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Elevation (ft)

Name: Medium Dense Sand (k=1x10-4cm/s) Model: Saturated Only  K-Sat: 0.0118 ft/hr Volumetric Water Content: O ft3/ft®
Name: Compacted Impervious Fill Model: Saturated / Unsaturated = K-Function: k=1x10-5cm/s  Vol. WC. Function: Silty Sand
Name: Loose Sand (k=1x10-4cm/s) Model: Saturated Only  K-Sat: 0.0118 ftthr Volumetric Water Content: O ft3/ft®

Name: Common Fill Model: Saturated / Unsaturated  K-Function: k=1x10-4cm/s  Vol. WC. Function: Silty Sand
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Name: Loose Sand Model: Saturated Only K-Sat: 0.0118 ft’/hr  Volumetric Water Content: O ft3/ft>
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Steady-State Seepage
Name: Loose Sand Model: Saturated Only K-Sat: 0.0118 ft/hr  Volumetric Water Content: O ft3/ft®

Name: Med Dense Sand Model: Saturated Only K-Sat: 0.0118 ft/hr  Volumetric Water Content: 0 ft3/ft®

Name: Armor Stone Model: Saturated / Unsaturated K-Function: k=10cm/s Vol. WC. Function: Silty Sand
Name: Bedding Stone Model: Saturated / Unsaturated K-Function: k=10cm/s Vol. WC. Function: Silty Sand
Name: Embankment Model: Saturated / Unsaturated K-Function: Embankment Vol. WC. Function: Silty Sand

Name: Organic Silt Model: Saturated Only K-Sat: 0.00118 ft/hr  Volumetric Water Content: O ft3/ft®

Name: RCC Model: Saturated / Unsaturated K-Function: k=1x10-6cm/s Vol. WC. Function: Silty Sand

Name: sheet pile Model: Saturated / Unsaturated K-Function: k=1x10-6cm/s Vol. WC. Function: Silty Sand

Name: Fill Model: Saturated / Unsaturated K-Function: Embankment Vol. WC. Function: Silty Sand
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Distance (Feet)

140
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Name: Compacted Impervious Fill Model: Mohr-Coulomb Unit Weight: 125 pcf Cohesion: 0 psf
Name: Loose Sand (k=1x10-4cm/s) Model: Mohr-Coulomb  Unit Weight: 120 pcf Cohesion: 0 psf

Name: Medium Dense Sand (k=1x10-4cm/s)  Model: Mohr-Coulomb  Unit Weight: 120 pcf Cohesion: 0 psf

Phi: 30 ° Piezometric Line: 1

Piezometric Line: 1
Piezometric Line: 1

Name: Organic Silt  Model: Mohr-Coulomb  Unit Weight: 100 pcf Cohesion: 200 psf Phi:0° Piezometric Line: 1

1. The above results are for End of Construction analysis with Organic soil layer
2. Analysis on the Upstream Stability yielded same Factor of Safety (FOS).
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Name: Common Fill Model: Mohr-Coulomb  Unit Weight: 125 pcf Cohesion: 0 psf Phi:32° Piezometric Line: 1

Name: Medium Dense Sand (k=1x10-4cm/s) Model: Mohr-Coulomb  Unit Weight: 120 pcf Cohesion: 0 psf Phi:30°
Name: Compacted Impervious Fill Model: Mohr-Coulomb  Unit Weight: 125 pcf Cohesion: 0 psf Phi:32° Piezometric Line: 1
Name: Loose Sand (k=1x10-4cm/s) Model: Mohr-Coulomb  Unit Weight: 120 pcf Cohesion: 0 psf Phi:26 ° Piezometric Line: 1

Piezometric Line: 1
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File: C2-Levee_ExGradeEI+3'.gsz Analysis: End of Construction (Downstream Slope)
Directory: I:\Projects\11020302(South Shore of Staten Island)\Slope Stability Analysis\Analyses withNewAlignment\
Note:
1. The above results are for End of Construction analysis without the Organic soil layer Levee (Reach A-2)
2. Analysis on the Upstream Stability yielded same Factor of Safety (FOS). Slope Stability Case | Results
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Name: Medium Dense Sand (k=1x10-4cm/s) Model: Mohr-Coulomb  Unit Weight: 120 pcf Cohesion: 0 psf Phi:30°
Name: Compacted Impervious Fill Model: Mohr-Coulomb  Unit Weight: 125 pcf Cohesion: 0 psf Phi:32°
Name: Loose Sand (k=1x10-4cm/s) Model: Mohr-Coulomb  Unit Weight: 120 pcf Cohesion: 0 psf Phi:26°
Name: Common Fill  Model: Mohr-Coulomb  Unit Weight: 125 pcf Cohesion: 0 psf Phi:32°
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File: C2-Levee_ExGradeElI+3'.gsz Analysis: Long Term
Directory: I:\Projects\11020302(South Shore of Staten Island)\Slope Stability Analysis\Analyses_withNewAlignment\
Note:
1. The above results are for Steady Seepage analysis without the Organic soil layer Levee (Reach A-2)
Slope Stability Case 2 Results
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Name: Medium Dense Sand (k=1x10-4cm/s)  Model: Mohr-Coulomb
Name: Compacted Impervious Fill Model: Mohr-Coulomb

Name: Loose Sand (k=1x10-4cm/s) Model: Mohr-Coulomb
Name: Common Fill  Model: Mohr-Coulomb

Unit Weight: 125 pcf Cohesion: 0 psf
Unit Weight: 120 pcf Cohesion: 0 psf
Unit Weight: 125 pcf Cohesion: 0 psf Phi:32°

Unit Weight: 120 pcf Cohesion: 0 psf

Phi: 30 °
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File: C2-Levee_ExGradeElI+3'.gsz Analysis: Slope Stability
Directory: I:\Projects\11020302(South Shore of Staten Island)\Slope Stability Analysis\Analyses_withNewAlignment\
Note:
1. The above results are for Rapid Drawdown Analysis without the Organic soil layer Levee (Reach A-2)
Slope Stability Case 3 Results
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Name: Common Fill Model: Mohr-Coulomb  Unit Weight: 125 pcf Cohesion: 0 psf Phi:32° Piezometric Line: 1

Name: Medium Dense Sand (k=1x10-4cm/s)  Model: Mohr-Coulomb  Unit Weight: 120 pcf Cohesion: 0 psf Phi:30°
Name: Compacted Impervious Fill Model: Mohr-Coulomb Unit Weight: 125 pcf Cohesion: 0 psf Phi:32° Piezometric Line: 1
Name: Loose Sand (k=1x10-4cm/s) Model: Mohr-Coulomb  Unit Weight: 120 pcf Cohesion: 0 psf Phi:26° Piezometric Line: 1

Piezometric Line: 1
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File: C2-Levee_ExGradeEI+3'.gsz Analysis: Seismic Case 2
Directory: I:\Projects\11020302(South Shore of Staten Island)\Slope Stability Analysis\Analyses withNewAlignment\
Note:
1. The above results are for Seismic Stability Analysis without the Organic soil layer Levee (Reach A-2)
Slope Stability Case 4 Results
Staten Island, New York
CLIFTON, NEW JERSEY
DR.BY: SK SCALE: As Shown PROJ: 11020302

DATE: September, 2014

FIGNO: 27

I:\Projects\11020302(South Shore of Staten Island)\Report\Figures\Figure 27




Stability: End of Construction (Downstream Slope)

