F) 
Type 

Elevation, top 
Width, top 
Length, overall 
Height 

Seaward Slope 
Landside Slope 

4 

Granular fill wi gravel 
bedding & stone 
protection 
15.0 feet NGVD 
12 feet 
4,300 feet 
15 to 17 feet above 
sand flats (Reaches B&C) 
and 40 feet above harbor 
bottom (Reach F) 
IV on 2H 
IV on 2H 



(2) Steel Sheet Pile Bulkhead 
Type 

(3) 

(4) 

(5) 

(6) 

(7) 

(8 ) 

Elevation, top 
Length 

Concrete Ca12 (Reach 
Type 

Elevation, top 
Length, overall 

Gravit~ Wall (Reach 
Type 

Elevation, top 
Length 
Width, top 

D) 

E) 

Elevation, Base bottom 

I-Wall (Reach F) 
Type 

Elevation, top 
Length 
Width, top 

T-Wall (Reach 
Type 
Elevation, top 
Length 

F) 

Elevation, Base bottom 

Interior Drainage 
Type 
Pipe Sizes 

Pipe Type 
Length, overall 
Gate Sizes 

Gate Type 

Sto12-Log Structure 
Quantity 
Elevation, top 
width 

5 

(Reach D) 
Anchored steel sheet 
piling wi concrete cap 
15.0 feet NGVD 
2,383 feet (cumulative) 

Concrete cap on existing 
steel sht piling 
15 feet NGVD 
593 feet 

Mass concrete with stone 
toe protection 
14.0 feet NGVD 
1073 feet 
2 feet 
5 feet NGVD 

Reinforced concrete cap 
on steel sheet piling 
wi th stone toe protection 
14.0 feet NGVD 
180 feet 
1.5 feet concrete cap 

Reinforced concrete 
14.0 feet NGVD 
115 feet 
-12 feet NGVD 

Gravity 
12", 24", 30", 36", 42", 
and 48" 
Reinforced concrete 
6,345 feet 

15", 24", 36", 48", 60", 
72, 84" & 8.5' elliptical 
Sluice & Tide 

4 
15.0 NGVD 
Three @ 30.0 feet & one 
@ 15.0 feet NGVD 



(9) Principal ouantities 
Excavation 
Gravel Fill 
Compacted Random Fill 
Gravel Bedding 
Dumped Rock Fill 
stone Protection 
sSP PZ - 22 
SSP PZ - 27 
SSP PZ - 35 
Concrete 

g. ESTUARY STORAGE AREA 

(1) Storage Capacity 
(2) Area (at elev. 6.0 ft NGVD) 
(3) Storage Area 

h. MAINTAIN EXISTING REVERE BEACH 

(1) Seawall Length 
Seawall, top elevation 

(2) Beach Length 
Beach Height and Slope 

2. PROJECT AUTHORIZATION 

120,900 cy 
29,800 cy 
40,300 cy 
14,000 cy 
10,000 cy 
24,900 cy 

700 tons 
210 tons 
790 tons 

3,400 cy 

6,200 Acre - feet 
1,600 Acres 
El. 2 to 8 ft NGVD 

14,540 feet 
Varies 14.9 to 16.8 feet 
NGVD 
13,000 feet 
13 feet NGVD 
1 vert to 15 horz 

A Feasibility Report for flood damage reduction on the Saugus 
River and Tributaries was completed in January 1990 and approved by 
the Board of Engineers for Rivers and Harbors in March 1990. The 
report was submitted to the U.S. Senate Environment and Public 
Works Committee on 26 August 1991 for authorization as a Federal 
project. On October 31, 1992, President Bush authorized the Saugus 
River and Tributaries Project (described in this report), in the 
water Resources Development Act of 1992, Public Law 102-580. 

3. DESCRIPTION OF PROJECT 

The proposed projects structural features, shown on Sheet 1, 
consists principally of a floodgate structure augmented with stone 
faced earth dikes, concrete walls, revetments and sand dunes along 
the Revere and Lynn shorefronts. The floodgate structure, located 
across the mouth of the Saugus River in the vicinity of the General 
Edwards Bridge, contains a navigation gate and eight "flushing" 
gates to facilitate boat traffic and tidal flows. From the 
floodgate structure the project extends in a southerly direction 
about 20,000 feet along the Point of Pines and Revere Beach areas 
of Revere and 8,800 feet northerly along the Lynn shoreline of Lynn 
Harbor. The project would also include a tide gate structure at 
the Sales Creek culvert and estuary storage areas along the Saugus 
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and Pines Rivers, as well as a mitigation site at the abandoned I-
95 highway embankment. The proposed project would prevent flood 
damages along the shoreline and backshore areas of Revere, Lynn, 
Malden and saugus, Massachusetts. 

The proposed flood control improvements in Revere include an 
earth dike (Park Dike) extending for about 3,625 feet in the reach 
between Beach street and Revere street. The dike would consist of 
an impervious earth core with a stone protection layer. However, 
the rock layer would be covered by earth fill to provide park land 
for local recreation development. Overall the dike would cover a 
l20-foot wide area between the Revere Beach Blvd. and Ocean Avenue. 
Plans and sections for Park Dike are ·shown on Sheets 2 to 6 (Plates 
Rl to R5). 

A tide gate is required at the Sales Creek culvert passing 
under the Revere Beach Parkway. This tide gate, measuring 15 feet 
x 5 feet would close during flood periods to prevent backup of 
tidal storm flows from Sales Creek. A site plan of this area is 
shown on Sheet 7 (Plate SCI). 

To contain flood waters resulting from seawall overtopping, a 
520 foot long concrete gravity wall with a top elevation of 12 feet 
NGVD for most of its length, would be· constructed near the north 
end of Revere Beach in the backshore area between Revere Beach Blvd 
and North Shore Road. Plans of the ponding area are shown on 
Sheets 8 and 9 (Plates PAl and PA2). 

Protecting the residential Point of Pines area requires the 
construction of walls, revetments and sand dunes in the 4,290-foot 
long reach from Carey Circle to the floodgate structures. To 
reduce overtopping in the area extending north from Carey Circle, 
a 1, 550-foot long armor stone revetment would be constructed on the 
beach side of existing seawalls. The revetment would have top 
elevations ranging from 13.2 to 16 feet NGVD. The existing sand 
dunes at the north end of the shore front would be restored and 
stabilized using sand fill and selective planting of beach grass. 
Access to the beach would be provided by wooden ramps and in non­
access areas, "snow fences" would prevent pedestrian traffic across 
the dunes. The sand dunes extend for about 1,600 feet to an area 
near the mouth of the Saugus River. 

From the sand dunes to the floodgate structure, a distance of 
about 1,150 feet, the proposed protection would include a 
reinforced concrete cap on top of an existing seawall (250 feet) 
and a concrete T-wall (900 feet) to replace an existing precast 
seawall. Plans and sections of the proposed Point of Pines 
protection are shown on Sheets 10 to 19 (Plates PI to PlO). 

The floodgate structure would span the mouth of the Saugus 
River from the Point of Pines seawall opposite Bateman Avenue to 
the corner of the Lynn Bulkhead adjacent to an existing fishing 
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pier (to be removed). The floodgate structure would have a total 
length of 1,378 feet and would include a navigation "miter" gate, 
eight flushing "tainter" gates and two gravity wall sections. The 
miter gate would be centered on the existing navigation channel and 
would be 100 feet wide which is the same opening width as the 
General Edwards Bridge. The miter gates and flushing gates would 
be closed during flood periods to prevent the peak of tidal surges 
from entering the estuary. 

The eight flushing gates would be located on either side of the 
navigation gate (three on the Revere side and five on the Lynn 
side). They would be held in a raised (open) position during non­
flood periods and would be lowered to a closed position during 
coastal storms. Each gate is 50 feet wide. 

At each end of the gate structure would be a concrete gravity 
wall with access ramps connecting to the Revere and Lynn shoreline. 
The concrete gravity walls would have a concrete pile foundation 
and include a 12-foot wide roadway on top. Plans and sections and 
details for the proposed floodgate structure are shown on Sheets 20 
to 39 (Plates G1 to G20). Artist renderings of the proposed 
floodgate structure are shown on the following pages. 

Beginning at the northern end of the floodgate structure, the 
protection extends northward and consists of a series of stone 
faced dikes, steel sheet piling walls and concrete walls along the 
Lynn Harbor shorefront. The overall length of the protection in 
this reach is about 8,800 feet. 

From the floodgate structure, a stone-faced dike extends 
northward 3,100 feet. The top of the dike is set at elevation 15.0 
feet NGVD and is 12 feet in width. The waterside face of the dike 
is sloped IV on 2H with 2 feet of stone protection over 12 inches 
of gravel bedding. 

Beginning at the end of the dike the protection consists of a 
series of walls of varying types including steel sheet piles, 
concrete gravity walls and concrete capped I-walls extending a 
distance of about 4,100 feet to another earth dike section near the 
northerly end of the project. The dike length is about 1,200 
linear feet and ties into two short (300 If) wall sections (I-wall 
and T-wall) that end at Lynn Heritage Park. Plans and sections of 
proposed improvements along Lynn Harbor are shown on Sheets 40 to 
51 (Plates L1 to L12). 

construction of the proposed proj ect will resul t in the 
elimination of 4.8 acres of intertidal habitat. Mitigation of this 
loss will be achieved by constructing compensatory intertidal 
habitat at the abandoned 1-95 highway embankment located in the 
Saugus and Pine River estuary. A plan and section of the proposed 
site is shown on Sheet 51 (Plate M1). 
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4. DEPARTURES FROM THE AUTHORIZED PLAN 
improvements described herein is the same 
with the following exceptions: 

The proposed plan of 
as the authorized plan 

a. The proposed armored stone revetment under the sand dunes 
at Point of Pines has been deleted. Preliminary runup and 
overtopping models by the Waterways Experiment Station (WES) 
indicate that raising the top of dune to elevation 18.2 NGVD would 
provide adequate protection without the revetment. 

b. The number of flushing (tainter) gates in the saugus River 
floodgate structure has been reduced from ten gates to eight gates. 
Three gates would be located on the Revere side of the navigation 
gate and five would be on the Lynn side. WES modeling found this 
was the optimum number and location of gates. 

c. The top elevation of the flushing gates has been changed 
from 0.0 feet NGVD to 7.0 feet NGVD. WES modeling and evaluation 
of the effects of ice in the channel conducted by the Cold Regions 
Research and Engineering Laboratory (CRREL) determined the optimum 
height of the gates and flow area. 

d. An inclined surface on the ocean side of the navigation gate 
sill has been included to facilitate lobster passage. 

e. The steel sheet piling for the navigation gate ring 
cofferdam and flushing gate braced cofferdams has been changed from 
PZ-27 to PZ-3S. The heavier steel would facilitate driving the 
piles through glacial till and provide greater structural 
stability. 

f. The navigation gate ring cofferdam diameter has been 
increased from 210 feet to 300 feet to allow for an interior berm 
to reduce seepage and provide stability to the coffe~dam. 

g • Extensive timber fender walls will be constructed around the 
floodgate cofferdams to protect them from vessel damage. 

h. stiffened PZ-35 steel sheet piles will be driven upstream 
and downstream of the navigation gate cofferdam to reduce the 
effects of "eddies" in the navigation channel. The need for these 
"guide" walls was determined from the WES modeling. 

i. The top elevation of the proposed earth dike along Lynn 
Harbor (Reach B - 1,800 linear feet) has been reduced from 
elevation 17 feet NGVD to lS feet NGVD based on a revised wave 
runup analysis. 

j. On the southerly side of the Gas Wharf inlet (Reach D) the 
existing wall will not be raised with welded extensions due to the 
deteriorated condition of the existing pilings. It will be 
replaced in its entirety with a new steel sheet pile wall. 
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k. At the north end of Reach D a steel sheet pile wall will be 
constructed at the Lynn Harbor. Marine property instead of a 
concrete I wall due to the lack of confidence in the integrity of 
the existing walls. 

1. In Reach E (1,073 linear feet) of Lynn Harbor the concrete 
T-wall has been changed to a concrete gravity wall as a cost saving 
measure. 

m. In Reach F (1,195 linear feet) of Lynn Harbor the Harborside 
Landing Development site is now owned by the city of Lynn. Changed 
site conditions do not require construction of a concrete gravity 
wall. Instead a stone faced dike will be constructed. 

n. The proposed wetland mitigation site and size was changed 
due to redefinition of the intertidal zone. 

5. HYDROLOGY AND HYDRAULICS 

a. Hydrology 

(1) Watershed Area. The Saugus River, including its 
Pines River tributary, has a total watershed area of approximately 
46 square miles, covering portions of the Communities of Reading, 
Melrose, Wakefield, Lynnfield, Saugus, Lynn, Malden and Revere, 
Massachusetts. The Saugus River originates at the outlet of Lake 
Quannapowitt in Wakefield and flows in a meandering southeasterly 
course for 13 miles, discharging into Broad Sound on the border 
between Lynn and Revere. The lower 4.7 miles of the river is a 
tidal estuary. The Saugus River enters tide water at Woodbury 
(Hamilton) Street in Saugus, where its drainage area is about 25.2 
square miles or 55 percent of the total watershed. The remaining 
lower 21 square miles is comprised of multiple storm-drained 
coastal urban areas, the extensive tidal marshland and the Pines 
River tributary. The Pines River originates at the confluence of 
Linden and Townline Brooks in Revere, where it has a drainage area 
of 4 . 0 square miles. The Pines River flows northeasterly a 
distance of approximately 3 miles (with a 4.9 square mile local 
drainage area) joining the main stem of the Saugus River about 
one-half mile upstream of Broad Sound. 

The saugus River waterShed is highly urbanized due to its 
close proximity to metropolitan Boston, however, the river basin 
remains hydrologically "sluggish" due to its flat gradient and 
numerous small lakes and marshlands. 

(2) Tidal Estuary. The lower 4.7 miles of the Saugus 
River and the entire 3-mile length of its Pines River tributary are 
tidal estuaries with a mean tide range of about 9.5 feet. These 
estuaries and their adjacent saltwater marshes cover a total area 
of over 1,600 acres. 
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b. Hydraulic Analysis. 
the overall Saugus River and 
following: 

The hydraulic analysis for design of 
Tributaries project consists of the 

(1) Review of the Boston, Massachusetts stillwater storm 
tide frequency curve to account for coastal storms since 1987 (the 
date data from the National Ocean Service tide gage was last 
analyzed for the feasibility report). 

(2) Wave modeling within and offshore from Broad 
Sound. 

(3) Beach erosion modeling along Revere Beach and 
Point of Pines. 

(4) Wave runup and overtopping numerical and physical 
modeling/analysis for project shore front in Revere and Lynn. 

(5) Wave gage data collection in the vicinity of 
proposed floodgate. 

(6) Tide and current data collection throughout the 
entire saugus and Pines River Estuary and Broad Sound. 

(7) Numerical hydrodynamic modeling of the Saugus 
and Pines estuary and Broad Sound to assure the floodgate does not 
disturb normal tidal flushing. 

(8) Physical and navigation modeling of the local 
floodgate area for design of gated openings, dredging and 
construction sequence, to assure safe navigation and reason­
able flow patterns. 

(9) Numerical sedimentation modeling to look for changed 
patterns of deposition/erosion. 

(10) Floodgate ice passage evaluation. 

Results of all these hydraulic studies are described 
in detail in Feature Design Memorandum (FDM) No.2, "Hydrology and 
Hydraulics." 

c. Flood History. The principal cause of flooding in the 
lower Saugus River and coastal areas is high tidal surge events 
with associated wave overtopping of coastal structures by wind­
generated waves. Rainfall runoff also contributes to interior 
flooding, although to a lesser degree. The flood of record within 
the project area was the result of the 1978 blizzard, which had an 
ocean stillwater tide elevation of 10.3 feet NGVD accompanied by 
wind generated waves resulting in overtopping coastal structures 
within the entire project area. This overtopping resulted in 
severe flooding throughout the proj~ct area. Several floods have 
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occurred since the feasibility study and have also been considered 
(see FDM No.2). 

d. Project Design Flood •. The comprehensive system of flood 
control features previously described (except Crescent Beach and 
Point of pines) . is designed to provide protection against the 
standard project northeaster (SPN) tidal event (12 feet NGVD), 
coincident with a one percent interior (lOO-year) rainfall runoff 
event. Point of Pines is designed for 100-year conditions except 
the sand dunes which are designed for SPN conditions. Further 
consideration of the degree of protection for the Crescent Beach 
area of Revere will utilize CERC's revised over-topping analysis. 
For detailed description of design flood development, see FDM No. 
2. 

e. Floodgate operation. 

(1) General. The Saugus River floodgate project would, 
under normal conditions, have gates in an open position. Under 
storm tide conditions, the gates would be closed in an effort to 
maintain tide levels within the estuary no higher than between 7.0 
and 7.5 feet NGVD. Gate closing will be initiated dependent on 
height of expected tide (predicted plus surge), anticipated 
duration of closure (hours), coincident interior rainfall runoff 
and any wind induced wave overtopping. In the interest of marine 
navigation, all closings will be closely coordinated with the U.S. 
coast Guard. Presented below is a cursory description of gate 
operations during design conditions. More detailed information and 
descriptions along with an operating guide curve for various 
combinations of expected tide levels and interior runoff, are 
presented in FDM No.2. 

(2) Design Storm Operation. For SPN design operation, 
an anticipated stillwater tide elevation of 12.0 feet NGVD, with a 
coincident one percent chance interior rainfall runoff and 
wind-generated wave overtopping of existing coastal structures, 
would require the floodgate to be closed at a +2.0 feet NGVD tide 
elevation. closing the gates at this elevation will prevent tide 
levels in the estuary from exceeding +8.0 feet NGVD (start of 
tangible damages) during the anticipated 6-hour closure period 
expected during the design storm. It is noted, however, that 
during an extreme event such as the SPN, actual gate closure tide 
elevations could be adjusted based on experience gained from 
previous actual operations, as well as specific information such as 
wind velocity and direction, interior runoff and storm surge and 
wave height forecasts that would be available during the time of 
the particular storm. 

f. Estuary storage. Estuary lands will be acquired to 
assure sufficient available storage to allow for proper operation 
of the floodgate. About 1,600 acres will be acquired to assure 
6,200 acre feet of available storage between +2.0 feet NGVD and 8.0 
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feet NGVD. This storage is required to accommodate wave 
overtopping of some coastal structures, along with the 100-year 
interior runoff both occurring when the floodgate structure will be 
closed. 

g. Residual Flooding. The selected design stillwater tide 
level is 12.0 feet NGVD (SPN). A coastal storm of this magnitude 
is assumed coincident with the one percent chance (100 year) 
interior rainfall runoff event. Estuary lands are being purchased 
to prevent estuary levels from exceeding +8.0 feet NGVD 
(approximate start of damage) for these conditions. There are, 
however, numerous low lying areas that are located behind 
structures with flap gated drains discharging to the estuary. In 
these areas, localized interior flooding due to rainfall runoff 
during high tides will persist even with the absence of coastal 
flooding. Further analysis and discussion is presented in FDM No. 
2. 

h. Sea Level Rise. The National Ocean Service has determined 
that sea level in the project area has been rising at a rate of 
about 0.1 foot per decade, which could result in about a one-foot 
rise over the next 100 years, if the historic rate was to continue. 
Since the height of protection structures is designed for today's 
sea level conditions, additional wave overtopping could occur in 
the future, effectively reducing the level of protection provided. 
Also, added floodgate closures could occur with sea level rise. 

Some experts have predicted that due to global warming, 
accelerated sea level rise may occur. Estimates of the magnitude 
of this rise vary considerably, however, some predict that a 
three-foot rise is likely over 100 years. The project's level of 
flood protection may be significantly affected by such a rise. The 
sensitivity of project hydrology and hydraulics to sea level rise 
is further discussed in FDM No.2. Structural and foundation design 
will consider, the potential for continued historic or accelerated 
rise and the possible future need to increase the height of 
protective works. 

i. Laboratory Studies. All model investigations for the 
project have been conducted at the corps Waterways Experiment 
station (WES). Numerical wave and beach erosion modelling was 
conducted by the Coastal Engineering Research center (CERC), a part 
of WES. They are also performing numerical and physical wave 
overtopping modelling for the project. The Hydraulics Laboratory 
of WES has done the numerical hydrodynamic modelling as well as the 
physical and navigation model for the proposed floodgate and 
estuary design. Detailed model reports are in preparation and will 
be included as appendices to the Hydrology and Hydraulics FDM No. 
2, which will also summarize results of the studies. 
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6. SPECIFIC DESIGN FEATURES 

a. PARK DIKE (City of Revere) 

(1) General. The proposed Park Dike would extend for 
about 3,900 linear feet in the reach between Beach Street and 
Revere Street. It would be located on the land side of Revere 
Beach Blvd. and would prevent seawall overtopping volumes from 
inundating low lying properties behind Ocean Avenue during major 
storms. The earth fill dike would have a top elevation of about 
23.0 feet NGVD and consist of a compacted impervious fill core with 
compacted random fill surrounding the core. The oceanside slope 
would consist of a 1.5 foot thick layer of stone protection on a 
one foot thick gravel bedding. However, the non-Federal sponsor 
wishes to develop this land for recreational use and, therefore, 
the stone slope will be covered with random fill and seeded topsoil 
placed on the oceanside and lands ide slopes (see Plates R1 thru 
R5). 

