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Change in Geotechnical requirements  

Feasibility Stage: At the Feasibility stage 14 soil borings and accompanying laboratory testing 
were performed in October 2002 by Matrix Environmental (see attachment for location). The 
boring depths ranged from 24 to 30 feet. To supplement these borings, between Feasibility 
stations 50+00 and 105+00, which includes the Oakwood Beach Wastewater Treatment Plant 
to about Tysens Lane, an additional 20 test borings, located primarily in the wetland areas, were 
obtained from New York City Department of Environmental Protection (NYCDEP). The borings 
were performed by various New York City agencies between 1949 and 1966, some predating 
construction of the wastewater treatment plant, and generally were limited to between 32 to 42 
feet deep with three borings in the southwest corner of the wastewater treatment plant site 
extending down between 67 and 105 feet deep. These supplemental test borings were 
concentrated at the wastewater treatment plant site. From these borings a continuous six-
foot thick clay layer, varying between 1 to 10 feet below the present ground surface, was 
identified commencing a short distance south of Grayson Avenue (Sta. 30+00+-) to just west 
of Kissam Avenue (Sta. 80+00).  

About 70% of this continuous identified clay layer is located within either the levee segment 
or floodwall segment with only about 30% or 1500 feet falling beneath the seawall segment. 
In addition three localized clay layers were identified along the line of protection; one two foot 
thick layer eight to nine feet below grade near Tysens Avenue (Sta 105+00 +-); a second 
area with a maximum nine foot thick layer about 15 feet below grade near Naughton Avenue, 
estimated to taper from no clay at Sta.190+00+- to its full thickness near Sta. 200+00+- and 
then back down to no clay near station 210+00; and the final localized area identified during 
the Feasibility stage is centered about 1600 feet east of Seaview Avenue and was estimated 
to taper up from no clay at Sta. 230+00 to a six foot thick clay layer at Sta. 234+00  and then 
back down to no clay at Sta. 240+00 and is about 25 feet below grade.  

At that time, the remainder of the project was assumed to consist of coarse to fine sand with 
varying amounts of clay, silt, and gravel. The intermediate and deep clay layers were generally 
not identified at this time due to the limited depth of the borings. Analysis performed at that time, 
for typical sections, included slope stability of the levee and buried rock seawall; seepage 
analysis for the levee, floodwall and buried rock seawall; and settlement analysis for the Levee. 
At that time the extent of contamination and radioactive waste was not as well known, and as 
with all civil works projects, were considered to be the responsibility of the non-federal partner 
to provide a clean site prior to the project being implemented. Since the floodwall was to be 
constructed on a pile foundation that penetrated through the identified clay layer and the buried 
rock seawall was to be primarily constructed in an area thought to be comprised of coarse sand 
and gravel, settlement was not a major concern and thus analysis was not performed for these 
features.  

In accordance with USACE design manuals EM 1110-2-1913 and EM 1110-2-1902, slope 
stability analyses were performed for Levee and Buried Seawall sections, along the line of 
protection for four loading conditions as follows: 

1. Case I, end of construction (land side slope),
2. Case II, steady-state seepage from full flood stage (land side slope),
3. Case III, sudden drawdown (water side slope), and,
4. Case IV, earthquake (land side slope).



A commercially available computer program, SLOPE/W, was used to perform the slope 
stability analyses.  SLOPE/W is a general-purpose slope stability program that uses limit 
equilibrium methods to compute the factor of safety (FOS) for a given slope geometry and 
loading conditions. Spencer’s Procedure for the method of slices - for circular failure surface - 
was used to evaluate the slope stability as this procedure satisfies the complete static 
equilibrium for each slice. SLOPE/W automatically searches for the circular shear (failure) 
surface associated with the minimum FOS, which is considered the critical or controlling shear 
surface.  The pore pressures within the embankments for the Case II loading condition were 
obtained from the phreatic surfaces developed using the transient and/or steady state seepage 
analyses using SEEP/W.  Since SEEP/W and SLOPE/W are companion programs, pore 
pressures obtained from the SEEP/W analysis can be automatically transferred to the 
corresponding SLOPE/W stability analysis.  For Case III (sudden drawdown) loading 
condition, because of the instantaneous drawdown, it was assumed that pore pressures within 
the embankment remain the same before and after the drawdown.  

