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All interpretations are opinions based on inferences from sonar or other measurements. 
We cannot, and do not guarantee the accuracy or correctness of any interpretation. We 
shall not, except in the case of gross or willful negligence on our part, be liable or 
responsible for any loss, costs, damages or expenses incurred or sustained by anyone 
resulting from any interpretations made by any of our officers, agents or employees.   
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Executive Summary &  
Recommendations 

 
The Earthworks team has completed the geological, geophysical, geotechnical, hydrographical, 
and ecological investigation of the inactive channel south of Military Ocean Terminal at Bayonne 
(MOTBY). The Earthworks team consists of Gahagan & Bryant Associates of Delaware, Searay 
Environmental of Georgia, and CMI Subsurface Investigations, Inc of New York.  
 
The deepening of Port Jersey from -40 to -50ft MLW will produce millions of cubic yards of 
clean sand. The USACE is considering an option to place the sand in the channel south of 
MOTBY in order to enhance the habitat for marine life.  
 
The objective of the habitat enhancement project is to fill the channel and turning basin south of 
MOTBY with sand from Port Jersey and raise their bottoms from their current elevation of -30ft 
to an elevation of -12 to -15ft. The south of MOTBY channel bottom consists of 8 to 10ft of high 
water-content and low shear-strength black silt. The Pleistocene sediments below the black silt 
are pre-consolidated.  Earthworks has produced detailed channel cross-sections from borings and 
seismic images.   
 
The original plan for the enhancement site was to sprinkle the sand, carefully creating a sharp 
contact with the black silt. Sand would cover and contain all of the black silt, and the black silt 
would consolidate and dewater under the sand. The potential problems with this plan were 
potential instability, time required, and cost.  
 
After consideration of the scientific findings herein and discussion of the practical consideration 
of the engineering plans and specifications, the plan has evolved. The principles of the project 
are: 
 

1. Meet permit specifications 
2. Minimize the cost of filling 
3. Maximize the stability of the fill 
4. Containment of the black silt  

 
Earthworks recommends a new plan that emphasizes mixing and dilution. Each lift of sand 
should be from 2 to 4 feet, not to exceed 5ft. A lift is a single layer of sand fill. The initial sand 
lifts should mix with the upper layers of the black silt. This mix will produce a stable base. Each 
successive lift of sand will dilute the black silt. Each lift will have more sand than the lift below. 
The later lifts will be pure sand. 
 
The black silt and the sand fill will be contained by a sand berm on the seaward (eastern) 
boundary of the channel south of MOTBY.  
 
The lifts or sand layers will be constructed from channel-parallel lanes. Individual lanes will be 
filled starting in the east and proceeding to the west. The odd-numbered lanes will be filled first 
starting from the south and working north. Then the even-numbered lanes will be filled from 
north to south. This alternating lift sequencing will balance the stresses and help to prevent black 
silt from being swept to one side of the channel.  
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Earthworks has updated its computation of the safety factor for the black silt. With the mixing, 
the safety factor will be much higher than even these calculations. The stability of the mixed fill 
should be high. 
 
Rock observed in the borings from Port Jersey is saprolite. The sandstone will produce sand. The 
rotten schist will produce a flaky, mud-like sediment.  
 
Sonar imaging shows black silt covering the channel south of MOTBY. The sand should mix 
with the black silt in a stable manner and without significant loss of mass. The burial of the black 
silt will require care because the behavior of the black silt is unusual.  
 
The geological cross-sections along the axis of the channel shows rock at -60ft, Pleistocene sands 
and clays to -45 to -40ft, and Holocene black silt from -42 to -30ft. The Pleistocene sediments are 
pre-consolidated from ice loading and pre-dredge Holocene sands and clays. Consolidation of the 
Pleistocene sediments will be insignificant.  
 
The black silt is a watery, fine-grained sediment with unusual behavior. We have no constitutive 
relations to describe its behavior accurately. The black silt is the key concern in the option. The 
black silt in the channel south of MOTBY has a high initial void ratio, is above the liquid limit, 
has low shear strength, high consolidation, and has low permeability. The consolidation tests 
reveal the primary (short term) consolidation. Secondary consolidation (long term) depends more 
strongly on permeability. The permeability is on the order of 2 to 20 nanometers per second (i.e., 
6 to 60 centimeters per year). Primary consolidation will be 1 to 2 feet. The secondary 
consolidation may compress the substrate 7ft more, for a total settlement of 9ft.  
 
The Holocene gray clay on the flats does show signs of slope failure.  
 
The filling of the channel and establishing a sandy bottom will enhance the environment for the 
return of marine life. The return of oysters may require additional steps beyond the scope of this 
proposed project. A reef or shell substrate may be necessary for establishing a hard base for the 
oyster community.  
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1. Introduction 

 
The New York District of the United States Army Corps of Engineers (USACE) assigned 
Earthworks under IDC#180, Contract # DACW51-02-D-0005, Delivery Order #0010, to produce 
plans and specifications for an option to place the dredged material from Port Jersey 41ft and 50ft 
deepening projects into the adjacent and inactive channel south of the Military Ocean Terminal at 
Bayonne (MOTBY). Figure 1 is a location map. 
 
Earthworks team has completed the geological, geophysical, geotechnical, hydrographical, and 
ecological investigation of the channel south of MOTBY in fulfillment of subtasks 1 through 4 of 
Task Order #0010. The Earthworks team consists of Gahagan & Bryant Associates of Delaware, 
Searay Environmental of Georgia, and CMI Subsurface Investigations, Inc of New York. 
  
The Army Corps of Engineers requires detailed design plans and specifications for the placement 
of dredge materials in this site for the purposes of enhancing the habitat for marine life. This 
habitat enhancement project supplements the 41ft and 50ft Port Jersey deepening projects. The 
placement of clean material (HARS suitable) from Port Jersey into the adjacent channel south of 
the MOTBY pier will be an option in the dredging contract. The channel south of the MOTBY 
pier shall be known as “The MOTBY habitat enhancement site.”  
 
The latest available information and technical data needs to be incorporated in the plans and 
specifications. The plans and specifications for the option must define the physical characteristics 
of the placement site, as well as all of the pertinent aspects, requirements, regulations, and 
specifications of sediment disposal so that placement methods and procedures are clearly defined 
and operations are facilitated.  
  
This report completes the investigation phase of the Task Order. The investigation reviewed pre-
existing data and acquired new data. The investigation integrates all the data into comprehensive 
characterization of the MOTBY habitat enhancement site. The report summarizes the previous 
three tasks: Task 1 – Subsurface geotechnical data, Task 2 – Hydrographic surveys, and Task 3 – 
Geophysical data. Eleven (11) new core borings were obtained between January 17 and February 
10, 2005. The multibeam and single beam hydrographic data was acquired on March 10 and 11, 
2005. The sub-bottom surveys were acquired on December 10, 2004. An ecological 
reconnaissance was conducted on March 15 and 16, 2005.  
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Figure 1. Location map in Port Jersey and the channel south of MOTBY. 
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Figure 2. Orthophotoquad of the South of MOTBY habitat enhancement site and Port Jersey channel. 
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Figure 3. MOTBY pier from the east looking west. Port Jersey is on the right. South of MOTBY is on the left.
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2. Scope-of-work 
 
The latest available information and technical data needs to be incorporated in the plans and 
specification for the MOTBY habitat enhancement site option of the Port Jersey 41ft and 50ft 
improvement project. The USACE will develop the plans and specifications for the 41ft and 50ft 
deepening project in Port Jersey. The USACE has assigned Earthworks the design analysis, plans 
and specifications for the option in placement. The report herein investigates the physical 
characteristics of the placement site, as well as all pertinent aspects of sediment disposal so that 
placement methods and procedures are clearly defined and operations are facilitated. 
 
Task 1. Subsurface geotechnical data. In order to better define the characteristics of the 
sediments near and on the side slopes, and to more accurately identify the properties of the 
underlying sediments, eleven (11) standard penetration test (SPT) borings were acquired on or 
near the slopes in the Port Jersey project area. The boring locations are listed in Table 2. The 
program consisted of advancing SPT borings to top of bedrock and cutting a NQ rock core. 
Continuous samples were collected through the Holocene silt and Pleistocene red-brown silt and 
clay intervals – as necessary to define strength and consolidation characteristics. Intermittent 
samples were allowable below the black silt. If bedrock was not encountered, then each SPT 
boring was advanced to an elevation of sixty (-60ft) feet below mean low water level (MLW). If 
bedrock was encountered above fifty feet (-50ft MLW), then the driller cored to a depth of sixty 
feet (-60ft MLW), or until a minimum of five feet of core had been cut. The recovered core 
always exceeded 60% of the length of the interval cut. If recovery were less than 60%, then 
Earthworks would reposition the drill rig and cut another core to the objective depth. This, 
however, did not happen in this project. 
 