(2) Hydrology. A hydrologic physical model analyses was 
conducted to establish the top elevation of 23 feet NGVD for Park 
Dike. This elevation is sufficient to allow for water overtopping 
the fronting seawall during the SPN. to be temporarily ponded and to 
be able to flow back to Broad Sound, when wave conditions permit. 
See FDM 2 for detailed discussion. It is noted, however, that the 
Park Dike feature will be refined (possibly with the aid of WES 
modelling) when the embankment FDM is prepared. 

(3) Hydraulics. Previous wave overtopping analyses 
using the Shore Protection Manual and presented in the 
Feasibility Study has been revised with the use of physical 
and numerical models. These studies considered effects 
of the new beach fill along Revere Beach as well as sensitivity to 
future erosion in refining the height required for the Park Dike. 
Results of these studies are presented in FDM No.2. The recent 
completion of the physical model study indicates that the stone 
protection may not be required if the additional earth fill is 
provided for recreational use. This will be evaluated further in 
the final design of Park Dike. 

(4) Civil Design. The Park Dike begins at a point just 
north of Beach Street. To complete the closure at this location 
the alignment of the dike will be angled toward Revere Beach 
Boulevard. The existing roadway surface of the boulevard will be 
raised to elevation 16.0 feet NGVD, over an overall distance of 250 
feet. The raised roadway will be supported on the seaward side by 
a reinforced concrete retaining wall separating it from the 
sidewalk, pavilion and beach area. A concrete wall, with integral 
stop-log structures located at the landward sidewalk and the 
roadway, will extend from the dike to the seaward side of Revere 
Beach Boulevard. This wall will be set at elevation 20.0 feet 
NGVD. The portion of Beach Street between Ocean Avenue and Revere 
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Beach Boulevard wilt be removed by the Metropolitan District 
commission (see Plate R2). 

From the tie-in at Beach street, the alignment of the 
dike will extend about 200 feet in a northerly direction to a point 
where the centerline is lS0 feet landward of Revere Beach. At this 
point the dike will turn and, continuing northward, parallel the 
approximate alignment of the beach. The dike will continue for a 
distance of approximately 1,860 feet to station 20+60 +/-. At this 
point, the location of the M.D.C. Police station, the dike will end 
at a concrete retaining wall. The line of protection will continue 
from this point through the use of floodwalls, stop-log structures 
and the previously floodproofed police station structure, (see 
Plates R1 through RS). 

The dike section will begin again on the northerly 
side of the M.D.C. Police station. Beginning at station 23+3S +/-, 
the dike will continue northward, again following the alignment 
parallel to the beach for a distance of approximately lS00 feet. 
At this point, station 37+90 +/-, the dike will turn towards Revere 
Beach and end at the intersection of Revere Beach Boulevard and 
Revere street. Both Revere street and Revere Beach Boulevard are 
to be raised to elevation 20.0 feet NGVD. On the beach side of 
Revere Beach Boulevard a concrete retaining wall will support the 
raised roadway and separates it from the sidewalk, pavilions and 
beach area. Sandbags placed from the end of the dike across the 
intersection to the beach side retaining wall will provide complete 
closure during high storm tides. 

Park Dike will consist of a structural portion and an 
overlying portion forming recreational and park areas. The 
structural part will set approximately lS0 feet inland from the 
Revere Beach seawall, will consist of an impervious core, stone on 
the seaward side and random filIon the landward side. The top 
width of the dike will be 10 feet. The stone facing will be 18 
inches thick, over a foot thick gravel bedding layer and will be 
sloped 2.SH on 1V. The top of the stone will be set at elevation 
22 feet NGVD and slope down to meet the existing grade. On the 
landward side, the dike fill will be placed on a 2.SH on 1V slope, 
and will consist of six inches of seeded topsoil, placed over the 

. random fill. 

On the Revere Beach side, earth fill and seeded 
topsoil will be placed over the structural dike to create 
recreational and park areas. The fill used to create the park 
areas will have a surface slope that varies along the overall 
length of Park Dike. Varying the slope will enhance the overall 
effect of the park areas. The fill will extend from the top of the 
dike, at elevation 22.0 feet NGVD, .to either the landside sidewalk 
of Revere Beach Boulevard, or the retaining wall that will be 
placed along the relocated portions of Revere Beach Boulevard. 
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(5) Geotechnical The Park Dike will be founded on 
granular soils underlain by silty clay (Boston Blue Clay), sand and 
gravel, and rock. It will have an impervious core and a cut-off 
trench to reduce seepage. Preliminary analyses based on the soil 
data obtained from one project specific exploration program and 
other projects in the area indicates a stable foundation. Detailed 
geotechnical analyses for the dike will be performed at the FDM 
phase of the project. 

(6) structural A number of flood walls, retaining 
walls, and stop-log structures will be required in association with 
the Park Dike. At the south end of the Dike there will be a 30 
foot long flood wall with a maximum height of 7 feet, a 250-foot 
long retaining wall which is 3 feet high, two stop-log structures, 
and a sliding flood gate. These structures will provide a 
continuous barrier from the Revere Beach Seawall, across Revere 
Beach Boulevard, and to the beginning of the Park Dike. 

The Park Dike is interrupted at the MDC police Station, 
and then continues northward. At the MDC Police Station there will 
be two ~40-foot long retaining walls with a maximum height of ~5 
feet, approximately 65 feet of flood walls tying into either side 
of the Police Station, and a stop-log structure. These structures 
serve to continue the flood protection from the south section of 
the Dike, to the Police station, and on to the north section of the 
Dike. It should be noted that the MDC Police station is included 
in the line of flood protection. This structure has been flood­
proofed by the MDC. 

At the north end of the Park Dike there will be a 280 foot 
long retaining wall with a maximum height of 3 feet. The retaining 
wall is required to contain a section of Revere Beach Boulevard 
which will be raised to an elevation of 20.0 feet NGVD. 

Preliminary designs of these walls and stop-log structures 
have been developed for the purpose of determining project costs. 
Most of the walls are anticipated to be reinforced concrete, but 
detailed design will be finalized during the FDM phase of this 
project. 

b. SALES CREEK TIDE GATE (City of Revere) 

(1) General. Sales Creek is a tidal stream located at 
the southerly end of Revere Beach. It flows in a general westerly 
direction from an area near Eliot Circle to the Belle Isle Inlet. 
A 5-foot by 5-foot tide gate structure will be provided to prevent 
ocean overtopping at Bennington Street, flowing up Sales Creek from 
entering the Crescent Beach section of Revere through the culvert 
under Revere Beach Parkway. 
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(2) Hydrology. Appreciable ocean overtopping begins 
to occur at Bennington street when stillwater levels exceed 
approximate elevation 10 feet NGVD. Therefore, to prevent this 
overtopping from entering the Crescent Beach area, a tide gate will 
be required at Revere Beach Parkway. with this tide gate and 
minimal wave overtopping along Crescent Beach, an estimated 
100-year level of protection can be provided. See FDM No. 2 for a 
complete description of the Crescent Beach-Sales Creek drainage 
system. 

(3) Hydraulics. Wave overtopping modelling results 
both with and without the new beach for a variety of storm 
conditions will be used to evaluate residual flooding in the 
Crescent Beach area. Results will be presented in FDM No.2. 

(4) civil Design A· small service area will be 
constructed adjacent to the structure to allow for inspection, 
operating and maintaining the gate and structure. The gate itself 
is a 5-foot by 5-foot tide gate. The gate will close when high 
water levels are experienced in Sales Creek (see Plate SC1). 

(5) Geotechnical The Sales Creek Tide Gate will be a 
lightweight steel and concrete structure. Inorganic silt underlain 
by organic silt and sand are the foundation materials sampled at 
the site of the proposed structure. Detailed geotechnical analyses 
including bearing capacity and settlement studies for the Sales 
Creek Tide Gate will be performed at the FDM phase of the project. 

(6) Structural The Sales Creek Tide Gate will require 
some modifications to the existing headwall and possibly to the 
wingwalls, in order to accommodate the new gate. These 
improvements will be designed during the FDM phase of this project. 

c. PONDING AREA AND WALL (city of Revere) 

(1) General The protected ponding area is located in 
the backshore area along state Route lA (North Shore Road) at the 
northerly end of Revere Beach. The area is about 2,000 feet long 
and has a maximum width of about 200 feet. To contain wave over­
topping volume during severe flood events and direct its flow 
toward the estuary, a concrete gravity wall would be constructed. 
The wall would be about 520 feet long. Temporary sandbag closures 
would be provided at each end of the wall at Revere Beach Blvd. and 
at Route lAo Most of the wall would have a top elevation of 12 
feet NGVD, except for the first 54 feet near Revere Beach Blvd. 
which would have a top elevation that varies from 16 to 12 feet 
NGVD. 

(2) Hydrology. The ponding area will be acquired to 
provide storage for ocean overtopping of the existing seawall. 
About 8 acres will be acquired, at elevation 7 feet NGVD, which 
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will store overtopping volumes for the estimated 20-year event. 
Refer to FDM No. 2 for further discussion. 

(3) Hydraulics. A variety of storms are being modelled 
for wave overtopping determination both with and without the new 
beach. These will be used to evaluate residual flooding in the 
ponding area, as well as refining the required storage area. 
Results will be presented inFDM No.2. 

(4) civil Design. The proposed concrete gravity wall 
will start at the landward or westerly sidewalk of Revere Beach 
Boulevard and for its first 210 feet +/- will replace an existing 
retaining wall along the driveway to the rear of Seaview Towers. 
At it's beginning, the elevation of the top of the wall will be set 
at 16.0 feet NGVD, approximately three feet above grade. The top 
elevation of the wall will follow the slope of the driveway and 
maintain a height of three feet above existing grade, to a point 
where the top elevation reaches elevation 12.0 feet NGVD. 

From this point the top of the wall will remain at 
elevation ~2.0 feet NGVD. It will cross the embankment of the old 
narrow gauge railroad bed and terminate at the guardrail along the 
landward side of North Shore Road, (Rt 1A). The overall length of 
the wall will be 520 feet. Temporary sandbag closures will be 
required at Revere Beach Boulevard and North Shore Road. The 
closure at Revere Beach Boulevard will extend from the end of the 
wall to the seawall at Revere Beach. The other closure will extend 
from the opposite end of the wall, across North Shore Road, to the 
estuary. These closures will direct water into the ponding area 
and then into the estuary. One other closure will be required at 
the northern end of the ponding area at Carey Circle to direct 
water into the ponding area, (see Plate PA~ & PA2). 

(5) Geotechnical Two borings with Standard Penetration 
Test (SPT) and collection and testing of some undisturbed samples 
have been planned for the structure. Explorations and detailed 
geotechnical analyses will be performed for the wall design during 
the FDM phase of the project. 

(6) Structural The Ponding Area will require a flood 
wall of varying heights (Max. 7 feet) to contain and divert flood 
waters toward the Pines River. Much of the wall will be only 3 
feet high, and a gravity structure is anticipated to be most 
economical. The Ponding Area wall will be designed during the FDM 
phase of this project. 

d. REVERE BEACH (City of Revere) 

(1) General. Revere Beach is 13,000 feet long. During 
the period October 1990 to August ~991, the Corps of Engineers 
administered a contract to provide beach nourishment along Revere 
Beach. This Revere Beach Erosion Control Project provided 670,000 
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c.y. of course grain sand which built up the beach at the seawall 
to elevation 13.4 fEiet NGVD. The berm at tl'iis elevation is 50 feet 
wide and the beach then slopes to a 1 vertical to 15 horizontal 
gradient. 

Basically, the beach itself and the seawall which fronts 
Revere Beach Blvd. provide a degree of flood control against 
coastal storms. However, prior to the sand placement, previous 
severe storms have shown that high tides and large waves have 
provided a large volume of overtopping that has inundated backshore 
properties. Future local cooperation agreements will emphasize and 
require that the beach and seawall integrity be maintained. other 
than the construction of Park Dike and the ponding area wall, no 
additional construction features are required in this reach. 

(2) Hydraulics. Beach erosion and wave overtopping 
modelling has been conducted for Revere Beach. overtopping 
results both with and without the new beach are discussed in 
FDM 2. 

(3) structural. A preliminary investigation of the 
concrete flood wall along Revere Beach in the area across from 
the proposed Park Dike was made. Questions concerning stability 
if ponding should occur behind the wall have been raised. Due to 
the lack of as-built drawings, analyses are based on a 1977 MDC 
report regarding structural stability of the wall. A typical 
cross section is taken for a shallow wall with an assumed back­
face geometry. The wall is analyzed with a top elevation of 16.4 
feet NGVD and a base elevation of 9.6 feet NGVD. After analyzing 
this cross section for the additional ponding load, it is 
concluded that this wall is satisfactory provided that the beach 
level in front of the wall does not erode to the extent where the 
wall would be undermined. 

e. POINT OF PINES (City of Revere) 

(1) General. The Point of Pines area of Revere is 
comprised of residential properties that are subject to 
inundation from overtopping during severe ocean storms. The 
existing beachfront extends from Carey Circle (north end of 
Revere Beach) to the General Edwards Bridge. starting at Carey 
Circle, the existing protection consists of 1,580 linear feet of 
stone protection (Reaches A-D), 1,670 linear feet of sand dunes 
(Reach E) and a concrete "T" wall (Reach F) which extends along 
Rice Avenue parallel to the mouth of the Saugus River. The 
proposed protection in Reaches A through D would consist of 
replacing the existing riprap with an armor stone revetment. The 
new revetment would have top elevations varying between 13.2 feet 
NGVD and 16.0 feet NGVD. In Reach E, the existing sand dunes 
would be reconstructed with a 50 foot wide berm and a sloping 
beach front. The top elevation would be at 18.2 feet NGVD and 
would be s~pplemented with plantings and fencing to minimize sand 
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loss due to wind and severe storms. Walkways would be provided 
across the dunes for pedestrian access. The existing gravity 
seawall would be capped (1.7 feet) to provide a top elevation of 
14.0 feet NGVD. In Reach F, the existing precast block seawall 
would be replaced with a cast-in-place T wall. The top elevation 
would transition from 14 feet NGVD to 15 feet NGVD and connect to 
the proposed Saugus River floodgate structure at Bateman Street 
(See Plates Pl to P10). 

(2) Hydrology. The interior watershed has a drainage 
area of 60 acres, with very flat topography. Natural drainage is 
in the center of the area draining to the north, where the drain 
line passes through a storm water pumping station. The 
protection at Point of Pines will consist of rock revetments, 
sand dunes, and walls tying into the floodgate structure, which 
together will provide an estimated 100-year level of protection 
against ocean overtopping. For detailed discussion, see FDM 2. 

(3) Hydraulics. Beach erosion and wave overtopping 
modelling is underway for Point of Pines. Preliminary results 
indicate that a dune alone, designed for the SPN, can be used in 
reach E while a revetment designed for 100-year conditions will 
be in reaches B through D. However, further FDM evaluations may 
indicate the feasibility of utilizing sand dunes in reaches B 
through D to increase the degree of protection provided. Reach F 
will be a concrete wall designed for localized wave effects near 
the floodgate structure. (Details of analysis to be presented in 
FDM No.2). 

(4) civil Design The Point of Pines portion of the 
Saugus River and Tributaries project begins at the northern end 
of Revere Beach at Carey Circle and extends north along the 
shoreline, approximately 4150 feet, to the Floodgate Structure. 
The protection consists of structural improvements and restoring 
the existing sand dunes. The structural features are designed to 
withstand the SPN storm event without failing. The restored sand 
dunes would require replenishment following significant storm 
events in order to maintain the design level of protection. 
Plans and sections for the Point of Pines area are shown on 
Plates No. Pl thru P10. The project plans and sections for Point 
of Pines were taken from a pre 1991 survey and indicate the 
former beach surface (ie. prior to the reconstruction of Revere 
Beach), which is labeled existing beach surface on Plate P9. The 
minimum required beach elevation to achieve 100 year protection 
in reaches B-D is elevation 6 feet NGVD (shown on Plate P9). 
Sand movement from Revere Beach to Point of Pines has raised the 
beach surfaces in some areas up to 8 feet NGVD. New beach 
surveys will be accomplished during preparation of FDM's. 

Beginning at the southern, or Carey circle, end of 
Point of Pines, the following elements form the line of 
p'rotection. 
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Reach "A": Along the Carey Circle seawall the 
proposed protection will consist of a stone revetment with a 10 
foot wide berm set at top elevation of 13.2 feet NGVO. The main 
purpose of the revetment is to stabilize the existing seawall 
which has a top elevation of about 16.6 feet NGVO. Any water 
overtopping this seawall during rare flood events will not enter 
Point of Pines due to the closure at Carey circle, but will flow 
toward the estuary. The seaward face of the revetment slopes 3H 
on IV down to the toe will be set at elevation 0.0 feet NGVO. 
The overall length of Reach "A" will be approximately 200 feet 
(see Plate.No. P2). 

Reach "B": This reach will begin where the 
existing seawall abuts the concrete wall forming Carey Circle, 
and will continue northward along the shoreline to a point 
opposite the intersection of Chamberlain and Rice Avenues. The 
protection in this reach will consist of a stone revetment with a 
top elevation of 16.0 ft. NGVO. The top width of the revetment 
will be 22 feet. The landward side of the revetment slopes 1.5H 
on 1V from the top to the edge of the existing ground. On the 
seaward side, the revetment slopes 3H on IV to the toe. which will 
be set at elevation 0.0 feet NGVO. The beach sand that is 
excavated for the revetment construction would be placed over the 
stone toe and lower areas of the stone slope protection. The 
total length of the revetment in reach "B" will be approximately 
450 feet, (see Plates No. P2 & P3). 

Reach "C": Reach "C" begins opposite the 
intersection of Chamberlain and Rice Avenues. In this reach the 
stone revetment will be placed against the seaward face of an 
existing concrete wall. The top elevation of the berm will be 
16.0 feet NGVO and the top width was reduced to 11 feet. The 
existing wall will form the landward portion of the protection. 
On the seaward side, the revetment will slope 3H on IV to the toe 
which will be set at elevation 0.0 feet NGVO. The beach sand 
that will be excavated for the revetment construction would be 
placed over the stone toe and lower areas of the stone slope 
protection. The overall length of Reach "c" will be 
approximately 430 feet, (see Plate No. P2 & P3). 

Reach "0": Beginning at the north end of 
Reach "C", Reach "0" will extend for approximately 4!?0 feet to 
the intersection of Alden and Rice Avenues. The revetment in 
this reach will be placed along the seaward face of an existing 
concrete wall with a top elevation of 14.7 feet NGVO. The top 
width of the revetment was increased to 15 feet and the elevation 
of the top was reduced to 14.5 feet NGVO. The seaward face of 
the revetment will slope 3H on IV to the toe which will be set at 
elevation 0.0 feet NGVO. The beach sand that will be excavated 
for the revetment construction would be placed over the stone toe 
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and lower areas 
revetments will 
No. P4). 

of the stone slope protection. The stone 
end at approximately station 15+81.00 (see Plate 

Reach "E": The line of protection for the 
Point of Pines area in this reach will consist of a constructed 
sand dune system. The sand dune will be built to elevation 18.2 
feet NGVD with a top width of 50 feet. The sand dune 
construction will begin at station 14+00 +/- on the existing 
beach, and will tie into the stone revetment in Reach "D" and 
blend into the reconstructed beach in this reach. The seaward 
face of the dune will slope 15H on 1V to meet existing grade. 
The last 250 feet of this reach, between stations 29+88 and 
32+40, has an existing concrete wall on the landward side of the 
constructed sand dune. This wall will be increased in height to 
elevation 14.0 feet NGVD by placing a concrete cap on top of the 
existing wall. The overall length of Reach "E" will be 
approximately 1670 feet (see Plate No. P4 thru P7). 

Reach "F": Beginning at station 32+40, the 
existing precast concrete wall sections will be replaced by cast 
in place concrete "T" wall. The "T" wall will follow the 
alignment of the existing precast wall and extend a total length 
of approximately 900 feet to a point where it will tie into the 
Floodgate structure access road at station 41+50. The top of the 
first 200 feet of the wall will be at elevation 14.0 feet NGVD, 
with the remaining 700 feet at elevation 15.0 feet NGVD (see 
Plate No. P7 & P8). 

