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A1-1)    INTRODUCTION 

The objective of the feasibility study is to investigate and recommend implementable solutions to 

prevent future degradation of the area and to restore aquatic habitats for fish and wildlife at 

Mordecai Island.  Several alternative plans were considered to lessen the erosion of Mordecai 

Island and increase habitat.  Such alternatives consist of rock mounds, concrete Wave 

Attenuation Devices (WADs®), etc.  The Tentative Selected Plan (TSP) to attenuate erosion of 

the island is to place a ruble mound breakwater structure to lessen wave impacts to the island 

shoreline.  Placement of such structures in coastal/marsh areas may be subject to settlement 

which can impact performance.  Consequently, a geotechnical evaluation was performed to 

estimate the settlement that may occur due to the additional loads imposed over the structure 

area.  The project area is shown in Figure A1-1. 

 

 
Figure A1-1: Mordecai Island and Surrounding Area 
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A1-2)    REGIONAL GEOLOGY 

Based on the Bedrock Geologic Map of New Jersey, dated 2014, the project site lies within the 

outer coastal plain Physiographic Province.  The coastal plain Province is characterized by the 

Kirkwood formation, Belleplain Member (middle Miocene) which consist of gray to white, fine 

to medium grained, micaceous sand, wood and shell fragments.  The lower part consists of gray 

brown, laminated silty clay, diatoms and shell fragments.   

 

Surficial Deposits 

Based on the soil survey of Ocean County (USDA-NRCS, 2015) shown in Figure A1-2, the soils 

within the approximate project limits consists of Appoquinimink-Transquaking-Mispillion 

complex (AptAv), Psammaquents, sulfidic substratum, (PstAt), Dredge Channel (WDC4A), 

Indian River sand flat (WIr1) and Indian River sand tidal inlet (WIr3).  

 

The general characteristics of Appoquinimink-Transquaking-Mispillion complex (AptAv) 

include: Appoquinimink - mucky silt loam (0-12 in.) underlain by silt loam (12 to 30 in.) and 

mucky peat (30 to 80 in.) ; Transquaking - mucky peat (0 to 14 in.) underlain by muck (14 to 60 

in.) and silty clay (60 to 90 in.); Mispillion - mucky peat (0 to 10 in.) underlain by muck (10 to 

26 in.) and silt loam (26-90 in.).  The soils develop along tidal marshes with 0 to 1 percent slopes 

are derived from loamy fluviomarine deposits over herbaceous organic material.   

 

The general characteristics of Psammaquents, sulfidic substratum, (PstAt) include coarse sand (0 

to 12 in.) underlain by gravelly sand (12 to 36 in.) and mucky peat (36 to 80 in.).  The soils 

develop along flats with 0 to 2 percent slopes are derived from sandy lateral spread deposits over 

organic material 

 

The Dredge Channel (WDC4) encompasses approximately 3.3 to 13.1 ft. of water depth.  The 

Indian River sand flat (Wlr1) includes sand from approximately 0 to 79 ft.  The soils along the 

Indian River deposit develop along flood-tidal delta flats with 0 to 3.3 ft. of water depth.  The 

Indian River deposit (Wlr3) includes sand from approximately 0 to 70 ft.  The soil develops 

along sandy flood-tidal delta lagoon deposits with 6.5 to 16.4 ft. of water depth. 

 

The Appoquinimink-Transquaking-Mispillion complex soils are very poorly drained, very 

frequently flooded and strong saline content.  The Psammaquents, sulfidic substratum soils are 

very poorly drained, frequently flooded and very slightly saline to strong saline content.  The 

Indian River sand is frequently flooded, very frequently flooded and strong saline content.  The 

Indian River sand flat soil is very frequently flooded, contains 5 percent calcium carbonate and 

strong saline.  



Mordecai Island 

Geotechnical  
4 

January 2022 
 

 
 

 
Figure A1-2: Mordecai Island Soils Map 
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A1-3)    SUBSURFACE EXPLORATION 
A site-specific geotechnical investigation and laboratory testing program were performed for 

USACE Philadelphia District by Schnabel Engineering, Inc.  The work was performed under 

Contract W912BU-05-D-0001, Task Order 007 and included the advancement of 3 geotechnical 

borings drilled from the water adjacent to Mordecai Island.  Drilling was conducted from 24 

February 2005 to 18 March 2005.  Soils were sampled continuously in the borings using the 

Standard Penetration Methods (SPT) and Procedures.  All SPT borings were drilled using a 

Diedrich D-25 drill rig equipped with an automatic hammer.  As per the SPT Methods and 

Procedures, a 140 lb. hammer with a 30-inch drop was used to advance a 2-inch diameter split 

spoon sampler for drilling.  When cohesive soils were present, a 3-inch diameter undisturbed 

piston Shelby tube was used to collect undisturbed samples.  All soil sampling was continuous to 

the termination depth of the borings, 50 ft.  Figure A1-3 shows the 3 soil borings that were 

performed in the project area.   

 

 
Figure A1-3: Map of Soil Borings Performed 
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A1-4)    SUBSURFACE CONDITIONS 

The geotechnical borings encountered soils consisting of very loose to medium dense Silty Sand 

(SM) and coarse-grained soil to depths of 12 to 14 ft. below the mud line (el. -17.2 to -19.1).  

The upper coarse-grained soil is underlain by a fine grained/organic layer consisting of very soft 

Fat Clay (CH), Lean Clay (CL) and Silty Clay (CL-ML).  A layer of Peat from 25.5 to 27.5 ft. 

below the mud line (el. -30.7 to -32.6) was encountered in Boring MIB-2.  Below the fine 

grained strata, medium dense to very dense granular soil consisting of Silty Sand (SM) and Sand 

with Silt (SP-SM) was encountered and extended to the termination depths of 48.0 to 50 ft. 

below the mud line (el. -53.1 to 55.6).  Refer to the boring logs included in Attachment A1-1 for 

detailed description of the encountered materials.  A generalization of the subsurface profile is 

presented in Attachment A1-2, Subsurface Soil Profile. 

Laboratory tests included moisture content, Atterberg limits, specific gravity, unconfined 

compressive strength, and consolidation testing.  The results of the laboratory tests are presented 

in the Geotechnical Laboratory Testing, Mordecai Island, Beach Heaven New Jersey report, 

prepared by Schnabel Engineering, Inc. dated January 06, 2006, Attachment A1-4. 

A1-5)    SETTLEMENT ANALYSES 

Settlement analyses were performed on the soils encountered in the borings performed in the 

nearby vicinity of the proposed hardened structures.  Settlement was calculated based on the 

subsurface profile at each boring location and are generalized into the 4 strata as shown in table 

A1-1.   

 
Table A1-1: Summary of Stratigraphic Unit Properties 

Strata Depth (ft.) 

Average 

Uncorrected 

N-value(bpf) 

Minimum 

Uncorrected 

N-Value (bpf) 

Maximum 

Uncorrected 

N-Value (bpf) 

Silty Sand 0-14 7 3 20 

Fat Clay/Silty Clay 14-22 3 WOH* 5 

Peat 

(only considered in MIB-2) 
22-25.5 WOH* WOH* 4 

Silty Sand 25.5-50 28 4 50/3” 

              *WOH: Weight of Hammer 

 

Soil Parameters 

Geotechnical design parameters were based on the available existing field and laboratory test 

data obtained from the geotechnical investigation.  The laboratory testing was performed by 

Schnabel Engineering, Inc.  The initial void ratio, compression index, recompression index, and 

the pre-consolidation stress soil parameters shown in Table A1-2 were taken from the 

consolidation test report and were used to analyze the settlement. 
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Table A1-2: Settlement soil parameters from Schnabel Engineering, Inc. Test Results 

Boring 
Initial Void 

Ratio, e0 
Compression 

Index Cc 

Recompression 

Index, Cr 

Pre-Consolidation 

Stress, σ’p (tsf) 

MIB-1 2.07 0.661 0.0914 0.87 

MIB-2 1.24 0.330 0.0266 0.75 

MIB-3 1.21 0.351 0.0351 1.20 

 

Structure Settlement 

To lessen wave impacts and erosion, the use of a rubble mound structure was selected over the 

concrete WADs®.  Since the WADs® are no longer considered as an option, settlement 

calculations were only performed for the rubble mound breakwater structure.  

The rubble mound breakwater was designed as a rock embankment with a maximum height of 

approximately 7.6 ft., crest width of 3 ft., and 2H:1V side slopes.  The rubble mound (riprap 

aggregate) breakwater was analyzed as an embankment with an assumed unit weight of 105 pcf. 

The crest height is being established at elevation +3.6 ft. NAVD88, the Mean Low Water at 

elevation -1.07 and the ground surface at approximate elevation -4.0 ft. NAVD88.  The 

embankment load was calculated using the simplified stress under an embankment formula by 

calculating the stress at the top, the middle, and the bottom of the embankment and taking the 

average to determine the stress increase (see Attachment A1-3). 

For the sand soil layer, an immediate settlement analysis was performed under the embankment 

using the modified Hough method for estimating immediate settlement of an embankment.  For 

the clay soils, settlements were estimated using consolidation theory.  Primary settlement 

analyses were performed in each boring assuming a normally consolidated state.  This is a 

conservative approach due to the relatively close approximations of the pre-consolidated stresses 

and the vertical effective stresses of the soils and it will provide the largest estimated settlement 

at each test boring. 

Based on the settlement calculations and the data provided, the predicted settlement ranges from 

5 to 11 inches and it would take approximately 3 years to reach this settlement.  Secondary 

consolidation was also calculated; however, it is considered insignificant since the additional 

settlement will be approximately 1 inch over 20 years.  Due to potential variations in the 

subsurface conditions and to minimize differential settlement of the rubble mound breakwater 

structure, it is recommended that the structure be placed on a geo-composite fabric. 
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A1-6)    RISK 

A potential geotechnical risk associated with the planned structure is an inaccurate estimate of 

the settlement of the structure.  This can result from inaccuracy of the laboratory testing results 

and potential for variations in the subsurface conditions which may not be identified based on the 

available data.  
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A1-8)    ATTACHMENTS: 

 
Attachment A1-1: Boring Logs 

 

Attachment A1-2: Subsurface Soil Profile 

 

Attachment A1-3: Settlement Calculations 

 

Attachment A1-4: Geotechnical Laboratory Testing, Mordecai Island, Beach Heaven New 

Jersey, dated January 06, 2006, Schnabel Engineering, Inc. 

 

 

 



 

 

 

 

 

ATTACHMENT A1-1: BORING LOGS 







 

 

 

 

 

ATTACHMENT A1-2: SUBSURFACE SOIL 

PROFILE 



Elevation DepthDepth
Depth

Elevation
Elevation

Fine SAND

Silty CLAY/Clayey SILT

PEAT

Silty SAND



  3’           EL: +3.6 

2 :1V 

 EL:-1.07 

Rubble Mound Structure 

Unit weight: 105 pcf 

Buoyant Unit weight: 42.6 pcf 

EL: -4.0 

Rubble Mound Sketch * Not to scale* 



 

 

 

 

 

ATTACHMENT A1-3: SETTLEMENT 

CALCULATIONS 



Project: Mordecai Island Settlement Analysis
Objective: Evaluate immediate settlement on the thickest sand layer 
from borings MIB-1 through MIB-3. The immediate settlement will be 
computed using the Modified Hough Method.