Each boring was reviewed. Representative samples were selected for soil and rock testing. 
Earthworks collected the necessary samples and conducted all testing necessary to evaluate the 
subsurface including side-slopes and underlying sediments for stability, consolidation and other 
geotechnical properties that pertain to marine disposal operations. The testing program on the 
sediments included grain size distribution (sieve and hydrometer), moisture content, specific 
gravity, unit weight, Atterburg liquid and plastic limits, consolidation, and shear strength. 
Unconfined compressive strength was determined on rocks cores. Table 3 lists the type and 
number of tests performed. Geotesting Services Inc. of 45 J Commerce Way, Totawa, NJ  07512, 
a USACE certified laboratory, performed all of the laboratory testing. 
 
Table 1. Sample analyses. 

Type Number 
Grain size distribution 20 
Moisture content 20 
Specific gravity 10 
Unit weight 10 
Atterburg Limits 8 
Consolidation Test 4 
Lab vane shear testing 11 
Triaxial test (UU) 4 

 
Ultrasonic measurements were made on borings in order to correlate with seismic data. 
 
Task 2. Hydrographic surveys. The current bathymetric data from both the dredging area and 
the placement site are relevant to the option. The dredging area was surveyed by the USACE in 
2004. The MOTBY habitat enhancement site required a new multibeam and single beam survey. 
The total area to be surveyed was 2,500,000 square feet. 
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Task 3. Geophysical data/ecological investigation. Geophysical data were collected in order 
to augment the borings and to map the stratigraphy more accurately and economically. The sub-
bottom profiles define the variations in thickness of the underlying material as it pertains to 
potential consolidation and the stability of the side slopes. The geophysical data helps eliminate 
potential risks and uncertainties. Seismic lines and boring locations were coordinated so that the 
strata identified in the borings can be tied to the seismic reflectors. The lines were acquired 
directly over the borings. We acquired 10,000 linear feet of single channel, seismic pulse 
reflection data. In order to adequately define the stratigraphy of the area, five (5) lines were 
acquired. Each line of seismic data was interpreted and a cross-section constructed showing the 
depth section in elevation below mean low water level.  
 
Earthworks calculated the compaction of the in-situ strata and placement material. The USACE 
requested the following be analyzed with supporting calculations: 
 

1) Compaction of underlying strata 
2) Compaction of dredge placement material 
3) Controls and measure to support establishment of stable slopes and drainage swales 

 
Earthworks evaluated the option to determine the suitability of the post-placement (post-channel 
filling) bottom with regard to benthic ecology. The ecologist identified and documented the 
potential for risk and uncertainties.  
 
Task 4. Geotechnical/ecological summary report. This report is a summary that includes the 
methodology, results, and conclusions of Tasks 1-3. The methodology section includes the 
equipment used to gather and present the data. The boring logs and test results are included in the 
report. Test results are tabulated. The grain size distribution and hydrometers data are plotted.  
The sub-bottom is georeferenced and presented a horizontal scale adequate to illustrate the strata. 
Any anomalies or possible obstruction along the channel floor and side-slopes are identified. We 
describe all unusual conditions and phenomena observed during the course of the boring and 
geophysical operation.  
  
This report in partial fulfillment of Task Order #0010 reviews the following: 

1) Subsurface geotechnical data (Task 1) - Historic and new core boring logs from 
dredging site (Port Jersey) and the placement site (MOTBY habitat enhancement site)  

a. Water content & Atterberg limits in clays 
b. Grain size distributions in sands and glacial till 
c. Specific gravity 
d. Consolidation test 
e. Triaxial test 

2) Hydrographic survey (Task 2) - Most recent hydrographic surveys in digital format 
3) Geophysical data and historic sonar imaging (Task 3) 
4) Slope specifications 

a. Stability analysis 
b. Pier shoreline characteristics 

5) Stratigraphy of the subsurface in south of MOTBY 
a. Thickness of the silt layer overlying firm bottom at MOTBY 

6) Compaction 
a. Identification of unusual phenomena 

7) General plan of the channel on the south side of MOTBY terminal 
a. Limitations and limiting dimensions of proposed cruise ship berth at 

MOTBY 



   
   

 13

8) Environmental dredging limits 
9) Ecological review including any operational or scheduling limits 

 
Earthworks includes with the final report a Quality Control Section. The Quality Control Section 
details the quality control process performed for the submittals and extents of compliance for any 
comments offered by the New York District. The extent of compliance shall include the producer 
of the product, the original comment, who made the comment and date, comment response, and 
changes in the product, if any, that were made as a result of the comment. The Quality control 
section shall also include the QC process utilized during the field data acquisition portion of the 
task order. A certification that the QC processes were performed satisfactorily will be included.
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3. Methodology 
 
Field Work. Eleven standard penetration test borings were obtained from January 17 to February 
10, 2005. CMI Subsurface Inc of 375-377 Western Highway, Tappan, NY 10983 performed the 
drilling (Figure 4). Bruce Ward of Earthworks supervised the borings and produced the boring 
descriptions. Gary Fleming and Will Murphy of Earthworks conducted the ultrasonic tests.  
 
Table 2 shows that five (5) borings were obtained in the channel south of MOTBY and six (6) 
borings were obtained in Port Jersey. Table 2 lists total depth of each of the borings.  
 
Table 2. Boring locations and total depth. 
Boring name Easting Northing Date Total depth 

    ft 
MOT-05-01 610,801.5 665,925.5 02.10.05 61.2 
MOT-05-02 609,700.7 666,556.0 01.17.05 64.1 
MOT-05-03 609,447.3 666,073.0 01.20.05 61.6 
MOT-05-04 608,419.5 666,560.9 01.24.05 60.8 
MOT-05-05 606,784.4 667,464.2 01.19.05 59.1 
Subtotal 306.8 
PJ-05-01 610,349.5 668,298.4 01.27.05 59.2 
PJ-05-02 610,305.0 668,405.8 01.27.05 64.6 
PJ-05-03 610,092.2 668,403.3 01.26.05 61.4 
PJ-05-04 608,734.0 669,456.0 01.26.05 60.3 
PJ-05-05 608,644.2 669,412.7 01.25.05 59.9 
PJ-05-06 608,511.2 669,337.9 01.25.05 61.5 
Total 673.7 

 
 
All results are plotted in NJ state plane, NAD83. 
 
Earthworks used a 1-5 kHz, single channel, pulse, seismic reflection system in the channel south 
of MOTBY. Figure 5 plots the tracklines acquired in the survey performed on December 10, 
2005. The seismic lines were processed, correlated with the borings, and interpreted in terms of 
the stratigraphic horizons with the channel south of MOTBY. The black silt in the channel proved 
difficult to penetrate with the 1-5kHz pulse. The imaging on the flats was superior.  
 
The borings, the pulse reflection seismic, and the geotechnical analyses were integrated into 
maps, geological cross-sections down the length of the channel and along the flats including the 
turning basin.  
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Figure 4. (Top) Drilling operations. (Bottom) Ultrasonic operations.  
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Figure 5. Tracklines for 1-5kHz pulse reflection measurements in the channel south of MOTBY.
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Mathematical concepts in geotechnical engineering. The effective pressure on a granular or 
colloidal frame of sediments is the difference between the confining pressure, Pc, and the pore 
pressure, Pp,  

pce PPP −=  
 

The porosity, φ , is the ratio of the volume of the pore space to the total volume of the rock.  
 

e
e

V

V

t

p

+
==

1
φ  

 
The void ratio, e, is the ratio of the volume of the pore space to the volume of the solids. 
 

φ
φ
−

==
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p

V

V
e  

Table 3. Porosity versus void ratio. 
Porosity Void ratio 

1.00 Infinity 
0.84 5.00 
0.80 4.00 
0.75 3.00 
0.67 2.00 
0.50 1.00 
0.40 0.67 
0.33 0.50 
0.25 0.33 
0.00 0.00 

 
 
The water saturation, Sw, is  

hw SS −= 1  
 

where Sh is the hydrocarbon saturation. The water content, w, is the ratio of the weight of 
water to the weight of the solid 

 

s

w

W
W

w =  

 
The unit weight of the solids (i.e., the density of the solids) is the ratio of the weight to 
the volume of the solids 

s
s

s
s G

V
W

0γγ ==  

 
�0 is the unit weight of water at 4°C. The unit weight of the water (i.e., the density of the 
water) is the ratio of the weight to the volume of the water 
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The total unit weight (i.e., total density) is the ratio of the total weight, Wt, to the total 
volume, Vt, of the composite 

ws
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t
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w
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W γ

ε
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+
+==

1
1

 

 
The submerged buoyant unit weight (i.e., bulk density) is 
 

e
SeG ws

wtb +
−−−

=−=
1

)1(1γγγ  

 
The relative density of the natural granular soil is 

 

%100
minmax

max x
ee

ee
Dr −

−
=  

 
 

 Low density suspension 

Liquid limit, wl Liquid state 
Plastic limit, wp Plastic state 
Shrinkage limit, ws Semisolid state 
 Solid state Dry soil  
 
Figure 6. A schematic of the relationship among the liquid, plastic, semisolid, and solid states and the 
limit, plastic, and shrinkage limits.  
 