(5) Geotechnical: Explorations in the Point of Pines 
area indicate that the subsurface materials are granular soils 
underlain by silty clay, (Boston Blue Clay) sand and gravel, and 
rock. Geotechnical factors are not expected to be a major 
concern in the Point of Pines area •. Detailed geotechnical 
analysis for the proposed improvements will be performed during 
the FDM phase of the project. The geotechnical analysis at the 
FDM stage will include stability and settlement analyses for the 
revetment and bearing capacity and settlement analyses for the 
walls. . 

(6) structural 

(a) Reach E: 

Existing Conditions: Presently there is a 
concrete seawall along reach E in the Point of Pines area of 
Revere. The top elevation is at 12.3 feet NGVD and the wall 
measures 5 feet in width. The wall is assumed to be a gravity 
wall. The bottom elevation is unknown but assumed to be at least 
6 to 8 feet below the existing ground surface. There are several 
cracks across the top of the wall at approximately 30 to 40 foot 
intervals and are assumed to be shrinkage related due to the lack 
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of control joints. , At this time the wall ,is, in very good 
condition and is considered structurally soUnd. 

Flood wall Design: A new concrete cap will be 
designed to increase the height of this wall from 12.3 feet NGVD 
to an elevation of 14.0 feet NGVD (See Plate P10). The new cap 
will include steel dowels to secure it to the old concrete wall 
section. 

construction: A new concrete cap, 1.7 feet 
thick by 5.0 feet wide, will be placed over the existing flood 
wall in order to increase its height to a finished elevation of 
14.0 feet NGVD. Number 5 reinforcing bars will be placed as 
dowels on 5 foot centers, 18 inches deep into the existing wall. 
These bars will extend 12 inches into the new concrete cap. 
contraction joints will be placed immediately over the existing 
shrinkage cracks. 

(b) Reach F: 

Existing Conditions: The existing concrete 
gravity wall between station 32+40 and station 42+05 consists of 
individual precast monoliths approximately 7 feet long set on a 
buried stone revetment. Gaps of up to 1-1/2 inches between 
monoliths, as well as some minor undermining, are common along 
this reach. There are several steel access stairways spaced 
approximately 250 feet apart, used to access the beach in front 
of the wall. 

Flood Wall Design: Approximately 900 linear 
feet of concrete T-wall will be designed for this reach (See 
Plate No. P9 and P10). The wall will be designed for a minimum 
beach elevation of 6.0 feet NGVD and a minimum inland elevation 
of 10.0 feet NGVD. The wall will be designed with the top of the 
stem at elevation 15.0 feet NGVD and the base at elevation 1.0 
feet NGVD. The wall will conform to COE requirements as stated 
in EM 1110-2-2502. No surcharge will be considered in this 
design. 

construction: The new wall will be constructed 
in place of the existing sea wall. The existing precast wall 
sections will be removed and disposed of. The base of the wall 
will be at elevation 1.0 feet NGVD for most of the reach. If the 
height of backfill is greater than 6.0 feet NGVD it may be 
feasible to step the base of the wall up as necessary to reduce 
the quantity of materials used. Water control will be required 
for all sections of wall where the base will be below 5.0 feet 
NGVD. It is proposed that a steel sheet pile retaining wall be 
used as a temporary water control structure during construction 
of the T-wall. The top elevation of the wall will vary from 15.0 
feet NGVD at the gate structure to 14.0 feet NGVD at the existing 
retaining wall at reach E. New stairways will be constructed to 
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cross over the new flood wall, in approximately the same 
locations of the existing stairways. A vehicular gate is 
required for beach access. 

f. TIDAL FLOODGATES 

(1) General. The tidal floodgate structure will be 
situated across the mouth of the Saugus River, connecting the 
Point of Pines shore front with the Lynn shorefront. Basically, 
the structures will consist of a 100-foot wide navigation (miter) 
gate and eight flushing gates (tainter), each measuring 50 feet 
wide. At the southern end of the flushing gates a 305 foot long 
concrete gravity wall would extend to the access ramp at Point of 
Pines. At the northern end of the flushing gates, a concrete 
gravity wall, 445 feet long, would tie into the proposed Lynn 
Harbor dike. The concrete.gravity walls would be supported by 
concrete piles and would have a 12-foot wide roadway at the 
design top elevation of 15 feet NGVD. A generator/transfer 
building will be constructed on the Lynn side. 

The construction sequence for the project is outlined 
below. Factors effecting the sequence selected were navigation 
and maintenance of the current flow into and out of the estuary. 
Maintaining minimum swellhead across the cofferdams was a factor, 
because the flow direction and accompanying swellhead will 
reverse twice each day while the cofferdam is in operation. 
Additionally, the sequence provides a minimal number of steps 
allowing the contractor to do a maximum amount of work in each 
step. Sequences studied are shown as Chart Nos. 1 thru 3 (see 
Appendix C - Floodgate Design). The other sequences studied 
either did not allow adequate navigation or permitted what was 
judged to have excessive swellhead. 

Preconstruct ion dredging will provide dredge cuts for 
the proposed structure which will provide sufficient depth for 
navigation outside the existing navigation channel while the 
construction is proceeding. 

Phase 1 will be to construct the navigation gate 
inside a circular shaped cofferdam· in the current navigation 
channel. 

Phase 2 will be to construct the concrete portions of 
the southside (Revere Side) flushing gate bays and the concrete 
gravity walls which will connect to the Revere Curbwall. (The 
tainter gates, bridges, and bridge girders (breastwall) will be 
constructed after the cofferdam is removed using the dam 
stoplogs; one bay at a time; concurrent with phase 3.) 

Phase 3 will be to construct the concrete gravity 
walls and the concrete portions of the first 2 ~ flushing gate 
bays on the northside (Lynn Side) to tie-in to the Lynn Dike. 
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(The tainter gates,.b:J:"idges, and breastwall will be constructed 
after the cofferdam is removed using the dam stoplogs; one bay at 
a time; concurrent with phase 4.) 

Phase 4 will be to construct the concrete portions of 
the last 2 ~ flushing gate bays on the north side which will 
complete the concrete dam structure. 

Phase 5 will be to complete the last three tainter 
gates, bridges and breastwall after the phase 4 cofferdam has 
been removed. 

(2) Hydraulics. Physical and navigation modelling of 
the proposed floodgate resulted in a final design, with 
five 50-foot wide flushing gates on the north side of the 
navigation gate and three on the south side. The 100-foot wide 
navigation opening, at invert -18 feet NGVD aligned with the 
General Edwards Bridge, was found adequate. Dredging limits were 
changed to improve flow patterns. Tidal flows, currents and ice 
passage require flushing gates, with invert at -14.0 feet NGVD 
and top of opening at +7.0 feet NGVD. Wave gaging near the 
structure confirmed the low wave energy environment and the 
height of structure was not changed from the feasibility report. 
Several construction sequences were also considered in the 
models. Details of floodgate hydraulics and construction 
considerations are discussed in FDM No.2. 

(3) civil Design. A detailed description of the 
proposed earthwork sequence and stone protection placement for 
the tidal floodgates is provided in Appendix C - Floodgate 
Design. The project earthwork will be accomplished in five 
steps, the initial bypass channel and the four cofferdam phases 
of the floodgate construction. The stone protection placement 
will be accomplished by both dry and wet placement during each 
phase of the earthwork cofferdams. The thickness of the stone 
apron is based on the normal operating schedule (no gate 
malfunctions) as presented in Part IV: RIPRAP DESIGN, in the 
draft of the Saugus River Physical Model Report, dated 8 
September 1992. The wet placement thickness is 50 percent 
thicker than dry placement thickness. The dimensions for the 
placement of the stone protection are shown on Plate No. G4. 
TYPE I stone protection (30 ft. upstream and downstream of the 
structure) consists of 66 inches of Type I riprap on 12 inches of 
90 lb. topsize stone on 12 inches of gravel bedding on geotextile 
material. TYPE II stone protection (50 ft. upstream of the 
upstream TYPE I stone protection) consists of 33 inches of Type 
II riprap on 12 inches of gravel bedding on geotextile material. 

(a) Earthwork. The project earthwork will be 
accomplished in five steps, the initial bypass channel and the 
four phases of the floodgate construction. 
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Bypass Channel. The bypass channel will be 
the first order of work. It will be shaped as shown on Plate No. 
G2 and have a finished elevation of -14.0 feet NGVD. Side slopes 
on the Lynn side of the channel excavation will be 1V on 10H 
upstream of the dam axis and 1V on SH downstream of the dam axis. 
Side slopes on the Revere side of the channel excavation will be 
1V on SH both upstream and downstream of the dam axis. The 
existing MDC fishing pier will be removed before or during this 
stage. 

Phase 1 Cofferdam. The Phase 1 Cofferdam 
will be circular in shape and have a bottom elevation of -29.S 
feet NGVD. There will be a 10 foot berm at elevation -19.0 feet 
NGVD around the entire inside perimeter of the cofferdam. Side 
slope of the berm will be 1V on 2H. Dimensions for the cofferdam 
are shown on Plate G14. 

Phase 2. 3 and 4 Cofferdams. The Phase 2, 3 
and 4 Cofferdams will be rectangular in shape and have a bottom 
elevation of -22.0 feet NGVD. A portion of the Phase 2 Cofferdam 
sheet piling that is within the Phase 1 Cofferdam will be placed 
before the Phase 1 Cofferdam is removed. Details for these 
cofferdams are shown on Plate No. G1S thru G17. 

Phase S. After the Phase 2 and 3 
construction, ramp embankments will be placed at the end of the 
floodwalls. The ramp on the Revere side will slope from the 
floodwall elevation of 1S.0 feet NGVD to approximately elevation 
8.S feet NGVD at the edge of Rice Avenue. The embankment for 
this ramp will be placed after the Phase 2 cofferdam is removed. 
The ramp on the Lynn side will also slope from the floodwall 
elevation of 1S.0 NGVD to approximately elevation 10.0 NGVD of 
the proposed access road and parking area. The embankment for 
this ramp will be placed after the Phase 3 cofferdam is removed. 
Each ramp has a 12 foot top width and 1V on 4H side slopes. 
There is also a SO foot radius horizontal curve on each ramp to 
the floodwall. 

(b) Stone Protection. 

Phase 1 Cofferdam. Both the upstream and 
downstream stone protection for the navigation gate will be 
placed in the dry. Top elevation of the stone next to the gate 
chamber will be -19.S feet NGVD. The stone will slope up to 
natural channel elevation. This elevation is approximately -18.0 
feet NGVD downstream and -17.0 feet NGVD upstream. Side slopes 
for the stone protection will be 1V on SH. The stone protection 
in the area downstream of the Phase 2 Cofferdam will be placed in 
the dry. 
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Phase 2. 3 and 4 Cofferdams. The stone 
protection in the area between the Floodgate structure and the 
cofferdams will be placed in the dry with a top elevation of -
14.0 feet NGVD. Before the cofferdam is removed in each phase, 
the area immediately outside the cofferdam both upstream and 
downstream will be excavated in order to place the remainder of 
the stone protection. This stone will be placed in the wet and 
with a top elevation of -14.0 feet NGVD. The cofferdam will not 
be removed before the entire finished width of the TYPE I stone 
protection is placed both on the upstream and downstream sides. 

(4) Geotechnical. 

(a) General. The floodgate structure will be 
about 1,240-foot long. It will be a concrete and steel structure 
which will be supported by precast prestressed concrete piles. 
Substantial cofferdams and dewatering will be required to 
construct the structure. Project specific borings executed for 
the design of the floodgates indicate that the subsurface profile 
is sand underlain by silty clay, (Boston Blue Clay) sand and 
gravel, and rock. Due to the irregular nature of the profile, 
geotechnical factors will be a major concern during the design 
and construction of the cofferdam. Twenty five deep borings are 
proposed for the FDM phase. Each boring will be terminated in 
the sand and gravel or rock. Also a pile load testing program is 
proposed to help facilitate the design of the pile foundation. 
Undisturbed samples, for shear and consolidation tests, will be 
collected from all borings as deemed necessary based upon the 
observation made during the boring operation. On the basis of 
preliminary analysis of the existing soil data, it has been 
tentatively proposed to test samples for shear, consolidation and 
Atterberg limits. The details of the proposed testing program 
are given in the Geotechnical Appendix A. 

(b) Geological Features Influencing Design. The 
tidal floodgate foundation is to be constructed in an ancient 
valley filled with recent alluvium generally consisting of lean 
clays and overlain by loose sands. The lean clays at the lower 
to middle elevations in the alluvium have consistencies ranging 
from very soft to medium and are normally consolidated. At the 
higher elevations, the lean clays have consistencies ranging from 
medium to stiff due to weathering and desiccation and appear to 
be over consolidated. The valley floor bedrock consists of 
argillite, siltstone or mudstone, which has exhibited varying 
degrees of weathering. Overlying the bedrock and below the lean 
clays are glacial ice contact materials consisting of dense 
clays, sands, gravels, cobbles and boulders. The recent borings 
taken in 1991 for this stage of study discovered a submerged 
glacial feature which is common in this geological area. The 
glacial feature is located in the northern half of the project 
area. 
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(c) Design Soil Parameters. General design soil 
parameters for saturated unit weights, undrained shear strengths 
and permeabilities are shown on Table E-4 of Appendix A -
Geotechnical. These parameters were developed based on the 
subsurface information obtained for this project, projects along 
the flood protection system and other projects located in the 
Boston Metropolitan area. 

(d) Design Earth Pressures. Design earth pressure 
values were calculated for the lean clays based on the assumption 
that undrained shear strengths increase with depth. Details of 
the design earth pressure analysis is contained in Appendix A -
Geotechnical. 

(e) Cofferdam Design. Five cofferdam types were 
studied to aid in the selection of the most cost-effective 
cofferdam for the construction of the navigation gate: a circular 
compression ring cofferdam, braced steel sheet piling cofferdam, 
circular sheet pile cell cofferdam, modified circular sheet pile 
cell cofferdam, and a compression ring cofferdam at an alternate 
location. The location and properties of the dense glacial 
material greatly influences the selection of the cofferdam 
system. preliminary analyses were performed to develop 
conceptual designs. The conceptual designs along with 
conclusions and recommendations are discussed in the following 
paragraphs: 

Compression Ring Cofferdam. A 300-foot 
diameter compression ring cofferdam was studied for the 
construction of the navigation gate. A preliminary design was 
developed which consisted of PZ35 steel sheet pile driven to an 
approximate elevation of -60 feet and with a top elevation of +13 
feet. Two circular compression rings constructed of structural 
steel box beam arc segments, measuring 3-foot high, 6-foot deep 
and 60-foot long, are bolted together at the ends to form two 
circular wales. The compression rings would be positioned and 
secured with steel spud piles prior to driving the sheet piling. 
During the structural excavation, an interior stability berm 
would be left in place with a crown width of 10 feet at elevation 
-19 feet, a back slope of 1 vertical on 2 horizontal, and a toe 
elevation of -29.5 feet. The preliminary design assumes constant 
load around the perimeter of the cofferdam. Varying soil 
embedment lengths as well as swell heads and large tidal surges 
from Northeaster storms would result in unbalanced loading and/or 
soil resistance on the cofferdam requiring specialized analyses. 
The estimated cost for this alternative is higher than that 
normally expected for such cofferdams due to unfavorable 
foundation conditions. 

Braced Sheet Piling Cofferdams. Braced steel 
sheet piling cofferdams were studied for navigation gate, 
flushing gates and gravity monoliths. Cursory studies determined 
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that a braced cofferQ.am would not be satis.factory for the 
navigation gate U-f:talile construction. A preliminary design was 
developed for cofferdams for the flushing gates and gravity 
monoliths. The cofferdams were designed with PZ35 steel sheet 
piling driven to an approximate elevation -60 feet with a top 
elevation of +13 feet. The lowest excavation grade would be for 
the flushing gates, which would require a bottom elevation of -22 
feet. Two levels of interior braced struts, W36 girders, would 
span across the 130-foot wide excavation for the flushing gates 
at elevations +3 and -12 feet. The interior strut spacing was 
designed on 19-foot-4-inch centers for a total length of 508 feet 
for the south side of the navigation gate and a total length of 
663 feet for the north side of the navigation gate. 

Circular Sheet Pile Cell Cofferdams. Circular 
steel sheet pile cells with connecting arcs were studied. Cells 
45 feet in diameter would be constructed with a top elevation of 
+13 feet. The bottom elevation would depend on the type of 
material it would be founded on. The inherent stability of the 
circular cells against unbalanced loadings makes them ideally 
suited for both the glacial deposits of dense sands and gravels 
(very little pile penetration) and for the soft Boston Blue Clay 
(deep embedment as required by design). The surface sands to be 
excavated for the structures would be used as the cell fill. 
However, differential settlement between the cells founded on the 
dense glacial deposits and those founded on the soft Boston Blue 
Clays is a major concern. Therefore, this alternative is not 
considered to be technically feasible. 

Modified Sheet Pile Cell Cofferdams. Circular 
sheet pile cells, 45-foot diameter, with connecting arcs were 
studied to provide protection to a top elevation of +13 feet. 
The exterior perimeter PS31 sheets of the cells would extend up 
to a top elevation of +13 feet with exterior vertical H-pile 
stiffeners located on every fourth sheet and an interior arc wale 
located at elevation +10± NGVD. The interior perimeter PS3l 
sheet piles and sand fill would have a top elevation of +5 feet. 
Settlements of the cells would be minimized since the existing 
ground surface varies between elevations -10 and +10 feet, and 
most of the area is at elevation -5 feet and above. The bottom 
elevation would depend on the type of material it would be 
founded on. The inherent stable configuration of the cells 
against unbalanced loadings could be designed for both the dense 
sands and gravels, with very little pile penetration, and the 
deep embedment required for the soft Boston Blue Clays. The 
surface sands to be excavated for the structures would be used as 
the cell fill. A preliminary cost estimate has indicated that 
the cost of this alternative would be higher than that for the 
compression ring cofferdam. 
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Compression Ring Cofferdam at New Alignment. 
During the development of the cofferdam alternatives, it was 
discovered that due to the unfavorable foundation conditions at 
the proposed alignment, it would not be possible to design and 
construct a cost-effective cofferdam. This prompted an 
investigation of the possibility of a suitable cofferdam site 
seaward of the proposed alignment. Four borings at lOO-foot 
intervals were advanced to a depth of about 60 feet (the 
anticipated depth of the sheet piles for the cofferdam is between 
50 to 60 feet) on the 400-foot wide distance between the proposed 
alignment and the sea. The results of the investigation revealed 
a favorable alignment at a distance of about 350 feet from the 
proposed alignment. However, the foundation conditions at this 
new alignment were not suitable for the entire Tidal Floodgate 
structure (navigation gate, flushing structures & gravity 
monoliths). Further study indicated that although it would be 
easier and cost-effective to design and construct a cofferdam for 
the navigation gate at this new alignment, the overall cost of 
the Tidal Floodgate would increase by about $5 million due to 
additional foundation pilings required for the flushing 
structures and the gravity monoliths, and to a lesser extent due 
to a small increase (about l50-feet of additional gravity 
monoliths needed to effect closure at the new alignment) in the 
total length of the Tidal Floodgate project. Therefore, this 
alternative is not considered to be a cost-effective one. 

Screening of the Alternatives and 
Recommendation. Of the five cofferdam alternatives studied for 
the navigation gate in the preceding paragraphs, one (circular 
sheet pile cell cofferdam) is technically infeasible due to a 
high potential of differential settlements between the portion of 
the cofferdam founded on dense glacial deposits and the portion 
founded on the soft Boston Blue Clay. Another two alternatives 
(compression ring cofferdam & modified sheet pile cell cofferdam) 
have relatively high estimated costs because of. the specialized 
analyses and construction techniques required to complete the 
structure. The compression ring cofferdam alternative, though, 
is relatively less expensive than the modified sheet pile cell 
cofferdam. The braced sheet piling cofferdam alternative, 
which would have several struts crisscrossing the enclosed area, 
will not be conducive to construction activities of the U-Frame 
structure, and as such will hamper the construction productivity 
resulting in construction cost increase. The compression ring 
cofferdam at the new alignment (350 feet downstream of the 
proposed alignment) will be the least expensive cofferdam 
alternative, however, the total cost of the Tidal Floodgate would 
increase by about $5 million over the cost of the structure at 
the proposed alignment (cost based on the compression ring 
cofferdam alternative) due to an increase in the project length 
and additional piling required for the flushing structures and 
the gravity monoliths associated with the Tidal Floodgate. 
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The above discussions clearly indicate that the compression 
ring cofferdam alternative at the proposed alignment is the best 
of all the alternatives studied. Therefore, this alternative is 
recommended for the ''cionstruction of the nctVi:gation gate. 