Name: Loose Sand Unit Weight: 120 pcf Cohesion: 0 psf  Phi: 26 ° Piezometric Line: 1
Name: Med Dense Sand Unit Weight: 120 pcf Cohesion: 0 psf Phi: 30 °  Piezometric Line: 1
Name: Armor Stone Unit Weight: 145 pcf Cohesion: 0 psf  Phi: 38 °  Piezometric Line: 1

Name: Bedding Stone Unit Weight: 140 pcf Cohesion: 0 psf Phi: 36 ° Piezometric Line: 1
Name: Embankment Unit Weight: 125 pcf  Cohesion: 0 psf Phi: 32 ° Piezometric Line: 1
Name: Organic Silt Unit Weight: 100 pcf  Cohesion: 200 psf Phi: 0 ° Piezometric Line: 1
Name: RCC Unit Weight: 150 pcf Cohesion: 0 psf Phi: 35 °  Piezometric Line: 1
Name: sheet pile Unit Weight: 150 pcf  Cohesion: 1000 psf Phi: 0 °  Piezometric Line: 1
Name: Fill Unit Weight: 120 pcf Cohesion: 0 psf Phi: 32 °  Piezometric Line: 1
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Directory: I:\\Projects\11020302(South Shore of Staten Island)\Slope Stability Analysis\Analyses_withNewAlignment\C2_BuriedSeawall_SWL15-6ft ExGradeEI-3'.gsz
Note:

1. The above results are for End of Construction analysis with Organic soil layer
2. Analysis on the Upstream Stability yielded same Factor of Safety (FOS).
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Stability: End of Construction (Downstream Slope, No Organics)

Name: Loose Sand Unit Weight: 120 pcf Cohesion: 0 psf  Phi: 26 °

Piezometric Line: 1

Name: Med Dense Sand Unit Weight: 120 pcf Cohesion: 0 psf  Phi: 30 °  Piezometric Line: 1
Name: Armor Stone Unit Weight: 145 pcf Cohesion: 0 psf  Phi: 38 °  Piezometric Line: 1
Name: Bedding Stone Unit Weight: 140 pcf Cohesion: 0 psf  Phi: 36 °  Piezometric Line: 1
Name: Embankment Unit Weight: 125 pcf  Cohesion: 0 psf  Phi: 32 ° Piezometric Line: 1
Name: RCC Unit Weight: 150 pcf Cohesion: 0 psf Phi: 35 ° Piezometric Line: 1
Name: sheet pile Unit Weight: 150 pcf  Cohesion: 1000 psf Phi: 0 ° Piezometric Line: 1
Name: Fill Unit Weight: 120 pcf Cohesion: 0 psf Phi: 32 °  Piezometric Line: 1
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Directory: I'\\Projects\11020302(South Shore of Staten Island)\Slope Stability Analysis\Analyses_withNewAlignment\C2_BuriedSeawall_SWL15-6ft_ ExGradeEI-3'.gsz

Note:
1. The above results are for End of Construction analysis without the Organic soil layer
2. Analysis on the Upstream Stability yielded same Factor of Safety (FOS).
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Stability: Long Term (No Organics)

Name: Loose Sand Unit Weight: 120 pcf
Name: Med Dense Sand
Name: Armor Stone

Name: Bedding Stone
Name: Embankment Unit Weight: 125 pcf
Name: RCC Unit Weight: 150 pcf
Name: sheet pile
Name: Fill

Cohesion: 0 psf

Unit Weight: 120 pcf

Unit Weight: 145 pcf
Unit Weight: 140 pcf

Phi: 26 °
Cohesion: 0 psf  Phi: 30 °
Cohesion: 0 psf  Phi: 38 °
Cohesion: 0 psf  Phi: 36 °
Cohesion: 0 psf  Phi: 32 °
Cohesion: 0 psf  Phi: 35 °
Unit Weight: 150 pcf  Cohesion: 1000 psf
Unit Weight: 120 pcf  Cohesion: 0 psf  Phi: 32 °

Phi: O °
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Note:

1. The above results are for Steady Seepage analysis without the Organic soil layer
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Stability: Long Term (Transient Seepage)

Name: Loose Sand Unit Weight: 120 pcf  Cohesion: 0 psf  Phi: 26 °
Name: Med Dense Sand Unit Weight: 120 pcf  Cohesion: 0 psf  Phi: 30 °
Name: Armor Stone Unit Weight: 145 pcf Cohesion: 0 psf Phi: 38 °
Name: Bedding Stone Unit Weight: 140 pcf Cohesion: 0 psf  Phi: 36 °
Name: Embankment Unit Weight: 125 pcf  Cohesion: 0 psf  Phi: 32 °

Name: RCC Unit Weight: 150 pcf Cohesion: 0 psf Phi: 35 °
Name: sheet pile Unit Weight: 150 pcf Cohesion: 1000 psf Phi: 0 °
Name: Fill Unit Weight: 120 pcf  Cohesion: 0 psf  Phi: 32 °
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Note:
1. The above results are for Transient Seepage analysis without the Organic soil layer
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Stability: Rapid Drawdown

Name: Loose Sand Unit Weight: 120 pcf  Cohesion: 0 psf  Phi: 26 °
Name: Med Dense Sand Unit Weight: 120 pcf Cohesion: 0 psf  Phi: 30 °
Name: Armor Stone Unit Weight: 145 pcf Cohesion: 0 psf Phi: 38 °
Name: Bedding Stone Unit Weight: 140 pcf  Cohesion: 0 psf  Phi: 36 °
Name: Embankment Unit Weight: 125 pcf  Cohesion: 0 psf  Phi: 32 °
Name: RCC Unit Weight: 150 pcf Cohesion: 0 psf  Phi: 35 °
Name: sheet pile Unit Weight: 150 pcf Cohesion: 1000 psf  Phi: 0 °
Name: Fill Unit Weight: 120 pcf Cohesion: 0 psf  Phi: 32 °
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Note:

1. The above results are for Rapid Drawdown analysis without the Organic soil layer
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Stability: Seismic Loading

Name: Loose Sand

Unit Weight: 120 pcf Cohesion: 0 psf  Phi: 26 ° Piezometric Line: 1
Name: Med Dense Sand Unit Weight: 120 pcf Cohesion: 0 psf  Phi: 30 ° Piezometric Line: 1
Name: Armor Stone Unit Weight: 145 pcf Cohesion: 0 psf  Phi: 38 °  Piezometric Line: 1
Name: Bedding Stone Unit Weight: 140 pcf Cohesion: 0 psf  Phi: 36 °  Piezometric Line: 1
Name: Embankment Unit Weight: 125 pcf Cohesion: 0 psf  Phi: 32 °  Piezometric Line: 1
Name: RCC Unit Weight: 150 pcf Cohesion: 0 psf Phi: 35 ° Piezometric Line: 1
Name: sheet pile Unit Weight: 150 pcf Cohesion: 1000 psf Phi: 0 ° Piezometric Line: 1
Name: Fill Unit Weight: 120 pcf Cohesion: 0 psf Phi: 32 °  Piezometric Line: 1
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Note:

1. The above results are for Seismic Stability analysis without the Organic soil layer
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ATTACHMENT A — TEST BORING LOGS (USACE)