≔Hsand 15.6 ft ≔γsand 105 pcf ≔γw 62.4 pcf

≔Navg 5 ≔γrock 105 pcf

≔E 80 ≔Hemb 7.6 ft

≔N1_60 =⋅Navg ―
E

60
7 ≔Hw 2.93 ft

≔C' 43

C': bearing capacity index NHI-06-088

Settlement Equation:

≔σ'o =⋅――
Hsand

2
⎛⎝ -γsand γw⎞⎠ 332.3 psf effective stress at the midpoint of the sand layer

≔Δσ'f =+⋅γrock ⎛⎝ -Hemb Hw
⎞⎠ ⋅⎛⎝ -γrock γw⎞⎠ Hw 615.2 psf

Settlement in the sand:

≔ΔH =⋅⋅Hsand

⎛
⎜
⎝
―
1

C'

⎞
⎟
⎠
log

⎛
⎜
⎝
――――

+σ'o Δσ'f

σ'o

⎞
⎟
⎠

2 in



with depth, or the D’Appolonia (1968, 1970) method, which takes into account the effect 
of preconsolidation. Both methods provide equally suitable results.  Schmertmann’s 
modified method is presented in Chapter 8 (Shallow Foundations). 

7.4.1 Modified Hough Method for Estimating Immediate Settlements of  
Embankments

The following steps are used in Modified Hough method to estimate immediate settlement: 

Step 1.  Determine the bearing capacity index (C ) by entering Figure 7-7 with N160 value 
and the visual description of the soil. 

Step 2.  Compute settlement by using the following equation.  Subdivide the total thickness 
of the layer impacted by the applied loads into 10 ft  (3 m ) increments and sum 
the incremental solutions: 

where:  H = settlement of subdivided layer (ft) 

H = thickness of subdivided soil layer considered (ft) 

C = bearing capacity index (Figure 7-7) 

po = existing effective overburden pressure (psf) at center of the subdivided 

layer being considered. For shallow surface deposits, a minimum value 

of 200 psf should be used to prevent unrealistic settlement predictions. 

p = distributed embankment pressure (psf) at center of the subdivided layer 

being considered 

Note that the term po + p represents the final pressure applied to the foundation subsoil, pf.

A key point is that the logarithm term in Equation 7-1 incorporates the fundamental feature 
of dissipation of applied stress with depth. The use of Modified Hough method is illustrated 
numerically in Example 7-2. 

FHWA NHI-06-088 7 – Approach Roadway Deformations 
Soils and Foundations – Volume I 7 - 16 December 2006 

1 p p
H H log o

10 7-1C po



CORRECTED SPT N-VALUE, N160

(Note: The “Inorganic SILT” curve should generally not be applied to soils that exhibit plasticity 
because N-values in such soils are unreliable) 

Figure 7-7. Bearing capacity index (C') values used in Modified Hough method for 
computing immediate settlements of embankments (AASHTO, 2004 with 2006 Interims; 

modified after Hough, 1959). 

FHWA NHI-06-088 7 – Approach Roadway Deformations  
Soils and Foundations – Volume I 7 - 17 December 2006 



Project: Mordecai Island Settlement Analysis
Objective: Evaluate consolidation settlement on the clay layer in borings 
MIB-1 through MIB-3.
Calc. by: ME Check by:EF

Rubble Mound (rm) Parameters:Laboratory parameters obtained from Boring 
MIB-1 ≔γrock 105 pcf (Unit weight of rm)

≔σ'p =0.87 ――
ton

ft2
1740 ――

lb

ft2
(pre-consolidation stress) ≔γw 62.4 pcf (Unit weight of water)

≔w 0.391 (initial water content) ≔γsand γrock

≔ELtop 3.6 ft (top of rm embankment el.)
≔γm1 =⋅55.1 pcf (( +1 w)) 76.6 pcf (moist unit weight) ≔ELbot -4.0 ft (bot. of rm embankment el.)

≔Cc1 0.661 (Compression Index) ≔Hrm =-ELtop ELbot 7.6 ft

(height of rm embankment)
≔Cr1 0.0914 (Recompression Index) ≔ELtopW -1.07 ft (top of rm embankment water el.)

≔eo1 2.07 (Initial void ratio) ≔Hw =-ELtopW ELbot 2.9 ft

(height of water in embankment)

Calculate the average effective stress of the rubble mound 

≔qo =+⋅γrock ⎛⎝ -Hrm Hw
⎞⎠ ⋅⎛⎝ -γrock γw⎞⎠ Hw 615.2 psf

Calculate the stress increase under the Rubble Mound under MIB-1.

The stress increase is calculating the stress reduction of the compressible clay stratum using 
the simplified stress under an embankment formula. It is calculated by computing the stress at 
the tip, middle and bottom of the compressible clay layer and taking the average. 

＝Δσ'f ―
1

6
⎛⎝ ++Δσtop 4 Δσmid Δσbottom⎞⎠ ＝I Influence_factor_Δσtop

Fig.5.11 :Das, Principles of Engineering

＝Itop Influence_factor_Δσtop ＝Imid Influence_factor_Δσmid
≔B2 15.6 ft ≔B2 15.6 ft ≔B1 1.5 ft

≔B1 1.5 ft ≔Z1t 13.2 ft

≔Z1m =+13.2 ft ――
13.5

2
ft 20 ft

=――
B1

Z1t
0.1 =――

B2

Z1t
1.2 ≔Itop1 0.44

=――
B1

Z1m
0.1 =――

B2

Z1m
0.8

≔Imid1 0.38



＝Ibottom Influence_factor_Δσbottom

≔B2 15.6 ft ≔B1 1.5 ft

≔Z1b =+13.2 ft 13.5 ft 26.7 ft

=――
B1

Z1b
0.1 =――

B2

Z1b
0.6 ≔Ibottom1 0.33

≔Δσtop =⋅qo ⎛⎝ ⋅Itop1 2⎞⎠ 541.3 psf

≔Δσmid =⋅qo ⎛⎝ ⋅Imid1 2⎞⎠ 467.5 psf

≔Δσbottom =⋅qo ⎛⎝ ⋅Ibottom1 2⎞⎠ 406 psf

≔Δσ'f1 =―
1

6
⎛⎝ ++Δσtop 4 Δσmid Δσbottom⎞⎠ 469.6 psf

Calculating the effective stress at the midpoint of the clay layer for MIB-1:

≔Hsand 13.2 ft ≔Hclay 13.5 ft

≔σ'o =+⋅⎛⎝ -γsand γw⎞⎠ Hsand ⋅⎛⎝ -γm1 γw⎞⎠ ――
Hclay

2
658.5 psf

The settlement is calculated as normally consolidated clay

≔ScMIB_1 =⋅――――
⋅Cc1 Hclay

+1 eo1
log

⎛
⎜
⎝
――――

+σ'o Δσ'f1

σ'o

⎞
⎟
⎠

8.2 in



Laboratory parameters obtained from Boring MIB-2

≔σ'c =0.75 ――
ton

ft2
1500 ――

lb

ft2
pre-consolidation stress

≔w 0.44

≔γm2 =⋅76.5 pcf (( +1 w)) 110.2 pcf≔Cc2 0.330 ≔Cr2 0.0266 ≔eo2 1.24

Calculate the stress increase under the Rubble Mound under MIB-2.

＝Δσ'f ―
1

6
⎛⎝ ++Δσtop 4 Δσmid Δσbottom⎞⎠ ＝I Influence_factor_Δσtop

Fig.5.11 :Das, Principles of Engineering

＝Itop Influence_factor_Δσtop ＝Imid Influence_factor_Δσmid
≔B2m 15.6 ft ≔B1 1.5 ft

≔B2t 15.6 ft ≔B1 1.5 ft ≔Z1t 15.6 ft

≔Z1m =+15.6 ft ――
8.5

2
ft 19.85 ft

=――
B1

Z1t
0.1 =――

B2t

Z1t
1 ≔Itop2 0.42

=――
B1

Z1m
0.1 =――

B2m

Z1m
0.79 ≔Imid2 0.38

＝Ibottom Influence_factor_Δσbottom

≔B2b 15.6 ft ≔B1 1.5 ft

≔Z1b =+15.6 ft 8.5 ft 24.1 ft

=――
B1

Z1b
0.1 =――

B2b

Z1b
0.6 ≔Ibottom2 0.33

≔Δσtop2 =⋅qo ⎛⎝ ⋅Itop2 2⎞⎠ 516.7 psf

≔Δσmid2 =⋅qo ⎛⎝ ⋅Imid2 2⎞⎠ 467.5 psf

≔Δσbottom2 =⋅qo ⎛⎝ ⋅Ibottom2 2⎞⎠ 406 psf

≔Δσ'f2 =―
1

6
⎛⎝ ++Δσtop2 4 Δσmid2 Δσbottom2⎞⎠ 465.5 psf

Calculating the effective stress at the midpoint of the clay layer for MIB-2:
≔Hsand2 15.6 ft ≔Hclay2 8.5 ft

≔σ'o =+⋅⎛⎝ -γsand γw⎞⎠ Hsand2 ⋅⎛⎝ -γm2 γw⎞⎠ ――
Hclay2

2
867.5 psf

The settlement is calculated as normally consolidated clay at MIB -2

≔ScMIB_2 =⋅――――
⋅Cc2 Hclay2

+1 eo2
log

⎛
⎜
⎝
――――

+σ'o Δσ'f2

σ'o

⎞
⎟
⎠

2.8 in



Laboratory parameters obtained from Boring MIB-3

≔σ'c =1.2 ――
ton

ft2
2400 ――

lb

ft2
pre-consolidation stress

≔w 0.44

≔γm3 =⋅76.5 pcf (( +1 w)) 110.2 pcf

≔Cc3 0.351 ≔Cr3 0.0365 ≔eo3 1.21

Calculate the stress increase under the Rubble Mound under MIB-3.

＝Δσ'f ―
1

6
⎛⎝ ++Δσtop 4 Δσmid Δσbottom⎞⎠ ＝I Influence_factor_Δσtop

Fig.5.11 :Das, Principles of Engineering

＝Itop Influence_factor_Δσtop ＝Imid Influence_factor_Δσmid

≔B2t 15.6 ft ≔B1 1.5 ft ≔Z1t 15.1 ft ≔B2m 15.6 ft ≔B1 1.5 ft

=――
B1

Z1t
0.1 =――

B2t

Z1t
1 ≔Itop3 0.42 ≔Z1m =+15.6 ft ――

13.5

2
ft 22.35 ft

=――
B1

Z1m
0.1 =――

B2m

Z1m
0.7 ≔Imid3 0.358

＝Ibottom Influence_factor_Δσbottom

≔B2b 15.6 ft ≔B1 1.5 ft

≔Z1b =+15.6 ft 13.5 ft 29.1 ft

=――
B1

Z1b
0.1 =――

B2b

Z1b
0.5 ≔Ibottom3 0.295

≔Δσtop3 =⋅qo ⎛⎝ ⋅Itop3 2⎞⎠ 516.7 psf

≔Δσmid3 =⋅qo ⎛⎝ ⋅Imid3 2⎞⎠ 440.5 psf

≔Δσbottom3 =⋅qo ⎛⎝ ⋅Ibottom3 2⎞⎠ 362.9 psf

≔Δσ'f3 =―
1

6
⎛⎝ ++Δσtop3 4 Δσmid3 Δσbottom3⎞⎠ 440.3 psf



Calculating the effective stress at the midpoint of the clay layer for MIB-3:
≔Hsand3 15.1 ft ≔Hclay3 13.5 ft

≔σ'o =+⋅⎛⎝ -γsand γw⎞⎠ Hsand3 ⋅⎛⎝ -γm2 γw⎞⎠ ――
Hclay3

2
965.6 psf

The settlement is calculated as normally consolidated clay at MIB -3

≔ScMIB_3 =⋅――――
⋅Cc3 Hclay3

+1 eo3
log

⎛
⎜
⎝
――――

+σ'o Δσ'f3

σ'o

⎞
⎟
⎠

4.2 in





Project: Mordecai Island Settlement Analysis
Objective: Determine the secondary settlement at the end of primary 
consolidation and at t=5, t=10 and t=20 years after end of primary 
consolidation.