Driveability of Steel Sheet Piles for 
Compression Ring Cofferdam Design. The stability of the 
recommended compression ring cofferdam is considerably dependent 
on the embedment of the steel sheet piles into the dense glacial 
foundation materials. A preliminary analysis indicates that 
steel sheet piles would have to be driven to an approximate 
elevation of -60 feet (about 30 feet embedment below the bottom 
of navigation gate's foundation) to provide adequate stability. 
However, the presence of the dense glacial deposit has raised 
some concern as to whether it would be possible to drive standard 
steel sheet pile ( PZ-22, PZ-27 etc.) to an elevation of -60 
feet. Questions were also raised as to whether 30 feet of 
embedment below the bottom of the navigation gate is excessive, 
and that it may be possible to design a stable cofferdam with a 
much lesser embedment of the steel sheet pile. 

For these reasons, NED has retained a very 
reputable geotechnical engineering consultant to further the 
preli~inary design investigation and to perform steel sheet pile 
driveability tests. Steel sheet pile driveability tests have 
been planned at four locations along the perimeter of the 
proposed cofferdam. These tests would facilitate the selection 
of a suitable pile type and an appropriate driving hammer. The 
tests would include driving and pulling out a total of twelve 
pairs of steel sheet piles that conform with the ASTM A36 and 
A328 requirements. One pair of PZ-27, one pair of PZ-35, and one 
pair of PZ-35 with protective shoes will be tested at each of the 
four locations. Each pair of sheets shall be driven with a 
double-acting impact hammer and/or vibratory hammer. However, 
the capacity of the hammer must be determined on the basis of the 
dense glacial deposits and the structural properties of the sheet 
pile being driven. 

The information obtained from the driveabilty 
tests will be analyzed by the NED staff and its consultants. If 
the tests indicate that sheet pile can be driven to the desired 
depth, no modification in the tentative design of the compression 
ring cofferdam will be necessary. On the other hand, if the 
heaviest steel sheet pile shows signs of splitting and curling 
before reaching the predetermined depth, a modification in the 
design will be necessary. In our professional opinion, PZ-35 
sheet piles with protective shoes can reach the desired depth and 
the compression ring cofferdam is a viable alternative. 

(f) Pile Selection. End bearing prestressed 
concrete piling for the floodgate structure was tentatively 
selected based on several criteria that included resistance to 
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salt water corrosion, pile type commonly used in the area and 
economics. Prestressed concrete piles will meet the three 
criteria and were selected. Steel H-piles and pipe piles, that 
would deteriorate in time with the corrosive nature of the salt 
water environment, were not selected for that reason. Concrete­
filled pipe piles would provide adequate compressive strength 
although the steel pipe or jacket that provides the tensile 
strength would be subject to salt water deterioration. 
Consequently, this type of pile was not selected. 

(g) Pile Load Tests. A pile load testing program, 
which would include the testing of two compression piles and two 
tension piles, is recommended and should be performed during the 
preparation of the Feature Design Memorandum. This would allow 
verification of the selected piling design(s) and will be 
necessary for the preparation of plans and specifications and in 
the preparation of an accurate Government cost estimate. Quality 
control and quality assurance (QC/QA) design verification pile 
load tests are recommended to be conducted as the first item of 
work in the contract to verify the driving depths and design 
capacity with the pile driving system selected by the contractor. 
The QC/QA pile testing program should include six driving tests, 
three compression tests and three tension tests. 

(h) Channel Scour Protection. The waterways 
Experimental station (WES) recommended riprap designs for normal 
gate operation as well as riprap designs for gate malfunction 
conditions. The foundation materials at and below the base slabs 
for the floodgate structure are clays. clays can resist erosion 
and scour at higher velocities and for longer periods than sands 
and gravels. Malfunctioning of one gate with water surface 
differential of 6 feet is considered an extreme design case. The 
riprap design selected was for normal gate operation. WES 
designed the thicknesses for dry placement which will be 
increased 50% for wet placement. The two WES riprap designs 
recommended a 66-inch thick gradation and a 33-inch thick 
gradation using stone with a 165 pcf specific weight. stone 
gradations are described in Appendix A - Geotechnical. 

(i) Seepage Control. The floodgate structures are 
to be founded on end bearing piles. The normally consolidated 
clays are anticipated to settle a small amount after construction 
of the floodgate structure. This small amount of settlement will 
cause voids to form beneath the base slab allowing uncontrolled 
seepage to occur. A positive seepage cutoff is recommended along 
the exterior perimeter of all the navigation and flood gate 
structures. To maintain the integrity of the seepage cutoff in a 
corrosive environment, high strength plastic sheet pile is 
recommended for a total length of eight (8) feet long with one 
(1) foot concrete embedment and seven (7) foot embedment into the 
foundation materials. The corrugated polyvinylchloride (PVC) 
compound plastic panels are 1/4-inch thick and 9 1/2-inch wide 
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and weigh two-pounds per running foot. The connections are 
interlocking similar to steel sheet pile. The PVC sheet pile can 
be installed with a jackhammer according to the manufacturer . 

.j •.•• 
: " ., 

(5) structural. 

(a) Scope. A general description of the selected 
plan of improvement is presented which defines the major elements 
of the proposed structures, identifies the proposed phasing of 
construction, supports the estimated project costs, and provides 
a basis for future refinement of details during the feature 
design. 

(b) General Project Description. Permanent 
construction will consist of contiguous tidal flood protection 
structures transverse to the Saugus River between existing flood 
protection elements on each bank. Total length of construction 
will be approximately 1,400 feet. Adequate hydraulic flow and 
river navigation capabilities will be maintained at all times 
during construction and during non-flood periods when in service. 
To satisfy project functional requirements, phased construction 
of three distinct types of permanent structures is proposed. 
Refer to Plate G4 for the project structure layout. General 
descriptions of each structure type, including primary structural 
components, and the proposed phasing of construction are provided 
in subsequent SUbsections. 

(c) Loading Conditions. 
the major structures which will be used 
Feature Design Memorandum follow: 

Loading conditions for 
during preparation of the 

a. Construction (Overstress) 
b. Maintenance (Overstress) 
c. Design Storm (Normal stress) 
d. Design Storm wi 1 foot of sea level rise (Normal stress) 
e. Design storm wi 4 feet of sea level rise (Overstress) 
f. Reverse head (Normal stress) 
g. Reverse Head wi 1 foot of sea level rise (Normal stress) 
h. Reverse Head wi 4 feet of sea level rise (Overstress) 

Design storm and reverse head were generally used to size 
structures for this design report. In some cases, the design 
storm wi 1 foot of sea level rise was considered. The reverse 
head considered was 4 feet for this design report but was 
considered excessive for a real condition. A more realistic 
approach will be to examine rates of change of tide level during 
previous storms which will apparently yield a more realistic 1.25 
to 1.5 feet of reverse head. 
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(d) Navigation structure. Du:dng non-flood 
periods, the navigation structure will accommodate river traffic 
passage through a 100 foot clear navigation channel between 
monolith abutments. As indicated on Plate Gl, the proposed 
navigation channel is coincident with the existing channel 
through the General Edwards Bridge approximately 600 feet to the 
west of the proposed structure. The miter gate sill is at 
elevation -18.0 feet NGVD, which is the approximate depth of the 
existing channel. The sill will be sloped both sides for lobster 
passage. The top of the abutments will be at elevation +15.0 
NGVD, or 3 feet above the SPN elevation. For collision 
protection, timber fenders are provided both ocean side and on 
the estuary side of the abutments. During flood periods, a miter 
gate will close the channel. Gate operation will be controlled 
by the control house located on the north abutment. Maintenance 
dewatering adjacent to the gate in the open position will be 
accomplished by placing maintenance bulkheads with floating 
plant. 

Navigation Monolith. The navigation monolith 
will be a U-frame type structure supported on precast, 
prestressed piles. Due to significant rigidity resulting from 
structural continuity between abutments and the foundation base, 
this type of construction will be resistive to differential 
settlements and movements which could be detrimental to miter 
gate operation and sealing. While the monolith has been sized to 
accommodate associated facilities, reduction of concrete 
quantities was not considered at this design level. Details of 
the navigation monolith are shown on Plate G5. 

Miter Gate. The miter gate will be fabricated 
from structural steel using all welded construction. The gate 
will extend from the sill at elevation -18.0 to the top of the 
abutment at +15.0 feet NGVD. with a 1 on 3 miter angle, the 
closed gate will span horizontally across the navigation channel 
reacting against abutment anchorages. An integral walkway at the 
top of the gate will provide limited access between abutments. 
Refer to Plates G6 and G7 for miter gate details. 

Control House. The control house will be 
located on the ocean side of the north abutment. The control 
house will be a two story, cast-in place structure with top at 
elevation +33.0 feet NGVD. The lower floor level at elevation 
+15.0 feet NGVD will house various equipment items. The upper 
story with floor elevation at approximately +24.0 feet NGVD will 
be the control room for the operation of all floodgates. 

Equipment Building. The equipment building 
will enclose the miter gate operation equipment. The building 
will be located on the ocean side of the south abutment. 
Construction will be similar to the control house. 

34 



Tainter Gate operational and structural 
Support. Structural elements for housing tainter gate hoisting 
machinery and gate anchorage provisions for gates in the bay 
adjacent to the navigation structure will be similar to miter 
gate structure provisions. 

Maintenance Bulkheads. Maintenance dewatering 
adjacent to one leaf of the miter gate will be accomplished by 
placing eight navigation structure bulkheads in the ocean side 
and estuary side recesses of an abutment by floating plant. 
During maintenance, the navigation channel width will be reduced 
to a minimum of approximately 78 feet. Refer to Plate G8 for the 
navigation structure bulkhead scheme. 

(e) Floodgate Structures (Flushing Gates) 

General Description. An additional 400 feet 
of river flow will be accommodated through the floodgate 
structures each side of the navigation structure during non-flood 
periods. The floodgate structures will consist of successive 
inverted "T" shaped monoliths providing 50 foot clear gate bays 
between adjacent piers. The north floodgate structure is 315 
feet in length and will have 5 gate bays. The south floodgate 
structure will contain 3 gate bays in the 199 foot length. A 
service bridge and enclosed walkway over the length of both 
structures will provide above tide access between tie-in wall 
combination walkway/roadway and the navigation structure each 
side of the navigation channel. Tainter gates will be in either 
the fully open or closed positions, dependent on tidal 
conditions. During non-flood periods, the bottom of the raised 
gates will be coincident with the bottom of service bridge 
downstream girder at elevation +7.0 feet NGVD. 

Interior Floodgate Pier Monoliths. The 
interior floodgate pier monoliths will be inverted "T" shaped 
with a base 58 feet wide and 59.3 feet long. The base will be 8 
feet thick and will be supported by precast, prestressed piles. 
The pier will be 8 feet wide with rounded upstream and downstream 
faces to reduce turbulence. Cast-in-place concrete enclosure 
structures will be above each pier for housing tainter gate 
hoisting machinery. Refer to Plate G9 for typical interior 
floodgate monolith details. 

Abutment Floodgate Pier Monoliths. Portions 
of the floodwall structures adjacent to tie-in wall construction 
will have an abutment floodgate pier monolith. To dictate a more 
uniform distribution of load to the supporting foundation, an 
inverted "T" shaped monolith incorporating non-gated floodwall 
elements will be used. 
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Floodgate structure Gates. The gates will be 
all welded, three girder, open framed tainter type gates with 
parallel end frames. Each gate will be 50 feet wide by 21 feet 
high with a 27.5 foot radius. The gate side seals will be 
standard rubber "J" seals in contact with corrosion resistant 
steel plates embedded in the faces of the floodgate structure 
piers and navigation structure abutments. The bottom seal will 
consist of a high strength steel bottom lip which bears on a 
steel beam embedded in the top of the monolith base. Except at 
hoisting locations, rubber "J" seals at the top of the closed 
gate will seal against corrosion resistant steel attached to the 
bottom of walkway and service bridge estuary side girder •. At 
wire rope hoist locations, an overlapping rubber finger type top 
seal will be used which will allow separation between the wire 
ropes and gate wearing plate during gate operation. In order for 
the trunnion pin to be above spring tide of elevation +7.5 feet 
NGVD, the centerline of the pin will be set at elevation +9.0 
feet NGVD. Refer to Plate G10 for tainter gate details. 

Tainter Gate Anchorage. The forces acting on 
the tainter gates will be transmitted to the floodgate structure 
piers and navigation structure abutments by post-tensioned 
concrete trunnion girders. The trunnion girders will be 
constructed of reinforced high strength concrete with bonded 
post-tensioned bars in the longitudinal direction. The girder 
will be anchored to the monolith construction by transverse post­
tensioned bars embedded in the supporting elements. 

Service Bridge. walkway and Access. The 
service bridge will have a 12 foot wide roadway at elevation 
+15.0 feet NGVD and will be designed to support AASHTO H10 
vehicular loading. construction will consist of approximately 7 
foot long removable sections of steel grating which span between 
precast, prestressed concrete beams on each side. The precast 
members span across the gate bay and are simply supported on the 
floodgate piers or navigation structure abutments. A 4 foot wide 
enclosed walkway will be on the estuary side of the service 
bridge and will utilize the common precast beams below for 
support. Walkway construction will consist of precast concrete 
box sections with the walkway floor elevation at +15.7 feet NGVD. 
Access from the service bridge to the walkway will be through 
intermittent doors in the walkway walls. The walkway will 
provide enclosed passage between floodgate monolith piers. A 
fixed ladder within the piers will be used to access the hoisting 
equipment through a hatch in the machinery house floor above. 
Inspection of the trunnion girder will be via the machinery house 
down another fixed ladder and through a secure door on the 
estuary side of the pier. 

Maintenance Bulkheads. Dewatering of a 
tainter gate bay for maintenance and repair will be accomplished 
by placing maintenance bulkheads in both ocean side and estuary 
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side bulkhead slots by floating plant. A total of eight 
floodgate structure bulkheads will be provided which will allow 
maintenance closure to a protected elevation of +8.0 feet NGVD. 
Refer to Plate G11 for bulkhead details. A bulkhead will be 
stored in each gate bay below the service bridge when not in use. 
Removal of the stored bulkheads and installation in ocean side 
slots will require removal of service bridge grating. 

(fl Tie-In Wall structures. 

Non-gated gravity floodwall type structures will be provided 
between existing improved tidal flood protection elements on each 
bank and the project floodgate structures. The tie-in wall 
structures will consist of successive, precast concrete, pile 
founded, concrete monoliths with a combination roadway and 
walkway at elevation +15.0 NGVD. This combination top will be 12 
feet between curbs with vehicular guardrail to the 42 inch height 
required for personnel guardrail. The north tie-in wall 
structure is 325 feet in length while the south structure is 290 
feet. The shape of the structure will be changed during 
preparation of the Feature Design Memorandum to provide a more 
efficient structure to perform the desired functions. 

(g) Alternative Designs. (Float-in Alternative) 

In conjunction with the GDR level of design for the 
floodgate structures indicated on the plates, evaluation of 
utilizing a float-in concept for construction of the navigation 
structure and the tainter gate structures was considered. A 
minimum of three float-in structures; the two tainter gate 
structures and the navigation structure was investigated. The 
structures would consist of cellular construction using 
structural steel and/or concrete materials to form watertight 
cells for buoyancy in transport and selective ballasting for 
trimming, levelling and sinking on a prepared foundation. The 
structures would be fabricated off-site at a graving yard or dry 
dock facility. While a structure is being fabricated, the 
respective foundation would be prepared in the wet by dredging to 
the proper elevation and underwater pile driving. Upon 
completion of structure fabrication and foundation preparation, 
the structure would be floated to the site by tugs, positioned 
over the prepared foundation and sunk by ballasting the cellular 
compartments. To accommodate navigational constraints, 
fabrication, foundation preparation and installation of the 
floodgate structures would be phased. 

Major consideration of the float-in concept were determined 
to evaluate viability of application to the Saugus River Tidal 
Floodgates. Background research, including review of applicable 
published documentation and discussion with numerous individuals 
with prior exposure to the float-in concept, was performed as a 
basis for consideration identification. In addition, flotation 
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aspects of concrete float-in structures were assessed through 
preliminary technical investigation. The results of the 
investigation in terms of apparent advantages and disadvantages 
of the float-in concept in comparison to the cofferdam approach, 
indicated on the plates, are as follows: 

(1) Advantages. 

Cofferdams and site dewatering are not required. 

Due to concurrent structure fabrication and 
foundation preparation, a reduced on-site construction period 
should be realized. 

Installation of gates and mechanical equipment 
during fabrication of the float-in may be possible resulting in a 
decrease in the on-site construction period. 

(2) Disadvantages 

Design must consider transport load conditions, and 
floatation and setting stabilities which could dictate structural 
and geometical requirements in excess of in-service demand. 

A graving yard or dry dock is required for structure 
fabrication. Depending on the relative durations of structure 
fabrication and foundation preparation, additional fabrication 
facilities may be required to realize maximum reduction in the 
on-site construction period. Design must satisfy size, weight 
and draft limitations of the dry dock facility. 

Accommodation of setting tolerances between adjacent 
structures must be considered. 

Use of structural steel .shell 
float-ins requires mitigation of aesthetic and corrosion 

concerns. Buoyancy and setting stability control issues are 
critical for concrete float-ins which may necessitate 
construction of an extensive transport bulkhead system in 
addition to revisions to structural geometry. 

The float-in concept would entail specialized 
construction not prevalent in the industry. Examples of existing 
or proposed comparable float-in projects in the united states are 
limited, and represent instances where other construction 
alternatives were not physically or economically feasible. In 
addition, these projects generally involve soil founded 
structures or other foundation systems in which positive physical 
connection to the foundation elements was not required. 

Due to poor project site soil conditions, deep 
foundations are to be employed for structure support. Resistance 
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to lateral forces from in-service flood prp't,ection and seismic 
conditions dictates a positive connection between the structures 
and the foundation elements. Since construction work to provide 
the vital interconnection would be performed without dewatering, 
the quality of the required underwater construction would be 
difficult to monitor resulting in unknown and potentially 
critical structural deficiencies. 

It has been concluded that float-in structures 
conceptually present some advantages over traditional 
construction methods. However, for the Saugus Floodgate 
Structure the difficulty presented in assuring positive 
attachment of a deep, underwater pile foundation to float-in 
components warrants no additional study of this alternative. 

(6) Mechanical Design 

(a) General. This section covers the design 
criteria and equipment arrangement of the major mechanical 
equipment components of the floodgate structures. The major 
mechanical systems are defined as the tainter gate hoists, the 
miter gate machinery, the hydraulic fluid power systems and the 
ice control systems. References for Mechanical Design are 
contained in Appendix C - Floodgate Design. 

(b) Design criteria. The overall mechanical 
design criteria is as follows: 

All tainter gates and navigation gate 
leaves shall be closed within 20 minutes of commencement of 
structure closure operations. 

The maximum force, due to combined tidal, 
wind and wave generated storm forces, imposed during the basic 20 
minute closure period for the structure, will not exceed the 
equivalent of two feet of static head differential on any 
machinery during operation. 

All equipment will be designed to operate 
against a reverse static head not to exceed one and one quarter 
feet. 

(c) Tainter Gate Hoists 

General. Each tainter gate will be operated 
by a pair of multiple wire rope hoists. The stainless steel 
round wire ropes will be connected to the tainter gate near the 
bottom girder by a non-pivoting bracket assembly extending from 
the skinplate at each side strut location. These wire ropes will 
be connected to segmented, spiral-wound, hoisting drums located 
in the machinery houses atop the flushing gate piers. Each 
hoisting drum will be connected to a spur bull gear by shear pins 
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and "tie" bolts. The bull gear/drum assembly will be keyed onto 
a shaft supported by spherical roller bearing pillow blocks. The 
gear/drum assembly will be driven by spur gear pinions, flanked 
by pillow blocks, connected by a synchronization shaft to the 
primary gear reduction system. The synchronization shaft will be 
a five-piece, "fixed-float", shaft/torque tube composite 
arrangement supported from the service bridge between gear/drum 
assemblies. The primary gear reduction system will be a 
quadruple parallel shaft reducer. The parallel shaft reducer 
will be driven by a high-torque, high-slip, electric motor. A 
solenoid-released, spring set, shoe-type holding brake, with a 
hydraulically-operated manual release system, will be mounted to 
the opposite end of the reducer input shaft. Geared flexible 
couplings will be used to connect all shafting. A plan and 
elevations of the hoists on a typical intermediate floodgate pier 
are shown on Plate G20. 