—_— SOUTH SHORE OF STATEN ISLAND, NY

September 2014 Attachments Draft Interim Geotechnical Evaluation Appendix
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I ? ,: 54// Black, Silty CLAY (CL) Roots
C .17 B /
[ /i
0 _-3_., b .+ |Red-brown, fine to coarse SAND,
i T 11 S some fine to coarse Gravel, little
= -+ 12 3 L, . [Sit (SP)
— -5 113
— 114 .
- 715 T
- e B
B 1 1 7 L] L]
—-10 <+ 18 L. .
B | 1 9 p @ L]
20 B S7 Red-brown, fine to coarse SAND,
I T 21 3 some Silt, trace fine Gravel (SM)
o — 22 |
—-15 1 23
— —t 24 [:
- 125 Bl
- 726 13158
7
- 127
—207 28 3
[ ] 293 —isgp | D 22'
7 30
e T 31 pePTH | uscs [#G [#s|#F [LL]pL| Pi| zH20 | sc | unitwt
= T 32 2-4' [sSw-sM| 33|59] 8 6.5
— -25 —| 33 8-10" | CL-ML| 23|18 |5 108.1




>5502-6

159401

|
10.0 South Shore SI 1952150

wi
ELEVATION | DEPTH L%A%"g LEGEND CLASSIFICATION OF MATERIALS REMARKS

nZ

' " ||Brown, fine to coarse SAND, some Top Soil
- 11 T Sit (S) P
- — 2
- + 3 ts2l) | |
B T 4 5 $ No Recovery
- 5 + 5 (s3] ||
- — 4 e e e o — " —— — — — ——— —————— — — — — — — —
6 T3 Brown, fine to coarse SAND, some
[ T 7 5[S4 ¢+[Clayey Silt, trace fine
L 4 8 2 Gravel (SM)
i 4 9 1xIs5
T 4
" 0 710 EH I [ f[Brown, Tne fo coarse SAND, ittie "
- T 11 S6(+ | ¢ ||Silt, troce fine Gravel (SM)
il 112
il 113 ©os7? Peat on
1§ 4 14 | rotor bit
- -5 4 1 5
i T 16
i T 17 ,
H -1 18 Shelby Tube
= 19 f (No Recovery)
120 % . « .|Brown, fine to coarse SAND, little
Tt 1 21 -ﬁ— - *|fine Gravel, little Silt (SP-SM)
— — 22 e & ]
il T 23 e &
I '
o = = 25 5 s o .
- 126 589,
i 127 s
- — 28 3 o & L]
| 5. | °

r 29 .I" am e o a
- -20 30 D =-30'
- -1 31 DEPTH | USCS [#G |#S |#F |LL |PL | PI1| #ZH20 SG Unitwt
L 4 30 20-22'|sP-sm| 11 [83] 6 18.0




|
3.0 South Shore SI 952656
w
JELEVATION | DEPTH L%s-lgg LEGEND CLASSIFICATION OF MATERIALS REMARKS
nz
J Brown, Clayey SILT, some fine to
— =T 1 7 S1///medium S)clm>c,i (CL-ML) Roots
B 5 T2 { Brown, Clayey SILT, some fine to
r - 3 S2 med Sond, liftle fine Gravel (SM)
- 11 B [ T[Brown, fine to coarse SAND, some
r T 5 1 |S3 Silt, little fine-med Gravel (SM)
B T 6 B [ T[Groy-brown, fine to coorse SAND,
— - 7 3154 some Silt, trace fine Gravel (SM)
= 0 - 4 e e i e
8 Red-brown, fine to coarse SAND,
B T 9 7SS little Silt, little fine to medium
- -t 10 ’-g— Gravel (SM-SP)
- 1 11 Tse
4
_ T 12
-5 113
B T 14
B T 15 B2
— o= 1 6 5 S7 b
= T 17 . )
—-10 1 18 {
= -t 19 |
A =
- 721 R
B M 22 =
—-15 1 23
B 1 24
- Tl 25 i [[Red-brown, fine to coarse SAND,
— 7 26 T54S° +|little Silt (SM-SP)
l 20_“ Al ‘ S0
| gg (x D - -2t
B I 30 pePTH | uscs [#6 [#s[#F [ ]pL| P 7120 | s¢ | unitwt
- =T 31 20-22'|SP-sM| 3 [92[ 5 4.2
B -1 32
257 33




|
5 0 South Shore SI 955498
w
JFLEVATION || DEPTH L—‘-‘;ﬁlgg LEGEND CLASSIFICATION OF MATERIALS REMARKS
wnzZz
% . « |Brown. fine to medium SAND. trace
R ';2:31 * *ISilt (SP)
- T 2
1
- 45 L
B T 4 Bl "[Brown, fine to coarse SAND. Iliffle
— - >7|S3 ° fine Gravel., trace Silt (SP)
O 5 22 L] L[]
F T 6 11 1. .
— TF 7 _3—54 T |Gray-black Clayey SILT (0OL)
- == 11
B T 9 39 .°.°| Gray. fine to coarse SAND. some
= -1 10 Y -—-=--} fine to coarse Gravel., trace [
L g 16 S6 vt \_S_LI_*__(_SE:QP_)_ _________________ !
11 7 1°°|* . *. |Red-brown. fine to coarse SAND.
B T 12 . . |some fine to medium Gravel. trace
= -+ 13 Lo lsirt (sP-GP)
B T 14 ©
- 71 15 BH_ |- - |Red-brown. fine o coarse SAND.,
—-10 -t 16 _1%_57 . .|trace fine Gravel. trace Silt (SP)
— -r 1 7 o o [ ] @ 4
_ - 1 8 L ] L ] L
— -_— 1 9 . L[]
n 120 T . .[Brown., fine to medium SAND. trace
—-15 - 21 ’ S8 . ., [silt (SP)
= T 22 5 =
B T 23 [ ) ..
[ =T 24 L] L] L
N 25 & "~ ""|Red-brown. fine to medium SAND,
—-20 - 26 TS9 " ° |tittle fine Gravel.trace Silt (SP)
11 L] -
- T 27 5 =
— = 28 1 S'o [ e
i N (16} D = -23'
29
[ =T 30 DEPTH | USCS |#G |#S |#F |LL |PL| PI| #H20 | sG Unitwt
— -25 =} 2-4" SW |26|69| 5 2.3
| | g; 8-10" SM |45( 41|14 15,7 109.8




|
14 .0 South Shore SI 1956265
howd &
JELEVATION | DEPTH ?%g LEGEND CLASSIFICATION OF MATERIALS REMARKS
[77]
i Iy _3_ 5 P Ig_rl?v{gbgine to medium SAND, troce
|

S :u:— .
[ T 3 Bs?. ..
- 10 1 4 18 .
B n 5 —ﬁ 33 L o @
" _ 25 :

) 20 ..
L 4 7 [Ese
- 18 -
-5 79 Y. ..
L 110 B s T o sass Sb
| 1 B * |Gray-brown, fine to coarse SAND,

11 _%_SG < . gﬁtm(esgmgp)to coarse Gravel, trace
i 112 5 Bt ]
i T 13 .
™ 0 =T 1 4 ° . e @
[ 115 BT Reabrown e o coorse SAND,

16 1111 . gﬁ{n(esgmgp)to medium Gravel, trace
- — 1 7 ° e @ =
- 118 - b3
-5 119 :
[ T 20 T& 7.7 """ Red-brown, fine SAND, trace Sit
- + 21 -#sa Nn S-S Al
i 122 P2 ~ " " 7|Red-brown, fine to medium SAND,
B T 23 1 S9 = ° *|[troce fine Gravel, trace Silt (SP)
L 10 4 >4 R:N 2 0 = -10'
: : 25 DEPTH| USCS |#G [#S [#F [LL[PL| PI| 720 | SG | Unitwt