MIB-1 Determine the time rate of consolidation for U=90%

≔Tv1 0.848 ≔Hd1 6.85 ft ≔Cv1 13 ――
ft2

yr
From MIB-1 Lab data

≔t90_1 ――――
⋅Tv1 Hd1

2

Cv1

=t90_1 3.061 yr

MIB-2 Determine the time rate of consolidation for U=90%

≔Tv2 0.848 ≔Hd2 4.25 ft ≔Cv2 42 ――
ft2

yr
From MIB-2 Lab data

≔t90_2 ――――
⋅Tv2 Hd2

2

Cv2

=t90_2 0.365 yr

MIB-3 Determine the time rate of consolidation for U=90%

≔Tv3 0.848 ≔Hd3 6.75 ft ≔Cv3 245 ――
ft2

yr
From MIB-3 Lab data

≔t90_3 ――――
⋅Tv3 Hd3

2

Cv3

=t90_3 0.158 yr



MIB-1 - Secondary Settlement 

≔w 38 w=final moisture content

≔c'α ⋅0.0001 w

=c'α 0.004

Find secondary consolidation after 5 years after end of primary consolidation

≔t1 3.06 yr

≔t2 5 yr

≔Hc 13.7 ft Height of clay layer in MIB-1

≔Scs_1a =⋅⋅c'α Hc log
⎛
⎜
⎝
―
t2

t1

⎞
⎟
⎠

0.133 in

Find secondary consolidation after 10 years after end of primary consolidation

≔t1a 3.06 yr

≔t2a =10 yr 10 yr

≔Scs_1b =⋅⋅c'α Hc log
⎛
⎜
⎝
―
t2a

t1a

⎞
⎟
⎠

0.321 in

Find secondary consolidation after 20 years after end of primary consolidation

≔t1b 3.06 yr

≔t2b =20 yr 20 yr

≔Scs_1c =⋅⋅c'α Hc log
⎛
⎜
⎝
―
t2b

t1b

⎞
⎟
⎠

0.509 in



MIB-2 - Secondary Settlement 

≔w 26.8 w=final moisture content

≔c'α ⋅0.0001 w

=c'α 0.003

Find secondary consolidation after 5 years after end of primary consolidation

≔t1 =t90_2 0.365 yr

≔t2 5 yr

≔Hc 8.5 ft Height of clay layer in MIB-2

≔Scs_2a =⋅⋅c'α Hc log
⎛
⎜
⎝
―
t2

t1

⎞
⎟
⎠

0.311 in

Find secondary consolidation after 10 years after end of primary consolidation

=t1 0.365 yr

≔t2b 10 yr

≔Scs_2b =⋅⋅c'α Hc log
⎛
⎜
⎝
―
t2b

t1

⎞
⎟
⎠

0.393 in

Find secondary consolidation after 20 years after end of primary consolidation

=t1 0.365 yr

≔t2c 20 yr

≔Scs_2c =⋅⋅c'α Hc log
⎛
⎜
⎝
―
t2c

t1

⎞
⎟
⎠

0.475 in



MIB-3 - Secondary Settlement 

≔w 30 w=final moisture content

≔c'α ⋅0.0001 w

=c'α 0.003

Find secondary consolidation after 5 years after end of primary consolidation

≔t1 =t90_3 0.158 yr

≔t2 =+t1 5 yr 5.158 yr

≔Hc 13.5 ft Height of clay layer in MIB-3

≔Scs_3a =⋅⋅c'α Hc log
⎛
⎜
⎝
―
t2

t1

⎞
⎟
⎠

0.736 in

Find secondary consolidation after 10 years after end of primary consolidation

=t1 0.158 yr

≔t2b =+t1 10 yr 10.158 yr

≔Scs_3b =⋅⋅c'α Hc log
⎛
⎜
⎝
―
t2b

t1

⎞
⎟
⎠

0.879 in

Find secondary consolidation after 20 years after end of primary consolidation

=t1 0.158 yr

≔t2c =+t1 20 yr 20.158 yr

≔Scs_3c =⋅⋅c'α Hc log
⎛
⎜
⎝
―
t2c

t1

⎞
⎟
⎠

1.024 in
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1.0 INTRODUCTION 

In accordance with Contract W912BU-05-D-0001, Task Order 0007, Schnabel Engineering, Inc. 
(Schnabel), has completed the geotechnical laboratory testing of samples obtained during a previous 
field investigation program that took place during the 1st quarter of  2005.

2.0 PROJECT DESCRIPTION 

The Philadelphia District of the U.S. Army Corps of Engineers (USACE) conducted a subsurface 
exploration immediately adjacent to Mordecai Island, Beach Haven, New Jersey. This was 
accomplished by means of subaqueous drive sample borings and undisturbed sample borings, in 
accordance with ASTM D1586 and D1587.  The purpose of the work described herein is to 
determine the soil properties including strength and compressibility characteristics of the subsurface 
materials obtained from this exploration program completed in the 1st quarter of 2005. The material 
is comprised of interlayered marine sediments (silts and clays) and sands.   

3.0 LABORATORY TESTING 

Jar samples and tube samples were provided to our office in September 2005.  These samples were 
tested for moisture content, density, Atterberg limits, specific gravity, unconfined compressive 
strength, and consolidation characteristics in accordance with the testing schedule provided by 
Dennis Zeveney of the Philadelphia District.

The following summary of tests was completed and is included as Appendices A and B for your use. 

Test Description No. of Tests 
Completed

No. of Tests 
Proposed Remarks 

Natural Moisture Content and 
Unit Weight 4 15 Notes 1 & 2 

Consolidation
Time Compression Tests 

3
12 + 9 

3
12 + 9 Note 3 

Atterberg Limits 4 6 Note 1 
Sieve Analysis w/o Hydrometer 10 15 Note 4 
Unconfined Compression 3 3
Notes:

1. Samples MIB-1, S-11, 24 to 26 ft; and MIB-3, S-13, 26 to 28 ft were not included with the samples 
provided to our laboratory.  Therefore, the Atterberg Limit, moisture content and density testing 
requested was not performed. 

2. The samples delivered for the majority of the testing consisted of jar samples.  Due to the 
disturbance of these samples when placing them in the jars, and the long duration of storage prior to 
delivering these to the laboratory, accurate measurement of field moisture content and density was 
not practical. Therefore, this type of testing was only completed on the undisturbed tube samples 
delivered to the laboratory. 

3. As part of the base consolidation testing fee, four Time Compression Curves are generated per test. 
Three additional curves were generated per test, at your request. 

4. One extra sample was completed and six samples not presented in the report. 
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The consolidation testing and unconfined compression testing were completed on samples as 
extruded from the undisturbed tubes.  No remolding of these samples was required. 

4.0 DISCUSSION 

Three laboratory consolidation tests were completed as proposed in the lab testing schedule. The 
consolidation parameters (Pp', Cr, Cc) were calculated by the COE and are presented on the 
Consolidation Test Report sheets. 

It is also important to note that the possibility of sample disturbance was noted in the three Shelby 
tube samples. The extended period between sample collection (March 2005) and testing (October 
2005) raises the question of disturbance and quality of the test results.  The Norwegian Geotechnical 
Institute (NGI) has proposed a method of evaluating sample disturbance that is gaining acceptance in 
the industry:  Sample Disturbance Effects in Soft Low Plastic Norwegian Clay, Symposium on 
Recent Developments in Soil and Pavement Mechanics Rio de Janeiro, as referenced by Lunne, T., 
Berre, T., and Strandvik, S. (1997).  The basic premise is that the amount of relative change in void 
ratio that a specimen experiences, when consolidating back to in situ stresses, is an indication of the 
sampling disturbance in the specimen. 

The relative change in void ratio is defined as the change in void ratio ( e) divided by the initial 
void ratio (eo).  You indicated that the in situ effective overburden stress for each of the three 
consolidation test samples is roughly 0.5 tsf, which corresponds to a loading increment in the test.  
Therefore, the computed relative void ratio changes in the tests are as follows:   

MIB-1, 20 to 22 ft = 0.11 
MIB-2, 24 to 25.5 ft = 0.13 
MIB-3, 18 to 20 ft = 0.06 

The NGI evaluation system for soils with an overconsolidation ratio of 1 to 2 is as follows:   
Very Good to Excellent Quality (relative void ratio change <0.04) 
Good to Fair (relative void ratio change 0.04 to 0.07) 
Poor (relative void ratio change 0.07 to 0.14) 
Very Poor (relative void ratio change >0.14) 

Based on these criteria, the NGI evaluation system indicates that the sample quality ranges from fair 
to poor.  We recommend consideration of the sample quality in interpretation and use of these 
results.

5.0 LIMITATIONS 

We have endeavored to complete the services identified herein in a manner consistent with that level 
of care and skill ordinarily exercised by members of the profession currently practicing in the same 
locality and under similar conditions as this project.  No other representation, express or implied, is 
included or intended, and no warranty or guarantee is included or intended in this report, or any 
other instrument of service. 
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APPENDIX A 

Jar Sample Test Results 
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APPENDIX B 

Shelby Tube Test Results 
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 A2-1) INTRODUCTION  
 

Mordecai Island has experienced a significant loss of saltwater marsh due to factors such as sea 

level rise and erosion caused by waves and currents. The goal of this feasibility study is to 

develop a plan to restore habitat on Mordecai Island and slow down the rate of erosion. This 

Civil Appendix discusses the Civil engineering and design work performed to develop and 

optimize a Tentatively Selected Plan (TSP).   

 

Erosion Control Structures 

Two different erosion control structures were selected for preliminary design, the conventional 

rubble mound breakwater structure as well as a Wave Attenuation Device (WAD).  Breakwaters 

are coastal engineering structures that are typically constructed parallel to the shoreline and are 

designed to reduce the wave energy behind the structure, see Figure A2-1. Due to the cost 

limitations of this project, additional technologies were evaluated, and WADs were determined 

to be a cost-efficient alternative that could also mitigate erosion. WADs are hollow poured 

concrete pyramids that are designed to dissipate wave energy while also promoting growth of 

biota, see Figure A2-2. Water based construction is assumed for both types of structures due to 

project location and accessibility.  