The Plasticity Index, Ip, is the difference between the liquid limit of water content and the 
plasticity limit of water content: 

 
plp wwI −=  

 
Table 4.  The values of limits and plasticity index for clays. 
 Exchangeable 

cation 
Liquid 
limit, wl, % 

Plastic 
limit, wp, % 

Plasticity 
index, Ip% 

Shrinkage 
limit, ws, % 

Montmorillonite Na 710 54 656 9 
 K 660 98 56 9 
 Ca 510 81 429 10 
 Mg 410 60 350 15 
 Fe 290 75 215 10 
      
Illite Na 120 53 67 15 
 K 120 60 60 17 
 Ca 100 45 55 17 
 Mg 95 46 39 15 
 Fe 110 49 61 15 
      
Kaolinite Na 53 32 21 27 
 K 49 29 20  - 
 Ca 38 27 11 25 
 Mg 54 31 23 29 
 Fe 59 37 22 - 
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Figure 7. Plasticity index versus liquid limit for sediments. The "A" line generally separates inorganic 
clayey materials (above) from silty and organic materials (below). 
 
 
The Liquidity Index, Il, is the fractional difference in water contents 
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The toughness index, It, is the ratio of the plasticity index and the slope of the flow curve (i.e., the 
flow curve is the plot of water content versus the number of blows on a log scale) 

f

p
t I

I
I =  

 
The coefficient of consolidation, cv, is a function of the permeability of the sediment, k, and the 
coefficient of volume change, mv, 
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vwvw
v m

k
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k
c

γγ
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“A” line 

Toughness and dry 
strength increase with 
plasticity index 

“A” line 

Toughness and dry 
strength increase with 
plasticity index 
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Table 5. Liquid limit versus undisturbed consolidation in sediments.  
Wl, 
Liquid limit 

Cv, undisturbed 
virgin compression 

 m2/kg 
30 0.00000050 
60 0.00000010 

200 0.00000002 

 
The coefficient of volume change, mv, is the inverse of the constrained modulus or compressional 
wave modulus, 

01 e
a

m v

v
v +

=
∆
∆≡
σ
ε

 

 
The coefficient of compressibility, av, is  
 

v
v

v me
e

a )1( 0+=
∆
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The compression index, Cc,  

v
c

e
C

σlog∆
∆=  

 
Table 6. Examples of av, mv, and Cc for sands and silts assuming an load of 1 tsf = 0.96 bars = 9760 kgf/m2  
 e0 φ0 av mv Cc 
 [-] [-] [m2/kg] [m2/kg] [-] 
sand 0.67 0.4 4.45E-07 2.67E-07 0.01 
silt 1 0.5 4.45E-06 2.23E-06 0.1 
clay 2 0.67 4.45E-05 1.48E-05 1 
 
The bearing capacity of the black silt, qult, is  
 

dsNq tucult γ+=  
 

where Nc=5.14 is the bearing capacity factor for a continuous footing, su is the undrained shear 
strength, and d=0 is the depth of the footing base because the sand will be placed directly on the 
black silt. 
 
The factor of safety against a bearing capacity failure, FOS, is  

 

b

ult

h
q

sandbyappliedLoad
siltblackofcapacityBearing

FOS
γ

==  

 

where h is the thickness of the sand and bγ  is the submerged buoyant weight of the sand. 
 
Table 7. Values of Nc from field cases. 

Nc Source 
5.8-8.6 Six cases summarized by Skempton  (1951) 

5 Transcona elevator – Peck && Bryant  (1953) 
5.3 Oil storage tank – Brown & Patterson  (1964) 
5.6 Oil storage tank – Bjerrum & Overland  (1957) 
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4. Geological and Geophysical Results 
 

Port Jersey.  Appendix I lists the descriptions and analyses for each of the borings in Port Jersey 
and the channel south of MOTBY. Core borings were obtained in Port Jersey to determine the 
character of the top-of-rock. Table 8 reviews the stratigraphy in the area-of-investigation. Figures 
8 and 9 are regional geological map and cross-section, respectively. Previous work had indicated 
that the top-of-rock was consistently below –60ft MLW except in a few locations. In-place but 
highly weathered sandstone and schist were sampled by the core borings. In soil horizon 
terminology, they constitute the C-horizon. Neither the sandstone or schist can be identified as 
rock.  
 
The borings PJ-05-01, PJ-05-02, and PJ-04-3 intersected rotten highly weathered schist as high as 
-48ft MLW and as deep as –64.6ft MLW.  Hard schist rock was cored below –57.2 feet in PJ-05-
03. The rotten schist is a silver gray saprolite with layered mica flakes, gray clay and few garnets. 
It has retained a relict schistosity. The blow-count number ranges from 12 to 60 to refusal, 
increasing with depth.  
 
The borings PJ-05-04, PJ-05-05, and PJ-04-5 intersected rotten highly weathered sandstone as 
high as –47.2ft MLW and as deep as –59.9ft MLW.  Hard sandstone rock was cored below -55.6 
feet in PJ-05-06.  The rotten sandstone consists of partially cemented to uncemented sand grains 
with minor gray clay. Relict bedding and cemented fractures remains.  The blow-count number 
ranges from 15 to 50 to refusal.  There are harder units above softer units.   
  
Both the sandstone and schist can be dug with a clamshell.  When dredged, the sandstone will 
produce clean sand, and the schist will produce a flaky, mud-like sediment. The schist should not 
be placed in the enhancement site. 
 
Sonar imaging and bathymetry in the channel south of MOTBY. The sonar images from the 
previous report on Port Jersey (Figure 10) show that black silt covers the channel south of 
MOTBY. Plates 2 and 3 re-plot the sonar image with a higher illumination in order to show 
details and debris on the bottom. Note the debris along the shoreline (south of MOTBY or north 
of the channel). Some small debris is observed in channel. Buoy anchors and anchor chains are 
also present.  
 
A slope failure in the southern channel toe is observed at easting 609,200 and northing 666,400  
(NJ state plane, NAD83). The separation scar is observed in the multibeam bathymetry.  
 
Gahagan and Bryant Associates acquired the multibeam bathymetry in January and March of 
2005. Figure 12 plots the multibeam acquired in January. Plate 4 plots the merged data set for 
both January and March.  
 
Seismic Imaging and thickness map of black silt. Figures 13 through 15 show examples of 
the seismic imaging in the south of MOTBY channel. The seismic results in the flats are superior. 
The seismic data in the channel is not self-evident. The data was extensively processed and 
carefully interpreted. The interpretation is strongly influenced by the borings.   
 
Figure 16 is a map of the thickness of black silt derived from borings, bathymetry, seismic, and 
stratigraphy. The range of thickness is 8 feet at the eastern end of the turning basin and eastern 
end of the channel. The maximum thickness is 16 feet observed in western end of the channel and 
turning basin. The mode and mean thickness is 13 feet.   
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Table 8a.  Stratigraphic column of the strata in the Port Jersey & south of MOTBY Habitat 
Enhancement Site area. The rock & sediment that occur in the area are indicated by bold blue type.  

Formation Rock Types    
    
 Black silt   
  

Silts and sands 
 

 
 
 
 

Holocene 

 
 
 

Estuarine 
sediment 

 
 

 
Sands and gravels 

 

 
River and 
estuarine 
deposits 

 
Includes  

tidal deposits 
(reworked 

Pleistocene) 

 
  

Clay and silts 
Glacial lake 

deposits 
 
Red-brown 

    
 Till-mixed clays, 

sands and gravels 
 

Glacial till 
       
Red-brown 

 
 
 
 

Pleistocene 
 

 
 
 

Glacial 
related 

sediment  Sands & fine 
gravels 

Glacial 
Outwash 

 

 
 

Magothy Formation 
 

 
Sands 

 
Coastal plain 

  
 

Cretaceous 
 

 
Coastal 

Plain  
Strata  

Raritan Formation 
 

 
Clay and sands 

 
Coastal plain 

 

 
 

 
 

Palisades diabase 
 

Diabase & 
basalt 

Intruded into 
Lochatong Fm 

 

 
Passaic Formation 

Sandstone & shale Lake Mostly red 

 
Lochatong Formation 

Shale with 
sandstone 

Lake Mostly gray and 
black 

   
 

Jurassic 
 
 

Triassic-Jurassic 

 
Newark 
Basin 
Group 

 
Stockton Formation 

       
Sandstone 

 
Fluvial 

Gray, purple and 
red 

 
 

Ordovician 
 
 

 
Staten Island 
Serpentinite 

 
Serpentine 

  

 
Cambrian-Ordovician 

 
New York City Group 
 

 
Metamorphic rocks 

 
Mica 

schist 

 

  
 
 
Table 8b.  Quaternary stratigraphy in Port Jersey & south of MOTBY enhancement site. 