26 15-17 |SP-SM[12 [82] 6 20.4 | 2.68 | 102.1
i 127




|
12.0 South Shore SI (957301
w
JELEVATION | DEPTH L’%""‘Ig§ LEGEND CLASSIFICATION OF MATERIALS REMARKS
=2
nZ
; " |Brown, fine to medium SAND, trace
- -+ 1 Hsilo ¢ c[Sit (sP)
- 10 4+ 2 3 e it B ) 3
; ek Red-brown, fine to coarse SAND,
i T 3 1?"@ . . [little fine Gravel,trace Silt (SP)
13
B T 4 P a
[~ T 5 %33. [ ]
— - 6 : ° e
- 5 - 7 _‘_L_s4. e
B [ ] L ]
B T 8 - .
il T 10 B =" [Red-brown, fine to medium SAND,
B 11 R S6lc .« [trace Silt (SP)
L — o — 1 2 . a . o
— — e 1 3 . .
— e 14 . .
"~ 15 BT [Redbrown, fine fo coorse SAND, T
~ T 16 TBIS7|".".°|some fine Gravel, trace Silt (SP)
— -5 -t 15 o .
17
- -+ 18 | *
[ T 1 9 [ ] -
B 1 20 == 7_'§;5-—bFav;r;._1‘iT1e to medium SAND,
= T 21 _W_DB . trace Silt (SP)
— -10 1 220 1T TR
- 723 Bsel L,
B T 24 D = -12
- i 25 DEPTH| uscs [#G [zs[#F [LL[pL] Pi]#H20 | sg | unitwt
26 2-4" | SM |24|62|14 9.7
=15 i 27
B T 28




S5502-T

144545

I
10.0 South Shore SI 95 //84
howd %
JELEVATION | DEPTH %“’g% LEGEND CLASSIFICATION OF MATERIALS REMARKS
nzZ
. . .|Brown, fine to medium SAND, trace

i T 1 st1f .. C|sit (sk)
I 12 :%_r\ |
I T A4 E .
- 5 - 5 15{S% - -
- [ 6 Pt T*:[erown the (o Goarss SAND, frace T
- -t 7 ts4 . "[Sit (SP)

1
il T 8 7 " " *[Brown, fine to coarse SAND,
a I 9 %‘ S5 - - l|iittle fine Gravel,troce Silt (5P)
— 0 -} 1 O Lé 3 . ° . .
- = 1 1 SG- . .
0 112 P
i T 13 2 B
ek .
-2 115 “ " [Brown, fine SAND, trace Silt (SPY

1 o 0 . ’ ’
— = . S7 ° -

116 B

B 1 7 e .
i B 1 8 =3 L] ]
- T 19 i a
—-10 -r 20 3 o °
55 — 21 _f?_—sa ° 3

4 = - ®
= -1 22 i . - )
i 123 . .
B - T 24 5 B
TP ] 25 1B * " [Brown, fine to coorse SAND,
™ I 26 “3‘@' ° *llittle f‘mg to medium Gravel,
- -t 27 ._Lg = + [trace Silt (SP)
- -t 28 st ¢ -
=9 — 29 T e o o TD . _19|
—-20 -1 30 DEPTH| uscs |#c 7S [#F [LL[PL] Pi[#H20 | s | unitwt
= - 31 2-4' [sP-sw|6 |85] 9 49.8 | 2.70 | 93.3
L -1 392 25-27'|sP-sM |19 [ 74| 7 17.1




|
11.0 South Shore SI |9584 31
w
JELEVATION| DEPTH L‘%_“Igé LEGEND CLASSIFICATION OF MATERIALS REMARKS
2
(2]
‘£ * 1Brown, fine to medium SAND, trace

- 10 =t 1 t&{S1|.° * ISit (SP)
SR v
[~ T 3 T2S2 ° i
[ O3 B
— =F 5 53' a o
— 5 - 6 é ° o
— —F 7 __'1%1_.@. . e @
- — 8 ry - L
L —_— 9 7 Ss. L] . L=
I | 1 O T‘J . 4
- 0 — 11 -—ﬁ-se. aE
i B 1 2 - | e e
r T 13 O
[~ T 14 i I
i 115 BT [Brown, fine SAND, troce fine
- "5 1 16 H8S7| .  [Gravel, trace Silt (SP)
= - 418

1 7 - e @
- —_—t 1 8 I L . o
B T 19
- . [ 20 ] ~ 7 [Brown, fine to mediom  SAND, frace
~-10 — 21 15s8. . . |fine Grovel, trace Silt (SP)
- ] 22 Hesad. ..

23 ek .
— -t 24 D = -14
B =1 25
15 1 26 .
- 1 0ePTH | uscs [#6 [«s[# [LL|pPL] Pi] 72120 | s | unitwt

27 6-8' Sp o8| 2 58 | 2.68 |104.1
B 1 28
B T 29
B -1 30




|
12.0 South Shore SI 95964/
Browsl -t
JELEVATION | DEPTH ?gg LEGEND CLASSIFICATION OF MATERIALS REMARKS
nzZz
| =) 7 S1 °c e Red, fine to coarse SAND, little ToE_Soil
2 T R ' © {fine Gravel, trace Silt (SW) & Fill

e =L 2 - (o] OO
- 13 Bl
B T4 5 % {Brown, fine to coarse SAND, trace’ |
B T 5 7|s3 ° 7 [Silt (SW)
B T 6 o o
— 5 T 7 2 |S4% o
B3 -+ 8 ...g o o
- <4 9 3 ss OO
— — 4 -

10 12 Red-brown, fine to coarse SAND,
— . +4-s6| ° |some fine to medium Gravel, troce

11 T8 ¢
L 0 - qp . [SitsPGR
L p— 1 3 L] L] . Ll
B 114 -« «[No Recovery
B 15 o Silty CLAY, some fine to coarse
- 1 16 TiSY /‘/' \ Sand (CL-50) I
— S 117 111 |[|Fine to coarse SAND, some Silt,
— 118 little fine Gravel (SM)
— — 1 9 1 )
B T 20 >
o T 21
0722 | " 1[Brown, fine fo coorse SAND, .~
i T 23 13 S8 | little Silt,trace fine Gravel (SM)

3

I 1 24
- 725 o
— 126 59T
—-15 1 27 | ,
I 128 2
— —_— 29 _Z_S‘o ]
= - 30 8 0 =~ -18'
e -+ 31 0ePTH| uscs [#G [#s [#F [LL[pL] mi]#H20 | s | unitwt
— -20 — 2-4" SP | 2]95| 3 5.0

32 l15-17* [sw-sM|26]62]12 [25[21] 4 |24.7 92.9
(I T 33 |22-24'|sp-sm| 1 |B9]10 255 | 2.68 | 97.4
[ 1 34




5502-14

14891/

11.0°

South Shore Sl

961615

horai
ELEVATION | DEPTH oK gg LEGEND CLASSIFICATION OF MATERIALS REMARKS
2
nZ
Clayey SILT (ML) Top Soil
- 10 1 9 5 S1|| ¢ Ftiﬁ-bsr'cl)tw?'ttflinef'to coarse SAND,
o . . ittle Silt, little fine
2 - . |\ Grovel(sw /_
[ T 3 T=IS?t ¢ .
| A o o Red-brown, fine to coarse SAND,
4 l, . little fine to medium Gravel,
— -t 5 =—{s3l . . trace Silt (SP)
— 5 — 6 4 e o
— - 7 : s4 L L] L] I
— - 8 ; - -
13 B
1 O — L] L L]
- 0 - 11 T5IS6| - -
| = — 1 2 ° e
B i 1 3 L] L]
— | 14 ] L] .l
I T 15 | R
- -5 -t 16 69 Gray SILT (ML)
- 117 B
B T 18
B T 19
:_10 : 22? No Recovery
i 122
i 123
B T 24
i 125 H Red-brown, fine to medium SAND,
- -15 26 S8| some Silt, little fine to medium
- -+ 27 4 Gravel (SM)
- 728 5|
= T 29 12 D = -18'
— -20 _: 30 DEPTH | USCS |#G |#S |#F |LL |PL | P1| ZH20 SG Unitwt
31 15-17 | SM 79[ 21 25.1
B 132
B 1 33
B 1 34
_ 1 35