Design criteria. The preliminary machinery 
design is based upon an estimated gate weight of 114,000 Lbs, 
divided equally between two hoisting drums. 

Capacity. computations determined, from the 
estimated gate weight, that the hoist should have a nominal 10 
horsepower electric motor in order to completely raise or lower 
all of the tainter gates within 10 minutes. More detailed 
design, including computer program analysis of the amount of load 
shared by the hoist and the trunnion girder, will permit 
optimization of the hoist design. Alternate studies for tainter 
gate hoist operation are contained in Appendix C - Floodgate 
Design. 

(d) Miter Gate Machinery 

General. Each miter gate leaf will be 
operated by a "direct-acting" hydraulic cylinder. A "direct­
acting" hydraulic cylinder is defined as a hydraulic cylinder 
which is anchored to the monolith concrete by a gimbal device, 
and the miter gate leaf by the piston rod connection. The gimbal 
is a system of steel mounts, pins and bushings which are designed 
to allow the hydraulic cylinder to pivot along two separate axes 
simultaneously. The hydraulic cylinder rod connection to the 
miter gate leaf is a similar biaxial design. The hydraulic 
cylinder rod extends, as well as pivots about the gimbal, in 
order to close the miter gate leaf. The cylinder rod retracts, 
as well as pivots, in order to open the miter gate leaf. A plan 
view, a load computation table and kinematic diagrams are shown 
on Plate G-18. The basic design criteria for the miter gate 
machines is contained in Appendix C - Floodgate Design. 

Capacity. The computations in Appendix C 
Floodgate Design determined that a hydraulic cylinder, with a 24 
inch diameter bore and a 12 inch diameter piston rod, could 
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provide the required.capacity at an operatil')g pressure less than 
2,000 psig. using::the maximum load desigrt Criteria, cylinder 
kinematics and actual cylinder dimensions, it can be determined 
that the maximum predicted operating load will generate a 
hydraulic pressure less than 1,600 psig. The hydraulic cylinder 
will be designed for a working pressure of 3,000 psig with a 
shock rated pressure of 5,000 psig in order to insure proper 
quality of manufacture and operational safety. The hydraulic 
cylinder design meets the critical buckling strength criteria. 
However, since the tidal and Standard Project Northeaster forces 
tend to force the miter gate leaves to close, the maximum load on 
the hydraulic cylinder should place the piston rod in tension, 
not compression or buckling. Storm-induced forces will, 
furthermore, tend to maximize the hydraulic pressure on the rod, 
or "return"-side, of the hydraulic cylinder during gate closing 
operations. The hydraulic cylinder should be capable of 
withstanding storm-induced equivalent forces exceeding four feet 
of static head without sustaining permanent damage or excessive 
leakage. 

Alternate studies of machinery designs for miter 
gate operation are contained in Appendix C - Floodgate Design. 

(e) Hydraulic Fluid Power systems. 

General. Each miter gate machine will be 
powered by a separate hydraulic fluid power system located in a 
building atop the navigation monolith wall adjacent to the gate 
leaf. Each hydraulic fluid power system will consist of: a 
hydraulic power unit, a return-line filter assembly, a 
directional control manifold, a gate isolation manifold and a 
surge relief manifold. A preliminary hydraulic schematic and 
detailed description of the filter assembly, hydraulic power 
units and manifolds is provided in Appendix C - Floodgate Design. 

capacity. The calculations in Appendix C -
Floodgate Design indicate that the hydraulic pumping system must 
be rated for approximately 81 gallons per minute (gpm) in order 
to close the miter gate within the 5.minute operating time. The 
main pressure pump will require approximately 100 horsepower to 
produce this capacity at the design system pressure. Using the 
maximum predicted operating load pressure, the power requirements 
will be approximately 90 horsepower. A nominal 100 horsepower 
electric motor, coupled with a 100 gpm main pressure pump, will 
be provided for miter gate machinery operation. More detailed 
design, including the adjustment of operating times and pressure 
requirements, will permit optimization of the hydraulic system 
design. since the tainter gate hoist design uses only 10 minutes 
for complete operatiqn, the miter gates could be closed in more 
than 5 minutes without exceeding the total project operating time 
criteria. 
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( f) Ice Control Systems. 

General. Each tainter gate will be provided 
with side seal heaters. Each miter gate leaf will be provided 
with a separate compressed air bubbler system. 

Tainter Gate Side Seal Heaters. The side 
seal heaters will be located behind the side seal plates embedded 
in the floodgate pier. Side seal heaters will be the electric 
resistance type. 

Miter Gate Bubbler System. Each miter gate 
leaf bubbler system will supply compressed air to the miter gate 
recess in the monolith wall, the miter gate quoin area, the miter 
gate leaf on the skinplate side, and one-half of the miter gate 
sill. An air compressor will be located within the monolith wall 
on each side of the navigation monolith. The air compressor will 
provide bubbler air through separate stainless steel piping 
systems to each of the major distribution systems. An operator, 
using electrically-actuated shutoff valves, will be able to 
select each distribution system separately, or in any 
combination, in order to address specific ice or debris control 
requirements. Normal operation, for ice control, will be to 
energize all systems continuously at the onset of potential ice 
formation conditions. The systems should operate until weather 
conditions indicate that ice formation conditions no longer 
exist. A description of alternative studies, design criteria and 
capacity of the tainter gates and miter gate heaters is contained 
in Appendix C - Floodgate Design. 

g. LYNN HARBOR (City of Lynn) 

(1) General. The Lynn Harbor shore front extends from 
the northern end of the floodgate structure for a total distance 
of about 8,800 feet to high ground at the westerly corner of the 
Heritage Park area of Lynn. Reach A is not referenced on the 
project plans as it is located along the Saugus River behind the 
proposed protection. It does not include any design features 
other than the vehicle access road and parking areas (see PLate 
Ll). The proposed plan of improvement includes earth dikes with 
stone slope protection as well as steel sheet pile walls and 
concrete flood walls. From the floodgate structure, a stone 
faced earth dike would extend northward for about 3,100 linear 
feet (Reaches B and C). The existing bulkhead would be removed 
and the oceanside dike slope ( 1 vert to 2 horiz) would extend to 
elevation -2.0 feet NGVD at the location of the former bulkhead. 

From the end of dike, the proposed protection extends 
for about 3,050 linear feet and consists of a steel sheet pile 
flood wall and modification of existing walls and structures 
(Reach D) • 
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In Reach Eithe proposed protection consists of 1,075 
feet of concrete gravity wall in the vicinity of the Phillips 
Lighting warehouse. The top elevation of the structure would be 
14.0 feet NGVD. 

Reach F would consist of 1,100· feet of stone faced 
earth dike replacing an existing stone revetment. The dike, with 
a top elevation of 15 feet NGVD, would connect to a 300-foot long 
section of I wall and T wall tying into the existing retaining 
wall at the Lynn Heritage Park. . 

(2) Hydrology. Hydrologic analysis was conducted 
to determine likely ponding levels during high tide. Analysis was 
also conducted to determine associated drainage structures at the 
line of protection. Details of the analysis are contained in FDM 
No.2. 

(3) Hydraulics. Waves within Lynn Harbor are locally 
generated and were not generally affected by wave modelling for 
Broad Sound. Some structure heights were modified from the 
feasibility study based on use of "ACESI06", as compared to the 
Shore Protection Manual, which was used in the feasibility study. 
Details of analysis are included in FDM No.2. 

(4) civil Design. The alignment of the. proposed 
protection extends from the Floodgate structure, at the mouth of 
the Saugus River, northward along the Lynn shoreline to a point 
at the western corner of the City of Lynn's Heritage Park. At 
this point the line of protection ties into an existing retaining 
wall (see plans and sections on Plates Ll to LI2). 

Beginning at the floodgate structure, the following 
are elements of the Lynn Harbor portion of the project. 

Reaches "B" & "C". A stone faced dike/revetment 
extends northward, following the alignment of the existing timber 
bulkhead, approximately 3100 feet. The top of the dike will be 
set at elevation 15 feet NGVD with a top width of 12 feet. On 
the waterside, the dike will be sloped IV on 2H, with two feet of 
stone protection placed over a one foot layer of gravel bedding. 
The landside face of the dike will also be sloped IV on 2H and 
comprised of a 12 inch thick crushed stone layer placed over 
compacted random fill. On the top of the dike there will be a 3" 
thick crushed stone layer placed over the stone protection across 
the full 12 foot width to provide a suitable surface for 
pedestrian and maintenance access (see Plates Ll thru L4). 

Reach "0": From the point where the dike ends 
(station LS 31+09), the proposed protection transitions to a 
series of walls of varying types. All of these walls will have a 
top elevation of 15 feet NGVD. The overall length of the walls 
is approximately 3,080 feet as shown on Plates L4 to L6. 
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The reach begins with a steel sheet pile (SSP) wall 
with batter piles set at 5 feet center to center. The SSP-Wall 
(PZ-22) will extend along the alignment of the existing bulkhead 
to the southerly corner of the existing Gas Wharf Inlet, a 
distance of approximately 1,130 feet. A 30 foot stop-log 
structure, 200 feet south of the end of this wall, will be 
provided for the existing Lynn Economic Development and 
Industrial Commission (EDIC) pier. 

At this point the wall will turn and follow the 
southside of the Inlet. The wall and a 30 foot wide stop-log 
structure, which would provide access for an existing boat crane, 
will be set 4 feet off the waterside face of an existing SSP­
Wall. The new wall will be a PZ-35 SSP-Wall with soil anchors 
located every 8 feet. This wall and stop-log structure, will 
extend for a distance of 280 feet and tie into an existing 
concrete building. The building is one of two concrete 
structures that will be flood proofed to form a part of the line 
of protection. A 30 foot long PZ-35 SSP-Wall will be used to 
connect the two buildings in order to complete the protection. 

From the northerly side of the second flood proofed 
building there will be a 380 foot long PZ-35 SSP-Wall, with soil 
anchors set every 8 feet, which will follow the alignment of the 
existing northerly wall of the inlet. The new wall will be 
located a minimum of 3 feet off the water side face of the 
existing granite retaining wall. The new wall will tie into an 
existing SSP-Wall that is located immediately outside of the 
limits of the Boston Gas Company spill containment dike. The 
existing SSP-Wall has a top elevation of 10 feet NGVD. To bring 
the height of the wall to the required elevation of 15 feet NGVD, 
a 5 foot reinforced concrete wall will be constructed on top of 
the existing wall. This wall will extend northward, following 
the alignment of the existing SSP wall to station LN 9+50. At 
this point the existing SSP wall ends. A 15 foot wide stop-log 
structure at this location will provide access to the existing 
Boston Gas Company concrete dock. 

From the northerly side of the stop-log structure 
the protection will extend approximately 260 feet, along the 
alignment of the existing SSP and granite bulkhead, to the Lynn 
Public Landing located at the end of Blossom Street. The 
protection along this length will change from the reinforced 
concrete wall set atop of the existing SSP wall to a new PZ-22 
SSP wall with soil anchors every 15 feet. The top elevation will 
be at 15 feet NGVD. At the top of the ramp there is a 30 foot 
wide stop-log structure. Immediately to the landward side of the 
stop-log structure, there will be a 48 inch pipe closure 
structure with a sluice gate. Beginning at the northeast corner 
of the stop-log structure. Following the alignment of the 
existing bulkhead will be another SSP-Wall consisting of PZ-27 
sheeting with soil anchors located every 10 feet extending 
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approximately 350 feet to station LN 16+17. The new wall will be 
set approximately .three feet off of the water side face of the 
existing retaining wall and the top elevation will be at 15 feet 
NGVD. (see Plate L6) 

Reach "E": The SSP wall (Reach "D") will tie into 
a new concrete gravity wall at station LN 16+17. The concrete 
gravity wall will extend approximately 1,070 feet to station LN 
26+90. The top of the wall will beat elevation 14 feet NGVD. 
The wall is fronted by a stone revetment consisting of 2 feet of 
stone protection over gravel bedding. The stone will be placed 
on a 2H on 1V slope, and there will be a 12 foot +/- berm, set at 
elevation 8.5 feet NGVD adjacent to the gravity wall. A 3 inch 
layer of crushed stone will be placed over the stone protection 
along the berm. (see Plate L6) 

Reach "F": From the northern end of the gravity 
wall there will be a stone faced earth dike, approximately 1,200 
feet long. The dike will consist of 2 feet of stone protection 
placed over one foot of gravel bedding on the water side with a 
top elevation of 15 feet one foot of (NGVD), and a top width of 
12 feet. On the water side the stone will be placed on a 2H on 
1V slope. On the land side, a one foot layer of crushed stone 
will be placed on a 2H on 1V slope. The existing ground surface 
reflects fill placed in the past for potential development of the 
area. Throughout this area unsuitable materials can be found. 
As a result there are four different dike sections, designed to 
meet the various conditions. These are shown on Plates L8 and 
L9. 

Beginning at station LN 38+85, at the end of the 
dike section, an I-Wall, 5 feet above the existing ground surface 
and 195 feet long, consisting of a concrete cap placed over 
driven steel sheet piling will extend northward to a point where 
there are 4 existing storm drains, a 48, 84 and 72 inch diameter 
pipe and an 8.5 foot elipitical pipe. The top of the I-Wall will 
be set at elevation 14.0 feet NGVD. To prevent backf10w of water 
through the storm drains during high tides, sluice gates will be 
constructed on each. A T-Wall, 100 foot long, will extend from 
the end of the I-Wall to a point, at the northern end of the 
project where it will tie into an existing concrete retaining 
wall. The top elevation of the new wall will be 14.0 feet NGVD. 
The top elevation of the existing retaining wall is only 13.0 
feet NGVD. To provide freeboard, sand bags will be placed for a 
distance of about 25 feet to meet where the high ground at 
elevation 15 feet. 

Modification to the existing storm drains located 
behind the protection, will be made to provide for interior 
drainage. Beginning at the southern portion of Lynn Harbor 
(Reaches "B" and "e") a collector drain, running along the dike 
alignment will collect surface runoff from the area and from 
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existing storm drains. The collected flows will be discharged 
inside of the line of protection behind the floodgate structure. 
A total of 1,450 feet of 36" dia. RCP, 850 feet 42" dia. RCP and 
1400 feet of 48" dia. RCP will be used (see Plates L2, L3 & L4). 
Two existing 60" (Dia) sanitary sewers, located in the northern 
corner of Hanson street, presently discharge into the harbor. 
They will be evaluated in the future. A 15" existing outfall 
for the Marine Boulevard area will pass through the proposed 
steel sheet pile wall. A sluice gate closure, to prevent flood 
tides from entering the drainage system, will be placed on the 15 
inch line. An existing 36" storm drain, discharging in the 
vicinity of the Blossom street "Lynn Public Landing" will be 
combined with a new drainage system extending from a point behind 
the dike in Reach "F" just east of the storage building to this 
point. From the point where the new drain and the existing 36" 
line join, a short length of 48" diameter pipe will be provided 
to convey flows through the protection. A closure structure 
consisting of a sluice gate will be used to prevent rising tides 
during floods from entering the drainage system. Just north of 
the northern end of the 36" drain that conveys storm flows down 
to Blossom street, a 24" drain will convey storm flows northward 
toward the existing storm drains. The new drain stops just 
before the existing 48" line. At this point the new line passes 
through the T-Wall. To prevent back flow, a sluice gate pipe 
closure will be placed on the discharge end of the pipe. 

(5) Geotechnical Soils studies were performed to 
further the design of the Lynn Harbor dike and wall features of 
the project. Detailed soils information is presented in Chapter 
F of the Geotechnical Appendix (Appendix A). Data obtained from 
the projects exploration and testing programs along with the 
subsurface information collected from other completed and 
proposed projects in the vicinity were used to assess the 
distribution and description of foundation materials and to 
develop preliminary soil design parameters, design concepts and 
construction alternatives. The basic subsurface profile along 
Lynn Harbor consists of surficial fills and granular soils 
underlain by silty clay, sandy clay and clayey sand, sand and 
gravel, and rock. The surficial fill materials are encountered 
through out the proposed alignment and consist mainly of silty 
sands and gravels, and range from 8 feet to 36 feet in thickness 
and average 17 feet in thickness. The granular soils located 
beneath the fills are composed of silty medium to fine sands and 
range between 0 feet and 34 feet in thickness with an average of 
18 feet. The silty clay, known locally as Boston Blue Clay, is 
generally very soft to soft in consistency with only a limited 
amount of medium stiff clay at the top of the deposit. The clay 
varies from 26 feet to 128 feet in thickness with an average of 
85 feet. The clay generally increases in thickness in a 
northerly direction and is thickest at the Bay Marine (Gas Wharf) 
Inlet area. North of the Bay Marine Inlet area the silty clay 
generally decreases in thickness towards the end of the project. 
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The dense. sand and "g;r:avel layer was only fuJ..J.y penetrated in 
several of the bori'ngs, the sands and gravels varied from 5 feet 
to 58 feet in thickness with an average thickness of 23 feet. 

. The proposed Lynn Harbor dike, sheetpile bulkhead, and wall 
sections were designed based on the results of the soils 
investigations and test programs, and in accordance with all 
appropriate Corps of Engineers design criteria. Preliminary 
stability analys~s were performed for proposed dike, bulkhead, 
and wall sections at critical locations. One dike section and 
two sheetpile bulkhead sections required modifi<;:ations due to l.ow 
stability values resulting from the influences of the underlying 
soft silty clay foundation materials. Seepage concerns are not 
significant due to relatively low hydrostatic heads and short 
durations that will be experienced. Dike settlements are not 
anticipated to be significant due to the relatively low dike 
heights proposed. Stone layer thickness and stone sizes for the 
dike and revetment sections were calculated using the maximum 
design wave height for the Lynn Harbor area and to minimize 
potential vandalism. Construction materials for the dikes, 
sheetpile bulkheads, and walls will be furnished by the 
Contractor from off-site sources. All earth fill and stone 
materials are readily available from local suppliers. 

(?) Structural 

Reach Dr section C: 

Existing Conditions: Currently, between station 
31+09 and station 37+36, there exists a timber bulkhead which is 
braced by a timber pile frame consisting of one vertical and two 
batter piles. The frames are spaced at five feet on center. The 
top of the bulkhead is at elevation 10.0 feet NGVD, and the tip 
elevation is unknown. Behind the existing bulkhead is a field, 
to the south, and an industrial warehouse, to the north 
(approximately 30 feet behind the bulkhead). 

Flood Wall Design: Approximately 627 feet of 
braced steel sheet pile bulkhead is designed for this section 
(See Plate L10). Batter piles located on the ocean side of the 
bulkhead, and spaced at five feet on center, serve to brace the 
bulkhead. The top of the wall is at elevation 15.0 feet NGVD, 
and the tip elevation is at -15.5 feet NGVD. Batter piles are 
driven down to elevation -30.0 feet NGVD, and brace the bulkhead 
at elevation 4.0 feet NGVD. A concrete cap, extending from 
elevation 7.0 feet NGVD to the top of the bulkhead, is provided 
to ensure a water tight wall above the land side ground 
elevation. A uniform surcharge load of 250 pounds per square 
foot (psf) is applied to the backfill. 
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- Construction: The new bulkhead will be 
constructed approximately 4 feet in front of the existing timber 
bulkhead. The timber bulkhead will be removed above elevation 
7.0 feet NGVD, and the existing batter piles will be removed 
above elevation -7.0 feet NGVD. The rest of the timber bulkhead 
will be abandoned in place, and buried. Most of the backshore 
soils are believed to be contaminated with various hazardous 
wastes. consequently, rather than a conventional deadman, batter 
piles on the ocean side of the bulkhead are used to brace the 
bulkhead, significantly decreasing the amount of excavation 
required. Some excavation in front of the bulkhead will be 
necessary, but this can be accomplished from the land. No 
cofferdams or dewatering will be needed. The Corps of Engineers 
is currently coordinating with the Massachusetts Department of 
Environmental Protection who have undertaken a program of surface 
clean up. The current design anticipates only minimal or no 
excavation of contaminated materials. Future design evaluations 
will be accomplished according to established procedures. 

Reach Dr section 0: 

Existing Conditions: Currently, between station 
SL 37+36 and station SL 39+91, there exists a granite block 
seawall of unknown dimensions. The top of the granite wall is at 
elevation 11.0 feet NGVD. Behind this wall is another industrial 
warehouse building (approximately 50 feet behind the wall), and a 
small parking lot. At the north end of this wall (from station 
LS 39+91 to station LS 40+40) is a 49 foot wide access way to a 
(Public/Commercial??) fish pier. The fish pier is "T" shaped and 
the deck is at elevation 10.0 feet NGVD. 