 

 

Figure A2-1: Rubble Mound Breakwater Structure at Shooting Island in Ocean City, NJ 
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Figure A2-2: Wave Attenuation Devices (WADs) at Shark Island in New Iberia, LA 

Living Shoreline Solutions, Inc. (LSS) designs and manufactures WADs. NAP hosted a lunch 

and learn with LSS where they presented several projects demonstrating that WADs not only 

mitigated against erosion but also naturally accreted sediment behind the structures. LSS also 

provided documentation and reports for several existing WAD sites. Some potential benefits of 

the WADs compared to the rubble mound breakwater are; easier installation, easier adaptive 

management, and higher growth of biota. USACE has less experience designing and 

implementing WADs compared to rubble mound breakwaters and as a result there is a higher 

risk associated with WADs. NAP identified only one USACE Mobile District project, Bayou 

Caddy, where WADs were implemented. The Bayou Caddy Project was part of the Mississippi 

Coastal Improvements Program after Hurricane Katrina. Unlike the Mordecai Feasibility Study, 

the Bayou Caddy Project had an authorization that did not require National Economic 

Development (NED) benefits. The parent contract was with an 8A company. The USACE 

Mobile District put out a Sources Sought notice for different shoreline technologies, then 

compared the submittals.  Based on NAP phone conversations with the Mobile District, the 

WADs were successfully implemented at Bayou Caddy and the Mobile District was satisfied 

with their overall performance. Construction was completed in March of 2017 and a monitoring 

plan is in draft format. Visual observations show accretion behind the structures and biota 

growth on the structures. Some settlement has occurred but was in the predicted and expected 

range. See Attachment A2-4 in Section A2-8 for the Bioengineered Breakwater Technical Report 

prepared by LSS for USACE Mobile District.   

Mordecai Wave Climate 

In January 2019, ERDC provided an assessment of wind generated waves for Mordecai Island 

through their Dredge Operations Technical Support (DOTS) Program. See Attachment A2-2 in 

Section A2-8 for the full report. The local wind-wave climate was estimated using the STWAVE 

nearshore model. Ten representative wind conditions were selected. Wave energy was 
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determined to be low at Mordecai Island for the seasonal wind simulations. The wave heights 

produced during the average conditions and high conditions for spring, summer, fall and winter 

were all under 1.0 ft. Waves larger than 1.0 ft. were generated by storm conditions of 22.4 mph 

winds blowing directly at the island from the west over an uninterrupted fetch. The largest wave 

produced was approximately 1.5 ft. The overall STWAVE nearshore model results show that 

wind generated waves are relatively small at Mordecai Island.   

Since wind generated waves are relatively small, high erosion rates at Mordecai Island are most 

likely to be caused by boat wakes from the nearby NJ Intracoastal Waterway. Unlike for wind-

generated waves, no detailed modeling was done to simulate the potential wave climate from 

vessels travelling adjacent to Mordecai Island in the NJIWW or surrounding waters. Nor did 

study resources allow for a high-resolution recreational boating traffic study to be done that 

could have tracked the number of boats that pass by Mordecai Island on an average day, boat 

types, speed, and traffic patterns. Instead, an online literature review was done in order to 

ascertain typical wave heights generated by vessels that are common to the area. 

Wakes from boats have been shown to have erosive effects on shorelines located near heavy 

traffic areas. Wave heights generated from boat traffic are a function of the boat length, hull 

type, water depth, and boat speed. The best predictor of the size of a boat-generated wave is the 

speed at which the boat travels (Sorenson, 1973). The maximum boat wake is produced at the 

point just before it transitions to planing. Several reports from the online literature review were 

found that related boat size and speed to wave heights. 

Table A2-1 is a summary of wave heights from various types of boats and speeds and was taken 

from a 2017 report entitled. “Review of Boat Wake Wave Impacts on Shoreline Erosion and 

Potential Solutions for the Chesapeake Bay” done by the Scientific and Technical Advisory 

Committee for Chesapeake Bay Program. The table is originally from a 1973 American Society 

of Civil Engineers Waterways Harbors and Coastal Engineering journal article entitled “Water 

Waves Produced by Ships” by Sorenson. 

Table A2-1: Typical Wave Heights from Various Boat Types and Speeds 

Type of Boat Distance from Sailing 

Line (ft.) 

Speed of Boat 

(knots) 

Maximum Wave 

Height (ft.) 

26 ft. Uniflight 

(Planing Hull) 

330 10 1.33 

330 26 1.00 

490 10 1.25 

490 27 0.75 

16 ft. Boston Whaler 

(Planning Hull) 

164 10 0.75 

164 24 0.50 

490 12 0.50 

490 27 0.25 

45 ft. Tugboat 

(Displacement Hull) 

98 6 0.75 

98 10 1.50 

490 6 0.20 

490 10 1.00 
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In addition to the Chesapeake Bay Boat Wake Analysis, another report from NOAA in 2012 

entitled “Boat Wakes and Their Influence on Erosion in the Atlantic Intracoastal Waterway, 

North Carolina” was reviewed for applicable information. The analysis was done per request of 

the Wilmington District of the Corps of Engineers in order to develop a prototype boat wake 

model that could predict wave conditions and potential seafloor erosion zones and shear stresses 

at Snow Cut, NC based upon input of a boat hull type, length, speed, and sailing line. Wave data 

and a detailed boat traffic study was collected in order to test and validate the results from the 

boat wake model. Two different boat lengths (23 ft. and 53 ft.) at three different speeds (3, 10, 

and 20 knots) were used for the model based upon typical small and large boats that are common 

to the area. Maximum boat-generated wave heights varied from 0.25 ft. for the 23 ft. boat 

travelling at 3 knots to 1.5 ft. for the 53 ft. boat travelling 10 knots. 

In summary, the literature review of boat-generated wave heights indicated that for boats 

common to the Mordecai Island study area, typical maximum wave heights varied from 0.25 ft. 

to 1.5 ft. Given the results of ERDC’s STWAVE wave model of wind-generated waves, boat-

generated wave heights can be expected to be at the same level of magnitude or slightly larger 

than the wind-generated waves impacting Mordecai Island on a day to day basis. 

Available Data 

USACE NAP collected bathymetry and topography data at Mordecai Island and the adjacent NJ 

Intracoastal Waterway in January 2019 as seen in Figure A2-3 and A2-4. This was the main data 

set used for the feasibility study. 

 

Figure A2-3: Bathymetry and Topography Data Points 
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A2-2) RUBBLE MOUND DESIGN 

 
Rubble Mound Slope 

A slope of 2H:1V was chosen as the steepest allowable slope based on both economics and 

design. Cover layer slopes greater than 1.5H:1V are not recommended by the Corps of Engineers 

(pg. 7-205, SPM).  

 
 

Crest Elevation 

A conservative crest elevation was selected by adding wave runup to the Mean Higher High 

Water (MHHW) level. The largest wave height from both the STWAVE nearshore model and 

the boat wake literature review was 1.5 ft. and was selected to calculate wave runup. Relatively 

conservative assumptions went into the wave runup calculations and some structure overtopping 

is allowable since the project is for ecosystem restoration and not coastal storm risk 

management. The 1.5 ft. wave resulted in 1.2 ft. of wave runup. See Attachment A2-3 in Section 

A2-8 for wave runup calculations. Understanding that some overtopping is allowable, a crest 

elevation was selected at +2.6 ft NAVD88 using the following inputs: 

 

Crest Elevation = +1.35 ft. NAVD88 (MHHW) + 1.2 ft. (wave runup) = +2.6 ft. NAVD88 

 

Figure A2-4: Surface Generated from Bathymetry and Topography Data 
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A settlement analysis on the rubble mound structure provided a 5” to 8” range in settlement 

based on the available geotechnical data.  In the absence of a complete geotechnical 

investigation, 1 ft. was selected for settlement and was added to the crest elevation as overbuild 

to calculate a conservative stone quantity. Settlement/overbuild calculations will be evaluated in 

more detail in the subsequent phases of design when a complete geotechnical investigation takes 

place. A geogrid composite is assumed to be placed underneath the rubble mound structure to 

help mitigate differential settlement and the migration of sand into the stone layer. See Section 

A1 – Geotechnical for settlement details and calculations.  

 
 

Rubble Mound Stone Size 

Eq. 7-117 from the SPM (Hudson and Jackson, 1962) was used to determine graded riprap armor 

stone unit weights that would be stable under a range of wave heights. This equation is intended 

for conditions when the crest of the structure is high enough to prevent major overtopping (some 

overtopping is allowable).    
 

𝑊50 =
𝑤𝑟𝑜𝑐𝑘 𝑥 𝐻3

𝐾𝐷 (
𝑤𝑟𝑜𝑐𝑘

𝛾𝑤
− 1)3 𝑐𝑜𝑡 𝜃

 

 

Due to the absence of site specific boat wake data, a 1 to 3 ft wave height range was used to 

evaluate stone size/weight.  Relatively small stone is required to be stable against this wave 

range (𝐷50 = 0.3 to 1 ft).  To be conservative, a 3 ft wave height was selected to size the stone.  

An increase in stone size has a minimal effect to cost while increasing overall structure stability. 

 

Wrock = 180 pcf (assumed unit weight of rock is comparable to past coastal projects in the area) 

 

KD = 2.0 (stability coefficient, Table 7-8, SPM, breaking wave, 2 units cover layer thickness) 

 

w = 64 pcf (salt water not fresh water) 

  

Cot  = 2.0 (assume side slope 2H:1V) 

 

 𝐻 = 3 ft 
 

𝑊50 =
180 𝑝𝑐𝑓 𝑥 3 𝑓𝑡3

2.0 (
180 𝑝𝑐𝑓
64.0 𝑝𝑐𝑓

− 1)3 2.0
= 204 𝑙𝑏𝑠 

 

Approximate Stone Diameter (𝐷50) : 

204 𝑙𝑏𝑠

1
∗

1 𝑐𝑢𝑏𝑖𝑐 𝑓𝑡

180 𝑝𝑜𝑢𝑛𝑑𝑠
= 1.13 𝑐𝑢𝑏𝑖𝑐 𝑓𝑡 

√1.13
3

= 1.04 𝑓𝑡 
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The following are R-6 and R-7 Penn DOT riprap gradations:  
 
Table A2-2: Penn DOT Riprap Gradations 

Percent Passing 

Rock Size (Inches) R-7 R-6 

30 100*  

24  100* 

18 15-50  

12 0-15 15-50 

6  0-15 

*Maximum Allowable Rock Size 

 

R-6 Riprap aligns with a 𝐷50 of 1 ft. and was therefore selected as the stone gradation for the 

rubble mound structure.  

 

Crest Width 

The following equation from the Shore Protection Manual was used to determine the rubble 

mound crest width: 

𝐵 = 𝑛 𝑘Δ (
𝑤50

𝑤𝑟
) 1

3
   (Eq. 7-120, SPM) 

Based on Eq. 7-120, a 3 ft. wave yields a 3 ft. crest width. The minimum crest width should 

equal the combined width of three armor units. The width of the crest also depends on the degree 

of allowable overtopping (pg. 7-233 SPM).  Based on the cost limitations of the project and the 

fact that the project is ecosystem restoration and not coastal storm risk management, a 3 ft crest 

width was selected for the rubble mound structure (some overtopping is allowable).  