SS02-19 151395

|
11.0 South Shore SI 9635919
e
JELEVATION | DEPTH L%!'Slgg LEGEND CLASSIFICATION OF MATERIALS REMARKS
nzZ
L3 | ' ° |Brown, fine to coarse SAND, trace
- 10 -+ 1 -—%——3130 , © | Silt (SW)
= — 1 cmmmmtl e e o e i o
2 [ ° o |Brown, fine to coarse SAND,
= T 3 7IS2P o |little fine Gravel,trace Silt(SW)
o i 413 D L e s s s e e e 0 o
4 1C » o |Brown, fine to_coarse SAND, little
i~ T 5 : @ o o [fine- medium Gravel,trace Silt (SW)
~ 5 T 6 : 7T o7 Brown, fine to medium SAND, trace
= T 7 10|S4.° o |fine Grovel trace Silt (SW)
| s S
8 2 legl ©  ©|Brown, fine to medium SAND, littie
= T 9 : S5 o [fine Gravel, trace Silt (SW)
=S — el B s s e | i . S A |, g . i S e
10 C ,Do Brown, fine to medium SAND, trace
- 0 - 11 se[ _ ° ., [Sit (SW)
= T 12 B+ o
=05
B o 1 4 (o] o]
B T 15 B F.-.[Groy. fine SAND, trace fine
- -5 1 186 “ESZ .. |Gravel, trace Silt (SP
136
= T 17 o -
- gepe 18 b e o
B | 1 9 b ) » o )
B 120 1B < <|Gray, fine SAND, trace Silt (SPY ~
--10 1 21 -?se. ‘s
B ' 22 I
— T 23 SR
- et 24 . &
" 1 25 B1_7 7 |Gray Siity CLAY (CD)
—-15 1 26 13169
B M 27
— T 28 SK /
- 129 . D- -18'
= T 30 DEPTH| USCS |#G [#S [#F [LL[PL] PI[ #H20 | s¢ | unitwt
- -20 - 37 4-6' | sw |40|56] 4 38 | 2.64 | 795
B 435 25-27'| cL 35(65[25 36.0 107.4




|
8.0 South Shore SI Q658338
w0
JELEVATION | DEPTH L%‘_"slgg LEGEND CLASSIFICATION OF MATERIALS REMARKS
nZ
L * * |Brown, fine to medium SAND,

B T 1 7 * . °. *|trace Silt (SP)
I~ = 2 5- L L]
- 5 -t 3 1; 32 a .
- — 4 -jg_ ® [ .
= ol _L L ] Ll

5 : S3. . .
— = 6 : ° L]
- — 7 . s4l . - " o
= O =T 8 ; o Py ™
= —] 9 _; Ss L] . o ]
i 110 15 . . |Gray-brown, fine to coarse SAND,
- ~+ 11 tHls6l. . .[trace Sit (SP)

- 126
- 12 .
- _5 —_ 1 3 - . o - o
» = 1 4 . a ]
[ 115 Bk [eray-brown, fine to medium SAND, T T
- 4 16 ST, C[trade Sit $P)
i3
B — 1 7 L] - o
- _10 — 1 8 e °
- — 1 9 ° - e . -
- 120 O - Y|Gray-brown, fine to coarse SAND
T T 21 52:@' . -_'ondyfine to coarse GRAVEL, trace
= 4 29 20 Q. 1Silt (GW)
--15 1 23 I "Q:
[N T 24 @“ '
25 : * + °|Red-brown, fine SAND,

I T 26 rS9 . .« |trace Silt (SP)
i 27 B T
- -20 1 og TAHSH| . .
[ 129 B2 D = -27
[ T 30 [oepTrTuscs [#G [#s [#F [LL [PL] P 220 | sG | unitwt
L — 31 0-2" SW | 3]93]4 4.2 2.68 |104.5
- T+ 32 20-22'| ow |e67]32] 1 13.5




>5502-1/

100794

|
8.0 South Shore SI 96/36/
wi
JELEVATION | DEPTH L"'—g..——glg LEGEND CLASSIFICATION OF MATERIALS REMARKS
nZ
\ i > " _1 Brown, fine to_medium SAND,
1 3| S1 little Clayey Silt (SP-SM) Roots
T 12 B [Brownntive fo medum SAND, T
& e edium SAND,

- 5 1 3 E S2. . .Jtrace Silt (SP) v
= T 4 -JL . .
- 1 5 _‘;f‘g_ s3*.-.¢
- = 6 X '] . @
- — 7 S4 . °
- 0 -t 8 ’7 :). ~ o-

_ 5 Red- brown fine to coarse SAND,
B 9 : 553 °°O little f. Gravel, trace Silt (SW)
i 10 B oo ‘c“r?;},_ fine to coarse SAND, litte |

T 11 _%_S 7 o | fine” Gravel, trace Silt (SW)
b =T ‘| 2 oo
- ..5 -1 D o]
[ ] 13 .

14 > o
i 715 [
501.-° + |Red-brown, fine SAND, little

B T 16 TES7| .. .Sit(sP P-SM)
B =T 1 7 - L ]
- -10 —_t 1 8 s o
B | 1 9 ) a o ) -

120 7 ",__*","R"eH'ErBVvE"an'e" to medium SAND, |
- T 21 152158, ° 7, troce Silt (SP)
fl y 122 T "« [Red-brown, fine to coarse SAND, |
- 15 1 23 i S9. . [trace Silt {(SP)
— - 24 =t TD B '16I
- = 25 DEPTH | USCS |#G |#S |#4F |LL |PL | PI| ZH20 SG Unitwli
| -+ 26 10-12' [sP-sM| 2 (926 20.2 | 2.69 [100.2
" 127




ATTACHMENT B — TEST BORING LOGS (NYCDEP)

—_— SOUTH SHORE OF STATEN ISLAND, NY

September 2014 Attachments Draft Interim Geotechnical Evaluation Appendix



Boring A

EL.

Surf Elev: 4010
—i]
L) Bloce
ﬂmaﬁvmr 1 G.
Qray st
—L -99
—L
/
wi-1Ne.
> ompacy > -9'?
29\ rnedium to
23
231 ne red
L2 ~/d-9
BE |brown sond K1
3]
—iL(!waa af S/t
F "9
L& Foce o = 1
44| [#14
LLlpebble groms
J£
54
56 _~24.9
s | |5
23 (ompoct
oarseSine
%rﬁmﬁmt@ P
edl, # -l
“631Zine) qare. [€1ZI
Ll lreq brown
Z21sanag Trace
eton |,
oce o :
7
ﬁ pesbie Grovef 2178]
B4
B3
=399
m—dlﬂﬁ




Boring B-2

Jurfoce efev., *0.42

Misc. Fill:
Cinders, wood,

_qfa’.r.i '

1§

+/42

g

2] ]"2543

.—-_f

1,58

’j Q.8 ' I0AM 4255/
£

Compac,

coarse fo Fine,

(Predommnantiy]
sra dism b fine)|
red Hroenm sondl
little It
trace of

Fine grovel.

RRjslafarRiskal s RRReRBRRBL MR

41/6]

Loosecoarse to
e grovel some|
imedivmy 1o Fine

red brown sad
e silt 4 clay.

