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Al-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 Al-1.
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Al-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 Al-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 (WIrl) 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 (WIrl) 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 (WIr3) 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.
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Al-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 Ib. 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.
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Al-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 Al1-2, 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.

Al-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
Al-1.

Table Al1-1: Summary of Stratigraphic Unit Properties

Average Minimum Maximum
Strata Depth (ft.) Uncorrected Uncorrected Uncorrected
' N-value(bpf) N-Value (bpf) | N-Value (bpf)
Silty Sand 0-14 7 3 20
Fat Clay/Silty Clay 14-22 3 WOH* 5
Peat
. . 22-25.5 WOH* WOH* 4
(only considered in MIB-2)
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 Al-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 'ng;?ilovg:d Compression Recompression Pre-ConsoJidation
: Index C. Index, C, Stress, 6’ (tsf)
MIB-1 2.07 0.661 0.0914 0.87
MIB-2 1.24 0.330 0.0266 0.75
MIB-3 121 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. NAV D88, 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
5to 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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Al-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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Al-8) ATTACHMENTS:

Attachment Al-1: Boring Logs
Attachment Al1-2: Subsurface Soil Profile
Attachment Al1-3: Settlement Calculations

Attachment Al-4: Geotechnical Laboratory Testing, Mordecai Island, Beach Heaven New
Jersey, dated January 06, 2006, Schnabel Engineering, Inc.
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ATTACHMENT A1-1: BORING LOGS
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ATTACHMENT A1-2: SUBSURFACE SOIL
PROFILE
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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 Ysand *= 105 pc.f Yw= 62.4 pc.f
Navg::5 Yrock *= 105 pCf
E:=80 H, =76 ft
E
Nl GO:ZNG/UQ._:7 H,w::2-93 ft
- 60
C':=43

C': bearing capacity index NHI-06-088

Settlement Equation:

HS(ZTL . . -
olyi= 2. (Ysand—Yw) =332.3 psf  effective stress at the midpoint of the sand layer

2
Aa’f::7rock . <Hemb_Hw> + <7rock:_7w> .Hw: 615.2 pSf

Settlement in the sand:

o'yt Ad’y

AH=H,, - [—]|-1og[ 222271 | =2 in
C’ o,



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 N1, 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:

AH=H(%)log10p°—zAp 7-1
where: AH =  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.
Ap =  distributed embankment pressure (psf) at center of the subdivided layer

being considered

Note that the term p, + Ap represents the final pressure applied to the foundation subsoil, ps.

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
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computing immediate settlements of embankments (AASHTO, 2004 with 2006 Interims;

modified after Hough, 1959).
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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

Lab_Qtaanp.aJ:am.eIﬂs_Qb_tam.ed_fLmn_B_omm

:=0.87 to—?:1740 l—b2
ft ft

(initial water content)

(pre-consolidation stress)

w:=0.391

Ym1:=55.1 pef+(1+w)=76.6 pcf (moist unit weight)
C.,:=0.661 (Compression Index)
C,1:=0.0914 (Recompression Index)

€,1:=2.07 (Initial void ratio)

Rubble Mound (rm) Parameters:
Yroek :=105 pef  (Unit weight of rm)

Yw:=62.4 pcf  (Unit weight of water)

Ysand *=Vrock

EL;,,=3.6 ft  (top of rm embankment el.)
EL,,,:=—4.0 ft (bot. of rm embankment el.)
H,,,:=EL,,—EL,,,=7.6 ft

(height of rm embankment)
EL,,,w=-1.07 ft (top of rm embankment water el.)

(height of water in embankment)

Calculate the average effective stress of the rubble mound

qo*="rock* <H7‘m = Hw> + <77°05k - 7“’) -H,=615.2 ps'f

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.