Sill Vents 

There are two types of breakwaters; gapped and continuous. Based upon historic erosion and 

accretion rates offshore Mordecai Island, there may not be enough sediment in the system to 

naturally accrete behind gapped breakwaters. A continuous breakwater was selected for the 

development of alternative plans due to a greater potential to protect existing and/or placed 

material behind the structure.  Some water can transport through the breakwater voids. However, 

this transport may not be enough to promote water quality behind the structure. Sill vents, or 

lower sections of breakwater, were designed into the structure to promote intertidal flushing in 

order to maintain water quality. The sill vents are approximately 40 ft. long and have a crest 

elevation at the mean low water line to allow water to flow through the breakwater during the 

entire tide cycle. There is approximately 160 linear ft. of breakwater between each sill vent. The 

northern tip of Mordecai Island is the most vulnerable area to waves due to its proximity to the 

NJ Intracoastal Waterway.  For this reason, there are no sill vents in the northern tip of the 

breakwater. The length and spacing of sill vents will be optimized in the next phase of the study. 
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A2-3) WAD DESIGN 
 

For comparison purposes, WAD elevations were selected to be the same as the rubble mound 

crest elevations (+2.6 ft. NAVD88). LSS also recommended approximately 1 ft of overbuild for 

potential settlement which aligns with the USACE assumption of 1 ft of overbuild for the rubble 

mound breakwater. This overbuild was accounted for in the quantities and cost estimate. 

 

In the absence of a geotechnical investigation and in order to be consistent with rubble mound 

breakwater assumptions, a geogrid composite was assumed to be placed underneath the WADs. 

The geogrid composite was also recommended to USACE by LSS. 

The WADs are assumed to be aligned in a double row to more effectively attenuate wave energy. 

This is consistent with the Mobile District Bayou Caddy project and was recommended by LSS. 

Water can move between each wave attenuation structure and through the six triangular openings 

located on each WAD face. Since water quality is not an issue with the WADs, sill vents and 

gaps between the structures were not included into the design.  

Three separate structure locations (Alignment A, B, and C) were evaluated for both rubble 

mound and WAD structures and are described in greater detail in Section A2-5. The three 

alignments have three different average depths resulting in three different WAD dimensions to 

reach the targeted crest elevation. Dimensions were scaled off existing WAD structures as well 

as direct input from LSS (see Table A2-3). 

 

Table A2-3: WAD Dimensions 

WAD Dimensions 

Alignment Height (ft.) Base Length (ft.) 

A 7.6 11.5 

B 7.1 11.25 

C 6.6 11 
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Figure A2-5: LSS WAD Design for Sunken Island, FL 

 

A2-4) WARNING SIGNS 
Warning signs with lights were assumed to be positioned approximately every 400 linear ft. of 

structure (rubble mound or WAD). Vessels traversing past Mordecai Island will be able to detect 

these signs and avoid any structures that may be submerged or hard to see. The signs reduce the 

overall risk of damage to vessels as well as potential damage to the structures. The warning signs 

are comprised of 24” by 36” reflectorized signs, Sealite 3-5NM Solar Marine Lanterns, and 

Sealite 1,500mm diameter navigation buoys.  The signs are anchored with a chain and Sealite 

concrete mooring sinker.   

  

Figure A2-6: Sealite Navigation Buoy with a Sealite Solar Marine Lantern 
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Figure A2-7: Sealite Concrete Mooring Sinker 

 

A2-5) DESIGN DRAWINGS 
 

See Attachment A2-1 in Section A2-8 for design drawings of the various alternatives (both 

rubble mound breakwater and WADs) investigated during this feasibility study. Note Alternative 

1 is not shown in the design drawings because this is the no action plan. See sheets C-101 

through C-106 for plans views and sheets C-301 through C-306 for typical section. Structures 

were considered at three different depths providing similar levels of erosion protection. 

Alignment A generally follows the 1977 shoreline and has the greatest depth which on average is 

approximately -4 ft NAVD88. Alignments B and C are approximately 25 ft apart in successively 

shallower water toward the western shore of the island. The depth of Alignment B and C on 

average is approximately -3.5 ft NAVD88 and -3.0’ NAVD88, respectively, and converge at the 

northern tip of the island as they draw closer to the channel. The northern half of Alignment C 

follows the same layout as the northern half of Alignment B, since a landward offset of 

Alignment C in this area would place the structure on the island and act as a shoreline slope 

revetment, a measure which was screened out prior to alternative plan formulation.    

A2-6) QUANTITIES 
 

Table A2-4: Riprap Quantities 

Riprap Quantities 

Alignment CY CF Tons 

A 12970 350190 19085 

B 10210 275670 15024 

C 8780 237060 12920 
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Table A2-5: Geo-Composite Quantities for Rubble Mound Breakwater 

Geo-composite Quantities for Rubble Mound Breakwater 

Alignment Area (SF)1 Area (SY)1 

A 127868 14210 

B 112899 12540 

C 105205 11690 

 

Table A2-6: Geo-Composite Quantities for WADs 

Geo-Composite Quantities for WADs 

Alignment Area (SF)1 Area (SY)1 

A 100486 11170 

B 94125 10460 

C 87619 9740 

 

Quantity Notes: 

1. Geo-composite area assumes a 2 ft. offset on both sides of the structure plus an 

additional 25% for overlapping 

2. Stone quantities were calculated directly from AutoCAD Civil 2019 by subtracting the 

existing ground surface from proposed riprap stone surfaces 

3. Alignments A, B, and C on average follow the existing -4 ft, -3.5 ft, and -3 ft contours, 

respectively 

4. Unit weight of riprap is assumed to be 109 pcf 
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 DOTS: Assessment of Wind-Waves for 

the Mordecai Island, New Jersey Vicinity 

by Mary Anderson Bryant and Brandon Boyd 

INTRODUCTION: The USACE Philadelphia District (NAP) requested assistance in 

conducting a wave assessment for the Mordecai Island, New Jersey area.  Mordecai 

Island is located west of Long Beach Island near Beach Haven Borough, New Jersey 

and adjacent to the New Jersey Intracoastal Waterway (NJIWW). Over the last five 

years, the Engineer Research and Development Center’s Coastal and Hydraulics 

Laboratory and the Environmental Laboratory have assisted NAP with various aspects 

of the Mordecai Island Ecosystem Restoration Feasibility Study as well as the 

innovative placement/island creation project using NJIWW dredged material.   

 

The entire coastline of Mordecai Island has suffered from erosion; however, the western 

edge, adjacent to the Federal NJIWW navigation channel, has receded at a more 

substantial rate on the order of 3 - 6 feet (ft) per year. Over the past 100 years, half the 

island has been lost through erosion. The primary causes of the significant and 

continuous erosion along the western shoreline of Mordecai Island are hypothesized to 

be waves from the bay and wakes from vessels using the adjacent Intracoastal 

Waterway. A better understanding of the local wave environment will help NAP evaluate 

features for reducing wave energy to protect this now critical environment and manage 

beneficial use placement areas. 

MODEL SETUP: The STeady-state WAVE (STWAVE) model (Massey et al. 2011), 

which is a phase-averaged spectral model for wave generation, propagation and 

transformation, was used to estimate the local wind-wave climate in the vicinity of 

Mordecai Island. In order to capture the wind fetch lengths to which Mordecai Island is 

exposed, a STWAVE grid was developed to encompass the entire southern complex of 

Little Egg Harbor. The Cartesian grid resolution is 45 m and is comprised of 178 cells in 

the cross-shore direction (I) and 309 cells in the alongshore direction (J). The projection 

of the grid is Universal Transverse Mercator (UTM) Zone 18 with a vertical datum 

relative to NAVD88.  The properties of the STWAVE domain are provided in Table 1.    

Table 1. STWAVE Grid Properties 

Horizontal 

Projection 

Vertical 

Projection 

Grid Origin (x,y)  

[m] 

Azimuth 

[deg] 

Δx/Δy 

[m] 

Number of 

Cells 
I J 

UTM 18 NAVD88 (569753.97, 4387037.67) 148.6 45.0 178 309 
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The topography and bathymetry data to populate the STWAVE domain was obtained 

from two sources, the 2015 USGS CoNED Topobathymetric Model (1888-2014) and the 

2017 USACE NCMP Topobathy Lidar DEM. The USGS CoNED model was resampled 

to a 10-m resolution and served as the base elevation data because of its 

comprehensive coverage of the entire model domain. Bathymetry and topography, 

including that of Mordecai Island, were then updated with the resampled 5-m USACE 

NCMP Lidar DEM. The STWAVE domain and inset of Mordecai Island, including 

savepoints along its western edge, is shown overlaid on aerial imagery in Figure 1.  

 

Figure 1. STWAVE domain and savepoints around Mordecai Island. 

Simulations were conducted using the full-plane mode of STWAVE to allow for wave 

generation and transformation in a 360-degree plane. The resolved spectra was 

represented by 54 frequency bands, ranging from 0.2 Hz (5.0 s) to 1.0 Hz (1.0 s), and 

72 angle bands, from an angle of 0 degrees to 355 degrees with respect to the x-axis. 

Frequency and angular resolution were 0.015 Hz and 5 degrees, respectively. Ten 

STWAVE savepoints were defined in order to provide estimates of zero-moment wave 

height (Hm0), peak period (Tp), and mean wave direction along the western side of 

Mordecai Islands. Note that STWAVE is a phase-averaged model and is not appropriate 

to simulate vessel wakes; one way to estimate the waves due to vessel traffic is using a 

phase-resolving model, such as FUNWAVE. 

Wind direction and speed were obtain from the NOAA Jacques Cousteau National 

Estuarine Research Reserve located 11.4 miles west of Mordecai Island (Station 

JACNCMET, 39° 32.1'N, 74° 27.8'W; retrieved 15 Oct 2018 from 

http://cdmo.baruch.sc.edu/). The record used consists of 15 minute wind speed and 
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direction from 1 Oct 2002 to 15 Oct 2018. Winds were subset by seasons for purposes 

of comparison, e.g. winter is December, January, and February. Wind roses showing 

the frequency of magnitude and direction associated with each season is provided in 

Figure 2.    

 

Figure 2. Seasonal wind frequency plots. 

Three major hurricane landfall events were also subset to determine major storm winds 

and estimate their wave generation. The selected storms were hurricanes Isabel, Irene, 

and Sandy with landfall dates of 13 Sept 2003, 27 Aug 2011, and 29 Oct 2012, 

respectively. The corresponding subset included the 24 hours pre- and post-landfall. A 

wind rose showing the wind conditions associated with these storms is provided in 

Figure 3. Based on their frequency of occurrence, the seasonal and storm wind 

conditions in Table 2 were selected for modeling.  

 

Figure 3. Wind rose of storm events. 
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Table 2. Modeled wind conditions. 

