








1. Table 1 presents the factors of safety after the soft organic soils have been excavated and
the compact fill added. The end-of-construction (Case 1) factor of safety values were
originally 0.9 and 1.1 for a Levee and Buried Seawall/Armored Levee founded on soft
organic soils, respectively. It should be noted that these factor of safety values are less
than the minimum acceptable value of 1.3. Therefore, the feasibility study determined
wherever encountered the soft organic soils located close to the surface should be
removed and replaced with compacted sandy fill. It was recommended to remove soft
organic soils and/or portions of soils with lumps of soft organics to a depth at least 6-
inches deeper than bottom surface of soft organic soils. Also, the removal should be
extended to at least 10 feet beyond the toe of the levee slopes or beyond the structure.
This recommendation did not consider the contamination issues nor the deeper clay layers
identified during the PED effort.

2. The Case |l factor of safety value was determined to be 0.8 for sacrificial cover layer of
the buried seawall under steady seepage condition. However, steady seepage condition
will most likely not occur during the anticipated storms. Furthermore, considering that
shear surface corresponding to factor of safety of 0.8 is within the sacrificial cover, even if
steady seepage condition develops only sacrificial cover layer will likely to be impacted.

3. The final remark at the time of the feasibility study was that additional test borings should
be performed within the wetland area and within the remainder of the alignment during the
design stage to completely characterize the subsurface conditions along the LOP. These
borings should be drilled to a depth that can be used to confirm the pile design capacities
and drivability.

Because of the low probability of earthquakes coinciding with severe storm events, stability
analyses for the Case IV (earthquake) loading condition were performed assuming no water
above the ground surface. Pseudo-static coefficient of 0.16g was assumed for the earthquake
loading case.

Seepage analyses were performed using the commercially available finite-element method
(FEM) software program SEEP/W®©. In order to perform the seepage analyses, a
representative cross-section was selected for each type of structure. These representative
sections were conservatively selected at maximum height locations.

Table 2 Summary of Seepage Analyses Results

Type of Total Seepage Quantity_ Exit .
Reach No. Structure Length (ft) f¥/sec (cfs) Gallons/min Hydrquhc
(gpm) Gradient
A-1 and A-2 Levee 3,430 <1 20 0.25
A-3 Flood wall 1,826 <1 20 0.05
Buried
A-4 Seawall/Armored 22,705 <1 95 0.01
Levee

It should be noted that the pore pressures obtained from the seepage analyses were used for
the Case Il slope stability analyses as described in the Slope Stability section above. Total
seepage quantity is per one foot of levee run, flood wall, efc.
















The figure below shows the difference in time for primary compression (consolidation) to occur
at the center of the seawall using wick drains at a 5 foot spacing and not using any wick drains.
There would be a time saving of about 21 months with the use of wick drains. A sample
calculation of the settlement analysis is provided in attachment 1.

Time Rate Consolidation Center of Levee

(Primary Consolidation)
Time After Construction (Months)

0.0 5.0 10.0 15.0 20.0 25.0 30.0

e \V/O Wick Drain

== = \V Wick Drain

=== Total Primary Consolidation Settlement

Consolidation Settlement (in.)

10.0

12.0

For the alternative seawall design using the double row of sheet pile wall, where a 10% design
has been completed, it was assumed that a similar ground improvement program would be
used, and no updated settlement analysis was performed. The lateral extent of the wick drains
was considered to be extended to cover the footprint of the 17-foot wide Double Sheet Pile
Seawall (DSP) and the 27-foot wide Double Sheet Pile Seawall cross-sections. The surcharge
would be accomplished using a 20.5-foot high pile of sand covering the footprint width of the
DSP wall including the armor stone crest width and then sloping down to grade at a 3H:1V
slope. Once (most of) the consolidation has occurred, the sand is to be partially removed down
to the underside of the final access surface and the double row of sheet files are installed. Then,
except between the two rows of sheetpile, more of the sand cap is removed to allow installation
of the geotextile, bedding stone, underlayer and armor stone of the rock revetment along the
waterside and the splash apron along the land side; this will be followed by final grading of a
sand cover for aesthetics. The area between the sheet piles is to be filled with sand so the
surcharge at that location remains in place.

Prior to advancing the design it is anticipated that some additional deep borings will be
performed and “undisturbed” cohesive-soil samples will have consolidation test run on them;
this is needed to better identify the clay layers and obtain consolidation parameters - for these
layers - to minimize the limits where wick drains will be required.