, 1
Ac's= = (Aa'top +4 Ao,,q+ Ao bottom>

I,,, = Influence_factor_Aac,,

B2 = 15-6 ft

Bl B2

_:0.1 —_—= 1.2 Itopl 320.44:
th th

I =Influence_factor_Ac,,,
Fig.5.11 :Das, Principles of Engineering

I,,..a=Influence_factor_Aac,,;,

B2 = 15.6 ft Bl = 1-5 ft
13.5

Zyi=132 ft 4= ft=20 ft
B B
0.1 2 =08
Zm Z1m I,ia1=0.38



Ly p11om = Influence_factor_Acy,iiom

B2 = 15.6 ft Bl = 1-5 ft
Zy,:=13.2 ft+13.5 ft=26.7 ft

Bl B2
Po o
Zy Zy

ATy =0q,* <Itop1 . 2> =541.3 psf
AT iq= o (Imiar + 2) =467.5 psf
Ao—bottom =4, <Ibottom1 * 2> =406 psf

.1
Ac'yy = 5 (AT +4 ATy piq+ ATpotiom) =469.6 psf

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

H,,.:=13.2 ft H,,,=13.5 ft
, Hclay
0= <’7sand_7w> *Hng+ <7m1 _7w> ° =658.5 psf
The settlement is calculated as normally consolidated cla

C.-H, o', + Ao’
SCMIB_l — cl clay . IOg ( o : f1

=8.21n
1+e,

o



Laborat rameters obtained from Boring MIB-2

o'.:=0.75 o _ 1500 l—b2 pre-consolidation stress

ft’ ft w:=0.44
C:=0.330 C,5:=0.0266 e,,:=1.24 ~,,,:=76.5 pcf-(1+w)=110.2 pcf

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

Ad’y =% <A0'top+ 4 Ao,g+ Aa-bottom> I =Influence_factor_Aacy,,
Fig.5.11 :Das, Principles of Engineering

I,,, = Influence_factor_Aac,, L,,;a=Influence_factor_Ao,,;,
B,,,:=15.6 ft B;:=1.5 ft

Z1mi=15.6 ft+— ft=19.85 ft
B, By, 2
—:0.1 _— 1 It0p2 ::0.42 B
Zyt Zut L —0.1 M 079 [ Lge=0.38
Zlm im
Ly oitom = Influence_factor_Aocy,iiom
B,,:=15.6 ft B,:=1.5 ft
Z,=15.6 ft+8.5 ft=24.1 ft
B B
—1:0.1 —Zb:0.6 Ibottom2 :=0.33
Zyy Zyp

Ao'top2 =g, <Itop2 ° 2> =516.7 pSf
A0 pian = do* (Imigz * 2) =467.5 psf

m
Ao-bottom2 =(q,e <Ib0ttom2 * 2> =406 psf

, 1
Ac'py:= 6 <A0' top2 T4 AT piga+ Ao, bottom2> =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

H clay2

=867.5 psf

0'pi= <7sand - 7w> *Hngo+ <’Ym2 = 7w> 1

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

CCQ ° HclayZ log 0-/0 + AOJfZ
1+e, !

SCMIB—2 = J =2.8 in

o



Laborat rameters obtain
o'.:=1.2 to—?:2400 l—b2 pre-consolidation stress
ft ft wi=0.44

Ymsi=T76.5 pef+(1+w)=110.2 pef

C.3:=0.351 C,3:=0.0365 e, ;:=1.21

from Boring MIB-

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

, 1
Ac'y= = <Aa'top +4 Ao+ Ao, bottom>

I,,, = Influence_factor_Aac,,

By:=15.6 ft B;=1.5 ft Zy=15.1 ft
B B

—L_01 2= T,0p3=0.42
th th

Lyottom = Influence_factor_Aocy,iiom

By,:=15.6 ft B,:=1.5 ft

Z,:=15.6 ft+13.5 ft=29.1 ft

B B
Zlb Zlb
Ao-top?, =(q, <It0p3 * 2> =516.7 psf

A nid3i=qo* <Imid3 . 2> =440.5 psf

Ao—bottom?) =4, <Ib0ttom3 ° 2> =362.9 psf

, 1
Ac'yzi= 6 <A0' top3 +4 AT gz + Ao, bottom3> =440.3 psf

I =Influence_factor_Ac,,,
Fig.5.11 :Das, Principles of Engineering

I,,..a=Influence_factor_Ac,,;,

B,,,:=15.6 ft B,:=1.5 ft
13.5

Z,n:=15.6 ft+Tft:22.35 ft
Bl B2m
=0.1 =0.7  I,,;43:=0.358
Zlm Zlm

0.5  Iyprioms=0.295



Calculating the effective stress at the midpoint of the clay layer for MIB-3:
HsandS:: 15.1 .ft Hclay3 :=13.5 ft