-9 58

3 [19]

/4.56

~22.58

-24.58

Compacy,
coarse fofine,
yallow brows
sqnd, froce
of silt, some
coarse fo Fine

grove/.




Boring

B-3

Surrface elev. —O43

Very soft Note:
argansi sitt | | |Cg mhﬁ.'..‘?:
g meadow
“ -5/3
mat:
_é_ -7/3
2] -~ 83
348 218]
}G_?_
7%"_ |Loose,mediwn
74| Compact Fofine, blue
42| sand,
_4 6| coarselo fire, -j613| ittt sit,
18] I[8]  |froce of cloy.
25 (Predominant’ trace of
271 4 coorse grovel.
ﬁ mediun to Fine)
2l
% red browrn .
‘gg_ sond, -
% Ltte sitt
1]
”_JE litt e mediun
64/
—%%- to fine mﬁz"d
Wal
75 grove/.
28
3
_69]
:gia. F//3
82 [e123
—70]
Kz
38
pi=-1
SO/
55 Hord Z@-\ﬂ 3
alfernote
loyers of
173| tight brown
187\ sitt and bve
?:ay choy.
183] Thin layers -60.13
of fine brown m
sond.  §-63.13
.Mvrd,
alternatfe )
lfayers of [g137| 67./3
bght brown
and blue
gray it
Thin layers
oFf fine ~75./3
brown sand. ,0!39;'76/5



Boring B-4

Jurface elev.

wnd
grwd;;?{(k@n)

*2.95

*0. 95

0.0

Compact

coarse /o fine

red browsn

Rl

Sand, [iftle s,

frace of =

(Predomnentyl)

medium fo ﬁwdr

/|G| @~ _-05 r:30PMm 92951

2.05
94

., 4-27-3/

L 605
[2T72]

m'ﬂ. o5

-21.05

J-"'-'_-.-'.-..‘(
[4]2]]

23.05

Compact

SteisleNaci{g

coarse fo fine
(Predominantly]
medbum lofine
red brown sand|
Itte silt, troce
of fine gravel.

Compact,
lcoarse fo Finel
red brown
sand and
lcoarse o fine
g'rawl , little
stlt, froce of
decompased
roch.

2905

3705

Heard,

D P R M

multi-color;

alternate

Bl

layers of Fae

h‘y};f gray and

Nl 3
+a
QN

3| purple sand,

SRR

s/t and cloy.

-36.05
| 61271

-4705
7 136]

55.05
8142]

-63.05
|9 1103-64.05




Boring B-5

8 |ckay .
8 lof coarse fo

Surfoce eley. *+3.7

medium 4o fine)
red brawn sand, B 2.3
same siff, frae|
of clay, little
medyum Fa Fine

gravel. |_ 213

1O
> °’[h

i

R bbbl

elegfaiielely

S|

Loose, Zzﬁzz,s

coarseto fine
(Predominantly

mediumto Fine 5112 I‘za.a
red ond gray
brown sand,

some silf, 36.3
some medim}E 114 i

o Fine gravel.

-42.3

fols

X
o

S8

|

~
n
Q

-43.3
Hard, [I136]

alternate
layers
(Muttr-calored) 573

light brown

Woshed aheod af casing

o

RN

AR RNl

821

ﬁ (Mus/1i-color ed) -

3

I82Wery compact
d/a"ml:m g3

it and bl
sitt and blue 563

groy clay.
Thin layers
of Fine light
brown sand. '05--3
Traces of

decomposed

roch , samples|

®Sand #//. [TTTAT)

Very campact,

fine , bight

ligh? brownsand
£ silt, and kght

7K < -/00.
oy b 55




Lagy

with weight of hammaer

"“I*I*l* slelsislsislsilylslzla
et e L A R e A e L A Y S Y Y e e B ) R A Y B

Boring P7

Surf Elev. -0.7

LLLLL] ]

Soft
meodow

mat, and

! {‘.'gr.

orgaqic
Silt

Loose,
coarse to
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Table showin

g laboratory results from soil samples

. |Depth . Maisture Specific Ul.lit
Boring USCS [% Gravel|% Sand | % Fines | Content .. |Weight |LL|PL|PI
(feet) o Gravity
(o) (p.c.f)
CB02-1 [10-12 |SM 28.3 42.2 29.5 16.1
25-27 |SM 0.0 81.2 18.8 24.0 2.71 72.1
CB02-2 | 2-4 |SW 32.2 66.1 1.7 8.0
CB02-3 [10-12 |GW-GM 78.2 154 6.4 13.8 2.70 78.9
CB02-4 | 4-6 |CL-ML 76.0 |24[19]|5
15-17 |SM/CL-ML 0.0 31.2 68.8 20.7 78.3 [23[18]5
CB02-5 | 4-6 |SM/CL 0.0 47.6 52.4 22.5 76.5 |25|17(8
CB02-6 | 2-4 |SM 17.6 553 27.1 44.4 2.71
4-6 |SM/CL 0.0 38.4 61.6 5.6 2.53 774 [30(21]9
CB02-7 |20-22 |[SP-SM 9.7 84.0 6.3 19.8 2.67 103.0
CB02-8 |10-12 |[SM 0.0 85.6 14.4 15.2 2.67
CB02-9 | 6-8 |SM/ML 0.0 32.7 67.3 25.5 88.0 |19(17]2
CBO02-11| 2-4 |SP 1.2 97.7 1.1 4.4 2.84 97.2
CB02-12| 4-6 |SP 2.9 93.2 39 54
8-10 |SW-SM 26.2 66.1 7.7 24.6 2.67 | 106.2
SS02-3 | 2-4 |SM 10.7 36.8 52.5 314 2.52 71.1
8-10 |SM 41.6 40.5 17.9 30.8
SS02-4 | 4-6 |SM 27.6 53.0 19.4 4.6 2.64 89.6
15-17 |SM 19.3 51.3 29.4 23.7 63.8
SS02-5 | 2-4 |SW-SM 32.8 59.4 7.8 6.5
(UT)| 8-10 |[CL-ML 108.1 |23|18|5
SS02-6 |20-22 |SP-SM 11.4 83.0 5.6 18.0
SS02-7 |20-22 |SP-SM 3.2 91.5 5.3 4.2
SS02-8 | 2-4 |SW 26.3 68.9 4.8 23
8-10 |SM 45.2 40.9 13.9 15.7 109.8
SS02-9 |15-17|SP-SM 11.9 82.5 5.6 20.4 2.68 102.1
S$S02-10| 2-4 |SM 23.9 62.4 13.7 9.7
(UT) 5-7 ML 98.4 [22]19]|3
SS02-11| 2-4 |[SW-SM 5.7 84.8 9.5 49.8 2.70 933
25-27 |SP-SM 19.1 74.4 6.5 17.1
SS02-12| 6-8 [SP 0.0 97.8 2.2 5.8 2.68 104.1
SS02-13| 2-4 [SP 2.3 94.9 2.8 5.0
SW-SM/
15-17 CL-ML 25.6 62.6 11.8 24.7 929 [25]21|4
22-24 |SP-SM 0.7 89.4 9.9 25.5 2.68 97.4
SS02-14|15-17 [SM 0.0 78.9 21.1 25.1
(UT)[23-25|SW-SM/ML| 50.2 40.7 9.1 20.5 107.5 [26(22| 4
SS02-15| 4-6 |SW 40.3 56.1 3.6 3.8 2.64 79.5
25-27 |SM 0.0 349 65.1 36.0 107.4 |25
S$S02-16| 0-2 |SW-SP 3.1 93.1 3.8 4.2 2.68 104.5
20-22 |GW 66.9 32.6 0.5 13.5
S$S02-17]10-12 |[SP-SM 2.4 91.4 6.2 20.2 2.69 100.2
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MEMORANDUM

To: Michael G. Cannon
From:; Vai Navaratnam
Date: July 22, 2011

Subject: Preliminary - Seepage / Slope Stability Analyses
Hurricane and Storm Damage Reduction Feasibility
Study for the South Shore of Staten Island, NY

The purpose of this memorandum is to summarize preliminary seepage and slope stability
analyses results for selected cases performed for the referenced project.