The slope stability analyses results are presented for the Buried Seawall/Armored Levee and 
Earthen Levee.  The slope stability analyses of buried seawalls for the Case II loading condition 
were performed using pore pressures obtained from transient seepage analyses.  However, for 
the earth embankment levees the slope stability analyses for the Case II loading condition were 
performed using conservative pore pressures obtained from the steady-state seepage 
analyses.  As per EM 1110-2-1913, slope stability analyses were performed for all four loading 
conditions.  The results are presented in Table 1, along with the corresponding minimum 
acceptable factors of safety. 

Table 1: Summary of Factor-of-Safety Resulting from Slope Stability Analyses* 

Slope 
Design 

Condition 

Minimum 
Acceptable 
Factor of 

Safety 

Buried 
Seawall 

Levee 

Land Side 
Case I: End of 
Construction 

1.3 1.4 1.7

Land Side 

Case II: 
Seepage from 
maximum flood 

level 

1.4 1.4 1.5

Water Side 

Case III: 
Sudden 

drawdown 
1.0 1.2 1.2

Land Side 
Case IV: 

Earthquake 
1.0 1.0 1.2

*Results assumed removal of organic material and back fill with competent soils

Remarks: 



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 II 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 
 

Reach No. 
Type of 

Structure 
Length (ft) 

Total Seepage Quantity Exit 
Hydraulic 
Gradient ft3/sec (cfs) 

Gallons/min 
(gpm) 

A-1 and A-2 Levee 3,430 <1 20 0.25 
A-3 Flood wall 1,826 < 1 20 0.05 

A-4 
Buried 

Seawall/Armored 
Levee 

22,705 < 1 95 0.01 

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



Settlement analysis performed for the levee section assumed the soft organic clay layers were 
removed and back filled since as discussed above this is necessary to achieve the necessary 
factor of safety for slope stability. This assumption was predicated on the clay layers being near 
the surface and did not consider the presence of the contaminated materials. The immediate 
settlement values were estimated as per EM 1110-1-1904 predicated on that assumption due to 
the limited soil information at the time.  Accordingly, the estimated immediate settlement values 
approximately range from ½ inches to 1½ inches.  Since most of the estimated immediate 
settlement is likely to occur during construction, it was determined at the time of the feasibility 
study long-term primary compression (consolidation) settlement should not be a concern after 
removing any soft organic soil layer that could be present near the ground surface because the 
subsurface soils are generally sandy soils - based on the soil data available at that time.  

For the floodwall it was determined necessary to support the foundation on piles due to the lateral 
wave and hydrodynamic forces and thus the surface organic clays near the surface were not 
critical and settlement was not an issue. Based on the subsurface conditions and Driven pile 
capacity analyses, it was recommended that HP14x89 friction piles be driven to the sandy 
stratum. The recommended pile lengths and corresponding estimated pile capacities are as 
follows: 

Allowable
Compression and Uplift 

Capacity (tons) 

Estimated Length for 
Compression 

Capacity 
(ft) 

Estimated Length for 
Uplift Capacity 

(ft) 

35 70 80
50 80 95
70 95 115

PED Stage: For the PED design the various project segments have been advanced to various 
levels of design over a period of time as follows:  

Segment  Design   
Level  
Last  

Submission  
 

Date  
Submitted 

Levee – North of Hylan Blvd. Closure Gate  Revised 30% 1/20/20 
Levee - South of Hylan Blvd & Area A Tide Gate 100% 3/19/21 
Floodwall  100% 4/2/21 
Buried Rock Seawall (BRS)- OBWWTP to Miller Field 60% 2/7/21 
Buried Rock Seawall (BRS)- Midland Beach to Ft. 
Wadsworth  

10% 4/22/21

Double Row Sheetpile Seawall (DSP)- OBWWTP to Miller 
Field 

10% 4/22/21

Double Row Sheetpile Seawall (DSP)- Midland Beach to 
Ft. Wadsworth  

10% 4/22/21

Additional subsurface investigations were conducted between August of 2018 and August of 



2020. The additional field data includes 38 additional Drill Holes; 51 SCPTus; and 27 DMTs. 
The collected data is distributed as follows: 

1. Levee Segment: Four DHs (a.k.a. boreholes), depths 36 to 134 ft.; 13 SCPTus, depths
12-119 ft. and generally over 90 ft deep; 2 DMTs 50.5 ft. deep.