Event Condition Description Wind Speed (mph) Wind Direction (deg) 

Spring 
Average 4.5 220.0 

High 26.8 60.0 

Summer 
Average 4.5 230.0 

High 17.9 60.0 

Fall 
Average 4.5 230.0 

High 22.4 40.0 

Winter 
Average 6.7 270.0 

High 11.2 190.0 

Storm 
From West 22.4 290.0 

From Northeast 17.9 60.0 

 

The USACE Sea Level Change Curve Calculator (Version 2017.55) was used to 

determine a 100-year sea level rise (SLR) scenario for Mordecai Island based on the 

~100-year tide record at Atlantic City, NJ. An intermediate future sea level of 2.6 ft (0.8 

m) NAVD88 was used for the 100-year project condition (Figure 4). SLR was 

represented in the model by a static water level increase across the entire domain. 

 

Figure 4. Relative sea level change relative to NAVD88. 
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ANALYSIS: Plots of the zero-moment wave height for each of the modeled wind 

conditions is provided in Appendix A. The average wind conditions for the Spring, 

Summer, and Fall produced nearly calm wave conditions characterized by wave heights 

less than 0.2 ft in the vicinity of Mordecai. The peak wave periods throughout the 

domain were very short, less than 1.5 s, and were near or at the minimum frequency 

resolved by the model. The average wind condition for the Winter yielded slightly larger 

waves than the average winds for the Spring, Summer, and Fall because of the slightly 

higher wind magnitude and a wind direction more directed at the island. For the Winter 

average wind, waves just offshore of northern Mordecai were less than 0.5 ft with 

smaller wave heights along the south of Mordecai due to sheltering by the islands to its 

west. Again, wave periods are short, around 1.5 s. It is important to note that the wave 

energy in sheltered areas can be underestimated because wave diffraction is not 

included in STWAVE. 

The Spring high, Summer high, and Fall high are all wind conditions blowing out of the 

northeast. These northeastern winds grow the largest waves, ranging from 1.0 to 1.6 ft 

and periods up to 3.5 s, depending on the wind magnitude, in the southwestern bay due 

to the uninterrupted fetch. However, waves along the western edge of Mordecai Island 

are smaller due to the wind direction blowing away from the island and sheltering by 

island groups to its north. The wave heights offshore of Mordecai Island are less than 

0.7 ft with peak periods of less than 2.0 s. The Winter high wind condition produces 

smaller wave heights than the Spring, Summer, and Fall high wind conditions due to its 

smaller wind magnitude and direction out of the south; wave heights and peak periods 

in the vicinity of Mordecai Island are less than 0.3 ft and 1.5 s, respectively. 

The storm wind conditions generate a more energetic wave climate near Mordecai 

Island than the seasonal wind conditions. Whereas the storm wind condition from the 

northeast generates wave heights and peak periods of approximately 0.3 ft to 0.5 ft and 

1.5 s, respectively, the storm wind condition from the west grows waves along an 

uninterrupted fetch against the western coast of Mordecai Island. This condition results 

in the largest waves considering all the simulations with maximum wave heights of 

approximately 1.5 ft and peak periods of 2.0 to 2.5 s. 

The maximum zero-moment wave height, its corresponding peak period, and the 

savepoint at which it occurred for each modeled wind condition is provided in Table 3. 
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Table 3. Maximum zero-moment wave height (Hm0), associated peak period (Tp), and savepoint ID for 
modeled wind conditions. 

Event Condition Description Maximum Hm0 [ft] Tp [s] Savepoint ID 

Spring 
Average 0.16 1.1 3 

High 0.66 1.5 2 

Summer 
Average 0.16 1.2 3 

High 0.46 1.4 2 

Fall 
Average 0.16 1.2 3 

High 0.62 1.5 2 

Winter 
Average 0.36 1.4 2 

High 0.26 1.3 1 

Storm 
From West 1.12 2.0 7 

From Northeast 0.46 1.4 2 

 

These wind simulations were repeated with the 100-year SLR water level of 2.6 ft. No 

intervention to raise the elevation of Mordecai Island or the surrounding land was 

undertaken. As seen in Figure 5, this water level inundated a significant amount of the 

domain, including almost all of Mordecai Island.  

 

Figure 5. STWAVE domain (left) without and (right) with SLR water level adjustment. 
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Plots of the zero-moment wave height for each modeled wind condition with the 

constant SLR water level adjustment is provided in Appendix B. The largest differences 

in wave height between the two scenarios is associated with the seasonal high and 

storm wind conditions, and is generally found in areas that are now inundated due to 

SLR. However, offshore of and in the vicinity of Mordecai, the difference in wave height 

and peak period is small with the adjustment of SLR. Comparing Tables 3 and 4, the 

largest difference in wave height due to a static SLR water level adjustment is for the 

storm wind condition from the west, which was the highest wind magnitude and was 

oriented directly at Mordecai Island. Difference plots of wave height with and without 

SLR for each modeled condition are provided in Appendix C.  

Table 4. Maximum zero-moment wave height (Hm0), associated peak period (Tp), and savepoint 
ID for modeled wind conditions with SLR adjustment. 

Event 
[SLR] 

Condition Description Maximum Hm0 [ft] Tp [s] Savepoint ID 

Spring 
Average 0.20 1.3 2 

High 0.69 1.5 1 

Summer 
Average 0.20 1.3 2 

High 0.49 1.3 3 

Fall 
Average 0.20 1.3 2 

High 0.69 1.6 3 

Winter 
Average 0.39 1.5 2 

High 0.32 1.3 1 

Storm 
From West 1.38 2.2 4 

From Northeast 0.49 1.4 3 

 

In addition to the SLR scenario, a spring high tide simulation was considered. However, 

given that the tidal range is less than that of the added SLR, changes in the wave 

climate in the vicinity of Mordecai are expected to remain small and excluded the need 

for simulation. 

SUMMARY: The local wind-wave climate of Mordecai Island was estimated using the 

STWAVE nearshore model. The 10 selected wind conditions are representative of the 

area considering frequency based on meteorological data from the NOAA Jacques 

Cousteau National Estuarine Research Reserve. The wave energy in the vicinity of 

Mordecai Island is found to be small for the seasonal wind simulations due to low wind 

magnitudes and directions generally along the north-south axis of the bay (e.g., waves 

are travelling roughly parallel to or away from the island, sheltering from other island 
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groups). The wind magnitudes for the average seasonal conditions are low, under 7 

mph, and produce waves less than 0.4 ft with peak periods up to 1.5 s. The high wind 

condition blows out of the northeast for all of the seasons, except Winter. The maximum 

wave height for the Winter high condition is around 0.3 ft whereas it is about 0.7 ft for 

the Spring, Summer, and Fall high wind condition. The largest waves, those exceeding 

1.0 ft, are generated by the storm condition of 22.4 mph blowing directly at the island 

from the west over an uninterrupted fetch. Except for this storm wind condition, the 

addition of 100-year SLR water level adjustment did not significantly alter the wave 

energy in the vicinity of Mordecai Island. To that end, the land used to define the 

STWAVE domain became inundated under the SLR scenario and full fetch extents may 

no longer be captured by the model.  

Based on the small wave conditions estimated in this modeling effort, it seems unlikely 

that the severe erosion observed at Mordecai Island is solely due to wind-waves. Note 

that these results are extrapolated to erosion potential and no direct erosion analysis 

was undertaken. An assessment of vessel wakes is recommended as the contribution 

of transiting vessels to the wave energy impacting Mordecai Island may be significant 

given its close proximity to the NJIWW. 

REFERENCES:  

Massey, T.C., M.E. Anderson, J.M. Smith, J. Gomez, and R. Jones. 2011. STWAVE: 
Steady-state spectral wave model user’s manual for STWAVE, version 6.0. 
ERDC/CHL SR-11-1. U.S. Army Engineering Research and Development Center, 
Vicksburg, MS.  
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Appendix A 

 

Figure 6. Wave heights for Spring (left) average and (right) high wind conditions. Vectors indicate the mean wave direction. 
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Figure 7. Wave heights for Summer (left) average and (right) high wind conditions. Vectors indicate the mean wave direction. 



November 2018 

11 
 

 

 

 

Figure 8. Wave heights for Fall (left) average and (right) high wind conditions. Vectors indicate the mean wave direction. 
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Figure 9. Wave heights for Winter (left) average and (right) high wind conditions. Vectors indicate the mean wave direction. 
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Figure 10. Wave heights for Storm (left) from west and (right) northeast wind conditions. Vectors indicate the mean wave direction.
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Appendix B 

 

 

Figure 11. Wave heights for Spring (left) average and (right) high wind conditions with SLR. Vectors indicate the mean wave direction. 
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Figure 12. Wave heights for Summer (left) average and (right) high wind conditions with SLR. Vectors indicate the mean wave direction. 
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Figure 13. Wave heights for Fall (left) average and (right) high wind conditions with SLR. Vectors indicate the mean wave direction. 
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Figure 14. Wave heights for Winter (left) average and (right) high wind conditions with SLR. Vectors indicate the mean wave direction. 
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Figure 15. Wave heights for Storm (left) from west and (right) from northeast wind conditions with SLR. Vectors indicate the mean wave 
direction.
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Appendix C 

 

Figure 16. Difference in wave heights for Spring (left) average and (right) high with SLR adjustment. Warm colors indicate increases in wave 
height for the SLR simulations. 
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Figure 17. Difference in wave heights for Summer (left) average and (right) high with SLR adjustment. Warm colors indicate increases in wave 
height for the SLR simulations. 
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Figure 18. Difference in wave heights for Fall (left) average and (right) high with SLR adjustment. Warm colors indicate increases in wave height 
for the SLR simulations. 
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Figure 19. Difference in wave heights for Winter (left) average and (right) high with SLR adjustment. Warm colors indicate increases in wave 
height for the SLR simulations. 
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Figure 20. Difference in wave heights for Storm (left) from west and (right) from northeast with SLR adjustment. Warm colors indicate increases 
in wave height for the SLR simulations. 