  Sediment types 
 

Black silt 
Gray clay & silts 

 
Holocene 

 
Estuarine sediments 

Gray sand & silt 
 

Sands 
Silts and clay 

 
Pleistocene 

 
Glacial related sediments 

Till, sands and gravel 
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Figure 8. Geological bedrock map of Bayonne and the eastern edge of Upper Hudson Bay (compiled and 
modified from Okulewicz, 1988; Lyttle and Epstein, 1987; Merguerian and Sanders, 1994; the New Jersey 
Geological Survey Bedrock Geology of New Jersey, 2000; and the NY State Geological Survey Lower 
Hudson Geological Map, 2001). Note geological cross-section A-A’. 
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Figure 9. Geological cross-section (A-A’) across Newark Bay, Bayonne, and Port Jersey. The Newark Basin group of Triassic and Jurassic sediments lies unconformably on the Cambro-Ordovician mica schist of the New York City Group. A normal fault may (?) 
form eastern edge of the Newark Basin Group. Note that the eastern edge of Newark Bay lies on the contact between the Palisades diabase and the upper Lochatong formation of the Newark Basin Group. The Palisades diabase dips 0 and strikes °30  from north. In 
the east-west direction of the cross-section the apparent dip is °12 . The Palisades diabase is roughly 900ft thick, and so the exposure in the Bayonne is roughly 6800ft. The sedimentary rocks of the Newark Basin group, close to the Palisades diabase, exhibit contact 
metamorphism and commonly contain stingers of the Palisades basalt, or finely-crystalline diabase. The tops of the Palisades diabase and Newark Basin group have been deeply eroded. The Pleistocene glacial tills, fluvial gravels, lacustrine silts and clays overlie the 
Mesozoic rocks unconformably, forming a thin (<100ft) veneer of cohesive but unconsolidated sediment. In the past 200 hundred years, gray silts and sands and suspension of black silt have formed on the channel floor in parts of Newark Bay. There is a 3 to 1 
vertical exaggeration in this cross-section. 

 



   

 25

Table 9. Representative measured ultrasonic velocity in boring samples taken in January and February.   
Velocity Temperature  

m/s C°  
Top black silt 1,400 10 
Upper black silt 1,500 10 
Lower black silt 1,600 10 
Gray clay 1,700 10 
Gray sands 1,800 10 
Pleistocene clays 1,900 10 
Pleistocene sands 2,300 10 
Sandstone 3,000 10 

 
 
Ultrasonic velocities. Ultrasonic velocities were measured on the sediment samples on the drill 
barge. The results are summarized in Table 9. The velocities were used in converting the cross-
sections in time to cross-sections in depth. 
 
Cross-sections in the channel south of MOTBY. Geological cross-sections down the profile 
lines B and C are shown in Figures 17 and 18, respectively. The cross-sections are derived from a 
combination of borings, bathymetry, and seismic imaging. The cross-section in Figure 17 shows 
sandstone at –60ft MLW at the western end of the channel. Pleistocene clays and sands from 25 
to 50ft thick underlie the Holocene in the channel. The top of the Pleistocene in the channel is –
40 to –45ft MLW. In the flats (Figure 18), the Pleistocene is as high as –25ft MLW. The 
overlying Holocene gray clay and sands can be as thick as 20 to 25 ft. The black silt forms a thin 
1 to 2 foot veneer on the flats. 
  
Shoreline. The shoreline on the south side of the MOTBY pier is the northern boundary of the 
forms the northern boundary enhancement site. As observed in the sonar image the shoreline and 
channel toe are covered with debris and obstructions. Figures 19 through 22 are ground 
photographs showing the present configuration of the shoreline. Remnants of steel beams, 
wooden piles, wooden planks, concrete blocks and steel pipes remain on the shoreline and jut into 
the channel toes. 
 
Soft-sediment deformation. Nature has often deposited sands over water-saturated mud. The 
results are recorded in the recent and ancient geological record. These show that sands can be 
deposited on mud with and without distorting them. The more rapid is the deposition of the sands, 
the more likely is the distortion of the mud. The more water logged is the mud, the more likely 
are the distortions of the sediments before and after deposition. For long periods after deposition, 
mud can inject into the overlying sands. Sand may be deposited without distorting the underlying 
the mud. In such cases after deposition the mud may form local peaks leading to flame or load 
structures. In cases in which sands are rapidly deposited over water-rich mud, such as on a river 
flood pain or turbidite deposits, the mud layers commonly are disturbed and distorted during 
deposition. After deposition the mud peaks may continue to amplify penetrating into overlying 
sands. The resulting structures include convolute bedding, and ball and pillow structures. 
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Figure 10. (Above) Holocene black silt and Pleistocene varve contact. (Below) Bay water in the channel 
south of MOTBY channel on small beach on March 15, 2005. 
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Figure 11.  Sonar image of Port Jersey and MOTBY habitat enhancement site. Note the black silt, which absorbs (dark) rather than reflects (light) sonar, in the channel south of MOTBY. 
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Figure 12.  Multibeam bathymetry of channel south of MOTBY. Reds and blues are shallow and deep 
water, respectively. 
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Figure 13. West to east seismic cross-section along profile line C into the turning basin. 
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Figure 14. West to east seismic section along profile line C on the flats.  
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Figure 15. West to east seismic section along profile line A in the channel between cross-lines E and F. 
 
 

Top of Pleistocene 
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Figure 16. Estimated thickness of black silt. Black silt thickness thins towards the mouth of the channel. 



   

 33

 
Figure 17. Longitudinal cross-section down profile line A down the center of the channel south of MOTBY. 
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Figure 18. Longitudinal cross-section down profile line C down the southern edge of the channel south of MOTBY. 
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Figure 19. The south side of the channel south of MOTBY. (Above) The IMTT pier, channel buoy, and the 
concrete mooring block at the edge of the channel. (Below) The golf course being built between IMTT and 
the channel south of MOTBY.
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Figure 20. Shoreline on south side of MOTBY pier. (Above left) Concrete box near eastern end of the habitat enhancement site. (Above (right) Looking west over the concrete box to the shoreline on the south of the MOTBY pier on the north side of the habitat 
enhancement site. Note how rough the shoreline is. (Below left) Concrete slabs, rocks, and steel beam protruding from the water at mid tide. (Below right) Wooden planks along the shore exposed at mid-tide. Note the vertical wooden piles exposed at mid-tide. 



   

 37

 
 

 
Figure 21. Shoreline along the south side of the MOTBY pier corresponding to Area 4 of the habitat 
enhancement project. This area is characterized by the remains of an old wooden pier. Shoreline along the 
south side of the MOTBY pier at the eastern end of the habitat enhancement project (corresponding to 
where the sand containment dike is proposed at the east end of Area 4). This shoreline consists of broken 
concrete, pieces of the old wooden pier, and old pipes. 
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Figure 22. The east and west boundaries of the project along the south-side of the MOTBY pier. (Above) 
The eastern boundary include the Bayonne Dry Dock Pier. (Below) The western boundary consists of a 
intertidal flat and a seawater penetrated by drainage pipes for MOTBY runoff. 
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5. Geotechnical and Operational Concerns 
 

Geotechnical properties of the Holocene black silt and the Pleistocene silts and sands. 
Appendix I lists the results from the laboratory tests performed by Geotesting on a boring by 
boring and sample by sample basis. Appendix I includes the borings from Port Jersey and the 
channel south of MOTBY. Appendix II lists the overview of the laboratory tests. Most of the 
laboratory tests were performed on the black silt. 
 
The rock observed in the cores in Port Jersey is highly weathered. It should be diggable with a 
clamshell dredge to greater than –57ft MLW. 
 
The Pleistocene sediment observed in the channel south of MOTBY has undergone 
preconsolidation through loading by ice during the Pleistocene and by at least 25ft of pre-dredge 
sediments during the Holocene. The Pleistocene sediments will not contribute to the overall 
consolidation under burial of the black silt by sand. The Pleistocene is in places sandy and 
permeable. The sand could provide a sink for pore water filtrate from the black silt, which will 
help the black silt to dewater and consolidate.  
 
Table 10 lists a synopsis of the testing on each material: Holocene black silt, Holocene gray clay, 
Holocene gray sand, and Pleistocene. The results on the MOT-05 borings of this report are 
consistent with the previous results on the MOT-01 borings. The Holocene gray clay and the 
black silts are both above the liquid limit.  
 