Seawall from Midland Beach to Fort Wadsworth. This segment has been limited to a 10%
design. The soil borings in this area consisted of no deep borings; however, various borings did
encounter clay at shallower depths (DH-23, DH-25, DH-25a, DH-26, DH-27, DH-28, DH-29, and



DH-30) of the seawall. The following borings did not encounter any clay: DH-19A, DH-20, DH-
21, DH-22, DH-24, DH-31, and DH-32; these borings were not deep enough to identify if there
were deeper clay layers. In addition, SCPTu’s were performed through this area. There were six
deep SCPTu tests that were performed to identify the deep soil strata. SCPTu-25(Sta. 186+55)
encountered a clay layer at an elevation between -45 and -68 feet; SCPTu -20 (Sta. 217+06)
encountered clay layers at an elevation of approximately -14 to-22 feet, a second layer from -28
to -36 feet, and a third layer from -75 to -111 feet; SCPTu -26 (Sta. 246+49) encountered a clay
layer at an elevation of -8 feet to an elevation of -14 feet and from -49 feet to the end of the
SCPTu; SCPTu -21 (Sta. 267+32) encountered a clay layer at an elevation of -49 feet to the
end of the SCPTu; SCPTu -22B (Sta. 265+76) encountered a clay layer at an elevation of -45
feet to the end of the SCPTu; and SCPTu -27 (Sta. 289+06) encountered a clay layer at an
elevation between -84 and -90 feet. The remainder of the SCPTu’s that were advanced in this
area were shallow (SCPTu-11, 24B, 12, 13, 14, 15, 16, and 17) and were not deep enough to
confirm the depth or thickness of any deeper clay layer(s). Please see attached soil profile
which shows soil borings and SCPTu’s and the soil strata that were encountered.

The soil parameters provided for settlement of the Promenade reach were based on the
subsurface conditions developed for the buried rock seawall 60% DDR. The generalized
descriptions of the subsurface conditions are based on boring logs and laboratory test results.

GROUND IMPROVEMENT PROGRAM. No new settlement analyses were performed for this
10 percent submittal and the proposed ground improvement program is largely based on work
done as part of the detailed design for the buried rock seawall in the Oakwood Beach to Miller
Field contract reach (i.e., Promenade reach). Other assumptions include:

¢ The surcharge will address primary-compression settlement (consolidation).
The surcharge height is the same as previously developed for the Oakwood Beach to Miller
Field buried rock seawall 60% design.

¢ The spacing and length of the wick-drains are the same as calculated for the Oakwood Beach
to Miller Field buried rock seawall 60% design.

+ The only adjustment to the surcharge was the surcharge footprint which is based on each of
the proposed cross-sections as listed below:
¢ Buried Rock Seawall (Boardwalk reach)
¢ Double Sheet Pile Seawall 38-ft wide (Boardwalk reach)

¢ Forthe Buried Rock Seawall, it was assumed that the surcharge is to be accomplished in two
stages: (1) Constructing both stages using the final geotextiles, bedding stone and armor
stone, except for the first stage when only one layer of the armor stone across the crest of the
stone (elevation 17.9) will be installed; (2) The second stage is complete the rock and fill up
to elevation 21.4 feet.

¢ For the Double Sheet Pile Seawall, the surcharge will be accomplished using sand as
discussed above. In both cases, the surcharge will be left in place for the final construction
and no evaluation of fill cell size is included nor needed.

¢ Short-term settlement (elastic) would take place during construction and is not considered an
issue for the final design.

The proposed solutions presented in this section are subject to refinement once additional
subsurface information is obtained, and additional detailed calculations are performed for each
of the proposed cross-sections.
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Subject :

60594417

S88I| Task 3A (H=15.5ft, S=7f1)

- Induced Stress under Embankment Load (Center of Levee)