ATTACHMENT A2-3 – WAVE RUNUP CALCULATIONS 



     

Runup from a 1.0 ft. High, 3 sec Period Wave 

Permeable Rubble Structure with no Core 

 

Automated Coastal Engineering System (ACES) used to calculate wave runup 

 

 

 

 



     

Runup from a 1.5 ft. High, 3 sec Period Wave 

Permeable Rubble Structure with no Core 

 

Automated Coastal Engineering System (ACES) used to calculate wave runup 

 

 

 

 



     

Runup from a 2.0 ft. High, 3 sec Period Wave 

Permeable Rubble Structure with no Core 

 

Automated Coastal Engineering System (ACES) used to calculate wave runup 

 

 

 

 



     

Runup from a 2.5 ft. High, 4 sec Period Wave 

Permeable Rubble Structure with no Core 

 

Automated Coastal Engineering System (ACES) used to calculate wave runup 

 

 

 

 



     

Runup from a 3.0 ft. High, 4 sec Period Wave (3 sec period waves are too steep) 

Permeable Rubble Structure with no Core 

 

Automated Coastal Engineering System (ACES) used to calculate wave runup 

 



ATTACHMENT A2-4 – BIOENGINEERED 
BREAKWATER TECHNICAL REPORT



Bioengineered Breakwater Technical Report

Bayou Caddy Shoreline Stabilization,
Bayou Caddy, Hancock County, Mississippi

W91278-15-D-0084 0001

Date 24 October 2016

Integris Projects, LLC
104 East Heritage Drive
Friendswood, TX 77546

The documents provided by Integris Projects disclose proprietary company information that is copyright
registered. Please hold these documents in confidence anddo not share themwith other organizations,
even if you do not charge a fee





SUBMITTAL COVER LETTER

PROJECT NO: W91278-16-D-0084 0001

Offeror: Integris Projects, LLC DATE: 24 OCT 2016
Bioengineered Breakwater Technical Report for Bayou Caddy Shoreline Stabilization,
Bayou Caddy, Hancock County, Mississippi

Summary: This Document (Cover Letter) is to notify the submission of Bioengineered
Breakwater Technical Report for Bayou Caddy Shoreline Stabilization, Bayou Caddy,
Hancock County, Mississippi

Details: The work under this contract consists of shoreline restoration work at Bayou Caddy
in Hancock county, Mississippi. The scope includes:

1. Construction of temporary access channel
2. Installation of Rubble Mound Breakwater
3. Installation of Bioengineered Wave attenuation devices (WAD)

The Contractor shall install approximately 1,000 linear feet of a rubble mound breakwater that
will tie into land at the southern end of the Bayou Caddy site. The rubble mound breakwater
will be trapezoidal in shape and will be built to a height of 4 feet NAVD88. The structure will
consist of approximately 1,500 cubic yards of ALDOT Class I stone as well as approximately
3,900 cubic yards of ALDOT Class V stone. Approximately 39,000 square feet of filter fabric
will be placed under the rubble mound breakwater along the entire length of the alignment. All
quantities mentioned above are approximate.
The Contractor shall also install five (5) separate sections of bioengineered breakwater
structures. The envelope for these sections to be placed in will be 300 feet in length, 30 feet in
width and a height not to exceed 1.5 feet NAVD88. The sections will have approximately 50
feet of spacing between them and will begin 50 feet from the end of the toe of the stone dike
structure.
The Contractor shall follow the alignments for both the rubble mound breakwater and the
bioengineered breakwater structures as indicated in the task order plans and specifications.

Offeror POC:

Danny Rackard
Project Manager
drackard@integrisprojects.com
713-920-7123 (w)
251-597-0849 (c)
Offeror Signature:







































Section A3 – Cost 

Table of Contents 
A3-1) Cost Estimates for Tentatively Selected Plan....................................................................... 3 

Cost Estimate Development ........................................................................................................ 3 

Estimate Structure ....................................................................................................................... 3 

Bid Competition .......................................................................................................................... 3 

Contract Acquisition Strategy ..................................................................................................... 3 

Labor Shortages........................................................................................................................... 4 

Labor Rates ................................................................................................................................. 4 

Materials ...................................................................................................................................... 4 

Quantities .................................................................................................................................... 4 

Equipment ................................................................................................................................... 5 

Rental Rates................................................................................................................................. 5 

Fuels ............................................................................................................................................ 5 

Crews ........................................................................................................................................... 5 

Unit Prices ................................................................................................................................... 6 

Relocation Costs .......................................................................................................................... 6 

Mobilization ................................................................................................................................ 6 

Field Office Overhead ................................................................................................................. 6 

Overhead Assumptions ............................................................................................................... 7 

Home Office Overhead ............................................................................................................... 7 

Taxes ........................................................................................................................................... 7 

Bond ............................................................................................................................................ 7 

Real Estate Costs ......................................................................................................................... 7 

Environmental Costs ................................................................................................................... 7 

Cultural Resources Costs ............................................................................................................ 8 

Pre-Construction Engineering and Design (PED) ....................................................................... 8 

Supervision and Administration (S&A) ...................................................................................... 8 

Contingencies .............................................................................................................................. 8 

Escalation .................................................................................................................................... 8 

Hazardous, Toxic and Radioactive Waste (HTRW) ................................................................... 9 

Schedule ...................................................................................................................................... 9 



Mordecai Island 

Cost 
2 

January 2022 

 

  

 

Cost Estimates ........................................................................................................................... 10 

Attachments ……………………………………………………………………………………11 

 

List of Tables 

Table A3-1: TSP – Construction Schedule ..................................................................................... 9 

Table A3-2: TSP – TSP – Rubble Mound .................................................................................... 10 

Table A3-3: TSP - Civil Works Breakdown Structure………………………….……………….11 

Table A3-4: TSP - Mordecai Island Mii Report……………………………………………....…12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Mordecai Island 

Cost 
3 

January 2022 

 

  

 

A3-1) Cost Estimates for Tentatively Selected Plan  
 

Cost Estimate Development 

The project cost estimate was developed in the MCACES MII cost estimating software and used 

the standard approaches for a feasibility estimate structure regarding labor, equipment, materials, 

crews, unit prices, quotes, sub-contractor markups and prime contractor markups.  This 

philosophy was taken wherever practical within the time constraints.  It was supplemented with 

estimating information from other sources where necessary such as from quotes, bid data, and 

Architect-Engineer (A-E) estimates. It is to be noted that after development of Abbreviated Risk 

Analysis (ARA), the costs within the Tentatively Selected Plan were further refined so some 

minor inconsistencies between the Cost Section and the rest of the Engineering Technical 

Appendix may be present.  

 

Cost estimates for the Tentatively Selected Plan were developed at a Class 3 level of effort 

utilizing largely parametric unit prices from sources such as historical Government and 

Commercial bid data, A-E cost estimates available from design reports, the 2021 Gordian/RS 

Means Cost Data Books and other available historical cost data sources. For developing costs for 

the rubble mound construction, the standard approaches for developing a feasibility cost 

regarding cost elements such as labor, equipment, materials, crews, unit prices, subcontractor 

and prime contractor markups were used.  

 

The intent of the cost estimate was to provide or convey a “fair and reasonable” estimate and 

where cost detail was provided, it depicted the local market conditions. The construction work is 

common to the Atlantic Coast region.  The construction site is only accessible from water; 

however, staging area site access is easily provided through various local roads in Beach Haven, 

New Jersey. Water access is available through the New Jersey Intracoastal Waterway (NJIWW).   
 

Estimate Structure 

The estimate has been subdivided by feature and contains U.S. Army Corps of Engineers 

(USACE) feature Work Breakdown Structure (WBS) codes.  Each WBS cost is subdivided into 

base cost, contingency and total cost. 
 

Bid Competition 

It is assumed there will not be an economically-saturated market, and that bidding competition 

will be present.   
 

Contract Acquisition Strategy 

There is no declared contract acquisition plan/type at this time.  It is assumed that the contract 

acquisition strategy will be similar to past projects. The assumption is that there will be some 
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negotiated contracts with a focus and preference for small business/8(a) along with some large, 

unrestricted design-bid-build contracts. 

 

Labor Shortages 

It is assumed there will be a normal labor market pulled from the New Jersey area. 

 

Labor Rates 

Labor rates were developed comparing Region 1 labor market wages with the local Davis-Bacon 

Wage Determination, using whichever was determined greater. Regional wage information was 

formulated from data gathered from approximately 5 different USACE, Philadelphia District 

(CENAP) construction projects in the Greater Philadelphia region and is assumed to be a fair 

representation of wage rates for the Beach Haven area. 
 

Materials 

Detailed cost estimates were developed for the major construction items such as rip rap and 

geotextile material. Material quotes were obtained in the development of this estimate and are 

assumed to remain consistent throughout the project. It is assumed that materials will be 

purchased as part of the construction contract and prices include delivery of materials. 

 

Cost quotes are used on major construction items when available (such as the associated costs 

used for pump stations and vehicular and pedestrian roller and swing gates). Material price 

quotes were taken from previous jobs or from other historical data.  

 

All riprap material is assumed to be contractor furnished.  Specific sources for riprap material 

have been identified, yet are located a considerable distance away from the project site. Since the 

project location is in New Jersey, quarries that carry the required quantity and riprap size were 

unavailable. As such, quarries in Pennsylvania and Maryland were considered and material 

quotes from suppliers were received. Various methods of material delivery were quoted, such as 

marine delivery and truck delivery.  The PDT assumed that truck delivery would be optimal and 

the material supplier quoted truck rental rates for delivery of materials to the staging area.   
 

Quantities 

Quantities for rubble mound and geotextile material were provided by CENAP Civil Section. 

Quantities for planting were provided by CENAP Environmental Section.  

 

The PDT decided that for the Tentatively Selected Plan a comprehensive quantity of the 

alignment would be provided. The rubble mound elevation remains consistent throughout the 

project length, independent of location. The preliminary assumptions are that the rubble mound 

has a 3 ft wide crown and side slopes of 1V:2H. The existing elevations were obtained from the 

2017 LIDAR raster dataset in addition to the 2017 bathymetry dataset.  Since the rubble mound 

design elevation for the TSP was fixed, the designer calculated the area per station and 
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multiplied it by the length. Quantities for rubble mound construction were developed by the civil 

designer and are provided in Section A2 – Civil Design. Cost engineering completed a review 

and verified the provided quantities. The Project Delivery Team (PDT) also noted that the 

quantities within the TSP design have considerations for rubble mound settlement and global 

subsidence to comply with the latest design criteria.  Additionally, a Staging area was scoped and 

provided along with potential access points. The design parameters and quantities for the rubble 

mound were provided by the civil designer to meet the required design elevations for the rubble 

mound and costs were developed to represent each feature within the TSP. 
 

Equipment 

Rates used are based on the latest USACE EP-1110-1-8, Region I.  Adjustments are made for 

fuel and facility capital cost of money (FCCM).  Full FCCM/Cost of Money rate is the latest 

available.  The MII program takes the EP-recommended discount, but no other adjustments have 

been made to the FCCM. Equipment was chosen based on historical knowledge of similar 

projects 

 

Rental Rates 

Judicious use of owned verses rented rates was considered based on typical contractor usage and 

local equipment availability.  Where rental of equipment is typical, rental rates were applied (i.e. 

for Tugboat, marine barges, etc.).    
 

Fuels 

Fuels (e.g., gasoline and diesel fuel) for rental equipment were based on local market averages 

for the New Jersey area. The fuel rates were reviewed over a period of time and a composite, 

conservative cost was used. Due to the volatility of fuel and significant potential escalation of 

fuel rate, conservative costs were used in the estimates.  
 

Crews 

Major crew and productivity rates were developed and studied by senior USACE estimators 

familiar with the type of work.  The work is typical to the New Jersey area and is well 

understood by CENAP cost engineers.  The crews and productivity rates were checked by local 

CENAP estimators and comparisons with historical cost data were referenced. Crews and 

productivity rates were adjusted as necessary based upon those findings to reflect reasonable 

crew sizes and production rates.  Major crews are used for placement of riprap and geotextile in 

marine conditions.  

 

A 10% markup on labor for weather delay and marine conditions was selectively applied to the 

labor in major riprap placing detail items, and associated items that would be affected by the 

weather, creating unsafe or difficult conditions to operate (e.g., trying to place riprap with 

significant marine traffic in the channel) or would be detrimental/non-compliant to the work 
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being performed (such as trying to place material in heavy seas).  The 10% markup was to cover 

the common practice of paying for labor “showing up” to the job site and then being sent home 

due to minor weather conditions, which is part of known average weather impacts as reflected 

within the standard contract specifications.   

 

Most crew work hours are assumed to be 8 hours, 5 days/week, which is typical for the project 

area.   