The top two feet of black silt is so watery that it could not be sampled with a Shelby tube. The 
black silt showing initial void ratios near 5.0, very low shear strength, and very high 
consolidation are from the middle four feet of the black silt strata (Figure 23). The shear strength 
is very low almost at the limit of the measurement. The void ratio of the black silt reduces to 
below 3.0 during the consolidation test (Figure 24). The lowest two feet of the 10 feet of black silt 
strata are compacted with void ratios nearing 2.0. The slightly low specific gravity of the black 
silt indicates the presence of substantial organic components adhering to the solid.  
 
The consolidation test on the Holocene gray clays shows an initial void ratio below 2.0 
compressing down to nearly 1.0 with a load of 1 bar. The specific gravity of the solids in the 
Holocene gray silt indicates a composition of purely quartz, feldspar, and clay minerals. 
 
The consolidation of the black silt in the long-term is controlled by its low permeability. The 
measured permeability of the black silt is on the order of two to twenty nanometers per second. 
The tests on MOT-05 are close to two nanometers per second. The tests on MOT-01 are close to 
10 nanometers per second. This would mean that the pore water would move 6 to 60 centimeters 
in a year. The distance required for dewatering of the black silt is from 1 to 4 meters. According 
to this experiment, the pore pressure will not fully equilibrate during the burial. The consolidation 
experiment is not viscometric, not frame-invariant, or observer indifferent. The consolidation 
experiments show little dependence in the permeability on loading. This is unlikely given the 
large consolidation and change in the frame properties. We suspect that the permeability will be 
higher under light loading and with a gradual ramping up of the load. Because of the uncertainties 
in the experiment, the placement operations should be conducted with caution. Existing 
theoretical and experimental methods have not quantified the long-term behavior (i.e., secondary 
consolidation over months) of the black silt accurately. To accelerate the dewatering of the black 
silt, Peter Dunlop (2005, personnel communication) has suggested that horizontal drains might be 
advantageous.  
 
The pore water may flow (a) up through the dredged sand and (b) down into the sandy 
Pleistocene. However, the lowest two feet might have a lower permeability than the upper black 
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silt. Geohydrological concerns of the filtrate passing downward into the Pleistocene are minimal. 
The pore water in the subsurface is salty and does not affect Bayonne.  
 
 
Table 10. Summary table of geotechnical properties of the sediments in the channel south of MOTBY. 

 Holocene Pleistocene  
Properties Black silt Gray clay Gray sand  Conversions 

      

Water content, w [%] 146.1 55.8 23.9 29.6  

standard deviation 25.8 10.5 1.9 0.4  

      

Liquid limit, wl [%] 114.1 41.0    

standard deviation  41.0 8.5    

      

Plastic limit, wp [%] 46.0 9.5    

standard deviation 19.5 0.7    

      

Plasticity index, PI [%} 68.1 21.5    

standard deviation 21.4 7.8    

      

Total unit weight, γt [lbs/ft3] 80.1 107.1   1lbf/ft3=16.0185kgf/m3 

standard deviation 2.3 5.3    

      

Dry unit weight, γd [lbs/ft3] 31.4 71.2    

standard deviation 2.7 8.7   1lbf/ft3=16.0185kgf/m3 

      

Specific gravity of solids, Gs [lbs/ft3] 2.573 2.684    

standard deviation 0.021 0.024    

      

Lab vane undrained maximum 
shear strength, τmax [tons/ft2] 0.03 0.04   

1 ton/ft2 (tsf) = 2000 psf  
= 13.88889 psi = 

0.09576 MPa = 0.9576 
bars 

standard deviation 0.01     

      

Unconsolidated-undrained (UU) 
maximum deviator stress, σ1-σ3 
[tons/ft2] 0.06 0.15   

1 ton/ft2 (tsf) = 2000 psf 
= 13.88889 psi = 

0.09576 MPa = 0.9576 
bars 

standard deviation  0.18   

UU compressive 
strength = Maximum 

deviator stress 

     

UU shear strength = 
(Maximum deviator 

stress)/2 

Compression index, Cc      

Test 1 1.464 0.582    

Test 2 2.160 0.555    

Test 3  0.376    

Test 4  0.208    



   

 41

0.0

0.5

1.0

1.5

2.0

2.5

0 25 50 75 100 125 150 175 200

Initial water content, wi [%]

C
om

pr
es

si
on

 In
de

x,
 C

c 

 

0.0

0.5

1.0

1.5

2.0

2.5

0 1 2 3 4 5

Initial void ratio, e0

C
om

pr
es

si
on

 In
de

x,
 C

c

 
Figure 23. The compression index increases with water content (top) and initial void ratio (bottom).  
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Figure 24. Consolidation tests on Holocene black silt and Holocene gray clays. Black 
silt has higher initial void ratio and is more compressible than gray clay.  
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Lessons from Boston Harbor MA and Fox River WI. The USACE-NED buried 
contaminated dredge material in cells in Boston harbor (ENSR, 2002). The project was not 
precisely analogous because the contaminated fine-grained material was dredged and placed into 
lateral confining cells prior to burial. In the case of the MOTBY channel, the black silt has 
undergone self-compaction over a period of years. The requirement for lateral confinement may 
not require hard structures beyond a berm at the mouth of the channel.  
 
The important lessons to be learned from the Boston Harbor Navigation Improvement Project are 
two: (1) insufficient data exists to predict the behavior of fine-grain sediments under loading by 
sand, and (2) that the key factor is to allow for sufficient time for the dewatering and 
consolidation of the fine-grained sediments under loading by sand. In Boston, if the sand were 
placed too early (e.g., 30 days) on top of the water saturated fine-grained sediment, the fine-
grained sediment was expelled up the sides of the cells and re-deposited on top of the sand. But if 
sufficient time were allowed (e.g., 150 days), the fined grained sediments were buried beneath the 
sand in an apparently stable configuration.  
 
Palermo et al. (2002) in their report regarding the Fox River Project (somewhat more analogous 
to the present project) describes tens of examples of successful burial of soft fine-grained 
sediments by the USACE. They note that the objectives of these projects are: 
 

1. Physical isolation of contaminated sediments from aqueous environment 
2. Stabilization of contaminated sediments, preventing re-suspension and transport 
3. Reduction of the flux of dissolved and colloidally transported contaminants into 

surface materials 
 
Palermo et al. state that the following considerations must be evaluated in the design in order to 
achieve the above objectives: 
 

1. Upward contaminant flux rates (mass of contaminant/unit area/unit time) 
2. Pore water concentrations (dissolved or colloidal) 
3. Potential changes in redox potential (contaminant chemistry) due to sand placement 
4. Long-term accumulation of contaminants in sand 
5. Contaminant breakthrough through time 
6. Methane generation 
7. Ability of sand to withstand bioturbation and erosive forces 
8. Artificial membranes 

  
Palermo et al. (2002) conclude that (the italics are Earthworks): 
 
“Field monitoring data have shown successful sand cap covering of contaminated sediment with 
low strength. However, data on the behavior of soft deposits during placement of capping 
materials is limited. Conventional geotechnical design approaches should therefore be applied 
with caution. These design approaches could be conservative for conditions normally encountered 
in cap design. For example, a cap should be built up gradually over the entire area to be capped. 
This will reduce the potential for mixing and overturning of the contaminated sediment. 
Similarly, caps with flat transition slopes at the edges should not be subject to a sliding failure 
normally evaluated by conventional slope stability analysis. 
 
The capping material should be applied slowly and uniformly to avoid problems with bearing 
capacity or slope failures if the contaminated sediment deposit is soft. Uncontrolled release of a 
large amount of material or the buildup of a localized mound could cause a bearing capacity 
failure. If this occurs, cap material will penetrate into the contaminated deposit and could cause 
contaminated material to re-suspend and disperse into the water column. 
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The sediments of the Lower Fox River are soft and compressible, but no more so than other 
sediments which have been successfully capped. Methods for cap placement should be 
considered to gradually build up the sand cap thickness and so minimize sediment and cap mixing 
and minimize potential for bearing type failures.” 
 