AZCOM

Clifton, NJ

Sheet 7 of 11

Computed By: QH Checked By: LC Date: 10/21/2019
Computed By: Checked By: Rev:
Input Results
Material Properties Embankment Point of Interest
. Subgrade Soil Geometry .
Point : - - Stress Strain
No. (M ILEJrr:It(r\?VT I\Y/IZZ:?USS Po';s:t?: s (See Figure 1 on Sheet 7) Coordinates
Yemb. E v a b H X z G, Oy Gy €,
(kcf) ksf (ft) (ft) (ft) (ft) (ft) (ksf) (ksf) (ksf)
A1 0.130 0.2 0.00 142.50 15.50 70.75 1.00 2.0 2.0 0.8
B1 0.130 0.2 0.00 142.50 15.50 70.75 24.50 2.0 1.2 0.6
D1 0.130 0.2 0.00 142.50 15.50 70.75 100.00 1.4 0.2 0.3
A2 0.130 0.2 0.00 60.00 8.00 -71.75 1.00 0.0 0.0 0.0
B2 0.130 0.2 0.00 60.00 8.00 -71.75 24.50 0.0 0.1 0.0
D2 0.130 0.2 0.00 60.00 8.00 -71.75 100.00 0.1 0.1 0.0
A3 0.130 0.2 46.50 46.50 15.50 -24.25 1.00 0.0 0.0 0.0
B3 0.130 0.2 46.50 46.50 15.50 -24.25 24.50 0.0 0.2 0.0
D3 0.130 0.2 46.50 46.50 15.50 -24.25 100.00 0.2 0.1 0.0
A4 0.130 0.2 37.50 37.50 7.50 -34.25 1.00 0.0 0.0 0.0
B4 0.130 0.2 37.50 37.50 7.50 -34.25 24.50 0.0 0.1 0.0
D4 0.130 0.2 37.50 37.50 7.50 -34.25 100.00 0.1 0.0 0.0
C1 0.130 0.2 0.00 142.50 15.50 70.75 63.00 1.7 0.4 0.4
E1 0.130 0.2 0.00 142.50 15.50 70.75 128.50 1.2 0.1 0.3
C2 0.130 0.2 0.00 60.00 8.00 -71.75 63.00 0.1 0.1 0.0
E2 0.130 0.2 0.00 60.00 8.00 -71.75 128.50 0.1 0.1 0.0
C3 0.130 0.2 46.50 46.50 15.50 -24.25 63.00 0.2 0.1 0.1
E3 0.130 0.2 46.50 46.50 15.50 -24.25 128.50 0.2 0.0 0.0
C4 0.130 0.2 37.50 37.50 7.50 -34.25 63.00 0.1 0.0 0.0
E4 0.130 0.2 37.50 37.50 7.50 -34.25 128.50 0.1 0.0 0.0
Note:

1. Point A1, A2, A3, A4, A5 are the same point at point A BUT for different embankment loads (see previous calculation for model) .
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Project No.: 60594417 A-COM
Subject : SSS| Task 3A(H=15.5t, S=7 fi) Clifton, NJ
- Induced Stress under Embankment Load (Center of Levee)
Computed By: QH Checked By: LC Date: 10/21/2019
Computed By: Checked By: Rev:
Calculations:
Intermediate Results Results
Max. Distance and Angle
P,\T(i)m Sur(;harg (See Figure 1 on Sheet 7) Stress Strain
’ p (W) RO 2) R1 ®) RZ @) o () B ©) o, (4] Oy @) Gy ) &, (10)
(ksf) (ft) (ft) (ft) (rad.) (rad.) (ksf) (ksf) (ksf)
A1 2.015 70.8 70.8 71.8 0.00 3.11 2.0 2.0 0.8
B1 2.015 74.9 74.9 75.8 0.00 2.48 2.0 1.2 0.6
D1 2.015 122.5 122.5 123.1 0.00 1.24 1.4 0.2 0.3
A2 1.040 71.8 71.8 131.8 0.00 0.01 0.0 0.0 0.0
B2 1.040 75.8 75.8 134.0 0.00 0.15 0.0 0.1 0.0
D2 1.040 123.1 123.1 165.4 0.00 0.30 0.1 0.1 0.0
A3 2.015 24.3 70.8 70.8 0.03 0.00 0.0 0.0 0.0
B3 2.015 34.5 74.9 74.9 0.46 0.00 0.0 0.2 0.0
D3 2.015 102.9 122.5 122.5 0.38 0.00 0.2 0.1 0.0
A4 0.975 34.3 71.8 71.8 0.02 0.00 0.0 0.0 0.0
B4 0.975 42.1 75.8 75.8 0.29 0.00 0.0 0.1 0.0
D4 0.975 105.7 123.1 123.1 0.29 0.00 0.1 0.0 0.0
C1 2.015 94.7 94.7 95.5 0.00 1.69 1.7 0.4 0.4
E1 2.015 146.7 146.7 147.2 0.00 1.01 1.2 0.1 0.3
C2 1.040 95.5 95.5 146.0 0.00 0.27 0.1 0.1 0.0
E2 1.040 147.2 147.2 184.0 0.00 0.29 0.1 0.1 0.0
C3 2.015 67.5 94.7 94.7 0.48 0.00 0.2 0.1 0.1
E3 2.015 130.8 146.7 146.7 0.32 0.00 0.2 0.0 0.0
C4 0.975 71.7 95.5 95.5 0.35 0.00 0.1 0.0 0.0
E4 0.975 133.0 147.2 147.2 0.25 0.00 0.1 0.0 0.0
- b .
- a .
p=+H
H
Notes: v 1‘
R = X
1P =Vems. *H 6 p= atan(LaJmtan[b_—X] Ro B Rz
z z o
_pP Xo  Z (o
2 Rg=+vVx2+2z? 7 Oz = rcl:B+ a R3 (x b)} vz
Figure 1
3 Ry =A/(x —a)? + 22 8 Gx:%[5+§+é(x—b)+%loge%}
2 = (b — +
4 R NEooTeEt 9 oy —voxa]