BACKGROUND

There are primarily five types of hurricane and storm damage reduction structures along the line
of protection (approximately 4.75 miles long). These structures consist of a buried seawall, stone
seawall, earth embankment levee, single sheetpile wall and a double sheetpile wall. In
accordance with USACE design manuals EM 1110-2-1913 and EM 1110-2-2502, seepage and
stability analyses have been performed for all structures along the line of protection. The details
and results of these analyses will be reported in the draft report to be submitted to the USACE.
As per EM 1110-2-1913 (Design and Construction of Levees), slope stability analyses need to be
performed for four loading conditions as follows: Case I, end of construction; Case II, sudden
drawdown; Case III, steady-state seepage from full flood stage; and Case IV, earthquake.

Typically, it is our standard practice to conservatively use the fully developed phreatic surface
obtained from a steady-state seepage analysis to perform the slope stability analysis under Case
III loading condition. This condition occurs when the water remains at or near flood stage for a
sufficient period of time to result in full embankment saturation and a condition of steady
seepage. However, considering the relatively short duration (less than 6 hours) of the design
storm, this condition will most likely not occur during the design storm. Therefore, the results of
transient and steady seepage analyses along with corresponding results of Case III slope stability
analyses are presented below for Buried Seawalls and Stone Seawalls. It should be noted that
analyses of the other slope stability loading conditions, and other wall types are not presented
here because they are not relevant considering the purpose of this memorandum.

I:\Projects\11020302(South Shore of Staten Island)\secepage memo_7_12_11.doc



BURIED SEAWALL

The total length of the buried seawall is approximately 2 miles (10, 655 ft) and the height of the
wall varies from approximately 10 ft to 11.5 ft for a 500 year design storm. The representative
cross section selected for the buried secawall analyses is shown in Figure 1. The 500 year storm
still water elevation of 14.3 ft (NGVD 29) was used in the seepage analyses. The storm
hydrographs used in the transient seepage analyses are presented in Figures 2 and 3. In addition,
the storm hydrograph used to determine the duration of the storm to develop a steady-state
seepage condition is presented in Figure 4. The seepage and slope stability analyses were
performed using the commercially available software programs SEEP/W and SLOPE/W,
respectively. In SLOPE/W, the pore pressures obtained from the results of the SEEP/W analyses
were used to simulate the pore pressures within the embankment.

Transient Analyses

Based on the transient analyses performed using the storm hydrograph shown in Figure 2, the
maximum phreatic surface was obtained at the end of 15 hours. The slope stability analysis
performed using pore pressures obtained for this case (see Figure 5) resulted in an estimated
factor of safety (FOS) of 1.7 during the flood (Case III). This is greater than the acceptable FOS
of 1.4 (EM 1110-2-1913). In addition, as shown in Figure 6 the total seepage flow for an
approximately 5,200 ft long Reach A3 is estimated to be about 0.1 cfs (45 gpm for 5200 ft), with
a corresponding maximum exit hydraulic gradient of 0.25 (Figure 7).

In order to determine the duration of the storm required to develop a steady-state condition, a
hypothetical hydrograph (see Figure 4) was developed assuming that after reaching the maximum
water level of el. +14.3 ft it will remain constant for about two weeks. Based on the transient
seepage analyses performed using this hydrograph, it will take more than a week (about 192 hrs)
to fully develop the steady-state seepage condition (see Figure 8). Slope stability FOS values
corresponding to times ranging from 15 hrs to 192 hrs were computed as follows: 15 hrs, FOS =
1.7; 48 hrs, FOS = 1.4; 60 hrs, FOS = 1.3; 192 hrs, FOS = 1.1 (see Figures 9 to 12). Therefore, if
the flood level remains at an elevation of approximately 14.3 ft for about 48 hours, the slope
stability FOS value will become less than 1.4. Since the design storm duration of 6 hours is
much shorter than 48 hrs, based on the results of the transient analyses, the slope stability FOS
value for Case Il loading condition will be greater than the acceptable value of 1.4.

Steady-State Analysis

Steady-state seepage analyses were performed independently and the results were compared with
transient (hypothetical hydrograph in Figure 4) analyses results after 192 hrs (8 days). As
expected, the results were comparable. As shown in Figure 13, the FOS is 1.1 and the exit
hydraulic gradient is about 0.6 (Figure 14). Although this FOS value is less than 1.4, the steady-
state seepage condition is not expected to develop during the design storm. Therefore, steady-
state seepage analyses are not appropriate for this design storm.
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STONE SEAWALL

The total length of the stone seawall is about 4,765 ft and the maximum height is about 23 ft (see
Figure 15). As shown in Figure 15, the bottom of the grouted armor stone will be at
approximately el. +16 ft. The 500 year storm still water elevation is 14.3 ft (NGVD 29).
Therefore, armor stone below the design storm elevation will not be grouted. Based on our
analyses the slope stability FOS of the stone wall is about 1.4 for both the steady-state and
transient seepage conditions. The estimated seepage flow using the transient seepage analyses is
about 0.1 cfs/ft (45 gpm/ft); and using the steady state seepage analyses is about 0.13 cfs/ft (60
gpm/ft). The stone seawall in Reach A-8 is about 3,165 ft long. Therefore, as an example, the
estimated seepage flow for Reach A-8 will be about 320 cfs and 410 cfs based on the transient
and steady-state seepage analyses, respectively. In addition, the exit hydraulic gradients are
estimated to be less than 0.2 for both transient and steady-state seepage analyses.

CONCLUSION:

Typically, for the earth embankment levees and seawalls with relatively impermeable cores
which are constructed on suitable foundation, the estimated slope stability FOS values are greater
or equal to 1.4 as per EM 1110-2-1913 under Case III (steady-state seepage from full flood stage)
loading condition. However, in this project since the buried seawalls does not have relatively
impermeable core, the estimated FOS value under steady seepage for Case III loading condition
is 1.1. Based on the results of transient seepage analyses, the estimated FOS for Case III loading
condition is 1.7 for the 6 hrs design storm and the duration of a hypothetical storm to develop
steady-seepage is about 192 hours (8 days). Therefore, considering that the design storm is only
about 6 hrs, it very unlikely that stead-seepage condition will develop. Hence, slope-stability
analyses based on the fully developed phreatic surface is not warranted. If USACE also agrees
with this conclusion, URS will use phreatic surfaces obtained from transient seepage analyses to
estimate the slope stability FOS values for buried seawalls and stonewalls.