- Flood Wall Design: Approximately 255 feet of 
braced steel sheet pile bulkhead is designed for this section 
(See Plate L-10). Batter piles on the ocean side of the 
bulkhead, and spaced at 4 feet on center, serve to brace the 
bulkhead. The top of the wall is at elevation 15.0 feet NGVD, 
and the tip elevation is at -23.0 feet NGVD. Batter piles are 
driven down to elevation -32.0 feet NGVD, and brace the bulkhead 
at elevation 4.0 feet NGVD. The bulkhead is capped with 
concrete, extending from elevation 7.0 feet NGVD to the top of 
the wall, to ensure that the bulkhead is water tight. A 
"stoplog gate" type flood barrier will be required across the 
access to the fish pier. The access will remain open, except in 
the case of an extreme flood situation. The stoplog will span 30 
feet and will be approximately 5 feet high. The bulkhead is 
designed based on load cases C2 and R2. For load case R2, a 
uniform surcharge load of 250 psf is applied to the backfill. 

- Construction: The new bulkhead will be 
constructed approximately 3 feet in front of the existing granite 
block wall. The top course of stones will be removed from the 
granite wall, and the rest of the wall will be abandoned in 
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place. To minimize" ¢xcavation of contami~G\~ed soils in the 
backfill, batter piies on the ocean side of"the bulkhead are used 
for bracing. No cofferdams or dewatering will be necessary 
during construction. 

Reach Dr section E: 

- Existing Conditions: The granite block seawall 
in section D continues north of the fish pier, from station LS 
40+40 to station LS 42+42. The top of the wall is at elevation 
11.0 feet NGVD. Behind the wall is a parking lot, boat loading 
and storage area used to service the fish pier. 

Flood Wall Design: Approximately 202 feet of 
anchored steel sheet pile bulkhead is designed for this section 
(See Plate L10). Soil anchors spaced at 10 feet on center serve 
as tie backs to anchor the bulkhead. The top of the wall is at 
elevation 15.0 feet NGVD, and the tip elevation is at -23.0 feet 
NGVD. Some of the sheet piling will be driven to elevation -70 
feet NGVD to provide stability against deep seated failure (See 
Appendix A - Geotechnical). The soil anchors are 50 feet long 
with a bonded length of 20 feet, and attach to the bulkhead at 
elevation 4.0 feet NGVD. A concrete cap, extending from 
elevation 7.0 feet NGVD to the top of the wall, is provided to 
ensure a water tight structure. A 250 psf uniform surcharge 
load is applied to the backfill. A wooden platform will be 
constructed behind the wall for loading/unloading lobsters. 

- Construction: The new bulkhead will be 
constructed approximately 3 feet in front of the existing granite 
wall. The top course of stones will be removed from the granite 
wall, and the remainder of the existing wall will be abandoned in 
place. Soil anchors are used for two reasons. First, the 
property owner currently uses the area in front of the granite 
wall for berthing of boats, and the use of batter piles in front 
of the bulkhead would prohibit this from continuing. Second, 
because the soils in the backfill are most likely contaminated 
with various hazardous wastes, conventional tiebacks with deadmen 
are an undesirable alternative. No cofferdams or dewatering will 
be needed. 

Future Conditions: The property owner has 
expressed intentions to dredge: the area in front of the new 
bulkhead to a depth of elevation -19.5 feet NGVD (-15.0 feet 
MLW). However, this would create an exposed height of wall of 
almost 30 feet, which is well beyond the critical height for the 
clays located below elevation -32 feet NGVD. According to Draft 
EM 1110-2-2906, minimum safety factors applied to passive 
pressures are 1.5 for gravel/sands and 2.0 for clays. Analysis 
shows that with a dredge depth down to elevation -12.0 feet NGVD, 
the factor of safety in the gravel and sand layers is equal to 
1.5 (Tip at elevation -31.0 feet NGVD). To maintain minimum 
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factors of safety and dredge below elevation -12.0 feet NGVD, the 
sheeting must be driven through the clays to a depth greater than 
elevation -100.0 feet NGVD. Therefore, the maximum reasonable 
dredge depth in this area is elevation -12.0 feet NGVD. It 
should be noted that the very soft clays (cohesion less than 700 
psf) found below elevation -32.0 feet NGVD cause recurring 
stability problems for most of the Lynn Shorefront (See 
Geotechnical Appendix). 

Reach Dr section F: 

- Existing Conditions: Between station LS 42+42 and 
station LS 45+46 there is an existing anchored steel bulkhead. 
The top of the bulkhead is at elevation 10.0 feet NGVD and the 
tip is at elevation -30.0 feet NGVD. The bulkhead is anchored 
with concrete deadmen and tie rods attached to the bulkhead at 
elevation 0.0 feet NGVD. The existing bulkhead forms the south 
side to "Bay Marine Inlet". The owner of the inlet uses the area 
behind this existing bulkhead to on and offload barges carrying 
heavy equipment and other heavy loads. Currently the inlet 
bottom is at elevation -12.0 feet NGVD adjacent to the Bulkhead. 

- Flood Wall Design: Approximately 304 feet of 
anchored steel sheet pile bulkhead is designed for this section 
(See Plate L5 & L11). Soil anchors spaced at 8 feet on center 
serve to anchor the bulkhead at elevation .0.0 feet NGVD. The top 
of the wall is at El. 15.0' NGVD, and the tip elevation is at -65 
feet NGVD to provide stability against deep seated failure (see 
Geotechnical Appendix). The soil anchors are approximately 60 
feet long with a minimum bond length of 30 feet. A concrete cap, 
extending from elevation 6.0 feet NGVD to the top of the wall, is 
provided to ensure a water tight structure. A 300 Ton Lift Crane 
is used as a surcharge load on the backfill. This surcharge 
occurs frequently, and is considered a usual condition. 

- Construction: The new bulkhead will be constructed 
approximately 4 feet in front of the existing bulkhead. The 
existing Bulkhead will be removed above elevation 6.0 feet NGVD 
and the remaining sections will be abandoned in place. Soil 
anchors are used because the property owner needs to bring barges 
as close to the bulkhead as possible, and the presence of 
contaminants in the backfill precludes the use of a deadman 
system. No cofferdam will be necessary. 

- Future Conditions: The property owner currently 
has a permit to dredge the inlet to elevation -22.0 feet NGVD (-
17.5 feet MLW). However, Boston Gas (the property owner to the 
north of the inlet) claims that their granite wall on the north 
side of the inlet (Sec. G) would fail if the inlet were dredged 
to that depth. A court injunction is currently prohibiting the 
dredging of Bay Marine Inlet until the stability of the granite 
wall can be assured. As in section E, the exposed height of 
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wall (with the drecj.ge. line at elevation -+2.0 feet NGVD) is 
beyond the criticalhE!ight for the underlj:i:rlg clays. Analysis 
shows that even under current loading conditions and dredge depth 
(elevation -12.0 feet NGVD), an anchored steel sheet pile 
bulkhead only has a safety factor of 1.3. This is considered 
acceptable for unusual loading. However, in any load case, the 
maximum reasonable dredge depth for this section is elevation 
minus 12.0 feet NGVD. 

Reach Dr Section G: 

- Existing Conditions: Currently, between station 
LN 0+0 to station LN 3+80, there exists a granite block seawall 
with a battered face. The top of the wall is at elevation 10.0 
feet NGVD and the bottom of the wall is at elevation -21.0 feet 
NGVD. Approximately 25 feet behind the seawall is an earthen 
containment dike (top elevation 23.0 feet NGVD) which surrounds a 
natural gas storage tank owned by Boston Gas. 

- Flood Wall Design: Approximately 370 feet of 
anchored steel sheet pile bulkhead is designed for this section 
(See Plate Lll). Soil anchors spaced at 8 feet on center serve 
to anchor the bulkhead at elevation 0.0 feet NGVD. The top of 
the wall is at elevation 15.0 feet NGVD and the tip is at 
elevation -32.0 feet NGVD. The soil anchors are approximately 50 
feet long, with a minimum bond length of 20 feet. The bulkhead 
is capped with concrete from elevation 6.0 feet NGVD to the top 
of the wall, to ensure a water tight structure. No surcharge 
load is applied because this area behind the wall has limited 
access for vehicular traffic. 

- Construction: The new bulkhead will be 
constructed approximately 6 feet in front of the top of the 
existing granite wall. The top course of stones will be removed 
and the remaining section of wall will be abandoned in place. 
Rather than excavating and then replacing the containment dike, 
soil anchors will be used. No cofferdams or dewatering will be 
necessary during construction. 

Reach Dr Section H: 

Existing Conditions. Currently, between station LN 
3+90 to station LN 9+50, there is an existing anchored steel 
sheet pile bulkhead with a massive concrete cap. The wall was 
constructed in 1984 and is considered stable. The top of the 
wall is at elevation 10.0 feet NGVD, and the tip is at 
elevation -45.5 feet NGVD. Soil anchors spaced at approximately 
5 feet on center serve to anchor the bulkhead at elevation 7.5 
feet NGVD. Directly behind the bulkhead is a containment dike 
(top elevation of 23.0 feet NGVD), and then further back is a 
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natural gas storage tank. In front of the bulkhead is a concrete 
pier on timber piles. The'top of the pier is at elevation 10.0 
feet NGVD. 

Flood Wall Design. A concrete stem approximately 5 
feet high by 521 feet long is designed to raise the height of 
flood protection provided by the existing bulkhead (See Plate 
Lll). The concrete stem extends from the top of the existing 
concrete cap to elevation 15.0 feet NGVD. At the north end of 
this section (station 9+50), an opening through the flood wall is 
required for pedestrians (fishermen) and small vehicles to access 
the concrete pier. A stop log type of removable flood barrier, 
approximately 15 feet wide by 5 feet high, will be used. 

construction. The new concrete stem will be 
constructed on top of the existing bulkhead. The stem will be 
doweled into the existing massive reinforced concrete cap. No 
cofferdam or dewatering will be required for construction. 

Reach D. Section I: 

Existing Conditions: Between station LN 9+50 and 
station LN 12+33 there is an existing granite block seawall of an 
unknown shape. The top of the wall is at elevation 8.6 feet 
NGVD. Behind the wall is the Boston Gas containment dike and 
natural gas storage tank. At the north end of this section there 
is a 40 foot wide boat ramp. 

- Flood Wall Design: Approximately 297 feet of 
anchored steel sheet pile bulkhead is designed for this section 
(See Plate Lll). Soil anchors spaced at 15 feet on center serve 
to anchor the bulkhead at elevation 4.0 feet NGVD. The top of 
the wall is at elevation 15.0 feet NGVD, and the tip is at 
elevation -27.0 feet NGVD. The soil anchors are approximately 35 
feet long, with a minimum bond length of 15 feet. A concrete 
cap, extending from elevation 4.5 feet NGVD to the top of the new 
wall, will be provided to ensure a water tight wall. A 250 psf 
uniform surcharge is applied to the backfill. A removable flood 
barrier is required between station LN 12+33 and station LN 12+71 
to allow for access to the public boat ramp. This barrier would 
be approximately 30 feet wide and 6 feet high. 

- Construction: The new anchored bulkhead will be 
constructed approximately 3 feet in front of the existing granite 
block seawall. The top course of stones will be removed, and the 
remainder of the granite wall will be abandoned in place. 
Because of the location of the containment dike and natural gas 
storage tank behind the wall, excavation for tiebacKs is 
impossible. Therefore, soil anchors will be used. No cofferdams 
or dewatering will be necessary during construction. 
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Reach Dr Section J: 

Existing Conditions: From station LN 12+71 to 
station LN 16+17 ther.e is a granite block ;s.eawall, a small length 
of revetment, and an 'anchored bulkhead. The top of these walls 
ranges from elevations 9.0 feet to 10.5 feet NGVD, and their 
other dimensions are unknown. Behind these walls (and revetment) 
is a bait and tackle shop, and a parking area for the public boat 
ramp. 

Flood Wall Design: Approximately 341 feet of 
anchored steel sheet pile bulkhead is designed for this section 
(See Plate Lll). Soil anchors spaced at 10 feet on center serve 
to anchor the bulkhead at elevation 4.0 feet NGVD. The top of 
the wall is at elevation 15.0 feet NGVD, and the tip is at 
elevation -28.0 feet NGVD. The soil anchors are approximately 40 
feet long, with a minimum bond length of 20 feet. The bulkhead 
is capped with concrete, extending from elevation 4.5 feet NGVD 
to the top of the wall, to ensure a water tight structure above 
the ground surface of the backfill. A 250 psf uniform surcharge 
is applied to the backfill. 

- Construction: The new bulkhead will be constructed 
approximately 3 feet in front of the existing bulkhead, and 
granite block seawall. The top'three to four feet of existing 
structures will be removed, and the remainder of those structures 
will be abandoned in place. Most of this area requires marine 
traffic to pass close to the proposed bulkhead, therefore batter 
piles cannot be used to brace the bulkhead. Additionally, in the 
vicinity of the bait/tackle shop, soil .anchors are required to 
anchor the bulkhead. If, during further analysis, the section of 
revetment is found to meet Corps of Engineers standards for 
stability, then an "I" wall may be used in lieu of the anchored. 
bulkhead. No cofferdams or dewatering will be needed for 
construction in this area. 

Reach Er section K: 

Existing conditions: Currently, between station 
LN 16+17 and station LN 26+90, there is a stone revetment with 
the top elevation ranging from 9.0 feet to 14.6 feet NGVD. 
Directly behind the revetment is a paved access road, and an 
industrial warehouse which is approximately 40 feet behind the 
crest of the existing revetment. 

Flood Wall Design: Approximately 1,073 feet of 
concrete gravity wall fronted by revetment is designed for this 
section (see Plate L6). The top of the wall is at elevation 14.0 
feet NGVD, and the base is at elevation 4.5 feet NGVD. The wall 
is 2 feet wide at the top and 7 feet wide at its base. 
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construction: The new gravity wall will be 
constructed a minimum of 30 feet from the Industrial warehouse to 
provide sufficient space for an access road. A small cofferdam 
may be needed to construct this wall. It is expected that some 
dewatering will be required. 

Reach Fe sections 0 & R: 

- ~xisting Conditions: Currently, between station 
LN 38+85 and station LN 40+80 there exists a granite block 
seawall of unknown dimensions. The top elevation of the wall 
ranges from elevations 9.0 feet to 10.0 feet NGVD. Behind the 
wall is a commercial building and parking lot. The building is 
approximately 40 feet behind the existing granite wall. 

- Flood Wall Design: Approximately 195 feet of "I" 
Wall is designed for both sections Q and R (See Plate L9 & L12). 
In section Q (station LN 38+85 to station LN 39+85), the wall is 
fronted by a revetment. In section R (station LN 39+85 to 
station LN 40+80), the wall is fronted by the existing granite 
block seawall (See Geotechnical Appendix). The top of the wall 
is at elevation 14.0 feet NGVD, and the tip is at elevation 0.0 
feet NGVD. The "I" Wall is capped with concrete above elevation 
7.0 feet NGVD. 

- Construction: The new "I" wall will be 
constructed between 12 and 18 feet behind the face of the 
existing granite block seawall. The wall is a minimum of 30 feet 
from the building. For section Q, the top course of stones of 
the existing granite wall will be removed, and the remainder will 
be abandoned in place. No cofferdam or dewatering will be 
required to construct this wall. 

Reach Fe section S: 

- Existing Conditions: Currently between station LN 
40+80 and station LN 41+80 there exists a granite block seawall 
with a concrete cap in front of a parking area. The top 
elevation of the wall is between elevations 8.0 feet and 10.0 
feet NGVD, and the rest of the shape is unknown. There are 4 
reinforced concrete pipes (84" diameter, 48" diameter, 36" 
diameter and 8'- 6" elipitcal) which discharge a combined 
sewer/drainage overflow, and direct storm drainage. The drainage 
system is currently being modified by the City of Lynn as part of 
their facilities plan. A tide gate chamber and gate system is 
being installed to prevent tide backflow into the sewer system. 
The completed system will be reviewed further during detailed 
design. 

Flood Wall Design: Approximately 100 feet of 
concrete "T" wall is designed for this section (See Plate L9 & 
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L12). The top of the wall is at elevation 14.0 feet NGVD,and 
the base is at elevation -12.0 feet NGVD. 

construction: The new concrete "T" wall will be 
constructed on approximately the same alignment as the existing 
granite wall. A sheet pile cofferdam and dewatering will be 
needed to construct the wall. The existing granite seawall will 
be removed in its entirety. The 4 existing reinforced concrete 
pipes and a new 24" RCP will penetrate the new wall at their 
current locations. Additionally, 5 sluice gates may be required 
to prevent backflow into the reinforced concrete pipes depending 
on the results of the City of Lynns sewer improvement plan. 

7. MITIGATION PLAN 

Compensatory intertidal habitat will be constructed to 
mitigate for the elimination of 4.8 acres of intertidal habitat 
in the vicinity of the floodgate structure. The mitigation site 
is located on the abandoned Interstate 1-95 embankment in the 
Saugus/Pines River marsh at the former crossing of the east 
branch of the Pines River. The site has been designed to achieve 
a similar frequency of tidal flooding to the habitat that will be 
impacted by the project. The site will be seeded with soft­
shelled clams. The upper intertidal elevations will be planted 
with salt marsh cordgrass and the upland border will be planted 
with shrubs. Other mitigation includes mussel seeding, beach 
grass plantings, and wildlife shrub plantings. The details of 
the mitigation plans are presented in Appendix E. 

8. COST ESTIMATES 

Cost estimates have been developed using the latest version 
of the MCACES Gold software (5.20j) and formatted in the current 
Work Breakdown Structures (WBS) for Civil Works Projects as 
included in the MODELS database of MCACES Gold and Draft ER dated 
1 April 1992. 

The total first costs of this estimate, not fully funded, is 
$102,650,000. Fully funded costs through the construction period 
are estimated at $115,000,000. The projects fully funded 
estimate has not changed significantly since completion of the 
Feasibility Report. The fully funded estimate has fluctuated 
between $113 to $116 million due to changes in forcasted 
inflation rates. Changes have occurred in both construction and 
real estate costs. These changes are offsetting. Cost increases 
are primarily due to increased quantities and additional elements 
required under the most recent design included in this General 
Design Report. These are discussed further below: 

a. The dimensions of the steel sheet piling cofferdams have 
been significantly increased. In addition, the steel pile weight 
has increased from 27 psf to 35 psf, and an extensive timber 
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fendering system for cofferdam protection has bee.n added. These 
changes have resulted in cost increases of 165% and 45% for the 
circular and braced cofferdams respectively accounting for much 
of the overall increase. 

b. The increased number of bearing piles and the 
requirement for pile load testing has also resulted in 
significant cost increases. 

c. The number of flushing gates has been reduced from 10 
to 8. However, the increased cost for the gravity walls to 
replace them and the increased cost of the individual gates has 
offset any potential cost reductions therefrom. 

d. The net effect of the above is an overall increase in 
cost of the navigation gate of approximately $2.9 M and ari 
increase in the cost of the flushing gates of $0.3 M. A more 
refined real estate analysis has reduced the estimated cost of 
land by $3.1 million. In addition contingencies have been 
reviewed and reduced to levels deemed appropriate. These changes 
in project costs along with other minor changes have resulted in 
no significant change in the total project cost. 

Estimate detail is included in Appendix 0 - Cost 
Estimates. 

The following table provides a summary of the major 
costs items for the proposed project. 

01 
02 
05 
06 
10 
17 
19 
30 
31 
99 

ESTIMATED 
PROJECT COST 

(in $000) 

PRICE LEVEL 
FEATURE MAR 93 FULLY FUNDED 

Lands and Damages 
Relocations 
Gates & Appurtenances 
Fish and Wildlife Fac 
Seawalls, Revetments & Dikes 
Beach Replenishment 
Bldgs, Grounds & utilities 
PED 
Construction Mgmt 
contingency 

6,070 
1,539 

52,611 
159 

16,753 
1,099 

208 
8,440 
3,520 

12.251 

TOTAL 102,650 
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6,470 
1,640 

59,700 
170 

18,490 
1,210 

350 
9,130 
5,500 

12.340 

115,000 



9. SCHEDULE FOR DESIGN AND CONSTRUCTION 

a. Upon completion of the GDR, the. preconstruct ion 
engineering and design phase (PED) proceeds into the preparation 
of other Feature Design Memorandums (FDM). Currently the listing 
of FDM's includes but is not limited to, the following. 

(1) General Design Report (GDR only) 
(2) Hydrology & Hydraulics 
(3) Floodgate - Structural and Foundation 
(4) Floodgate - Gates and Controls 
(5) Lynn Harbor Dike and Wall - Foundation & Structures 
(6) Point of Pines, Park Dike, Ponding Area and Sales 

Creek Tide Gate - Foundation and Structures 
(7) Concrete 
(8) Cathodic Protection 
(9) Fish and Wildlife Mitigation 

(10) Real Estate Planning Report - Estuary Acquisition 
(11) Real Estate Planning Report - Lands & Damages for 

Project Features 

The FDM's will include Phase 2 of the subsurface investigations 
and more detailed design of project features. All FDMs are 
scheduled to be completed by July 1994. 