H, clay3

=965.6 psf

0'pi= <7sand - 7w> *Hngs+ (’Ym2 = 7w> ¥

05+ Ad'y

CC3 ° HclayS 1o

Servrp_3 =
1+e,

):4.2 n

o



5.6 Stress Increase under an Embankment 237

3

LI I A B

[ Figure 5.11 Influence value /I’ for

. embankment loading (After Osterberg,
1957) (Osterberg, J. O. (1957). “Influence
Values for Vertical Stresses in Semi-Infinite
Mass Due to Embankment Loading,”
Proceedings, Fourth International

Conference on Soil Mechanics and
10 Foundation Engineering, London, Vol. 1.
pp- 393-396. With permission from ASCE.)

For a detailed derivation of Eq. (5.20), see Das (2008). A simplified form of the
equation is

Ao = g,I' (5.23)

where I’ = a function of B,/z and B,/z.
The variation of /" with B,/z and B,/z is shown in Figure 5.11. An application of
this diagram is given in Example 5.3.

Example 5.3

An embankment is shown in Figure 5.12a. Determine the stress increase under the
embankment at points A, and A,.

Solution
We have

yH = (17.5)(7) = 122.5 kN/m?



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%

T 20848  H,=685ft C,=13 ' From MIB-1 Lab data
Tvl'Hd12 7

C’Ul
tgg 1=3.061 yr

tgg 1=

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

2
T,5:=0.848 Hyy:=4.25 ft  C =42 It From MIB-2 Lab data
yr
¢ L TUQ'Hd22
902~
Cv2

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

2
T,3:=0.848 H,3:=6.75 ft  C,3:=245 It From MIB-3 Lab data
yr
¢ L Tv3'Hd32
903~~~
Cv3



MIB-1 - Secondary Settlement
w:=38 w=final moisture content

c/,:=0.0001-w
c,=0.004
Find secondary consolidation after 5 years after end of primary consolidation

t,:=3.06 yr
ty:=5 yr

H_:=13.7 ft Height of clay layer in MIB-1

ty

Scs_la::c/Oz'Hc'log( ):0133 m

1

Find secondary consolidation after 10 years after end of primary consolidation

t1,:=3.06 yr
ty,:=10 yr=10 yr

t2a

Scs_lb::C,a'Hc'log( ):0321 m

la

Find secondary consolidation after 20 years after end of primary consolidation

ty,:=3.06 yr
tyy =20 yr=20 yr

’ t2b .
Scs_lc::Ca'Hc'log —|=0.509 =n

1b



MIB-2 - Secondary Settlement
w:=26.8 w=final moisture content

c/,:=0.0001-w
¢/, =0.003
Find secondary consolidation after 5 years after end of primary consolidation

ty:=5 yr

H_:=8.5 ft Height of clay layer in MIB-2

ty

Scs_2a::c/a'Hc'log( ):0311 m

1

Find secondary consolidation after 10 years after end of primary consolidation

t;=0.365 yr
to,:=10 yr

L

Scs_2b::C,a'Hc'10g( ):0393 m

1

Find secondary consolidation after 20 years after end of primary consolidation

t;=0.365 yr
ty.:=20 yr

t2¢:

Scs_2c::C,a'Hc'10g( ):0475 m

1



MIB-3 - Secondary Settlement
w:=30 w=final moisture content

c/,:=0.0001-w
¢/, =0.003
Find secondary consolidation after 5 years after end of primary consolidation

ty:=t,+5 yr=>5.158 yr

H_:=13.5 ft Height of clay layer in MIB-3

ty

Scs_?)a::c/oz'Hc'log( ):0736 m

1

Find secondary consolidation after 10 years after end of primary consolidation

t;=0.158 yr
tyy:=t;+10 yr=10.158 yr

L

Scs_3b::C,a'Hc'10g( ):0879 m

1

Find secondary consolidation after 20 years after end of primary consolidation

t;=0.158 yr
ty.:=t; +20 yr=20.158 yr

t2¢:

Scs_?)c::C,a'Hc'lOg( ):1024 m

1
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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 1** 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 1** 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.

e No. of Tests No. of Tests
Test Description Completed Proposed Remarks
Natural Moisture Content and
Unit Weight 4 15 Notes 1 & 2
Consolidation 3 3 Note 3
Time Compression Tests 12+9 12+9
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.

Project 04151127.07 / March 9, 2006 Page 1 Schnabel Engineering, Inc.



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 (P,', C,, C.) 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 (Ae) divided by the initial
void ratio (e,). 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:

e MIB-1,20t0 22 ft=10.11

e MIB-2,24t025.5t=0.13

e 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:
e 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.

Project 04151127.07 / March 9, 2006 Page 2 Schnabel Engineering, Inc.



APPENDIX A

Jar Sample Test Results
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U.S. SIEVE OPENING IN INCHES [ U.S. SIEVE NUMBERS I HYDROMETER
& 45 Zag dap R B B8 10 1416 5 30 4o 50 gy 100,200
100 T TTTTT T ﬁ ii RN
; L S ?
95 : ¢ K\@\ i
%0 ; \*\ ;
85 : 2
80
. I
s 65 \
(:5 : :
2 &0 z ;
= : \ :
> 55 : :
m : :
& 0 5 \ 5
£ 2 |k ;
= 45 . 4
Z ;
x 40 \h ;
Lt 3
o 2
35 * K :
. I
25 ;\
20 \
15 l i
10 uF
kg
. :
0 : ;
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES . SILT OR CLAY
coarse I fine coarse [ medium | fine
Specimen Classification LL | PL PI Cc Cu
® MIB-2 12.0ft SILT WITH SAND, trace gravel, contains seashells - gray (ML)
IX| MIB-2 38.0ft SILTY SAND, contains mica and gravel - gray (ML)
A| MIB-2 48.0ft | POORLY GRADED SAND WITH SILT, contains mica and gravel - brown (SP-SM) 1.27 | 2.63
*| MIB-3 28.0ft SILTY SAND , contains mica - gray brown (SM)
gl®| MIB-3  44.0ft SILT, trace sand, contains mica - gray (MH)
§ Specimen D100 D60 D30 D10 %Gravel | %Sand %Silt %Clay
§ @® MIB-2 12.0ft 25 4.9 16.3 78.8
L:z'é X| MIB-2 38.0ft 9.5 0.543 0.127 0.1 79.8 20.1
§k MIB-2  48.0ft 19 0.339 0.236 0.129 0.8 91.0 8.3
gl* MIB-3 28.0 ft 4.75 0.298 0.177 0.0 84.8 15.2
SlO| MIB3 4401t 475 0.0 13.9 86.1
5 GRADATION CURVES
: Project: MORDECAI ISLAND
/chnabel
g
N Schnabel Engineering Contract:  04151127.07




U.S. SIEVE OPENING IN INCHES | U.S. SIEVE NUMBERS | HYDROMETER
6 43 245 1 1250 3 6 10 1416 5 30 45 50 g 100,200
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T | |
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> 55 5 ;
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T :
E 45 :
Z :
3)
» \ I
w 2
a 2
35 :
30 \
25 &
20
15
&J .
10 S
ko
. ;
o £ e : |
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES - SILT OR CLAY
coarse ' fine coarse | medium I fine
Specimen Classification LL | PL PI Cc | Cu
®| MIB-1 10.0ft SILTY SAND, trace rock fragments, contains mica - gray (SM)
IX| MIB-1 24.0ft SILTY SAND, contains rock fragments and mica - gray-brown (SM)
A MIB-1 26.0ft SILTY SAND, trace mica - gray-brown (SM)
| MIB-1 34.0ft SILTY SAND, trace gravel, contains mica - gray (SM)
®| MIB-1  46.0 ft | WELL GRADED SAND WITH SILT, trace rock fragments - gray (SW-SM) 1.52 | 10.17
I Specimen D100 D60 D30 D10 %Gravel | %Sand %Silt %Clay
@ MIB-1 10.0ft 19 0.104 4.0 55.9 40.2
X| MIB-1 24.0ft 19 0.219 0.8 57.7 41.5
IA MIB-1  26.0 ft 4.75 0.282 0.145 0.0 86.4 13.6
I* MIB-1 34.0ft 19 0.152 0.082 6.6 67.5 259
®| MIB-1 46.0 ft 9.5 1.227 0.475 0.121 10.3 82.1 75