Enclosures
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ATTACHMENT E - SETTLEMENT ANALYSES RESULTS

SOUTH SHORE OF STATEN ISLAND, NY

September 2014 Attachments  Draft Interim Geotechnical Evaluation Appendix



URS JOB _South Shore of Staten Island SHEET NO. _1_OF_3_
1255 Broad Street CALC.BY S.K. DATE 10-15-14
Clifton, NJ 07013 DESCRIPTION _Levee Settlement Calculations CHK.BY__V.N. DATE__10-15-14

Levee Settlement Analysis:

Given:
Width of Length of Depth of Average N-Value
Levee (ft) Levee (ft) Levee Base (ft) over Depth
B:=65 NLv\:z 1 D=0 Nave =14
Depth to Bearing Saturated Unit
GWT (ft) Pressure (tsf Weight (pcf)
D, =0 Qp = 1.2 Vpef = 120
Find:

Immediate settlement by:
1. "Modified Terzaghi and Peck Approximation"
2. "Burland and Burbidge Approximation”
according to the:

"U.S. Army Corps of Engineers, September 30 1990 "Engineer Manual 1110-1-1904 - SETTLEMENT
ANALYSIS".

1. Modified Terzaghi and Peck Approximation (p;):

( ) dsf
Pild1) = e\
(18'<h)
where g, = soil pressure from Figure 3-3a using corrected blowcount N and
the ratio of embedment depth D te footing width B . tsf.
*I'orm = o = 0s ¢ D/B = 0.25 T )
7
L
o4
kel
>
o 3
]
o
o F
=
O
L
]

WIDTH OF FOOTING,

a, EVALUATION OF SOIL PRESSURE gq; FROM CORRECTED BLOWCOUNT N’
AND EMBEDMENT DEPTH/FOOTING WIDTH RATIO D/B
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URS

1255 Broad Street
Clifton, NJ 07013

SHEETNO. 2 OF 3_
CALC.BY _S.K. DATE _10-15-14
CHK.BY_ V.N. DATE__10-15-14

JOB _South Shore of Staten Island

DESCRIPTION _Levee Settlement Calculations

t2)

pressure

b.

Overburden pressure correction.
found from Figure 3-3b as a functicn of the effective vertical overburden

a’

CORRECTION Cn FOR EFFECTIVE OVERBURDEN PRESSURE o

Nprime(cw’ Cn) = Nave Cw'Cn
Cw =105 if DW =0
1 if D, >D+B
D
0.5+0.5 otherwise
D+B
Cy =05

The correction facter Cn is

E L
G '
& ]
A
g5l .
o
& 1
8

Y I R R T Sy

CORRECTION FACTOR Cn
D
70" Tpef 000
g, =0

C,= 1.6
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URS JOB _South Shore of Staten Island SHEET NO. _3 OF_3
1255 Broad Street CALC.BY _S.K. DATE _10-15-14

Clifton, NJ 07013 DESCRIPTION _Levee Settlement Calculations CHK.BY__V.N. DATE__10-15-14

Nprime(cw’cn) =11
D
—=0
B
q; =22
Pifeet = Pit(‘h)
pifeet = 0.0303
Piinches = Pifeet 12 Convert feet to inches
0.4 Final answer in inches; approximately 0.5 inches

Piinches =

2. Burland and Burbidge Approximation (p;.):

0.7 . .
pibmm(qua, B, Ic) = (qua. By, - lc) Gives settlement in mm

IKpa = Gygf 9576 Convert tsf to Kpa

dgpa = 114912

B Convert feet to meters
B, =—r
3.28
B, = 19.817

Note that Nave is identical to the average SPT blowcount measured over a depth of Bm0-75

LT
c ™
1.4
Nave
I, = 0.042

Pibmm1 = Pibmm(9Kpa: Bm: 1) = 39279

12-3.28 .
plb = plbmmlm Convert mm to inches

Pip = 1.5 Final answer in inches; approximately 1.5 inches

Note:
1. Stress at the bottom of the embankment will be less than yh (full stress) because of the slopes.

But, in this analysis, the full stress was conservatively considered. The embankment base width, B,
was considered as the width between mid of slopes (65ft <= 50/2 + 15 + 50/2).
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ATTACHMENT F - FLOODWALL PILE ANALYSIS
RESULTS

2 SOUTH SHORE OF STATEN ISLAND, NY

September 2014 Attachments  Draft Interim Geotechnical Evaluation Appendix



Summary of Floodwall Pile Designs

It is our understanding that the floodwall is to be supported on piles. Based on the subsurface
conditions and DRIVEN pile capacity analyses, we recommend HP14x89 friction piles driven to
sandy stratum for this purpose. As per the DRIVEN analysis results, attached, the following
recommendations are provided:

1) 70 tons (Tension/Compression):
- 70 tons Tension = 115 feet
- 70 tons Compression = 95 feet

2) 50 tons (Tension/Compression):
- 50 tons Tension = 95 feet
- 50 tons Compression = 80 feet

3) 35 tons (Tension/Compression):
- 35 tons Tension = 80 feet
- 35 tons Compression = 70 feet

It should be noted that the maximum depths of available soils borings is only about 50 feet, and
the above preliminary results were estimated without any deep boring details. Also note that
when the required tension and compression capacities are same, the pile length should be
determined based on the length corresponding to the tension capacity.



DRIVEN 1.2
GENERAL PROJECT INFORMATION

Filename: C:\PROGRA~1\DRIVEN\SSSI.DVN R
Project Name: SSSI Project Da 07/31/20 4 “;

Project Client: USACE z /J
Computed By: VN ,»:,

Project Manager: VN

PILE INFORMATION (/ /\]

Pile Type: H Pile - HP14X89 e

Top of Pile: 0.00 ft
Perimeter Analysis: Box
Tip Analysis: Pile Area

ULTIMATE CONSIDERATIONS

Water Table Depth At Time Of; - Drilling: 0.00 ft
- Driving/Restrike 0.00 ft
- Ultimate: 0.00 ft
Ultimate Considerations: - Local Scour: 0.00 ft
- Long Term Scour: 0.00 ft
- Soft Sail: 0.00 ft

ULTIMATE PROFILE

Layer Type Thickness Driving Loss  Unit Weight Strength Ultimate Curve
1 Cohesionless 100.00 ft 0.00% 120.00 pcf 30.0/30.0 Nordlund
2 Cohesionless 50.00 ft 0.00% 120.00 pcf 32.0/32.0 Nordlund



Depth

0.01 ft
9.01 ft
18.01 ft
27.01 ft
36.01 ft
45.01 ft
54.01 ft
63.01 ft
72.01 1t
81.01 ft
90.01 ft
99.01 ft
99.99 ft
10001 t
109.01 ft
118.01 ft
127.01 ft
136.01 ft
145.01 ft
149.99 ft

ULTIMATE - SUMMARY OF CAPACITIES

Skin Friction

0.00 Kips
4.01 Kips
16.03 Kips
36.06 Kips
64.09 Kips
100.13 Kips
144.18 Kips
196.23 Kips
256.29 Kips.
324.36 Kips
'400.44 Kips
484.52 Kips
494.16 Kips
494 .38 Kips

608.07 Kips

731.56 Kips

85483 Kips
1007.90 Kips
1160.76 Kips
1249.55 Kips

End Bearing

0.00 Kips
1.64 Kips
2.41 Kips
2.41 Kips
2.41 Kips
2.41 Kips
2.41 Kips
2.41 Kips
2.41 Kips
247 Kips
24T Kips
2.41 Kips
2.41 Kips
5.98 Kips
5.98 Kips
5.98 Kips
5.98 Kips
5.98 Kips
5.98 Kips
5.98 Kips

Total Capacity

0.00 Kips
5.65 Kips
18.45 Kips
38.47 Kips
66.51 Kips
102.55 Kips
146.59 Kips
198.65 Kips
258.71 Kips
326.78 Kips
40285 Kips™
486.93 Kips.
496.57 Kips
500.36 Kips
614.05 Kips
737.54 Kips
870.82 Kips
1013.88 Kips
1166.74 Kips
1255.53 Kips