Preparation of plans and specifications is scheduled for the 
period June 1994 - April 1995. A construction contract award is 
scheduled for August 1995 with the construction period extending 
about three years. 
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HALF PLAN 

MITER GATE MAINTENANCE 
~"I'-r ;i, J 

BULKHEAD 

sv ...... JaOUT 
THS CENTERlINE 

I ! !---.(!fi!";,,..,.,-­ 0" 
I 

0" 
L 3X3X% 

~."", 
PV.TE 

." 
SECTION A-A 

BE ..... "' .. 

l 3X3X:x. 

~it SKIN 
"-ATE 

0" 

'"'""'" SE .. 

SECTION B-B 
,. . 

~~'I'-II' iSiii-

" 
~ 
" 1 , 

;J. 

• I 

UN.ESS OTHERWISE SPEarED. ALl ELEVATIONS ME ~ FEET H.C.V.D. 

OEPARTIII[NT OF 1/£ ARMY 
$1.&.DU15 !llSTRlCI 

-~ ....... OEPARTt.€NT Of THE ARMY ........ -
-~~ 

n __ 

--_.--' .... 

~,-

---
SAUGUS RIVER AND TRIBUTARIES 

MASSACHUSETTS 

SAUGUS RIVER TIDAL FLOODGATES 
NAVIGATION STRUCTURE 
BULKHEAD SCHEME AND 

BULKHEAD HALF PLAN AND SECTIONS 

.... "" 
WET 27 

PLAT£ C8 

2 

3 

4 

5 

G 

7 
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CORPS OF ENGINEERS 

3r-4" ,,"-6" 

, 

1-

2-

II I I 
II I I 3'-6" 7'-0" 
II I I I 

~~ h !j 1-~-f-~-~-iill===EX=TEIOOR==tt'L--~;-*--- ! 
~ .J~-i;- ~ II -~~--~~ ~}-------};;i 1+----1-- ~ ~: I ~ 
§ ~L' I L f--f-- _____ J ____ -LOlIj '" ~/ 1_-,,9;,--,-

II I I 
II I I -

I II I I 
STOP lOC SlOT L TRUNttON QROCR II I I STOP LOG SlOT 

~======~-----~----~ 

b b 

" ;, N 

MONOLITH .n. 
3-

PLAN - TAINTER GATE STRUCTURE <TYPICAL> 

n.' 33.0 I 

4-
1------------, 

TOP OF .... D GATE EL. ".57 ~~'~; \. : 

"~ L_~) ________ : 
EL.· 24.0 

5 

EL' 15.0 

6 0. .• 6.0 

R.O.O 

7-

OCEAN SIDE 
RIVER SIDE 

n. -14.0 

8 

n. -22.0 

ELEVATION NOTE. PLES NOT SHOWN 

w 

'" b iii 

" ~ • W 
U 
0 

EL.· 33.0 

[1..·24.0 

1--

F 

4'-8" 

. 
-1-- H--, 

-1--1-- - --

rt-c 
~ 
I , 
1 , 
1 
1 , 
1 , 
I , 
1 , 

59"." 

(12~ X 12" CONCRETE PUS-TOUt. REQIJREf) PER PIER· 90) 

PILE LAYOUT 
16-'I'-r ~. , .t' r 12' 16' 2r 

1-------------==1 
1=0, I 

, I 
I , I 
I ' I 
I ' 1--1- \....._-------1 

r-' 
I 
I 
I 
I 
I 
I __ .J 

EL.· 7.0 

.'.~ •...•.... '.' .. ., , . . . 
:;,. ,', 

" ' .. 
::. ;~ 
',' " 

,~.~ .... ,,··.·ih 

U_ S_ ARMY 

(~.OOE GUNlORAl.. 

r~[I,IOVABLE GRATING 

I J.;;~' n.' 1S.0 
"'.Ir.' . .,.o, 

1 
. W' 

; 

1 i , 1i1rt'! 1 El.' B.O 

1 Elo· 6.0 

, 

rfI1l 1 

SECTION THRU BRIDGE SPANS 

Utt.ESS OTHERWISE SP[CFIED, Jt.L ELEVATIONS ARE IN FEET H.C.V.D. 

ru----i-1 
-+ 

DEPART"'::NT OF T~ AI!lIY 
ST~DUIS Ia'STIIICT _w~ 

DEPARTMENT Of THE ARWY 
I'€W[!II;UIGtro'ISIOII _w-..o 

I 

fl __ 

, 
1 .. .,.. .... 
1 

---
SAUGUS RIVER AND TRIBUTARIES 

MASSACHUSETTS 

SAUGUS RIVER TIDAL FLOODGATES 
FLOODGATE STRUCTURE 

_.-L---1 __ ....::::58.:=--'-O" ---1~ 
..... --..... 

PIER - CONCRETE GEOMETRY 
PLAN, ELEVATIONS AND SECTION 

OCEAN SIDE ELEVATION 

_lU, _ SKET 28 

PlATE CO 

1-1 

2 

1-3 

5 

6 

7 

8 



CORPS OF ENGINEERS A E F G 

" 

-r _________ ~50'.~ ... ----::--~------___:_:::_;~ ", 
I-- ,. ',. 

17 - NTERIOR WTl2 ReS • 2'-6 ". 4r_oM 
• " 

" '" 
• ,. , . '" . " 
, , 

" . ' . " ... ... 
" . ' . J STRUTS 

. " 
", 

, . . " 
~ .. 

" CIROERS WJ6 (TYP.) . " . " 
'" ~ '. 2 " 

. ... 
z • " ~ 

" , .... 
" 

STRUT BRACING W14 (TYP.) .- .. 
3 

STRUTS W14 (TYP.) ---../" 

" , ..... 
" . " 

, . 
" , . " 

" PLAN 

" 

5 , . 
" 

6 

CONCRETE PER FACE , . . " 
CONCRE:TE PER FACI;-.-----

; .. 

7 

8 

Sl1 EL. -14.00 

H U. S. ARMY 

NOTE; 
1. All MAIN w:.eERS SHALL BE STRUCTlRAL STEEL DESIGNATION 
~T"" "-512 ~~ SO. 
2 ...... L BRACING IEIIIBERS SHAlL BE STRUCTURAl.. STEEL 
DESIGNATION ASTM A-36. 

UN.ESS OTHERWISE SPECIf'ED. ALL ELEVA.TIONS ARE IN FEET N.C.V.D. 

--""'---'.-

__ ru, _ 

DEPARTIoVIT OF 110£ .t.RUY _ ........... 
aIIPS Of.DIGNEIIS 

M __ 

SAUGUS RIVER AND TRIEIUT ARIES 
MASSACHUSETTS 

SAUGUS RIVER TIDAL FLOODGATES 
FLOODGATE STRUCTURE 

TAJNTER GATE 
PLAJN AJND ELEVATION ...... , 

-- SHEET ~ 

Pl.ATE CIO 

2 

3 

4 

5 

6 

7 
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CORPS OF ENGINEERS A 

50'-0" 

5'-8~ 5'·6" 

~ .. :' 
" I , 

Y2 --6--- --0--

f"AC:£ or PER 

SKIN I'l, 

0--.. ~1 

, , 
BACK OF RECE~ 

, , 
!--rN;E OF" PER 

TOP PLAN 

lawo£1O 

I 

~I-~~--------r----~-~---r----~-------- ---
.:. ________ L_}-WEB t~z ___ _:~-_- __ -.!::~z~~~)----L--

SE.... I 'Ylx6 I '(SKIt IV" I I 

-------~- -----~------~~---------~---
WEB I V, 

SECTIONAL ELEVATION A-A 
SCALE' r .. 1'-0" 

5'-7 - II I Y2l<5'/. 

~ 
fl..tHGE I %d8 

;, 

i i 

~ i 
~ 

i ~ 
~ ~ 

Fl.IfIGE I %xu ~IY2 

r r > > 

:. FlNolCE I *,,18 

I Y,x5'/. I \/,ltS'/, L 7114J11j, BOTTOY 
SEAl 

Yt" PR£S(T 

SECTION 8-8 SECTION C-C 
SCIL[. f' .. 1'-0" SCJrl£: " .. r-o" 

F 

I 
!eADOER 
, 

13'-0" I 

SECTIONAL PLAN 

1% _ 

ELEV AnON D-D 
SCU: 1" .. 1'-0-

rACE or PER---! , 
I 

, , 
I 

FACE Of P£R--: 

, 

H U. S. ARMY 

!--SACK or RECESS 

1'14f-- C>""'El evDE 

! t-tr' ! ...........-. 
I I 

IN..ESS OTHERWISE SP£:ClFED, AU. EL(VATKlNS ME IN FEET N.C.V.D. 

DEP4R1\IEHT OF THE ABlY 
ST.LCIUS Dl5TJICT -."'...". 
~-

DEPARTMENT OF TI£ ARMY 
!€'I DeullO tIlYSON 

COIII'S CFtNQIUlt$ ---DEL" .... Ct.. - ~ . 

-.-
__ ru, _ 

SAUGUS RIVER AND TRlBUl,ARIES 
MASSACHUSEI1S 

SAUGUS RIVER TIDAL FLOODGATES 
FLOODGATE STRUCTURE 

BULKHE.AD 
PlAA,ELEVATION /IJI,ID SECTIONS 

""' .. , 
SHEET 30 -.- --- PLATE en 
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CORPS OF ENGINEERS A 

! r·6~ I 3'-10" 

14"S" 

.'-0" 

3"0" '" 

W24x55 

SECTION B-B 

I"i g'l , , 

S" , 

... 

11'-9" 

5'·1/,. 

PLAN 

1 LFTItG 8ENII 

_...5..0~~ _________ _ 

BAR 511% 

OPERATftC 
>W<lLE 

SECTION A-A 
SCALE: 1"· "-0" 

3'-0" 

OPERATfiG 

"""" 

1/2". StWl 

SECTION C-C 

, 

" 

-

W24115 ,5-

I"i " , , ' 

I HOOK 

S" 

I 

3"O~ 

6"9" 

OPEAATtfG 

"""" 

F 

14'-6" 

I 

i4> 
I : 

3'-6" 

W1511 '''-... 

I{] ~R'" 

- - - - - - - -
\....., ... SHAFT 

I{] ~ 

'--8AR 5x 

SECTION D-D 

3'-10" 

, I 
I 

7'·g" 

- -. 

H u. S, ARMY 

IN.ESS OTHERWISE SPECf"EO. ALL ELEVATIONS AAE t4 FEET N.C.V.O. 

DEPARThENT Of THE ARNY lIE. DCI.MC) tl'I'I5IOII 

""" " .-.. .... _-
=: ~ r:J;,rI SAUGUS RIVER H./O TR1BUl ARIES 

_. 
-'.-.-.... 

~,-

IAASSACHJSETTS 

SAUGUS RIVER TIDAl FLOODGATES 
FLOODGATE STRUCTURE 
BULKHEAD PICKUP BEAM 

PLAN, ELEVATION AND SECTIONS 

SHEET 31 

PlATE C12 
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CORPS OF ENGINEERS A 

\ 
MOHOLITH NOS. 13 TO 20 • 280.0' CArro MOHOUTHS 

PLAN 
SCALE. I" • 30' 

8 MOHOUIHS • 35.0" 280.0' GATED MOHOUTHS GATED UOHOUTHS 

,,'0' 
A - i-El.16.0 - - - EL.15.0 

TOP OF ROAI)W 

'0'" 
-

~ 
-- ---- --- --- --- --- --- --- -- 1----

@ ® @ @ @ . 
El. L!® @ V® , 

-•. 0 i- L '-------_.- ~ ,.,./ ~ ~I_.- ~ EXISTHG elUDE 

~I_.-
n. -14.0 

EXISTING BUlKlo£ 
• 

n. ·14.0 .. ~ 
n. -20.0 El. ·20.0 

OCEANSIDE ELEVATION - SOUTH TIE -IN 
l«JRIZO'flH. SCAI.[' t" • 30' 

"/,,1 'f' 
VER1lCN. seAlL' f' • 20' 
'I' .! 'I' 

, \12~12- PREC~ CONCRE~ PLE~ (TYP.) 

. \i I18I1TTER , O'N 2.5 nYPJ 

~f---f--$--£:J---4---4--k ~+-
I I I I I 

16.0' 

2.0' 2.0' 10.0' 2.0' 

1- -.$--m.- Iii 
i i -Ejr---$---IjE- =t 

~ - -"tjl--!(-E iii ~ 
, , ~ I " 

~ ~. - -~---b-!--b--~-~ =t-~ i I I I I I -. 
Ul I, , " ~ 
e - -1lJ.--!lI-- I I I • 

i i -.ljT---.ljT--lj£: 'O:t- II 
- -~--t- iii ~ 
It' " 

~---+-+--+--+-T 4-
2.,.: ~,.; 6.~ ; 6.~ _i..,·_i~.,· 

• ,'4 .;:'.:--.~ :_: 

'.',4 ••• ,' ;.: '.;. 

" ... ~. 

~. " ... ... ;.; .. \ 
: .. • ~. •• . • J ... . : ' .. ,'" " ... \]. ~ 
; .. ", .. :~, ~ 
:'. :.: ..... :::.~.\~ 

L.....- '. ',. • • '.' '",I ~ 

I VH!£S I 2 .... 0' 

TYPICAL SECTION A-A PLAN OF MONOLITH 10 PILE LAYOUT 

SC.N..E: I' • 5' SCU.1" • SO' 

L""".1 r 

F H U. S. ARMY 

2 

WOHOUTH NOS. 1 TO 12 ~ 420.0' 

12 MONOUTHS • 35.0" 420.0-

3 
Top OF ROADWA'I'I7 

a.ls.a ----- ---- --- --- - -- --- - -- --- f---- ---- --- --.:-jIDt ,-
® ® ® G) ® 0 @ ® 0 0 o 0: 

2 ! I 
_~IEL.'7.0 

--::::..Ji' "-0- - - -., -.~ 
It -'- ------

DCISTING GRADE El. -1~ El. -9.0 
~EXISTIN G BULICt£A[) 4 

~ CEl,,18.0 . 

OCEANSIDE ELEVATION - NORTH TIE-IN 

HORIZONT N.. SCILE, r . 30' 
VERnc~ SCAlE) 1" - 20' 

UN.ESS OTHERWISE SPECFJEO. ALL aEVATIONS 1M. IN FEET N.G.V.O. 

DEPARTMENT OF THE ARMY 
ST.LIlJ5 Dl!iTlltf 

OEPARTW[rH OF HE ARMY 
~ ........... -"...". .... ,,­.--"--IIEIoI1 "",11 11<0" 

M.S. [.R ... S. 

-__ ._ .... T .... 

SAUGUS RIVER ~D TRIBUTARIES 
MASSACHUSETTS 

SAUGUS RIVER TIDAL FLOODGATES 
TIE-IN W/ILLS 

PLAN, ELEVATIONS AND SECTIONS 

AUG. 1993 

$KET 32 

PLATE G\J 

5 

6 

7 

8 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2 

3 

4 

5 

6 

7 

8 

STFFENEO PZ35 SI£ET PLING 

~EL"-29'~ ! 
~,.,. , 

I 
'-~-------------------r---"-1-...,1---I'------"--7-~--__ 

If.... ~"\ 

-k 2 
U:j -t,l 
I -> . ---_ 
: ~ ~ .. - ----.. -. 
J t' -- -----4."',<---

F ....... ' -- I ----- :_~~~;;~~~=:-:::tt~;rJ~~ J ,'" - .. l- , =,. I' ----t1i:!,;··"i f--------- I -------

--.. -------5..----t+----------t~,;;;l;m-----
, _____ , : , ' .. TER CATE STRUCTURE 

: : Ii! 

l':~ ) L~ . , , 
"'~-- ....... ' / I 
",,--~~~---------------------j------------------

OCEHI SlOE 

PZ3S SHEET PLING 

175.84'\ 

STR\JtTLRAL STEEL BOX BE-".r-,,, 

149.84" 

139.84" 

ng.84,\ 20.0' 

2 

tCA 
EL. -29.5 

.1 MITER CATE STRUCTI,RE 

_ .. _I 0 ...... AXIS 

PLAN 
SCAlE, .~- T-O" 

·"S Y '1' 'r 

EL -'19.0 

NOTE' 

fL. VAAES fROlrol 

Elo -'\4.0 
TO EL -19.0 

ALL PLE TIPS TO BE [l. -60.00\. 

SECTION A-A 

I.H..ESS OH£RWISE SF'ECFED. AU ELEVATIONS .tAE IN rEET H.G.V.D. 

SAUGUS RIVER AND TRIBUTARIES 
WASSH)fJSEllS 

SAUGUS RIVER TIDAL FLOODGATES 
COFFERDAM - PHASE 1 

PLAN AND SECTION 



CORPS OF ENGINEERS t ~ Y 9 ~ \" 'i H u. S. ARMY , 
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2- 2 
''"' .. FENDER PROTEC'~ t ! ! ! ! ! ! ! ! ! U ! ! U U ! U U U ! U U U U U U U U U U U U U 

~ 19··.~ so-." 22 - Wl4- • &'-4" • 406'-0· 
uu!uHu U 19'-.- 25'·0" , I I i 5'-S-N 

I PZ35 SHEET PlLNG nyp,\ 100'·0" PAST PER EN) 5'-8" ~ . ., I 
: .l , , 

------.---- .L 

~ 3-

~ I ----- _1 __ , ----- ----- ----- ----- +-+ ---- ;N -3 
, T-r 

~ I 
, , , 

~ 
, 

j ! '-.. 
I ~ 

I WK 

2' 
, 

i~ ~ ~ I 
, 

~EL 
, 

" , ! '22.00-----
I : ~ 

b WK ~, 

~ 115 
WK 

~ ,iI! ~I • 151 • 
J-;:! ~ 

I~ 
~, ~, :~ 

!~ 
, , 
I I I 

4-
, 

--- =::=: =::=: f:::=,- f:::=:: 
, 

:=::= :=::= :+=::i= --- WK 4 :::i::=: :c::=: ----- ----- ___ OM ----- _C:I= =f::f " ~ --- ----- ::::::;::: ._--- ::.=:: ----- :;:=:: ----- ----- ---
N\' I I I I ! I ' , , 

i~ .~ I , , , 
: !" 
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:d 
, 
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----------- : c:J 

" 489'-0· L:: 
~ 

n n n n n n n n n n n n n n n n n n n n n n nn n n n n n n n n n n n n n n n n n n n n lL ~ /' ) 
N 

5 -5 

®-- loiTER CATE MONouTHf 

6 -6 
EL. 13.00 12"x12" TM:JER ITYP.r 

~ 
, 

Pl35 SHEET ~C-----......... ~ !h!&.. 

I I 1O"x12" TNBEF+----..." 
.!b..M. 

, ~ 
130.00'\ ' 12"x12" TNBE~ 

I r-W36 
~ 

WK El.:-3J!. II ~ 1\\ I 
25." , 80.00'\ , 25.0' 

7-

\ 
7 , 'n.W~PLJ 

r W3J; WK Q.~ -12·ct - - n. VIrRES 

\ I EL.-2J 
lNL[SS OTI£RWlSE SPEOFED, ALl ELEVATIONS ME ... FEET N,C.V.D. 

PER BAS[ DEPART WENT OF TIE ARm DEPARTt.I[NT Of HE ARMY 
Sl.UUS DSlIICT ID' EJQ.AID tmSI(ft -" ....... """" ....... - - -
n __ -.,..-

8 ~;.I'E:~RI 'l' ..... SNJGUS RIVER AND TRIBUTARIES -8 
WASSACtUSETTS 

SAUGUS RIVER TIDAL FLOODGATES 

SECTION A-A NOTE' COFFERDAM - PHASE 2 
H..l PH TPS TO BE EL. '60.00\. PLAN AND SECTION 

SCH.E. ~t· 'N)" 
_.- ~ ~" ..... , 

'11 r l' r 
___ .CIJ, 

-" ... """ ...... _.u . . - .... , ,. -.-~- PlATE C~ 



CORPS OF ENGINEERS A ~ ~ ? ~ f '1 H U.S. ARMY 
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1- f-I 

2- 1-2 
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2tI • " ... ,,'., ••• 5"".' I ~'.," ,,'.," ? 
I i 5"'" r·. ~ ,~ 

i r PZ.l5 S~T PLING 
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, , . , , 
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~ ~::=:: :=: "" , -, , 

. r . r 'T , "" 

sw· .. · 1 I: 
5 i i H i i i i i i H i i I i i i i i i J;: n i i i~i iii 

5 

TMiER PROTECTION FD«RS 

PLAN --
SCH.£: ..... - 1'-0· 

12"S r ~ 'I" 

6 6 
~ 12"x12" TMIER (TVP.""A 

PZ35 9£ET PIlJIIG--........, i (J.£l..9.0 

1 1O"x12" 1"1!.. ~ 
, 

'30.00" 
, 

t2"xI2" TM3E~ 
EL.3.0 

I 
a.D.O 

,1.-"" ... , 
EL~~ /; ~ \\ 1 

,.,~ , .. ,- , 25.0-

7· \\ , 
, ~/ 1-7 

,2" .... ""'"' 

I,"" " .. El, "2-0, I"""'" .... r- EI.. VIRES 

\ I 
IN.ESS OTt£RWISE SPECFED. ALL ELEVATIONS ME IN FIEf H.C.V.O. 