US GRAIN SiZE 0415112707.GPJ SCHNABEL.GDT 3/9/06

GRADATION CURVES
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APPENDIX B

Shelby Tube Test Results
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Log Pressure (tsf)

0.1 1 10 100
2.00 )
1.90
()
1.80 -
1.70 z
1.60
@ 150
=]
-
g2 1.40
=
s
> 130
1.20 -
1.10
1.00 H
0.90 & ~
0.80
Probable Preconsolidation Pressure (Pp), tsf: 0.87 Recompression Index (Cr): 0.0914
Type of Specimen: Tube Sample Compression Index (Cc): 0.661
Description: FAT CLAY (CH), trace sand, contains mica - Initial Final
gray Water Content, % 39.1 38.0
LL: 65 PI: 36 Gs: 2.71 I P, (tsf): 0.50 Void Ratio 2.07 1.01
% < No. 200: NA Test Method: ASTM D2435 Method A Saturation, % 51 100
Test Condition: Inundated @ 0.05 tsf Dry Unit Weight, pcf 55.1 84.2
Remarks: Project: Mordecai Island

Geotechnical Laboratory Testing

Location: Beach Haven, NJ
Boring: MIB-1 Sample No.: 1-2
/ Depth: 20-22 ft. | Elevation:
/c hnabe/ Date: 12/8/05 |Schmabel No.:  04151127.07

Schnabel Engineering

Consolidation Test Report
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Load Time Readings

Schnabel Contract:

Project: Mordecai Island
04151127.07

Boring No.: MIB-1 Depth: 20-22 ft.
Consol. ID: G
Dial Guage Readings (inches)
Elapsed Time|] 0.5 tsf I tsf 2 tsf 8 tsf X tsf X tsf
(min.) Initial Load | Initial Load | Initial Load | Initial Load Load Load
10/5/2005 10/6/2005 10/7/2005 | 10/11/2005 Date Date
0.1 0.0100 0.0595 0.1028 0.2093
0.2 0.0111 0.0598 0.1034 0.2100
0.4 0.0127 0.0605 0.1044 0.2112
0.8 0.0149 0.0617 0.1060 0.2128
1 0.0157 0.0621 0.1065 0.2135
2 0.0191 0.0641 0.1090 0.2162
4 0.0237 0.0669 0.1125 0.2200
8 0.0297 0.0709 0.1174 0.2250
15 0.0361 0.0757 0.1230 0.2303
30 0.0428 0.0813 0.1298 0.2358
60 0.0474 0.0866 0.1360 0.2402
120 0.0504 0.0908 0.1409 0.2435
240 0.0526 0.0942 0.1448 0.2463
480 0.0548 0.0972 0.1480 0.2485
720 0.0557 0.0987 0.1497 0.2496
960 0.0564 0.0997 0.1508 0.2503
1200 0.0569 0.1004 0.1517 0.2508
1440 0.0574 0.1011 0.1524 0.2513
1680
1920
2160
2400
2640
2880




Consolidation Time Curves

Project: Mordecai Island
Schnabel Contract: 04151127.07

Boring No.:  MIB-1 Depth:  20-22 ft.
Elapsed Time (min.)
0.1 1 10 100 1000 10000
0.0000 |
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s T
N #
I 0.5 tsf Load
T, I
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Load Time Readings