Recommendations to the Plans and Specifications. The deepening of the Port Jersey Channel 
to 50ft will provide sufficient, clean (HARS suitable) sand and till for filling in the inactive 
channel South of the MOTBY pier. The primary technical concerns with regard to the careful 
placement of sand in the MOTBY habitat enhancement site are: 
 

1. Containment of the liquid black silt in the channel (prohibit squirting)  
2. Stable consolidation of the black silt (limit inversion)  
3. Placement technique  
4. Shallow draft equipment  
5. Burial of black silt  
6. Filtration and release of pore pressure during compaction  
7. Pore pressure relaxation time  
8. Consolidation relaxation time  
9. Target bathymetry  
10. Intermittent placement to accommodate consolidation time & spatial distribution of 

volumes 
11. Debris on south-side of MOTBY pier  
12. Evaluation of habitat improvement  

 
1. An abrupt loading will squirt the black silt out from under the sand and perhaps even out of 
the channel. This must be avoided. Critical properties of the black silt are the Poisson’s ratio and 
shear strength. The Poisson’s ratio is 0.49, and the shear strength is very low. If loaded 
impulsively, the black silt will have a strong tendency to squirt out from under the sand, be 
suspended, and drift out of the channel with the tide. Careful placement of the sand is required to 
cover, bury and consolidate the black silt. The placement must avoid squirting the black silt. The 
first step should to provide lateral containment. One method is a large sand berm at the mouth of 
the habitat enhancement site just west of the southern projection of the head of dry dock (Figures 
1-3). In the Boston Harbor project, a network of cells was constructed to produce additional 
confinement. Careful placement of sand on the black silt may render such a construction 
unnecessary. The plans and specifications should include an incentive for the dredging contractor 
to keep the black silt in the channel.  
 
2. The black silt has a high water content and low shear strength. In its present state, it behaves 
like a liquid. The black silt has a higher porosity (i.e., void ratio) and is less dense than the sand 
than that will be placed on top of it. The consolidation of the granular frame within black silt 
must be stable. Note that as the frame compresses, the pore space will compress and the pore 
pressure will build up.  
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Figure 25. Factor of safety against a bearing capacity failure versus undrained shear strength for different 
thickness of capping material. Assumed submerged unit weight = 61.8 pcf.  
 
Figure 25 is a plot of factor of safety (FOS) against a bearing capacity failure versus undrained 
shear strength. The curves represent different thickness of capping material, ranging from 0.5 to 
20 feet. We assume that the capping material (sand) has a buoyant unit weight (γb) of 61.8 pcf 
(void ratio = 0.67; saturation = 100%). A greater or lesser buoyant unit weight would, 
respectively, decrease or increase these FOS curves.  
 
The undrained shear strength data indicate that the black silt is weak, having undrained shear 
strengths about 100 psf (0.05 tsf) or less. The FOS against a bearing capacity failure for black silt 
is about 1.5 or less for 5 feet of capping material. Therefore, adding 5 feet of capping material on 
top of black silt could become unstable. Consequently, after consideration of the scientific 
findings herein and discussions with Gahagan & Bryant Associates about the cost and 
practicalities of capping and sequestering black silt, the preferred method for confining the black 
silt to channel south of MOTBY is one of mixing and dilution behind a sand berm at the mouth of 
the channel.  
 
3. Earthworks recommends that the enhancement project should first construct a berm across the 
mouth of the channel south of MOTBY using sand from Port Jersey. The berm should have 
slopes pitching 1-to-12 or less (i.e., 5° or less). Behind the berm and inside the channel, deposit 
sand from Port Jersey in lifts of 2 to 4 feet and not exceeding 5 feet. The first lifts should mix into 
the black silt, creating a stable base of sand and silt for the next sand lifts. The lifts should 
proceed in channel-parallel lanes. Individual lanes should be filled starting in the east and 
proceeding west. The odd-numbered lanes should be filled starting from the south and working 
north (e.g., from south to north, lanes 1, 3, 5, …, 19). After filling the odd-numbered lanes, the 
even-numbered lanes should be filled starting from the north and working south (e.g., from north 
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to south, 20, 18, 16, …, 2). This pattern should provide balance of shearing stresses and maintain 
stability of the sand and silt mixture. The dredging contractor should be given incentives to keep 
the black silt inside the channel and west of the berm during sand deposition.  
 
Table 11. Hypothetical consolidation based on boring analyses and assuming no loss of black silt. 

Primary (short term) Secondary (long term) 
Original values Based on consolidation tests Projection 

Total 
Settlement 

φ0 e0 h0 Cc φt et St ht φl el Sl hl ∆h=St+Sl 
Layer [-] [-] [ft] [-] [-] [-] [ft] [ft] [-] [-] [ft] [ft] [ft] 

Black silt top 0.90 9.0 3 3.97 0.89 7.8 0.4 2.6 0.50 1.0 2.0 0.6 2.4

Black silt middle 0.83 5.0 7 2.09 0.81 4.4 0.7 6.3 0.50 1.0 3.9 2.3 4.7

Black silt lower 0.80 4.0 3 1.62 0.78 3.5 0.3 2.7 0.50 1.0 1.5 1.2 1.8

Gray silty clay 0.67 2.0 0 0.68 0.64 1.8 0.0 0.0 0.50 1.0 0.0 0.0 0.0

Gray sandy silt 0.50 1.0 0 0.21 0.48 0.9 0.0 0.0 0.50 1.0 0.0 0.0 0.0

Pleistocene above 50 ft 
MLW 0.40 0.7 8 0.01 0.40 0.7 0.0 8.0 0.40 0.7 0.0 8.0 0.0

Total     21       1.4 19.6    7.5 12.1 8.9
h = thickness 
S= settlement 
 
The secondary consolidation is not predictable from the consolidation tests. If the pore pressure 
expels the water impulsively, mud diapers will generate. Small, local, isolated diapers would be 
helpful to relax the pressure buildup. But if the sand placement is to succeed, the operation must 
avoid squirting a significant fraction of black silt out from under the sand or out of the channel. 
The sand mixes with the black silt in place and forms a stable substrate.  
 
4. The objective is to mix the sand with the black silt creating a consolidated granular frame, 
trapping the hydrocarbon liquid within the pore space, and expelling the pore water.  
 
5. The key step is to provide enough time between initial layers to allow for pore water filtration 
during primary and secondary consolidation. This is accomplished by sequencing the lifts in 
lanes.  
 
6. The target bathymetry within the channel is -9 feet below MLW in the turning basin, stepping 
down to -12 feet in the west half of the channel, and down to -15 feet in the eastern half, leading 
to the berm across the channel mouth. Filling from slope into the channel might produce slope 
failure, so care should be taken not to load the slopes to the point of causing slope failures.  
 
7. The sequencing in lanes allows the pore pressure to equilibrate and prevents sweeping the 
black silt to one side of the channel. As the consolidation starts, the frame and pore pressure will 
relax.  
 
8. Debris occupies the south side of the MOTBY pier. Debris consists of wooden planks, concrete 
blocks, steel beams, and mesh fencing. Our assignment is to fill the channel. The shoreline will be 
designed and built by the LGA for the Bayonne Redevelopment Commission. The debris will 
affect the filling near the pier. The plans and specifications will have to deal with the presence of 
the debris. 
 
9. The following section discusses the benefits and concerns regarding the shallowing of the 
channel from 30ft to 15ft. The basic benefit is the removal of sinks and ponds in which anoxic 
conditions can develop. This is a positive step. The circulation will be more uniform. There will 
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be fewer holes for deposition of fine sediments and contaminants. The shallows will provide 
opportunity to place rocks and reef-like structures.  

 
10. No extensive monitoring program is anticipated. However, the placement of the first sand 
layers should be evaluated before production placement commences. We propose the use of the 
sonic imaging and sonic sector scanning imaging tool. We propose the placement of target at the 
silt-sand interface for tracking subsidence. The sediment profile camera will evaluate the 
interface between the sand and the black silt.  
 
11. Finally, markers should be placed within the sediment column to determine the consolidation 
of the sediments.  
 
12. Earthworks produced a short three-minute animation of the planned option for the habitat 
enhancement in the channel south of MOTBY. Appendix IV shows a storyboard of the animation 
entitled “A little bit of care.” The theme of the animation is that the burial of the black silt is a 
beneficial use of the dredge material within the harbor. The clean sand could bury the black silt 
and improve the habitat for marine life. The unusual properties of the black silt require care and 
patience during the placement of the black silt.  
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6. Ecological Reconnaissance 
 
Overview of the MOTBY habitat enhancement option. In the absence of any maintenance 
dredging in the recent past, fine-grained sediment (silt and clay) has accumulated within the 
former berthing area alongside the pier. Recent core samples indicate that the surface sediment 
(upper 10-20 cm) within this elongated topographic depression consists of unconsolidated silt-
clay with high apparent water content, while subsurface layers of this silt-clay become gradually 
more consolidated with depth. The silt-clay comprising the sediment surface is black and 
odiferous. The smell is reminiscent of petroleum. Furthermore, it is possible that bottom waters 
within this depression periodically turn hypoxic or anoxic during the warmer summer months 
(due to a combination of thermal stratification, lack of wave or wind-induced mixing during 
periods of calm weather, and existing high sediment oxygen demand). Based on the apparent 
anoxic conditions and possible chemical contamination within the surface sediments, the former 
berthing channel appears to represent an area of degraded benthic habitat within the upper New 
York Harbor system.   
 