5 u:atan(?]—atan(xga)
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Project No.:
Subject :

60594417
SSSITask3A (H=155ftS=7ft)
- Induced Stress under Embankment Load (Toe of Levee)

AZCOM
Clifton, NJ

Computed By: QH Checked By: LC Date: 10/21/2019

Problem Statement:

Calculate the stress at different depths of layers under permanent embankment load. See Figure 1 on NEXT SHEET for shape of embankment.
Note: The entire embankment is shown in Figure 1. b is the width of embankment. b is NOT half embankment width.

Reference:
- Poulos, H. and Davis, E. (1974) Elastic Solutions for Soil and Rock Mechanics. John Wiley & Sons, Inc. p. 40.

Assumptions:
- Longitudinal dimension (y) of the embankment is much greater than transverse dimension (x). Thus, plane strain applies.

Input and Results:

For consolidation settlement, Depth of Point C= 63.0 ft Depth below Previous Existing Ground Surface
For consolidation settlement, Depth of Point E= 128.5 ft Depth below Previous Existing Ground Surface
For elastic settlement, Depth of Point A= 1.0 ft Depth below Previous Existing Ground Surface
For elastic settlement, Depth of Point B= 24.5 ft Depth below Previous Existing Ground Surface
For elastic settlement, Depth of Point D= 100.0 ft Depth below Previous Existing Ground Surface
Increase of Vertical Effective Stress due to Embankment at Point A= 0.013 ksf =0zatA1+A2-A3-A4
Increase of Vertical Effective Stress due to Embankment at Point B= 0.309 ksf =0,atB1+B2-B3-B4
Increase of Vertical Effective Stress due to Embankment at Point C= 0.572 ksf =0zatC1+C2-C3-C4
Increase of Vertical Effective Stress due to Embankment at Point D= 0.648 ksf =0z atD1+ D2-D3 - D4
Increase of Vertical Effective Stress due to Embankment at Point E= 0.652 ksf =ozatE1+E2-E3-E4
——— 2026
65— 5% —37.6———600——| ! 708 1425 718 | 50.0 i
5 1 _
19| o s g AREA | - a—
= 'BZEI'zE: | E:‘rra 1 E s b
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'D_____J ggL: DDz
—1 v E1E2
L. p— ?1:-3?.5_-|
55| areA 5_‘ ’- ARexa s
B !
“C3Cc4
*D3pa

"Edgg

SSSI 3A Settlement Calculation-H=15.5-S=7.xIsxInduced Stress-Embkmnt (Toe) Last Printed 10/29/2019



Sheet 10 of 11

Project No.: 60594417 A —COM
Subject : SSSI Task 3A (H=15.5S=7 ft) Clifton, NJ
- Induced Stress under Embankment Load (Toe of Levee)
Computed By: QH Checked By: LC Date: 10/21/2019
Input Results
Material Properties Embankment Point of Interest
. Subgrade Soil Geometry .
Point ; - - Stress Strain
m Emkmnt | Young's | Poisson’s (See Figure 1 on Sheet 7) Coordinates
No. Unit Wt. | Modulus | Ratio
Yemb. E v a b H X z o, Gy Gy €,
(kef) ksf (ft) (ft) (ft) (ft) (ft) (ksf) (ksf) (ksf)