Project: Mordecai Island

Schnabel Contract:  04151127.07
Boring No.: MIB-1 Depth: 20-22 ft.
Consol. ID: G
Dial Guage Readings (inches)
Elapsed Time 4 tsf 8 tsf 16 tsf X tsf X tsf X tsf
(min.) Reload Reload Reload Load Load Load
10/14/2005 | 10/15/2005 | 10/17/2005 Date Date Date
0.1 0.2416 0.2465 0.2588
0.2 0.2417 0.2467 0.2595
0.4 0.2420 0.2473 0.2605
0.8 0.2424 0.2480 0.2619
1 0.2425 0.2482 0.2626
2 0.2430 0.2492 0.2649
4 0.2435 0.2503 0.2682
8 0.2440 0.2513 0.2722
15 0.2441 0.2518 0.2762
30 0.2442 0.2524 0.2802
60 0.2444 0.2529 0.2834
120 0.2446 0.2535 0.2860
240 0.2448 0.2540 0.2882
480 0.2449 0.2546 - 0.2904
720 0.2450 0.2551 0.2913
960 0.2450 0.2554 0.2919
1200 0.2450 0.2556 0.2923
1440 0.2450 0.2558 0.2929
1680
1920
2160
2400
2640
2880




Consolidation Time Curves

Project: Mordecai Island
Schnabel Contract: 04151127.07
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Coefficient of Consolidation (C,) versus Log Pressure

Schnabel Contract: 04151127.07 Date: 10/21/2005
Project: Mordecai Island
Beach Haven, NJ
Boring: MIB-1 Cv Computation Method: Log Time
Depth, ft: 20-22
Log Pressure (tsf)
0.1 1 10 100
60 [
] *— !
0 | K
40 | 1\
: \
2 I
g 30
3 i
U \
20 |
| ~N \
10 | NG
"N \
0
Applied G, Applied C,
Press., tsf ftz/yr Press., tsf ftz/yr
0.5 13
1 6
2 5
8 6
4 51.9
8 50.8
16 5.7
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Log Pressure (tsf)
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Probable Preconsolidation Pressure (Pp), tsf: 0.75 Recompression Index (Cr): 0.0266
Type of Specimen: Tube Sample Compression Index (Cc): 0.330
Description: LEAN CLAY (CL), trace sand, contains mica - Initial Final
gray Water Content, % 44.4 268
LL: 28 | P 9 | Gss 275 | RlsD: 050 Void Ratio 1.24 0.68
% < No, 200; NA Test Method: ASTM D2435 Method A Saturation, % 98 100
Test Condition: Inundated @ 0.05 tsf Dry Unit Weight, pef 76.5 102.3
Remarks: Project: Mordecai Island

Geotechnical Laboratory Testing

Location: Beach Haven, NJ

Boring: MIB- 2 Sample No.: 7-1

Depth: 16-18 fi. | Elevation:
chnabel Date: 12/8/05 |Schnabel No.:  04151127.07

Schnabel Engineering

Consolidation Test Report
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Load Time Readings

Project: Mordecai Island

Schnabel Contract: 04151127.07
Boring No.: MIB- 2 Depth: 16-18 ft.
Consol. ID: H
Dial Guage Readings (inches)
Elapsed Time] 0.5 tsf 1 tsf 4 tsf 8 tsf X tsf X tsf
(min.) Initial Load | Initial Load | Initial Load | Initial Load Load Load
10/6/2005 10/7/2005 | 10/11/2005 | 10/12/2005 Date Date