Recognizing these degraded conditions, the USACE in cooperation with other stakeholders is 
proposing to undertake the MOTBY Habitat Enhancement Project as an option to the channel 
improvement of Port Jersey. The option involves filling the topographic depression with clean, 
sandy dredged material. This option will achieve a number of positive outcomes:  
 

1) Provide a beneficial use for dredged material 
2) Isolate the anoxic mud and any associated chemical contaminants to prevent further 

contact with the overlying water and resident biota 
3) Bring the sediment surface to the same depth as the surrounding bottom to eliminate 

further bathymetric entrapment of organic matter, fine-grained sediments, and 
associated contaminants 

4) Create a new bottom substrate that represents a viable habitat for benthic and/or 
bottom-dependent organisms 

 
With respect to the fourth desired outcome, one proposal that has been put forth is that the 
MOTBY project might create the first step toward a habitat for oysters. This is based on the 
historic abundance of this organism in the area (Figure 26) and the recent, on-going efforts by the 
NY/NJ Baykeeper’s Oyster Restoration Program to reestablish long-degraded oyster populations 
in the lower Hudson River estuary. This section provides a review of the proposed Habitat 
Enhancement and makes recommendations with respect to both the placement and the feasibility 
of creating oyster habitat at this location. 
 
In-situ burial of contaminated sediments with clean material is proving to be an effective 
technique at an increasing number of sites throughout the U.S. and overseas. A recent 
compilation by the Hazardous Substance Research Center (HSRC) lists over 100 recent or on-
going sediment burial projects (HSRC 2002). This list includes sites that are comparable to 
MOTBY in terms of their location in relatively shallow, nearshore waters with restricted access.   
 
A key issue at the MOTBY site is re-suspension and off-site transport of the watery black silt as a 
result of excessive bottom disturbance during the placement operation. Such disturbance could 
result from the sand hitting the bottom with too much force, uneven sand placement and resultant 
slope failures, and/or from agitation of the black silt by vessel prop wash. Placement of material 
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Figure 26. Historic maps of New York harbor from revolutionary times. Note the oyster reef between Ellis Island and 
Constable Point. (Left)  Carte de l’entrée de la riviere d’Hudson, 1778.  (Above) 1782. 
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under carefully controlled conditions therefore is essential to success on this project. This 
includes both the placement technique(s) and the accurate positioning of the vessel or other 
platform used for material transport and placement.   
 
Burial of soft, fine-grained sediments with low shear strength has been successful elsewhere, but 
the material should be applied slowly and uniformly to avoid problems with bearing capacity or 
slope failures (Palermo et al. 2002). It is recommended that plans and specifications of the 
MOTBY habitat enhancement operations review the experiences and “lessons learned” from 
comparable projects throughout the U.S. Relevant sources of information include Palermo (1994), 
Palermo et al. (1998 and 2002), and U.S. Army Corps of Engineers (1991a and b; 1992; 2002).   
 
Currently, the channel at the former berthing area has depths ranging from roughly 5 to 30 feet 
below the depth of the surrounding bottom. This elongated depression in the lee of the pier 
clearly has been functioning as a bathymetric trap for fine-grained sediment and organic matter.  
Therefore, another important consideration for the placement operation is to ensure that the final 
grade of the filled depression is level with or slightly higher than the surrounding bottom.   
 
Creating a slight slope downward with distance from the pier should largely eliminate excessive 
accumulation of fines in this area in the future. Meeting this goal will require a phased approach 
to the placement. The initial placement operation should aim to bury the black silt with a short lift 
of several inches. A waiting period should then ensue to allow the sand and the underlying 
material to consolidate. Experience on other projects indicates that most of the consolidation can 
be expected to occur within the first several months following the initial placement. Following a 
waiting period of at least 3 months, a second phase of placement at the MOTBY site should be 
used to bring the final fill level up to the desired grade. 
 
Recommendations for habitat enhancement. A site visit conducted on March 15, 2005 
consisted of a visual inspection of the shoreline along the length of the southern-most MOTBY 
pier (roughly from the MOTBY guard-house entrance off of Route 169 to the eastern end of the 
pier, where the placement will take place). The southern-most pier essentially forms the northern 
shoreline of a shallow cove, with the new Bayonne golf course being the prominent feature along 
the southern shoreline. 
 
At its western-most end (i.e., near the MOTBY guard house), the cove consists of an intertidal 
mud flat that is fringed with marsh grass (predominantly Phragmites sp.) and small shrubs 
(Figure 27).  Beds of ribbed mussels (Modiolus demissus), a common pollutant-tolerant bivalve, 
also were observed in the Phragmites-dominated intertidal zone along the fringe of the mud flat 
(Figure 28). This shallow cove and mud flat is typical of those occurring in the wider surrounding 
region comprising the eastern shoreline of Bayonne and Jersey City. 
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Figure 27.  Two photos of the intertidal mud flat with fringing Phragmites at the head of the shallow cove 
located south of the southern-most pier at MOTBY. 
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Figure 28.  Beds of the ribbed mussel (Modiolus demissus) interspersed among Phragmites along the 
fringe of the mud flat. 
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Figure 29.  Rockweed (Fucus sp.) and barnacles were the two main types of intertidal organisms observed 
to be encrusting the old concrete pier and rocks in sporadic patches along the shoreline of Area 4.  
 
Farther eastward along the south side of the MOTBY pier, roughly corresponding to Area 3 of the 
enhancement project, the shoreline has been stabilized with a steel and concrete wall (Figure 29).  
Several pipes/outfalls were noted both in the shallow mudflat area at the head of the cove and 
spaced regularly along the seawall. Most of these presumably are for drainage (run-off) from the 
pier. The extent of any combined sewer overflow (CSO) discharges into this cove or the wider 
surrounding area is unknown. If present, CSO may negatively impact water quality and have 
implications for the long-term viability of any planted oyster populations. At the base of the 
seawall, there exists a thin “beach” area consisting of sand covered with rocks. Several old 
wooden pilings also occur in the water just off the shoreline. Other than a thin film of green algae 
on some of the rocks, there was no evidence of any communities of encrusting organisms along 
the seawall or in thin beach area.  
 
Moving farther eastward along pier, corresponding to Area 4 of the habitat enhancement project, 
the steel and concrete seawall ends.  The shoreline in this area consists of a thin “beach” of sand 
and rocks, seaward of which are the broken-up remains of a wooden/concrete pier and old rusted 
pipelines. These unstable structures along the shoreline may prevent or limit the use of shore-
based equipment for placing the sand in the former berthing area. The extent to which they may 
limit or inhibit access to the berthing area from the seaward side (i.e., access by barges or dredges 
involved in the placement) is unknown, but should be determined. 
 
Encrusting organisms observed growing on the broken-up concrete structures and rocks in this 
area (but not on the old wooden piers) were limited to rockweed (Fucus sp) and small barnacles 
in the inter-tidal zone (Figure 20). Throughout the entire cove and along the shoreline, there was 
no evidence of any living oysters or oyster beds. A few small oyster shells were observed 
sporadically amid the sand and rocks comprising the thin strip of “beach” along the south side of 
the MOTBY pier. 
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Several of the islands in Upper New York Bay harbor, including Governors Island, Ellis Island, 
Liberty Island and Robbins Reef, are supported by a large underwater reef on the New Jersey 
side. This reef was historically one of the largest oyster beds in the world and provided a staple 
diet for local citizens. At the end of the 19th century, the oyster beds succumbed to pollution and 
over-harvesting. Today, there are few if any natural oyster beds remaining in this area. 
 
As indicated previously, the NYNJ Baykeeper organization, in cooperation with scientists at the 
National Oceanic and Atmospheric Administration (NOAA) Laboratory on Sandy Hook, has 
launched an Oyster Restoration Program to reestablish oyster populations in the New York 
Harbor Estuary. Their efforts have included planting both clean oyster shells (substrate) and 
aquacultured oysters at locations in the Navesink River and at Keyport Reef during 2004.  
Reports to date indicate that the planted oysters have remained alive and are growing (F. Steimle, 
NOAA, personal communication).   
 
In light of this early success, the NYNJ Baykeeper organization and others have proposed the 
idea of using the MOTBY project to create oyster habitat and/or establish an oyster population.  
Given the general trend of improving water quality throughout the NY Harbor Estuary and the 
historic abundance of oysters in the vicinity of MOTBY, this idea is not entirely infeasible nor 
without merit. It is reasonable to assume that under the right conditions, a viable oyster 
population could be established in this location. It must be recognized, however, that significantly 
more time and effort would be required to establish and maintain an oyster population in this 
location compared to the creation of other types of habitat. 
 