2. Floodwall Segment: Five DHs, depths 81.5 - 134 ft.; 4 SCPTus, depths 82-94 ft.; no
DMTs.

3. Seawall OBWWTP - Miller Field Segment: 13- DHs, majority at 36 ft deep with three at
or greater than 135 ft. deep; 13- SCPTus, generally 42 to 55 ft. deep, and one at 129 ft. deep;
12-DMTs, depths 36 ft.- majority at 50 ft..

4. Seawall Midland Beach - Ft. Wadsworth: Sixteen DHs, depths 36 ft. with one at 46 ft.; 21 
SCPTus, generally 50- 96 ft. deep with two over 100 ft. deep; 13 DMTs generally 50 ft. deep.

The added geotechnical data refined the soil profiles for the various construction segments, and 
the added borings/ CPTs clarified (thickness and strength) the soft clay strata near the surface 
that presented short- and long-term settlement concerns. In addition, during the time between 
the feasibility stage and the PED stage, the contamination of Great Kills Park became better 
defined. As a result, changes to the original design were made to limit excavation within the 
contaminated area of Great Kills Park known as Operable Unit 1 as well as steps were taken to 
address the settlement concerns along the project alignment associated with the soft clays 
encountered.  

Addressing the settlement concerns for the levee segment was accomplished by increasing the 
elevation of the constructed levee by 0.8 feet to allow for long-term post-construction settlement 
while maintaining the design height over the project life. This was also combined with the use of 
staged construction of the earthen levee using between one and three lifts (stages) with time 
allowed (3 months) between stages; this would allow the subsoils (soft clays) to gain strength to 
avoid a shear failure before the next stage would be placed. 

In addition, to minimize excavation due to contaminated materials and to rapidly stabilize an 
access way for construction of the tide gate where some of the soft clay layers occurred near the 
surface, Deep Mixing Methods (DMM) have been incorporated into the design. The DMM panels 
are 3 ft in diameter with 9-inch overlap running perpendicular to the alignment at 7.5 ft on-center 
under the levee from a point about 162 feet north of the tide gate and extending south of the tide 
gate 611 feet to almost the floodwall, for a total of about 770 feet. Due to the potential for HTRW 
contamination it was determined that - rather than removing the soft clay soils near the surface 
and back filling with competent materials - the use of DMM would provide a stable access way to 
construct the tide gate while minimizing the excavation of potentially contaminated soils. The 
DMM also allows the earthen levee to be constructed in one stage without a concern for shear 
failure after the tide gate is complete. 

For the floodwall segment:  The wall is constructed on friction piles that would penetrate through 
soft clay layers and no special treatment was required.  

For the seawall segments the primary design change between the Feasibility stage and PED 
stage was the need to address settlement issues associated with the soft clay layers.

Oakwood Beach to Miller Field. For the buried rock seawall from Oakwood Beach to Miller 



Field a 60% Design was performed for settlement. The settlement was estimated at the center 
and at the toe of buried rock seawall, using data from Standard Penetration test (SPT) DH-10 
(Station 81+87) and laboratory consolidation tests from boring logs DH-7 (Sta. 58+00) and DH-8 
(Sta. 63+00) which were in the area of the proposed flood wall and approximately 1,000 feet 
from the beginning of the seawall. These were the only borings that had consolidation tests 
performed. On logs of boring DH-10, which is one of the two deep borings in this area, an upper 
and a lower clay layer were identified; the second deep boring is DH-11 on whose logs only a 
deeper clay layer was identified. The other borings within this area (B29, B28, B27, DH-11A, 
DH-12A, B-24, DH-13, DH-15, DH-16, DH-19 and DH-19A) are not deep enough to identify 
these clay layers. In addition, SCPTu’s were performed through this area. Three of the SCPTu 
tests, or probings, were deep enough to identify if the clay layer existed. SCPTu-18 (Sta. 
117+16) encountered a clay layer at an elevation of -105 ft; SCPTu -24A (Sta. 167+56) 
encountered a clay layer at an elevation of approximately -55.0 ft to -80 feet; and SCPTu -23 
(Sta. 82+20) was advanced to 80 feet and did not encounter any clay layers. The remainder of 
the SCPTu’s that were advanced in this area were shallow (SCPTu 6, 7, 7A, 9, 19, 19C, 19D, 
9A, 10, 10A and 24) and were not deep enough to confirm the depth or thickness of the clay 
layer. Please see attached soil profile which shows soil borings and SCPTu’s and the soil strata 
that were encountered. 