PER BASE DEPARTMENT OF T~ ARWY DEPARTIoIENT OF THE ARMY 
0.. -22.0 Sf.LC:U5 ~'ICT ~---~~ -~~ 

~-- ---
8 ~:.I r,W.I j;'W. SAUGUS RIVER AND TRIBUTARIES f-B 

IllASSACtiUSETTS 

SAUGUS RIVER TID-'I. FLOODGATES 
SECTION A-A 

NOTE. 
COFFERDAM ' PHASE 3 ILL PLE TlPS TO BE EL. -60.00\. 

SCALEl i"' "'0' 
PLAN .6ND SECTION -- N" ...... , 'iii r 1': r ..... -._ ...... 

! 

_. 
0RA1IlNG MM'l£R 

-~, .~ SHEET» 
-"1' _____ 

PlATE (;16 



CORPS OF ENGINEERS A F 
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STtFFOED PZ35 SlEETF"'--,-. _ • .,., .. 

~-ST'FE.ED PZ35 SI£ETPl.E 

8 % e 
~ 
~ , 
~ 

0 
~ 

~ ..... ""s 
I 

H U. S. ARMY 

SECTION A-A, SEE PLATE 16. 

l.H.[SS OTHERWISE SPEeFlEo. ALL ElEVATIQHS ME IN FEET H.G.V.D. 

DEPARTUEHT Of TI£ ",RillY 
ST.UJU5 IIISTIICT 

-~­"--_ .. CIIt. .. CI<." 

DEPARnfi:NT OF' THE ARtoIY ... ~­.,..,~-.... _'"""-
J ••• [.R J ••• SAUGUS RIVER AND TRIBUTARIES 

MASSIoCtIUSETTS 

SAUGUS RIVER TIDAl FLOODGATES 

........ -_. 

............. 
_rut .-

-.: .... --~ 

COFFERDAM . PHASE 4 
PLAN AND SEC110N 
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4-

5-

6-

7-

8-

CORPS OF ENGINEERS A 

fORCE NORWH. TO GATE (fn o • 38..36&5 OEGREIS 

• 
DEC 

[QUV. 

CDS A. ROO C o 
FT. DEC O(C 

94.87 -.0849 26.70 51.73 38.27 

87.82 .Q38OQ 25.23 56..44 33.56 

80.76 .16050 23.68 61.20 28.71 

73.71 .28048 22.05 66.34 23.66 

66.66 .3VS22 2Q.35 71.63 18.37 

5$.61 .50596 18..61 77.26 12.74 

52.55 .6080'" 16.82 BJ.32 6.68 

45.SO .70002 15.01 89.99 0.01 

36.45 .78319 13.20 97.53 -7.53 

3t.39 .85361 1142 106.32 -1&.32 

A. IHCL[ BETWt£N GATE MO 0lAC0NIi. 

.,JC,INrtG Plffi.E IH) CYI.lhDER GNlA!... 

Clt.. 

FORCE 
LBS. 

523,7BJ 

493.5W 

468,876 ....... 
4.33.317 

421.632 

414,057 

411,245 

414,810 

428,521 

C - N«:lE BETWEEN GATE IH) CYLlNXR ROO. 

en. ...... 
p~ 

'54' 
.. 55 

,m 
,323 

,m 
1243 

122. 
1212 

'223 ,,... 

EQUIV. ROD· asTN«::[ FROM a. GNBJt. 10 a. CATE CONNECTION 

D' NICLE BET'IIIUN 1EJO-IfrIlUCEO FORCE P~fIlK:IJI.M 
TO THE CATE IH) 11-£ C'I'lNlER ROD CENTERUfr£ 

en. FORCE • EQUVALENT CYLNJER FORCE RECURED TO OVERCOME 
TWO FEET CE STC)RM·Ml.ICE!l STATIC t£IO LOAD. 

eY!.. PR[SS • HYIlRNJUC nUl) PRES:SI.ft R£QURED TO RESIST 
STORM-INJUC£D Cll.Ml£R FORCE, USNC TI£ PU.L STROKE AREA 
TO RESIST MOTION. 

MITER GATE KINEMATICS 

DIRECT - ACTING CYLINDER 

GATE CLOSED POSITION 

CENTERLINE NAVIGATION PASS 

; KYORNJUC. Plu> 

~ (;SWlTCHGEAR 
LYNN CONTROL HOOSE I II ~ ~ TIWfSf'ORMEA : . ___ ----.JU-f-i-l,,../-,L 

jjj! 06' 
I\.'-----.Cdj~~/ 
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' ;i 

~I 
~, 

~I 
~, 

----------~------- ._-/-_._._.-
, 
I 

k ! 
I/--------c~~===_""" 

~! \. 
~! [ )) 

REVERE CONTROl HOUSE: I i HYORNJl.1C fIlM' 

F U. S. ARMY 

l YHN CONTROL HOUSE 

KINEMATICS 

DIRECT -ACTING HYDRAULIC CYLINDER MACHINERY 

, 

I)ILESS OTHERWISE SFf.:CIFlED.IU ElEVATIONS ME .... FEET H.G.V.D. 

-...... ... - -
--...... ----.... 
_ru. __ 
-.-..--

DEPARTMENT OF THE ARMY 

~-­
_M_ ---

SAUGUS RIVER AND TRIBUT ARIES 
MASSACHUSETTS 

SAUGUS RIVER TIDAl. FLOODGATES 

MITER GATE MACHINERY 

-- PLATE e1B 
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-3 
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-8 
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MAJOR SYSTEM LEGENO 

HYDRNJl.IC POWER I.MT 

OfiECTJOHAL CONTROL SYSTDI 

Sl.RCE RELlEF MNrlFOLD 

o HYOR.U.IC CYLtIOER 

® ORECT~ACTlNC CYlMDER CNJAL 

o RET'l.RH FLTER 

-
--

J. , 
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1----------
-1-----· 

, 
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: 1 0 I, 

:f )I( ~ ~: -.. 
'i I---t 
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• I' \ I 
I 1 , I 
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! I , ________________ ": 
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i r-I ~~------------, 
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I I I ----------...J(""L---------- 1 I i 
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~...l-~l.- ~111 Xf-a _.l~_L . .!, i 
________ 1· 

1 
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VT~ 1 
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ROD C~ 

'-----{(3) 
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f--
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ROD 
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SYMBOLS: 

BAlL VALVE.NORIAALlY CLOSED 

BALL VAl.. YE. NORWLl Y OPEN 

U. S. ARMY 

"" "" :0> O£CI< VAlVE. now BLOOtEO 10 RlCHl 

~XI:iIIl~ 4-WAY DRECTIOfUL VAlVE.PllOT-OP[RATtD 

~XI~lllffi 

flOW CONTROl VN....VE. JO.AIST.-aU: 

HOI..DtfC VALVE. AlUJSTJBLE 

HYDRAULIC fILTER ASSE..el Y 

HYDRNJlIC HOSE 

HYDRNJl.IC PUoF'. VARI.Iel.E OISPLACOIENT 

o HYDRNlIC PlM>. FIXED DlSPL"-CEIENT 

~-- PRESSlRE RElEF VAl.VE, ,lD.AJSU6lE 

PIPING LEGEND: 

MNN PR[SSlRE PIP~G 

- - - - - PR.OT PR[S~[ PlPJfG 

- - - - - RET~ PRfSSIStE P\P'HG 

UN...ESS OTHERWISE SPECFIEO. ALL ELEV"TlOHS AF£. IN FEET N.G.V.O. 

OEPARTa.£NT Of THE ARMY 
ST,uus IISlIItl 

"""".-no 
~-01 ...... 1 (I"" 

SAUGUS RIVER .aND TRIBUT AA:1ES 

.... " 

--
&(_fU, __ 

MASSACHUSETTS 

SAUGUS RIVER TIDAl.. FLOODGATES 

HYDRAULIC SCHEMATIC ...... , 
, .. '" " 

~ ..... _u:_ PLATE lOS 
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f-3 
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CORPS OF ENGINEERS A F H U. S. ARMY 

:W_4M 

15'-6" 7'-0" 4'-6 M 

r WONCUTH JT. I a~ 
I • I ; ·r 

PLLOW BLOCK BEMNCS SYNChROHIZATIOH SHN'"T 

BlA.L GEAR SPl.R GEAR PMON 

, -1 -
I;> ';; rh 

I .. II ' I 3'-6~ 7'-0· 3'-6" N I II II 
hJs -f--- IL __ , I!;;~_ 

I 

I EXTERIOR 

I -~, ~ , 

a~-I-- --------~~ 
-;, Ih"-r :;j w----;---~~- 'T ~ ? b b 
7{ t-t ---ril--:-X.J. £ .. 

J --" T-- - "-~ I I ! ... ~ 

I 1 Uf'f SAVN> • 
I r '1.. EQUPMENT~ 

·--m-l ~--- _I r'T .. '/ I .' 

r-' L f--
--

II , 

~ II I 

LTRUNOH QROER 

II L...I-f I 
STOP LOG SlOT II I , I STOP LOG SlOT 

HOIST ..... PLlOW BlOCK BEARNGS 

ElECTRIC MOTOR Pl.LOW BLOCK 8EARNG 

W TRIJNNON ACCESS PARR-LEt SHKT REDUCER 

'" iii 

II HOI.DtIC BRAKE SERVICE BRIDGE ACCESS 
W 
U 
0 PLlOW BlOCK SEMNG FLEXlBLE COlA.JNG 

HOIST ..... PLLOW BLOCK BEAANCS 

BtU GEM SPlFI CEAR PMON 

a~ I r 
MONOLITH JT. 

PLlOW BLOCK BEMN:S SYNCtflONIZATIQN SHAFT 

PLAN - TAINTER GATE MACHINERY <TYPICAL> KEY PLAN - TAINTER GATE MACHINERY 

fl.' !!i.O 

El.O.O 

RIVER SIDE 

' , , 
,j. , 

-! -
, I ' .,. 

I 

........ 

EL • 33.0 

, 
, 

,\ 
, 
, 

, , , 

• • 

12'-0" 

, 

, 
I .... r, t , ' 
~ -I , , 

I '~" I , , 
• 

fL.' 33.0 

r------- -------, 

t------'~ i ~:jf:ij;;:tjC"~..:--::::-~$ 

I~J~j rJ L.J 
EL.· 24.0 f----l-'-r r./-"l ri---j I" ' i ' I , I 

I I I 
I , I 

I I : 

~.------~4f~~~ 

OCEI'N SIDE 

n.. '14.0 

:--_______ -'-_-'-_-'-____ .. __ -.-_--------'----------..L--....!EL"'."'-2~2CJl.0,-_ -'-'-- ,.~-·-·-----'-""'~.--~.-----l •• I----!1 I 

ELEVATION NOTE' Pl..ES NOT SHOWN OCEAN SIDE ELEVATION 

NOTES, 

1. PLAH VEW SHOWN WITH WACHNE ROOM ROOF REMOVED FOR CLAAITY. 
2. OCEIM sa: ELEVATION YEW SHOWN WlTH IiUoCtlNE ROOM WALL 

REMOVED FOR CLARITY. 

IN.ESS OTI£RWISE SPf:ClFlEO. AU. ELEVATIONS ~ IN FEET H.G.V.D. 

.,... ....,. ca.., 
WE. 

.... w. 

_.­
--~ ... 

-.-

OEPARTI.ENT OF THE ARMY 
1£1 EJClMrD DMSIOIt """ ~.-... 
--~ 

SAUGUS RIVER AN) TRIBUT AAIES 
MASSACHUSETTS 

SAUGUS RIVER TIDAL FLOODGATES 
FLOODGATE STRUCTURE 

MACHINERY - PLAN 8c ELEVATION 

SHEET 30 

PlATE C20 
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3 

4 

5 

6 

7 
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5 

5 
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• 

... 
HAW'SH1R£ 

CONtOIU). 

..... SSlCHUSETT$ 

• Sf'R11rtGF" IELD .-...r .. _'.- ._ .. _)- .. 

CQHN£CTICuT 

LOCATION MAP 
SCALi II( "'I~ES 

HUNTIC 
OCE ... 

"~"," ...... s1====oIl":-==~I00 tilL" 

~---- G£N£RN. £()NNIDS BRICX1£ 

LEGEND 
NEW EXISTING DESCRIPTION 

-12- ---12--- CONTOURS 

- - fLOW 

~~ RiP RAP 

-so- -,.- STORM DRAIN 

_'S- -SS- SANiTARY SEWEll LINE - @" OR"!" tWU«Il£ ..... OS'" SEWER MANHOLE 

.CI !!l CATCH BASI N 

1 ! EARtH. CUT SLOPE 

Y Y EARTH fiLL 

S.S.~. WALL STEEL SHEET PJLE WALL 

PHILIPS LIGHTING WAREHOUSE, 

VICINITY MAP 
'CALt h. FEd 

J'CIOO 0 2OOO.eOOIIIOOO 1000 'UT 

SToP-LDC STRUCTURE - 30' WIDE -----~ 

',OSSOM STREET -----, 

PIPE CLOSURE FOR 48- DIl. STORM DR'"N----''' 
\--"EAI:' "'F". PIKE -

1.195 L.F. 
!PLATES 1.6 THRU. t.9 

BAY MARINE. INC. -----, 

PIPE CLOSURE FOR EXISTING 15'" OIl.. STORM DRAIN -----.,0' I 
STOP-LOG STRUCTURE - 30' WIDE--------.-\,.,~'l=::,.,,JJ. 

THE WEST LYNN CREAMERY -------~ 

INTERCEPT EXISTING 30" OIA. STORII! OO'''N---/ 

1.....--- REACH "e"'. DIKE - 103ot L.F. 
(PI.UES L.3 &. I.~) 

~----E'ISTJNG BULKHEAD TO BE REMOVED (TYP.) 

'--- REACH "'B". DIKE - 1.aOO L.r. 
(PLAtES 1,.2 & L! 1 

GENERAL PLAN 

REACH "E-. GRAVITY WALL - 1.073 L.F. 

LYNN PUBLIC LANDING 

'--- STOP-LOG STRUCTURE - 15' WIO£ 

IPLATE L6J 

'---- RUCH "0"'. WALLS - 3.0S<4 L.~. 
(PLATES 1.41 THRU. 1.6. L 10 & L 111 

LYNN HAABOR 

GRAM ScaLES 

~: 
1. VERTiCAL DATUM BASED ON MEAN 

SEA LEvEL (NGVOI 19291 

2. HORIZONTAl DATUM BASED ON WASSACHUSE1TS 
STATE PLANE COORDINATE SYSTEM (HAD 19271 

3. STCRV ORAIN COLLECtION SlstEM. 
SEe: PLATES 1.2 THRU L 1 

STRUCTURE (SEE PLATES G1 THRU. G20) 

'----- EXISTING PUSLIC FISH PIER TO BE REWOVED 

StALE: 1" • 200' 
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RIVER AND TR 
DAMAGE REDUCTION 

LYNN HARBOR 
SITE PLAN .,. 
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20 
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:i 10 

1 
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0-
<C 
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REACH "e" DIKE TO!' EL. 15.00 INGY1)) ,-----, 

,-. --~-"" 

~-----

3· CRUSHEO STONE SURfACE---------­
H--f-'£-----i 

l' CRUSHED STONE F'1t.L.-------, 

2' SlONE PROTECTICIt 
t' GRAVEL BEDDING 

-£~:~~I~:-~~-~~~~::-Frl· ---EX ISTiNG BULKHEAD 
....L I I ':"\ TO IE R£IC)VED ;;;;;:-" II h \ 

I 1 ::!,\ 

'------EXCAVATION PAY LlMJT----' 

SECTION A-A - STA. LS 8+00 
TYPICAL FROM SU. LS 0.00 TO 2~..s0 

SCA1.t: 1" • S' 

I I I \ \ 
J " \ \ 
r I I ' \ 
" , " , 
: I L. 

El. -2.00 

" " , . 

pUPHtC $CA! E5 

.,' .. ",,.! ...... ..l',,' "''''.,w " • s· • • 

AND TR 
DAMAGE REDUCT! ON 

LYNN HARBOR 
SITE PLAN "2" 
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CORPS OF ENGllEERS A H u. S. ARMY 
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STORM DRAIN TO BE REPLAC£~ 
5'.~. _OIA. Rep ."t 

x 

::;;;~;'E'<JS'n~G ..... NHOLE TO BE ~~~,~~C~V'!l:~ 
INTERCEPT EX 

x _~ ~ ____ _ 
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--------- EXISTING AIP-RAP TO BE ...... --------- "_ . 
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WALL. TOP EL: 1~.00 

," CRUSHED STONE 

I' CRUSHED STONE 

-------------~ -----~ --------------------------- -------------------------::...:...----, . ..... ::::::-~ .. 

; 
~ DIKE - TOP £L. 15.00 

SURFACE 
12' 

FI1.L 

EXCAvATlON PAY LJMIT---___ ..J 

PLAN 
SCAl..£t , •• <10' 

STONE PROTECTION 
GRAVEL BEDDING 

EXiSTING RIP RAP 
TO BE REMOVED _________ j[ EXISTlNG GROUND SURFACE 

""" L • -1.DO 
- I ...... - ... _--.. _-

z 

5 

7 

em,. $CAlfS ~~I:.t SAUGUS RIVER AND TRIBUTARIES • 
hiioloio.!-"""---!FLOOD DAMAGE REDUCTION STUDY 

SECTION B- B - STA. LS 28+00 
TYPICAL FROM STA, LS 2.+50 TO 31+09 

SCALE: , ... S' 

.. ~-... s!;'~' """"~"~.--~". , •• 40' c: 

,- .. s· ~ .. :... ... .;:.""""~.~---~". 
i· 
! 

LYNN HARBOR 
SITE PLAN '3' AND SECTION 

AUG. 'M' 

- PL.ATE: L<I 
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;;:. INO eONellU£ ,DOC' TO RE~!N :::~':~_-:_ 

:......-.------:=, ~:-:::--:=-:-:-'-~~-::;:~-:~.::.~~~~=-=-=-~:-.:----=-:::::. 
s.s);--wJ.U~-. 

CfiAPtf(' 5C'! [$ RIVER AND 
DAMAGE REDUCTION 
LYNN HARBOR 
SHE PLAN "." 
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X 
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PHILIPS LIGHTING WAREHOUSE 
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DUIIPEO ROCK 
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X , .. "-- ...... _,------'; 
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, t. I ,-----EXISTING RIP-RAP TO 1£ REMOVED 

t. 
~ 

::: .. • Eb. 

! 

• 

-t. 

" I I T' 

L£XCAVATION 
PAY LIMIT-

- 2' STONE IIROTECTlDN 

~ GRAViL IEODING 

ExiSTING DUMPED RUSBLE 
TO BE REMOv£O 

LJ 
SECTION K-K - STA. LN 24+00 

TYPICAL FROM STA. LN ,6+'T TO 26+90 
¥RUt!' SCI! [5 

, •• s· '1;'1!5""l\' ==s·';"=!J'o· 
l 

I' 

T 

~
:~~~T::r.:~":~ SAUGUS RIVER AND TRJBUTARIES • FLOOD DAMAGE REDUCTION STUDY 

LYNN HARBOR 

. ~ . ~ . 

SITE PLAN "5" & SECTION 
AUG. 1"! 

PLATt: LI 
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AND 
DAMAGE REDUCTION 
LYNN HARBOR 
SJTE PLAN '"6'" 
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COI.FAC1ED RANQCIII FILL ---' ~---1.5· GRAVEL BEDDING 

~ 

... c 
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~ -20 ... 

·.0 

-<0 

'0 

[XISTING GROUND SURFACE 

EXCAVATION PAY LIMIT 

I 

SECTIONEj9 - STA. LN 211+25 
TYPICAL FROM STA. LN 26+70 TO ?'+8Q 

SCALEt t" • to' 
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I EL.·'0.DO 
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