Assuming that the depression will be filled to grade with clean sand, the first step in creating 
oyster habitat would be to cover the sand entirely or to a large degree with hard substrate. Hard 
substrate is necessary for attachment and growth of larval oysters, and the recommended 
approach would be to use clean shells (either oyster shell or, in the case of the recent Baykeeper 
restoration projects, more-easily obtained surf clam shells). Because there are so few adult oysters 
remaining in the New York Harbor area, there is limited availability of larvae to provide natural 
recruitment onto the clean rock or shell substrate. If the substrate is put down without any further 
action, it will rapidly become fouled with silt, organic matter and more common types of epifauna 
(e.g., sponges, hydroids), rendering it unsuitable for oysters. Therefore, both shell substrate and 
living “seed” oysters would need to be place at the MOTBY site for a viable population to 
become established. 
 
A less resource-intensive alternative to the oyster habitat idea is to simply leave the clean sand in 
place as the final substrate. Sub-tidal areas of sand that exist throughout New York Harbor 
represent valuable habitat for a variety of benthic infaunal and epifaunal organisms, as well as 
important demersal fish species (e.g., flounder) that utilize such bottom for feeding and spawning.  
Relatively soon (i.e., within six to twelve months) after filling of the MOTBY berthing area with 
clean sand, it is anticipated that a diverse and abundant community of benthic organisms would 
become established. Such a community would be expected to include both macroinvertebrates 
(e.g., worms, small mollusks and crustaceans) and larger, mobile epifauna (e.g., crabs). Re-
colonization of the area is expected to be rapid because nearby sandy areas would supply both 
adults and larvae capable of colonizing the new sandy substrate. 
 
The MOTBY habitat enhancement project, therefore, presents an opportunity to create any of 
several different types of habitats. The habitat that is ultimately created depends largely on the 
type of material used to create the “final” substrate on the bottom. Creation of oyster habitat 
would clearly be more resource-intensive and is not guaranteed to produce the desired outcome, 
as a variety of factors could influence the long-term viability of seed oysters introduced to this 
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site. Allowing the clean sand to remain as the final substrate would facilitate natural recruitment 
of benthic populations from surrounding areas and would represent the creation of valuable fish 
habitat. To increase habitat complexity and vertical relief, it might also be desirable to place some 
hard substrate (scattered areas of rocks or cobbles) among the flatter sand areas during the final 
stage of the project.   
 
Regardless of which type of habitat is ultimately selected, it is strongly recommended that 
periodic observations be incorporated into the project. At the very least, this should include 
measurement of physical conditions in and around the berthing area during and following 
placement of the sand. The objectives of these measurements, which would likely include some 
combination of bathymetric, geotechnical and biological surveys, would be to determine the lift 
thickness at various stages during the placement, characterize the degree of consolidation 
following the initial phase of placement, and confirm that the final level of the filled depression is 
at the same grade and desired slope relative to the surrounding bottom. The biological monitoring 
is recommended to verify that the habitat enhancement objectives have been achieved. This could 
consist of grab sampling to determine benthic community structure and/or the use of bottom 
photographic techniques (e.g., sediment-profile imaging, sediment planview photography and/or 
video) to document physical and biological conditions at the sediment surface before, during and 
following the placement.           
 
In light of the reconnaissance on benthic ecology, the following should be considered in the plans 
and specifications: 
 
1) Sand placement should be carefully planned and controlled.  A variety of techniques for slow, 
gradual, and “spreading” placement of the sand have been used with success on other projects and 
should be reviewed.  Gradual, spreading placement of the sand will be particularly critical during 
the initial phase of placement to minimize re-suspension and dispersion of the black silt presently 
covering the bottom within the berthing area. 
 
2) The berthing area should be filled to grade or with a slight downward slope (moving from the 
shore to the open bay) to eliminate bathymetric entrapment of fines and organic matter in the 
future. Measurements should be conducted to evaluate the sand-silt interface and the degree of 
consolidation during the placement operations  
 
3) The area to be filled does not currently support an oyster population, and the general lack of 
oysters throughout New York Harbor means that the MOTBY area will not naturally become 
seeded with a viable population. Establishment of such a population is feasible. It would require 
significantly more effort compared to that of sandy habitat or a mixed habitat of sand and rocks. 
Sandy or mixed habitat would be re-colonized rapidly and naturally by resident benthic 
organisms and utilized by important demersal fish species like winter flounder. Creation of oyster 
habitat would require placement of a large volume of clean shell as well as “seed” oysters from 
elsewhere. 
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7. Conclusions 
 
1. The deepening of Port Jersey from -40 to -50ft MLW will produce millions of cubic yards of 

clean (HARS suitable) sand. 
 
2. The USACE is considering an option to place the sand in the channel south of MOTBY in 

order to enhance the habitat for marine life. 
 
3. The objective of the habitat enhancement project is to fill the channel and turning basin south 

of MOTBY with sand from Port Jersey and raise their bottoms from their current elevation of 
-30ft to an elevation of -12 to -15ft.  

 
4. The south of MOTBY channel bottom consists of 8 to 10ft of high water-content and low 

shear-strength black silt.  
 
5. The Pleistocene sediments below the black silt are pre-consolidated.   
 
6. Earthworks produced detailed channel cross-sections from borings and seismic images.   
 

 
Figure 30. Cross-sectional summary of channel south of MOTBY. 
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7. The original plan for the enhancement site was to sprinkle the sand, carefully creating a sharp 
contact with the black silt. Sand would cover and contain all of the black silt, and the black 
silt would consolidate and dewater under the sand. The potential problems with this plan were 
potential instability, time required, and cost.  

 
8. After consideration of the scientific findings herein and discussion of the practical 

consideration of the engineering plans and specifications, the plan has evolved. The 
principles of the project are: 

 
a. Meet permit specifications  
b. Minimize the cost of filling  
c. Maximize the stability of the fill  
d. Containment of the black silt  

 
9. Earthworks recommends the plan change from capping to mixing and dilution.   
 
10. Each lift of sand should be from 2 to 4 feet, not to exceed 5ft. A lift is a single layer of sand 

fill. The initial sand lifts should mix with the upper layers of the black silt. This mix will 
produce a stable base. Each successive lift of sand will dilute the black silt. Each lift will have 
more sand than the lift below. The later lifts will be pure sand.  

 
11. The black silt and the sand fill will be contained by a sand berm on the seaward (eastern) 

boundary of the channel south of MOTBY.  
 
12. The lifts or sand layers will be constructed from channel-parallel lanes. Individual lanes will 

be filled starting in the east and proceeding to the west. The odd-numbered lanes will be filled 
first starting from the south and working north. Then the even-numbered lanes will be filled 
from north to south. This alternating lift sequencing will balance the stresses and help to 
prevent black silt from being swept to one side of the channel.  

 
13. Earthworks has updated its computation of the safety factor for the black silt. With the 

mixing, the safety factor will be much higher than even these calculations. The stability of the 
mixed fill will be high. 

 
Table 12. Summary of properties of black silt. 

 Initial 
configuration 

Primary 
consolidation 

Secondary 
consolidation 

Porosity 0.84 0.75 0.50 
Void ratio 5 3 2 
Settlement (ft)  2 7 
Permeability (nm/s) 200 20 2 
Relaxation time (s)  7 x 105 (7 days) 3 x 107 (1 year) 
 
14. Rock observed in the borings from Port Jersey is saprolite. The sandstone will produce sand. 

The rotten schist will produce a flaky, mud like sediment. 
  
15. Sonar imaging shows black silt covering the channel south of MOTBY. 
 
16. The sand should mix with the black silt in a stable manner and without significant loss of 

mass. 
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17. The burial of the black silt will require care because the behavior of the black silt is unusual 
and patience because the consolidation of the black silt will be slow.  

 
18. The geological cross-sections along the axis of the channel shows rock at -90 to -60ft, 

Pleistocene sands and clays to -45 to -40ft, and Holocene black silt from -42 to -30ft. 
 
19. The Pleistocene is pre-consolidated from ice loading and pre-dredge Holocene sands and 

clays. Consolidation in the Pleistocene will be insignificant. 
 
20. The black silt is a watery, fine-grained sediment with unusual behavior. We have no 

constitutive relations to describe its behavior accurately. The black silt is the key concern in 
the option. 

 
21. The black silt in the channel south of MOTBY has a high initial void ratio, is above the liquid 

limit, has low shear strength, high consolidation, and has low permeability.  
 
22. The consolidation tests reveal the primary (short term) consolidation. Secondary 

consolidation (long term) depends more strongly on permeability. The permeability is on the 
order of 2 to 20 nanometers per second (i.e., 6 to 60 centimeters per year). 

 
23. Primary consolidation will be 1 to 2 feet. The secondary consolidation may compress 7 feet 

more of the substrate.  
 
24. The Holocene gray clay on the flats does show signs of slope failure. 
 
25. The filling of the channel and establishing a sandy bottom will enhance the environment for 

the return of marine life. 
 
26. The return of oysters may require additional steps beyond the scope of this proposed project. 

A reef or shell substrate may be necessary for establishing a hard base for the oyster 
community.  
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