Estimated Settlement. This section presents a discussion of the estimated settlement that will 
occur at the proposed Buried Seawall and Promenade from Oakwood Beach to Miller Field at 
South Shore of Staten Island. The settlement will be a result of immediate settlement and 
primary-compression settlement – caused by the consolidation process of clayey soils - that will 
occur due the construction of the proposed Seawall. As the promenade is constructed at grade 
along the top of the buried rock seawall, it is important to limit the settlement caused by primary 
and secondary compression to avoid cracking and trip hazards. The settlement analysis was 
based on soil boring DH-10, which is considered a conservative approach for the entire length 
because there was insufficient deep-soil information. The following parameters and depths were 
used: 

Soil 
Layer 

Depth 
Unit 
Wt. 

Effective 
Friction 
Angle 

Compression 
Index 

Initial 
Void 
Ratio 

Coefficient of 
Consolidation 

Secondary 
Compression 

Index 
g φ' Cc eo cv Cα' 

(ft) (pcf) (deg.) (ft2/day) 

Silty 
Sand 

(Upper) 
0 - 47 125 32 ----- -- --- ----- 

Clay 
(Upper) 

47 - 
79 

120 --- 0.212 0.785 0.337 0.0015 

Sand 
(Lower) 

79 - 
121 

130 35 ----- -- --- ----- 

Clay 
(Lower) 

121 - 
136 

120 --- 0.15 0.751 0.337 0.0011 



The following are the anticipated settlement of the seawall once built to full height: 

If the seawall is constructed and allowed to sit with no ground improvements, the elastic 
settlement will occur during the construction of the seawall, and it will take approximately 24 
months for 90% of the primary compression (resulting from the consolidation process) to be 
completed. This would leave 0.8 inches and 0.3 inches of primary compression (consolidation) 
to occur at the center and toe of seawall, respectively, after the 24-month period.   

GROUND IMPROVEMENT PROGRAM. The ground improvement method, which was selected 
to expedite settlement, was a wick drain program.  Two options were looked at:  Spacing of wick 
drains at 5 feet and at 7 feet.  Construction of the sea wall will be performed in 2 stages in 
accordance with the following: 

Stage 1:  Drive the sheeting and construct the buried rock seawall to Elevation 17.4 feet (wall 
height of 15.5 feet) and allow the seawall to “sit” for one month. 
Stage 2:  Construct the buried rock seawall from Elevation 17.4 feet to Elevation 21.4 feet and 
allow the seawall to “sit” for two months. After settlement install promenade.   

Based on the analysis that was performed, the findings are summarized below: 

To minimize the remaining primary compression (consolidation) settlement, the recommended 
wick drain spacing is 5.0 feet. The remaining primary compression (consolidation) settlement 
after Stage 2 is 0.9 inches. The secondary compression (consolidation) settlement is 0.6 
inches for a service life of 50 years. 

A sand blanket of at least three feet thick will be placed prior to wick drains operation to serve 
as a drainage blanket for water control and to distribute the loads evenly. 

Summary of Total Settlement 

Item Unit Center of Seawall Toe of Seawall 

Elastic Settlement 
Above Elev. -32.5 ft (1) 

(inch) 1.5 0.8 

Elastic Settlement 
below Elev. -32.5 ft. 

(inch) 0.9 0.5 

Primary Compression 
Settlement 

(inch) 8.1 3.3 

Secondary 
Compression 

Settlement (50 Yrs) 
(inch) 0.6 0.6 

Total Settlement (inch) 11.1 5.3 

Note: For settlement, this reflects that the upper 5 feet of subgrade will be 
over-excavated and replaced with competent material, despite 11.3 inch of 
settlement predicted based on DMT-4 log that was provided by USACE.  



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.  
 

 
 
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) 

 For the 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. 



 

 

 

 

 

 

 

 

 

Attachment 1 –  

Settlement Analysis Excerpts From  

60% Design Buried Rock Seawall Design Documentation Report  

 

 



















































































 
 
 

 
 
 
 

Attachment 
 

South Shore of Long Island 
 

Feasibility Phase Boring Locations 