A1l 0.130 0.2 0.00 142.50 15.50 0.00 1.00 1.0 1.0 0.4
B1 0.130 0.2 0.00 142.50 15.50 0.00 24.50 1.0 0.8 0.4
D1 0.130 0.2 0.00 142.50 15.50 0.00 100.00 0.9 0.3 0.2
A2 0.130 0.2 0.00 60.00 8.00 -142.50 1.00 0.0 0.0 0.0
B2 0.130 0.2 0.00 60.00 8.00 -142.50 24.50 0.0 0.0 0.0
D2 0.130 0.2 0.00 60.00 8.00 -142.50 100.00 0.0 0.1 0.0
A3 0.130 0.2 46.50 46.50 15.50 46.50 1.00 1.0 0.9 0.4
B3 0.130 0.2 46.50 46.50 15.50 46.50 24.50 0.7 0.2 0.2
D3 0.130 0.2 46.50 46.50 15.50 46.50 100.00 0.3 0.0 0.1
A4 0.130 0.2 37.50 37.50 7.50 -105.00 1.00 0.0 0.0 0.0
B4 0.130 0.2 37.50 37.50 7.50 -105.00 24.50 0.0 0.0 0.0
D4 0.130 0.2 37.50 37.50 7.50 -105.00 100.00 0.0 0.0 0.0
C1 0.130 0.2 0.00 142.50 15.50 0.00 63.00 1.0 0.5 0.3
E1 0.130 0.2 0.00 142.50 15.50 0.00 128.50 0.9 0.2 0.2
C2 0.130 0.2 0.00 60.00 8.00 -142.50 63.00 0.0 0.1 0.0
E2 0.130 0.2 0.00 60.00 8.00 -142.50 128.50 0.0 0.1 0.0
C3 0.130 0.2 46.50 46.50 15.50 46.50 63.00 0.4 0.0 0.1
E3 0.130 0.2 46.50 46.50 15.50 46.50 128.50 0.2 0.0 0.0
C4 0.130 0.2 37.50 37.50 7.50 -105.00 63.00 0.0 0.0 0.0
E4 0.130 0.2 37.50 37.50 7.50 -105.00 128.50 0.0 0.0 0.0

Note:

1. Point A1, A2, A3, A4, A5 are the same point at point A BUT for different embankment loads (see previous calculation for model) .
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Project No.: 60594417 A —COM
Subject : SSSITask3A (H=155ftS=7ft) Clifton. NJ
- Induced Stress under Embankment Load (Toe of Levee) 2
Computed By: QH Checked By: LC Date: 10/21/2019
Calculations:
Intermediate Results Results
Max. Distance and Angle
Point |Surcharge (See Figure 1 on Sheet 7) Stress Strain
No. Pressure
p Ry, @ R, @ R, o B o, 5,0 Sy [ &, (0
(ksf) (ft) (ft) (ft) (rad.) (rad.) (ksf) (ksf) (ksf)
A1 2.015 1.0 1.0 142.5 0.00 1.56 1.0 1.0 0.4
B1 2.015 24.5 24.5 144.6 0.00 1.40 1.0 0.8 0.4
D1 2.015 100.0 100.0 1741 0.00 0.96 0.9 0.3 0.2
A2 1.040 142.5 142.5 202.5 0.00 0.00 0.0 0.0 0.0
B2 1.040 144.6 144.6 204.0 0.00 0.05 0.0 0.0 0.0
D2 1.040 1741 1741 225.8 0.00 0.15 0.0 0.1 0.0
A3 2.015 46.5 1.0 1.0 1.55 0.00 1.0 0.9 0.4
B3 2.015 52.6 24.5 24.5 1.09 0.00 0.7 0.2 0.2
D3 2.015 110.3 100.0 100.0 0.44 0.00 0.3 0.0 0.1
A4 0.975 105.0 142.5 142.5 0.00 0.00 0.0 0.0 0.0
B4 0.975 107.8 144.6 144.6 0.06 0.00 0.0 0.0 0.0
D4 0.975 145.0 1741 1741 0.15 0.00 0.0 0.0 0.0
C1 2.015 63.0 63.0 155.8 0.00 1.15 1.0 0.5 0.3
E1 2.015 128.5 128.5 191.9 0.00 0.84 0.9 0.2 0.2
C2 1.040 155.8 155.8 2121 0.00 0.11 0.0 0.1 0.0
E2 1.040 191.9 191.9 239.8 0.00 0.17 0.0 0.1 0.0
C3 2.015 78.3 63.0 63.0 0.64 0.00 0.4 0.0 0.1
E3 2.015 136.7 128.5 128.5 0.35 0.00 0.2 0.0 0.0
C4 0.975 122.4 155.8 155.8 0.12 0.00 0.0 0.0 0.0
E4 0.975 165.9 191.9 191.9 0.15 0.00 0.0 0.0 0.0
b -
a -
p=+H
Notes: | v | 11_'
R » X
- - 1
1P = Vemn. " H 6 B:atan[x—ajmtan[uj Ro B R
z z
P X z
2 Ro=Vx?+z2 7 "Z:*[B ?Q*Q(X’b)} ,
Figure 1
. = /(b — +
4 R Ve o0zt 9 oy = vloy +,]

5 o= atan[%j — atan[

X —a
z
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Attachment
South Shore of Long Island

Feasibility Phase Boring Locations
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