0.1 0.0198 0.0587 0.1184 0.1531

0.2 0.0214 0.0594 0.1197 0.1541

04 0.0235 0.0603 0.1214 0.1555

0.8 0.0266 0.0617 0.1234 0.1576

1 0.0278 0.0622 0.1242 0.1584

2 0.0322 0.0642 0.1271 0.1613

4 0.0377 0.0665 0.1302 0.1640

8 0.0432 0.0689 0.1329 0.1667

15 0.0468 0.0708 0.1352 0.1687

30 0.0496 0.0729 0.1375 0.1704

60 0.0513 0.0746 0.1392 0.1721

120 0.0526 0.0762 0.1409 0.1736

240 0.0538 0.0776 0.1425 0.1752

480 0.0547 0.0788 0.1440 0.1765

720 0.0554 0.0795 0.1448 0.1771

960 0.0556 0.0802 0.1454 0.1775
1200 0.0560 0.0804 0.1456
1440 0.0563 0.0809 0.1462 0.1783
1680
1920
2160
2400
2640
2880




Consolidation Time Curves

Project: Mordecai Island
Schnabel Contract: 04151127.07

Boring No.: MIB-2 Depth:  16-18 ft.
Elapsed Time (min.)
0.1 1 10 100 1000 10000
0.0000 ] !
0.0200 k —&-
0.0400 \k
Rl
IS 0.5 tsfLoad
L
0.0600 F—=0—1 -

oLl 1 tsf Load

0.0800 F—- s <2 D

Dial Gauge Reading (inches)

0.1000
0.1200 ¢ -
T
\0\\*
N o
~—e|_| k 4 tsf Load
0.1400 iy .
\"“*Fuo
*
?
ARt
0.1600 | L
r gl
.
Tl 8 tsf Load
f Lo
\fmoju P
0.1800

0.2000



Load Time Readings

Project: Mordecai Island

Schnabel Contract: 04151127.07
Boring No.: MIB- 2 Depth: 16-18 ft.
Consol. ID: H
Dial Guage Readings (inches)
Elapsed Time 4 tsf 8 tsf 16 tsf X tsf X tsf X tsf
(min.) Reload Reload Load Load Load Load
10/15/2005 | 10/17/2005 | 10/18/2005 Date Date Date
0.1 0.1750 0.1776 0.1847
0.2 0.1751 0.1781 0.1860
0.4 0.1752 0.1783 0.1874
0.8 0.1752 0.1784 0.1894
1 0.17562 0.1784 0.1899
2 0.1753 0.1787 0.1919
4 0.1753 0.1789 0.1936
8 0.1753 0.1790 0.1953
15 0.1754 0.1791 0.1967
30 0.1755 0.1792 0.1982
60 0.1755 0.1796 0.1994
120 0.1756 0.1799 0.2007
240 0.1756 0.1801 0.2021
480 0.1756 0.1806 0.2032
720 0.1757 0.1807 0.2039
960 0.1757 0.1808 0.2043
1200 0.1757 0.1809 0.2046
1440 0.1757 0.1812 0.2048
1680
1920
2160
2400
2640

2880




Consolidation Time Curves

Project: Mordecai Island
Schnabel Contract: 04151127.07

Dial Gauge Reading (inches)

Boring No.: MIB-2

Depth:  16-18 ft.

Elapsed Time (min.)
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Coefficient of Consolidation (C,) versus Log Pressure

Schnabel Contract: 04151127.07 Date: 10/21/2005
Project: Mordecai Island
Beach Haven, NJ
Boring: MIB-2 Cv Computation Method: Log Time

Depth, ft: 16-18

Log Pressure (tsf)
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Log Pressure (tsf)
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Probable Preconsolidation Pressure (Pp), tsf: 1.20 Recompression Index (Cr): 0.0365 1
Type of Specimen: Tube Sample Compression Index (Cc): 0.351
Description: SILTY CLAY (CL-ML), trace sand, contains Initial Final
mica - gray Water Content, % 424 30.0
LL: 26 | P 6 |Gs: 270 [ Pras: 050 Void Ratio 121 0.70
% < No, 200: NA Test Method: ASTM D2435 Method A Saturation, % 94 100
Test Condition: Inundated @ 0.05 tsf Dry Unit Weight, pcf 76.1 98.9
Remarks: Project: Mordecai Island
Geotechnical Laboratory Testing
Location: Beach Haven, NJ
Boring: MIB-3 Sample No.: T-1
/ Depth: 18-20 ft. | Elevation:
/C hnabel/ Date: 12/8/05 |SchnabelNo.:  04151127.07