 

Unit Prices 

The unit prices were kept to a minimum since further refining of the TSP, which allowed for 

development of cost items. Recent pricing data and cost estimate was reviewed and compared to 

historical data to ensure that all costs were within reason.  Historical unit price variance versus 

the fully developed costs are a result of differing haul distances (by truck or barge), small or 

large business markups, subcontracted items, designs, and estimates by others.   

 

Relocation Costs 

Relocation costs are defined as the relocation of public roads, bridges, railroads and utilities 

required for project purposes.  In cases where potential significant impacts were known, 

relocation costs were included within the cost estimate. Information from the Relocations 

Designer showed no relocations of public roads, bridges or railroads were required in the TSP, 

however, it contains relocations of public utilities. The Relocations Designer did provide all 

utilities to be relocated for the TSP (i.e. pipe - ownership, diameter, material, product, location) 

and these are shown in the Engineering Appendix. Cost was developed using historical cost data 

and the 2021 Heavy Construction Gordian/RS Means Data Book.  Relocation costs were placed 

in Work Breakdown Structure WBS-02 Relocations. 

 

Mobilization 

Contractor mobilization and demobilization are based on the assumption that most of the 

contractors will be coming from within the New Jersey area.  Mobilization and Demobilization 

costs are based upon historical studies and detailed Government estimates with relevant 

historical cost pricing data, which are typically in the range of 5-10% of the construction costs.   

With undefined acquisition strategies and assumed individual project limits, the estimates 

developed detailed Mobilization and Demobilization costs, which is approximately 8% value of 

Cost to Prime for the Tentatively Selected Plans.  

 

Field Office Overhead 

The estimated percentages for Field Office Overhead were based upon estimating and 

negotiation experience, and consultation with local construction representatives. The estimates 

used a field office overhead rate based on the average of relevant jobs with a similar scope and 

magnitude. Different percentages are used when considering the scope of work for each feature.  

However, when reviewing historical cost pricing data, a range of 10 -25% is typically used. The 

field office overhead rate of 12% was used for the prime contractors, which was based on 

historical projects. A field office overhead rate of 5% was used for subcontractors.  
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Overhead Assumptions 

Overhead assumptions may include costs for the superintendent, the office manager, pickup 

trucks, periodic travel costs, communications, temporary offices (contractor and Government), 

office furniture, office supplies, computers and software, as-built drawings and minor designs, 

tool trailers, staging setup, camp/facility/kitchen maintenance and utilities, utility service, toilets, 

safety equipment, security and fencing, small hand and power tools, project signs, traffic control, 

surveys, temporary fuel tank station, generators, compressors, lighting and minor miscellaneous 

items.   

 

Home Office Overhead 

The estimated percentages vary based upon consideration of 8(a), small business and unrestricted 

prime contractors. The rates were based upon estimating and negotiating experience, and 

consultation with local construction representatives.  Different percentages are used when 

considering the contract acquisition strategy regarding small business 8(a), competitive small 

business and large business, high to low, respectively.  For Home Office Overhead a percentage 

of 10% was assumed for the prime contractor while a percentage of 12% was applied to a 

subcontractor.  

 

Taxes 

Local taxes on supplies and materials needed for construction would be applied based on the 

county that contains the work. Reference the tax rate website for New Jersey:  

http://www.salestaxstates.com. The contracts are located in Beach Haven, New Jersey and the 

tax rate is 6.625%. As such, the tax rate used for this project  is 6.625%. 

 

Bond 

The Bond interest rate was assumed to be 2%, applied against the prime contractor, assuming 

large contracts.   

 

Real Estate Costs 

Real Estate (RE) costs were developed and provided by the Realty Specialist and placed in 

WBS-01 Lands and Damages.  The RE cost for each alternative includes land costs, acquisition 

costs, and 25% for contingencies.  

 

Environmental Costs 

Environmental costs were discussed within the PDT and it was determined that the project does 

not anticipate any additional Environmental cost outside of first construction costs since the 

intent of the project is to restore environmental conditions. The PDT anticipated that no 

additional known or identified environmental costs will be present on restoration of Mordecai 

Island.   

 

 

http://www.salestaxstates.com/
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Cultural Resources Costs 

Cultural Resources (CR) costs were discussed within the PDT and it was determined that the 

project does not anticipate any Cultural Resources costs. It is estimated that Phase I & II Cultural 

Surveys and mitigation of resources will not be required. The PDT anticipated that no known or 

identified cultural resource sites will be present on Mordecai Island.  At this time there is no 

reason to believe additional Cultural Resource sites will be found, therefore, the estimates do not 

include costs for any potential Culture Resources.   

 

Pre-Construction Engineering and Design (PED) 

The PED cost included such costs as USACE project management, engineering, planning, 

designs, investigations, studies, reviews, value engineering (VE) and engineering during 

construction.  Historically, a rate of approximately 12% for Engineering and Design (E&D) 

portion, plus small percentages for other support functions, is applied against the estimated 

construction costs.  Other USACE civil works districts have reported values ranging from 10% 

to 20% for E&D.  Additional support functions might include project management, engineering, 

planning, designs, investigations, studies, reviews and VE.  The percentage was calculated using 

PDT input and costs provided from all disciplines using their respective historical costs for this 

phase.  A PED rate of 20.2% was applied for this project.  
 

Supervision and Administration (S&A) 

Historically, a range from 5% to 15%, depending on project size and type, has been applied 

against the estimated construction costs.  Other USACE civil works districts report values 

ranging from 7.5% to 10%.  Consideration is given that a portion of the Supervision and 

Administration (S&A) effort could be performed by contractors.   An S&A rate of 8.3% was 

applied for this project.   

 

Contingencies  

Contingencies for the Tentatively Selected Plan were developed using the USACE Abbreviated 

Cost Risk Analysis (ARA) program.  An ARA is a qualitative approach used by the PDT to 

address key risk concerns for major features of work and their impact to cost and schedule 

drivers such as Project Scope Growth, Acquisition Strategy, Construction Elements, Quantities, 

Specialty Fabrication or Equipment, Cost Estimate Assumptions and External Project Risks.  The 

development of the ARA resulted in a composite risk contingency of 25.85%, considering all 

factors of the project. It should be noted Real Estate, PED and S&A costs were not included in 

formulating the composite risk contingency; however, the overall total project contingency that 

was developed in the ARA by the PDT was applied to the PED and S&A costs.    

 

Escalation 

The escalation for the structural items taken from the historical cost pricing data were based 

upon the latest version of the USACE Engineering Manual (EM) 1110-2-1304, “Civil Works 

Construction Cost Index System (CWCCIS)”.   
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Hazardous, Toxic and Radioactive Waste (HTRW) 

Phase 1 surveys have not been performed, but preliminary investigation by the Biologist 

indicates no issues were found along the proposed final alignments. The risk of finding HTRW 

on the mostly environmental island and surrounding residential areas that are along the 

alignment is low.  At this time there is no reason to believe HTRW will be found, therefore, the 

estimates do not include costs for any potential HTRW.   

 

Schedule 

The project schedule for the Tentatively Selected Plan was developed based on the construction 

features of work. Plan Formulation/Project Management for the Mordecai Island Ecosystem 

Restoration study have directed that construction of Phase I of the system be assumed to begin in 

May of 2024 with a completed ecosystem restoration system in place by 2026.  It is anticipated 

that there are 2 separate phases of the project, which include the construction of the rubble 

mound and installation of plants. There is a one year allotment for placement of dredged 

material. The placement of dredged material is not covered in this study, but the one year 

window was included in the schedule. The dredging is anticipated to be covered under 

Operations Division. The expected construction period for Phase I and Phase II is 8 months total. 

For the purposes of this study, the design is to begin in 2023 and is assumed to be complete in 

2024. Construction of the Phase I Rubble Mound will commence in May of 2024 with an 

estimated completion in September of 2024. Maintenance Dredging for Operations Division is to 

commence and it is anticipated to be completed in January of 2026, or one full dredge cycle.  

Phase II Planting will commence in March of 2026 and is expected to be complete in April of 

2026. Table A3-1 below represents the anticipated construction schedule for Mordecai Island 

Ecosystem Restoration.  
Table A3-1: TSP – Construction Schedule 

Mordecai Island Ecosystem Restoration Construction Schedule 
 

PHASE 1 PROJECT START:  5/1/2024     

Display Week: 1     

      

Phase 1      

Task Duration - Work Days Start Date End Date    

           

Submittals and Site Prep 30 days 5/1/2024 5/31/2024    

Mobilization  3 days 6/1/2024 6/5/2024    

Development of Work Plan 5 days 6/6/2024 6/12/2024    

Relocate Power Pole for Staging Area 3 days 6/13/2024 6/17/2024    

Load Buoys and Lights onto Barge  days 6/17/2024 6/17/2024    

Placement of Navigational Signs and Buoys  1 days 6/17/2024 6/18/2024    

Load Geotextile from Staging Area onto Barge 9 days 6/19/2024 7/1/2024    

Placement of Geotextile Material 9 days 7/1/2024 7/14/2024    

Load R6 Riprap onto Barge 24 days 7/14/2024 8/15/2024    
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Placement of R6 Riprap Rubble Mound 24 days 8/15/2024 9/16/2024    

Removal of Navigational Signs and Buoys 1 days 9/16/2024 9/17/2024    

Demobilization 2 days 9/17/2024 9/19/2024    

Weather Days and Holidays 6 days 9/19/2024 9/29/2024    

 

Phase 2 (To Be Completed after Maintenance Dredging, estimated contract length for 

Maintenance Dredging is 365 Days) 

PHASE 2 PROJECT START: 3/1/2026     

Display Week: 2     

      

Phase 2      

Task Duration Start Date End Date    

           

Mobilization of Planting Crew 2 days 3/2/2026 3/4/2026    

Load and Transfer Plants to Island 2 days 3/5/2026 3/8/2026    

Planting Spartina Patens 22 days 3/9/2026 4/8/2026    

Planting Alterniflora 7 days 4/8/2026 4/19/2026    

Demobilization of Planting Crew 1 days 4/19/2026 4/20/2026    

Weather Days and Holidays 3 days 4/20/2026 4/23/2026    

Assumptions      

*Assume that all work is to be completed sequentially and all tasks are finish to start. 

  

  

Cost Estimates 

Tables A3-2 show the project first cost for the Tentatively Selected Plan.  All costs are at December 

2021 price levels.     

 
Table A3-2: TSP – TSP – Rubble Mound 

Feature Cost  Contingency  Total 

01 Lands and Damages $54,000 $14,000 $68,000 

02 Relocations $15,000 $3,000 $18,000 

06 Fish and Wildlife Facilities $987,000 $188,000 $1,175,000 

10 Breakwaters and Seawalls $3,339,000 $931,000 $4,270,000 

30 Planning, Engineering & Design  $885,000 $229,000 $1,114,000 

31 Construction Management $563,000 $146,000 $709,000 

TOTAL $5,843,000 $1,510,000 $7,354,000 

 

The total baseline project cost for the comprehensive Tentatively Selected Plan is $7,354,000.   
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Attachments 

Table A3-3: TSP – Civil Works Breakdown Structure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table A3-4: Mordecai Island Mii Report 
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