Schnabel Engineering

Consolidation Test Report
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Load Time Readings

Project: Mordecai Island

Schnabel Contract:  04151127.07
Boring No.: MIB-3 Depth: 18-20 ft.
Consol. ID: F
Dial Guage Readings (inches)
Elapsed Time| 0.5 tsf 1 tsf 2 tsf 8 tsf X tsf X tsf
(min.) Initial Load | Initial Load | Initial Load | Initial Load Load Load
10/6/2005 | 10/7/2005 | 10/8/2005 | 10/11/2005 Date Date
0.1 0.0116 0.0328 0.0549 0.1307
0.2 0.0131 0.0336 0.0562 0.1328
0.4 0.0153 0.0347 0.0581 0.1355
0.8 0.0178 0.0362 0.0605 0.1390
1 0.0188 0.0368 0.0614 0.1401
2 0.0216 0.0387 0.0646 0.1438
4 0.0240 0.0407 0.0680 0.1471
8 0.0253 0.0424 0.0712 0.1496
15 0.0261 0.0436 0.0736 0.1514
30 0.0267 0.0449 0.0758 0.1532
60 0.0273 0.0460 0.0778 0.1549
120 0.0280 0.0472 0.0797 0.1564
240 0.0284 0.0482 0.0816 0.1578
480 0.0289 0.0492 0.0833 0.1592
720 0.0293 0.0498 0.0843 0.1600
960 0.0295 0.0503 0.0850 0.1604
1200 0.0296 0.0505 0.0856 0.1608
1440 0.0298 0.0509 0.0860 0.1610
1680
1920
2160
2400
2640
2880




Consolidation Time Curves

Project: Mordecai Island
Schnabel Contract: 04151127.07

Dial Gauge Reading (inches)

10000

Boring No.:  MIB-3 Depth:  18-20 ft.
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Load Time Readings

Project: Mordecai Island

Schnabel Contract:  04151127.07
Boring No.: MIB-3 Depth: 18-20 ft.
Consol. ID: F
Dial Guage Readings (inches)
Elapsed Time|] 4 tsf 8 tsf 16 tsf X tsf X tsf X tsf
(min.) Reload Reload Load Load Load Load
10/14/2005 | 10/15/2005 | 10/17/2005 Date Date Date
0.1 0.1568 0.1610 01711
0.2 0.1569 0.1612 0.1729
04 0.1571 0.1614 0.1752
0.8 0.1572 0.1616 0.1778
1 0.1572 0.1616 0.1786
2 0.1573 0.1617 0.1812
4 0.1574 0.1618 0.1834
8 0.1574 0.1620 0.1855
15 0.1574 0.1622 0.1869
30 0.1575 0.1624 0.1883
60 0.1576 0.1626 0.1897
120 0.1576 0.1630 0.1910
240 0.1576 0.1633 0.1924
480 0.1577 0.1637 0.1937
720 0.1577 0.1640 0.1944
960 0.1577 0.1641 0.1948
1200 0.1577 0.1642
1440 0.1577 0.1644 0.1955
1680
1920
2160
2400
2640
2880




Consolidation Time Curves
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Dial Gauge Reading (

Project: Mordecai Island

Schnabel Contract: 04151127.07
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Coefficient of Consolidation (C,) versus Log Pressure

Schnabel Contract: 04151127.07 Date: 10/21/2005

Project: Mordecai Island
Beach Haven, NJ

Boring: MIB-3 Cv Computation Method: Log Time
Depth, ft: 18-20
Log Pressure (tsf)
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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 WADSs 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 Speed of Boat Maximum Wave
Line (ft.) (knots) Height (ft.)

26 ft. Uniflight 330 10 1.33
(Planing Hull) 330 26 1.00

490 10 1.25

490 27 0.75
16 ft. Boston Whaler 164 10 0.75
(Planning Hull) 164 24 0.50

490 12 0.50

490 27 0.25
45 ft. Tugboat 98 6 0.75
(Displacement Hull) 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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Figure A2-4: Surface Generated from Bathymetry and Topo